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MOSS,  COI{S\C^f^.— Mousse  de  Ooi'se,  Codex  Med.; 
Helmintliocwton,  Worm  Moss,  etc.  The  alga  properly 
known  by  this  name  is  Alsidium  Helminthocorton  Ag. 
(order  Floridem),  a  small,  brown,  marine  plant,  with  a 
tufted  thallus  of  simple  or  sparsely  forked,  pointed, 
thread-like  branches,  from  3  to  4  cm.  long.  It  Is  a  na- 
tive of  the  Mediterranean  Sea,  and  was  formerly  col- 
lected on  the  shores  of  the  island  of  Corsica,  from  which 
it  receives  its  name.  The  anthelmintic  mixture,  how- 
ever, still  to  be  found  in  European  pharmacies  under  this 
name,  includes,  besides  this,  several  other  related  algae, 
among  which  species  of  Ceramium,  Polysiplwnia,  Oigar- 
tina,  etc.,  are  commonly  met  with.  There  is  nothing 
unusual  in  the  composition  of  any  of  the  above  to  ex- 
plain their  former  reputation  as  vermicides ;  they  contain 
iodine,  bromine,  soda,  etc.,  in  composition,  and  an  abun- 
dance of  vegetable  jelly. 

As  a  medicine  Corsican  moss  is  of  the  past.  A  decoc- 
tion is  occasionally  given  to  children  as  a  domestic  remedy 
for  lumbrici,  etc.  W.  P.  Bolles. 

MOSS,  ICELAND.— Cetkama.  "Cetraria  Islandica 
(L.)  Ach.  (Class  Lichenes)"  (U.  8.  P.).  This  is  a  good- 
sized  terrestrial  lichen,  with  an  upright  or  ascending,  long 
and  narrow,  leathery,  wavy -margined,  olive-green  thallus, 
several  times  dichotomously  branched  or  irregularly  fan- 
shaped,  with  linear  or  cuneiform  lobes.  Apotliecia  shield- 
shaped  on  the  upper  surface  of  the  thallus.  This  lichen 
grows  in  great  abundance  on  the  surface  of  the  ground 
in  open  woods  and  heaths,  and  on  mountain  sides,  in  the 
arctic  and  the  colder  temperate  regions  of  both  hemi- 

HTlTlftTftR 

It  is  a  valuable  pasture  plant  in  the  extreme  North, 
and  is  also  employed  as  an  article  of  human  food  in  parts 
of  northern  Europe.  Its  medical  employment  is  one  or 
two  centuries  old. 

Dried  Cetraria  is  thus  described : 

From  5  to  10  cm.  long,  f  oliaceous,  irregularly  branched 
into  fringed  and  channelled  lobes,  brownish  above,  whit- 
ish beneath,  and  marked  with  small,  depressed  spots; 
brittle  and  inodorous ;  when  softened  in  water,  cartila- 
ginous, and  having  a  slight  odor;  its  taste  is  mucilagi- 
nous and  bitter. 

It  should  be  freed  from  pine  leaves,  mosses,  and  other 
lichens,  which  are  frequently  found  mixed  with  it. 

Composition. — About  two-thirds  of  it  is  Licherdn  or 
moss  starch  (CaH,o06)„,  a  starch-like  substance,  struct- 
ureless, soluble  in  boiling  water,  the  solution  gelatmizmg 
upon  cooling.  It  is  an  article  of  commerce  as  a  gelati- 
nous mass  or  a  white  powder.  The  properties  of  this  sub- 
stance are  purely  demulcent.  Cetrarin  or  cstraric  add 
(CieHiaOB)  is  the  bitter  principle,  and  gives  to  the  drug 
Its  slight  medicinal  properties.  It  occurs  in  commerce  in 
white  masses  of  fine  needle-shaped  crystals,  soluble  in 
boiling  alcohol,  in  alkalies,  and  very  slightly  in  water. 
It  is  distinctly  stomachic,  like  other  bitters,  and  anti- 
emetic It.  also  has  the  distinct  property  of  increasing 
the  red  corpuscles  of  the  blood.  It  is  therefore  in  an  ex- 
ceptional manner  tonic.  Isolichenin  is  very  similar  to 
Vol.  VI.— 1 
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lichenin,  but  gives  the  starch  reaction  with  iodine, 
apparently  not  active. 

Iceland  moss  is  a  very  useful  demulcent,  and  has  gen- 
tle tonic  qualities,  for  which  it  is  indebted  to  the  two 
active  principles  above  mentioned.  It  has  no  specific 
action  upon  the  bronchi  or  lungs,  and  its  value  in  bron- 
chitis, etc.,  for  which  it  is  mostly  prescribed,  must  be 
due  to  its  combined  demulcent  and  tonic  actions.  Dose, 
indefinite ;  a  decoction  is  oflBcial. 

Cetrarin  is  given  alone  for  all  except  the  demulcent 
properties,  in  doses  of  0.01  to  0.03  gm.  (gr.ij.-v.). 

Henry  M.  Busby. 


MOSS,  IRISH. — Chondbus.  Carrageen.  "  OTiondrus 
crispua  Stackhouss,  and  Oigwrtina  mamillosa  J.  Agarch 
(class  AlgcB) "  (U.  S.  P.).  A  reddish-brown  or  purplish 
alga,  with  a  flat,  many -times  forked  or  lobed  thallus,  of 


Fig.  3375.— Irish  Moss.    (Luerssen.) 

very  variable  appearance,  sometimes  with  broad,  flat, 
wedge-shaped,  wavy,  and  incised,  margined  lobes,  at 
other  times  with  linear,  roundish,  blunt,  or  emarginate 
ones.  It  is  from  5  to  30  cm.  high,  of  a  translucent,  gelat- 
inous consistence.  The  fructifications  (cystocarps)  are 
embedded  in  the  substance  of  the  thallus,  along  the 
smaller  branches,  where  they  can  be  felt  as  little,  wart- 
like indurations  beneath  the  surface.  This  alga  grows 
abundantly  along  the  rocky  shores  of  Western  Europe 
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and  Eastern  America,  tliat  is,  on  each  side  of  the  North 
Atlantic.  It  has  for  a  long  time  served  as  an  innutri- 
tious  food,  and  as  the  basis  of  vegetable  jellies  for  the 
table ;  it  is  also,  in  some  localities,  fed  to  cattle,  and  used 
as  a  stuffing  for  cheap  mattresses.  Its  employment  in 
medicine  is  of  recent  date,  and  entirely  unimportant.  It 
is  collected  on  the  coast  of  Ireland  and  elsewhere  in  Eu- 
rope, also  upon  that  of  New  England  and  elsewhere  in 
America.  For  medical  or  table  use  it  is  bleached  in  the 
sun,  washed,  and  dried. 

Dbsckiptiok.— Irish  moss  shrinks  considerably  in  dry- 
ing, and  if  exposed  to  the  sun,  or  repeatedly  wet  and 
dried,  bleaches  to  a  yellow  color.  It  is,  when  dry,  hard, 
horny,  and  brittle,  but  resumes  its  original  size  and  con- 
sistence after  long  soaking  in  water.  In  boiling  water  it 
almost  completely  dissolves.  Taste  mawkish,  mucilag- 
inous, and  more  or  less  saline,  according  to  the  thor- 
oughness with  which  it  has  been  cleansed.  It  will  make 
a  stiff  jelly  with  twenty  or  thirty  times  its  weight  of 
water. 

Composition. — Chondrus  consists  chiefly  of  a  muci- 
lage, common  also  to  many  other  algse,  swelling  and 
nearly  dissolving  in  water,  and  drying  to  a  hard,  trans- 
parent substance.  It  is  precipitated  by  alcohol,  and 
holds  tenaciously  abouc  one-seventh  its  weight  of  min- 
eral matter.  It  contains,  in  common  with  other  marine 
algse,  minute  quantities  of  iodine  and  bromine  com- 
pounds. 

Medical  Employment. — For  colds,  coughs,  and  es- 
pecially acute  pharyngitis,  a  thin  mucilage  (decoction) 
made  of  Irish  moss  is  a  popular  household  remedy,  and 
corresponds  exactly  with  the  mucilage  of  elm  and  flax- 
seed, made  in  the  same  way.  It  may  be  sweetened  and 
flavored  with  lemon.  Boiled  with  milk  it  makes  an 
agreeable  jelly  ("  blanc-mange "),  often  used  as  a  sick 
diet,  whose  value  depends  on  the  milk. 

W.  P.  Bolles. 

MOSSES. — (Class  Mmei.)  The  true  mosses,  while  very 
ornamental,  and  of  great  biological  and  botanical  inter- 
est, are  insignilicant  from  an  economic  standpoint,  while 
to  the  Materia  Medica  they  yield  not  one  important  sub- 
stance. Some  of  them,  like  Sphagnum  and  Poly  trichum, 
have,  upon  totally  unscientific  grounds,  been  used  do- 
mestically in  menstrual  disorders.  Others,  like  Fvnaria 
hygrometrica  Hedw.,  have  some  reputation  as  expecto- 
rants, the  effect  probably  depending  chiefly  upon  the 
syrup  used  as  a  vehicle.  Many  have  been  very  useful, 
in  the  absence  of  more  refined  agents,  as  substitutes  for 
tow,  oakum,  and  lint.  The  preceding,  much  used  under 
the  title  of  Mosses,  are  not  of  this  class  at  all. 

Henry  H.  Busby. 

MOUNTAIN  SICKNESS.     Bee  AUiktdes,  High. 

MOUNTAIN  SPRINGS.— Lancaster  County,  Pennsyl- 
vania. 

Post-Office. — Ephrata.     Hotel. 

Access. — Via  Reading  Railroad.  Trains  leave  Reading 
Terminal,  at  Twelfth  and  Market  Streets,  Philadelphia, 
daily,  except  Sundays,  at  10  a.m.  and  4  p.m.,  arriving  at 
the  springs  at  13 :44  and  6 :45  P.  M. 

This  pleasant  resort  is  located  on  the  western  slope 
of  the  Ephrata  Mountain,  one  of  the  highest  points 
of  land  in  Lancaster  County.  Many  charming  features 
of  climate  and  scenery  are  united  here.  The  visitor  will 
find  pure  air,  a  comfortable  and  well-kept  hotel,  excel- 
lent fishing,  and  delightful  surroundings  at  this  summer 
resting-place.  The  water  of  the  Mountain  Springs  is 
celebrated  for  its  purity  and  sparkle.  It  has  not  been 
analyzed,  but  we  are  credibly  informed  that  it  contains 
iron  and  carbonic  acid  gas.  The  springs  discharge  about 
three  thousand  gallons  per  hour.  James  K.  Crook. 

MOUNT    CLEMENS    MINERAL    SPRINGS.— Macomb 

County,  Michigan. 

Post-Office. — Mount  Clemens.     Hotels.. 

Access. — Prom  Detioit  via  Chicago  and  Grand  Trunk 
Railroad,  twenty  miles  northeast.     T?hese  waters  are  very 


strong  brines,  as  shown  by  the  following  analyses  made 
by  Prof.  S.  P.  Duffield: 

One  United  States  Gallon  Contains: 


Solids. 

Mount 

Clemens 

Mineral  Well. 

Grains. 

Media  Spring. 
Grains. 

Soolbad 
Spring. 
Grains. 

Calcium  carbonate 

Magnesium  carbonate. . . . 
Iron  carbonate 

0.98 

.7 

5.6 

100.56 

11,900.0 
934.5 
648.48 
.07 
6.37 

29'.47' 
27.6 

91.0 

.7 

14.3'  ■ 
Trace. 

11,741.0 

8.5 
29.0 
28.0 

8.5 

.or 

Trace. 

Trace. 
Trace. 

Calcium  sulnhate 

44.0 

Potasslc  salts 

Trace. 

Sodic  salts        1 

Calcic  salts       V 

11,181.0 

Magnesic  salts ) 

Sodium  chloride 

Magnesium  chloride 

Magnesium  iodide 

Magnesium  bromide 

Trace. 

Alumina 

11.21 

Silica 

Trace. 

Iodide 

.05 

Trace. 

Total 

13,654.33 

11,921.07 

11,236.26 

Gases. 

Cubic  Inches. 

Cubic  inches. 

Cubic  inches. 

Hydrogen  sulphide  or  di- 
hydric  sulphide 

40.00 

5.85 

Present. 

40.00 

33.00 

Nitrogen 

These  waters  resemble  those  of  Achsel-Mannstein,  in 
Bavaria.  It  is  necessary  to  dilute  them  both  for  internal 
use  and  for  bathing.  They  have  acquired  considerable 
reputation  in  the  treatment  of  scrofulous  disorders  of  the 
skin,  bones,  and  joints,  and  for  the  improvement  and 
even  cure  of  paralysis  when  the  disease  depends  chiefly 
upon  innervation  without  decided  lesion  of  the  brain  or 
spinal  cord.  Cases  of  chronic  rheumatism  with  stiffened 
joints  and  obstinate  cases  of  neuralgia  may  also  find  re- 
lief.    The  waters  are  used  commercially. 

James  K.  Crook. 

MOUNT  DESERT,  MAINE.— The  island  of  Mount  Des- 
ert, the  largest  one  on  the  New  England  coast,  lies  off 
the  coast  of  Maine,  nearly  midway  between  Portland  and 
Eastport,  about  one  hundred  and  ten  miles  east  of  Port- 
land and  forty  miles  southeast  of  Bangor.  It  is  a  very 
popular  summer  resort  and  has  wide  notoriety. 

The  island  has  an  area  of  about  one  hundred  square 
miles,  and  is  fourteen  miles  long  and  eight  miles  wide 
at  the  widest  part.  A  chain  of  mountain  peaks  extends 
across  it  from  southeast  to  northwest,  these  peaks  being 
separated  from  one  another  by  deep  gorges  and  ravines, 
which  at  several  points  descend  below  the  level  of  the  sea. 

The  average  elevation  above  the  sea-level  is  almost  500 
feet,  and  Ureen  Mountain,  the  highest  point,  is  1,527  feet 
in  height.  The  coast  line  is  bold  and  rocky  and  much  in- 
dented. "Somes  Sound,"  a  fiord  of  the  sea  seven  miles 
long,  runs  up  to  nearly  the  centre  of  the  island,  cutting 
through  the  centre  of  the  mountain  range.  The  various 
indentations,  or  bays,  furnish  many  good  harbors,  such 
as  Bass  Harbor,  Southwest  Harbor,  Northeast  Harbor, 
Seal  Harbor,  and  Bar  Harboi- — the  finest  of  all,  lying 
upon  the  broad  Frenchman's  Bay. 

The  island  is  well  wooded  with  pine,  balsam,  and 
spruce,  although  numerous  fires  have  made  sad  havoc 
Avith  the  forests.  Inland,  in  the  valleys  and  high  up 
among  the  mountains,  are  many  beautiful  lakes  and 
ponds,  the  most  extensive  being  Eagle  Lake  at  the  foot 
of  Green  Mountain,  Echo  Lake,  Jordan's  Pond,  and  Long 
Pond. 

Lying  about  Mount  Desert  are  numerous  smaller  islands 
which  are  attractive  and  picturesque,  the  principal  of 
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which  are  the  Porcupines  at  Bar  Harbor,  the  Cranberrv 
Islands,  near  Southwest  Harbor,  and  Bear,  Baker's  Duck 
Greening's,  and  Sutton  Islands.  "The  western  sides  of 
the  mountain  range  slope  gradually  upward  to  the  sum- 
niits,  but  on  the  east  they  confront  the  ocean  with  a  series 
?T  ^t"P™dous  cliffs"  ("  Appleton's  General  Guide  to  the 
United  States  and  Canada  "). 

The  island  is  of  granite  formation,  exhibiting  evidences 
ot  the  great  glacial  movement;  and  the  soil  is  dry  and 
porous  On  the  northern  side  the  mainland  is  separated 
trom  the  island  only  by  a  narrow  stream,  and  a  bridge 
affords  communication  between  the  two.  The  scenery 
•of  the  island  is  most  attractive,  varied  and  grand  af- 
fording innumerable  delightful  excursions  by  land 'and 
by  sea.  Good  roads  and  footpaths  extend  in  every  direc- 
tion, and  in  the  town  of  Eden  alone  there  are  one  hun- 
dred and  twenty  miles  of  excellent  road.  The  reader  is 
referred  to  the  various  guide  books  for  an  enumeration 
and  description  of  the  many  excursions  and  various 
points  of  interest.  Mount  Desert  has  become  such  a  popu- 
lar resort  that  every  facility  is  afforded  the  visitor  for 
■enjoying  and  exploring  its  beauties.  Local  steamers  run 
from  one  point  to  another  of  tlie  island;  hotels  and  board- 
ing-houses of  various  prices  abound ;  and  the  island  can 
be  easily  and  comfortably  reached  either  by  rail  or  by 
boat  from  Boston  and  Portland. 

Bar  Harbor  is  the  most  frequented  and  fashionable  re- 
sort, and  the  cottage  life  has  quite  supplanted  that  of 
hotels  and  boarding-houses.  Here  beautiful  and  luxuri- 
ous cottages  abound,  and  in  the  season  the  social  life  re- 
sembles that  of  New  York  or  Philadelphia  in  winter. 

Every  kind  of  outdoor  and  indoor  diversion  is  afforded. 
There  are  many  clubs  and  churches  of  various  denomina- 
tions. The  Kebo  Valley  Club  offers  opportunities  for 
golf  on  its  attractive  grounds,  and  sometimes  during  the 
summer  the  North  Atlantic  Squadron  pays  a  visit  to  Bar 
Harbor,  and  during  "  Squadron  Week  "  social  gayety  is  at 
its  height. 

The  water  supply  of  Bar  Harbor  is  taken  from  Eagle 
Lake,  two  hundred  and  forty  feet  above  the  village,  and 
is  abundant  and  pure.  There  is  also  an  extensive  and 
thorough  system  of  sewerage.  There  are  adequate  protec- 
tion against  Are ;  many  shops  and  good  markets ;  excel- 
lent postal,  telegraph,  and  telephone  accommodations; 
two  banks;  a  good  police  force;  an  intelligent  and 
efficient  board  of  health,  and  good  medical  service.  The 
streets  are  lighted  by  electricity,  which  is  also  furnished 
to  private  residences. 

Northeast  Harbor  and  Seal  Harbor  are  much  frequented 
by  "  cottagers, "  and  at  the  former  is  the  attractive  Episco- 
pal Church  founded  by  Bishop  Doane  of  Albany.  South- 
west Harbor  is  beautifully  situated  at  the  entrance  to 
Somes  Sound,  and  is  a  favorite  resort  for  those  desiring 
a  more  quiet  and  simpler  life.  Indeed,  almost  any  por- 
tion of  the  island  has  its  especial  attractions  for  tlie  sum- 
mer resident,  and  one  can  visit  the  island  year  after  year 
and  always  find  some  new  portion  to  explore.  "On  the 
coast  of  America  it  (Mount  Desert)  has  no  rival,  except, 
pej-haps,  at  the  bay  of  Rio  Janeiro  "  (Appleton,  loc.  cit.). 

Through  the  kindness  of  William  Miller,  Esq.,  of  Bar 
Harbor,    who    made   the    observations,   and  the    chief 


weather  forecaster  at  Boston  who  placed  them  at  my  dis- 
posal, the  following  compilation  has  been  made  of  the 
climate  of  Mount  Desert.  In  general  it  may  be  said  that 
the  summer  climate  is  a  cool,  invigorating  one,  with  a 
tair  number  of  clear  days  and  the  average  amount  of  rain 
tor  this  latitude.  Fogs  are  not  infrequent  and  they  some- 
times last  for  several  days  or  even  a  week. 

There  are  no  recorded  observations  of  the  humidity 
but  it  cannot  be  very  different  from  that  of  Eastport  on 
the  same  coast,  about  eighty  miles  to  the  northeast.  There 
the  average  relative  humidity  for  July  is  78.7  per  cent  • 
August,  78.9  per  cent.,  and  for  the  year  76.8  per  cent.' 
The  variations  in  temperature  are  considerable,  and  the 
air  is  apt  to  be  chilly  and  damp.  Such  a  climate  would 
hardly  be  suitable  for  the  delicate,  for  those  who  had  a 
tendency  to  or  were  suffering  from  pulmonary  or  bron- 
chial troubles,  or  from  neuralgia.  For  any  one  who 
needs  the  influences  of  a  bracing,  cool,  summer  cUmate, 
or  for  a  convalescent  from  any  acute  disease,  wlio  is  well 
on  the  road  to  recovery,  it  can  be  recommended.  It  is 
also  useful  in  some  cases  of  neurasthenia  and  insomnia. 

Some  patients  who  are  subject  to  hay  fever  find  im- 
munity on  the  island  at  one  or  the  other  harbors,  espe- 
cially at  Northeast  Harbor.  Edward  0.  Otis. 

MOUTH,  DISEASES  OF.     See  The  Appendix. 

MUCOID  DEGENERATION.    See  Degenerations,  etc. 

MUCOUS   MEMBRANES:    INFLAMMATIONS  OF.— 

The  subject  of  inflammations  of  the  mucous  membranes 
is  treated  in  this  article  in  only  a  very  general  way. 
The  specific  inflammations  (diphtheria,  tuberculosis, 
syphilis,  rhinoscleroma,  gonorrhoea,  erysipelas,  influenza) 
will  be  discussed  under  their  respective  heads;  the  ob- 
ject of  this  article  being  to  include  only  the  simple  non- 
specific forms  of  inflammation  of  these  structures  accord- 
ing to  the  definition  of  inflammation  as  given  by  Ziegler 
— namely,  a  tissue  lesion  accompanied  by  circutatory 
disturbances,  an  exudate,  and  tendency  toward  repair. 

Etiology. — Although  inflammations  of  different  mu- 
cous membranes  have  somewhat  different  etiological 
factors,  all  have  to  a  varying  degree  a  common  etiology. 

The  causes  of  Inflammations  of  the  mucous  membranes 
are  direct  or  indirect.  Among  the  indirect  causes  are 
changes  in  temperature,  gout,  rheumatism,  bad  hygiene, 
decayed  teeth,  diseases  of  the  circulatory,  digestive,  or 
respiratory  systems,  reflex  influences,  and  idiosyncrasy. 

The  direct  causes  of  inflammations  are  thermal,  electri- 
cal, chemical,  mechanical,  neoplastic,  and  bacterial. 

The  application  of  hot  or  cold  liquids  and  instruments 
to  the  mouth,  pharynx,  vagina,  or  urethra  may  cause  a 
stomatitis,  pharyngitis,  colpitis,  or  urethritis.  Breathing 
of  hot  air  may  cause  a  tracheitis  or  a  bronchitis. 

Electricity,  applied  by  means  of  an  electrical  sound  to 
the  oesophagus  or  urethra,  may  cause  an  inflammation  of 
the  mucosa. 

Certain  chemicals,  both  organic  and  inorganic,  produce 
inflammation  when  they  come  in  contact  with  mucous 
membranes.  The  irritating  substance  may  be  mineral 
acids,  alkalies  or  salts,  gases,  organic  compounds,  and 


Climate  op  Mount  Desert  Island,  Maine,  Latitude  44.38°  N.,  Longitude  68.36°  W.,  for  the  Years  from 
1896  TO  1901.     Observations  op  William  Miller,  Esq.,  op  Bar  Harbor. 


Data. 

Temperature  (degrees  Fahrenheit)— 

Average  or  normal 

Average  range 

Mean  6t  warmest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Precipitation — Average  in  inches 

Wind— Prevailing  direction 

Weather— 

Average  number  of  clear  days 

Average  number  of  partly  cloudy  days. . . 

Average  number  of  clear  and  partly  cloudy 


January. 

April. 

31.08° 

42.4° 

19.3 

a.7 

30.7 

53.6 

11.4 

31.9 

49.0 

72.8 

-11.5 

18.6 

5.60 

3.14 

N.W. 

E. 

11.2 

15.1 

8.2 

6.3 

19.4 

21.4 

June. 


July. 

August. 

65.9° 

64.9° 

22.2 

23.2 

77.2 

76.3 

55.0 

54.1 

90.5 

89.0 

45.0 

43.8 

3.86 

3.28 

S.W. 

S.W. 

18.3 

17.6 

6.0 

6.5 

24.3 

24.1 

September. 

October. 

58.6° 

48.5° 

22.0 

21.3 

70.1 

59.3 

48.1 

38.0 

87.6 

73.8 

33.2 

24.4 

3.77 

4.62 

S.W. 

S.W. 

15.3 

14.3 

7.8 

8.3 

23.1 

22.6 

59.48° 
22.8 
71.1 
48.3 
86.3 
37.8 
2.85 
S.W. 

16.5 

7.5 

24.0 


S.W. 
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bacterial  toxins.  Nitric,  sulphuric,  or  hydrochloric 
acid,  sodium  or  potassium  hydroxide,  and  nitrate  of  silver 
will  cause  a  stomatitis,  rhinitis,  or  pharyngitis,  and,  if 
the  irritants  are  swallowed,  an  ossophagitis  and  gastritis 
may  follow.  Gases  (hydrogen  sulphide,  am- 
monium sulphide,  chlorine)  cause  an  inflamma- 
tion of  the  respiratory  tract  or  the  pharynx. 
The  organic  compounds  and  the  toxins  pro- 
duce marked  effects  on  the  digestive  tract. 
These  poisons  are  talien  into  the  body  as  such 
or  they  result  from  decomposition  of  food  or 
are  germ  excretions.  If  the  irritation  pro- 
duced by  these  substances  is  marked,  a  gastri- 
tis or  an  enteritis  will  follow. 

The  mechanical  agents  which  cause  inflam- 
mation are  foreign  bodies.  Poorly  fitting  pes- 
saries may  cause  colpitis,  an  improper  plate  in 
the  mouth  a  stomatitis,  or  masturbation  may 
cause  a  urethritis.  Trauma  of  any  sort  is  a 
direct  etiological  cause  of  many  non-purulent 
inflammations  of  mucous  membranes,  and  is  the 
avenue  of  entrance  of  germs,  so  that  it  is  a  pre- 
disposing factor  of  many  purulent  inflamma- 
tory conditions.  Of  the  foreign  bodies,  dusts 
of  certain  trades  (mining,  marble  cutting,  paint- 
ing, milling)  cause  a  chronic  inflammation  of  the 
respiratory  tract.  The  introduction  of  foreign 
bodies  into  the  vagina,  uterus,  bladder,  or  nose 
will  produce  similar  conditions  unless  they  are 
removed. 

Bacteria  are  the  most  important  etiological 
agents  of  inflammation.  The  germs  may  be 
saprophytic  or  pathogenic,  causing  inflam- 
mation by  decomposition,  or  becoming  virulent 
and  pathogenic.  The  pathogenic  bacteria 
produce  inflammation  by  means  of  their  toxins 
which  act  as  irritants. 

Classipications  op  Inflammations  op 
Mucotrs  Membranes. — The  factors  which  en- 
ter into  inflammatory  phenomena  are  the  tissue 
lesion,  circulatory  disturbance,  the  exudate, 
and  the  tendency  toward  repair.  Based  upon  this  the 
following  classification  of  inflammations  of  mucous  mem- 
branes is  offered. 


tis.     In  chronic  atrophic  inflammations,  on   the  other 
hand,   the  glands   and  epithelial   hning  cells  undergo 
atrophy  such  as  occurs  in  chronic  atropliic  gastritis. 
Acute   Catarrhal  Inflammation. — Any  mucous   mem- 
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Inflammations  of 
Mucous  Membranes. 


Acute. 


Clironic. 


'  Catarrhal. 

Muco-purulent. 

Purulent. 

Pibrino-purulent. 

Fibrinous. 

Hemorrhagic. 
_  Gangrenous. 
(  Hypertrophic. 
(  Atrophic. 


According  to  the  amoimt  of  the  reaction  on  the  part  of 
the  connective-tissue  elements,  the  general  division  of  in- 
flammations into  acute  and  chronic  is  made.  The  term 
acute  is  applied  to  those  inflammations  in  which  the  fixed 
connective-tissue  cells  have  not  begun  to  show  a  reactive 
change  other  than  the  sudden  defence  needed  to  protect 
themselves  from  the  injurious  agents.  No  fibroblasts  or 
angioblasts  are  seen  in  sections  of  such  inflammatory 
processes. 

According  to  the  lesion  and  exudate  which  they  show 
the  acute  inflammations  of  mucous  membranes  may  be 
divided  into  catarrhal,  muco-purulent,  purulent,  fibrino- 
purulent,  fibrinous,  hemorrhagic,  and  gangrenous. 

Sooner  or  later,  if  the  irritation  causing  the  inflamma- 
tion continues,  the  fixed  connective-tissue  cells,  especially 
the  endothelium,  show  a  reactive  change,  and  form  a 
fibroblastic  connective  tissue,  which  later  becomes  firm 
scar  tissue. 

Chronic  inflammations  of  mucous  membranes  are  di- 
vided into  hypertrophic  and  atrophic,  depending  upon  the 
changes  in  the  mucosae  themselves.  Chronic  hyper- 
trophic inflammations  are  characterized  by  hypertrophy 
of  the  epithelial  elements  of  the  mucosje  such  as  occurs 
in  chronic  hypertrophic  rhinitis  or  in  chronic  endometri- 


FiG.  3376.— Acute  Catarrbal  Bruncbitls.  a.  Ciliated  cells ;  ai,  deep  cell  layers ;  b, 
goblet  cells;  c,  markedly  mucoid  cells;  Ci,  mucoid  cells  with  mucoid  nucleus; 
3,  desciuamated  mucoid  cells ;  e,  desquamated  ciliated  cells ;  /,  layers  of  drops  of 
mucus ;  /i,  layer  of  stringy  mucus  and  pus  corpuscles ;  g,  excretory  duct  of  a 
mucous  gland  filled  with  mucus  and  cells ;  h,  desquamated  epithelium  of  the  ex- 
cretory iduct;  i.  Intact  epithelium  of  the  excretory  duct;  ft,  swollen  hyaline 
basement  membrane ;  I,  connective  tissue  of  the  mucosa,  partly  infiltrated  with 
cells ;  m,  dilated  blood-vessel ;  n,  mucous  gland  filled  with  mucus ;  n,,  lobule  of 
mucous  gland  without  mucus ;  o,  migrating  cells  in  the  epithelium ;  p,  cellular 
infiltration  of  the  connective  tissue  of  the  mucous  glands.    (Zlegler.) 


brane  (mouth,  nose,  pharynx,  larynx,  etc.)  may  be  the 
seat  of  a  catarrhal  inflammation.  On  macroscopical  ex- 
amination, the  surface  of  the  mucous  membrane  preserits. 
a  shiny,  glistening  coating  due  to  a  thick,  stringy, -more 
or  less  homogeneous  exudate.  Sections  of  these  mucous 
membranes  show  that  their  epithelial  cells  are  swollen 
and  the  cell  protoplasm  is  replaced  by  a  finely  granular  or 
slightly  stringy  homogeneous  substance  (mucin),  which 
stains  deeply  with  Delafleld's  haematoxylin.  The  nuclei 
of  these  cells  are  pushed  to  one  side  or  toward  the  base  of 
the  cell  and  stain  faintly  with  nuclear  stains.  The  epi- 
thelial cells  lining  the  glands  show  a  similar  change.  The 
submucosa  is  oedematous  and  may  show  an  infiltration  of 
leucocytes  and  few  red  blood  cells.  The  oedema  and  the- 
leucocyte  exudate  may  extend  into  the  muscular  layers. 

Acute  Muco-Purulent  Inflammation. — Change  of  tem- 
perature, some  irritating  dusts  or  gases  will  produce  in 
mucous  membranes,  especially  of  the  respiratory  tract, 
an  inflammation  characterized  by  a  light  yellovv,  semi- 
translucent,  slightly  stringy  fluid  exudate  which  is  te- 
nacious and  adheres  to  the  mucous  membrane.  The 
mucosa  is  swollen  and  the  vessels  are  injected.  Micro- 
scopically the  picture  presented  is  the  same  as  that  in  a. 
catarrhal  inflammation,  with  the  exception  that  a  more 
marked  leucocyte  infiltration  exists  in  all  the  layers  and 
the  exudate  contains  more  leucocytes  than  does  that  of 
the  catarrlial  form. 

Acute  Purulent  Inflammation.—Bacteria,  are  the  most 
frequent  causes  of  this  form  of  inflammation  of  a  mucous 
membrane,  but  certain  foreign  bodies  and  drugs  will  pro- 
duce identical  phenomena.  Foreign  bodies  In  tlie  nose, 
OBSophagus,  or  bladder  will  cause  a  purulent  rliinitis, 
oesophagitis,  or  cystitis.  Turpentine  or  phenol  in  the 
mouth  will  produce  a  similar  condition,  and  bacteria  will 
cause  a  purulent  inflammation  of  any  mucous  membrane. 
Macroscopically,  the  mucous  membranes  affected  with 
acute  purulent  inflammation  are  reddened  and  swollen 
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and  then-  surfaces  are  covered  with  a  thick  yellowish 
or  greemsh-yellow,  semifluid,  opaque  exudate.     Micro 
scopically,  the  epithelial  cells  lining  the  mucosa  show  a 
simple  coagulation  or  liquefaction  necrosis.    The  exudate 
IS  composed  of  cell  debris,  desquamated  epitheliaf  ceUs 
and  necrosing  leucocytes.     The  connective  tissue  of  the 
mucosa  and  submucosa,  and  often  of  the  muscular  layer 
shows  a  marked  leucocyte  infiltration  which  may  contain 
a  varying  number  of  red  blood  cells,  and  the  vessels  are 
congested  and  the  connective-tissue  fibres  are  swollen 
due  to  oedema.  ' 

Acute  Fibrino-Purulent  Inflammation. —The  same 
agents  which  cause  a  purulent  inflammation  may  cause  a 
fibrino-purulent  condition,  depending  upon  the  lesion  pro- 
duced. Cystitis  which  follows  sounding  of  the  bladder 
or  results  from  an  enlarged  prostate  or  from  calculi  is  very 
frequently  a  flbrino-purulent  inflammation ;  and  a  foreign 
body  in  the  vagina  or  rectum  may  cause  a  similar  condi- 
tion. I  he  mucous  membrane  is  covered  by  a  yellowish- 
gray  or  greenish,  tenacious  exudate  which  adheres  to  the 
surface  and  when  it  is  pulled  off  leaves  a  reddened  surface 
The  mucosa  is  thickened  and  reddened,  and  the  submu- 
cosa and  muscular  coats  are  cedematous  and  congested 
Sections  of  the  organ  affected  with  flbrino-purulent  in- 
flammation show  an  exudate  made  up  of  a  varying 
amount  of  stringy,  granular,  or  hyaline  fibrin,  which 
forms  a  network  enclosing  desquamated  epithelial  cells 
and  collections  of  necrosed  or  necrosing  leucocytes.  The 
epithelial  cells  of  the  mucosa  are  desquamated  and  show 
fatty  degeneration,  cloudy  swelling,  or  necrosis.  In  the 
subepithelial  connective  tissue  of  the  mucosa  and  in  the 
submucosa  are  masses  of  leucocytes  which  may  be  de- 
generating and  which  are  surrounded  by  cedematous 
connective-tissue  fibres. 

Acute  Fibrinous  Trvftammation.  —  The  ordinary  pus 
germs  in  the  rectum,  vagina,  mouth,  pharynx,  or  nose 
may  produce  an  acute  fibrinous  inflammation.  Fraenkel's 
pneumococcus  and  Friedlander's  pneumobacillus  will 
produce  on  the  tonsils  and  in  the  pharynx,  larynx,  and 
nose  a  similar  condition ;  furthermore,  this  form  of  infiam- 
mationisthe  cause  of  death  in  cystitis  due  to  enlargement 
of  the  prostate  or  to  calculi,  and  fibrinous  proctitis  or 
enteritis  may  follow  prolonged  rectal  feeding  in  cachectic 
individuals.  The  difference  between  this  form  of  in- 
flammation and  flbrino-purulent  inflammation  is  shown 
in  the  character  of  the  membranous  exudate.    In  the 


Fig.  3377. — Acute  Fibrinous  Inflammation  of  tlie  Uvula,  a,  Noi-mal 
epithelium;  6,  connective  tissue  of  tbe  mucous  membrane;  e, 
reticulated  fibrin ;  d,  connective  tissue  of  the  mucosa  inflltratea  with 
flbrin  and  round  cells,  and  partly  necrotic;  e,  blood-vessels;  /, 
hemorrhage ;  g,  masses  of  micrococci.    (Ziegler.) 

former  the  color  of  the  membrane  is  pearly  white  or 
light  yellow  streaked  with  red,  and  the  membrane  itself 
is  spongy  and  adherent  to  the  surface,  and  when  it  is 
forcibly  removed  it  leaves  a  reddened  surface,  usually  dif- 


T  nlffl^     S™  M^®  diphtheritic  membrane  due  to  the  Klebs- 
Loefiler  bacillus  m  the  fact  that  the  latter  can  be  with- 

surfre  whiriM''^?,'^™'"\*y^"'i  1«^^««  a  depressed 
^itace  which  looks  hke  an  ulcer.  Microscopically  the 
mucous  membrane  which  is  the  seat  of  an  acute  fibri- 
nous inflammation  is  covered  with  an  exudate  composed 
ot  granular  stringy  or  hyaline  fibrin,  which  forms  a 
Him  network  enclosing  few  leucocytes,  red  blood  cells 
and  desquamated  epithelium.  The  epithelial  cells  lining 
tlie  mucosa  show  a  simple  or  coagulation  necrosis  and 


^too?I^i;;^?''i??°h»,vhrP!;"'  Enteritis,  a.  Glandular  layer  reduced 
to  one-half  Its  height ;  6,  muscularis  mucosae ;  c,  submucosa  •  d 
muscularis;  e,  mucous  membrane  entirely  atrophied.    (Ziegler.) 

the  nuclei  do  not  stain ;  fine  threads  of  flbrin  separate  the 
epithelial  cells  and  extend  deep  into  the  submucosa- 
leucocytes  and  red  blood  cells  are  scattered  throughout 
the  mucosa  and  submucosa  and  to  a  slight  extent  in  the 
muscular  layers,  and  the  connective  tissue  of  all  the  lay- 
ers is  markedly  cedematous. 

Acute  Hemorrhagic  Inflammation.— The  poisons  pro- 
duced by  putrefaction  outside  of,  and  taken  into,  the  body, 
cause  a  hemorrhagic  gastritis  and  enteritis.  Turpentine 
and  croton  oil  in  large  doses  produce  a  similar  condition. 
The  mucosae  vary  in  color  from  dark  red  to  brown  and 
are  greatly  swollen,  and  the  contents  of  the  stomach  and 
intestine  are  streaked  with  fresh  and  decomposed  blood. 
Microscopically,  the  epithelial  cells  lining  the  lumina 
show  cloudy  swelling,  fatty  degeneration,  simple  necro- 
sis or  coagulation  necrosis ;  the  spaces  between  the  epi- 
thelial cells  are  occupied  by  oedema  and  red  blood  cells, 
the  connective  tissue  of  the  mucosa  and  submucosa 
shows  a  varying  number  of  red  blood  cells  scattered  or 
collected  in  small  masses,  and  all  the  blood-vessels  are 
greatly  congested. 

Acute  Gangrenous  Inflammation. — The  bronchi  fre- 
quently become  the  seat  of  this  form  of  inflammation ; 
in  some  of  the  cases  the  disease  having  originated  by  the 
penetration  of  an  ulcer  from  an  oesophageal  diverticulum 
into  the  bronchi,  while  in  others  it  represents  a  simple  ex- 
tension of  a  gangrenous  process  in  the  lung.  The  pres- 
ence of  foreign  bodies  in  the  nose,  oesophagus,  or  vagina, 
or  the  occlusion  of  the  nutritive  vessel  of  any  mucous 
membrane,  or  a  simple  trauma  may  eventuate  in  an  acute 
gangrenous  inflammation.  The  condition  is  accompanied 
by  foul  odors,  caused  by  hydrogen  sulphide,  ammonium 
sulphide,  etc.  The  mucosa  in  the  early  stages  resembles 
tliat  of  acute  purulent  inflammation,  with  the  exception 
that  the  pathological  changes  are  more  marked.  In  the 
later  stages  the  mucosa  may  slough  away  and  the  necrosis 
may  be  so  extensive  that  the  deeper  layers  are  involved. 
Chronic  Hy-pertropMa  Inflammation. — This  form  of  in- 
flammation is  most  often  found  in  the  uterus,  but  hyper- 
trophic rhinitis  is  common.  The  mucous  membrane  is 
thickened  and  varies  in  color  from  gray  to  gray-pink; 
the  glands  of  the  affected  mucous  membrane  become  hy- 
pertrophic and  some  become  cystic ;  and,  finally,  the  con- 
nective tissue  of  the  mucosa  becomes  increased  in  bulk. 

Ohronic  Atropine  Inflammation. — The  prolonged  use 
of  alcohol  will  cause  this  condition  in  the  stomach,  and 
caries  of  some  part  of  the  bony  framework  of  the  nose 
or  the  mere  presence  of  a  foreign  body  somewhere  in  the 
nasal  cavities  is  competent  to  produce  chronic  atrophic 
rhinitis.  The  mucosas  are  thin  and  in  the  stomach  the 
outer  layers  become  atrophic ;  the  glands  of  all  surfaces 
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affected  show  marked  atrophy  and  their  epithelial  cells 
show  mucous  degeneration;  and  the  connective  tissue  ot 
the  mucosa  and  submucosa  is  greatly  increased  and  may 
cause  constriction  of  the  lumina  of  some  glands.  In  the 
latter  event  these  glands  become  cystic,  and  the  muscular 
coats  undergo  marked  atrophy. 

Fredericlc  A.  Baldwin. 

MULLEIN.     See  Serophulariaeem. 

MULTIPLE      PROGRESSIVE      HYALOSEROSITIS.- 

Dbfinition. — An  inflammatory  affection  of  the  serous 
membranes,  of  chronic  and  progressive  development, 
characterized  by  a  peculiar  overgrowth  of  fibrous  tissue 
with  hyaline  metamorphosis. 

This  disease  is  a  very  remarkable  one,  and,  judging  from 
published  cases,  somewhat  rare.  Examples  have  b(3en 
recorded  in  Germany  and  Austria  chiefly  by  Hamboursin, ' 
Weiss,2  Curschmann,^  Vierordt,*  Eiedel,*  Rumpf,'  Pick,* 
Schupfer,'  Siegert, '»  Schmaltz  and  Weber,"  Rose, "*  Stra- 
jesko;'*  in  England  by  Hale  White'';  in  America  by 
Nicholls'"  and  Herrick."  It  is  only  lately  that  a  com- 
plete study  of  this  disease  has  been  attempted  (NichoUs), 
and  now  that  special  attention  has  been  called  to  it  we 
may  expect  in  the  near  future  to  have  many  more  cases 
recorded,  for  the  disease  is  probably  not  so  rare  as  has 
been  thought. 

The  affection  may  begin  in  various  ways,  so  that  differ- 
ing clinical  types  are  produced.  Sometimes  the  capsule 
of  the  liver  is  chiefly  affected,  and  it  is  to  this  class  of 
cases  that  the  terms  "  diffuse  chronic  hyperplastic  peri- 
hepatitis," "chronic  deforming  perihepatitis, "" Zucker- 
gussleber,"  have  been  applied.  In  other  cases  it  is 
the  pericardium  or  the  pleura  that  is  first  involved. 
Nevertheless,  in  whatsoever  way  the  disease  may  begin, 
or  in  whatever  part  it  may  attain  its  greatest  intensity, 
it  is  to  be  noted  that  the  process  is  everywhere  essentially 
the  same,  since  it  becomes  diffuse  and  involves  one  serous 
membrane  after  another  in  a  steady  progression.  Conse- 
quently the  term  multiple  pi-ogressive  hyaloserositis,  denot- 
ing as  it  does  an  inflammatory  process  at  once  chronic 
and  continuous,  and  emphasizing  the  peculiar  hyaline 
change  which  is  so  striking  an  element  in  the  anatomical 
picture,  is  perhaps  the  most  suitable  term  to  employ. 

Distribution. — The  disease  appears  to  be  widely  dis- 
seminated, being  found  in  all  countries  and  all  climes; 
sex  appears  to  have  but  little  importance;  the  cases  hith- 
erto recorded  have  been  chiefly  in  males.     With  regard 

to  age,  the  young- 
est patient  affect- 
ed was  aged  four, 
the  oldest  eighty 
years ;  those  be- 
low middle  age 
are  probably  the 
most  likely  to  be 
affected. 

MoiiBiD  Anat- 
omy.— Two  types 
of  the  affection 
have  been  de- 
scribed, the  spora- 
dic and  the  diffuse. 
Except  for  pecul- 
iarities in  local- 
ization and  ex- 
tent, these  forms 
are,  anatomically 
speaking,  essen- 
tially the  same. 
The  characteristic 
lesion  is  the  for- 
mation of  isolated 
nodules  or  contin- 
uous sheets  upon 
the  serosiE  of  a  pearly  white  material  having  a  dense, 
cartilaginous  consistency.  This  substance  has  been 
compared  to  the  sugar  upon  a  cake  {Ziickerguss)  and  to 


FIG.  3379.— Section  of  Liver,  Sbowlng  well 
the  Glisson's  Capsule  Thrown  into  Folds, 
with  the  Deposit  of  Hyaline  Fibrous  Tissue 
upon  the  Surface.  (Nicholls.)  (Wlnckel 
objective  No.  5,  without  eyepiece.) 
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porcelain.  When  forming  a  definite  membrane  it  varies 
in  thickness  from  a  few  millimetres  to  from  1  to  5  cm. ,  and 
can  be  readily  stripped  off  the  subjacent  organs  without 
injury  to  their 
substance.  On 
section  the 
membrane  has 
a  semitranslu- 
c  e  n  t,  almost 
gristly  appear- 
ance. 

In  the  spo- 
radic form  the 
material  usu- 
ally forms  flat- 
tened plaques, 
but  may  occur 
in  elevated  or 
even  polypoid 
nodules.  The 
favorite  sites  of 
localization  are 
the  capsules  of 
the  spleen  and 
liver,  the  dia- 
phragm, and 
the  pleura;. 
When  affect- 
ing, as  the 
process  usual- 
ly does,  more 
than  one  ser- 
ous sac,  no 
order  of  in- 
volvement i  s 
absolute,  but 
combinations 
are  numerous. 

With  regard 
to  the  diffuse 
form,  in  the 
majority  of  cases  the  capsules  of  the  liver  and  spleen,  the 
pericardium  and  the  lower  portions  of  the  pleurae  are  in- 
volved. It  is  the  rule  also  for  more  or  less  implication  of 
the  general  peritoneum  to  occur.  This  results  in  indura- 
tion and  contraction  of  the  great  omentum  and  the  mesen- 
tery ;  the  omentum  is  frequently  converted  into  an  irregu- 
lar tumor-like  mass  or  a  thick  fibrous  cord  crossing  the 
abdorhen  transversely.  The  contraction  of  the  mesentery 
leads  to  dislocation  of  the  intestines  so  that  they  lie- 
bunched  up  along  the  spinal  column.  Bands  of  adhesions, 
fibroid  and  velamentous  in  character,  are  found  connecting 
adjacent  structures  and  are  likely  to  be  met  with  between 
the  liver  and  spleen  and  the  diaphragm  and  between  the 
coils  of  intestines.  While  all  or  most  of  the  serous  mem- 
branes are  involved  in  the  process,  they  do  not  all  pre- 
sent the  same  grade  of  affection.  Thus,  while  one  mem- 
brane presents  the  typical  "  icing  "  appearance,  the  otlier 
serous  sacs  maybe  obliterated  by  simple  fibroid  adhesions- 
or  traversed  by  bands,  or  in  other  cases  may  contain  a 
fibrinous  or  flbrino-purulent  exudation. 

In  the  perihepatic  form,  where  the  brunt  of  tlie  disease 
falls  upon  the  liver  and  diaphragm,  the  liver  is  usually 
diminished  in  size  and  much  altered  in  shape,  becoming 
somewhat  globular;  the  edges  are  rounded  and  the  ante- 
rior border  is  often  rolled  back  upon  the  upper  surface. 
The  gall-bladder  is  usually  contracted  and  enclosed  in  a , 
dense  mass  of  hyperplastic  tissue.  The  surface  of  the 
liver,  after  the  investing  crust  is  removed,  which  may 
readily  be  done,  is  smooth  or  at  most  slightly  uneven. 
On  section  the  organ  usually  shows  brown  atrophy,  fatty 
degeneration,  with  some  passive  congestion.  Cirrhosis 
of  the  organ  does  not  occur  as  a  rule ;  at  most  there  is  a 
slight  thickening  of  the  septa  passing  in  from  the  cap- 
sule. The  spleen  is  often  enlarged,  generally  covered 
with  the  "  icing  "  membrane,  and  deformed.  With  regard 
to  the  pleurae,  the  right  is  as  a  rule  more  seriousl}'  involved 
than  the  left;  the  bases  of  the  sacs  are  the  sites  of  electioo 


Fig.  3380. — Section  of  Peritoneal  Membrane  in 
the  "Zuckerguss"  condition,  Showing  Peri- 
vascular Leucocytosls  and  Hyaline  Degen- 
eration of  the  Superficial  Fibrous  Tissue. 
(Nicholls.)  (Camera luclda drawing;  Eeich- 
ert  obiective  No.  3.) 
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for  the  process.  The  lungs  are  usually  atrophied  and 
partially  collapsed.  Chronic  adhesive  pericarditis,  or 
more  correctly,  mediastiuo-pericarditis,  is  frequently 
found.  More  rarely  an  acute  exudative  pericarditis  is 
present,  and  more  rarely  still  the  pericardium  may  l)e 
normal.  Occasionally  the  pericardial  sac  is  only  par- 
tially obliterated,  and  then  the  adhesions  are  denser  on 
the  right  side  toward  the  diaphragmatic  surface.  Cal- 
careous deposits  are  sometimes  met  with  in  the  adhe- 
sions, The  heart  is  often  small  and  may  show  the  results 
of  pericardial  adhesion,  namely,  dilatation  and  insuffi- 
ciency of  the  valves. 

The  kidneys  in  most  instances  show  no  special  abnor- 
mality except  possibly  congestion.  In  a  few  cases  inter- 
stitial fibrosis  has  been  found.  The  dige,stive  tract  shows 
but  little  disturbance ;  the  stomach  and  colon  may  be 
found  adherent  to  adjacent  parts.  A  duodenal  ulcer  was 
found  in  one  case.  Icterus  is  never  present,  unless  the 
case  is  complicated  by  cirrhosis  of  the  liver  or  by  obstruc- 
tion to  the  common  bile  duct.  As  complicating  condi- 
tions which  hasten  the  fatal  termination,  acute  pneu- 
monia, pericarditis,  pleurisy,  peritonitis,  and  osteomalacia 
may  be  mentioned.  A  striking  feature  of  the  diffuse 
form  is  ascites,  which  is  usually  extreme.  The  ascitic 
fluid  is  of  pale  straw  color,  hlg'h  specific  gravity,  con- 
taining flakes  of  fibrin,  and  has  all  the  appearances  of  an 
inflammatory  exudate.  Anasarca  is  usually  not  marked 
until  toward  the  end. 

In  addition  to  the  form  just  described  it  should  be 
stated  that  an  increasing  number  of  cases  of  serositis  of 
this  hyperplastic  type  are  being  reported  as  due  to  tubercu- 
losis. It  is  beginning  to  be  recognized  that  tuberculosis 
is  not  necessarily  destructive,  but,  on  the  contrary,  may 
be  constructive ; — Instead  of  extensive  caseation  and  soft- 
ening we  may  have  the  formation  of  a  hyperplastic  hya- 
line membrane  with  little  or  no  caseation.  In  many 
cases  it  is  only  the  discovery  of  the  specific  bacillus  which 
will  reveal  the  true  nature  of  the  process.  It  used  to  be 
thought  that  cases  of  the  perihepatic  or  "Zuckerguss- 
leber  "  type,  to  which  Curschmann  first  drew  attention 
in  his  classical  paper,  were  never  due  to  tuberculosis;  but 
this  is  certainly  incorrect.  Recently  Strajesko  {loc.  cit.) 
and  James  B.  Herrick  (loc.  cit.)  have  recorded  typical 
cases  undoubtedly  of  tuberculous  origin. 

Hyperplastic  tuberculosis  of  the  serous  membranes  is 
in  my  experience  not  very  uncommon,  but  it  is  certainly 
rare  for  it  to  attack  the  capsule  of  the  liver,  the  pericar- 
dium, and  the  right  pleura  in  such  a  way  as  to  simulate 
Curschmann's  "icing  "  liver  and  atrophic  cirrhosis.  The 
lesions  produced  are  not  unlike  those  of  the  simple  or 
non -tuberculous  form,  the  main  difference  being  that  the 
process  is  not  so  liable  to  be  con- 
centrated on  any  special  organ, 
but  is  more  generalized  over  the 
serosse.  Again,  ascites  is  usual  - 
ly  less  marked  and  fibroid  adhe- 
sions are  more  numerous.  The 
membrane  produced  is  rarely 
smooth  and  glistening,  but  is 
covered  with  fibrin  and  shaggy 
adhesions.  A  hypertrophic 
flbro-hyaline  membrane  may  be 
produced  also  in  this  form,  but 
in  it  caseous  masses  can  gener- 
ally be  made  out,  disclosing  the 
etiology  of  the  case ;  the  casea- 
tion may,  however,  be  ver}' 
trilling. 

Microscopically  the  mem- 
brane in  the  simple  form  is 
composed   of   parallel    laminje 

of  connective  tissue  showing  marked  hyaline  thickening 
of  the  fibrillw.  In  the  deeper  portions  newly  formed 
capillaries  can  be  made  out  with  some  perivascular  leuco- 
cytosis,  and  "  Mastzellen  "  are  numerous.  Macroscopically 
the  membrane  has  all  the  appearance  of  an  organizing 
deposit  upon  the  serosa;, — a  deposit  in  which  hyaline  de- 
generation constitutes  the  most  striking  feature.     In  the 


tuberculous  form  the  connective-tissue  fibrillie  interlace 
freely,  and  tliere  are  usually  multiple  areas  of  caseation 
with  numerous  giant  cells.  Hyaline  degeneration  is  also 
present,  but  is  rarely  so  marked  as  in  the  simple  for)n. 
Tubercle  bacilli  can  usually  be  demonstrated  readilv  on 
making  smears  from  the  deposit. 

^  In  the  tuberculous  form,  unlike  the  first  variety,  the 
liver  is  usually  enlarged  and  often  shows  signs  of  miliary 
tuberculosis  with  slight  inter,stitial  fibrosis.  Old  tuber- 
culous foci  are  usually  found  in  the  lungs,  pleurft,  and 
peribronchial  glands.  Tlie  case  often  terminates  with  a 
generalized  miliary  infection. 

Etiology  and  Patiiogenbsis.— Two  views  have  been 
advanced  as  to  the  causation  of  the  disease.  The  first 
is  that  of  Pick,  who  regards  the  primary  condition  as 
an  adhesive  pericarditis  which  leads  to  portal  obstruc 
tion  and  the  so-called  "cardiac"  cirrhosis  of  the  liver, 
eventually  resulting  in  ascites  and  thickening  of  the 
liver  capsule.  The  objections  to  Pick's  view  briefly  are, 
that  cases  occur  in  which  pericardial  adhesion  is  absent, 
and  in  most  of  the  recorded  cases  it  has  been  shown  that 
portal  stasis  was  not  present;  nor,  again,  does  the  devel- 
opment of  the  physical  signs  accord  with  what  should 
occur  were  Pick's  view  correct.  It  must  be  said  that 
all  those  who  have  carefully  studied  the  question  are 
agreed  that  the  overgrowth  of  fibi'ous  tissue  and  the  as- 
cites are  due  to  an  inflammatory  process  involving  the 
various  serosas.  Most  cases  give  a  history  of  some  pre- 
vious acute  inflammatory  disease,  and  the  development  of 
the  lesions  can  usually  be  traced  from  one  serous  mem- 
brane to  another.  Cases  have  been  known  to  follow 
acute  rheumatism,  typhoid  fever,  whooping-cough,  mea- 
sles, malaria,  and  perityphlitis.  The  transmission  of  the 
infective  agents  from  one  serous  sac  to  another  takes  place 
by  means  of  the  lymphatics.  In  the  tuberculous  form, 
which  is  anatomically  strictly  comparable  to  the  simple 
tj'pe,  the  true  nature  of  the  disease  is  of  course  obvious. 
With  regard  to  the  ultimate  nature  of  the  process  in  the 
simple  form,  some  little  doubt  must  still  exist ;  but  it  is 
probable  that  micro-organisms  of  low  virulence  are  at 
work. 

The  inflammatory  process  usually  begins  in  the  peri- 
toneal cavity  in  the  form  of  a  hepatitis  or  perihepatitis, 
or,  more  rarely,  about  the  stomach  and  duodenum;  it 
extends  to  the  right  pleura  and  eventually  to  the  peri- 
cardium. Next  in  frequency',  the  primary  lesion  is  a 
chronic  pericarditis  with  adhesion  extending  to  the  right 
pleura  and  thence  to  the  peritoneum ;  more  rarely  still, 
chronic  pleurisy  may  extend  to  the  liver  capsule.  The 
process  is  accompanied  by  an  exudation  of  sero-fibrinous 
fluid  into  the  abdominal  cavity,  which  fluid  tends  to  be 


FIG.  3381.- 


Tuberculous  Perihepatitis.    Tbe  illustration  shows  the  thiols  hyaline  and  caseous  mem- 
brane produced  in  the  chronic  hyperplastic  type.    (Nlcholls. ) 


abundant  owing  to  the  involvement  of  the  absorptive 
surface  of  the  peritoneum  by  the  dense  fibrous  deposit, 
and  also  from  the  fact  that  the  contracting  fibrous  masses 
sometimes  lead  to  pressure  upon  the  inferior  vena  cava 
and  portal  vein,  thus  promoting  ascites.  The  liver 
gradually  diminishes  in  size,  and  the  spleen  becomes  en- 
larged in  the  later  stages  when  passive  congestion  be- 
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comes  marked.  Gout  and  alcoholism  appear  to  have 
little  to  do  with  the  process.  Syphilis  has  been  known 
to  produce  chronic  adhesive  and  membranous  peritonitis 
(Lancereaux),  but  as  yet  no  case  of  multiple  hyalosero- 
sitis has  been  recorded  as  due  to  this  cau^e. 

Clinical  Coukse.— The  sporadic  form  being  entirely 
of  pathological  interest  and  giving  rise  to  no  characteris- 
tic symptoms  may  be  dismissed  from  consideration.  In 
the  difEuse  variety,  the  most  striking  clinical  symptoms 
are  those  to  which  Curschmann  first  drew  attention, 
namely,  shortness  of  breath,  slight  general  weakness, 
and  a  gradually  Increasing  and  refractory  ascites.  The 
resemblance  to  atrophic  cirrhosis  of  the  liver  is  striking. 
Most  cases  begin  insidiously  and  give  a  history  of  indefi- 
nite disturbance  from  the  first,  such  as  anorexia,  dysp- 
noea, and  epigastric  pain.  In  other  cases  the  disease 
begins  acutely  with  fever,  rigors,  and  epigastric  pain, 
during  which  time  the  liver  region  becomes  tender  and 
swollen.  The  affection  ultimately  becomes  chronic  and 
periods  of  latency  alternating  with  exacerbations  are  the 
rule.  According  to  the  manner  of  onset  we  can  recog- 
nize two  main  types :  first,  the  'perihepatic,  and  second, 
the  mediastino-perieardial. 

In  the  first,  after  more  or  less  evidence  of  involvement 
of  the  liver  capsule,  such  as  pain  and  tenderness  in  the 
right  hypochondrium,  with  or  without  fever,  ascites  de- 
velops and  the  liver  is  found  to  be  enlarged.  It  is  fre- 
quently observed  later  that  one  or  both  of  the  pleural 
cavities  contain  fluid,  or  the  mobility  of  the  lungs  is  im- 
paired by  adhesions.  Finally,  in  most  cases,  although 
exceptions  occur,  there  develop  evidences  of  adhesion  of 
the  pericardium,  and  dilatation  of  the  veins  of  the  neck, 
chest,  and  arms  may  be  noted.  As  the  disease  becomes 
well  established  the  liver  becomes  smooth,  hard,  and 
gradually  contracts,  while  the  spleen  steadily  enlarges 
and  may  become  palpable.  Anasarca  appears  only  in 
the  later  stages. 

In  the  second  type,  the  earliest  signs  are  referable  to 
an  indurative  mediastino-pericarditis,  namely,  pain  in 
the  chest,  cough,  palpitation  of  the  heart,  dyspncea,  car- 
diac dilatation,  and  possibly  the  pulsus  paradoxus  and 
systolic  retraction  of  the  chest  wall.  Signs  of  pleural 
effusion  or  adhesion  appear  and  the  process  eventually 
spreads  to  the  liver  capsule.  As  before,  the  liver  is  large 
and  smooth,  but  contrary  to  what  occurs  in  the  peri- 
hepatic form,  anasarca  is  an  early,  though  it  may  be  a 
transient  sign.  As  time  goes  on  the  liver  decreases  in 
size  and  aicites  makes  its  appearance. 


In  all  forms,  eventually,  paracentesis  becomes  neces- 
sary and  must  be  repeated  at  gradually  diminishing  in- 
tervals The  condition  of  the  liver  and  spleen  can  be 
made  out  only  after  free  tapping.  Digestive  disturbances 
when  present  are  trifling,  such  as  anorexia,  constipation, 
or  diarrhosa ;  jaundice  does  not  occur  in  uncomplicated 
cases.  Albuminuria  is  found  occasionally  and  is  attrib- 
utable to  passive  congestion  of  the  kidneys.  Fever  is 
usually  absent  except  during  an  exacerbation  or  compli- 
cation. The  disease  is  essentially  chronic,  lasting  for  from 
two  to  sixteen  years.  The  sufferers  may  not  be  seriously 
incapacitated  for  work  for  long  periods,  but  the  condition 
proves  singularly  refractory  to  treatment  and  relapses 
are  frequent.  Death  occurs  usually  from  some  acute 
complication,  lobar  pneumonia,  or  peritonitis. 

The  tuberculous  form  of  the  disease,  as  the  cases  of 
Stra.iesko  and  Herrick  have  shown,  may  occasionally 
present  almost  exactly  the  clinical  picture  of  the  "icing" 
liver  of  Curschmann's  description.  Little  is  known  of 
this  form  as  yet,  but,  so  far  as  my  experience  goes,  the 
only  differences  between  the  simple  or  non-tuberculous 
and  the  tuberculous  forms  are,  that  in  the  latter  the  liver 
remains  enlarged  to  the  end,  fever  is  more  constant,  and 
the  disease  tends  to  run  a  more  rapid  course.  In  fact,  most 
cases  of  tuberculous  origin  run  a  course  very  similar  to 
that  of  chronic  tuberculous  peritonitis,  with  the  addition 
of  evidence  of  the  involvement  of  the  other  serous  mem- 
branes. There  is  little  in  the  physical  signs  to  suggest 
a  chronic  hyperplastic  lesion  rather  than  an  exudative 
one  in  these  cases,  unless  the  liver  capsule  is  chiefly  in- 
volved. Unlike  what  takes  place  in  the  non-tuberculous 
form,  ascites  is  rarely  extreme  and  sacculation  of  the 
abdominal  fluid  is  more  likely  to  occur.  Usually,  too, 
the  disease  begins  with  signs  of  tuberculous  involvement 
of  the  lungs,  pleurae,  peribronchial  glands,  or,  in  the 
female,  the  tubes  and  ovaries. 

Diagnosis  and  Prognosis. — The  diagnosis  lies  be- 
tween chronic  hyperplastic  perihepatitis,  atrophic  cir- 
rhosis of  the  liver,  and  carcinoma  of  the  peritoneum, 
for  in  all  there  may  be  ascites,  more  or  less  abdominal 
pain,  and,  in  most,  induration  of  the  great  omentum. 
Tlie  combination  of  extreilie  ascites  with  relatively  little 
anasarca,  an  adhesive  pericarditis,  pleural  exudation,  or 
adhesion,  particularly  if  on  the  right  side,  should  always 
arouse  a  suspicion  of  multiple  progressive  hyaloserositis, 
and  especially  perihepatitis. 

Perihepatitis  is  differentiated  from  atrophic  cirrhosis 
by  the  fact  that  portal  congestion  does  not  occur  except 
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Special  features. 


Age 

Sex 

Previous  history 

Alcoholism 

Syphilis 

Heredity 

Incidence 

Chronicity 

Fever 

Pain 

Digestive  disturbance 

Ascites 

Anasarca 

Jaundice 

Liver  

Spleen 

Omentum 


"  Zuclcergussleher." 


Occurs  about  middle  life  or 
later. 

Slight     predominance 
favor  of  males. 

Often   a  history  of   acute 

■  pericarditis  or  perihepa- 
titis. 

No  influence 

No  Influence 

No  Influence 

Acute  becoming  chronic  or 
insidious  from  the  first. 

Cases  last  for  years 

Generally  absent  except 
during  exacerbation  or 
some  compUcation. 

Indefinite  and  triniiig 

Trifling  or  none 

Constant  and  extreme 

Constant  but  slight 

Absent  In  pure  cases 

Not  cirrhotic;  at  flrst  en 
larged,  then  small;  smooth 

Gradual  enlargement 

Thickened  and  contracted 


Atrophic  cirrhosis  of  liver. 


Oftenest  about  middle  age. 
More  frequent  in  males  . . . 


History  of  alcoholism,  syphi- 
lis, or  digestive  disturbances. 


Frequently  present. . . 
Occasionally  present . 

Unimportant 

Insidious 


May  last  for  years 

May  be  afebrile ;  when  pres- 
ent is  slight. 


Trifling 

Constant ;  dyspepsia,  nausea, 
vomiting,  gastric  hemor- 
rhage, melsena. 

Constant 


Relatively  slight 

Occurs  in  twenty-seven  per 

cent,  of  cases. 
Cirrhotic;   at  flrst  enlarged, 

then  small  and  warty. 

Gradual  enlargement 

Normal 


Chronic  tuberculous 
peritonitis. 

Commonest  between  ages  of 

twenty  and  forty. 
Predominates  in  females 

Often  a  chronic  cough ;  diar- 
rhoea, or  general  tubercu- 
losis. 

Unimportant 

Unimportant 

May  be  family  taint 

Onset  may  be  acute  or  In- 
sidious. 

Prolonged 

Usually  slight,  often  absent. . 

Apt  to  be  troublesome 

Fairly  common 


Never  extreme ;   may  be  ab- 
sent; may  be  hemorrhagic. 

Trifling 

May  occur  exceptionally  . . . . 

Often  enlarged 

Nothing  special 

Often  matted  up 


Carcinoma  of  peritoneum. 


Occurs  late  In  life. 

More  frequent  in  females. 

In  some  cases  a  history  of  can- 
cer of  stomach  or  ovaries. 

Unimportant. 
Unimportant. 
Unimportant. 
Insidious. 

Fairly  rapid  course,  with 
cachexia. 

Rarely  absent ;  due  to  com- 
plications. 

Variable. 
Often  marked. 


Moderate  grade:  may  be 
hemorrhagic  or  pseudo- 
chylous. 

Slight. 

Common,  when  liver  Is  In- 
volved. 

May  be  enlarged,  with  nod- 
ules. 

Nothing  special. 

Often  matted  up. 
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much  later  on  and  is  never  marked;  secondly,  severe  di- 
gestive disturbances,  such  as  dyspepsia,  vomiting,  haema- 
temesia,  and  melsena,  are  not  present.  Jaundice  does  not 
occur  except  in  the  rare  event  of  a  mixed  cirrhosis  ac- 
companying perihepatitis,  a  case  of  which  has  been  re- 
corded by  Rose.''''  The  liver  is  never  warty;  signs  due 
to  cholsemia  do  not  occur.  Further,  the  great  omentum 
is  nodular  and  contracted,  while  In  cirrhosis  it  never  is. 

In  carcinoma  of  the  peritoneum,  when  the  liver  is  en- 
larged, jaundice  is  often  present,  the  course  is  fairly 
rapid,  cachexia  and  digestive  disturbances  are  marked. 
There  is  usually  some  evidence  of  cancer  of  the  stomach 
or  ovaries. 

Having  diagnosed  the  presence  of  chronic  perihepatitis, 
it  is  next  necessary  to  determine  if  it  be  tuberculous  or 
not.  In  the  tuberculous  form  ascites  is  rarely  so  extreme ; 
abdominal  pain  and  tenderness  are  apt  to  be  more  marked 
and  the  liver  is  enlarged  throughout.  Careful  examina- 
tion of  the  lungs,  lymphatic  glands,  testes,  ovaries,  and 
Fallopian  tubes,  as  well  as  of  the  urine,  faeces,  and  spu- 
tum, should  be  made.  In  suitable  cases  tuberculin  in- 
jections should  be  tried.  The  preceding  table  presents 
in  a  convenient  form  the  main  points  characterizing  the 
various  infections  likely  to  be  confused.  Diagnosis  may, 
however,  be  very  difficult  and  often  impossible. 

The  prognosis  should  be  guarded ;  the  disease  is  essen- 
tially chronic  and  may  last  for  years  without  seriously 
incommoding  the  patient.  The  simple  form  is  steadily 
progressive  and  Invariably  fatal.  The  tuberculous  form 
is  also  practically  always  fatal,  but  may  possibly  heal 
after  suitable  interference.  Tuberculous  cases  and  those 
complicated  with  adherent  pericardium  run  a  more  rapid 
course  than  the  others.  The  special  risk  to  life  arises  from 
some  intercurrent  complication. 

Treatment. — No  specific  medication  has  been  devised. 
The  chief  point  is  to  meet  the  symptoms  as  they  arise. 
Pain  may  be  relieved  by  hot  fomentations  and  opium. 
To  relieve  the  ascites,  diuretics  have  been  recommended, 
notably  caffeine  in  doses  of  0.1  to  0.15  gm.  six  to  ten  times 
daily ;  digitalis  and  diuretin  may  be  tried.  When  ascites 
is  extreme,  tapping  must  be  resorted  to.  Some  cases,  es- 
pecially the  tuberculous  forms,  may  be  benefited  by  lapa- 
rotomy. Needless  to  say,  the  patients  must  be  kept  under 
the  best  hygienic  surroundings. 

Albert  George  Mclwlls. 
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MUMMIFICATION,     ^ae  Necrosis. 

MUMPS.— (Synonyms:  Cynancheparotidsea;  parotitis; 
parotiditis;  Fr.,  Oreillon ;  Ger.,  Ziegenpeter.) 

Mumps  is  an  acute,  infectious  disease,  self-limited,  and 
characterized  by  inflammation  of  the  parotid,  and  some- 
times of  the  submaxillary  and  sublingual  glands,  with  a 
tendency  to  involve  the  mammae,  testes,  and  ovaries. 


Nature  and  Etiology.— Mumps  prevails  widely  as 
an  epidemic,  and  also  occurs  in  the  sporadic  form, 

It  is  propagated  by  a  specific  virus  the  nature  of  which 
has  thus  far  eluded  the  search  of  bacteriologists.  Nu- 
merous organisms  have  been  found  in  the  blood,  saliva, 
and  other  secretions  by  Bordas,  Capitan,  Charrin,  Boinet, 
and  others,  but  the  cultures  obtained  have  failed  to  stand 
the  crucial  test  of  reproduction  by  inoculation.  The  dis- 
ease is  communicated  by  contact  with  the  infected,  and 
by  the  intermediation  of  various  substances  to  which  the 
virus  adheres.  The  contagious  principle  is  supposed  to 
be  chiefly  transmitted  by  the  breath,  and  is  capable  of 
reproducing  the  disease  from  the  beginning  of  the  parotid 
swelling  up  to  ten  days  or  two  weeks  after  the  fever 
has  subsided.  It  is  highly  contagious.  When  the  dis- 
ease breaks  out  in  schools,  children's  hospitals,  or  other 
institutions  where  large  numbers  of  young  people  are 
congregated,  few  escape,  unless  protected  by  a  previous 
attack.  However,  the  susceptibility  is  not  the  same  in 
all  individuals. 

It  is  quite  rare  in  infancy  and  after  the  middle  period 
of  life,  occurring  chiefly  in  youth  and  early  manhood. 
Males  are  more  prone  to  attack  than  females.  Like  the 
diseases  of  the  class  to  which  it  belongs,  it  rarely  occurs 
more  than  once  in  the  same  individual. 

It  is  more  apt  to  prevail  during  the  winter  and  spring, 
but  epidemics  have  been  observed  at  all  seasons.  Bad 
hygienic  surroundings  certainly  favor  its  diffusion. 

Morbid  Anatomy. — The  opportunity  for  post-mortem 
examination  in  cases  of  mumps,  for  obvious  reasons,  is 
very  limited.  On  this  account  pathologists  differ  as  to 
the  seat  of  the  morbid  process ;  some  locating  it  in  the 
gland  proper,  and  others  in  the  periglandular  connec- 
tive tissue.  Among  those  who  maintain  the  glandular 
origin,  some  hold  that  it  is  rather  the  fibrous  stroma 
which  supports  the  acini  than  the  acini  themselves, 
which  are  primarily  involved. 

The  weight  of  authority  is  in  favor  of  the  initial  lesion 
being  a  catarrhal  inflammation  of  the  gland  ducts,  but 
the  local  swelling  which  gives  character  to  the  disease  is 
unquestionably  largely  due  to  an  infiltration  of  the  sur- 
rounding cellular  tissue.  The  swelling  disappears  by 
the  absorption  of  the  exudation,  and  only  in  very  excep- 
tional instances  does  suppuration  take  place. 

Occasionally  the  glands  remain  enlarged  for  a  consider- 
able time,  and,  in  very  rare  instances,  the  enlargement 
and  hardening  are  permanent.  Atrophy  of  the  parotid 
and  other  affected  glands  has  been  observed  as  a  result 
of  an  attack  of  mumps. 

Symptoms.— The  period  of  incubation  varies  greatly 
and  is  estimated  by  different  authors  at  from  seven  to 
twenty  days.  Premonitor}"^  symptoms  are,  in  most  in- 
stances, either  absent,  or  so  mild  as  to  attract  Uttle  atten- 
tion. When  present  they  are  those  commonly  met  with 
in  mild  febrile  attacks:  chilliness,  hot  flushes,  languor, 
anorexia,  and  sometimes  vomiting  and  diarrhoea. 

Very  exceptionally  the  initial  symptoms  assume  a 
grave  character,  and  the  disease  is  ushered  in  with  high 
fever,  profound  depression,  persistent  vomiting,  and,  in 
children  so  predisposed,  with  convulsions. 

Pain  and  tenderness  in  the  region  of  one  or  both  par- 
otid glands,  if  not  present  from  the  beginning  of  the 
illness  speedily  make  their  appearance,  and  are  never 
delayed  longer  than  twenty-four  or  thirty-six  _  hours. 
Swelling  appears  simultaneously  with  the  pain  and 
tenderness.  It  is  at  first  noticed  in  the  depression  be- 
tween the  mastoid  process  and  the  ramus  of  the  jaw,  and 
is  confined  to  the  gland.  The  adjacent  cellular  tissue  is 
soon  invaded  and  the  tumefaction  extends  forward  on 
the  face  and  downward  and  backward  on  the  neck. 

The  degree  of  enlargement  varies  greatly,  being  at 
times  moderate  and  confined  to  the  parotid  region,  and 
in  other  cases  involving  a  large  portion  of  the  face  and 
neck  When  both  parotids  are  involved  and  the  swell- 
ing is  fully  developed  the  configuration  of  the  face  is 
peculiarly  altered,  the  lower  half  of  the  face  being  enor- 
mously widened  and  the  outline  of  the  chin  lost  m  the 
oedema  of  the  neck.     The  swelling  is  firm,  slightly  elas- 
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tic,  and  moderately  sensitive  to  pressure.  The  head  is 
fixed  with  the  face  directed  straight  forward,  or,  if  but 
one  parotid  is  affected,  the  head  will  he  incUned  to  the 
diseased  side.  The  skin  usually  preserves  its  natural 
color,  but  may  be  red  and  glossy.  Slight  desquamation 
may  taiie  place  after  the  inflammation  has  subsided. 

More  or  less  fever  is  always  present,  lasting,  in  cases 
of  moderate  severity,  not  more  than  four  or  five  days, 
but  occasionally  it  Is  intense,  protracted,  and  attended 
with  delirium  and  prostration. 

The  oedema  generally  extends  internally,  affecting  to  a 
greater  or  less  degree  the  mucous  membrane  of  the  ton- 
sils and  pharynx.  The  secretion  of  saliva  may  not  be 
materially  altered  in  quantity,  but  dribbles  continuously 
from  the  half -open  mouth. 

Tinnitus  aurium  and  earache  are  often  experienced,  and 
there  may  be  a  temporary  or  permanent  impairment  of 
hearing.  The  movements  of  the  jaw  are,  of  necessity, 
greatly  impeded  and  very  painful.  Speech  is  difficult, 
and  the  voice  is  husky  or  muffled. 

Mastication  and  deglutition  are  almost  entirely  sus- 
pended, the  patient  enduring  the  pangs  of  hunger  rather 
than  undergo  the  suffering  required  to  satisfy  his  wants. 

Mumps  usually  affects  both  parotids,  but  not  simul- 
taneously ;  the  left  is  most  frequently  the  first  to  become 
involved,  and  in  from  two  to  four  days  afterward,  or 
even  when  the  swelling  has  disappeared,  the  opposite 
gland  becomes  the  seat  of  disease.  Not  infrequently  the 
affection  is  limited  to  one  side. 

Very  often  the  submaxillary  and  sublingual  glands  are 
affected  conjointly  with  the  parotids.  Dr.  Penzoldt,  of 
Erlangen,  records  an  epidemic  of  mumps  which  fell  un- 
der his  observation,  in  which  there  were  many  cases 
in  which  the  disease  process  was  almost  wholly  confined 
to  the  submaxillary  glands. 

The  swelling  reaches  its  height  in  from  two  to  five 
days,  remains  stationary  about  forty-eight  hours,  and 
then  rapidly  subsides,  making  the  duration  of  the  attack 
from  ten  to  fourteen  days. 

Complications  and  Sequels. — These  relate  espe- 
cially to  affections  of  the  nervous  and  glandular  systems. 
The  tendencj'  for  the  inflammation  to  invade  by  so-called 
metastases  other  and  remote  glands  is  a  singular  and 
interesting  feature  of  the  disease.  As  was  originally 
pointed  out  by  Niemeyer,  it  is  probably  not  a  true  metas- 
tasis. The  testes  in  males  and  the  mamma  and  ovaries 
in  females  are  the  organs  of  special  election.  Tliis  com- 
plication is  much  commoner  in  males  than  in  females,  and 
less  common  in  childhood  than  in  adult  life.  When  the 
testicle  is  invaded,  it  becomes  swollen  and  painful,  and 
there  is  often  effusion  into  the  tunica  vaginalis,  with 
oedema  of  the  scrotum.  Bruising  of  the  testes  is  said  to 
invite  the  disease. 

The  migration  may  take  place  at  any  period  of  the 
parotid  swelling,  which  then  usually  subsides,  but  occa- 
sionally the  two  inflammations  run  their  course  together. 
Sometimes  the  inflammation  of  the  parotid  disappears 
suddenly  before  the  advent  of  the  metastatic  affection ;  in 
this  event,  alarming  constitutional  symptoms  are  liable 
to  supervene.  There  may  be  high  fever,  headache,  de- 
lirium, or  profound  collapse,  which  promptly  disappear 
on  the  appearance  of  the  local  lesion.  The  new  affection 
runs  a  course  very  similar  to  that  of  the  original  disease, 
and  lasts  about  the  same  length  of  time. 

Atrophy  of  the  testicles  sometimes  results,  or  their 
function  may  become  impaired  from  occlusion  of  the 
spermatic  duct. 

Meningitis  is  in  evidence  in  a  very  large  percentage  of 
the  fatal  cases  of  mumps.  Various  diseases  of  the  ner- 
vous system  have  been  recorded  as  complications  (insan- 
ity, neuritis,  hemiplegia,  facial  paralysis),  but  certainly 
in  many,  if  not  most,  instances,  they  were  mere  coinci- 
dences. 

Otitis  media  is  not  uncommon  and  occasionally  termi- 
nates in  permanent  deafness.  In  a  few  cases  a  complete 
loss  of  hearing  in  one  ear  takes  place  without  the  slight- 
est evidence  of  the  presence  of  the  inflammation  in  the 
corresponding  middle  ear;  thus  warranting  the  belief 
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that  the  lesion— whatever  may  be  its  nature— mu.st  ia 
these  cases  be  located  in  the  cochlea  or  in  the  auditor}^ 
nerve  at  some  point  in  its  extra-labyrinthine  course. 

Albuminuria  with  convulsions  has  been  noted. 

Prognosis. — Mumps  is  a  mild  though  painful  disease, 
and  almost  invariably  runs  a  favorable  course.  The  in- 
flammation of  the  parotid  rarely  leads  to  the  formation 
of  an  abscess,  contrasting,  in  this  respect,  strongly  with 
the  non-speciflc  form  of  parotiditis  which  occurs  in  the- 
course  of  typhoid  fever  and  other  maladies. 

Occasionally  a  hard,  painless  enlargement  of  the  gland 
is  left,  which  persists  for  a  variable  time  and  disappears, 
but  which  in  very  exceptional  instances  may  be  perma- 
nent. 

The  Diagnosis  is  rarely  attended  with  difficulty.  The 
disease  can  scarcely  be  mistaken  for  any  affection  other 
than  the  non-specific  inflammations  of  the  parotid  glands, 
which  occur  as  complications  of  various  constitutional 
diseases. 

The  comparative  mildness  of  the  general  symptoms,  the 
speedy  resolution  of  the  swelling,  and  the  epidemic  char- 
acter of  mumps,  contrast  strongly  with  the  preceding 
severe  illness  and  the  inherent  tendency  to  suppuration 
which  constitute  the  clinical  features  of  the  non-specific 
or  symptomatic  parotiditis. 

Tbeatmbnt. — The  treatment  is  purely  symptomatic. 
The  disease  is  self -limited  and  runs  a  definite  course,  un- 
influenced by  the  administration  of  drugs. 

The  patient  must  remain  indoors,  preferably  in  bed,, 
even  in  mild  cases,  until  convalescence  is  assured. 

On  account  of  the  difficulty  in  swallowing,  the  diet 
should  be  exclusively  fluid.  If  there  should  be  high 
fever,  a  bath  or  surface  sponging  with  tepid  water  will 
be  of  service.  Should  there  be  much  pain  or  restless- 
ness, an  anodyne,  preferably  Dover's  powder  or  chloral, 
may  be  prescribed;  otherwise  refrigerant  diaphoretics, 
such  as  a  solution  of  bitartrate  or  citrate  of  potash,  or  the 
neutral  mixture  of  the  Pharmacopoeia  (see  under  Potas- 
sium), will  meet  all  of  the  indications.  External  fomen- 
tations to  the  neck  are  both  useful  and  grateful  to  the 
patient.  Soap  liniment,  to  which  a  little  deodorized  tinc- 
ture of  opium  may  be  added,  warm  olive  oil,  or  the 
tincture  of  belladonna  and  glycerin  (3  i.-|  1.),  are 
eligible  preparations  for  external  use. 

When  metastasis  to  the  testes  or  other  glands  takes 
place,  the  new  affection  should  be  treated  in  the  same 
manner  as  if  it  had  occurred  independently  of  the  parotid 
inflammation.  The  writer  has  obtained  excellent  results 
in  orchitis  from  the  inunction  of  guaiacol  (  3  i.)  and  lano- 
lin ( 3  iij.-iv.).  When  it  is  applied  from  two  to  four  times 
daily  the  pain  and  swelling  usually  promptly  subside. 
If  the  onset  of  the  metastasis  is  heralded  by  great  pros- 
tration, or  by  alarming  symptoms  of  any  kind,  stimulants 
must  be  freely  given  and  warmth  applied  to  the  body. 

A  course  of  tonics  is  advisable  should  convalescence  be 
tardy.  W.  J.  Gonklin. 

MUSCARINE.    See  Poisonous  Plants. 

MUSCLE.— -Histology  of  Muscular  Tissue.— Mus- 
cular tissue  (Lat.,  Tela  muscularis;  Ital.,  Tessuto  musco- 
lare;  Pr,,  Tissu  museulaire ;  Ger.,  Muskelgewebe)  is  the 
tissue  in  the  animal  body  the  physiological  characteristic 
of  which  is  its  power  of  contracting  in  one  direction,  thus 
giving  rise  to  definite  movements.  It  is  composed  of 
structural  elements,  the  length  of  which  is  usually  much 
greater  than  the  breadth.  Muscular  tissue  in  some  form 
is  present  in  all  the  groups  of  animals,  except  the  Pro- 
tozoa.* 

Anatomically  or  morphologically,  muscular  tissue  is 
of  two  kinds:  (A)  Striated  m- striped  muscular  tissue,  th&t 
in  which  the  structural  elements  or  fibres  are  marked  by 
distinct  transverse,  and  usually  much  less  distinct,  longi- 
tudinal striations.     The  structural  elements  are  uni-  or 


*  Among  the  Protozoa,  the  striated  ectoplasm  of  some  Infusoria 
ana  the  contractile  stalk  of  Vorticella  are  perhaps  physiologlcallv 
muscular  tissue,  but  they  can  hardly  he  so  considered  anatomically, 
smce  these  or^amsms  are  supposed  to  he  unicellular. 
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^w!,*/"^"'^^''*^'^  ^^M^-  ^^^8  '°  3^05).     (B)  Smooth  or  un- 
striated  muscular  tissue,  that  in  which  the  structural  ele- 


J^^'^^JF^  =!°??',*'l?°''F'P"°^'^^P"'^"*  Muscle  of  the  Cat,  to  show  the  Components 
ol  an  Ordinary  Striated  Muscle.  The  whole  muscle  and  the  fa.sclcles  were  outlined  with 
the  camera  lucida  at  a  magmncation  of  about  twenty  diameters.  The  muscular  nbres, 
the  arter.y,  yein,  and  nerve  were  not  drawn  to  scale.  (Drawn  by  Mrs.  Gage.)  a,  Artery : 
em,  endomysium,  the  connective  tissue  between  the  individual  fibres:  enm,  enimysium 
the  connective  tissue  surrounding  the  entire  muscle  and  giving  oft  torn)  the  perimysium 
which  combines  the  fibres  into  bundles  of  fascicles  of  various  sizes ;  ms,  muscle  spindle  • 
m,  nerve ;  u,  vein  icf.  Figs.  3395,  3400).  ^         ' 

ments  are  apparently  homogeneous,  or  marked  by  fine 
longitudinal  striations  only.  The  elements  are  mostly 
uninucleated  (Figs.  3406  to  3409). 

Striated  Muscular  Tissue. — This,  in  man  and  many 
of  the  lower  animals,  is  the  so-called  flesh  or  lean  meat. 
It  is  usually  collected  into  more  ur  xess  distinct  masses, 
termed  muscles ;  and  in  every  case,  whether  the  muscle 
is  in  distinct  masses  or  not,  it  is  composed  of  structural 
or  histological  elements,  which,  when  viewed  lengthwise 
under  a  microscope,  are  characterized  by  an  appearance 
of  being  composed  of  alternating  dark  and  light  segments 
(Figs.  3383  to  3404);  this  gives  the  elements  their  trans- 
versely striated  appearance.  Physiologically,  striated 
muscle  is  characterized  by  the  rapidity  and  energy  of  its 
contraction. 

Distribution. — Striated  muscular  tissue  is  present  in 
all  vertebrates  and  in  some  members,  at  least,  of  all  the 
grea|;  groups  of  invertebrates  except  the  Protozoa. 
Structurally  and  physiologically,  striated  muscular  tis- 
sue in  vertebrates  is  of  two  kinds :  (A)  The  skeletal,  or 
the  so-called  muscle  of  animal  life,  which  is  mostly  vol- 
untary ;  (B)  the  cardiac,  or  the  muscular  tissue  of  the 
heart,  and  the  other  pulsating  organs  of  the  blood- vascu- 
lar system.  This  is  wholly  involuntary,  and  belongs  to 
the  tissues  of  organic  life. 

Skeletal  or  Voluntary  Muscular  Tissue  (muscles  of  ani- 
mal life). — In  man  and  the  mammals,  this  tissue  forms 
from  forty  to  forty-five  per  cent,  of  the  entire  body 
weight.  Its  specific  gravity  is  about  1.058.  It  is  usu- 
ally collected  into  distinct  muscles,  the  ends  of  which 
are  in  most  cases  attached  to  some  firm  part  (bone  or  car- 
tilage) by  means  of  fibrous  connective  tissue. 

Distribution:  In  man  and  the  mammals  generally,  this 
tissue  forms  the  muscles  of  the  trunk  and  extremities, 
those  moving  the  globe  of  the  eye  and  all  those  of  the 
ear,  those  moving  the  lips,  and  those  moving  the  skin 
{platysma  myoides  in  man,  the  cutaneous  muscles  over 
nearly  the  entire  body  in  many  mammals).  It  is  also 
present  in  the  tongue,  pharynx,  larynx,  the  true  sphinc- 
ter of  the  urethra,  and  the  ectal  sphincter  of  the  anus ; 
in  mammals  possessing  them,  it  is  found  in  connection 
with  Cowper's  and  the  anal  glands.  In  the  oesophagus 
of  man,  the  horse,  and  some  other  animals,  striated  mus- 
cle is  usually  present  only  in  the  pharyngeal  half;  in 
ruminants,  the  dog,  cat,  rabbit,  house  mouse,  rat,  and 
many  other  animals;  it  extends  to,  or  nearly  to,  the  stom- 
ach ;  and  in  the  rat  it  is  even  continued  upon  the  stomach 
from  the  cardiac  end  of  the  oesophagus.    In  many  of  the 


lower  vertebrates,  besides  the  muscles  of  the  trunk  and 
iimbs,  striated  muscular  tissue  is  found  in  situations 
where  it  is  not  present  in  man.  In 
birds,  in  the  iris  and  choroid;  in  snakes, 
around  the  poison  glands;  in  fis/ies, 
in  the  wall  of  the  stomach  of  Oobiti» 
fossilis  and  Syngnathus  acus,  and  in 
the  intestine  of  Tinea  chrysitis ;  in 
amia  it  forms  a  double  layer  over  the 
surface  of  the  lung-like  air  bladder, 
and  is  present  in  the  trabeculse-like 
cords  within  it;  in  lepidosteus,  it  is 
very  abundant  in  the  trabeculsE  within 
the  air  bladder ;  in  polypterus  there  is- 
present  an  enclosing  sheet  of  muscle 
for  the  air  bladder  as  in  amia. 

Constituents    of    Striated    Muscular 
Tissue.— TheSB  are:    (A)  the  essential 
and  characteristic,  elongated  and  trans- 
versely striated  muscular  fibres  (Figs 
3383  to  3396);  (B)  blood-  and   lymph 
vessels    (Figs.    3382    and    3396);    (C> 
nerves  (Fig.  3383);  (D)  muscle  spindles 
(Fig.  3400)  (E)  a  considerable  quantity 
of  adipose  and  connective  tissue  (Figs. 
3383  to  3385.)    The  connective  tissue 
of  a  muscle  has  received  special  names 
according  to  its  position  in  the  muscle: 
(a)  epimysium  or  perimysium  externum 
(Fig.  3382,  ep).    This  is  the  connective 
tissue  which  forms  a  kind  of  envelope  or  sheath  for  the  ' 
entire    muscle ,    (b)  perimysium  (Fig.  8382,  p).     This  is 
the     connective     tissue 
which  extends  into  the 
muscle  from  the  epimy- 
sium.    It  combines  the 
fibres  into  bundles  (fas- 
ciculi, fascicles,  or  laeerti) 
of    various    sizes,    and 
separates    the    fascicles 
from    one    another;    (c) 
endomysium.    This  is  the 
minute  network  of  con- 
nective tissue  extending 
from    the    perimysium 
into  the    fascicles,   and 
separating  the    individ- 
ual fibres  from  one  an- 
other.    Finally,  connec- 
tive   tissue,    commonly 
in  dense  masses  or  ten- 
dons, serves  to   connect 
the    muscles    to    other 
parts,  usually  bones  or 
cartilages,     which     are 
moved  when  the  muscle 
contracts. 

Fascicles  (JascieuU  or 
laeerti)  and  their  Rela- 
tions in  a  Muscle. — In 
some  muscles,  as  the 
sartorius,  the  muscular 
fascicles  extend  from 
end  to  end  of  the  mus- 
cle. In  such  a  case,  if 
the  muscle  has  a  broad 
tendon  of  origin  and  in- 
sertion, the  fascicles  are 
usually  nearly  parallel 
and  of  nearly  the  same 
length.  Where,  how- 
ever, one  or  both  ends 
are  fusiform,  as  in  the 
biceps  brachii  and  the 
gracilis  of  man,  the  cen- 
tral fascicles  are  consid- 
erably the  longer.  In 
penniform  and  bipenni- 


FiG.  3383.— Diagram  to  show  the  Ar- 
rangement of  the  Fascicles  in  a  Bi- 
pennlform  Mus<te  (Biceps  Brachii 
of  the  Cat) .  Each  fibre  represents 
a  fascicle.  (Drawn  by  Mrs.  Gage.) 
m-c.  Muscle  corpuscles ;  t-i,  tendon 
of  insertion ;  f-o,  tendon  of  origin ; 
t',  tendinous  expansion  over  the- 
surface  of  the  muscle  (it  is  thickest 
near  the  tendon  of  origin);  f,  ex- 
tension of  t«ndan  through  the- 
middle  of  the  muscle.  It  thickens 
toward  the  tendon  of  insertion. 
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form  muscles  the  fascicles  are  placed  obliquely  to  the 
long  axis  of  the  muscle,  and  extend  for  a  compara- 
tively small  part  of  its  entire  length.  In  case  of  the 
(bipenniform  muscles — biceps  brachii  of  the  cat  '(Fig. 
3383),  rectus  femoris  of  man 
— the  tendon  of  origin  and 
the  tendon  of  insertion  ex- 
tend along  the  entire  length 
of  the  muscle,  on  the  surface, 
and  also  in  the  central  part. 
This  arrangement  of  the  ten- 
don in  the  penniform  and 
bipenniform  muscles  renders 
it  obviously  impossible  to  ex- 
pose the  muscular  substance 
in  dissection  so  that  it  shall 
show  to  the  best  advantage. 
In  most  muscles  the  compo- 
nent fascicles  are  approxi- 
mately parallel  with  one  an- 
other, although  not  necessar- 
ily with  the  long  axis  of  the 
muscle.  In  bipenniform  mus- 
cles the  fascicles  are  parallel 
with  one  another  on  the  same 
side,  but  at  an  angle  with 
those  of  the  opposite  side 
(Pig.  8383) ;  they  are  likewise 
oblique  to  one  another  in  the 
fan-shaped  muscles  like  the 
pectorals  and  the  latissinms. 

Fih'es  and  their  Arrange- 
ment in  a  Faaciele. — It  was 
long  supposed  that  the  in- 
dividual fibres  forming  a  fas- 
cicle were  coextensive  with 
it,  and  therefore,  except  with 
the  penniform  and  bipenni- 
form muscles,  with  the  mus- 
cle itself.  It  was  shown, 
however,  by  RoUett,'  Her- 
zig,  and  Biesiadecki,''  that  the 
fibres  may  end  within  a  fas- 
cicle, being  attached  to  a  ten- 
don at  but  one  extremity, 
or  at  neither.  It  is  now  be- 
lieved that  a  fibre  rarely  ex- 
ceeds from  40  to  100  mm.  in 
length,  while  a  muscular  fas- 
cicle may  be,  in  some  cases, 
ten  or  twenty  times  that  length,  or  even  longer.  In 
man  and  some  of  the  larger  animals  Felix  «  has  isolated 
-fibres  from  120  to  130  mm.  in  length,  although  he 
found  the  majority  of  the  fibres  much  shorter.  If  the 
fascicle  is  not  over  40  mm.  long,  the  fibres  usually  ex- 
tend parallel  with  one  another  from  end  to  end  of  the 
fascicle ;  and  where  the  fascicle  is  parallel  with  the  long 
Axis  of  the  muscle,  and  the  muscle  itself  does  not  exceed 
40  mm.,  the  individual  fibres  likewise  extend  its  entire 
length  (Fig.  3384),  as  in  the  ocoipitofrontalis  and  many 
•other  muscles  of  the  cat,  the  stapedius,  intercostals,  and 
some  other  muscles  in  man.  Where,  however,  the  fasci- 
-cles  considerably  exceed  40  mm.  in  length,  the  fibres 
which  originate  in  the  tendon  of  origin  or  insertion  by 
blunt  ends,  terminate  by  fusiform  ends  at  different  levels 
within  the  fascicle  (Fig.  3388,  A).  Where  the  fascicles 
greatly  exceed  40  mm.  in  length,  part  of  the  fibres  origi- 
nate and  terminate  as  just  described,  while  those  which 
fill  the  intervening  space  are  tapering  and  slender  at  both 
ends  (Fig.  3388,  B).  In  most  cases  in  which  the  fibres 
become  tapering  and  end  within  a  fascicle,  each  tapering 
■end  IS  applied  closely  to  a  fibre  of  full  size  (see  Fig.  3388 
and  below,  under  Termination  of  the  Fibres). 

In  small  animals,  like  the  common  mouse  and  bat,  in 
which  none  of  the  muscles  attains  a  length  of  40  mm 
-one  would  naturally  expect  all  the  fibres  to  extend  the 
-entire  length  of  the  muscle;  but  from  an  extended  in- 
vestigation of  the  house  and  field  mouse,  of  the  mole  and 
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Tig.  3384.— Diagram  ol  a  Stri- 
ated Muscle  in  which  the  Fas- 
cicles are  composed  of  but  One 
Length  of  fibres,  which  are 
of  nearly  Equal  Length.  It 
also  represents  a  muscle  in 
which  the  flbres  are  parallel 
and  extend  from  end  to  end 
of  the  muscle.  (Drawn  by 
Mrs.  Gage.)  m-c.  Muscle 
corpuscle ;  t-i,  tendon  of  inser- 
tion ;  t-o,  tendon  of  origin. 


bat  and  English  sparrow,  it  was  found  by  Susanna  P. 
Gage '  that  while  many  of  the  fibres  did  extend  the  entire 
length  of  the  muscle,  many  others  ended  within  it  either 
with  simple  tapering  points  or  with  several  branches, 
and  even  by  anastomoses  with  other  fibres  (Fig.  3389). 
Herzig  and  Biesiadecki  found  in  the  muscles  of  the  frog 
some  of  the  fibres  extending  the  entire  length  of  the  fas- 
cicle, while  others  terminated  within  it.  As  stated 
above,  the  fibres  in  a  fascicle  are  approximately  parallel, 
and  the  fascicles,  composed  of  but  one  length  of  flbres 
(Fig.  3384),  show  the  same  number  of  flbres  in  transec- 
tion at  any  level,  and  each  fibre  is  of  nearly  the  same 
diameter  throughout  its  entire  length,  except  at  the  ex- 
treme ends  (Fig.  3384).  In  a  fascicle  composed  of  two 
or  more  lengths  of  fibres,  the  number  of  flbres  varies  in 
transections  made  at  different  levels,  and  the  same  fibre 
is  not  of  uniform  diameter  throughout  its  entire  length 
(Fig.  3388).  Independently,  however,  of  the  tapering 
ends  of  the  flbres  in  fascicles  composed  of  two  or  more 
lengths  of  flbres,  the  several  fibres  of  a  fascicle  in  all 
forms  of  muscles  vary  greatly  in  diameter,  and  there  is 
also  a  great  difference  in  the  number  of  fibres  in  the  dif- 
ferent fascicles  (Figs.  3383,  3411 ).  The  coarseness  or 
fineness  in  texture  of  a  muscle  to  the  naked  eye,  depends 
mostly  on  the  relative  abundance  of  the  perimysium  and 
the  number  and  the  size  of  the  fibres  in  the  component 
fascicles  (Figs.  3382,  3410). 

Termikation  op  Striated  Muscular  Fibres. — (A) 
Termination  in  Tendon. — The  most  common  mode  is  in  a 
dense,  usually  rounded  or  flattened  mass  of  connective 
tissue  called  a  tendon.  This  is  always  less  bulky  than 
the  muscle,  and  consists  of  a  continuation  of  the  connective 
tissue  of  the  muscle,  and  of  the  special  minute  tendinous 
prolongations  of  the  individual  flbres  which  reach  the 
tendon  (Figs.  338S  to  3385).  All  muscular  fibres  ending 
in  tendon,  or  apparently  directly  upon  some  hard  part — 
bone  or  cartilage — terminate  as  just  described,  without 


liG.  3385.— To  show  the  Attachment  of  Muscle  to  Periosteum  (appar- 
ent direct  attachment  to  bone),  also  an  Oblique  Muscular  Attach- 
ment From  the  scapula  of  a  cat.  Magnified  500  diameters. 
( Heltzmann.)  M,  Tendinous  ends  of  a  striated  muscular  fibre  (four 
oI^^^??t^'jl'  P,  perimysium;  this  intermingles  with  the  periosteum, 
and  with  the  short  tendinous  prolongations  of  the  individual  flbres, 
serves  as  a  tendon ;  P',  periosteum ;  the  perimysium  and  tendinous 
P^2  „  J  .  "'  "'  the  muscular  flbres  Intermingle  with  the  flbres  of 
^nStSS^^S'™""  ^°'^,?,?<"1'"®J''^''°":  S.sarcolemma;  apparently 
continued  as  part  of  the  tendinous  prolongation  of  the  flbre. 

regard  to  the  angle  of  attachment;  there  is  simply  a  dif- 
ference in  the  length  of  the  tendinous  prolongations  of 
the  fibres  (Fig.  3385). 

When  a  muscular  fibre  reaches  a  tendon,  the  sarcous 
substance  (see  below)  ends  bluntly  (Figs.  3383  to  3388). 
in  some  cases  the  end  is  divided  into  several  short  finger- 
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like  processes,  aud  in  most  cases  the  supply  of  nuclei  in 
the   muscular   and    tendinous   substance  L  abundant 

^bstanoT  th!fi^™  °*  '^^  *^™"^1  P^--*  of  tl^e  sarcous 
substance,  the  fibre  appears  to  be  directly  continued  by  a 

bundle  of  tendinous  tissue, 
which  soon  loses  itself  in 
the  general  mass  of  the  ten- 
don (Figs.  3388    to    3388). 
This  appearance  is  clearly 
seen  in  the  dead  muscular 
fibres  of  all  the  animals  ex- 
amined,   both    in   sections 
and      in     isolated     fibres. 
When  the  muscle  is  stained 
with  acid  fuchsin  and  pic- 
ric acid,  the  muscular  sub- 
stance is  yellow  and  the  ten- 
dinous    substance      pink. 
The    appearance    is    then 
that  the  tendon  fits  into  all 
the  crevices  at  the  end  of 
the  terminating  fibre  as  if 
the    muscle    end   with   its 
terminal  processes  had  been 
inserted  into  a  plastic  ten- 
dinous substance.    The  ten- 
dinous substance  is  also  ex- 
tended along  the  sides  of 
the  fibre  and  merges  into  the 
endomysium    (Fig.     3387). 
It  was  long  held  by  most 
histologists    that    this   ap- 
pearance indicated  that  at 
its  termination    in    a    ten- 
don the  sarcous  substance 
merges  directly  into  tendin- 
ous   substance,    and    with 
the  sarcolemma  (see  below), 
forms  the  tendinous  inser- 
tion of  the  fibre.     At  the 
present  day,  however,  many 
histologists  believe  that  the 
sarcolemma  of  a  muscular 
fibre   is   continued   around 


ITIuscle.. 
Muscle^ 


Fig.  3386.— Muscular  Fibre  from 
the  Gastrocnemius  of  the  Prog, 
to  show  the  Termination  of  a 
Muscular  Fibre  In  Tendon. 
Magnifled  140  diameters.  (Ean- 
vier.)  c.  Muscle  columns;  m, 
a  fold  in  the  empty  sarcolemma; 
p,  retracted  conical  termination 
of  the  sarcous  substance ;  s,  sar- 
colemma reflected  over  the  end 
of  the  fibre  and  adhering  to  the 
tendon ;  t,  tendon. 


the  end  of  the  fibre,  and 
that  the  tendon  is  simply  cemented  to  it  (Fig.  3386). 
The  sarcolemma  has  never  been  separated  from  the 
tendon,  so  that,  if  this  view  is  correct,  the  connection 
between  the  sarcolemma  and  tendon  is  more  intimate  than 
that  between  the  sarcolemma  and  sarcous  substance. 
This  interpretation  is  a  natural,  and  almost  necessary, 
outgrowth  of  the  cell  doctrine  of  Schwann  '*  and  his  fol- 
lowers, which  teaches,  above  all  things,  the  independence 
of  the  individual  structural  elements.  And  these  writers 
consider  the, sarcolemma  a  kind  of  cell  wall;  it  must, 
therefore,  necessarily  entirely  enclose  the  fibre,  and  the 
tendon  be  cemented  to  it  at  the  end  of  the  fibre.  To  the 
constantly  increasing  number  of  biologists  who  believe, 
not  in  the  independence,  but  in  the  interconnection  of 
the  structural  elements  of  the  body,  there  seems  no  inher- 
ent improbability  in  the  view  that  muscle  may  merge 
into  tendon,  and  the  sarcolemma  become  continuous 
with,  and  form  part  of,  the  tendon.  The  appearances 
obtainable  by  treating  dead  muscular  fibres  with  various 
reagents,  and  by  the  study  of  living  fibres,  give,  in  the 
present  state  of  knowledge,  justification  to  either  inter- 
pretation. 

(B)  Termination  of  Fibres  within  a  Muscle.— The  state- 
ments of  histologists  concerning  the  termination  of  fibres 
within  a  muscle  and  the  relations  of  the  terminal  ends 
are  so  various,  or  directly  conflicting,  that  some  of  the 
more  positive  statements  will  be  given  before  stating 
what  seems,  according  to  the  writer's  observations,  to  be 
the  condition.  Prey,  1880:  "While  it  was  formerly  sup- 
posed that  every  transversely  striated  fibre  continued 
throughout  the  entire  length  of  its  muscle,  more  recently 
numerous  exceptions  to  this  have  been  observed ;  that  is, 
muscular  fibres  which  terminate  in  a  point,  or  some  other 


fvpmitf  ^f'^f^''  .or.less  distance  from  the  tendinous  ex- 
w?th  t^;  /'"^^  Pnmitive  fasciculi  have  their  connection 
with  the  tendon,  to  a  certain  extent,  in  the  interstitial 

have'onr ''''"'■"  i""/-^",'  'f^^:-  "'^'''  individual  fibres: 
nave  only  ...  a  relatively  limited  length,  so  that  fol- 

nZit  •  °^^?^-  "^^  S,""^  '°*°^  "ii^cle  fibres  terminating, 
wiv  Thi^""''*/"?-  P'^  t^kes  place  in  the  following 
thP^^al  ?  contents  of  a  fibre  suddenly  terminate,  whill 

w?tWh»  r™"*'  ^^  ""  ^"^  *'^''«^'^-  becomes  interwoven 
with  the  fine  connective  tissue  between  the  muscular 

ned?n  J  .  ^'°'^?'''  ^^^^-^  /'  ^'''^^  ^  '^"'^  ""«<=le,  «  /.  sta- 
^w'tK  "??,;'  ^y^P'*"!  ,(°f  man),  or  the  short  musctes  of 
a  tiog,  the  fibres  are  as  long  as  the  muscle  itself.  With- 
lfn,-i°3®''  """'=!««'  however,  the  individual  fibres  are 
w?th  f  Lr-*!  ^""k  ''°,',*f  obliquely  by  cement  substance 
with  a_ similar  bevelled  or  pointed  end  of  another  fibre 
lying  m_ the  same  direction."  Schaefer,  1882-  "In  a 
long  fasciculus  a  fibre  does  not  reach  from  one  tendinous- 
attachment  to  the  other,  but  ends  with  a  rounded  ex- 
tremity, invested  with  its  sarcolemma,  and  cohering  with 
neighboring  fibres."  g  wikh 

According  to  the  writer's  observations  on  many  difller- 
ent  muscles  of  cats  at  all  ages,  and  less  extended  obser- 
vations upon  human  muscles  and  on  those  of  the  house 
mouse,  the  fibres  which  terminate  within  a  muscle  always- 
do  so  with  a  very  tapering  end,  the  extremity  becominr 
thread-like,  and  losing  its  striation.  The  muscle  corpus- 
cles (see  below)  are  also  numerous  near  the  end  and  in 
some  cases  the  fibre  seems  to  terminate  as  a  branched 
corpuscle  (Fig.  8388,  C).  Small  lateral  branches,  some 
01  them  striated,  were  also  present  in  many  cases  (Fig 
3388,  O).  Where  the  fibres  were  apparently  undisturbed 
in  their  relations,  the  terminal  part,  for  a  considerable 
distance,  was  parallel  and  closely  connected  with  a  fibre 
of  full  size,  the  tapering  end  following  accurately  the 
outline  of  the  fibre  to  which  it  was  applied,  curving  out- 
ward over  a  muscle  corpuscle  (Pig.  3388,  m-c),  or  when 
the  large  fibre  was  corrugated,  following  the  curves 
accurately.  Herzig  and 
Biesiadecki'  describe  long 
lateral  branches,  some  of 
which  even  anastomose  in 
the  intramuscular  end- 
ings of  fibres  in  the  horse. 
As  shown  in  Fig.  8389, 
branched  and  even  anas- 
tomosing terminations  are 
not  uncommon  in  the 
smaller  animals,  as  the 
house  mouse. 

The  fibres  arising  from 
the  same  tendon  and  ter- 
minating within  a  muscle 

may  be  of  various  lengths ; 

in  such  a  case  the  longer 

ones     may    apply    their 

tapering  ends  to  fibres  of 

full  size  coming  from  the 

opposite     tendon      (Fig. 

8888,  A,  3389),  while  the 

shorter    ones  may  either 

apply  themselves  to  fibres 

from  the  opposite  tendon, 

or    to    the    longer   fibres 

from  the  same  tendon.    In 

the  latter  case  the  shorter 

fibre  has  always  been  ob- 
served to  terminate  before 

the  longer  one  commenced 

to  taper.    When  a  fascicle 

is  three  or  more  fibres  in 

length,  the  fibres  may  be 

of    various     lengths,    as 

stated  above,  but  the  fibres  not  joined  to  the  tendon 

of  origin  or  insertion  are  tapering  at  both  ends.     All 

the  fibres  lap  sufficiently  to  apply  their  tapering  end 

to  fibres  having  their  full  diameter  (Pig.  3388,  B).     In 


I I \ I     I     '     lin  mm. 

FIB.  3387.— Two  Adjoining  Striated 
Muscular  Fibres  from  ttie  Proxi- 
mal or  Upper  End  of  a  Human 
Sartorius  to  show  their  Tendinous 
Connections.  (Drawn  by  Mrs. 
Gage.)  Magnified  about  350  diam- 
eters. The  tendon  in  each  case 
seems  to  be  a  direct  continuation 
of  the  muscular  fibre,  and  to  ex- 
tend up  on  the  side  of  the  fibre 
for  a  short  distance  icf.  Fig.  3386). 
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all  the  numerous  prepai-ations  observed  by  the  writer, 
the  muscular  fibres  terminating  within  a  muscle  were 
always  very  slender  and  tapering  at  their  termination 

F I  G.  3388.  —  D  i  a- 
grams  to  show  the 
Relation  and  ter- 
mination of  Fibres 
in  Fascicles  com- 
posed of  Two  or 
more  Lengths  of 
Fibres.  (Drawn 
by  Mrs.  Gage.) 
A,  Fascicle  com- 
posed of  two 
lengths  of  fibres. 
The  fibres  termi- 
nate by  rounded 
ends  at  the  tendon 
of  orliiin  and  in- 
sertion, and  in  the 
midst  of  the  mus- 
cle by  tapering 
ends  which  are  ap- 
plied to  the  other 
fibres,  where  they 
are  of  full  size. 
/ 1,  Fibre  arising 
at  the  tendon  of 
origin  and  termi- 
nating in  the 
midst  of  the  mus- 
cle; fZ  and  /3, 
fibres  of  different 
lengths  arising  at 
the  tendon  of  in- 
sertion and  ter- 
minating in  the 
midst  of  the  mus- 
cle ;  t-i,  tendon  of 
insertion;  f-o,  ten- 
don of  origin.  B, 
A  fascicle  com- 
posed of  three 
lengths  of  fibres; 
only  the  ends 
'reaching  the  ten- 
dons are  rounded, 
the  others  are  ta- 
pering and  are  ap- 
plied to  neighbor- 
ing fibres,  as  in  .A. 
/I,  Fibre  arising 
at  the  tendon  of 
origin  and  ter- 
minating in  the 
midst  of  the  mus- 
cle; /2,  fibre  with 
two  tapering 
ends,  both  of 
which  terminate 
in  the  midst  of  the 
muscle;  /3,  fibre 
terminating  by  a 
rounded  end  in 
the  tendon  of  in- 
sertion, and  by  a 
tapering  end  in 
the  midst  of  the 
muscle;  m-c, 
muscle  corpuscle. 
This  one  projects 
beyond  the  sur- 
face of  /  3,  and  the 
tapering  end  of  / 1 
curves  over  this 
corpuscle.  A  simi- 
lar condition  is 
shown  in  fl.  A; 
t-i,  tendon  of  in- 
sertion ;  t-o,  ten- 
don of  origin.  C, 
The  terminal  part 
of  a  fibre  ending 
within  a  muscle. 
Drawn  with  a  camera  luclda  at  a  magnification  of  425  diameters. 
The  details  of  structure  were  determined  with  a  A  homogeneous 
immersion  objective,  and  added  free-hand,  m-c.  Muscle  corpuscle. 
The  one  to  which  the  line  extends  projects  markedly,  and  is  in  the 
angle  formed  by  a  lateral  branch.  The  lateral  brunches  are  numer- 
ous, and  some  of  them  show  distinct  transverse  striations.  Just 
beyond  the  corpuscle  to  which  the  line  extends  the  transvei-se  strl- 
ation  ceases  on  the  fibre.  At  the  end  is  an  enlargement  or  cor- 
puscle, with  a  thread-like  continuation. 

(Fig.  3389)  and  two  tapering  ends  were  never  seen  to 
lap  and  be  cemented  together;  but  the  slender  ter- 
mination of  one  fibre  was  almost  invariably  applied  to 
a  fibre  of  full  size,  and  terminated  before  the  supporting 
fibre  commenced  to  taper.     The  apparent  termination  of 


a  fibre  by  a  rounded  end  within  a  muscle  is  due,  in  many 
cases  at  least,  to  the  tearing  and  retraction  of  the  sarcous 
substance,  and  sometimes  also  of  the  sarcolemma.  In 
the  great  majority  of  cases  observed,  in  which  a  fibre  was 
in  its  natural  relations  to  the  other  fibres,  and  seemed  to 
end  by  a  blunt  or  rounded  extremity  within  the  fascicle, 
the  empty  sarcolemma  was  traced  to  the  other  broken  end. 
When  the  hollow  sarcolemma  appears  of  about  the  size 
of  a  muscular  fibre  (Figs.  3386,  3391),  the  true  relations 
of  the  broken  ends  of  the  fibre  are  readily  determined ; 
but  in  many  cases  the  stretched  sarcolemma  collapses 
and  tapers  to  a  point  about  midway  between  the  severed 
ends  of  the  sarcous  substance,  and  often  both  the  broken 
ends  cannot  be  seen  in  the  same  field  of  the  microscope. 
(C)  Termination  of  Muscular  Fibres  in  tfie  Skip.— The 
attachments  of  the  cutaneous  muscles  to  hard  parts,  and 
the  terminations  of  the  fibres  within  a  muscle,  are  as  de- 
scribed above  for  the  ordinary  muscles.  At  their  cuta- 
neous termination 
the  fibres  (in  the 
cat  at  least)  taper 
somewhat  gradu- 
ally, lose  their 
transverse  stria- 
tion,  and,  finally, 
become    indistin- 


FiG.  3389.— Figures 
showing  the  Bela^ 
tions  of  Muscular 
Fibres  in  Small 
Animals.  (From 
Susanna  F.  Gage.) 
A,  An  anastomosis 
of  two  fibres  in 
the  connecting 
branches  of  which 
are  seen  a  number 
of  longitudinal 
clefts.  The  smaller 
fibre  ends  with  the 
upper  branch.  The 
larger  fibre  has  its 
maximum  size  at 
the  upper  end,  and 
from  the  lower  part 
was  traced  4  mm. 
to  its  tapering, 
branched  intramus- 
cular end,  one  of  the 
branches  forming 
an  anastomosis  with 
another  fibre. 
(From  the  biceps 
femoris  of  a  house 
mouse.)  B,  Ter- 
mination of  an  in- 
tramuscular end  by 
anastomosis.  Anas- 
tomosing branches 
were  given  off  for 
a  whole  millimetre, 
that  is  for  the  whole 
length  of  the  taper- 
ing part.  (From  the 
biceps  lemoris  of  a 
house  mouse.)  C, 
Tendinous  ends  of 
the  rectus  abdomi- 
nis of  a  house 
mouse.  The  two 
tendinous  ends  are 
shown  in  the  upper 
fibre,  which  was  5 
mm.  long.  Oppo- 
site the  lower  ten- 
dinous end  of  the 
large  upper  fibre 
are  four  smaller 
fibres  from  the  next 
segment.  D,  Azas- 
tomosls  of  one  taper- 
ing fibre  with  two 
others  from  the  op- 
posite tendon,  show- 
ing in  a  typical  way 
the  relations  of  an- 
astomosing, intra^ 
muscular  ends  to 
one  another.     The 

part  between  the  breaks  was  3  mm.  long,  while  the  whole  muscle 
was  17  mm.  long.  The  mtramuscular  ends  are  branched  and 
two  of  them,  after  anastomosing,  seemed  to  end  freely.  (From 
the  biceps  lemoris  of  the  house  mouse.)  v'  ■"■" 
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KG.  3390.— Section  of  the  Lip  of  the  Rat 
throuBh  the  Mussculns  Levator  Labii 
Superior-is.  to  show  the  Branching  of 
the  Fibres  and  their  Termination  in  the 
Corium.  (Busk  and  Huxley.^)  a. 
Epidermis  and  aperture  of  a  sebaceous 
gland;  b,  muscular  fibres  branching 
and  terminating  in  the  corium  after 
tapering  and  losing  their  transverse  stri- 
ations ;  c,  connective-tissue  corpuscle. 


guisliable  from  the  white  fibres  of  the  corium  In  some 
animals  as  the  rat,  the  fibres  at  their  cutaneous  termina- 
tion, in  the  hps  at  least,  divide  into  several  branches, 
-Which  taper  gradually  or  somewhat  suddenly,  lose  their 

striation,  and  in  some 
cases  appear  to  ter- 
minate in  connective- 
tissue  corpuscles;  in 
others  they  become 
indistinguishable 
from  the  white  fibres 
of  the  corium  (Fie. 
3390). 

(D)  Termination  of 
Muscular  Fibres  in 
Mucosa.—lt  one  end 
of  the  muscle  is  at- 
tached to  some  hard 
part,  or  if  the  fibres 
terminate  within  the 
muscle,  the  attach- 
ment of  the  fibres  to 
the  tendon,  and  the 
termination  within 
the  muscle  are  as  de- 
scribed above  for  the 
ordinary  skeletal 
muscles.  The  ends 
of  the  fibres  terminat- 
ing in  the  mucosal 
corium,  taper,  some- 
times branch,  always 
lose  their  striation,  and  are  lost  in  the  fibrous  tissue  of 
the  mucosa. 

(E)  Termination  of  Striated  Muscular  Fibres  in  Hollow 
Viscera,  and  in  Connection  with  TJnstriated  Muscular  Fi- 
Jyres.—ln  the  oesophagus,  urethra,  etc.,  where  the  fibres 
for  the  most  part  have  no  connection  with  a  definite  ten- 
don of  origin  or  insertion,  they  end  by  tapering  extremi- 
ties, the  tapering  part  being  joined  to  fibres  of  full  size, 
as  the  ordinary  skeletal  muscles  (Pig.  3388).  Where  the 
striated  fibres  mingle  with,  and  are  gradually  replaced 
by,  unstriated  fibres,  as  at  the  gastric  or  lower  end  of  the 
oesophagus,  the  long  tapering  ends  of  the  striated  fibres 
are  surrounded  on  all  sides  by  the  unstriated  fibres,  to 
which  they  seem  to  be  cemented  as  the  unstriated  fibres 
are  cemented  to  one  another  (Fig.'  3406). 

In  all  cases  (skin,  mucosa,  hollow  viscera,  and  in  the 
Interior  of  muscles  where  the  fibres  gradually  taper  to 
thread-like  terminations),  the  sarcolemma,  if  present  on 
the  tapering  ends,  is  so  closely  connected  with  the  fibre 
that  it  is  exceedingly  difficult  or  impossible  to  demon- 
strate it;  and  near  the  end  of  the  fibre  the  striation  is  so 
gradually  lost  that  it  is  difficult  or  impossible  to  locate 
the  exact  termination  of  the  sarcous  substance  and  the 
beginning  of  the  tendinous  substance — if  it  may  be  so 
■called.  No  one  has  ever  been  able  to  show  a  relation  of 
the  non-striated  termination  of  the  tapering  fibres  to  the 
sarcolemma,  anything  like  that  shown  in  Fig.  3386 ;  and 
according  to  Busk  and  Huxley,'  such  tapering  fibres 
with  non-striated  endings  furnish  conclusive  proof  that 
the  sarcous  substance  merges  directly  into  tendinous  sub- 
stance. According  to  Beale,  fibrous  degeneration  of  the 
sarcous  substance  points  in  the  same  direction. 

Branching  of  Striated,  Skeletal,  Muscular  Fi- 
bres.— In  the  invertebrates  striated  muscular  fibres  fre- 
quently branch  and  anastomose,  especially  in  the  walls 
•of  the  alimentary  canal.  In  vertebrates  these  fibres  rarely 
divide,  except  when  terminating  in  mucosa  or  skin. 
Kelliker  described  tree-like  branchings  in  the  mucosal 
•ends  of  the  muscular  fibres  of  the  frog's  tongue;  and 
Herzig-and  Biesiadecki  have  described  and  figured  mus- 
cular fibres  from  the  frog's  tongue  which  possess  tree- 
like branches  at  both  ends.  According  to  Klein,  branch- 
ing fibres  have  also  been  found  in  the  tongue  of  the 
newt,  bat,  sheep,  goat,  cat,  and  man.  Salter"  could  not 
■demonstrate  them  in  man.  Branched  terminations  in  the 
itongue  of  mammals  are  certainly  greatly  in  the  minority, 
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and  arc  iimch  more  difficult  of  demonstration,  than  in  the 
tongue  of  the  frog.  In  the  skin  of  the  rat's  lip  branchine 
QQom  ^''^Z''  ^r"  (Jescribcd  by  Busk  and  Huxley  (Fig 
rfdau)  finally,  the  ordinary  skeletal  muscular  fibres  are 
sometimes  dichotomously  divided.  This  is  especially 
evident  in  the  tapering  ends  of  fibres  terminating  within 
a  muscle  (Fig.  3388,  G).  Short  finger-like  divisions  at 
the  tendinous  ends  of  fibres 
are  common  (Pig.  3387). 

Strdctdrb  of  a  Striated 
MusoDLAK  Fibre  {Primitive 
Fasciculus  or  Fascicle). — TJie 
striated  muscular  fibres  are 
the  structural  or  anatomical 
elements  of  the  skeletal  or 
voluntary  muscular  tissue. 
They  are  cylindrical  or  pris- 
matic in  form,  and  rarely 
extend  the  entire  length  of  a 
muscle,  most  of  them  being 
considerably  shorter.  In  di- 
ameter, the  general  average 
in  man  is  from  30  fi  to  65  //, 
being  somewhat  larger  in  the 
male  than  in  the  female;  in 
the  cat  25 ,«  to  90  m  ;  in  mam- 
mals below  man  45  |U ;  in  birds 
31  |U;  in  reptiles  and  am- 
phibia, 56 /i;  in  fishes  100 ,«; 
in  insects  63/i.  The  varia- 
tions in  size  in  the  same  ani- 
mal are  very  great,  e.g.,  in 
man  some  of  the  fibres  are 
135  iM,  while  others  are  only 
10^  in  diameter.* 

Structurally,  most  of  the 
fibres  are  composed  of  two 
very  different  parts — an  en- 
closing membrane,  sarcolem- 
ma, and  the  contractile  or 
sarcous  substance,  which  in- 
cludes the  muscle  corpuscles. 

8a/rcolemma  {Myolemma, 
Primitive  Sheath). — It  was 
shown  by  Bowman^  and 
Schwann,"  independently, 
that  most  striated  muscular 
fibres  are  covered  by  a  thin, 
elastic,  and  transparent  mem- 
brane, comparable  if  not 
identical  with,  a  cell  mem- 
brane. It  has  not  been  de- 
monstrated in  the  striated 
muscular  fibres  of  amphioxus 
and  petromyzon  (Balfour), 
nor  in  many  of  the  fibres  of 
the  tongue  of  man  and  other 
animals  (Busk  and  Huxley '), 
nor  in  fibres  of  the  eyelid  and 
eyeball,  nor  in  most  of  those 
of  the  myelo-hyoid  of  the 
green  tree  frog  (Beale  *).  Ac- 
cording to  some  writers  it  is 
not  present  in  developing 
fibres,  except  near  the  end 
of  development.  In  its 
chemical  and  physical  na- 
ture the  sarcolemma  is  quite 

similar  to  elastic  tissue,  so  that  when  the  dead  fibres  are 
dissected  with  needles,  either  before  or  after  special 
chemical  treatment,  the  sarcous  substance  (see  below) 

*  It  Is  not  stated  by  the  authors  from  whom  the  above  figures  were 
taken  (Kolllker  and  Bowman)  whether,  In  obtaining  the  diameter  of 
the  fibres,  the  cut  ends,  as  seen  in  transections,  were  measured,  or 
whether  isolated  fibres  were  measured,  nor  whether  care  was  taken  to 
avoid  tapering  ends  of  fibres  terminating  within  a  muscle.  In  the 
measurements  given  for  the  fibres  of  the  cat  by  the  writer,  only  iso- 
lated fibres  were  measured,  and  care  was  taken  to  measure  them  only 
where  they  were  of  full  size. 


Pig.  3391.— Parts  of  Two  Mus- 
cular Fibres  from  the  Adduc- 
tor Magnus  of  a  Dog,  to  show 
the  Sarcolemma  between  the 
Broken  and  Retracted  Ends 
of  the  Sarcous  Substance. 
Magnified  270  diameters. 
(Ranvier.)  6,  A  thin  layer  of 
sarcous  substance  adhering  to 
the  sarcolemma.  Ttiis  some- 
times adheres  all  the  way 
around  and  gives  a  striated 
appearance  to  the  sarcolem- 
ma ;  m,  sarcous  or  muscular 
substance:  m-e,  muscle  cor- 
puscle. In  the  fibre  at  the 
right  some  muscle  corpuscles 
have  been  separated  from  the 
fibre  and  remain  in  the  empty 
sarcolemma;  s,  sarcolemma; 
s',  opposite  a  space  between 
the  sarcous  substance  and  the 
sarcolemma. 


15 


Tlnscle. 
jnuscle. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


is  more  often  torn  than  the  sarcolemma,  which  remains  in- 
tact and  connects  the  severed  ends  of  the  sarcous  substance 
(Fig.  3391).  The  sarcolemma,  under  favorable  circum- 
stances of  light  and  preparation,  does  not  appear  homo- 
geneous, but  iibrillated 
and  punctated,  and  in 
some  cases  there  seems  to 
be  a  connection  between 
the  sarcolemma  and  the 
endomysium.  Occasion- 
ally, when  the  sarcous 
substance  is  torn  and  re- 
tracted, a  thin  layer  re- 
mains adherent  to  the  sar- 
colemma around  part  or 
the  whole  of  the  circum- 
ference. In  such  a  case 
the  sarcolemma  appears 
striated,  but  much  less 
opaque  than  the  whole 
fibre  (Fig.  8391).  When 
the  entire  sarcous  sub- 
stance retracts,  the  sarco- 
,  lemma  appears  like  a  hol- 
low transparent  sac,  and 
is  often  folded  (Figs.  8386, 
8391).  If  the  fibres  are 
xonsiderably  stretched  in 
preparation,  the  sarco- 
lemma joining  the 
— m-c  broken  ends  of  the 
sarcous  substance 
may  become  very  slender 
and  appear  like  a  tendin- 
ous termination.  In  most 
cases,  however,  the  sarco- 
lemma may  be  traced  be- 
tween the  retracted  ends 
of  the  sarcous  substance, 
although  both  ends  may 
not  be  visible  in  the  same 
field  of  the  microscope. 
Whether  the  sarcolemma 
simply  encloses  the  sar- 
cous substance  as  the  fin- 
ger of  a  glove  covers  the 
finger,  or  whether  it  has 
a  structural  connection 
with    the    sarcous    sub- 


c-t- 


rp  \ 


L 


V. 


_L 


■"^oo  nun 


FIG.  3392.-The  Terminal  Part  of  a  ^'ance,  is  not  yet  deter- 
Muscular  Fibre  ending  within  a  mined.  According  to  the 
Muscle,  to  show  the  End  of  the  views  of  Krause,  delicate 
Fibre,  Isolated  Fibrils,  and  the  nortitinnq  nrisp  frnin  tViP 
Various  Discs  which  are  some-  Partitions  arise  irom  tne 
times  seen  in  Mammalian  Muscle,  sarcolemma  and  pass  en- 
From  the  latlsslmus  of  a  kitten  tirely  through  the  mus- 
flve  weelss  old.  The  fibre  is  not  on^ar  fihrp  divirHno-  it- 
striated  beyond  the  swelUng  near  9^}^^  ^°^\  T  ?,f,  " 
the  terminal  end,  and  a  striated  into  compartments.  When 
branch  Is  present  on  the  right  side  the  sarcolemma  of  insects 
just  beyond  the  large  muscle  j„  oiio-litlv  raispd  frnm  tlip 
corpuscle.  At  the  larger  end  the  '^  siigntiy  raisea  irom  me 
discs  are  displaced  so  that  part  of  surface  of  the  fibre,  it  is 
a  dark  disc  is  opposite  a  light  dlsf.  wavy,  and  at  the  part  of 
The  entire  length  of  fibre  here  tUp  „„„„  r,pf,rpcit  the  siar 
shown  is  0.95  mm.  The  Inter-  ^'^^  wave  nearest  me  sar- 
mediate  part.  Indicated  by  dotted  cous  substance  a  delicate 
lines,  is  greatly  abbreviated,  process  is  seen  to  extend 
Drawn  wlthacamera  lucidaata  to tlipmiiQnnlnvsnViotnnpp 
magnification  of  800  diameters.  K'T^.'^emuscuiai  suDstance. 
All  the  details  of  structure  were  Ihis  appearance  was 
determined  with  a  A  homogene-  pointed  out  and  figured 
ous  immersion  objective.  (Drawn  i,„  RnwmaTi  nnrl  mZ^r  ha 
by  Mrs.  Gage.)  c-t,  Connective-  "^  isowman,  and  may  be 
tissue  corpuscle  partly  covering  seen  with  the  greatest 
the  fibre ;  d-d,  dark  disc.  This  is  clearness  in  the  muscular 
:^7J'^^f\.^'rtt}.^°,fl1  fibres  of  the  larva  of  cory- 


equal   parts  by  a  narrow  light 


band  (middle  or  Hensen's  disc, 
compare  Fig.  3393);  I-d,  light  disc. 
This  is  divided  into  two  equal 
parts  by  a  narrow  dark  band 
(membrane  of  Krause,  intermedi- 
ate disc,  compare  Fig.  3393) ;  m-c, 

muscle  corpuscle.  Thecellbodv,  v.„  c,i„„i„  „„  „„„i„„i„„ 
nucleus,  and  nucleoli  are  an  veiy  "^  simply  an  enclosing 
distinct.  sac. 
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dalis.  The  common  ap- 
pearance in  vertebrate 
muscle  is  that  shown  in 
Figs.  8886,  3391,  where 
the  sarcolemma  seems  to 


Sarcous  Substance  {Muscular  or  Ooniractile  Substance). — ■ 
The  substance  proper  of  the  striated  muscular  fibres  is 
divided  into  two  constituents :  (1)  the  more  or  less  homo- 
geneous, semiliquid  intermediate  substance  or  sa/rcoplasm, 
corresponding  to  the  hyaloplasm  of  undifferentiated  cells ; 
and  (2)  the  fiyrils  or  sarcostyles,  corresponding  to  the 
spongioplasm  or  network  of  many  cells.  The  fibrils  are 
arranged  longitudinally,  and  are  believed  to  be  composed 
of  thicker  and  thinner  segments.  The  space  unoccupied 
by  the  fibrils  is  filled  by  the  sarcoplasm.  As  the  thicker 
segments  of  the  fibrils  are  opposite  one  another  through- 
out the  entire  fibre,  there  is  given  the  appearance  of  a 
dark  segment  or  disc  followed  by  a  light  segment  when 
the  muscle  is  studied  under  the  microscope  with  trans- 
mitted light.  The  dark  disc  corresponds  to  the  thicker 
part  of  the  fibrils,  and  the  light  disc  to  the  thinner  part 
where  the  sarcoplasm  is  in  greatest  abundance.  The 
longitudinal  arrangement  of  the  fibrils  gives  also  the 
appearance  of  longitudinal  striation ;  but  this  is  usually 
less  marked  than  the  transverse  striation.  While  the  ap- 
pearance of  a  striated  muscular  fibre  is  so  evident  and 
characteristic,  the  finer  structure  has  proved  one  of  the 
most  difficult  problems  in  histology.* 

The  difficulty  of  the  investigation  is  greatly  increased 
because  it  is  so  hard  to  distinguish  between  appearances 
which  may  be  purely  optical  and  those  which  are  due  to 
structural  differentiation.  The  case  is  well  stated  by 
Bowman  (1840):  "The  improvements  which  have  taken 
place  in  the  construction  of  microscopes  appear,  indeed, 
to  have  only  afforded  grounds  for  new  differences  of 
opinion";  and  by  Leydig  (1885):  "The  complexity  of 
structure  of  muscular  tissue,  an(l  the  fineness  of  its  com- 
ponent parts  give  rise  to  so  many  doubts  that  one  is 
often  led  to  wish  that  it  were  possible  to  go  beyond  the 
present  attainable  enlargement  and  perfection  of  the 
microscopic  image."  The  most  varied  animals  are  se- 
lected from  which  to  obtain  muscular  tissue  for  this  most 
difficult  investigation ;  insects  and  Crustacea  are  favorite 
objects,  from  the  distinctness  of  the  structural  details  in 


Fig.  3393.— Diagram  to  Show  a 
Muscle  Compartment,  a  Mus- 
cle Case,  and  the  Discs  into 
which  a  Muscle  Compartment 
is  divided,  according  to  some 
Histologlsts.  Modified  from 
Engelmann.  (Drawn  by  Mrs. 
Gage.)  Muscle  compart- 
ment: This  one  of  the  series 
of  segments  of  which  a  striat- 
ed muscular  fibre  is  supposed 
to  be  composed.  It  includes 
one  entire  dark  disc  (D-D) 
and  half  a  light  disc  at  each 
end  of  the  dark  disc.  It  there- 
fore corresponds  in  extent  to 
a  Bowman's  disc.  For  those 
who  accept  the  existence  of 
Krause's  membrane.  It  is  the 
part  of  a  muscular  fibre  be- 
tween two  such  successive 
membranes.     Muscle    case : 


L-D 


This,  according  to  Krause,  comprehends  a  sarcous  element  (muscle 
prism),  with  a  limited  amount  of  intermediate  substance  at  the 
sides  and  ends.  The  whole  case  is  enclosed  by  Krause's  membrane 
at  the  ends,  and  a  special  membrane  at  the  sides.  In  the  figure, 
the  muscle  case  is  the  part  of  the  muscle  compartment  between 
s  and  a ;  D-D,  dark^disc,  composed  of  two  dark  bands  (t-d)  sepa^ 
rated  by  a  lighter  disc  (m-d),  middle  disc  of  Engelnxann,  or 
Hensen's  disc.  L-D,  light  disc.  This  is  composed  of  two  symmet- 
rical halves,  each  half  forming  the  end  of  a  muscle  compartment. 
Each  half  is  composed  of  two  light  discs  (cv^),  and  a  granular  disc 
((ic-d),the  so-called  graniitar  or  occessorj/  disc,  and  the  disc  i-d 
{intermediate  disc),  the  latter  forming  the  boundary  between  two 
successive  muscle  compartments.  Krause's  membrane  is  usually 
said  to  consist  of  the  Intermediate  disc  and  the  two  adjacent  acces- 
sory discs,  with  the  light  discs  between  them. 

their  muscular  fibres.  No  matter  what  animal  is  chosen, 
it  is  too  often  assumed  that  the  structure  of  all  striated 
muscle  is  identical  with  that  under  consideration — an  as- 

*In  the  epidermis  of  lampreys,  and  perhaps  also  in  some  other 
fishes,  there  are  large  clavate  cells  which  resemble  very  strikingly 
short  pieces  of  striated  muscular  fibres.  Not  only  Is  the  agreement 
very  marked,  both  In  ordinary  and  polarized  Ught,  but  the  resistance 
of  these  cells  to  the  action  of  caustic  potash  is  like  that  of  muscular 
tissue  (Max  Schultze,  Arch.  f.  Anat.  u.  Phys.,  1861,  p.  281). 
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Fig.  3394.— Part  of  a  Muscular 
Fibre  from  the  Adductor  Mag- 
nus of  a  Eabblt,  to  show  the 
Appearance  to  an  Extended 
Mammalian  Muscular  Fibre. 
Magnified  700  diameters. 
(Ranvier.)  a.  Dark  disc;  b, 
Krause's  membrane  or  inter- 
mediate disc;  c,  light  disc; 
H,  muscle  corpuscle  seen  in 
profile. 


sumption  which  often  requires  the  imagination  to  fill  out 
details  not  visible  when  muscle,  other  than  that  taken  as 
the  standard,  is  examined.  From  his  own  study,  the 
writer  believes  that  all  the  appearances  described  by 
original  observers  may  be 
demonstrated,  if  muscles 
from  a  sufficiently  great 
number  of  animals  are  stud- 
ied both  before  and  after  the 
application  of  a  sufficiently 
large  variety  of  chemical 
agents,  and  if  a  microscope 
having  sufficient  range  of 
magnification  and  excellence 
of  image  is  employed. 

It  was  shown  by  Bowman,* 
whose  paper  in  the  "Philo- 
sophical Transactions,"  1840, 
is  the  most  prominent  land- 
mark for  the  histology  of 
striated  muscular  tissue,  that 
the  fibres  have  a  tendency 
to  bi'eak  up  into  fine  fibrils 
(primitive  fibrillm).  which  ex- 
tend parallel  with  the  long 
axis  of  the  muscle,  and  ap- 
pear in  structural  details  like 
the  entire  fibre,  and  that  they 
may  also  break  up  into  discs 
which  are  at  right  angles  to 
the  long  axis  of  the  fibre.  In  breaking  into  discs  (Bow- 
man's discs),  the  plane  of  cleavage  is  throug'h  the  middle  of 
the  light  disc  (Pigs.  3392,  3398:)  each  disc  of  Bowman  is 
therefore  composed  of  an  entire  dark  disc,  with  half  a  light 
disc  at  each  end.  These  appearances  were  considered  by 
Bowman  to  indicate,  not  the  existence  of  fibrils  and  discs 
in  the  living  muscle,  but  of  minute  rounded  or  angular 
yisa-ticles  (Bowman' ssareous  elements),  which  form  the  true 
contractile  part  of  the  fibre;  and  that  these  are  connected 
together  on  all  sides  by  a  more  fluid  and  non-contractile 
substance,  sarcoplasm — that  connecting  the  .sarcous  ele- 
ment end  to  end  into  fibrils — differing  somewhat  from 
that  connecting  them  side  by  side  into  discs,  as  is  shown 
from  the  fact  that  the  reagents  causing  the  muscle  to  di- 
vide into  fibrils  do  not  cause  it  to  break  readily  into 
discs,  and  those  causing  the  fibre  to  divide  into  discs  do 
not  cause  it  to  break  readily  into  fibrils.  When,  how- 
ever, the  cementing  materials  at  both  the  sides  and  ends 
give  way,  the  sarcous  or  ultimate  elements  of  the  fibre 
are,  according  to  Bowman,  isolated.  Bowman's  views 
were  so  simple,  and  so  in  accordance  with  observed  facts, 
that  they  were  almost  universally  accepted.  There  is, 
however,  great  difficulty  in  deciding  what  should  be  con- 
sidered a  primitive  fibril  composed  of  a  single  row  of 
sarcous  elements  placed  end  to  end,  as  it  is  possible  to 
separate  a  fibre  into  fibrils  so  small  that  the  structural 
characters  are  difficult  of  determination.  The  term  sar- 
cous element,  to  indicate  the  ultimate  structural  and  con- 
tractile part  of  a  muscular  fibre,  has  been  retained  by 
most  histologists,  although  the  interpretation  of  what 
constitutes  a  sarcous  element  varies  with  almost  every 
original  investigator. 

The  following  are  a  few  of  the  more  important  modifi- 
cations or  enlargements  of  the  views  of  Bowman  upon 
the  intimate  structure  of  striated  muscular  tissue : 

(A)  Action  of  Polarized  Bight.— It  was  sho^vn  by 
Bruecke  (1857)  that  the  sarcous  elements  of  striated  mus- 
cular tissue  are  anisotropic  (doubly  refractive),  and  act 
like  positive  uniaxial  crystals,  while  the  intermediate 
substance  is  isotropic  (singly  refractive).  As  the  sarcous 
elements  retain  their  anisotropic  character  apparently  un- 
changed during  the  shortening  and  broadening  of  con- 
traction, Bruecke  supposed  that  they  were  not  simple 
but  compound  bodies,  and  he  applied  the  term  disdiaclasts 
to  what  he  considered  the  elementary  particles  compos- 
ing the  sarcous  elements,  thus  borrowing  the  terminology 
of  Bertholin,  who  u.sed  this  term  to  designate  the  hypo- 
thetical crystals  of  calc  spar.  On  the  whole,  it  cannot 
Vol.  VI.— 3 


be  said,  however,  that  polarized  light  has  been  of  mate- 
rial aid  in  comprehending  the  structure  and  action  of  mus- 
cular tissue. 

(B)  Muscle  Compartments,  Additional  Discs. — It  was 
shown  by  Bowman  that,  in  addition  to  the  broad  light 
and  broad  dark  discs,  there  sometimes  appeared  a  nar- 
row, dark  line  in  the  light  disc  and  a  narrow  light  band 
in  the  dark  disc  (Pig.  3392).  The  dark  line  in  the  light 
disc  was  also  figured  and  described  by  Busk  and  Hux- 
ley, who  considered  it  a  disc  composed  of  a  row  of  mi- 
nute sarcous  elements.  It  has  also  been  insisted  on  by 
Sharpey  and  Martyn,  and  later  by  Krause.  Krause  in- 
terpreted it  as  a  continuous  membrane  (Krause's  mem- 
hrane,  intermediate  disc),  extending  from  the  sarcolemma 
and  dividing  the  muscular  substance  into  compartments 
(mnscle  compartments)  which  apparently  correspond  ex- 
actly in  extent  to  the  discs  of  Bowman  (Pig.  3392).  The 
view  that  Krause's  membrane  is  a  real  structure,  which 
extends  from  the  sarcolemma  through  the  fibre,  thus 
making  a  complete  partition,  is  supported  by  the  fact 
that  when  the  sarcolemma  of  insect  muscle  is  partly  torn 
from  the  fibre,  delicate  processes  are  often  seen  to  extend 
to  or  toward  the  sarcous  substance  from  the  sarcolemma 
opposite  the  middle  of  the  light  disc.  This  appearance 
has  not  been  observed  and  figured  for  mammalian  mus- 
cle. The  view  of  a  continuous  membrane  making  a  par- 
tition in  the  fibre  at  regular  intervals  is  opposed  by  the 
fact  that  a  worm  has  been  seen  to  move  along  within  the 
sarcous  substance  from  end  to  end  of  the  fibre.  Fuither- 
more,  the  sarcous  substance  of  the  fibre  closed  up  behind 
the  worm,  and  the  fibre  appeared  as  before  and  still 
showed  unmistakable  contractions.  Also,  that  in  living 
and  contractile  muscular  fibres  of  insects,  Avhich  are  ap- 
parently uninjured,  the  discs  sometimes  become  dis- 
placed for  a  short  distance  along  a  sharp  line,  so  that  a 
dark  disc  is  opposite  a  light  disc.  The  displacement  of 
the  discs  is  shown  in  Pig.  3393,  but  here  it  might  have 
been  due  to  the  traction  exerted  in  preparation,  and 
hence  does  ^ot  bear  upon  this  question  as  does  the  dis- 
placement of  the  discs  in  the  living  and  uninjured  fibre. 


Fig.  3395.— Fascicle  of  Human  Striated  Muscle  to  show  the  Diversity 
in  Size  of  Fibres,  the  Muscle  Columns,  and  the  Position  of  the  Nuclei. 
(Drawn  by  Mrs.  Gage.)  Magnified  about  3S0  diameters,  em.  Bn- 
domysium  or  connective  tissue  between  the  individual  muscular 
fibre's.  In  the  lower  left-hand  corner  some  of  the  fibres  are  absent, 
the  endomysium  alone  showing,  mc.  Muscle  corpuscles.  In  mus- 
cular fibres  with  much  sarcoplasm  and  evident  muscle  columns, 
some  of  the  nuclei  are  in  the  middle  of  the  fibre  instead  of  at  the 
•surface;  p,  pale  fibre  with  evenly  distributed  fibrils,  and  little 
sarcoplasm,  and  the  nuclei  all  at  the  surface ;  r,  red  fibres  showing 
abundant  sarcoplasm  and  evident  muscle  columns.  Some  of  the 
nuclei  are  in  the  middle  of  the  led  fibres ;  .■?,  spaces  from  which  the 
muscle  fibres  have  been  removed  to  show  clearly  the  surrounding 
endomysium. 

Besides  the  discs  just  considered,  German  investigators 
have  described  others  which  are  shown  in  the  diagram 
(Fig.  3393). 

(C)  Muscle  Cases.  —  Besides  the  muscle  compartments 
Krause  considers  that  each  sarcous  element  (muscle 
prism)  is  entirely  enclosed  by  a  membrane  (Krause's 
membrane)  forming  the  end,  and  a  special  membrane 
forming  the  sides  (Pig.  3393). 
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(D)  Golmheim's  Are((8,  Miisde  Ci??M»MW.— Colinheim,  in 
1863,  showed  that  in  transections  of  frozen  muscular 
fibres,  there  appeared  dark  polygonal  areas  (Cohnheim's 


ri«.  3396.— Bloods  essels  or  seriated  Muscular  Tissui.  Jroni  a  cat. 
Magnifled  300  diameters.  (.Heltziaaiin.)  ^1,  Artery;  P,  perimy- 
sium ;  V,  vein. 

areas),  surrounded  by  narrow  light  lines.  He  supposed 
that  the  dark  areiis  were  the  cut  ends  of  sarcous  elements, 
and  the  light  intermediate  substance  was  the  lateral  ce- 
menting material.  It  was  found,  however,  that  a  Cohn- 
heim's area  might  be  far  too  large  to  represent  a  section 
of  a  single  sarcous  element,  and  the  area  often  showed  a 
))unctated  appearance ;  hence  arose  the  conception  that 
in  a  striated  muscular  fibre  the  fibrils  are  arranged  in 
bundles  {iiinsde  d/hinnis,  KOlliker;  priiiutire  invscnlar 
fylindern,  Leydig,  Fig.  3386),  something  as  an  entire 
muscle  is  made  up  of  fascicles  (Fig.  3382),  and  that 
C'ohnheim's  areas  represent  sections  of  the  btmdles  of 
fibrils  (muscle  columns),  so  that  a  transection  of  an 
entire  muscular  fibre  has  the  same  general  appearance 
as  the  transection  of  an  entire  muscle.  This  is  most 
striking  in  fibres  with  a  large  amount  of  sarcoplasm 
<Fig.  339.5), 

(E)  Tlie  Rdiciilated  Affd/igemeid  of  Contractile  Suh- 
utmire. — Ileitzmann '■' (1873)  introduced  a  new  idea  as  to 
the  .structure  of  striated  muscular  tissue — viz.,  that,  like 
simple  protoplasm,  the  sarcous  substance  is  made  up  of 
a  reticulum  of  the  true  contractile  matter,  the  meshes  of 
this  reticulum  being  filled  by  a  more  fluid  intermediate 
substance.  According  to  this  \'iew,  (he  reticulum  is  so 
-arranged  that  the  nodal  or  crossing  points  (sarcous  ele- 
ments) are  at  regular  intervals  both  transversely  and 
longitudinall}',  the  transverse  row  giving  the  appearance 
of  a  continuous  dark  disc,  and  the  longitudinal  row  of  a 
fibril.  The  light  disc  is  traversed  by  the  filaments  of  the 
reticulum,  which  pass  between  the"  nodal  points.  This 
hypothesis,  with  unimportant  modifications,  is  now 
adopted  by  many  histologists,  and  appears  to  be  most  in 


harmony  with  the  latest  views  concerning  histological 
structure. 

(P)  Red  and  Pale  Muscle. — It  has  been  known  for  a 
long  time  that  some  muscles,  independent  of  their  con- 
tained blood,  are  red  and  others  pale.  Ranvier  •*  drew 
especial  attention  to  this  fact  and  pointed  out  an  easy 
object  for  study  in  the  semitendinosus  of  the  rabbit  for 
red  muscle  and  the  semimembranosus  for  pale  muscle. 
Structurally  the  red  muscle  is  characterized  by  abundant 
sarcoplasm,  so  that  the  fibrils  are  not  very  compact ;  the 
nuclei  are  not  all  at  the  surface,  but  some  of  them  are 
between  the  well-marked  muscle  columns.  The  longi- 
tudinal striation  is  evident.  With  pale  muscle  the  sarco- 
plasm is  relati'^'cly  small  in  amount,  the  nuclei  are  at  the 
surface  and  the  longitudinal  striation  is  not  well  marked. 
In  man  the  red  and  pale  fibres  are  frequently  intermixed 
in  the  same  muscle  (Fig.  3395).  Muscle  tissue  called 
upon  for  almost  constant  contraction,  like  the  dia- 
phragm, has  also  much  sarcoplasm. 

Vasgdlau  Supply  of  Striated  Muscle.  ^As  in  other 
tissues,  the  blood-  and  lymph  vessels  of  muscular  tissue 
do  not  enter  the  structural  elements  or  fibres,  but  are  in 
the  connective  tissue  surrounding  them. 

(A)  Blood-vessels. — The  blood-vessels  of  this  tissue  are 
very  numerous,  and  are  estimated  to  contain  one-fourth 
of  the  blood  in  the  entire  bodj-.  As  a  rule,  each  muscle 
receives  two  or  more  arteries,  and  gives  off  a  correspond- 
ing number  of  veins.  The  larger  vessels  run  in  the 
perimysium,  and  send  small  branches  into  the  fascicles, 
■where  they  break  up  into  a  characteristic,  parallelogram- 
mic  network  of  fine  capillaries,  the  longer  part  of  the 
mesh  extending  parallel  with  the  fibres.  The  capillaries 
are  the  smallest  in  the  body,  many  of  them  being  smaller 
than  the  blood  corpuscles  of  the  animal  to  which  thej' 
belong.  In  man  the  size  varies  from  3. 5 /^  to  6.5//  (K61- 
liker,  1867)  (Figs.  3382,  3396).  It  was  shown  by  Ranvier 
that  in  red  muscle  the  transverse  branches  of  the  capillary 
network  and  the  smallest  veins  often  possess  saccular 
dilatations  which  are  supposed  to  serve  as  reservoirs  of 
oxygenated  blood  to  supply  the  muscles  during  a  long- 
continued  contraction,  or  to  act  as  receptacles  during  a 
maximal  contraction. 

(B)  Lymphatic  Vessels. — The  lymjihatic  vessels  of  stri- 
ated muscular  tissue  are  supposed  to  be  numerous. 
They  lie  between  the  fibres  in  the  I3erim3'sium  and  endo- 
m}'sium,  and  are  said 
by  Klein  "to  have  the 
shape  of  continuous 
long  clefts  or  chan- 
nels. " 

Nerres  of  Striated 
Muscle. — The  nervous 
supply  of  striated  mus- 
cle is  e  X  c  e  e  d  i  n  g  1  y 
abundant,  and  consists 
of  both  motor  and  sen- 
sory fibres.  The  spe- 
cial terminations  of  the 
nerves  in  the  tissue 
will  bo  considered  un- 
der Nerves  (q.i-.). 

Muscle  Spindles. 
— Bodies  of  fusiform 
shape  discovered  bv 
KoUiker"  (1862)  in  the 
breast  muscle  of  frogs. 
About  the  same  time 
Klihne  found  similar 
bodies  in  mammalian 
muscles.  It  was  dis- 
covered also  that  these 
spindle-shaped  bodies 
contained  one  or  more 
striated  muscle  fibres. 
The  muscle  fibres  within  the  spindle  were  named  by 
Kolliker,  Weismann's  fibres,  in  honor  of  their  discoverer. 
The  more  common  designation,  however,  is  intrafusal 
fibres. 


Fir,.  3397.— Cardiac  Muscular  Tissue 
from  a  Warm-blooded  Animal,  to 
sbow  the  Form,  Branches,  and  Rela- 
tions ot  the  Cardiac  Muscle  Cells.  Ou 
the  right  the  limits  of  the  separate 
cells  with  their  nuclei  are  exhibited 
somewhat  diagrammatically.  Magni- 
fied.   (Schweiger-Seidel.) 
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riG.  3398.— Cardiac  Muscle  Cells  of  the 
Left  Ventricle  of  a  Dos,  sliowlng  the 
Form,  Branches,  Nuclei,  and  Stria3  of 
the  Cells.  The  longitudinal,  trans- 
versely striated  bands  in  each  cell 
represent  muscle  columns.  Magni- 
fied 600  diameters.  (Ranvier.)  a. 
Intercellular  cement  at  the  junction 
of  the  cells ;  n,  nucleus.  The  one  op- 
posite the  n  shows  a  conical  mass  of 
unstriated  protoplasm  at  each  end. 


A  muscle  spindle  consists  of  a  thick,  fusiform  envelope 
of  laminated  fibrous  tissue,  somewhat  comparable  with 

the  capsule  of  the  Pa- 
cinian bodies.  In  the 
long  axis  of  this  fusi- 
form envelope,  and 
frequently  passing 
through  its  entire  ex- 
tent, is  a  bundle  of 
small  muscle  fibres. 
Entering  at  one  of  the 
poles  and  near  the 
middle  two  or  more 
nerve  fibres  join  the 
spindle.  The  sheath 
of  Heule  of  the  nerve 
fuses  with  the  wall  of 
the  spindle.  Blood- 
vessels and  lymphatics 
are  also  pi-esent  (Fig. 
3400). 

These  muscle  spin- 
dles are  most  fre- 
quently found  near  a 
nerve  and  a  blood-ves- 
sel (Fig.  3411,  D).  In 
mammals  they  vary 
from  1.5  to  10  mm.  in 
length,  and  from  0.15 
to  0.4  mm.  in  diameter. 
Sometimes  the  spindles 
are  compound,  two  or 
three  being  placed 
side  by  side,  or  end  to 
end. 

The  muscular  fibres 
(intrafusal  fibres)  in  a 
spindle  vary  in  num- 
ber from  one  to  twenty ;  but  a  number  varying  from 
three  to  ten  is  most  common  in  mammalian  muscle. 
In  size  they  are  usually  much  smaller  than  the  ordinary 
fibres  of  the  muscle  in  "which  they  are  situated.  This  is 
more  marked  in  adult  than  in  new-born  animals.  The 
size  of  the  intrafusal  fibres  varies  from  about  5  ^  to  20  fi 
in  diameter.  They  are  characterized  by  coarser  striation 
and  the  nuclei  are  in  many 
cases  in  the  middle  of  the 
fibre  instead  of  at  the  cir- 
cumference. Frequently 
also  in  the  middle  of  the 
spindle  the  nuclei  are  so 
numerous  that  the  striation 
is  lost  or  obscured  (Fig. 
3400,  A). 

The  significance  of  these 
bodies  has  been  much  dis- 
cussed, and  various  conclu- 
sions have  been  reached. 
Experiments  by  Sherring- 
ton and  others  make  it  al- 
most certain  that  the  bodies 
are  innervated  by  both  mo- 
tor and  sensory  nerves,  and 
the  belief  is  becoming  gen- 
eral that  they  are  in  some 
way  connected  with  the 
muscular  sense  (Batten ») 
(Huber  and  De Witt  5»). 

Cakdiao  Musculak  Tis- 
g-pB.  — Bistribution. — Cardi- 
ac-muscular tissue  is  pres- 
ent   in    the    heart    of    all 

vertebrates,  and,  so  far  as  ,      j.  ^x.     vi a 

has  been  Investigated,  in  all  those  parts  of  the  blood- 
vasculgjystem%xhibiting   rhythmical   pulsations,   as 

writer  that  the^lls  are  from  the  heart  of  a  young  rabbit. 


FIG.  3399.— Cardiac  Muscle  Cells, 
showing  their  Form,  Branches, 
Nuclei,  and  Stris.  From  the 
heart  of  a  young  rabbit.*  Mag- 
nified 42,5  diameters.   (Schaefer.) 

a.  Line  of  junction  between  the 
cells     (intercellular     cement); 

b,  c,  branches  of  the  cells. 


the  conns  i/rteriosus  of  amphibia  and  many  fishes,  and  the 
great  veins  next  the  heart  in  mammals.* 

In  the  cold-blooded  animals,  fishes,  amphibia,  and  rep- 
tiles, cardiac  muscular  tissue  is  composed  of  striated  cells 
which  are  much  longer  than  broad,  and  which  as  a  rule 
are  considerably  branched  and  contain  a  single  nucleus 
(Pigs.  3401-8404). 

In  warm-blooded  animals — birds  and  mammals — car- 
diac muscular  tissue  is  in  the  form  of  anastomosing  seg- 
ments or  fibres  with  nuclei  at  more  or  less  regular  inter- 
vals along  the  fibres. 

By  caustic  potash  and  other  dissociating  agents  it^  is 
easy,  in  the  new-horn  and  young,  to  separate  the  cardiac 
meshwork  into  segments  which  are  usually  branched  and 
with  a  single  or  double  nucleus  in  each  segment  (Figs. 
3899,  3413-341,5).  These  segments  with  their  branches 
have  tlie  appearance  of  cells,  and  are  so  considered  by 


B   <: 'p'Sl-^^-Si' ' 


FIR  3400 -Muscle  Spindles.  (Drawn  by  Mrs.  Gage.)  A,  Longi- 
tudS'viewof  a  muscle  spindle  from  the  strrated  muscle  of  the 
rabbt  (modified  from  Kolliker);  cp,  connective-tissue  capsule  with 
nuclei  -T  intrafusal  striated  muscular  fibres  m  the  long  axis  of  the 
sSe-near  the  middle  they  are  thickly  nucleated ;  ran,  motor 
nerve  distrftuted  to  the  spindle;  sn,  sensory  nerve  entering  near 
nirnnle  of  the  spindle.  The  sensory  nerve  is  usually  very  large. 
A^  An  o?dinary  muscular  fibre  of  the  rabbit  drawn  at  the  same 
^»iP  as  the  soindle  to  show  the  comparative  size  a,nd  fineness  of 

S£SefeVeS7rsK-vJiS»^^^^ 
spindle"  cp,  connective-tissue  capsule  of  the  ''Ptallf;  this^weaSan 

finiifiShrs'irt'srorf^h^^ 

SS'a^rd^atTit'the^ski^e'lo'arf'or  cLparison.    They  are 
no  larger  than  the  intrafusal  fibres. 

most  anatomists     In  the  adult -it  is  much  less  easy  to 
by  curare. 
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like  those  in  Fig.  3397 
are  readily  obtained  if 
one  omits  the  apparent 
division  into  cells.  In 
the  adult,  the  heart 
seems  to  he  made  up 
of  a  sponge-work  of 
muscle  substance.  It  is 
believed  by  some  of  the 
later  investigators  (v. 
Ebner  and  Heidenhain) 
that  in  the  course  of 
development  the  muscle 
cells  form  a  kind  of  syn- 
cytium, and  that  in  the 
adult  at  least  no  true 
cell  boundaries  are  pres- 
ent. 

Tntimaie  Structure. — 
Whatever  may  be  the 
true  interpretation  of  the 
cellular  nature  of  adult 
heart  muscle,  the  inti- 
mate structure  is  com- 
parable with  red  rather 


Fig.  3401.— Uardiac  Muscle  Cells  from 
the  Ventricle  ol  a  Minnow,  to  show 
the  Forms  of  the  Cells  with  their 
Branches,  Nuclei,  and  Striae  in  the 
Teleostean  f^ftcs.  A,  Cell  ap- 
proximately fusiform  in  outline ;  B,    . 

branched  cell,  which  appears  granu-  than  with  pale  skeletal 
lar  rather  than  regularly  striated;  „,,op1p  that  is  the  sar- 
C,  cell  with  depression,  in  which  a  muscle,  tnat  is,  ine  sar 
rounded  end  lilse  the  branch  of  B  ooplasm  is  relatively 
fits  when  the  cells  are  in  their  nor-  abundant,  and  the  lon- 
mal  relations  (compare  the  middle  o-itiirlinsil  striiition  usu- 
cell  and  ite  relations  in  Fig.  3il5);  gituainal  strialion  usu 
A  cell  approximating  in  shape  the  ally  quite  evident,  ihe 
cardiac  muscle  cells  of  warm-  nuclei  are  always  in  the 
blooded  animals;  ii,  nucleus.  In  m„„«ip  snhstaTirp  and 
cells  A.  G,  the  transverse  stri«  dis-  muscle  suDstance  ana 
tlnctly  cross  the  nucleus.  not  at  the  surface  (h  ig. 

8405). 
A  sarcolewima  like  that  of  skeletal  muscle  is  not  pres- 
ent, but  the  large  amount  of  sarcoplasm  forms  not  only  a 
mass  within  the  fibre  but  a 
kind  of  mantle  over  the  sur- 
face, and  this  gives  the  ap- 
pearance  of   a    sarcolemma. 
As    the    so-called    Krause's 
membrane     seems    to     pass 
from  the  surface  of  this  sar- 
coplasmic mantle  across  the 
muscle    substance,  the    like- 
ness is  quite  striking  to  in- 
sect muscle.     The  sarco- 
plasmic mantle  is  often 
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Fig.  3403.— Cardiac  Muscle  Cells  from  the  Ventricle  of  IVccturus 
lateralis,  to  show  the  Various  Forms  of  Cells  and  theli-  Structural 
Details  in  a  Perenidhranchiate  Amphibian.  A,  Large-branched 
cell  with  two  nuclei  which  contain  numerous  nucleoli.  Near  the 
end  of  the  longest  branch  the  regular  transverse  striation  is  replaced 
by  Irregularly  arranged  granules.  Large  cells  like  this  are  common 
In  the  heart  of  JVectunis ;  they  are  plate-like,  as  was  determined 
by  a  profile  view ;  B,  C,  cells  of  approximately  the  same  thickness 
as  breadth ;  they  form  the  great  bulk  of  the  heart,  and  usually  are 
branched ;  h,  nucleus  with  nucleoli. 


wavy  also,  and  the  Krause's  or  intermediate  membrane 
seems  to  be  attached  to  the  hollow  of  the  wave. 

Blood-  and  Lymph  Vessels  of  Cardiac  Muscular  Tissue.— 
The  vascular  supply  of  this  tissue  is  very  copious.  The 
cardiac  muscle  cells  are  enclosed  in  a  parallelogrammic 
network  of  capillaries,  and  the  rootlets  of  its  veins  are 
formed  by  the  union  of  several  capillaries  at  the  same 
point.  The  larger  veins  possess  valves  in  man  and  the 
higher  mammals  at  least.  The  lymphatics  are  numerous 
and  consist  of  passages  and  spaces  In  the  intermuscular 
connective  tissue  (perimysium)  which  communicate  with 
the  subpericardial  lymph  vessels. 

Nerms  of  Cardiac  Muscular  Tissue. — Myelinic  and  amy- 
elinic  nerve  fibres  and  small  ganglia  are  very  numerous 
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Fig.  3403.— Cardiac  Muscle  Cells  from  the  Ventricle  of  a  Toad  (B«/o 
lentiat)!osus),  to  show  the  Various  Forms  of  Cells  and  their  Struct- 
ural Details  in  an  Anaarnus  Amphibian.  The  striation  is  rather 
fine  throughout,  and  toward  the  ends  is,  in  many  cases,  replaced  by 
Irregularly  arranged  granules.  A,  B,  Broad-branched  cells.  Cells 
of  this  kind  are  plate-like,  as  was  determined  by  causing  them  to 
roll  over  so  that  a  proflle  view  could  be  obtained ;  B,  C,  branched 
cells  of  approximately  the  same  thickness  as  width.  Both  these  cells 
would  be  nearly  fusiform  if  the  lateral  branches  were  removed ;  n, 
nucleus.    In  D,  two  nuclei  are  present. 

in  the  heart.  The  fibres  extend  in  every  direction  be- 
tween the  muscle  fibres.  The  special  mode  of  their  ter- 
mination will  be  discussed  under  iVeri'fs  {q.v.). 

Smooth  ob  Unstkiated  jMusculak  Tissue. — This  is 
the  contractile  tissue  in  the  animal  body,  composed  of 
elongated,  mostly  uninucleated,  fusiform  cells  or  fibres, 
which  are  arranged  in  membranes,  sheets,  plexuses,  or 
scattered  bundles,  in  the  various  organs. 

Distribution. — This  tissue  is  present  in  many  inverte- 
brates and  in  all  the  classes  of  vertebrates.  In  man  and 
most  mammals  it  is  found  in  the  following  situations: 
(A)  Throughout  the  alimentary  canal :  (1)  muscularis  mu- 
cosse ;  (2)  muscular  coats  of  the  stomach  and  intestines, 
part  of  the  oesophagus,  and  in  the  oesophageal  accessory 
muscles;  (3)  as  membranes  or  scattered  bundles  in  the 
ducts  of  the  salivary  glands,  in  those  of  the  pancreas  and 
of  the  liver,  in  the  intestinal  villi,  and  In  the  gall-bladder. 
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[f}l  -^^»™*'"-S' r'rfl'«w«  ••  in  tlie  trachea, bronchi,  infundib- 

una-r  VA  T*^'"^  *°  '°"^  ^^"'°'"^'  '"^  tl^^  alveoli  of  the 
lungs.     (C)   Unnary  organs  :  in  the  medullary  portion  of 

tlie  kidney  (Jardet'«),  in 
the  calyces  and  pelvis  of 
the  liidney,  in  the  ureter, 
urinary  bladder,  and  ure- 
thra. (D)  The  generative 
apparatus:  (1)  male,  in 
the  dartos  of  the  scrotum, 
epididymis,  vas  deferens, 
vesioulfE  seminales  and 
musculi  ejaculatorii,  pro- 
state, Cowper's  glands, 
and  the  corpora  caverno- 
sa; &)  female,  in  the  ov- 
ary, Fallopian  tubes  (ovi- 
ducts), in  the  uterus  and 
all  its  ligaments,  in  the 
vagina,  corpora  caverno- 
sa; in  the  nipples,  and  the 
surrounding  areoloB.  (E) 
Vascular  system:  in  the 
endocardium,  semilunar 
valves,  middle  coat  of 
almost  all  the  blood-ves- 
sels and  larger  lymphat- 
ics, in  the  adventitia  of 
some  arteries  and   veins. 


'i/mmm 


Muscle  Cells 
of  a  Young 
the    Various 


FIG.    3404.  ^Cardiac 
from  the  Ventricle 
Alligator,  to   show 
Forms  of  Cardiac  Muscle  cells  and 
their   Structural    Details   In   the 

Heart  of  a  Reptile.    .4,  Fusiform    „„,i   ■  j^  ^,      ,       ' 

cell;  B,  C,  branched  cells.  These  ^^^  "^  ^°™''  °f  ^"e  lym- 
make  up  nearly  the  entire  mass  of  phatic  glands.  (F)  In  the 
the  heart,  very  few  being  simple 
spindles  like  A  '        ' 


.  It,  nucleus  in 
whlcb  the  nucleoli  are  very  dis- 
tinct. 

Figs.  3401  to  3404  are  at  a  uni- 
form jnagnincatlon  of  500  diame- 
ters. The  drawings  were  made 
with  a  camera  lucida,  and  the 
finer  details  of  structure  were  de- 
termined with  a  -^  homogeneous 
Immersion  objective,  and  added 
free-hand.    (Drawn  by  Mrs.  Gage.) 


capsule,  and  in  many 
mammals  also  in  the  tra- 
beculaj  of  the  spleen.  (G) 
III  the  skin  in  connection 
vrith  the  sweat  and  ceru- 
minous  glands,  and  form- 
ing the  arrector  pili.  (H) 
In  the  eye  and  its  vicinity, 
the  musaulus  orbitalis  et 
palpebralis  of  H.  Mueller, 
in  the  orbital  fissure  and  forming  the  ciliary  muscle 
(tensor  choroids  or  muscle  of  accommodation),  the 
sphincter  and  dilator  of  the  pupil. 

Constituents  of  Vnstriated  Muscular  Tissue.- — These  are: 
(A)  The  contractile  or  muscular  fibre  cells  or  fibres  form- 
ing the  essential  elements.  (B)  Connective  tissue  form- 
ing a  kind  of  perimysium  which  surrounds  the  muscular 
tissue  and,  penetrating  between  tlie  fibres,  combines  them 
into  bundles.  (C)  Blood-  and  lymph  vessels  and  nerves. 
Relations  of  tlie  Fibres. — The  fibres  forming  a  bundle  or 
fascicle  are  cemented  to  one  another  throughout  their  en- 
tire extent,  lapping  and  interlacing  so  that  apparently 
solid  bundles  or  membranes  without  fissures  are  formed 
(Fig.  8406).  As  a  rule,  there  are  no  distinct  tendons  for 
unstriated  muscular  tissue,  since  in  muscular  membranes 
which  entirely  surround  an  organ,  tendons  would  be  un- 
necessary ;  and  in  other  cases  the  close  relations  of  the 

fibres  to  the  surround- 
ing fibrous  tissue,  and 
the  commingling  of  its 
perimysium  with  the 
surrounding  fibrous 
tissue,  serves  to  con- 
nect the  muscles  to 
the  part  to  be  acted 
upon.  In  special  and 
rare  cases,  tendons  ap- 
pear to  be  formed  by 
the  insertion  of  single 
unstriated  fibres  into 
the  fork  of  an  elastic 
tissue  fibre. 

Intimate  Structure  of  Smootli  or  Uristi-iated  Muscular 
Fibres  (muscular  or  contractile  fibre  cells,  smooth  or  plain 
muscular  fibres  or  muscle  cells,  non-striped  or  non-stri- 
ated muscular  fibres,  unstriped  or  unstriated  muscular 
fibres  or  muscle  cells,  involuntary  muscular  fibres,  fibre 


Fio.  3405.— Transection  of  Five  Cardiac 
Muscle  Cells;  to  show  the  Form  and 
Relations  of  the  Cells  in  Section,  and 
the  Central  Position  of  the  Nucleus  in 
Three  of  Them.  In  the  other  two  the 
section  was  not  at  the  level  of  the 
nucleus.  The  minute  dark  areas 
the  cells  represent  sections  of  muscle 
columns  (Cohnbelm's  areas).  Magni- 
fied 550  diameters.    (Ranvler.) 


Muscle, 
muscle. 


^tr  nfpH  '  %  ^'  '^-  ^«  ^'^''^'1  '^I'o^e,  smooth  or  un- 
cells  w1,iX?nl'H''''"°  is  composed  of  special  fibres  or 
?k=„p  T^  ^°""  ""^  essential  and  contractile  part  of  the 
^lllt;  ■'*'  ''•'■''  ''^^°  ''^  anatomical  or  structural  ele- 

ments, and  are  m  general  fusiform,  sometimes  branched 
qinq^"''"^S  ^  contain  but  a  single  nucleus  (Figs.  3406,' 
d409  .  The  fibres  vary  greatly  in  size,  ranging  fron 
30/.  long  and  4/<  wide  to  230/.  long  and  15 /.  wide  In 
the  gravid  uterus  they  may  attain  a  length  of  500/.. 
1  hose  of  the  vascular  system  are  usually  smaller  than 
those  in  other  situations,  and  they  are  almost  invariably 
ot  very  irregular  outline  (Fig.  3408) 

Nucleus.—ThQ  nucleus  is  usually  oval  in  outline  (rod- 
shaped  in  those  of  the  vascular  system),  and  averages 
about  15//  to  20  IX  long  and  4/.  to  10//  wide.  It  extends 
lengthwise  of  the  cell,  and  often  contains  one  or  more 


M-l 


Ct-C: 


Fig.  3406.— To  show  the  Form  and  Relations  of  Smooth  Muscular 
Fibres  in  their  Length  and  in  Direct  and  Oblique  Sections.  From 
the  human  uterus  shortly  after  delivery.  Magnified  500  diameters. 
(Heltzmann.)  C,  Capillary  (the  cut  ends  of  two  other  vessels  are 
shown  In  the  figure ;  Ct-c,  eonnectiye-tlssue  corpuscle,  or  plastid  in 
the  perimysium ;  M-l,  smooth  or  unstriated  muscular  fibres  shown 
lengthwise  and  in  their  normal  relations  to  one  another ;  M-fj,  ends 
of  smooth  muscular  fibres  cut  obliquely ;  M-t,  ends  of  smooth  mus- 
cular fibres  cut  transversely ;  P,  perimysium,  or  interstitial  connec- 
tive tissue. 


nucleoli  (Figs.  3406,  3408,  and  3409).  A  complex  intra- 
nuclear network  has  been  described  by  recent  authors. 
At  each  end  of  the  nucleus  there  is  in  many  cases  a  coni- 
cal mass  of  granular  matter;  this  is  supposed  to  be 
Ijrotoplasm  not  yet  differentiated  into  contractile  sub- 
stance. 

Contractile  Substance  of  the  Smooth  en-  Unstriated  Mus- 
cular Fibres. — In  the  fresh  condition,  and  after  many 
methods  of  preparation,  the  smooth  muscular  fibres  ap- 
pear homogeneous,  except  for  a  few  scattered  granules, 
the  nucleus,  and  the  slight  amount  of  granular  matter  at 
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Fiii.  3407.— Transection  of  Part  of  the 
circular  Muscular  Coat  of  the  Human 
Duodenum.  (Drawn  hy  Mrs.  Gage.) 
This  shows  the  cut  ends  of  the  plain 
muscular  fibres  and  their  combination 
into  fascicles.  Magnified  about  350 
diameters.  A.,  Camera  lucida  drawing; 
a,  connective  tissue  between  the  fibres, 
the  fibres  having  fallen  out— it  is  a  kind 
of  endomysium ;  n,  nucleus.  A  nucleus 
appears  in  only  part  of  the  cells  as  only 
a  few  are  at  the  level  of  the  section. 
Compare  the  longitudinal  views  in  Figs. 
3406,  3408,  and  3409.  B,  Enlarged  view 
to  show  the  connective  tissue  between 
the  cells  and  that  the  muscle  fibres  have 
shrunken  considerably.  The  one  at  the 
left  is  shown  unshrunken.  c,  connec- 
tive tissue  between  the  fibres ;  /,  muscle 
fibres,  one  shrunken  and  one  un- 
shrunken; ?i,  nucleus  in  the  un- 
shrunken fibre. 


its  ends  Under  favorable  conditions  of  preparation  and 
light  the  body  of  the  fibre  appears  no  longer  homoge- 
neous but  distinctly  flbrillated,  the  fibrils  extending  paral- 
lel with  the  long 
axis  of  the  fibre,  and 
being  therefore  of 
varying  length  (Fig. 
o409).  They  are  very 
fine  and  appear  lilic  a 
skein  of  thread,  be- 
ing in  many  super- 
imposed layers,  and 
not  in  a  single  layer, 
as  is  shown  in  Fig. 
3409.  These  fibrils 
are  supposed  to  be 
the  true  contractile 
parts  of  the  fibre. 
Between  them  is  a 
limited  amount  of 
c_l  e  ar  intermediate 
substance.  Accord- 
ing to  some  authors, 
the  fibrils  are  direct- 
ly connected  with 
the  intranuclear  net- 
work. 

Sarcolemma.  — -A 
thin,  homogeneous, 
elastic  sheatli  or  sar- 
colemma is  described 
by  some  authors  as 
enclosing  the  individ- 
ual smooth  muscular 
fibres  (Fig.  3409,  B).  An  equal,  or  greater,  number  of 
authors  deny  the  presence  of  a  special  envelope  or  sar- 
colemma for  the  smooth  muscular  fibres  of  vertebrates. 

Blood- and  Lymph  Vessels  of  TJnstriated  Muscular  Tissue. 
— The  blood-vessels  are  less  numerous  than  those  of  the 
striated  muscles,  but  they  have  the  same  general  arrange- 
ment, the  capillaries  forming  a  network  with  square  or 
parallelogrammic  meshes.  The  lymphatic  vessels  have 
been  most  investigated  in  the  muscular  tissue  of  the 
uterus  and  intestine,  where  they  are  in  the  form  of  pas- 
sages and  lacunae  which  anastomose  between  the  fibres. 

JSerms  of  Smooth  or  TJnstriated  Muscular  Tissue. — These 
are  abundant  and  consist  of  myelinic  and  amyelinic  fibres, 
which  are  in  many  situations  in  the  form  of  a  plexus  with 
ganglia.  The  special  distribution  to  the  individual  mus- 
cular fibres,  and  the 
termination  of  the 
nerves,  will  be  dis- 
cussed   under    Nerves 

to-"-)- 

Histogenesis  of 
^lUSCULAB,  TissnB. — 
Muscular  tissue  of  all 
forms  in  vertebrates  is 
developed  from  cells 
of  the  mesoderm  or 
middle  germinal  layer. 
The  cells  are  at  fii'st 
rounded  and  indis- 
tinguishable from  oth- 
ers of  the  mesoderm. 
It  is  only  later,  wlien 
approximately  in  the 
position  of  the  future 
muscle,  that  they  as- 
sume the  characteristic 
form  and  appearance 
of  the  structural  ele- 
ments of  the  special  kind  of  muscular  tissue  to  wliicli 
they  give  rise. 

Histofjenesis  of  Striated,  Skeletal  Muscular  Tissue. — Tlie 
muscles  of  the  trunk  are  without  doubt  mainly  or  entirely 
derived  from  special  masses  of  mesodermal  cA\&— muscle 
platen  or  myotomes  (protiiertebrce  of  older  writers).     These 


Fig.  3408.— Smooth  or  Unstriated  Mus- 
cular Fibres  of  the  Vascular  System, 
to  show  their  Irregular  Form  and  the 
Rod-shaped  Nucleus.  From  the  thy- 
roid artery  of  man.  Magnified  340 
diameters.    (Schaefer.)    ii,  Nucleus. 


appear  on  the  dorsal  aspect  of  the  embryo,  and  give  it 
the  first  appearance  of  being  composed  of  a  series  of  seg- 
ments. According  to  some  writers,  all  the  skeletal  mus- 
cles are  derived  from  the  muscle  plates,  those  of  the  limbs 
being  outgrowths  or  diverticula  of  the  muscle  plates; 
but  working  over  an  exceptionally  large  collection  of 
human  and  mammalian  embryos  of  all 
ages,  Bardeen  and  Lewis '  could  in  no 
case  demonstrate  definite  processes  of 
the  myotomes  growing  into  the  limb 
buds.  They  dt  not  deny  the  possibil- 
ity of  the  entrance  of  scattered  "cells 
from  the  myotomes  entering  the  limb 
protons,  but  the  appearance  is  that  the 
muscles  of  the  limbs  arise  by  a  differ- 
entiation of  a  part  of  the  mesenchyma, 
making  up  so  large  a  part  of  the  de- 
veloping limbs. 

Cellular  Origin  of  the  Muscular 
Fibres. — All  are  agreed  that  the  mus- 
cular fibres  are  derived  from  meso- 
dermal cells ;  but  there  are  two  views 
as  to  the  number  of  cells  entering  into  Wm  Maw 
the  formation  of  a  single  muscular 
fibre.  These  are:  (A)  That  they  are 
multicellular  in  origin.  This  view 
originated  with  Schwann, '*  and  is  at 
present  held  by  a  considerable  num- 
ber of  investigators.  It  teaches  that 
each  striated  muscular  fibre  arises  by 
the  fusion  of  several  cells  arranged  in 
a  row,  the  nuclei  of  the  fused  cells  re- 
maining as  the  muscle  corpuscles. 
The  entire  fibre   is  therefore,  accord-      mm  Mil 

iug  to  this  view,  a  multicellular  struct- 
ure or  cell  complex.  (B)  That  they 
are  unicellular  in  origin.  This  view 
originated  with  Remak,'*  and  is  the 
one  adhered  to  bymost  later  writers. 
It  holds  that  each  striated  muscular 
fibre  originates  from  a  single  cell,  the 
nucleus  of  which  divides  repeatedly 
with  the  growth  of  the  cell.  Accord- 
ing to  this  view,  the  muscle  corpuscles 
are  formed  by  the  division  of  the  orig- 
inal nucleus,  and  the  entire  fibre  is 
an  enormous  multinnclear  cell. 

"Whether  the  muscular  fibres  are  of 
multicellular  or  unicellular  origin,  the 
later  course  of  development  is  as  fol- 
lows: The  elongated  granular  spin- 
dles, which  are  to  become  muscle 
fibres,  show  first  a  faint  longitudinal 
striatiou  at  the  entire  periphery  or  at 
one  side,  and  later  a  transverse  stria- 
tion;  or  the  two  striations  appear  si- 
multaneously. The  nuclei  and  the  un- 
striated protoplasm  occupy  the  centre 
or  one  side  of  the  fibre  (Fig.  3413). 
Gradually  the  entire  protoplasm  be- 
comes striated,  and  in  birds  and  mam- 
mals most  of  the  nuclei  reach  the 
surface  of  the  fibre;  but  in  the  cold- 
blooded vertebrates  they  are  scattered 
throughout  its  entire  thickness.  Gly- 
cogen is  very  abundant  during  the 
later  stages  of  development. 

Sarcoleuiiiui.  —  According  to  Schwann, 
this  is  formed  by  a  union  of  the  cell 
walls  of  all  the  cells  originating  the 
fibre,  the  parts  of  the  cell  walls  which 
originally  came  in  contact  in  the  in- 
terior having  disappeared.  Others 
hold  that  this  is  the  cell  wall  of  the 
single  cell  originating  the  fibre;  and 
still  otliers  agree  with  Busk  and  Hux- 
ley that  in  the  earlier  stages  of  devel- 
opment  nothing   like  a  cell  wall    or 


Fig.  3409.— Smooth, 
or  Unstriated  Mus- 
cular Fibres,  to 
show  the  Flbril- 
lated Stnicture 
and  the  Intranu- 
clear Network. 
From  the  small  in- 
testine. Highly 
magnified.  (Schae- 
fer.) vl,  An  entire 
cell  or  fibre,  show- 
ing the  fusiform 
shapiJ,  the  longitu- 
dinal fibrillation, 
the  oval  nucleus 
with  its  intranu- 
clear network, 
and  the  conical 
mass  of  granular 
protoplasm  at 
each  end  of  the 
nucleus.  The 
fibrillse  appear 
coarse  and  as  if 
in  a  single  layer ; 
in  an  actual  speci- 
men they  are  very 
fine  and  in  many 
superimposed 
layers.  B,  A 
broken  fibre,  to 
show  the  presence 
of  a  sheath-like 
covering  or  sarco- 
lemma projecting 
like  a  hollow  sac 
from  the  broken 
end. 
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sarcolemma  is  present,  but  that  it  is  an  aftei'  develop- 
ment, and  arises  by  a  transformation  of  the  protoplasm 
at  the  surface  of  the  fibre  into  formed  material  or  a  kind 
of  cuticula.  The  view  of  Busk  and  Huxley  seems  to  be 
most  in  accordance  with  the  general  teachings  of  histo- 
genesis and  growth. 

Orowth  and  Fluctuation  in  Size  of  Striated  Muscular 
Mbres. — There  are  two  marked  changes  in  muscular 
fibres  during  their  development  in  the  embryo :  (1)  The 
cells  pass  from  the  ordinary  reticulated  condition  of  pro- 
toplasmic cells  to  the  striated  condition ;  (2)  they  increase 
in  nvimber  until  about  the  time  of  birth,  and  the  sarco- 
plasm  or  undifferentiated  part  of  the  cell  grows  proper- 
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The  fibres  at  about  the  time  of  birth  are  more  uniform  iu 
diameter  than  in  earlier  stages  or  in  the  adult  (Fig.  3411, 

Until  recently  investigations  have  not  been  made  to 
determine  whether  the  inei'ease  iu  the  total  size  of  a 


Fie.  3410.-Sections  of  the  Human  Sartorius  MusoJe  at  Different  Ases 
t7>  irirtinntp  the  Change  in  Size.      Drawn  by  Mrs.  Gage.)     ine  sec- 

Cc/.  Fig.  3383  acd  3400). 

tionally  less,  and  the  striated  part  gradually  greater  in 
amount  while  the  nuclei  increase  m  number,  and  m 
mamma  s  and  birds  gradually  migrate  to  the  surface. 


Fig  3411.— Sections  to  show  Fasclck's  ol  Striatei)  Muscle  at  Different 
Stages ol  Development.  (Drawn  by  Mrs.  Gaffe.)  Magnified  about  dSI) 
diameters.  A,  Transection  of  a  fascicle  of  the  sartorius  ol  a  human 
foetus  92  mm.  long ;  B,  fascicle  of  the  sartorius  of  a  human  tcetus 
110  mm  lone ;  B',  two  fibres  from  B  in  longitudinal  section  to  show 
the  striation  of  the  fibrils  and  the  central  nuclei  Oi) ;  C,  transeciiou 
of  a  fascicle  of  the  sartorius  nuiscle  of  a  female  child  at  birth.  Here 
the  nuclei  are  at  the  surface  in  most  eases,  and  the  fibres  are  moie 
compact  and  more  uniform  In  size  than  in  A,ll,  ovl);  n.  tran- 
section of  a  fascicle  ol  the  sartorius  of  a  woman  seventy-two  years 
old  It  will  be  noted  that  the  fibres  show  great  diversity  m  size. 
The  drawing  is  diagrammatic  only  in  showing  some  red  fibres  with 
abund™sarcoplasm.  In  the  original  the  fibres  were  all  of  the  pa  e 
variety,  em,  Endomysium  surrounding  the  flbies,,  mc,  muscle 
corpuscles  1  u,  pale  fibre  with  evenly  distributed  sarcoplasm  and 
fibribVr,  red  fibres  with  abundant  sarcoplasm  and  evident  muscle 
columns. 

muscle  from  the  new-born  to  the  adult  was  due  to  an  in- 
crease in  the  size  oulv  of  the  individual  fibres  or  to  an 
increase  both  in  site  and  in  number.  That  the  size  ot  tlie 
individual  fibres  is  greatly  increased  (three  to  tiye  times) 
is  very  evident  to  any  one  who  examines  new-born  and 
adult  muscle  under  the  microscope  (3411,  C-V).  iiuD 
whether  or  not  the  fibres  are  increased  m  number  as  well 
as  in  size  with  the  increase  in  bulk  from  the  embryo  to 
the  adult  (Fig.  3411),  re<iuires  a  most  laborious  mvesti- 
gation,  and  it  is  necessary  in  the  investigation  «  l^^^^ep  in 
mind  the  possible  difEerence  in  size  ot  a  fibre  at  difleient 
parts  of  its  length,  and  to  the  fact  that  many  fibres  e 
by  pointed  or  branched  terminations  whollywithm  t^lie 
muscle  never  reaching  either  tendon  ot  origin  or  of  m- 
Sn(Figs.  3388,  3389);  also  to  the  possible  longitudi- 
nal sUfthii  of  fibres  during  the  growth  of  the  muscle  in 
rngth     During  the  last  five  years  careful  investigations 

have  been  undfrtaken  by  ^^-'^^ '^l^"^^  .kt,  t  "ma 
to  determine  the  changes  taking  place  from  buth  to  ma 
uritv  ™he  work  of  Meek  was  directed  to  the  lower  ani- 
ma  s  with  special  reference  to  the  elucidation  of  the  pnn- 
cioes  underlying  the  most  economical  and  satisfactoiy 
rearine  of  animals  for  food.  He  found  that  during 
growtUierewas  an  actual  lessening,  in  a  giveumss 
lection,  of  the  number  of  fibres  ma  muscle,  amountmg 
in  mnnv  rases  to  more  than  one-halt.  , 

In  the  following  table  the  kitten  at  nine  days  is  taken 
as  reDresenling  the  normal  number  of  fibres-one  Imndre.l 
percent  It  will  be  noticed  that  the  number  of  fibres  m 
Tgiven  cross  section  of  a  muscle  decreases  as  the  age 
increases,  and  that  the  mother  possessed  the  smallest 


muscle. 
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number  of  fibres,  although  the  sectional  area  of  the 
muscle  Avas  verj'  much  greater  than  that  in  any  of  the 
kittens.  The  results  obtained  from  the  vole,  rat,  and 
sheep  -Kevc  cquall)'  striking. 

Table  of  the  Number  of  Striated  Muscclae  Fibres  in  a  Cross 
SectiOiv  of  the  Biceps  Brachii  of  the  Cat  (Felis  domestica) 
AT  Different  Ages.    All  from  the  Same  Family.    (Meek.") 


Age. 

Sex. 

Area  of 
section. 

Number 
of  fibres. 

Per- 
centage 
of  fibres. 

9  days 

Male 

8.4  mm. 

8.1  mm. 
32.8  mm. 
41.5  mm. 

83,514 
64,108 
37,830 
32,039 

100 

20  days 

Male 

77 

240  days 

Female 

45 

3  years  ^>  moQths. 

Female    (mother 
of  above). 

38 

FlO 


In  the  investigations  of  IMacCallum  on  human  muscle, 

--•-"     the  ttaiioi'ivn,  while  a  marked  decrease  in  fibres 

was  not  noticed,  it  was 
brought  out  with  great 
clearness  that  the  in- 
crease in  cross  section 
of  the  muscle  was  due 
to  the  increase  in  size 
of  the  individual  fibres, 
and  not  to  an  increase 
in  number.  Natural! 3' 
an  investigation  of 
this  kind  is  not  so  sat- 
isfactory on  human  be- 
ings as  the  same  rigor- 
ous methods  cannot  be 
adopted  as  with  the 
lower  animals,  where 
a  whole  family  may 
be  investigated.  In- 
dividual variation 
within  a  single  litter 
is  considerable,  but 
where  specimens  must 
be  taken  from  differ- 
ent families,  the  varia- 
tion would  naturally 
be  greater. 

In  the  lower  animals 
it  was  found  that  the 
decrease  in  number 
was  greater  with  a 
muscle  called  upon  for 
great  exei'tion  than  in 
one  less  actively  em- 
ployed; and  as  a  nat- 
ural sequence,  the 
muscles  of  the  right 
side  showed  a  greater 
decrease  in  fibres  than 
the  corresponding 
muscles    of    the    left 


-,..  3413.— Developing  Striatprl  Muscu- 
lar Fibres,  showing  Different  Stages 
of  Development  and  Different  Posi- 
tions of  the  Unstriated  Protoplasm. 
A,  Elongated  cell  with  two  nuclei; 

the  longitudinal  striation  is  beginning  __     

to  show  on  the  right  side.    From  a    side    althoue-h  the  »r- 
Icem  sheep.     (Wilson  Fox.)    B,  De-    t,!al'  i^!l  1.  .!;V^^i 
velopinginuscularflbre,  showing  both        ^'  """^  "^  ^"^  ™us 
longitudinal  and  transverse  striations 
at  the  periphery,  and  a  central  un- 
striated cylinder  of  protoplasm  con- 
taining   several    nuclei.       From    a 
human  foetus  near  the  third  month. 
(Ranvier.*)      n.    Nucleus    (there   is 
usually  a  mass  of  glycogen  near  each 
nucleus);  p,  central  unstriated  proto- 
plasm;   s,   peripheral  striated   sub- 
stance :  C,  developing  muscular  fibre, 
showing  a  lateral  position  of  the  un- 
striated protoplasm.     From  a  three 

months' human  foetus.  (Ranvier.)  n,  ^ij  poipiaoia  uiiarHutei' 
oTs^J\^r^^s!'Z^'l^t  'f « the  growth  of  mus 
cons  substance  with  longitudinal  and  ^^''  Willie  alter  or 
transverse  striations. 


cles  on  the  right  is 
usually  greater  than 
that  on  the  left. 

The  conclusions  of 
Meek  are  as  follows: 
"Up  to  the  time  of 
birth,  in  at  any  rate 
the  higher  mammals, 
perhaps  in  all  eutheria, 
hyperijlasia  character- 


about      birth     hyper- 


*  This  figure  is  almost  identical  with  the  one  of  developing  striated 
muscles  published  by  Schwann  =  In  1839  (I'l.  XIV.,  Fig.  3).        ="'""'" 

24: 


Fig.  3413.— Cardiac  Muscle  Cells  of  the 
Left  Ventricle  of  a  Newly  Hatched 
Chick,  to  show  the  Form  and  Structure 
of  the  Cells,  their  General  Appearance 
being  like  that  of  Adult  Cold-Wooded 
Vertebrates.  A,  Branched  cell ;  B,  cell 
with  proportions  nearly  like  those  of  the 
adult :  C,  two  cells  in  their  natural  re- 
lations, the  lower  end  is  fusiform  and 
the  transverse  striation  obscure;  n, 
nucleus.  In  all  the  cells  the  striations 
extend  across  the  nucleus. 


plasia  ceases,  and  extra-uterine  life  brings  about  a  selec- 
tion of  some  of  the  fibres  at  the  expense  of  their  neigh- 
bors. In  other  words,  during  extra-uterine  life  muscle, 
according  to  its  posi- 
tion, suffers  more  or 
less  a  reduction  in  the 
number  of  its  fibres, 
the  degree  of  which 
is  expressive  of  its 
functional  import- 
ance. The  surviving 
elements  are  at  the 
same  time  greatly 
hypertrophied,  and 
the  extent  to  which 
this  takes  place  is 
also  expressive  of  the 
work  which  the  mus- 
cle performs,  or  of 
which  it  is  capable. 

While  the  above 
investigations  indi- 
cate clearly  that  in 
passing  from  birth 
to  maturity  the  in- 
crease in  size  of  the 
individual  fibres  de- 
termines the  increase 
in  size  of  the  muscle 
as  a  whole,  the  decrease  in  number  of  the  fibres  in  a 
given  cross  section  may  be  due,  in  part  at  least,  to  a 
mechanical  displacement  along  the  long  axis  of  the  mus- 
cle as  it  increases  in  length.  This  mechanical  displace- 
ment might  also  account  for'  the  fibres  with  two  tapering 
ends  (Fig.  3388,  B).  While  it  is  conceivable  that  the  de- 
crease in  number  in  a  given  cross  section  may  be  due  to 
a  longitudinal  displacement,  and  not  to  an  actual  disap- 
pearance of  fibres,  the  fact  that  in  the  more  active  mus- 
cles of  the  right  side  the  apparent  diminution  in  fibres  is 
considerably  greater  than  in  the  corresponding  muscles 
of  the  left  side,  where  the  length  is  practically  the  same, 
can  be  explained  only  on  the  hypothesis  that  there  is  an 
actual  decrease  in  the  number  of  fibres  during  growth. 

An  elucidation  of  the  processes  involved  in  the  disap- 
pearance of  fibres  during  growth,  and  in  the  every-day 

occurrence  of  use- 
hypertrophy  and 
disuse-atrophy,  be- 
longs to  the  domain 
of  physiology  and 
still  awaits  investi- 
gation,  although 
Mo  r  pur  go  and 
Schiefferdecker 
have  made  a  begin- 
ning. 

Histogenesis  of 
Cardiac  Muscular 
Tissue. — This  origi- 
nates, like  the  other 
muscular  tissue  of 
the  body,  from 
mesodennic  cells 
which  are  at  first 
rounded  and  indis- 
tinguishable frpm 
the  surrounding 
cells.  These  pre- 
muscle  cells  in- 
crease in  size  and 
elongate  and  be- 
come spindle- 
shaped.  They  con- 
tain a  large  nucleus  and  reticulated  protoplasm.  The 
reticulum  is  at  first  irregular,  but  later  it  becomes  more 
regular;  and  when  the  cell  has  assumed  a  spindle  shape 
the  appearance  is  given  of  clear  bodies  with  rather 
definite  outlines,  arranged  in  somewhat  regular  longi- 
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Fig.  3414.— Cardiac  Muscle  Cells  from  the 
Left  Ventricle  of  a  Kitten  Three  Weeks 
Old,  to  show  the  Form  of  the  Cells,  their 
Structural  Details,  and  the  Commence- 
ment of  a  Close  Union  between  Two  of 
them.  A,  Large  cell  possessing  nearly 
the  proportions  of  those  of  the  adult;  B, 
two  cells  in  their  natural  relations ;  about 
opposite  the  nucleus  of  the  upper  one  the 
cells  are  closely  united  as  In  the  adult 
(compare  Figs.  3397,  3403);  C,  two  cells  in 
their  natural  relations,  the  upper  one  has 
two  nuclei ;  n,  nucleus.  The  transverse 
striations  cross  the  nucleus  In  all  the  cells. 
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Sof  Salh.n^'l  clear  bodies  are  the  sarcoplasuiic 
tl  f  «tria^^  fif  'V    •      A'  ^'"^  '='*"*  continue  to  elongate, 
the  stiiated  fibrils  so  characteristic  of  striated  muscular 
ssue  appear  m  tlie  cells,  always  appearing  first  nea 
finn,r"t?^"'-\-''''^  gradually  fill  ui^the   cfll,  so  Hm 
3415!  8405).  '      '"    '"''''     '   ''"'"'^^''^    ^^'  *'"^"^  (J'ig^- 

l^tTiif  nrt\^''  '^'«ei-eutiation,  besides  the  complete  fibril- 
lation of  the  cell  body,  consists  in  great  increase  in  size 
the  production  of  branches  or  proclsses,  and  the  fusion' 
2n^Zt\T'  '  ?^  neighboring  cells  at  various  points  to 
produce  the  anastomosing  fibres  of  adult  heart  muscle 
It  is  a  very  interesting  fact  that  the  heart  beats  rhyth- 
mically and  vigorously  for  a  considerable  time  before 
tiiere  is  any  sign  of  the  striated  fibrils  in  the  cells 

J<-iln'es  ofPurki7,je.~In  the  heart  of  many  adult  ani- 
mals (especially  ruminants;  also  in  the  heart  of  the  pig 
horse  dog,  cat,  hedgehog,  marten,  and  some  birds;  also 
according  to  Gegenbaur,  sometimes  in  the  human  heart) 
there  appear,  in  the  muscular  substance  next  the  endo- 
cardium, chains  or  groups  of  cells  with  a  granular,  nu- 
cleated central  part  and  a  striated  periphery  (Pio-  3417) 
These  cells  are  supposed  to  be 
cardiac  muscle  cells  in  course  of 
development  into  those  of  the 
ordinary,  elongated,  adult  form, 
with  branches  and  striatiou  of  the 
entire  contents. 

Histogenesis  of  Smooth  or  Vitsiri- 
aied  3iusculcir  Tissue. — The  cells 
which  develop  into  unstriated 
muscular  tissue  are  derived  most- 
ly from  the   splanchnic  layer  of 
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Fig.  3415. -Cardiac  Muscle  Cells  of  the 
I.elt  Ventricle  of  a  Child  at  Birth  (Full 
Term),  to  show  the  Fonn  of  the  Cells, 
their  Structural  Details,  and  their  Rela- 
tions to  One  Another,  and  their  General 
Agreement  with  those  of  Cold-blooded 
Vertebrates.  A,  Large  cell  with  two 
nuclei ;  this  cell  has  nearly  the  propor- 
tions of  those  of  the  adult ;  B,  group  of 
cells  in  their  natural  relations ;  at  the 
right  of  the  middle  cell  are  two  spaces 
or  Assures  (compare  Fig.  3397).  m, 
Nucleus.  The  transverse  striations  cross 
the  nuclei  in  all  the  cells,  and  each 
nucleus  possesses  several  nucleoli. 

Figs.  3413  to  3415  are  at  a  nnif  orm  mag- 
nification of  500  diameters.  The  draw- 
ings were  made  with  a  camera  lucida, 
and  the  finer  details  of  structure  deter- 
mined with  a  A  homogeneous  immer- 
sion objective,  and  added  free-hand. 
(Drawn  by  Mrs.  Gage.) 


Fig.  3416. —  Cardiac 
Muscle  Cells  from 
Embryo  Pigs.  (From 
MacCallum,!^  slightly 
modified.)  X,  Longi- 
tudinal section  of  a 
cardiac  muscle  cell 
from  an  embryo  pig  10 
mm.  long.  In  the  up- 
per part  of  the  figure 
the  meshwork  of  the 
reticulum  is  irregular 
and  represents  a 
somewhat  earlier 
stage  of  development. 
In  the  lower  half  of 
the  figure  the  reticu- 
lum is  regular  and  the 
sarcoplasra  is  ar- 
ranged in  rows  of 
disc-like  bodies,  o-. 
Irregular  reticulum ; 
b,  regular  reticulum ; 
11,  nucleus;  B,  cross 
section  of  two  cardiac 
muscle  cells  from  an 
embryo  pig  of  20  mm. 
The  upper  cell  is  cut 
above  or  below  the 
level  of  the  nucleus, 
while  the  lower  cell  is 
cut  through  the  nu- 
cleus. /,  Striated 
fibrils  appearing  at  the 
periphery,  the  sarco- 
plasm  forms  kind  of  a 
mantle  or  coating  for 
the' fibrils;  «,  nucleus 
of  the  lower  cell. 


the  mesoderm,    The  cells  are  at  first  rounded  and  granu- 
lai ;  they  elongate  in  two  directions,  thus  forming  the 

fihref*'T?'''/"f°™'  ^'""°*'  °^  unstriated  musclar 
hfl,  ,tt  The  development  of  the  longitudinal  fibrillation 

thsue  Im  f       °  ^'^''^^-     ^^'^  physiology  of  muscular 
tissue  will  form  a  separate  article  {q.v  ) 

Methods.— Isolation  of  the  structural  elements  for  all 

iprms  ot  muscular  tissue  is  accomplished  by  soaking  the 

tissue  from  one  to  three  days  in  a  mixture  of  23  c  c  of 


MJiifl:;^^'?'^'^^  "J-.r*^  ^  "'  Purkinie  from  the  Heart  of  a  Sheep. 
Magnified  about  300  diameters.  (Modified  from  Ranvier.")  At 
the  left  the  cells  are  shown  in  optical  section  with  the  peripheral 
striated  flbnls  between  the  cells.  On  the  right  is  a  cell  viewed  from 
the  surface  to  show  the  striated  mantle  covering  the  whole  cell  « 
nucleus.  Most  of  the  cells  contain  two  nuclei;  sm,  striated  mantle 
at  the  surface  of  the  cells. 

concentrated  nitric  acid  and  77c.c,  of  water,  and  then 
for  a  day  or  more  in  a  half-saturated  solution  of  alum  with 
five  per  cent,  chloral  hydrate.  For  cardiac  muscle,  soak- 
ing in  a  mi.xture  of  40  gm.  caustic  potash  and  60  c.c. 
water  for  fifteen  to  sixty  minutes  proved  more  satisfac- 
tory for  isolation  than  the  acid.  Cardiac  muscle  must  be 
perfectly  fresh  in  order  to  obtain  satisfactory  results. 

Acid  specimens  were  mounted  permanent'lv  in  a  mixt- 
ure of  glycerin,  7.5  c.c. ;  picrocarmine  solution,  25  c.c. 
Permanent  preparations  of  the  caustic-potash  specimens 
were  obtained  by  washing  away  the  caustic  potash  with 
a  sixty -per-cent.  solution  of  acetate  of  potash.  The  cells 
may  be  kept  in  this  indefinitely,  and  mounted  in  this  or 
in  glycerin  or  glycerin  jelly.  For  the  fibrillation  of  the 
smooth  muscular  fibres,  a  piece  of  the  perfectly  fresh 
muscular  coat  of  the  small  intestine  of  a  cat  was  kept 
from  one  to  three  days  in  100  c.c.  of  twenty-five- per- 
cent, alcohol,  containing  three-fourths  of  a  gram  of  picric 
acid.  Preparations  were  mounted  in  seventy-flve-per- 
cent.  glycerin.  Serial  sections  were  made  to  determine 
the  relations  of  the  striated  muscular  fibres  to  one  an- 
other throughout  the  entire  length  of  a  muscle,  and  to 
determine  the  relative  size  and  number  of  the  fibres  in  a 
fascicle  at  different  levels. 

(For  the  general  methods  of  histological  investigation, 
the  reader  is  referred  to  the  article  on  Histological  Tech- 
nique, vol.  iv.) 

BiBLioGH.\PHY. — The  bibliography  of  muscular  tissue 
is  so  extensive  that  it  would  be  out  of  place  to  give  it  all 
in  a  work  of  reference  like  the  present.  For  a  more 
comijlete  discussion  of  special  points,  and  for  the  bibli- 
ography, reference  may  be  made  to  the  following: 
Human  Anatomy :  Allen,  Gerrish,  Gray,  Morris,  Quain. 
Histology  and  Histogenesis :  Bohm  -  DavidofE  -  Huber, 
Heitzmann,  Klein,  KSlliker,  Leydig,  Piersol,  Prudden, 
Ranvier,  Schaefer,  Strieker.  Embryology :  Balfour,  Hert- 
wig,  KOUiker,  Kollmann,  Minot.  For  monographs  one 
is  referred  to  special  papers  in  the  transactions  of  learned 
societies,  and  in  the  anatomical  and  embryological 
periodicals.  The  bibliography  is  given  in  the  Anato- 
mischer  Anzeigei-,  Bibliographie  Anaiomigue  ;  "  Ergebnisse 
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V  Merkol  u.  Bonnet- " ;  "  Index  Catalogue  of  the  burgeoii- 
General's  Office,"  "  Jahresbericlite  fiber  d.  Fortschntte 
der  Anat,"   Journal  of  the  Boy.  Mtcr.  Soc,  Zett.  J.  imkr. 

Aiiat.  ,    i    ii     i^  11 

Specific  reference  lias  been  made  to  tlie  loliowing: 

'  Bardeen  and  Lewis :  The  WelcU  Book  and  Amer.  Journ.  Anat., 
vol.  i.,  1902. 

2  Batten,  F.  E. :  Brain,  vol.  xx.,  189, 

3  Beale:  Trans.  Royal  Micr.  Soc,  18b4,  pp.  94-108. 

i  Bowman  :  Pliil.  Trans.  B.  S.,  1840,  pp.  457-.501.  ^  „.  .  , 

«  Busk  and  Huxley :  Translation  ol  K5111ker's  Manual  of  Histology, 
18-53 

8  Felix,  W. :  Festscteitt  fur  A.  von  KSUiker,  1887. 

'  Gage,  Susanna  P. :  The  Microscope,  vol.  vlii.,  1888.  Proc.  Amer. 
Micr.  Soc,  1S9U.  . 

8  Heitzmann :  Wlen.  Akad.  Sitzungsber.,  Ixvn.,  pp.  141-lbO. 

"Herzig  uQd  Biesiadecki:  Wien.  Akad.  Sitzungsber.,  xxx.,  pp. 
7S-74;  xxxiii.,  pp.  146-149. 

10  Jardet :  Arch.  d.  Phys.  Norm,  et  Path.,  1886,  pp.  93-100. 

11  KMUker:  Gewebelehre,  sixth  edition,  1889. 

12  MacCallum,  J.  B. :  Anat.  Anz.,  vol.  xiii.,  1897;  Johns  Hopkins 
Hospital  Bulletin,  October,  1898.  

1=  Meek,  A. :  Journ.  Anat.  Physiol.,  vol.  xxxni.,  1899. 

i'  Ranvler :  Lecjons,  1880,  and  Trait(5  Technique. 

15  Remak:  Froriep's  Notiz.,  1845,  No.  768. 

I'RoUett:  Wien.  Akad.  Sitzungsber.,  xxl.,  pp.  I16-I8O. 

"  Salter:  Tongue,  Todd's  Cyc.  Anat.  Phys. 

IS  Schwann:  Untersuchungen,  1839. 

19  Weismann:  Arch.  f.  Anat.  u.  Phys.,  1861,  pp.  41-63. 

2»  Huber  and  DeWitt,  Jour.  Comp.  Neurol.,  vol.  vil.,  1898. 

Simon  Henry  Gage. 

MUSCLE,  PATHOLOGY  OF.— 

I.  Steiated  Voluntary  Muscle. 

From  the  pathological  point  of  view,  the  important 
points  to  be  considered  in  the  structure  of  striated  volun- 
tary muscle  are  the  amount  of  interstitial  connective  tis- 
sue, the  size  and  shape  of  the  muscle  fibres,  the  striation, 
and  the  number  and  position  of  the  nuclei.  Normally 
the  endomysium,  or  the  connective  tissue  separating  the 
individual  fibres,  is  small  in  amount,  while  that  separat- 
ing the  fasciculi  is  considerably  larger  in  amount,  vary- 
ing in  different  portions  of  the  muscle.  Tiie  distinctness 
of  the  striation  depends  somewhat  on  the  method  of  fix- 
ation and  preparation  of  the  tissue,  but  in  well-fixed 
preparations  the  fibres  show  a  distinct  transverse  stria- 
tion, due  to  the  difference  of  refraction  of  the  fibrillar  and 
interflbrillar  substances  of  the  fibres,  the  ultimate  fibrils 
being  anisotropic,  while  the  sarcoplasm  is  isotropic.  In 
cross  sections,  the  muscle  fibres  present  irregular  lighter 
and  darker  areas,  due  to  the  arrangement  of  the  fibrils  in 
columns,  known  as  muscle  columns,  with  a  larger  amount 
of  sarcoplasm  between  the  columns  than  is  found  be- 
tween the  individual  fibrils.  The  muscle  fibres  are  large, 
showing  normally  in  cross  section  a  diameter  of  from 
10  fi  to  100  /i,  while  they  often  attain  a  length  of  12  em. 
Their  free  ends  are  usually  pointed,  while  the  end  at- 
tached to  tendon  is  rounded.  The  nuclei  of  white  mus- 
cle fibres  are  situated  immediately  under  the  sarcolemraa 
and  are  very  numerous,  a  cross  section  of  a  muscle  fibre 
presenting  from  one  to  four  or  five  nuclei.  The  nuclei  of 
red  muscle  are  situated  in  the  sarcoplasm  between  the 
muscle  columns.  Marked  variations  occur  in  the  num- 
ber of  nuclei,  however,  as  has  been  pointed  out  by 
Morpurgo  and  Bindi  and  others.  In  young  muscles,  the 
nuclei  are  more  abundant  and  more  uniformly  distributed 
than  in  adult  muscle.  In  small  adult  muscles  the  nuclei 
are  more  abundant  than  in  the  larger  fibres,  while  in  the 
large  irregular  fibres  the  number  is  very  variable  and 
much  smaller  than  in  the  smaller  fibres  or  the  embryonic 
muscle.  Hence  growth  of  muscle  is  not  accompanied  by 
corresponding  increase  of  nuclei,  the  small  fibres  with 
high  coefficient  of  growth  preserving  the  juvenile  char- 
acter of  nuclear  abundance.  These  are  the  fibres  which 
change  most  in  the  process  of  activity  hypertrophy,  the 
abundance  of  nuclei  corresponding  to  a  greater  reserve  of 
growth  energy. 

Under  different  pathological  conditions,  any  one  of 
these  factors  may  be  materially  altered.  The  connective 
tissue  may  be  increased  or  diminished  in  amount.  The 
muscle  fibres  may  be  larger  or  smaller  than  normal  and 
may  change  their  shape  and  their  relation  to  each  other. 


The  striation  may  become  indistinct  or  even  be  lost  alto- 
gether, the  fibres  assuming  a  granular  or  homogeneous 
appearance,  while  the  nuclei  may  be  greatly  increased  in 
number  and  very  irregularly  grouped,  so  that  some  sec- 
tions will  contain  large  numbers  of  nuclei,  while  others 
contain  none.  The  muscle  fibres  may  segment  into  short 
discs,  or  may  break  up  longitudinally  into  small  slender 
fibrils,  which  may  remain  attached  at  one  extremity,  giv- 
ing the  appearance  of  a  branching  of  the  parent  fibre. 
The  pathology  of  striated  muscle  has  recently  been 
treated  by  Professor  Warthin  in  the  American  Journal  of 
Patholofiy,  and  with  some  modifications  I  have  made  use 
of  his  classification  in  the  following  discussion. 

Coitnenital  (luornalies  of  muscle  concern  largely  the 
reahu  of  gross  anatomy.  Supernumerary  muscles  may 
be  found  or  certain  muscles  may  be  lacking.  Occasion- 
ally the  origin  or  insertion  of  a  muscle  varies  from  the 
normal.  Such  anatomical  variations  are  considered  in  a 
separate  article.     (See  Mnscles,  A/wmalie-i  of.) 

CiKCULATOiiY  Disturbances. —Voluntary  striated 
muscle  has  a  very  rich  blood  supply :  numerous  arterie* 
breakup  into  rich,  long-meshed  plexuses  of  capillaries, 
which  surround  the  muscle  fibre,  each  cell  being  in  con- 
tact with  several  capillaries.  The  free  anastomoses  of 
these  vessels  easily  compensate  for  any  local  obstruc- 
tions, thrombosis,  or  embolism,  and  prevent  any  delete- 
rious results,  unless  an  infective  embolus  is  the  cause  of 
the  obstruction,  in  which  case  an  abscess  results.  ''In 
cachectic  conditions,  fevers,  etc.,  in  which  the  nutrition 
of  the  muscle  is  lowered,  an  anaemic  necrosis  may  result 
from  arteriosclerosis,  deficient  heart  action,  local  com- 
pression, infiltrations,  etc.  Such  ansemic  infarctions  are 
seen  in  senile  gangrene,  decubitus,  etc."  (Warthin). 
Psoas  infarcts,  associated  with  bed-sores,  may  result  from 
long  continuance  of  the  recumbent  posture,  in  which  case 
the  main  arteries  of  the  muscle  may  contain  obturating 
thrombi  or  may  show  a  proliferating  endarteritis.  In 
this  condition,  the  entire  muscle  may  undergo  Zenker's 
necrosis,  appearing  white  and  translucent,  but  usually 
hemorrhages  are  scattered  through  the  muscle  and  the 
necrosed  area  is  surrounded  by  an  extensive  extravasa- 
tion of  blood.  Scar  tissue  may  replace  the  necrosed  tis- 
sue, attempts  at  regeneration  of  the  muscle  fibres  being 
frequently  found;  if  the  area  becomes  infected,  however, 
a  psoas  abscess  may  result. 

Antemia  of  muscle  may  result  from  general  ansemia  or 
it  may  be  local  in  origin,  being  caused  by  obstruction 
in  the  nutrient  arteries,  compression  or  arteriosclerosis. 
The  muscle  is  pale  and  either  soft,  as  when  the  affection 
is  local,  or  dry,  when  the  process  is  part  of  a  general 
anfEmia.  The  muscle  ma}',  however,  be  brown  from  in- 
crease of  pigment. 

Hyperamia  usually  disappears  shortly  after  death,  the 
passive  hypera^mia  occurring  only  in  the  rare  cases  of  ex- 
treme vascular  stasis,  Avhile  the  congestive  form  is  found 
in  the  neighborhood  of  inflammatory  areas.  (Edematous 
muscle  is  softer  and  moister  than  normal  muscle,  and  on 
microscopic  examination  clear  vacuoles  are  seen  in  the 
protoplasm  of  tlie  muselc  cells,  wliih-  the  connective  tis- 
sue is  much  looser  than  mider  normal  conditions,  the 
connective-tissue  fibres  being  separated  by  accumula- 
tions of  clear  fluid.  In  severe  cases,  the  muscle  fibres 
may  undergo  liquefaction. 

llemorrhageH  in  muscle  are  far  from  uncommon  ;  they 
may  result  from  trauma,  from  convulsive  contractions  of 
tiie  mviscle,  from  incroiised  blood  pressure,  or  from  de- 
generative changes  in  the  vessel  Avails  or  in  the  surround- 
ing muscle.  Such  changes  are  common  in  typhoid  or 
typhus  fevei',  in  septic  conditions,  pernicious  amemia, 
etc.,  Avhile  small  hemorrhages  are  frequent  in  the  acute 
infections,  phosphorus  poisoning,  leuktemia,  and  per- 
nicious anremia.  As  a  result  of  the  hemorrhage,  tlie 
muscle  fibres  are  pushed  apart  and  may  be  destroyed,  if 
the  hemorrhage  is  large.  The  muscle  liquefies  or  under- 
goes a  coagulation  necrosis.  Blood  clot  becomes  organ- 
ized and  a  pigmented  scar  remains,  only  a  few  regener- 
ated muscle  fibres  usually  replacing  a  portion  of  the 
connective  tissue  of  the   scar.     The  connective   tissue 
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may,   however,   develop  into  cartilage  and  boue,  as  in 
some  of  the  cases  of  traumatic  myositis  ossificans. 

Retkogubssive  Changes.— Changes  in  size  of  the  vol- 
untary muscle  fibres  are  among  the  commonest  changes 
met.  Under  circumstances  of  increased  nutrition, 
whetlier  from  the  general  condition  or  from  systematic 
muscular  exercise,  the  muscle  fibres  increase  in  size  and 
■we  have  a  true  hypertrophy  of  the  muscle,  while  under 
the  opposite  conditions  of  disuse  or  diminished  use  of 
muscle,  or  when  the  general  nutrition  is  lowered,  the 
iibres  undergo  atrophy,  the  diminution  In  size  varying 
with  the  degree  of  the  unfavorable  conditions.  Tliese 
conditions  of  true  hypertrophy  and  of  simple  atrophy 
are  usually  transient,  the  fibre  being  restored  to  its  nor- 
mal appearance  on  the  restoration  of  tlie  normal  condi- 
tions. If,  however,  the  exercise  be  continued  too  long 
or  be  carried  to  an  excess,  the  hypertrophied  muscle  may 
become  atrophied,  and  simple  atrophy  may  lead  to  de- 
generative changes.  Simple  atrophy,  in  its  simplest 
form,  occurs  in  old  age,  but  it  is  also  seen  in  cachectic 
states,  such  as  tuberculosis,  carcinoma,  etc.,  and  it  may 
result  from  compression  of  the  nutrient  arteries.  Macro- 
scopically,  atrophic  muscles  appear  paler,  dryer,  and 
firmer  than  normal.  A  brown  pigment,  lisemofuscin, 
probably  a  product  of  the  sarcoplasm  of  the  muscle  fibre, 
may  develop  in  the  fibres,  giving  them  a  brown  color. 
In  some  cases,  the  fibres  undergo  hydropic  ilegeneration, 
serous  atrophy,  in  which  the  muscle  ajipears  moist  and 
soft. 

The  clinical  aspect  of  the  muscular  atrophies  will  be 
treated  under  a  separate  heading,  Regarding  the  path- 
ological aspect  of  the  muscular  atrophies,  we  may  say 
that  atrophic  degenerations  may  be  neuropathic,  de- 
pending on  lesions  in  the  spinal  cord,  or  they  may  be 
primary  or  myopathic.  In  the  former  case,  some  of  the 
most  interesting  changes  are  those  which  occur  in  the 
spinal  cord ;  the  cells  of  the  anterior  horn  are  atrophied 
and  show  degenerative  changes  and  the  pyramidal  tracts 
are  involved.  The  degeneration  may  even  be  traced  to 
cells  in  the  medulla  and  motor  cells  of  the  cerebral  cor- 
tex. In  the  myopathic  form  of  muscular  atrophy,  or  the 
so-called  muscular  dystrophy,  the  nervous  system  shows 
no  essential  changes,  although  varied  and  irregular  alter- 
ations are  described  by  certain  authors,  such  as  atrophy 
of  the  posterior  root  ganglion  cells,  some  cytoplasmic 
changes  in  the  ganglion  cells  of  the  spinal  cord,  etc. 
None  of  these  changes,  however,  is  found  uniformly  in 
all  cases  of  muscular  dystrophy,  and  the  disease  is  there- 
fore believed  to  originate  in  the  voluntary  muscle  and 
is  probably  due  to  some  congenital  anomaly  of  develop- 
ment. Kollaritz  describes  atrophy  of  the  motor  cells  and 
of  the  fibres  of  the  substantia  grisea  centralis  around  the 
spinal  canal,  these  changes  occurring  especially  in  the 
cervical  and  dorsal  regions.  The  peripheral  nerves  were 
intact.  He  believes  that  the  changes  in  the  cord  and  in 
the  muscle  occur  together  and  that  both  probably  depend 
on  faulty  development.  Atrophy  of  the  motor  cells  is 
especially  characteristic  both  in  his  cases  and  in  those  of 
Erb,  Schultze,  Preisz,  Frohmeier  and  others.  This  may 
readily  be  explained  as  the  result  of  faulty  development, 
and  the  development  of  muscles  might  well  stop  it  at  a 
certain  age  the  motor  nerve  cells  thus  atrophied,  while  it 
is  not  unreasonable  to  suppose  that  the  motor  nerve  cells 
might  undergo  secondary  atrophy,  as  the  result  of  this 
degeneration  of  the  muscle  fibres.  While  it  was  formerly 
believed  that"  the  primary  dystrophies  could  be  distin- 
guished microscopically  from  the  neuropathic  atrophies 
it  is  now  generally  conceded  that  there  is  no  essential 
difference  in  the  pathological  picture  presented  by  the 
two  classes  of  the  disease.  The  idea  that  the  dystrophies 
could  be  differentiated  by  the  fact  that  the  atrophy  was 
uniformly  preceded  and  accompanied  by  hypertrophy  of 
the  muscle  fibres  has  been  practically  overthrown  by  the 
recognition  of  the  fact  that  in  both  the  neuropathic  and 
myopathic  atrophies  the  atrophy  may  be  preceded  by 
hypertrophy,  the  fibres  being  enlarged  to  a  variable  ex- 
tent before  the  atrophy  sets  in,  and  even  at  the  height  of 
the  atrophic  process  some  enlarged  fibres  may  be  found 


among  the  many  atrophic  cells.  In  neuropathic  atrophy, 
however,  the  localization  of  the  degenerative  process 
varies  according  to  the  localization  of  the  lesion  in  the 
cord. 

In  a  case  of  traumatic  transverse  myelitis  resulting  from 
an  injury  to  the  cord  in  the  lower  dorsal  region,  the  psoas 
muscles  showed  the  most  extreme  degree  of  degenerative 
changes,  while  the  lumbar  muscles  and  the  leg  muscles 
contained  bundles  of  extremely  atrophic  fibres,  and  the 
muscle  cells  of  other  bundles  were  normal  in  size,  appear- 
ing hypertrophied  by  contrast  with  the  atrophied  fibres. 
In  the  psoas  muscles,  most  of  the  cells  were  very  small, 
appearing  scarcely  larger  in  cross  section  than  involun- 
tary muscle  cells.  No  transverse  striation  could  be 
observed  in  any  of  the  fibres  and  the  cross  sections 
appeared  either  homogeneous  or  finely  granular.  Some, 
however,  were  vacuolated,  some  showing  very  little  of 
the  protoplasmic  substance  of  the  fibre,  appearing  to 
consist  of  nucleus  and  sarcolemma,  the  intervening  space 
being  clear.  A  few  of  these  fibres  in  cross  section  pre- 
sented no  nuclei;  in  the  majority,  however,  one  or  tAvo 
deeply  stained,  relatively  large  nuclei  were  seen  near  the 
end  of  the  oval  cell,  while  some  showed  a  crescent  or 
corona  of  nuclear  substance  at  the  periphery.  JIauy 
cells  were  seen  containing  numerous  nuclei,  which  were 
often  hyperohromatic  and  appeared  as  a  dense,  fused 
mass  of  deeply  stained  chromatic  substance.  These 
giant  cell  forms  or  sarcolytes  were  especially  numerous 
in  some  fields,  while  in  others  very  few  were  found.  In 
longitudinal  sections,  longitudinal  and  transverse  cleav- 
age could  be  observed,  and  in  many  areas  long,  narrow, 
spindle-shaped  cells  were  seen,  which  contained  long 
rows  or  chains  of  deeply  stained  nuclei.  There  was  also 
a  marked  increase  of  connective  tissue,  often  accompanied 
by  a  deposition  of  fat,  especially  in  the  increased  connec- 
tive tissue  of  the  endomysium.  This  picture  may  be 
taken  as  the  typical  picture  of  muscular  atrophy,  vary- 
ing in  degree,  but  little  in  character.  The  increased 
connective  tissue,  the  fibrillar  forms  mentioned,  and  the 
multinuclear,  giant-cell  forms  have  been  the  subjects  of 
much  discussion.  Durante,  Kroesiug,  and  others,  uphold- 
ing the  view  of  embryological  develojjment  of  muscle 
advocated  by  Hoifmann,  Waldeyer  and  others,  that  the 
striated  muscle  cell  is  a  syncytium  developed  by  the  fu- 
sion of  numerous  spindle-shaped  cells  of  the  mesoderni, 
describe  the  longitudinal  cleavage  or  fibrillation  of  the^ 
muscle  fibre  as  a  return  to  the  embryonic  condition. 
They  state  that  these  fusiform  fibres  may  form  new  mus- 
cle fibres,  but  usually  degenerate  and  mingle  with  the 
connective  tissue,  acquiring  all  its  characteristics.  To 
this  tissue  Kroesing  gives  the  name  myogenous  connec- 
tive tissue  or  connective-tissue  state  of  the  muscle  fibres. 
He  states  that  the  increase  of  connective  tissue  in  muscu- 
lar atrophy  is  due  to  the  formation  of  this  tissue  rather 
than  to  an  increase  of  true  connective  tissue.  In  prepar- 
ations stained  by  Mallory's  differential  stain  for  connec- 
tive tissue,  however,  it  may  be  plainly  seen  that  this 
tissue  gives  the  reaction  of  true  connective  tissue,  s(j  that 
we  may  conclude  that,  if  it  be  derived  from  muscular 
tissue,  it  has  acquired,  not  only  the  morphological,  but. 
also  the  chemical  characteristics  of  connective  tissue.  It 
seems  more  probable,  however,  that  the  muscle  degener- 
ates on  account  of  the  poor  nutrition  of  the  tissue,  and 
that  the  increase  of  connective  tissue  is  due  to  the  well- 
known  tendency  of  connective  tissue  to  replace  lost  tis- 
sues and  to  fill  spaces  where  it  is  needed.  The  fate  and 
sio-nificance  of  the  multinuclear  forms  have  been  consid- 
ered by  many  authors  and  have  been  generally  regarded 
as  attempts  at  regeneration.  Fujinami,  however,  be- 
lieves that  in  purely  degenerative  processes,  cells  mor- 
phologically identical  with  the  myoblasts  of  regenerating 
muscle  may  be  found,  and  that  in  these  cases  they  should 
not  be  interpreted  as  having  a  regenerative  significance 
but  rather  as  degenerative  forms.  While  this  point 
seems  to  need  further  investigation,  Fujinami  s  view  re- 
ceives confirmation  from  the  fact  that  these  multinuclear 
forms  are  quite  as  numerous  in  the  most  extreme  degree 
of  muscular  degeneration,  where  no  tendency  to  repair 
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seems  to  be  present  or  is  to  be  expected,  as  in  areas  less 
severely  affected. 

Progressim  muscular  dystrophy,  in  its  simple  form,  pre- 
sents a  very  similar  pathologic  picture  to  that  described 
for  neuropathic  atrophy.  The  pseudohypertrophic  f  orni, 
liowever,  is  characterized  by  a  marked  formation  of  adi- 
pose tissue,  formed  probably  from  the  proliferated  cells 
of  the  endomysium,  although  Kroesing  states  that  it 
arises  from  a  metaplasia  of  the  muscular  tissue  into  adi- 
pose tissue.  This  myogenous  adipose  tissue  is  distin- 
guished from  true  adipose  tissue  by  the  presence  of 
fi-agments  of  muscle  or  by  remains  of  muscle  structure 
or  arrangement.  In  this  form  of  atrophy,  as  in  the 
others,  the  muscle  fibres  are  more  or  less  atrophied.  A 
true  hypertrophy  of  the  muscle  may,  however,  accom- 
pau}'  the  increase  of  connective  and  adipose  tissue,  as  in 
the  case  reported  by  Durante,  in  which  many  of  the  cells 
attained  a  diameter  of  180  m;  the  nuclei  were  greatly  in- 
creased in  number,  being  arranged  either  in  long  lines  or 
in  a  circle  surrounding  the  fibre.  Vacuolation  and  gran- 
ular degeneration  were  also  noted  in  these  fibres.  Du- 
rante believes  that  the  muscular  hypertrophy  in  this  case 
was  congenital  or  was  developed  in  early  life,  while  the 
degenerations  and  elephantiasis  were  probably  of  much 
later  growth. 

Thomsen's  Disease,  or  Myotonia  Congenita,  is  a  special 
form  of  muscular  dystrophy,  which  is  hereditary  and 
congenital  and  afEects  numerous  members  of  the  same 
family.  It  is  characterized  clinically  by  the  occurrence 
of  tonic  cramps,  when  the  patient  attempts  to  move. 
A  case  recentlj-  described  by  Koch  maybe  taken  as  typi- 
c-d\  of  the  affection.  The  patient  was  twenty-one  years 
old  and  his  musculature  was  well  developed.  The  prin- 
cipal symptom  of  the  affection  was  stiffness,  slowness, 
and  difficulty  of  motion,  especially  when  first  beginning 
to  move,  but  wearing  off  later  as  the  effort  was  continued. 
This  s.rmptom  had  been  noticed  since  earlj'  childhood. 
The  cramps  are  usually  painless  and  may  affect  the  limb 
muscles,  the  eye  muscles,  and  the  muscles  of  mastication, 
but  the  extremities  are  the  parts  most  involved.  The 
involuntary  muscles  are  spared.  Cold  and  nervousness 
ma_y  cause  an  increase  of  the  affection,  while  systematic 
muscular  exercise  is  beneficial.  The  affection  is  rarely 
cured,  although  it  does  not  endanger  the  life  of  the  pa- 
tient. Erb  describes  an  increase  of  the  interstitial  con- 
aective  tissue,  with  marked  hypertrophy  of  the  muscle 
fibres.  The  finer  details  of  structure  may  also  be  slightly 
altered,  the  striations  being  less  distinct  than  normal,  the 
fibres  appearing  more  homogeneous,  but  often  vacuo- 
lated. Koch  describes  a  longitudinal  cleavage  of  the 
muscle  fibres,  causing  an  increased  number  of  fibres.  He 
states  that  amitotic  division  of  the  muscle  nuclei  was 
observed,  resulting  in  the  formation  of  the  long,  slender 
cells  containing  rows  of  nuclei,  such  as  are  observed  in 
degenerative  and  regenerative  processes. 

Degbnbkations. — While  the  various  forms  of  muscu- 
lar degeneration  have  been  variously  classified,  it  may  bo 


Tio.  3418.— Hydropic  DeReneratlon  of  Voluntary,  Striated  Muscle. 
(Ziegler.) 

noted  that  they  all  tend  to  occur  together,  wherever  the 
muscle  is  exposed  to  unfavorable  conditions.  Progres- 
sive muscular  atrophy,  whether  of  nervous  or  of  muscular 
ongm,  may  be  accompanied  by  any  or  all  of  the  degener- 
ative processes,  while  inflammations,  injuries'of  muscle, 
and  tumors  are  all,  to  a  greater  or  less  extent,  surrounded 
by  areas  of  degenerated  muscle.  One  of  the  most  com- 
nion  and  at  the  same  time  the  most  serious  degeneration 
affecting  striated  muscle  is  the  gnnmlar  or  iwoteid  degen- 
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eraticm,  also  known  as  cloudy  swelling.  The  fibre  is  usu- 
ally enlarged,  the  striations  are  less  distinct,  the  cell  ap- 
pearing distinctly  granular.  The  granules  are  not  fatty, 
since  they  do  not  react  to  osmic  acid  nor  dissolve  in  ether 
or  chloroform ;  they  dissolve  in  acetic  acid.  Durante  dis- 
tinguishes two  forms  of  granular  change^one,  which  we 
may  regard  as  physi- 
ological, due  to  ex- 
cessive activity  of 
muscle,  and  analo- 
gous to  the  granular 
change  in  gland  culls 
during  secretion. 
The  fibres  are  en- 
larged and  the  stria- 
tions are  indistinct 
on  account  of  the 
thickened  layer  of 
granular  sarcoplasm 
lying  between  the 
sarcolemma  and  the 
fibrils.  This  condi- 
tion is  usually  trans- 
itory, the  cell  return- 
ing to  its  normal 
state  as  soon  as  the 
conditions  which 
caused  the  change 
have  been  altered. 
If,  however,  the 
cause    persists,     the 

cell  may  undergo  fatty  degenei'ation  or  liquefaction  or 
coagulation  necrosis.  The  second  type  is  a  true  degen- 
eration, leading  to  the  death  of  the  cell,  and  occurs  in 
cachexias,  infectious  diseases,  myositis,  and  other  mus- 
cular affections. 

Hydropic  degeneration  of  voluntary  muscle  occurs  es- 
pecially in  suppurative  inflammations,  chronic  cedemas, 
etc.,  and  is  characterized  by  the  presence  of  clear  vacu- 
oles in  the  protoplasm.  Fresh  muscle  thus  affected  ap- 
pears pale  and  watery.  It  may  be  distinguished  micro- 
scopically from  simple  cedema  of  muscle  by  the  fact  that 
the  muscle  nuclei  staiu  poorly  in  case  of  degeneration. 

Fatty  degeneration  occurs  in  an  extreme  degree  in  cases 
of  phosphorus  poisoning  and  to  a  less  degree  in  tuber- 
culosis, in  fevers,  intoxications,  etc.  The  muscle  cells 
show  fat  globules  in  their  protoplasm,  which  therefore 
appears  peculiarly  reticular.  These  may  merge  into 
larger  fat  droplets.  These  cells  stain  poorly  in  eosin,  so 
that  a  fibre  undergoing  fatty  degeneration  appears  hazy 
and  mottled,  while,  after  treatment  with  osmic  acid,  the 
droplets  show  the  characteristic  black  reaction.  The 
muscle  nuclei  may  also  show  the  characteristic  degener- 
ative changes. 

In  cases  of  inflammations,  fevers,  intoxications,  and 
in  the  neighborhood  of  malignant  tumors  may  be  found 
fibres  undergoing  simple  necrosis;  these  are  larger  than 
normal,  show  no  transverse  striations  and  no  nuclei,  and 
the  entire  fibre  takes  an  indifferent  bluish-red  color, 
when  stained  with  hsematoxylin  and  eosin.  In  chronic 
oedema,  suppurative  inflammation,  etc.,  the  muscle  fibres 
may  undergo  liquefaction  necrosis.  The  fibres  at  first 
appear  enlarged,  vacuolated,  or  granular,  and  finally 
dissolve  in  the  fluids  in  the  surrounding  tissues.  Zenker 
has  also  described  a  waxy  or  hyaline  necrosis  of  the  mus- 
cle fibres,  occurring  in  typhoid  fever.  It  may  also  oc- 
cur in  any  severe  fever,  in  acute  tuberculosis,  in  sepsis 
and  variola,  and  also  in  wounds,  inflammations,  and  to  a 
limited  degree  in  all  the  pathological  processes  which 
may  result  in  the  degeneration  of  voluntary  muscle.  If 
the  degeneration  is  of  wide  extent,  the  affected  muscle  is 
soft,  white  and  translucent,  resembling  fish-flesli.  The 
softening  may  lead  to  more  or  less  extensive  hemorrhages 
in  the  muscle.  The  muscles  most  frequently  severely 
affected  are  the  psoas,  the  abdominal  muscles,  and  the 
muscles  of  the  thigh.  The  muscle  fibres  are  of  irregular 
size  and  form,  many  of  them  being  swollen.  The  cross 
striation  is  lost,  at  least  in  many  areas,  and  a  peculiar 
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fihvlS^  n    T^'i'^y  mass  appears  in  the  protoplasm    the 
hi  letnally  breaking  up  into  irregular  hyaline  masses 
which  are  afterward  absorbed.     The  hyaline  ma^s  usu 
ally  stains  poorly  with  the  ordinary  stains,  burmav  re 

wSleln'the  V  n  P-  '"'"''r  '?  ^«'S^^*'«  Abiin'sUn, 
Ti,„  L  1-  ^^'^  ^'^^°^  ^*^™  i*  ™ay  react  like  colloid 
The  hyaline  mass  may  fill  the  entire  cell  or  occupy  only 

surrounded''^*''''"  Pf"^""''  ^^^^Seneons  areafbdn^ 
surrounded  by  granular  sarcoplasm,  while  some  areas 
may  appear  striated  and  quite  normal.     The  01^161  may 
iTfp^/^  degenerate,  while  in  milder  cases  they  may  3 
A?I,1       ."^  lead  to  the  regeneration  of  the  muscle  fibre 
A  eucocytic  mfiltration  of  the  intermuscular  connective 
tissue  may  precede  or  accompany  this  degeneration      In 
senile    gangrene,    decubitus,    infective    inflammations, 
burns  freezing  and  in  lowered  nutrition  of  the  skin  and 
subcutaneous  tissues,  the  voluntary  muscles  may  under- 
go gangrenous  changes,  the  muscles  becoming  brownish 
black    or  greenish  in  color,  breaking  up  into  shreds  or 
bquefying,  ov  if  exposed  to  the  air,  undergoing  mum- 
mification.    Microscopically,   the  muscle  fibres  present 
the  picture  of  liquefaction  or  coagulation  necrosis,  the 
fibres  losing  their  form  and  striation.     A  marked  leuco- 
cytic  infiltration  accompanies  this  process,  while  blood 
pigment  and  crystals  of  cholesterin  and  triple  phosphate 
are  otten  found.     In  mummification,  the  cells  shrink  and 
lose  their  form  and  nuclei  and  finally  appear  like  horn 
Not  unlike  a  liquefaction  gangrene  is  the  degenerative 
process  described  by  Hoen  as  occurring  in  the  striated 
muscle  fibres  of  the  uvula.     This  is  characterized  by  a 
bleb-like  change,  associated  with  pigment  formation  and 
nuclear  proliferation.     The  sarcolemma  is  raised  by  the 
vesicles,  each  of  which  contains  a  nucleus,  so  that  the 
liquefying  process  seems  to  begin  in  the  undifferentiated 
sarcoplasm   surrounding  the    nucleus.     Cross    striation 
can  still  be  seen  in  places,  but  the  longitudinal  striation 
is  replaced  by  wavy  and  undulating  lines,  due  to  the 
twisting  of  the  fibrillse.     The  final  stage  of  the  degen- 
erative process  shows  masses  of  large  blebs,  contain- 
ing small,  large,  and  misshapen  nuclei,  with  pigment, 
through  the  middle  of  some  of  which  runs  a  shadow  sug- 
gestive of  a  muscle  fibre.     Even  in  such  a  mass,  some 
fibrils  may  be  found  which  still  show  striae. 

Fragmentation  and  Fibrillation. — In  necrosis  and  in 
most  of  the  degenerative  and  other  pathological  states  of 
muscle,  fibres  may  be  found  which  are  breaking  up 
either  longitudinally  into  long  fusiform  fibrils,  or  trans- 
versely into  irregular  plates  or  discs  of  muscle  substance. 
Often  the  fibril  can  be  traced  to  the  point  where  it  joins 
the  parent  fibre.  The  process  results  in  the  atrophy  of 
the  main  fibre,  while  the  fibril  vifhich  has  been  split  off 
may  either  develop  into  a  new  muscle  fibre,  as  in  the  re- 
generation of  muscle  by  the  proliferation  of  its  nuclei, 
or  it  may  still  further  degenerate,  either  shrinking  into 
threads  so  that  the  tissue  closely  resembles  fibrous  con- 
nective tissue,  or  undergoing  fatty  degeneration  and 
forming  a  tissue  resembling  adipose  tissue.  Warthin 
states  that  "amyloid  degeneration .ot  voluntary  striated 
muscle  is  rare  and  occurs  especially  in  the  muscles  of  the 
tongue  and  larynx.  The  deposit  begins  in  the  capillary 
walls  of  the  endomysium  and  may  extend  around  the  sar- 
colemma, causing  an  atrophy  of  the  fibre.  The  atrophic 
fibre  then  appears  as  if  surrounded  by  a  glassy  hyaline 
substance.  Ultimately  the  fibre  disappears  and  the  con- 
fluence of  the  deposit  leads  to  the  formation  of  nodular 
masses. "  The  presence  of  pigment  in  voluntary  muscle 
fibres,  in  the  so-called  brown  atrophy,  has  already  been 
mentioned.  The  pigment,  known  as  haemofuscin,  ap- 
pears as  brown  or  yellow  granules  in  the  neighborhood 
of  the  nuclei  and  it  indicates  a  degeneration  of  the  mus- 
cle substance.  The  degenerative  processes  in  voluntary 
muscle  caused  by  experimental  section  of  the  nerve  have 
been  well  described  by  Ricker  and  Ellenbeck.  Chroma- 
tin granules  appeared  in  the  nucleus  on  the  twenty-third 
day.  The  nuclei  appeared  shorter  and  broader,  even 
spherical,  with  loosening  of  the  chromatic  network.  The 
muscle  and  nuclei  showed  cedematous  changes.  The  di- 
vision of  the  nuclei  was  by  direct  fragmentation,  no 
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n  nul  /  ^^^  ^.''"^S  found.  The  authors  regard  this 
nuclear  fragmentation  as  a  degenerative  process  not 
leadiBgo  the  regeneration  of  the  muscle  The  r^uscle 
fibres  showed  atrophy,  but  very  slowly  deyelonhiT 
while  the  protoplasm  showed  vacuolation  and  transverfe 
There  ilr/fi  diminishing  distinctness  of  striattan 
Iheie  was  at  first  an  increase  in  the  amount  of  fat  in  the 
ntermuscular  connective  tissue,  followed  by  diminu 
tm,«  w  1  ?'''?.'''  ^^"^  ^*^  ^''*  hypereemic  and  cEdema- 
pZL  f  ''"'  P-'^"*"?"  anfemic.  There  were  also  an  in- 
crease of  connective  tissue  and  a  narrowing  and  hyaline 
deposition  in  the  intermuscular  capillaries.     The  changes 

™Zr  thf  \"^i?  ^l  -"^T  *°  disturbances  of  circulation 
rather  than  to  direct  influence  of  nerve  section 

^n^^o^^-^T"^  7^?i  carefully  studied  the  processes  in- 
volved in  the  calcification  of  striated  muscle,  both  experi- 
mentally in  animals  and  by  observation  of  men  He 
concludes  that  the  lime  salts  are  deposited  in  muscle  un- 
der certain  conditions,  as  after  the  suture  of  a  wound  in 
the  muscle.  The  calcification  takes  place  after  the  fibres 
have  undergone  a  colloid  degeneration.  When  the  lime 
salts  are  absorbed,  the  calcified  fibre  disappears.  The 
calcification  of  muscle  is  therefore  a  local,  secondary 
process,  which  stands  in  relation  with  the  local  disturb- 
ance of  circulation. 

Regenekation  op  Voltjhtaey  Muscle.— In  embry- 
onic hfe,  striated  muscle  fibres  develop  from  mesodermic 
cells,  each  fibre  being  formed  by  endogenous  prolifer- 
ation of  the  nuclei  of  a  single  cell.  This  is  the  view  ad- 
vanced by  Remak,  Schultze,  KOUiker,  Zenker,  and  many 
others,  who  contend  that  the  growth  both  in  length  and 
thickness  takes  place  by  this  nuclear  proliferation,  while 
the  protoplasm  changes  into  the  contractile  substance  of 
the  muscle  fibre.  This  view  is  opposed  by  Hoffmann 
Waldeyer,  Kroesing,  Durante,  and  many  others,  who  be- 
lieve that  the  muscle  increases  in  length  only  by  en- 
dogenous division  of  the  nuclei,  while  the  increase  in 
thickness  is  brought  about  by  the  apposition  and  fusion 
of  numerous  fusiform  cells.  Experimental  degeneration 
of  muscle  has  been  brought  about  by  tenotomy,  by  neu- 
rotomy, and  by  sectioning  the  muscle  fibre  itself.  Nu- 
merous experiments  have  also  been  undertaken  in  the 
transplantation  of  portions  of  muscle  taken  both  from 
the  same  animal  and  from  other  animals,  even  those  of 
a  different  species.  Salvia  transplanted  muscle  from  a 
rabbit  to  fill  the  space  made  by  removing  portions  of  a 
dog's  muscle.  He  states  that  the  result  was  perfectly 
satisfactory,  as  the  new  muscle  replaced  the  old  perfectly 
both  anatomically  and  functionally.  Others  have  claimed 
equal  success  in  similar  experiments,  but  Capurro,  in  a 
series  of  experiments  recently  reported,  gained  results 
which  were  only  partially  satisfactory.  The  result  of 
transplanting  free  pieces  of  muscle  was  negative.  By 
using  only  a  portion  and  leaving  a  pedicle  attached  dur- 
ing the  union,  he  was  able  to  secure  satisfactory  func- 
tional results.  He  observed  degenerative  changes  in  the 
muscle,_  such  as  simple  atrophy,  Zenker's  necrosis,  fibril- 
lation, increase  of  connective  tissue,  leucocytic  infiltra- 
tion, etc.  In  these  cases,  as  well  as  in  wounds  of  mus- 
cle, granulation  tissue  is  first  formed.  The  muscle  nuclei 
proliferate,  both  by  mitotic  and  by  amitotic  division,  and 
buds  of  sarcoplasm  containing  the  new  nuclei  grow  out 
from  the  ends  or  body  of  the  muscle  fibre  into  the  granu- 
lation tissue.  These  buds  at  first  show  no  striation,  but 
contain  many  large  nuclei  and  appear  like  epithelioid 
cells.  Then  in  the  sarcoplasm,  fibrils  are  formed  and 
thus  the  fibre  becomes  striated.  Several  new  fibres  may 
be  formed  from  one  bud  or  myoblast.  In  addition  to 
these  myoblasts,  free  multinuclear  cells  are  formed, 
known  as  sarcol3'tes.  These  are  not  in  connection  with 
the  original  fibre,  and  while  some  may  form  new  fibres  or 
unite  either  with  the  old  fibre  or  with  new  ones,  most  of 
them  probably  undergo  fatty  degeneration  or  necrosis. 
The  sarcolytes  may  resemble  the  myoblasts  in  section 
and  give  the  appearance  of  regenerative  effort,  even 
when  the  conditions  are  so  unfavorable  that  no  attempt 
at  regeneration  is  to  be  expected.  A  perfect  regeneration 
of  muscle  appears  to  be  possible  only  when  the  contrac- 
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tile  substance  is  but  slightly  injured  and  the  sarcolemma 
and  muscle  nuclei  are  intact,  as  after  freezing,  after  the 
degenerative  changes  of  typhoid  fever,  sepsis,  and  trivial 
traumatic  injuries  in  ^vhich  but  little  of  the  contractile 
substance  is  lost.  In  more  severe  injuries  the  regener- 
ation is  only  partial,  muscle  fibres  growing  out  from  the 
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ends  of  the  old  fibres  into  the  granulation  tissue  wliicb  at 
first  replaces  the  destroyed  muscle  (Warthin).  Volkmann 
states  that  regeneration  is  functionally  important  only 
after  typhoid  fever  and  freezing,  while  after  injuries 
the  regeneration  is  so  slight  that  function  is  not  restored 
unless  the  wounds  are  small.  Larger  wounds  heal  by 
the  formation  of  scar  tissue,  which  is  muscularized  from 
both  sides  and  ends,  but  only  for  a  short  distance. 
Transplanted  pieces  of  muscle  degenerate  and  are  re- 
placed by  scar  tissue,  which  is  in  the  same  way  muscu- 
larized for  a  short  distance  from  the  sides  and  ends. 
Kilmmel,  however,  reports  a  case  in  which  he  sutured  the 
ends  of  muscle  which  were  from  8  to  10  cm.  apart,  and 
secured  almost  perfect  restoration  of  function  after  six 
months.  The  differences  in  the  reported  results  may  de- 
pend upon  different  nutritive  or  nervous  conditions,  but 
it  would  seem  from  the  majority  of  tlie  reports  that,  while 
voluntary  muscle  does  regenerate  by  both  mitotic  and  to 
a  limited  extent  amitotic  division,  its  power  of  prolifera- 
tion is  extremely  limited  and  does  not  extend  to  the  com- 
plete restoration  of  large  areas  of  destroyed  muscle  fibre. 
Changes  ijf  the  Muscular  Nerve  Endings. — The 
subject  of  degenerative  changes  in  voluntary  muscle  can 
scarcel}'  be  fully  treated  without  some  consideration  of 
the  changes  occurring  in  the  motor  and  sensory  nerve 
terminations  in  this  muscle.  I  am  not  familiar  with  any 
work  reporting  the  changes  in  the  motor  endings  in  hu- 
man muscle  occurring  under  pathological  conditions,  but 
Huber  has  recently  reported  the  results  of  some  experi- 
ments on  rabbits,  in  which  he  crushed  the  posterior  tibial 
nerves,  afterward  studying  the  motor  and  sensory  nerve 
endings  in  the  interossei  muscles  by  means  of  the  intra- 
vitam  methylene  blue  method.  Till  the  end  of  the  first 
day  after  crushing  the  nerve,  the  motor  endings  pi'esented 
a  normal  appearance  and  the  muscle  responded  to  electri- 
cal stimulation  of  the  nerve  applied  below  the  point  of 
injury.  During  the  second  day,  changes  began  to  ap- 
pear in  the  motor  endings,  ushered  in  by  relatively  largo, 
usually  round  or  oval,  deeply  staining"  enlargements,  or 
varicosities,  varying  in  number,  size,  and  shape,  which 
were  found  on  the  arborizations  of  the  motor  endings. 
These  changes  did  not  aif  ect  all  the  motor  endings  at  the 
same  time ;  but  when  a  majority  of  all  the  motor  endings 
in  the  muscle  showed  the  nodular  enlargements,  the  mus- 
cle failed  to  respond  to  electrical  stimulation.  At  the 
same  time  the  nerve  fibre  showed  degenerative  changes 
at  its  distal  end.  Later,  the  arborizations  disappeared  or 
failed  to  stain  diflEerentially,  although  the  so-called  sole 
plate  sometimes  stained  a  faint  blue.     The  regeneration 


of  these  endings  was  observed  about  thirty  days  after  the 
experiment,  beginning  with  the  formation  of  fine,  vari- 
cose fibres  ending  in  a  small  granule,  and  passing  through 
various  transition  stages  to  an  ending  which  is  in  every 
respect  like  the  original  ending.  Not  until  numerous 
regenerated  motor  endings  were  found,  did  the  muscle 
again  respond  to  electrical  stimulation.  The  neuromus- 
cular nerve  end-organs  are  the  most  interesting  of  the 
sensory  nerve  endingS  found  in  voluntary  muscle  and 
have  been  subjected  to  the  most  careful  investigation. 
Sherrington  sectioned  the  sciatic  nerve,  causing  degener- 
ation of  the  nerve  fibres  and  complete  atrophy  of  the 
muscle  fibres,  but  found  the  intrafusal  muscle  fibres  of 
tlie  spindle  well  preserved  and  the  striation  retained  one 
hundred  and  fifty  days  after  the  section.  Eichhorst  re- 
ports the  presence  of  fat  globules  in  the  intrafusal  mus- 
cle fibres  of  neuromuscular  spindles  in  a  case  of  phos- 
phorus poisoning.  Grilnbaum  found  the  muscle  fibres 
atrophied  and  surrounded  by  hyaline  substance  in  some 
of  the  spindles  in  a  case  of  pseudo-hypertrophic  paralysis, 
while  Gudden  observed  atrophy  of  the  intrafusal  fibres  in 
a  case  of  alcoholic  neuritis.  Batten  examined  the  con- 
dition of  the  neuromuscular  spindles  in  cases  of  infantile 
paralysis,  tabes  dorsalis,  myopathy,  progressive  mus- 
cular atrophy,  and  peripheral  neuritis,  and  found  the 
muscle  spindles  normal,  except  in  one  of  the  three  cases 
of  tabes  examined.  After  injury  of  the  brachial  plexu,s, 
however,  which  resulted  in  complete  loss  of  motion  and 
sensation,  he  found  changes  in  the  spindles  one  year  after 
the  traumatism.  The  spindles  were  small,  the  intrafusal 
fibres  were  atrophied  and  granular  with,  indistinct  stria- 
tion, Avhile  the  nerve  fibres  going  to  the  spindles  were 
poorly  stained.  Batten  therefore  concludes  that  after  in- 
jury or  section  of  the  nerve  the  neuromuscular  spindles 
undergo  degenerative  changes  in  time,  but  much  later  than 
the  surrounding  muscle  fibres.  Laslett  and  Warrington 
found  the  spindles  unaltered  in  a  case  of  lead  paralysis 
examined  by  them.  Batten,  in  a  series  of  experiments 
upon  animals,  showed  early  degenerative  changes  in  the 
nerve  terminations  witliin  the  neuromuscular  end-organs, 
with  later  changes  in  the  form,  calibre,  and  aiTangement 
of  the  intrafusal  muscle  fibres,  but  he  was  unable  to  re- 
IDroduce  the  fatty  change  of  the  intrafusal  muscle  seen 
by  him  in  the  case  of  tabes  dorsalis.  Huber,  in  the  ex- 
periments previously  described,  found  that  the  mj'elin  of 
the  large  sensory  nerve  fibres  going  to  the  neuromuscu- 
lar and  neurotendinous  end-organs  showed  segmentation, 
and  that  the  nerve  fibres  within  the  organs  were  broken 
up  into  irregular,  deeply  staining  fragments,  which 
gradually  disappeared.  The  changes  in  the  sensory  nerve 
end-organs  did  not,  however,  take  place  until  the  third 
day  after  the  crushing  of  the  nerve.  No  degenerative 
changes  in  the  muscle  fibres  of  the  spindle  were  men- 
tioned by  him.  Regenerating  sensory  endings  were  seen 
by  him  on  the  forty -first  day  after  the  experiment,  but 
it  was  not  until  the  end  of  the  second  month  or  the  be- 
ginning of  the  third  month  that  the  nerve  endings  in 
these  organs  presented  an  appearance  similar  to  that 
found  in  the  normal  organs.  In  tlie  case  of  transverse 
myelitis  previously  described,  the  neuromuscular  nerve 
end-organs  showed  cedema,  the  layers  of  the  capsule  being 
widely  separated  by  clear  fluid,  and  the  muscle  fibres  also 
being  crowded  apart.  The  muscle  fibres  of  the  spindle 
did  not,  however,  show  any  marked  pathological  changes. 
In  the  neurotendinous  nerve  end-organs,  also,  Cattaneo 
and  others  have  demonstrated  early  changes  in  the  nerve 
endings. 

Inflamma'I'ions. — The  inflammatory  processes  in  vol- 
untary muscle  may  be  acute,  subacute,  or  chronic.  The 
true  inflammatory  conditions  are  largely  interstitial,  in- 
volving the  connective  tissue  of  the  endomysium  and 
perimysium  and  the  capillaries,  while  the  muscle  fibres 
undergo  degenerative  changes  as  a  result  of  the  changed 
nutritive  conditions  brought  about  by  the  presence  of  the 
inflammatory  exudate.  The  inflammations  may  be  the 
result  of  the  extension  of  an  inflammation  from  neighbor- 
ing tissues,  or  germs  may  be  carried  into  the  muscular 
tissue  through  the  blood  current.    Traumatism,  disturb- 
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ance  of  uutritiou,  and  vascular  changes  may  also  act  as 
l)Owerful  indirect  etiological  factors.  Myalgia  or  so- 
called  rheumatic  myositis  or  muscular  rheumatism  often 
affects  the  muscles  of  the  back,  neck,  or  the  intercostal 
muscles.  In  most  cases  it  is  probably  not  a  myositis  but 
a  neuralgia,  due  to  slight  twisting  or  laceration  of  some 
■  of  the  muscle  fibres.  Its  one  common  symptom  is  pain 
in  the  muscles.  It  usually  quickly  subsides,  often  spon- 
taneously. If  necessary,  anodynes  or  hot  applications 
will  generally  give  relief. 

In  acute  pare  iichyinatmtsmyositiK,  the  muscle  fibres  show 
granular,  hydropic,  and  fatty  degeneration,  Zenker's  ne- 
crosis, fragmentation,  fibrillation,  etc.  The  endomysium 
contains  large  numbers  of  leucocytes  and  is  oedematous, 
while  the  capillaries  and  blood-vessels  are  distended  and 
filled  with  blood  cells.  If  the  degenerative  changes  in 
the  muscle. fibres  are  not  too  severe,  recovery  usually 
takes  place  with  complete  restoration  of  structure  and 
function  of  the  affected  muscle.  This  comparatively 
mild  form  of  inflammation  occurs  after  slight  injuries,  in 
disturbances  of  circulation,  in  t3-phoid  fever,  and  in  the 
neighborhood  of  new  growths.  Trichina  C3''sts,  anthrax 
pustules  and  other  irritating  conditions  may  produce 
similar  processes  in  neighboring  muscles.  A  similar 
form  of  myositis  has  been  called  by  Froriep  monomyosi- 
tix.  It  arises  on  a  traumatic  or  infectious  basis  and  may 
lead  either  to  muscular  abscess  or  to  an  indurative  inter- 
.stitial  inflammation  wliicli  ends  either  in  repair  or  in  the 
formation  of  a  muscle  tumor.  The  course  may  be  acute, 
subacute,  or  chronic.  The  svmptoms  consist  of  extreme 
pain  in  tlie  affected  muscle,  generally  preceded  by  chill 
and  slight  rise  of  temperature.  Tliere  are  some  swelling 
and  oedema  of  the  skin  over  the  affected  part,  witli  swell- 
ing and  extreme  tenderness  of  the  affected  muscle,  which 
soon  becomes  vei'v  hard.  There  is  also  contracture  of 
the  affected  muscle,  with  some  diminution  of  the  elec- 
trical excitability.  A  more  severe  and  generall)'  fatal 
inflammatory  affection  is  known  &%  primary  acute  poly- 
myositis. This  is  infectious  in  character  and  is  accom- 
panied by  oedema  and  marked  swelling  of  the  overlying 
connective  tissue  and  hypersemia  and  even  exanthema 
of  the  overlying  skin.  The  clinical  symptoms  are  fever, 
pain,  tenderness,  and  loss  of  function  in  the  affected  mus- 
cles. These  symptoms  suggest  trichinosis,  and  Hipp 
suggests  the  name  pseudo-trichinosis.  The  resemblance 
indeed  is  at  times  so  striking  that  a  differentiation  can 
be  made  only  by  removing  portions  of  the  affected  mus- 
cle and  subjecting  them  to  microscopical  investigation. 
This  form  of  myositis  is  sometimes  known  as  dermato- 
myositis,  because  of  the  simultaneous  involvement  of 
the  skin  and  muscles.  Polymyositis  may  also  be  hemoi-- 
rliagic  in  character,  since  a  marked  extravasation  of 
blood  may  be  found  between  the  muscle  bundles.  Tliis 
usually  runs  a  chronic  course,  death  resulting  from  in- 
volvement of  the  heart.  A  case  of  this  kind  has  been  de- 
scribed by  Bauer;  The  affection  started  with  severe  pains 
in  the  legs,  after  which  swellings  gradually  developed  in 
various  regions  of  the  body.  The  general  condition  was 
poor,  sleep  disturbed,  appetite  impaired ;  the  patient  had 
fever,  and  his  face  was  reddened  but  not  oedematous. 
The  muscular  swellings  were  painful,  circumscribed,  and 
surrounded  by  a  doughy,  indurated  area.  These  showed 
areas  of  pigmentation  surrounded  by  a  violet  zone. 
Death  occurred  from  asthenia.  At  the  autopsy,  tlie  mus- 
cle in  places  presented  a  brownish-red  appearance,  with 
punctate  and  linear  pigmentation  and  in  other  places  a 
waxy -yellow  appearance.  The  muscle  fibres  were  partly 
normal  and  partly  degenerated  with  proliferation  of  the 
nuclei.  These  were  separated  by  a  hemorrhagic  exudate, 
which  in  some  places  showed  large  n umbers  of  leuco- 
cytes, so  that  a  purulo-hemorrhagic  effect  was  produced. 
In  this  case,  the  staphylococcus  was  found.  In  certain 
septic  cases  a  diffuse, "  purulent  infiltration  of  various 
muscles  may  occur,  this  condition  being  rarely  regarded 
as  primary  and  terminating  in  gangrene  of  the  muscle 
Ziegler  describes  a  case  of  phlegmonous  inflammation  of 
the  subcutaneous  and  intermuscular  connective  tissue 
near  the   pectoral  muscle,  resulting  from  an  infected 


wound.  Skin  phlegmons,  erysipelas,  decubitus,  and 
pur>dent  arthritis  may  also  cause  similar  suppurative 
muscular  affections.  The  muscle  is  swollen  and  softened 
and  may  be  mottled  yellow,  brown,  red,  and  greenish  in 
color.  The  pus  infiltrates  the  endomysium  and  may  bui-- 
row  along  the  sheaths  of  the  muscles  for  considerable  dis- 
tances. Small,  circumscribed  abscesses,  either  single  or 
multiple,  are  found  throughout  the  muscle  in  various  re- 
gions in  case  of  hsematogenous  infection.  These  small 
abscess  cavities  are  filled  with  pus  and  tissue  debris,  and 
are  surrounded  by  ODdematous  and  degenerating  muscle. 
These  small  abscesses  may  ho  absorbed  or  become  encap- 
sulated, while  larger  ones  break  and  discharge  their  con- 
tents, being  replaced  by  scar  tissue,  which  gradually 
contracts  and  is  partly  replaced  by  new-formed  muscle 
fibres.  The  scar  tissue  may  undergo  calcification,  while 
the  encapsulated  forms  may  become  either  calcified  or 
liquefied.  On  exposure  to  the  air,  this  greenish-black, 
gangrenous  muscle  evaporates  or  undergoes  mummifi- 
cation. Stierlin  has  described  a  ease  of  septic  total  ne- 
crosis of  muscles  resulting  from  wound  infection  with 
obstruction  of  the  artery  and  therefore  interference  with 
the  nutrition  of  the  part.  The  bacteria  were  gas-form- 
ing, putrefactive  bacteria.  Fragments  of  the  necrotic 
muscle  filled  the  abscess  cavities.  The  entire  process 
was  limited  to  the  musculature,  the  skin  being  unaf- 
fected. The  connective  tissue  and  lymph  and  blood 
capillaries  were  filled  with  innumerable  cocci,  forming 
a  network  around  the  muscle  cells,  which  appeared  in 
cross  section  as  homogeneous  red  discs  in  wliich  no  nu- 
clei could  be  seen.  Very  few  cocci  had  penetrated  the 
muscle  cells.  An  aciite  interstitial  or  productive  myositis 
may  also  be  distinguished;  it  is  progressive  in  char- 
acter and   generally  passes  into  the  chronic  form.     It 
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FIG.  3121.— Purulent  Myositis,  with  Necrosis  of  Muscle.    (Stierlin.) 

occurs  in  typhoid  fever,  chronic  irritations,  etc.  The 
primarv  changes  are  in  the  connective  tissue,  which 
proliferates  and  causes  a  secondary  degeneration  of  the 

muscle  fibres.  .  ■,        ^      i. 

Chronic  Myositis.— In  progressive  muscular  atrophy, 
whether  neuropathic  or  myopathic,  there  is  a  marked  in- 
crease of  the  intermuscular  connective  tissue,  so  that  the 
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small  muscle  bundles  are  separated  by  tliick  bands  oi 
connective  tissue,  or  the  muscle  may  be  entirely  replaced 
by  connective  tissue.  This  constitutes  tlie  condition 
known  as  chronic  interstitial  myositis  or  fibrous  myositis. 
It  may  also  occur  in  the  neighborhood  of  chronic  inflam- 
matory or  irritative  processes,  as  ulcers,  tumors,  para- 
sites, foreign  bodies,  etc.  It  may  also  attack  the  muscles 
in  the  neighborhood  of  inflamed  joints,  as  in  inflammatory 
rheumatism,  gout,  etc.  Acute  purulent  myositis  may 
be  follovred  by  a  condition  in  vfhich  the  abscesses  are 
walled  in  by  granulation  tissue  and  we  may  speak  of  it 
as  a  chronic  purulent  myositis.  This  occurs  most  fre- 
quently in  the  psoas  muscle.  While  the  condition  may 
follow  an  ordinary  pyogenic  infection,  it  is  far  more 
common  after  specific  infections,  such  as  tuberculosis, 
syphilis,  actinomycosis,  glanders,  gonorrhoea,  leprosy, 
etc. 

Tuberculous  Myositis  may  and  frequently  does  occur  in 
muscles  in  the  neighborhood  of  a  tuberculous  abscess  or 
some  focus  of  infection,  the  process  extending  directly 
into  the  muscle  from  the  infected  area,  as  in  the  muscles 
surrounding  a  psoas  abscess  or  caseating  lymph  gland,  ov 
in  the  intercostal  muscles  in  pyothorax  and  in  miliary 
tuberculosis  of  the  pleura.  Primary  or  hamatogenous 
tuberculosis  of  muscle  is,  however,  rare — a  fact  which  is 
explained  by  the  bactericidal  action  of  the  muscular  fluid, 
which,  as  Tria  states.  Is  more  efiicient  in  its  action  than 
the  fluids  of  any  other  tissues.  Cases  of  hfematogenous 
tuberculosis  of  the  muscles  have,  however,  been  de- 
scribed by  Habermaas,  MilUer,  Delorme,  Reverdin,  and 
Lanz  and  Quervain,  and  Steinthal,  the  latter  having  col- 
lected eight  cases  of  primary  tuberculosis  of  the  abdomi- 
nal muscles.  The  tuberculous  nodules  found  in  the  in- 
termuscular connective  tissue  present  usually  a  caseated 
necrotic  centre  surrounded  by  a  zone  of  lymphocytes  and 
epithelioid  cells  with  some  giant  cells,  and  this  is  sur- 
rounded by  a  zone  of  lymphocytes  and  connective  tissue. 
Blood-vessels  are  poorly  developed  in  these  areas.  The 
muscle  in  the  neighborhood  of  one  of  these  areas  may  be 
normal,  but  is  usually  atrophied,  while  the  muscle  nuclei 
are  increased  in  number  and  surrounded  by  a  clear  zone ; 
the  protoplasm  of  the  muscle  diminishes  as  the  nuclei  in- 
crease in  number,  so  that  finally  the  sarcolemma  appears 
filled  with  nuclear  masses.  As  the  muscle  degenerates, 
it  is  replaced  by  connective  tissue  into  which  the  tuber- 
culous foci  extend.  Here  they  consist  pt  lymphocytes 
mostly,  with  a  few  epithelioid  cells.  According  to  Petit 
and  Gruinard,  the  tuberculous  process  originates  in  the 
intermuscular  connective  tissue,  the  degeneration  of  the 
muscle  resulting  from  the  presence  of  cells  called  myo- 
phages,  which  send  processes  between  the  contractile 
fibrils  and  gradually  destroy  them.  In  none  of  these 
cases  were  the  tubercle  bacilli  demonstrated  microscopi- 
cally, but  the  history  of  the  case,  the  microscopic  appear- 
ance of  the  tissue,  and  the  positive  results  gained  by 
injecting  the  contents  into  guinea-pigs  made  the  diagno- 
sis unquestionable.  Tuberculous  myositis  must  be  dif- 
ferentiated from  syphilitic  myositis,  interstitial  myositis, 
actinomycosis,  echiuococcus,  and  benign  and  malignant 
tumors.  A  tuberculous  abscess  may  also  be  found  in 
muscle,  consisting  of  muscular  and  cellular  debris  sur- 
rounded by  a  thin  wall  of  granulation  tissue  poor  in 
blood-vessels. 

Sypliilitic  Myositis  may  be  diffuse  or  circumscribed. 
In  the  former  case  there  is  a  primary  diffuse  infiltration 
of  the  connective  tissue  with  a  secondary  degeneration  of 
the  muscle  fibres.  It  occurs  especially  in  the  later  stages 
of  syphilis  and  attacks  by  preference  the  muscles  of  the 
extremities.  It  is  characterized  by  a  painful,  indurated 
swelling  of  the  affected  muscle,  which  is  easily  difOereu- 
tiated  from  other  muscular  afEections  by  its  prompt  re- 
sponse to  antisyphilitic  treatment.  Muscle  gummata, 
while  not  infrequent  in  the  later  stages  of  syphilis,  have 
not  often  been  described.  They  may,  as  in  the  case  re- 
ported by  Eger,  develop  many  yeai's  after  the  syphilitic 
infection.  If  no  regressive  changes  have  taken  place, 
they  are  usually  indolent  in  theii-  course,  causing  no 
pain,  no  disturbance  of  function,  and  no  alteration  in  elec- 
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trie  excitability,  unless  by  their  excessive  growth  they 
press  upon  nerves  or  blood-vessels.  They  are  influenced 
more  or  less  readily  by  the  potassium-iodide  medication. 
The  large  tumors  may  caseate,  forming  deep  ulcers  or 
abscesses,  which  heal  readily  but  leave  indurated  scars, 
which  may  disturb  the  function  of  the  muscle.  In  the 
earlier  stages,  the  gummas  consist  of  very  vascular  gran- 
ulation tissue  which  may  be  mistaken  for  sarcomatous 
tissue,  but  later  the  characteristic  three  zones  develop, 
the  outer  consisting  of  vascular  granulation  tissue,  the 
inner  caseated  zone,  and  the  intermediate  zone  of  mature 
connective  tissue.  Giant  cells  may  be  present  or  absent. 
The  rich  blood  supply,  the  absence  of  tubercle  bacilli, 
and  the  response  to  antisyphilitic  medication  will  readily 
differentiate  these  nodules  from  those  of  tuberculosis. 

A  Case  ofOonorrluml  Myositis  involving  the  latissimus 
dorsi  has  been  described  by  Ware.  The  microscope  re- 
vealed a  picture  of  interstitial  inflammation,  with  cloudy 
swelling  of  the  muscle  fibres,  though  in  some  places  the 
striation  was  still  distinct.  There  was  some  proliferation 
of  the  muscle  nuclei,  showing  a  possible  tendency  to  re- 
genciration  of  the  muscle  fibres.  The  connective  tissue 
was  so  greatly  increased  that  the  muscle  fibres  were 
crowded  apart  and  compressed.  No  germs  were  found 
except  the  diplococci.  This  form  of  myositis  is  charac- 
terized by  the  intense  sclerotic  process,  which  is  so 
marked  a  feature  of  gonorrhoea!  inflammation  in  other 
localities.  The  process  generally  heals  b)'  the  formation 
of  connective  tissue,  which  usually  undergoes  resolution, 
although  cases  have  been  reported  of  ossification  of  the 
affected  muscles.  If  an  abscess  forms,  it  is  probably  due 
to  a  mixed  infection.  The  localization  of  gonorrhoea! 
myositis  is  probablj'  generally  due  to  extension  from 
neighboring  joints  and  bones,  though  it  may  sometimes 
result  from  metastasis. 

Leprous  Myositis. — Fujinami  describes  the  changes 
which  take  place  in  voluntary  muscle  in  cases  of  leprosy. 
The  muscle  is  crossed  by  white  strands  consisting  of  con- 
nective tissue  containing  many  fat  cells  and  numerous 
brown  pigment  granules  arising  from  degenerated  muscle 
fibres.  The  muscle  fibres  are  atrophied,  showing  either  a 
very  irregular  arrangement  of  the  striation  or  a  granular 
and  pigment  degeneration.  The  nuclei  are  increased  in 
number,  enlarged,  and  very  irregularly  arranged,  while 
many  of  them  take  the  stain  intensely  and  show  indistinct 
outlines,  so  that  they  appear  as  fused,  hyperchromatic 
masses.  The  changes  are  similar  to  those  observed  in 
muscular  atrophj',  in  the  neighborhood  of  tumors,  in  in- 
fiammatory  processes,  and  are  probably  due,  not  to  the 
direct  action  of  the  bacilli,  but  to  disturbance  of  the  nu- 
trition of  the  muscle,  perhaps  brought  about  by  chemi- 
cal changes  in  the  lymph  caused  by  the  growth  of  the 
bacilli.  Colonies  of  leprosy  bacilli  are  seen  between  the 
atrophic  muscle  fibres  and  in  the  connective  tissue,  and 
they  are  sometimes  seen  within  the  connective-tissue  cells, 
or  leucocytes. 

Actinomycotic  Myositis  is  not  at  all  common,  but  in  rare 
cases  a  focus  infected  with  the  ray  fungus  may.  either  by 
direct  extension  or  by  metastasis,  lead  to  an  infection  of 
voluntary  muscle.  The  infection  results  in  the  forma- 
tion of  nodules  of  granulation  tissue,  which  may  under- 
go fatty  degeneration  or  suppurate  and  form  abscesses. 
The  healing  of  these  nodules  leaves  areas  of  induration 
which  are  not  easy  to  distinguish  from  the  scars  of 
syphilitic  myositis.  An  inflammatory  affection  of  mus- 
cle may  also  be  due  to  an  infection  with  the  glanders  ba- 
cillus. This  leads  to  the  formation  of  many  small,  gray- 
ish abscesses,  containing  a  thin  fluid  in  which  the  germs 
are  found.  The  muscle  may  become  infiltrated  with  pus 
and  chronic  ulceration  or  abscess  may  result. 

Ani.m.vl  Parasites.  — Varieties  of  chronic  myositis  may 
also  result  from  the  presence  of  certain  animal  parasites, 
one  of  the  commonest  of  which  is  the  TricJdna  spira- 
lis. When  found  in  muscle,  it  is  in  the  encysted  stage 
of  its  development,  which  is  loiown  as  a  measle.  The 
poorly  cooked  measly  pork  is  eaten,  the  capsules  dis- 
solve in  the  gastric  juice,  the  embryos  develop  in  the  in- 
testine six  or  seven  days  after  the  ingestion  of  the  meat. 
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Fig.  3432.— Triebinse  Encysted  In  Voluntary  Mus- 
cle.   (Ziegler.) 


These  pass  into  the  muscles,  showing  a  preference  for 
the  diaphragm,  tongue,  intercostal  muscles,  neck,  larynx, 
and  thigh  muscles.  The  worm  penetrates  the  muscle 
fibre,  which  degenerates,  the  flhriUre  appearing  swollen, 

granular,    and 
with  indistinct 
strife.     The 
worm   is  soon 
surrounded  by 
a  clear,  homo- 
geneous    cap- 
sule, which 
later    becomes 
c  a  1  c  i  fled. 
There    are    at 
first  evidences 
of  acute  inter- 
stitial   inflam- 
mation in  the 
intermuscular 
connective  tis- 
sue, which  la- 
ter  disappear. 
The     clinical 
symptoms 
consist    of    ir- 
regular fever, 
gastro- intesti- 
nal    disturb- 
ances, typhoid 
symptoms, 
oedema  of  an- 
kles, pain  and 
tenderness    In    the    muscles.     Brown    notes  a  marked 
leucocytosis  in  acute  cases,  the  eosinophile  cells  being 
most  markedly  increased,  reaching  68.2  per  cent,  of  all 
the  white  blood  cells  present.     Muscular  changes  take 
place  similar  to  those  in  chronic  myositis— increase  of 
connective  tissue,   fibrillation  and  segmentation  of  the 
muscle  fibres,  with  granular  and  hydropic  degeneration 
of  the  muscle  fibres,  with  proliferation  of  nuclei  and 
thickening    of    the  sarcolemma  are  the  most  marked 
changes  noted.     Death  may  result  in  the  acute  stage  of 
trichinosis,  or  the  worms  may  become  encysted  withm 
calcified  capsules  and  create   no   further  disturbance, 
remaining  innocuous  during  the  life  of  the  individual. 
The  Cysticercus  celhiloam  may  sometimes  be  found  en- 
cysted in  muscle,  the  cyst  being  surrounded  by  a  firm 
fibrous  capsule,  the  whole  being  surrounded  by  a  zone 
of  inflamed  muscle  tissue.     The  Ecldmcoccus  may  be 
encysted  in  muscle,  although  it  is  far  more  prevalent  in 
the  liver  and  lungs.     The  capsule  is  dissolved  m  the  gas- 
tric iuice,  the  embryo  developing  and  making  its  way 
through  the  wall  of  the  stomach  or  intestme  and  either 
passing  through  the  portal  circulation  to  the  liver  and 
thence  to  the  heart  and  lungs,  which  are  the  regions  in- 
fected in  sixty-five  to  seventy-five  per  cent,  of  all  cases, 
or  wandering  actively  to  the  muscles  and  other  regions. 
Gerulanos  has  recently  collected  from  the  literature  two 
hundred  and  fourteen  cases  of  muscle  echmococcus,  one 
hundred  and  ninety-five  of  wJiich  were  single,   while 
nineteen  were  multiple.     Most  of  these  were  however, 
very  limited  in  number,  while  the  cysts  m  the  case  de- 
scribed by  Gerulanos  were  very  numerous,   varymg  in 
size  fromi  pinhead  to  a  man's  head.     Some  of  the  largest 
had  suppurated  and  contained  masses  of  pus,  while  othei  s 
showed  the  sconces  and  hooks,  and  others  contained 
nothingexcept  a  clear  yellowishfluid     The  tumors  were 
white  Ipaque,  and  either  smooth  or  lobulated,  surrounded 
by  a  fibrous  capsule.     The  question  of  the  origin  of  the 
multiple  cysts  is  one  of  considerable  importance.     It  is 
claimed  by  some  that  each  cyst  develops  from  a  single 
embryo,  by  others  that  one  cyst,  containing  an  embryo, 
is  formed  from  which  daughter  cysts  are   given  off; 
others  believe  that  the  rare  cases  of  multiple  echmo- 
coccus cysts  are  due  to  rupture  of  a  fertile  cyst  and  hence 
a    reinfection  of  the  surrounding  tissues.     Gerulanos, 
however,  thinks  that  in  his  case  at  least  the  multiple  m- 
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fection  was  due  to  an  active  wandering  of  the  embryos, 
which  follow  the  paths  of  the  loose  connective  tissue 
surrounding  the  large  vessels,  in  the  neighborhood  of 
which  these  colonies  were  usually  found.  In  the  case 
reported  by  Scholtz,  however,  the  hydatids  were  found 
on  the  outer  side  of  the  thigh,  far  removed  from  the  great 
vessels.  In  several  of  the  cases  reported,  trauma  was 
described  as  an  etiological  factor,  but  probably,  as  Geru- 
lanos suggests,  the  trauma  has  simply  called  attention  of 
the  patient  to  a  latent  tumor  which  has  existed  for  a  long 
time.  The  diagnosis  of  this  condition  must  be  based  on 
the  presence  of  an  elastic,  fluctuating,  dense,  slightly 
sensitive  tumor.  The  sensitiveness  will  of  course  depend 
on  the  exact  location  of  the  hydatid.  It  must  be  differ- 
entiated from  neoplasms  and  cold  abscesses.  The  elas- 
ticity and  fluctuation  indicate  fluid  contents,  while  the 
lobulated,  multiloeular  feeling  and  the  history  of  the 
case  will  generally  distinguish  the  echinococcus  cyst 
from  the  cold  abscess,  although  the  cyst  may  also  some- 
times be  smooth  and  spherical.  The  treatment  consists 
in  extirpation  of  the  tumors. 

Myositis  Ossificans. — Myositis  ossificans,  as  its  name 
implies,  is  a  disease  in  which  an  inflammatory  affection 
of  the  muscles  terminates  in  ossification.  Long  regarded 
as  a  pathological  curiosity,  it  is  still  a  comparatively  rare 
disease,  the  character  and  etiology  of  which  are  not  be- 
yond controversy.  Cases  of  pathological  ossification  nat- 
urally divide  themselves  into  two  great  classes:  those 
in  which  bone  is  formed  in  connection  with  bone,  an  ab- 
normal activity  of  the  cells  of  the  periosteum  being  the 
apparent  causative  factor,  and  those  in  which  bone  is 
formed  in  the  softer  tissues,  having  no  connection,  pri- 
marily at  least,  with  the  skeletal  bones  or  their  perios- 
teum. Myositis  ossificans  occupies  a  very  prominent 
position  in  this  second  group  of  cases.  Two  types  of 
this  disease  are  sharply  differentiated-  a  progressive  and 
a  stationary  form.  The  progressive  type,  known  as 
myositis  ossificans  progressiva,  is  distinguinhed  from  the 


FIG  3423.-Myositis  Ossificans  Progressiva,  Showing  Multiple  Osseous 
Timors  Forming  an  almost  Continuous  I.eflge  along  the  Spinal 
Cor"?nxation  of  the  Head,  Microdactylia  etc.   (Brennsohn.) 

localized  form  by  the  facts  that  many  series  of  muscle 
groups  are  attacked,  that  it  begins  m  youth  and  advances 
lith  occasional  periods  of  apparent  repose  followed  by 
exacerbations,  which  may  or  may  not  be  attributable  to 
any  known  exciting  cause.  This  type  is  much  mo  e 
easily  recognized  than  the  second,  so  that  most  of  the 
cases  mentioned  in  the  Hterature  belong  to  it.     The  ear- 
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liest  cases  of  myositis  ossificans  progressiva  were  reported 
in  the  Piiilosopliical  Transactions  of  1740.  In  tlie  same 
journal  in  1741,  Copping  gives  tlie  following  graphic 
description  of  a  case:  "Das  ganze  Rlickgrat  war  ein 
zusammenliangender  Knochen,  von  dem  sich  ein  scharfer 
Rand  erhob,  der  wie  cine  Haudhabe  aussah,  wonin  man 
das  Skelet  lialten  konnte.  Es  waren  ihm  jedes  Jalir  ans 
den  Fersen  Horner  gewachsen,  wie  die  Sporen  bei_  den 
Hahnen  und  die  Ueberwiichse  von  Knochen  waren  in  so 
grosser  Menge  da,  dass  es  eben  so  schwer  sein  wiirde  sie 
zu  zahlen  als  die  Stalactiten  in  der  Grotto  der  Calypso. " 
In  1869,  Munchmeyer,  giving  to  the  disease  the  name 
suggested  by  von  Dusch,  myositis  ossificans  progressiva, 
described  tlie  disease  so  accurately  that  little  has  been 
added  to  his  description  by  later  writers. 

He  declares  the  disease  to  be  a  constitutional  affection 
of  slow  course  with  periodical  exacerbations  followed  by 
periods  of  apparent  repose.  The  first  disturbance  of  tlie 
muscle  tissue  begins  with  a  marked  infiltration  of  the 
intermuscular  connective  tissue,  so  that  the  name  my- 
ositis ossificans  interstitialis  whicli  has  been  suggested  is 
not  inappropriate ;  the  second  stage,  that  of  connective- 
tissue  induration,  consists  of  an  excessive  growth  of  in- 
termuscular copnective  tissue  with  destruction  of  the 
striated  muscle  as  a  result  of  pressure  atrophy  or  fatlj' 
degeneration.  The  third  stage  is  that  of  ossification, 
which  begins  in  the  centre  of  the  affected  muscle  in  the 
connective-tissue  ground  substance.  The  disease  begins 
in  youth  with  local  swelling  and  later  loss  of  function 
and  ossification.  Sometimes  local  and  radiating  pain  is 
associated  with  it  and  also  slight  febrile  reaction.  Tlie 
skin  may  be  of  higlier  temperature  than  normal  and 
the  connective  tissue  may  be  oBdematous.  The  swelling 
may  disappear  after  from  two  to  four  weeks,  leaving- the 
muscle  hard  and  ossified,  a  condition  which  is  sometimes 
temporary,  but  generally  spreads  to  the  origin  and  inser- 
tion of  the  muscle  and  remains  permanent.  With  very 
'few  exceptions,  the  disease  makes  its  appearance  in  the 
muscles  of  the  bacli,  especially  in  those  of  the  upper 
portion  of  the  back  or  of  the  neck.  In  connection  with 
tlie  neck  muscles,  the  ligamentumnuchse  becomes  ossified 
and  tlie  long  muscles  of  the  back  generally  form  one  mass 
of  bone ;  latei',  the  muscles  of  the  scapulae  and  the  latis- 
simus  dorsi  are  involved ;  afterward  the  anterior  muscles 
of  the  neck  are  attacked  and  then  the  deltoid  and  the 
muscles  of  the  axial  space.  The  final  result  is  usually 
complete  fixation  of  the  head,  immobility  of  the  entire 
spinal  column  and  ankylosis  of  the  joints  of  both  shoul- 
ders in  the  position  of  adduction,  witli  fixation  of  tlie 
scapulfe.  Still  later,  the  muscles  of  the  arm  and  fore- 
arm may  become  inflamed  and  the  elbow-joint  anky- 
losed;  the  muscles  of  tlie  hand,  hovi^ever,  possess  almost 
complete  immunity.  In  tlie  further  course  of  the  disease 
the  muscles  of  the  pelvic  girdle,  the  glutei,  and  then  those 
of  the  lower  limbs  become  involved ;  only  at  the  last  and 
in  very  severe  cases  does  the  disease  extend  to  the  mus- 
cles of  the  jaw  and  of  the  palate,  while  the  face  muscles 
usually  remain  intact.  Milnchmeyer  notes  the  complete 
immunity  of  all  muscles  which  are  not  attached  to  bone 
at  both  extremities,  hence  of  heart  muscle,  of  the  dia- 
phragm and  sphincters,  the  muscles  of  the  eye,  of  the 
tongue,  the  facial  muscles,  the  muscles  of  the  genital 
regions,  and  the  muscles  of  the  abdomen.  This  immu- 
nity is  not,  however,  absolute,  since  Munchmeyer  notes 
the  occurrence  of  bony  tumors  in  one  case  on  either  side  of 
the  chin,  the  location  of  which  coincided  with  that  of  the 
triangularis  menti.  The  disease  rarely  advances  steadily ; 
it  is  quite  characteristic  that  there"  should  be  pauses 
which  may  last  for  years,  the  renewal  of  the  process  be- 
ing either  spontaneous  or  the  result  of  some  injurious 
influence.  Deformities  of  a  more  or  less  severe  degree, 
involving  the  position  of  the  head,  of  tlie  spine,  and  of 
the  extremities  result  from  the  fixation  of  the  joints,  from 
the  degeneration  and  loss  of  function  of  the  riiusoles,  and 
from  the  increase  and  subsequent  contraction  of  the  con- 
nective tissue.  Milnchmeyer  closes  his  detailed  descrip- 
tion of  this  rare  and  terrible  disease  with  the  following 
vivid  picture:  "At  first  deprived  of  only  a  few  not  very 
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necessary  motions,  the  patient  after  a  time  can  no  longer 
carry  food  to  his  mouth,  the  hip  and  kneoon  one  side  be- 
come immovable,  and  finally  walking  becomes  impossible. 
And  during  this  whole  long  time,  there  is  a  constant  al- 
ternation of  hope,  as  each  tumor  disappears  and  as  each 
pause  occurs,  and  the  sad  feeling  of  bitterest  disappoint- 
ment as  each  new  symptom  appears,  until  finally  all  hope 
is  gone,  the  mouth  can  no  longer  be  opened,  the  food 
can  be  introduced  only  through  an  opening  artificially 
made  between  the  teeth ;  even  swallowingand  speaking 
become  at  times  extremely  difficult.  Tlie  mental  condi- 
tion in  a  few  cases  indicates  perfect  resignation,  but  gen- 
erally deep  psychic  depression  prevails." 

Although' the  disease  is  a  comparatively  rare  one,  a 
careful  study  of  the  literature  has  resulted  in  finding 
seventy-eight  cases,  most  of  which  have  followed  the 
typical  course  which  has  been  described.  Exhaustive 
study  of  the  literature  of  this  disease  has  been  made  by 
Munchmeyer,  Pinter,  Pincus.  Roth,  and  others,  the  re- 
sults having  been  carefully  tabulated  by  Pincus. 

Little  is  known  regarding  the  etiology  of  the  affection. 
It  occurs  very  generally  in  youth,  with  very  few  excep- 
tions under  fifteen,  often  in  infancy,  but  Kronecker 
reports  a  case  beginning  at  fifty-four.  Males  seem  to 
exhibit  a  certain  predisposition  to  the  disease,  nine  of 
Milnchmeyer's  twelve  cases  being  males  and  thirty  of 
Roth's  thirty -nine.  Many  factors  are  mentioned  as  pre- 
disposing to  the  disease,  such  as  cold,  damp,  poor  hj-- 
gienic  surroundings,  insufficient  nutrition,  rheumatism, 
and  other  constitutional  affections.  A  congenital  predis- 
position is  naturally  suggested  by  the  fact  that  it  so  uni- 
versally occurs  in  early  childhood,  that  it  is  so  generally 
symmetrical  in  its  development,  and  also  by  the  fact 
that  it  is  often  accompanied  by  a  curious  congenital  mal- 
formation. This  is  microdactylie,  an  ankylosis  of  the 
phalanges  of  the  thumb,  and  a  lack  of  one  phalanx  of  the 
great  toe  on  botli  sides.  This  malformation  was  first 
noted  by  Florschlitz  in  1873,  since  which  time  it  has  been 
observed  in  about  seventy-five  per  cent,  of  all  cases  re- 
ported. While  this  is  the  most  common  abnormality 
noted  in  connection  with  this  affection,  other  anomalies 
are  mentioned,  such  as  hallux  valgus  and  other  malposi- 
tions and  incomplete  development  of  the  testis  and  other 
organs.  Lexer  has  described  quite  minutely  the  micro- 
scopical appearance  of  sections  taken  from  several  tumors 
removed  from  two  cases  of  myositis  ossificans  progres- 
siva. Near  the  periphery  of  his  preparations  he  finds 
quite  normal  muscle  fibres.  Nearer  the  centre,  the  mus- 
cle fibres  are  more  or  less  degenerated,  the  cross  stria- 
tions  lost,  the  muscle  nuclei  increased,  so  that  the  fibres 
in  many  cases  resemble  giant  cells;  the  fibre  is  bi'oken 
up,  while  the  intermuscular  connective  tissue  is  in- 
creased and  infiltrated  with  leucocytes,  especially  in  the 
neighborhood  of  the  capillaries.  The  connective  tissue 
contains  many  cells  of  different  forms,  arising  from 
division  of  the  connective-tissue  cells,  which  may  be 
regarded  as  fibroblasts,  while  in  some  places  may  be 
seen  cartilage  cells  with  formation  of  hyaline  cartilage. 
Nearer  the  centre  the  ground  substance  becomes  denser, 
the  former  connective-tissue  cells  lie  in  small  angular 
spaces,  and  the  formative  cells  lie  in  rather  regular  rows 
on  the  dense  tissue  which  comprises  the  osteoid  trabeculse. 
Later  tliese  become  calcified  and  thus  bone  is  formed. 
The  fact  that  these  tumors  consist  of  true  bone,  often 
with  all  the  structure  of  compact  bone,  is  noted  by  many 
authors,  who  have  not  given  so  detailed  a  description  of 
their  findings  as  has  Lexer.  The  degeneration  of  the 
muscle  fibres,  the  increase  of  the  connective  tissue,  and 
its  infiltration  with  leucocytes  are  noted  by  all  who  have 
examined  these  tumors  microscopically.  Kissel,  how- 
ever, reports  a  case  in  whicli  no  osseoustissue  was  found, 
although  the  clinical  picture  was  typical  of  the  disease. 
The  tumors  showed  only  young  connective  tissue  with 
remains  of  altered  muscle.  In  his  case  some  of  the 
tumors  disappeared,  leaving  no  trace,  while  others  broke 
down  and  a  puriform  liquid  was  discharged.  This  case 
improved  somewhat  under  treatment  and  was  regarded 
by  Kissel  as  an  incipient  stage  of  the  disease. 
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The  prof/nos,,  m  tins  disease  is  uiKlcniul)!,-  very  bad 
The  course  is,  however,  very  slow,  interrupted  by  many 
pauses  of    onger  or  shorter  duration,  and  death  dire  •    y 

the  disease  drags  its  slow  course  along,  the  patient  lie 
corning  more  and  more  helpless,  all  vital  functions  unim- 
paired, until  some  pulmonary  complication  or  some  other 
intercurrent  alfectiou  closes  the  scene 

r;r;(6Hn,!' seems  practically  useless;'  yet,  as  in  all  hope- 
less diseases,  many  remedies  are  tried,'|.artly  in  hope  of 
relieving  thenu.st  painful  symptr.ins,  and  perhaps  partly 
111  the  hope  that  the  diagnosis  may  be  wi'ong.  Anion..- 
the  remedies  suggested  are  thyroid  extract,  phosphori'c 
acid  sodium  salicylate.  In  a  few  cases,  extirpation  of 
the  tumor  was  attempted  in  the  earlier  stages  So  unani- 
mous IS  the  opinion  regarding  the  bad  prognosis  in  this 
■disease  that  we  may  well  be  doul)trul  of  llie  correctness 
of  the  diagnosis  m  those  cases  in  which  cure  or  pernuuieut 
improvement  is  noted. 

The  disease  has  S(jmething  in  common  with  inu.scnlar 
rheumatisni,  with  the  muscular  dystrophies,  with  iioly- 
myositis  acuta,  and  with  the  multiple  osteomata  but  the 
history  of  the  case,  the  order  of  advance  of  the  disease 
from  one  series  of  muscles  to  another,  the  symmetrical 
nature  of  the  affection,  with  the  characteristic  deformities 
resulting  from  the  jirogrcss  of  the  disea.se,  make  the  dia"-- 
nosis  easy,  especially  in  the  later  stages. 

Cases  of  myositis  ossificans  confined  to  single  muscles 
or  groups  of  muscles  arc  less  frequently  noted  in  the 
literature,  either  because  the  di.sease  is  less  easily  rec- 
ognized or  because  it  seems  less  striking  and  worthy 
of  note.  A  careful  study  of  the  literature  has  resulted 
in  finding  thirty -five  ca.ses.  Some  of  these  cases  followed 
a  single  severe  injury,  as  in  the  four  cases  reported  by 
Cahen,  in  which  the  growth  resulted  from  the  kick  of  a 
horse.  Other  cases  resulted  from  repeated  injury  or 
strain,  under  which  heading  we  may  include  the  ossifi 
cation  of  the  deltoid  and  arm  muscles  in  .'oldiers  and  of 
the  thigh  muscles  in  riders.  This  perhaps  includes  far 
the  largest  number  of  this  class  of  cases.  Then  we  have 
ossification  of  uuLscles  occurring  in  the  course  of  a  chronic 
inflammatory  process,  which  may  be  rheumatic,  syphi- 
litic, or  tuberculous. 

Cahen  describes  a  case  in  which,  six  weeks  after  a  kick 
had  been  received,  a  bou}-  tumor  was  found  about  13  cm. 
long  on  tlie  left  thigh,  corresponding  to  the  position  of 
the  biceps.  After  the  failure  of  other  modes  of  treat- 
ment, the  tumor  was  excised;  after  a  short  time  the 
tumor  returned  and  was  again  removed,  liiis  time  with 
the  periosteum,  to  which  it  had  become  adherent.  The 
sections  from  these  two  growths  present  somewhat  dif- 
ferent apiiearances.  At  the  peripher}-  of  the  section 
of  the  first  tumor  and  crowded  bj'  connective  tissue  con- 
taining man}'  blood-ve.s,sels  and  large  spindle  cells,  he 
finds  muscle  fibres  which  have  undergone  manj^  degener- 
ative changes — hj'aliue  degeneration,  increase  of  nuclei 
of  sarcolcmma,  loss  of  striation,  etc.  Near  the  centre  of 
the  tumor,  he  finds  irregularly  arranged  traliecuUe  of 
bone,  with  an  epithelium-like  lining  of  osteoblasts,  with 
many  lacunto  and  giant  cells,  and  the  spaces  filled  with  a 
marrow  extraordinarily  rich  in  blood-vessels  and  con- 
nective-tissue cells.  All  through  the  preparation  are 
scattered  bits  of  muscle,  the  relation  being  so  intimate 
that  single  muscle  fibres  are  completely  embedded  in 
bone.  In  the  sections  from  the  second  tumor,  no  mu,scle 
fibres  are  seen.  There  are  three  distinct  zones:  a  zone 
of  greatly  increased  connective-tissue  cells,  then  a  zone 
of  small-celled  hyaline  cartilage,  which,  by  ingrowth  of 
blood-vessels  and  giant  cells,  is  changed  into  bone. 
There  is  no  distinct  boundary  between  the  cartilage  and 
bone,  the  cells  becoming  smaller  and  losing  their  capsules 
while  the  intercellular  substance  becomes  denser,  more 
opaque,  and  stains  bluish-red  in  the  ha>matoxylin-eosin 
double  stain.  The  development  of  bone  in  all  cases  in- 
vestigated stood  in  direct  relation  with  an  increa.se  of  the 
intermuscular  connective  tissue. 

Lehman  describes  the  ease  of  a   woman  of  Ihirty-six 
years,  who  presented  herself  with  a  tumor  in  the  thigh 
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1,      i  ,    ".   lieen  developing  at  irregular  intervals  since 

h   Mhr        *'  ^"'"■-     7',"^  tumor%yas  extirpated  and 

m  tlie  tumor  mass.     Microscopical  examination  showe.l 
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Rejmovp(J  from  one  of  the  Tumors  in  a  Case  of  Myositis  Ossifleans. 
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a  large  amount  of  adipose  tissue,  permeated  by  bands  of 
altered  muscle.  The  changes  iii  the  muscle  were  as  fol- 
lows: 1.  Indistinctness  or  entire  loss  of  cross  striation; 
this  condition  is  called  "streifige  Degeneration  des  Mus- 
kets." 3.  Loss  of  longitudinal  striation — homogeneous 
appearance  of  muscle.  No  true  fatly  degeneration  was 
however  noted.  3.  Increase  of  muscle  nuclei,  as  is  seen 
in  atrophied  muscle.  These  changes  are  accompanied  by 
proliferation  of  connective-tissue  cells.  The  young  con- 
nective tissue,  in  the  course  of  its  maturing,  undergoes 
manifold  changes  until  from  it  peculiar  fibrous  or  osse- 
ous tissue  is  developed.  The  osseous  tissue  is  typical 
coin|iact  bone  except  that  the  lamellar  systems  are  irreg- 
nlarljr  arranged  and  differ  materially  in  the  size  and  age 
of  the  sy.stems.  In  some  portions  of  the  tumor  bone  was 
found,  in  others  musculo-conneclive  tissue,  and  in  others 
a  tissue  which  forms  a  transition  between  bone  and  con- 
nective tissue  and  might  be  called  osteoid,  since  the  struct- 
ure of  bone  is  distinct,  but  calcification  is  incomplete. 
Thisca.se  is  interesting  on  account  of  the  large  amount  of 
fat  tissue  developed  among  the  degenerated  muscle  fibres, 
so  that  Lehman  has  named  this  a  case  of  myositis  ossi- 
ficans lipomatosa. 

The  author  has  recently  reported  two  cases  of  myositis 
ossificans  limitata,  the  autopsies  on  which  were  performed 
by  Dr.  VVarthin.  One  of  these  cases  was  that  of  a  young 
farmer,   aged   twenty-three   years,   the  cause  of   whose 
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death  was  pulmonaiy  and  laryiiKcal  tuberculosis.  He 
died  April  Uth,  1897.  His  clinical  history  presents 
uothinn-  of  interest  in  this  connection  until  IMarcli  1st, 
1897  when  he  complained  of  pain  in  the  lett  leg.  On 
examination  the  left  let;-  and  foot  were  found  swollen, 
soft  and  a'deniatous.  The  thigh  was  also  swollen,  al- 
though less  than  the  leg.  On  March  38tli,  1897,  examina- 
tion showed  the  lett  leg  only  slightly  o?deuiatous  and  it 
was  no  longer  painful.  No  tumor  was  detected,  how- 
ever, and  a  marasmie  tliroinljus  was  believed  to  have 
caused  the  oidema.  The  autopsy  showed  a  very  general 
tuberculous  process.  Both  lungs  were  intiltratcd  with 
tubercles  and  contained  large  cavities.  Small  tubercles 
were  found  in  the  spleen,  liver,  adrenals,  and  kidneys, 
and  a  tuberculous  ulcer  in  the  lower  portion  of  the  ileum. 
The  bronchial  glands  contained  many  areas  of  caseation, 
the  mesenteric  glands  were  enlarged,  many  of  them 
caseated,  and  all  the  lymph  glands  of  the  body  were  en- 
larged. In  the  left  saphenous  vein  was  found  an  old  ob- 
turating thromlius,  which  extended  through  the  femoral, 
the  left  external  iliac,  and  into  the  left  common  iliac  and 
the  abdominal  vena  cava.  Around  the  wall  of  the  fem- 
oral vein  there  was  an  area  of  hypciTiemia  and  infiltra- 
tion, originating  apparently  from  an  enlarged  lymph 
gland  near  by.  This  gland  on  section  showed  infiltration 
and  caseation.  The  microscopical  appearance  was  as 
follows:  Both  femoral  vessels  were  nearly  or  quite  tilled 
by  thrombi  in  various  stages  of  organization.  The  entire 
section  showed  marked  hj'peramia,  all  the  smaller  ves- 
sels and  even  the  capillaries  being  di.stended  and  packetl 
full  of  blood  corpuscles.  The  connective  tissue  sur- 
rounding the  large  blood-vessels,  as  well  as  that  around 
the  smaller  ones,  was  infiltrated  with  leucocj'tes,  which 
were  especially^  numerous  in  the  tissue  around  the  cajul- 
laries.  This  leucocj'tic  infiltration  was  especially  marked 
in  the  intermuscular  connective  tissue  and  around  the 
capillaries  of  the  endomysium.  Many  of  the  leucocytes 
showed  degeneration  and  in  some  portions  of  the  sections 
larger  or  smaller  necrotic,  abscess-like  areas  were  found. 
Surrounding  these  necrotic  areas,  and  indeed  in  many 
portions  of  all  the  sections,  attempts  at  repair  were 
noticeable.  The  inflammatory  tissue  had  been  replaced 
by  a  new  granulation  tissue,  rich  in  small,  thin-walled 
blood-vessels  and  in  large  plate-like  cells  with  little 
fibrous  tissue.  The  most  marked  changes,  however, 
were  in  the  muscular  tissue.  In  addition  to  the  altera- 
tions in  the  intermuscular  connective  tissue  already  noted, 
various  degenerative  changes  in  the  muscle  were  observed. 


Fifi.  :f4i5.  —  Seclion  Thrf.nirll  Both  Tlivonihosecl  Fi'iiHirul  Vcksi-Is, 
Mlisiies,  Fat,  Conni'rtup  Tissm-,  iinrl  (iramilatlnn  Tissue- CnntainiiiT 
Plates  of  Bone.  i,i.  Muscl.- ;  /,,  Imnp;  ,■,  i-alrllli-atlun  ;  /,  llinMuhus 
Drawn  undei'  the  ilisseitiiin:  uii.Tiiscc.pK,  with  aid  (if  caiiipia  liiciila 
Magnified  about  eight  tliia-s.  Reduced  to  one-half  sizi;  of  drawiri" 
(BeWitt.) 

In  some  portions  <<(  the  sections,  especially  at  a  dislance 
from  the  centre  of  the  iiillammatory  area,  the  musc'le 
appeared  fairly  normal,  liotli  in  size  and  in  the  finer 
structure.  Nearthecentreof  the  iiillammatory  area,  how- 
ever, the  muscle  fibres  were  much  smaller,  of  Very  irregu- 
lar contour,  and  either  tapered  tcj  a  point  or  divided  into 
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numerous  bundles  of  finely  fibrillar  tissue  resembling- 
fibrous  connective  tissue.  The  cross  striation  was  lost 
and  in  some  even  the  longitudinal  striation  seemed  lost 
or  very  indistinct,  so  that  the  fibre  appeared  finely  gran- 
ular or  entirely  homogeneous.  In  some  places  a  muscle 
nucleus,  with  a  fusiform  fragment  of  saicoplasm,  was 
separated  oil  from  the  rest  of  the  cell.  The  nuclei  may 
be  absent  from  a  considerable  ]jortion  of  the  fibre  and 
crowded  together  at  one  end  or  at  one  side,  and  often 
a  small  fragment  of  muscle  containing  many  nuclei,  or 
even  a  mass  of  nuclear  suljstance  in  which  the  nuclear 
outlines  were  very  indistinct  was  seen.  Small,  isolated, 
fragments  of  muscle  could  be  seen  in  the  granulation 
tissue  and  even  in  and  near  the  infiammatoiy,  necrotic 
areas,  containing  numerous  nuclei  embedded"  in  homo- 
geneous-appearing protoplasm,  producing  the  appearance 
of  giant  cells.  These  may  be  interpreted  as  attempts  at 
regeneration  of  the  degenerated  muscle  fibre,  although 
probably  many  of  the  forms,  especially  those  in  the  ne- 
crotic areas,  were  degenerating  .sarcolytes.  In  addition 
to  the  simple  atrophy,  fatty  degeneration  and  Zenker's 
waxy  necrosis  were  noted. 

In  the  granulation  tissue,  which  .seemed  to  have  re- 
placed the  larger  infiammatoiy  areas,  were  irregularly 
branching  and  anastomosing  tiabecuhe  of  osteoid  tissue 
consisting  of  a  dense  matrix,  enclosing  rather  large  cells 
usually  not  surrouniled  by  a  capsule.  The  spaces  be- 
tween the  tralx'culai  were  filled  with  very  vascular  granu- 
lation tissue,  somewhat  resembling  bone  marrow.  Many 
of  the  large  cells  of  these  areas  were  arranged  on  the 
trabeculip,  like  the  layer  of  osteoblasts  on  the  trabeculse 
of  developing  bone.  Most  of  the  osteoid  tissue  had  un- 
dergone calcification,  at  least  in  the  central  portion,  so 
that,  according  to  Ziegler's  definition,  it  represented  a 
true  ossification  process.  It  maj'  be  added  that  some  of 
the  sections  were  stained  by  Sehmorl's  bone  stain,  and. 
while,  as  might  be  expected  from  the  short  duration  of 
the  process  and  the  thinness  of  the  trabecuUc,  no  structure 
of  compact  bone  was  to  be  seen  and  the  cells  did  not  show 
the  processes  so  characteristic  for  adult  bone  cells,  yet  in 
each  case  a  layer  of  greater  or  less  width  surrounding 
the  trabecuhc  gave  the  typical  color  reaction  given  by 
bone  to  that  stain.  In  some  of  the  sections  these  plates, 
of  heme  formed  a  nearly  continuous  ring  around  the  large 
blood-vessels.  In  others  they  were  scattered  throughout 
the  section  in  smaller  masses,  always  found  in  the  granu- 
lation tissue,  never  in  the  old  connective  tissue,  nor  in 
the  inflammatory  tissue  which  was  still  undergoing  re- 
trograde changes.  These  ossified  masses  were  found, 
not  only  immediately  around  the  femoral  vessels,  but 
also  extending  out  in"all  directions  between  the  degener- 
ating and  regenerating  muscle  fibres,  wherever  a  sufll- 
ciently  large  area  of  granulation  tissue  was  found.  The 
relation  of  the  plates  of  bone  to  the  other  tissues  in  the 
section  is  re]iresented  in  Fig.  o-l2.i.  In  the  marrow 
spaces  were  often  seen  bits  of'degeuerated  mtiscle,  atro- 
pliied,  non-nucleated,  and  apjiearing  homogeneous. 

13y  Uuna's  orcein  dilTereiitial  stain  and  "also  by  Wei- 
gert's  stain  for  elastic  tissue  it  was  shown  that  a  regenera- 
tion of  the  yellow  elastic-tissue  filires  was  taking  place 
in  the  granulation  tissue.  Altluuigh  the  patient  was  tu- 
berculous, no  tubercle  bacilli  were  found  in  the  enlarged 
lymph  glands  in  the  ueigliboihood  of  this  inllammatory 
process,  nor  was  the  structure  that  of  a  tubercde,  Ini't 
rather  that  of  a  simple,  necrotic  abscess.  The  changes 
in  the  tissue  indicate  that  the  intermuscular  infiainmation, 
I  he  changes  in  the  niiisde,  and  the  bone  formation  aiite- 
dateil  liy  a.  consideralile  period  the  thrombosis,  which 
was  probably  secondary  to  the  other  changes. 

Ill  the  second  case,  liie  clinical  history  presented  noth- 
ing of  iiileivst  except  the  fact  that  the  femur  was  broken 
alioiit  five  weeks  before  the  death  of  the  patient,  but  the 
fracture  was  not  in  the  immediate  neighborhood  of  the 
point  of  o.ssiHcation  of  the  muscle.  The  microscopical 
appearance  of  the  two  cases  was  identical  and  an  obturat- 
ing thrombus  was  found  in  the  femoral  vein  in  both. 
The  fact  that  in  these  two  cases  the  ossification  was  not 
discovered   until  the   autopsy  had   been  made  and  the 
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UssiU's  exumined  micr(,scoi)ically  is  (,f  interest  as  suj;Mr,,st. 
aig  the  i>.,ssib,lny  tliat  pathological  ossitieatiou  of  n^usele 
alter  mjuiy  or  nillaniinatiou  may  occur   mucli  more  Ire- 
queutly  than  is  senerally  supposed  or  than  can  he 
cied  Irom  tlic  literature,  since  such  au  ossifica- 
tu)n,  It  limiled  in  extent,   may  not  excite   any 
symptoms  tliat  «<.ul,l  lead  to  the  diagnosis  of 
luyositis  ossiticans.    When  tlie  diagnosis  is  made 
and   tlie  disturbance  i.s  sullicient  to  warianl   it 
operation   seems  to  oiler  great  hope  of    recov- 
ery,    la  tlie  cases  reported  by  Calien,  Eehniann 
Munvo,   and    others,   entire    extirpation   of    tlie 
tumor,  with  the  periosteum  in  cases  in   which 
the  bono  had  become  adherent  to  the  periosteum 
resulted  in   perfect  recovery.     :\Iucli    diirercnce 
ot  opinion  has  arisen  as  to  the  true  character  of 
the  boue  formation.     Vircliow  places  tlie  di.sease 
on   the   border    line   between    intiainmation    and 
new  growth  and  is  supported  liv  Lexer,  Bollin- 
ger, and  many  others.     Jlays  asserts  tliat  it  is  a 
true  tumor  and  is  supporti'd  )jv  Kummel   Pin- 
ler,     Helfericli,     Pineiis,    Partsch,     Calicn,'    and 
others.      Cahen  bases  his  a.ssumption  on  the  mi- 
croscopical appearance,    especially  on   the   fact 
that    new   connective   tissue,   cartilage,    osteoid 
tissue,  and  bone  are  founil  in  the  same  section, 
thus  showing  the  characteristics  of  an  atypical 
growth.     They  consider  tlie  intlamniatory  phe- 
nomena and  muscle  degeneration  to  be  second- 
ary   to    the   tumor   fcuniation.      Pincus,    after   a 
most  exhaustive   study  of  the  literature  and  of 
liis  own  cases,   arrives  at   the   conclusion    that 
myositis  ossiticans  progressiva  is  not  a  disease, 
but  undoubtedly  a  tumor  belonging  to  the  mul- 
tiple osteomata  and  exostoses  of  Vircliow.     He 
states  that  the  process  begins  in  the  periosteum, 
the   mu.scle  degenerating   secondarily,  and  that 
an  inborn,  not  hereditary,   constitutional    anomaly  lies 
at  the  foundation,   the   constitutional   anomaly  con,sist- 
iug  of  an  excessive  productivity  of  the  periosteum  and 
connective   tissue    of    the    locomotor  apparatus.      The 
<li.sease   needs   for   its   development   an    external  cause, 
which   may   be    trauma    or    rheumatism.     The    appar- 
ently  spontaneous  cases  arising  in  early  life  are  really 
of  traumatic    origin    and    due   to  intrapartum    injuries. 
Nicoladoni   advances   the    hypothesis   that   it   is  a  tro- 
phoneurosis,  comparable   to   jirogressive    muscular   at- 
rophy  and    pseud(]hypertrophy   of    muscle.      Electrical 
tests,   however,   indicate    the    absence    of    anj^    neuro- 
pathic  factor  and   the  disease  is   ju-obablj'  myopathic, 
and  either  primarily  inflammatory  in   character  or  hav- 
ing   the    priinaiy    characteristics   of    a    neoplasm.     In 
the  progressive  form  of  the  disease  many  of  the  tumors 
are  probably  neoplasms,  while  others,  as  would  seem  to 
be  indicated  by  Lexer's  description,  are  developed  on  au 
iuflanimatory  basis.     In  consequence  of  the  dilluse  inter- 
stitial myositis,  an  indifferent  granulation  tissue  arises, 
which  may  change  either  into  scar  tissue  or  into  cartilage 
and  bone.     In  the  mj'ositis  o.ssificans  limited  to  single 
muscles  or  groups  of  muscles,  the  primary  condition  is 
an  iuHaramatoiy  pu-ocess  in  the  intermirscular  coimcciive 
tissue  resulting  in  the  degenerati(m  of  the  muscle  tilires, 
either  from  simple  jircssure  atro])hy  or  from  fatty  de- 
generation, so  that  the  name  myositis  interslitialis  ossifi- 
cans seems   not  inapiiropriate.     Processes  ot  repair  are 
then  establi-shcd,  granulation  tis.sueiich  in tibroblasts  and 
small  blood-vessels,  in  ;(vljich  white  tilirous  and  yellow 
elastic  fibres  are  sparingl}'  developed,  is  formed.     Instead 
<if  changing  to  mature   connective   tissue,   however,   a 
portion  of  tliis  granulation  ti.ssue  changes  to  trabecule 
of  osteoid  tissue,  and  the  rest  into  boue  marrow  which 
fills  the  spaces  between  the  trabeciibe.     This  is  not  un- 
usual since,  as  is  well  known,  the  different  members  of 
the  conncctive-ti.ssue  grou])  change  with  great  readiness 
to  other  forms  of  connective  tissue.     Cold,  unsanitaiy 
suiTOundiugs,   trauma,  either  single  or  repeated,  irrita- 
tion, as  in  the  exercise  bones,  or  chronic  pathological 
processes  may  act  as  the  direct  causes  of  the  develofj- 


iiH'ut  of  the  disease.     This  might  be  satisfactory- 
fliology  ol   the  aftectioii,  '  •  ^ 


on   till 


.  wi-'re  it  not  that  the  excitiii"- 
eause  IS  otten  so  slight  and  trivial  that  we  cannot  helie^•7. 
It  sullicu^nl  lo  produce  the  di.sease  in  a  normal  in.lividual. 


t  \(i.  34..'b.— SectHiii  Tlirousrh  ;i  Few  Triiberuhe  nt  PiitliolcR-iual  liime  Foniiallijir 
^Mtli  Marrow  Spaces,  Sumiiindiiig  GraniUatii.n  Ttssup,  unci,  at  tljc  PeniiliHrv 
liefienei-alins:  Wuseli-  Ftliiw.  h.  Bone;  )/i,  ilea-nrraliliK  nmsi-le:  (/.  f;ranii- 
lation  tissue;  .s,  nianiiw  spaces;  u,  eaplllartcs  surnninaed  Ijv  counei-tive 
tissue  infiltrated  with  leucocytes.  Drawn  with  the  aid  nt  tlie  camera  liicida 
No.  -^  eyepiece ;  one-sixth  inch  objectiye.    Keduced  to  one-fourth.     (DeWitt.; 


This  is  especially  true  of  the  progressive  tvpe,  while  in 
the  stationary  form  of  the  disease  the  irritant  cause  which 
has  ojierated  on  hundreds  of  cases  has  produced  ossifica- 
tion in  very  few.  The  explanation  of  these  facts  has 
opened  a  large  held  for  conjecture  and  speculation. 
Vircliow  believes  that  in  these  individuals  there  is  an 
ossifying  predisposition,  either  hereditary  or  congenital, 
wdiich  he  calls  diathesis  ossificata  sive  ossea.  Maunz 
suggests  as  a  predisposing  causative  factor  a  disturbance 
ot  embryonic  development.  He  sa3rs;  "In  the  '  Anlagen  ' 
of  musculature,  where  in  later  life  pathological  bone 
formations  occur,  osteoblastic  nuclei  enter.  Tliese  nuclei 
remain  dormant  so  long  as  they  are  held  in  check  by  the 
physiological  resistance  of  the  neighboring  tissues.  If, 
how-ever,  this  be  weakened,  the  bone  Anla.gen  develo[i 
into  the  pathological  bone  formation."  He  extilaius 
in  a  similar  way  the  ocenrrence  of  exostoses  and  osteo- 
phytes which  are  so  frequently'  found  in  conjunction 
with  the  muscular  os.silicafion.  Those  who  favor  the 
view  of  einbrj'onic  disturbance  cite  the  frequent  occur- 
rence of  niicrodaetylie  in  this  disease  as  an  evidence  in 
favor  of  their  hj'pothesis.  Atavistic  influence,  misplaced 
periosteal  buds  and  osteoblasts,  etc. ,  have  been  suggested. 
Direct  heredity,  however,  seems  from  the  history  of  the 
cases  reported  to  have  very  little  influence.  Atavistic 
iiitlueiice  seems  to  be  contraiiidicatcd  by  the  fact  that  in 
the  hand  and  foot,  wdiere  splint  bones  are  most  comiuou 
in  the  lower  animals,  these  osseous  growths  rarely  occur. 
In  the  progressive  myositis  o,ssificans,  beginning  in  early 
life,  it  may  be  necessary  lo  admit  the  hypothesis  of  a 
congenital  condition  ciai.sisting  of  an  abnormal  activity 
of  the  osteoblastic,  or,  if  we  accept  the  Weismann  theory 
of  embiyonic  development,  the  itersistence  of  indifferent, 
undifferentiated  mesenchymal  cells,  which,  under  the 
requisite  conditiims  of  nutrition,  develop  abnormally  into 
nodules  of  fibrous  connective  tissue,  cartilage  and  bone, 
sometimes  in  connection  with  the  skeletal  bones,  some- 
times in  fascia,  tendons,  ligaments,  or  intermuscular  con- 
nective tissue.  In  the  localized  form  of  the  disea.se, 
however,  no  such  hypothesis  seems  to  be  necessary.  lu 
these  cases  granulation  tissue  is  formed,  a  new  couuec- 
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tive  tissue,  whose  cells  may  therefore  revert  to  the  un- 
differentiated, indifferent,  embryonal  cell  type,  mesen- 
chymal cells,  which  may  develop  into  fibrous  tissue, 
cartilage,  or  bone  according  to  the  prevalent  nutritive 
conditions.  ^        .       „ 

"Wounds  and  Injuries  op  Muscles.— Injuries  ot  mus- 
cle may  be  of  the  most  varied  degree  of  severity,  from  a 
slight  strain  or  sprain,  twisting,  or  laceration  of  a  few 
fibres  of  the  muscle,  which  results  in  the  so-called  my- 
algia, to  complete  severance  of  all  the  fibres  of  the  muscle. 

Myal(/ia  is  a  temporary  condition  of  pain  in  the  muscle, 
which  is  usually  neuralgic,  and  which  is  caused  by  a 
slight  traumatism,  with  possibly  an  inflammation  of  the 
muscle,  or  may  arise  from  an  acute  infectious  disease, 
from  syphilis,  or  from  some  toxic  agent,  as  mercury, 
alcohol,  or  lead.  The  affection  is  usually  but  trivial,  and 
is  cured  spontaneously,  especially  if  the  affected  part  is 
put  at  rest  by  the  use  of  splints  or  strapping.  Local 
applications  of  heat  and  anodyne  solutions  are  useful,  and 
the  pain  may  at  times  be  so  severe  that  hypodermic 
injections  of  morphine  may  be  necessary.  If  the  muscle 
fibres  are  weakened  by  disease  or  degeneration,  or  if  the 
strain  upon  the  muscle  is  too  great,  either  from  an  ex- 
ternal force  or  from  too  violent  and  sudden  contraction, 
the  muscle  may  be  fractured,  either  completely  or  par- 
tially. Fractures  and  lacerations  of  healthy  muscle  are 
rare  except  in  cases  of  sudden,  unexpected,  or  unusual 
contractions.  Such  accidents  are  more  common  among 
soldiers.  Certain  diseases,  however,  such  as  typhoid 
fever,  yellow  fever,  scarlet  fever,  and  other  severe  fevers 
weaken  the  resistant  power  of  the  muscle,  which  may 
undergo  various  degenerative  changes  which  make  it 
more  brittle.  The  rectus  abdominis,  the  rectus  femoris, 
the  adductors  of  the  tliigh,  the  calf  muscles,  the  psoas, 
and  the  flexors  of  the  forearm  are  the  muscles  most  fre- 
quently fractured.  The  symptoms  of  fracture  of  muscle 
are  quite  characteristic,  consisting  of  sudden  sharp  pain, 
with  a  sensation  of  giving  way  and  powerlessness  of  the 
muscle.  In  case  of  complete  rupture,  a  gap  is  immedi- 
ately formed  between  the  broken  ends  of  the  muscle 
by  the  contraction  of  the  parts,  and  this  gap,  which  can 
easily  be  palpated,  is  a  characteristic  feature  of  the  affec- 
tion. It  is  soon  filled,  however,  by  an  extravasation  of 
blood,  which  may  form  a  haematoma  of  greater  or  less 
extent  and  hence  a  prominence  in  place  of  the  depression. 
The  skin  becomes  discolored  usually  from  the  extravasa- 
tion of  blood.  "Wherever  muscle  is  lacerated,  whether 
the  tear  is  large  or  small,  blood  extravasates  into  the 
tissues,  except  in  those  cases  in  which  the  injury  is  very 
near  the  tendinous  extremity  of  the  muscle,  where  the 
vascular  supply  is  poor.  The  interference  with  the  func- 
tion of  the  muscle  depends  upon  the  extent  of  the  lacera- 
tion, the  use  of  the  muscle  being  lost  in  cases  of  complete 
rupture.  If  only  a  few  fibres  of  the  muscle  are  broken, 
recovery  is  usually  rapid  and  complete  and  the  function 
of  the  muscle  may  be  quite  well  restored  even  when  the 
injury  is  quite  extensive.  In  these  milder  cases  the  only 
treatment  usually  necessary  is  perfect  rest  of  the  affected 
part.  If,  however,  the  muscles  are  completely  torn 
across.  It  is  usually  necessary  to  suture  their  ends ;  and 
where  there  is  a  considerable  gap  between  the  ends,  it 
may  be  well  to  fill  in  the  interval  with  the  muscle  from 
an  animal  (muscle  grafting),  or  with  sutures  of  chromi- 
cized  catgut  or  kangaroo  tendon  to  act  as  a  framework 
for  the  reparative  material.  The  interval  is  at  first  filled 
with  granulation  tissue,  even  the  engrafted  muscle  un- 
dergoing degenerative  changes;  later  a  scar  tissue  is 
formed,  penetrated  in  places  by  the  regenerated  muscle 
fibres.  In  spite  of  the  experimental  work  on  muscle 
grafting  previously  mentioned,  the  consensus  of  opinion 
among  surgeons  and  pathologists  seems  to  show  that, 
while  the  function  of  the  muscle  may  be  fairly  well  re- 
stored, muscle  fibres  are  not  regenerated  in  sufficient 
numbers  to  fill  the  intervening  space.  At  times  the  in- 
jury results  in  the  formation  of  bone  in  the  granulation 
tissue,  following  the  law  of  the  metaplastic  tendencies 
of  the  connective  tissues.  In  some  cases  the  muscle  re- 
mains intact,  while  the  overlying  fascia  is  torn,  generally 
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as  the  result  of  the  imperfect  healing  of  some  former 
wound.  In  these  cases  the  muscle  may  protrude  through 
the  opening  in  the  fascia,  forming  a  muscle  hernia. 
Fere  collected  thirty-one  cases  of  muscle  hernia  in  epi- 
leptics, fifteen  of  which  were  symmetrical,  a  finding 
which  would  seem  to  indicate  a  certain  nervous  influence 
as  a  possible  etiological  factor  in  these  cases.  The  hernia. 
is  distinguished  from  a  neoplasm  in  the  muscle,  from  an 
aneurism,  etc.,  by  the  fact  that  it  disappears  entirely  or 
diminishes  in  size  when  the  muscle  is  at  rest,  becoming 
prominent  during  the  contraction  of  the  muscle.  Gen- 
erally the  opening  in  the  fascia  can  be  felt  through  the 
skin.  The  condition  may  often  be  attended  by  consider- 
able inconvenience,  pain  and  loss  of  function  of  the 
affected  muscle.  Rest  and  bandaging  are  usually  suffi- 
cient to  effect  a  cure  in  recent  cases.  In  cases  of  long 
standing  it  may  be  necessary  to  freshen  the  edges  of  the 
rent  and  unite  them  by  stitches.  It  is  distinguished  from 
fracture  of  muscle  by  the  fact  that  the  symptoms  usually 
develop  more  gradually  than  those  of  fracture.  It  affects 
the  adductor  muscles  by  preference.  Muscle  may  also 
be  more  or  less  completely  crushed  by  external  violence. 
The  results  of  this  as  well  as  of  other  injuries  of  muscle 
depend  upon  several  factors.  Apparently  identical  in- 
juries may  in  one  case  cause  only  temporary  disturbance 
of  function,  in  another  ossification,  and  in  another  paraly- 
sis, "young  tissues  tend  to  heal  more  readily  than  old. 
The  condition  of  the  muscle  at  the  time  of  the  injury, 
whether  at  rest  or  contracted,  has  a  marked  influence  on 
the  effect  of  any  traumatism.  The  nerve  fibres  which 
may  be  cut,  injured,  or  compressed  may  have  a  vital 
bearing  on  the  permanency  and  severity  of  the  functional 
disturbance.  Single  or  repeated  injuries  of  muscle  ma)- 
have  a  real  or  fancied  relation  to  the  development  of 
malignant  tumors,  a  fact  which  may  be  explained  by  the 
assumption  that  embryonic  tumor-tissue  germs  are  latent 
in  the  muscle,  which  are  either  excited  to  activity  by 
the  irritation  produced  by  the  traumatism  or  permitted 
to  grow  because  the  normal  resistance  of  the  tissues  is 
removed  or  diminished  as  an  effect  of  the  injury. 

II.  Involuntary  Muscle. 

Involuntary  muscle  has  a  wide  distribution,  occurring 
in  the  walls  of  the  digestive  tract,  blood-vessels,  skin,  in 
the  capsules  of  many  organs,  and  making  up  the  greater 
part  of  the  structure  of  the  uterus,  bladder,  and  other 
organs.  Its  structure  is  far  simpler  than  that  of  volun- 
tary, striated  muscle,  and  its  pathological  changes  arc 
therefore  less  complicated  and  have  received  less  atten- 
tion and  research.  It  consists  of  mononuclear,  fusiform 
cells,  cemented  together  to  form  bundles  or  membranes, 
which  are  separated  by  a  larger  or  smaller  amount  of 
connective  tissue.  The  pathological  processes  in  non- 
striated,  as  in  striated  muscle,  consist  of  inflammations, 
degenerations,  and  tumors.  Certain  abnormalities  may 
be  noted  occasionally,  such  as  the  presence  of  striated 
muscle  fibres  among  the  involuntary  muscle  fibres  of  the 
uterus.  These  may  be  due  to  the  metaplasia  of  non- 
striated  into  striated  muscle  or  to  the  misplacement  of 
embryonal  cells. 

The  pathological  processes  occurring  in  involuntary 
muscle  have  not  attracted  the  attention  of  investigators 
as  have  those  of  voluntary  muscle.  This  may  be  ex- 
plained, in  part  at  least,  by  the  fact  that  any  disturbance 
in  the  function  of  voluntary  muscle  causes  unmistakable 
symptoms,  while  in  most  cases  the  symptoms  of  change 
in  involuntary  muscle  are  masked  and  indefinite  and 
the  pathological  processes  in  it  are  often  not  recognized 
until  after  the  death  of  the  patient.  In  most  cases  of 
muscular  atrophy,  whether  neuropathic  or  myopathic, 
and  in  other  muscular  degenerations  the  statement  is 
made  either  that  the  involuntary  muscle  was  normal  or 
that  it  was  not  examined.  Certain  regressive  changes, 
analogous  to  those  which  occur  in  striated  muscle,  are, 
however,  observed,  having  been  described  especially  in 
connection  with  inflammations  and  tumors  of  the  myom- 
atous type.     (Edema  of  non-striped  muscle  is  frequently 
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noted.  Kenntmann  described  a  case  of  myometritis  cede- 
matosa,  in  which  the  muscle  fibres  of  the  uterus  became 
so  soft  and  oedematous  that  the  uterine  wall  was  perfo- 
rated by  a  sound.  Microscopical  examination  of  the  myo- 
metrium in  this  case  showed  the  muscle  bundles  separated 
by  large  clear  spaces,  equal  in  size  to  the  muscle  bundles 
themselves.  This  condition  was  especially  marked  in 
the  vascular  middle  layer,  in  which  the  blood-vessels 
presented  thickened  walls,  the  connective  tissue  of  the 
intima  being  especially  thickened.  The  muscle  cells  ap- 
peared cloudy  and  in  places  atrophied.  Near  the  vessels 
the  muscle  fibres  appeared  especially  narrowed,  even  the 
nuclei  being  atrophied.  Large  areas  were  found  in 
which  the  muscle  had  undergone  pathological  degenera- 
tion. No  solid  strands  or  bundles  were  found,  and  the 
single  fibres  were  so  small  that  they  gave  the  impression 
of  being  reduced  to  fine  fibrils,  whose  single  thicker  part, 
we  might  almost  say  whose  single  dimensional  part,  con- 
sisted of  the  degenerated  and  poorly  stained  nucleus. 
The  connective  tissue  was  probably  somewhat  increased, 
but  not  markedly  so ;  still  in  places  where  the  muscle 
was  most  degenerated,  some  increase  of  connective  tissue 
could  be  observed.  Similar  degenerative  changes  are 
frequently  observed  and  described  in  myomata  of  the 
uterus,  which  have  undergone  myxomatous  or  (edema- 
tous degenerative  changes. 

Atkophy  of  involuntary  muscle  occurs  under  condi- 
tions similar  to  those  of  atrophy  of  voluntary  muscle. 
A  neuropathic  form  of  atrophy  of  involuntary  muscle — 
although  a  form  which  may  be  considered  neiiropathic 
has  been  mentioned  in  connection  with  vitiligo  and 
other  skin  diseases — has  not  so  far  as  I  have  been  able 
to  find,  been  described.  The  atrophies  are  largely  due 
to  circulatory  disturbances,  as  in  the  case  above  described, 
or  to  pressure  of  a  fluid  or  cellular  exudate,  as  in  inflam- 
mations. No  better  picture  of  atrophy  of  involuntary 
muscle  has  been  given  than  that  by  Kenntmann.  Similar 
atrophy  of  the  involuntary  muscles  of  the  skin  in  skin 
diseases  has  been  described  by  Unna,  Pospelow,  and 
Lelois  and  Vidal. 

Hypektkophy  of  nori-striated  muscle  frequently  occurs 
and  may  be  physiological  or  pathological.  The  best  ex- 
ample of  the  physiological  hypertrophy  is  that  found  in 
the  pregnant  uterus.  Pathological  hypertrophy  occurs 
as  a  result  of  stenosis  or  obstruction  of  the  intestinal 
canal  and  other  ducts.  This  is  regarded  by  Herczel  as  a 
true  hypertrophy,  without  increase  of  the  number  of  cells, 
although  many  authors  regard  it  rather  as  a  hyperplasia 
accompanying  the  hypertrophy.  Hypertrophy  of  the 
skin  muscles  was  also  described  by  Unna  m  keratosis 
suprafoUicularis  and  in  pityriasis  rubra  and  other  skm 
diseases.  In  elephantiasis  streptogenes  he  found  the 
non-striated  muscles  enlarged,  but  not  increased  m  num- 
ber Calcification  of  involuntary  muscle  was  noted  by 
Meslay  and  Hyeme  and  others,  and  Brunings  reports  a 
case  of  fatty  degeneration  of  a  myoma,  the  process  cor- 
responding to  that  in  progressive  muscular  atrophy. 
True  ossification  of  uterine  myomata  has  also  been  noted. 
Liquefaction  necrosis  of  the  dermal  muscles  was  noted 
by  Unna  in  abscesses  and  a  collaginous  degeneration  of 
these  muscles  in  erysipelas.  Gangrene  and  other  forms 
of  necrosis  have  also  been  observed  in  myomatous  tumors, 
as  well  as  cystic  degeneration.  Nuclear  degenerative 
chauffes  have  also  been  noted,  such  as  atrophy,  vacuoJa- 
tion  granulation,  and  karyolytic  changes  The  question 
of  the  reqenemtion  of  involuntary  muscle  is  one  which 
has  been  considerably  discussed,  and  upon  which  authors 
are  still  at  variance.  Vignolo-Lutati,  in  his  experimental 
study  of  the  pathological  conditions  in  the  skin  muscles, 
was  never  able  to  find  karyokinetic  division  figures,  but 
frequently,  especially  after  the  less  severe  injuries  he 
found  appearances  which  he  interpreted  as  direct  nuclear 
division  Ziegler  states  that  "there  is  a  new  formation 
of  smooth  muscle  fibres  and  also  a  regeneration  after 
traumatic,  toxic  and  chemic  injuries,  as  well  as  m  the 
hypertrophic  new  formations  of  muscle,  as  in  tumors; 
that  this  process  begins  with  the  karyokinetic  division  of 
the  nucleus  of  the  muscle  cell.    However,  it  is  shown  by 


experiment  as  well  as  by  observation  of  men  that  there 
is  very  little  reproduction  of  the  non-striated  muscle 
fibres,  as  in  the  healing  of  wounds  and  areas  of  degenera- 
tion, the  regeneration  soon  ceases  and  the  loss  of  sub- 
stance in  the  muscular  coats  of  stomach,  intestine  and 
bladder  is  replaced  mostly  by  connective  tissue.  The 
new  muscle  tissue  is  formed  probably  entirely  from  pre- 
existing muscle  tissue."  Moleschott  and  Piso  Borne  and 
Busachi  support  these  conclusions,  while  Arnold,  Aeby, 
Prey,  Neumann,  and  Virchow  favor  the  view  that  it  may 
originate  from  connective-tissue  cells,  and  KoUiker  and 
Forster  believe  that  it  develops  from  embryonal  germ 
cells  or  formative  cells.  Tizzoni  also  found  a  zone  of 
proliferation  near  the  diseased  area  in  typhoid  ulcer  of 
the  small  intestine;  and  Baumgartner  in  cases  of  tuber- 
culosis found  mitoses  in  the  muscle  tissue  of  the  arteries, 
\eins,  and  bronchi  near  the  afEected  area.  Herczel  and 
Baumgartner  were  unable  to  find  signs  of  proliferation 
after  their  experiments,  while  Vignolo-Lutati  found  only 
direct  nuclear  division  in  tlie  skin  muscles  in  his  experi- 
ments. From  all  this  work  we  may  conclude  that  regen- 
erative changes  occur  in  non-striped  muscle  as  in  striated 
muscle,  both  by  mitotic  and  by  amitotic  nuclear  division ; 
but  that  the  result  is  only  a  partial  replacement  of  the 
destroyed  muscle  tissue,  the  main  portion  being  replaced 
by  scar  tissue. 

Inflammatory  processes  in  smooth  muscle  are  exceed- 
ingly common,  although  generally  secondary  to  similar 
processes  in  the  neighboring  tissues.  Vignolo-Lutati 
reports  the  development  of  inflammatory  changes  in  the 
involuntary  muscle  of  the  skin  as  the  result  of  the  injec- 
tion of  bacria  and  also  of  chemical,  thermic,  and  me- 
chanical irritants.  With  some  variations  in  degree, 
the  pathological  picture  in  all  these  experiments  was 
essentially  the  same.  The  intermuscular  connective 
tissue  was  infiltrated  with  leucocytes,  which  were  either 
diffusely  scattered  through  the  tissue  or  formed  small 
nodes.  The  blood-vessels  were  distended  and  filled  willi 
blood,  while  the  whole  tissue  appeared  oedematous.  Tlie 
muscle  fibres  were  swollen,  vacuolated  and  hydropic, 
and  crowded  apart  by  the  exudate.  The  muscle  nuclei 
were  either  granular  or  vacuolated  and  karyolytic  figures 
were  noted  in  some  of  the  experiments.  After  the^  sim- 
pler mechanical  injuries  the  nuclei  showed  direct  division, 
which  the  authors  regarded  as  preliminary  to  regenera- 
tion of  the  muscle  fibres.  Purulent  inflammation  of  the 
non-striated  muscle  of  the  uterus  is  a  very  frequent  oc- 
currence, while  AristofE  notes  a  case  of  syphihtio  inflam- 
mation of  the  muscle  coats  of  the  stomach,  extending 
from  the  mucosa.  Tuberculous  nodes  have  been  noted 
in  the  non-striped  muscle  of  myomas  of  the  uterus,  as 
well  as  in  involuntary  muscle  in  other  localities. 

Muscle  Tumors.— Certain  tumors  composed  largely 
of  muscle  are  known  as  myomas,  one  class  of  which 
consists  of  striated  muscle  and  are  called  rhabdomyomas, 
while  the  other  and  more  common  class  of  myomas  con- 
sist of  non-striated  muscle  and  are  called  leiomyomas. 
The  rhabdomyomas  have  a  stroma  of  connective  tissue 
in  which  cells  and  fibres  are  found  which  resemble  striated 
muscle  cells  in  various  stages  of  development,  degenera- 
tion and  regeneration.  None  of  the  cells  appear  as 
norilial,  mature  striated  muscle  cells.  jMany  of  the  cells 
are  small,  spindle-shaped  cells  with  a  single  nucleus  or 
with  a  few  nuclei  and  with  a  very  faint  stnation  or  even 
showing  no  transverse  striation  at  all.  Others  are  larger 
and  the  striation  more  distinct,  but  irregulariy  arranged, 
while  the  nuclei  appear  at  the  periphery  of  the  fibre. 
Some  appear  granular,  with  undifEerentiat(!d  hyperchro- 
matic  nuclear  substance  collected  in  the  centre  or  near 
the  periphery.  Drops  of  glycogen  may  be  seen  in  the 
nrotoplasm.  Sarcomatous,  myxomatous,  fatty  cartilag- 
inous or  osseous  tissue  may  be  mixed  with  the  muscle 
tissue  of  these  tumors,  giving  rise  to  the  rhabdomyosar- 
comas rhabdomyomyxomas,  rhabdomyochondromas  etc. 
The  teratomas  also  consist  in  part  of  muscle  tissue  close- 
ly resembling  the  atypical  striated  muscle  tissue  ot  the 
rhabdomyomas.  The  rhabdomyomas  may  occur  in  re- 
gions in  which  striated  muscle  is  normally  present,  but 
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are  far  more  common  iu  the  lddne>-,  testes,  uterus,  and 
other  ora:aus  in  's\'hicli  striated  muscle  is  not  nnrmaliy 
found.  Tliey  occur  in  cliildhood  and  even  m  tlie  new- 
born, and  it  is  generall}'  conceded  that  tlie}' 
arise'  from  misplaced  embryonic  muscle  tissue. 
Fuiiuami,  however,  reports  au  interesting  case 
of  a  so-called  cylindroma  and  rhalxlomyoma  m 
a  man  of  fifty,  in  the  voluntary,  skelelal  muscle, 
the  tumor  showing  a  distinct  emlotheliomatous 
arrangement.  There  was  a  hyaline  degeneration 
of  certain  tumor  cells,  as  Avell  as  of  the  vessel 
walls  and  connective-tissue  fibres,  but  espe- 
ciafly  of  the  fusiform  sarcoma  cells.  Fujinanii 
believes  that  the  crosss-tripeil  muscle  cells  arise 
from  the  fusiform  sarcoma  cells. 

Leiomyomas  are  far  more  common  and  occur 
usuallv  in  adult  life  and  in  the  organs  consist- 
ing of"  non-striated  muscle  tissue,  as  the  uterus, 
prostate  and  the  muscular  walls  of  tlie  stomachy 
and  intestine.  The  tumors  consist  of  strands  of 
fibrous  connective  tissue,  between  which  are 
found  bundles  of  non-striated  muscle,  running 
in  different  directions.  Although  often  hyper- 
trophied,  the  muscle  cells  are  fairly  normal  and 
yet  .sharply  separated  from  the  surrounding 
muscle  fissile,  either  by  a  connective-tissue  cap- 
sule or  by  a  different  arrangement  of  the  mus- 
cle fibres.'  Blood-vessels  run  through  the  tumor 
mass,  the  arrangement  of  the  muscle  cells  of 
the  tumor  having  often  a  direct  relation  to  the 
a.xis  of  the  blood-vessel.  These  tumors  are  re- 
garded as  benign  tumors,  the  seriousness  of 
which  depends  "upon  the  size  Avhicli  they  may 
attain  and  the  organs  and  tissues  upon  which 
they  may  press.  When  they  occur  in  the  intes- 
tine, however,  especially  in  the  internal  coat, 
they  cause  an  obstruction  which  is  often  fatal. 
They  may  also  cause  hemorrhage  in  the  intes- 
tine" altlnnigh  this  is  not  often  seen  in  myoma 
of  the  stomach.  If  situated  in  the  outer  coat 
of  the  intestine,  they  may  develop  for  a  con- 
siderable time  before  causing  any  obstruction. 
Although  the  leiomyomas  are  generally  regarded 
as  purely  lienign  tumors,  Brodowski,  Hanse- 
niann,  and  Schmorl  describe  multiple  metastases 
in  tumors  which  were  regarded  as  pure  myomas. 
Such  observations  are,  liowe\-er,  so  rare  that  the  question 
naturally  suggests  itself  whether  some,  possibly  small, 
areas  of  theoriginal  muscle  tumor  may  not  have  been 
sarcomatous.  The  occurrence  of  epithelial  or  glandular 
tissue  within  the  muscular  ti.ssne  of  the  myoma  is  noted 
bv   Schroeder    and    Ruge,    Ri-cklingliaiisen,  and   many 


carcinomatous  malignant  degenerative  changes  in  tlie.se 
tumois  have  already  been  mentioned.  Steiner  has  col- 
lected from  the  literature  and  reported  fifty-two  cases  of 
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3437.-Degeneratiuii  of    .Muscle  Film'   lii),  ami    Penelratiun  of 
Fibre  by  Carfinoiiia  Ci.'lls  (/<).     '  Fiijlnarnl.) 


others.  This  may  give  the  t  iimor  an  adi'iiomatous  or  even 
a  carcinomatous  cliaractiT.  These  ;ideiiomatous  appear- 
ances are  found  esyieeially  iu  tlie  digestivr  tract,  as  in 
the  case  reported  by  Liibarseh,  which  he  regarded  as 
aberrant  ])anereatic  tissue,  wliieh  had  excited  thi^  sur- 
rounding muscle  to  new  growth.  The  muscle  may  un- 
dergo also  all  kinds  of  degenerative  ehiuiges,  such  as 
calcilieatioii,  gangrene,  necrosis,  o'lhana,  inflammation, 
wdiicli  may  be  tuberculous  or  siniply  |)urulent.  It  may 
also  be  so  richly  vaseulari/ed  as  to  give  it  a  telangiectatic 
or  cavernous  characler.     Tlie  sarcomatous  and  tlie  rarer 


Fig.  3428.— Masele  Forms  Found  in  tiie  Neighborhood  of  Malignant  Tumors. 
(Fuiinaiiil.)  ((,  /i,  f,  )i,  Ampullar  degeneration;  i(,  c,  /,  (/,  giant-cell  for- 
inalioa. 


mj'oma  of  the  stomacli  and  intestine,  while  those  of  the 
uterus  and  prostate  are  much  more  numerous.  The 
multiple  derniatomyonias  form  a  most  interesting  class 
of  cases,  in  which  numerous  painful  swellings  arise  iu 
the  dermis  developed  from  the  non-striated  muscle  of  the 
blood-vessels,  from  the  arrectores  pilorum,  or  even  from 
the  involuntary  muscle  of  the  sweat  glands.  The  eti- 
ology of  the  leiomyomas  is  still  iu  dispute.  Although 
they  usually  develop  late  in  life,  the  theory  is  advanced  by 
some  that  they  are  of  embryonal  origin,  the  tumor  germs 
remaining  latent,  until  they  are  excited  to  activity  by 
some  irritation.  Others  claim  that  they  originate  by  a 
metaplasia  of  the  connective  tissue.     Some  claim  that 


Fill.    tiWI.- 


-Sltnwinp  Twisting  of    Fibrils  wiiliin   tlie    Sarcolemma. 
(Fujiiuiiiii.l 


the  tumor  tissue  arises  from  the  non-striated  muscle  of 
the  blood-vessels  and  others  say  that  the  muscle  tissue 
of  the  organ  iu  which  it  develo]is  is  responsible  for  its 
growth.  While  all  these  theories  have  stroug  supporters, 
it  seems  reasonable  to  conclude  that  the  muscle  tissue  of 
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these  tumors  iisuall}'  oi'igiuates  from  pre-existing  muscle 
tissue,  either  of  blood-vessels  or  of  the  organ  involved, 
or  from  embryonal  germs  of  such  tissue  which  have  re- 


dance  near  sarcomas, 
th 


Fig 


;'>4:50.— Sliowing  Irrfg\ilar  O'lntourot  Muscle  Fibres  ami  Irr(>Ku- 
lar  Arrangement  of  Strintion.     ( f'ujinaini.) 


mained  latent  until  some  cause  excited  them  to  growth 
or  removed  the  inhiljition  whic'h  was  preventing  their 
■development. 

Among  the  less  important,  because  less  f  re(pient  tumors 
.arising  in  muscle  are  lipomas,  angiomas,  libromas,  chon- 
dromas, osteomas  and  myxomas.  "  The  structure  of  these 
tumors  when  found  in  uuiscle  does  not  differ  materially 
from  their  structure  in  other  localities. 

Carcinoma   in   muscle   is   a   result   of   lymphogenous 
metastasis  or  of  the  infiltration  of  the  nuiscle  by  the  car- 
■cinomatous  nodides  in  the  neighborhood.     The  mu.scle 
fibres  take   no  part   in    the  formation 
.of  the  tumor,  although  they  undergo 
various  degenerative  changes,  and  the 
tumor   cells   may   even    penetrate   the 
broken  sarcolemma  and  fill  the  muscle 
:flbre,    as    shown    in  Fig.  342T.     From 
this  fact  it  has  been  said  that  the  car- 
cinoma cells  arise  from  the  muscle  cells, 
but  altho\igh   we  recognize  the  atypi- 
cal character  of  origin  and  gi-mvth  of 
tumors,  yet  it  seems  vuinecessarj-  to  as- 
sume in  this  case  a  mode  of  origin  so 
remote  from  the  normal  type.     luflanr- 
matory  processes  may  also  be  seen  in 
the    neighborhood    of     these    tumors. 
Sarcoma  is,  however,  the  most  conunon 
malignant  tumor  occurring  in  non-stri- 
ated muscle.     These  may  be  very  large 
and  either  consist  of  round  cells  or  ot 
spindle-shaped    cells.       'I'he    sarcoma 
may  be  mixed  with  fat,  fibrous  tissue, 
mucoid  tissue,  etc.,  forming  the  lipo- 
sarcomas,   fibro-sarcomas,    and    myxo- 
sarcomas.     As  in  carcinoma,  sarcoma 
■cells  may  penetrate  the  broken  sarco- 
lemma, giving  the  impression  of  being 
formed  "from"  the   muscle   cells.      The 
structure   of    these    tmnors   does    not 
differ   materially   from   that  of  analo- 
gous tumors  in  other  regions.    We  are 
therefore   tar   more   concerned  at  this 
place  with  the  pathological  changes  pro- 
duced in  the  muscle  by  the  ingrowth 
of   the   tumors   than  with  the   struct- 
ure  of   the  tumors  themselves,  which 
will  be  fully  treated  in  another  place^ 
Schaeffer,    Fujlnami,    Anzinger,    antl 
others  have  investigated  the  changes 
which  occur  in  voluntary  striated  mus- 
cle in  the  neighborhood  of  mahgnaut 
tumors,  and  have  found  nearly  every 
possible  form  of  degenerative  change. 
&ami  asserts  that  the  alterations  in  the  '"'^s^'  «  "« 
ossentially  the  same  in  sarcoma  as  m  carcinoma,  ^^  hik 
Anzinger  believes  that  degenerative  changes  are  mo  e 
marked  in  the  neighborhood  of   carcinomas,  while  the 
io  cal'ed  regenerative  changes  are  seen  in  greater  abun- 


All  agree  that  the  (listinctness  of 
striatioii  may  be  greater  or  less  than  normal,  vary- 
much  in  dilferent  portions  of  the  same  preparation. 
Atrophy  is  the  most  frequent  and  constanl 
change,  due  probably,  at  least  in  part,  to  a  dis- 
turbance in  the  nutrition  of  the  muscle,  but 
jiarllyalso  to  the  diminished  functional  activity 
of  the  muscle,  and  po.ssibly  also  to  nervous  and 
trophic  influences.  Peculiar  depressions,  contain 
large  numbers  of  muscle  nuclei,  are  often  found  at 
sides  and  ends  of  the  fibres,  giving  an  irregular 
contour  to  the  fibre;  this  is  known  as  lacunar  erosion. 
The  muscle  fit)res  may  also  break  up,  either  longitu- 
dinally into  slender  fibrils  containing  rows  of  nuclei, 
or  transversely  into  segments  containing  groups  of 
nuclei.  Fnjinami  also  notes  a  peculiar  twisting  of 
the  muscle  fibrils  within  the  .sarcolemma.  Zenker's 
necrosis,  cloudy  swelling,  vacuolation,  proliferation  of 
nuclei,  both  by  mitotic  and  by  amitotic  processes,  with 
marked  alterations  in  the  nuclear  form,  are  frequently 
observed  in  the  neighborhood  of  these  tumors.  Fujinami 
regards  all  these  changes  as  essentially  degenerative  in 
character,  in  spite  of  the  fact  that  certain  mnltinuclear 
forms  resembling  the  myoblasts  of  regenerating  muscle 
are  fre(iuent!y  seen.  Anzinger  and  others  regard  these 
giant-cell  forms  as  abortive  attempts  at  regeneration. 
While  more  work  is  needed  on  this  point,  there  seems 
httle  doubt  that  at  certain  stages  of  the  process  degenera- 
tive forms  occur  which  closely  resemble  the  regenerative 
forms  of  voluntary  muscle,  although  the  conditions  are 
such  that  no  attempt  at  regeneration  is  to  be  expected. 


FIG  3431. -Tills  Figure  Sbows  the  Atropby. 


lrre"-ular  Contour,  Faint  BtnaUon,  and  other 
Inflainmatorv  Process  in  the  Intermus- 
( Anzinger.) 


The  perimysium  of  the  voluntary  muscle  in  the  iieigh- 
boil  ood  of  these  malignant  growths  is  often  hyperplastic 
and  shows  leucocytic  infiltration,  hemorrhage,  cedema, 
fat  infiltration.  Endarteritis  and  periarteritis  are  fre- 
quent  occurrences. 
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The  penetration  of  mast  cells  and  leucocytes  and  even 
of  tumor  cells  into  the  muscle  cejls  is  one  of  the  most  m- 
teresting  points  mentioned  in  the  study  of  tliese  cases, 
Fuiinami  has  flgured  a  number  of  muscle  cells  contam- 
''  ing  a  larger  or 

,, '<2  smaller  number 

of  tumor  cells 
and  states  that 
the  tumor  cells 
may  be  derived 
from  the  degen- 
erating muscle 
cells.  This  idea 
is  refuted  by 
Schaeffer,  al- 
though support- 
ed by  Schroeder, 
Neumann,  Bar- 
deleben,  and 
others.  Schaef- 
fer states  that 
there  may  be  a 
great  similarity 
betveeen  the  tu- 
mor tissue  and 
the  muscle  tis- 
sue, which 
makes  confusion 
possible,  and 
that  the   tumor 

»..;;■■••.•»■-  ^'^^^^  '"^y  pene- 
„  .,--.„..,  ,.,.  ,  ,  -}  •'•j'''3 'S*  trate  the  muscle 
^■^\^^f■-.,^^fiii^•■ll^:<M^S:i^'v^        fibres.     The  ori- 

fe  "&-;■■.'(%?.■;■  ■',■■!  V'-'i'i/rrMf^f^i^^        of  these  tumors 
s^jtji  ••■'■-'     '  '         ""    '       '         in  muscle,  as  in 

other  tissues,  are 
still  obscure;' 
but  it  seems 
more  reasonable 
to  regard  the 
appearance  o  f 
the  tumor  cells  within  the  sai'colerama  as  a  result  of  the 
passage  of  these  cells  through  a  broken  sarcolemma, 
especially  as  they  are  accompanied  in  this  position  by 
leucocytes  and  mast  cells,  than  to  believe  that  the  tu- 
mor cells  are  formed  from  the  contractile  substance  of 
the  muscle  fibre  by  its  degeneration. 

Lydia  M.  De  ^\'iu. 
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MUSCLES,  ANOMALIES  OF.— The  muscular  system 
of  man  is  subject  to  many  variations,  all  of  which  are  in- 
teresting from  a  morphological  point  of  view,  and  many 
are  important  surgically.  Not  only  do  muscles  vary  as. 
to  form  and  attachment,  but  supernumerary  and  rudi- 
mentary muscles  are  not  infrequent.  Again,  some  may 
be  absent  in  a  certain  number  of  individuals,  e.g.,  the 
pyramidalis,  palmaris  longus,  etc. 

Many  muscles  are  mere  rudiments  of  those  which  exist 
in  a  well-developed  condition  in  the  lower  animals,  and 
there  is,  in  fact,  no  muscular  variation  in  man  which  has. 
not  a  corresponding  normal  condition  in  some  animal 
lower  in  the  scale. 

In  the  present  article  space  forbids  tlie  giving  of  any 
extended  account  of  muscular  variations,  for  it  is  a  sub- 
ject on  which  volumes  have  been  written.  It  is  intend- 
ed to  describe  only  tlie  commoner  and  more  important 
anomalies,  especially  mentioning  those  whose  relation  to 
arteries  renders  them  of  surgical  interest.  The  reader 
who  wishes  to  obtain  a  fuller  knowledge  of  the  subject 
is  referred  to  Wood,  Turner,  and  others,  in  the  Journal 
of  Anatomy  and  Physiology ;  J.  Wood,  "Proceedings  of 
the  Royal  Society,"  1864-69;  "  Guy's  Hospital  Reports"; 
"  St.  Thomas'  Hospital  Reports  "  ;  ^Macalister's  "  Cata- 
logue of  jMuscular  Anomalies,"  in  Trans.  Royal  Irish 
Academy,  1873;  W.  Gruber,  in  the  Mem.  of  Acad.,  St. 
Petersburg,  and  Virchow's -IcfAjd /.  klin.  Med.;  Henle,. 
"Handbuch,  Muskellehrc " ;  Hallett,  Edin.  Med.  Jour., 
1845;  Krause,  "Handbuch,"  1880;  Testut,  "  Les  Anoma- 
lies Musculaires  chez  rilorame,"  Paris,  1884;  also  vari- 
ous papers  in  the  Jonrmil  of  Ann  to  my  and  Physiology . 

Muscles  op  the  Head  and  Neck. — Ocei pi  to- Frontalis: 
varies  much  as  to  size  and  position.  The  occipitalis  oc- 
casionally approaches  the  median. line,  and  may  be  di- 
vided into  several  portions.  Some  of  its  fibres  may  be- 
continuous  with  the  posterior  auricular  muscle. 

The  Frontalis  may  send  slips  to  the  nasal  and  superior 
maxillary  bones.  "Theile  says  that  it  generally  sends  a 
bundle  of  fibres  to  the  external  angular  process  of  the- 
frontal  bone.  Its  fibres  have  been  described  as  normally 
continuous  with  the  le\'ator  labii  superioris  alaeque  nasi. 

Auricular  Muscles. — Very  various  as  to  their  develop- 
ment. The  retrahens  is  very  often  of  large  size,  and  its; 
tendon  frequently  arises  from  the  neighborhood  of  the 
external  occipital  protuberance;  in  such  cases  its  belly  is 
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verj'  fleshy,  and  niaj^  be  divided  into  two  portions.  It  is 
sometimes  connected  witli  the  transversus  nuchte.  Cru- 
veilliier  has  described  a  deep  miiscuhis  aiiricularis aiiticvs 
wliich  goes  beneath  tlie  superior  from  tlie  zygoma  to  the 
outer  surface  of  the  tragus.  The  anterior  auricular  mus- 
cle is  often  very  much  diminished  in  size,  and  its  libres 
may  be  very  indistinct. 

Masdex  of  the  Nose.  —Absence  of  the  pyramidalis  has 
been  observed.  The  compressors  and  dilators  are  often 
so  feebly  developed  as  to  be  seen  only  with  a  magnifying 
glass. 

"  The  MiiscvlijaAiwmalus  (Albiuus)  is  a  slip  described  as 
being  frequently  present.  Lying  beneath  the  levator 
labii  superioris  aUuque  nasi,  and  arising  with  it  from  the 
nasal  process  of  the  superior  maxillary  bone,  it  is  inserted 
into  the  same  bone  near  the  origin  of  the  compressor  naris. 
Muscles  of  the  Face. — Zygojiiaticus  Major.  Frequently 
double.  The  second  head  may  arise  in  the  neighborhood 
of  the  infra-orbital  foramen  or  from  the  masseteric  fascia 
below  the  zygoma.     It  is  sometimes  absent. 

Zyyomaticus  Minor.  Frequently  absent.  It  may  be 
inserted  into  the  fascia  of  the  cheek.  It  may  be  fused 
with  the  levator  labii  superioris  proprius,  zygomaticus 
major,  or  frontalis.  It  is  not  infrequently  double;  the 
second  head  may  arise  in  common  with  the  levator  labii 
superioris  proprius.  Sometimes  it  arises  from  the  orbicu- 
laris palpebrarum,  and  it  may  be  inserted  into  the  levator 
labii  superioris  proprius  or  levator  labii  superioris  aliBque 
nasi,  or  both. 

Leratoi-  Labii  Superioris  Proprius  occasionally  sends 
a  slip  to  the  zygomaticus  minor.  The  writer  has  twice 
seen  this  muscle  arise  by  two  heads,  the  extra  liead  aris- 
ing from  the  malar  bone.  In  both  these  cases  the  zygo- 
maticus minor  was  present. 

Risorius  (Santorini).  Often  absent.  Santorini  de- 
scribes It  as  double,  and  even  triple.  It  has  been  seen 
to  arise  from  the  zygoma,  external  ear,  fascia  over  the 
mastoid  process,  and  the  skin  over  the  upper  portion  of 
the  sterno-mastoid. 

Depressor  Anguli  Oris  (triangularis  menti).  Santorini 
described  a  muscle,  the  transcersus  menti,  which  is  some- 
times found  arising  from  the  inner  border  of  the  depres- 
sor, and  passing  downward  and  inward  across  the  mesial 
line  below  the  chin  to  the  corresponding  part  of  the  op- 
posite side. 

Mu.fcles  of  the  Orbit.— Lerotor  Palpebriv.  Sometimes 
absent  or  fused  with  the  superior  rectus.  Budge  de- 
scribes the  tensor  trochlea;,  which  is  a  muscular  slip  given 
off  from  the  levator  to  the  trochlea. 

The  muscles  of  the  eyel)all  are  very  con.staut.  The 
two  heads  of  tlie  rectus  ccternus  have  been  seen  separate 
to  their  insertion,  forming  a  double  muscle.  Absence  of 
the  outer  head  has  been  noted  by  Macalister,  and  Curnow 
desci-ibes  it  as  giving  slips  to  the  outer  wall  of  the  orbit 
and  lower  eyelid.  „   .     .  ,     , 

Transversus  OrUta  (13ochdalek).  This  is  an  arched 
slip  of  muscular  fibres  passing  from  the  orbital  plate  of 
the  ethmoid  across  the  upper  surface  of  tlie  eyeball  to 
the  outer  wall  of  the  orbit  (Quain).  Macalister  suggests 
that  it  is  a  deep,  displaced  slip  of  the  palpebral  hbres  of 
the  orbicularis.  .  . 

Obliquus  Inferior  Accessorius  is  a  slip  going  trom  the  m- 
rior  rectus  to  the  inferior  oblique.     The  writer  has  seen 
a  slip  going  from  the  inferior  oblique  to  the  superior 

rectus.  ,.         ,       ,        •,,   -1 

Muscles  of  Mastication.— Masseter.  Monro  has  described 
a  bursa  as  occasionally  occurring  between  the  two  por- 
tions of  this  muscle,  and  Hyrtl  has  once  seen  a  bursa  be- 
tween the  masseter  and  the  capsule  of  the  inferior  maxil- 
lary articulation.  .  ,,  .i  i 
Temporal  Ilenke  says  that  sometimes  the  tempoial 
muscle  and  sometimes  iJhe  deep  portion  of  tlie  masseter, 
is  attadied  to  the  fore  and  back  part  ot  the  interarticular 
flbro-cartilages  of  the  lower  .law,  or  from  the  boi  leis 
muscular  fibres  arise  which  are  inserted  into  one  or  other 
of  the  afore-mentioned  muscles.  In  many  cases  these 
fibres  form  a  well-developed  muscular  belly,  the  muscuUs 


fer 


temporalis  minor 


which  is  inserted  into  the  bottom  of 


the  sigmoid  notch  of  the  lower  jaw  (Ilenle).  The  writer 
has  occasionally  seen  a  deep  slip  from  the  temporal  mus- 
cle attached  to  the  pterygo-maxillary  ligament.  This 
slip  is  sometimes  pierced  by  the  internal  maxillary  artery. 

Ptery(j(>ideiis  Extermis.  A  considerable  portion  may 
be  inserted  into  tlie  capsule  ot  the  inferior  maxillary 
articulation.  When  the  pterygoideus  proprius  is  present 
the  upper  head  is  of  small  size. 

Pterygoideus  Proprius.  This  is  a  muscle  Avhicli  is  not 
infrequently  seen  arising  from  the  infratemisoral  crest 
of  the  sphenoid  and  part  of  the  great  wing  itself;  it  then 
passes  over  the  external  pterygoid  to  the  lower  part  of 
the  external  pterygoid  plate,  or  to  the  tuberosity  ot  the 
palate  and  superior  maxillary  bones.  It  somet'imes  re- 
ceives a  slip  from  the  upper  liead  of  the  external  ptery- 
goid, and  a  portion  of  the  upper  head  of  the  muscle  may 
arise  from  it.  The  writer  has  occasionally  seen  the  ptery- 
goideus proprius  inserted  into  the  pterygo-maxillary 
ligament  and  alveolar  process  of  the  upper  jaw  (see  Fig. 
3-t33).  In  one  case  it  sent  a  slip  over  the  internal  ptery- 
goid to  be  inserted  into  the  interior  maxilla  near  its 
angle.  Externally  this  muscle  is  tendinous,  and  deep 
down,  muscular;  sometimes  it  is  tendinous  along  the 
inner  border  only.  When  the  pterygoideus  proprius  is 
present,  the  upper  head  of  the  external  pterygoid  is  gen- 
erally much  diminished. 

Pterygospinosus  (Thane).  This  name  is  given  to  a 
muscular  slip  occasionally  seen  springing  from  the  spine 
of  the  sphenoid  and  inserted  into  the  hinder  margin  of 
the  outer  pteiygoid  plate,  between  the  external  and  in- 
ternal ])ter}'goid  muscles;  the  parts  are  frequently  con- 
nected by  fibrous  tissue,  and  sometimes  by  bone. 

Muscles  of  the  Neck. — Platy.fuui  Myoides.  This 
muscle  varies  considerably  in  its  development.  It  is 
sometimes  well  developed,  thick  and  red,  and  at  other 
times  its  fibres  are  pale,  thin,  and  hardly  to  be  seen.  It 
has  been  reported  absent  by  Macalister.  The  platysma 
may  reach  over  the  clavicle  as  far  as  the  fourth  rib.  It 
sometimes  fails  to  reach  as  far  as  the  clavicle;  In  such 
cases  it  is  reduced  in  extent  at  other  parts  as  well.  It 
may  have  an  insertion  into  the  thyroid  cartilage  or  the 
sternum.  When  well  developed  it  lias  been  seen  attached 
to  the  lower  jaw  above  and  to  the  clavicle  below.  The 
upper  jiart  of  the  platysma  is  occasionally  joined  by  a 
slip  from  the  mastoid  process,  or  from  the  occipital  bone. 
The  two  mu.scles  not  intreijueutly  cross  each  other  in 


Fir    Si'iS —PP    Pterygoideus  pniprius ;   EP,  external,  and   fP,  in- 
ternal pterygoid  luiisele.    (Shepherd.) 

the  median  line.  The  writer  has  seen  the  lower  fibres 
continuous  with  some  fibres  of  the  musculus  sternalis 
Fasciculi  in  connection  with  this  muscle  have  been  traced 
to  the  axilla.  The  platysma  is  the  principal  representa- 
tive in  man  of  the  skin  muscle  (paumcnlus  carnosus)  ot 
the  lower  animals.  In  most  mammals  with  loose  skins 
these  tegumentarv  muscles  are  well  developed;  e.g.,  m 
the  hedgehog,  porcupine,  porpoise,  etc.  _ 

Occipttalis  Minor.     This  is  the  name  given  to  a  bundle 
of  muscular  fibres  arising  from  the  fascia  over  the  upper 
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end  of  the  trapezius  and  ending  in  the  fascia  over  the 
upper  end  of  the  sterno-mastoid.  It  is  prohably  a  modi- 
fication of  the  slip  which  occasionally  joins  the  platysma 
from  the  mastoid  process  or  occipital  bone. 

Sternodeidomastoideus.     This  muscle  is  usually  consid- 
ered to  he  made  up  of  two  muscles,  the  sterno-mastoid 


£  n 


St.M. 


Pig.  3434.-B.S.,  Rectus  sternalis  continuous  with  iSt.M.)  sterno- 
mastoid  ol  the  opposite  side.    (.Shepherd.) 

and  cleido-mastoid.  Krause,  however,  regards  it  as  con- 
sisting of  four  muscles,  viz. :  (1)  Sterno-mastoid,  (2) 
sterno-ocoipital,  (3)  cleido-occipital,  (4)  cleido-mastoid. 
The  spinal  accessory  nerve  pierces  the  cleido-mastoid,  or 
runs  between  the  cleido-occipital  and  cleido-mastoid. 
Krause  suggests  the  name  sternodeidomasioideooccip- 
italis,  or  the  miisculi/s  qnadrigeminus  capitis.  He  says 
that  the  ordinary  varieties  in  man  are  readily  explained 
by  the  isolation  or  absence  of  particular  parts,  or  by  the 
■extension  of  the  cleidooccipitalis  to  the  occipital  pro- 
tuberance. Both  the  cleidooccipitalis  and  sternooccip- 
italis  may  be  feebly  developed,  or  both  may  be  absent, 
as,  indeed,  ma}'  be  the  sterno-mastoid.  Again,  the 
cleido-occipital  or  cliedo-mastoid  may  be  developed  as 
separate  muscles.  The  views  of  Krause  are  supported 
both  by  human  and  comparative  anatomy.  However, 
for  ordinary  purposes  it  is  sufflcient  to  regard  the  sterno- 
mastoid  as  consisting  of  two  muscles.  These  two  por- 
tions may  be  completely  separate,  or  may  join  together 
at  a  much  higher  point  than  usual.  Tliis  separation  of 
the  muscles  into  two  is  the  normal  condition  in  the  greater 
number  of  mammals;  e.r/.,  ruminants,  solipeds,  the  ma- 
jority of  carnivora,  and  many  of  the  anthropoid  apes. 

The  sterno-mastoid  and  cleido-mastoid  muscles  may 
be  completely  fused — a  condition  which  is  not  of  great 
raritj*. 

Sternal  attachment  of  the  muscle  may  vary;  the  two 
sternal  tendons  may  unite  on  the  sternum  or  cross  each 
other.  The  writer  has  seen  the  sternal  tendon  of  one 
side  continuous  with  a  musculus  sternalis  of  the  opposite 
side  (see  Fig.  3434). 

The  sternal  tendon  may  in  rare  cases  be  divided  into 
two  portions,  inserted  separately  into  the  sternum.  The 
sternal  portion  has  been  noted  absent  by  Macalister.  A 
sesamoid  bone  is  sometimes  seen  in  the  tendon  of  the 
sterno-mastoid ;  this  is  looked  upon  as  a  rudiment  of  the 
epiSternal  bone  of  monotremes  and  lizards. 

The  clavicular  portion  varies  considerably  as  to  the 
extent  of  its  attachment  to  the  clavicle;  it  not  infre- 
quently covers  the  space  called  the  subclavian  triangle, 
and  this  should  be  borne  in  mind  when  performing  the 
operation  of  ligature  of  the  subclavian  artery  in  its  third 


part.  The  writer  once,  when  operating  on  tlie  neck, 
found  the  clavicular  portion  absent.  In  animals  without 
clavicles  the  cleido-mastoid  forms  part  of  the  cephalo- 
humeral  muscle,  being  continuous  with  the  outer  portion 
of  the  pectoralis  major  or  deltoid. 

Cleido-occipital  (Cephalo-humeral  of  Flower).  This  is 
a  muscle  described  by  Wood  and  others  as  arising  from 
the  clavicle  outside  the  cleido-mastoid  and  inserted  into 
the  superior  curved  line  of  the  occipital  bone  close  to  the 
origin  of  the  trapezius.  It  is  usually  separated  by  a  dis- 
tinct areolar  interval  from  both  the  sternal  and  clavicular 
fibres  of  the  sterno-cleido-mastoid  (see  Fig.  3435). 

This  muscle  corresponds  to  the  cleidooccipitalis  of 
Krause.  It  exists  as  a  separate  muscle  in  the  guinea-pig, 
hedgehog,  etc.  In  apes  and  monkeys  it  is  always  pres- 
ent, but  is  in  them  continuous  with  the  hinder  border  of 
the  true  sterno-cleido-mastoid.  In  many  of  the  carnivora, 
as  the  dog  and  cat,  it  forms  part  of  the  cephalo-humeral 
muscle.  Wood  found  this  muscle  thirty-seven  times  in 
one  hundred  and  two  subjects. 

The  sterno-mastoid  has  been  described  as  sending  slips 
to  the  angle  of  the  lower  jaw  and  hyoid  bone  (Gruber). 
The  sterno-hyoid  and  omo-hyoid,  and  in  rare  cases  the 
trapezius,  may  unite  with  the  sterno-mastoid. 

A  tendinous  intersection  is  sometimes  seen  near  the 
lower  end  of  the  muscle ;  the  same  intersection  is  seen  in 
the  sterno-hyoid  and  sterno-thyroid  muscles ;  it  is  prob- 
ably the  remains  of  one  of  the  transverse  septa  of  th? 
primitive  ventral  muscle  plate.  These  intersections  are 
seen  normally  in  the  rectus  abdominis. 

Levator  Clamculce  arises  from  the  clavicle,  and  is  in- 
serted into  the  cervical  vertebrae.  A  fuller  description 
of  this  muscle  will  be  given  farther  on,  imder  Muscles  of 
the  Upper  Limb. 

Supraclamcxtlaris  is  a  small  muscle  behind  the  sterno- 
mastoid,  which  arises  by  a  slender  tendon  from  the  first 
piece  of  the  sternum,  crosses  above  the  sterno-clavicular 
articulation,  and  is  inserted  into  the  upper  surface  of  the 
clavicle.  When  present  on  both  sides  the  muscles  may 
be  continuous  in  the  middle  line. 

Transnersus  ISfuclice.  This  is  described  by  many  anat- 
omists as  a  normal  muscle,  which  is  always  represented 
when  absent  by  tendinous  fibres.  It  arises  from  the  ex- 
ternal occipital  protuberance,  and  is  inserted  into  the 
aponeurosis  of  the  sterno-mastoid  (see  Fig.  3436). 

StemohyoidevH  occasionally  arises  only  from  the  clav- 
icle.    In  such  cases  there  is  a  wide  interspace  at  the  root 
of  the  neck  devoid  of  muscle.     The  writer  in  one  case 
saw,  on  both  sides,  the  sterno- 
thyroid   and  sterno-hyoid   arise 
altogether  from  the  clavicle  an 
inch  outside  the  sterno-clavicu- 
lar  articulation.      On  removing 
the  skin  and  fascia  the  trachea 
and  thyroid  gland  immediately 
came  into  view. 

This  muscle  is  occasionall.y 
double.  There  is  sometimes  an 
accessory  muscle  seen  going 
from  the  clavi- 
cle to  the  hyoid 
bone  (cleido-hy- 
oid).  The  ster- 
n  o-h  y  o  i  d  has 
been  described 
as  occasionally 
arising  from  the 
sterno  -  clavicu- 
lar ligament  and 
first  costal  carti- 
1  a  g  c.  It  is 
sometimes  fused 
with  the  muscle 
of  the  opposite 
side,  as  in  the  horse.  The  muscular  fibres  are  not  infre- 
quently interrupted  by  a  tendinous  intersection,  which 
is  generally  on  a  line  with  the  tendon  separating  the 
two  bellies  of  the  omo-hyoid.     This  intersection  is  seen 


Fig.  3435.— C.h.,  Cephalo-humeral  muscle ;  Sp. 
Cap.,  splenlus  capitis ;  Z),  deltoid ;  T,  trape- 
zius. (After  Flower,  Irom  the  dissection  of 
a  Bushwoman,  Jour,  of  Anat.  and  Phys., 
vol.  i.) 
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nuscles, 
Miisoles. 


Fig.    3436.- 


-  TiV,    Transversus    nuclise. 
(Alter  Henle.) 


normally,  la  some  animals,  as  the  chimpanzee,  horse,  etc. 
The  muscle  has  been  noted  as  absent  on  one  side.  It 
may  be  united  by  slips  with  the  omo-hyoid,  mylo-hyoid, 
or  sterno-thyroid.     All  the  anomalies  above  mentioned 

have  their  corre- 
sponding normal  con- 
dition in  the  lower 
animals. 

Sternothyroideug. 
Occasionally  some  of 
the  fibres  of  this  mus- 
cle continue  on  up- 
ward and  are  insert- 
ed into  hyoid  bone 
with  the  omo-hyoid, 
or  are  continuous 
Willi  the  liyo-glossus 
muscle.  A  few 
iibres  may  be  con- 
tinued into  the  thyro- 
hyoid or  inferior  con- 
strictor  of  the 
pharynx.  In  one 
case  the  writer  saw 
it,  on  both  sides, 
arise,  with  the  sterno- 
hyoid, entirely  from 
the  clavicle.  "Wal- 
sham  reports  a  case 
("St.  Barth.  Hosp. 
Rep.,"  1880)  in  which 
the  right  sterno-thyroid  arose  from  the  left  as  well  as  the 
right  side  of  the  sternum  and  crossed  the  trachea.  The 
left  muscle  was  rudimentary.  This  muscle  would  be  a 
source  of  embarrassment  in  performing  tracheotomy. 

In  the  gorilla  and  chiinpanzee  some  fibres  usually  arise 
from  the  clavicle.  The  two  sterno-thyroid  muscles  are 
often  united  at  their  origins  across  the  middle  line. 
Doubling  of  the  muscle,  as  well  as  absence,  has  been 
observed.  A  tendinovis  intersection  is  sometimes  seen 
opposite  the  tendon  of  tlie  omo-hyoid.  It  may  exist  in 
both  the  sterno-hyoid  and  sterno-thyroid  in  the  same  line. 
Costofascialis.  "Wood  describes  a  slip  arising  with  the 
sterno-thyroid  from  the  hinder  part  of  the  first  rib,  which 
crosses  the  carotid  vessels  to  be  inserted  into  the  cervical 
fascia  as  high  as  the  thyroid  cartilage. 

Sternofascialis.  This  is  a  slip  described  by  Gruber  as 
arising  from  the  first  piece  of  the  sternum  behind  the 
sterno-mastoid  and  passing  upward  to  be  inserted  into 
the  fascia  of  the  subclavian  triangle.  It  might  be  called 
the  tensor  fascijE  colli. 

Thyrohyoideus.  This  muscle  is  often  fused  with  the 
sterno-thyroid,  and  in  such  cases  the  sterno-thyroid  is 
inserted  into  the  hyoid  bone.  Absence  of  this  muscle 
has  been  reported ;  this  is  generally  due  to  a  fusion  of 
the  sterno-thyroid  and  thyro-hyoid,  so  that  they  form 
one  muscle,  which  is  inserted  into  the  hyoid  bone.  The 
muscle  may  be  divided  into  two  distinct  slips. 

Oricohyoid.  Walsham  first  described  this  muscle  as 
arising  from  the  lower  border  of  one  side  of  the  cricoid 
cartilage  and  inserted  into  the  lower  border  of  the  hyoid 
bone.     Gruber  also  mentions  its  occurrence. 

Depressor  Thyroidew.  A  small  muscle  described  by 
Bradley  as  arising  from  the  first  tracheal  ring,  passing 
over  the  cricoid  cartilage  and  inserted  into  the  lower 
border  of  the  thyroid  cartilage. 

Omohyoideus.  This  muscle  is  frequently  abnormal. 
In  250  subjects  examined  the  writer  found  anomalies  of 
tlie  omo-hyoid  in  39,  or  about  1  in  6.  The  muscle  may 
be  completely  absent,  and  in  rare  cases  it  has  been  noted 
double.  Again,  one  or  other  of  its  bellies  may  be  want- 
ing. When  the  anterior  is  absent,  the  posterior  belly 
ends  in  the  cervical  fascia  beneath  the  sterno-mastoid. 
In  350  subjects  the  writer  has  seen  this  arrangement 
twice.  Sometimes  the  anterior  belly  arises  from  the 
clavicle  and  ascends  the  neck  directly  to  its  insertion  into 
the  hyoid  bone  without  having  any  intermediate  tendon 
or  intersection.     This  has  been  regarded  by  some  as  ab- 


sence of  the  posterior  belly.  The  writer  has  only  in  one 
subject  seen  this  anomaly;  it  occurred  on  both  sides. 
Ihis  muscle  has  been  called  the  cleido-hyoid.  In  some 
rare  cases,  however,  the  posterior  belly  is  altogether  ab- 
sent, the  anterior  arising  from  the  fascia  covering  the 
subclavian  triangle  (hyofascuilu). 

The  posterior  belly  not  infrequently  arises  from  the 
clavicle  solely.  In  130  subjects  examined,  tlie  writer 
has  seen  this  arrangement  8  times  (1  in  15).  The  pos- 
terior belly  may  be  double,  the  supernumerary  portion 
arising  from  the  clavicle.  The  writer  has  seen  this  occur 
9  times  in  130  subjects.  In  these  cases  the  origin  from 
the  clavicle  is  generally  extensive,  and  is  from  the  middle 
tbird  of  the  posterior  border  for  a  distance  of  two  and 
sometimes  three  inches.  In  rare  cases  it  may  arise  from 
the  sternal  end.  The  posterior  belly  of  the  omo-hyoid 
may  be  so  bound  down  by  fascia  to  the  clavicle  that  the 
subclavian  triangle  is  obliterated.  In  ligaturing  tlie 
subclavian,  it  would  be  well  for  surgeons  to  bear  in  mind 
this  occasional  arrangement.  This  condition  is  present 
more  frequently  when  the  posterior  belly  arises  from  the 
clavicle. 

The  omo-hyoid  being  originally  fused  with  the  sterno- 
hyoid, it  would  be  natural  to  see  the  lower  portion  oc- 
casionally displaced  and  have  its  origin  from  any  of  the 
osseous  points  between  the  scapula  and  sternum,  or  to 
receive  supernumerary  heads  from  the  various  points. 

The  scapular  head  of  the  omo-hyoid,  besides  having  an 
accession  from  the  clavicle,  may  receive  one  from  the 
coracoid  process,  the  acromio-clavicular  joint,  the  acro- 
mion process,  and  even  the  first  rib. 

The  anterior  belly  of  the  omo-h3'oid  is  occasionally 
double.  The  writer  has  seen  this  anomaly  three  times. 
In  the  first  case  the  supernumerary  belly  was  inserted 
into  the  superior  cornu  of  the  thyroid  cartilage ;  in  the 
second,  into  the  great  cornu  of  the  hyoid;  and  in  the 
third  it  blended  with  the  sterno-hyoid. 

The  anterior  belly  not  infrequently  blends  with  the 
sterno-hyoid  so  as  to  form  one  broad  muscle,  which  is 
occasionally  bounded  below  by  an  arched  tendon,  as  in 
the  seal.  This  fusion  is  due  to  the  non-differentiation 
of  the  primitive  brachiocephalic  sheet  from  which  these 
two  muscles  are  developed. 

The  writer  has  twice  seen  a  portion  of  the  omo-hyoid 
muscle  pass  over  the  hyoid  bone  and  go  up  between  the 
anterior  bellies  of  the  digastrics  to  be  inserted  into,  the 
lower  jaw  near  the  symphysis  (see  Fig.  3437). 

The  omohyoid  may  send  slips  to  muscles  in  the  neigh- 
borhood; e.g.,  sterno-mastoid,  sterno-hyoid,  and  the  vari- 
ous muscles  of  the 
submaxillary  re- 
gion. A  slip  has 
been  seen  going 
from  the  posterior 
belly  to  the  trans- 
verse process  of  the 
sixth  cervical  verte- 
bra. 

The  intermediate 
tendon  of  the  omo- 
hyoid may  be  ab- 
sent or  represented 
by  a  tendinous  in- 
tersection. 

Comparative  An- 
atomy, The  omo- 
hyoid is  completely 
wanting  in  many 
animals,  as  the  cat, 
dog,  peccary,  mole, 
and  also  in  rodents 
without  clavicles. 
The  anterior  beliy  . 

is  absent  in  the  orang-outang.  The  muscle  arises  from 
the  clavicle  in  the  scink  and  in  some  of  the  bats  and 
the  iguana.  The  intermediate  tendon  is  absent  in  many 
mammals  as  the  echidna,  ornithorhynchus,  the  American 
black  bear,  and  some  of  tlie  quadrumana.     In  the  seal 
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Fig.  3437.— Shows  the  Omo-Hyoid  Muscle 
Continuing  up  Over  the  Hyoid  Bone  to  he 
Inserted  into  the  Inferior  Maxilla ;  also, 
the  Muscular  Belly  going  Irom  the  Tendon 
of  the  Digastric  to  be  Inserted  into  the 
Body  of  the  Hyoid  Bone.    (Shepherd.) 
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Fig.  3438.— Z/.T.,  Levator  thyroldese, 
going  from  Hyoid  Bone  to  Left  Lateral 
Lobe  ot  Thyroid  Body.    (QuaiD.) 


the  anterior  belly  is  fused  with  the  sterno-hyoid  and  is 
bounded  below  by  an  arched  tendon. 

Levatm-  Glandules  Thyroidex.  This  is  a  fibrous  or 
muscular  band  which  goes  from  the  body  of  the  hyoid 

bone  to  the  isthmus  or 
one  of  the  lateral  lobes 
of  the  thyroid  gland. 
There  may  be  two  or 
three  slips.  The 
writer,  in  one  subject, 
on  both  sides,  saw  tliis 
slip  proceed  from  the 
oblique  line  of  the 
thyroid  cartilage  and 
go  to  each  lateral  lobe 
of  the  gland.  The 
levator  thyroldese  is 
looked  upon  as  an 
aberrant  portion  of  the 
muscles  between  the 
sternum  and  hyoid 
bone  (see  Fig.  3438).  ^ 
Digasiricus.  The  di- 
gastric muscle  is  sub- 
ject to  many  varia- 
tions. Occasionally  its 
tendon  fails  to  pierce 
the  st3'lo-hyoid.  The 
anterior  helly  is  very 
often  abnormal ;  not 
infrequently  the  two 
anterior  bellies  unite 
in  the  median  line  and 
completely  shut  out  from  view  tlie  mylo-hyoid  mus- 
cles. The  two  bellies  often  decussate,  as  in  the  Nor- 
way rat  and  ruminants.  It  is  not  uncommon  to  find 
the  anterior  belly  divided  into  two  or  more  parts,  one 
of  which  may  cross  the  middle  line  of  the  neck  and 
join  the  anterior  belly  of  the  opposite  side.  A  slip  from 
the  anterior  belly  may  join  the  mylo-hyoid,  or  decussate 
in  the  middle  line  with  a  similar  slip  from  the  opposite 
muscle.  These  slips  may  be  looked  upoil  as  varieties  of 
the  mento-hyoid  muscle,  described  below.  In  one  sub- 
ject the  writer  saw  a  well-marked  muscular  slip  given  off 
from  the  intermediate  tendon  and  inserted  into  the  body 
of  the  hyoid  bone  (see  Fig.  3437).  Also,  in  another  sub- 
ject there  was  complete  absence  of  the  anterior  belly  on 
the  left  side ;  the  posterior  belly  ended  in  the  deep  cer- 
vical fascia  attached  between  the  hyoid  bone  and  angle 
of  the  jaw.  This  might  be  regarded  as  a  form  of  the 
monogastric  muscle,  which  is  v/ell  seen  in  the  lower  ani- 
mals, as  the  carnivora.  Mac  Winnie  describes  a  case  in 
which  the  muscle  was  monogastric  and  was  inserted  into 
the  middle  of  the  body  of  the  lower  jaw.  In  rare  oases 
a  muscular  slip  from  the  angle  of  the  jaw  joins  the  au- 
terior  or  posterior  belly.  The  writer  once  saw  a  well- 
marked  tendinous  slip  going  from  the  angle  of  the  jaw 
to  the  posterior  belly. 

The  posterior  helly  occasionally  receives  accessory  slips 
from  the  styloid  process.  It  has  been  seen  arising  en- 
tirely from  the  styloid  process.  It  is  sometimes  con- 
nected by  a  muscular  slip  with  one  of  the  constrictors  of 
the  pharynx.  Walsham  describes  a  tendinous  intersec- 
tion, and  in  one  case  a  distinct  tendon,  occurring  in  the 
posterior  belly.  The  posterior  belly  has  been  seen  to 
pass  behind  instead  of  in  front  of  the  carotid  artery. 

Oecipito-liyoid.  Perrin  (Jour.  Anat.  and  Phys.,  vol.  v.) 
first  described  this  muscle  as  an  additional  digastric ;  he 
regarded  it  as  homologous  with  the  stylo-hyoid  of  birds 
The  muscle  is  double-bellied;  its  posterior  belly  arises 
from  fascia  covering  the  occipital  bone,  and  its  anterior 
belly  IS  mserted  into  the  hyoid  bone  beneath  the  hyo- 
glossus.  Humphry  looks  upon  it  as  a  superficial  ap- 
pendage to  the  stylo-hyoid  and  digastric  muscles.  There 
IS  a  smiilar  muscle  in  the  seal. 

Mento-hyoid  (Macalister).  This  is  the  name  given  to  a 
slip  of_  muscle  of  variable  size,  and  sometimes  double 
which  IS  not  infrequently  seen  passing,  supei-ficial  to  the 
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mylo-hyoid,  from  the  lower  jaw  near  the  symphysis  to 
the  body  of  the  hyoid  bone.  Occasionally  the  muscle 
does  not  reach  the  hyoid  bone,  but  ends  in  a  fascia  which 
covers  the  mylo-hyoid  and  is  attached  to  the  bone.  It  is 
sometimes  triangular  in  shape.  Macalister  looks  upon 
the  mento-hyoid  as  a  differentiated  portion  of  platysma ; 
but  it  is  probably  more  closely  related  to  the  anterior 
belly  of  the  digastric  and  the  sterno-hyoid  group,  which 
are  formed  from  the  superficial  brachiocephalic  stratum 
of  muscle  (see  Fig.  3439).  The  mento-hyoid  exists  nor- 
mally in  many  animals,  as  the  bat,  hippopotamus,  etc. 

Stylohyoideus.  Occasionally  absent.  Testut  suggests 
that  in  cases  of  supposed  absence  of  this  muscle  it  is 
fused  with  the  posterior  belly  of  the  digastric.  A  division 
of  the  muscle  into  three  has  been  noticed.  It  may  some- 
times pass  behind  the  carotid  artery.  It  is  occasionally 
inserted  into  the  tendon  of  the  digastric  or  lesser  cornu 
of  the  hyoid  bone.  Its  fibres  may  be  continuous  with 
the  mylo-hyoid,  thyro-hyoid,  omo-hyoid,  or,  as  in  the 
ant-eater,  with  the  muscles  of  the  tongue.  It  sometimes 
arises  from  the  lower  jaw  and  goes  to  the  hyoid  bone 
(hyomaxillaris) ;  again,  it  may  not  reach  the  hyoid  bone, 
biit  go  from  the  styloid  process  to  the  angle  of  the  lower 
jaw,  as  in  birds  (stylomaxillaris).  The  writer  has  seen 
this  muscle  absent  in  two  subjects,  once  on  both  sides. 

Styloclwndrohyoideus  (Douglass) ;  Stylohyoideus  alter 
(Albinus).  This  is  an  additional  muscle,  which  occasion- 
ally replaces  the  normal  stylo-hyoid  and  has  the  course 
of  the  stylo-hyoid  ligament;  in  other  words,  it  is  the 
stylo-hyoid  ligament  become  muscular.  It  is  inserted 
into  the  lesser  cornu  of  the  hyoid  bone  and  passes  behind 
the  carotid  artery.  In  one  case,  noted  by  the  writer,  in 
which  this  muscle  existed  the  normal  muscle  was  repre- 
sented by  a  thin  tendinous  slip.  The  normal  stylo-hyoid 
and  this  muscle  frequently  are  present  together.     The 


FIG.  3439.---Sliowing  Mento-Hyold  Muscle  {MH) ;  also,  the  Anterior 
Bellies  of  the  Digastric  Muscles  United  in  the  Middle  Line  by  Mus- 
cular Fibres  (D) .    (Shepherd.) 

Stylohyoideus  alter  may  receive  a  slip  from  the  lower 
.law.  In  one  hundred  and  twenty  subjects  the  writer  has 
seen  this  muscle  nine  times ;  three  times  it  occurred  on 
both  sides  of  the  same  subject. 

Stylohyothyroideus.     This  is   the  name  given  by  the 
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writer  to  a  muscle  seen  by  liim  in  a  female  subiect  in  the 
.anatomi(;al  rooms  of  McGill  University  during  the  winter 
session  1885-86.  On  both  sides  of  a  thin  female  subiect 
in  addition  to  the  usual  stylo-hyoid,  a  stylo-choiidro- 
hyoid  was  present.  On  the  left  side  tliis  muscle  save 
oa  a  slip  to  the  middle  constrictor  of  the  pharynx  On 
the  same  side,  arising  in  common  with  the  stylo-chondro- 
hyoid  was  another  muscle  of  the  same  size,  this  had  a 
well-developed  belly,  and  passed  down  posterior  but 
parallel  to  the  above-mentioned  muscle  to  a  little  above 
the  hyoid  bone ;  here  it  left  its  companion  and  developed 
a  well -formed  round  tendon,  which  passed  under  the 
middle  constrictor  and  was  inserted  into  the  tip  of  the 
superior  oornu  of  the  thyroid  cartilage.  The  stylopha- 
ryngeus  was  of  normal  size  and  insertion. 

Mylo-hyokl.  The  median  raphe  between  the  two  mus- 
cles is  sometimes  absent.  The  mylo-hyoid  is  often  closely 
united  to  the  anterior  belly  of  the  digastric,  and  may  be 
partially  replaced  by  it.  The  sterno-hyoid,  omo-hyoid 
or  stylo-hyoid  may  send  slips  to  it.  The  muscle  may  be 
■divided  into  two  portions,  an  anterior  and  a  posterior,  sep- 
arated by  a  considerable  interval.  This  is  the  arrange- 
ment in  some  of  the  rodents.  A  deficiency  of  the  fore 
part  is  of  common  occurrence,  the  origin  not  reaching 
farther  than  the  canine  tooth  (Quain). 

Oeniohyo-ideus.  The  two  muscles  may  be  fused  in  the 
middle  line.  It  occasionally  receives  a  slip  from  the 
great  cornu  of  the  hyoid  bone.  It  may  be  closely  united 
with  the  geniohyoglossus  or  hroglossus. 

Geniohyoglosms.  This  muscle  has  been  found  united 
with  the  genio-hyoid.  The  two  muscles  may  be  fused 
together,  no  cellular  interval  separating  them.  Slips 
have  been  seen  going  from  the  geniohyoglossus  to  the 
epiglottis,  stylo-hyoid  ligament,  and  lesser  cornu  of  the 
hyoid  bone.  An  accessory  muscle  has  been  described  by 
Henle,  Luschka,  and  Bochdalek,  going  from  the  mental 
spine  to  the  hyoid  bone  between  the  two  geniohyoglossi 
muscles. 

Hyoglossus.  Sometimes  pierced  by  the  lingual  artery. 
The  middre  portion  of  the  muscle  is  occasionally  absent, 
leaving  a  larger  or  smaller  interval  between  the  outer  and 
inner  portions,  and  exposing  the  lingual  artery  (see  Fig. 
5440).  The  lingual  artery  may  lie  on  the  muscle  instead 
•of  beneath  it. 

Triticoglossus  (Bochdalek).  This  is  a  small  muscular 
slip  which  arises  from  a  cartilaginous  nodule  in  the  thyro- 
hyoid ligament,  and  passes  upward  and  outward  to  join 
the  posterior  part  of  the  hyoglossus. 

Ohondroglossus.  This  has  been  described  as  a  distinct 
muscle,  occurring  normally,  separated  from  the  hyo- 
glossus by  the  pharyngeal  fibres  of  the  genioglossus.  It 
arises  from  the  base  of  the  lesser  cornu  and,  spreading 
out,  is  inserted  into  the  dorsum  of  the  tongue  near  the 
middle  line. 

Styloglossvs.  The  styloglossus  is  occasionally  absent. 
The  writer  once  saw  it  absent  on  both  sides  of  the  same 
subject.  There  is  sometimes  an  additional  origin,  from 
the  angle  of  the  lower  jaw  or  the  stylo-maxillary  liga- 
ment. The  whole  muscle  may  arise  from  these  points, 
the  styloid  origin  being  absent.  When  it  arises  from  the 
angle  of  the  jaw  it  is  called  the  mylogloBsna.  Gruber  has 
described  a  rare  origin  of  this  muscle,  from  the  external 
auditory  meatus  {styloauricularis).  The  muscle  may  be 
divided  into  two  portions ;  one  of  which  is  inserted  nor- 
mally, the  other  into  the  pharynx  (Sandifort).  Macalister 
has  reported  this  muscle  as  double.  Henle  has  described 
a  slip  going  from  the  styloglossus  to  the  genioglossus 
near  its  origin. 

Muscles  of  the  Pharynx. — Constrictor  Superior.  The 
second  poi'tion  may  be  distinct.  Meckel  describes  an 
accessory  slip,  arising  from  the  pharyngeal  spine  and 
becoming  lost  in  the  middle  line  of  the  posterior  wall  of 
the  pharynx.  The  writer  once,  on  both  sides  of  the  same 
subject,  saw  this  muscle  receive  a  slip  from  the  Eusta- 
chian cartilage. 

Constrictor  Medina  occasionally  receives  fibres  from  the 
stylo-hyoid  ligament  or  hyoid  bone ;  also  from  the  tongue 
and  hinder  part  of  the  niylo-hyoidean  ridge.     It  is  com- 


mon to  see  a  slip  from  the  thyro-hyoid  ligament  (syndesmo- 
^/»«rW««  Doug  ass).  The  upj^er  fibres  of  the^nusde 
may  reach  the  occipital  bone 

f,..^"//''*f  "'■/"■^'""t''-  ^  ^"^^  ^"^'-"^  of  o"gi"  may  come 
liom  the  trachea.  It  is  occasionally  connected  by  mus- 
cular slips  with  the  crico-thyroid,  sterno-hyoid,  or  sterno- 
thyroid muscles. 

Stylopharyngeus.  Cleavage  of  this  muscle  into  two  or 
even  three  parts  has  been  noted.  Gruber  has  described 
a  double-headed  stylopharyngeus.  The  accessory  head 
in  his  case  arose  from  the  mastoid  process 

Supernumerary  Mvscles  of  the  Pharynx  are  not  infre- 
quently present,  proceeding  from  the  lower  part  of  the 
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Fig.  3440.— JT,  Hyoglossus  muscle  deflcient  in  its  central  portion;  SG, 
st.vloglossus ;  Sir,  stylo-liyoid ;  SP,  stylopharyngeus.    ( Walsham.) 

base  of  the  skull  and  going  to  one  of  the  constrictors  or 
passing  between  these  muscles  and  the  fibrous  layer  of 
the  pharynx.  They  may  arise  from  the  petrous  portion 
of  the  temporal  (petropliaryngeus),  spine  of  the  sphenoid 
(sphenopliaryngeus),  hamular  process  (pterygopharyngeus), 
basilar  process  {oecipitopharyngeus),  or  from  the  pharj'n- 
geal  tubercle  of  the  occipital  bone  {azygopharyngeus). 

Prbvektebkal  Muscles. — Scalenus  Anticus.  Ab- 
sence of  the  muscle  has  been  reported  by  Macalister.  In 
this  case  the  subclavian  vein  was  in  direct  contact  with 
the  artery.  The  attachment  to  the  cervical  vertebrse  may 
vary  in  extent.  The  muscle  may  be  divided  into  several 
distinct  portions.  It  is  sometimes  pierced  by  the  sub- 
clavian artery,  and  in  rare  oases  lies  behind  the  artery, 
or,  more  properly  speaking,  the  artery  passes  in  front  of 
it. 

Scalenus  Medius  and  Posticus.  These  two  muscles  are 
so  intimately  united  that  French  anatomists  regard  them 
as  one  muscle.  They  vary  considerably  as  to  the  extent 
of  their  attachments  to  the  transverse  processes  of  the 
cervical  vertebrae;  frequently  the  slips  from  the  upper 
cervical  are  absent.  In  rare  cases  the  posterior  scalenus 
may  be  attached  as  far  down  as  the  third  and  even  the 
fourth  rib,  as  in  many  of  the  lower  animals.  In  some 
animals,  as  the  bear,  it  reaches  as  far  as  the  seventh  and 
eighth  ribs.  In  man  it  is  not  infrequently  absent.  The 
scalenus  medius  is  perforated  by  branches  of  the  brachial 
plexus  and  frequently  by  the  posterior  scapular  artery. 

Scalenus  Minimus  (Albinus).  This  is  a  small  slip  of 
muscle,  normal  in  apes,  which  is  seen  in  man  occasion- 
ally. It  passes  from  the  transverse  processes  of  the  lower 
cervical  vertebra;  to  the  first  rib,  behind  the  subclavian 
artery,  and  in  front  of  the  brachial  plexus. 

Transversalis  Gervicis  Medius  (Tijrnblom).  Under  this 
name  a  muscle  has  been  described  as  arising  from  the 
transverse  processes  of  the  second,  third,  and  fourth 
cervical  vertebrse,  and  inserted  into  the  sixth  and  seventh 
cervical  transverse  processes. 
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Eecttis  Capitis  Anticvs  Major.  Varies  occasionally  in 
the  extent  of  its  attachment  to  the  cervical  vertebra;.  It 
is  sometimes  strengthened  by  a  fasciculus  from  the  trans- 
verse process  of  the  axis,  and  has  been  noted  as  having 


riG.  3441.— ,L,  Axillary  band,  between  the  latisslmus  dorsl  (i)  and 
the  great  pectoral  (P). 

no  origin  from  the  sixth  cervical.  It  is  frequentlj'  united 
with  neighboring  muscles,  as  the  anterior  scalenus,  trans- 
versalis  cervicis,  etc. 

Rectus  Capitis  Antieus  Minor.  Occasionally  has  a  slip 
from  the  axis.  Macalister  has  described  a  supernumerary 
muscle  attached  to  the  anterior  portion  of  the  atlas  (M. 
rectus  anterior  medius  of  G  ruber). 

Longus  Colli.  The  longus  colli  is  subject  to  some  va- 
riations in  the  number  of  its  attachments  and  in  the  de- 
gree of  separation  of  its  constituent  parts. 

The  lower  oblique  portion  may  send  a  slip  to  the  head 
of  the  first  rib.  It  is  also  sometimes  prolonged  to  the 
rectus  capitis  antieus  major,  and  has  been  seen  sending 
a  slip  of  insertion  to  the  basilar  portion  of  the  occipital 
bone.  A  supernumerary  longus  colli  {M.  transversalis 
cervicis  anterior  Luschka)  may  arise  by  thin,  tendinous 
slips  from  the  anterior  tubercles  of  the  transverse  proc- 
esses of  the  lower  four  cervical  vertebras  and  be  Inserted 
by  two  tendons  into  the  base  of  the  transverse  i^rocess 
of  the  atlas  and  the  body  of  the  axis  (Henle). 

Muscles  of  the  Upper  Limb. — Trapezius  (Cucul- 
laris).  The  attachments  of  this  muscle  are  subject  to 
considerable  variation.  The  muscle  may  be  much  smaller 
than  usual,  and  have  no  occipital  origin  or  be  attached  to 
as  few  as  six  instead  of  twelve  dorsal  spines ;  it  may  be 
divided  into  a  cervical  and  a  dorsal  portion.  Again,  its 
spinal  attachments  may  be  confined  to  the  upper  three 
or  four  dorsal,  or  lower  three  or  four  cervical  spines,  the 
other  portions  being  absent.  It  is  sometimes  inserted 
into  more  of  the  clavicle  than  normal,  being  continuous 
with  the  inserliou  of  the  sterno-mastoid.  Occasionally 
there  is  a  shp  passing  forward  across  the  subclavian  tri- 
angle to  reach  the  sterno-mastoid ;  this  would  be  in  front 
of  the  third  part  of  the  subclavian  artery,  and  interferes 
somewhat  with  the  operation  of  ligature  of  that  artery. 
Again,  it  may  be  continuous  with  the  deltoid,  as  is  the 
case  in  animals  without  clavicles.  In  rai-e  cases  the  por- 
tion attached  to  the  clavicle  is  absent  or  very  small.  This 
arrangement  is  seen  in  some  of  the  lower  animals.  A 
slip  has  been  described  going  from  the  anterior  border 
of  the  muscle  near  the  clavicle  to  the  sternum;  this  is  a 
variety  of  the  sterno-scapular  muscle.  Not  infrequently 
slips  of  attachment  unite  the  trapezius  to  the  levator 
anguli  scapulsB. 

Latissimvs  Dorsi.  .  The  number  of  dorsal  vertebra'  to 
which  this  muscle  is  attached  may  vary  considerably.  It 
may  be  attached  to  as  many  as  nine,  and  as  few  as  four. 
The  writer  has  seen  it  attached  to  all  the  dorsal  vertebra. 
Its  attachments  to  the  ribs  also  vary,  the  number  being 
sometimes  increased,  sometimes  diminished.  It  is  occa- 
sionally attached  to  the  lower  angle  of  the  scapula;  the 
writer  has  twice  seen  it  send  slips  to  the  spine  of  the 
scapula. 
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Axillary  Band  (Achselbogen),  This  is  a  muscular 
band  which  crosses  the  lower  part  of  the  axilla  from  the 
latissimus  dorsi  to  the  great  pectoral  muscle  near  its  in- 
sertion (see  Fig.  3441). 

It  may,  instead  of  uniting  with  the  great  pectoral,  b& 
inserted  into  the  coraeobrachialis  or  fascia  covering  the 
biceps.  In  its  course  it  usually  crosses  the  axillary  ves- 
sels, and  hence  it  is  well  to  bear  this  in  mind  in  ligaturing 
the  axillary  artery  in  its  third  part.  It  is  sometimes  of 
large  size,  being  as  broad  as  6.3  cm.,  and  so  may  cover- 
a  considerable  extent  of  the  axillary  vessels.  More  fre- 
quently it  is  a  small  slip,  from  1  to  3  cm.  broad.  It  oc- 
curs in  about  five  per  cent,  of  all  subjects,  and  is  fre- 
quently on  both  sides  of  the  same  subject.  The  writer 
has  seen  it  in  eleven  subjects  out  of  two  hundred  and 
fifty  noted.  This  muscular  band  exists  normally  in 
many  animals,  as  deer,  etc.,  and  is  the  remains  of  the 
continuity  which  previously  existed  between  the  latis- 
simus dorsi  and  the  pectoralis  major. 

Dorsoepitrochlearis.  This  is  a  muscle  which  is  occa- 
sionally seen  in  man  in  a  rudimentary  form,  but  in  many 
of  the  lower  animals,  as  apes,  lemurs,  seals,  bears,  etc., 
is  a  well-developed  muscle,  and  is  the  normal  arrange- 
ment. It  is  a  muscular  slip  which  is  given  off  from  the 
lower  border  of  the  tendon  of  the  latissimus  dorsi,  and  is 
attached  to  various  points  in  the  arm.  It  may  end  in 
the  long  head  of  the  triceps,  some  portion  of  the  internal 
intermuscular  septum,  the  epitrochlear  process  of  the 
internal  condyle,  or  the  olecranon  process  (see  Fig.  3443). 
In  man  the  muscle  is  occasionally  represented  merely  by 
a  fibrous  band,  sometimes  by  a  small,  muscular  slip  end- 
ing in  a  fibrous  cord,  which  is  inserted  into  the  internal 
condyle,  or  is  continuous  with  the  internal  intermuscular 
septum. 

Uhomhoideus  Minor  and  Major.  Both  these  muscles 
are  subject  to  variation  as  to  extent  of  origin  and  inser- 
tion. They  may  be  divided  into  two  fasciculi,  as  In  some 
animals. 

Rliarnbo-occipital  (occipito-scapular  of  "Wood).  This 
is  a  slip  not  infrequently  seen  in  man,  and  occurs 
normally  in  many  of  the  lower  animals,  e.g. ,  the  deer, 
cat,  tiger,  etc.,  as  a  well-developed  muscle  immediately 
beneath  the  trapezius,  and  reaching  from  tlie  occiput  to 
the  base  of  the  spine  of  the  scapula.  In  man  it  generally 
exists  in  an  incomplete  form,  and  varies  considerably  as 
to  its  upper  and  lower  attachments.  Instead  of  reach- 
ing the  scapula  it  may  be  connected  with  either  of  the 
rhomboid  muscles,  serratus  posticus  superior,  or  levator 
anguli  scapulae.  Its  superior  attachment  may  not  reach 
the  occiput,  but  be  connected  with  the  spines  of  the 
upper  cervical  vertebrae.  Again,  in  man, 
this  muscle  may  be  represented  by  a  slip 
from  the  aponeurosis  covering  the  splenius 
capitis  to  the  spine  of  the  scapula,  or  by  a 
slip  from  the  levator  anguli 
scapulae  to  one  of  the  rhom- 
boids. In  one  case  recorded 
by  the  writer  it  consisted  of  a 
well-developed  muscular  slip 
reaching  from  the  transverse 
process  of  the  atlas  to  the 
aponeurosis  over  the 
greater  rhomboid 
(rhombo-atloid  of  Mac- 
alister). The  many 
varieties  of  this  mus- 
cle in  man  have  been 
carefully  described 
by  Prof.  J.  Wood 
(Proceed.  Roy.  Soc, 
1870— see  Fig.  3443). 

Levator  Anf/nli 
Scapula..  This  muscle  varies  considerably  in  the  extent 
of  its  attachments  to  the  vertebnc  and  scapula.  It  is. 
often  seen  attached  to  as  many  as  six  vertebrae  and  to  as 
few  as  two.  It  has  been  seen  arising  from  the  mastoid 
process  and  occipital  bone  in  addition  to  its  spinal 
origin.     It  may  have  an  attachment  to  the  spine  of  tha 


Fig.  3442.- 
cle;  L, 


-D,  Dorsoepitrochlearis   mus- 
latlssimus  dorsi.    (Perrin.) 
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Fig.  3443.— OC,  Oecipito-scapular  mus- 
cle: jD,  levator  anguli  scapulse; 
B,  rhomboid  muscles ;  Sp,  splenlus. 
(Wood.) 


scapula,  and  it  sometimes  sends  slips  of  insertion  to  the 
first  or  second  rib.  Ocoasionally  it  is  seen  divided  into 
two  or  more  slips,  the  portions  connected  with  the  differ- 
ent vertebra;  remaining  separate.     It  is  often  connected 

with  neighboring    muscles 
\       by    muscular    slips.      The 
\f\  ,  _  writer  has  seen  it  thus  con- 

nected   with    the    serratus 
posticus   superior,  serratus 
magnus,   deep    surface    of 
the   trapezius,    complexus, 
splonius  capitis,  rhomboid- 
t'us  minor,  and  scalenus  pos- 
ticus.      These 
slips    are     re- 
garded   by 
Wood  as  vari- 
eties and  modi- 
fications of  the 
occipito  -scap- 
ular muscle  of 
the  lower  ani- 
mals. In  many 
of    the    lower 
the  levator  an- 
julse   is  merely 
—  -    -i-i-.r  portion  of  the 
serratus  magnus,  form- 
ing  with    it    a    single 
muscle. 

Levator  Glaviculoe. 
The  levator  claviculre, 
which  normally  exists 
in  all  mammals  with  the 
exception  of  man,  is  oc- 
casionally seen  in  him. 
It  appears  as  a  separate 
muscular  slip  arising  from  the  transverse  processes  of 
one  or  two  upper  cervical  vertebrae,  and  inserted  into 
the  outer  end  of  the  clavicle.  Slips  of  muscle  from  the 
levator  anguli  scapulse,  or  from  the  upper  cervical  spines, 
to  the  scalene  muscles,  serratus  magnus,  and  ribs,  are 
regarded  as  modifications  of  the  levator  claviculse. 

Cleidocervicalis  (Gruber).  This  is  a  form  of  the  above 
muscle  arising  from  the  transverse  process  of  the  sixth 
cervical  and  inserted  into  the  outer  end  of  the  clavicle. 
Gruber  looks  upon  it  as  a  supernumerary  scalene  muscle 
attached  to  the  clavicle. 

Pectoralis  Major.  Many  variations  of  this  muscle  have 
been  observed.  The  more  common  varieties  consist  of  a 
greater  or  less  extent  of  attachment  to  ribs  and  sternum, 
and  the  separation  of  its  clavicular  from  its  costal  attach- 
ment. 

M.  Testut  divides  the  anomalies  of  this  muscle  into 
eight  groups,  viz. : 

1.  Fusion  of  the  clavicular  portion  with  the  deltoid. 
Fusion  with  the  great  pectoral  of  the  opposite  side. 
Union  with  the  rectus  abdominis. 
Union  with  the  biceps  brachii  (see  Fig.  3450). 
Separation  of  the  clavicular  and  sterno-costal  por- 
tions by  an  interspace. 

6.  Division  of  the  costo-sternal  portion  into  two  strata 
or  layers. 

7.  Anomalies  in  the  mode  of  insertion  into  the  arm. 

8.  Complete  or  partial  absence  of  the  muscle. 
Testut  divides  the  anomalies  of  the  brachial  insertion 

into :  (a)  Insertion  into  the  coracoid  process  and  aponeu- 
rosis of  the  coracobrachialis.  (S)  Insertion  into  the  cap- 
sule of  the  shoulder- joint,  (c)  Prolongation  of  the  tendon 
of  insertion  into  the  capsule  of  the  shoulder- joint,  {d) 
Supernumerary  insertion  into  the  humerus,  (e)  Inser- 
tion into  the  brachial  aponeurosis.  (/)  Insertion  into 
the  two  lips  of  the  bicipital  groove. 

Cliondroepitrochlearis  (Duvernoy).  This  is  the  name 
given  by  Duvernoy  to  a  muscular  slip  which  is  sometimes 
seen  arising  from  the  cartilage  of  one  or  two  ribs,  the 
aponeurosis  of  the  external  abdominal  oblique,  the  lower 
border  of  the  great  pectoral  itself,  or  its  tendon ;  from 
Vol.  VI.— 4 


3. 
4. 

9. 


one  of  these  origins  it  passes  down  and  out,  and  is  in- 
serted in  a  variable  way  into  the  arm.  It  is  often  in- 
serted into  the  internal  intermuscular  septum,  and  occa- 
sionally reaches  as  far  as  the  internal  condyle  of  the 
humerus. 

Mr._  J.  B.  Perrin  {Jotir.  Anat.  and  Phys.,  vol.  v.)  has 
described  under  the  name  of  epigastric  slips  a  number 
of  rnusGles  connected  with  the  lower  border  of  the  pec- 
toralis major,  or  arising  separately  from  the  sixth  or 
seventh  rib  and  inserted  into 
the  tendon  of  the  great  pecto- 
ral, or  into  the  fascia  covering 
the  coracobrachialis  muscle  (see 
Fig.  3444).  They  may  also  be 
connected  with  the  latissimus 
dorsi.  These  muscles  are  de- 
veloped to  a  high  degree  in 
many  mammals,  and  are  well 
seen  in  pigeons  and  fowls. 

Musculus  sternalis.  Syn. ; 
Rectus  sternalis,  sternalis  bru- 
torum  (Albinus),  presternal 
(Testut).  The  musculus  ster- 
nalis is  a  supernumerary  nuis- 
cle  which  has  always  excited 
a  great  deal  of  interest  amontr 
anatomists;  even  yet  its  proper 
morphological  significance  is 
not  fully  determined.  It  is 
seen  in  about  three  or  four  per 
cent,  of  ordinary  individuals, 
but  in  aneucephalous  monsters  is  nearly  always  pres- 
ent. Its  fibres  are  generally  at  right  angles,  and  super- 
ficial, to  the  great  pectoral;  it  is  often  bilateral,  but 
more  frequently  unilateral,  and  is  subject  tn  many 
variations.  Frequently  it  has  no  attachment  to  bone 
but  rests  on  the  great  pectoral,  attached  above  and 
below  to  fascia  (see  Fig.  3445).  It  is  often  attached 
to  the  sternum  and  costal  cartilages  of  one  side  or  both, 
and  is  occasionally  continuous  above  with  the  sternal 
origin  of  the  sterno-mastoid,  and  below,  with  the  ex- 
ternal abdominal  oblique  (see  Fig.  3438). 

It  usually  arises  from  the  first  jDiece  of  the  sternum, 
and  is  inserted  into  some  of  the  ribs  and  costal  cartilages, 
generally  the  fifth  and  sixth.     It  may  be  continuous  in 


Fig.  3444.— Example  of  the 
Chondroepitrochlearls  Mus- 
cle (C).    (Perrin.5 
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Fig   3445.— S,  Musculus  sternalis,  attached  above  and  below  to  fascia. 
(Shepherd.) 

part  with  the  great  pectoral  itself  and  be  associated  with 
deficiency  of  that  muscle.  Sometimes  it  is  of  small  size, 
but  occasionally  it  is  quite  a  large  muscle,  8  to  10 
cm.  long,  and  3  to  5  cm.  broad.  It  has  been  recognized 
under  the  skin  in  the  living.  It  derives  its  nerve 
supply  from  the  same  source  as  the  pectoral  muscles, 

49 


Muscles. 
Muscles. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


viz.,  the  anterior  thoracic.  The  muscle  is  regarded  by 
Sir  William  Turner,  Dr.  Dobson,  and  others  as  a 
remnant  of  a  skin  muscle.  Henle,  Theile,  Bourrienne, 
and  others  look  upon  it  as  a  prolongation  downward 
of  the  sterno-mastoid.  Halbertsraa  thought  it  a  muscle 
siii  i/eneris  peculiar  to  man,  and  having  no  animal  repre- 
sentative. D.  J.  Cunningham  thinks  it  a  new  inspira- 
tory muscle  appearing  in  man,  and  is  of  opinion  that 


riG.  .3446.— a,  a,  o,  Muscular  slips  connecting  tie  pectoralls  minor 
(P)  with  the  coracobrachlalis  (C)  and  the  latissimus  dorsi  (i). 
(Shepherd.) 

it  occurs  more  commonly  in  females,  costal  inspiration 
being  more  pronounced  in  them.  In  dissections  of 
anencephalous  monsters  made  by  the  writer  the  nerve 
supply  was  traced,  in  nearly  all  the  specimens  ex- 
amined, to  the  anterior  thoracic.  These  dissections  con- 
vinced him  that  this  muscle  belongs  to  the  pectoral  and 
not  the  panniculus  group  (see  Jour.  Anat.  and  Phys., 
vol.  xix.). 

Pectoralis  Minor.  The  origin  of  this  muscle  varies 
considerably.  It  may  arise  from  the  second,  third,  and 
fourth  ribs,  instead  of  the  third,  fourth,  and  fifth.  Not 
infrequently  it  arises  from  four  ribs,  and  the  writer  has 
occasionally  seen  it  arise  by  five  digitations  from  the  five 
upper  ribs.  It  has  been  described  as  attached  to  only 
two  ribs,  and  Testut,  in  his  work  on  "  Muscular  Anoma- 
lies, "  describes  a  case  in  which  it  arose  by  a  single  digita- 
tion  from  the  fourth  rib;  in  this  case  the  subclavius 
muscle  was  of  large  size.  Sometimes  the  pectoralis 
minor  is  divided  into  a  number  of  slips  corresponding 
with  the  ribs  from  which  it  arises.  It  is  occasionally 
connected  with  the  great  pectoral.  In  one  case  the 
writer  saw  it  connected  by  muscular  slips  with  the  latis- 
simus dorsi  and  coracobrachialis,  and  these  two  slips 
were  connected  together  by  a  third  (see  Fig.  3446). 

The  variations  of  insertion  of  the  pectoralis  minor,  are 
numerous.  The  muscle  not  infrequently  passes  over  the 
coracoid  process  and  is  inserted  into  the  capsule  of  the 
shoulder-joint  and  great  tuberosity  of  the  humerus.  It 
very  frequently  is  united  at  its  insertion  to  the  coraco- 
brachiaUs.  In  one  case  the  writer  saw  it  inserted  into 
the  coracobrachialis  by  a  tendinous  expansion,  5  cm. 
broad ;  in  this  case  the  coracoid  process  received  no  fibres 
of  insertion.  In  many  of  the  carnivora  and  quadrumana 
this  muscle  is  normally  inserted  into  the  humerus. 
In  rare  cases  the  pectoraUs  minor  is  divided  into  two 
layers  which  have  distinct  insertions,  and  sometimes  it  is 
absent. 
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Pectoralis  Minimus.  Gruber  has  described  a  slip,  to 
which  he  gives  the  above  name,  arising  from  the  first 
piece  of  the  sternum  and  cartilage  of  the  first  rib ;  from 
this  origin  it  passes  outward  between  the  subclavius  and 
lesser  pectoral  to  be  inserted  into  the  coracoid  process. 
Some  regard  it  as  a  variety  of  the  chondro-scapular 
muscle  of  Wood. 

Subclamus.  The  subclavius  is  not  infrequently  in- 
serted into  the  coracoid  process  as  well  as  the  clavicle; 
occasionally  it  has  no  clavicular  attachment,  but  is  wholly 
inserted  into  the  root  of  the  coracoid  process.  It  has 
been  described  as  double  by  some  anatomists,  but  the 
supernumerary  muscle  will  be  described  below  as  the 
sterno-scapular.  Walsham  describes  a  case  in  which  the 
subclavius  had  an  insertion  into  the  humerus,  as  is  nor- 
mall)'  seen  in  birds.  The  subclavius  is  sometimes  absent, 
its  place  being  taken  by  the  sterno-scapular. 

8terno-cJioridro-sea2ndar(W ooA).  Syn. :  Scapulocostal! s 
minor  (Macalister),  subclavius  posticus  (RoseumilUer). 
This  is  a  supernumerary  muscle  of  a  somewhat  cylin- 
drical shape,  which  is  attached  externally  to  the  root  of 
the  coracoid  process  or  upper  border  of  the  scapula, 
passes  inward  over  the  subclavian  artery  and  brachial 
plexus  of  nerves,  beneath  the  clavicle  and  subclavius 
muscle,  to  be  attached  by  a  round  tendon  to  the  costal 
cartilage  of  the  first  rib,  first  piece  of  the  stei'num,  or 
both  (see  Fig.  3447). 

Sometimes  this  muscle  passes  over  the  clavicle  in  place 
of  beneath  it,  and  occasionally  it  does  not  reach  as  far 
as  the  coracoid,  but  may  be  inserted  into  the  anterior 


Fig.  3447.— SS,  steruo-scapular  muscle ;  0,  omo-hyold.    (Wood.) 


border  of  the  clavicle  (sterno-clavicular  anterior).  A 
variety  of  the  sterno-clavicular  muscle  which  the  writer 
has  seen  is  one  which  reaches  from  the  sterno-clavicular 
articulation  to  the  anterior  border  of  the  trapezius.  In  its 
course  it  passes  over  the  clavicle  and  across  the  subclavian 
triangle,  covering  the  third  portion  of  the  subclavian 
artery  (see  Trapezius).    In  ligature  of  the  subclavian  it  is 
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well  .to  bear  tins  anomaly  in  mind.     When  the  sterno- 
scapular  muscle  exists  there  is  sometimes  absence  of  the 
subclaims  muscle ;  the  writer  has  seen  this  occur  once  only 
out  of  seven  cases;    in  three  cases,  how- 
ever, the  subclavius  was  much  reduced  iu 
size.  ■   W.    Gruber  saw  absence  of  the  sub- 
clavius in  seven  out  of    eleven  cases    of 
sterno -scapular  muscle. 

Comparative  anatomy:  In  the  Norway 
rat,  guinea-pig,  wombat,  etc.,  the  sterno- 
scapular  muscle  is  normally  present.  In 
the  horse  it  is  a  well-developed  muscle.  In 
animals  without  clavicles  having  a  sterno- 
scapular  muscle  it  is  regarded  as  the  homo- 
logue  of  the  subclavius. 

Glmidro-coraeoid  is  a  small  muscle  de- 
scribed by  Wood  as  arising  from  the  first 
costal  cartilage  by  a  round  tendon,  and, 
passing  outward  below  the  subclavius,  is 
inserted  into  the  coracoid  process  super- 
ficial to  the  coracobrachialis. 

Many  other  supernumerary  clavicular 
muscles  have  been  described,  such  as  the 
scapulo-clavicular,  coracoclavicular,  su- 
praclavicular, infraclavicular,  etc.,  but 
tliey  are  so  rare  that  it  is  only  necessary  to 
mention  them  and  refer  readers  wishing  to 
learn  more  about  them  to  the  special  works 
on  muscular  anomalies  mentioned  in  the 
introduction  to  this  article. 

Serratua  Magnus.  The  serratus  magnus 
may  arise  from  nine  ribs  instead  of  eight, 
and  occasionally  it  receives  a  slip  from  the 
tenth.  Again,_some  of  the  highest  or  low- 
est digitations  may  be  wanting,  the  mus- 
cle thus  being  attached  to  only  six  or  seven 
ribs.  Occasionally  some  of  the  central  digi- 
tations are  absent,  and  the  muscle  is  then 
divided  into  two  portions.  Wood  has  de- 
scribed two  large  muscular  bands,  distinct  from  the 
serratus,  arising  from  the  ninth  and  tenth  ribs,  and  in- 
serted into  the  inferior  angle  of  the  scapula.  He  regards 
these  bands  as  homologues  of  the  depressor  scapulse  of 
birds.  Sometimes  there  is  more  or  less  complete  fusion 
of  the  serratus  with  the  levator  anguli  scapulse.  In 
many  mammals  it  forms  one  muscle  with  the  levator. 

Muscles  of  the  Shoulder. — Deltoid.  This  muscle  is 
not  subject  to  many  variations.  It  is  sometimes  divided 
into  several  distinct  portions,  viz.,  the  clavicular,  acro- 
mial, and  spinal,  as  in  carnivora.  The  clavicular  and 
acromial  portions  are  often  separated  by  an  interspace ; 
not  infrequently  the  clavicular  portion  is  intimately  con- 
nected with  the  contiguous  part  of  the  great  pectoral, 
the  division  between  them  being  determined  only  b}'  the 
cephalic  vein.  The  clavicular  portion  may  also,  in  some 
cases,  be  continuous  with  the  fibres  of  the  trapezius,  as 
in  animals  without  clavicles. 

The  insertion  of  the  deltoid  varies  in  position  and  ex- 
tent ;  in  some  cases  it  is  inserted  much  lower  than  usual. 
Macalister  has  described  a  rare  anomaly  of  this  muscle, 
viz.,  the  prolongation  of  its  tendon  as  far  as  the  lower 
end  of  the  radius;  he  considers  this  to  be  the  homologue 
of  the  extensor  plicae  alaris  of  birds. 

Testut  has  described  a  slip  going  from  the  clavicular 
portion  of  the  deltoid  to  the  internal  condyle,  crossing 
in  its  course  the  brachial  vessels;  he  calls  it  the  cleido- 
epitrochlearis.  The  deltoid  not  infrequently  receives  ac- 
cessory slips  from  the  axillary  or  vertebral  borders  of  the 
scapula,  and  also  from  the  spine  and  subspinous  aponeu- 
rosis. 

Supraspinatus.  Variations  of  this  muscle  are  ex- 
tremely rare.  It  is  very  constant  both  as  to  its  size 
and  attachments.  Occasionally  fibres  of  the  great  pec- 
toral are  inserted  into  it.  The  writer  once  saw  its  tendon 
pass  over  the  capsule  of  the  shoulder-joint  in  a  pulley- 
like depression,  and  become  continuous  with  the  deep 
portion  of  the  insertion  of  the  pectoralis  major  (see  Fig. 
3448). 


Infraspinatus  is  occasionally  fused  with  the  teres  mi 
t  may  be  connected  with  the  deltoid  by  a  strong  fasc 
■IS,  and,  agam,  it  may  be  divided  into  several  slips 


Fig.  3448.— SS,  TendoD  of  the  supraspinatus,  continuous  with  the  deep   portion  of 
tlie  tendon  of  the  pectoralis  major  (PM).    (Shepherd.) 


Teres  minoi'  is  occasionally  divided  into  two  portions, 
the  lower  being  called  the  teres  minimus. 

Teres  major  may  be  reduced  to  the  size  of  the  teres 
minor.  It  is  sometimes  inseparably  connected  with  the 
latissimus  dorsi,  as  in  some  of  the  lower  animals.  A  fas- 
ciculus has  been  described  descending  on  the  fascia  of 
the  arm  externally.  It  is  analogous  to  the  tensor  fascia; 
of  the  leg. 

Siihscapularis.  Varies  but  little.  A  small  accessory 
muscle  (subscapulocapsularis,  subscapularis  minor)  has 
been  described  by  W.  Gruber,  Macahster,  and  others, 
which  goes  from  the  axillary  border  of  the  scapula  to 
the  capsule  of  the  shoulder-joint  or  humerus.  Knott  de- 
scribes some  fibres  given  off  from  the  lower  border  of 
the  subscapularis  and  inserted  into  the  aponeurosis  and 
skin  of  the  axilla.  These  are  regarded  as  remnants  of 
the  panniculus  carnosus  muscle  of  the  lower  animals. 

Curnow,  Walsham,  and  others  have  described  a  mus- 
cle arising  from  the  inner  bicipital  ridge,  or  the  groove 
itself,  and  passing  up  to  be  inserted  into  the  capsule  of 
the  shoulder- joint  near  the  insertion  of  the  coracobra- 
chialis. Testut  describes  this  muscle  under  the  name  of 
iracMoeapsularis. 

Coraco-braehialis.  Professor  Wood  {Jour,  of  Anat., 
vol.  i.)  considers  that  this  muscle  consists  typically  of 
three  portions — superior,  middle,  and  inferior.  In  man 
the  middle  and  part  of  the  inferior  portion  exist  most 
constantly,  the  two  portions  being  separated  by  the 
musculo-cutaneous  nerve.  Both  the  superior  and  in- 
ferior divisions  are,  however,  occasionally  seen  in  addi- 
tion to  the  middle  division  (coraeobracMalis  proprius. 
The  superior  {cm'acohracMalis  superior  ml  hrevis),  when  it 
exists  in  man,  arises  from  the  coracoid  process,  passes 
over  the  subscapularis  muscle,  and  is  inserted  below  the 
lesser  tuberosity,  or  more  rarely  into  the  capsule  of  the 
shoulder- joint  (coracocapsularis).  This  is  the  normal  ar- 
rangement in  many  animals,  as  the  dog,  cat,  etc. 

The  inferior  division  (coracobrachialis  longus)  is  also 
occasionally  seen.    It  may  be  of  large  size  and  be  in- 
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Fig.  3449.-4,  Coraoobrachialis 
longus  passing  over  the  bracMal 
vessels  (Ax)  to  reach  the  Internal 
condyle;  C,  normal  coracobra- 
chlalis.    (After  Wood.) 


serted  into  the  internal  condyle  or  into  a  supracondyloid 
process  when  that  anomaly  exists.  It  is  sometimes  rep- 
sented  at  its  lower  portion  by  a  fibrous  band ;  this  is  the 
internal  brachial  ligament  of  Struthers.  As  a  rule,  the 
inferior  portion,  when  present,  passes  over  the  axillary 

artery,  and  must  be  kept 
J?[     in  mind  when  ligaturing 
that    vessel    (see    Fig. 
3449). 

The  coraoobrachialis 
occasionally  is  not 
pierced  by  the  musculo- 
cutaneous nerve. 

Comparative  A  n  a  t- 
omy:  In  animals  which 
swim  or  climb,  as  the 
beaver,  bear,  etc.,  the 
cordcobracJdalis  longits  is 
well  developed.  In  most 
of  the  quadrumana  there 
is  a  double  insertion  of 
the  coracobrachialis, 
and,  in  the  guinea-pig, 
the  median  variety  only 
is  present,  as  in  man. 
In  some  animals,  as  the 
kangaroo,  the  muscle  is 
absent  altogether.  It 
has  once  been  found 
absent  in  a  human  mon- 
ster. The  coracocapsu- 
laris  is  present  normally 
in  many  animals,  e.(/., 
the  dog,  cat,  etc. 

Biceps  Brachii.  This 
muscle  is  rich  in  vari- 
eties. The  most  common  is  the  presence  of  a  third  head, 
which  arises  near  the  insertion  of  the  coraoobrachialis,  and 
in  close  connection  with  the  brachialis  anticus.  The  pro- 
portion of  subjects  having  a  third  head  is,  in  the  writer's 
experience,  one  in  seven ;  Theile  makes  it  one  in  nine ; 
Hallett,  one  in  fifteen ;  Wood  and  Macalister,  one  in  ten. 
In  two  hundred  and  fifty  subjects  examined  the  writer 
found  it  five  times  on  both  sides  of  the  same  subject. 
The  third  head  generally  soon  joins  the  coracoid  head 
about  its  middle,  but  it  is  occasionally  seen  quite  sepa- 
rate as  far  as  the  bicipital  fascia,  into  which  it  is  inserted. 
The  tliird  head  usually  lies  outside  the  vessels,  but  some- 
times is  seen  covering  them.  It  may  arise  from  the  bi- 
cipital groove,  one  of  the  ridges,  or  even  from  the  great 
tuberosity.  The  writer  has  seen  it  arise  from  the  lower 
edge  of  the  great  pectoral  near  its  insertion  (see  Fig. 
3450). 

The  third  head  is  regarded  by  some  as  an  offshoot  from 
the  brachialis  antious.  Struthers  has  described  a  muscu- 
lar slip  which  comes  off  from  the  inner  border  of  the 
biceps,  passes  over  the  brachial  vessels,  and  is  inserted 
into  the  internal  intermuscular  septum  or  internal  con- 
dylc. 

The  biceps  has  been  seen  witli  as  many  as  four  and 
even  five  heads.  The  supernumerary  heads,  as  a  rule, 
have  their  origin  from  the  bicipital  groove,  body  of  hu- 
merus, coracoid  process,  capsule  of  shoulder-joint,  or 
tendon  of  the  pectoralis  major.  The  coracoid  and  gle- 
noid portions  of  the  biceps  muscle  may  fail  to  unite, 
being  completely  separate  to  their  insertion.  The  long 
head  is  occasionally  absent,  the  muscle  being  uniceps  in- 
stead of  biceps,  as  in  some  animals.  The  long  or  (jlenoid 
haul  may  not  pierce  the  capsule,  but  arise  from  the  cap- 
sule itself,  the  humerus,  or  the  great  pectoral  tendon. 
The  tendon  of  the  biceps  sometimes  pierces  the  tendon 
of  the  pcctoi'al  (see  Pig.  3450).  This  is  a  veiy  rare  anom- 
aly. It  is  not  uncommon  in  old  joints  that  have  become 
dry  from  rheumatic  disease  to  find  the  long  tendon  worn 
through,  and  perhaps  attached  to  the  groove  outside  the 
capsule,  or  to  the  head  of  the  humerus,  or  absent  alto- 
gether. This  pathological  condition  must  not  be  con- 
founded with  the  anomaly  above  described. 


The  sliort  or  coracoid  head  may  also  in  rare  cases  be  ab- 
sent. 

The  biceps  may  send  a  slip  of  insertion  to  the  coronoid 
process,  capsule  of  the  elbow- joint,  or  fascia  of  the  fore- 
arm. It  is  sometimes  connected  with  the  pronator  teres, 
supinator  longus,  brachialis  anticus,  and  palmaris  longus, 
by  muscular  slips.  In  one  case,  in  which  the  muscular 
slip  crossed  the  artery  and  went  to  .the  pronator  teres, 
the  bicipital  fascia  was  given  off  from  it. 

The  semilunar  fascia  is  often  of  larger  extent  than 
usual,  and  may  have  a  high  origin.  It  may  be  devel- 
oped into  an  almost  true  tendon.  It  not  infrequently 
sends  offshoots  to  neighboring  parts. 

BrncMoradudis  (Wood).  The  writer  once  saw  this 
muscle.  It  arose  from  the  supracondyloid  ridge  above 
the  supinator  longus,  and  between  it  and  the  deltoid;  it 
coursed  down  the  arm  between  the  long  supinator  and 
biceps,  and  was  inserted  into  the  oblique  line  of  the  ra- 
dius immediately  above  the  insertion  of  the  teres.  Wood 
looks  upon  this  muscle  as  a  variety  of  a  fourth  head  to 
the  biceps. 

Comparative  Anatomy :  A  third  head  is  the  normal  ar- 
rangement in  many  animals,  e.g.,  bat,  seal,  rhinoceros, 
etc.  The  long  or  glenoid  head  is  absent  in  many  ani- 
mals, especially  birds.  The  short  or  coracoid  head  is- 
not  present  in  many  animals,  as  the  seal,  porcupine, 
IDaca,  and  the  carnivora,  as  the  dog,  cat,  bear,  hyena, 
etc.  The  glenoid  head  in  these  comprises  the  whole 
muscle.     In  some,  as  the  American   bear,  the  coracoid 

head  is  repre- 
sented   by    a 
very  thin  ten- 
dinous strand. 
Brachialis 
Anticus.  Sub- 
ject   to     fre- 
quent    varia- 
tions.   It  may 
be  divided  in- 
to two  or  three 
portions.     On 
one     occasion 
the  writer  saw 
a  slip  arise  in 
common  with  the  outer  head 
of   the    tricejis,    and    after 
ending  in  a  round  tendon, 
join   the  brachialis  anticus 
near  the  coronoid  process.     The 
muscle  may  be  inserted  into  the 
capsule  of  the  elbow- joint,  radius, 
bicipital  fascia,  or   fascia  of  tlie 
forearm;     it    may   be   connected 
with  neighboring  muscles,  as  the 
biceps,  deltoid,    coracobrachialis, 
pronator  teres,  or  supinator  lon- 
gus.   All  these  varieties  have  been 
seen  by  the  writer.     When  there 
is    a    continuity   of   this    muscle 
with  the  supinator  longus  it  sim- 
ulates a  normal  condition  which 
exists  in  apes  and  monkeys,  as- 
sisting   them    in     twisting    their 
bodies  when  hanging  by  their  an- 
terior extremities. 

Triceps  E.vteiuor    Cuhiti.     This 

FIG  3450  —  AB  Third  ^^  ""^^  °^  ^^'^  ™°'^*  constant  nins- 
head  of 'bleeps, 'arising  ^les  in  the  body  as  to  its  insertion, 
fromjhe  pectoralis  ma-  One  of  the  most  common  varieties 
is  a  fourth  head  arising  from  the 
inner  side  of  the  humerus.  This 
fourth  head  may  come  from  the 
axillary  border  of  the  scapula. 
The  scapular  head  may  have  a 
more  extensive  origin  than  usual.  The  writer  once  saw 
a  strong  muscular  slip,  continuous  with  the  deltoid  and 
separated  by  a  bursa  from  the  teres  minor,  have  a  ten- 
dinous insertion  into  the  scapular  head  near  its  origin. 


jor  (PM),  which  is  per- 
forated by  the  long  ten- 
don of  the  biceps;  CB, 
coracobrachialis.  (Shep- 
herd.) 
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Ill  some  animals,  as  the  American  black  bear,  the  scan- 
u  ar  head  IS  of  huge  size,  and  arises  from  the  whole  ax- 
illary border  of  the  scapula. 

Gruber,  Macalister,  and  Testut  each  report  a  ease  of  a 
s Up  gomg  from  the  coracoid  process  and  capsule  of  the 
shoulder-joint  to  the  triceps.  In  one  instance  the  writer 
saw  a  fleshy  shp  between  the  triceps  and  teres  manor 

Borsoepitrochlearis  (accessorius  tricipitis).  Occasion- 
al y  the  muscle  to  which  the  above  name  is  given  and 
which  IS  common  in  quadrumana  and  other  animals  is 
seen  in  man.  It  has  already  been  described  with  the 
iatissimus  dorsi. 

Epitrochleoanconeus.  Exists  frequently  in  man  Gru- 
l)er  found  it  in  one  in  tliree;  Macalister,  one  in  four- 
and  Wood,  one  m  seventeen.  It  is  triangular  in  shape' 
the  apex  being  attached  to  the  back  of  the  internal  con- 
dyle and  the  base  to  tlie  olecranon  process.  The  ulnar 
nerve  passes  beneatli  it  and  supplies  it  (see  Fig  3451) 
This  muscle  is  exceedingly  common  in  mammals.  Ac- 
cording to  Galton,  it  is  universally  present  in  the  eden- 
tata,  less  frequent  among  the  primates,  disappears 
among  the  anthropoid  apes,  and  emerges  again  occasion- 
ally m  man  as  an  anomaly.  Mr.  Galton  considers  that  it 
like  the  supracondyloid  process,  is  now  "an  almost  func- 
tionally useless  heirloom,  which  has  descended  to  us  from 
remote  ancestors."  Mr.  J.  B.  Sutton  {Jour,  of  An  at  and 
Pliys.,  April,  1885)  says  that  when  the  epitrochleoan- 
coneus  is  not  represented  as  a  muscle,  its  place  is  occu- 
pied by  a  collection  of  fibrous  tissue  having  the  exact 
shape  and  attachments  of  the  muscle,  and  forming  a 
bridge  under  which  goes  the  ulnar  nerve. 

Subavcviiens.  This  consists  of  a  few  muscular  fibres, 
which  are  seen  on  removing  tlie  triceps  from  [the  lower 
part  of  the  humerus ;  they  extend  from  the  lower  end  of 
the  humerus  to  the  capsule  of  the  elbow-joint.  It  is 
homologous  with  the  subcrureus  muscle  fcjund  in  the 
lower  limb  beneath  the  quadriceps  extensor.  It  is  looked 
upon  by  many  anatomists  as  a  dependent  of  the  triceps. 
_  Anconeus.  May  vary  as  to  the  closeness  of  its  connec- 
tion with  the  triceps  or  extensor  carjji  ulnaris. 

Pi-onator  Radii  Teres.  Thecoronoid  head  is  sometimes 
wanting,  in  most  animals  it  does  not  exist.  Occasionally 
there  is  a  third  head  which  arises  from  the  internal  inter- 
muscular septum,  or  from  a  supracondyloid  process  when 
that  variation  is  present ;  in  such  cases  the  direction  of 
the  bracjiial  artery  is  often  changed. 

Sometimes  the  third,  or  supernumerary,  liead  arises 
from  the  tendon  of  the  biceps  or  brachialis  anticus.  The 
pronator  teres  may  have  its  insertion  lower  down  the 
radius  than  usual.  It  may  also  be  divided  into  two  por- 
tions, as  in  birds.  Tlie  coronoid  portion  may  be  sepa- 
rated entirelj'  from  the  cond3'loid,  or  there  may  be  a 
doubling  of  each  of  these  portions. 

The  pronator  teres  may  be  connected  with  the  pahnaris 
lougus,  carpi  radialis  flexor,  or  sublimis  digitorum  in  the 
forearm  and  tlie  biceps,  brachialis  anticus,  and  coraco- 
bnichialis  in  the  arm. 

Flexm'  Varpi  Radialis.  It  may  receive  an  additional 
slip  of  origin  from  the  biceps  tendon  and  fascia,  the  coro- 
noid process,  or  the  radius.  It  maj'  have  an  insertion 
partly  into  the  annular  ligament,  trapezium,  scaphoid, 
or  fourth  metacarpal  bone. 

I'almaris  Longus.  This  is  one  of  the  most  variable 
muscles  in  the  body.  It  is  absent  in  about  ten  per  cent, 
of  individuals,  and  in  rare  cases  is  represented  only  by  a 
tendinous  band.  It  does  not  exist  in  the  solipeds,  rumi- 
nants, or  pachyderms.  The  form  varies  considerably. 
There  maj-  be  a  central  fleshy  portion,  with  a  long,  slen- 
der tendon  at  each  end ;  the  muscular  portion  may  be  at 
the  distal  end.  It  has  been  seen  muscular  throughout, 
and  again  has  been  seen  to  consist  of  two  bellies  united 
by  tendon.  The  jjalmaris  longus  is  occasionally  double ; 
when  a  second  muscle  exists  it  generally  arises  by  tendon, 
or  is  connected  with  the  carpi  ulnaris,  or  sublimis  digi- 
torum muscle.  It  may  arise  from  the  intermuscular  sep- 
tum between  the  two  last-mentioned  muscles,  by  a  ten- 
dinous origin,  and  continue  as  part  of  the  ulnaris  as  far 
as  the  middle  of  the  forearm,  then  form  a  large  belly 
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which  ends  in  a  tendon  near  the  wrist.  The  writer  Ins 
seen  it  furnish  the  origin  of  the  flexor  brevis  mJuimi  dis- 
an^  l'n°Z''  n  «"^"ar  arrangement  exists  in  the  cebus 
of  n,^rif  f  Occasionally  it  receives  an  additional  si 
ot  oiigin  from  the  coronoid  process  or 
radius.  It  sometimes  terminates  vari- 
ously in  tlie  fascia  of  the  forearm,  mus- 
cles of  the  little  finger,  annular 
ment,  scaphoid,  and  pisi- 
form bones,  and  tendon 
of    the   flexor    carpi    ul- 


FIG.  ■iial.  —  EA,  Epitroclileoanconeus   covering   the    ulnar  nerve 
(Sutton.) 

naris.  The  writer  once  saw  tlie  tendon  of  this  muscle 
near  the  wrist  give  ofl:'  a  broad  muscular  slip,  which  was 
inserted  into  the  base  of  the  first  phalanx  of  the  little 
finger.  Most  of  the  anomalies  of  this  muscle  correspond 
to  the  normal  arrangement  in  some  of  the  lower  animals 
Flexor  Oarpi  Ulnaris.  Is  frequently  inserted  into  the 
fifth  metacarpal  bone.  It  has  been  seen  sending  a  slip  ot 
insertion  to  the  fourth  metacarpal.  It  sometimes  gives 
off  a  slip  to  the  annular  ligament,  but  this  is  regarded  as 
a  supernumerary  palmaris  longus,  as  are  also  those  cases 
in  which  a  separate  portion  from  the  epicondyle  passes 
down  to  be  inserted  into  the  pisiform  bone.  It  is  in  rare 
eases  double.  I  have  once  seen  this  muscle  absent  on  the 
left  side  of  a  female  subject. 

Flexor  tiuhlimis  Jjigitorum.  Tlie  radial  origin  of  this 
muscle  is  sometimes  wanting.  The  muscle  is  occasion- 
ally subdivided,  each  of  the  tendons  being  connected 
with  a  separate  fleshy  belly.  This  is  more  common  witli 
the  index  and  little  fingers,  and  may  be  classed  among 
the  anomalies  called  progressive.  The  tendon  to  the  lit- 
tle finger  may  be  absent,  or  the  superficial  flexor  may  be 
connected  by  slips  with  tlie  deep  flexor  and  the  long  flexor 
of  the  thumb.  This  is  the  arrangement  in  most  mammals, 
and  in  man,  and  his  order  only,  is  seen  the  marked  differ- 
entiation of  the  flexors.  One  of  the  lumbrical  muscles 
occasionally  arises  from  the  sublimis  digitorum.  This 
muscle  may  send  a  muscular  slip  to  the  annular  ligament 
and  palmar  fascia ;  this  is  the  arrangement  in  the  bear, 
and  is  suiJiJosed  to  represent  the  palmaris  longus. 

Flexor  Profundus  Digitorum.  In  many  animals  this 
muscle  is  intimatelj-  blended  with  the  foregoing,  but  in 
man  is  generally  quite  distinct;  not  infrequently,  how- 
ever, it  is  connected  with  the  sublimis  digitorum  and 
also  with  the  flexor  pollicis.  It  occasionally  has  an  addi- 
tional origin  from  the  internal  condyle  and  coronoid  proc- 
ess (the  acMssorius  ad  flexorem  profundiwi  of  Gantzer), 
which  may  join  anyone  of  the  perforating  tendons,  com- 
monly those  going  to  the  index  and  middle  fingers  (Wood). 
This  is  the  normal  arrangement  in  many  mammals.  The 
writer  saw  this  coronoid  slip  very  well  developed  on  both 
sides  of  a  negro  subject.  He  also,  some  years  ago,  found 
a  strange  variet}'  of  the  accessorius  muscle  occurring  on 
both  sides  of  the  same  subject.  The  muscle  arose  from 
both  the  internal  cond3'le  and  inner  side  of  the  coronoid 
by  fleshy  fibres,  developed  into  a  large  muscular  belly 
which  divided  into  two  portions,  each  ending  in  a  ten- 
don, the  innermost  going  to  the  terminal  phalanx  of  the 
little  finger,  and  the  outermost  to  the  terminal  phalanx 
of  the  index,  suiserficial  to  the  tendon  of  the  sublimis. 
On  both  sides,  near  the  oi'igin  of  this  accessory  muscle,  a 
large  slip  went  to  the  profundus  digitorum. 

The  profundus  digitorum  may  have  an  origin  from  the 
radius ;  when  this  occurs  it  joins  the  indicial  portion  of 
the  muscle. 

Flexor  Indicis.     The  indicial  portion  of  the  profundus 
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may  be  quite  distinct  from  the  rest  of  tlie  muscle.  In 
one  case  the  writer  saw  it  connected  with  the  flexor  lon- 
gus  poUicis  by  a  tendinous  intersection.  A  flexor  indicis 
is  found  in  the  gorilla  and  chimpanzee. 

The  tendon  to  the  little  and  middle  fingers  may  also  be 
quite  sepai-atc  and  distinct  from  the  rest  of  the  profun- 
dus. Accessory  slips  are  not 
infrequently  found  going  to  join 
the  various  tendons  of  the  mus- 
cle. 

Lumhricales.  Varieties  of  these 
muscles  are  common ;  they  ma}' 
be  diminished  in  number  to 
three,  or  increased  to  five  or  six. 
Two  may  be  inserted  into  one 
finger,  or  one  into  two  by  the 
bifurcation  of  a  muscle.  Occa- 
sionally the  perforating  tendons 
of  the  fourth  and  fifth  fingers 
are  furnished  by  lumbrical  mus- 
cles. The  third  muscle  is  more 
frequently  abnormal  than  the 
others.  The  writer  has  seen  the 
lumbrical  muscle  of  the  little 
finger  arise  in  the  middle  of  the 
forearm  from  the  sublimis  dig- 
itorum  by  a  round  tendon,  this, 
after  passing  under  the  annular 
ligament,  developed  a  large 
fleshy  belly  which  was  inserted 
into  the  fifth  finger.  This  might 
be  regarded  as  a  case  of  absence 
of  the  fourth  lumbrical  muscle, 
its  place  being  taken  by  a  slip 
from  the  sublimis. 

Flexw  Longns  PoUicis.  Has 
frequently  a  slip  of  origin  from 
the  coronoid  process  and  inter- 
nal condyle.  This  slip  has  been 
seen  to  pierce  the  radial  nerve. 
The  muscle  may  be  connected 
by  a  slip  with  the  superficial  and 
deep  flexors,  and  also  with  the 
pronator  teres.  It  is  sqmetimes 
fused  with  the  profundus  digi- 
torum  so  as  to  form  a  single  mus- 
cle, as  is  the  case  in  nearly  all 
mammals.  It  is  sometimes  fused 
with  the  indicial  portion  of  the 
profundus,  when  that  part  forms 
a  distinct  flexor  indicis,  as  in  the  gorilla.  It  has  been 
observed  sending  a  slip  to  the  index  finger  and  also  to 
the  first  lumbricalis. 

Pronator  Quadratus.  The  pronator  quadratus  is  some- 
times entirely  wanting;  it  may  consist  of  two,  three,  and 
even  four  layers  crossing  each  other.  The  attachment 
to  the  bones  of  the  forearm  may  be  greater  than  usual. 
It  occasionally  sends  a  muscular  slip  from  its  ulnar  or 
radial  attachment  to  the  carpus.  It  may  consist  of  two 
distinct  triangular  portions  with  the  bases  reversed ;  the 
anterior  arising  from  the  ulna  by  aponeurotic  fibres  and 
inserted  into  the  radius  by  fleshy  fibres,  the  deeper  and 
inferior  portion  inserted  into  the  ulna  by  fleshy  fibres, 
and  arising  by  aponeurosis  from  the  radius  (Fenwick, 
Sappey,  and  Macalister).     (See  Pig.  3452.) 

The  muscle  may  consist  of  a  single  triangle,  as  in  some 
animals,  e.g.,  the  macaque,  seal,  etc. 

Flexor  Carpi  Radialis  Brevis  (Wood)  (Radio-carpus  of 
Fano).  This  is  a  small  muscle  occasionally  seen.  It 
arises  from  the  anterior  surface  of  the  radius  below  tlu^ 
oblique  line,  and  is  inserted  into  the  annular  ligament, 
trapezium,  os  magnum,  or  other  part  of  the  carpus.  It 
may  also  be  inserted  into  one  of  the  metacarpal  bones. 
A  variety  of  this  muscle  is,  in  rare  cases,  seen  arising 
from  the  ulna  (ulno-carpus). 

_  Supinator  Longtis.  The  varieties  of  this  muscle  are  few 
m  number.  It  sometimes  has  a  higher  attachment  to  the 
humerus  than  usual,  and  its  insertion  into  the  styloid 


FIG.  3453.  —  The  Pronator 
Quadratus,  PQ,  consisting 
of  two  triangular  por- 
tions with  bases  reversed. 
(Feawicli.) 


process  may  be  extended  upward  along  the  radius.  It 
may  have  no  attachment  directly  to  the  external  condyle 
of  the  humerus,  and  in  such  a  case  it  is  closely  connected 
with  brachialis  anticus.  Th?  writer  once  saw  a  slip  from 
the  supinator  attached  to  the  middle  of  the  outer  border 
of  the  shaft  of  the  radius. 

The  tendon  of  the  supinator  may  be  divided  into  two 
or  three  slips.  In  cases  of  absence  of  the  radius  this 
muscle  is  wanting. 

Occasionally  it  is  double,  the  accessory  portion  {brachio- 
radialis)  arising  with  it  and  being  inserted  into  the  radius 
in  the  neighborhood  of  the  oblique  line.  It  not  infre- 
quently is  connected  with  neighboring  muscles,  viz.,  the 
deltoid,  brachialis  anticus  (as  in  monkeys),  flexor  carpi 
radialis  longior,  and  the  abductor  poUicis.  The  tendon 
may  be  pierced  by  the  radial  nerve. 

Extensor  Carpi  .  Radialis  Longior  et  Brevioi'.  These 
muscles  are  sometimes  completely  fused.  In  many 
mammals  (horse,  pig,  etc.)  they  form  a  single  muscle, 
which  ends  in  two  tendons.  In  man  the  fusion  may  be 
only  partial.  The  tendons  of  one  or  other  of  the  muscles 
may  be  subdivided.  The  radialis  longior  may  have  an 
additional  Insertion  into  the  second  or  third  metacarpal 
bone.  Wood  has  described  a  muscle  which  he  calls  the 
extensor  carpi  radialis  accessorius.  It  arises  from  the  hu- 
merus below  the  radialis  longior,  and  is  inserted  into  the 
first  metacarpal  bone,  flrst  dorsal  interosseous  muscle, 
abductor,  or  short  flexor  of  the  thumb.  The  writer  has 
seen  a  digastric  slip  given  off  from  the  extensor  carpi 
radialis  longior,  which  joined  the  abductor  poUicis. 
Testut  has  described  an  abducteur  Immh'al  du  pouce, 
arising  from  the  external  condyle,  and  inserted  into  the 
first  phalanx  of  the  thumb.  The  long  extensor  is  occa- 
sionally united  with  the  supinator  longus.  Macalister 
has  recorded  absence  of  the  short  extensor. 

Extensor  Communis  Digitorum.  The  varieties  of  this 
muscle  relate  chiefiy  to  the  increase  or  diminution  of  the 
tendons  of  insei'tion.  The  tendon  going  to  the  little  fin- 
ger may  be  absent,  and  also  that  going  to  the  index 
finger.  It  is  more  common  to  have  an  increase  than  a 
diminution  of  tendons.  Any  one  of  the  tendons  may  be 
subdivided,  and  as  many  as  eleven  have  been  observed  by 
Perrin  and  Rildinger,  due  to  doubling  of  some  tendons 
and  tripling  of  others.  Curnow  in  one  case  saw  twelve 
tendons  go  to  the  inner  four  digits  and  five  to  the  thumb, 
making  seventeen  in  all.  Five  and  six  are  commonly 
seen,  the  tendons  of  the  little  and  index  fingers  being 
most  often  duplicated.  The  extensor  communis  occa- 
sionally sends  a  slip  to  the  thumb. 

The  indicial  portion  of  the  muscle  may  be  completely 
separated  from  the  rest,  and  the  extensor  minimi  digiti 
may  be  inseparably  connected  with  the  larger  muscle. 

Extensor  Minimi  Digiti.  Sometimes  fused  with  the 
common  extensor  or  carpi  ulnaris.  It  may  be  double, 
the  additional  tendon  being  inserted  into  the  ring  finger. 
It  may  have  an  ulnar  attachment,  and  may  be  inserted 
into  the  annular  ligament.  Complete  absence  of  the 
muscle  has  been  observed. 

Extensor  Carpi  Ulnari.H.  An  accessory  or  short  exten- 
sor, going  from  the  lower  end  of  the  fourth  and  fifth 
metacarpal  bone,  has  been  described.  The  tendon  is  not 
unfrequently  prolonged  downward  to  the  flrst  phalanx 
of  the  little  finger  (ulvaris  quinti).  It  is  also  frequently 
connected  with  the  abductor  minimi  digiti.  Sir  William 
Turner  has  lately  reported  a  case  of  absence  of  this  mus- 
cle ;  its  place  was  taken  by  a  slender  band  of  fibrous  tis- 
sue.    Curnow  has  also  recorded  absence  of  this  muscle. 

Supinator  Brems.  An  accessory  supinator  brevls  has 
been  observed  going  from  the  external  condyle  of  the 
humerus  to  the  radius  or  ulna.  The  extent  of  attach- 
ment to  the  radius  may  be  much  greater  than  usual. 
A  sesamoid  bone  is  sometimes  found  m  the  tendon  of  the 
muscle.  This  occurs  normally  in  some  animals,  and  is 
also  seen  in  the  popliteus,  of  which  the  short  supinator 
is  supposed  to  be  the  homologue. 

Extensor  Ossis  Metacarpi  PoUicis.  The  tendon  of  this 
muscle  is  frequently  double,  and  sometimes  is  triple. 
When  double,  usually  both  are  inserted  into  the  meta- 
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carpal  bone,  or  one  into  this  bone  and  the  other  into  the 
trapezium,  as  is  the  normal  arrangement  in  apes.  The 
supernumerary  tendon  may  be  inserted  into  one  of  the 
short  muscles  of  the  thumb.  The  muscle  may  be  double 
throughout,  and  Curnow  has  in  one  case  seen  it  triple. 

Uxtensor  Primi  Iiiternodii  Pollieis.  Is  sometimes  ab- 
sent, or  is  not  differentiated  from  the  extensor  ossis  meta- 
carpi.  Curnow  describes  a  case  of  doubling  of  this  mus- 
cle.    It  is  found  only  in  man. 

Meiensor  Sec.undi  Jniernodii  Pollieis.  Doubling  of  tlio 
muscles  is  not  uncommon.  Additional  muscles  are  occa- 
sionally present,  and  have  been  described  by  Curnow 
(Jour.  Anat.  and  Phys.,  vol.  x.,  p.  596). 

Exteiism'  Primi  Internodii  Pollieis  et  Iiidici-i.  In  some 
rare  cases  there  is  an  accessory  extensor  present,  wliicli 
arises  between  the  extensor  indicis  and  the  extensor  se- 
cundi  internodii  pollieis;  it  divides  Into  two  tendons,  one 
of  which  goes  to  the  first  phalanx  of  the  thumb,  and  the 
other  to  the  index  finger.  This  muscle  exists  normally 
in  the  dog  and  many  other  carnivora. 

Extensor  Indieis.  The  tendon  of  this  muscle  is  fre- 
quently divided  into  two  portions,  one  going  to  each  side 
of  the  index  finger ;  sometimes  one  of  the  tendons  goes 
to  the  middle  finger.  This  latter  is  occasionally  seen  as 
a  distinct  muscle  {extensor  p>-opi-ius  digiti  medii).  It  arises 
from  the  lower  part  of  the  ulna  or  posterior  ligament  of 
the  wrist-joint,  and  is  inserted  into  the  base  of  the  first 
phalanx  of  the  middle  finger.  It  exists  normally  in 
apes. 

A  short  extensor  indicis  is  occasionally  seen  taking  its 
origin  below  the  long  extensor,  from  the  back  of  the  wrist 
or  a  carpal  bone ;  it  is  inserted  with  the  long  extensor 
into  the  index  finger.  The  writer  has  seen  this  accessory 
muscle  arise  from  the  radius,  and  pass  through  a  separate 
compartment  in  the  annular  ligament  to  be  inserted  into 
the  index  finger.  The  extensor  indicis  maj'  have  a  more 
extensive  attachment  to  the  radius  than  usual.  The 
writer  has  seen  it  connected  by  a  tendinous  slip  with  the 
extensor  secundi  pollieis.  Curnow  describes  one  case 
in  which  the  muscle  divided  into  three  tendons— one  in- 
serted normally,  one  with  the  secundi  internodii,  and  one 
with  the  aponeurosis  over  the  middle  finger.  A  some- 
what similar  arrangement  is  seen  in  the  hedgehog,  kan- 
garoo, and  manis.     It  is  rarely  absent. 

Mxtensor  Pollieis  and  Indicis  (see  above). 

Extensor  Brevis  Bigitorum.  Very  rarely  met  with.  It 
arises  from  the  back  of  the  wrist,  post-annuliir  ligament, 
from  the  carpus  itself,  or  the  bases  of  some  of  the  meta- 
carpal bones  by  fleshy  fibres ;  it  sends  tendinous  slips  to 
one,  two,  or  three  fingers.  The  writer  has  seen  tliem 
going  to  the  ring  and  index  fingers  and  to  the  middle 
finger.  It  is  prdbable  that  the  extensor  brevis  indicis  and 
extensor  medii  digiti  are  varieties  of  this  muscle.  (Sec 
Fig.  3453.)  .  , 

Tliis  muscle  is  common  in  reptiles,  and  siu-vives  only 
in  a  few  anomalous  mammals  of  the  order  Edentata 

(Curnow).  .  . 

Muscles  of  the  'S.AS-D.—P<dmnris  Brems.  Varies 
considerably  as  to  its  degree  of  development.  It  is  oc- 
casionally altogether  wanting. 

Abductor  Pollieis.  Some  anatomists  describe  the  mus- 
cle as  normally  consisting  of  two  portions— an  outer  and 
inner.  It  may  receive  a  third  belly  from  the  opponens 
pollieis,  or  be  connected  with  it  by  a  muscular  slip.  It 
may  also  receive  an  accessory  slip  from  the  extensor  car- 
pi radialis  longior,  ossis  metacarpi  polhcis,  palmans  lon- 
gus,  or  from  the  radius.  Not  infrequently  a  thin,  mus- 
cular slip  is  seen  going  from  the  skin  of  the  ball  of  the 
thumb  opposite  the  tuberosity  of  the  trapezium  to  the 
abductor  pollieis.      Some  regard  this  latter  as  a  skm- 

"^  Flexor  Brevis  Pollieis.     The  deeper  belly  of  the  muscle 
is  often  with  difficulty  differentiated  from  the  adductor 

^'^AMuotor  Pollieis.     This  muscle  is  frequently  blended 
with  the  deep  portion  of  the  short  flexor  of  the  thumb. 

Abductor  Minimi  Digiti.  Sometimes  divided  into  two 
or  even  three  slips.     It  is  often  united  with  the  flexor 


brevis  minimi  digiti.  It  may  have  an  accessory  slip, 
arising  from  the  tendon  of  tlie  ulnar  flexor,  the  annular 
ligament,  fascia  of  the  forearm,  and  tendon  of  the  pal- 
maris  longus.  The  writer  lias  seen  an  accessory  head 
arise  from  the  intermuscular  fascia  beneath  tlie  flexor 
radialis  and  ulnaris.  The  accessory  slip  may  pass  down 
and  cover  the  ulnar  artery. 

Flexm-  Brevis  Minimi  Digiti.  j\Iay  be  absent  or  re- 
placed by  a  slip  from  the  abductor  minimi  digiti  or  op- 
ponens. An  accessory  head  may  spring  from  the  lower 
third  of  the  inner  border  of  the  ulna,  from  the  carpi  ul- 
naris, or  fascia  of  the  forearm.  A  doubling  of  the  mus- 
cle has  been  observed. 

Opponens  Minimi  Digiti.  May  be  closely  connected 
with  neighboring  muscles,  or  receive  a  second  head  from 
tJie  fascia  of  the  forearm  (Henle.) 

J/.  Pisinnciiiatus.  This  is  a  muscle  described  by  Ca- 
lori,  and  stretches  between  the  pisiform  bone  and  unci- 
form process  of  the  unciform  bone. 

Interosseous.  These  muscles  do  not  vary  to  any  great 
extent.  They  may  be  double  in  one  or  two  interosseous 
spaces.  Henle  describes  a  palmar  interosseous  muscle  of 
the  thumb  as  normal.  It  arises  from  the  metacarpal 
bone  of  the  thumb,  and  joins  the  inner  head  of  the 
flexor  brevis  pollieis.  The  arrangement  of  the  interos- 
seous muscles  of  the  hand  has  been  observed,  in  rare 
cases,  to  be  similar  to  that  of  the  foot. 

Accessory  Palnuir  Abductor  Indicis.  The  writer  once 
saw  a  small  muscle  arising  from  the  third  metacarpal 
bone,  beneath  the  adductor  pollieis  and  inner  head  of  the 
flexor  brevis  pollieis.  After  ending  in  a  round  tendon, 
it  was  inserted  into  the  base  of  the  first  phalanx  of  .the 
index  finger. 

Muscles  of  the  Lower  Limb. — Gluteus  Maximus. 
The  great  size  of  this  muscle  is  peculiar  to  man,  princi- 
pally on  account  of  his  erect  position.  In  the  human 
species  the  muscle  always  covers  the  ischial  tuberosity ; 
in  apes,  this  is  uncovered.  The  variations  are  important. 
The  muscle  may  be  considerably  reduced  in  size.  Mac- 
alister  reports  a  case  in  which  the  muscle  was  attached 
above  to  the  last  two  sacral  vertebrse  only.  The  super- 
ficial portion  of  the 
muscle  is  often  sep- 
arated from  the 
deep  by  a  layer  of 
cellular  tissue.  The 
lower  edge  of  the 
muscle  is  some- 
times quite  distinct, 
and  represents  the 
agitatw  candm  of 
the  lower  animals; 
it  may  be  inserted 
into  the  femur  or 
tlie  femoral  apo- 
neurosis. The  glu- 
teus maximus  is 
occasionally  blend- 
ed with  the  tensor 
fasciae,  as  in  the 
elephant  and  some 
monkeys. 

Is  ehio  -femoral. 
The  writer  has  only 
once  seen  this  mus- 
cle. It  arose  from 
the  inner  edge  of 
the  great  tuberosity 
by  a  round  tendon, 
which  soon  devel- 
oped into  a  trian-  . 
o-ular-shaped  muscle  of  considerable  size;  it  was  sep- 
arated from  the  gluteus  maximus  by  the  great  tuber- 
osity and  joined  it  near  the  femur.  It  was  inserted  into 
the  lower  end  of  the  gluteal  ridge  of  the  femur  The 
ischio-femoral  muscle  exists  normally  m  the  gorilla,  cer- 
tain apes,  and  other  animals. 

Gluteus  Medius.     The  deeper  fibres  of  this  muscle  may 
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end  in  a  separate  tendon,  which  is  attached  to  the  upper 
border  of  the  great  trochanter.  Its  upper  or  lower  bor- 
der may  be  separated  from  the  rest  of  the  muscle  Oc- 
casionally a  bursa  is  interposed  between  the  tendon  of 
the  gluteus  medius  and  the  pyriformis.  Some  ot  its 
fibres  may  be  inserted  into  tlie  pyriformis,  or  its  poste- 
rior border  may  be  completely  fused  with  that  muscle. 

Gluteus  Minimm.  Occasionally  divided  into  anterior 
and  posterior  portions;  may  send  slips  to  the  hip-joint, 
to  the  pyriformis,  gemelli,  or  vastus  externus  muscles. 

Accessory  Glutens  Minimus  (fourth  gluteal ;  scansorius). 
The  fibres  of  the  anterior  border  are  in  some  cases  sepa- 
rated from  the  muscle,  and  inserted  variously  into  the 
anterior  border  of  the  great  trochanter,  into  the  capsule, 
or  near  the  lesser  trochanter,  where  it  is  connected  with 
the  iliacus  tendon.  It  represents  the  scansorius  muscle 
of  apes.  Testut  looks  upon  it  as  representing  tlie  extra- 
pelvic  portion  of  the  iliacus  muscle. 

Teiisvr  Vaginm  Femoris  (tensor  fascite).  Varies  but 
little.  May  have  a  supernumerary  origin  from  the  ab- 
dominal fascia,  iliac  crest,  and  Poupart's  ligament.     It 
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is  sometimes  fused  with  the  gluteus  maximus.  A  dupli- 
cation of  the  muscle  has  been  observed  by  Macalister  and 
Testut. 

Pyriformis.  The  most  common  variation  of  this  mus- 
cle is  its  division  into  two  portions  by  the  great  sciatic 
nerve  or  its  external  popliteal  branch.  It  is  occasionally 
fused  with  the  gluteus  medius  more  or  less  completely. 
It  may  be  connected  with  tlie  gluteus  minimus  bj^  a  few 
flbi'es.  Its  tendon  is  sometimes  united  with  that  of  the 
obturator  internus,  or  receives  the  gemellus  superior.  It 
may  have  its  origin  from  as  many  as  five  sacral  vertebra;, 
or  as  few  as  one.  It  frequently  has  no  attachment  to 
the  first  sacral  vertebra.  It  may  be  inserted  into  the 
capsule  of  the  hip-joint.  Its  complete  absence  has  been 
noted  by  several  observers. 

Obturator  Interims.  The  variations  ot  this  muscle  are 
unimportant.  It  may  receive  supernumerary  fasciculi 
from  various  parts  in  the  pelvis,  as  the  psoas  minor  mus- 
cle, ischial  tuberosity,  sacro-sciatic  ligaments,  third  sacral 
vertebra,  pubes,  etc.  A  jjubic  jDortion  is  sometimes  sepa- 
rated by  the  obturator  nerve. 

Ohturatw  Externus.  Wood  has  described  a  large  fleshy 
slip  going  from  the  adductor  brevis  to  join  the  tendon  of 
this  muscle,  and  Macalister  has  noted  a  separation  of  a 
pubic  fasciculus  by  tlie  obturator  nerve. 

GenielU.  The  superior  gemellus  is  not  infrequently  ab- 
sent, or  very  small  in  size.  The  iiifenor  gemellus  has 
also  been  observed  absent,  but  more  rarely.  Doubling 
of  the  superior  has  been  noticed ;  it  has  also  been  seen 
fused  with  the  pyriformis  and  gluteus  minimus.  The 
gemellus  inferior  and  quadratus  femoris  are  fretiuently 
inseparably  united  to  the  obturator  internus. 

Quadratus  Femoris.  This  muscle  may  be  much  re- 
duced in  size,  or  absent  altoseUier ;  in  such  a  case,  the 


inferior  gemellus  is  larger.  It  has  been  described  as 
sometimes  double.  It  may  be  united  above  with  the 
gemellus  inferior,  and  below  with  the  adductor  magnus. 

Biceps  Flexor  Cruris.  The  two  heads  may  be  quite 
separate,  as  in  the  orang  and  chimpanzee.  The  short 
head  may  be  divided  Into  several  fasciculi,  or,  in  rare 
cases,  absent  altogether.  This  latter  arrangement  is  the 
usual  one  in  a  large  number  of  mammals.  There  is 
sometimes  a  third  head,  which  may  arise  from  the  femur, 
from  the  ischial  tuberosity,  coccyx,  sacrum,  fascia  lata, 
or  gluteal  fascia.  The  third  head  generally  joins  the 
long  head,  though  when  it  arises  from  the  linea  aspera, 
or  inner  condyloid  ridge,  it  joins  the  short  head.  The 
third  head  has  been  looked  upon  as  homologous  with  the 
caudal  origin  of  the  biceps  in  the  lower  animals.  In  rare 
cases  a  slip  (ischioealcaneus)  has  been  seen  going  from  the 
long  head  to  the  gastrocnemius,  external  tuberosity  of 
the  tibia,  femoral  aponeurosis,  and  even  to  the  tendo 
Achillis.  This  arrangement  is  a  modification  of  that  seen 
in  the  lower  animals,  especially  the  bear. 

I  have  seen  a  muscular  slip  arising  from  the  biceps 
near  its  insertion  and  inserted  by  a  tendinous  expansion 
into  the  fascia  covering  the  lower  third  of  leg. 

Semitendiiwsus  and  Semimernbranosu^.  These  two  mus- 
cles may  be  fused  into  one.  The  semimembranosus  may 
be  absent  altogether.  It  has  been  seen  double.  Occasion- 
ally, it  derives  its  origin  for  the  most  part  from  the  great 
sacro-sciatic  ligament. 

The  semitendinosus  may  have  a  supernumerary  origin 
from  the  coccyx,  and  sometimes  gives  off  a  muscular  slip 
about  its  middle,  which  is  inserted  into  the  fascia  of  the 
leg.  This  arrangement  is  normal  in  some  of  the  lower 
animals. 

Psoas  Magnus.  Varies  somewhat  in  volume,  according 
as  its  origin  is  more  or  iess  extensive.  It  occasionally 
forms  a  muscle  quite  distinct  from  the  iliacus.  It  may 
be  divided  into  two  portions,  between  which  passes  the 
anterior  crural  nerve.  This  is  merely  an  exaggeration  of 
the  normal  condition.  An  accessory  psoas  is  sometimes 
seen  arising  from  the  transverse  processes  of  some  of  the 
lumbar  vertebrae.  The  writer,  in  a  male  subject,  saw 
this  accessory  psoas  of  considerable  size ;  it  arose  from 
the  ti'ansverse  process  of  the  fourth  lumbar,  and  as  it  de- 
scended widened  out  into  a  broad  muscle,  which  joined 
the  magnus  in  the  middle  of  the  iliac  fossa. 

Psoas  Parvus.  Frequently  absent  and  occasionally 
fused  with  the  magnus.  It  usually  arises  from  the 
bodies  of  the  last  dorsal  and  first  lumbar  vertebrre,  and 
soon  becomes  tendinous ;  it  then  passes  down  to  the  in- 
ner side  of  the  magnus,  and  ends  by  being  inserted  into 
the  ilio-pectineal  line  and  pectineal  eminence.  It  has 
been  noted  as  having  an  insertion  into  the  lesser  trochan- 
ter, as  in  the  seal,  guinea-pig,  etc. 

Although  inconstant  in  man,  it  is  a  large,  well-devel- 
oped, and  constant  muscle  in  the  lower  animals.  Gruber 
in  450  subjects  found  absence  of  this  muscle  on  both  sides 
in  183,  and  on  one  side  in  69;  Perrin  in  113  subjects 
found  it  present  in  only  33 ;  Theile  found  it  in  only  1  out 
of  30  subjects  examined ;  and  Testut,  6  out  of  33. 

It  is  occasionally  double. 

Iliacus.  May  be  divided  into  several  distinct  portions. 
The  deep  portion  is  not  infrequently  separated  from  the 
superficial  by  a  well-marked  cellular  interval,  and  thus 
constitutes  a  separate  muscle. 

Superficial  Iliacus.  Sometimes  seen  arising  from  the 
crest  of  the  ilium,  last  lumbar  vertebra,  or  upper  border 
of  the  sacrum.  In  one  subject,  the  writer  saw  this  mus- 
cle on  both  sides:  on  the  right  side  it  was  a  broad,  flat 
muscle,  arising  from  the  posterior  third  of  the  crest  of 
the  ilium,  and  on  the  left  a  fusiform  muscle,  which 
arose  from  the  body  of  the  last  lumbar  vertebra  and 
upper  border  of  the  sacrum.  Both  muscles  ended  in 
strong  tendons,  which  were  pierced  by  the  anterior 
crural  nerve,  and  joined  the  iliacus  below  Poupart's  liga- 
ment (Pig.  3454). 

Iliocapsularis  ml  Iliacus  Minor.  Arises  from  the  an- 
terior inferior  spine  of  the  ilium  and  capsule  of  the  hip- 
joint;  it  may   be  inserted  into   the  lower  part   of   the 
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aulerioi-  intertvoclianteric  line,  lesser  trochiiater,  or  ilio- 
femoral ligament.  In  one  subject  the  ^vritcr  ,sa\v  a 
well-marked  bursa  separating  it  from  the  iliacus. 

,S(i rtorivs.  A  case  of  absence  of  this  muscle  has  been 
reported  by  Meckel.  It  is  occasionally  double  in  ils 
whole  course.  An  accessory  portion  has  been  seen  hav- 
ing an  insertion  into  the  femur,  patella,  or  tendon  of  the 
normal  muscle. 

The  sartorius,  in  addition  to  its  tibial  attachment,  may 
have  an  insertion  into  the  femoral  aponeurosis,  the  cap- 
sule of  the  knee-joint,  or  the  femur  itself  in  the  neigh- 
borhood of  the  internal  condyle.  All  these  various  in- 
sertions are  seen  normally  in  mammalia.  A  tendinous 
inscription  in  rare  cases"  is  seen  in  this  muscle.  The 
writer  has  only  once  met  with  this  anomaly. 

Quadriceps  Eccieiuor  Cnins.  Not  subject  to  many  va- 
riations. Occasionally  the  acetabular  origin  of  the  rectus 
is  wanting,  or  it  may  be  reinforced  by  an  additional  ori- 
gin from  the  anterior  superior  spine.  The  msti  muscles 
may  be  divided  into  two  portions,  superficial  and  deep ; 
this  bilaminar  arrangement  is  the  normal  one  in  man}- 
birds.     The  two  vasti  muscles  are  often  closely  united. 

The  Subcrurevs  is  a  muscle  which  is  very  variable  in 
volume.  It  is  often  divided  into  two  or  more  separate 
muscular  bundles. 

Accessw-y  Head  to  Quadriceps.  The  writer  once  saw, 
on  the  left  side  of  a  male  subject,  a  supernumerary  mus- 
cle which  arose  by  a  double  tendinous  origin  from  the 
anterior  portion  of  the  capsule  of  the  hip-joint  and  the 
'  anterior  border  of  the  great  trochanter.  The  two  ten- 
dons soon  united  to  form  one  strong  tendon,  which 
passed  down  the  thigh  between  the  iliacus  and  tensor 
fascise  lying  on  the  vastus  externus ;  about  the  middle 
of  the  thigh  it  developed  into  a  strong  muscular  belly 
three  inches  long.  After  passing  beneath  the  rectus  it 
joined  the  common  tendon  of  the  quadriceps. 

Gracilis  The  variations  are  unimportant  and  consist 
chiefly  of  a  greater  or  less  extent  of  origin  and  insertion. 
An  accessory  head  is  sometimes  seen.  ^ 

Pectineus  May  be  occasionally  divided  into  two  por- 
tions as  in  some  of  the  lower  animals,  each  portion  sup- 
nlied  by  a  different  nerve— the  inner  by  the  obturator, 
and  the  outer  by  the  anterior  crural.  In  one  case  the 
writer  saw  it  divided  into  a  superficial  and  a  deep  portion ; 
the  superficial  arose  from  the  pectineal  hne,  two  inches 
outside  the  pubic  spine,  and  was  inserted  1^*°  the  inea 
aspera,  with  the  adductor  magnus.  The  deep  poition 
was  the  normal  muscle.  .     ,      .^,   ,,         , 

The  pectineus  is  not  infrequently  united  with  the  ad- 
ductor longus;  this  occurs  normally  among  the  Kodentia, 
CMn?vo?a,  and  Quadrumana.  It  may  be  sometimes  in- 
serted into  the  capsule  of  the  hip-jomt 

UdTZ-  Longus.     May  be  divided  into  two  portions 

In- the  passage  of  blood-vessels.     It  is  often  inserted  lo« 

own  on  thf  femur,  and  its  tendon  is  inseparable  from 

1  c  maTnus     It  is  sometimes  fused  with  he  pectineus^ 

MdZor  Breris.     Occasionally  divided  into  two   or 

thile  ,  ortions-mav  be  continuous  with  the  magnus  _    It 

has  beSi  reported  ks  united  to  the  tendon  of  the  obtu- 

^^^L^^,««.     The  upper.  P-t  of  t^ds  mug^e  is 

so  often  separated  from  the  Pf^°  P°  ^"•'^t  '^ndei  t  e 
Macalister,  and  other  anatomists  describe  it  undeiUie 

name  culdnctor  minimus  or  quadratus.  .. /^^  "PPf,',„rXs 
iq  orcasionallv  completely  united  with  the  quacliatus 
femorfs  The  diflerint  parts  of  the  muscle  arc  not  infre- 
oiSnl  V  separated;  the  portion  inserted  into  the  internal 
rondvle  fs  frequently  quite  distinct  (iscMo-condyloidy  . 
'°ffiL''iX:..  'This  muscle  l^as  been  seen  arising 
from  the  femur,  as  occurs  so  generally  m  tlie  mgnu 
,n°aSmals.  In  thecase  -Ported.the  leg  was  c™,gen^^^^^^^^^^^ 
deformed  The  tendon  is  occasionally  double  ^ue  cxiic^ 
tendon  beine  inserted  into  the  astragalus  or  base  of  the 
Tst  metTafsal,  as  in  apes.  The  tendo"  has  been  ^en 
divided  into  three  portions,  and  occasionally  a  sesamoiu 

''ThaveTen^muscular  slip  from  the  tibialis  anticus 
end  in  a  tendon  which  was  inserted  into  the  proximal 


jjlialanx  of  the  fourth  toe.     I  have  also  seen  this  slip  in- 
serted into  the  first  phalanx  of  the  great  toe. 

Tibiofascialis  Anticus.  A  small  muscle  described  by 
Wood,  Macahster,  and  Humphry,  which  arises  from  the 
lower  third  of  the  anterior  edge  of  the  tibia,  over  the 
tibialis  anticus,  and  is  inserted  into  the  annular  ligament 
and  deep  fascia.  It  is  sometimes  represented  by  a  ten- 
dinous slip  from  the  tibialis  anticus,  which  is  inserted 
into  the  fascia  of  the  dorsum  of  the  foot.  Gruber  de- 
scribes a  tihio-astragalus  aniicus  arising  from  the  tibia 
and  interosseous  ligament  behind  the  tibialis  anticus,  and 
inserted  in  the  neck  of  the  astragalus. 

Extensor  Proprius  Halhicis.  Is  occasionally  united 
with  the  extensor  communis  digitorum,  or  short  extensor 
of  the  toes.  The  muscle  or  its  tendons  may  be  double, 
and  have  a  supernumerary  insertion  into  the  metatarsal 
bone  or  first  phalanx  of  great  toe.  It  is  sometimes  in- 
serted into  the  second  toe.  Its  tendon  may  be  divided 
into  three  portions  (extensor  halhicis  longus  tricaudatus). 

E.vtensor  Ossis  Metatsfrsi  Hallucisis,  a  small  muscle  aris- 
ing from  the  extensor  hallucis,  tibialis  anticus,  extensor 
communis  digitorum,  or  as  a  separate  muscle  close  to  the 
extensor  hallucis,  going  through  the  same  compartment 
in  the  annular  ligament  as  the  hallucis;  it  is  inserted  into 
the  metatarsal  bone  of  the  great  toe. 

E.vtensor  Primi  Internodii  Hallucis.  In  one-half  the 
subjects  examined  Professor  Wood  found  this  muscle ;  it 
is  generally  an  offshoot  from  the  extensor  hallucis,  but 
sometimes  arises  separately. 

Extensor  Longus  Digitorum  Pedis.  Varies  considerably 
in  the  mode  of  origin  and  the  arrangement  of  its  tendons. 
The  number  of  tendons  may  be  increased  by  the  doubling 
of  any  one.  It  is  not  uncommon  for  the  tendon  going  to 
one  toe  to  give  slips  to  adjacent  toes.  It  may  have  an 
additional  insertion  into  the  metatarsus.  Occasionally  a 
supernumerary  tendon  is  seen  going  to  the  great  toe. 
The  tendons  may  be  united  on  the  dorsum  by  shps,  as  in 
the  hand.  It  may  be  united  to  a  greater  or  less  exteiit 
with  the  extensor  proprius  hallucis,  or  extensor  brevis 
digitorum  Each  of  the  tendons  may  have  a  separate 
muscular  belly  in  connection  with  it.  Wood  reports  a 
case  in  which  the  four  tendons  had  each  a  separate  mus- 
cular belly.  All  these  abnormal  arrangements  have  then- 
corresponding  normal  conditions  in  the  lower  animals. 

Peroneus  Tertiiis.  Sometimes  of  large  size,  and  occa- 
sionally inserted  entirely  into  the  fourth  metatarsal  bone'. 
Its  tendon  may  unite  with  that  of  the  extensor  going  to 
the  fourth  or  fifth  toe,  or  it  may  unite  -with  the  fourth 
dorsal  interosseous.     The  muscle  may  be  absent  alto- 

^''^Pe'vTnl^Lo^v^s.'  Occasionally  fused  with  the  brevis. 
In  one  case  it  has  been  noted  as  arising  from  the  femur 
as  in  many  lower  animals,  e.g,  the  bear  hysna  etc.  It 
may  have  a  supernumerary  insertion  into  one  of  the  me- 

Ssal  or  cuneiform  bones,  as  ?cF^>;V°fi°^„rb?ets 
The  tendon  sometimes  gives  origm_  to  the  flexor  bievis 
minimi  digiti  and  outermost  plantar  interosseous  (Wood) 
P^omus  Accessm-ius.  This  is  a  small  mY°^' ,T'"nd 
arises  from  the  fibula  between  the  peroneus  longus  and 
peroneunrevis,  and  ends  in  a  tendon  which  joms  the 

^°  pXT«Tb«4.w.  The  tendon  of  this  muscle  is  occa- 
sionally dvWed  into  two  portions,  tlie^s^Pe™"'"';^^ 
one  eoLg  to  the  fourth  metatarsal  or  cuboid  bone,  or  to 
?he  moxhnal  phalanx  of  the  fifth  toe,  joining  the  exten- 
sor t'endon  of  ttiat  toe.  It  may  also  be  inserted  into  the 
^f^ZrS^X^.  It  a-s  fro- the  fibula  be- 
neSrthe  pe^eus  brevis,  and  is  --  e    -to^t^^^^^^^^ 

rtiTtruTc"hiSge"e^^^^^^^^^ 

brev°s     K  is  seen  normally  in  some  animals,  as  the  bear 

and  the  cat.  ^      ^^^^  j^  ^^t  infrequently 

P«TO«.«s  (2  a»<«s.     Am  ^^x-^^^^ the  pero- 

seen  arising  fiom  the  DacK  01  luc  ^  ^^ 

5T 


muscles. 
Muscles. 


REFERENCE  HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


ne.  3455.—^,  Example 
of  a  third  head  to  the 
gastrocnemius.  (Wood.) 


lidges  of  the  cuboid  groove.     This  is  looked  upon  by 
Testut  as  a  variety  of  the  peroneus  quinti  digiti.^ 

In  a  male  subject  the  writer  savs^,  on  both  sides,  the 
peroneus  longus  divided  into  tvi^o  portions ;  the  outer  and 
larger  passed  down  in  the  usual 
course  of  the  long  muscle,  but  the 
inner  and  smaller  portion,  which 
arose  principally  from  the  inter- 
muscular septum,  ended  in  a  ten- 
don which    passed   through    the 
same  compartment  in  the  annular 
liagment  as  the  outer  portion,  and 
m   f.  I        ..  »    immediately  before  it  reached  the 
'/JjA  peroneal  tubercle  it  divided  into 

'jjf  \  two  parts,  one  of  which  spread 

jffir     j  out    and    was  inserted    into    the 

V  tubercle;    the  other  crossed  over 

Ji        !  the  tendon  of  the  peroneus  brevis 

and  was  lost  in  the  fascia  cover- 
ing the  dorsum  of  the  foot ;  be- 
tween these  two  tendons  passed 
the  tendon  of  the  peroneus  brevis. 
This  was  probably  a  variety  of 
the  peroneus  quinti  digiti  and 
peroneus  quartus  muscles. 

Uxtensor  Brevis  Digitoruni.  Tlie 
number  and  arrangement  of  the 
tendons  vary  considerably.  Very 
frequently  one  or  more  of  the 
tendons  are  doubled.  A  slip  not 
infrequently  goes  to  the  little 
toe.  The  number  of  tendons  may 
be  reduced  to  two ;  occasionally  a 
single  tendon  may  have  two  mus- 
cular heads  in  connection  with  it. 
The  innermost  portion  going  to 
the  great  toe  is  often  separated 
from  the  rest  of  the  muscles,  and 
is  called  the  extensor  brems  liallueis.  Wood  describes 
cases  in  which  slips  from  the  tendons  of  the  extensor 
brevis  joined  the  dorsal  interosseous.  There  may  be  a 
special  slip  going  to  the  second  metatarsal  bone  or  long 
extensor  tendon  of  the  second  toe.  This 
would  be  the  homologue  of  the  extensor 
indicis  of  the  hand. 

Qastrocnemhis.  The  two  bellies  are 
sometimes  more  or  less  completely  sepa- 
rated from  each  other,  as  in  the  mar- 
mot, unau,  coati,  etc.  The  most  com- 
mon anomaly  is  the  existence  of  a  third 
head  (see  Pig.  3455).  This  consists  of  a 
band  of  muscular  fibres,  which  may  arise 
from  either  condyloid  ridge,  the  poplit- 
eal surface  of  the  femur,  or  the  posterior 
ligament  of  the  knee-joint;  passing 
down,  it  most  frequently  joins  on  the 
united  muscle.  This  third  head  may 
pass  between  the  popliteal  artery  and 
vein,  or  over  both  vessels  and  nerves. 
It  is  sometimes  divided  into  two  por- 
tions. 

The  writer  has  seen  a  third  head  aris- 
ing from  the  inner  side  of  the  tendon  of 
tlie  biceps  femoj'is,  about  three  inches 
above  the  condyles.  It  passed  down, 
and  Joined  the  external  head  about  one 
inch  above  its  junction  with  the  internal 
one.  This  is  the  normal  arrangement  in 
the  lion  and  some  othoi-  animals. 

A  slip  may  be  given  off  from  the  bi- 
ceps, semitendinosus,  or  adductor  mag- 
nus  to  the  gastrocnemius.     The  writer, 
in   one  female   subject,    saw    complete 
absence  of  the  external  head.     On  re- 
moving the  skin  and  fat,  the  first  structure  which  came 
into   view   was    the    plantaris  muscle  (see  Fig.   345(j). 
Absence  of  the  whole  muscle  has  been  observed. 
Occasionally  a  sesamoid  bone  is  developed  in  the  ten- 
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FIG.  3+56. —  Ab- 
sence of  the  ex- 
ternal head  of 
gastrocneml  u  s . 
(Shepherd. ) 


don  of  the  external  head.  A  similar  arrangement  exists 
in  many  animals. 

Soleiis.  An  accessory  soleiis  is  occasionally  seen  which 
arises  from  the  oblique  line  of  the  tibia  and  joins  the  in- 
ner side  of  the  soleus ;  it  covers  the  posterior  tibial  ar- 
tery, and  is  often  of  large  size. 

The  soleus  has  been  observed  of  ver}-  small  size,  the 
fibular  portion  alone  existing. 

It  is  sometimes  inserted  into  the  os  calcis  separately 
from  the  gastrocnemius,  an  arrangement  which  is  com- 
mon in  many  animals.  A  muscular  slip  going  from  the 
tibia  to  the  tendinous  arch  over  the  popliteal  vessels  has 
been  occasionally  seen. 

PlantfiHs.  The  plantaris,  which  is  rudimentary  In 
man  and  gradually  disappearing,  is  of  large  size  in  some 
animals,  and  in  them  is  continuous  with  the  plantar  fas- 
cia or  flexor  brevis  digitorum.  In  man  it  is  frequently 
absent.  It  sometimes  arises  by  two  heads,  the  supernu- 
merary f)ne  coming  from  the  posterior  ligament  of  the 
knee-joint  or  from  one  of  the  condyles.  The  writer  has 
seen  this  supernumerary  head  arise  from  the  outer  head 
of  the  gastrocnemius  and  the  middle  of  the  outer  surface 
of  the  soleus  by.  a  tendinous  origin. 

The  plantaris  has  been  seen  to  arise  from  the  popliteal 
fascia  and  fibula.     The  writer  on  one  occasion  saw  it 
arise  solely  from  the  posterior  ligament  of  the  knee-joint. 
The   mode  of    its    insertion 
varies,  its  tendon  sometimes 
joins  the    teudo  Achillis  or 
intei'nal  annular  ligament,  or 
ends  in  the  deep  fascia  of  the 
leg.     It   may  send  a  slip  to 
the    plantar     fascia     {tensor 
fascia,  plantaris).     Its  tendon 
may  be  enclosed  in  the  lower 
part  of  the  tendo  Achillis. 

Popliteus.  A  sesamoid  bone 
is  sometimes  developed  in  its 
tendon  of  origin.  The  mus- 
cle in  rare  cases  is  absent  al- 
together. 

Popliteus  3Iiiim:  Is  a  small 
muscle,  rarely  seen,  which 
arises  from  the  femur  inter- 
nal to  the  jDlantaris  and  is  in- 
serted into  the  posterior  liga- 
ment of  the  knee  -  joint. 
AVagstaffe  has  described  an 
accessory  popliteus  which 
arose  from  a  sesamoid  bone 
developed    in    the    external 

head  of  the  gastrocnemius,  and  was  inserted  into  the  ob- 
lique line  of  the  tibia  superficial  to  the  normal  muscle 
(see  Fig.  3457). 

Peroncotibialis.  This  is  a  muscle  desci-ibed  by  Gru- 
ber,  who  met  with  it  in  one  in  seven  subjects.  It  arises 
from  the  inner  side  of  the  head  of  the  fibula,  and  is  in- 
serted into  the  upper  end  of  the  oblique  line  of  the  tibia. 
It  is  placed  beneath  the  popliteus.  and  is  looked  upon  as 
tlie  homologue  of  the  pronator  teres  in  the  arm.  It  is 
seen  in  many  of  the  lower  animals. 

Fle.ror  Lonr/ns  Diyiiovtim  Pedis.  This  muscle  varies 
somewhat  as  to  its  origin.  It  frequently  receives  extra 
slips  of  origin  from  the  deep  fascia  and  aponeurosis  of 
the  leg,  the  tibia,  fibula,  or  flexor  hallucis.  The  writer 
has  several  times  seen  muscular  fibres  originating  exten- 
sively from  the  deep  aponeurosis  and  flexor  hallucis,  and 
crossing  the  tibialis  posticus  to  reach  the  flexor  digitorum. 
In  some  cases  the  tibialis  posticus  was  completely  hidden 
from  view  by  muscular  fibres.  A  similar  arrangement  is 
seen  in  a  great  many  of  the  apes.  The  tendon  going  to^ 
the  second  toe  is  sometimes  absent;  in  these  cases  the  sec- 
ond toe  receives  a  slip  from  the  flexor  hallucis. 

Flexor  Acressorins  Lonyus  Bir/itonim  Pedis.  This  mus- 
cle and  its  varieties  have  been  described  under  various 
names,  as  tibioaccessorius,  accessorius  ad  accessoriwn 
(Turner);  peroiuomkaneHs  iiiternus  (Macalister) ;  prona- 
tor pedis  (Humphry).     It  may  arise  from  the  tibia  or 
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Fig.  3457.— J.P,  Accessory  pop- 
liteus arising  from  a  sesamoid 
bone(Sl;  P,  normal  popliteus. 
(Wagstafte.) 
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fibula  by  a  fleshy  belly  and  in  a  ■well-marked  tendon, 
■wliich  passes  through  a  separate  compartment  in  the  an- 
nular ligament,  either  in  front  of  or  behind  the  flexor 
hallucis,  and  finally  ending  by  joining  the  flexor  acces- 
sorius  or  the  tendon  of  the  long  flexor  before  it  divides. 
It  has  been  seen  to  replace  the  proper  accessorius.     In 
its  course  down  to  the  foot,  its  fleshy  fibres  generally 
cover  over  the  posterior  tibial  vessels  and  nerves.     When 
it  arises  from  the  fibula  and  is  inserted  into  the  tubercle 
of  the  OS  calcls,  it  is  called  the  peroneocalcaneus  iniernus, 
and  is  looked  upon  as  the  homologue  of  the  pronator 
quadratus  of  the  forearm.     The  writer  has  several  times 
seen  this  muscle  arising  from  the  tibia,  and  only  once 
from  the  fibula.     In  one  case  it  arose  by  two  fleshy 
heads,  one  from  the  flexor  hallucis,  and  the  other  for  two 
inches  from  the  inner  border  of  the  tibia  immediately  be- 
low the  soleus;  the  two  heads  united  to  form  a  single 
belly  which,  after  covering  the  posterior  tibial  vessels, 
ended  in  a  tendon.     This  tendon  passed  beneath  the  an- 
nular ligament  posterior  to  the  vessels,  and  in  the  sole  of 
the  foot  joined  the  tendon  of  the  long  flexor;  the  normal 
accessorius  was  inserted  into  this  tendon  instead  of  into 
that  of  the  flexor. 

A  flsxor  pi-oprius  digiti  seeundi,  arising  from  the  ti- 
bia and  going  to  the  second  toe,  has  been  described  by 
Bahnsen. 

Flexor  Aceessoriiis.  The  outer  head  is  not  infrequently 
absent.  The  muscle  is  sometimes  much  reduced  in  size 
and  may  even  be  absent.  Its  accessory  long  head  has 
aheady  been  described  under  the  name  flexor  accessorius 
longus  digitorum  pedis.  . 

The  number  of  digital  tendons  to  which  this  muscle 
can  be  traced  varies  considerably.  Offsets  may  be  sent 
to  the  second,  third,  and  fourth  toes,  and  sometimes  to 
the  fifth.  In  rare  cases  it  can  be  traced  to  only  two  ten- 
dons The  muscle  has  been  observed  going  to  the  flexor 
hallucis  tendon  instead  of  the  digitorum.  It  sometimes 
gives  off  a  slip  to  the  fifth  toe  (as  in  monkeys),  when  the 
slip  to  that  toe  from  the  brevis  digitorum  is  absent. 

Lumhricales.     Absence  of  one  or  more  of  these  muscles 
occasionally  occurs.     The  writer  once  saw,  on  both  sides 
of  the  same  subject,  the  two  outer  ones  absent,     i  wo  are 
sometimes  seen  going  to  one  toe.     The  tendons  are  fre- 
quently inserted  into  the  first  phalanges  of  the  toes. 
^  Flexor  Hallucis  LonguB.     Seldom  varies.     The  tendons 
of  the  digitorum  longus  and  hallucis  are  seldom  com- 
pletely sepaj-ated;  they  are  generally  united  l^J  a  shP 
from  the  hallucis  to  the  digitorum,  and  sometimes  by  one 
from  the  digitorum  to  the  haOucis.     The  slip  from  the 
hallucis  may  generally  be  traced  to  the  second  or  third 
toes  sometimes  to  all,  and  sometimes  to  the  second  only^ 
In  a  subject  dissected  in  1879  by  the  writer  the  tendon 
of  this  muscle  divided  into  three  tendons,  which  went  to 
the  ereS  second,  and  third  toes.     The  longus  digitorum 
divided  into  four  tendons  as  usual;  but  those  gomg  to 
thlsecond  and  third  toes  were  of  smal  size,  and  joined 
h^  ones  from  the  hallucis.     The  lumbrical  muscles  we  e 
in  connection  with  the  digitorum  tendons.     In  this  case 
there  was  no  connection  between  the  tendims  of  the  mus- 
cles bifore  division.     A  slip  may  be  given  off  from  t  e 
flexoi  hallucis  in  the  leg,. and  after  passing  under  the 
flunular  lieament,  may  join  the  accessorius.     this  is  a 
va?fetv  of  aTmuscle  Ascribed  above-^e^orac^m^^^^^^^^^^ 
loZuI dictitoTum  pedis.     In  rare  cases  the  tendons  of  the 
l3ont  flexorTafe  fused  into  one,  as  is  seen  m  the  ower 
^rmals     The  writer  once  saw  a  sesamoid  bone  developed 
?n  the  tendinoTthis  muscle  as  it  passed  over  the  astraga- 

^"!^^l^:«.     Veryseldomvaxies^^— IT 
It  has  been  described  as  being  mserted  into  the  pero^^^^^^^ 

flexor'bievis  hailucis  muscles.     It  has  been  reported  ab- 

"ffizl"'t.^«..     This    is  a    ra-f^,^^-^t^l 
Bahnsen,  Henle,  and  Linhart.     Henle  calls  it  the  tensoi 


.,„.  3458.— JLQi  Example  ol  the 
abductor  ossis  metatarsi  quintl 
arising  from  OS  calcis.  (Bradley.) 


of  the  capsule  of  the  ankle-joint.  It  arises  from  the  back 
of  the  tibia  below  the  flexor  digitorum  longus,  and  is  in- 
serted into  the  posterior  part  of  the  capsule  of  the  ankk- 
joint  or  annular  ligament.  A  similar  muscle  has  been 
described  as  being  inserted 
into  the  anterior  part  of  the 
capsule  of  the  ankle-joint. 

Flexor  Brevis  Digitorum. 
The  slip  going  to  the  fifth 
toe,  which  is  usually  of 
small  size,  and  very  often 
not  perforated  by  the  deep 
flexor,  is  sometimes  absent 
altogether.  Five  tendons 
have  been  observed,  two 
going  to  the  second  toe. 
The  slip  to  the  little  toe, 
when  absent,  is  occasion- 
ally replaced  by  a  small 
muscle  arising  from  the 
outer  side  of  the  long  flex- 
or tendon  or  flexor  acces- 
sorius. This  arrangement 
is  seen  in  many  of  the  apes. 
The  tendons  of  the  short 
flexor  may  be  united  to 
those  of  "the  long  flexor, 
and  have  a  common  inser- 
tion. Some  portion  of  the 
short  flexor  may  arise  from 

the  long  flexor  tendon.  The  writer,  a  few  years  ago,  ' 
saw  a  very  good  example  of  this,  an  arrangement  which 
is  like  that  which  exists  in  apes.  The  muscle  consisted 
of  two  portions,  superficial  and  deep ;  the  superficial 
arose  from  the  inner  tuberosity  of  the  os  calcis,  and  di- 
vided into  two  tendons  which  went  to  the  second  and 
third  toes ;  the  deep  portion,  however,  arose  by  a  fleshy 
origin  from  the  deep  flexor  tendon  before  it  was  joined 
by  the  accessorius;  its  tendons  were  distributed  to  the 
fourth  and  fifth  toes.  j,.,,  ^ 

Wood  mentions  a  case  in  which  the  shp  to  the  ntth  toe 
was  augmented  by  another  from  the  long  flexor  tendon ; 
they  formed  a  single  tendon,  which  was  not  perforated 
but  blended  with  the  tendon  of  the  long  flexor  going  to 

that  toe.  .  .         ..TV, 

Abductm-  Hallucis.  Its  tendon  is  sometimes  joined  by 
a  muscular  slip  which  comes  from  the  skin  in  front  of  the 
inner  ankle.  Wood  describes  a  muscular  slip  from  the 
abductor  to  the  base  of  the  first  phalanx  of  the  second 

°\bdiictor  Minimi  Digiti.     The  tendon  is  sometimes 

double.  „    .     .      .  i-         t  tu^ 

Abductor  Ossis  Metatarsi  Qmnii.  A  portion  ot  the 
above  has  been  described,  by  Wood  and  Bradley  as  a 
separate  muscle  arising  from  the  outer  tubercle  of  the  os 
calcis,  and  inserted  into  the  base  of  the  fifth  metatarsal 
bone ;  it  occurs  in  about  every  other  subject.  Most  anat- 
omists look  upon  this  as  merely  an  insertion  of  the  abduc- 
tor minimi  digiti,  which  fails  to  exist  m  about  half  the 
subjects  examined.  Occasionally  it  exists  as  quite  a  sep- 
arate muscle  (see  Fig.  3458),  havmg  an  extensive  origin 
from  under  the  surface  of  the  os  calcis.  The  interest  at- 
tacWngtothis  muscle  lies  in  the  fact  that  it  is  the  true 
homologue  of  a  muscle  always  present  m  the  anthropoid 

^%exor  Brevis  Hallucis.  A  slip  may  be  sent  to  the  base 
of  the  first  phalanx  of  the  second  toe  (Wood)  _  It  some- 
Mmes  receives  fibres  of  origin  from  the  os  calcis  or  long 
pSnLr  ligament.     Occasionally  it  fails  to  be  attached  to 

^^^Am^or  Hallucis.  Occasionally  a  slip  is  seen  going 
to  the  base  of  the  first  phalanx  of  the  second  toe;  this 
mav  arise  from  the  second  metatarsal  bone,  or  sheath  of 
The  tondon  of  the  peroneus  longus.  Henle  thinks  it  rep- 
resents the  interosseus  volans  pnmus  of  the  hana. 

Omonens  Hallucis  (Macalister).  Given  off  from  the 
nrSng  muscle  and  inserted  into  the  base  of  the  meta- 
tarsal bone  of  the  great  toe,  as  in  apes. 
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Adductor  Indicis.  The  writer  once  saw  a  large  muscle 
arise  from  the  cuhold  and  sheath  of  the  peroneus  longus 
tendon  outside  the  adductor  hallucis,  and  go  to  be  in- 
serted into  the  base  of  the  first  phalanx  of  the  second  toe. 
This,  no  doubt,  is  the  homologue  of  the  adductor  mdicis 
of  quadrumana  and  other  animals,  as  the  sloth,  elephant, 

<?tc 

Tnnm-ersus  Pedis.  The  slip  from  the  flttli  too  is  often 
wanting,  and  others  may  also  be  absent.  The  whole 
muscle  is  occasionally  absent. 

Superficial  Tninaversus  Pedis.  In  1879  the  wnter  saw, 
in  the  right  foot  of  a  male  subject,  immediately  beneath 
the  skin,  a  muscle  which  arose  from  the  bases  of  the  first 
phalanges  of  the  second,  third,  and  fifth  toes,  and  was 
inserted  into  the  base  of  the  first  phalanx  of  the  great 
toe ;  deeper  down  the  normal  transversus  pedis  existed 
and  was  of  the  usual  size. 

Flexor  Brems  Mnimi  Bigiti.  A  slip  of  muscle  is  very 
frequently  seen  given  off  from  the  inner  border  of  this 
muscle,  and  inserted  separately  into  the  anterior  half  of 
tiie  lateral  border  of  the  fifth  metatarsal  bone.  In  some 
cases  it  is  almost  a  distinct  muscle.  Henle  calls  it  the 
opponens  minimi  digiti,  and  looks  upon  it  as  the  nor- 
mal arrangement.  It  is  well  developed  in  the  orang- 
outang. , 

Interosseous.  Seldom  abnormal.  May  vary  sometimes 
in  size,  according  to  the  size  and  use  of  corresponding 
digit  (Wood).  A  slip  is  occasionally  seen  arising  from 
tlie  base  of  the  second  metatarsal  bone  and  sheath  of  the 
peroneus  longus,  and  inserted  into  the  base  of  the  first 
plialanx  of  the  second  toe.  Henle  regards  this  as  the 
homologue  of  the  interosseus  volaris  primus  of  the 
hand. 

MuscLKS  OF  THE  Tkuxk. — Rcctus  Capitis  Posticus 
Minor.  The  writer  has  once  seen  this  muscle  absent 
cm  the  right  side.     The  left  was  of  large  size. 

Sernitus  Posticus  In;ferioi\  Macalister  has  observed 
absence  of  this  muscle.  It  may  consist  of  only  three 
slips,  or  in  rare  cases  there  may  be  as  many  as  five  or 
six  from  the  first  to  the  sixth  rib.  Slips  may  be  received 
from  the  levator  anguli  scapula;.  I  have,  in  two  cases, 
seen  a  well-developed  muscular  slip  arising  from  the 
mastoid  process,  beneath  tlie  sterno-mastoid,  and  inserted 
into  the  upper  border  of  the  serratus  posticus  superior. 
Once  I  noted  a  slip  passing  from  the  fifth  cervical  trans- 
verse process  to  this  muscle. 

tierriitus  Posticus  Sujierior.  In  rare  cases  tlie  whole 
muscle  has  been  absent.  Absence  of  one  or  more  digita- 
tions  is  not  infrequent.  It  is  occasionally  of  larger  size 
than  normal.  The  writer  once  saw  it  arise  from  the  four 
lower  dorsal  spines,  and  two  upper  lumbar,  and  go  to  be 
iu«erted  into  the  five  lower  ribs. 

Sftleniiis.  The  extent  of  origin  of  the  splenius  varies. 
Ii  not  infrequently  readies  as  high  as  the  middle  of  the 
ligamentum  nuchse ;  it  may  even  be  attached  to  the  occip- 
ital protuberance  (as  in  the  bear).  In  one  subject,  on 
both  sides,  the  writer  saw  the  splenii  attached  to  the 
whole  length  of  the  ligamentum  nuchf£,  the  occipital 
protuberance,  the  superior  curved  line  of  the  occipital 
bone,  and  the  mastoid  process.  The  two  muscles  pre- 
sented the  appearance  of  an  inverted  triangle. 

The  splenius  colli  may  have  a  slip  of  attachment  to  the 
tliird  cervical  transverse  process.  The  writer  has  seen  it 
send  slips  to  the  second  and  third  cervical,  and  in  one 
case  to  the  cervicalis  ascendens.  Tlie  splenius  capitis 
may  be  quite  distinct  from  the  splenius  colli,  or  these  two 
portions  may  be  fused  together.  The  colli  portion  has 
been  reported  absent. 

Ilhombo-atloid  (Macalister).  Splenius  accessorius,  ad- 
jutor  splenii  (Walther).  This  muscle  has  already  been 
described  with  the  rhomboid.  It  is  a  muscular  slip  going 
from  the  transverse  process  of  the  atlas  to  the  serratus 
magnus,  rhomboid  or  serratus  posticus  superior,  and  is 
looked  on  by  "Wood  as  indicating  the  first  degree  of  dif- 
ferentiation in  man  toward  the  formation  of  the  occipito- 
scapular  muscle  of  the  lower  animals. 

Ligamentum  NucJm  Replaced  by  Muscle.  The  writer,  in 
one  case,  saw  the  upper  part  of  this  ligament  replaced 


by  strong  muscular  fibres,  which  were  attached  to  the 
external  occipital  protuberance,  the  whole  length  of  the 
occipital  crest,  and  the  posterior  tubercle  of  the  atlas  and 
axis.  The  external  border  of  this  muscle  consisted  of  a 
thick,  round  tendon,  continuous  below  with  the  ligamen- 
tum nuchiE,  which  was  normal  from  the  spine  of  the  third 
cervical  vertebra. 

Sacrolumbalis.  The  inferior  and  superior  accessory 
origins  of  the  sacrolumbalis  are  infrequently  absent. 
The  cervicalis  ascendens  may  arise  as  low  as  the  tenth  rib, 
and  be  inserted  as  high  as  the  third  cervical. 

Spinalis  Cerricis.  This  is  described  by  Henle  as  a  nor- 
mal muscle.  It  is  very  inconstant,  and  arises  from  the 
spines  of  the  fifth,  sixth,  and  seventh  cervical  and  upper 
two  dorsal  vertebrae,  and  is  inserted  into  the  spine  of  the 
axis,  and  sometimes  the  spines  of  the  third  and  fourth 
cervical  vertebra;. 

E.rfetisor  Goccygis  (sacrococcygeus  posticus).  This  is 
the  name  given  to  some  slender  muscular  fibres  occasion- 
ally seen  going  from  the  lower  end  of  the  sacrum  or  the 
posterior  inferior  iliac  spine  to  the  coccyx.  It  is  the 
homologue  of  the  great  caudal  extensor  of  the  lower  ani- 
mals. 

Longissimus  Borsi.  May  vary  somewhat  as  to  the 
number  and  extent  of  its  attachments.  The  writer  once 
saw  it  receive  accessory  fibres  from  the  spines  of  the 
third,  fourth,  fifth,  and  sixth  dorsal  vertebrae. 

Spinalis  Borsi.  Th3  number  of  tendons  of  insertion 
may  be  reduced  to  three ;  one  spine  may  receive  two  ten- 
dons. 

Comple.vus.  The  biventer  cervicis  may  be  completely 
fused  with  this  muscle.  It  may  be  fused  with  tlie  tracli- 
elo-mastoid  or  longissimus  dorsi.  The  number  of  verte- 
brae to  which  it  is  attached  may  vary  from  two  to  seven. 
A  supernumerary  fascia  sometimes  arises  from  the  trans- 
verse process  of  the  second  dorsal  vertebra,  and  is  inserted 
into  the  occipital  bone  beneath  the  normal  muscle.  The 
biventer  frequently  receives  accessory  slips  from  some 
of  the  lower  cervical  or  upper  dorsal  vertebral  spines, 
or  from  the  ligamentum  nuchse.  Slips  have  been  seen 
going  to  join  it  from  the  seventh  cervical  transverse 
process. 

Multifidus  Spina-.  The  origin  from  the  seventh  cervi- 
cal vertebra  may  fail.  Muscular  slips  may  run  from  the 
necks  of  the  first  and  second  ribs  to  the  fifth  and  sixth 
cervical  vertebrae,  as  well  as  between  other  ribs  and  ver- 
tebrae. 

Interspinales.  Longer  interspinous  bundles  are  some- 
times found  passing  over  one  or  two  vertebrae.  In  the 
neck  the  bundles  are  broader. 

The  short  Botatory  muscles  of  the  neck  may  be  occa- 
sionally doubled. 

External  Intercostals.  The  last  ones  are  sometimes 
wanting.  Not  infrequently  they  extend  as  far  as  the 
sternum  between  the  costal  cartilages.  The  lower  inter- 
costals occasionally  are  continuous  with  the  external  ab- 
dominal oblique. 

Internal  Intercostals.  These  frequently  extend  to  the 
vertebral  column.  Tlie  last  two  are  sometimes  absent, 
or  so  small  that  it  requires  a  very  careful  dissection  to 
discover  them. 

Supracostalis  (Wood);  Rectus  Thoracis'(TnTaev).  This 
is  a  muscle  which  lies  on  the  upper  ribs  in  the  antero- 
lateral part  of  the  thorax,  and  generally  extends  from  the 
first  to  the  fourth  rib. 

It  has  been  looked  upon:  (1)  as  the  homologue  of  the 
thoracic  extension  of  the  rectus  abdominis  to  the  first  rib, 
as  is  seen  so  often  in  mammalia,  e.g.,  cat,  otter,  beaver; 
(3)  as  a  reproduction  in  man  of  the  sternocostal  muscles 
of  the  lower  animals,  e.g.,  dog,  badger,  etc.;  (3)  as  be- 
longing essentially  to  the  scalene  system  of  muscles,  and 
corresponding  to  the  condition  seen  in  many  animals.  In 
the  bear  the  scalene  muscles  extend  back  as  far  as  the 
seventh  or  eighth  ribs.  The  last  view  is  probably  the 
correct  one. 

Triangularis  Sterni.  Tliis  muscle  varies  much  as  to 
its  extent  and  points  of  attachment.  Absence  of  one  or 
both  muscles  has  been  noticed.     Theile  reports  a  case 
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in  which  it  extended  to  the  clavicle.  It  is  sometimes  con- 
tinuous with  the  transversalis  abdominis,  of  which  it  is 
supposed  to  be  a  remnant  or  appendage 
_  I)iaphrag7n.  Tlie  sternal  portion  of  the  muscle  is  not 
infrequently  wanting  (Quain).  Carruthers  (LmiceL  18791 
reportsa  case  of  absence  of  the  left  half  of  the  diaphragm 
ifnrnf.  >f  t^^'"^  ivcd  ten  days.  In  this  case  there  was 
hernia  of  the  sniall  and  part  of  the  large  intestine  into 
the  thorax.  Absence  of  portions  of  the  diaphragm  is 
occasionally  seen,  and  in  these  cases  there  is  nearlv 
always  hernia  of  some  of  the  contents  of  the  abdomen 
into  the  thorax.  At  a  post-mortem  held  at  the  Montreal 
S^T'1^??'?i*''ll?  1885  on  a  man  aged  forty,  a  portion 
of  the  left  half  of  the  diaphragm  was  absent,  and  through 
the  opening  the  greater  portion  of  the  stomach  protrudid 
into  the  thorax. 

A  neshy  fasciculus  has  been  seen  passing  from  the  bor- 
der of  the  esophageal  opening  to  the  ossophagus  Knox 
has  described  a  musculus  hepatieodiaphragmaticus  arising 
from  the  left  side  of  the  central  tendon  and  passing  over 
the  oesophagus  to  the  right,  dividing  into  two  shps  one 
of  which  went  to  the  under  surface  of  the  liver  and  be- 
coming tendinous,  joined  the  obliterated  ductus  ven'osus 
and  umbilical  vein;  the  other  crossed  the  right  crus  and 
was  lost  in  the  peritoneum. 

Henle  and  Bourgery  describe  a  muscular  slip  going 
from  the  costal  cartilage  of  the  seventh  rib  partly  to  the 
costal  cartilage  of  the  ninth,  and  partly  across  the  middle 
line  of  the  diaphragm  to  the  opposite  border  of  the  ster- 
nal portion. 

Anomalous  Muscle  of  the  Thm-ax,  Connected  with  tJie 
Diaphragm  {Suhvertehral  Rectus  of  Humphry  ?)  In  a  well- 
developed  male  subject  in  removing  the  lung  and  pleura 
the  writer  found  a  long,  flat,  ribbon-shaped  muscle  run- 
ning down  the  left  side  of  the  bodies  of  the  dorsal  verte- 
brae. It  arose  from  the  anterior  surface  of  the  head  of 
the  sixth  and  seventh  ribs.  Becoming  broader  as  it  de- 
scended, it  ended  in  two  slips,  one  blending  with  the  left 
arcuate  ligament,  and  the  other,  which  remained  muscular 
with  a  tendinous  intersection,  united,  by  a  blending  of 
the  two  muscles,  with  the  left  crus  of  the  diaphragm 
(Jour,  of  Anat.  andPhys.,  vol.  xxx.). 

External  Abdominal  Oblique  (obliquus  externus  abdomi- 
nis). According  to  Macalister,  the  number  of  attachments 
to  the  ribs  varies  from  six  to  nine,  and  one  or  more  slips 
may  be  doubled,  generally  those  arising  from  the  eighth 
and  ninth  ribs.  It  is  not  uncommon  to  see  absence  of  the 
highest  and  lowest  digitations.  The  two  lowest  may  be 
rudimentary,  and  an  additional  fasciculus  may  come  from 
the  lumbar  aponeurosis.  This  muscle  may  be  connected 
with  the  serratus  magnus,  as  well  as  with  the  pectoralis 
major,  by  continuous  fibres.  The  musculus  sternalis, 
when  present,  may  be  intimately  associated  with  the  ex- 
ternal oblique. 

A  fasciculus  has  been  described  going  from  the  ninth 
rib  to  the  skin  over  that  region  (Flesch).  This  is  no 
doubt  a  remnant  of  the  dorso-abdominal  skin  muscle  oi. 
mammals.  Poland  ("Guy's  Hospital  Reports,"  1841)  re- 
ports a  case  in  which  the  external  abdominal  oblique  be- 
came tendinous  at  a  horizontal  line  on  a  level  with  the 
umbilicus.  It  was  inserted  as  usual  into  the  ilium  and 
pubis,  but  had  no  connection  with  the  linea  alba  or  linea 
semilunaris ;  the  internal  edge  of  the  muscle  being  exter- 
nal to  the  semilunar  line,  and  leaving  exposed  the  inter- 
nal oblique.  In  this  case  the  external  oblique  received  a 
special  fleshy  fasciculus  from  the  eighth  rib,  near  its  car- 
tilage. 

Internal  Abdominal  Oblique  (obliquus  internus  abdomi- 
nis). This  muscle,  like  the  preceding,  is  subject  to  va- 
riations- in  the  extent  of  its  attachments.  Its  upper  or 
lower  attachments  may  be  reduced ;  it  may  have  an  ad- 
ditional slip  of  insertion  into  the  ninth  costal  cartilage. 
A  tendinous  inscription  in  the  upper  part  of  this  muscle 
has  been  described  as  not  uncommon ;  it  generally  pro- 
ceeds from  the  tenth  or  eleventh  rib.  Henle  describes 
once  finding  in  the  anterior  portion  of  this  inscription  a 
short,  thin  cartilage. 
Accessory  Abdominal  Oblique  (M.  lateralis  abdominis). 


Musolcs, 
inuscleii. 


This  is  a  niuscle  situated  between  the  two  oblique  mus- 
cles, which  arises  from  the  ninth,  tenth,  or  eleventh  rib 
and  passes  down  to  be  inserted  into  the  crest  of  the  ilium' 
1  he  writer  once  saw  this  muscle  on  both  sides  of  the  same 
subject ;  on  the  right  it  arose  from  the  tip  of  the  twelfth 
v^  "J?-  *'?^i'^^*  f™m  the  lower  border  of  the  eleventh' 
lib;  this  latter  muscle  was  not  inserted  into  the  iliac  r-rc'^t 
directly,  but  blended  with  the  aponeurosis  of  the  external 
oblique  behind  and  above  the  anterior  superior  spine  of 
tie  Ilium.  Both  muscles  became  broader  as  they  i-eached 
their  ihac  attachment. 

In  some  cases  this  muscle  is  attached  to  Pounart's 
hgament  or  to  the  sheath  of  the  rectus. 

Transversalis  Abdominis.  The  extent  of  its  attach- 
ments may  vary.  Cases  are  reported  in  which  it  was 
attached  to  the  whole  length  of  Poupart's  ligament  The 
spermatic  cord  may  sometimes  pierce  its  lower  border 


Fig.  3459.-^1,  Sphincter  anl  continuea  upward  in  tlie  middle  line  and 
Wending  witli  the  dartos  ol  the  scrotum;  F,  perinseal  fascia;  S, 
sphincter  anl.     (Shepherd.) 

especially  In  those  cases  in  which  the  attachment  to  Pou- 
part's ligament  is  more  extensive  than  usual.  Fusion  of 
the  muscle  with  the  internal  oblique  has  been  observed, 
and  total  absence  has  been  noticed  by  Macalister.  A 
tendinous  intersection  has  also  been  seen. 

Rectus  Abdominis.  In  some  cases  this  muscle  has  been 
seen  extending  as  high  as  the  third,  and  even  the  second, 
rib.  It  is  not  uncommon  to  see  a  supernumerary  slip 
going  to  the  fourth  rib.  In  most  animals  the  rectus  ab- 
dominis extends  higher  than  it  does  in  man;  in  many 
it  reaches  as  far  as  the  first  rib,  e.g.,  in  the  bear,  otter, 
beaver,  cat,  porcupine,  etc.  The  writer  once  saw  a  slip 
go  from  the  upper  part  of  the  rectus  to  the  middle  of  the 
lower  border  of  the  pectoralis  major.  The  number  of 
tendinous  intersections  may  vary ;  as  many  as  six  have 
been  noticed  in  the  negro. 

Pyramidalis.  This  muscle  varies  much  as  to  size.  It 
is  very  frequently  absent,  and  is  occasionally  double. 
"When  absent  the  lower  part  of  the  rectus  is  increased  in 
size.  It  is  a  muscle  which  is  of  no  use  in  man,  and  is  a 
mere  rudiment  of  the  larger  muscle  which  exists  in  mar- 
supials. _  It  is  absent  in  many  of  the  lower  animals,  e.g., 
solipeds'  ruminants,  and  many  of  the  earnivora,  ifs  the 
dog,  cat,  bear,  etc. 

Quadratus  Lvmborum.  Is  sometimes  attached  to  the 
eleventh  rib,  and  to  the  bodies  and  transverse  processes 
of  the  tenth  and  eleventh  dorsal  vertebrae.  Lange  (An- 
nals of  Surgery,"  vol.  ii.,  p.  389)  figures  a  quadratus 
muscle  sending  a  slip  to  the  fascia  covering  the  pleura 
between  the  twelfth  dorsal  and  first  lumbar  rib. 

Muscles  of  the  Perineum  and  Pelvis. — Sphincter  Ani. 
The  writer  once  saw  the  superficial  fibres  of  this  muscle 
continued  up  past  the  tendinous  point  of  the  perineum, 
as  a  flat  muscular  slip  6  mm.  broad  and  5  cm.  long. 
This  slip  blended  above  in  the  middle  line  with  the 
dartos  of  the  scrotum  (see  Fig.  3459).  Ocrasionally 
fibres  of  the  transversus  perinaei  are  inserted  into  this 
muscle. 
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Coecygeus.  Is  sometimes  inserted  wliolly  into  tlie  side 
of  the  sacrum  (Quain).  . 

Sacrococcygeus  Anticus  (curvator  coccygis)  1  his  is 
the  name  given  to  a  few  fleshy  and  tendinous  fibres  pass- 
ing from  the  lower  part  of  the  anterior  portion  of  the 
sacrum  and  coccyx.     It  is  well  developed  in  animals 

'' VraMTOrsJis  Perirmi.  This  muscle  is  a  very  variable 
one  It  is  occasionally  absent,  or  so  small  as  to  be  with 
difficulty  dissected  out.  It  is  sometimes  inserted  either 
partlv  or  wholly  into  the  accelerator  urinse  (bulbooaver- 
nosus)  muscle  or  sphincter  ani.  This  muscle  is  not  in- 
frequently fan-shaped,  covering  the  triangular  space 
formed  by  the  three  perineal  muscles.  In  these  cases  the 
ischiocavernosus  forms  one  edge  of  the  fan.  The  fibres 
are  inserted  into  the  accelerator  urinse,  central  tendinous 
point,  and  sphincter  ani.  The  muscle  is  occasionally 
double,  the  extra  slip  joining  the  accelerator  unnffi  or 
levator  ani.  Henle  describes  a  muscular  slip  spring- 
ing from  the  fascia  at  the  lower  border  of  the  gluteus 
maximus,  and  inserted  into  the  lower  surface  of  the 
triangular  ligament.  In  one  case  of  absence  of  this 
muscle,  the  writer  found  the  deep  transverse  muscle  of 

large  size.        .  ,       ,        -i,  j 

IscMocavernoms  (erector  penis) .  Houston  has  descri  bed 
a  variety  of  this  muscle  under  the  name  compreasm-  mna 
doraalis  penis.  It  is  a  slip  arising  in  front  of  the  ischio- 
cavernosus and  crus  penis,  which  passes  upward  and  for- 
ward, and  Is  inserted  with  its  fellow  into  an  aponeurosis 
above  the  dorsal  vein.  The  writer  once  saw  this  ex- 
tremely well  developed.  In  the  dog  and  some  other  ani- 
mals it  is  quite  a  strong  muscle. 

Bulbocamrnosus  (accelerator  urina;).  This  muscle  is 
occasionally  joined  by  the  transversus  perinsei.  Kobelt 
describes  the  fibres  which  cover  the  most  prominent  part 
of  the  bulb,  and  which  are  separated  from  the  others  by 
.a  more  or  less  distinct  interspace,  as  the  compressor  hemi- 
spliericum  hulbi.  Francis  J.  Shepherd. 

MUSCULAR  ATROPHIES,  PROGRESSIVE.— The  pres- 
ence of  muscular  atrophy  at  once  suggests  to  tlie  clin- 
ician one  of  two  possibihties,  namely: 

1.  The  atrophy  is.  a  symptom.  As  such  it  may  indi- 
cate Injury,  hemorrhage,  inflammation,  or  new  growth, 
affecting  more  or  less  acutely  the  oblongata,  the  spinal 
cord,  or  a  peripheral  nerve ;  or  it  may  be  one  expression 
of  joint  disease  and  then  due  to  reflex  trophic  disturbance 
in  the  cord. 

2.  The  atrophy  is  a  disease.  In  other  words,  it  is 
sufficiently  regular  in  its  evolution  and  constant  in  its  as- 
sociated symptoms  to  merit  a  definite  place  of  its  own  in 
our  nosology.  The  scope  of  the  present  article  is  limited 
to  this  second  group  of  muscular  atrophies,  those  of  the 
first  group  being  treated  under  appropriate  headings 
elsewhere  in  this  work. 

Our  knowledge  of  muscular  atrophy  as  a  clinical  entity 
dates  from  1850,  when  Aran '  published  the  first  account 
of  what  we  now  recognize  as  progressive  spinal  muscu- 
lar atrophy,  although  he  considered  it  a  disease  of  the 
muscles  primarily.  The  disease  was  elaborated  upon  by 
Duchenne  a  few  years  later,  whence  the  name  "Aran- 
Duchenne  Disease."  '» 

The  muscular  atrophies  which  are  classed  as  distinct 
diseases  are  divisible  pathologically  into  two  types, 
-namely : 

1.  The  myopathies  or  progressive  muscular  dystro- 
phies ;  also  known  as  "  idiopathic  "  muscular  atrophies, 
which  are  characterized  by  slow  premature  dissolution 
of  muscle  fibres  from  inherent  vital  defect.  This  is  a 
long-recognized  tissue  condition  for  which  Gowers  has 
recently  given  us  the  convenient  and  expressive  term 
"abiotrophy."' 

Abiotrophy  of  the  myon  would  be  a  concise  statement  of 
the  pathologico-anatomic  status  of  this  group. 

3.  The  myelopathies  or  "  spinal  muscular  atrophies, " 
characterized  pathologically  by  the  same  process  (prema- 
ture dissolution)  in  the  spinal  motor  nerve  elements  (an- 
terior horn  cells  or  lower  motor  neurons).     Since,  how- 


ever, these  same  changes  often  occur  also  in  the  cerebral 
motor  neurons  (pyramidal  motor  cells)  or  in  other  cases 
are  apparently  limited  to  the  peripheral  nerves,  a  more 
comprehensive  designation  would  be  neuronic  muscular 
atrophy.  Abiotrophy  of  the  motor  neurons,  therefore, 
would  express  the  pathologico-anatomic  nature  of  this 
group. 

"While  this  classification  serves  to  define  the  great  ma- 
jority of  cases,  a  series  of  mixed  forms  or  so-called  "con- 
necting links  "  between  the  two  main  groups  is  becoming 
numerous  in  the  literature  as  experience  in  their  recog- 
nition increases,  e.g.,  cases  which  present  symptoms  of 
myopathy  and  myelopathy  combined.  These  serve  to 
illustrate  the  anatomical  and  physiological  fact  now  well 
recognized,  that  the  entire  motor  tract  from  the  cortex 
cerebri  to  cord  and  from  cord  to  muscle  fibre  constitutes 
a  continuous  functionating  unit,  and  cannot  suffer  long 
in  one  part  without  in  some  degree  impairing  others.  _ 

There  seems  no  good  reason,  however,  to  the  writer 
for  the  use  of  the  term  "  connecting  link  "  for  these  cases. 
The  coincident  or  consecutive  Involvement  of  one  more 
segment  of  the  motor  tract  is  all  that  is  necessary  to  the 
evolution  of  these  mixed  forms,  and  this  may  be  reason- 
ably postulated  in  any  given  case. 

Accepting  the  pathological  grouping  into  myopathic 
and  neuronic,  therefore,  as  the  best  at  present  available, 
we  proceed  in  the  order  mentioned  to  consider  the  indi- 
vidual diseases  in  each  group.  The  accompanying  dia- 
gram shows  at  a  glance  the  anatomical  location  of  the 
pathological  process  in  the  several  clinical  types  (Fig. 
3460). 

The  myopathies  or  primary  atrophies  are  divided  clin- 
ically into  several  "types,  "somewhat  arbitrarily  perhaps, 
since  there  are  good  reasons  for  the  view  held  by  many 
that  they  are  all  due  to  the  same  pathological  processes, 
differing  mainly  in  location.  An  exception  to  this  state- 
ment, however,  must  be  made  in  the  case  of  the  "pseudo- 
hypertrophy," which  is  a  prominent  feature  in  one 
form. 

They  are  all  characterized,  moreover,  by  certain  clinical 
features  in  common,  of  which  the  chief  are : 

1.  Hereditary  or  familial  tendency. 

2.  Onset  before  puberty. 

3.  Preponderance  in  the  male  sex. 

4.  Loss  of  myotatic  irritability,  and  in  consequence 
loss  of  "tendon  reflexes." 

5.  Electrical  changes  of  reaction  of  qunntitatire  charac- 
ter (diminished  response  to  galvanism  and  faradism),  and 
absence  of  typical  R.  D. 

The  recognized  types  of  myopathy  are : 

A.    PSEUDO-HTPERTROPHIC      MuSCULAR       AtROPHT. — 

Cmtsation.  The  disease  begins  in  childhood;  in  two- 
thirds  of  the  cases  before  the  sixth  year  (Gowers). 
Heredity  is  traceable  in  three-fifths  of  the  cases  (Dana). 
The  hereditary  influence  is  strongest  through  the  moth- 
er's side,  though  the  malemembers  of  the  family  are  more 
frequently  affected.  Church  explains  the  transmission 
by  the  female  members  of  affected  families  by  the  fact 
that  the  disease  renders  the  males  impotent. 

The  disease  is  frequently  preceded  by  some  acute  in- 
fection—diphtheria for  instance,  which  probably  favors 
its  onset  in  those  already  predisposed. 

Symptoms. — Weakness  in  the  legs  of  gradual  onset,  ac- 
companied by  a  "  waddling  "  gait  and  frequent  stumbling 
without  evident  cause  are  the  earliest  symptoms.  These 
are  usually  noticed  about  the  fifth  year  and  are  often  at- 
tributed to  carelessness  or  stupidity  on  the  part  of  the  child. 
Later,  a  noticeable  enlargement  (pseudo-hypertrophy)  of 
the  leg  muscles,  especially  of  those  of  the  calves,  appears. 
This  may  extend  to  the  thighs  and  gluteal  muscles;  and 
the  infraspinati  are  alsalrequently  enlarged.  The  en- 
largement of  muscles  may  be  slight  in  some  cases,  but 
even  in  these  an  undue  fii'mness  with  lack  of  elasticity  is 
noticeable  oh  palpation.  The  shoulder  girdle  muscles 
are  affected  later,  while  those  of  the  face,  forearms, 
hands,  and  feet  escape  for  a  long  time,  but  are  probably 
affected  eventually  in  most  cases  that  survive  a  sufficient 
length  of  time.    Thus  in  two  cases,  brothers,  aged  four- 
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EXPLANATION  OF  PLATE  D. 

Serial  kinetograplis  illustrating  the  characteristic  method  of  arising  from  tlie  recumbeDt  posi- 
tion in  ]3rogressive  muscular  dystrophy,  the  patient  "climbing  up  his  own  legs."  (From  C'ursch- 
mauu.) 

Beginning  at  the  top  of  left-hand  column  the  figures  are  to  be  read  downward ;  then  begin  at 
top  of  right-hand  column.  The  successive  utilization  of  the  muscles  of  the  upper  extremities  to 
assist  the  more  atrophied  ones  of  the  legs  and  back  is  evident. 

The  weakness  of  the  back  muscles  is  also  well  indicated  liy  the  drooping  head,  counterbalanced 
by  the  lordosis.     The  figures  represent  a  case  of  myopathy  ^vilh  little  if  anj'  pseudo-hypertrophy. 
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Musrular  Airopliles, 
Muscular  Atropliles. 


myelopathies  or 
progressive  spinal 
muscular  atro- 
phies 


teen  and  nineteen,  seen  recently  by  the  writer,  through 
the  kindness  of  Dr.  W.  E.  Lewis  of  Cincinnati,  one  pre- 
sented marked  weakness  of  facial  muscles,  and  the  occi- 
pitofrontalis  could  not  be  made  to  act  at  all,  though  the 
patient  could  frown  at  command.  In  this  same  patient 
as  well  as  his  brother,  aged  nineteen,  the  hands  were 
markedly  involved,  the  grasp  registering  by  the  dyna- 
mometer only  nine  (right  hand)  and  ten  (left)  in  the 
younger;  and  nineteen  (right)  and  fifteen  (left)  in 
the  elder,  both  showing  a  reduction  in  power  esti- 
mated by  mt'  at  seventy-five  per  cent,  or  more. 
Moreover,  in  the  elder  of  these  brothers  there  was 
marked  wasting  of  the  thenar  group  of  right  hand, 
as  well  as  fhrUlury  twitching,  though  both  cases 
were  typical  myopathies  in  their  development  and 
most  other  respects. 

Peculiarities  of  posture  and  gait  due  to  the  mus- 
cular weakness  are  developed  in  time.     Lordosis  is 
commonly  present  when  the  patient  stands.     The 
gait  is  waddling  and  clumsy.     Frequent  falls  result 
from  the  lack  of  muscular 
power  and  irregular  con- 
trol of  movements,  so  that 
contusions  and  abrasions 
are  -frequent   accompani- 
ments of  the    disease. 
Ascending   stairs   is  par- 
ticularly difficult,  and  the 
patient  arises  from  the  prone  or  supine  po- 
sition in  a  characteristic  manner  liy  push- 
ing with  his  hands  upon  the  front  of  each 
thigh,  to    steady  the    legs.     Thus  he  is 
said  to  "  climb   up   his  own  legs. "     (See 
Plate  D.) 

While  the  statement  is  commonly  made 
that  the  face  is  unaffected,  nevertheless 
the  facies  of  most  of  these  patients,  ac- 
cording  to  the    writer's  observation,    is 
characteristic  in  some  degree  of  defective 
muscular    action.     A  blank,    expression- 
less countenance  is  the  rule,  or  again  a 
marked  senile  aspect  is  present  after  the 
disease  has  progressed  for  a  few  years.     In  one  case  this 
facial  involvement  notably  affected  the  smile,  the  mouth 
extending  horizontally  in  a  straight  line,  without  the 
usual  curves,  a  pathological  ''risiis  saTdunicus." 

In  addition  to  lordosis,  which  is  common,  other  forms 
of  spinal  curvature  appear  late  in  the  disease.  Contrac- 
tures are  also  a  feature  in  the  extremities,  tahpes  equinus 
often  resulting  therefrom. 

Apparent  lengthening  of  the  neck,  due  to  the  drooping 
of  the  shoulders  consequent  upon  weakening  of  the  tra- 
pezil  (Brissaud)  is  noted. 

Fibrillary  twitching  in  the  affected  muscles  is  com- 
monly absent,  but  there  are  numerous  exceptions  to  this 
rule  Notably  in  the  two  brothers  just  cited,  the  elder 
presents  marked  fibrillation  in  the  lower  portions  of  the 
pectoralis  major,  as  well  as  in  the  thenar  muscles  of  the 

right  hand.  .,      ,  ,    , 

Sensation  is  usually  unaffected.  The  writer  has  noted 
one  case  in  which  a  constant  "prickly"  sensation  was 
complained  of  throughout  the  trunk  and  limbs,  but  most 
accentuated  on  the  anterior  chest  wall.  ^.  .  .  ,  .,  , 
The  tendon  reflexes  are  progressively  diminished  and 
finally  lost,  as  the  muscular  structure  disappears. 

The  cases  without  pseudo-hypertrophy  are  separated 
from  the  preceding  form  by  that  circumstance  and  from 
each  other  mainly  by  differences  in  distribution  of  the 
atrophy.  Two  forms  appear  to  require  recognition,  clin- 
ically speaking.  ,    ,, ._ 

B  The  Scapulo-httmbeal  Fokm,  Ebb  s  Juvenile 
Type  "  (Fig  3462).— This  begins  as  a  rule  between  the 
ages  of  fifteen  and  thirty -five,  though  a  range  of  from  two 
to  sixty  years  in  ages  of  patients  is  recorded  (Gowers). 

The  shoulder,  scapular,  and  upper-arm  muscles  are 
first  affected,  though  the  deltoid  often  escapes  (Gowers). 
The  pectoralis  and  latissimus  dorsi  commonly  waste  in 
their  lower  portions.     The  supinator  longus  is  commonly 


involved.  As  the  disease  progresses,  the  muscles  gener- 
ally are  invaded. 

Fibrillary  contractions  and  R.  D.  are  said  to  be  absent. 

C.  The  Facio-scapulo-Humeral  Form,  or  Lan- 
dcu^zt-Dejerinb  Type.— Also  called  the  "infantile 
variety."  In  this  the  face  is  the  part  first  attacked, 
but  the  ocular  muscles  and  those  of  mastication  es- 
cape.    The  shoulder  and  upper  arm  are  invaded  later. 


/teefio/is. 


labio- laryn- 
geal paralysis- 
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FIG  3460.— Diagram  of  Motor  Tract  Irom  Cortex  Cerebri  to  Muscles, 
Showlnk  Sites  of  Initial  Degenerations  in  the  Progressive  Muscular 
Atrophies  and  Dystrophies. 

The  disease  begins  earlier  as  a  rule  than  the  two  pre- 
ceding forms,  though  marked  exceptions  to  this  state- 
ment are  recorded.  ,  ,     tt  ,         v 

For  instance,  in  two  cases  reported  by  Hoppe,=  one  be- 
gan at  twenty-three,  and  was  alive  at  fifty-five.  In  llie 
other  a  daughter  of  the  first  patient,  the  disease  began 
at  about  the  twenty-eighth  year.  These  cases  are  also 
anomalous  in  the  fact  of  R.  D.  being  present  as  follows: 
In  the  mother's  case,  in  the  thenar  and  hypothenar 
muscles  of  both  hands.  In  the  daughter,  in  the  opponeiu 
poinds  and  jUxorbi-emspolliaisoTilj. 

Fibrillation  was  not  present  in  either  case,  and  the 
mode  of  onset  and  distribution  were  regular  in  all  re- 

^^D*  Distal    Form  op  Myopathy.— Gowers »  applies 
this  term  to  a  case  recently  described  by  him,  which  dit- 
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Fig. 


34G1. — Pseudo-Hypertrophic    Muscular 
Atrophy.     iC.  L.  Dana.) 


Icrs  fn.m  the  other  myopathies  thiefiy  in  the  fact  of  the 
atropliy  begiiiuiiig  in  the  hands  and  feet,  altliough  the 
stenio-niasU)ids  and  tongue  were  also  involved. 

The  disease  began 
at  ten  or  twelve,  and 
at  eighteen  tlie  pa- 
tient still  had  good 
power  iu  the  pero- 
neal groups  and 
cal  f  muscles  as  well 
as  in  the  thighs. 

The  trunk  mus- 
cles apparently  es- 
caped; of  the  shoul- 
der-girdle muscles 
the  trapezius  only 
was  affected,  and 
that  slightly. 

Electrical  re- 
spouse  was  dimin- 
ished to  both  cur- 
rents. 

Another  case  re- 
ferred to  at  the 
same  time  com- 
bined the  features 
of  this  type  with 
those  of  the  scap- 
ulo -humeral  (form 
B). 

As  that  author 
remarks,  this  is 
only  another  link 
in  the  chain  of  evi- 
dence wliich  favors 
the  essential  unity  of  all  types  of  myopath\f. 

Pathology  and  Morbid  Anatoini/. — These  are  practically 
the  same  in  all  forms  of  myopathy. 

The  process  is  a  degenerative  atrophy,  with  irritation 
and  swelling  of  muscle  fibres  and  proliferation  of  nuclei 
in  the  early  stages.  Later,  there  is  atrophy  of  the  muscle 
fibres  with  disappearance  of  their  transverse  striae.  In- 
crease of  connective-tissue  elements  follows  the  disap- 
pearance of  muscle  fibres,  causing  a  "  myosclerosis  "  Avith, 
in  the  pseudo-hypertrophic  forms,  a  lipomatosis  in  addi- 
tion. Along  with  the  atrophy  and  pseudo-hypertrnphy 
a  number  of  observers  have  noted  an  apparent  true  hy  i)er- 
tropliy  in  some  fibres. 

The  spinal  cord  and  nerves  are  normal  with  lare  excep- 
tions, which  are  found  in  the  "  irregular  forms  "  of  the 
disease. 

The  diaijiiiisis  of  the  myopathies  in  general  is  simple. 
The  age  of  onset  (usvially  under  pulierty),  the  slowly 
increasing  weakness,  the  waddling,  .stumbling  gait,  the 
muscular  atrophy  without  R.  D.,  and  the  absence  of 
fibrillary  twitcliing  suftieientlj'  separate  the  myopathies 
from  the  neuronic  or  "spinal  nuiscular  atrophies."  The 
diagnosis  of  the  different  "  ////«. v  "  nf  mj'opathy  from  (.-aeli 
other  is  mainly  a  questif)n  of  the  ])lace  of  beginning  and 
order  of  distribution  of  the  muscular  atrophy,  as  iilready 
noted.     (See  Fig.  3464. ) 

Pror/iiosis  and  Treatment. — The  disease  being  depen- 
dent on  inherent  defect  in  tissue  vitality,  tJie  most 
that  can  be  ho]x-d  for  from  treatment  is  to  retard  its 
progress  and  promote  the  coiufort  and  general  well- 
being  of  the  patient.  As  ali'ea.ily  seen  from  some  of 
the  cases  cited,  the  disease  is  not  always  incompatible 
with  a  moderately  prolonged  life.  Fron'r  ten  to  twenty- 
five  years,  however,  expresses  the  usual  range  of  dura- 
lion  in  ordinary  cases. 

^  The  usual  t)-eatnicnt  recommended  consists  of  nutii- 
tional  and  tonic  measures.  Strychnine  is  spoken  highly 
of  by  Gowers. 

The  glyccrino-phosphatcs  of  lime  and  soda  and  other 
phosphorous  compounds  would  seem  indicated  in  yoimg 
and  developing  patients. 

Exercise,  massage,  and  electricity  have  been  I'ecom- 
mended  by  most  authors.     Ovciu.se  of  these  agents  may 


do  harm.     Orthopedic  measures,  such  as  division  of  ten- 
dons, aie  useful  in  the  coutractural  disabilities. 

TjIE    SiTNAI,    PjtUCKESSIVE    INIUSCULAR    AtEOPHIES     OR 

Myelopathies. 

These  are  the  atrophies  of  neuronic  origin,  and  imply 
primary  degenerative  disease  of  motor  neurons  of  the 
cord,  or  cord  and  brain  combined. 

A.  Progkessive  Muscular  ATKOPrrY  Proper,  or 
Aran-Duciienne  Disease,  "Wasting  PAi,HY."—DeJini- 
(ion.. — A  chronic  progressive  disease  of  the  spinal  motor 
neurons  (ventral  horn  cells),  characterized  by  fibrillary 
contractions,  slow  atrophy,  and  gradually  increasing 
weakness  of  voluntaiy  muscles,  with  K.  D. 

(Ja  ligation-. — Direct  heredity  is  rare.  The  neuropathic 
diathesis  is  ju'esumably  the  chief  ])redisposing  factor. 
Adult  age  (twenty-five  to  f(jrty-five),  the  male  sex,  ex- 
posure and  fatigiie,  typhoid  fever,  i-lieumatism,  gout, 
syphilis,  and  lead  poisoning  arc  credited  as  additional 
causes.  The  actual  exciting  cause,  if  such  exists,  is  un- 
known. Why  certain  "  sj'stems  "  of  neurons  should  die 
in  some  persons  and  not  in  others,  after  the  operation  of 
the  preceding  causes,  is  a  proldcm  which  can  be  solved 
at  present  only 
by  assuming  a 
"  potential  in- 
sutHcienc}' ''  in 
the  nerve  i-le- 
ments,  an  "'  abi- 
otrophy "  (Gow- 
ers), only  fully 
developed  by 
the  action  of 
some  [irofound 
and  persistent 
nutrition  a  1 
drain. 

I'atlajhxjii  and 
Mo  rill  d  'Aiait- 
'rn'iij.  —  Degener- 
ative atrophy  of 
peripheral  mo- 
tor neurons  (v(ai- 
tral  hiirn  cells)  is 
the  essential  le- 
sion. As  a  re- 
sult of  this,  sec- 
tions of  the  (iird 
in  affecteil  areas 
sIkav  shrinkage 
and  (lisapiii'ar- 
anci-  of  I'cll 
lioilies.  with  eor- 
resiioiidiii;;'  dc- 
geni'ration  and 
dinn'nutidu  in 
lli(/ir  |iroeesses 
(dendrites  and 
anterior  I'oot 
fibres).  These 
changes  are  nat- 
ura I  1 y  m  o  st 
maiked  iu  the 
ier\ical  enlarge- 
ment, since  the 
disease  beginsiu 
the  u]i|irr  ex- 
tremity iu  typi- 
cal eases. 

The  posterior 
horns,  together 
with  the  col- 
umns of  Goll 
and  P.urdaeh,  as  well  as  the  direct  cerebellar  tracts  are 
normal,  excepting  iu  the  rare  eases  of  nuiscular  atrophy 
supervening  upon  tabes  dor.salis,  of  which  the  writer  ha's 
seen  two  well-marked  instances.     In   this  case  tw(.i  dis- 
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''ifi.  34U3.  —  Pathological  Histology  of  Pseudo-Hypertrophic  Muscular  Dystrophy. 
(Partly  iliagrammatic;  alter  Erb.)  A,  Hypertrophled  flbres  ;  B,  mixture  6t  hyper- 
trophy and  atrophy ;  C,  D,  atrophy  and  fatty  deposit:  n,  vacuolization ;  s,  sphtting 
of  tlbres;  h,  hypertrophy  of  fibres;  g,  thickened  blood-yessel. 


muscles  (see  diagram,  Pig.  3460).  Following  clo,sely 
upon  this  impairment  of  their  neurotrophic  organs  the 
muscles  degenerate,  tibre  by  tibre,  into  granular  and  fatty 
material,  the  transverse  stria>  disappear,  while  the  adja- 
cent connective  tissue  at  first  proliferates  and  later  un- 
dergoes libroid  changes  and  contraction.  Distention  of 
blood-vessels  is  also  described. 

The  pja-amidal  tracts  of  the  cord  are 
usually  affected  in  some  degree.  In  fact, 
so  experienced  an  observer  as  Gowers* 
remarks  that  he  has  not  seen  a  single  case 
in  which  they  were  unaffected. 

This,  as  the  same  writer  aptly  puts  it, 
is  "the  visible  expression  of  a  tendency 
to  decay  of  the  whole  motor  path  fiom  the 
cortex  of  the  brain  to  the  muscles." 

Clinical  Iliflori/. — The  di.sease  begins 
with  weakness  and  wasting  of  the  thenar 
and  hypothenar  muscles  of  one  baud, 
usually  the  right.  This  may  be  preceded 
by  dull  aching  pains  in  the  corresponding 
limb  and  cervical  region.  Otherwise  sen- 
sory changes  are  absent.  Tlie  nutrition 
of  the  bones  and  skin  is  not  affected.  The 
wasting  advances  slowly  to  other  muscle 
groups,  notably  the  interos.sei  and  lum- 
bricivles,  producing  the  characteristic 
longitudinal  furrows  between  the  meta- 
carpals, especially  noticeable  on  the  back 
of  the  hand.  The  wrist  tlexoi'S  and  ex- 
tensors may  go  next,  or  the  deltoid  and 
bieei)s  maybe  affected  before  the  forearm. 
In  this  case,  as  the  writer  has  seen,  the 
patient  may  present  the  anomaly  of  a 
powerful  grasp,  \yith  inability  to  abduct 
the  arm  to  a  right  angle. 

The  spinal  extensors  are  commonly  af- 
fected early,  producing  lordosis  and  allow- 
ing the  head  to  droop  forward  in  extreme 
cases. 

The  upper  portion  of  the  trapezius  es- 
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capes,  which  may  be  a  diagnostic  sign  of    imjiorlaiiec, 
as  between  this  disease  and  the  niyo]iathics. 

""'  disease  extending  down\viu-d  involves  tlie  hips 
and  thighs,  impairing  locomotion.  Marked 
weakness  of  the  legs  ]ii'oper  also  exists, 
often  without  atrophy-,  hut  with  more  or 
less  S]iusm  and  heighlened  muscle  jerks. 
The  explanation  of  this  is  1he  involve- 
ment of  the  ujiper  neuron  for  tlii'  legs, 
with  escape  of  the  lower.  In  those  cases 
in  which  the  lower  leg  is  atioijliied,  how- 
i'\-i'r,  the  peroneal  groiiji  sulfei's  niosf, 
I  bus  corresponding  to  the  same  ])roeess  in 
tlie  "perone;il"  tyjie  (to  be  considered 
later);  and  also  to  the  atrojihy  in  nuil- 
li|lle  JK'lU'itis. 

This  distribution  (;oiitnists  \v)th  the 
myo])athies,  which  affect  tiiore  iiiarkedl\- 
Ihe  ea.lf  muscles. 

If  the  disease  exbaids  upward,  the  u]i- 
]ier  cervical  segnients  and  the  olilongata 
maybe  invaded,  givinu-  rise  to  resiiiratoi-y 
ami  bulbar  syiiiiiLonis  of  giave  imjiori, 
such  as  dyspna>a,  dysphagia,  dys]ilionia, 
dysarthria,  irregular  be.-irt  action,  glycosu- 
ria, etc.  The  facial  muscles  usually  es- 
cape, but  not  always. 

Fibrillary  tremor  is  a  eharaeteristie 
symptom  and  is  almost  continuous  in  the 
all'ei'ted  muscles  so  long  as  any  contractile 
substance  remains.  The  mechanical  irri- 
tability of  the  muscles  is  increased,  light 
taps  producing  marked  contractions. 

The  deep  reflexes  diminish  giadually 
and  finally  disappear. 

Electrical  changes  in  the  affected  muscles 
are  marked  and  constant.  Early  a  quanti- 
tative reduction  (diminished  j'esponse)  to  both  faradism 
and  galvanism  may  be  noted.  Later,  reaction  of  degenera- 
tion in  varying  degrees  from  simple  sluggish  respon.se  to 
complete  polar  reversal,  ?'.(;.,  the  muscle  contracts  moiv 
readily  (or  to  a  weaker  current)  with  the  anodal  (posi- 
tive) closure  than  with  the  cathodal  (ne,gative)  closure. 


neuritie  atrophy 
<;harcot-Marie- 
Toot.h,  type  C. 


Fig    3164  —Clinical  Chart  of  Distribution  of  Muscular  jitropliies.    The  shaded  pni-tion.s 
'indicate  the  initial  locations  of  muscular  wasting  in  the  different  forms.     (From 
L.  Dana.) 
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The  presence  of  this  R.  D.  is  an  inijioitant  diagnostic  sign 
ill  excluding  the  myopathies  or  "  idiojiatliic ''  atrophies. 

Contractions  and  deformities  due  to  unequal  wasting 
of  opposing  muscles  are  common.  The  "claw-Iiand  "  or 
"maiu  en  griffe,"  lordosis,  and  talipes  equinus  are  exam- 
ples. 

The  sphincters  esea])e  as  a  r\de. 

Sexual  power  is  conunonly  lost. 

Eventually  the  patient  presenis  an  extreme  degree  of 
generalized  emaeialion,  the  "living  skeleton  "  type. 

Pulmonary  complications,  liulhai' ]ialsies,  Ijedsores,  and 
septic  infection  are  of  .serious  inqiort. 

JJiiigiwxis. — The  myopathies,  the  age  (adult)  at  time  of 
onset,  the  initial  alfection  of  the  hands,  the  pi-esence  of 
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filjrillary  tremor  and  the  R.  D.  are  sufficiently  distinctive. 
The  onset  in  one  Ijaud  and  (he  extremely  slow  progiiss 
separate  this  fi'om  other  lu'uron  diseases,  such  asnuilliiile 
neuritis,  lead  neuritis,  and  iiolioniyelitis,  acute  or  chi'oidc. 
The  absence  of  I  lains  and  cei'vical  deformity  distinguish  the 
alfection  from  ]iac]iy)neniiigiiis  cerviealis  hypei-ti-ophiea.  ( 
Syringomyelia  is  excludeiriiy  absence  of  the  "dissoeia-  | 
tion  "  seirsory  symjitoms  and  of  ciitiineous  tro]))iie  lesions.    \ 

I'fiiriiinsix. — Ari'cst  is  said  to  Ik;  ]iossibli'  in  r.-U'e  cases.     I 
Remissions  are  more  lilicly  to  occur.     To  retard  thepi'og. 
ress  of  the  disease  and  improve  the  "eom]iensation  "  hi 
the  remaining  muscle  tissue  is  as  niiirh  .-is  emi  be  reason- 
ably exiiected  from  Ireatment. 

The  ilui-ation  is  comnioiilv  prolonged,  varvini;'  from 
two  to  tliii'ty  years  (liana).  The  lataj  outeomV  is  du.'  lo 
comiiliealions,  pulnionar)-  or  larvni;eal,  resulliiig  from 
iiivolvemenl  of  the  respiratorv  mnse'les. 


Treii.tment. — Strychnine  nitrate,  administered  liypoder- 
mically  in  do.ses  gradually  increased  from  gr.  Jj  to  gr.  ^^, 
is  highly  commended  by  Gowers,  who  liaj  seen  the  dis- 
ease apparently  arresterl  by  its  use. 

General  hygienic  measures,  careful  diet,  avoidance  of 
fatigue  are  important.  The  phosphorus  compounds 
should  be  tried. 

Electricity,  riias.sage,  and  gymnastics  should  be  used 
with  caution,  and  any  excess  or  fatigue  should  be  avoided. 

Mercurials  ami  iodides  are  never  indicated  and  may  do 
harm. 

n.  IIki'.edit.miy  or  Familial  Type  of  PKOcdtEssivE 
SriNAi,  MuscuL.\R  Atrophy. — This  is  a  rare  form  of 
neuronic  atrophy  described  bj-  Werding*  and  Hoffman.' 
It  is  characterized  by  heredity,  by  early  onset  (under 
two  years),  lieginning  in  the  hips  and  back;  bj'  rapid 
progress  to  complete  helplessness  and  a  fatal  termina- 
tion at  or  before  the  sixth  year.  R.  D.  is  present,  and 
wasting  of  the  ventral  horn  cells  has  been  found.  Bee- 
vor'  records  one  case  which  began  in  utero. 

Diiigiiiisis. — This  is  distinguished  from  the  ordinary 
spinal  atrophies  (Aran-Duchenne  type)  by  the  liereditary 
element,  early  age,  rapid  progress,  and  absence  of  fibril- 
lary twitching;  from  the  myopathies,  by  the  absence  of 
hypertrophy,  the  presence  of  R.  D.  and  the  early  termi- 
nation. 

Trcatiiti-nt  has  not  influenced  these  cases  appreciably. 

C.  Amyotrophic  Lateral  Sclerosis. — This  is  prac- 
tically a  pi'ogressive  spin.al  muscular  atrophj'  (type  A) 
plus  involvement  of  the  upper  neuron  (pyramidal  tracts 
of  cord)  to  a  marked  degree  (see  Fig.  3460).  The  clini- 
cal difference  consists  in  the  marked  spasticity,  causing 
a  stift'-leggcd  gait,  witli  toes  tending  to  dig  into  the 
ground.  There  is  also  a  rather  more  marked  tendency  to 
liiilbar  involvement,  and  the  lower  lialf  of  the  face  may 
be  affected.  The  affection  does  not  differ  materially  from 
type  A  as  regards  the  prognosis  and  treatment. 

D.  Glosso-labio-larync^eal  Paralysis.  —  Ghronie 
Piwjrrmii-e  Bulbar  Palsy. — This  may  occur  primarily,  or 
may  indicate  an  extension  upward  of  ordinary  spinal 
muscular  atrophy  (type  A).  As  a  primary  affection  the 
degenerative  process  is  limited  to  the  bulbar  neurons. 

Patients  are  usually  at  the  degenerative  period  of  life. 
In  many  respects  the  disease  appears  to  indicate  a  loca- 
lized presenile  change. 

Thechief  symptoms  are  hoarseness,  aphonia,  dysarthria, 
dysphagia,  sialorrhopa,  atrophy,  and  fibrillation  of  the 
tongue,  glycosuria,  cardiac  arrhythmia,  and  dyspna\i. 

P.seudo-cmotional  symptoms,  as  causeless  weeping  or 
laughter,  are  frequent  accompaniments.  The  palate  re- 
flex is  absent  in  advanced  cases. 

The  (linfjiiosis  must  be  made  from  bulbar  apoplexy 
(small  hemorrhage,  thrombosis)  by  the  sudden  onset  of  the 
latter,  with  sensory  defects  of  face  frequently  present; 
from  cerebral  lesions  in  the  bulbar  motor  path  (pseudo- 
bulbar palsy)  by  the  sudden  onset  of  tin  latter,  with  ab- 
sence of  sensory  defects,  of  atrophy  of  the  tongue,  and 
also  of  accom])anyiiigheniiplegic  symptoms;  from  asthe- 
nic bulbar  palsy  (bulbar  palsy  without  anatomical  find- 
ings) by  the  absence  in  the  lat'tcrof  muscular  atrophy  and 
twitching  and  by  the  frequent  remissions  which  occur. 

The  progress  is  toward  a  fatal  termination  from  inani- 
tion or  respiratory  complications  in  from  one  to  seven 
years.  Treatment  is  similar  to  that  of  other  neuronic 
mu.setilar  atroi)hies-^viz.,  rest  and  attention  to  hygiene 
and  nulrition.  Electrical  treatment  may  add  to  the  "com- 
fort of  the  jiatient  and  prolong  lite. 

E.  Neuhitic  oi!  Leg  Type  of  Progressive  Mfscr- 

l.AR    AtMOPHY.   C'll.\RCOT-iI.\RIE-ToOTIl   DISEASE. — Tllis 

\'ariety  of  the  "neuronic  atrophies  "  dilfers  from  the  typi- 
cal (spinal)  form  (tyjic  A): 

(1)  In  its  hereditary  character. 

(i)  In  its  onset  in  llie  legs  and  feet  (peroneal  group  of 
muscles). 

(M)  In  its  slower  course. 

(4)  In  the  circumstance  Ihat  the  prospects  of  prolonged 
life  are  better. 

It  is  a  rare  disease  in  this  country,  Burr*  recording  but 
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five  known  cases  up  to  1897,  including  one  reported  by 
liimself.  ■' 

Patliologically  a  degenerative  neuritis  lias  been  found 
The  disease  therefore  affects  the  distal  extremities  of  the 
lov^fer  motor  neurons. 

Treatment  is  similar  to  that  of  the  other  neuronic 
fo™s.  :p\  ^(7.  Latigdon. 
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"  Charcot,  J.  B. :  Contribution  a  I'^tude  de  I'atrophle  musculaire 
Progressive— Type  Duchenne-Aran.    Paris,  1895. 

This  work  contains  a  digest  of  the  French  literature  on  the  subject, 
with  especial  reference  to  the  clinical  and  pathological  distinctness  of 
the  Duchenne-Aran  form  (type  A),  and  the  amyotrophic  lateral 
sclerosis  form  (type  C),  which  Charcot  (the  younger)  considers  well 
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MUSK.— MoscHus.  "The  dried  secretion  from  the 
preputial  follicles  of  Mosclms  moscMferus  L. ;  Order,  Ru- 
minantia,^'  IT.  S.  P.  This  little  animal,  the  so-called 
musk-deer,  is  a  slender-limbed,  active,  and  very  timid  in- 
habitant of  the  mountain  regions  of  Central  and  North- 
ern Asia.  In  its  general  shape  it  resembles  a  young  deer. 
It  is  60  or  80  cm.  long  (from  two  to  three  feet),  from 
40  to  60  cm.  in  height,  with  the  rump  higher  than  the 
shoulders,  of  a  grayish  or  blackish-brown  color,  with 
long,  slender  ears,  large  dark  eyes,  and  two  long,  curved 
tusks  projecting  downward  from  the  upper  jaw.  The 
secreting  organ  containing  musk  is  a  large,  simiple  sac, 
situated  in  the  median  line  just  beneath  the  skin  of  the 
abdomen,  in  front  of  the  preputial  canal  (of  the  male;  it 
does  not  exist  in  the  female),  with  which  its  posterior 
wall  is  connected.  It  is  of  a  round  or  oval,  plano-convex 
shape,  6  or  7  cm.  in  its  longest  diameter,  and  1  or  2  cm. 
or  more  thick.  Internally,  it  is  incompletely  divided  by 
folds  and  partial  partitions  reflected  from  the  wall.  The 
orifice,  often  double,  is  situated  over  the  middle  portion 
of  the  sac,  and  is  1  or  2  mm.  in  diameter.  Its  position  is 
easily  determined  from  the  outside,  because  the  hairs  con- 
verge toward  it  and  fairly  grow  within  it.  In  the  liv- 
ing animal  the  secretion  contained  in  the  gland  is  a  soft 
solid,  not  much  thicker  than  honey,  of  a  brownish-red 
color,  and  of  a  most  intense,  offensive  smell.  As  it  dries 
it  darkens,  becomes  greasily  brittle,  and  less  odorous.^ 

The  musk-deer  is  laboriously  hunted  in  the  central  and 
northern  provinces  of  China,  in  the  countries  to  the  north 
of  India,  and  in  Siberia, — in  short,  over  a  very  extensive 
portion  of  Central  Asia, — for  its  skin  and  musk  glands. 
These  "pods,"  as  they  are  called,  are  cut  out  as  soon  as 
the  animal  is  killed,  and  dried,  often  with  the  aid  of  arti- 
ficial heat,  when  they  are  ready  for  the  market.  In  this 
condition  they  are  flattish,  shrivelled  pouches,  covered  on 
one  side  with  hairy  skin,  in  the  centre  of  which  is  the 
orifice ;  the  other  side  has  the  black  appearance  of  dried 
meat.  As  now  usually  marketed,  they  are  prepared  so 
as  quite  closely  to  resemble  a  large  fowl's  gizzard.  The 
contents  are  dryish,  crumbly,  breaking  as  they  are  turned 
out  Into  coarse  fragments  (called  grains),  of  an  almost 
black  color  and  penetrating  odor.  The  very  high  cost  of 
musk  has  led  to  numerous  ingenious  methods  of  adulter- 
ation. Thus,  stones  and  other  heavy  minerals,  hair,  dried 
blood,  faeces,  etc.,  are  sometimes  introduced  through  the 
natural  opening;  occasionally,  also,  the  sac  is  split  and 
emptied,  and  then  filled  and  dextrously  sewed  up  again, 
with  a  mixture  containing  but  little  musk,  or  that  of  an 


inferior  quality— Siberian  musk,  for  example,  instead  of 
that  from  lonquin.  Or  the  musk  itself,  when  sold  in 
grains,  may  be  tampered  with  in  similar  ways.  Some- 
times artihcial  pods  are  made  and  filled— the  scrotum  of 
some  animal  is  used,  or  a  bag  is  made  entirely  de  vmo 
f  J!°'?  ^  1 '^'  '*^''''^  ^  bladder,  or  some  other  membrane,  for 
the  back.  The  geograpliical  source  is  important  in  de- 
termining the  quality  of  musk;  tliat  of  China  and  its 
tributaries  is  the  most  fragrant  and  best.  Its  pods  are 
rounder,  of  more  uniform  shape,  and  its  grains  more 
odorous  and  larger.  That  from  the  north  of  India  comes 
in  irregular  sacs,  and  that  from  Siberia  in  larger  and 
longer  ones.  The  following  are  the  characters  of  musk 
as  given  by  the  Pharmacopcsia:  "In  irregular,  crumbly, 
somewhat  unctuous  grains,  dark  reddish-brown,  of  a 
pecuUar,  penetrating,  and  persistent  odor,  and  bitterish 
taste.  It  is  contained  in  oval  or  roundish  sacs,  about  one 
and  a  half  to  two  inches  (4  to  5  cm.)  in  diameter,  on  one 
side  invested  with  a  smoothish  membrane,  on  the  other 
side  covered  with  stiff,  appressed,  grayish  hairs,  concen- 
trically arranged  around  two  orifices  near  the  centre. 
About  ten  per  cent,  of  musk  is  soluble  in  alcohol,  the 
tincture  being  light  brownish-yellow,  and  on  the  addi- 
tion of  water  becoming  slightly  turbid.  About  fifty  per 
cent,  of  musk  is  soluble  in  water,  the  solution  being  deep 
brown,  faintly  acid,  and  strongly  odorous. 

"  When  ignited  with  free  access  of  air,  musk  gives  off 
a  peculiar,  somewhat  urinous  odor,  and  leaves  behind  not 
more  than  eight  per  cent,  of  a  grayish  ash. " 

Composition. — Musk  is  a  very  complex  substance,  and 
consists  chiefly  of  common  animal  tissues  and  secretions. 
The  following  synopsis  is  from  Hager's  "  Pharmaceu- 
tische  Praxis":  Fats,  cliolesterin,  wax,  hiliary  matters, 
mueus,  albumin;  besides  traces  of  lactic,  butyric,  plws- 
phatic,  sulphuric,  etc.,  acids ;  traces  also  of  ammonia  and 
a  volatile  oil.  The  odorous  principle  has  never  been  sep- 
arated. It  is  supposed  to  be  formed  by  the  gradual  de- 
composition of  some  of  the  other  constituents. 

Action  and  Use. — This  substance  was  for  centuries 
the  leading  antispasmodic,  and  was,  during  most  of  this 
time,  much  more  highlj'  esteemed  in  medicine  than  it  is 
at  present,  and  it  was  given  for  numerous  diseases  in- 
volving disturbance  of  the  nervous  or  mental  faculties — 
e.g.,  hysteria,  epilepsy,  mania,  etc.  In  a  similar  manner 
several  other  odorous  animal  secretions — civet,  castor, 
etc. — have  been  employed,  but  of  them  all  musk  is  by 
far  the  least  disgusting.  Its  high  cost  and  impressive 
odor  made  it  well  adapted  to  hysterical  outbreaks,  for 
the  relief  of  which  it  undoubtedly  has  some  real  value. 
As  it  is,  however,  it  acts  in  these  cases  merely  as  a  palli- 
aiive,  and  as  there  are  now  a  dozen  or  more  remedies 
wliioli  are  more  certain  and  far  cheaper  (a  single  dose  of 
musk,  which  might  be  repeated  several  times  a  day,  costs 
two  dollars  or  more),  musk  as  a  medicine  may  be  consid- 
ered as  fairly  out  of  use.  It  can,  however,  be  given,  if. 
desired,  in  doses  of  about  1  gm.  (gr.  xv.)  in  pill  or  emul- 
sion. A  tincture  {Tinetura  Moschi,  U.  S.  P.,  strength 
one-tenth)  is  official  and  may  be  used,  but  is  mostly  em- 
ployed as  a  basis  of  perfumery,  where  the  persistent  or 
"  staying  "  qualities  of  musk  make  it  of  the  greatest  value. 

The  odor  of  musk  is  considerably  diminished  by  fen- 
nel, ergot,  tannin,  sour  fruit  juices,  and  some  other 
things.     Mixed  with  sugar  it  keeps  very  well. 

W.  P.  Bolles. 

MUSTARD.— Black  Mustard,  or  Sinapis  nigea, 
"  the  seed  of  Brassica  nigra  (L.)  Koch, "  and  White  Mus- 
tard, or  Sinapis  alba,  "  the  seed  of  Brassica  alba  (L.) 
Hooker  fil.  (fam.  Cruciferai)"  are  thus  separately  official 
in  our  Pharmacoposia.  Since  they  agree  in  most  re- 
spects, they  may  be  discussed  together,  and  theu-  differ- 
ences pointed  out  in  passing.  Both  are  natives  of  Eu- 
rope and  Western  Asia,  cultivated  and  naturalized  in 
most  countries.  Both  are  slender,  tall,  and  widely 
spreading,  weedy-looking  herbs,  with  coarsely  pinnatifld 
or  pinnate  leaves,  the  upper  entire,  and  yellow  flowers. 
The  two  are  best  distinguishable  by  the  habit  of  their 
pods.     In  the  black  mustard  these  are  erect  on  spreading 

67 


Mustard. 

Mycosis  Fungoldes. 


REFERENCE  HANDBOOK   OP  THE  MEDICAL  SCIENCES. 


pedicels;  in  tlie  white,  both  the  pedicel  and  the  pods  are 
spreading.  White  mustard  is  also  a  rougher  and  smaller 
plant  The  herbage  of  both  is  reputed  antiscorbutic, 
and  is  used  as  a  salad,  also  for  poultices.  The  relation- 
ship of  these  plants  to  some  of  the  forms  of  turnip,  rape, 
cabbage,  and  colza  is 'close  and  confusing,  so  that  in 
India,  where  mustard  is  most  cultivated,  a  number  of 
ill-defined  forms  exist.  This  condition— partly  the  re- 
sult of  natural  causes  and  partly  effected  by  design- 
results  in  much  admixture  in  some  lots  of  seeds.  The 
following  are  the  descriptions  of  the  Pharmacopoeia: 

White  Mustard. — "About  3  mm.  iu  diameter,  almost 
globular,  with  a  circular  hilum ;  testa  yellowish,  finely 
pitted,  hard;  embryo  oily,  with  a  curved  radicle,  and 
two  cotyledons,  one  folded  over  the  other;  free  from 
starch;  inodorous;  taste  pungent  and  acrid." 

Black  Mustard. — "About  1  mm.  in  diameter,  almost 
globular,  with  a  circular  hilum;  testa  blackish-browu  or 
grayish-brown,  finely  pitted,  hard;  embryo  oily,  with  a 
curved  radicle,  and  two  cotyledons,  one  folded  over  the 
other;  free  from  starch;  inodorous  when  dry,  but  when 
triturated  with  water,  of  a  pungent,  penetrating,  irritat- 
ing odor;  taste  pungent  and  acrid." 

The  pj'incipal  adulterant  of  whole  black  mustard  is 
rape  seed,  which  can  readily  be  distinguished  by  its 
slightly  larger  size  and  its  peculiar  bluish  tinge.  In  the 
ground  condition,  white  mustard  is  often  mixed  with  it. 
This  addition,  if  kept  within  moderate  limits,  only  adds 
value  to  the  product,  for  reasons  stated  below.  Most 
other  adulterants  either  contain  starch — which  may  be 
determined  by  the  iodine  test — or,  like  curcuma,  the  most 
common  of  these,  they  contain  resins,  which  may  readily 
be  indicated  by  the  use  of  sulphuric  acid. 

Pure  ground  black  mustard  is  almost  too  strong  for 
safe  use  upon  the  table,  and  curcuma  is  usually  added  to 
dilute  it.  Advantage  is  taken  of  this  to  use  excessive 
quantities  of  the  substance  selected  for  admixture. 
Hence  the  importance  of  the  preparation  of  black  mus- 
tard for  medicinal  purposes  by  purely  pharmaceutical 
agencies. 

Composition. — The  constituents  of  the  two  varieties 
of  mustard,  although  presenting  close  relationships,  are 
not  exactly  identical.  They  both  agree,  however,  in  con- 
taining a  considerable  amount  of  a  bland,  light-colored, 
non-drying  fixed  oil — a  mixture  of  the  glycerin  combi- 
nations of  oleic,  stearic,  and  erucic  acids ;  in  white  mus- 
tard oil  benia  acid  is  also  found.  This  oil  amounts  to 
about  twenty-two  or  twenty -three  per  cent,  of  the  seeds. 
The  most  remarkable  constituent  of  black  mustard  is  the 
crystalline,  bitter-tasting,  inodorous  glueoside,  inyronate 
of  potassium,  or  sinigrin  ;  soluble  in  water,  but  not  in 
alcohol  or  ether,  and  in  its  watery  solution  decomposing, 
in  the  presence  of  various  ferments,  especially  of  one  to 
be  mentioned  below,  into  glucose,  bisulphate  of  potas- 
sium, and  the  horribly  acrid,  sulphureted,  essential  oil 
of  mustard  (isosulphocyanate  of  allyl,  etc.),  to  which 
mustard  is  indebted  in  part  for  its  medicinal  value,  and 
which  is  described  below.  This  oil  is  not  present  in  the 
dry  seeds  or  their  powder,  but  is  produced  only  when 
they  are  moistened.  The  development  of  the  odor  upon 
wetting  mustard  flour  is  very  evident,  and  distinguishes 
this  from  that  of  white  mustard.  The  albuminous  fer- 
ment which  assists  in  this  decomposition  is  called  myro- 
sin.  and  is  common  to  both  kinds  of  mustard. 

The  glueoside  in  white  mustard,  resembling  the  sini- 
grin of  the  black,  has  been  correspondingly  named  sinal- 
bin,  a  neutral  crystalline  substance,  soluble  in  cold  water, 
and  decomposed  in  a  similar  way  as  sinigrin  into  sugar, 
sulphate  of  sivapin,  and  sulplwcunntde  of  acrinyl,  the 
latter  corresponding  to  the  essential  oil  of  the  black 
mustard.  It  is  an  acrid  and  vesicating  substance,  but 
much  milder  than  the  glueoside  of  the  black  variety 
and  not  volatile. 

_  To  bring  out  the  full  percentage  of  the  black  mustard 
oil,  a  certam  amount  of  myrosin,  additional  to  that  con- 
tained in  this  drug,  is  desirable,  and  is  obtained  by  judi- 
ciously adding  a  certain  quantity  of  the  white  mustard. 
The  flour  from  this  mixture  is  the  strongest  and  best  that 


can  be  made.  That  obtainable  in  our  market  is  often 
the  flour  of  white  mustard  only,  and  is  generally  more  or 
less  adulterated  besides. 

An  oil  exactly  resembling  that  of  black  mustard  has 
been  made  synthetically  and  is  in  the  market. 

Action  and  Use. — Both  sorts  of  mustard  seeds  possess, 
the  same  qualities ;  they  vary  only  as  regards  the  degree' 
of  pungency,  the  Islack  being  the  stronger.  Swallowed 
whole  they  do  not  disintegrate  much,  but  pass  througli 
the  digestive  tract.  In  this  way  white  mustard  seed, 
particularly,  is  now  and  then  given,  in  doses  of  a  tea- 
spoonful  (3  or  4  gm.),  for  dyspepsia,  constipation,  etc.;. 
like  nearly  everything  else,  it  has  also  been  employed  in 
chronic  cases  of  bronchitis,  rheumatism,  and  some  skin, 
diseases,  without  any  rational  indication  for  such  em- 
ployment. Its  rare  "use  at  present  for  these  purposes, 
shows  its  slight  value. 

Ground  mustard,  white,  black,  or  mixed,  is  an  active 
local  irritant  as  soon  as  wet  with  water  so  as  to  produce- 
the  acrid  decomposition  products  of  the  drug.  Applied 
to  the  skin,  it  is  quickly  and  painfully  rubefacient;  and 
if  allowed  to  remain  in  contact  with  it  for  a  long  time, 
it  is  vesicant — producing  a  crop  of  fine,  deep,  eczematous. 
blisters,  easily  ruptured,  very  painful,  and  rather  slow 
to  heal  after  rupture  takes  place.  Internally,  mustard, 
in  small  doses  of  2  or  3  dgm.,  is  an  aromatic  stimulant, 
and  as  such  is  in  every -day  use  at  the  table.  In  larger- 
quantities,  10  or  15  gm.,  it  is  a  prompt  and  valuable- 
emetic,  usually  coming  up  in  from  two  to  five  minutes, 
after  being  swallowed.  On  this  account,  and  because  it 
is  almost  always  at  hand  in  the  house,  it  is  the  most 
valuable  emergency  emetic  at  our  comniand.  For  poi- 
soning by  opium  or  by  other  narcotics  it  is  a  remedy 
almost  without  an  equal. 

Administration. — The  employment  of  whole  mus- 
tard has  been  noticed  sufficiently  above.  The  ground 
mustard  in  use  in  this  country  is  that  sold  by  grocers  for 
family  use,  and  is  seldom,  if  ever,  a  plain  mixture  of  the 
two  sorts  of  seeds  and  nothing  else,  which  gives  the  most 
perfect  product.  It  is  oftener  ground  white  mustard 
alone,  and  oftener  still  mustard  diluted  with  a  varying 
amount  (generally  considerable)  of  inert  yellow  powder.  ' 
It  is  therefore  subject  to  considerable  variation  in 
strength.  This  is  used  both  internally  and  externally— 
internally,  as  a  stimulant  (condiment)  and  emetic;  ex- 
ternally, always  as  a  rubefacient.  For  an  emetic,  from 
a  dessert-  to  a  tablespoonf ul  should  be  given,  as  a  less 
amount  may  fail  to  produce  vomiting  but  still  cause  con- 
siderable gastric  distress.  Externally,  it  is  chiefly  cm- 
ployed  in  foot-baths  and  sinapisms — for  the  former,  from, 
one  to  two  tablespoonfuls  may  be  added  to  a  small  tubful 
or  bucketful  of  warm  water ;  for  the  latter,  the  mustard 
meal  is  simply  mixed  with  a  little  water  and  spread  upon 
a  cloth,  or  it  may  be  diluted  with  meal  or  flour  to  reduce 
its  strength.  In  this  way  mustard  is  the  most  widely 
used  local  remedy  for  the  sudden  and  intense  pain  or  dis- 
tress of  pleurisy,  colic,  some  neuralgias,  etc.  It  is  also 
used  as  a  derivative  in  nervous  vomiting,  cerebral  and 
spinal  inflammations,  etc.,  and  in  many  otlier  conditions 
when  acute  attacks  of  pain  are  present.  Both  kinds  of 
mustard  are  greatly  damaged,  or  even  spoiled,  if  mixed 
with  hot  water,  as  this  dest'roys  the  ferment  which  brings, 
out  the  active  decomposition  principles.  The  follow- 
ing preparations  are  ofticial:  Charta  Sinapis,  U.  S.  P., 
made  by  taking  ground  black  mustard',  exhausting  it  of 
its  fatty  oil  by  percolation  with  benzin,.  then  mixing  it 
with  enough  solution  of  India  rubber  tomake  a  paste, 
and  spreading  it  upon  paper.  This  mustard  paper  is 
almost  never  made  by  the  dispensing  apothecaries,..since- 
several  manufacturers  here  and  in  France  make  excellent 
substitutes  for  it  that  can  be  easily  obtained  and  carried 
everywhere.  The  activity  of  the  mustard  paper  is  not 
developed  until  it  is  moistened  in  cold  or  merely  warm 
water. 

Oleum  Sinapis  Volatile,  U.  S':  P.  The  oil  of  black 
mustard  is  also  official.  It  is  obtained  by  grinding  and 
macerating  black  mustard,  or  a  mixture  of  both  kinds, 
in  water  and  distilling.     It  is- "  a^  colorless  or  pale  yellowr 
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liquid,  having  a  very  pungent  and  acrid  odor  and  taste 
and  a  neutral  reaction.  Sp.  gr.,  1.017  to  1.031  It  boils 
at  148°  C.  (298.4°  F.).  It  is  freely  soluble  in  alcohol  and 
in  ether. "  Its  vapor  when  concentrated  is  intensely  dis- 
agreeable, causing  lachrymation  and  severe  pain  in  the 
nose.  Applied  to  the  sliin,  it  blisters  severely.  Diluted 
with  nine  parts  of  alcohol,  or  three  parts  of 'olive  oil,  it 
causes,  when  rubbed  upon  the  temples  or  forehead',  a 
sharp  temporary  tingling  that  occasionally  relieves  mild 
headache.  The  compound  liniment  of  mustard  {Liiiimen- 
ivm  Sinapis  Compositum,  U.  S.  P.)  contains: 

Volatile  oil  of  miisturd 3  parts. 

Fluid  extract  of  mezereum 30      " 

Camphor (j      " 

Castor  oil 15      " 

Alcohol q.  s.  to  make  100      " 

It  is  a  good  stimulating  liniment.        Henry  H.  Rusby. 

MYCOSIS  FUNGOIDES.— Mycosis  fungoides,  while 
one  of  the  rare  diseases  of  the  skin,  its  real  nature  being 
still  in  dispute,  has  been  sufficiently  observed  since  1860 
to  establish  for  it  a  sharply  defined  clinical  evolution. 
Alibert_  first  described  it  in  1814.  The  symptoms,  for 
•convenience  of  description,  have  been  grouped  in  fhree 
stages,  which,  however,  do  not  always  occur  in  regular 
succession.  The  third  or  fungoid  stage,  for  example, 
appears  at  times  without  antecedent  lesions,  this  giving 
rise  to  the  erroneous  belief  that  two  forms  of  the  disease 
■exist.  There  is  but  one  form.  The  earliest  phenomena 
vary  greatly  in  the  first  or  so-called  premycotic  stage, 
the  only  characteristic  and  constant  symptom  being  in- 
tense itching.  Eczema,  urticaria,  pityriasis  rubra,  ery- 
thema exudativum,  or  psoriasis  may  be  simulated  in  this 
:stage,  the  eczematous  form  being,  however,  the  most 
•common.  Kaposi  says  tliat  nearly  every  case  of  myco- 
sis fungoides  starts  with  the  characteristics  of  an  eczema. 
The  lesions  manifest  themselves  upon  the  trunk,  folds 
of  the  articulations,  the  face,  more  particularly  the  fore- 
head, or,  indeed,  any  part  of  the  body,  by  more  or  less 
•sharply  defined  erythematous  patches,  varying  from  the 
size  of  a  silver  dollar  to  that  of  the  palm  of  the  hand  and 
•even  larger.  Upon  these  patches  the  epidermis  presents 
a  fine  desquamation,  and  it  is  but  rarely  and  only  in 
places  here  and  there  that  a  slight  exudation  occurs  with 
the  formation  of  thin  crusts.  The  alteration  in  the  skin 
•corresponds  perfectly  to  the  well-known  picture  of  squa- 
mous eczema  which  occurs  in  patches  of  a  pale  red  color 
with  but  slight  tendency  to  become  moist.  Tlie  itching 
is  intense  at  this  stage,  and  insomnia  is  often  a  trouble- 
some feature  of  the  disease.  This  "  eczema  "  may  persist 
for  several  months  or  for  one  or  two  years  (French  au- 
thors denominate  this  the  eczematous  stage  of  mycosis 
fungoides),  and  while  certain  areas  fade  out  and  disap- 
pear, others  make  their  appearance.  Some  of  the  lesions 
persist,  extending  peripherally  over  quite  large  areas  of 
the  body  to  unite  with  neighboring  lesions.  Hence,  in 
some  cases,  although  rarely,  almost  a  completely  general- 
ized eczema,  with  interspersed  areas  of  normal  skin,  will 
be  established.  Some  of  the  lesions  fade  in  the  centre 
while  they  extend  peripherally,  giving  rise  to  circinate 
lesions.  Besides  the  desquamation  and  the  slight  occa- 
sional moisture,  no  lesions  except  those  secondary  to 
scratching  supervene. 

After  a  more  or  less  extended  pei'iod  the  second  stage, 
or  stage  of  infiltration,  sets  in.  This  is  marked  by  a 
thickening  of  the  skin  consequent  upon  an  inflammatory 
•oedematous  infiltration  of  the  chorion,  more  particularly 
appreciable  at  the  periphery  of  the  eczematous  areas,  the 
borders  of  which  appear  tense,  smooth,  and  shining. 
Prom  this  time  on  appear  various  circinate,  sharply  de- 
flned,  more  or  less  elevated  plaques  and  nodules  of  a 
iDrownish-red  or  bright  pink  color,  situated  at  the  centre 
or  upon  the  irregular  borders  of  the  eczematous  parts  of 
the  skin.  These  noduies,  plaques,  and  elevations  vary  in 
size  and  may  appear  upon  regions  of  the  skin  which  are 
free  from  eczema,  which  are  located  at  the  most  diverse 
points,  and  which  manifest  no  particular  regularity  in 


their  disposition.  A  certain  number  of  these  lesions  dis- 
appear completely  after  an  existence  of  several  days  or 
weeks,  leaving  no  trace  other  than  a  slight  pigmentation 
while  others  start  up  at  new  points.  This  spontaneous 
disappearance  is  quite  as  characteristic  as  is  that  of  the 
lesions  of  the  first  stage.  The  two  periods  together  may 
last  many  years  (fourteen  in  one  case)  before  the  appear- 
ance of  tumors. 

In  the  so-called  third  or  fungoid  stage,  which  in  some 
instances  is  the  first  and  only  stage,  the  characteristic 
tumors  of  the  disease  appear  upon  different  portions  of 
the  body.  They  vary  in  size  from  a  bean  to  an  orange 
or  even  a  larger  object,  and  their  coloring  likewise  varies 
from  a  pink  to  a  dull  red  hue.  As  regards  their  shape 
they  are  either  sessile  or  pedunculated,  well  rounded  or 
lobulated,  and  distinctly  circumscribed.  When  develop- 
ing from  the  plaques  they  may  be  quite  flat.  They  may 
develop  from  previously  existing  lesions  or  from  the 
sound  skin.  Tliey  are  usually  painful.  Like  the  other 
lesions  of  this  disorder,  the  tumors  may  disappear  spon- 
taneously, while  at  the  same  time  others  make  their  ap- 
pearance ;  or  they  may  all  disappear  to  return  after  un- 
certain intervals  without  known  cause.  As  a  rule,  they 
leave  no  trace  behind  them  of  their  previous  existence, 
though  they  may  be  followed  by  pigmentation  or  sHght 
atrophy  of  the  skin.  Sooner  or  later  some  of  the  tumors 
degenerate  and  lead  to  superficial  ulceration,  usually 
followed  by  papillary  excrescences  and  mushroom-like 
growths  of  varying  sizes,  from  which  the  disease  obtains 
its  name.  At  times  they  may  be  the  seat  of  much  more 
destructive  ulceration,  though  with  but  few  exceptions 
this  destruction  is  limited  to  the  new  growths ;  and  even 
large  fungoid  and  apparently  deeply  ulcerated  tumors 
may  completely  disappear  and  leave  no  trace  of  their 
previous  existence,  further  than  pigmentation  and  possi- 
bly a  small  atrophic  scar. 

The  general  condition  of  the  patient  at  first  seems  un- 
altered; later,  when  the  tumors  ulcerate,  exhaustion  oc- 
curs and  the  victim  usually  dies  as  the  result  of  febrile 
processes,  of  intercurrent  disorders,  of  cachexia,  or  of 
pyaemia.  Extirpation  of  the  tumors  is  usually  followed 
by  recurrence,  frequently  with  added  malignancy.  The 
duration  of  the  tumor  stage  is  brief  compared  with  the 
others,  death  frequently  occurring  within  a  few  months, 
though  it  may  be  postponed  for  two  or  three  years. 

Although  the  cause  of  the  disease  is  not  definitely 
known,  tliere  can  be  little  question  to-day  as  to  its  infec- 
tious character.  It  is  probably  produced  by  specific  mi- 
cro-organisms, but  direct  evidence  of  contagion  and  suc- 
cessful culture  and  inoculation  experiments  are  wanting. 
The  disease  is  more  frequent  in  men  than  in  women,  and 
usually  occurs  after  the  fortietli  year,  though  in  a  few 
recorded  instances  it  began  earlier. 

Diagnosis. — At  the  beginning,  when  apparently  sim- 
ple eruptions  precede  the  formation  of  the  tumors,  the 
diagnosis  may  be  very  difficult,  even  Hebra  having  once 
diagnosed  a  case  as  eczema;  and  it  may  also  be  mistaken 
for  an  exudative  erythema,  a  psoriasis,  or  a  pityriasis 
.  rubra.  The  irregularity  of  distribution,  the  sharply  de- 
fined border,  and  the  greater  thickening  than  in  any  of 
tliose  diseases  might  excite  suspicion.  There  is  gener- 
ally not  so  much  discharge  as  in  eczema  with  the  same 
amount  of  hyperaemia ;  the  heaping  of  silvery  scales  is 
decidedly  less  than  it  is  in  psoriasis ;  and,  finally,  there  is 
too  much  scahness-and  it  persists  for  too  long  a  time  for 
exudative  erythema.  The  itching,  also,  is  generally  more 
severe  than  it  would  be  in  any  skin  affection  except 
eczema.  Besnier  says :  "  In  all  cases  of  ambiguous  pruri- 
tic dermatoses  which  are  prolonged  and  rebellious  to 
ordinary  methods  of  treatment,  the  possibility  of  the  af- 
fection being  the  premycotic  period  of  mycosis  fungoides 
should  be  borne  in  mind."  When  the  bright  red  gives 
way  to  a  deeper  or  more  coppery  red,  and  the  infiltra- 
tion increases,  a  suspicion  of  tubercular  leprosy  may  be 
aroused,  but  there  would  be  no  ana;sthesia  and  the  scali- 
ness  would  be  much  greater  than  that  which  leprous  in- 
filtrations present;  moreover,  the  characteristic  bacilli  of 
that  disease  would  be  absent.    When  the  f  ungating  tumor 
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stage  is  reached  there  can  be  no  difficulty  _m  making 
diagnosis.  In  the  more  localized  forms  in  which  there  is 
no  m-eeeding  eruption,  the  disease  may  be  mistaken  for 
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sarcoma  or  carcinoma  cutis.  Against  this_  diagnosis, 
however  there  would  be  the  absence  of  early  implication 
of  the  lymphatic  glands  (although  tumors  in  the  grom 
may  simulate  them)  and  the  comparative  painlessness; 
and  besides,  as  a  rule,  the  course  would  be  slower  than  in 
cancer  and  the  internal  organs  would  never  be  imphcated. 

With  possibly  two  recorded  exceptions,  tile  disease 
has  invariably  terminated  fatally,  the  extremes  of  dura- 
tion being  nine  weeks  (a  case  of  Gaillard's)  and  fifteen 
years.  The  widespread  cases,  which  commence  as  ap- 
parently simple  intlammations,  are  much  less  malignant 
In  their  course  than  those  which  begin  at  once  as  tumors. 

Pathologt.— "While  the  main  facts  as  to  the  morbid 
anatomy  of  mycosis  fungoides  are  generally  agreed  upon, 
much  difference  of  opinion  exists  as  to  the  interpretation 
to  be  placed  upon  these  facts.  Anatomically,  the  tumors 
consist  of  round  cells  supported  by  a  scanty,  delicate 
reticulum,  which  replace  the  normal  tissue  of  the  cutis. 
The  new  growth  is  somewhat  scantily  provided  with  ves- 
sels, and  as  it  spreads  it  destroys  the  cutaneous  capilla- 
ries. The  boundary  between  the  healthy  and  diseased  tis- 
sues is  ill  defined.  Ranvier  and  most  French  observers 
have  classed  it  with  lymphadenoma,  but  Sireday  thought 
it  was  lymphosarcoma,  and  until  recently  all  German 
authors  have  considered  it  to  be  a  sarcoma.  There  is  a 
growing  tendency  among  observers  at  the  present  time 
to  class  the  disease  with  the  infectious  granulomata. 
Various  micro-organisms  have  been  seen  in  the  tissues  by 
different  observers  and  some  have,  been  cultivated,  but 
none  have  as  yet 'been  demonstrated  to  have  any  patho- 
genic relation  to  the  disease. 

Treatment,  so  far  as  a  cure  is  concerned,  seems  to 
be  of  little  avail.  Arsenic  has  been  used  hypodermically 
with  apparent  temporary  benefit.  Large  doses  of  qui- 
nine are  recommended.  Resorcin  subcutaneously  has 
failed.  The  a-ray  has  of  late  been  tried,  but  not  with  suf- 
ficient thoroughness  to  determine  its  value.  Pyrogallic 
acid,  aristol,  iodoform,  ichthyol  have  been  used  for  the 
relief  of  local  symptoms.  It  should,  of  course,  be  the 
physician's  endeavor  to  make  the  patient  as  comfortable 
as  possible  by  treating  the  various  distressing  symptoms 
as  they  arise.  Charles  Townshend  Bade. 

MYCOSIS  INTESTINALIS.     See  Anthrax. 

MYDRIATICS  AND  MYOTICS.— The  opposing  forces 
which  maintain  the  iris  in  a  state  of  equilibrium  are  con- 
trolled by  two  sets  of  nerves ;  the  contracting  muscle, 
the  sphincter  pupillce,  and  the  ciliary  muscle  being  sup- 
plied by  the  third,  while  the  dilating  muscles  are  under 
the  influence  of  the  sympathetic  nerve.  The  action  of 
the  third  nerve  has  been  very  clearly  demonstrated,  but 
that  of  the  sympathetic  is  not  so  evident,  as  the  presence 
of  radiating  muscle  fibres  in  the  iris  is  a  matter  of  dis- 
pute. Paralysis,  or  section  of  the  third  nerve,  is  followed 
by  a  relaxation  of  the  sphincter  muscle  and  dilatation  of 
the  pupil,  and  stimulation  of  the  nerve  produces  contrac- 
tion of  the  muscle  and  myosis.  If  the  sympathetic  nerve 
is  stimulated  there  follows  a  dilatation  of  the  pupil,  and 
that  the  nerve  exercises  a  positive  dilating  influence  is 
shown  by  the  greater  degree  of  dilatation  that  takes  place 
when  a  mydriatic  is  placed  in  an  eye  in  wliich  the  third 
nerve  has  been  paralyzed.  This  action  of  the  sympa- 
thetic has  generally  been  explained  by  the  direct  effect 
of  the  nerve  upon  the  dilating  muscles;  but,  since  the 
presence  of  these  latter  has  been  called  in  question,  a  fur- 
ther explanation  is  necessary,  and  it  has  been  suggested 
that  the  dilating  nerve  acts  through  the  muscular  tissue 
in  the  walls  of  the  blood-vessels  of  the  iris  (see  article  on 
Cocaine). 

Alterations  in  the  size  of  the  pupil  may  be  due  to  ordi- 
nary physiological  action,  to  some  pathological  change, 
or  to  the  ellect  of  certain  drugs.  Exposure  to  a  strong 
light  or  to  darkness,  efforts  at  accommodation,  the  influ- 
ence of  fear  or  of  shock,  will  produce  an  enlargement  or 
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a  narrowing  of  the  pupil,  according  as  one  or  other  set  of 
muscles  is  reflexly  irritated.  So  also  diseases  of  the  cen- 
tral nervous  system,  which  Interfere  with  the  integrity 
of  the  third  nerve,  cause  dilatation,  as  is  seen  In  menin- 
gitis, hydrocephalus,  brain  tumors,  etc.,  while  any  pro- 
found effect  upon  the  basal  ganglia  or  depression  of  the 
sympathetic  will  be  followed  by  contraction  of  the 
pupil. 

Mydriatics.— Mydriatic  drugs  produce  their  effect 
either  by  paralyzing  the  motor  ocull  or  by  stimulating  the 
sympathetic  nerve.  Belladonna  and  its  allies  are  exam- 
ples of  the  first  group,  and  cocaine  belongs  to  the  second. 

In  the  first  group  are  belladonna,  hyoscyamus,  stra- 
monium, and  duboisla,  the  alkaloids  of  which — atropine, 
hyoscyamine,  daturine,  and  duboisine — are  active  mydri- 
atics and  are  almost  identical  chemically.  Many  other 
plants,  not  employed  therapeutically,  are  members  of  the  . 
order  Solanaceoe  and  possess  the  same  physiological  ac- 
tion. Hyoscine  and  scopolamine  are  closely  allied  to 
atropine,  yet  differ  from  it  to  some  extent  and  form  an- 
other group. 

Belladonna  is  the  best -known  mydriatic  and  has  been 
longest  employed.  Whether  administered  internally  or 
applied  directly  to  the  eye,  one  of  its  earliest  and  most 
marked  symptoms  is  the  dilatation  of  the  pupil.  This 
persists  for  several  days,  the  length  of  time  depending 
upon  the  dosage.  In  some  cases  of  poisoning  the  pupil 
has  remained  under  the  influence  of  the  drug  for  three  or 
four  weeks.  When  It  is  employed  as  a  mydriatic,  a  solu- 
tion of  the  alkaloid  is  applied  directly  to  the  eye  in  order 
to  obtain  a  purely  local  action.  Formerly  the  extract  was 
painted  around  the  eye  or  upon  the  temple,  or  an  infu- 
sion of  the  leaves  was  applied  as  a  poultice  over  the  eye. 
The  pupil  is  extremely  sensitive  to  the  effects  of  atro- 
pine. It  will  be  influenced  by  gr.  la^^joa,  and  a  solution 
of  the  strength  of  1  to  80,000  will  enlarge  the  pupil 
within  an  hour.  Accommodation  is  not  affected  by  solu- 
tions below  a  strength  of  from  one-thirtieth  to  one-tenth 
per  cent.  Generally  a  one-per-cent.  solution  is  selected, 
which,  instilled  into"  the  eye,  begins  to  act  in  fifteen  min- 
utes and  fully  dilates  the  pupil  in  half  an  hour,  accom- 
modation being  lost  in  one  hour.  The  paralysis  lasts  for 
three  or  four  days  and  is  accompanied  by  annoying  dis- 
turbance of  vision  caused  by  the  enlarged  pupil  and  loss 
of  accommodation.  Minor  disturbances  may  persist  for 
several  days.  For  convenience  of  use  gelatin  discs  are 
prepared  which  contain  gr.  ^Tnnr>  and  which  are  easily 
inserted  beneath  the  lid.  If  paralysis  of  accommodation 
is  required,  discs  containing  gr.  .g^  must  be  used.  A 
solution  of  salicylate  of  atropine  is  to  be  preferred  to  the 
sulphate,  as  it  forms  an  antiseptic  solution  which  re- 
mains free  from  any  fungoid  growth  such  as  forms  in 
solutions  of  the  sulphate. 

Homatropine  is  replacing  atropine  when  dilatation  is 
required  for  the  purpose  of  examination.  The  advan- 
tage is  a  more  rapid  and  less  prolonged  action.  The 
pupil  begins  to  dilate  in  the  course  of  a  few  minutes  and 
accommodation  fsils  in  thirty  or  forty  minutes.  Its  ef- 
fect begins  to  subside  in  three  or  four  hours,  and  the  eye- 
sight is  quite  recovered  within  twenty-four  hours.  The 
drug  is  also  less  irritating  to  the  conjunctiva  and  is  de- 
void of  constitutional  effects  when  used  with  ordinary 
care.  For  the  purpose  of  simply  dilating  the  pupil,  a 
one-per-cent.  solution  is  employed ;  when  accommodation 
is  to  be  paralyzed,  a  two-per-Qent.  solution  is  to  be  pre- 
ferred. If  mydriasis  is  required  for  a  prolonged  period, 
atropine  is  selected  in  preference  to  homatropine. 

Hyoscyamine  and  daturine  are  rarely  or  never  employed 
for  their  mydriatic  action.  Their  action  is  the  same  as 
that  of  atropine,  but  they  are  less  to  be  depended  upon 
and  offer  no  advantages. 

Hyoscine  exercises  a  much  less  marked  Influence  upon 
the  pupil,  and  is  never  used. 

Duboisine. — This  alkaloid  has  recently  been  extolled  as 
possessing  a  more  powerful  action  than  atropine  and 
as  producing  effects  which  are  of  shorter  duration.  As 
it  is  chemically  identical  with  atropine,  it  will  probably 
be  found  to  have  the  same  mydriatic  action.    The  solu- 
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tiou  employed  has  a  strength  of  one  per  cent.,  and  pro- 
duces dilatation  within  an  hour. 

Cocaine. — As  a  mydriatic  cocaine  differs  from  atropine 
and  possesses  many  advantages.  It  is  mucli  less  intense 
in  its  action,  the  pupil  is  not  dilated  to  so  great  an  ex- 
tent, and  a  certain  degree  of  reaction  to  light  or  other 
stimulus  may  be  retained.  Its  effect  is  accomplished  in 
half  an  hour  and  passes  oil  in  a  few  hours.  There  is  lit- 
tle or  no  influence  exerted  on  the  power  of  accommoda- 
tion. As  before  stated,  it  acts  through  the  sympathetic 
nerves,  either  by  stimulating  the  dilating  muscle  of  the 
iris  (if  these  exist)  or  by  contracting  the  arteries  of  the 
iris. 

When  it  is  combined  with  atropine  a  very  powerful 
mydriatic  is  obtained,  as  both  a  paralysis  of  the  sphincter 
and  a  stimulation  of  the  dilators  are  obtained.  Koller 
uses  a  mixture  of  equal  parts  of  a  one-pcr-cent.  solution 
of  atropine  sulphate  and  a  flve-per-cent.  solution  of  co- 
caine hydrochlorate.  This  is  applied  every  ten  minutes 
until  dilatation  is  secured,  and  if  a  prolonged  action  is  re- 
quired it  is  maintained  by  applying  the  solution  three 
times  a  day.  In  inflammatory  conditions  much  benefit  is 
also  obtained  from  the  ansemia  and  blanching  of  the  parts 
which  the  cocaine  produces. 

Mydriatics  are  employed  to  dilate  the  pupil  for  the 
purpose  of  an  efficient  intraocular  examination  and  to 
facilitate  cataract  operations;  also  to  remove  the  iris  from 
the  danger  of  adhesions  in  many  inflammatory  condi- 
tions. The  dilatation  of  the  pupil  will  also  lessen  the 
probability  of  prolapse  of  the  iris  in  wounds  of  the  eye. 
For  ophthalmic  examinations  and  for  simple  dilatation 
of  the  pupil,  homatropine  and  cocaine  are  now  employed 
almost  to  the  exclusion  of  atropine  on  account  of  their 
transient  action.  In  examinations  in  which  it  is  neces- 
sary to  paralyze  accommodation  liomatropine  must  be 
employed,  as  the  action  of  cocaine  upon  the  ciliary  mus- 
cle is  insufficient.  In  inflammatory  states  where  a  pro- 
longed effect  is  required,  atropine,  with  or  without  co- 
caine, is  to  be  preferred.  It  is  also  indicated  in  all  forms 
of  iritis  and  in  wounds  or  injuries  accompanied  by  in- 
flammatory action.  When  there  is  much  ciliary  spasm, 
it  lessens  the  pain  and  photophobia  by  paralyzing  the 
muscle. 

The  employment  of  mydriatics  is  not  unaccompanied 
by  dangers.  ,  For  example,  the  alkaloid  may  be  absorbed 
to  such  an  extent  as  to  cause  severe  constitutional  dis- 
turbances, or  some  of  the  solution  may  pass  into  the  naso- 
pharynx and  its  local  action  be  extended  into  the  throat. 
Mydriatics  may  also,  by  continued  use,  prove  so  irritat- 
ing as  to  produce  a  conjunctivitis.  The  most  serious 
danger  is  the  possibility  of  aggravating  an  incipient  glau- 
coma—a result  which  has  frequently  followed  then-  care- 
less employment.  This  is  due  to  the  increased  intra- 
ocidar  tension  which  accompanies  the  paralysis  of  the 
ciliary  muscle,  and,  although  cocaine  is  thought  to  have 
but  little  effect  in  increasing  this  tension,  many  cases 
are  reported  in  which  it  has  aggravated  a  glaucoma- 
tous condition  of  the  eye.  Certain  signs  of  glaucoma 
which  readily  distinguish  it  from  iritis,  are  very  marked 
and  should  never  be  overlooked.  In  iritis  the  iris  is  con- 
tracted and  fixed,  while  in  glaucoma  it  is  dilated  and  also 
fixed;  in  iritis  the  eye  is  hypersensitive,  an  glaucoma  it 
is  almost  insensitive.  In  glaucoma  there  are  also  the 
early  symptoms  of  vomiting,  with  inflammation  of  the 
eye,  and  the  prodromal  disturbances  of  vision,  with  hazi- 
ness of  the  cornea,  color  rings,  etc. 

Myotics  —The  action  of  myotics  is  quite  the  opposite 
to  that  of  mydriatics,  the  contracting  muscles  being 
stimulated  and  the  dilating  muscles  depressed.  With 
the  contraction  of  the  sphincter  pupillse  there  is  also  a 
contraction  of  the  ciliary  muscle  which  lessens  intraocu- 
lar tension.  The  action  of  myotic  drugs  is  not  well 
understood.  It  is  probable  that  they  act  upon  both  sets 
of  muscles,  but  even  in  the  case  of  physostigmine,_the 
best  known  of  these  drugs,  many  authorities  consider 
that  its  action  as  a  stimulant  of  the  motor  oculi  is  the 
most  important,  while  others  claim  that  its  influence  is 
directed  chiefly  as  a  depressor  of  the  sympathetic.     My- 


otics arc  of  less  therapeutic  value  than  are  mydriatics, 
and  were  it  not  for  the  lessened  intraocular  tension  that 
accompanies  the  narrowing  of  the  pupil,  they  would 
very  rarely  be  employed.  They  are  recommended  in 
oases  of  paralysis  of  the  third  nerve,  but  are  rarely  of 
any  service,  except  in  the  paralysis  following  diphtheria. 
In  glaucoma  they  are  of  undoubted  value.  The  great 
tension  is  overcome  and  the  eye  is  relieved,  and  in  many 
instances  their  employment  has  apparently  rendered  an 
operation  unnecessary.  In  wounds  of  the  surface  of  the 
eye  and  in  corneal  ulcers  the  tendency  to  rupture  of  the 
coat  is  lessened  by  their  use. 

PhysuMigmine  or  Eseriiu  is  the  drug  always  selected. 
Pilocarpine  exercises  the  same  effect,  but  it  is  mild  and 
uncertain.  A  solution  of  the  sulphate  or  salicylate  of 
eserine  is  employed,  of  the  strength  of  one-quarter  grain 
to  the  ounce.  This  will  begin  to  act  in  fifteen  minutes, 
its  full  effect  will  be  reached  in  an  hour  and  will  con- 
tinue for  two  or  three  hours,  and  in  twenty-four  hours 
the  myosis  will  have  disappeared.  In  glaucoma  myosis 
is  more  difiicult  to  obtain,  and  a  solution  of  two  per  cent, 
may  be  required.  The  condition  of  myosis  is  not  so  in- 
tense as  is  that  of  mydriasis,  and  if  atropine  has  been  ap- 
plied to  the  eye  eserine  will  have  no  effect  until  the  action 
of  the  atropine  has  begun  to  pass  off.  On  the  other  hand, 
atropine  rapidljf  dilates  a  pupil  under  the  influence  of 
eserine.  Beaumont  Small. 

MYDRIN  is  a  colorless  powder  composed  of  ephedrine 
hydrochloride,  100  parts,  and  homatropine  hydrochloride, 
1  part.  It  is  used  in  ten-per-cent.  solution  as  an  evanes- 
cent mydriatic.  W.  A.  Bastedo. 

MYELOMA. — Under  the  greatest  variety  of  names 
there  have  been  described  in  recent  years  cases  of  an 
affection  of  the  bones  which  have  in  common  certain  feat- 
ures so  distinctive  as  to  justify  their  union  under  one 
name.  Briefly  stated,  these  cases  show  as  a  rule  evidence 
of  the  presence  of  multiple  new  growths  developing  si- 
multaneously in  the  most  widely  separated  bones.  Pain 
is  often  felt  in  these  tumor-like  masses,  and  from  the  de- 
structive influence  which  they  exert  upon  the  bony 
structure  fractures  with  dislocation  and  deformity  soon 
appear  as  the  result  of  the  most  trifling  traumatism.  A 
cachectic  condition  supervenes  in  the  later  stages  and  is 
associated  with  the  occurrence  of  a  peouhar  urinary  con- 
dition, —  one  in  which  the  urine  contains  albumoses. 
Various  parsesthesias  and  pareses  may  occur,  and  with 
the  great  increase  in  the  deformities  produced  by  the 
tumor  masses  the  patient  finally  dies  of  exhaustion  or 
succumbs  to  some  intercurrent  affection. 

As  early  as  1847  a  case  of  this  sort  was  observed  by 
Bence  Jones '  and  Macintyre.  Their  attention  was  par- 
ticularly attracted  to  the  condition  of  the  urine,  in  which 
a  peculiar  proteid  could  be  demonstrated.  The  patient 
after  a  long  and  very  painful  illness  died,  and  at  the 
autopsy  there  were  found  red  gelatinous  masses  replac- 
ing in  large  part  the  vertebra,  sternum,  ribs,  etc.  They 
designated  the  condition  "osteomalacia  fragilis  rubra." 

Rustizky  ^  first  gave  the  name  multiple  myeloma  to 
the  condition  in  a  paper  published  in  1873.  He  consid- 
ered it  a  simple  hypertrophy  of  the  bone  marrow,  be- 
cause, although  the  tumors  were  multiple,  they  were  pres- 
ent only  in  the  bones  and  did  not  give  rise  to  metastases. 

Since  then  a  number  of  cases  have  been  described  un- 
der this  name,  while  many  others  obviously  of  the  same 
nature  have  been  designated  "osteomalacia,"  medullary 
pseudoleuka^mia,  sarcomatous  osteitis,  malignant  osteo- 
myelitis, lymphosarcoma,  etc.  Good  summaries  of  the 
literature  with  descriptions  of  cases  have  recently  been 
given  by  Hammer,^  Winkler,''  Wieland,ii  ^nd  Paltauf,' 
from  which  it  appears  that  there  is  really  a  well-defined 
condition,  easily  distinguishable  from  the  endothehomata 
and  sarcomata  of  bone,  and  for  which  the  name  myelonia 
is  most  fitting,— a  condition  which  Virchow  prophesied, 
although  at  that  time  no  case  had  been  published. 

The  disease  may  perhaps  be  made  clear  most  easdy  by 
the  description  of  a  case  which  occurred  recently  at  the 
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Johns  Hopkins  Hospital  and  winch  has  been  reported  in 
its  clinical  and  pathological  aspects  by  Di\  Hamburger 
and  myself.  For  the  clinical  description  I  quote  Irom 
his  paper  in  the  Johns  Eopkins  Hospital  Bulletin  {vol.  xu., 

1901,  p.  38).  ^^^  „ 

The  patient  was  a  colored  woman,  fifty  years  ot  age, 
who  entered  the  hospital  complaining  of  "  rheumatism 
and  a  " sprained  hip."  Her  personal  and  family  history 
were  unimportant,  but  for  about  a  year  she  had  had  pam 
in  the  region  of  the  right  groin  and  hip.  One  night 
about  six  months  ago,  while  picking  up  a  bucket  of  coal, 
she  experienced  a  remarkable  sense  of  lengthening  in  the 
left  arm,  and  next  morning  found  that  she  could  not  raise 
it  to  her  head  because  of  pain  and  a  feeling  of  weight.  A 
week  later  the  right  arm  became  affected.  She  had 
pains  in  the  shoulders,  neck,  and  chest.  About  this  time 
she  noticed  a  swelling  the  size  of  a  hen's  egg  on  the  back 
of  her  head.  Pain  and  stiffness  in  the  arms  continued,  so 
that  after  two  months  she  could  not  feed  herself.  Six 
days  before  admission  to  the  hospital,  while  walking,  the 
right  leg  "  gave  way  "  without  apparent  cause.  She  fell 
to  the  ground  and  since  then  had  not  been  able  to  stand  or 
walk.     She  suffered  great  pain  in  the  right  hip. 

She  became  much  emaciated  and  very  weak  and  anse- 
mic.  On  admission  to  the  hospital,  any  movement  of  the 
body  was  found  to  produce  great  pain.  Over  the  occipi- 
tal region  there  was  a  round,  soft,  fluctuating  mass  about 
10  cm.  in  diameter,  not  adherent  to  the  skin,  not  movable 
on  the  deeper  tissues,  not  tender.  A  nodule,  3  to  4  cm.  in 
diameter,  was  visible  on  either  clavicle  over  its  inner  third, 
the  one  on  the  left  being  a  little  larger  and  evidently 
eroding  the  bone,  for  manipulation  caused  pain  and  crep- 
itus. There  was  another  tumor  in  the  left  supraspinous 
region,  about  4  cm.  in  diameter,  connected  with  the 
acromion  process  of  the  scapula.  The  light  leg  was  ro- 
tated outward  and  abducted,  the  upper  third  of  the  thigh 
being  markedly  enlarged  and  deformed  by  the  presence 
of  a  tumor  about  the  size  of  a  child's  head,  projecting 
from  its  postero-external  aspect.  It  was  firm  and  tender 
on  pressure  and  any  attempt  to  move  the  limb  caused 
intense  pain. 

Physical  examination  was  otherwise  negative.  There 
was  no  glandular  enlargement  and  examination  of  the 
blood  showed  only  a  diminution  in  the  number  of  red 
corpuscles  with  a  corresponding  diminution  in  the  per- 
centage of  haemoglobin.  The  urine  was  turbid,  light 
yellow,  and  usually  alkaline ;  from  600  to  800  c.c.  were 
voided  daily,  of  a  specific  gravity  varying  from  1.013  to 
1.030.  Heller's  reaction  was  positive.  When  the  urine 
was  acidified  and  heated  to  a  temperature  of  56°  C,  a 
heavy  white  precipitate  appeared.  It  redissolved  in  part 
on  boiling  and  returned  on  cooling.  The  nitric-acid  pre- 
cipitate disappeared  on  boiling,  to  reappear  on  cooling. 
The  mixture  assumed  a  darker  color  and  particles  of  the 
precipitate  adhering  to  the  tube  became  pink.  The  biuret 
reaction  was  marked.  The  proteid  content  measured 
by  the  Esbach  albuminometer  varied  from  0.3  to  0.6  per 
cent. 

This  case  illustrates  well  the  symptoms  which  have 
been  spoken  of  as  fairly  constant,  viz.,  the  emaciation  and 
anaemia,  the  simultaneous  occurrence,  over  the  bones,  of 
soft,  almost  fluctuant  masses,  and  the  erosion  of  these 
bones  with  fracture  and  deformity  associated  with  great 
pain.  Particularly  well,  however,  is  the  albumosuria 
illustrated.  Acute  transitory  or  slight  albumosuria  has 
been  observed  in  many  acute  febrile  diseases,  and  simi- 
larly slight  peptonuria  has  been  described  in  the  greatest 
variety  of  conditions.  The  work  of  Ktthne  and  Chitten- 
den renders  it  probable  that  all  of  these  are  instances  of 
albumosuria,  the  proteid  substance  found  in  the  urine 
being  very  closely  related  to,  but  not  exactly  Identical 
with,  the  products  of  partial  digestion  described  by  those 
authors.  These  cases,  however,  are  without  difficulty 
distinguished  from  those  in  which  the  quantity  of  albu- 
moses  is  large  and  its  occurrence  persistent  throughout  a 
long  time.  It  has  been  found  (Hamburger)  that  in  the 
great  majority  of  cases  of  definite  albumosuria  multiple 
myelomata  have  been  found  at  autopsy,  although  as  yet 
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the  evidence  is  not  sufficient  to  prove  that  in  all  cases  of 
myeloma  albumosuria  is  found. 

The  origin  and  exact  nature  of  this  proteid  substance 
are  as  yet  quite  obscure,  but  when  it  is  present  in  consid- 
erable quantities  it  is  easily  recognized  by  the  reactions 
described  above,  and  especially  by  its  property  of  redis- 
solving  at  boiling  temperature  In  acidified  solution,  from 
which  it  was  precipitated  by  a  temperature  of  56°  C. 

The  pathological  anatomy  of  the  multiple  myeloma 
may  be  made  clear  by  a  further  reference  to  the  case 
above  mentioned.'  The  patient  died  after  a  stay  of 
some  months  in  the  hospital,  and  at  the  autopsy  multiple 
tumor  masses  were  found  involving  various  bones.  The 
right  leg  was  shorter  than  the  left  by  about  3  cm.,  and  in 
the  trochanteric  region,  where  there  was  a  large  tumor 
mass,  there  was  excessive  mobility  of  the  femur.  The 
organs  in  general  showed  only  the  evidences  of  senile 
atrophy  and  in  the  lungs  a  few  old  tuberculous  scars. 
On  removal  of  the  sternum  it  was  found  to  contain,  at  the 
points  of  insertion  of  the  second  and  third  costal  carti- 
lages, a  tumor  mass,  which,  being  very  soft,  allowed  free 
movement  of  the  two  parts  of  the  sternum  upon  each 
other.  The  left  clavicle  was  much  enlarged  at  its  sternal 
end,  the  bone  being  apparently  distended  by  the  tumor 
mass  within,  for  the  cortical  portion  was  very  thin  and 
could  be  compressed  by  the  fingers.  On  sawing  through 
the  bone  lengthwise  the  cancellous  bone  was  foimd  to  be 
much  rarefied  and  the  cortical  portion  very  much  thinned ; 
the  marrow  was  almost  entirely  replaced  by  the  tumor 
mass,  which  extended  quite  to  the  acromial  end. 

The  right  clavicle  showed  evidences  of  a  healed  fract- 
ure, the  portions  having  united  in  a  somewhat  abnor- 
mal position,  so  that  a  slight  angular  deformity  existed. 
The  marrow  of  this  bone  also  showed  tumor  masses, 
which  did  not,  however,  cause  any  extensive  erosion  of 
the  bone. 

Prom  the  spinous  process  of  the  left  scapula  there 
arose  a  soft  tumor  mass  which  on  section  was  found  to 
have  eroded  and  replaced  a  considerable  portion  of  the 
bony  process.  None  of  the  cortex  or  cancellous  bone 
tissue  was  to  be  discovered  in  this  one.  The  ribs  were 
not  involved.  Unfortunately,  the  vertebral  column  was 
not  sawn  through,  but  there  were  no  evident  tumor 
masses  visible  from  without.  The  right  ilium  was  com- 
pletely eroded  through  in  its  median  portion  by  a  large 
soft  mass,  which  had  destroyed  the  whole  thickness  of 
the  bone  and  which  projected  both  ways — inward  into 
the  pelvis  under  the  iliacus  muscle,  and  outward  under 
the  muscles  covering  the  outer  surface  of  the  ilium.  The 
hip-joint  on  this  side  showed  no  abnormality,  but  in  the 
intertrochanteric  region  a  large  tumor  mass  sprang  from 
the  marrow  of  the  femur.  At  the  upper  end  of  the  shaft 
of  the  femur  there  was  a  fracture,  the  shaft  being  dis- 
placed upward.  On  sawing  through  the  bone  at  this 
point  the  intertrochanteric  region  was  found  to  be  ex- 
tensively involved  in  the  new  growth,  which  extended 
into  the  adjacent  tissues.  The  cancellous  bone  was 
almost  entirely  destroyed  and  the  cortex  much  atrophied 
and  roughened  internally.  For  a  distance  of  about  5 
cm.  the  cavity  of  the  shaft  of  the  femur  was  invaded, 
the  yellow  marrow  being  pushed  ahead  and  fairly  sharply 
limited  from  the  dark  purple  new  growth.  The  bone 
marrow  was  atrophic  and  oedematous,  grayish-pink  and 
moist  in  appearance,  and  sunken  below  the  level  of  the 
cut  surface  of  the  Invading  tumor.  The  left  femur 
showed  no  evidence  of  tumor  formation. 

Removal  of  the  large  mass  at  the  vertex  of  the  skul) 
revealed  a  large  aperture  in  the  skull,  the  edges  of  which 
were  very  ragged,  as  if  gnawed  away,  with  here  and 
there  loose  spicules  of  bone  lying  in  the  soft  tumor  mass 
which  evidently  sprang  from  the  marrow  cavity.  This 
tumor  mass  spread  itself  between  the  cranium  and  the 
dura  for  a  short  distance,  and,  completely  filling  the  aper- 
ture in  the  skull,  projected  outward  to  form  the  large  soft 
mass  felt  under  the  scalp. 

No  other  tumor  nodules  were  to  be  found  so  far  as  It 
was  possible  to  examine  the  bones. 

These  growths  presented  everywhere  the  same  appear- 
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ance.  Everywhere  they  evidently  sprang  from  the  mar- 
row of  the  bone,  from  which  they  were  not  by  any  means 
sharply  demarcated.  Only  where  the  tumor  seemed  to 
mvade  the  yellow  marrow  of  the  shaft  of  the  femur  was 
the  outlme  sharp,  but  even  there  the  microscopical  ex- 
ammation  showed  evidences  of  the  presence  of  tumor  ele- 
ments far  past  this  outline.  Where  the  red  marrow  of 
the  short  bones  formed  the  point  of  origin,  the  outline 
was  not  nearly  so  sharp.  The  well-defined  tumor  masses 
were  perhaps  somewhat  firmer  than  such  a  mass  of  bone 
marrow  would  be.  They  varied  somewhat  in  consistency 
however.  In  general  they  were  soft ;  some  of  the  larger 
ones  were  almost  diffluent,  and  they  flattened  out  when 
they  were  cut  and  laid  out  on  a  pan.  Others  were  less  soft, 
and  in  some  parts  the  gelatinous  pulpy  consistency  gave 
way  to  a  fair  degree  of  firmness.  In  color  there  was  also 
considerable  variation.  The  greater  part  of  the  masses 
was  of  a  deep  red  color,  perhaps  even  darker  than  that  of 
the  normal  red  bone  marrow,  but  showing  everywhere  a 
grayish  tint.  Usually  lines  and  streaks  of  gray  were  to 
be  seen  throughout  this  deep  red,  and  in  nearly  all  the 
masses  definite  nodules  of  firmer  consistency  and  of  gray- 
ish-white color  were  found.  At  some  points  there  was 
a  slight  yellow  opacity. 

Microscopically,  the  various  authors  have  emphasized 
the  regularity  in  form  and  size  of  the  cells,  and  Wieland 
has  adduced  this  as  a  distinction  from  the  myelocytes. 
Nearly  all  writers  have  thought  the  tumor  cells  to  be 
derived  from  some  cell  or  other  of  the  bone  marrow. 
Wright  alone  considers  them  to  be  plasma  cells  or  closely 
related  cells  at  least,  to  explain  which  he  states  that  plas- 
ma cells  are  present  in  the  bone  marrow.  The  results  of 
attempts  to  determine  the  histogenesis  of  the  cells  in  this 
•case  will  appear  from  the  following  description  of  the 
microscopical  appearances : 

The  tumor  masses  present  in  sections  a  remarkably 
homogeneous  appearance.  There  is,  as  described  in  prac- 
tically all  of  the  other  cases,  a  delicate  stroma  with 
rather  wide  meshes  in  which  lie  innumerable  rather  large 
round  cells.  These  are  not  in  intimate  connection  with 
one  another,  but  lie  singly  and  loose ;  sometimes,  where 
their  number  is  very  great,  they  are  somewhat  com- 
pressed into  a  polygonal  form,  but  in  general  they  are 
■quite  regularly  rounded ;  they  vary  slightly  and  may  be 
■elongated  or  pear-shaped  or  even  notched.  The  nucleus 
is  large,  round,  and  vesicular,  sometimes  lying  eccentri- 
cally. The  protoplasm  presents  a  rather  ragged  granu- 
lar appearance.  Blood-vessels  exist  throughout  the 
tumor  and  are  indeed  rather  numerous.  The  smaller  ones 
lie  in  very  intimate  contact  with  the  tumor  cells,  their 
■  walls  being  merely  a  single  layer  of  endothelium.  Con- 
nected with  these  and  the  coarser  strands  of  the  stroma 
are  exceedingly  fine  filaments  of  connective  tissue  which 
run  in  between  the  cells.  Everywhere,  scattered  quite 
without  order  through  the  tumor  mass  and  among  the 
tumor  cells,  are  numerous  red  blood  corpuscles,  which  are 
quite  well  preserved.  These  evidently  give  the  dark  red 
color  to  the  tumor  masses,  being  absent  or  present  in 
only  very  small  quantity  in  the  translucent  grayish- white 
nodules  described  above. 

More  careful  examination  of  the  characteristic  cells  of 
the  tumor  shows  them  to  be  distinctly  of  one  type,  al- 
though certain  variations  in  size  occur.  They  measure 
from  13  to  31  ij.  in  diameter,  and  thus  approach  very 
closely  the  myelocytes,  while  they  exceed  considerably  the 
plasma  cells  in  size.  The  nucleus  is  provided  with  a  defi- 
nite nucleolus,  which  shows  especial  avidity  for  certain 
-aniline  dyes.  In  smears  from  the  tumor  the  nuclear 
structure  is  shown  clearly.  The  nuclei  appear  large  and 
flattened  out,  and  in  the  general  pale  blue  stain  there  ap- 
pear irregular  spaces  which  do  not  stain  or  take  only  the 
tint  of  the  cell  protoplasm.  In  this  respect  they  resem- 
hle  closely  the  myelocytes  as  described  by  H.  F.  Muller. 
'The  protoplasm  is  rather  ragged  and  granular-looking, 
l)ut  the  granules  are  not  sharply  outlined  and  with  spe- 
•cific  stains  they  take  on  no  different  coloration  from  the 
rest  of  the  protoplasm.  These  are,  therefore,  not  specific 
granulations.     In  sections  as  well  as  on  smears  stained 


with  the  polychrome  methylene  blue  of  Unna  or  the  alka- 
line methylene  blue,  the  protoplasm  takes  on  only  the 
palest  greenish-gray  coloration ;  there  is  nothing  of  the 
specific  staining  described  by  Unna  and  others  for  the 
plasma  cells.  With  polychrome  methylene  blue  and 
eosin  the  protoplasm  stains  with  eosin. 

The  relation  of  these  cells  to  the  other  normal  cells 
from  which  they  might  possibly  arise  is  therefore  about 
as  follows :  In  size  they  greatly  exceed  the  plasma  cells 
but  agree  fairly  well  with  the  myelocytes  and  non-gran- 
ular cells  resembling  myelocytes  found  in  the  bone  mar- 
row. With  polychrome  methylene  blue,  etc.,  they  do 
not  show  the  reaction  typical  of  the  plasma  cells;  on  the 
other  hand,  their  protoplasm,  although  in  its  raggedness 
it  does  resemble  the  "  granoplasma  "  described  by  Unna 
for  the  plasma  cells,  shows  none  of  the  specific  granula- 
tions characteristic  of  the  myelocytes.  The  presence 
of  a  nucleolus  must  be  admitted  for  all  these  various 
types  of  cells,  so  that  it  is  of  no  help  in  determining  such 
relations.  The  cells  of  the  myeloma  and  the  myelocytes 
and  non-granular  cells  of  the  bone  marrow  have  in  com- 
mon, however,  the  peculiar  lacunar  structure  of  the  nu- 
cleus, as  seen  in  dried  smears,  which  H.  F.  Muller »  de- 
scribes as  follows:  "With  adequate  magnification  one 
sees  in  the  myelocytes  a  remarkable  nuclear  structure ; 
one  finds  often  nuclei  in  which  definite  clear  fields  are 
visible.  These  may  be  in  part  nuclear  substance,  but  in 
many  such  nuclei  these  fields  seem  to  represent  the  cell 
substance  which  stretches  itself  into  pre-existent  holes  or 
pores  in  the  nucleus. "  And  then  again :  "  There  is  a  large 
round  or  oval  nucleus  limited  by  a  thin  chromatin  wall 
which  shows  frequently  more  or  less  numerous  larger 
and  smaller  clear  areas,  which  are  often  plainly  seen  to 
be  definite  apertures  in  the  nucleus  through  which  the 
cell  substance  extends  into  the  interior  of  the  nuclear 
body." 

Tills  structure  seems  so  peculiar  that  its  occurrence  in 
these  various  cells  at  least  indicates  their  close  relation 
to  one  another.  The  descriptions  and  figures  of  plasma 
cells  in  the  papers  of  Unna,' Jadassohn,'"  Marschalko," 
Justi,"  Krompecher,'^  and  Councilman  '*'  give  no  hint  of 
such  a  structure  in  the  nuclei  of  these  cells. 

The  myeloma  cells  are  apparently  separated  from  the 
myelocytes  by  the  absence  of  the  characteristic  neutro- 
phile  granulations.  An  examination  of  a  bone-marrow 
smear,  and  more  especially  of  a  smear  from  actively  pro- 
liferating bone  marrow,  will  convince  one  of  the  great 
variations  in  the  abundance  of  the  granules  which  occur 
in  these  cells.  In  a  recent  paper  on  the  relation  of  the 
myelocytes  to  leucocytosis,  Rubinstein''  describes  the 
transitions  which  take  place  in  the  development  of  mye- 
locytes from  smaller  cells  whose  protoplasm  is  quite  free 
from  granules.  These  young  myelocytes  reach  quite 
the  size  of  the  adult  myelocj'tes  before  the  granules 
appear,  which  they  do  gradually  a  few  at  a  time.  The 
resemblance  then  between  these  non-granular  myelo- 
cytes, as  they  may  perhaps  be  called,  and  the  myeloma 
cells  is  most  striking,  and  suggests  most  strongly  the  ori- 
gin of  the  myeloma  from  these  characteristic  cells  of  the 
bone  marrow  in  one  or  other  stage  of  their  development. 

Further  evidence  of  this  close  relation  is  given  in  the 
abundant  presence  of  the  tunior  cells  in  the  marrow  ad- 
jacent to  the  tumor  masses,  where  they  take  on  exactly 
the  arrangement  of  the  myelocytes  among  the  fat  cells 
and  are  intermingled  with  the  occasional  eosinophile  cells. 
Indeed,  if,  in  a  large  section,  we  pass  gradually  from  the 
relatively  normal  marrow  toward  the  tumor,  we  find  a 
gradual  and  insensible  transition,  the  myelocytes  being 
replaced  entirely  in  time  by  the  tumor  cells,  which  be- 
come more  and  more  densely  arranged,  forming  finally 
definite  nodules.  Among  the  trabeculae  of  the  cancel- 
lous bone  this  consolidation  of  the  cells  which  have  the 
position  and  form  of  myelocytes  into  solid  strands  in 
direct  continuity  with  the  tumor  mass  is  very  convincing 
evidence  of  the  direct  relation  between  the  tumor  and 
bone-marrow  cells. 

Various  alterations  in  the  appearance  of  _  the  tumor 
cells,  such  as  fragmentation  and  partial  division  of  the 
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nucleus,  occur.  Indeed,  one  sometimes  finds  large  cells 
containing  numerous  nuclei  and  a  vacuolated  protoplasm 
in  which  irregular  or  rounded  cellular  inclusions  are 
present.  These  are  perhaps  best  interpreted  as  evidences 
of  degeneration. 

The  tumor  mass  as  described  above  contains  in  the 
interstices  between  the  cells  very  numerous  red  blood 
corpuscles  in  a  very  well-preserved  condition.  There  is 
very  little  evidence  of  any  breaking  down  of  the  red  cor- 
puscles,— hardly  any  deposit  of  hsematoidin  in  the  tis- 
sues, which  would  certainly  be  present  if  the  presence 
of  the  blood  were  due  to  actual  hemorrhage.  Red  cor- 
puscles are  found  scattered  in  considerable  numbers 
among  the  myelocytes  and  other  cells  in  the  normal  bone 
marrow,  however,  and  it  seems  pi'obable  that  the  condi- 
tion here  is  analogous.  The  walls  of  the  blood-vessels 
in  the  tumor  are  nevertheless  of  extreme  thinness  and  ex- 
travasations might  readily  occur.  So  also  tumor  cells 
are  quite  frequently  found  inside  these  blood-vessels  lying 
among  the  red  corpuscles,  although  an  examination  of 
the  circulating  blood  a  few  days  before  the  death  of  the 
woman  showed  only  one  or  two  doubtful  myelocyte-like 
cells  among  a  great  number  of  leucocytes,  the  varieties 
of  which  were  those  of  the  blood  in  practically  normal 
relations. 

From  this  description,  then,  it  is  seen  that  in  this  con- 
ditioti  we  have  multiple  new  growths  from  the  bone 
marrow,  not  very  sharply  delimited  from  the  marrow 
and  showing  very  gradual  transitions  into  it.  The  cells 
have  the  form  and  general  characters  of  the  bone-marrow 
cells,  lacking  the  specific  granules  of  the  myelocytes,  but 
possessing  the  peculiar  nuclear  structure  found  in  the 
myelocytes  and  their  formative  antecedents.  They  differ 
in  essential  particulars  from  the  plasma  cells,  and  in  view 
of  these  facts  and  of  the  fact  that  they  largely  replace  the 
myelocytes  in  the  marrow  in  the  neighborhood  of  Uie 
tumor,  there  being  no  sharp  boundary  between  the  mye- 
loma-like marrow  and  the  myelocyte  marrow,  we  may 
consider  them  directly  related  to  these  cells  and  probably 
derived  from  the  large  non-granular  forerunners  of  the 
myelocytes. 

The  exact  relations  of  this  condition  to  others  with 
which  we  are  familiar  are  difficult  to  determine.  On  the 
one  hand,  there  are  none  of  the  anatomical  features  of  the 
ordinary  forms  of  chronic  inflammation,  while  on  the 
other  hand  the  process  differs  from  that  which  character- 
izes the  majority  of  tumors  in  its  simultaneous  origin  in 
many  bones  and  in  its  mode  of  growth,  which  while  de- 
structive is  not  of  such  a  nature  as  to  give  rise  to  metas- 
tases. We  are  quite  ignorant  of  any  etiological  factors 
but  on  the  whole  the  condition  seems  most  analogous  to 
those  forms  of  lymphosarcoma  which,  arising  often  simul- 
taneously from  many  lymphoid  structures,  invade  and 
destroy  the  adjacent  tissues. 

William  G.  MacCallum. 
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In  general,  the  term  myoma,  without  further  distinc- 
tion, is  used  for  leiomyoma. 

Leiomyoma. — Of  the  two  varieties,  the  tumor  composed, 
of  smooth  muscular  fibres  is  by  far  the  most  frequent 
and  of  the  most  importance  clinically. 

Histology.— The  physiological  type  of  the  tissue,  ther 
smooth  muscular  fibre,  is  widely  distributed  over  the 
body,  and  is  best  seen  in  the  intestinal  canal  and  in 
the    uterus.      The 


smooth  muscular 
fibres  are  long,  fu- 
siform cells,  which 
are  connected  by 
a  small  amount  of 
cement  substance. 
The  nucleus  is  a 
long  rod  -  shaped 
body  situated  in  the 
middle  of  the  cell. 
The  tumor  is  com- 
posed for  the  most 
part  of  such  muscu- 
lar fibre  cells,  which 
are  arranged  in  bun- 
dles, closely  packed 
together,  frequent- 
ly interlacing,  and 
separated  from  one 
another  by  a  small 
amount  of  connec- 
tive tissue  which 
carries  the  blood- 
vessels. On  sec- 
tion of  the  tumor 
these    bundles   are 


Fig.  3466.— Section  of  a  very  Small  Myoma, 
of  the  Uterus,  Hardened  in  Miiller's. 
Fluid  and  Stained  with  Haematoxylin. 
Bands  of  muscular  fibres  are  seen  cut  in 
various  directions.  (X  175.)  (After  W. 
T.  Councilman.) 


cut  at  various  angles,  and  when  the  nuclei  are  brightly 
stained  the  section  often  appears  peculiar.  When  a. 
bundle  of  fibes  is  cut  exactly  across,  the  section  of  th& 
muscular  fibres,  with  the  brightly  stained  nuclei  in  the 
centre,  may  be  mistaken  far  round  cells  with  a  central 
nucleus,  or,  still  more  readily,  for  a  section  of  a  nerve. 
The  nuclei  may  be  mistaken  for  connective-tissue  nu- 
clei and  the  tumor  for  a  fibroma.  In  the  myoma  the- 
nuclei  are  longer,  narrower,  and  more  refractive  than, 
connective-tissue  nuclei,  and  in  the  fibroma  the  arrange- 
ment of  the  fibres  in  bands  is  never  so  characteristic  as  in 
the  myoma.  In  cross-section  of  the  fibres  the  muscle 
substance  around  the  nucleus  is  seen  to  be  denser,  more- 
homogeneous,  and  more  refractive  than  the  protoplasm 
of  other  cells.  When  fresh  unstained  sections  are  exam- 
ined the  tumor  may  be  mistaken  for  a  sarcoma,  in  which. 
the  cells  are  often  arranged  in  bundles  in  the  same  way, 
but  a  careful  study  of  the  nuclei  will  reveal  its  true  char- 
acter. Th  separate  cells  which  compose  the  tumor  may- 
be isolated  by  macerating  small  portions  in  a  twenty-per- 
cent, nitric-acid  solution  or  in  a  thirty-per-cent.  solution 
of  caustic  potash.  This  dissolves  the  cement  substance 
between  thi  muscular  fibres,  and  they  can  then  readily 
be  teased  apart.  There  is  often  a  considerable  difference- 
in  size  between  the  tumor  cells  and  the  cells  of  the  anal- 
ogous physiological  tissue.  The  cells  may  be  very  much 
larger  or  very  much  smaller  than  these.  Sometimes  cells- 
as  large  as  the  muscle  cells  in  the  rapidly  growing  preg- 
nant uterus  are  found.  There  is  always  with  the  mus- 
cular tissue  a  variable  amount  of  connective  tissne  which 
IS  principally  found  between  the  larger  muscle  bundles 
i  rom  this,  smaller  septa  are  given  off  which  run  between 
the  smaller  bundles  of  cells.  White  (Johns  Hovkina  Hos- 
pital Bulletin,  xi.,  114,  1900)  has  demonstrated  that  this 
connective  tissue  is  of  the  white  fibrous  and  reticular 
types,  and  that  each  muscle  cell  is  surrounded  by  a  con- 
nective-tissue capsule.  He  could  demonstrate  no  elastic- 
hbres.  In  this  connective  tissue  run  the  blood-vessels, 
in  some  cases  the  connective  tissue  is  so  abundant  that  it 
forms  a  considerable  part  of  the  tumor,  and  in  others; 
there  IS  scarcely  any  present,  except  around  the  larger 
vessels  The  amount  seems  to  vary  with  the  age  of  the. 
growth,  being  always  less  in  small  tumors  of  recent  for- 
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mation.  When  there  is  much  conuecti  ve  tissue  present  the 
tumor  is  generally  firm  and  fibrous,  but  in  some  places  it 
may  have  more  the  character  of  loose  areolar  tissue  and 
contain  numerous  lymphoid  cells.  In  some  of  the  very 
large  myomata  of  the  uterus  the  development  of  connec- 
tive tissue  is  so  great  that  the  tumor  appears  to  be  prin- 
cipally composed  of  this,  and  it  is  only  after  considerable 
search  that  the  muscular  tissue  is  found.  To  this  form 
the  term  fflyro-myoma  is  given.  In  almost  every  tumor 
some  places  will  be  found  where  neither  muscular  tissue 
nor  connective  tissue  can  be  made  out.  There  are  larger 
or  smaller  areas  of  firm,  highly  refractive,  homogeneous 
tissue,  in  which  a  few  rod-shaped  nuclei  are  scattered. 
Such  areas  are  most  abundant  in  tlie  laiger  tumors,  and 
represent  a  hyaline  transformation  of  the  tissue.  As 
a  rule  the  myomas  have  a  very  poor  vascular  supply, 
but  cases  are  sometimes  seen  in  which  the  blood  supply 
is  so  abundant  that  the  tumor  almost  resembles  a  cavern- 
ous tissue.  This  variety  of  tumor  will  be  considered 
more  fully  in  speaking  of  myoma  of  the  uterus. 

Qross  Appearance. — Macroscopically  the  myoma  resem- 
bles most  the  hard  fibroma  or  one  of  the  sarcomas.  It  is 
always  sharply  circumscribed,  and  generally  surrounded 
by  a  firm  capsule  of  connective  tissue.  On  section  of  the 
tumor  it  can  always  be  easily  separated  from  the  tissue 
surrounding  it.  The  cut  surface  has  a  whitish  or  yel- 
lowish color  and  glistens.  It  is  not  homogeneous,  but 
marked  by  fissures  and  lines  which  represent  the  spaces 
between  the  muscular  bundles,  and  wliich  often  have  a 
concentric  or  spiral  direction.  Whiter  and  darker  patches 
are  sometimes  seen  on  the  surface ;  these  generally  de- 
pend on  degenerative  processes  in  the  tumor. 

Origin. — The  tumor  always  develops  from  non-striated 
muscular  tissue.  Unlike  the  rhabdomyoma,  it  never  de- 
velops in  any  locality  where  this  tissue  is  not  found ;  it  is 
never  heterologous.  Although  its  origin  from  smooth 
fibres  has  long  been  generally  accepted,  it  is  interesting 
to  note  that  KOlliker  and  his  followers  believed  its  origin 
to  be  from  the  connective  tissue.  The  exact  histogene- 
sis however,  is  not  always  clear.  Keifer  (La  Presse 
medimle,  1699,  Np.  10,  p.  49)  has  demonstrated  by  injec- 
tion methods  small  islands  of  non- vascular  tissue  _m  the 
uterus,  which  increase  peripherally  by  the  addition  of 
smooth  muscle  fibres.  In  the  centres  of  these  masses 
was  frequently  seen  an  arrangement  of  cells  suggestmg 
obliterated  vessels.  From  these  masses  about  obliterated 
vascular  trunks  he  believes  myomata  take  their  origin. 
Cohen  (Virchow's  ArcMv,  1899,  clviii.,  524),  in  a  study 
of  the  histogenesis  of  myomata  of  the  uterus  and  stom- 
ach concludes  that  in  many  cases  it  is  impossible  to  de- 
termine the  origin.  He  examined  by  serial  section  small 
tumors,  and  in  many  but  not  in  all  he  found  a  central 
blood-vessel  witliout  an  adventitia,  whose  muscular  coat 
could  not  be  difiEerentiated  from  the  newly  formed  mus- 
cular fibres.  .  .  „  ,,  ti. 
In  myomata  of  the  skin  the  origin  of  the  new  growth 
is  supposed  to  be  the  muscular  coat  of  the  blood-vessels 
and  the  erector  muscles  of  the  hair  shaft  (Jadassohn). 

jfature  —The  leiomyoma  is  a  benign  tumor,  distinctly 
encapsulated  and  of  slow  growth.  Although  not  in  it- 
self a  dangerous  tumor,  it  may,  mechanically,  cause  seri- 
ous complications;  thus  submucous  myomata  of  the 
uterus  may  become  eroded  and  be  the  source  of  a  seri- 
ous hemorrhage.  Pedunculated  tumors  may  be  forced 
into  the  cervix  uteri,  causing  a  spurious  labor;  or  it  ot 
large  size  they  may  perhaps  produce  prolapse  of  the 
uterus  Similar  tumors  beneath  the  peritoneum  may 
exert  ijressure  on  the  rectum  or  bladder,  or  by  tlieir 
weight  bring  about  displacement  of  the  uterus  and  other 
pelfic  orgaSs.  They  may  form  adhesions  to  other  or- 
gans and  thus  induce  strangulation;  or  they  may  them- 
selves if  pedunculated,  become  strangulated  and  form 
free  masses  in  the  peritoneal  cavity.  Myomata  of  the 
digestive  tract  may  cause  occlusion  or  serioiis  results 
may   follow   the   traction   superinduced  by  their  mere 

^e™logt  —Little  is  known  in  regard  to  the  etiology 
of  the  myomata.     In  the  uterus  they  are  found  most  fre- 


quently after  middle  life  and  are  much  more  frequent  in 
blacks  than  in  whites.  On  the  other  hand,  the  analogous 
tumor  of  tlie  prostate  in  man  is  much  more  common  in 
the  white  race  than  in  the  black.  It  cannot  be  shown 
that  irritation  exerts  any  influence.  Some  uterine  tu- 
mors containing  glandular  acini  suggest  a  congenital  ori- 
gin, the  result  of  misplaced  uterine  fragments,  thus  sup- 
porting Cohnlieim's  theory. 

Seats. — The  more  common  situations  are  the  uterus, 
gastro-intestinal  tract,  and  prostate;  the  less  common 
are  the  bladder,  skin,  nipple,  and  walls  of  blood-vessels. 
Uterus. — The  most  frequent  place  of  the  formation  of 
the  tumor  is  the  uterus.  Every  variety  of  the  tumor  is 
found,  and  it  can  be  studied  best  here.  The  new  growth 
may  spring  from  any  part  of  the  uterine  wall,  but  usu- 
ally from  the  portion  above  the  cervix ;  and  it  may  vary 
in  size  from  a  microscopic  nodule  to  a  mass  or  masses 
weighing  over  a  hundred  pounds  and  entirely  filling  the 
abdominal  cavity.  The  chief  mass  of  these  tumors  is 
composed  of  muscle  fibres,  which  are  generally  much 
larger  than  those  of  the  normal  uterus.  The  increase  in 
size  affects  principally  the  width  of  the  cell  and  the  nu- 
cleus. Cells  are  often  seen  which  are  wider  than  the 
diameter  of  a  red  blood  corpuscle.  The  muscle  fibres 
are  arranged  in  bundles,  which  are  surrounded  by  wide 
capillary  vessels.  The  walls  of  these  vessels  consist  of 
a  single  layer  ot  endothelial  cells  with  large  nuclei,  sup- 
ported by  a  thin  layer  of  connective  tissue.  Both  be- 
tween the  muscle  bundles,  and  between  these  and  the 
connective  tissue  of  the  vessels,  are  small  spaces  which 
contain  white  corpuscles  and  are  surrounded  by  a  fine 
tissue  in  which  here  and  there  nuclei  are  enclosed.  In  this 
way  a  cavernous  structure  is  formed,  which  is  not  pres- 
ent in  the  normal  uterus.  Klebs  supposed  that  these 
spaces  represent  lymphatic  cavities,  in  which  the  whole 
tissue,  muscular  fibres,  and  blood-vessels  are  suspended 
by  the  small  bands  of  connective  tissue.  Larger  blood- 
vessels, with  thick  walls  and  a  wide  adventitia,  are  but 
seldom  found,  and  tlien  in  the  broad  partitions  between 
the  larger  bundles  of  muscular  fibres. 

The  tumors  may  increase  in  size  by  the  joining  togeth- 
er of  the  neighboring  growths,  but  this  mode  of  increase 
is  rare.     Generally  it  appears  that  the  same  process  of 
new  formation,  in  consequence  of  which  the  smallest  and 
most  simple  myoma  was  formed,  repeats  itself.     Every 
single  vessel,  with  the  muscular  and  connective  tissue 
belonging  to  it,  proliferates  again  and  forms  a  second 
generation  of  nodules,  which  are  situated  in  the  original 
tumor.     These  different  centres  of  growth  can,  as  a  rule, 
be  easily  made  out,  and  sometimes  the  arrangement  is 
such  that  the  tumor  appears  to  be  composed  of  triangu- 
lar masses,  the  apices  of  which  point  to  the  centre  and 
the  base  is  along  the  periphery  of  the  tumors.     In  other 
cases,  the  formation  of  secondary  nodules  takes  place 
only  in  certain  parts  of  the  tumor,  and  in  this  way  very 
irregular,  uneven  masses  arise.     This  peculiar  process  of 
growth  leads  to  the  displacement  of  the  tumor,  which 
OTiginally  is  enclosed  in  tiie  walls  of  the  uterus.     It  the 
growth  takes  place  most  rapidly  in  the  part  of  the  tumor 
Searest  the  mucous  or  the  serous  membrane,  that  part 
escapes  from  the  muscular  tissue  and  projects  into  the 
uterine  cavity  or  on  the  surface  of  the  organ  and  finally 
the  whole  tumor  becomes  separated  from  the   uterine 
walls     In  this  way  the   submucous  and  subserous  va- 
rieties of  the  tumors  arise,  which  are  either  connected 
with  the  uterus  by  a  narrow  pedicle  or  have  a  wider 
attachment.      This  attachment   often   contains  dilated 
venous  vessels  in  the  loose  connective  tissue.     The  tu- 
mors which  remain  within  the  muscular  coat  are  termed 
interstitial  or  intramural.     When  the  connective  tissue 
is  much  developed  the   tumor   is  denser   and   haider, 
and  on  section  the  lines  and  fissures  are  not  so  evi- 
dent    The  lymph  spaces  and  blood-vessels  become  nar- 
rower and  partly  obhterated.     The  ^^o°^^  .f'^'^^^^Z 
fibres  remain  preserved,  but  the  single  fibre  cells  can  no 
longer  be  recognized,  and  in  place  of  them  small,  long, 
rod  shaped  nuclei  are  found  embedded  m  a  substance 
which  appears  more  or  less  fibrillar  (fibromyoma).     Ihe 
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best  conditions  of  nutrition  are  found  in  the  small  tumors 
of  the  uterus,  which  sometimes  are  composed  entirely  o± 
muscle  flhres  and  blood-vessels.  Such  tumors  have  the 
grayish-red,  dull  appearance  which  the  uterus  shows  on 
section,  and  microscopically  they  cannot  be  distinguished 
from  the  uterine  tissue.  The  small  lymph  spaces  which 
were  spoken  of  may  become  widened  to  form  large  cysts 
filled  with  a  clear  fluid  analogous  to  serum  and  coagulat- 
ing spontaneously  on  exposure  to  air.  Often  these  do  not 
seem  to  have  a  special  lining  membrane.  Small  proc- 
esses of  connective  tissue  sometimes  grow  from  the  walls 
of  these  cysts,  which  penetrate  between  the  adjoining 
bands  of  muscular  tissue,  and  in  this  way  a  series  of 
smaller  cysts  may  arise.  These  cystomyomata  of  the 
uterus  may  attain  a  large  size,  especially  when,  as  often 
happens,  heterologous  formations  of  a  myxomatous  or 
sarcomatous  character  arise  in  them.  Single  cysts  of 
large  size,  entirely  surrounded  by  muscular  tissue,  are 
sometimes  found.  Their  contents  are  fluid,  generally 
more  or  less  colored  with  blood  pigment  from  numerous 
hemorrhages  which  have  taken  place  into  them.  The 
contents  of  all  of  these  cysts  will  usually  coagulate  spon- 
taneously. The  walls  often  contain  a  layer  of  fibrin  of 
variable  thickness,  and  the  cysts  may  be  traversed  by 
bundles  of  muscle  tissue.  Dilated  blood-vessels  are  often 
found  in  the  neighborhood  of  the  ftimor,  and  in  the  ex- 
tramural forms  they  run  in  the  loose  connective  tissue 
of  the  attachment.  These  are  the  most  frequent  source  of 
the  hemorrhages  which  so  often  accompany  this  form 
of  tumor,  they  being  often  torn  across  by  the  traction  of 
the  tumor.  The  dilatation  of  these  vessels  is  nothing  but 
a  passive  process,  but  in  some  cases  there  is  a  very  abun- 
dant formation  of  vessels  in  the  tumor  itself.  Virchow 
distinguishes  this  variety  under  the  name  telangieotatic 
myoma  or  cavernoiis  myoma.  There  is  little  or  no  develop- 
ment of  connective  tissue,  and  the  vessels  are  immediately 
in  contact  with  the  muscular  bundles.  It  is  in  such  tumors 
that  marked  variations  in  size  are  seen,  the  tumor  appear- 
ing sometimes  double  its  usual  size.  It  is  probable  that 
this  variability  in  size  may  be  due  both  to  changes  in  the 
amount  of  blood  in  the  dilated  vessels  and  to  different 
■degrees  of  contraction  of  the  muscle  cells. 

There  may  be  mixed  forms  of  myomata.  The  most 
frequent  combinations  are  with  myxomatous  and  sarco- 
matous tissue.'  The  myxomatous  degeneration  occurs 
when  much  fibrous  tissue  is  present.  Sarcomatous 
change  is  much  less  frequent.  Such  tissue  develops 
around  the  vessels  in  the  septa  between  the  bundles  of 
muscles.  The  myxomatous  tissue  in  the  tumor  can  be 
recognized  as  patches  of  grayish,  gelatinous  material, 
while  the  sarcomatous  portions  are  whiter  and  less  re- 
fractive than  other  parts.  Combinations  with  other 
forms  of  tumors  do  not  take  place.  In  the  uterus  carci- 
noma may  coexist  with  myoma,  and  the  carcinoma  may 
erode  and  grow  into  the  myoma  in  the  same  way  that  it 
^rows  into  the  muscle  tissue  of  the  uterus  itself. 

_  Of  the  degenerative  processes  the  most  frequent  is  cal- 
cification, which  may  affect  the  whole  tumor  or  only 
parts  of  it.  When  the  calcification  is  complete  the  whole 
tumor  may  be  changed  into  a  hard,  stony  substance,  in 
which  no  tissue  or  blood-vessels  can  be  made  out.  Gen- 
erally the  process  is  not  so  complete  as  this,  and  a  net- 
work of  calcified  tissue  traverses  the  tumor,  in  the  meshes 
of  which  small  bands  of  muscle  tissue  and  vessels  are 
«eon.  In  some  cases  a  true  formation  of  osseous  tissue 
has  been  made  out  in  the  tumor,  and  in  one  tumor  the 
:  writer  has  observed  areas  of  adipose  or  true  fat-bear- 
ing connective  tissue.  Occasionally  complete  gangrene 
may  result  from  interference  with  the  blood  supply 
ot_  large  areas.  Suppuration  is  rare  but  may  occur. 
After  the  menopause  these  growths  are  said  to  undergo 
atrophy. 

An  interesting  form  which  occasionally  occurs  is  one 
which  contains  glandular  structure  of  the  type  of  the  uter- 
ine mucosa  and  is  known  as  adenomyoma.  It  is  distinctly 
.a  benign  tumor,  though  its  growth  may  be  diffuse.  It  is 
usually  situated  in  the  inner  layers  of  the  muscular  wall 
■Opinions  vary  as  to  the  origin  of  this  growth.     Von  Reck- 


linghausen  believes  that  it  develops  from  remnants  of 
the  WolflSan  body,  but  admits  the  possibility  of  its  origin 
from  the  uterine  mucosa.  CuUen  (Johns  Hopkins  Hos- 
pital Reports,  vol.  vi.,  1897),  who  has  studied  carefully 
two  cases,  believes  the  latter  to  be  the  only  possible  ori- 
gin. 

The  presence  of  a  myoma  usually  produces  more  or 
less  hypertrophy  of  the  muscular  coat.  This  is  espe- 
cially true  of  the  mucous  form.  Distortion  of  the  uterus 
is  common.  The  mucosa  is  usually  atrophied  over  sub- 
raucous  myomata,  but  elsewhere  is  unaltered  (Cullen). 

Broad  Ligament.- — It  is  very  doubtful  if  myomata  ever 
arise  in  the  broad  ligament.  Tumors  found  there  are  in 
reality  subserous  forms  which  have  developed  in  the  lat- 
eral wall  of  the  uterus,  and  have  finally  become  separated 
from  it. 

Prostate.- — The  myomata  of  the  prostate  come  next  in 
importance  to  those  of  the  uterus,  and  are  most  fre- 
quently found  in  advanced  age.  Some  of  these  enlarge- 
ments of  the  prostate  depend  on  an  actual  hypertrophy, 
in  which  all  parts  of  the  gland  participate.  In  others, 
the  enlargement  is  principally  due  to  hyperplasia  of  the 
glandular  elements,  and  this  form  passes  most  readily 
into  adenoma.  In  the  third  class  Virchow  has  shown 
that  the  enlargement  is  principally  due  to  a  hyperplasia 
of  the  smooth  muscle  fibres,  which  make  up  a  large  part 
of  the  gland. 

This  new  formation  is  sometimes  diffuse,  but  more  often 
is  in  the  form  of  distinct  nodules.  The  favorite  seat  for 
their  formation  is  on  the  posterior  upper  portion  of  the 
gland,  and  this  distinct  tumor  formation  is  generally 
spoken  of  as  hypertrophy  of  the  third  lobe  of  the  pros- 
tate. The  lateral  halves  of  the  gland  are  the  next  most 
frequent  seat  of  this  formation.  It  is  rather  rare  that 
the  anterior  part  of  the  gland  is  affected,  although 
Thompson  has  described  a  tumor  here  as  large  as  a  wal- 
nut. 

Digestive  Tract. — The  myomata  of  the  digestive  tract 
are,  next  in  order,  most  frequent.  Their  microscopic 
characters  do  not  present  any  differences  from  those  of 
the  uterine  myomata.  Cyst-formation  and  degenerative 
processes  are  not  commonly  found.  They  occur  in  the 
oesophagus,  generally  near  the  cardiac  end,  in  the  stom- 
ach, and  in  the  intestine.  Myoma  of  the  appendix  has 
also  been  reported.  They  are  comparatively  rare  in  all 
these  localities,  they  seldom  attain  a  large  size,  and  usu- 
ally do  not  give  rise  to  symptoms,  unless  of  sufficient  size 
to  produce  obstruction  or  invagination.  In  the  duode- 
num such  tumors  may  obstruct  the  common  bile  duct 
(Dclafield  and  Prudden).  These  tumors  develop  from 
the  muscular  coats  of  the  canal,  soon  project  into  the 
lumen,  are  covered  only  by  the  mucous  membrane,  and 
may  become  pedunculated.  Less  frequently  they  project 
outward  beneath  the  peritoneum. 

Skin. — Myomata  in  this  location  are  divided  by  Besnier 
(Hyde)  into  two  groups :  simple  and  dartoic.  The  former 
are  rare,  less  than  a  dozen  cases  having  been  reported. 
They  are  generally  multiple,  occurring  chiefly  on  the 
upper  extremities  and  in  old  people,  especially  men. 
They  are  supposed  to  arise  from  the  erector  pili  muscles. 

The  dartoic  type  is  more  common,  generally  occurs 
singly,  and  is  found  most  frequently  in  the  skin  of  the 
rnammtie,  scrotum,  and  labia  majora.  They  may  be  ses- 
sile or  pedunculated,  and  vary  from  the  size  of  a  nut  to 
that  of  an  orange.  Mixed  forms  may  occur,  as  fibromy- 
oma,  angiomyoma,  and  lyniphangiomyoma. 

Bladder.— ^iyovxst,  of  this  organ  is  rare.  It  was  first 
described  by  Virchow,  who  supposed  it  to  be  an  out- 
growth of  the  prostate ;  but  a  myoma  of  the  bladder  pure 
and  simple,  arising  from  the  muscularis  and  extending 
beneath  the  peritoneum,  has  since  been  described  by  Bel- 
field  (  Wien.  klin.  Woch.,  1881,  329),  and  a  somewhat  sim- 
ilar one  by  Verhoogen  (Kelly,  "  Operative  Gynaecology  "). 
These  tumors  may  be  sessile,  but  are  usually  peduncu- 
lated. They  may  be  submucous  or  subserous,  and  vary 
greatly  in  size.  In  Verhoogen's  case  it  was  the  size  of 
a  child's  head.     They  are  usually  quite  vascular. 

Urethra.— Kyomsi  in  this  location  is   rare.     Bilttner 
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(quoted  by  Kelly)  found  an  ulcerated  myoma  the  size  of 
a  hen  s  egg  in  a  woman  of  forty  years  of  age 

Veins.— Small  leiomyomata  have  been  found  in  the 
saphenous  and  ulnar  veins.  A  large  myosarcoma  of  the 
mtenor  vena  cava  has  been  reported. 

Jmnej/.—Mmute  myomata,  usually  multiple,  are  oc- 
casionally found  in  the  kidney.  They  are  generally 
found  in  the  cortex,  close  beneath  the  capsule,  and  may 
arise  either  from  the  capsule  or  from  blood"- vessels  (Lar- 
"gau  and  Larkin,  Journal  of  Medical  Research,  N    S 

Y°^-}::  N°-  1'  1901)-  They  give  rise  to  no  symptoms  dur- 
ing life. 

Other  locations  in  which  leiomyoma  is  occasionally 
found  are  the  spermatic  cord  (the  growth  occurriug  here 
sometimes   as   a   myolipoma),    the    liver  (where    these 


riG.  3467.— CeUs  Irom  a  Rhabdomyoma.  (From  Ribbert  and  Wolfensberger.)  a,  h,  c,  Fibres  of  various 
sizes  with  transverse  striation  ;  ri,  small  nucleated  fibre  without  strife ;  6,  spindle  cell  with  longi- 
tudinal striae ;  /,  spindle  cell  vrtth  longitudinal  and  transverse  strise :  g,  spindle  cells,  non-striated, 
with  elongated  processes ;  h,  i,  round  cells  with  concentric  and  radial  striation. 


growths  are  of  slight  significance),  the  Fallopian  tubes, 
ovaries,  vagina,  and  vulva ;  in  all  of  which  locations  the 
type  is  generally  that  of  a  fibromyoma.  In  mixed  tumors 
of  the  mammary  gland  small  masses  of  both  smooth  and 
striated  fibres  are  occasionally  seen. 

Klidbchmyoma. — This  form  of  myoma,  "into  whose 
structure  striated  muscle  fibres  enter,  must  be  consid- 
ered one  of  the  rarest  of  tumors.  The  first  of  these 
tumors  was  described  by  Rokitansky,  and  since  then 
not  more  than  thirty  or  forty  cases  have  been  reported. 
Von  Recklinghausen  found  in  the  hearts  of  newly  born 
children,  in  a  few  instances,  small  tumor  masses  which 
contained  striated  muscle  fibres.  Generally  the  tumors 
are  not  pure  forms,  but  are  mixed  with  sarcoma.  The 
muscle  fibres  are,  as  a  rule,  not  straight  and  arranged  in 
masses,  but  are  separated  from  one  another  and  irregu- 
larly distributed  in  the  tumor.  The  character  of  the 
fibres  varies.  The  well-developed  fibres  appear  as  nu- 
clear bands  of  varying  width  and  may  have  both  longi- 
tudinal and  transverse  striations.  The  poorly  developed 
forms  are  narrow  bands  without  transverse  striations,  or 
spindle  cells  with  long  processes  and  imperfect  or  no 
striations ;  also  there  may  be  seen  irregular  round  or  oval 
cells,  varying  in  size,  with  radial  or  concentric  striation. 
Associated  with  these  are  numerous  cells  of  indefinite 
origin.  (See  Fig.  3467.)  A  sarcolemma  is  not  always 
demonstrable,  but  has  been  described. 

The  most  frequent  place  of  formation  of  these  tumors 
is  in  the  genito-urinary  system,  especially  in  the  kidney 
or  testicle,  and  frequently  in  the  uterus,  vagina,  bladder, 
or  ovaries.  They  occur  occasionally,  however,  in  other 
locations,  as  in  the  skeletal  muscles,  parotid  gland  (Prud- 
den),  subcutaneous  tissues,  mediastinum,  and  oesophagus. 
They  are  found  almost  exclusively  in  children,  and  may 
reach  a  very  large  size;  as  in  the  case  described  by  Mar- 
chand,  in  which  such  a  tumor  of  the  left  kidney  extended 
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from  the  diaphragm  to  the  pelvis  and  weighed  3,770  gm 
Most  probably  the  explanation  given  by  Cohnheinf  of 
their  origin,  which  refers  them  to  unused  embryonic  ma- 
terial, IS  the  correct  one.  Their  presence  in  such  parts 
Where  complications  in  the  embryonic  formations  take 
place,  and  where  there  is  a  mmgling  of  the  germinal 
layers,  speaks  in  favor  of  this.      liiehard  Hills  Pea/rce. 

MYOPIA— M—(/ii;(i)jria,  fivaviaaig,  also  /^vuwd;,  uv&ili— 
lrom|ziu  and  6i/-,  signifying  winking  or  contracting  the 
eyelids— German,  Kurzsiehtigkeit ;  French,  'sue  cmtrte  ; 
-bnghsli,  short-  or  near-sightedness)- is  mentioned  by 
Aristotle,  m  the  Galenical  writings,  and  by  the  Byzantine 
medical  authors— Oribasius,  Aetius,  Paulus  ^gineta,  and 
Actuarius.  It  is  described  as  a  congenital  condition,  in 
which  small  near  objects 
are  seen  distinctly,  but  dis- 
tant objects  imperfectly  or 
not  at  all;  also  as  the  op- 
posite condition  to  tliat  oc- 
curring in  old  persons  who 
distinguish  small  near  ob- 
jects, such  as  written  char- 
acters, imperfectly,  but  see 
well  at  a  distance.  It  is 
further  recognized  as  in- 
curable. 

These  brief  statements, 
which  comprehend  practi- 
cally the  sum  of  the  teach- 
ing of  the  earlier  writers  on 
medicine,  and  which  were 
not  seriously  questioned 
until  after  the  middle  of 
the  last  century,  include, 
nevertheless,  two  funda- 
mental errors:  (a)  M,  al- 
though very  common  in 
cliildren,  and  dependent  in 
many  cases  on  inherited  ten- 
dencies or  conditions,  is 
very  rarely  congenital ;  and 
(5)  M  is  not  the  opposite  condition  to  presbyopia — 
which  is  a  disability  resulting  from  impairment  of  the 
function  of  accommodation  incident  to  advancing  age 
— but  is  really  the  opposite  of  hypermetropia — H— (see 
Hypermetropia),  which  is  a  congenital  condition,  and 
which,  like  M,  consists  essentially  in  a  faulty  proportion 
between  the  radii  of  curvature  of  the  refracting  sur- 
faces of  the  eye  and  the  length  of  the  antero-posterior 
axis  of  the  eyeball. 

As  in  H  the  axis  of  the  eyeball  is,  as  a  rule,  actually 
shorter  than  in  the  normally  proportioned  (emmetropic) 
eye,  so  in  M  the  axis  of  the  eye  is,  as  a  rule,  longer  than 
in  the  emmetropic  eye.  These  two  opposite  anatomical 
conditions  constitute,  in  fact,  the  essential  variations 
from  the  normal  in  typical  H  and  M  respectively,  name- 
ly, axial  H  and  axial  M. 

Fig.  3468  represents,  in  section,  a  m3''opic  eye,  the 
dotted  outline  indicating  the  section  of  the  emmetropic 
eye  {cf.  Fig.  3758,  vol.  iv.,  p,  796).  It  has  been  explained 
(see  Accommodation  and  Refraction,  vol.  i.,  p.  56)  that  the 
sum  of  the  successive  refractions  at  the  cornea  and  the 
two  surfaces  of  the  crystalline  lens  is  just  sutHcient  to 
focus  pencils  of  parallel  rays  upon  the  retina  at  its  nor- 
mal position  E,  and  that,  through  the  exercise  of  its  ac- 
commodation, the  emmetropic  eye  is  able  to  focus,  upon 
its  retina,  pencils  of  divergent  rays,  such  as  are  received 
from  near  objects  {cf.  Pig.  3763,  vol.  iv.,  p.  797),  In  the 
myopic  eye  the  principal  focus — i.e.,  the  focus  for  pen- 
cils of  parallel  rays — is  in  front  of  the  actual  position  of 
the  retina,  so  that  the  retinal  image  of  any  distant  object 
is  made  up  of  overlapping  circles  of  confusion  and  is, 
therefore,  imperfectly  defined. 

The  unaccommodated  myopic  eye  is,  however,  adapted 
for  the  correct  focussing  of  pencils  of  divergent  rays 
emanating  from  an  object  at  some  particular  short  dis- 
tance, as  shown  in  Fig.  3469,  in  which  a  pencil  of  rays 
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diverging  from  r  is  represented  as  refracted  to  a  focus  on 
the  retina  of  the  myopic  eye  at  M.  The  distance  of  this 
far-pTaoi  distinct  vision  (p. «*™  T^'Trt'^Tf  a 
measured  from  the  eye  in  metres  or  fractional  parts  of  a 
S  ?re  is  the  reciprocal  of  the  grade  of  the  myopia  ex- 
pressed in  dioptrics.  Representing  this  distance  by  R, 
and  the  grade  of  the  myopia  by  M,  we  have: 


R  =  jj  metre 


[1] 


By  the  exercise  of  its  accommodation  the  myopic  eye 
is  able  to  adjust  itself  for  distinct  vision  at  any  distance 


accommodation  (R  — P),  although  extended,  by  a  few 
centimetres,  in  the  direction  toward  the  eye,  is  so  greatly 
contracted,  as  a  whole,  as  practically  to  annul  the  part 
played  by  the  accommodation  in  seeing  at  short  range; 
only  in  the  lower  grades  of  myopia,  in  which  r  Wes 
farther  from  the  eye  than  the  reading  distance,  is  there  a 
limited  field  for  a  partial  exercise  of  the  accommodation 
to  meet  the  restricted  requirements  of  near  vision. 
As  a  consequence  of  the  displacement  and  contraction 


£ 


less  than  R,  up  to  a  limiting  point  p  (Fig.  3470),  which  is 
called  the  near-point  (punctumproximum).  The  distance 
of  the  near-point  from  the  eye,  represented  by  P,  is  the 
reciprocal  of  the  grade  of  the  myopia  plus  the  range  of 
accommodation,  both  expressed  in  dioptrics.  Represent- 
ing the  range  of  accommodation  by  A,  we  have : 

P  =  mT"A  "'"'''"  •  •  ■  •  P] 

From  the  form  of  equations  [1]  and  [3],  it  is  evident 
that,  for  increasing  values  of  M,  both  R  and  P  decrease, 
but  that  R  decreases  at  a  greater  rate  than  P.  It  follows 
that  for  higher  grades  of  myopia,  both  r  and  p  fall  nearer 


FIG.  3468. 


of  the  region  of  accommodation  in  myopia,  the  interrela- 
tion of  accommodation  and  convergence,  as  it  exists  in 
emmetropia  (see  Accommodation  and  Refraction,  vol.  1., 
pp.  55-5b),  is  materially  altered.     Thus,  in  myopia  of  M 


to  the  eye  than  for  lower  grades  of  myopia,  and  that 
they  also  fall  nearer  together. 
Subtracting  equation  [2]  from  equation  [I],  we  have: 


R- 


-P  =  i_  J_ 

M      M+A 


metre 


[3] 


The  linear  measure  R  —  P,  which  represents  the  differ- 
ence in  the  distance  of  the  far-point  (r)  and  the  near- 
point  (p)  from  the  eye,  and  which  represents,  therefore, 
the  linear  distance  througli  which  the  mj'opic  eye  is  able 
to  adjust  itself  for  distinct  vision  by  the  full  exercise 
of  its  accommodation  (A),  is 
its   region    of   accommodation.       -jj 
As  R  is  the  reciprocal  of  M,     j' 
the  region  of  accommodation,' 

R  —  P,  is  at  its  maximum  (inlinity)  when  M  =  zero  (em- 
metropia).    Table  I.  shows  the  measure  of  R,  of  P,  and 

Table  I. 


Fig.  3469. 


1.  D. 
^.  D. 

3.  D. 

4.  D. 

5.  D, 

6.  D. 

7.  D 

8.  D, 

9.  D 
10.  D 


M 


1  =  1.000  m. 
I  =  0.500  m. 
J  =  0.333  m. 
i  =  0.350  m. 
i  =  0.200  m. 
J  =  0.167  m. 
i  =  0.143  m. 
J  =  0.125  m. 
J  =  O.Ul  m. 
A  =  0.100  m. 


M- 


A  =  0.091  m. 
•k  =  0.083  m. 
i'3  =  0.077  m. 
A  =  0.071  m. 
Vs  =  0.067  m. 
t'o  =  0.063  m. 
iV  =  0.059  m. 
tV  =  0.0.56  m. 
A  =  0.0.53  m. 
Jb  =  0.050  m. 


] 


M      M  -I-  A  ' 


li  =  0.909  m. 

M  =  0.417  m. 

58  =  0.256  m. 

n  =  0.179  m. 

H  =  0.133  m. 

^S  =  0.104  m. 
VA  =  0.084  m. 
A'i  =  0.069  m. 
tVV  =  0.058  m. 
^"„  =  0.050  m. 


of  R  —  P,  respectively,  for  progressively  increasing 
grades  of  myopia,  from  1.  D  to  10.  D,  in  a  young  person 
with  an  unimpaired  range  of  accommodation  of  10.  D. 

Inspecting  Table  I.,  it  will  be  observed  that  in  high 
grades  of  myopia  botli  the  near-point  (p)  and  the  far- 
point  (r)  are  very  near  to  the  eye,  and  that  the  region  of 


FIG.  3470. 

dioptries,  the  farthest  point  of  distinct  vision — r — (under 
full  relaxation  of  the  accommodation)  is  at  a  distance  of 

=ri  metre  from  the  eye;  but,  in  order  to  see  an  object  at 

this  distance  with  the  two  eyes,  the  axes  of  the  two  eyes 
must  converge  to  an  amount  represented  by  M  metre- 
angles  (see  vol.  i.,  p.  583,  note).  It  follows  that  for  perfect 
binocular  vision,  at  or  within  the  distance  of  the  far- 
point,  a  normal  exercise  of  the  convergence,  correspond- 
ing to  the  distance  of  the  (near)  object,  must  be  associated 
either  with  full  relaxation  or  with  less  than  the  normal 
exercise  (relative  relaxation)  of  the  accommodation;  in 
other  words,  there  is  an  essential  change  in  the  relation 
between  accommodation  and  convergence  from  that . 
which  obtains  in  emmetropia,  in  which  (normal)  condi- 
tion an  exercise  of  the  convergence  measured  by  any 
number  of  metre-angles  goes  hand-in-hand  with   the 
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dation^^  °*  ^"^  ^^^^^  number  of  dioptrics  of  accommo- 

As  a  fact  a  notable  readjustment  of  tlie  physiological 
bond  by  wJiich  the  two  functions  of  accommodation  and 
■convergence  are  linked  together  follows  closely  upon  the 
progressive  change  in  the  refraction  in  most  cases  of 
myopia;  and  this  readjustment  is  often  so  nearly  perfect 
as  to  admit  of  the  easy  and  sustained  use  of  the  two  eves 
together  m  near  work.  Thus  in  most  cases  of  stationarv 
■or  slowly  progressive  myopia,  up  to  a  grade  of  about  8 
U,  no  dithculty  is  experienced  in  reading  ordinary  print 
with  the  two  eyes,  at  approximately  the  noimal  reading 
■distance  of  about  i  metre;  also,  in  notably  liigher  grades 
of  myopia,  very  tine  print  may  be  read,  easily  and  with- 
out fatigne,  at  some  shorter  distance  corresponding  to 
■the  distance  of  the  point  of  intersection  of  the  visual 
axes.  Hence  the  very  old  and  widely  disseminated  be- 
lief that  myopes,  as  a  class,  enjoy  a  substantial  advan- 
tage m  respect  of  strong  and  fine  vision  in  near  work  and 
that  this  advantage,  together  with  the  further  advantage 
of  partial  or  complete  exemption  from  the  ordinary  dis- 
abilities incident  to  presbyopia,  may  be  held  to  outweigh 
the  single  recognized  disadvantage  of  imperfect  vision 
at  a  distance.  That  this  old  belief  is,  in  the  main,  erro- 
neous, and  founded  in  ignorance  or  imperfect  appreciation 
■of  the  pathology  of  myopia  as  the  visual  expression  of 
distention  of  the  eyeball  from  disease,  is  proved  by  the 
anatomical  demonstration  of  extensive  and  characteristic 
lesions  in  the  fundus  and  coats  of  the  eye  in  high  grades 
of  myopia;  by  the  study  of  these  lesions  in  the  living  eye 
in  their  successive  stages  of  development,  as  revealed  by 
the  ophthalmoscope;  by  extended  statistical  researches 
on  the  refractive  conditions  existing  in  the  eyes  of  school 
■children  in  the  lower  and  higher  classes  and  grades ;  and 
by  clinical  experience  based  on  successive  examinations 
of  the  eyes  of  individual  myopes,  extending  often  over 
many  years. 

Two  fundamental  facts,  based  on  exhaustive  studies  of 
myopia  during  the  past  half-century,  are  definitively  es- 
tablished : 

(a)  Myopia  is  ordinarily  the  optical  expression  of  an 
■elongation  of  the  antero-posterior  axis  of  the  eyeball,  de- 
pendent on  a  pathological  distention  of  the  globe.  Fur- 
thermore, this  distention  is  in  many  cases  rapidly  pro- 
gressive, and  not  infrequently  attains  to  so  high  a  grade 
as  to  become  a  grave  menace  to  the  integrity  of  the  eye 
as  an  organ  of  vision. 

(J)  In  many  cases  of  myopia,  especially  when  it  is  of 
high  grade  or  of  rapid  development,  the  compensatory 
readjustment  of  the  convergence  to  the  displaced  region 
of  accommodation  is  in  so  far  incomplete  as  to  give  rise 
to  a  state  of  persistent  conilict  between  accommodation 
and  convergence.  As  alternative  issues  of  this  conflict 
there  may  result  either  an  habitual  exercise  of  the  accom- 
modation in  excess  of  that  which  is  required  for  perfect 
Tision  at  the  distance  of  the  point  of  intersection  of  the 
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an  infinite  distance.  At  the  same  time  the  near-point  (p) 
is  removed  farther  from  the  eye,  to  a  distance,  i  deter- 
mined by  the  magnitude  of  the  range  of  accommodation 
(see  Accommodation  and  Refraction,  vol  i    p   57) 

The  effect  of  a  concave  lens  added  to  a  myopic  eye  is 
then  to  remove  both  the  far-point  (r)  and  the  near-point 
(p)  to  a  greater  distance  from  the  eye;  but  the  recession 
of  r  IS  greatM  than  that  of  p.  The  region  of  accommo- 
dation (R-P)  is  therefore  enlarged,  attaining  its  maxi- 
mum (infinity)  when  the  (negative)  power 'of  the  lens  is 
numerically  equal,  in  dioptrics,  to  the  grade  of  the 
myopia.* 

As  a  result  of  this  re -establishment  of  a  normal  region 
of  accommodation,  with  the  far-point  (r)  at  infinity  the 
requirements  for  the  conjoined  exercise  of  the  accommo- 
dation and  the  convergence  in  binocular  vision  become 
identical  with  those  which  obtain  in  emmetropia— the  dis- 
tance of  the  near-point,  as  determined  by  the  exercise  of 
a  certain  number  of  dioptrics  of  accommodation  now 
coinciding  with  that  of  the  point  of  intersection  of  the 
visual  axes,  as  determined  by  an  exercise  of  the  converg- 
ence measured  by  the  same  number  of  metre-angles.  As 
a  rule,  in  uncomplicated  myopia  of  low  or  medium  grade 
with  unimpaired  range  of  accommodation  and  normal 
acuity  of  visual  perception,  little  or  no  inconvenience  is 
experienced  in  utilizing  fully  the  enlarged  region  of  ac- 
commodation and,  at  the  same  time,  re-adjusting  the 
convergence  to  the  changed  optical  conditions  imposed 
by  the  wearing  of  neutrahzing  concave  glasses.  In  the 
higher  grades  of  myopia,  especially  if  concave  glasses 
are  to  be  given  for  the  first  time,  only  a  partial  optical 
correction  may  be  accepted  in  the  beginning,  and  the 
full  correction  may  have  to  be  reached  by  a  later  change, 
or  perhaps  through  one  or  more  changes,  to  glasses  of 
greater  power. 

With  advancing  years,  as  the  crystalline  lens  becomes 
progressively  harder  and  less  capable  of  undergoing 
changes  in  form  (see  Accommodation  and  Infraction, 
vol.  i.,  p.  59),  the  range  of  accommodation  (A)  dimin- 
ishes in  myopia  just  as  in  emmetropia  and  in  hyperme- 
tropia.     With  decreasing  A,  approaching  zero  in  old  age, 

1  1 

P  =  '^j    .    ■   .  .  [3]    increases,  approaching  R  ==rf  .  .  [1] 

as  a  hmit;  the  region  of  accommodation  (R  — P)  being 
then  reduced  to  zero  througli  the  recession  of  p  to  r.  At 
the  practically  unchanged  distance  of  r,  the  vision  of  the 
myopic  eye  is  still  perfect,  and  whenever  r  lies  within  a 
convenient  reading  distance  fronj  the  eyes,  as  in  myopia 
of  not  less  than  3.  D  or  4.  D,  convex  glasses  are  not 
needed  for  reading.  In  myopia  of  less  than  3.  D  the 
need  of  convex  reading  glasses  is  first  experienced  later 
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visual  axes,  or  accurate  accommodation  for  the  actual 
reading  distance  accompanied  by  fatigue  or  insufficiency 
of  the  recti  interni  muscles — muscular  asthenopia,  •  or 
relative  or  actual  strabismus  divergens  (see  Asthenopia 
and  Strabismus). 

A  myopic  eye  looking  through  a  concave  lens  of  any 
(negative)  power  up  to  the  measure  of  its  myopia  is  ren- 
dered virtually  less  myopic.  With  a  concave  lens  of  N 
'dioptrics,  taking  N  <  M,  the  uncorrected  part  of  the 
myopia  is  M  —  N  dioptrics. 

If  we  take  N  =  M  (Fig.  8471),  we  have  M  —  N  =  zero, 
in  which  case  the  myopia  is  completely  corrected  (neutral- 
ized) by  the  concave  lens,  and  the  eye  is  rendered  vir- 
tually' emmetropic,  i.e.,  the  far-point  (r)  is  carried  off  to 


FIG.  3471. 

in  life  than  in  emmetropia,  and  relatively  weak  glasses 
then  suflice.  Similarly,  in  the  liigher  grades  of  myopia, 
concave  glasses  weaker  than  those  which  completely  cor- 
rect the  eyes  for  distant  vision  must  be  given  for  reading 
at  the  best  distance  from  the  eyes. 


*It  ■we  take  N  >  M,  the  effect  of  the  concave  lens  will  he  to  over, 
correct  the  myopia,  and  the  eye  will  be  rendered  virtually  hyperme- 
tropic (see  Hypermetropia.) 
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Althougli  the  tendency  in  axial  myopia  is,  as  a  rule, 
in  the  direction  of  a  progressive  increase m  grade  as  a  re- 
sult of  progressively  increasing  distention  of  the  eyeball, 
in  a  notably  large  proportion  of  all  cases  of  myopia  this 
tendency  becomes  arrested  sooner  or  later,  and  the  length 
of  the  axis  of  the  eye  may  then  continue  stationary  for 
many  years  or  during  the  remainder  of  life.  In  such 
cases  a  small  decrease  in  the  grade  of  the  myopia, 
amounting  to  a  dioptrie  or  two,  or  perhaps  a  little  more, 
may  generally  be  detected  in  old  age,  as  a  result  of  a 
physiological  decrease  in  the  refractive  power  of  the 
crystalline  lens  (see  Hypermetropia  Acguisita,  vol.  Iv.,  p. 
800).  On  the  other  hand,  an  increase  of  a  few  dloptries 
in  the  refractive  power  of  the  crystalline  lens  is  not  Infre- 
quently observed  as  an  incident  of  beginning  senile  cata- 
ract, and  from  this  cause  a  tnie  lenticular  myopia  may 
make  its  appearance  in  old  age,  or  a  pre-existing  myopia 
may  develop  a  considerable  increase.  Thus  certain  el- 
derly persons,  who  have  used  convex  glasses  in  reading 
for  perhaps  many  years,  discover  that  they  can  read  as 
well  or  better  without  glasses  (so-called  second  sight), 
and  in 'certain  cases  of  myopia  it  is  found  that  the  con- 
cave glasses  which  have  been  habitually  worn  are  no 
longer  perfectly  satisfactory  in  distant  vision.  A  re- 
vision of  the  glasses  worn  by  myopes,  whether  for 
distance  or  in  reading,  is  therefore  generally  indi- 
cated in  advanced  life,  changing  oftenest  to  some- 
what weaker  concave  glasses,  but  occasionally  to 
stronger,  according  as  tlie  lenticular  refraction  is  found 
to  have  diminished  or  to  have  undergone  a  pathological 
increase. 

Tlie  size  of  the  retinal  image  of  any  object  situated  at 
or  within  the  distance  of  the  far-point  of  the  myopic  eye 
is  greater  than  in  the  case  of  the  same  object  focussedby 
an  emmetropic  eye  through  the  exercise  of  its  accommo- 
dation, in  the  ratio  of  the  respective  distances  of  tbe  sec- 
ond nodal  point  of  the  eye  {k")  from  the  retina.  The  size 
of  the  retinal  image  increases,  therefore,  for  every  in- 
crease in  the  length  of  the  eyeball,  so  that  a  young  per- 
son, with  uncomplicated  myopia  of  high  grade,  may  en- 
joy, for  a  time  at  least,  exquisitely  fine  sight  for  small 
near  objects.  With  the  correction  of  the  myopia  by  con- 
cave spectacles,  the  nodal  point  is  moved  nearer  to  the 
retina,  and,  in  the  case  of  a  neutralizing  concave  glass 
worn  at  the  anterior  principal  focus  of  the  eye  (about  13 
mm.  In  front  of  the  cornea),  the  distance  of  the  nodal 
point  from  the  retina,  consequently  the  size  of  the  reti- 
nal image,  becomes  the  same  as  in  emmetropia.  Owing 
to  this  diminution  in  the  apparent  size  of  small  near  ob- 
jects, it  not  infrequently  happens  that  a  myope  of  high 
grade,  although  accepting  neutralizing  concave  glasses 
for  distance,  is  disinclined,  or,  in  the  case  of  subnormal 
visual  acuity,  is  unable  to  use  them  in  reading.  This 
may  become  a  source  of  grave  embarrassment  to  the  oph- 
thalmic practitioner,  who  recognizes  the  dangers  attend- 
ant upon  the  habitual  use  of  the  uncorrected  eyes  in  fine 
near  work,  but  may  find  it  diflicult  to  persuade  a  young 
patient  to  abandon  such  work  as  a  means  to  the  conser- 
vation of  his  sight. 

Origin  and  Development  of  Myopia.— In  young  children 
hypermetropia  is  the  typical  refractive  condition.  Of 
100  eyes  of  infants  from  one  to  four  weeks  old,  meas- 
ured, under  atropine,  with  the  ophthalmoscope,  by  Horst- 
mann,'  88  (aggregating  244.  D)  were  hypermetropic,  10 
were  emmetropic,  and  3  (aggregating  4.  D)  were  myopic. 
Of  100  eyes  of  children  between  one  and  two  years  of 
age,  similarly  examined  under  atropine,  84  (aggregating 
188.  D)  were  hypermetropic,  10  were  emmetropic,  and  6 
(aggregating  8.  D)  were  myopic.  Of  100  eyes  of  children 
between  four  and  five  years  of  age,  74  (aggregating  188. 
D)  were  hypermetropic,  13  were  emmetropic,  and  13  (ag- 
gregating 32.  D.)  were  myopic. 

Of  10,060  pupils  of  public  schools  in  Breslau  (including 
1.486  children  in  five  village  schools)  examined  subjec- 
tively by  H.  Cohn,2  the  percentage  of  cases  of  myopia 
increased  progressively  from  an  average  of  6,7  per  cent. 
in  twenty  elementary  schools,  to  an  average  of  26  2  per 
cent,  in  two  gymnasia  (colleges).     The  grade  of  myopia 

80 


also  increased  from  an  average  of  1.8  D,  in  the  elementary 
schools,  to  2.  D  in  the  gymnasia. 

Erismann  "  measured  the  refraction  in  4,388  pupils  of" 
schools  in  St.  Petersburg ;  he  found :  Of  hypermetropes, 
43.54  per  cent. ;  of  emmetropes,  36.10  per  cent. ;  of  my- 
opes, 30.36  per  cent.  Tabulated  in  percentages  for  suc- 
cessive years  of  school  life,  Erismann's  statistics  show, 
for  seven  consecutive  school  grades,  a  progressive 
decrease  in  hypermetropia  from  55.6  per  cent,  in  tlie- 
lowest  to  36.3  per  cent,  in  the  highest  grade,  and  an  in- 
crease in  myopia  from  15.8  per  cent,  in  the  lowest  grade- 
to  43.8  per  cept.  in  the  highest.  The  percentage  of  em- 
metropic is  given  as  38  per  cent,  in  the  lowest  grade, 
35.1  per  cent,  in  the  sixth  grade,  and  31  per  cent,  in  the 
seventh  (highest)  grade ;  in  grades  I.  to  VI.  it  fluctuates, 
between  38  per  cent,  and  35.1  per  cent.,  averaging  36.1 
per  cent.  Studied  as  a  whole,  the  numbers  show  (a)  a. 
progressive  increase  in  the  percentage  of  cases  of  mj'o- 
pia,  (b)  a  concomitant  progressive  decrease  in  the  percen- 
tage of  cases  of  hypermetropia,  and  (c)  a  nearly  constant, 
percentage  of  cases  of  emmetropia.  They  thus  empha- 
size the  fact,  previously  suspected,  but  denied  by  Don- 
ders,  that  the  ranks  of  myopia  are  recruited,  through 
emmetropia  as  a  transient  condition,  from  eyes  originally 
hypermetropic.  It  follows  that  a  condition  of  emmetro- 
pic or  even  of  hypermetropic  refraction  may  be  present 
in  an  eye  which  has  already  undergone  notable  disten- 
tion, and  that  the  beginning  of  the  pathological  process 
tj^pical  of  myopia  must  be  dated  back,  in  many  cases, 
to  a  period  possibly  long  antecedent  to  the  development 
of  myopic  lefraction.  In  this  fact  is  found  an  explana- 
tion of  the  cases  in  which  pathological  conditions  charac- 
teristic of  myopia  of  high  grade  are  seen  in  eyes  of  rela- 
tively low  myopic  refraction,  or,  more  rarely  and  less 
highly  developed,  in  eyes  which  are  optically  emmetro- 
pic or  hypermetropic. 

An  enormous  mass  of  statistical  material  gathered  by 
many  observers  in  many  lands  shows  conclusively  that 
with  moderate  and  easily  explicable  variations  in  the- 
percentages,  the  conclusions  based  on  the  original  re- 
searches of  Cohu  and  Erismann  are  essentially  true  for 
all  highly  civilized  communities. 

Distribution  of  Myopia. — Myopia  is  pre-eminently  a 
disease  of  the  higher  ranks  of  society,  and  of  highly  cul- 
tured peoples.  It  is  widely  prevalent  in  Germany,  where 
its  causes  may  be  referred,  iik  part,  to  the  national  "stu- 
dious habit " ;  partly  to  long  hours  of  school  work,  sup- 
plemented by  protracted  study  hours  at  home,  by  arti- 
ficial light ;  partly  to  the  general  use  of  the  old  German 
text,  in  which  the  differentiation  of  certain  letters  is- 
especially  difficult ;  and  possibly  to  racial  predisposition. 

In  a  relatively  small  proportion  of  cases,  myopia  of 
high  grade  and  of  malignantly  progressive  type  is  ob- 
served in  laborers  or  other  persons  who  have  never  been 
subjected  to  the  conditions  generally  recognized  as  espe- 
cially causative  of  myopia ;  in  these  cases  an  Inherited 
predisposition  _  to  myopia  may  be  suspected.  Myopia 
often  occurs  in  certain  families,  appearing  in  several 
children  of  a  myopic  parent  or  parents,  and  sparing 
others.  Soldiers  and  sailors  are,  as  a  rule,  exempt;  but 
this  is  mainly  a  result  of  selection.  Savage  races  are- 
largely  exempt  from  myopia;  Purnari ■■  found  no  cases- 
among  the  ICiibyles.  "Survival  of  the  fittest"  and  the 
absence  of  exciting  causes  of  myopia  afford  an  obvious- 
explanation. 

Myopia  as  Belated  to  Age.—Tlw  statistics  of  myopia 
show  that  it  is  essentially  an  acquired  condition;  also 
that,  in  school  or  college,  myopia  of  high  grade  occurs 
almost  exclusively  in  the  more  advanced  classes.  Every 
case  of  myopia  must,  therefore,  be  regarded  as  having 
passed  through  a  progressive  change  from  a  lower  to  a 
higher  grade,  and,  especially  in  the  ease  of  a  young  per- 
son, as,  possibly  or  probably,  still  in  a  stage  of  contin- 
uous or  remittent  progression.  Thestudy  of  the  refrac- 
tion of  individual  young  moypes,  examined  from  year 
to  year,  enforces  the  same  conclusion.  The  age  at  which 
a  more  rapid '  increase  is  ordinarily  first  noticed  follows 
very  closely  upon  that  at  which  considerably  increased. 
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tlemandsure  made  upon  the  eyes  iu  study,  namely,  about 
fourteen  j'eais.  From  about  the  fifteenth  to  about  tht^ 
twenty-fifth  year  the  increase  is  geuerall}'  most  rapid. 
Tliis  corresponds,  in  a  general  way,  to  tlie  years  of  ad- 
vanced preparatory  and  collegiate  study,  with  some  adiled 
years  in  the  universit}'  or  in  a  professional  school.  It  also 
includes  the  ordinary  period  of  apprenticeship  to  trades 
which  may  demand  close  and  continuous  ap|ilication. 
Furthermore,  a  somewhat  rapid  late  of  inci'ease  may  be 
expected  to  go  on,  for  a  time,  after  the  special  determin- 
ing conditions  have  been  mitigated  or  have  ceased  to  be 
actively  operative. 

In  considering  the  influence  of  age  in  its  relation  to 
the  development  of  myopia,  the  greater  extensibility  of 
the  scleral  tissue  in  children  may  be  assumed  to  play  an 
important  part.  Also,  in  older  subjects,  the  stretched 
and  tbinnecl  sclera  of  the  highly  myopic  eye  may  oppose 
inadequate  resistance  to  continuing  distending  tY)rces  to 
which  it  has  already  yielded.  As  a  fact,  myopia  is  sel- 
dom developed,  in  a  previously  healthy  emmetropic  eye, 
after  the  term  of  youth  has  Ijeen  passed;  the  apparent 
exceptions  are  almost  always  instances  of  increase  in  the 
grade  of  pre-existent,  but  unrecognized  or  unacknowl- 
edged, short-sightedness. 

Myopia  of  Ugh  grade  (10.  D  or  more)  is  occasionally 
observed  in  a  child  of  eight  or  nine  years,  and  should 
then  bo  contemplated  with  great  solicitude  in  view  both 
of  the  disability  incident  to  the  high  grade  to  which  it 
maybe  expected  to  attain  and  the  fear  that,  later  in  life, 
the  integrity  of  the  eyes  may  be  endangered. 

It  has  been  erroneously  assumed  that  myopia  tends  to 
diminish  with  advancing  age.  On  the  contrary,  it  is  al- 
ways cither  progressive  or,  at  the  best,  stationary.^  An 
apparent  exception,  based  on  certain  cases  iu  which  a 
myopia  of  low  grade  disappears  as  a  result  of  a  decrease 
in  the  refractive  power  of  the  crystalline  lens  in  old  age, 
also  the  occasional  late  occurrence  of  a  lenticular  type  of 
myopia  dependent  on  a  pathological  increase  in  tlie  re- 
fractive power  of  the  crystalline,  have  been  already  ineu- 

tioned. 

ClasMjicatioii  of  3/)/o/«'<(.— Bonders"  has  divided  myo- 
pia into  three  categories,  basing  them  on  the  course  and 
progress  of  the  disease,  namelv :  (1)  stationary  M;  (2) 
temporarily  progressive  M;  (3)  permanently  progres- 
sive M.  ,        .  ,    , 

(1)  The  type  of  the  stationary  class  is  representect 
mainly  by  eases  of  myopia  of  low  grade,  which  increase 
slowly  up  to  a  limit  not  much  exceeding  2.5  I)  to  d.  D  at 
the  age  of  twenty-five  years;  after  the  twenty-tifth  year 
the  increase  is  insignificant.  In  this  category  are  in- 
cluded certain  cases  of  myopia  of  higher  grade,  wliich 
follow  a  similar  course  of  slow  and  limited  progression. 
After  the  age  of  about  fifty  years,  distant  vision  otten 
improves,  owing  in  part  to  the  smaller  pupils  in  elderly 
people,  lessening  the  diameter  of  the  circle^  of  confusion 
in  the  retinal  image,  and  in  part  to  the  slight  physio  ogi- 
cal  decrease  in  the  refractive  power  of  the  crystabne  lens. 

(3)  The  temporarily  progressive  class  includes  those 
cases  which  increase  rapidly  np  to  about  the  t^venty-(if  h 
year,  and  become  stationary,  generally  before  the  thu  tieth 
year  after  having  attained  a  grade  averaging  about:  8.  D. 
At  this  grade  the  myopia  remains  practically  stationary 
during  the  remainder  of  life,  but  with  a  tendency  m  cer- 
tain cases,  to  recrudescence,  which  may  bring  the  case 
under  the  category  of—  . 

(3)  Permanently  progressive  myopia.  In  this  class  a 
myopia  of  6.  D  or  more,  at  the  age  of  twelve  years,  de- 
veips  continuously,  but  generally  at  a  ^Ifcrcasing  rate 
up  to  a  limit  which  may  reach  or  exceed  20.  D  -it  the  age 
of  sixty  years.  "The  worst  is  then  to  bo  fearecL  It  is 
rare  at  sixty  years  of  age  to  find  a  tolerably  useful  eye 
w  th  myopkt  of  16.  D  or  even  of  13.  D  "  { Donders). 

MMaL^copio  Appearances.-The  region  of  the  fun- 
dus about  the  entrance  of  the  optic  nerve  (optic  disc)  s 
the  seat  of  certain  very  characteristic  changes  which,  al- 

hou'h  occasionally  seen  in  eyes  of  emmetropic  or  even 
of  1  |pe?metropic  refraction,  are  so  constant  m  myopia 
that  they  are  justly  regarded  as  typical  of  this  disease. 
Vol.  VI.— 6 


Especially  characteristic  is  an  alteration  in  the  elioroid 
which,  from  its  general  conflgural ion,  is  known  as  tlie 
"crescent''    or   "sickle"    (Figs.   3472,    3-173,   and 


as 
3174). 


Fig.  ;!iT2.— Left  Eye. 


FIG.  3473.— Left  Eye. 


FIG.  3474.— liight  Eye. 

Fic^   347"   3473,  AND  3474.-Represent  PMerent  Types  of  Crescents 
FIGS.  J4/-,  ■^'g-^.g^  jjj  ,^g  yrect  imase.     (From  Jaeger.) 

This  appears,  ordinarily,  as  a  whitish  or  grayish-white 

area   crescent  c  in  outline,  the  concavity  ot  the  crescent 
area,  cic.ccn  ^^^^^  ^^^^^        ^^^  ^j^^  ^^^^^.^  ^j^^  ^^^_ 


closely  hugginf 
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vexity  fither  sliarply  outlined  l)y  a  more  or  less  coii- 
spicu'ousl.y  pigmented  border  or  sliading  gradually  into 
tlie  normal  clioroidal  tissue  in  tlie  general  direetioa  of 
tlie  fovea.  Traversing  tliis  area  tlie  liner  retinal  vessels, 
wliicli  supply  the  region  about  tlie  macula,  are  seen 
somewhat  straightened  in  their  course,  as  if  stretclied 
longitudinally.  The  crescent  may  vary  in  widtli  from  a 
tliiu  sickle-shaped  band  at  the  disc-margin,  from  which 
it  is  with  difliculty  to  be  distingui.shed,  to  a  large  area, 
approximately  parabolic  in  outline,  which,  from  its  re- 
semblance tea  conic  section,  has  been  named  "conus. " 
In  other  cases,  especially  in  myopia  of  high  grade,  the 
approximately  regular  curvilinear  outline  is  lost,  the 
altered  area  taking  on  irregular  and  often  bizarre  shapes. 

The  myopic  crescent  is  essentially  the  expression  of  a 
localized  atrophy  of  the  choroid,  accompanied  in  many 
cases  by  a  stretching  and  thinning  of  the  sclera  adjacent 
to  and  mainly  at  the  temporal  side  of  the  optic  disc.  It 
then  becomes  an  area  of  least  resistance  which  may  be  the 
seat  of  a  graduall^y  increasing  protuberance  or,  in  ex- 
treme cases,  of  a  deforming  boss,  at  the  posterior  pole  of 
the  eye  {staphyloma  posticuw). 

The  pathological  processes  leading  to  the;  development 
of  the  crescent  are  still  imperfectly  understood.  In  gen- 
eral, the  ophthalmoscopic  appearances  are  such  as  to  sug- 
gest a  sliding  of  the  choroid  on  the  sclera,  with  attendant 
stretching  of  the  choroidal  tissue  at  the  temporal  side  of 
the  disc.  As  a  result  of  this  stretching,  a  localized  cho- 
roidal inflawmation  of  low  grade,  passing  into  atrophj-, 
may  be  invoked  as  offering  the  best  explanation  of  the 
origin  and  suUsequent  enlargement  of  the  crescentio  area. 
The  irregular  exten.sion  of  the  conns  in  advanced  stages 
of  the  disea.se  is  clearly  the  expression  of  atrophy  follow- 
ing choroiditis.  Atrophic  spots  in  different  parts  of  the 
fundus,  indicating  areas  of  previous  circumscribed  in- 
flammation of  the  choroid,  are  of  not  infrequent  occur- 
rence in  high  grades  of  myopia. 

The  optic  disc  in  myopic  eyes  often  presents  an  oval 
contour,  as  if  shortened  in  its  horizontal  diameter.  This 
appearance  may  be  simply  the  effect  of  foreshortening 
due  to  an  oblique  position  of  the  disc  with  reference  to 
the  direction  from  which  it  is  viewed.  In  many  cases, 
however,  there  is  almost  certainly  an  actual  variation 
from  the  typical  circular  form. 

Capillary  hypememia  of  the  disc  is  a  frequent  condi- 
tion, especially  in  young  myopes  whose  myopia  is  in  the 
progressive  stage ;  it  may  be  regarded  as  the  local  expres- 
sion of  general  ocidar  liy  pera-mia.  At  a  later  period,  after 
the  con,gestion  has  disappeared,  the  di.sc  often  assumes  a 
pallid  tint  indicative  of  antcmia,  and  maj-  even  present 
the  appearance  of  a  shallow  excavation. 

Liquefaetitm  of  the  vitreous,  with  the  pre.sence  of  finer 
or  coarser  floating  specks  or  shreds,  is  very  common  in 
myopia  of  higli  grade  and  long  standing.  Myopic  eyes 
are  also  especially  subject  to  detachment  of  the  retina. 


Fig. 


.34T.">.-LonKituiIinal  Section  Through    the    Optic  Nerve  at  it.s 
Entrance  into  the  Eye.     (From  Jaefrer.) 


a  di.saster  which  has  lieen  attribulcd  to  a  dragging  of  the 
vitreous  upon  tlie  retina.  A  bow-shaped  ivtiex'concen- 
tric  with  the  disc  (best  seen  througli  a  concave  lens,  a 
little  weaker  than  the  measure  of  I  he  myopia,  behind  tlie 
hole  in  the  mirror  of  the  ophthalmoscope)  has  been  de- 
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sciibed  by  Weiss  ^  as  a  sign  of  posterior  separation  of  the 
vitreous  from  the  retina. 

Piithologkal  Anatt/iiiy, — A  meridional  section  through 
the  fovea  and  the  distal  end  of  the  optic  nerve  (Fig.  2475) 
shows,  in  cases  of  highly  developed  conus,  a  wide  sepa- 
ration of  the  inner  and  outer  nerve  sheaths  where  the 
nerve  joins  the  .globe.  Beyond  the  limits  of  the  conus 
the  outer  sheath  becomes  continuous  with  and  reinforces 
the  .sclera,  but  within  the  area  corresponding  to  the 
conus,  where  the  reinforcing  flbres  of  the  outer  sheath 
are  absent,  the  outer  coat  of  the  e3'e  appears  very  much 
thinner  than  in  its  normal  condition  or  than  at  the  pos- 
tei'ior  region  of  the  globe  generallj'. 

A  general  thinning  of  the  sclera,  the  decrease  in  thick- 
ness becoming  gradually  more  marked  posteriorly,  is 
characteristic  of  the  higher  grades  of  myopia. 

A  typical  change  in  the  form  of  the  ciliary  body,  as 
shown  in  a  meridional  section  of  the  anterior  segment  of 
the  e3'eball,  conjoined  with  an  appearance  as  of  an  in- 
creased development  of  the  radiating  fibres  and  a  decrease 
in  the  number  of  the  circular  flbi'csof  the  ciliary  muscle, 
as  first  described  by  Iwanoff,'  may  be  regarded  as  an  ex- 
pression of  the  general  stretching  of  the  choroid. 

Gaiises  of  Myopia. — The  causes  leading  to  the  typical 
pathological  changes  in  myopia  are  but  imperfectly  un- 
derstood. Donders  *  laid  much  stress  on  the  h3'pothesis 
of  an  inherited  predisposition,  and  this  opinion  is  sup- 
ported by  manjr  clinical  facts.  Certain  families  show  a 
very  huge  proportion  of  myopes,  others  comparatively 
few.  The  inheritance  of  a  special  anatomical  condition 
of  the  scleia  or  optic  nerve,  implying  less  than  normal 
resistance  to  the  operation  of  distending  forces,  is  not 
more  improbable  than  the  inlieritance  of  a  hypermetropic 
configuration  of  the  eyes.  C^orneal  asymmetry,  the  ordi- 
nary cause  of  astigmatism,  is  distinctly  transmissible 
from  parent  to  offspring,  and  astigmatic  refraction  is  too 
frequently  associated  with  myopia  to  admit  of  reasonable 
doubt  that  the  former  stands  in  a  causal  relation  to  the 
latter.  The  general  distention  of  the  globe,  mainly  in 
its  postei-ior  half  and  especially  about  the  posterior  pole, 
corresponds  to  the  thinner  and  presumably  less  resistant 
scleral  region  posterior  to  the  insertions  of  the  recti  mus- 
cles. The  immediate  cau.ses  of  the  distention,  whether 
they  are  to  be  sought  in  original  structural  weakness  of 
the  ti.ssues  or  in  increased  intraocular  pressure,  or  both, 
ai-e  matters  of  dispute.  Continuous  close  application  t() 
fine  near  work,  in  which  strong  accommodation  and  con- 
vergence go  hand-in-hand,  is  a  most  important  etiological 
factor.  After  elongation  of  the  globe  has  begun,  con- 
vergence for  the  ordinary  reading  or  working"' distance 
tends  to  evoke  accommodation  for  some  shorter  distance ; 
but  reading  or  working  at  this  .shorter  distance  implies 
an  mci-ease  in  convei-gence,  which  in  turn  incites  to  in- 
ci-eased  exercise  of  the  accommodation.  As  a  result  of 
this  mter-action  of  convergence  and  accommodation,  the 
tendency  is  to  a  progressive  shortening  of  the  reading 
distance,  and,  pari  jiassii.  to  an  increase  in  the  grade  of 
the  myopia. 

Weiss"  lias  suggested  that  a  short  optic  nerve,  drag- 
ging (m  the  sclera  in  inward  rotation  of  the  eyes,  may  be 
S  ■,v*°''  '"  ""^  development  of  posterior  staphvloma. 
Stilbiiiii"  has  called  attenti(m  to  a  particular  conforma- 
tion ot  the  orbit,  giving  rise  to  an  alteration  in  the  direc- 
tion of  the  pull  of  the  reliecled  tendon  of  the  superior 
oiiliqiie  muscle,  as  a  supposed  cause  of  in jvu-imis  traction 
upon  the  globe. 

Treatmnit  of  J/yopia.—'^The  cure  of  myopia  belongs 
to  the  ji/a  Totit  (Donders).  Erroneous  asstimptions  re- 
garding the  causes  of  slun-f-sighteduess  have  led  in  the 
past  to  the  proposal  of  a  variety  of  futile  or  harmful 
plans  o  treatment.  Thus  attempts  have  been  made  to 
ilimuus  1  the  convexity  of  the  cornea  by  the  prolonged 
apidication  of  pressure,  or  by  corneal  paracentesis  re- 
peated at  short  intervals.  Practice  in  reading  at  pro- 
gressively increasing  distances  from  the  eye  has  been 
Mongly  advocated,  m  the  belief  that  a  supposed  exces- 
sne^  lenticular  refraction  might  thus  be  gradually  less- 
Uivision  of  one  or  more  of  the  recti,  or  of  the 
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oblique,  muscles,  in  order  to  diminisli  a  supposedly  in- 
jurious muscular  pressure  ou  the  globe,  has  also  been  ad- 
vised and  practised. 

Therapeutic  measures  directed  to  the  removal  of  con- 
ditions of  irritation  which  not  infrequently  appear  in 
connection  with  rapidly  progressive  myopia,  belong  to 
the  realm  of  rational  therapeutics.  Rest  of  the  eyes  from 
near  work,  protection  from  exposure  to  excessive  light 
regulation  of  the  general  physical  condition,  and  in 
some  cases,  the  local  abstraction  of  blood  from  the  tem- 
ples—preferably by  means  of  the  artificial  leech  of 
Heurteloup— are  all  of  value.  The  so-called  atropine 
cure  IS  also  employed,  with  good  effect,  in  certain  cases 
of  rapidly  increasing  myopia;  the  eyes  are  kept  under 
the  full  influence  of  atropine  for  about  two  weeks  in  a 
moderately  darkened  room,  after  which  the  patient  is 
pennitted  to  go  about  with  the  eyes  well  protected  by 
dark  glasses;  the  use  of  the  eyes  in  near  work  is  forbid- 
den for  another  fortnight. 

Use  of  Concaee  Gtoses.— The  wearing  of  concave  glasses 
to  improve  the  distant  vision  of  myopes  is  first  mentioned 
by  writers  of  the  latter  half  of  the  sixteenth  century ;  but 
the  intelligent  prescribing  of  such  glasses,  with  a  view 
to  their  effect  upon  myopia  considered  as  a  disease,  be- 
longs exclusively  to  modern  ophthalmology ;  and  even 
now  there  is  notable  divergence  of  opinion  on  certain 
points.  In  general,  it  may  be  accepted  as  a  well-estab- 
lished principle  that  in  uncomplicated  myopia  of  low  or 
medium  grade,  with  normal  acuity  of  visual  perception 
and  unimpaired  range  of  accommodation,  concave  glasses 
should  be  chosen  of  such  strength  as  to  correct  the  vision 
.accurately  for  distance,  and  that  the  same  glasses  should 
be  worn  for  near  work.  Furthermore,  it  should  be  the 
aim  to  raise  the  vision,  as  controlled  by  tests  made  at  a 
■distance,  to  the  highest  point  of  acuity  of  which  the  eyes 
are  capable ;  and  to  this  end  even  low  grades  of  astig- 
matism should  be  carefully  investigated  and  corrected. 
The  distance  at  which  the  glasses  are  worn,  their  proper 
•centration  before  the  two  eyes,  and  the  direction  of  the 
plane  of  the  glasses  with  reference  to  the  line  of  sight 
■should  all  be  definitely  prescribed  and  controlled.  Inas- 
much as  the  same  glasses  are  worn  both  for  distance  and 
in  reading,  they  should  be  tilted  so  that  the  angle  made 
by  the  visual  axes  to  the  plane  of  the  lenses  shall  be  as 
nearly  equal  as  practicable  in  looking  forward  at  distant 
■objects  and  downward  on  the  book  ("  pantoscopic  "  posi- 
tion). The  effect  of  the  tilting  of  the  glasses  in  increas- 
ing their  effective  refractive  power  in  the  vertical  merid- 
ian, and  to  a  less  degree  in  the  horizontal  meridian,  should, 
in  every  case  in  which  glasses  of  high  power  are  required, 
■be  considered  and  allowed  for  in  deciding  upon  the 
formula  for  the  lens.  The  eyes  should,  further,  be  re- 
■examined,  at  first  at  short  intervals  and  later  at  intervals 
of  a  few  months,  in  order  that  any  change  in  the  grade 
of  the  myopia  may  be  promptly  discovered  and  corrected. 
Explicit  instruction  should  be  given  as  to  the  kind  and 
amount  of  work  which  may  be  permitted;  reading  or 
isewing  without  glasses,  and  especially  the  use  of  the 
■eyes  in  near  work  by  failing  daylight  or  by  insuflScient 
artificial  illumination,  should  be  absolutely  forbidden. 
The  glasses  (ordinarily  spectacles  made  with  elastic  sides 
curved  to  fit  accurately  behind  the  ears*)  should  be  worn 
-continuously  during  the  waking  hours. 

The  wearing  of  neutralizing  concave  spectacles  is  ordi- 
narily attended  with  great  comfort  to  the  patient,  and 
the  progress  of  the  disease  is,  as  a  rule,  either  greatly 
retarded  or  wholly  checked.  Every  renewal  or  change 
of  glasses  should  be  rigorously  controlled,  and  it  should 
be  fully  explained  to  the  patient  or,  in  the  case  of  a  child, 
to  the  parents,  that  the  condition  is  one  that  must  be  kept 
under  continuous  observation  for  years. 

Cases  of  myopia  complicated  by  low  acuity  of  vision, 
-whether  dependent  on  impaired  perceptive  power  of  the 
retina  or  on  irregularity  or  imperfect  transparency  of  the 
-cornea  or  crystalline ,  lens,  present  especial  difficulties 

*  So  mucli  of  a  concession  to  fasUon  may  often  be  made  as  to  permit 
the  occasional  use  of  a  carefully  adjusted  pince-ne-z,  instead  of  the 
:«pectacles,  la  distant  vision. 


which  militate  against  the  best  results  from  wearing 
glasses.  In  general,  such  patients  cannot  see  small  ob- 
jects unless  they  are  brought  very  near  to  the  eye,  a  con- 
dition unfavorable  to  binocular  vision.  Accordingly, 
they  often  form  the  habit  of  using  only  one  eye  in  read- 
ing. By  this,  perhaps  unconscious,  neglect  of  "the  retinal 
image  in  one  of  the  eyes,  the  conditions  which  ordinarily 
give  rise  to  a  state  of  conflict  between  accommodation 
and  convergence  are  eliminated,  so  that  reading  to  a 
limited  extent  without  glasses  may  be  practically  innoc- 
uous. Concave  glasses  may,  however,  be  accepted  in 
distant  vision,  although  not  in  all  cases. 

Operation  for  tlia  Removal  of  the  Transparent  Crystalline 
Xc7js.— The  proposal  to  lower  the  gi-ade  of  myopia  in 
extreme  cases,  or  to  render  a  strongly  myopic  eye  either 
moderately  hypermetropic  or  possibly  emmetropic,  by  the 
removal  of  the  transparent  crystalline  lens,  has  been  fre- 
quently discussed,  although  generally  rejected  by  oph- 
thalmic surgeons,  to  be  revived  and  somewhat  exten- 
sively practised  in  recent  years."  Simple  discission  of 
the  lens  capsule,  discission  followed  by  removal  of  the 
swollen  lens  through  a  small  corneal  incision,  and,  in 
older  subjects,  extraction  combined  with  iridectomy  are 
the  methods  which  have  been  recommended  and  em- 
ployed. Apart  from  the  immediate  risks  incident  to  the 
operation,  and  the  uncertainty  as  regards  its  possible 
effect  in  arresting  or  retarding  the  progressive  distention 
of  the  globe,  the  possibility  of  later  adverse  complica- 
tions, such  as  not  infrequently  occur  in  patients  upon 
whom  an  apparently  ideal  operation  has  been  performed 
for  cataract,  would  seem  to  forbid  resort  to  an  operation 
on  the  transparent  lens  except  in  extreme  cases,  and  even 
then  only  after  an  exhaustive  studj'of  the  particular  case 
in  all  its  aspects.  In  addition  to  the  ordinary  chances  of 
disaster  following  operations  for  cataract,  it  is  probable 
that  the  removal  of  the  lens  increases  the  tendency  to 
retinal  detachment,  which  is  always  to  be  feared  in  the 
higher  grades  of  myopia.  On  the  other  hand,  the  fact 
that  in  the  highest  grades  of  myopia  the  ordinarily  bene- 
ficial effect  of  concave  glasses,  in  sharpening  the  defini- 
tion of  the  retinal  images,  is  largely  neutralized  by  the 
diminution  in  the  size  of  the  images  may  afford  an  argu- 
ment in  favor  of  the  operation.  The  incidental  sacrifice 
of  the  accommodation  should  not  be  accorded  undue 
weight  in  the  exceptional  cases  in  which  alone  the  oper- 
ation may  be  regarded  as  permissible. 

Effect  of  tlie  JtemorM  of  the  Lens  on  the  Refraction  of 
Highly  Myopic  Eyes. — The  average  focal  length  of  the 
crystalline  lens,  in  situ,  is  estimated  at  43.707  mm.,  which 
represents  a  power  equal  to  22.877  D.  But  the  removal 
of  the  crystalline  lens  changes  the  eye  from  a  compound 
dioptric  system,  of  three  refracting  surfaces,  to  one  in 
which  the  entire  refraction  is  effected  at  the  surface  of 
the  cornea,  and  in  which  a  single  principal  point  at  the 
vertex  of  the  cornea  and  a  single  nodal  point  at  the  cen- 
tre of  curvature  of  the  cornea  replace  the  two  principal 
points  and  the  two  nodal  points  of  the  complete  eye. 

In  the  case  of  a  previously  emmetropic  eye  of  average 
dimensions,  the  refractive  insufficiency  caused  by  the  re- 
moval of  the  crystalline  lens  is  exactly  corrected  by  an 
addition  of  13.428  D  at  the  cornea,  which  may  be  repre- 
sented by  an  effectively  equivalent  meniscus,  of  negli- 
gible thickness,  assumed  to  be  worn  in  contact  with  the 
cornea.  But  a  convex  spectacle  lens,  of  a  thickness  such 
as  is  ordinarily  required  after  an  operation  for  cataract, 
is  necessarily  worn  at  a  distance  of  approximately  15 
mm.  in  front  of  the  cornea,  in  which  position  it  becomes 
a  part  of  a  new  compound  system  in  which  a  convex 
lens  of  11.177  D  suffices  to  correct  the  aphakial  eye  for 
distant  vision. 

A  myopic  eye  whose  length  of  axis  is  equal  to  the  pos- 
terior focal  length  of  the  cornea  (31.693  mm.)  has  a  focal 
length  (measured  from  the  second  principal  point,  li')  of 
29.836  mm.,  and  the  distance  of  the  concave  spectacle 
lens  which  is  worn  to  correct  the  myopia,  measured  from 
the  first  principal  point,  K ,  is  about  2  mm.  greater  than 
its  distance  from  the  cornea.  In  the  case  which  we  have 
assumed,  the  myopia  is  measured  by  a  thin  concave  lens 
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of  —16.336  D,  supposed  to  be  placed  at  the  position  of 
the  second  principal  point  of  the  eye,  but  a  stronger  con- 
cave lens,  of  no  less  than  -31.334  D,  is  required  for  dis- 
tinct distant  vision  when  vforn  15  mm.  in  front  of  the 
first  principal  point,  or  13  mm.  in  front  of  the  cornea.* 
It  follows  that  in  a  case  of  axial  myopia  measured  by  a 
spectacle  lens  of  -21.334  D,  the  eye,  after  the  removal 
of  its  crystalline  lens,  will  be  adapted  for  distinct  distant 
vision  without  a  glass ;  and  a  spectacle  lens  of  -|-  3.  D  or 
+  4.  D  will  then  suffice  for  reading. 

K.  Bjerke"  has  collected,  from  different  sources,  93 
reported  cases  of  myopia  in  which  emmetropic  refraction 
is  said  to  have  followed  the  removal  of  the  crystalline 
lens  by  operation.  In  39  of  these  cases  (31  per  cent.) 
the  pre-existent  myopia,  as  measured  by  a  concave  spec- 
tacle lens,  is  given  as  30.  D.  In  44  cases  (47.3  per  cent.) 
it  is  given  as  between  20.  D  and  36.  D,  and  in  44  cases 
(47.3  per  cent.)  it  is  given  as  between  14.  D  and  19.  D. 
The  tabulated  figures  would  seem  to  point  to  about  19.5 
D  as  the  mean  grade  of  myopia  in  which  emmetropic  re- 
fraction may  be  expected  to  follow  the  removal  of  the 
crystalline  lens  from  the  eye.  The  difference  of  about 
—1.7  D,  between  the  mean  of  the  observed  results  and 
that  calculated  from  the  dimensions  and  corneal  curvature 
of  the  schematic  (average)  eye,  may  be  explained,  in  part 
at  least,  by  errors  of  observation  incident  to  the  employ- 
ment of  collections  of  trial  lenses  of  Insufficient  range  and 
with  too  great  intervals  between  the  higher  numbers.  The 
very  large  number  of  cases  (thirty-one  per  cent.)  given 
as  of  20.  D,  which  corresponds  to  the  strongest  concave 
lens  in  the  trial  cases  in  ordinary  use,  points  to  a  probable 
higher  grade  of  myopia  than  that  reported  for  these  es- 
pecially typical  cases,  f  If  we  could  assume  a  slightly 
greater  radius  of  corneal  curvature  in  the  average  highly 
myopic  eye  as  compared  with  the  emmetropic  eye,  the 
discrepancy  between  the  mean  observed  grade  and  the 
calculated  grade  of  myopia  corresponding  to  emmetropic 
aphakial  refraction  would  practically  disappear.  The 
assumption  of  an  exceptionally  short  radius  of  corneal 
curvature  in  the  higher  grades  of  observed  myopia,  and 
of  a  curvature  of  exceptionally  long  radius  in  the  lower 
grades,  as  tabulated,  would  similarly  explain  the  com- 
paratively few  aberrant  cases  in  which  a  very  wide  de- 
parture from  the  mean  has  been  observed.  As  regards 
possible  or  probable  differences  in  the  focal  length  of  the 
crystalline  lens  or  differences  in  its  effective  power  due 
to  variations  in  its  distance  from  the  cornea,  in  individ- 
ual eyes  or  as  related  to  ametropia,  trustworthy  data  are 
as  yet  almost  wholly  wanting. 

Prevention  and  Control  of  Myopia. — -In  the  evolution  of 
the  race  the  eyes  have  become  admirably  adapted  to  the 

*  The  assumption  of  a  shorter  distance  from  the  cornea,  in  the  case 
of  a  strong  concave  as  compared  with  a  strong  convex  spectacle  lens, 
Is  justlded  by  the  fact  that  a  concave  lens,  however  strong,  is  very 
thin  at  its  centre.  But  a  double-convex  spectacle  lens  of  11.  D  has  a 
thickness  of  about  4  mm.  at  its  centre ;  a  plano-convex  lens,  and  still 
more  a  meniscus,  is  even  thicker. 

As  the  optical  distance  of  a  spectacle  lens  from  the  eye  Is  measured 
to  the  second  principal  (=  nodal)  point  of  the  lens,  which  in  the  case 
of  a  double-convex  lens  lies  nearly  half  the  thickness  of  the  lens  within 
its  substance,  the  optical  distance  of  a  double-convex  lens  from  the 
eye  is  greater,  by  nearly  half  its  thickness,  than  its  distance,  or  that 
of  a  double-concave  lens,  as  measured  from  the  surface  of  the  cornea 
to  the  back  of  the  lens.  In  the  case  of  a  plano-convex  lens,  worn  with 
Its  plane  surface  toward  the  eye,  the  optical  distance  exceeds  the 
measured  distance  by  about  the  thickness  of  the  lens,  and  in  the 
case  of  a  meniscus,  worn  as  a  periscopic  lens,  the  difference  is  still 
greater.  Conversely,  a  concavo-convex  lens,  worn  with  its  concave 
surface  toward  the  eye,  has  Its  principal  (=  nodal)  points  outside  of, 
and  behind  the  lens,  so  that  the  optical  distance  of  such  a  lens  is  less 
than  its  measured  distance,  and  still  less  than  the  measured  distance 
of  any  convex  spectacle  lens. 

In  all  cases  in  which  lenses  of  high  power  are  worn,  and  especially 
when  a  thick  convex  lens  is  given  in  aphakia,  or  a  very  strong  con- 
cave lens  in  myopia  of  high  grade,  the  form  of  the  lens  becomes  a 
factor  of  too  great  importance  to  be  neglected. 

+  The  appearance,  in  the  table,  of  11  cases  of  M  =  16.  D  and  14 
cases  of  M  =  18.  D,  with  only  a  single  case  of  M  =  17.  D  and  5  cases 
of  M  =  19,  D,  has  been  explained  by  Bjerke  as  resulting  probably 
from  the  general  omission  of  the  numbers  — 17.  D  and  —  19.  D  from 
the  series  of  trial-lenses  In  common  use.  The  occurrence  of  29  cases 
of  M  =  20.  D,  with  only  2  cases  of  M  =  21.  D  and  5  cases  of  M  =  22.  D, 
may  be  interpreted  as  Indicating  a  similar  source  of  error  growing  out 
of  the  general  omission,  from  the  series,  of  trial-lenses  of  higher  power 
than  -  20.  D. 


requirements  of  binocular  vision  both  at  long  and  at  short 
range.  But  the  demands  upon  the  eyes,  incident  to 
higher  civilization,  have  doubtless  been  always  in  excess 
of  the  ability  of  certain  eyes  to  withstand  assiduous  and 
prolonged  application  to  near  work.  Certain  myopes 
must  always  have  had  a  notable  advantage  over  emme- 
tropes  in  many  kinds  of  exceptionally  fine  work,  such  as 
engraving  gems,  embroidery,  writing  and  Illuminating 
manuscripts,  etc, ;  and  even  now  It  is  said  that  only  my- 
opes are  successful  in  the  production  of  the  finest  needle- 
wrought  lace.  In  view  of  the  fact  that  the  gravest  dis- 
abilities of  the  myope  appear  somewhat  late  in  life,  it  is 
hardly  conceivable  that  tlie  predisposing  causes,  of  myo- 
pia can  ever  be  appreciably  lessened  through  the  oper- 
ation of  natural  or  artificial  selection.  It  remains  to  con- 
sider some  of  the  more  common  exciting  causes,  incident 
to  the  lives  of  children,  with  reference  to  the  possible 
amelioration  of  existing  harmful  conditions. 

In  civilized  communities  the  school  Is  an  all-important 
factor  in  the  life  of  the  child,  and  it  is  during  school  life 
that  myopia  ordinarily  develops  and  attains  to  a  no- 
tably high  grade.  So  striking  Is  the  observed  relation 
of  myopia  to  the  grade  of  the  pupil  in  school,  that 
the  designation  Schulmyopie  (school  myopia)  has  been 
widely  adopted  by  German  writers.  As  regards  ocular 
hygiene,  the  prevalent  methods  in  teaching  and  the  con- 
ditions under  which  they  are  carried  out  are  radically 
faulty.  As  a  rule,  there  is  an  excessive  amount  of  book- 
work,  required  of  all  pupils  alike  and  relegated  in  great 
part  to  hours  of  study  at  home  by  uncontrolled  and  often 
badly  arranged  or  insufficient  light;  many  of  the  best 
hours  of  daylight,-  during  the  school  sessions,  being  too 
often  given  up  to  exercises  or  occupations  unrelated  or 
remotely  related  to  the  curriculum  of  studies.  School- 
rooms, especially  in  large  school-buildings,  are  often  in- 
adequately or  unequally  lighted,  and  the  desks  are  not 
always  so  placed  with  reference  to  the  windows  as  to 
afford  the  best  illumination  to  the  greatest  number  of 
pupils.  Preliminary  investigation  of  the  vision  of  chil- 
dren entering  upon  school  life,  and  periodical  examina- 
tion of  the  eyes  from  year  to  year,  with  a  view  to  the 
early  detection  of  possible  visual  defects,  are  scarcely 
thought  of.  Indifference,  on  the  part  of  teachers,  to  rec- 
ognized symptoms  of  beginning  myopia;  inciting  cliil- 
dren  with  known  ocular  defects  to  perform  tasks  which 
are  necessarily  attended  with  danger  to  the  eyes;  and,  in 
general,  sacrificing  individual  pupils  to  inflexible  ar- 
rangements of  class  work  are  some  of  the  besetting  faults 
of  routine  wherever  children  are  brought  together  in 
large  classes. 

A  genera]  recognition,  on  the  part  of  physicians,  that 
myopia  is  essentially  a  progressive  and  often  a  danger- 
ous disease ;  that  It  may  be  prevented  in  certain  cases 
and  arrested  in  its  progress  in  other  cases,  but  never 
cured ;  that  prompt  attention  and  careful  and  continuous 
hygienic  control,  together  with  the  exercise  of  the  high- 
est professional  skill  in  the  adaptation  and  renewal  of 
glasses,  are  necessary  in  order  to  check  its  progress  and 
gua,rd  against  possibly  grave  pathological  changes  later 
in  life;  and  that  the  haphazard  resort  for  glasses  to  ven- 
ders who  offer  advice  gratuitously,  and  make  their  profit 
by  selling  a  possibly  badly  selected  prince-nez  or  pair  of 
spectacles,  is  an  unintelligent  evasion  of  a  serious  prob- 
lem in  therapeutics,  will  go  far  toward  creating  and  dis- 
seminating juster  views  than  now  prevail. 

The  not  uncommon  habit,  with  children,  of  reading  an 
interesting  book  by  failing  daylight  or  by  insufficient  or 
badly  arranged  artificial  illumination,  is  especially  harm- 
ful in  the  early  stages,  as  indeed  in  any  stage,  of  myopia ; 
fine  sewing  or  embroidery,  as  an  habitual  occupation  for 
leisure  hours,  and  long-continued  application  to  fine  work 
of  whatever  kind  are  also  to  be  deprecated. 

Imperfect  vision  at  a  distance,  as  demonstrated  by  eas- 
ily available  visual  tests  such  as  the  test-letters  of  Snel- 
len or  as  revealed  by  inability  to  follow  blackboard  exer- 
cises at  school,  should  be  promptly  reported  by  the 
teacher,  and  the  child  excluded  from  school  until  an  in- 
vestigation of  the  condition  of  the  eyes  has  been  made  by 
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an  ophthalmic  practitioner  of  recognized  competency  and 
any  necessary  treatment,  by  glasses  or  otherwise,  lias 
been  prescribed  and  adopted.  In  this  way  astigmatism 
will  often  be  detected  and  corrected,  and  other  abnormal 
conditions  which  militate  against  the  easy  and  safe  use 
of  the  eyes  may  be  ameliorated.  John  Oreen. 

John  Oreen,  Jr. 

[List  of  abbreviations  used  in  this  article :  M  =  myopia ;  H  =  hyper- 
metropla ;  A  =  range  of  accommodation ;  r  =  far-point  (punctum 
remotissimum)  of  distinct  vision;  p  =  near-point  (.punctum  praxi- 
mum)  of  distinct  vision ;  R  =  distance  of  r  from  tlie  first  principal 
point  of  the  eye ;  P  =  distance  of  p  from  the  first  principal  point  of  the 
eye;  R  —  P  =  region  of  accommodation ;  D  =  dioptric  or  dioptries ; 
h  =  principal  point :  h'  =  first  principal  point ;  h'  =  second  principal 
point ;  fc  =  nodal  point ;  k'  =  first  nodal  point ;  /c"  =  second  nodal 
point.] 

1  Horstmann :  Archives  of  Ophthalmology,  vol.  xlv.,  p.  45, 1885. 
'  Cohn,  H. :  Unters.  d.  Augen  von  10,060  Sohulkindern  nebst  Vor- 
sohiagen  zur  Verbesserung   der  den   Augen  nachtheiligen   Schul- 
elnrichtungen.    Eine  atiologische  Studle,  Leipzig,  1867. 

3  Erismann :  Ein  Beltrag  zur  Entwickelungs-Geschiohte  der 
Myopie,  gestiitzt  auf  die  Dntersuchung  der  Augen  von  4,358  Schiilem 
und  Sohtilerinnen.  Graefe's  Archiv  fur  Ophthalmologic,  xvii.,  i.,  pp. 
1-79, 187L 
» ITumarl :  Annales  d'oculistlque,  t.  x.,  p.  145. 
i>  Bonders ;  On  the  Anomalies  of  Accommodation  and  Refraction  of 
the  Eye.    New  Sydenham  Society,  London,  1864,  pp.  346-349. 

'  Weiss' :  Ueber  den  an  der  Innenseite  der  Papille  sichtbaren  Re- 
flexbogenstrelf  lind  seine  Beziehung  zur  beginnenden  Kurzsichtig- 
kelt.    Graefe's  Archiv  fur  Ophthalmologie,  xxxl.,  pp.  289-320, 1885. 
. '  Iwanofl :   Beitrage  zur  Anatomle   des   Ciliarmuskels.    Graefe's 
Archiv  fiir  Ophthalmologie,  xv.,  pp.  284-298, 1869. 
8  Bonders :  Op.  cit.,  pp.  39,  350. 

'Weiss:  Zur  Anatomle  der  Eintrittstelle  des  Sehnerven.  Verhandl. 
ies  internat.  ophthalmol.  Congresses  in  Heidelberg,  p.  339, 1888. 

"Stilling:  Verhandl.  des  internat.  Ophthalmol.  Congresses  in 
Heidelberg,  p.  97, 1888.  . 

"  Fukala :  Zur  Verbesserung  der  Sehscharfe  nach  Myopieopera- 
tionen.    Graefe's  Archiv  fiir  Ophthalmologie,  xliiii,  p.  206, 1897. 

"  Bierke,  K. :  Ueber  die  Veranderung  der  Refraction  und 
Sehscharfe  nach  Entf ernung  der  Linse.  Graefe's  Archiv  fur  Ophthal- 
mologie, liii.,  3, 19CC. 

MYOTICS.     See  Mydriatics  and  Myotics. 

MYRONIN  is  a  mixture  of  potash  soap,  carnauba  wax, 
and  doegling  oil  (chenoceti),  and  is  employed  as  a  very 
stable  ointment  base.  W.  A.  Bastedo. 

WyRRH.—Myri'lM.  Gum  Myrrh.  "  A  gum  resin  ob- 
tained from  Gommifera  Myrrha  (Nees)  Engler  {Balsamo- 
dmdron  M.  Nees.— fam.,  Burseracem)."  The  variety  of 
myrrh  thus  defined  is  that  known  in  commerce  as  Somali 
or  Herabol  myrrh.  It  is  official  in  all  pharmacopceias, 
though  these  are  much  at  variance  as  to  the  species  named 
as  its  source.  There  appears  no  good  reason  to  believe 
that  it  is  derived  from  any  other  than  the  species  named 
in  our  definition,  though  the  inferior  varieties  (Arabian 
and  Yemen)  and  various  spurious  substances  often  sold 
for  it  are— some  of  them  certainly,  others  probably— ob- 
tained from  other  species  of  Gommifera.  This  plant  is  a 
spiny  large  shrub  or  small  tree  of  northeastern  Africa. 
The  myrrh  exudes  as  a  thick  milky  juice  from  natural 
and  artificial  fissures,  and  slowly  hardens  to  a  red-brown 
mass  which  is  then  collected  by  the  Somah  natives, 
either  from  the  plant  or  from  the  ground  where  it  has 
fallen  "Drossy  myrrh,"  containing  a  large  amount  ot 
earthy  matter,  may  result  from  the  accidenta,!  entrance 
of  dirt  into  these  fallen  masses  or  from  its  intentional 
admixture.  The  substance  is  chiefly  carried  to  Aden, 
whence  it  is  exported  to  Europe  and  America,  either  di- 
rectly or,  as  was  formerly  usual,  via  Bombay  Ihe 
"Turkish  myrrh,"  which  a  generation  ago  was  a  favorite 
brand,  was  simply  a  carefully  selected  quality  exported 
via  Turkey.  Either  at  Aden  or  in  Bombay  the  niyrrh  is 
picked  and  assorted,  yet  when  it  leaves  those  places  it 
commonly  contains  a  considerable  percentage  of  spurious 
or  inferior  fragments. 

Dbsokiption.— In  irregular,  more  or  less  rounded  nod- 
ules or  tears,  from  3.5  to  10  cm.  (1  to  4  m.)  m  diam- 
eter the  surface  more  or  less  roughened  by  nodules  and 
small  cavities,  as  though  eroded,  red-brown,  dull  and 
more  or  less  gray  from  adhering  powder;  heavy,  hard, 
Td  rather  tough-splintery  in  fracture,  tjie  freshly  frac- 
tured surface  of  a  waxy  lustre  and  oily  feel  red-brown 
Usually  variegated  by  gray  crescent-shaped  spots  and 


intersecting  lines;  thin  fragments  translucent,  usually 
strongly  so ;  strongly  and  agreeably  aromatic,  the  odor 
characteristic ;  the  taste  'bitter  and  somewhat  acrid,  and 
producing  a  hardening  and  slight  wrinkling  of  the  mucous 
membrane  of  the  mouth,  though  different  from  the  astrin- 
gency  of  tannin ;  readily  powdered  when  cold  and  dry, 
but  with  difficulty  when  warm  and  damp ;  the  freshly 
fractured  surface,  moistened  with  alcohol,  colored  pur- 
plish, as  is  the  brownish-yellow  alcoholic  tincture,  by 
nitric  acid  (distinction  from  bdellium) ;  yielding  a  brown- 
ish-yellow emulsion  with  water ;  the  ten-per-cent.  ethe- 
real extract  acquiring  a  violet  color  in  the  presence  of 
bromine  vapor;  if  six  drops  of  a  seven-per-cent.  petro- 
leum ether  extract  be  mixed  with  3  c.c.  of  acetic  acid, 
and  3  c.c.  of  sulphuric  acid  be  then  added,  forming  a 
heavy  lower  layer,  the  latter  takes  only  a  light  rose 
color,  which  does  not  deepen  (distinction  from  Bissahul 
myrrh)  ■  not  more  than  seventy  per  cent,  should  be  insol- 
uble in  alcohol,  and  the  ash  should  not  exceed  six  per  cent. 
Constituents. — Good  myrrh  consists  of  from  two  to 
five  per  cent.,  or  occasionally  more,  of  the  volatile  oil 
myrrhol,  and  from  twenty-five  to  forty  per  cent.,  rarely 
nearly  fifty  percent.,  of  resin,  the  remainder  being  mostly 
gum,  with  a  very  small  amount  of  a  bitter  principle,  and 
from  two  to  six  per  cent,  of  ash.  In  "  drossy  myrrh, "  the 
earthy  matter  increases  the  ash,  frequently  to  fifteen  per 
cent,  or  more.  In  the  poorer  grades  of  myrrh  the  amount 
of  gum  is  larger,  at  the  expense  of  the  resin.  Myrrh 
resin  is  a  complex  substance,  the  composition  of  which  is 
not  fully  understood.  Myrrh  oil,  which  is  sold  for  use  in 
perfumery,  is  yellow  or  "greenish-yellow,  thick  and  vis- 
cid, and  almost  as  heavy  as,  rarely  appreciably  heavier 
than,  water. 

Action  and  Uses. — Myrrh  is  essentially  an  aromatic 
stimulant,  with  slightly  bitter  properties,  and  a  mild  dis- 
infectant. Its  stimulant  properties  are  especially  active 
on  mucous  or  raw  cutaneous  surfaces  with  which  it 
comes  into  contact,  so  that  it  is  a  favorite  ingredient  of 
mouth  washes,  hardening  the  gums  and  acting  hke  a 
mild  astringent,  and  an  excellent  cleansing  and  stimulat- 
ing application  to  ill-conditioned  sores,  for  which  pur- 
pose the  tincture  is  diluted  to  about  one-fourth  strength. 
Combined  with  cathartics,  it  enhances  their  activity  and 
is  at  the  same  time  somewhat  carminative.  When  ad- 
ministered internally  it  acts  as  a  mild  stimulating  ex- 
pectorant and  diuretic,  through  its  respiratory  and  renal 
excretion.  In  connection  with  the  latter  mode  of  elimina- 
tion, it  acts  as  a  stimulating  emmenagogue.  It  has  from 
ancient  times  been  credited  with  specific  emmenagogue 
properties,  but  these  effects  have  probably  been  largely 
imaginary.  In  all  its  internal  uses  it  is  almost  invari- 
ably combined  with  other  drugs,  as  in  the  pills  and  the 
tincture  of  aloes  and  myrrh,  the  pills  of  iron  and  myrrh, 
the  compound  iron  mixture,  etc.  _ 

The  principal  preparation  of  myrrh  is  the  othcial 
twenty-per-cent.  tincture,  the  dose  of  which  is  1  to  4  c.c. 
(fl  3  i  to  i )  The  Tinctura  aloes  et  myrrhse  contains  ten 
per  cent,  each  of  aloes,  myrrh,  and  hquorice  root,  and  the 
dose  is  4  to  8  c.c.  (fl.  3  i.  to  ij.).  The  Pilu  «  aloes  et 
myrrhse  each  contain  0.13  gm.  (gr.  i].)  of  aloes,  about 
half  as  much  myrrh,  and  one-third  as  much  aromatic 
powder,  the  dose  being  from  two  to  eight  pills,  the 
Mistura  ferri  composita  contains  1.8  per  cent,  of  myrrh, 
0  6  per  cent,  of  ferrous  sulphate,  0.8  per  cent  of  potas- 
sium carbonate,  and  6  per  cent,  of  spirit  of  lavender, 

with  suffar,  etc.  ,,  -j      j\ 

AlliId  SuBSTANCES.-B<ieZi8«m (elsewhere  considered) 
is  very  similar  in  composition  and  properties  to  myrrh, 
but  is  very  inferior,  being  less  aromatic  and  one  of  its 
varieties  being  devoid  of  bitterness.  The  myrrh  rf  the 
Bible  is  not  our  myrrh,  but  the  Balm  of  Gilead  or  Mecca 
balsam  from  Gommifera  {"  BaUam^dendron")  Opobaisa- 
mum  (Kunth.)  Engler.  now  rarely  ^ee^mm^--^ 

MYRRHOLIN— a  solution  of  equal  parts  of  tincture  of 
myrrh  and  castor  oil,  is  used  as  a  vehicle  for  creosote  in 
tuberculosis.  ^-  ^-  Ba^*''^". 
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MYRTOL  —A  constituent  part  of  the  essential  oil,  de- 
rived by  distillation,  from  the  leaves  of  Myrtus  communis 
L  It  is  supposed  closely  to  resemble  eucalyptol.  It  is 
a  clear  liquid  with  a  powerful  but  not  unpleasant  aro- 
matic odor.  It  is  recommended  as  a  disinfectant  ^  and 
deodorant,  but  has  no  bactericidal  action.  In  medicine 
it  is  used  to  replace  the  balsams  in  bronchitis,  blennorrha- 
gia,  and  vaginitis.  In  small  doses  it  improves  the  diges- 
tion and  stimulates  the  appetite,  but  in  larger  doses  it 
irritates  the  stomach.  Dr.  Solomon  Solis-Cohen  has  re- 
ported favorably  of  its  use  in  subacute  and  chronic  affec- 
tions of  the  respiratory  tract.  It  is  administered  in  doses 
of  from  two  to  five  minims,  in  capsules,  repeated  two  or 
three  times  a  day.  Beaumont  Small. 

MYXCEDEMA.— A  chronic  disturbance  of  nutrition 
characterized  by  accumulation  of  mucin  in  the  subcuta- 
neous tissue  and  caused  by  loss  of  function  of  the  thyroid 
gland.  Abundant  evidence  has  proven  that  myxoedema 
of  adults,  cretinism,  and  the  cachectic  condition  follow- 
ing removal  of  the  thyroid  gland  for  goitre  represent  the 
same  morbid  process  occurring  under  different  circum- 
stances. Numerous  experiments  have  demonstrated  that 
similar  conditions  can  be  produced  in  lower  animals  by 
removal  of  the  thyroid  gland. 

JRemaval  of  the  Thyroid  Gland  in  Lower  Animals. — 
That  the  thyroid  gland  is  essential  to  normal  metab- 
olism and  even  to  life  was  shown  by  Schiff  as  early 
as  1859.  Its  removal  is  followed  either  by  the  acute 
symptoms  known  as  tetany  or  by  a  chronic  disturbance 
of  nutrition,  myxoedema.  Within  a  few  days,  often  a 
few  hours,  after  extirpation  of  the  gland  in  dogs,  the 
animal  is  seized  with  tetanic  contractions  of  the  volun- 
tary muscles  accompanied  by  active  tremor,  and  death 
follows,  often  caused  by  interference  with  respiration. 
In  sheep,  goats,  and  monkeys,  rarely  in  dogs,  death  does 
not  follow  these  acute  symptoms,  though  this  may  oc- 
cur, but  a  chronic  condition  supervenes ;  the  animal  be- 
comes dull  and  apathetic,  nutrition  suffers,  and  the  skin 
is  dry  and  the  hair  falls  out.  The  subcutaneous  tissue 
becomes  swollen  and  by  chemical  examination  has  been 
found  to  contain  mucin  in  greatly  increased  quantity. 
Horsley  has  performed  numerous  experiments  on  mon- 
keys; these  animals  survive  the  symptoms  of  tetany 
which  frequently  follows  the  operation,  and  within  a  few 
weeks  or  months  develop  in  typical  form  the  chronic 
condition  described.  The  temperature  becomes  subnor- 
mal and  exposure  to  cold  hastens  the  progress  of  the  dis- 
ease. 

Extirpation  of  the  thyroid  gland  in  young  animals  has 
a  remarkable  effect,  observed  by  von  Eiselsberg  in  sheep 
and  goats  and  by  Hofmeister  in  rabbits.  Development 
is  retarded  and  the  animal  remains  small  and  stunted  in 
appearance.  The  growth  of  the  long  bones  is  hindered 
by  interference  with  the  normal  transformation  of  carti- 
lage into  bone.  The  undeveloped  animal,  like  the  adult, 
after  extirpation  of  the  gland  becomes  dull  and  inert  and 
mucinous  material  accumulates,  particularly  in  the  sub- 
cutaneous tissue. 

Extirpation  of  one-half  of  the  thyroid  gland  does  not 
cause  the  conditions  described,  but  if  considerably  more 
than  half  is  destroyed  nutrition  may  suffer,  though  in 
some  instances  little  effect  has  followed  when  only  a 
sixth  of  the  gland  was  retained.  After  partial  removal 
that  part  which  remains,  together  with  accessory  thyroid 
bodies  which  are  not  infrequently  present,  undergoes 
hypertrophy  and  replaces  the  extirpated  parenchyma. 
Schiff  first  showed  that  if  thyroid  tissue  were  successfully 
transplanted  into  the  peritoneal  cavity  of  a  dog,  the  thy- 
roid gland  of  the  animal  might  be  removed  without  fa- 
tal effect.  Numerous  experiments  have  shown  that  both 
tetany  and  myxcedema  may  be  prevented  by  transplan- 
tation of  thyroid  tissue.  Vessale,  moreover,  demonstrat- 
ed that  injurious  consequences  of  the  operation  could 
be  retarded  or  prevented  by  the  intravenous  oi-  subcu- 
taneous injection  of  an  extract  made  from  the  gland 
obtained  from  other  animals,  and  it  was  subsequently 
found  that  equally  beneficial  results  could  be  produced 
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by  feeding  animals  with  the  raw  gland  or  with  dried  ex- 
tracts made  from  it. 

Removal  of  the  Thyroid  Gland  in  Man:  Operative 
Myxcedema.— In  1883  Reverdin  described  certain  changes 
which  follow  total  removal  of  the  thyroid  gland  for 
goitre,  and  the  following  year,  under  the  name  cachexia 
strumipriva,  Kocher  described  a  chronic  condition  fol- 
lowing thyroidectomy.  The  results  which  follow  loss 
of  thyroid  function  in  man  do  not  differ  from  those 
observed  in  lower  animals.  Symptoms  do  not  follow 
partial  removal  of  a  goitre  if  a  considerable  mass  of 
parenchyma  still  remains,  while  in  some  instances  their 
absence  is  due  to  the  presence  of  an  accessory  thyroid 
gland  which  undergoes  hypertrophy.  In  some  cases 
acute  symptoms  almost  immediately  follow  the  oper- 
ation. The  muscles,  particularly  those  of  the  upper 
extremity,  undergo  tonic  contractions  accompanied  by 
tremor;  such  attacks  may  be  of  mild  intensity,  but  at 
times  are  of  great  severity,  causing  opistliotonos  and 
death  by  implication  of  the  diaphragm.  More  frequent- 
ly, however,  extirpation  of  the  gland  is  followed  by 
chronic  symptoms  which  sometimes  appear  shortly  after 
operation,  but  may  not  manifest  themselves  for  months. 
The  patient  becomes  apathetic  and  indisposed  to  exert 
himself,  mental  actions  are  slow,  and  voluntary  move- 
ments are  performed  languidly.  The  temperature  is 
subnormal  and  the  patient  feels  cold.  The  subcutaneous 
tissue  of  the  face  and  extremities  becomes  swollen  and 
cedematous  in  appearance,  but  does  not  pit  on  pressure. 
The  skin  is  dry,  the  hair  falls  out,  and  the  physiognomy 
assumes  the  appearance  which,  as  will  be  pointed  out, 
is  observed  in  gases  of  myxcedema  occurring  idiopathi- 
cally.  The  symptoms  are  analogous  to  those  which  fol- 
low thyroidectomy  in  lower  animals. 

In  a  case  described  by  von  Brunn  a  goitrous  thyroid 
gland  had  been  removed  at  the  age  of  ten  years,  eighteen 
years  before  death.  Development  had  been  arrested  and 
the  dwarfed  individual,  who  presented  the  appearance  of 
a  cretin,  had  the  mental  characters  of  an  imbecile.  Sim- 
ilar cases  have  been  observed. 

'Myxedema  of  Adults. — In  1873  Sir  William  Gull,  in  a 
paper  "  On  a  Cretinoid  State  Supervening  in  Adult  Life 
in  Women,"  described  the  symptoms  of  a  disease  to 
which  Ord,  several  years  later,  gave  the  name  myxoede- 
ma, since  its  most  conspicuous  feature  is  an  oedema-like 
swelling  of  the  skin  caused  by  accumulation  of  mucin 
in  the  subcutaneous  tissue.  The  resemblance  between 
myxcedema,  cretinism,  and  the  cachectic  condition  fol- 
lowing extirpation  of  the  thyroid  gland  was  soon  recog- 
nized and  was  fully  elaborated  in  the  exhaustive  report 
upon  myxcedema  published  in  1888  by  the  Clinical  Soci- 
ety of  Londoif.  Numerous  experiments  upon  animals, 
already  referred  to,  have  been  undertaken  in  order  to  ex- 
plain the  pathogenesis  of  this  disease,  and  have  been  so 
successful  that  an  efficient  therapy  has  been  established 
within  thirty  years  following  its  recognition. 

Myxoedema  of  adults  may  occur  at  any  age,  but  most 
frequently  affects  individuals  between  the  ages  of  thirty 
and  fifty  years.  The  disease  is  much  more  common  in 
women  than  in  men,  the  ratio  being  about  five  to  one. 
Heredity  plays  a  part  in  its  occurrence  and  several  cases 
have  been  observed  in  the  same  family.  Occasionally 
myxcedema  has  followed  exophthalmic  goitre,  a  disease 
in  many  respects  the  antithesis  of  myxoedema,  while  in 
one  instance  myxoedema  has  been  observed  in  a  woman 
whose  daughter  suffered  with  exophthalmic  goitre. 

Pathological  investigation  has  shown  the  constant  oc- 
currence of  a  destructive  lesion  of  the  thyroid  gland. 
The  organ  is  diminished  to  one-half  or  even  to  one-fourth 
of  its  normal  size ;  the  tissue  is  pale  and  tough.  By  mi- 
croscopic examination  the  interstitial  tissue  is  found 
increased  at  the  expense  of  the  glandular  alveoli,  which 
are  atrophied  and  in  part  destroyed ;  the  gland  is  the  seat 
of  chronic  interstitial  inflammation  comparable  to  cirrho- 
sis of  the  liver  or  to  chronic  interstitial  nephritis.  Car- 
cinoma and  actinomycosis  affecting  the  gland  have  in  rare 
instances  been  associated  with  the  disease.  The  subcu- 
taneous tissue  is  distended  and  spaces  occasionally  occur 
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between  the  bundles  of  connective-tissue  fibres,  -while 
late  in  the  disease  there  is  evidence  of  proliferation  of 
,  fibrous  tissue  associated  vpith  atrophy  of  the  sebaceous 
glands  and  hair  follicles.  The  amoiuit  of  mucin  present 
in  the  subcutaneous  tissue  varies  in  different  cases,  and 
at  a  late  stage  of  the  disease  may  diminish  in  amount. 
In  a  case  studied  by  Cranston  Charles  it  exceeded  the 
normal  fifty  times.  The  parotid  gland  and  certain  other 
tissues  have  been  found  to  contain  an  increased  quantity 
of  mucin. 

The  symptoms  of  myxoedema  are  characteristic  and  in 
most  cases  the  condition  can  be  readily  diagnosed.     The 
onset  of  the  disease  is  usually  very  gradual,  but  occasion- 
ally within  a  few  weeks  it  is  recognizable.     There  are  at 
first  languor  and  disinclination  to  exertion,  associated 
with  slowness  in  the  performance  of  voluntary  move- 
ments.    The  patient  feels  cold  readily  and  may  suffer 
much  in  winter.     Myxoedematous  swelling  of  the  suboi- 
taneous  tissue  is  observable  first  in  the  face,  the  physiog- 
nomy assuming  a  characteristic  appearance  which  pro- 
duces a  certain  likeness  among  those  affected  with  the  dis- 
ease.    The  features  become  coarse  and  broad,  the  lines  of 
the  face  are  smoothed  out,  and  the  face  assumes  a  stolid 
expression.     Tlie  lower  eyelids  are  puffy,  the  lower  lip  is 
thickened  and  often  everted,  the  nostrils  are  broadened. 
Subcutaneous  swelling  occurs  in  other  parts  of  the  body, 
the  extremities  being  at  times  most  markedly  affected ; 
the  hands  and  feet  are  broad  and  clumsy.     This  oedema- 
like swelling  has  a  solid  character,  and,  unlike  ordinary 
oedema,  does  not  pit  on  pressure.     The  body  weight  in- 
creases in  proportion  to  the  gradual  swelling.     The  skin 
is  dry  and  the  nutrition  of  its  appendages  suffers;  the 
hair  becomes  dry  and  brittle  and  falls  out  and  the  nails 
are  stunted.  .         •    .  ,   j     .« 

The  subjective  sense  of  coldness  is  associated  with  a 
subnormal  temperature,  which  not  infrequently  falls 
to  95°  F.  or  even  lower.  The  disease  Is  said  to  progress 
more  rapidly  in  winter  than  in  summer,  and  an  important 
factor  in  its  treatment  is  exposure  to  a  warm  temperature. 
Slowness  of  mental  action  is  a  constant  feature  of  myxoe- 
dema and  memory  becomes  defective.  The  temper  is 
usually  remarkably  placid,  but  is  occasionally  irritable, 
and  dementia  is  by  no  means  uncommon.  Hemorrhages 
from  the  gums  or  nose  or  from  the  uterus  during  men- 
struation or  after  pregnancy  are  not  rare.  The  circula- 
tory, the  digestive,  and  the  urinary  systems  exhibit  no 
characteristic  alterations,  though  albuminuria  often  oc- 
curs The  functions  of  the  sexual  organs  undergo  no 
constant  change,  and  the  greater  frequency  of  myxcede- 
ma  in  women  has  not  been  referable  to  changes  in  the 
female  organs  of  generation.  Patients  with  mj;xoedema 
seldom  bicome  pregnant,  _  but  iV"""?  T  nT^n^ve 
the  myxoedematous  condition  has  been  found  to  impiove 

*"&Sss  of  the  disease  is  very  slow  and  the  patient 
may  survive  ten,  occasionally  even  thirtv  yeaiu  Dea  h 
usually  occurs  with  some  intercurrent  affection,  not  in- 
frequently tuberculosis  or  nephritis. 

GretiniL  or  Myxmdema  of  ChUdhood.-fo  essential 
difference  exists  between  the  disease  myxedema  and  the 
condition  known  as  cretinism  save  that  tlie  latter  occui- 
ring  during  the  eariy  years  of  life  is  associated  with  aiest 
of  development.  Endemic  cretinism  occurs  in  STVitzer- 
land  and  in  certain  other  countries,  particulariy  in  the 
deep  valleys  of  high  mountains  where  goitre  is  prevalent. 
Spomdic  clses  ocfur  in  the  United  States  ai^d  elsewhere 
The  disease,  affecting  females  f"™  ,f''<=1^^'^'Y,*?!,™ 
males,  usually  develops,  before  «'«  «tl^  ^^^^^f  fjf  1?/ 
of  the  thyroid  gland  which  cause  destruction  of  its  par- 
enchyma and  which  are  analogous  to  those  of  myxedema 
inadlus  occur.  In  cases  of  sporadic  cretmism  the  gland 
s  undeveloped  or  atrophied.  In  about  two-thirds  of  the 
cases  of  endemic  cretinism  there  is  a  goitre-like  enlarge- 
ment but  doubtless  the  functional  ability  of  the  gland  is 
much  diminished;  in  one-third  of  the  cases  the  organ  has 

'ThernditTof  The  aSd  child  is  analogous  to  that 
produced  in  lower  animals  and  in  young  children  by  the 


operative  removal  of  the  thyroid  gland.     The  stature  is 
dwarfed  and  the  limbs  are  short  and  thick.     There  is  a 
corresponding  arrest  of  mental  development,  so  that  the 
intelligence  may  not  be  greater  than  that  of  a  child  three 
years  of  age,  while  in  many  instances  there  is  complete 
idiocy.     The  subcutaneous  tissue  is  the  seat  of  solid  oede- 
ma, giving  the  features  a  coarse,  repulsive  aspect.     Not 
infrequently  cretins  live  to  adult  age  or  even  to  middle 
life,  retaining  their  dwarfed  condition  of  body  and  mind. 
Treatment. — Experimental  pathology  and  pathological 
anatomy,  having  demonstrated  the  identity  of  so-called 
idiopathic  myxoedema  and  cretinism  with  the  disturb- 
ance of  nutrition  which  follows  operative  removal  of  the 
thyroid  gland,  have  at  the  same  time  furnished  an  eificient 
method  of  treatment.     The  thyroid  gland  performs  some 
function  essential  to  normal  metabolism.      The  effects 
which  follow  removal  or  destruction  of  the  gland  can  be 
prevented  by  supplying  to  the  body  thyroid  tissue  or  its 
products  derived  from  another  individual  not  necessarily 
of  the  same  species.     It  has  been  found  possible  to  trans- 
plant thyroid  tissue,  preferably  that  of  the  sheep,  into 
the  subcutaneous  tissue  of  patients  suffering  with  myx- 
oedema, occurring  spontaneously  or  as  the  result  of  oper- 
ation for  goitre,  and  well  marked  improvement  lasting 
for  several  months  has  followed.    The  transplanted  tissue 
undergoes  partial  vascularization  and  functions  like  the 
normal  gland,  but  atrophy  occurs  and  the  improvement 
is  only  temporary.     Subcutaneous  injection  of  extracts 
made  from  the  thyroid  gland  was  introduced  by  Murray, 
who  employed  with  success  a  glycerin  extract  made  from 
the  thyroid  gland  of  the  sheep.     Products  of  the  gland 
administered  by  mouth  have  been  found  equally  efficient, 
and  the  effects  differ  little  whether  the  gland  is  ingested 
raw,  partially  cooked,  dried  and  powdered,  or  in  the  form 
of  a  glycerin  extract.     The  glycerin  extract  or  the  dried 
powder  prepared  as  tablets  is  most  conveniently  used, 
the    dose  varying  with  different  preparations.     Toxic 
symptoms  may   follow  the  administration   of  too  large 
quantities.  ,     ,      » 

The  effects  of  treatment  lu  cases  both  of  spontaneous 
and  of  operative  myxoedema  are  remarkable.  Within 
a  few  weeks  subcutaneous  swelling  disappears,  the  face 
loses  its  stolid  expression,  and  there  is  a  rapid  diminu- 
tion of  body  weight.  The  mental  condition  improves 
and  the  temperature  becomes  normal.  The  treatraeiitof 
cretinism  has  proved  almost  equally  successful.  With 
administration  of  thyroid  extract  the  skin  soon  becomes 
normal  in  appearance  and  intelligence  improves;  growth 
occurs  with  surprising  activity  and  the  height  may  in- 
crease several  inches  during  the  first  year.  When  treat- 
ment is  begun  at  an  advanced  age  its  effects,  as  might  be 
expected,  are  less  satisfactory.  In  the  treatment  of  all 
forms  of  myxojdema  it  is  necessary  to  continue  the  ad- 
ministration of  thyroid  products  after  the  disappearance 
of  all  symptoms,  since  throughout  the  remainder  ot  hte 
it  is  necessary  to  supply  the  deficiency  caused  by  the  ab- 
sence or  destruction  of  the  thyroid  glanj.^^^^^^  ^^   ^^  .^ 

MYXOMA  —The  name  myxoma,  or  tumor  composed  of 
mucous  tissue,  was  first  used  by  Virchow,  who  separated 
from  the  other  connective-tissue  tumors  a  special  class  of 
formations  to  which  he  gave  this  name.  Before  this 
they  had  been  described  under  various  names,  which 
eenerX  had  reference  to  the  soft  and  jelly-like  charac- 
tei  of  the  growth.  LaBnnec  gave  them  the  name  colloid 
wa,,=P  the  soft  trembling,  gelatinous  character  of  the 
fesue  reminded  him  of^'pirtially  solidified  gelatin. 
Those  tumo°s  described  by  Johannes  Mliller  ™der  the 
name  gelatinous  tumor,  or  collonema,  l^f  °ng  >°  ^'"^  ^l''^ 
™rv  llthough  the  latter  name  seems  also  to  have  been 
used  for  soft®  tumors  of  other  sorts,  as  the  soft  fibromas, 
etc     Piget  has  described  them  under  the  name  fibrocel- 

^"vircZw  distinguished  as  a  separate  variety  of  the  con- 
nective tilsue,  mucous  tmue,  which  was  characterized  by 
con  alniig  in  the  intercellular  substance  a  q™«t'ty  of 
mudn     This  tissue  was  most  developed  in  the  foetus, 
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where  it  formed  the  jelly  of  Wharton  in  the  umbilical 
cord,  and  was  also  abundant  in  the  subcutaneous  tissue. 
In  the  subcutaneous  tissue  it  afterward  became  converted 
into  fat,  and  when  it  was  found  elsewhere  in  the  body 
Virchow  regarded  it  generally  as  an  antecedent  to  fat 
formation.  Its  cells  either  take  np  fat  directly,  and  so 
become  changed  into  fat  cells,  or  they  laroliferate  and  the 
young  cells  so  formed  become  fat  cells.  In  the  adult  tis- 
sues it  occupies  but  a  small  field,  being  found  only  in  the 
vitreous  body  of  the  eye  and  in  the  subcutaneous  tissue 
in  a  few  places,  here  principally  over  the  pubes.  Histo- 
logically the  tissue  consists  of  cells  embedded  in  a  homo- 
geneous matrix.  The  cells  may  be  of  vai'ious  shapes, 
round,  spindle-,  or  star-shaped.  Generally  they  have  the 
latter  form,  and  are  abundantly  provided  with  jsrocesses 
which  freely  anastomose  with  the  processes  of  neighbor- 
ing cells,  and  form  a  fine  meshwork  through  the  tissue, 
On  section  of  the  tissue  abundant  fluid  escapes,  which 
has  the  same  properties  as  those  fluids  which  contain  mu- 
cus. The  mucin  in  the  ordinary  secretions  of  mucous 
surfaces  is  the  result  of  the  action  of  the  epithelial  cells, 
and  is  formed  In  them ;  but  in  the  mucous  tissue  it  is  not 
found  in  the  cells,  but  in  the  intercellular  substance. 
The  mucin  contained  in  the  fluid  has  some  of  the  chemi- 
cal properties  of  albumin,  but  can  be  distinguished  fi'om 
it  in  various  ways.  On  the  addition  of  alcohol  to  fluids 
containing  mucin,  there  is  formed  an  abundant  precipi-' 
tate,  which  can  be  distinguished  from  the  albuminous 
precipitate,  formed  in  like  manner,  by  the  fact  that  it 
swells  up  and  dissolves  on  the  addition  of  water.  The 
albuminous  precipitate  is  not  affected  bj'  water.  Mucin 
is  not  dissolved  by  an  excess  of  the  organic  acids,  but  is 
readily  soluble  in  an  excess  of  mineral  acids. 

The  result  of  later  investigations  has  been  to  throw 
much  doubt  on  the  existence  of  mucous  tissue  as  a  dis- 
tinct type  of  tissue,  such  as  Virchow  has  described  it. 
Even  in  the  place  where  he  supposed  it  to  be  most  typi- 
cal, i.e.,  in  the  umbilical  cord,  it  has  been  shown  that 
this  is  only  ordinary  connective  tissue  with  an  abundance 
of  fluid  in  its  meshes.  A  tissue  almost  analogous  to  mu- 
cous tissue  is  found  in  eveiy  subcutaneous  oedema,  and 
can  be  produced  artificially  by  puncturing  the  skin  with 
a  fine  hypodermic  needle  and  injecting  salt  solution,  A 
doughy  swelling  is  so  produced,  and  on  section  the  in- 
jected fluid  will  not  flow  out  again,  but  is  held  in  the 
meshes  of  the  tissue  and  along  the  fibres.  On  mjcro- 
scopic  examination  of  sections,  made  by  clipping  out  a 
piece  of  the  swollen  tissue  with  a  pair  of  sharp  scissors, 
the  cells  are  found  separated  from  one  another,  often  an- 
astomosing, and  the  fibres  of  the  connective  tissue  do  not 
appear  so  prominent.  The  fact  that  the  supposed  mu- 
cous tissue  of  Virchow  contains  mucin  cannot  be  held 
as  peculiar  to  it,  and  as  distinguishing  it  from  other 
forms  of  connective  tissue.  Mucin  is  found  in  all  the 
'connective  tissues,  and  the  gelatinous  oedematous  tissue 
does  not  contain  any  greater  proijortion  of  it  than  do 
other  tissues  of  its  class.  The  fatty  tissue  which  Virchow 
supposed  to  be  developed  from  the  mucous  tissue  does 
not  stand  in  any  immediate  connection  with  this,  but, 
according  to  Ranvier,  takes  its  origin  from  cells  which 
from  the  beginning  are  destined  to  form  fat  cells. 

Following  this,  Rumler  and  Koster  have  taken  the 
ground  that  the  myxoma  is  not  to  be  considered  a  special 
type  or  class  of  tumors,  but  that  it  simply  represents 
conditions  which  might  arise  in  any  of  the  tumors  which 
contain  connective  tissue.  This  myxomatous  condition 
of  the  connective  tissue  consists  in  its  saturation  with 
serum  in  consequence  of  circulatory  disturbances  in  the 
tumors,  passive  congestion,  etc.  They  regard  this  tis- 
sue, wherever  found,  simply  as  ordinary  connective  tis- 
sue infiltrated  with  fluid,  or  edematous.  In  every  tumor 
there  can  be  numerous  conditions  which  might  give  rise 
to  this.  The  veins  can  easily  be  compressed  by  the 
growth  of  certain  parts  of  the  tumor,  and  we  cannot  sup- 
pose that  the  vessels  of  a  tumor  of  any  sort  are  less  prone 
to  allow  of  transudation,  in  case  of  passive  congestion, 
than  those  of  any  other  tissues.  On  the  contrary,  it 
seems  probable,  from  the  numerous  areas  of  small-cell 


infiltration  in  tumors  of  every  description,  and  from  the 
frequency  with  which  red  corpuscles  are  found  in  the 
tissues,  that  the  vessels  are  easily  traversed  by  the  cor- 
puscular elements  of  the  blood,  and  where  this  is  the  case 
the  fluid  elements  pass  through  also.  The  serum  would 
be  most  readily  taken  up  in  the  meshes  of  the  connective 
tissue,  enlarging  these,  and  tlie  connective-tissue  fibres 
would  be  forced  apart  and  rendered  less  distinct.  The 
fact  that  we  scarcely  ever  find  a  pure  myxoma,  such  as 
Virchow  has  described,  but  almost  always  this  so-called 
myxomatous  tissue  in  connection  with  some  variety  of  the 
tumors  which  contain  connective  tissue,  as  fibroma,  sar- 
coma, carcinoma,  etc.,  speaks  much  in  favor  of  the  cor- 
rectness of  this  view  of  Koster.  Still  the  term  myxoma 
or  myxomatous  tissue,  to  denote  this  swollen  and  cede- 
matous  connective  tissue,  is  a  convenient  one  and  will  be 
retained,  although  the  myxoma,  in  the  light  of  these  re- 
cent investigations,  should  occupy  no  place  in  the  cate- 
gory of  tumors.  The  myxoma  was  first  described  by 
Virchow,  and  his  descriptions  of  it  are  in  all  respects  so 
full  that  they  have  undergone  but  little  modification  by 
subsequent  writers  on  the  subject.  The  writer  has 
thought  it  best  after  this  preface,  which  slieds  a  clearer 
light  on  what  has  been  a  complicated  subject  In  onkology, 
to  give,  in  the  main,  Virchow's  description  of  the  tumor. 

The  cells  in  the  tumor  vary  in  shape  and  in  numbers, 
this  variation  depending  chiefly  on  the  stage  of  develop- 
ment of  the  tissue.  The  younger  the  tissue  is,  the  more 
the  cells  are  inclined  to  be  round  and  the  more  numerous 
they  are.  In  the  older  portions  the  cells  are  rather  star- 
or  spindle-shaped,  and  have  numerous  processes  which 
communicate  freely  with  one  another,  producing  a  retic- 
ular or  areolar  tissue,  in  the  meshes  of  which  round  cells 
ai'e  frequently  enclosed.  When  these  cellular  elements 
are  fewer  in  number,  the  whole  tissue  has  a  transparent, 
gelatinous  appearance,  and  is  similar  to  the  vitreous  body 
of  the  eye.  This  forms  the  variety  myxoma  liyalinum. 
Virchow  has  described  several  other  varieties,  which  de- 
pend on  various,  for  the  most  part  minor,  differences  in 
the  structure  of  the  tumor. 

Myxoma  Medullare. — In  this  the  cells  are  more  abun- 
dant, and  this  gives  the  tumor  a  whitish,  opaque,  med- 
ullary appearance. 

Myxoma  Mbrosum. — In  this  the  tumor  contains  a  con- 
siderable amount  of  fibrous  tissue,  especially  elastic 
fibres,  which  often  form  dense  bands  which  appear  on 
the  cut  surface. 

Myxoma  Lipomatodes  or  Myxo-lipoma. — In  this  the  tu- 
mor contains  a  considerable  amount  of  fat,  either  in  the 
shape  of  small  drops  contained  in  the  cells  or  as  fully 
formed  fat  cells.  There  may  be  so  much  fat  present  that 
the  tumor  has  most  of  the  characteristics  of  lipoma. 

Myxoma  Vartilagiiievm  or  Myxo-chondroma. — A  large 
proportion  of  the  myxomata  contain  islands  of  cartilage. 
This  is  especially  the  case  in  the  compound  tumors  of  the 
parotid  gland  and  of  the  testicle. 

Myxoma  Gystoide^.—ln  some  cases  the  cells  of  the  tu- 
mor enclosed  in  the  mucous  tissue  undergo  mucous  or 
fatty  degeneration,  and  there  are  formed  large  cavities 
filled  with  viscid  fluid. 

Myxoma  Telangiectodes. — As  is  the  case  with  most  tu- 
mors, the  vessels  here  also  may  be  enormously  developed, 
and  this  name  has  been  given  to  the  condition. 

Mucin  is  found  in  numerous  other  tumors,  as  a  result 
of  the  physiological  activity  or  of  a  degeneration  of  the 
tumor  cells.  It  is  found,  for  instance,  in  the  cystic  tu- 
mors of  the  ovary  and  in  most  other  epithelial  cysts. 
Virchow  excludes  these  from  the  myxomata,  and  has 
limited  this  term  to  those  tumors  in  wliich  the  mucin  is 
contained  in  the  interstices  of  the  tissue  and  forms  an 
integral  part  of  the  tumor.  Billroth  has  included  witli 
the  myxomata  all  such  tumors,  among  them  goitre.  Just 
as  the  most  typical  formation  of  mucous  tissue  is  found 
m  the  foetus,  the  most  typical  examples  of  myxomata  are 
found  in  tissues  belonging  to  the  foetus.  The  myxoma 
of  the  chorion,  forming  what  has  been  termed  mole  preg- 
nancy, is  the  most  typical  example  of  this  myxoma. 
Abortion  takes  place  in  tliis  case  at  an  early  period,  and 
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the  cliorion  will  be  found  covered  with  transparent,  2;c- 
latinous  vesicles,  which  are  connected  with  the  meiii- 
brane  by  a  narrow  pedicle.  Sometimes  several  of  these 
vesicles  are  connected  with  the  same  pedicle,  and  are 
strung  along  it  like  rows  of  beads.  The  vesicles  vary 
in  size  from  a  pin's  head  to  a  nut.  On  microscopic 
examination  they  are  found  to  be  covered  with  epithe- 
lium, and  cdmposed  of  a  tissue  similar  to  that  of  the  um- 
bihcalcord,  i.e.,  branched  cells  lying  in  a  homogeneous 
matrix.     Other  parts  of  the  foetal  appendages  may  be  the 


Fig.  3476.— Section  ol  a  Myxoma  of  the  Subcutaneous  Tissue  of  the 
Thigh.     X  300. 

seat  of  similar  formations.  Cases  have  been  seen  m  which' 
the  umbilical  cord  contained  along  its  course  a  series  of 
such  vesicles.  Also  in  the  placenta  itself  there  ma}'  be 
an  abundant  formation  of  mucous  tissue  in  the  form  of 
circumscribed  tumor  masses.  Retained  portions  of  the 
placenta  may  form  the  starting-point  of  tumors  which 
reach  a  considerable  size. 

In  the  adult  the  subcutaneous  cellular  tissue  is  the  most 
frequent  seat  of  the  myxomata.  Here  they  are  princi- 
pally found  on  the  thigh,  on  the  buttocks,  on  the  labia 
majora,  and  on  the  lower  lip.  The  fat  in  the  orbit  may 
be  a  iDoint  of  origin  for  the  tumor.  Such  tumors  maj- 
Teach  considerable  size ;  those  of  the  size  of  a  child's  head 
have  repeatedly  been  seen.  These  large  myxomata 
have  a  distinctly  lobular  structure,  and  when  they  break 
through  the  skin  they  become  ulcerated  and  often  very 
foul.  They  may  have  a  deeper  origin,  as  from  the  inter- 
muscular tissue.  In  some  localities,  where  the  skin  cov- 
ering them  is  not  tense,  they  become  distinctly  peduncu- 
lated. 

The  long  bones  are  often  the  seat  of  this  tumor.  In 
this  place  it  seems  to  originate  in  the  bone  marrow. 
In  these  tumors  various  combinations,  as  with  sarcoma 
and  enchondroma,  are  seen.  The  spongy  osteomata, 
with  soft  cellular  marrow,  may  be  confounded  with 
them.  The  pure  myxoma  of  the  bones  is  a  soft,  spongy 
tumor,  which  ordinarily  originates  in  the  bone  marrow, 
and  in  the  course  of  its  growth  becomes  covered  with  a 
thin  shell  of  bone.  At  a  later  stage  it  breaks  through 
this  and  grows  as  a  soft  mass.  It  is  always  accompanied 
by  a  new  growth  of  bone,  is  generally  lobulated,  and 
liere  and  there  portions  of  the  old  bone  may  be  enclosed 
in  its  substance.  The  tumor  is  soft  and  grayish-white 
■or  yellow.  Virchow  compares  its  tissue  to  the  flesh  of 
oysters.  An  abundant  formation  of  blood-vessels  may 
give  a  reddish  tint  to  the  tumor. 

The  myxomata  often  have  a  heteroplastic  origin,  and 
in  these  cases  the  starting-point  is  most  frequently  located 
in  the  central  nervous  system.  A  considerable  propor- 
tion of  the  brain  tumors  belong  in  this  category,  espe- 
cially those  of  the  cerebral  hemispheres.  The  dura  mater 
of  the  brain  and  cord  may  also  be  the  place  of  origin. 

When  seated  on  the  peripheral  nerves  the  tumor  does 
not  originate  in  the  neurilemma,  but  in  the  interstitial 
tissue.  Such  tumors  along  the  nerves  are  often  mistaken 
for  neuromata.  They  give  rise  to  severe  neuralgic  pains, 
and  are  often  multiple.  All  the  nerves  of  an  extremity 
may  be  affected,  in  some  cases  several  being  seated  on  a 


single  nerve  trunk.  In  many  cases  the  nerve  does  not 
pass  into  the  substance  of  the  tumor,  but  over  it,  and  is 
generally  flattened  from  pressure.  It  is  often  possible  to 
dissect  out  the  nerve  from  such  a  tumor  and  remove  the 
tumor,  leaving  the  nerve  intact.  The  consistence  of 
these  tumors  is  so  soft  that  they  may  be  easily  mistaken 
for  cysts.     They  have  a  tendency  to  return  after  removal. 

Myxomata  may  also  be  found  in  the  glandular  organs, 
where  they  arise  from  the  interstitial  tissue.  Such  tu- 
mors are  found  in  the  female  breast.  The  tissue  of  the 
tumor  grows  into  the  milk  ducts  in  the  form  of  polypoid 
masses.  The  duct  becomes  dilated  into  a  cyst,  which  is 
filled  with  the  branching  growth.  The  whole  tumor 
may  in  tliis  way  be  enclosed  in  one  large  duct,  and  may 
be  removed  from  it,  leaving  a  cavity  with  smooth  walls. 
On  microscopic  examination  the  section  often  appears  to 
be  composed  of  small  islands  of  myxomatous  tissue  sur- 
rounded by  epithelium.  The  islands  of  tissue  are  the 
cross  sections  of  the  branching  dendrate  growth  in  the 
duct.  This  manner  of  growth  is  not  peculiar  to  the  myx- 
omas of  the  mamma,  but  is  seen  also  in  fibromas  and  sar- 
comas in  the  same  locality.  The  tumor  finds  the  least 
resistance  to  its  growth  in  the  milk  ducts,  and  grows  into 
and  dilates  these.  Jungst  has  recently  described  one  of 
these  tumors  in  which  a  great  part  of  the  tissue  had  un- 
dergone hyaline  degeneration.  When  the  superficial 
ducts  are  the  seat  of  this  growth,  the  tumor  may  project 
as  a  nodular  mass  from  the  breast.  This  is  particularly 
apt  to  take  place  in  the  region  of  the  nipple.  'The  skin 
covering  the  tumor  becomes  thin  and  finally  breaks,  and 
iQ,  soft,  fungous,  often  gangrenous  mass  appears.  This 
may  have  an  appearance  very  similar  to  that  of  an  ulcer- 
ated cancer.  If  it  is  closely  examined,  spaces  may  be 
found  in  which  a  probe  may  be  pushed  deeply  down 
between  the  single  masses  of  which  the  tumor  is  com- 
posed. 

The  mixed  forms  of  the  tumor  deserve  especial  atten- 
tion, for  they  are  much  more  common  than  the  pure 
forms.  They  are  most  apt  to  be  seen  with  tumors  of  the 
connective-tissue  type,  as  the  fibroma  and  sarcoma,  but 
may  be  found  with  any  tumors  which  contain  connective 
tissue.  In  the  spindle-cell  sarcoma  the  tissue  may  be 
seen  to  jjass  into  myxoma.  The  cells  become  separated 
from  one  another  by  an  increase  in  the  interstitial  tissue 
and  lose  their  spindle  shape.  In  carcinoma  the  most  typ- 
ical raucous  tissue  may  be  found  between  the  masses  of 
epithelial  cells.  These  mixed  forms  have  been  given 
special  names,  as  carcinoma  myxomatodes,  etc.  The 
fact  of  the  presence  of  such  tissue  in  a  carcinoma  or  sar- 
coma does  not  influence  the  growth  of  the  tumor,  nor  its 
prognosis,  but  may  lead  to  errors  in  diagnosis.  Wher- 
ever this  tissue  is  present  the  tumor  is  softer.  The  mixed 
tumors  of  the  parotid  gland  always  contain  a  consider- 
able quantity  of  myxomatous  tissue. 

In  general  the  tumors  described  as  myxomata  are  not 
malignant.  Some,  however,  are.  Those  of  the  central 
nervous  system  are  malignant  from  their  position,  and 
those  of  the  peripheral  nerves  have  a  tendency  to  multi- 
ple formation  and  to  return  after  extirpation. 

The  best  and  most  typical  pictures  of  this  tissue  are  to 
be  obtained  by  examining  fresh  sections  made  by  the 
freezing  microtome  in  salt  solutions.  After  the  tumor 
has  been  hardened  in  almost  any  of  the  hardening  agents, 
the  tissue  loses  its  fluid  and  shrinks  very  much. 

W.  T.  Oouncilman. 

N/EVUS.'  —  (Greek,  crjrtAof,  07r(Aw/ia  ;  French,  nmve, 
couenne,  emrie,  signe,  tache  congenitale,  ou  pigmentaire, 
ou  de  naissance ;■  German,  Mai,  Muttermal,  Mutiermohl, 
M-utterHecken ;  Italian,  neo  [materno],  new;  Spanish, 
nevo,  Imnar.)  (Synonyms:  Mother's  mark,  birthmark, 
etc.),  . 

Definition.— A  nsevus  is  a  congenital  alteration  ot 
the  skin,  confined  to  a  limited  area  and  characterized  by 
an  increase  in  the  amount  of  pigment  deposit,  and  by  a 
certain  amount  of  hypertrophy  of  one  or  more  of  the 
other  elements  of  the  skin,  especially  the  vascular  and 
connective  tissues,  as  well  as  the  hair,  fat,  nerves,  and 
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lympliatics.  Uniia' aptly  descril)es  nrevi  as:  "Circum- 
scribed, small  malformations  of  the  skin,  wliieli  have  a 
hereditary  basis,  or  have  their  foundations  laid  in  em- 
bryonic life,  become  evident  at  different  periods  of  life, 
develop  very  slowly,  and  are  distinguishable  by  their 
color  or  the  form  of  their  surface." 

The  following  varieties  of  n;i'\'i  may  be  distinguished: 
J^'^miiis  fibromatosns ;  N.  lipinmitnih'S  ;  N.  pigmentosuii  ; 
N.  pilaiis  OY piliKiin ;  N.  ii iiinx  Interis  (N.  linearis);  N. 
vascularis ;  N.  Tcrrucosiis. 

jS/aiviis  fbronuitostis  is  marked  by  excessive  connective- 
tissue  development;  it  varies  in  size  and  in\olves  the 
skin  in  different  parts 
of  the  bod}'.  As  sub- 
divisions  ma}'  be 
mentioned :  N.  foli- 
aoeus,  in  which  the 
central  porti(jns  are 
fibrous,  while  the 
circumference  is  vas- 
cular ;  N.  moUusci- 
formis,  a  prot\iber- 
a  n  t  pedunculated 
form  (Fig.  3477); 
and  N.  sarcomatodes, 
which,  at  first  is  a 
simple  congenital 
na'vus,  but  after- 
ward undergoes  sar- 
comatoiis  degenei'a- 
tion. 

AVrw.s'  lipiimatodes 
is  a  congenital  fatty 
tumor  (lipoma),  usu- 
ally more  or  less 
fibromatous. 

Nmviis  pigmentosiis, 
the  commonest  form 
of  na3vus,  is  char- 
acterized by  an  ex- 
cessive deposit  of 
pigment  in  a  circum- 
cribed  area  of  the 
skin.  The  discolora- 
tion thus  produceil 
varies  from  pale  yel- 
low to  purjile  or  even 
l)lack.  The  lesion, 
whieli  is  usually  level 
with  the  skin,  occurs 
especialljr  on  the  face, 
hands,  neck,  arms, 
and  back.  This  va- 
riety of  najvus  is 
often  verrucose,  or 
elevated;  at  times  it 
is  more  or  less  cov- 
ered with  hair  and  is 
then  designated  as 
JVcevvs  pilijsns  or  JY. 
])ilai'is. 

Nmmis     nisriihirix, 
N.  sangniiieus — "  molhc 
her  of  forms,  amoiij 


Fig.  iS-irr.— Casp  of  Angio-Flbmnia  of  Oontrenital  orirriii.     (case  i.f  Dr.  isiiil.iiv  Dvcr.i 


rrs  mai-k,"  includes  a  large  nuni- 
,  wliieli  are  now  classed  vai-ieties  of 
angiomata,  which  em))raee  tuniurs  of  endjryonic  rudi- 
mentary vessels. 

The  vasculai-  nicvus  may  involvi^  the  ea]-iillaries,  the 
smaller  veins,  or  the  teiininal  arterial  branches. 

The  eapillai-y  nan'us  is  distinctly  cutaneous  and  in  size 
varies  from  a  ])in's  head  to  the  i)a'lrn  of  tli(!  hand  or  even 
a  larger  area;  at  times  it  involves  whole  regions  of  the 
body.  This  is  the  form  of  nicvus  most  conmionly  met 
with.  It  is  usually  only  slightly  elevated,  or  it  may  even 
be  level  with  tlie  surfiiee  (jf  the  skin.  It  is  often  seen  as 
a  tiny  red  s|)ot  with  lines  (dilated  capillaries)  i-adiating 
from  a  central  point  of  vascular  )iypertroi)hy,  and  t,o  it 
are  applied  the  terms  "  spider  n:e  vus, "  or  "  spider  cancer, " 
or  nieriis  airtiinix. 
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Vascidar  n;evi  often  be.gin  indistinctly  and  spread 
gradually  imtil  they  cover  large  .surfaces.  On  the  other 
hand,  nttvi,  present  at  birth,  may  within  a  few  months 
entiiely  disapjiear  spontaneously. 

The  venous  na'vus  is  apt  to  be  more  elevated  than  the 
eapillai-y.  It  is  smooth,  stands  at  a  higher  level  than  the 
surrounding  suifaee  of  the  skin,  is  soft  and  compres.sible, 
and  often  is  lobulated.  The  thin-walled  veins  of  wliich 
it  is  composed  communicate  directly  with  one  another 
and  are  bound  together  by  delicate  bands  of  connective 
tissue,  thus  constituting  a  network  of  intercommunicat- 
ing venous  sinu.ses.     Such  a  formation  should  be  called 

a  noevus  cavernosus 
or  an  angioma,  for 
such  in  reality  it  is. 
These  tumors  ai-e 
markedly  irregular 
in  form,  reddisli  or 
bluish  in  color,  and 
at  times  erectile  (in 
women  this  is  espe- 
ciall}'  noticeable  at 
the  time  of  menstru- 
ation). 

Although  there 
have  been  I'cported 
many  instances  of 
congenital  naivi 
which  seem  to  con- 
firm the  belief  that 
prenatal  events, 
through  the  impres- 
sions which  they 
make  upon  the  moth- 
er, sometimes  play  a 
])art  in  the  causation 
of  these  tumors,  the 
best  modern  author- 
ities are  opposed  to 
this  view. 

Ntuviis  Verrucosus. 
— A  warty  naevus, 
often  having  a  hairy 
growth,  and  at  times 
highlj'  vascidar  and 
erectile. 

JS'a'viis  imiiis  htteris 
is  excluded,  by  Unna, 
from  the  noevi,  but 
cml}'  provisionally. 
I  am  disposed  to  be- 
lieve that  this  type 
of  growth  may  prop- 
erly be  classed  among 
the  nwvi.  It  em- 
braces a  number  of 
types  of  nsievus,  in 
Avhich  the  essential 
feature  is  the  ar- 
rangement in  a  linear 
way  f<illowing  the 
distribution  of  the 
superlieial  nerves.  Some  attempts  have  been  made  to 
show  the  association  of  this  form  of  na'vus  with  pre- 
vious neurotic  inlluence,  injury,  sliock,  etc.  The  terms 
N.  neuroticus,  N.  linearis,  p!i])i]h)ma  neuropathicum 
(neuroticuiu),  etc.,  have  been  applied  to  this  type.  That 
the  term  iiiiins  ^"'t'r/.<  is  a  misnomer  is  evident  from  the 
fact  that  the  aulhoi'  lias  had  two  cases  of  bilateral  dis- 
tnbuiioii.  To  these  he  has  given,  by  preference,  the 
name  "  linear  mevus." 

It  is  eeilain  that  there  is  a  distinct  difference  in  the 
arrangemi'iit  of  (he  lesions  between  this  variety  and  the 
crdinary  na' vi.  The  arrangement  is  in  sprays  and  clusters 
nl  lesions,  which  vary  in  character,  some  of  them  having 
a  pale  yellow  pigmentation,  while  others  are  black, 
i  hen  again  there  are  also  differences  in  structure,  some 
ol  the  growths  being  clearly  vascular  naevi  while  others 
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Fig.   3478.  — Vasoulai    <n 

li    \  1  rnK  use 

Linear 

Nsevus  of  the  Cln  ek 

(Ldsi  (.f  Di 

Isadure 

Dyer.) 

are  mere  pupillDmatdiis  growths.     In  some  cases  there  is 
even  invnlvcnient  of  tlie  iyuiph  vessels  (lymphant^ioma) 

(see     Figs.''   3479 
and  3480). 

T  h  e  Pathol- 
ogy of  nievi  is  of 
only  indirect  im- 
portance, as  the 
condition  is  not 
dillicult  of  diag- 
nosis and  the 
treatment  is  es- 
scntialljf  radical. 

Unna  {op.  cit.) 
([uite  exhaust- 
ively reviews  the 
histological  evi- 
dence in  regard 
to  the  different 
types  of  najvus, 
and  discursively 
argues  the  embry- 
onic origin  and 
coiirse  of  tli(.'  sev- 
e  r  a  1  varieties 
classed  by  him 
under  the  term 
n  a;  v  u  s.  Soft 
naivi,  or  the 
warty,  epithelial  types,  arc  recognized  as  embryonic  de- 
posits in  the  upper  part  of  the  cutis,  while  the  hard 
na?vl  are  either  of  priekle-cell  layer  origin  or  else  are 
found  chiefiy  in  the  horny  layer.  The  more  complicated 
naivi  are  also  considered  by  him  in  their  complex  path- 
ology. 

Treatment.— The  necessity  for  treatment  of  najvi 
must  depend  upon  the  character,  the  location ,  and  the  size 
of  the  lesion  or  lesions.  Simple  pigmentary  moles  are  of 
little  serious  importance,  and,  on  account  of  their  liarmless 
character,  they  need  not  be  removed .  In  exceptional  cases 
the  melanotic  mole  calls  for  early  operative  interference. 
Even  the  simide  moles,  when  there  are  several  of  them, 
often  cause  sufficient  disfigurement  to  warrant  their  re- 
moval by  surgical  interference.  Hairy  moles  are  espe- 
cially disfisuriiig.  In  the  case  of  vas- 
cular nosvi,  on  the  other  hand,  the 
danger  of  accidental  hemorrhage  must 
also  be  taken  into  consideration. 

There  are  not  a  few  different  ways 
in  which  najvi  may  be  treated.  For  the 
simple  pigmentary  moles  and  also  for 
those  of  a  verriieose  character  the 
employment  of  escharotics  will  often 
suffice.  Of  these  we  might  name  car- 
bolic acid,  chromic  acid,  glacial  acetic 
acid,  picric  acid,  acid  nitrate  of  mer- 
cury corrosive  sublimate,  cantharides 
(in  collodion  or  in  etlier).  pyrozone, 
sodium  cthylate,  nitrate  of  .silver,  ni- 
tric acid,  sa"licylic  acid  (alcoholic  solu- 
tion or  in  collodion),  chrysarobm,  chry- 
sophanic  acid,  pyrogallic  acid,  liquor 
potassa?,  etc. 

In  the  case  of  large  lesions,  or 
where  the  location  forbids  the  use  of 
caustic  applications,  the  actual  cautery 
—the  Paquelin  or  the  galvanic— should 

be  used.  .1^1 

In  small  pigmentary  nasvi  electrol- 
ysis is  preferable.  To  the  negative 
pole  of  a  galvanic  battery  a  small  needle 
(steel  platinum,  or  gold)  is  attached. 
The  positive  pole  carries  the  sponge, 
which  is  customarily  held  m   the   pa-  ,,   ,,        • 

tienfs  hand      The  needle  is  introduced  beneath  the  pig- 
mented mole  and  the  current  is  gradually  increased  unti 
Se  lesion  blisters.     To  accomplish  this  a  current  of  about 
8  or  10  miUiampJresis  required,  or,  if  cells  with  switch- 


board  are  used,  there  should  be  as  many  as  from  twelve 
to  twenty  cells.  Where  the  moles  are  hairy,  a  blunted 
broach  or  needle  should  be  employed.  The  hairs  are 
removed  first  by  electrolysis,  and  then  the  mole  itself  is 
removed  by  the  ordinary  operative  procedures.  In  re- 
moving the  hairs  the  ni.'cdle  should  be  gently  introduced 
into  the  hair  follicle,  the  hair  shaft  serving  as  a  guide 
anil  care  being  taken  not  to  pierce  the  follicle.  The  cur- 
rent is  gradually  applied  until  there  is  frothing  at  the 
orifice  of  the  follicle,  when  the  hair  is  ready  to  come 
away.  If  there  is  resistance  on  the  part  of  the  hair,  the 
0]ierafion  is  not  complete.  Not  more  than  from  3  to  5 
milliamperes  is  needed  in  this  operation;  in  fact,  in 
some  instances  a  single  niilliampt're  will  be  found  sufli- 
cient.     The  negative  pole  of  course  must  be  used  here. 

In  the  treatment  of  vascular  naivi,  electrolysis  is  like- 
wise of  service,  but  more  particularly  in  those  in  which 
the  area  of  skin  involved  is  small,  and  the  vessels  form- 
ing the  growth  are  simplj^  capillaries.  The  object  of 
the  treatment  here  is  either  to  cause  the  absorption  and 
atrophy  of  the  blood-vessels  or  to  effect  their  destruction. 
Various  procedures,  all  of  them  more  or  less  inetlicient, 
have  been  suggested  for  the  accomplishment  of  these 
objects,  but  as  the  space  at  our  command  is  limited,  wi' 
shall  describe  only  those  which  have  stood  well  tlie  test 
of  time. 

There  are  two  methods  for  using  the  ligature.  First 
of  all,  it  is  a  good  plan  in  smaller  na-vi  to  circumscribe 
the  growth  with  a  single  or  double  silk  ligature,  draw- 
ing tightly  and  tying  on  opposite  sides  of  the  growth, 
when  "the"  doulile  ligature  is  used.  In  the  ease  of  the 
larger  na^vi,  the  ligature  is  applied  at  a  point  a  little 
remote  from  the  growth.  An  incision  is  made  above  the 
vein,  or  small  artery,  a  catgut  ligature  is  applied,  and 
the  wound  closed,  "in  either  instance  the  growth  begins 
to  pale  after  several  days.  In  superficial  na;vi  the  whole 
patch  grows  bluish  in  color.  Here  and  there  a  spot  grows 
white  where  the  blood  has  been  absorbed,  and  finally, 
in  the  successful  cases,  the  whole  patch  grows  whiter 
and  whiter.  When  it  is  thought  best  to  resort  to  excis- 
ion, as  in  the  ease  of  deep-seated  nffivi,  it  will  often  be 
found  advisable  to  ligate  a  few  days  or  weeks  before  the 
excision.  When  the  cautery  is  employed,  several  meth- 
ods may  be  followed.     A  fine  platinum  needle  may  be 
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lineir    NL-e.vus-    Verrucose,    Deeply    Pigmented,    and   Affeotlng 
oJ  the  Surte™  <.£  the  Body.     (Case  of  Dr.  Isadore  Dyer.) 

attached  to  the  galvano-cautery,  raised  to  a  red  heat, 

^ncrtlien  introdu^ced  into  .the.  growth  Beveral  time«  - 

succession.     Linear  cauterization  may  equallj    ^el     be 
succession.  ^^  ^^^^  ^^^^^^  ^^  ^^,,^j^  ^^^^  ^^^^^^  pj^j. 


carried  out  by  means  i 
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inum  knife.     The  Paquelin  cauteiy  will  serve  the  same 
purpose. 

Caustic  pastes  (Bougard,  Felix,  Marsden,  etc.)  act  as 
the  cautery  does,  by  producing  an  eschar,  and  finally  a 
slough.  With  caustics,  however,  the  slough  is  apt  to  be 
more  extensive  tlian  when  the  cauterj^  is  used.  Hence 
the  need  for  caution  in  using  them. 

Vaccination  has  been  used  in  locations  where  an  irregu- 
lar scar  is  no  objection.  The  slight  bleeding  need  not  be 
stopped,  except  by  a  temporary  compress. 

The  injection  of  pure  carbolic  acid  or  the  tincture  of 
iodine  is  followed  quite  often  by  gratifying  results.  Lit- 
tle scarring  remains,  plugging  of  the  vessels  is  rapidly 
obtained,  and  the  operation  is  less  painful  and  of  shorter 
duration  than  when  other  methods  are  employed.  Tlie 
injection  of  a  one-per-cent.  solution  of  chloride  of  zinc 
is  used  for  the  same  purpose.  The  perchloride  of  iron 
may  be  used  by  injection,  or,  as  is  frequently  indicated 
in  the  more  elevated  growths,  silk  threads,  saturated 
with  the  perchloride  solution,  should  be  passed  in  several 
directions  through  the  nsevus,  and  be  allowed  to  remain 
until  they  are  absorbed  in  the  contraction,  or  else  slough 
out. 

Except  in  the  case  of  small  naevi,  the  treatment  is  never 
highly  satisfactory,  and  the  methods  employed  may  have 
to  be  changed  several  times  before  the  whole  of  the  growth 
is  removed.  It  is  always  well  to  impress  upon  the  pa- 
tient the  necessity  of  perseverance  in  the  matter. 

"Where  the  patient  will  submit,  the  use  of  repeated  ig- 
nipuncture  with  the  Paquelin  cautery  under  a  general 
anesthetic  will  effect  good  results ;  otherwise  the  electric 
needle  is  of  most  service.  A  number  of  cures  have  been 
reported  after  long  use  of  electrolysis.  For  extensive 
nsevi  of  the  capillary  variety,  multiple  needles  (as  many 
as  a  dozen)  attached  to  the  negative  pole  of  the  galvanic 
current  may  be  employed.  This  does  not  answer  so  well 
as  the  single  needle  frequently  introduced.  The  amount 
of  current  required  varies  with  the  patient  and  should  be 
regulated  accordingly,  a  mild  current  being  used  at  the 
start. 

The  technique  of  this  operation  is  as  follows:  The  pa- 
tient should  hold  the  sponge  electrode  and  should  turn 
on  the  current  when  the  needle  is  introduced  and  turn  it 
off  when  the  needle  is  withdrawn ;  or,  if  he  does  not  mind 
the  greater  painfulness  of  the  procedure,  he  should  keep 
the  sponge  constantly  applied.  The  needle  may  be 
pushed  in  to  a  depth  of  at  least  half  an  inch  below  the 
surface  of  the  skin  and  parallel  with  it,  and  it  should  be 
allowed  to  remain  until  a  distinct  eschar,  in  the  form  of 
shrivelled  skin,  shows  itself  along  the  line  of  the  needle. 
This  procedure  is  to  be  repeated  at  each  sitting  as  often 
as  the  patient  will  permit.  As  this  linear  operation  al- 
most always  leaves  ridges  as  the  ultimate  result,  it  is 
probably  better  to  introduce  the  needle  simply  at  a  right 
angle  to  the  surface  of  the  skin,  leaving  it  in  position 
until  a  small  blister  forms.  Several  such  punctures 
should  be  made  at  each  sitting,  and  they  should  be  located 
as  closely  together  as  possible.  At  each  sitting,  for  a 
few  succeeding  days,  a  new  area  should  be  selected,  and 
then  each  area  in  turn,  beginning  with  the  one  first  se- 
lected, should  begone  over  a  second  or  even  a  third  time, 
until  finally  the  region  so  treated  presents  the  appearance 
of  a  white  superficial  scar. 

For  the  cavernous  variety  of  nsevus  the  electrolytic 
method  is  not  so  well  adapted.  In  the  treatment  of  this 
condition  by  electricity  the  positive  pole  is  sujjplied  with 
a  platinum  and  the  negative  pole  with  a  gold  needle,  or 
vice  mrsa,  and  both  are  introduced  at  once,  deeply.  The 
strength  of  the  current  is  gradually  increased  to  the  limit 
of  the  patient's  endurance,  and  is  kept  applied  as  long 
as  possible. 

In  both  varieties  of  nrevus  it  requires  months  of  treat- 
ment before  any  result  is  obtained,  but  usually  the  pa- 
tient's endurance  is  finally  rewarded. 

Isadore  Dyer. 

1  Foster :  Encyclopeaic  Medical  Dictionary. 

2  Unna :  Histopathology  ot  Diseases  of  tSe-Skin,  Walker's  transla- 
tion, p.  1138. 
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NAFTALAN  is  a  greenish-black,  soft,  gelatinous  ma- 
terial, with  a  slight  empyreumatic  odor,  and  consists  of 
96  to  97.5  per  cent,  of  a  peculiar  Russian  naphtha,  puri- 
fied and  mixed  with  anhydrous  soap.  It  is  readily  mis- 
cible  with  oils,  fats,  ether,  and  chloroform,  and  is  insolu- 
ble in  water,  alcohol,  and  glycerin.  Kolbl  found  it  o^ 
distinct  value  in  minor  skin  lesions  such  as  urticaria', 
scabies,  psoriasis,  burns,  and  bee  stings.  Bloch  considers 
it  almost  specific  in  burns,  but  in  psoriasis  not  so  good  as 
chrysarobin.  Several  authors  report  good  results  from  its 
use  in  chronic  eczema,  though  it  is  not  recommended  in 
acute  eczema,  or  when  the  skin  is  moist.  Skin  parasites 
are  destroyed.  It  is  applied  as  a  thick  coat  and  does 
not  melt  at  body  temperature  (melting  point,  70°  C.  or 
158°  F.).  W.  A.  Bmtedo. 

NAILS,  DISEASES  OF  THE.— Terminology.— As 
the  study  of  the  nails  demands  its  own  vocabulary,  it  is 
necessary  to  define  clearly  the  various  terms  which  will 
be  employed  in  this  article. 

The  root  or  matrix  is  that  part  of  the  finger  under  the 
lunula  from  which  the  nail  substance  is  formed. 

The  bed  is  that  portion  of  the  finger  lying  directly 
anterior  to  the  matrix,  which  forms  the  floor  on  which 
the  nail  rests,  but  which  plays  no  part  in  the  formation 
of  the  nail. 

The  plate  is  what  is  commonly  termed  the  nail.  The 
lunula  is  the  white,  opaque,  rounded  part  of  the  plate 
which  lies  over  the  matrix  and  under  the  eponychium. 

The  walls  of  the  nail  are  those  parts  of  the  finger  which 
lie  along  the  sides  of  the  plate. 

The  eponychium  or  "quick  "  is  the  horny  layer  which 
forms  a  selvage  to  the  skin  over  the  bed  of  tlie  nail. 

Pterygium  is  a  forward  growth  of  the  eponychium 
over  the  plate. 

Transverse  or  horizontal  will  signify  the  direction 
across  the  plate,  while  vertical  will  mean  the  direction 
from  eponychium  to  free  or  distal  border  of  plate,  i.e., 
the  line  in  which  the  nail  grows. 

Anatomy.  ^The  normal  shape  of  the  plate  is  convex 
both  horizontally  and  vertically.  The  vertical  ridges 
which  appear  on  many  nails  in  youth  and  adult  life,  and 
which  increase  markedly  in  old  age,  are  due  to  the  pres- 
ence of  the  papillae  in  the  underlying  bed  of  the  nail. 
The  color  of  the  nails  should  be  a  delicate  pink,  due 
to  the  subjacent  capillaries  which  transmit  their  color 
through  the  normal,  transhicent  plates  above.  The  plate 
is  composed  of  flat,  polygonal,  keratinized,  nucleated 
cells  between  which  are  air  spaces.  WJierever  these  air 
spaces  exceed  their  normal  size  the  plate  becomes  opaque 
and  white,  a  condition  which  is  called  leuconychia.  The 
lunula  is  white  in  color  because  the  underlying  matrix  is 
not  supplied  with  vessels.  On  the  thumb  the  lunula  ap- 
pears distinctly  anterior  to  the  eponychium,  but  on  the 
other  fingers  it  does  not  extend  so  far  forward. 

The  nail  bed  is  not  sharply  marked  oflE  from  the  adja- 
cent parts  of  the  finger,  there  is  never  a  clearlv  defined 
boundary,  and  the  contiguous  parts  blend  into  each 
other.  The  lower  layer  of  the  bed  merges  gradually 
into  the  periosteum  of  the  last  phalanx  without  the  in- 
terposition of  the  panniculus  adiposus.  The  blood-ves- 
sels are  arranged  in  an  upper  and  a  lower  layer  as  in 
other  parts  of  the  skin,  and  the  lymph  vessels  are  well 
marked. 

Embryology.— The  nail  arises  fiom  the  ectoderm  and 
makes  its  first  appearance  between  the  third  and  fourth 
months  of  foital  life. 

General  Pathology.- Disorders  of  the  nail  may  be 
symptomatic  of  general  infections  of  the  skin  or  of  the 
body,  or  may  be  simply  local  affections. 

/?i7(e«torace.— Diabetes,  tuberculosis,  cretinism,  ecze- 
ma, psoriasis,  or  epidermoly.sis  in  the  parents  have  been 
known  to  cause  marked  disturbances  in  the  nails  of  the 
child,  while  serious  disturbances  in  the  nails  and  hair 
liave  been  a  family  dyscrasia  for  several  generations  {vide 
observations  of  NicoUe  and  Halipre  in  France  and  of  the 
present  writer  in  America). 

Psychic  disturbances  are  frequently  the  cause  of  nail 
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derangements.  Such  examples  have  been  recorded 
after  "apparitions,"  severe  lightning,  hysteria,  delirium, 
mania,  overwork,  or  woriy. 

Disturbances  of  the  nutrition  are  common  causes, 
among  which  Heller  mentions  typhoid  fever,  gastric  dis- 
orders, icterus  gravis,  infantile  atrophy,  pneumonia, 
anaemia,  phthisis  pulmonalis,  erysipelas,  epididymitis, 
severe  angina,  parotitis  suppurativa,  scarlatina,  measles, 
influenza,  gout,  rheumatism,  accidents,  and  cliildbod. 
These  conditions  are  often  followed  by  the  appearance 
of  transverse  furrows  in  the  nail  plate. 

Localized  Nail  Affections. 

Anonychia  or  absence  of  nails  may  be  congenital  or  ac- 
quired. The  former  origin  is  rare,  but  the  latter  is  not 
uncommon,  and  loss  of  the  nails  is  frequently  observed 
after  syphilis,  injuries,  chemical  irritants,  burns  from 
jE-rays,  constitutional  diseases,  eczema,  psoriasis,  pus  un- 
der the  nail,  ringworm,  felon,  paronychia,  shock,  liydroa 
sestivale,  and  ichthyosis. 

Onychatrophia  almost  always  results  from  the  separ- 
ation of  the  plate  from  the  bed  of  the  nail,  a  condition 
which  usually  follows  any  hyperkeratosis  of  the  bed  it- 
self. Another  source  of  separation  is  the  invasion  of 
blood  after  trauma  or  in  connection  with  certain  nerve 
diseases— for  example,  cerebral  paralysis,  multiple  scle- 
rosis, or  tabes  dorsalis. 

On2/c/io)'?-7te«'s.— This  term  is  applied  to  the  condition  of 
the  brittleness  of  the  nail  which  follows  decreased  pro- 
duction of  nail  substance,  and  is  usually  associated  with 
some  trophic  disturbance. 

Onychauxia. — An  increased  growth  of  nail  substance, 
and  when  associated  with  curving  or  hooking  of  the  nail 
the  word  onychogryphosiK  is  used.  The  etiology  of  this 
condition  is  somewhat  obscure,  but  the  deformity  has 
been  observed  in  connection  with  wounds,  pressure  of 
shoes,  old  age,  deformities  of  toes,  especially  hallux  val- 
gus syphilis,  tinea  tricophytina,  central  or  peripheral 
nerve  disorders,  old  tuberculosis,  circulatory  disturb- 
ances, such  as  thrombosis  and  aneurism,  leprosy  and 
confinement  to  bed.  .  ^  „      4   j 

The  pathology  of  onychogryphosis  was  carefully  stud- 
ied bv  Virchow  in  1855,  and  his  description  which  fol- 
lows remains  the  best  to-day.     There  are  three  gradations 
in  the  formation  of  a  truly  gryphotio  nail :  First  the  flat 
or  plate  shape;  second,  the  conical  form;  and  third,  the 
perfected  claw.     At  first  the  bed  becomes  shortened  and 
the  pulp  of  the  last  phalanx  diminishes  m  size;  the  sub- 
ungual vessels  dilate  and  the  stratum  spinosum  prolifer- 
ates with  the  formation  of  abnormally  high  transverse 
ridges,  and  an  accompanying  hypertrophy  ot  the  stratum 
corneum.     These  changes  separate  the  plate  from  the 
bed  especially  at  the  distal  border,  and  the  plate  itself 
thickens,  becomes  yellow  or  dark  brown  in  color  and 
shows    on    its  surface    overlapping  transverse    ridges. 
Thele  i°dges,  of  course,  denote  an  intermittent  process. 
The  second  or  conical  stage  results  from  a  continuation 
of  the  previous  changes.     The  bed  becomes  deeper  and 
forms  a  distinct  transverse  ridge,  behind  which  the  plate 
is  almost  perpendicular,  yellow,  translucent    and  very 
hard  •  while  in  front  it  is  opaque.     The  cells  of  the  plate 
are  noTonger  nucleated  and  apparently  lose  their  bound- 
aries    In  the  deeper  portions  of  the  bed  the  cells  soften 
and  bloJd  finds  its' wa?  into  the  Intercellular  spacesas  m 
cutaneous  horns.     The  third  stage  shows  a  still  tuitner 
advance  from  the  normal.     Tlie  downward  pressure  of 
the  p°ate  has  caused  an  almost  total  disappearance  of  «ie 
bed     The  ridge  noted  in  the  second  stage  has  widenea 
and  the  distal 'portion  of  the  Platel-s  become  smaUcr 
in  fact,  the  last  stage  is  one  of  atrophy.     The  resulting 
claw  liay  grow   simply  downward  "^  .downward  and 
backward,  or  in  rare  cases  may  assume  the  spiral  curves 

°*irJ^«Pr(leukopathia  unguium,  canities  ung«^ 
-The  appearance  of  white  areas  J'^  "^^^  nails  follows 
three  types,  the  punctate  the  st"^^  .^^.'l  ,*%*°fi^e 
Pathologically,  we  find  this  normal  coloi  due  to  the 


faulty  production  of  nail  cells  with  subsequent  imbibition 
of  air.  This  abnormality  has  been  observed  following 
wounds,  trophic  disturbances,  relapsing  and  typhoid 
fevers,  stimulation  of  nerves  by  electricity,  and,  rarely, 
congenital  examples  have  been  recorded. 

Koilonychia,  or  spoon-nail,  is  the  concave  appearance 
which  the  plate  assumes  at  times.  This  condition  is 
usually  the  result  of  an  underlying  eczema,  but  may  ap- 
pear after  other  diseases,  or  without  any  apparent  etio- 
logical cause. 

Agnail,  or  hangnail,  is  caused  by  the  drying  up  of  the 
eponychium  after  insufficient  nourishment.  With  the 
formation  of  the  hangnail  an  easy  entrance  is  afforded  to 
bacteria,  and  in  this  way  arise  many  of  the  syphilitic 
chancres  and  the  more  numerous  cases  of  paronychia  and 
of  panaritium. 

Hemorrhage.— The  invasion  of  blood  below  the  nail  is 
usually  traumatic  in  origin.  A  squeeze  or  a  blow  is  fol- 
lowed by  the  bursting  of  a  vessel  in  the  bed  or  in  the 
matrix ;  and  when  in  the  latter,  the  plate  is  sure  to  fall. 
The  blood  forms  a  clot  between  bed  and  plate,  and  if 
small,  is  usually  absorbed  while  a  large  hemorrhage  will 
often  lift  up  the  plate  and  produce  subsequent  atrophy 
or  possible  loss  of  the  nail.  Cases  of  vicarious  subun- 
gual menstruation  have  been  recorded,  while  other  etio- 
logical factors  in  hemorrhage  of  the  nail  are  scorbutiis, 
morbus  maculosus  Werlhofli,  tabes  dorsalis,  or  the  in- 
troduction of  foreicn  bodies  below  the  nail  plate. 

!ZVaw«ffl.— Wounds  of  the  plate  mean  nothing  serious 
to  the  nail,  while  similar  injuries  to  the  matrix^  always 
lead  to  scars  which  produce  permanent  deformities. 

Unguis  inearnatiis. —Ingrowiog  of  the  nail  is  most 
commonly  met  with  in  males  between  the  ages  of  fifteen 
and  twenty,  and  is  usually  coincident  with  lack  of  care 
of  the  feet  and  the  wearing  of  ill-fitting  shoes,  but  flat- 
foot,  wounds  of  the  nail  walls,  and  great  convexity  of 
the  nail  are  other  possible  etiological  factors.  The  first 
symptom  is  pain,  followed  by  swelling  and  the  forma- 
tion of  pus,  and  finally  a  granulating  sore  is  produced, 
which  shows  no  tendency  to  heal.  Constitutional  symp- 
toms sometimes  make  their  appearance,  and  finally  the 
disease  may  result  in  necrosis;  but  this  event  is  tortu- 

nately  rare.  „  . , 

Subungual  2Vh)io?'s.— The  presence  of  new  growths  un- 
der the  nail  is  distinctly  uncommon,  but,  according  to 
Heller  cases  of  subungual  corns  or  horns,  fibroma  pap- 
illoma leiomyoma,  angiosarcoma,  angioma,  colloid  sar- 
coma, exostoses,  cancer,  and  enohondroma  have  been 
recorded. 

Symptomatic  Pathological  Involvement   op  the 

Nails. 

Onychomycosis  tricophytina. -mngworm  of  the  nail  is 
a  rare  condition,  and  is  usually  caused  by  the  megalo- 
sporen  The  disease  first  appears  at  the  distal  end  o 
the  na  1  and  gradually  spreads  backward.  The  plant 
first  attacks  the  bed,  producing  an  opacity  and  discolor- 
ation of  the  plate,  which  usually  assumes  a  whitish-yel- 
C  tint  As  the  disease  progresses,  the  color  darkens 
evin  to  a  brown,  but  never  reaches  black,  as  is  so  often 
the  case  infavus  Coincident  with  the  progressive  color 
changes  the  bed  becomes  more  and  more  hyperkeratosic, 
theXeifraised  more  and  more  from  the  bed  and  shows 
transverse  depressions,  transverse  elevations  or  vertical 
rdeJand  fiLlly  the  plate  itself  is  attacked  and  be- 

vears     The  diagnosis  is  extremely  difficult  toi  even  ai 
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limetres  in  diameter,  growing  in  chain  formation  that 
one  can  positively  state  that  the  disease  present  is  ring- 
worm of  tlie  nail.  On  the  other  hand,  if  the  nail  presents 
the  clinical  characteristics  above  enumerated  and  ring- 
worm is  present  elsewhere  on  the  patient's  body,  we 
have  a  certain  right  to  assume  that  the  nail  is  similarly 
infected.  The  treatment,  although  tedious,  always  tri- 
umphs in  the  end.  It  consists  in  the  bi-weekly  or  tri- 
weekly cutting  of  the  nail,  and,  in  case  the  plate  has 
been  cast  off,  the  curetting  of  the  bed  and  subsequent 
painting  with  Lugol's  solution  or  with  acetic  or  pyrogal- 
lic  acid. 

Unyehmnycosis  /ai'osas.^Nails  are  apparently  much 
more  susceptible  to  tinea  favosa  than  to  tinea  tricophy- 
tina.  The  clinical  appearances  of  the  diseases  are  quite 
similar.  The  plant  attacks  the  distal  end  of  the  bed  and 
produces  an  opacity  and  discoloration  of  the  plate.  The 
hyperkeratosis  spreads  backward,  and  the  plate  is  raised 
from  its  bed,  becomes  darker  and  darker  in  color,  even 
to  blackness,  and  its  surface  shows  transverse  depres- 
sions or  ridges.  Often  the  substance  of  the  plate  is  at- 
tacked and  assumes  a  honeycombed  appearance,  which 
soon  leads  to  crumbling  and  splitting  and  final  loss  of 
the  nail;  or  else  the  hyperkeratosic  granules  are  extruded 
from  the  bed,  leaving,  as  sometimes  occurs  in  ringworm, 
a  hollow  space  underneath  the  somewhat  atrophied  and 
brittle  nail  plate.  The  disease  may  be  caught  from  do- 
mestic animals  or  from  one's  neighbors,  and  often  occurs 
in  two  or  more  members  of  the  same  household.  The 
Russian  Jews  seem  to  be  particularly'  liable  to  infection, 
and  in  the  writer's  four  hundred  and  eighty-five  tabu- 
lated cases  of  nail  diseases  occurring  during  the  last  three 
years,  his  eiglit  examples  of  onychomycosis  occurred  in 
this  race.  Histologically,  one  finds  a  thickened  prickle 
layer  of  the  bed,  elongated  papillse,  and  an  enormously 
hypertrophic  horny  layer  in  whicli  the  achorion  Schon- 
leinii  appears.  The  fungus  is  not  so  abundant  at  the 
distal  end  of  the  plate  as  farther  back,  and  its  mycelium 
grows  parallel  with  the  cells  of  the  stratum  corneum. 
The  process  is  much  more  chronic  than  in  the  scalp,  and 
follows  closely  the  characteristics  of  ringworm,  both  in 
its  life  history  and  in  its  treatment. 

Diseases  Caused  by  Animal  Parasites. — This  forms  a 
class  about  which  there  is  little  to  state  beyond  the  fact 
that  in  extremely  chronic  cases  the  nail  plates  show  slight 
changes.  The  chief  diseases  in  this  group  are  scabies, 
myosis,  pulex  penetrans,  and  plica  polonica. 

Ichthyosis  and  Xeroderma. — At  birth,  in  severe  cases, 
nails  have  appeared  small,  soft,  and  easily  detached, 
with  poorly  developed  nail  walls.  In  older  children  and 
adults  nails  may  show  transverse  depressions  or  vertical 
ridges,  or  may  appear  dull,  very  convex,  or  even  gry- 
photic.  Hyperkeratosis  of  the  bed  with  gray  or  greenish 
discoloration  of  the  plate  and  final  loss  are  still  further 
conditions  which  have  been  observed. 

Elephantiasis  Arabum. — The  changes  of  nails  in  this 
disease  are  usually  limited  to  the  large  toes  where  in- 
creased thickness,  yellow  color,  and  atrophic  changes 
have  been  recorded. 

Hyperkeratosis  subungualis. — Although  this  is  really  a 
symptom  rather  than  a  disease,  it  should  be  considered 
here  in  order  to  gain  a  better  knowledge  of  this  impor- 
tant condition,  which  is  so  frequently  met  with  in  nail 
pathology.  This  lesion  is  strictly  limited  to  the  bed  of 
the  nail,  and  only  after  long  continuance  does  the  plate 
itself  become  involved,  excepting  its  elevation  and  in- 
crease in  convexity.  This  condition,  therefore,  illus- 
trates well  how  little  the  plate  depends  for  its  nutrition 
upon  the  bed.  The  horny  mass  grows  most  abundantly 
at  the  distal  end  of  the  bed  and  constantly  diminishes  in 
height  toward  the  matrix.  Consequently  the  elevation 
of  the  plate  is  greatest  near  its  free  border.  Unna  de- 
scribes the  histological  picture  as  follows :  One  sees  ex- 
tending into  the  horny  layer  papillary-like  vascular 
processes  which  contain  spindle  cells  and  leucocytes. 
The  prickle  layer  is  thickened  and  passes  without  defi- 
nite line  of  demarcation  into  the  horny  layer.  A  perfectly 
developed  granular  layer  does  not  exist.     The  horny 
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cells  retain  their  nuclei  and  increase  in  size  even  up  to 
the  surface,  and  we  note  the  same  medullary  processes 
which  have  been  described  in  cutaneous  horns.  Swarms 
of  cocci  exist  in  the  upper  layers  of  the  stratum  corneum 
and  exert  a  softening  eifect  upon  the  adjacent  cells. 

Eczema. — The  changes  observed  in  this  disease  may 
occur  in  the  nail  walls,  matrix,  bed,  and  plate,  and  are 
produced  by  the  same  causes  that  bring  about  an  eczema 
of  the  skin.  The  involvement  of  the  nails  before  the  age 
of  twenty  is  distinctly  uncommon — only  six  cases  in  the 
writer's  one  hundred  and  seven  occurring  before  that 
age.  The  disease  prevails  all  through  adult  life  up  to 
the  age  of  seventy,  when  it  diminishes  in  frequency.  In 
the  acute  form  the  nail  walls  are  red  and  swollen,  the 
plate  loses  its  normal  convexity,  pain  is  felt  in  the  bed, 
the  plate  becomes  rough,  the  lustre  vanishes,  discolor- 
ation is  present,  and  soft  spots  appear  in  the  plate  which 
later  form  minute  punctate  depressions.  If  the  cuta- 
neous disease  continues,  the  nail  exhibits  one  or  more  of 
the  following  conditions:  Transverse  depressions  or 
ridges,  vertical  ridges,  hyperkeratosis  of  the  bed  with 
increase  in  the  convexity  of  the  plate,  and  subsequent 
disappearance  of  this  granular  detritus  and  thinning  of 
the  plate  with  increased  brittleness,  exfoliation  of  surface 
cells  of  plate,  leuconychia,  or  finally  total  loss  of  the  nail. 
If  the  matrix  is  affected,  a  deep  transverse  furrow  may 
result. 

The  pathological  changes  consist  in  the  formation  of 
eleidin  and  horny  matter  with  oedema  and  cellular  infil- 
tration about  the  vessels  of  the  corium.  The  prognosis 
is  decidedly  good,  and  the  treatment  for  the  nail  disturb- 
ances is  the  same  as  for  the  underlying  skin  disease. 

Paronychia. — This  is  a  very  frequent  cause  of  nail  de- 
formities, and  consists  in  a  severe  dermatitis  of  the  nail 
walls.  It  is  an  acute  or  subaciite  process,  and  usually 
occurs  in  women  who  wash  dishes  or  scrub  floors ;  but 
any  individual  who  subjects  his  fingers  to  a  constant  ir- 
ritation may  develop  this  localized  condition.  The  most 
common  nail  changes  are  discoloration,  transverse  de- 
pressions, and  hyperkeratosis  subungualis  with  its  usual 
sequeliE.  These  consist  of  a  lifting  of  the  plate  and  sub- 
sequent discharge  of  the  keratosic  granules  from  the  bed, 
leaving  a  flat,  horny  floor  covered  by  a  thin,  dome-shaped 
roof.  All  the  other  alterations  of  the  plate  noted  under 
the  heading  of  eczema  may  appear  in  cases  of  paronychia, 
but  the  ones  above  mentioned  are  by  far  the  most  fre- 
quent. 

Dermatitis  venenata. — Under  this  title  will  be  consid- 
ered the  acute  cases  of  dermatitis  which  can  be  directly 
attributed  to  some  noxious  occupation  or  to  some  chance 
poisoning  of  the  skin.  Here  the  commonest  symptom  is 
koilonychia,  which  appeared  in  twenty-five  of  the  fifty- 
eight  cases  recorded  by  the  writer.  Other  frequent 
changes  in  the  nail  are  round  punctate  depressions,  dis- 
coloration, transverse  depressions,  vertical  ridges,  and 
hyperkeratosis  subungualis  with  its  usual  sequelae  of 
separation  from  bed,  thinning  and  brittleness  of  the 
plate. 

The  prognosis  is  good  in  paronychia  and  in  dermatitis 
venenata  of  the  nails,  and  the  treatment  consists  in  the 
application  of  soothing  antiseptic  washes  and  oint- 
ments. 

Tratima  and  Felon. — These  two  accidents  frequently 
affect  the  nail,  and  when  they  are  of  slight  importance 
or  do  not  involve  the  matrix,  the  results  upon  the  nail 
are  unimportant.  When,  however,  the  matrix  is  affected, 
then  we  have  a  permanent  change  which  will  reproduce 
itself  as  long  as  the  individual  lives.  The  commonest  of 
these  constant  deformities  are  transverse  depressions, 
vertical  ridges,  hyperkeratosis  subungualis  with  its 
usual  sequelae,  and  discoloration.  The  more  unusual 
changes  are  round,  punctate  depressions,  thinning,  ex- 
foliation of  surface  of  plate,  increased  convexity,  brittle- 
ness, opacity,  koilonychia,  gryphosis,  leuconychia,  trans- 
verse ridges,  vertical  depressions,  invasion  of  air  into  the 
plate  with  subsequent  crumbling  or  total  loss  of  the  nail. 
Under  this  heading  should  be  considered  the  results  of 
persistent  biting  of  the  nails,  which  leads  to  shortening, 
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thinning,  brittleness,  and  koilonycliia,  or  to  the  produc- 
tion of  transverse  ridges  or  depressions. 

Psoriasis.— The  involvement  of  the  nails  in  cases  of 
cutaneous  psoriasis  is  relatively  much  commoner  than  is 
the  rule  in  eczema.  The  disease  can  also  exist  alone  in 
the  nails,  but  such  a  diagnosis  is  in  truth  a  hazardous 
one.  The  condition  is  most  frequently  observed  in  men, 
and  between  the  ages  of  twenty  and  forty.  The  simplest 
cases  consist  of  round,  punctate  depressions  in  the  plate, 
and  Unna  and  Heller  regard  this  symptom  as  pathogno- 
monic of  psoriasis ;  but  the  writer  cannot  agree  with  this 
position,  as  these  lesions  appeared  in  more  than  one- 
fourth  of  his  cases  of  eczema  of  the  nails.  The  common- 
est lesion  in  the  writer's  experience  is  a  more  advanced 
condition,  and  consists  in  the  changes  subsequent  to 
hyperkeratosis  of  the  bed,  namely,  a  liorny  floor,  partly 
covered  by  a  sliort,  thinned,  broken,  discolored,  arched 
plate.  This  change  was  noted  in  fifty-seven  per  cent,  of 
the  cases.  Two  other  common  lesions  are  discoloration, 
which  varies  from  yellow  to  dark  brown,  and  transverse 
depressions,  both  of  which  occur  in  about  thirty -eight 
per  cent,  of  the  cases.  After  these  four  deformities  come, 
in  the  order  of  their  frequency,  simple  hyperkeratosis 
subimgualis,  brittleness  of  the  plate,  thinning,  opacity, 
vertical  ridges,  exfoliation,  increased  convexity,  total 
loss  of  the  nail,  broken  nail,  koilonychia,  disappearance 
of  lustre,  transverse  ridges,  and  vertical  depressions. 

Pathologically,  the  psoriasic  papules  form  on  the  bed, 
raising  up  the  plate  and  allowing  the  air  to  be  imbibed 
by  the  plate  cells.  This  leads  to  opacity  and  discolor- 
ation. In  the  subungual  corium  there  is  great  dilatation 
of  vessels  instead  of  the  inflammatory  cedenia  observed  in 
eczema.  The  prognosis  is  almost  always  good,  but  there 
are  severe  cases  of  many  years'  standing  in  wliicii  the 
nails  have  completely  fallen,  never  to  return.  The  treat- 
ment, as  in  all  nail  disease,  is  the  same  as  for  tlie  skin, 
only  one  must  remember  that  Roentgen  rays  have  an 
atrophic  influence  on  nails  and  hair,  while  they  exert  a 
tonic  action  on  undifferentiated  epithelium,  and  for  tliis 
reason  one  cannot  expect  the  marvellous  and  rapid  re- 
sults which  one  often  experiences  after  subjecting  chronic 
patches  of  cutaneous  psoriasis  to  ^-rays. 

With  the  completion  of  the  descriptions  of  the  last  five 
diseases,  the  most  important  part  of  nail  pathology  is 
finished,  for  in  my  experience  eczema,  paronychia,  der- 
matitis venenata,  felon  or  trauma  and  psoriasis  consti- 
tute nearly  eighty  per  cent,  of  all  nail  affections,  and  in- 
stead of  finding  any  lesions  pathognomonic  of  any  given 
disease,  we  note  how  constantly  the  same  lesions  appear 
in  the  different  processes.  Tliis  is  certainly  disappoint- 
ing; but  as  we  continue  the  study  of  diseased  nails,  we 
shall  be  more  and  more  struck  by  the  frequency  with 
which  the  same  lesions  occur  over  and  over  again  in  en- 
tirely different  processes. 

Pityriasis  nibr a  pilaris. — Here  we  may  find  transverse 
depressions,  subungual  hyperkeratosis  with  increased 
convexity  of  plate  and  onychauxis,  yellow  discoloration, 
vertical  ridges,  and  depressions  and  hyperesthesia. 

Liclien  ruber. — The  nails  become  atroplued,  light  yel- 
low brown,  fissured  and  brittle  at  the  free  end,  and  un- 
even upon  the  surface. 

Psorospermosis. — In  this  rare  affection  the  nails  are  al- 
most always  involved,  and  show  one  or  more  of  the 
following  abnormalities:  thickening,  opacity,  vertical 
ridges  and  depressions,  fragility  at  border,  hyperkerato- 
sis subungualis  with  elevation  of  the  plate,  gryphosis, 
crumbling  away,  and  final  loss. 

Alopecia.— I>urmg,  the  last  three  years  I  have  observed 
five  cases  of  partial  or  total  alopecia  with  bad  teeth  and 
diseased  nails.  The  nails  exhibited  round  punctate  and 
transverse  depressions,  vertical  ridges,  or  subungual  hy- 
perkeratosis with  subsequent  separation  of  the  plate  from 
the  bed,  discoloration,  and  brittleness.  In  mild  alopecia 
areata,  one  occasionally  finds  vertical  ridges  and  an  m- 
creased  brittleness  of  the  plate,  while  in  the  severe  cases 
of  nervous  origin  the  nails  have  been  completely  shed. 

Pemphigus. — As  a  rule  the  disease  is  not  accompanied 
by  nail  disorders,  but  when  the  exception  is  present  we 


find  atrophy  and  brittleness  of  the  plate.  When,  how- 
ever, a  vesicle  or  bulla  forms  under  the  nail,  deformities 
mevitably  result,  the  commonest  of  which  are  hyperkera- 
tosis of  the  bed,  vertical  or  horizontal  ridges,  discolor- 
ation, thickening,  crumbling,  and  loss.  If  a  bulla  occurs 
m  the  matrix  the  plate  is  always  shed. 

Epidermolysis  bullosa  hereditaria.— Th\H  condition  usu- 
ally leads  to  atrophy  and  exfoliation  of  the  plate,  but 
examples  of  gryphosis  have  also  been  observed. 

Hydroa  cestimle.—When  a  vesicle  or  a  bulla  forms 
under  or  near  the  nail,  we  must  have  a  resulting  deform- 
ity, and  in  one  case  I  noted  vertical  ridges  and  loss  of  the 
plate. 

Dermatitis  herpetiformis.— Vsxi&Wy  the  nail  takes  no 
part  in  this  disease,  but  when  the  vesicles  form  near  the 
nail  or  the  process  affects  the  whole  economy,  then  we 
find  round,  punctate,  or  transverse  depressions,  vertical 
ridges,  exfoliation  on  surface  of  the  plate,  or  invasion  of 
air. 

Scarlatina. — Nail  lesions  are  not  common,  but  trans- 
verse depressions  and  loss  of  the  nails  are  symptoms 
which  have  been  recorded. 

Dermatitis  exfoliativa.— In  light  cases  the  nails  remain 
perfect,  but  when  the  general  condition  becomes  severe, 
then  the  most  marked  disturbances  occur  in  the  nail,  in- 
cluding round,  punctate,  or  transverse  depressions,  hy- 
perkeratosis subungualis,  discoloration,  opacity,  grypho- 
sis, or  breaking  of  the  nail. 

Pityriasis  rvbra. — Heller  mentions  as  concomitants  of 
this  disease  thickness,  opacity.  Assuring,  crumbling,  sep- 
arations from  the  bed,  and  gryphosis. 

Dermatitis  calorica. — In  mild  cases  of  dermatitis  fol- 
lowing exposure  to  heat  or  cold  transverse  depressions, 
discoloration,  separation  from  bed,  and  onychauxis  have 
been  recorded,  but  in  severe  cases  the  nails  fall. 

Dermatitis  from  Boentgen  rays. — As  in  the  case  of  the 
skin  the  involvement  of  the  nails  usually  occurs  in  the 
operator  rather  than  in  the  patient.  After  repeated  ex- 
posure to  the  rays,  the  nails  show  transverse  depressions, 
often  very  deep,  increased  convexity,  vertical  ridges, 
discoloration,  separation  from  the  bed,  crumbling  of 
plate,  and  finally  total  loss  of  all  nails  which  has  per- 
sisted in  one  of  the  writer's  cases  for  three  years. 

Scleroderma. — Heller  records  many  accidents  upon  the 
nails  as  sequela;  of  this  disease.  As  will  be  seen  by  the 
subjoined  list,  the  variations  in  degree  and  variety  are 
unusually  large:  gryphosis,  local  asphyxia  of  bed,  thick- 
ening of  the  skin  of  the  bed,  vertical  ridges  of  the  plate, 
transverse  furrows  and  ridges,  increased  convexity,  brit- 
tleness, atrophy,  erosions  of  plate,  and  loss. 

Atrophoderma. — In  this  rare  dermatosis  the  nails  often 
become  influenced  and  exhibit  vertical  ridges,  brittleness, 
atrophy,  and  vertical  depressions,  while  in  severe  cases 
the  lunulfe  disappear  altogether. 

Vitiligo  may  exhibit  at  times  lesions  on  the  nails,  and 
in  my  experience  I  have  observed  transverse  depressions 
and  leuconychia. 

Pruritus.— W\t\\  any  of  the  pruriginous  diseases  the 
nails  may  become  altered  and  show  transverse  depres- 
sions, vertical  ridges,  or  even  koilonychia. 

%)7«7j>.— Svphilis  of  the  nails  is  not  common,  and 
forms  only  about  five  per  cent,  of  all  nail  disturbances  in 
my  observations.  Like  the  general  constitutional  disease 
syphilitic  manifestations  on  the  nail  may  be  divided  into 
those  resulting  from  the  primary  lesion,  from  the  second- 
ary eruption,  and  from  the  late  changes  of  the  disease. 

A  chancre  on  the  nail  wall  is  followed  in  a  short  while 
by  a  series  of  parallel  transverse  depressions  with  or  with- 
out discoloration,  or  the  change  may  be  more  intense  and 
the  plate  will  ulcerate  and  drop  off  in  part  or  in  toto. 

The  secondary  stage  of  the  disease  shows  itself  usually 
in  one  of  two  ways:  first,  by  the  formation  of  a  papule 
on  the  bed,  and  second,  by  a  general  moist  ulceration  of 
the  nail.  The  formation  of  a  papule  on  the  bed  is  indi- 
cated by  a  red  spot  in  the  plate,  which  becomes  yellow 
with  the  subsidence  of  the  lesion.  The  plate  over  the 
papule  becomes  thinner  and  may  even  be  broken,  while 
the  horny  layer  of  the  bed  thickens,  and  as  a  result  leu 
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conychia  may  ensue.  The  secondary  ulcerations  of  the 
nail  are  the  most  frequent  syphilitic  manifestations,  ami 
tiie  disease  is  characterized  by  the  large  number  of  the 
nails  involved.  The  first  signs  are  redness  and  swelling 
of  the  last  phalanx  accompanied  by  pain.  The  nail 
■walls  become  affected  and  the  epidermis  is  raised  by  fluid 
and  finally  ulcerates.  Pus  appears  from  the  eponychium 
and  from  under  the  plate  on  the  sides,  and  causes  the 
■plate  to  look  yellow.  Blood  is  imbibed  by  the  plate 
cells  and  the  nails  become  red  and  later  black.  Ulcer- 
ations appear  along  the  bed,  and  as  a  result  the  nails  fall. 
If  the  matrix  is  afEected,  nails  may  not  be  reproduced, 
or  may  grow  again  gryphotically  deformed.  The  res- 
titution of  such  nails  is  always  a  long  and  tedious 
task,  and  must  be  brought  about  by  mild  local  antisepsis 
and  prolonged  general  antisyphilitic  treatment. 

The  nail  lesion  associated  with  late  syphilis  usually  as- 
sumes a  dry  form,  and  has  been  termed  scabrities  unguium 
syphilitica  or  onyxis  craquele.  At  the  root  of  the  nail 
white,  punctate  depressions  form  in  vertical  series 
brought  about  by  parakeratosis  and  acanthosis  of  the 
bed.  These  pathological  processes  prevent  the  forma- 
tion of  onychin,  and  as  a  result  we  find  hyperkeratosis 
subungualis  with  its  usual  sequelas,  or  a  thickened,  yel- 
low, crumbling  plate. 

In  hereditary  syphilis  Neumann  states  that  the  nails 
may  assume  atrophic  forms  and  appear  thin  and  brittle, 
or  poorly  developed. 

Lepra. — In  pure  cases  of  lepra  tuberosa  nail  changes 
are  rarely  met  with,  but  in  mixed  types  or  in  pure  anaes- 
thetic forms  all  degrees  of  deformities  are  encountered, 
extending  from  simple  brown  spots  to  gryphosis  and 
permanent  loss. 

Variola. — Virchow  states  that  if  a  pustule  of  smallpox 
appears  upon  the  bed,  the  plate  will  show  a  yellow, 
sunken  spot,  and  may  eventually  be  cast  off;  and  if 
such  an  accident  occurs,  the  loss  will  be  a  permanent 
one. 

Addison's  Disease. — In  this  affection  the  nail  lesions  are 
practically  pigmentary  ones.  The  nails  appear  white  on 
account  of  the  general  ansemia  and  deposit  of  pigment  in 
the  nail  bed  or  brown  streaks  or  universal  darkening  of 
the  nails  may  appear. 

Cutaneous  Tuberculosis.- — The  nails  show  involvement 
only  when  the  tuberculous  process  exists  in  the  neigh- 
borhood of  the  nail  walls.  Transverse  depressions  and 
ridges,  vertical  ridges,  discoloration,  hyperkeratosis  sub- 
ungualis with  its  resulting  deformities,  i.e.,  raising  of 
plate  from  bed,  increase  in  convexity  of  plate,  casting 
off  of  granular  debris,  thinning  and  breaking  of  nail, 
and  final  loss,  which  in  this  disease  may  be  permanent, 
are  the  lesions  usually  experienced. 

MOKBID  PkOCESSES  IN    THE   NaIL  IN  CONNECTION  WITH 
NON-CCTANEOUS    DISEASES. 

Phthisis  Pulmonum. — Hippocrates  was  the  first  to  de- 
scribe the  increased  convexity  of  the  nails  in  consump- 
tive patients,  and  thus  the  term  Hippocratic  is  used  to 
denote  the  high  arching  which  often  exists,  both  longi- 
tudinally and  vertically,  in  this  disease.  Women  are  af- 
fected in  this  manner  oftener  than  men,  and  as  a  rule  the 
thumb  nail  is  the  first  to  show  the  change.  After  the 
thumb  the  frequency  of  involvement  extends  seriatim  to 
the  little  finger.  A  plausible  explanation  of  this  phenom- 
enon is  given  by  Pigeaux,  who  says  that  the  regions 
farthest  from  the  heart  are  subject  to  oedema,  which  lifts 
up  the  matrix  of  the  nail  and  causes  elevation  of  the 
plate,  while  imbibition  of  this  same  fluid  produces  a 
thickening  of  the  plate  itself.  The  dilatation  of  the  ves- 
sel causes  the  disappearance  of  the  lunula. 

^wpyeraa.— Hippocratic  nails  have  been  observed  in 
this  disease  also,  but  have  disappeared  with  the  subsi- 
dence of  the  purulent  fluid. 

iJa c7w to.— Esbach  has  noted  a  shortening  of  the  last 
phalanx. 

Garciiwmaiosis.—ln  all  cachexias  nails  become  softer, 
probably  on  account  of  the  anajmia  of  the  matrix,  bed. 


and  walls.  Observers  have  recorded  also  leucouychia 
and  onychorrhexis. 

Heart  Disease. — Here,  as  in  consumption,  circulatory 
disturbances  are  at  work,  and  consequently  blueness  and 
Hippocratic  nails  with  "  drumstick  fingers  "  appear. 

BMboUsm  and  Thrombosis. — Observations  upon  these 
accidents  to  the  fingers 'are  decidedly  rare,  but  Heller 
speaks  of  blackness,  gryphosis,  and  loss  as  possibilities. 

Diabetes  mellitus.~The  presence  of  sugar  in  the  blood 
or  the  subsequent  changes  in  the  vessel  walls  and  tissues, 
induced  by  the  circulating  sugar,  may  produce  transverse 
furrows,  brittleness,  exfoliation,  or  complete  loss  of  the 
nail. 

Malaria. — Writers  have  noted  the  phenomenon  that 
before  the  advent  of  the  chill  the  nail  turns  to  a  pale 
blue  or  slate  color. 

Scorbtdus. — In  this  disease  hemorrhage  is  apt  to  occur 
under  the  nail,  producing  the  variations  in  color  due  to 
oxidation  and  loss  of  the  nail  involved. 

Chlorosis  and  Ancemia. — The  lack  of  nourishment 
brings  about  paleness,  thinning,  and  tendency  toward 
koilonychia,  while  in  pernicious  ansemia  a  different  class 
of  disturbances  have  been  noted,  namely,  thickening  of 
the  nail  with  subsequent  Assuring  and  crumbling. 

Gowi.— Here  again  apparently  opposite  results  may  be 
reached.  On  the  one  hand,  the  nails  may  become  thin 
and  brittle  or,  on  the  other  hand,  vertical  ridges  and  de- 
pressions may  form  together  with  elevation  of  nail  from 
bed,  with  brownish  discoloration  and  subsequent  gry- 
photic  changes. 

Rheumatism. — This  affection  may  attack  the  nails, 
causing  transverse  depressions,  elevations  of  the  plate 
with  yellow  discoloration,  brittleness,  or  gryphosis. 

Changes  in  the  Nails  in  Connection  with  Dis- 
eases OP  THE  Nekyous  System. 

Peripheral  System. — Paralysis  or  wounds  of  cuta- 
neous vessels  produce  trophic  alterations  in  the  nails. 
Hypertrophic  changes  cause  thickening,  vertical  ridges 
or  gryphosis,  while  atrophic  modifications  are  thinning, 
cracking,  loss,  slowness  in  growth,  discoloration,  vertical 
or  horizontal  ridges,  and  opacity. 

Neuritis  of  Internal  Ongin. — Here  changes  are  less  fre- 
quent than  after  wounds  of  nerves,  but  nevertheless  writ- 
ers have  described  loss  of  gloss,  discoloration,  transverse 
and  vertical  depressions,  brittleness,  and  bending  of  the 
nail. 

Monan's  Disease  Is  frequently  characterized  by  disturb- 
ances of  the  nails,  such  as  thickening,  blackness,  harden- 
ing, and  gryphosis. 

Raynaud's  Disease. — Mild  cases  of  this  condition  may 
exist  without  changes  in  the  nails,  but  in  the  severer  ex- 
amples we  find  vertical  ridges  and  furrows,  increase  in 
convexity  and  thickening,  hypersesthesia,  and  possible 
loss.  When  the  disease  is  accompanied  by  panaritium, 
then  we  find  the  usual  results  of  shortening,  bending, 
vertical  ridges,  and  gryphosis. 

En-ythromelalgia  is  often  accompanied  by  nail  changes, 
among  which  have  been  recorded  transverse  furrows, 
yellow  discoloration,  thickening  of  the  bed  at  distal  end, 
bending  and  thickening  of  the  plate,  and  loss. 

Spinal  Diseases.— JWies  Dorsalis. — A  very  frequent 
concomitant  of  this  disease  is  loss  of  the  big  toe  nail, 
which  may  fall  repeatedly.  This  phenomenon  is  caused 
by  trophoneurotic  changes  and  by  the  invasion  of  blood 
between  the  bed  and  the  plate.  Other  nail  changes  are 
possible,  and  examples  have  been  recorded  of  brittleness, 
thickening,  hardening,  and  transverse  and  vertical  de- 
pressions. 

Synngomyelia. — The  almost  constant  presence  of  par- 
onychia and  of  panaritium  in  this  rare  affection  accounts 
for  the  frequent  and  severe  involvement  of  the  nails. 
Here  we  find  brittleness,  lack  of  lustre,  cracks,  thinness, 
exfoliation,  and  after  panaritium  gryphosis,  atrophy, 
loss  and  stumps  of  nails  growing  at  various  angles. 

Anterior  Poliomyelitis.— In  this  disease  instances  of 
softening  and  loss  of  the  nails  have  been  recorded. 
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Injured  Spine. — After  such  an  accident  I  have  noted 
transverse  depressions  and  ridges  and  hyperkeratosis 
subungualis. 

Multiple  Sclerosis. — The  nail  changes  in  this  affection 
are  very  similar  to  those  observed  in  locomotor  ataxia ; 
namely,  brittleness,  pain,  and  invasion  of  blood  between 
bed  and  plate,  causing  the  loss  of  the  nail. 

Brain  Diseases. — Apoplexy. — The  possible  deformities 
of  the  nail  resulting  from  strokes  of  paralysis  are  vertical 
ridges,  transverse  furrows,  increased  arching,  thinness 
and  greater  transparency,  smallness,  brittleness,  koilo- 
nychia,  ecchymosis  of  bed  with  subsequent  loss,  and  gry- 
phosis. 

Psychoses. — Dementia  Paralytica. — The  changes  oc- 
curring in  this  disease  are  quite  similar  to  those  following 
apoplexy,  and  may  consist  of  increased  transparency, 
vertical  and  transverse  furrows,  subungual  hemorrhage, 
transverse  ridges,  yellow  or  brownish  discoloration,  and 
gryphosis. 

Melancholia. — In  the  course  of  this  disorder  different 
observers  have  noted  transverse  furrows,  Increased  thick- 
ness, and  slowness  of  growth. 

Functional  Netiiioses. — Hysteria. — Nail  changes  are 
seldom  met  with  in  this  condition,  but  instances  of  lack 
of  lustre,  vertical  and  transverse  furrows,  exfoliation, 
thickening  and  roughness  of  surface,  and  final  loss  have 
been  recorded. 

Mpilepsy. — Another  disease  in  which  nail  disorders  are 
rare,  but  when  present  they  may  include  thinness,  brittle- 
ness, deep  transverse  furrows,  roughness  of  the  plate, 
and  subungual  hemorrhage. 

iVaariMi/jeram.— In  this  disease  I  have  observed  discolor- 
ation and  transverse  ridges. 

Hervom  Shock. — As  a  result  of  such  accidents  patients 
have  come  to  my  notice  with  transverse  depressions  and 
ridges,  thinning,  discoloration,  and  subungual  hyper- 
keratosis with  its  usual  results. 

Trophic  'Hevros^s.— Myxedema.— In  my  experience 
the  only  changes  in  the  nails  in  connection  with  this  dis- 
ease have  been  those  of  vertical  ridges  and  subungual 
hyperkeratosis  and  its  resulting  deformities. 

Diseases  of  the  Bones.— Fractures  are  often  followed 
by  discoloration,  which  varies  from  yellow  to  black,  by 
transverse  furrows  and  by  slowness  of  growth  of  the 

nails.  .     ,        ^    . 

Acromegaly.— This  interesting  process  is  almost  always 
accompanied  by  onychauxis  where  the  nail  is  enlarged 
transversely  and  vertically  and  appears  flat,  brittle,  and 
lustreless  with  vertical  ridges  upon  its  surface.  In  addi- 
tion to  these  symptoms  I  have  observed  discoloration 
and  subungual  hyperkeratosis,  but  have  not  observed 
the  usual  sequelse  of  this  condition. 

Arthritis  Deformans.— In  this  disease  I  have  recorded 
vertical  ridges  and  depressions,  transverse  ridges  and  de- 
pressions,  discoloration,  thinning,  and    brittleness  and 

°^A^o-arthritis.— In  this  somewhat  allied  condition  nails 
have  been  shown  me  bearing  round  punctate  depressions, 
vertical  and  transverse  ridges,  discoloration  and  hyper- 
keratosis of  the  bed  with  subsequent  elevation  ot  the 
plate. 

Nails  in  Connection  with  Youth  and  Old  Age. 

The  sucking  of  nails  renders  them  soft  and  small, 
while  advancing  years  produce  vertical  ridges  and  a  ten- 
dency toward  increase  in  size.  .  ,    ,^.     J.  T 

Keratosis  senilis.— In  conjunction  with  this  disease  i 
have  seen  round,  punctate,  and  transverse  depressions, 
leuconychia,  and  subungual  hyperkeratosis  with  in- 
creased convexity  of  the  bed. 

Intoxications. 
Heller  records  the  following  changes  in  connection  with 

the  use  of  poisons:  i„„„+j„„ 

Arsenic  may  cause  pain,  yellow  or  brown  discoloration, 
raising  of  plate  from  bed  with  eventual  loss.    Brooke 
Vol.  VI.— 7 


and  Roberts  observed  in  the  recent  English  epidemic  of 
arsenical  poisoning  from  beer  abnormally  rapid  growth 
of  the  nails  with  transverse  ridges  and  subungual  hyper- 
keratosis. 

Mercury  rarely  produces  changes,  but  transverse  fur- 
rows, blackness,  thickening,  and  loss  of  the  nail  have 
resulted  from  the  abuse  of  the  drug. 

Nitrate  of  silver  may  be  deposited  in  the  tissues  and 
discolor  the  nail  bed  blue  or  gray.  I  have  recently  ob- 
served a  very  marked  example  of  this  condition. 

Lead  has  been  known  to  destroy  the  nails. 

When  one  has  read  the  facts  enumerated  and  described 
in  the  preceding  paragraphs,  I  think  one  must  be  greatly 
impressed  by  the  similarity  of  symptoms  resulting  from 
the  many  diseases  which  may  induce  changes  in  the  nails, 
This  is  the  effect  produced  upon  the  writer,  who  at  the 
end  of  three  years'  special  study  of  these  affections  feels 
more  than  ever  that  the  physician  who  states  that  he  can 
make  a  positive  diagnosis  from  the  nails  alone  is  making 
a  rash  statement.  In  closing  this  article  the  writer  wishes 
to  acknowledge  his  great  indebtedness  to  Heller,  whose 
unique  book,  "Die  Krankheiten  der  Nagel,"  has  been 
the  model  upon  which  he  has  based  this  article. 

Charles  J.  White. 

NANTUCKET,  MARTHA'S  VINEYARD,  AND  CAPE 
COD.— The  islands  of  Nantucket  and  Martha's  Vineyard 
and  the  southern  district  of  Cape  Cod  are  climatologically 
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FIG.  3481.— Nantucket,  Martha's  Vineyard,  and  Cape  Cod,  Mass. 

and  structurally  so  similar,  and  are  grouped  in  such  close 
proximity  to  each  other  that  it  has  seemed  best  in  the 
present  description  to  consider  them  under  one  head. 
Nantucket,  as  being  situated  farthest  away  from  the 
mainland,  is  to  be  taken  as  the  climatological  type,  its 
climate  resembling  most  nearly  the  climate  of  the  ocean 
as  experienced  on  shipboard,  of  any  island  on  the  Atlan- 
tic seaboard  from  Old  Point  Comfort  to  the  Grand  Manan. 
The  cHmatic  attributes  may  be  briefly  summed  up  as  fol- 
lows- (a)  as  being  at  the  ocean  level  the  air  contains  the 
maximum  amount  of  oxygen,  aqueous  vapor,  and  ozone; 

(b)  it  contains  sahne  particles,  i.e.,  iodine  and  bromine; 

(c)  it  presents  the  most  regular  variations  of  barometric 
riressure-  and  (d)  it  presents  the  minimum  diurnal  va- 
riation of  temperature.  Other  stations  included  in  this 
article  resemble  it  more  or  less  nearly,  according  to  their 
proximity  to  the  sea  and  to  modifying  local  conditions 
subsequently  to  be  considered. 
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The  Island  of  Nantucket  (41°  15'  North  Lat.,  70°  W. 
Long.)  lies  in  the  Atlantic  Ocean  twenty-five  miles  due 
south  of  the  metacarpal  joint  of  the  beckoning  finger  of 
Cape  Cod.  It  is  of  a  long-horned  crescentic  shape,  and, 
roughly  speaking,  is  fourteen  miles  long  and  four  miles 
wide.  It  comprises  in  its  entire  extent  about  twenty- 
nine  thousand  acres.  It  is  the  most  easterly  of  the  group 
of  islands  known  as  the  Elizabeth  Islands,  in  which  are 
also  included  Martha's  Vineyard,  Tuckanuck,  Muskeget, 
and  Naushon.  It  is  almost  exactly  one  hundred  miles 
from  Boston. 

Structurally  considered,  it  is  a  vast  mound  of  sand 
lightly  covered  with  vegetable  mold,  gently  undulating 
in  surface,  and  presenting  a  series  of  high  bluffs  to  the 
sea.  At  different  points  its  surface  is  dotted  by  fresh- 
water ponds  of  varying  size.  The  soil  is  of  a  light,  por- 
ous, sandy  nature.  Rocks  are  so  rare  that  it  would  be 
easily  possible  to  count  those  worthy  of  the  name  upon 
the  fingers  of  the  hand.  There  are,  practically  speaking, 
no  trees.  The  flora  is  large  and  varied.  Five  hundred 
varieties  of  species  are  described  as  growing  without  culti- 
"vation.  The  botanic  range  is  wide ;  heather  grows  upon 
the  moors ;  cactus  is  to  be  found  freely  flowering  in  the 
irfonth  of  July,  while  in  August  a  visit  to  a  vast  field 
of  hollyhock-like  blossoms  of  the  pink  hibiscus  is  a  fa- 
vorite excursion.  A  large  variety  of  birds  pause  at  the 
island  upon  their  semi-annual  pilgrimages;  black  duck 
and  quail  live  there  the  entire  year,  and  the  neighbor- 
ing island  of  Muskeget  is  a  breeding  place  upon  which 
thousands  of  families  of  sea-gulls  are  annually  reared. 

Nantucket,  the  chief  town,  is  situated  upon  the  nortli- 
■efh  side  of  the  island,  on  Nantucket  Sound.  The  resi- 
dent population  in  1894  was  3,300,  though  the  summer 
population  is,  of  course,  largely  in  excess  of  these  figures. 
In  that  j'ear  16,306  passengers,  not  including  children, 
were  brought  to  the  island.  At  the  height  of  its  pros- 
perity, when  the  whaling  industry  flourished,  the  popu- 
lation of  the  island  was  10,000.  The  town  is  very  old 
(the  oldest  house  bearing  the  date  1686).  Many  of  the 
dwellings  and  warehouses  are  built  of  brick,  and  the 
number  of  buildings  in  general  is  surprisingly  large  in 
proportion  to  the  present  population.  A  general  im- 
pression of  size  and  antiquity  is  given  to  the  town.  The 
streets  for  the  most  part  are  paved  with  stone  and  asphalt ; 
outside  the  town  clay  roads  extend  in  many  directions, 
and  the  State  road,  a  fine  piece  of  macadamized  road, 
eight  miles  long,  connects  the  town  with  Siasconset.  At 
a  greater  distance  from  the  town  the  roads  consist  chiefly 
of  "ruts,"  and  one  may  ride  or  drive  in  almost  any  direc- 
tion at  will  over  the  moors. 

Siasconset,  formerly  a  small  fishing  village,  eight  miles 
from  the  town  and  connected  with  it  by  a  narrow-gauge 
railroad,  is  now  an  exceedingly  popular  summer  resort. 
It  is  situated  on  the  ocean  and  is  possessed  of  several 
hotels  and  boarding-houses,  a  casino,  and  a  fine  golf 
course.     The  surf  bathing  is  excellent. 

Nantucket,  Mass.,  Five  Years,  1897-1901. 


Climatic  Data. 

Average  maximum 

Average  minimum 

Average  daily  range 

Absolute  maximum 

Absolute  minimum 

Average  number  of  clear  days 

Largest  number  of  clear  days 

Smallest  number  ot  clear  days 

Average  number  cloudy  and  partly 

cloudy 

Largest  number  cloudy  and  partly 

cloudy 

Smallest  number  cloudy  and  partly 

cloudy 

Average  number  rainy 

Largest  number  of  rainy  days 

Smallest  number  of  rainy  days  .... 

Average  total  rainfall 

Average  relative  humidity  for  four 

years 

Average  hourly  wind  velocity  for 

for  years  


June. 

July. 

August. 

67.1°  F 

73.9°  F 

73.9°  F 

55.7° 

63.1° 

63.2° 

11.3° 

10.9° 

10.7° 

78° 

86° 

87° 

44° 

54° 

56° 

7.6 

7.8 

10.2 

11 

10 

12. 

4 

1 

5 

23 

23 

20.8 

26 

30 

26 

19 

21 

19 
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The  preceding  table,  compiled  from  statistics  prepared 
for  me  by  Mr.  A.  W.  Crosby  of  the  weather  bureau  in 
Boston,  shows  climatic  data  for  the  five  years  1897-1901. 

From  the  foregoing  table  it  is  seen  that  the  average 
number  of  rainy  days  for  the  four  summer  months,  for 
five  years,  was  nine  per  month.  This  number  represents 
the  days  during  which  it  rained  at  some  portion  of  the 
day.  The  number  of  days  in  which  an  invalid  could  not 
exercise  out  of  doors  was  of  course  much  smaller.  In 
1894,  for  the  months  of  July,  August,  and  September, 
there  were  ninety -two  consecutive  pleasant  days. 

The  prevailing  direction  of  the  wind  is  westerly,  blow- 
ing, as  will  be  seen  by  the  map,  over  miles  of  ocean.  One 
of  the  most  remarkable  meteorological  phenomena  of  the 
island  Is  the  rarity  of  electric  storms.  Thunder  storms 
are  exceedingly  rare,  passing  north  or  south  of  the  isl- 
and. In  the  twenty-one  summers  I  have  passed  at  Nan- 
tucket I  have  known  the  lightning  to  strike  but  on  three 
occasions.  Fogsare  a  more  variable  feature,  their  preva- 
lence differing  in  different  years.  As  a  rule  it  is  not  more 
foggy  than  at  other  seashore  resorts. 

The  average  temperature  of  the  water  for  the  summer 
of  1894  was  73°  F.  At  the  bathing  beach  it  is  somewhat 
higher.  The  cause  of  this  high  temperature  of  the  water 
is  a  much-discussed  question.  It  is  believed  by  some  to 
be  due  to  the  proximity  of  the  gulf  stream,  but  this 
theory  is  not  borne  out  by  fact.  Any  one  interested  in 
the  matter  is  referred  to  Dr.  Peterman's  charts. 

The  water  supply  of  the  town  is  derived  from  a  large 
fresh-water  pond.  It  is  between  two  and  three  miles 
from  the  town,  and  is  in  an  isolated  position  so  far  as 
dwelling-houses  are  concerned,  the  house  of  the  eijgineer 
being  the  only  human  habitation  within  the  water-shed. 
It  would  be  difficult  to  conceive  of  its  ever  sustaining 
dangerous  pollution. 

The  sewerage  of  the  town  has  been  greatly  improved 
in  recent  years  by  the  construction  of  a  sewer  to  the  deep 
waters  of  the  outer  harbor. 

The  average  velocity  of  the  wind  for  the  three  months 
of  the  summer  of  1894  was  nine  miles. 

From  its  isolated  position  Nantucket  is  particularlj- 
free  from  contagious  diseases.  In  the  ten  years  189{>- 
1900,  there  have  been  forty-four  deaths  from  tuberculo- 
sis, or  eleven  per  ten  thousand;  and  fourteen  deaths  from 
diphtheria,  or  about  four  per  ten  thousand.  In  1901  one 
case  of  typhoid  fever  was  reported.  It  was,  however, 
an  exceedingly  doubtful  case,  and  did  not  give  the  Widal 
reaction.  Contagious  diseases,  when  present,  are  for  the 
most  part  imported,  and  are  generally  so  managed  as  to 
reduce  to  a  minimum  their  further  dissemination.  This 
is  the  more  readily  accoinplished  because  of  the  intelli- 
gent and  energetic  co-operation  of  the  Board  of  Health. 

The  amusements  afforded  the  summer  visitors  are 
unusually  varied.  Boating  is  excellent.  Large  cat-rig 
boats,  under  the  charge  of  experienced  skippers,  are  pro- 
vided in  abundance.  Those  preferring  still  water  may 
sail  in  the  landlocked  waters  of  the  inner  harbor,  eight 
miles  in  extent.  More  accomplished  sailors  can  pursue 
their  excursions  upon  the  rough  waters  of  the  Sound. 
A  daily  trip  by  sailboat  and  by  launch  is  made  to  Wau- 
minet,  abou  t  seven  miles  up  the  inner  harbor.  Still  water 
for  rowing  is  always  found  in  the  inner  harbor,  and  ex- 
cellent light  boats  may  be  hired  by  the  hour.  It  is  par- 
ticularly safe  for  women  and  children  because  of  the 
shallowness  of  the  water.  The  fishing  is  excellent;  blue 
fish  abound  in  the  season ;  scup  and  plaice  fish  (the  latter 
a  large  species  of  flat  fish)  are  found  in  great  abundance, 
as  is  also  the  English  turbot.  Lobsters,  clams,  quohogs, 
and  oysters  are  also  abundant.  Pickerel  and  fresh- water 
perch  are  found  in  the  ponds.  There  is  some  shooting. 
Marsh  birds  are  present  throughout  the  summer,  plover 
and  snipe  are  frequently  killed  during  their  respective 
flights,  and  black  duck  and  rabbits  are  numerous.  Driv- 
ing is  very  agreeable ;  the  moors  are  for  the  most  part 
unf enced  and  level,  and  it  is  the  custom  to  ride  and  drive 
across  them  in  any  and  every  direction.  Bicycling  is 
also  excellent.  The  State  road  is  a  perfect  piece  of  mac- 
adam ;  the  clay  roads  are  fair,  and  there  are  several  agree- 
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able  bicycle  paths.  Golf  is  the  principal  amusement 
The  course  is  particularly  fine,  and  in  many  respects  an 
exact  counterpart  of  the  Scotch  links.  It  consists  of 
eighteen  holes,  is  about  six  thousand  yards  in  extent 
and  extends  over  gently  undulating  ground,  in  which 
neither  a  tree  nor  a  stone  interferes  with  the  pastime 
ihe  turf  IS  excellent,  and  fine  views  of  the  sea  are  to  be 
had  from  many  of  the  trees  and  greens.  Afternoon  teas 
and  tournaments  are  held  every  week  during  the  season 
Jfrom  twenty  years  of  summer  practice  on  the  island 
the  writer  feels  able  to  recommend  the  climate  as  espe- 
cially suited  for  the  extremes  of  life,  the  very  old  and  the 
very  young;  the  smallness  of  the  diurnal  range  being  a 
most  important  factor.  The  absence  of  contagious  dis- 
eases also  renders  it  a  highly  desirable  locality  for  chil- 
dren. It  IS  well  suited  to  those  suffering  from  functional 
nervous  affections,  neurasthenia,  insomnia,  and  neuralgia- 
for  valvular  diseases  of  the  heart,  for  convalescence  from' 
•diseases  of  the  respiratory  organs,  for  chronic  dysentery 
■and  diarrhoea,  and  especially  is  it  specific  for  the  entero- 
■cohtis  of  children.  Cases  of  tuberculosis  and  of  the 
scrofulous  diseases  of  children  also  do  exceedinglv  well 
at  Nantucket.  "  •' 

Nantucket  possesses  an  excellent  publiclibrary  •  a  muse- 
um, containing  many  objects  of  interest ;  the  valuable  and 
interesting  collection  of  the  Historical  Society ;  an  old  mill  • 
several  light-houses  and  life-saving  stations ;  churches  of 
nearly  every  denomination ;  gas  and  electric  plants.  There 
is  an  excellent  hot  salt-water  bathing  establishment. 
_  There  are  several  hotels,  among  which  may  be  men- 
tioned. The  Sea  Cliff  Inn,  owned  by  a  syndicate,  and  the 
largest  hotel  on  the  island.  The  Ocean  House,  Point 
Breeze,  and  Springfield  House.*  Prices  vary  from  $10  to 
^35  per  week.  There  are  also  a  large  number  of  excellent 
boarding-houses.  A.  T.  Mowry,  real  estate  agent,  solic- 
its correspondence  upon  all  matters  pertaining  to  Nan- 
tucket, and  has  a  list  of  available  cottages.  Rents  of  the 
latter  vary  from  |150  to  $1,000,  average  about  $400.  An 
■eminent  Boston  surgeon  and  an  equally  well-known 
oculist  from  Philadelphia  are  among  the  summer  resi- 
dents, and  can  be  called  on  for  special  service. 

Martha's  Vineyard.— Twenty  miles  west  of  Nan- 
tucket and  ten  miles  south  from  Wood's  Hole  lies  the  isl- 
and of  Martha's  Vineyard,  an  island  considerably  larger 
than  Nantucket  and  similar  to  it  in  climate,  its  chief 
-differences  consisting  in  its  nearer  approximation  to  the 
mainland  and  in  the  fact  that  it  is  comparatively  thickly 
wooded. 

At  the  easterly  end  of  the  island  Edgartown  is  situated, 
-a  small  and  very  picturesque  town  with  a  resident  popu- 
lation of  about  eight  hundred  persons,  and  a  summer 
population  much  in  excess  of  these  figures.  Bathing, 
fishing,  sailing,  and  driving  are  excellent,  and  there  are 
well-arranged  golf  links. 

Nearer  the  centre  of  the  island  and  on  the  northerly 
«hore  is  the  town  of  Cottage  City,  probably  the  most 
populous  summer  resort  of  the  cape  district.  The  resi- 
-dent  population  is  about  the  same  as  that  of  Edgartown, 
hut  the  summer  population  is  estimated  as  being  about 
twenty  thousand. 

Vineyard  Haven,  situated  on  the  north  side  of  the  isl- 
and, lies  about  a  mile  to  the  west  of  Cottage  City,  and 
is  an  exceedingly  popular  summer  resort.  The  resident 
population  is  about  one  thousand;  the  summer  popula- 
tion is  largely  in  excess  of  these  figures. 

West  Chop  is  a  small  summer  colony  northwest  of  Vine- 
yard Haven.  The  hotel,  casino,  and  the  major  portion 
-of  the  land  are  owned  by  a  syndicate  of  Boston  gentle- 
men. The  bathing  and  boating  are  excellent  and  the 
views  are  particularly  attractive. 

Similar  in  climate  and  in  the  configuration  of  land  are 
the  summer  resorts  situated  upon  the  southern  border  of 
•Cape  Cod.  Among  these  resorts  may  be  mentioned 
Wood's  Hole,  Falmouth,  Cotuitport,  Osterville,  Hyannis, 
Farmouth,  Harwichport,  and  Chatham. 

Harold  'Williams. 


*  Not  intended  to  be  a  complete  list. 
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pi^^®""^^  SPRINGS.-Napa  County,  California, 
tajes"'''"    ^P^  ^°''^  ^P™«'-    Hotel  and  cot- 

8  f"M  w^'^''^  nv^'^l*"'^  ^''"'y  (^'■°™  S*^"  Francisco)  at 
»  A  M.  for  Napa  City  forty-six  miles  distant,  arriving  at 

to\;;  <^--  ^^^^  ^^^'^^  ^*^Se  to  springs,  five  miles  dis- 
tant. _  Spring,  summer,  and  autumn  are  suitable  seasons 
101  visiting  tlie  springs. 

^^^^^  f  T'' n'^  cjiarmingly  located  on  the  southwestern 
Slope  of  the  Coast  Range,  at  an  elevation  of  about  1,000 
feet  above  the  level  of  the  sea.  From  the  Rotunda  Hotel 
many  beautiful  views  are  spread  before  the  eye  in  all 
directions.  Looking  southward  over  the  beautiful  val- 
ley ot  Napa  County  one  sees  a  landscape  seldom  sur- 
passed for  loveliness,  and  which  always  remains  fresh  in 
the  memory.  The  chmate  is  warm,  dry,  and  salubrious 
uniting  the  advantages  of  mountain  air  with  breezes 
direct  from  the  sea.  The  mineral  springs  here  are  among 
the  most  noted  in  the  State.  They  number  twenty-seven 
m  all,  with  an  average  daily  flow  of  about  four  thousand 
gallons.  The  temperature  of  the  water  ranges  from  65° 
to  68°  P.  The  main  spring,  the  Pagoda,  from  which 
niost  of  the  commercial  Napa  soda  is  obtained,  is  an 
alkaline-chalybeate  water,  strongly  charged  with  car- 
bonic anhydride.  It  is  delightfully  clear  and  sparkling 
and  has  an  agreeably  pungent  taste.  Following  is  Dr 
Anderson's  analysis: 

Pagoda  Spring  (Napa  Soda  Spring). 
One  United  States  Gallon  Contains: 
SoMs.  Grains. 

Soflium  chloride 7 14 

Sodium  bicarbonate 13 "95 

Sodium  carbonate .' 1 'in 

Sodium  sulphate I'ea 

Potassium  bicarbonate Trace 

Magnesium  bicarbonate 3  04 

Magnesium  carbonate 2176 

Calcium  bicarbonate 73 

Calcium  carbonate 955 

Ferrous  carbonate 7'9o 

Silica 74 

Alumina !!!!..!! 57 

Organic  matter ......!  Trace 


Total  solids 67.16 

Free  carbonic  acid  gas,  143.62  cubic  inches.     Temperature  ol 
water,  67.7°  F. 

Over  this  spring  is  a  beautiful  pagoda,  supported  by 
solid  stone  pillars,  and,  resting  upon  a  tessellated  marble 
floor,  a  natural  stone  basin  has  been  artistically  arranged, 
through  which  sparkling  soda  bubbles  in  all  its  freshness. 
There  are  many  other  important  springs  at  Napa,  in- 
cluding the  well-known  Iron  Spring  and  the  Lemon 
Spring.  The  former  was  analyzed  by  Professor  Lanz- 
wurt  in  1870,  with  the  following  result : 

Iron  Spring  (Napa  Soda  Spring). 

One  United  States  Gallon  Contains: 
SoUds.  Grains. 

Sodium  chloride 5.20 

Sodium  bicarbonate 13.12 

Sodium  sulphate 1.84 

Magnesium  carbonate 26.12 

Calcium  carbonate 10.83 

Ferrous  carbonate 7.84 

Silica 62 

Alumina 60 

Total  solids 66.17 

Free  carbonic  acid  gas,  undetermined.    Temperature,  68°  F. 

The  waters  of  all  the  springs  have  the  same  general 
characters — alkaline-chalybeate,  clear,  and  sparkling. 
Napa  soda  water  is  highly  esteemed  as  a  beverage.  It  is 
sold  in  every  city  and  town  of  the  coast,  and  is  one  of 
the  pleasantest  summer  drinks  to  be  found.  The  water 
is  an  efficient  aid  to  digestion,  being  antacid  and  tonic. 
When  taken  early  in  the  morning  before  breakfast  its 
action  is  gently  aperient.  The  ferruginous  salts,  held  in 
solution  by  the  carbonic-acid  gas,  are  valuable  in  anaemia 
and  chlorotic  conditions,  malarial  toxsemia,  and  many 
disorders  requiring  iron  for  the  constructive  metamor- 
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pilosis  of  red  corpuscles.  The  grounds  at  Napa  Soda 
Springs  cover  over  a  thousand  acres  of  hill  and  valley. 
The  place  is  thoroughly  improved,  and  the  visitor  will 
find  every  arrangement  provided  for  his  comfort  and 
recreation  while  soj  curing  there.  Among  the  attractive 
features  should  be  mentioned  the  excellent  bathing  facili- 
ties, both  tub  and  plunge.  There  is  also  a  swimming 
bath  measuring  one  hundred  and  fifty  feet  in  length  by 
fifty  feet  in  width,  and  with  a  depth  of  water  varying 
from  four  to  ten  feet.  James  K.  Crook. 

NAPHTALIN. — Under  the  title  Na/pMalinum,  Naph- 
talin,  the  United  States  Pharmacopoeia  makes  official  the 
hydrocarbon  naphthalene  (doHe),  known  also  by  the 
common  name  of  "  tar  camphor. "  Naphtalin  (to  use  the 
pharmacopoeial  spelling),  like  benzene,  is  the  fundamen- 
tal member  of  a  series  of  aromatic  con;pouuds.  Naph- 
talin is  a  common  constituent  of  tars,  and  is  obtained 
from  coal-tar  by  fractional  distillation.  Naphtalin,  when 
purified,  presents  itself  in  large,  colorless,  crystalline, 
rhombic  plates  of  a  pearly  lustre  and  an  unctuous  feel. 
It  has  a  burning  taste  and  a  faint  peculiar  odor.  It  is 
insoluble  in  water,  but  dissolves  in  alcohol,  ether,  ben- 
zene, oil  of  turpentine,  glacial  acetic  acid,  and  warm 
oils,  both  fixed  and  volatile.  It  molts  at  80°  C.  (176°  F.) 
and  boils  at  218°  C.  (434.4°  F.),  but  yet  sublimes  at  a 
much  lower  temperature  than  that  of  its  boiling-point, 
and,  mixed  with  boiling  water,  rises  in  vapor  with  the 
steam.  Even  at  ordinary  temperatures  a  gradual  sub- 
limation occurs.  It  should  be  kept  in  well-stoppered 
bottles. 

Naphtalin  is,  locally,  but  slightly  irritant,  and  consti- 
tutionally is  not  ordinarily  poisonous — probably  because 
of  incomplete  absorption  due  to  its  insolubility  in  aque- 
ous fluids.  Yet  naphtalin  is  decidedly  "  antiseptic  "  in 
the  common  medical  sense  of  the  word.  Taken  inter- 
nally, some  absorption  certainly  occurs,  since  naphtalin, 
swallowed,  reappears  in  the  urine.  Naphtalin  has  been 
used  in  medicine  to  prevent  decomposition  of  the  urine 
in  cystitis,  by  administration,  by  the  mouth,  of  an  aggre- 
gate of  five  grains  daily ;  but  its  main  use  internally  has 
been  for  local  antiseptic  purposes  in  the  intestinal  canal, 
as  in  diarrhoea  and  dysentery,  and  as  a  vermifuge.  It 
has  been  vaunted  also  as  an  expectorant  in  bronchitis 
and  as  a  constitutional  remedy  in  tj'phoid  fever.  The 
ordinary  dose  ranges  from  0,13  to  1  gm.  (gr.  ij.  to  xv.), 
and,  because  of  the  disagreeable  taste,  the  medicine  is 
best  given  in  capsule.  A  case  of  poisoning — an  excep- 
tional circumstance — ^has  been  reported  from  the  taking 
•  of  a  dose  of  eight  grains ;  and  it  is  certainly  risky  to  give 
much  of  the  drug  if  there  be  any  kidney  disease  or  weak- 
ness. As  an  anthelmintic  for  the  "seat-worm,"  naphta- 
lin may  be  given  by  enema,  in  sweet  oil  (1  gm.  in  two  or 
three  tablespoonfuls  of  the  oil).  For  ordinary  internal 
uses  naphtalin  has  been  largely  supplanted  by  naphtol. 

Externally,  naphtalin  has  been  used  for  the  making  of 
antiseptic  dressings  in  surgery.  In  this  application 
naphtalin  combines  the  features  of  a  fair  degree  of  effi- 
ciency on  the  one  hand,  and  freedom  from  irritant  or 
poisonous  effects,  and  from  offensive  smell,  on  the  other. 
The  only  untoward  effects  charged  against  naphtalin  so 
far  have  been  that  the  sharp  points  of  the  crystals  maj' 
wound  tender  granulations,  and  that  the  powder  may 
cake  with  fluid  exudates,  and  so  tend  to  obstruct  the  free 
drainage  of  discharges.  Most  reporters  upon  the  use  of 
naphtalin  in  surgery,  however,  have  failed  to  observe 
either  of  these  effects.  Naphtalin  may  be  applied  in 
bulk,  in  fine  powder,  to  wound  surfaces,  or  by  means  of 
gauze  or  wool  charged  with  the  substance,  by  the  device 
of  steeping  the  dressing  in  a  strong  solution  of  naphta- 
lin, and  then  permitting  the  solvent  to  evaporate.  By 
this  means  a  porous  material  becomes  thoroughly  impreg- 
nated with  a  fine  powder  of  the  hydrocarbon.  A  com- 
mon solution  for  the  making  of  such  dressings  is  a 
tVFclve-and-a-half-per-cent.  solution  of  naphtalin  in  a 
niixture  of  alcohol  and  ether  in  equal  proportion.  [See 
also  Naphtalm  in  the  article  on  Antiseptics  in  Surgery.'] 

Edward  Curtis. 
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NAPHTO-CRESOL  is  an  alcohol-soluble  substitue  for 
creolin.  W.  A.  Bastedo. 

NAPHTOFORMIN  is  a  condensation  product  of  alpha- 
and  beta-naphtol  with  formaldehyde  and  ammonia.  It 
is  an  insoluble  powder,  and,  being  readily  split  into  its. 
components,  is  a  powerful  antiseptic  for  use  in  surgery. 

W.  A.  Bastedo. 

NAPHTOL. — By  the  substitution,  in  the  molecule  of 
the  hydrocarbon  naphthalene,  of  a  molecule  of  hydroxyl 
( — OH)  for  one  of  the  atoms  of  hydrogen,  a  derivate, 
C10H7.OH,  is  obtained,  bearing  precisely  the  same  rela- 
tion to  naphtalin  that  common  phenol  ("  carbolic  acid  ") 
does  to  benzene.  Such  derivate  is  styled  naphtliol,  and 
according  to  the  position  in  the  naphtol  molecule  of  the 
hydroxyl  substitution,  two  distinct  naphtols  are  obtain- 
able, known  respectively  as  a-vMpMliol  and  P-naphthol. 
Of  these  two  bodies  P-naphthol  is  the  more  easily  made, 
and  is  the  article  used  in  medicine.  It  is  official  in  the 
United  States  Pharmacopoeia  under  the  title  and  spelling- 
Naphtol,  Naphtol. 

The  common  naphtol  of  the  markets  is  an  impure  arti- 
cle, occurring  in  reddish  or  deep  violet-brown  crystalline 
masses  of  a  disagreeable,  pungent  smell.  Such  a  naph- 
tol, because  of  the  poisonous  nature  of  some  of  the  im- 
purities, needs  purification  for  medicinal  use.  Properly 
purified,  naphtol  presents  itself  in  beautiful  silver  crys- 
talline scales,  nearly  or  entirely  odorless,  but  of  a  sharp, 
burning  taste.  The  crystals  are  very  slightly  soluble  in 
water  (in  about  one  thousand  parts  of  cold,  and  in  sev- 
enty-five parts  of  boiling  water),  but  dissolve  freely  in 
alcohol,  ether,  chloroform,  benzol,  and  oils.  Gently 
heated,  naphtol  sublimes,  and  may  be  distilled  with. 
steam.  It  should  be  kept  in  dark  amber-colored  bottles, 
well  stoppered.  Naphtol  is  locally  distinctly  irritant, 
exciting  upon  tender  surfaces  redness,  smarting,  and 
even  inflammation,  and,  upon  the  healthy  skin  also,  if  in 
alcoholic  solution,  acting  occasionally  with  sufficient  en- 
ergy to  develop  an  eruption  resembling  nettle-rash.  So- 
lutions in  oils  or  fats,  however,  are  said  to  be  without 
effect  upon  the  sound  skin,  although  acting  energetically 
upon  an  eczematous  surface  (Kaposi).  Constitutionally, 
naphtol,  in  therapeutic  doses,  produces  but  little  de- 
rangement. Some  experimental  dosings  of  animals  have 
been  followed  by  hsemoglobinuria,  with  convulsions  and 
death,  and,  in  one  instance  in  the  human  subject,  an  ex- 
ternal application  of  naphtol  produced  haematuria,  is- 
churia, unconsciousness,  and  eclampsia  (Kaposi).  But 
since  these  effects  are  exceptional,  it  is  likely  that  the 
samples  used  in  the  cases  cited  were  not  pure.  Ordina- 
rily doses  of  from  0.20  to  0.33  gm.  (gr.  iij.  to  v.),  given 
a  number  of  times  daily,  are  innocent  of  harm  beyond 
some  possible  disturbance  of  the  stomach.  The  medicine- 
therefore  ranks  among  the  non-poisonous,  and  its  value 
lies  in  the  fact  that  while  it  is  thus  non-poisonous  to  the- 
human  system  it  is  yet  quite  potent  to  arrest  the  devel- 
opment of  many  micro-organisms.  It  is  said  to  be  five- 
times  as  powerful  in  this  regard  as  carbolic  acid. 
Naphtol  is  accordingly  used  as  an  internal  medicine  to- 
disinfect  the  alimentary  canal,  as  in  cases  of  diarrhoea, 
dysentery,  intestinal  dyspepsia,  and  especially  in  typhoid 
fever,  in  which  disease  its  efficacy  was  first  proclaimed 
by  Bouchard.  The  doses  are  those  already  mentioned. 
The  article  is  also  used  as  a  local  application  in  many 
skin  diseases,  notably  scabies,  psoriasis,  and  eczema.  It 
is  commonly  applied  in  ointment  ranging  in  strength  of 
naphtol  from  one-half  to  ten  per  cent.,  or  even  fifteen 
per  cent.  The  remedy  should  not  be  used  upon  denuded 
parts,  and  weak  applications  only  should  be  made  to 
irritated  parts  such  as  so  commonly  present  themselves- 
in  eczema. 

For  iodonaphtol,  see  under  the  caption  Di-iodo-beta- 
naphtol,  in  Vol.  III.  Edward  Curtis. 

NAPHTOL  ARISTOL.     See  Bi-iodo-naphtalin. 

NAPHTOL  BENZOATE  is  benzonaphtol  (q.ii.). 
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NAPHTOL  BISMUTH,  orphol,  basic  beta-naphtol  bis- 
muth [(C,„H,0)3  Bi]2  +  Bis03  or  (Ci„H,0)3  Bi  +  SH^O, 
is  a  neutral,  non-irritating,  light-brown  powder  of  very 
slight  odor  and  slightly  aromatic  taste.  In  the  intestines 
and  to  some  extent  in  the  stomach  orphol  is  split  up 
into  its  components,  bismuth  oxide  and  beta-naphtol,  and 
so  acts  as  ,an  intestinal  sedative  and  antiseptic  in  diar- 
rhoea, dysentery,  and  intestinal  putrefaction.  The  dose 
is  0.5  to  1  gm.  (gr.  viij.  to  xv.),  usually  given  in  cap- 
sule. Chaumier  gave  5  gm.  (gr.  Ixxv.)  a  day  to  young 
children  withoiit  ill  effects.  In  such  large  doses  proba- 
bly most  of  the  drug  passes  through  unchanged.  Or- 
phol is  also  applied  externally  as  an  antiseptic  dusting 
and  drying  pow^der  for  impetigo,  herpes,  etc.,  and  has 
been  used  locally  in  gonorrhoea  and  other  mucous-mem- 
brane inflammations.  W.  A.  Bastedo. 

NAPHTOL  CARBONATE,  (0,„H,0)2C0,  is  a  di-naph- 
thyl  ester  of  carbonic  acid  prepared  by  acting  on  beta- 
naphtol  sodium  with  phosgene  gas.  It  occurs  as  shining 
colorless  scales  which  are  insoluble  in  water.  Recom- 
mended as  a  non-irritating  intestinal  antiseptic  in  dose  of 
0.13  to  1  gm.  (gr.  ij.  to  xv.).  W.  A.  Bastedo. 


NARCEINE.     See  Opium. 

NARCOTINE  (CasHjaNO,).— Narcotine  is,  next  to 
morphine,  the  most  abundant  alkaloid  of  opium,  varying 
widely  in  percentage,  both  in  different  varieties  and  in 
different  lots  of  the  same  variety.  The  amount  has  been 
reported  as  low  as  one  per  cent,  and  as  high  as  ten  per 
cent  It  occurs  in  colorless,  shining,  acicular  or  pris- 
matic crystals,  melting  at  176°  C.  (349°  F.),  almost  insol- 
uble in  water,  soluble  in  100  parts  of  alcohol,  35  parts  of 
ether,  3.7  parts  of  chloroform,  23  parts  of  benzene,  and 
rather  freely  in  hot  acetic  acid,  by  which  it  is  usually 
extracted.  It  is  only  faintly  basic  and  its  salts  are  not 
crystalline.  It  is  not  bitter,  but  its  salts  are  so,  and  are 
at  the  same  time  acid.  Sulphuric  acid  turns  it,  after  a 
time  to  a  yellow,  changing  to  orange  and  red;  the  same, 
mixed  with  nitric  acid,  turns  it  blood-red.  It  is  decom- 
posable into  meconin  and  cotarnine  (dsHiaNOs),  the  lat- 
ter far  more  strongly  basic  than  narcotine  itself.  Vari- 
ous other  substances  are  obtained  from  it  by  diflerent 
methods  of  treatment,  but  they  are  not  of  importance 
except  from  a  chemical  standpoint. 

Crawford  and  Dohme  (Proo.  Amer.  Phar.  Assn.,  1903) 
report  experiments  on  warm-blooded  animals,  showing 
that  it  produces  a  fall  in  blood  pressure  and  slowing  ot 
the  heart,  accelerated  but  weakened  respiration,  dimin- 
ished saliva  by  small  doses,  increased  by  large  doses  an 
anodyne  effect  upon  the  intestine,  prompt  and  marked 
diminution  of  the  urine,  and  a  diminished  size  of  the  kid- 
nev  Partial  elimination  through  the  kidneys  and  stom- 
ach was  observed,  but  none  from  the  bowels,  at  least  not 
as  narcotine.  Similar  symptoms  have  been  observed  in 
man,  together  with  profuse  diaphoresis.  The  alkaloid 
if  pure,  is  in  no  sense  a  narcotic,  forw^hich  reason  the 
name  "anarcotine"  lias  been  proposed  fo^^/'' ^^"^St^  '' 
does  not  seem  wise  to  introduce  this  element  of  confusion. 
Therapeutically,  narcotine  is  an  antiperiodic,  recog- 
nized as  of  considerable  value  in  flve-gram  doses^  For- 
tunately, since  it  is  used  in  such  large  doses,  its  weaklj 
basfc  character  renders  it  easily  freed  from  the  associaed 
active  alkaloids,  a  character  to  which  careful  attention 
should  of  course  be  given.  It  is  a  valuable  stomachic 
and  digestive  tonic  in  one-  or  two-gram  doses  three  times 

*^^Narcotine  has  been  considerably  employed  as  a  secret 
remedy  for  the  cure  of  the  alcohol  and  ober  narcotic 
habits^  Ebert  reports  many  such  cases  cured  or  benefited 
through  its  use,  and  his  results  are  conflrmed  by  Schulte^ 
The  form  of  administration  in  these  cases  was  a  grain 
hourly.  No  harm  resulted  from  the  use  of  a  gram  or 
more  per  day,  beyond  the  temporary  lo^^  „of  t'^^^X^^*^*^ 
for  food,  followed  later  by  an  increase  of  appetite  and 
by  weakening,  amounting  in  some  cases  to  semi-prostra 
tion.  from  the  profuse  perspiration.    ^^^^^  ^  ^^^^ 


NASAL  CAVITIES:  ANATOMICAL  RELATIONS  AND 
RHINOSCOPY.— I.  Anatomy. — The  nose  forms  the  com- 
mencement of  the  air  tract,  and  is  composed  of  two  large 
air  channels  in  the  centre  of  the  face.  The  lower  portion 
of  this  tract  is  used  to  convey  air ;  the  upper  portion  has 
distributed  throughout  its  mucous  membrane  the  termi- 
nal filaments  of  the  olfactory  nerve;  while  the  whole 
cavity  is  employed  in  voice  production. 

The  nose  is  divided  into  the  external  nose  and  the  na- 
sal cavities.  The  nasal  cavities  are  separated  from  one 
another  by  a  thin  partition  of  bone  and  cartilage,  called 
the  septum.  Each  nasal  cavity  is  surrounded  by  a  set  of 
accessory  cavities,  all  of  which  communicate  with  the 
nasal  cavity.  In  considering  the  anatomy  of  the  nose, 
we  find  that  three  divisions  may  readily  be  made:  (1) 
The  external  nose ;  (3)  the  nasal  cavities ;  (8)  the  acces- 
sory cavities  of  the  nose. 

1.  The  External  Nose. — The  external  nose  forms  the 
pyramidal  projection  in  the  centre  of  the  face,  extending 
from  the  brow  to  the  upper  lip.  It  is  directed  down- 
ward and  forward.  It  is  composed  of  bone,  cartilage,  and 
muscles  which  are  covered  externally  with  the  facial  epi- 
dermis and  internally  with  the  nasal  mucous  membrane. 
The  apex  of  the  pyramid — the  root  of  the  nose,  the 
radix  nasi— joins  the  forehead;  the  lateral  walls  form  by 
their  junction  the  dorsum  nasi,  orbackof  the  nose,  which 
extends  from  the  tip,  the  apex  nasi,  to  the  root  of  the 
nose;  the  lateral  borders  slope  outward  to  form  two 
wing-like  leaflets,  which  are  known  as  the  alse  nasi  or 
wings  of  the  nose ;  the  free  edges  of  the  alsa  nasi  form 
the  outer  borders  of  the  two  nasal  orifices,  known  as  the 
anterior  nares,  which  are  separated  by  a  median  pillar, 
or  columna,  the  ponticulus  nasi.  The  two  anterior 
nasal  orifices  open  downward  and  communicate  with 
the  vestibule  of  the  nose,  which  is  composed  of  that 
portion  of  the  nose  which  is  contained  within  the  car- 
tilaginous framework  and  extends  from  the  anterior 
nasal  orifice  to  the  commencement  of  the  osseous  frame- 

'"'ork.  ■,     r  ii. 

The  walls  of  the  nose  proper  are  composed  of  the 
nasal  bones  and  nasal  spine  of  the  frontal  bone,  the 
nasal  processes  of  the  superior  maxilla,  the  premaxil- 
lary  portion  of  the  upper  maxilla,  the  pars  incisiva,  and 
the  lateral  cartilages  of  the  nose.     The  nasal  bone  ar- 
ticulates above  with  the  frontal  bone :  its  outer  border 
articulates  with  the  nasal  process  of  the  maxilla;  while 
along  their  inner  border,  by  their  union,  the  nasal  bones 
form  a  crest  for  articulation  with  the  nasal  spine  of  the 
frontal  bone,  the  perpendicular  plate  of  the  ethmoid  and 
the  triangular  cartilage  of  the  nose.     The  outer  surface 
of  this  bone  is  smooth ;  its  inner  surface  presents  a  longi- 
tudinal groove  for  the  nasal  nerve.     Lying  external  to 
the  nasal  bone  is  the  nasal  process  of  the  maxilla,  which 
articulates  along  its  anterior  border  with  the  nasal  bone, 
above  with  the  frontal,  and  posteriorly  with  the  lachry- 
mal bone      Its  external  surface  is  smooth,   while  its 
inner  surface  presents  two  crests  for  the  attachment  ot 
the  middle  and  inferior  turbinate  bones.     The  pars  prte- 
maxillaris  of  the  superior  maxilla  unites  with  its  fellow 
below  to  form  the  lower  rounded  portion  of  the  apertura 
pvriformis,  the  pear-shaped  opening  of  the  osseous  nasal 
cavitv     To  the  apertura  pyrif ormis  is  attached  the  lateral 
cartilage  of  the  nose,  thus  completing  the  outer  portion 
of  the  external  nose.     The  cartilages  of  the  nose  are  the 
septal  cartilage;  the  triangular,  or  superior  lateral  car- 
tilases-  the  alar,  or  inferior  lateral,  cartilages;  the  acces- 
sory, or  sesamoid,  cartilages;  and  the  accessory  quad- 

"""ThTSage  of  the  septum  is  the  most  anterior  struc- 
ture of  the  septum,  and  is  irregularly  quadrilateral  in  form 
Its  anterior  inferior  border  is  unattached,  and  lies  above 
and  behind  the  inner  plates  of  the  two  inferior  lateral 
cartilages,  extending  to  the  anterior  nasal_ spine  which 
it  embraces.  Its  anterior  superior  border  is  attached  to 
the  crest  on  the  under  surface  of  the  nasal  bone,  and  be- 
ow  the  nasal  bones  the  sides  of  its  border  are  continuous 
wUh  the  superior  lateral  cartilages.  Its  posterior  su- 
perior border  is  in  contact  with  the  perpendicular  plate 
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Nasal  Cavities. 
Nasal  Cavities. 
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of  the  etlimoid,  and  the  posterior  inferior  border  is  re- 
ceived within  a  groove  formed  in  the  anterior  nasal  spine 
of  the  superior  maxilla  and  the  vomer  for  its  reception. 


Fig.  3483.— Dissection  of  the  External  Nose,  Denionstratins  the  Car- 
tilages antl  Bones  ol  this  Part  of  the  Nose  and  their  Relations  to  One 
Another,  a.  Nasal  lione  ;  6,  sesamoid  cartilages ;  c,  flhrous  tissue 
of  ala  of  nose  ;  d,  inferior  lateral  cartilage ;  e,  cartilage  of  nasal 
septum;  /,  accessory  quadrate  cartilages;  (7,  superior  lateral 
cartilage. 

The  cartilaginous  septum  is  thinnest  in  the  vestibule  of 
the  nose,  and  increases  gradually  in  thickness  as  it  ap- 
proaches its  attachment  to  vomer  and  ethmoid. 

The  superior  lateral  cartilage  is  flat  and  trian- 
gular in  shape,  partially  continuous  witli  the  an- 
terior border  of  the  septal  cartilage,  of  which  it 
forms  flange-like  extensions.  It  is  closely  attached 
along  its  superior  and  pcsterior  border  to  the  nasal 
bone  and  the  na.sal  process  of  the  superior  maxil- 
lary bone.  Its  inferior  border  is  attached  to,  and 
partially  covered  by,  the  inferior  latei'al  cartilage. 
The  inferior  lateral  cartilage  is  bent  sharply  around 
in  front  of  the  anferior  nares  so  as  to  form  an 
inner  and  outer  plate.  The  outer  plate  lies  in  the 
plane  of  the  superior  cartilage  of  the  nose,  and 
makes  up  a  part  of  the  outer  surface  of  tlie  nose, 
while  the  inner  plate  lies  in  contact  with  the  cor- 
responding fellow  of  the  opposite  side  and  forms 
a  portion  of  the  inner  border  of  the  anterior  nares. 
The  lower  lateral  cartilages  unite  over  the  dorsum,  but 
extend  only  aljout  half-way  back  to  tlie  maxilUie,  so  that 
the  intervening  si)aee  in  the  alo;  nasi  not  tilled  with  car- 
tilage is  made  of  dense  tiljrous  tissue. 

The  acces.soi-y  cartilages  are  four  in  number  in  each 
lateral  wall  of  the  nose.  Two  of  these  carUlages  are 
situated  in  tlie  fibrous  tissiie  which  fills  in  the  space  be- 
tween the  postericu-  border  of  the  lower  lateial  cartilage 
and  the  nasal  pi-ocess  of  the  maxilla.  Situated  iiuine- 
diately  above  these  are  two  othei's  which  are  known  as 
the  accessory  quadrate  caitilages.  The  nose  is  supplied 
with  certain  external  muscles  which  are  concerned  with 
the  movements  of  the  alte  nasi  and  with  facial  expression. 
These  muscles  are  the  pyramidalis  nasi,  compressor  naris, 
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levator  labii  superioris  alaque  nasi  and  depressor  al® 
nasi.  The  vessels  which  supply  the  external  nose  are 
branches  of  the  facial  and  ophthalmic  arteries.  The 
veins  empty  into  the  angular  vein.  The  lymphatics 
empty  into  the  submaxillary  lymphatic  glands.  The 
muscles  of  the  nose  are  supplied  by  branches  of  the 
facial,  and  the  general  sensation  by  branches  of  the  first 
and  second  divisions  of  the  tifth  nerve. 

T/ie  Nasal  Caiyities. — The  nasal  osseous  cavities  are 
two  large  quadrangular-shaped  cavities  in  the  centre  of 
the  face,  and  are  separated  from  one  another  by  the  sep- 
tum narium,  which  extends  from  the  vestibule  anteriorly 
to  the  choana;  or  posterior  nasal  orifices. 

Each  nasal  cavity  has  a  floor  which  is  almost  horizon- 
tal ;  a  rof)f  which  is  horizontal  in  its  middle  portion,  but 
inclined  downward  and  forward  in  its  anterior  portion, 
and  down waid and  backward  in  its  posterior  portion;  an 
inner  wall  which  is  vertically  directed ;  and  an  outward 
wall  which  is  directed  downward  and  slightly  outward. 
The  inner  wall,  or  septum,  is  partly  cartilaginous  and 
partly  osseous.  The  o.sseous  .septum  is  formed  by  the 
crest  at  the  juncture  of  the  nasal  bones,  the  nasal  spine 
of  the  frontal  bone,  the  perpendicular  plate  of  the  eth- 
moid, the  vomer,  the  crest  of  the  sphenoid  bone,  and 
the  crest  situated  at  the  juncture  of  the  two  palatal 
processes  of  the  superior  maxilloe  and  the  two  horizontal 
plates  of  the  palate  bones. 

The  vomer  is  irregularly  quadrilateral  in  form,  its  lower 
border  articulating  with  the  nasal  crest  of  the  superior 
maxilla3  and  the  palate  bones.  Its  superior  border  is  at- 
tached to  the  rostrum  of  the  sphenoid  bone  by  two  wing- 
like expansions,  or  alfe.  The  po-sterior  border  is  concave 
and  lies  free  between  the  posterior  nasal  orifices.  Its 
anterior  border  is  the  longest,  the  upper  portion  of 
which  articulates  with  the  vertical  plate  of  the  ethmoid, 
while  to  the  lower  portion  is  attached  the  cartilage  of 
the  septum.  Running  downward  and  forward  nearTy  at 
its  middle  is  a  shallow  groove  for  the  naso-palatine 
nerve.  The  vertical  plate  of  the  ethmoid  is  pentagonal, 
and  its  short  anterior  border  articulates  with  the  nasal 
spiue   of  the   fi'ontal   bone   and   the   crest  of  the  nasal 


I'lo.  .us;). -Vertical    Antero-Posterior  Section  of  tlie  Nasal  Cavity, 
Demonstrating  the  Outer  Wall  of  this  Cavity,    a.  Frontal  sinus;  b, 
■nor  tiirlnnate;   c,  middle  turbinate;   d,  middle  meatus;  e,  in- 
■  r  liubiiKite;   /,  spheno-ethmoidal  recess;    o.  right  sphenoid 
sinus ;  /i,  left  sphenoid  sinus ;  i,  superior  meatus ;  j,  inferior  meatus. 


supi 
feri 


bones.     Its  superior  border  is  continuous  with  the  cribri- 
form plate  of  the  ethmoid,  and  its  posterior  border  with 
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the  crest  ot  the  splienoi,].  Tlie  anterior  inferior  border 
gives  attachment  to  the  cartilage  of  the  septum  an  Its 
posterior   interior   border    articulates   .vitirt  e   vomer 


Fig.  3484  --VertiKil  Transverse  Section  through  the  Nasal  Fossa. 
somewhat  Behind  their  Centre.  (Zuckerkandl  )  A  lilof  of  S 
ST  wVli-^f  "„?■■  ?'  "T'  '^''"'5' :  C,  C,  alveolar  proclisesfo,  eX-- 
nal  wall  of  nssal  cavity;  a,  a.  a,  three  meatuses  i  ;>, ;,,  middle  tur- 
binated bodies;  c,  olfactory  slit;  (J,  respiratory  region. 

The  septum  is  covered  with  mucous  meml>ranc  which  is 
continuous  with  that  which  lines  the  whole  of  the  nasal 
chambers. 

The  roof  of  the  nasal  cavity  is  divided  into  na.so- 
trontal,  ethmoidal,  and  sphenoidal  parts.  Tiie  na.so- 
frontal  poition  is  directed  downward  and  backward  and 
IS  composed  of  that  portion  of  the  roof  which  is  formed 
by  the  nasal  bone.  The  ethmoidal  portion  is  horizon- 
tally directed,  and  is  formed  by  the  cribriform  plate  of 
the  ethmoid.  It  is  lined  with  two  rows  of  foramina  for 
the  passages  of  the  median  and  lateral  branches  of  the 
olfactory  nerve.  The  most  anterior  foramina  give  pas- 
sage to  tlie  nasal  nerve.  The  sphenoidal  portion  looks 
dow^nward  and  forwai'd,  and  is  formed  by  the  body  of 
the  sphenoid  bone. 

The  opening  of  the  sphenoidal  sinus  is  to  be  seen  on 
the  anterior  vertical  surface  of  the  body  of  the  sphe- 
noid. The  floor  of  the  nose  is  flattened  from  before  back- 
ward, concave  from  side  to  side,  and  wider  in  the  middle 
than  at  either  extremity.  It  has  a  slight  inclination 
downward  and  backward.  It  is  formed  in  front  by  the 
pars  incisiva  of  the  superior  maxilla  and  its  palatine  proc- 
ess, and  behind  by  the  palatine  process  (horizontal 
plate)  of  the  palate  bone.  It  prcsent.s,  just  beliiud  the 
nasal  spine,  tlie  upper  oritice  of  the  anterior  palatine 
canal.  In  the  region  of  the  anterior  palatine  canal,  the 
niucous  membrane  presents  a  small  diverticulum,  which 
is  the  rudimentary  Jacobson 's  organ.  This  organ  is  more 
highly  developed  in  some  of  the  lower  animals,  and  is  an 
organ  of  the  sense  of  smell. 

The  outer  wall  is  the  most  complicated  and  interesting 
portion  of  the  nasal  cavity.  It  is  formed,  in  front,  by 
the  nasal  i^rocess  of  the  superior  maxilla  and  the  lachry- 
mal bone;  in  the  middle,  through  the  lateral  mass  of  the 
ethmoid,  by  the  body  of  the  superior  maxilla  and  the  in- 
ferior turbinated  bone;  and  posteriori}- by  the  perpen- 
dicular ])late  of  the  palate  bone  and  the  literygoid  proc- 
ess of  the  sphenoid.  The  lateral  mass  of  the  ethmoid 
hone,  which  forms  a  portion  of  the  outer  wall  of  the 
nasal  cavit}',  and  contains  the  ethmoid  cells,  reaches 
from  the  roof  of  the  nasal  chamber,  where  it  articulates 
with  the  frontal  bone,  to  the  level  of  the  floor  of  the 
orbit,  wdiere  it  articulates  with  the  orbital  portion  of  the 
superior  maxilla  and  the  palate  bone.  Anteriorly,  it 
articulates  with  the  lachrymal  bone  and  the  nasal  proc- 
ess of  the  superior  maxilla;  posteriorly,  with  the  rough 
surface  on  the  side  of  the  body  of  the  sphenoid  bone. 
These   various  articulating  surfaces  serve  to   complete 


Nasal  f'avilioK. 
Nasal  <'avHios. 


pic  e     he  orilice  of   the  maxillary  sinus  and     .rmstle 
owei  bouiulary  of  the  hiatus  semilunaris.     This  pr  c 

ami  IncHT","",  '"'"-^  >''"*'^'   '"""^'^  "'"es  downward 
?  ,  ,     ,  iVf ',  i'''"'"f  '""■^"'-''  ^^i«i  "'«  lower  border  of 
the  middle  turbinate  bou,..     It  articulates  with  the  suoe 
...r  maxillary  and  inferior  turbinate  bone,  an      throu  di 
tlns^umon,  aids  in  closing  the  orifice  of 'the  maxillary 

Encroaching  upon  the  lumen  of  l;he  nasal  cavitv  are 
hree  scrol-hke  shells  of  bone  which  are  known  as  the 
rbinate  bones.     These  bones  are   scroll-like  in  form 
each  larger  than  the  other  from  above  downward-  their 
convex  surfaces  look  upward  and  inward,  with  a  mo  e 
01  less  irregular  free  border.     The  superior  and  middle 
eJhnfnn'^tf  are  projections  from  file  la(;eral  mas    of 
the  ethmoid;  the  inferior  is  an  independent  bone 
no!t7.r,vf,i'''T"';:   turbinate   bone   forms  a  disrinct  ridge 
ri  V?      T*  ■      "•  i"n'''§"'  '"*"  "'«  "'"''!'«  turbinate  aute- 
n    t?  ■  c      li  i","'^'-''-'   '"'■.""''*«  i«  a  broad,   thin,   bony 
p  ate,    scioll-hke   iii    oufhne,  curling  down  upon  itself, 

wl  li'f fcf  "^  •'""-■'";!■  iiteriorsurfaee  a  slight  jirojeetion 
which  s  known  as  the  agger  nasi.  The  inferior  turbi- 
nate articulates  an  tcrioriy  with  the  inferior  turbinate  crest 
of  the  superior  maxilla,  behind  this  by  the  lachrymal 
process  with  the  lachiymal  bone,  and  posterioriy  it  ar- 
ticu  ates  witli  tlie  ethmoid  and  the  lower  crest  of  l,he  pal- 
ate bone.  Through  its  maxillary  process  it  aids  in  clos- 
ing the  lower  part  of  the  opening  to  the  antrum.  The 
body  of  the  inferior  turbinate  curis  downward  and  out- 
ward. Ihese  thiee  bones,  through  their  .situation  and 
outline,  necessarily  divide  the  nasal  chambers  into  tliree 
anlcrior-posterior  incomplete  canals,  which  are  designat- 
ed as  the  three  meatuses  ot  the  nasal  cavity  The  infe- 
rior meatus  lies  between  the  under  surface  (if  the  inferior 
turbinate  and  the  flcjor  of  the  nose.     Slightly  in  front  of 
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Fic.  .3485.— Outer  Wall  of  the  RiRht  Na,sal  Cavity.  The  superior  and 
middle  turbinates  have  been  removed,  thus  demonstrating  the 
hiatus  semilunaris,  the  bulla  ethmoidalis  (e),  the  frontal  (a),  the 
ethmoidal  {]})  and  the  sphenoidal  ih)  sinuses,  the  iufundibulum 
(c),  and  the  openings  of  the  frontal  and  anterior  ethmoidal  cells 
into  the  nasal  cavity  (indicated  by  white  arrow  heads).  The  pro- 
cessus uncinatus  is  shown  atd,  and  thespheno-ethmoidal  recess  at/. 

the  centre  of  that  portion  wdiich  is  covered  by  the  inferior 
turbinate  bone  is  tlie  inferior  or  nasal  orifice  of  the  lachry- 
mal canal. 

The  middle  meatus  presents  many  points  of  great  in- 
terest to  the  rhinologist.  This  meatus  lies  between  the 
concave  under  surface  of  the  middle  turbinate  bone  and 


10£ 


Nasal  Cavities, 
Nasal  Cavities. 


REFEEBNCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


the  convex  upper  surface  of  the  inferior  turbinate  bone ; 
and  it  extends  anteriorly  from  the  vestibule  of  the  nose, 
into  which  it  opens  widely,  through  the  communication 
which  is  known  as  the  atrium  of  the  middle  meatus,  to 
the  anterior  fold  of  the  Eustachian  tube  postenorly.  It 
is  truncated  in  form  with  its  widest  portion  directed 
anteriorly  The  outer  wall  of  the  middle  meatus  pre- 
sents a  deep  groove,  or  semilunar  sulcus,  known  as  the 
hiatus  semilunaris.  This  groove  extends  from  the  lower 
border  of  the  infundibulum,  at  the  anterior  extremity  ot 
the  middle  turbinate,  to  just  below  its  centre.  The  aver- 
age length  of  tiie  hiatus  is  from  15  to  30  mm.  The  up- 
per boundary  of  the  hiatus  semilunaris  is  created  by  a 
bulbous  expansion  of  ethmoid  cells,  which  is  designated 
as  the  bulla  ethmoidalis.  This  groove  is  crescentic  in 
shape,  and  varies  from  a  shallow  furrow  to  almost  a  com- 
plete canal ;  its  direction  is  from  above  downward  and 
backward,  with  its  concavity  directed  upward  and  back- 
ward. At  its  upper  extremity  we  have  the  orifice  of 
the  frontal  sinus,  while  at  its  posterior  shallow  portion 
is  the  orifice  of  the  maxillary  antrum;  slightly  irregular 
in  their  locations,  but  usually  quite  near  the  oriflceof 
the  frontal  sinus,  we  find  the  openings  of  the  anterior 
ethmoidal  cells.  Behind  the  opening  to  the  antrum  we 
occasionally  find  a  second  orifice  communicating  with 
the  same  cavity,  known  as  the  ostium  maxillare  acces- 
sorium.  The  superior  meatus  is  closed  in  front  and  opens 
downward  and  backward.  This  meatus  presents  the  ori- 
fices of  the  posterior  ethmoidal  cells  and  the  sphenoidal 
sinus.  In  reality,  the  orifice  of  the  sphenoidal  sinus  is 
near  the  roof  of  the  nasal  fossa,  on  a  level  with  the  supe- 
rior turbinate  bone  in  the  recessus  spheno-ethmoidalis, 
which  is  the  recess  formed  by  the  junction  of  the  ethmoid 
with  the  body  of  the  sphenoid. 

3.  The  Accessory  Cavities  of  the  iVo««.— Surrounding 
the  nasal  chamber  are  a  set  of  pneumatic  cavities  which 
through  their  location,  as  well  as  by  their  direct  com- 
munication with  the  nasal  cavity,  have  an  important 
anatomical  as  well  as  pathological  relationship  to  this 
organ.  The  sinuses  are  called  the  frontal,  ethmoidal, 
sphenoidal,  and  antral.  The  frontal  sinus  is  a  small 
triangular  cavity  situated  between  the  plates  of  the 
frontal  bone  above  the  inner  angle  of  the  orbit.  There 
are  two  cavities  which  are  separated,  the  one  from  the 
other,  by  a  thin  septum  of  bone.  The  dividing  septum 
is  usually  placed  in  the  mesial  plane,  although  it  occa- 
sionally shows  deflections  to  one  or  the  other  side.  This 
cavity  extends  from  the  mesial  plate  outward  a  short 
distance  beyond  the  supra-orbital  foramina.  The  frontal 
sinuses  are  very  irregular  as  to  their  size,  shape,  and 
uniformity  of  relationship  one  with  the  other.  The 
average  vertical  measurement  is  31.60  mm.,  the  average 
horizontal  measurement  18  mm.,  and  the  average  trans- 
verse measurement  25.8  mm.  The  shape  is  usually  tri- 
angular, but  rarely  it  may  be  very  irregularly  pyramidal 
through  its  projecting  upward  inordinately  between  the 
two  plates  of  the  frontal,  or  outward  toward  the  outer 
angle  of  the  c^bit.  The  cavities  are  usually  of  uniform 
size  and  outline,  although  marked  variation  in  this  re- 
spect is  found  to  exist.  There  may  be  only  one  cavity 
filling  in  the  space  occupied  by  two,  or  one  larger  cav- 
ity projecting  over  toward  a  second  small  cavity ;  in  fact, 
perfectly  symmetrical  cavities  are  rare.  This  cavity  is 
rarely  irregularly  placed,  and  more  rarely  accessory  cavi- 
ties are  found.  Inspection  of  the  interior  of  the  cavity 
shows  rarely  imperfect  partitions  which  form  recesses, 
giving  the  interior  an  irregular  outline.  It  has  an  ante- 
rior wall  formed  by  the  outer  plate  of  the  frontal  bone, 
a  posterior  wall  formed  by  the  inner  table  of  this  bone, 
an  inner  wall  formed  by  the  mesially  placed  septum, 
and  the  floor  which  is  formed  by  the  orbital  plate  of 
the  frontal  bone.  The  frontonasal  opening,  the  ostium 
frontale,  lies  in  relation  to  the  septum  of  the  sinus,  and 
is  situated  in  the  lowest  part  of  the  floor.  This  opening 
terminates  in  the  middle  meatus  through  the  naso-frontal 
canal  at  the  commencement  of  the  hiatus  semilunaris. 
The  ethmoidal  cells  fill  in  the  space  between  the  orbital 
and  lateral  walls  of  the  nasal  fossa.     They  vary  greatly 


in  shape  and  size,  and  are  divided  into  an  anterior  and  a 
posterior  group.  These  sinuses  are  composed  of  a  num- 
ber of  small  cavities  separated  from  one  another  by  thin 
partitions  of  bone.  These  small  cellular  cavities  vary  in 
number  from  one  to  eight  in  each  mass  and  usually 
open  by  a  common  duct.  Those  cells  which  communi- 
cate with  the  middle  meatus  of  the  nose,  below  the  line 
of  origin  of  the  middle  turbinate  bone,  are  the  anterior 
ethmoidal  cells.  Those  cells  which  communicate  with 
the  superior  meatus  above  the  origin  of  the  middle  tur- 
binate are  the  posterior  ethmoidal  cells.  The  space  oc- 
cupied by  each  collection  of  cells  in  the  lateral  mass  is 
not  uniformly  constant,  nor  is  there  any  regularity  in 
the  number  of  cells  in  each  collection.  The  anterior 
cells  may  extend  far  backward,  almost  to  the  sphenoid, 
while  the  posterior  group  may  extend  as  far  forward  in 
another  specimen.  The  plate  of  bone  separating  the 
two  groups  of  cells  is  placed  diagonally  between  the 
outer  and  inner  walls  of  the  lateral  mass,  and  does  not 
normally  present  any  communication  of  the  one  group 
with  the  other.  The  ethmoid  cells  are  bounded  externally 
by  the  os  planum,  the  lamina  papyracea,  and  internally 
by  the  two  ethmo-turbinates.  The  superior  wall  of  the 
cells  is  completed  by  the  depressions  or  fovese  on  the 
ethmoidal  edge  of  the  orbital  plate  of  the  frontal  bone. 
Inferiorly  they  are  completed  by  the  ethmoidal  edge  of 
the  orbital  plate  of  the  superior  maxilla.  Anteriorly 
they  are  closed  in  by  the  nasal  process  of  the  superior 
maxilla  and  the  lachrymal  bone.  Posteriorly  they  articu- 
late with  the  sphenoidal  spongy  bone. 

The  maxillary  sinus,   or  antrum  of  Highmore,  is  a 
pyramidal-shaped    cavity    situated  wholly   within  the 
body  of  the  superior  maxilla.     Its  roof  is  a  thin  plate  of 
bone  which  also  forms  the  floor  of  the  orbital  cavity. 
The    infra-orbital  canal,  which  serves   to  convey  the 
superior    maxillary  nerve  and  infra-orbital  vessels  in 
their  passage  to  the  face,  lies  in  the  roof  of  the  cavity. 
The  floor  of  the  sinus  is  formed  by  the  alveolar  border 
of  the  superior  maxilla.     This  wall  bears  an  importa,nt 
relation  to  the  teeth.     The  converging  of  the  facial 
and  nasal  walls  at  their  angle  of  junction  is  frequently 
so  acute  as  to  leave  a  mere  groove  to  form  the  floor, 
which  is  then  called  the  sulcus  alveolaris.     The  floor  of 
the  antrum  is  usually  on  a  level  with  the  floor  of  the 
nasal  cavity.     The  layer  of  spongy  bone  between  the 
floor  of  the  antrum  and  the  root  of  the  teeth  varies 
greatly.     Occasionally  this  layer  is  so  thin  that  a  mere 
shell  of  bone  separates  the  teeth  from  the  antral  cavity. 
Ofttimes  slight  elevations  are  seen  in  the  floor  corre- 
sponding to  the  fangs  of  the  teeth.     When  of  average 
dimensions,  the  floor  has  in  relation  to  it  the  second 
bicuspid  and  the  three  molar  teeth.     The  posterior  wall 
is  the  thin  plate  of  bone  which  forms  the  anterior  bound- 
ary of  the  zygomatic  fossa.     The  inner  or  nasal  wall  of 
the  antrum,  as  it  forms  the  outer  wall  of  the  nasal  cham- 
ber, is  the  most  interesting  aspect  of  this  sinus.     That 
portion  of  the  inner  wall  which  is  situated  below  the  in- 
ferior turbinate  bone  is  continuously  osseous,  thinnest 
immediately  below  the  attachment  of  the  turbinate  bone, 
and  forms  the  outer  boundary  of  the  inferior  meatus  of 
the  nose.     In  the  thin  portion  of  this  wall,  immediately 
below  the  attachment  ot  the  inferior  turbinate,  is  the 
point  of  selection  for  exploratory  puncture.     That  por- 
tion of  this  wall  which  is  situated  above  the  inferior  tur- 
binate is  partly  osseous  and  partly  membranous.     The 
aperture,  the  ostium  maxillare,  by  which  this  cavity  com- 
municates with  the  middle  meatus,  is  situated  here.     As 
the  ostium  maxillare  lies  just  beneath  the  level  of  the 
roof  of  the  antral  cavity,  it  permits  of  only  imperfect 
drainage.     Sometimes  an  additional  opening  exists  in  the 
membranous  portion  of  the  nasal  wall,  designated  as  the 
ostium  maxillare  accessorium.     This  accessory  opening 
is  said   to  exist  in  about  ten  per  cent,  of  cases.     The 
accessory  opening  communicates  with  the  middle  meatus 
at  a  plane  lower  than  and  posterior  to  that  of  the  ostium 
maxillare,  and  this  accounts  for  the  occasional  draining 
away  of  fluids  from  the  antrum  posteriorly  into  the 
pharynx.    The  anterior  or  facial  wall  is  thin ;  at  its  upper 
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margin  is  the  infra-orbital  foramen.  In  front  tliis  sur- 
face is  marked  by  the  canine  ridge,  which  corresponds  to 
■the  socket  of  the  canine  tooth.  The  facial  wall  is  lim- 
ited externally  by  the  malar  ridge.  Between  these  two 
promment  ridges,  the  canine  and  malar,  is  a  depression, 
the  canine  fossa.  The  canine  fossa  varies  greatly  in 
■depth.  It  is  at  this  point  that  the  external  or  facial 
opening  is  made  into  the  antral  cavity.  The  antral 
cavity  varies  also  in  shape  and  size,  and  occasionally 
«epta  divide  the  cavity  more  or  less  completely  by  verti- 
cal or  horizontally  placed  lamellse  of  bone.  The  average 
■dimensions  are  as  follows:  Vertical  height,  3.5  cm. ;  the 
transverse  breadth,  2.5  cm. ;  and  the  antero-posterior 
■depth,  3.2  cm. 

The  sphenoidal  sinus,  on  account  of  its  intimate  rela- 
tionship with  the  cranial,  orbital,  and  nasal  cavities, 
forms  one  of  the  most  interesting  of  the  accessory  sinuses. 
They  are  two  in  number  and  occupy  the  anterior  portion 
of  the  body  of  the  sphenoid  bone ;  a  vertical  mesial  plate 
of  bone  forms  the  division  wall  between  the  two  cavities. 
Each  cavity  presents  six  walls :  a  roof,  floor,  an  anterior, 
a  posterior,  an  external,  and  an  internal  wall.  The  roof 
is  formed  by  the  root  of  the  lesser  wings  of  the  sphenoid, 
the  olivary  process,  and  the  sella  turcica.  This  wall  is 
in  intimate  contiguity  with  important  cranial  structures. 
The  plate  of  bone  which  forms  the  roof  of  the  sinus  is 
«xtremely  thin.  At  the  junction  of  the  external  wall  with 
the  roof  of  the  sinus,  the  optic  nerve  and  the  ophthalmic 
artery  pass  forward  to  the  orbital  cavity.  The  floor  of 
the  sphenoidal  sinus  forms  the  posterior  part  of  the  roof 
of  the  nasal  chamber.  The  anterior  wall  is  in  the  verti- 
■cal  plane,  although  at  its  lower  border  it  inclines  slightly 
■downward  and  backward  to  join  the  floor.  This  wall 
is  extremely  thin,  and  contains  the  orifice  of  communi- 
cation with  the  nasal  cavity.  This  wall  may  be  divided 
into  an  internal  portion,  which  presents  the  orifice  of  the 
ostium  sphenoidale  (which  opens  into  the  spheno-ethmoi- 
dal  recess),  and  the  outer  portion  which  articulates  with 
the  posterior  extremity  of  the  lateral  mass  of  the  ethmoid, 
and  thus  completes  the  posterior  ethmoidal  cells.  The 
posterior  wall  is  formed  of  the  posterior  portion  of  the 
sphenoidal  body.  The  external  lateral  wall  of  the  sinus 
varies  in  thickness,  and  is  in  important  relationship  to 
neighboring  structures.  On  its  cranial  aspect,  it  is  in 
relation  to  the  groove  for  the  internal  carotid  artery  and 
cavernous  sinus.  At  its  anterior  aspect  it  forms  the  in- 
ternal boundary  of  the  sphenoidal  fissure  and  the  inner 
wall  of  the  orbit.  The  internal  wall,  or  septum,  is  a 
thin  vertical  plate  of  bone  which  is  usually  situated  in 
the  mesial  plane,  separates  completely  one  cavity  from 
the  other,  and  rarely  is  defective.  The  septum  may  be 
irregularly  placed,  or  wanting,  thus  giving  rise  to  great 
irregularitj'  in  the  shape  and  size  of  the  sphenoidal  cavi- 
ties. These  vary  in  size,  shape,  and  relation  to  each 
other.  Occasionally  accessory  cavities  are  found  in  the 
wings  of  the  sphenoid.  The  average  dimensions  are  as 
follows:  Vertical  height,  20  mm. ;  antero-posterior  depth, 
21  mm. ;  transverse  breadth,  18  mm.  All  of  these  sinuses 
are  lined  with  a  muco-periosteal  covering,  which  is  con- 
tinuous with  the  mucous  membrane  of  the  nasal  cavity. 
The  surface  of  the  mucosa  is  lined  with  columnar  ciliated 
epithelium. 

The  Mucous  Membrane  of  the  Nose.— The  mucous 
membrane  lining  the  nasal  cavities  is  continuous  with 
that  of  the  pharynx,  and  extends  into  the  pharyngeal 
orifice  of  the  Eustachian  tube  and  the  accessory  sinus. 

Anteriorly  the  integument  of  the  face  supplied  with 
hair  and  sebaceous  glands  enters  the  nostrils  and  extends 
to  the  inner  extremity  of  the  alar  cartilage.  At  the 
junction  of  the  superior  lateral  cartilage  and  the  alar  car- 
tilage,  the  limen  nasi,  there  is  a  narrow  zone  where  the 
integument  presents  the  characteristics  of  mucous  mem- 
brane, and  is  lined  with  pavement  epithelium  and  sup- 
plied with  muciparous  glands.  From  this  point  the 
transition  is  rapid  into  the  characteristic  mucosa  of  the 
nasal  chamber.  The  anterior  portion  of  the  inferior  tur- 
binate, as  well  as  the  opposite  portion  of  the  septal  carti- 
lage, may  have  a  mucosa  lined  with  pavement  epithe- 


lium, or  with  the  columnar  ciliated  variety.  The  portion 
of  the  nasal  tract,  known  as  the  olfactory  region,  is  lined 
with  columnar  non-ciliated  epithelium.  This  'area  ex- 
tends from  the  roof  as  low  down  as  the  middle  turbinate 
and  the  upper  third  of  the  septum.  The  remaining 
portion  of  the  nasal  cavities,  the  respiratory  tract,  is 
supphed  with  a  columnar  ciliated  epithelium.  These 
cells  are  long  and  spindle-shaped,  and  interspersed  nu- 
merously among  these  cells  are  the  so-called  goblet  or 
chalice  cells.  The  thickness  of  the  epithelial  layer  is 
from  30  to  70  fi.  The  cilia  wave  toward  the  post-nasal 
orifices.  The  cilia  are  stated  to  move  in  a  thin  layer  of 
fluid.  The  nasal  mucous  membrane  is  inseparable  from 
the  perichondrium,  or  periosteum.  The  mucous  mem- 
brane is  very  thin  in  the  accessory  sinuses,  very  thick 
over  the  turbinals,  somewhat  thinner  over  the  septum, 
and  very  thin  again  over  the  floor  and  the  under  sur- 
face of  the  turbinated  bodies. 

The  muciparous  glands  are  of  the  tubular  and  racemose 
variety,  and  are  present  in  great  numbers.  These  glands 
do  not  differ  in  any  essential  particulars  from  similar 
glands  located  elsewhere  in  the  mucous  membrane,  being 
most  abundant  at  the  middle  and  posterior  portions  of 
the  nasal  cavities,  and  of  greatest  size  at  the  lower  and 
posterior  part  of  the  septum.  Beneath  the  columnar  cells 
of  the  mucous  membrane,  we  find  a  homogeneous  base- 
ment membrane,  and  below  this  there  is  a  connective- 
tissue  layer,  which  is  continuous  with  the  periosteum. 

The  submucous  connective  tissue  and  the  epithelial 
elements  contain  evidences  of  lymphoid  tissue  in  the 
presence  of  leucocytes,  lymphoid  collections,  and  occa- 
sional lymph  follicles. 

In  the  olfactory  region,  the  mucous  membrane  has 
quite  a  different  histological  structure  from  that  in  the 
respiratory  tract.  Here  the  mucous  membrane  is  very 
thin,  and  not  so  vascular.  The  epithelium  is  of  the 
columnar  type,  but  is  devoid  of  cilia,  having  a  branch- 
ing base  and  a  large  nucleus.  Lying  among  them 
are  the  olfactory  cells  of  Sohultze,  which  are  connected 
directly  with  the  non-medullated  filaments  of  the  olfac- 
tory nerve.  Beneath  the  epithelial  covering,  and  open- 
ing upon  its  surface,  are  numerous  branched  tubular 
glands,  which  secrete  a  serous  fluid.  These  glands  are 
known  as  Bowman's. 

The  gross  appearance  of  the  colorization  of-the  mucous 
membrane  in  the  living  subject  varies  in  the  different 
portions  of  the  nasal  chambers.  In  the  upper,  or  olfac- 
tory, region  the  membrane  is  of  a  yellowish-pink  in  color; 
in  the  respiratory  tract  it  is  a  light  pink ;  at  the  posterior 
ends  of  the  turbinates  it  is  almost  white;  while  in  the 
accessory  cavities  it  is  of  a  pale  pink. 

A  most  interesting  feature  of  the  soft  structures  of  the 
nasal  chambers  is  the  arrangement  of  the  submucous  tis- 
sue over  the  middle  and  inferior  turbinates  and  the  lower 
part  of  the  septum.  This  important  feature  is  the  ag- 
gregation of  venous  sinuses  and  their  large  size,  form- 
ing plexuses  of  blood-vessels  over  the  turbinate  bones. 
These  are  designated  as  the  turbinate  bodies.  This 
term,  the  turbinate  body,  is  applied  to  the  bone  and  the 
investing  soft  tissue.  The  mucous  membrane  over  the 
turbinates  is  divided  into  two  layers,  the  adenoid  layer 
with  its  epithelial  covering,  and  a  deep  layer  forming 
the  periosteum  of  the  turbinate  bones.  Between  these 
two  layers  we  have  a  stroma  which  contains  lymph  struc- 
ture. "Within  this  lymph  structure  we  have  an  abun- 
dance of  venous  channels  forming  plexuses,  which,  on  ac- 
count of  their  rapid  dilatation  and  contraction,  under 
various  stimuli,  have  been  designated  as  erectile  tissue, 
the  SchwellkOrper  of  the  Germans. 

This  peculiar  action  of  the  venous  plexus  in  the  so- 
called  turbinal  tissue  is  not  so  much  due  to  the  arrange- 
ment of  the  veins  and  their  relation  with  arterial  twigs 
as  to  the  characteristic  walls  possessed  by  these  vessels 
and  the  arrangement  of  the  muscular  fibres  and  elastic 
tissue  in  the  surrounding  stroma.  The  muscular  layer 
of  these  walls  is  very  thick,  greater  than  the  walls  of  the 
corresponding  arteries,  and  the  walls  are  known  to  be 
thrown  into  irregular  folds.     The  arrangement  of  the 
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muscular  fibres  is  irregular,  although  the  circular  fibres 
predominate.  This  arrangement  of  the  vessel  walls,  as 
well  as  the  character  of  surrounding  stroma,  adapts  these 
walls  for  the  rapid  emptying  and  filling  of  the  venous 
plexuses.  The  venous  plexuses  are  more  pronounced 
over  the  inferior  turbinate,  especially  as  to  its_  anterior 
and  posterior  extremities;  over  the  middle  turbinate,  es- 
pecially along  the  lower  border  and  posterior  extremity ; 
and  on  the  septum,  in  a  line  with  the  middle  turbinate, 
corresponding  with  the  anterior  extremity  of  this  turbi- 
nate— the  tuherculum  septi. 

The  vascular  supply  to  the  nasal  chambers  is  obtained 
from  the  anterior  and  posterior  ethmoidal  arteries, 
branches  of  the  ophthalmic ;  from  the  spheno-maxillary 
and  the  alveolar  arteries,  branches  of  the  internal  maxil- 
lary artery ;  and  from  the  artery  of  the  septum,  which  is 
derived  from  the  facial  artery.  The  spheno-palatine 
artery  enters  the  nasal  chambers  through  the  spheno- 
palatine foramen  with  the  naso-palatine  nerve.  Its  in- 
ternal branch,  the  nasopalatine,  accompanies  the  nerves 
of  the  same  name,  passing  downward  and  forward  upon 
the  septum  (which  it  supplies)  toward  the  anterior  pala- 
tine foramen. 

The  external  branches  supply  the  outer  wall  of  the 
nose,  the  nasal  fossae,  the  ethmoid  cells,  the  frontal 
sinus,  and  the  antrum  of  Highmore.  The  antral  and  pos- 
terior ethmoid  supply  the  roof,  upper  portion  of  the  sep- 
tum, outer  wall  of  the  nasal  fossa,  the  ethmoidal  cells, 
and  the  frontal  sinuses.  The  alveolar  branch  of  the  in- 
ternal maxillary  supplies  the  lining  membrane  of  the 
antrum.  The  artery  of  the  septum  is  a  branch  of  the 
superior  coronary,  a  branch  of  the  facial.  The  septal 
artery  supplies  the  columnar  and  the  lower  part  of  the 
septum. 

The  veins  of  the  nasal  cavity  form  plexuses  beneath 
the  raucous  membrane,  and  these  in  turn  are  drained  by 
various  veins.  The  veins  which  perform  this  function 
are  the  veins  which  accompany  tlie  spheno-palatine  ar- 
tery and  empty  into  the  pterygoid  plexus,  those  which 
accompany  the  ethmoidal  artery  and  empty  into  the  oph- 
thalmic vein,  and  those  which  empty  into  the  facial  vein ; 
and  still  other  veins  convey  the  return  blood  through  the 
foramen  csecum  and  the  cribriform  plate  to  the  superior 
longitudinal  sinus  and  the  intracranial  veins. 

The  lymphatic  vessels  of  the  nasal  cavity  empty  into 
tlie  postpharyngeal,  the  internal  maxillary,  the  parotid, 
and  the  upper  deep  cervical  lymphatic  glands.  Through 
the  cribriform  plate  of  the  ethmoid,  the  nasal  lymphatic 
vessels  communicate  with  the  intracranial  lymphatics 
and  the  subdural  space. 

The  nerve  distributions  for  the  nasal  cavity  consist 
partly  of  nerves  of  olfaction  and  partly  of  nerves  of 
general  sensation.  The  olfactory  nerve,  the  nerve  of 
the  special  sense  of  smell,  arises  by  three  roots :  an  ex- 
ternal root,  commencing  in  the  deep  substance  of  the 
middle  lobe  of  the  cerebrum ;  a  middle  root,  from  the  ca- 
runcula  annularis;  and  an  internal  root,  from  the  inner 
and  back  part  of  the  anterior  lobe  of  the  cerebrum. 
Tlie  three  roots  unite  and  run  forward  as  a  flat  band 
on  the  under  surface  of  the  brain  until  it  reaches  the 
cribriform  plate  of  the  ethmoid,  where  it  expands  into 
what  is  known  as  the  olfactory  bulb.  Prom  the  under 
surface  of  the  olfactory  bulb  are  given  off  from  fifteen 
to  eighteen  filaments,  which,  piercing  the  foramina  of 
the  cribriform  plate,  are  further  subdivided  and  dis- 
tributed to  the  nasal  mucous  membrane.  They  can  be 
divided  into  three  groups :  an  inner  group  which  spreads 
out  over  the  upper  thii'd  of  the  septum,  an  outer  group 
supplying  the  superior  turbinate  and  the  upper  surface 
of  the  middle  turbinate,  and  a  middle  group  which  is 
distributed  to  the  roof  of  the  nasal  cavity. 

General  sensation  is  supplied  to  the  nasal  mucosa 
through  the  nasal  branches  of  the  ophthalmic  division 
of  the  trigeminus.  This  nerve  enters  the  nasal  cavity 
through  a  slit  beside  the  crista  galli,  and  then  divides 
into  two  branches.  The  internal  of  these  two  branches 
supplies  the  mucous  membrane  of  the  anterior  part  of 
the  septum;  while  the  other,  the  external,  descends  in  a 
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groove  on  the  inner  surface  of  the  nasal  bone  where,  at. 
the  junction  of  the  nasal  bone  with  the  lower  lateral 
cartilage,  it  passes  out  of  the  nasal  cavity.  This  branch, 
in  its  passage  through  the  nasal  cavity,  supplies  the 
mucous  membrane  of  the  outer  wall  as  low  down  as  the 
inferior  turbinate  body.  Branches  of  the  anteiior  dental 
nerve  are  distributed  to  the  mucous  membrane  of  the 
inferior  meatus  and  the  inferior  turbinate  body.  Branches- 
from  Meckel's  ganglion  gain  access  to  the  nasal  cavity 
through  the  spheno-palatine  foramen,  and,  after  further 
subdivision,  supply  the  mucous  membrane  covering 
the  superior  and  middle  turbinate  bodies,  the  ethmoidal 
cells,  and  the  upper  and  posterior  part  of  the  septum. 
The  naso-palatine,  in  its  passage  forward  across  the  roof, 
distributes  filaments  in  its  course,  and  descends  down- 
ward and  forward  along  a  groove  in  the  septum  to  the 
anterior  palatine  foramen,  where  it  joins  the  anterior 
palatine  nerve.  The  Vidian  nerve  supplies  the  upper 
and  posterior  part  of  the  septum  and  the  superior  turbi- 
nate. Branches  of  the  sympathetic  are  also  distributed  to 
the  nasal  mucous  membrane,  being  derived  principally 
from  the  spheno-palatine  ganglion  of  the  sympathetic. 

II.  Physiology. — The  pliysiological  function  of  thfr 
nose  is  of  a  threefold  character:  (1)  In  relation  to  res- 
piration; (3)  in  connection  with  olfaction;  and  (3)  in. 
phonation.  The  respiratory  function  of  the  nose  is  by 
far  the  most  important  physiological  duty  that  this, 
organ  performs.  It  is  during  the  passage  of  inspired 
air  through  the  nasal  chambers  that  it  is  warmed,  satu- 
rated with  moisture,  and  freed  from  coarse  material 
therein  floating.  According  to  the  experiments  of  Asch- 
enbrandt,  which  have  been  confirmed  by  others,  a  column 
of  air,  in  its  passage  through  the  nasal  chambers,  on 
reaching  the  pharynx,  has  had  its  temperature  raised  to- 
86°  P.,  and  its  degree  of  humidity  raised  to  the  point  of 
almost  complete  saturation. 

This  function  takes  place  whatever  may  be  the  degree 
of  temperature  or  humidity  of  the  external  atmosphere, 
and  is  so  complete  in  its  action  as  to  functionate  perfectly 
during  sudden  and  very  marked  changes  in  both  of  the 
enumerated  conditions.  This  function  is  performed 
through  the  exquisite  working  of  the  so-called  tuibinal 
tissue.  When  we  consider  the  constant  and  excessive 
changes  in  its  functional  activities  that  are  persistently 
taking  place,  one  cannot  but  marvel  at  the  wonderful 
nature  of  this  mechanism. 

The  second  important  physiological  function  of  the 
nose  is  that  of  olfaction.  The  sense  of  smell  is  depend- 
ent upon  the  impinging  of  the  odorous  particles  upon 
the  terminal  filaments  of  the  nerve  ends  in  the  olfactory 
apparatus.  In  order  for  various  substances  contained 
in  the  atmosphere  to  be  appreciated  as  having  an  odor, 
it  is  necessary  that  the  air  should  reach  the  olfactory 
region  and  that  the  peripheral  apparatus  should  be  nor- 
mal. According  to  Paulsen,  the  inspired  air  passes  first 
directly  upward  under  the  dorsum  of  the  nose,  and  then 
follows  the  roof,  the  greater  portion  of  the  column  pass- 
ing through  the  superior  and  middle  meatus  and  then 
descending  downward  to  the  post-nasal  orifice.  Odorous 
particles  reach  the  nose  in  various  forms.  Various  theo- 
ries have  been  offered  to  explain  the  mechanism  of  olfac- 
tion, the  most  important  of  which  are  the  mechanical, 
the  vibratory,  and  the  chemical.  (For  further  informa- 
tion in  regard  to  the  sense  of  smell,  consult  the  article 
on  Olfactory  Kerre. ) 

The  third  physiological  function  of  the  nose  is  the 
part  which  it  plays  in  connection  with  phonation.  The 
nasal  cavities,  in  connection  with  the  pharynx  and  the 
buccal  cavity,  constitute  that  portion  of  the  vocal  appa- 
ratus by  wliich  quality  and  character  are  given  to  the 
voice.  The  importance  of  the  nasal  organ  in  that  office 
is  well  demonstrated  by  the  alteration  of  the  character 
of  the  voice  when  from  any  cause  one  or  both  nasal  cavi- 
ties are  obstructed. 

HI.  Rhinoscopy.— In  order  to  obtain  a  successful  in- 
spection of  the  nasal  cavities  and  neighboring  parts,  it 
is  necessary  to  have  the  best  illumination  that  it  is  possi- 
ble to  obtain,  means  for  projecting  this  light,  and  aids 
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througli  whicli  this  light  can  gain  ingress  into  tlie  remote 
parts  to  be  examined. 

Previous  to  the  inspection  of  the  interior  of  tlio  nasal 
cavity,  it  is  alwaj's  well  to  make  a  thorough  examina- 
tion of  the  external  nose.     The  external  contiguration  of 

the  nose,   the  aspect 

,,     ,—        .  ■ ,,.,  which  it  presents  at 

the  root,  the  evi- 
dences of  deviation, 
the  presence  or  ab- 
sence of  marked 
movement  of  the 
alrtj    nasi,    the    prcs- 
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ence  or  absence  of  sound  in  nasal  breathing,  the  rela- 
tion of  the  aUe  to  the  septum,  and  the  outlines  of  the 
anterior  nares  should  all  be  thoroughly  considered  before 
the  interior  of  the  nose  is  inspected.  The  appearance 
of  the  cutaneous  covering  of  the  external  nose,  the 
presence  of  excoriation  on  the  upper  lip,  the  odor  of  the 
breath,  and  the  character  of  tlie  voice  should  all  be 
thought  of  in  this  preliminary  examination. 

In  order  that  the  examination  may  be  successful,  it  is 
necessary  to  have,  first,  a  good  source  of  light;  second, 
a  concave  reflecting  mirror  for  i)rojecting  this  light; 
third,  variously  devised  instruments  called  speculums 
by  which  the  vestibule  of  the  nose  is  expanded  and  a 
greater  volume  of  light  admitted  to  the  interior;  and 
small  plane  mirrors  for  diverting  the  reflected  light  and 
receiving  the  image  which  is  thus  created. 

The  Light.  On  account  of  the  exigencies  of  circum- 
stances, tiie  u.se  of  the  best  liglit  obtainable,  sunUght,  is 
not  possible.  The  light  which  is  sought  is  one  as  nearly 
white  as  possible.  The  three  sources  of  light  which  are 
most  frcquentlv  used  are  gaslight,  electric  light,  and 
lamphght.  Any  source  of  light  of  sufficient  mtensity 
and  penetrating  power  can  be  used  when  cu-cumstances 
demand  it,  and  one  should  adapt  himself  to  these  vary- 
ing conditions.  In  office  work  the  source  of  light  can 
be  controlled,  and  one  should  select  that  which  gives 
the  best  illumination  with  the  least  inconvenience.  For 
average  general  utility,  gas  fed  tlirough  an  Argand 
burner  serves  the  best  purpose.  To  increase  its  efticiency 
use  may  be  made  of  the  Welsbach  mantle,  wliich  gives 
a  whiter  light.  With  a  moderate  degree  ot  care  the 
mantles  last  for  many  months.  The  light  thus  obtained 
may  be  tixed  or  movable.  It  is  better  to  have  the 
burner  attached  to  a  movable  bracket  which  can  be 
placed  at  various  angles  and  raised  or  lowered  at  pleas- 
ure The  apparatus  is  completed  by  surrounding  the 
light  with  a  cylindrical  japanned  tin  or  asbestos  chimn«y, 
which  has  a'  circular  opening  of  two  and  a  halt  inches 
in  diameter  through  its  lateral  wall  at  the  middle,  i  his 
contrivance  shuts  off  all  the  rays  of  the  light  excepting 
those  coming  through  the  lateral  aperture.  A /urther 
part  of  the  equipment  is  the  device  known  as  the  Mac- 
kenzie condenser.  This  latter  device  is  not  essential, 
but  renders  the  examination  easier  for  the  examiner 

The  electric  light  may  be  used  in  two  methods 
directly  and  indirectly.  The  direct  method  is  the  use  ot 
the  electric  headlight;  the  indirect  method  is  the  use 
of  the  electric  light  by  reflection,  as  we  use  gashght. 


The  objection  to  the  electric  headlight  is  its  weight  and 
its  want  of  penetration.  With  the  use  of  the  ground- 
glass  globes  we  have  a  very  good  source  of  indirect 
illumination  in  electricity.  The  student's,  or  Rochester 
lamp,  forms  the  best  form  of  oil  light.  This  light  can 
be  made  whiter  by  the  addition  of  a  small  iiicce  of  cam- 
phor to  the  oil,  as  suggested  by  Sajous. 

The  instrument  by  which  the  light  is  reflected  into  the 
various  cavities  to  be  examined  is  known  as  the  head  mir- 
ror. This  mirror  is  a  round,  concave  mirror,  from  three 
to  four  and  a  half  inches  in  diameter,  with  a  focal  dis- 
tance of  from  eight  to  fifteen  inches.  It  should  be  sup- 
plied with  a  central  orifice.  The  central  orifice  is  for  the 
purjiose  of  more  exact  observation,  as,  through  its  use, 
the  angles  of  incidence  and  reflection  are  made  to  coin- 
cide, and,  therefore,  the  picture  is  rendered  more  perfect. 
This  mirror  is  more  serviceable  if  it  is  worn  suspended 
through  a  ball-and-socket  joint  from  a  head-band  which 
encircles  the  forehead.  It  ma,y  also  be  suspended  from 
a  rod  which  is  attached  to  the  lamp  which  furnishes  the 
source  of  light.  Steadiness  and  immobility,  when  it  is 
fixed  at  the  proper  angle,  are  the  most  desirable  features 
in  the  reflecting  mirror.  One  having  a  diameter  of  three 
and  a  halt  inches  has,  in  my  hands,  proved  the  most  ser- 
viceable. For  the  purpose  of  permitting  as  much  light 
to  enter  the  nasal  cavity  as  possible,  it  is  necessary  gently 
to  dilate  the  vestibule  through  the  means  of  a  speculum 
which  is  introduced  into  the  anterior  nares.  Those  specu- 
lums which  are  constructed  on  the  bivalve  system  are 
the  most  serviceable.  Their  numbers  are  legion.  I  pre- 
fer the  Schnitzler's.  Ilartmann's,  Ingals',  Roth's,  and 
others  are  of  this  style.  A  niimber  of  fine,  wire-like 
speculums,  such  as  the  Jarvis,  the  Bosworth,  the  Good- 
willie,  and  the  Ives,  are  made  on  the  bivalve  principle. 
Others  are  made  to  be  self-retaining.  The  Sehnitzler 
instrument,  as  offered  for  sale  in  the  shops,  is  too  cum- 
bersome. I  have  it  in  a  light  frame,  which  not  only 
makes  a  neater  but  a  more  useful  instrument.  The  indi- 
vidual ])reference  in  speculums  is  also  a  question  of 
adaptability  and  use.  In  making  examination  of  the 
post-nasal  space  and  the  na.sal  cavities  from  behind,  what 
is  called  posterior  rhinoscopy,  it  is  necessary  to  have, 
in  addition  to  a  good  light  and  the  head  reflector,  small 
plane  mirrors  constructed  like  those  used  in  examining 
the  larynx,  and  a  tongue  depressor.  These  small  plane 
mirrors  are  fixed  at  an  angle  of  105°  to  the  sliaft,  and 
vary  in  size  from  three-eighflis  to  three-quarters  of 
an  'inch  in  diameter.  The  largest  mirror  which  it  is 
possible  to  use  in  the  individual  ease  should  always  be 
employed.  This  mirror  is  u.sed  to  reflect  the  light  behind 
the  curtain  of  the  palate. 

Usually  it  is  necessary  to  control  the  tongue,  as  only  a 
few  patients  are  able  to  hold  it  i-elaxed  in  the  floor  of  the 
mouth  during  an  examination;  therefore  it  becomes  nec- 
essary to  depress  it  throui^h  the  aid  ot  a  tongue  depressor. 


Bivalve  Nasal  Speculum. 


Numerous  forms  of  depressors  are  on  the  market,  but 
one  that  especially  recommends  itself,  on  account  of  its 
simnlicity  and  of"  the  ease  with  which  it  may  be  kept 
aseptic,  is  the  one  invented  by  Dr.  D.  Braden  Kyle  (Fig. 

The  nasal  probe  is  indispensable  to  a  thorough  exami- 
nation and  understanding  of  diseased  conditions  in  the 
nasal  cavities.  ,  ,  ,   ^,         . 

Examination  of  the  nasal  chambers  through  the  ante- 
rior nares  is  called  anterior  rhinoscopy,  while  examina- 
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tion  of  the  upper  pharynx  and  nasal  chambers  from  be- 
hind is  known  as  posterior  rhinoscopy. 

In  these  examinations  of  the  nasal  cavities  the  rela- 
tionship of  the  patient  and  physician  with  regard  to  the 
source  of  light  is  absolutely  the  same  as  it  is  in  laryn- 
goscopic  examinations.  The  patient  sits  in  a  simple 
straight-back  chair,  without  head  support.  The  phy- 
sician sits 
directly  in 
front  of  the 
patient,  or, 
what  is 
preferable, 
directly  beside  and  on  the  left-hand 
side  of  the  patient.  The  source  of 
light  should  be  to  the  right  of  the 
patient,  just  to  the  side  of  and  on  a 
level  with  the  upper  border  of  the 
right  ear.  The  patient  should  sit  in 
an  easy,  erect,  comfortable  position, 
when  the  examiner  reflects  the  light 
in  a  circle  just  upon  the  area  to  be  ex- 
amined. Either  may  then  move,  with- 
in a  certain  latitude,  from  this  fixed 
position ;  nevertheless,  it  will  be  noted 
that  when  they  return  to  the  examin- 
ing position  the  light  will  fall  directly 
on  the  point  upon  which  it  originally 
fell.  The  method  of  examination,  as 
well  as  the  chai-acter  of  furniture  used 
for  patient  and  doctor,  is  a  question  of 
individual  preference  and  perfected 
method  on  the  part  of  the  operator. 

In  anterior  rhinoscopy  the  operator 
first  makes  a  mental  notation  of  the 
appearance  and  general  configuration 
of  the  external  nose.  The  light  is  then 
thrown  upon  the  nose,  the  head  of  the 
™mr  ^  patient  is  slightly  tilted  backward,  and 
the  general  appearance,  the  patency, 
and  the  outline  of  the  anterior  nares  are 
noted,  after  which  the  tip  of  the  nose  is  slightly  tilted 
upward  and  the  vestibule  is  thoroughly  inspected.  Lit- 
tle children  fear  instruments,  and,  as  their  hairs  are  un- 
developed, we  can  often  make  a  thorough  inspection 
without  the  use  of  speculums.  Special  care  should  be 
made  to  note  fissures,  abrasions,  or  pimples  on  the  inner 
surface  of  th3  nares,  which  would  make  the  introduction 
of  the  speculum  painful. 

We  are  now  prepared  to  introduce  the  speculum. 
This  instrument  should  be  gently  insinuated  into  the  ante- 
rior nares  in  a  closed  state.  After  the  speculum  is  placed 
slightly  within  the  vestibule,  it  is  moderately  dilated 
until  slight  resistance  is  felt.  No  pain  should  ever  be 
given.  With  the  instrument  in  position,  the  two  crura 
being  controlled  by  the  pressure  of  the  thumb  and  index 
finger  of  the  left  hand  and  with  the  little  finger  of  the 
same  hand  hooked  under  the  lower  jaw,  the  patient  is 
practically  under  control  of  the  examiner.  Slight  press- 
ure is  usually  all  that  is  sufl3cient  to  make  the  patient  move 
in  a  required  direction.  With  the  patient's  head  slightly 
tilted  forward,  the  first  object  that  attracts  attention  is 
the  prominent  rounded  red  mass  on  the  outer  wall  pro- 
jecting nearly  to  the  floor  of  the  nose,  and  which  we  rec- 
ognize as  the  anterior  end  of  the  inferior  turbinate  body. 
Opposite  this  we  recognize  the  cartilaginous  wall  of  the 
septum,  and  below,  the  floor  of  the  nose  and  the  inferior 
meatus.  According  to  the  amount  of  space  between  the 
inferior  turbinate  and  the  septum,  we  can  see  to  a  greater 
or  less  depth  within  the  nasal  cavity  toward  the  pharynx. 
In  many  cases,  with  a  fair  amount  of  space  between 
these  parts,  or  when  the  turbinal  tissue  is  contracted  un- 
der the  use  of  cocaine,  we  can  well  see  the  posterior 
pharyngeal  wall.  A  tilting  of  the  patient's  head  slightly 
backward  brings  into  view  the  middle  turbinate,  which 
is  paler  and  more  translucent  than  the  inferior,  and  just 
opposite  its  anterior  extremity  on  the  septal  wall  is  seen 
often  an  aggregation  of  erectal  tissues,  which  is  desig- 
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nated  the  tuberculum  septi.  The  whole  extent  of  the 
visible  upper  surface  of  the  inferior  turbinate  is  seen  in 
this  position,  as  well  as  the  middle  meatus.  It  is  only 
when  the  middle  turbinate  is  removed  or  has  undergone 
great  atrophy  that  the  interesting  features  contained 
within  the  middle  meatus  are  brought  under  observation. 
Tilting  of  the  patient's  head  still  farther  backward  brings 
into  view  the  upper  portion  of  the  middle  turbinate  and 
the  roof  of  the  nasal  cavity.  It  is  rather  unusual  to  be 
able  to  demonstrate  the  superior  turbinate  body.  Occa- 
sionally the  orifice  of  the  sphenoidal  sinus  can  be  made 
out.  The  use  of  the  probe  is  indispensable  in  making  this 
examination,  and  so  also  is  the  instillation,  "after  the  pre- 
liminary examination,  of  a  very  mild  solution  oi  cocaine, 
— a  procedure  which  should  be  followed  by  a  re-exam- 
ination of  the  parts  after  the  effects  of  the. drug  have 
become  manifest.  Great  care  should  be  exercised  in  ex- 
amining the  septum ;  it  should  be  viewed  from  both 
sides,  and  the  head  should  be  held  carefully  in  the  middle 
line. 

Posterior  rhinoscopy  is  the  most  diflBcult  procedure  in 
the  examination  of  the  upper  air  tract,  and  therefore  re- 
quires more  tact  and  skill  in  its  prosecution.  The  position 
of  the  patient  and  of  the  source  of  light,  and  the  methods 
of  reflection  are  the  same  as  in  anterior  rhinoscopy.  The 
only  instrumental  addition  is  the  rhinoscopic  mirror  and 
the  tongue  depressor.  I  have  never  found  it  necessary 
to  make  use  of  the  so-called  palate  retractors,  but  see  no 
objection  to  the  use  of  such  an  instrument,  for  holding 
forward  the  soft  palate,  if  the  examiner  so  desire.  The 
most  desirable  instrument  for  retracting  the  palate  is 
that  invented  by  Dr.  J.  A.  White.  Occasionally  the 
examination  can  be  made  without  the  use  of  a  tongue 
depressor,  but  this  is  exceedingly  rare.  After  depressing 
the  tongue,  and  noting  the  space  between  the  soft  pal- 
ate and  the  pharyngeal  wall,  as  well  as  that  between  the 
pendent  uvula  and  the  base  of  the  tongue,  the  largest  size 
mirror  whicli  it  is  possible  to  use  is  gauged.  The  mirror 
is  first  heated  to  a  proper  temperature  and  the  tongue 
carefully  depressed.  In  introducing  the  tongue  depres- 
sor care  should  be  exercised  in  so  introducing  it  that  the 
tip  of  the  tongue  depressor  first  comes  in  contact  with 
the  tongue  just  posterior  to  its  arch,  which  is  somewhat 
anterior  to  the  circumvallate  papillae.  The  tongue  is 
then  drawn  downward  and  forward  into  the  floor  of  the 
mouth.  Backward  pressure  of  the  tongue  is  always  to 
be  avoided,  as  it  is  certain  to  give  rise  to  retching  and 
gagging. 

If  the  depressor  is  so  placed  as  to  excite  distress  on  the 
patient's  part,  it  should  be  immediately  removed  and 
replaced.  The  depressor  should  be  held  between  the 
thumb  and  index  finger  of  the  left  hand,  while  the  other 
fingers  pass  under  the  patient's  chin.  The  mirror,  which 
has  been  properly  warmed,  being  lightly  held  between 
the  thumb  and  index  finger  of  the  right  hand,  is  now 
quickly  introduced  into  the  widely  open  mouth  along  its 
left  wall  until  we  come  to  the  dependent  palatine  arch. 
The  important  feature  in  the  introduction  of  the  mirror 
is  so  to  insert  it  as  not  to  come  in  contact  with  any  of 
the  tissues.  As  the  palatine  arch  is  reached,  the  mirror  is 
gently  insinuated  by  slight  depression  and  rotation  so  as 
to  glide  through  the  space  between  the  left  pillar  and 
the  base  of  the  tongue  without  coming  in  contact  with 
either. 

After  the  mirror  has  passed  behind  the  palate  and  has 
reached  the  pharyngeal  space,  the  operator,  by  slightly 
rotating  the  handle,  may  bring  the  reflecting  surface 
around  so  as  to  face  him,  and  then  he  should  slightly 
depress  the  handle  so  as  to  carry  the  mirror  upward 
until  its  upper  border  is  slightly  hidden  behind  the  soft 
palate.  The  mirror  now  being  in  position,  its  handle  is 
so  held  toward  the  left  angle  of  the  patient's  mouth  that 
there  is  no  interference  with  the  thorough  illumination 
of  the  buccal  cavity.  Finally,  the  mirror  is  to  be  rotated 
from  right  to  left,  depressed  and  elevated,  and  given 
different  degrees  of  angles  while  in  position  so  as  to  bring 
into  view  in  rapid  succession  the  various  surfaces  and 
parts  of  the  upper  pharynx  and  back  of  the  nose. 
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The  success  of  the  procedure  depends  upon  the  depres- 
sion of  the  tongue,  the  careful  introduction  of  the  mirror, 
and  the  ability  of  the  patient,  not  only  thoroughly  to 
relax  the  soft  palate,  but  also  to  hold  it  immobile  in  this 
relaxed  state  long  enough  for  the  operator  to  make  a 
thorough  inspection  of  the  parts.     The  patient  is  an  un- 
cei'tain  quantity.      Many  can  submit  to  a  rhinoscopic 
examination  without  any  difficulty ;  others  require  care- 
ful manipulation  and  several  efforts  have  to  be  made 
before  a  successful  view  is  obtained ;  and,  finally,  there 
are  a  few  who  are  so  constituted  as  to  present  almost  in- 
surmountable difficulties  to  the  exploration.     The  great- 
est difficulty  is  the  retraction  of  the  soft  palate,  which  in 
some  individuals  takes  place  immediately  upon  the  intro- 
duction of  the  mirror  into  the  mouth.     Careful  training 
in  nasal  breathing  with  the  open  mouth  and  with  the 
sounding  of  the  nasal  consonants  en  and  em,  will  often 
overcome  this  obstacle.    Amon  g  the  other  methods  which 
have  been  suggested  for  overcoming  these  obstacles  may 
be  mentioned  the  application  of  a  flye-per-cent.  solution 
of  cocaine  to  the  palate  and  pOst-pliaryngeal  wall,  and 
the  employment  of  the  palate  hook.    The  image  reflected 
in  the  mirror  at  any  given  moment  represents  only  a 
small  section  of  the  whole  region.     Consequently,  in  or- 
der to  gain  a  fairly  complete  view,  it  is  necessary  to  con- 
struct it  in  one's  mind  from  the  separate  smaller  pictures 
obtained  by  changing  from  time  to  time  the  angle  at 
which  the  mirror  is  placed.     Usually  one  observes  first 
the  upper  surface  of  the  soft  palate  and  the  lower  por- 
tion of  the  posterior  border  of  the  septum  which  forms 
the  inner  boundary  of  the  post-nasal  orifice,  the  choanee. 
Then,  by  giving  the  mirror  a  slight  upward  inclination,  it 
will  bring  into  view  the  whole  length  of  the  septum, 
broad  above  and  tapering  to  a  narrow  edge  below,  and 
the  posterior  view  of  the  nasal  cavities  as  displayed 
through  the  choanae.     On  either  outer  wall,  from  above 
downward,  will.be  noted  the  ridge  of  the  superior  turbi- 
nate body ;  immediately  below  it  and  separated  from  it  by 
a  dark  line— the  superior  meatus— will  be  observed  the 
middle  turbinate  body  which  stands  out  as  a  somewhat 
elongated  fusiform  body  of  a  very  faint  pinkish-white 
appearance.     Below  the  middle  turbinal  body  will  be 
seen  the  middle  meatus,  and  immediately  below  this  the 
upper  half  of  the  inferior  turbinate  body,  which  oft 
times  seems  to  merge  into  the  floor  of  the  choanae. 

The  color  of  the  inferior  turbinal  body  is  of  a  grayish- 
white,  resembling  much  the  color  that  an  ordinary  mu- 
cous membrane  assumes  when  oedematous.  By  shghtly 
inclining  the  mirror  to  right  or  left,  the  corresponding 
mouth  of  the  Eustachian  tube  will  be  observed,  as  well 
as  the  depression  which  separates  it  from  the  post- 
pharyngeal wall— the  fossa  of  RosenmUller.  By  chang- 
ing the  angle  of  the  mirror  to  a  more  obtuse  angle,  the 
dome-like  vault  of  the  pharynx  will  be  brought  into 
view,  as  well  as  the  upper  portion  of  the  post-pharyngeal 
wall  The  vault  of  the  pharynx  is  usually  dome-like 
and  smooth  in  its  contour.  In  some  individuals  it  may- 
show  elevations  and  depressions,  or  be  so  filled  out  as  to 
appear  flat,  these  alterations  depending  upon  the  amount 
and  degree  of  enlargement  of  the  pharyngeal  tonsil. 

Besides  the  rhinoscopic  methods  of  exploration  of  the 
nasal  chambers  and  post-nasal  cavity  we  have,  as  addi- 
tional aids  to  diagnosis,  the  ^"gital  exploration  and  the 
use  of  electric  transillumination.  Digital  exploration  is 
especially  of  value  in  exploration  of  the  post- nasal  cav- 
ity in  vctv  youthful  patients  and  in  adults  in  whom  it  is 
impossible  to  make  use  of  posterior  rhinoscopy,  or  in 
Thorn  for  various  other  reasons,  it  is  desirab  e  to  ^ake 
use  of  this  method.  This  procedure  can  "f^^Uy  b^e  rna^ 
in  little  ones,  without  causing  alarm,  by  the  use  "f  ]udi 
cious  tact  No  instruments  are  necessary.  The  hanas 
should  be  well  washed  and  the  index  finger  scrubbed 

wUh  a  nail  brush  before  the  ^^^"^"'^t^^" '^  °lt%)arent 
child  is  seated  in  the  examining  chair  while  the  parent 
sits  in  fimt  of  the  child  and  holds  the  little  one's  hands^ 
The  operator  stands  to  the  left  side  of  and  facing  the 
patient,  with  the  right  hand  firmly  grasping  the  vertex 


of  the  head.  I  usually  find  it  wise  to  tell  the  patient 
what  I  propose  doing  and  of  its  unpleasant  nature,  but 
at  the  same  time  I  assure  him  that  the  procedure  does 
not  cause  pain.  The  patient  is  then  told  to  open  widely 
the  mouth,  the  hands  and  head  are  firmly  grasped,  and 
the  index  finger  of  the  right  hand  is  quickly  but  dex- 
trously  introduced  into  the  mouth  and  behind  the  soft 
palate  into  the  post-nasal  place.  In  this  manner  the 
character  and  condition  of  this  region  may  be  quickly 
determined  through  the  tactile  sense. 

Another  method  of  making  the  examination  is  by  plac- 
ing the  child  in  the  position  described  by  Dr.  A.  A. 
Bliss.  By  this  method  the  child  is  placed  in  the  lap  of  a 
nurse  or  parent,  facing  forward.  The  little  one's  legs 
are  held  firmly  between  the  legs  of  the  assistant,  while 
the  arms  of  the  assistant  are  shpped  under  the  armpit  of 
the  patient  and  the  hands  extended  upward  and  held 
firmly  on  either  side  of  the  head.  The  child  is  thus  held 
immobile.  Transillumination  of  the  accessory  cavities 
is  resorted  to  as  an  aid  to  the  diagnosis  of  the  condition  of 
these  pneumatic  cavities.  The  value  of  this  method  of 
exploration  lies  in  the  fact  that  most  of  the  pneumatic 
spaces  in  the  normal  state  allow  the  transmission  of 
rays  of  light  through  their  thin  walls.  The  light  used 
for  this  purpose  is  electric,  furnished  through  the  me- 
dium of  a  small  lamp  of  about  six  candle-power.  The 
method  of  its  application  will  be  described  in  the  article 
devoted  to  the  diseases  of  the  accessory  sinuses. 

Ghwrles  W.  Bichardson. 

NASAL  CAVITIES,  DISEASES  OF:  ABSCESSES  OF 
THE  NASAL  SEPTUM.— Abscess  of  the  septum  maybe 
either  acute  or  chronic.  The  former  is  generally  the 
result  of  hsematoma,  erysipelas,  typhoid  fever,  or  small- 
pox, and  is  located  upon  one  or  both  sides  of  the  car- 
tilaginous septum.  The  chronic  abscess  is  generally 
due  to  syphiUtic  infection,  but  it  may  be  the  result  of 
poisoning  by  arsenic,  copper,  or  mercury,  or  it  may 
possibly  be  traumatic. 

While  the  acute  abscess  is  commonly  found  over  the 
cartilaginous  septum,  the  chronic  abscess  generally  ex- 
tends to  the  bony  part,  and  it  is  often  caused  by  disin- 
tegration of  gummatous  infiltration  of  the  mucous  sur- 
faces. The  swellings  are  usually  rounded,  and  they 
appear  red  and  inflamed  and  sensitive  to  the  touch. 
When  a  syphilitic  abscess  is  opened  it  emits  foul-smell- 
ing pus,  and  if  a  probe  be  introduced  into  the  abscess 
cavity  necrosed  cartilage  or  bone  may  be  detected.  In 
most  chronic  cases  the  treatment,  after  the  abscess  has 
been  opened,  is  the  same  as  that  recommended  for  nasal 
syphilis.  ^-  Fletcher  Ingals. 

NASAL  CAVITIES,  DISEASES  OF:  ACTINOMY- 
COSIS —I  have  been  unable  to  discover  any  report  ol 
well-marked  cases  of  actinomycosis  of  the  nose,  though 
it  is  probable  that  the  disease  sometimes  affects  this 
organ.  ^-  ^-  ^■ 

NASAL  CAVITIES,  DISEASES  OF:  ACUTE  IN- 
FLAMMATI0N3.— The  many  varieties  of  acute  inflam- 
mation of  the  nasal  mucous  membrane  that  are  men- 
tioned in  medical  literature  may  be  comprised  under  the 
following  headings:  (1)  Acute  Catarrhal  Rhinitis  (2) 
Acute  Purulent  Rhinitis,  (3)  Acute  Membranous  Rhini- 
tis (4)  Acute  Phlegmonous  Rhinitis,  and  (5)  Acute  Rhin- 
itis due  to  Occupation  or  to  Trauma. 

(1)  Acute  Catakbhal  Rhinitis. -Synonyms:  Acute 
Coryza,  Cold  in  the  Head,  Acute  Nasal  Catarrh   etc. 

This  disease  is  an  illustration  ot  the  simplest  form  of 
exudative  inflammation  occurring  in  a  mucous  mein- 
brane  and  affords  us  the  most  accessible  illustration  of 
such  a  process  inasmuch  as  the  changes  occur  under  direct 
observation.  Any  special  peculiarities  which  it  presents 
are  amply  explained  by  the  vascular  mechanism  ot  the 
nose  which  cius  for  a  somewhat  extended  consideration. 
vJculr  Mechanism  of  the  Nose.-'IT.e  vascuar  mech- 
anism of  the  nose  (and  the  glandular  as  we  1)  is  some- 
what unique,  and  a  full  understanding  of  it  is  called 
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for  in  order  to  explain  the  sequence  of  various  pathologi- 
cal changes.  To  the  blood  supply  of  the  turbinates  does 
this  observation  apply  with  special  force.  The  larger 
arterioles  are  well  supplied  with  muscular  coats  and  he 
in  the  deepest  layers  of  the  mucosa  close  to  the  bone. 
They  give  ofE  branches  which  supply,  by  a  network  of 
capillaries,  the  periosteum,  glands,  and  the  epithelial 
layer.  These  capillaries  are  collected  into  veins  which 
dilate  into  venous  sinuses,  the  larger  lacunae  of  which 
are  the  deeper,  while  with  them  the  superficial  lacunse 
(cortical  network)  communicate.  These  lacunse  again 
empty  into  the  veins  accompanying  the  primary  arteri- 
oles into  the  periosteal  layer.  As  a  rule  the  capillaries 
do  not  enter  directly  into  the  sinuses  but  are  at  first 
collected  into  veins.  It  is  a  matter  of  doubt  whether 
the  arterioles  empty  directly  into  the  sinuses,  as  is  the 
case  in  the  erectile  tissues  of  the  genital  tract.  There  is 
in  the  nose  nothing  comparable  to  the  tunica  albuginea 
of  the  genitals  to  exert  direct  compression  on  the  sinus 
contents. 

These  views  as  to  anatomical  structure  are  those  of 
Zuckerkandl  (as  quoted  by  J.  Wright),  who  also  reminds 
us  that  the  arteries  enter  the  nose  through  various 
bony  foramina  along  with  the  veins.  If  the  artery 
dilate  from  any  cause,  such  dilatation  must  compress 
the  vein  against  the  bony  wall.  While  therefore  the  in- 
flow of  blood  to  the  part  supplied  is  increased,  the  out- 
flow is  diminished  and  engorgement  results.  Arterial 
contraction  produces  of  course  the  reverse  effect. 

Another  point  deserves  mention.  Sections  of  the  mu- 
cosa taken  from  infants  show  veins  compressed  between ' 
the  parallel  fibres  of  the  periosteal  layer  and  the  elastic 
fibres  and  glands  external  thereto.  It  is  here  also  evi- 
dent that  engorgement  of  the  superficial  tissues  supplied 
by  dilated  arterial  twigs  will  bring  an  increased  pressure 
to  bear  against  the  vein  and  obstruct  the  outflow  of 
blood.  As  a  result  of  this  general  arrangement  here  and 
in  the  radical  vessels  there  may  be  serous  transudation, 
especially  in  the  region  of  olfaction,  without  any  neces- 
sary glandular  intervention.  It  is  estimated  that  under 
normal  conditions  this  transudation  amounts  to  one 
pint  in  twenty-four  hours.  Zuckerkandl  has  also 
described  a  special  network  of  veins  surrounding  the 
glandular  mouths  in  such  a  way  that  the  engorgement 
of  the  former  would  necessarily  close  the  latter.  Wright 
believes  that  the  foregoing  facts  clearly  explain  the 
phenomena  of  ordinary  acute  inflammations  of  the  nasal 
mucosa.  The  first  visible  stage  of  a  coryza  is  a  nasal 
occlusion  following  upon  vascular  engorgement  of  the 
erectile  bodies.  A  preceding  vascular  constriction  is 
assumed,  but  this  is  problematical.  Now  with  the  blood- 
vessels all  full  and  with  the  stimulation  of  the  glands,  we 
should  expect  the  secretion  of  mucus  to  be  discharged 
almost  coincidently  with  the  congestion ;  but  this  is  not 
so,  for  secretion  is  scanty  for  the  first  few  hours,  and 
even  for  days  it  may  be  almost  watery.  Later,  when 
vascular  tension  relaxes,  it  begins  to  assume  a  mucous 
character.  Evidently  this  absence  of  secretion  is  due  to 
the  occlusion  of  the  glandular  conduits  by  the  surround- 
ing plexus  of  veins.  The  primary  watery  exudate  comes 
by  transudation  directly  from  the  blood-vessels  through 
the  areolar  tissue  and  surface  epithelium. 

The  contraction  of  the  smooth  muscle  fibres  and  of  the 
elastic  fibres  of  the  stroma  contributes  to  the  collapse  of 
the  venous  sinuses,  the  floodgates  of  the  radical  veins 
being  opened  by  the  contraction  of  the  encroaching 
arterioles.  Expression  of  glandular  contents  follows, 
the  glandular  mouths  having  been  opened  by  the  subsi- 
dence of  the  superficial  venous  engorgement. 

Causes  of  Acute  Catarrhal  Ehinilis.— These  are  predis- 
posing and  exciting.  The  former  include  the  various 
diatheses,  especially  the  syphilitic,  rheumatic,  and  gouty. 
The  existence  of  the  uric  acid  or  lithsemic  state  strongly 
predisposes  to  coryza.  A  patient  who  eats  heartily  of 
animal  food  and  who  does  not  take  sufficient  exercise  is 
far  more  liable  to  "  take  cold  "  than  is  one  leading  an 
opposite  life.  Furthermore,  the  prevalent  habits  of  liv- 
mgm  overheated  houses  and  of  swaddling  the  body  with 
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too  heavy  clothing,  especially  the  wearing  of  tippets, 
mufflers,  etc.,  powerfully  invite  the  very  clangers  they 
are  popularly  supposed  to  avert.  The  combined  effect 
of  the  foregoing  modes  of  life  is  easy  to  appreciate. 
The  system  is  overloaded  with  nitrogenous  food  and 
elimination  is  deficient.  As  a  result  there  is  set  up  a 
sort  of  autotoxajmia  ready  to  be  fanned  into  open  out- 
break by  any  one  of  a  large  class  of  excitants.  Excesses 
in  alcohol,  tobacco,  and  venery  also  predispose  to  coryza. 

The  exciting  cause  is  generally  exposure  of  some  kind, 
wet  feet,  draughts,  standing  or  sitting  in  a  cool  place 
when  the  skin  is  covered  with  perspiration.  Often  a 
localized  exposure,  such  as  a  draught  through  a  partially 
open  door  or  window,  seems  to  act  more  powerfully 
than  a  general  exposure.  The  amount  of  moisture  in 
the  air,  as  well  as  its  temperature,  requires  considera- 
tion. A  combination  of  cold  and  moist  air  offers  the 
most  favorable  conditions  for  exciting  an  attack. 

Coiyza  may  be  a  symptomatic  lesion  in  many  general 
diseases,  e.g.,  measles,  scarlatina,  smallpox,  scurvy, 
whooping-cough,  typhoid  fever,  influenza,  diphtheria, 
diabetes,  erysipelas,  and  rheumatism.  The  affection 
under  these  circumstances  offers  no  pathological  or  clini- 
cal peculiarities. 

Pathology. — At  first  the  nose  is  dry,  but  after  a  few 
hours  a  serous  discharge  comes  on,  and  in  the  course  of  a 
day  or  so  becomes  very  abundant.  As  the  disease  pro- 
gresses it  becomes  mucous  and  finally  muco-purulent.  It 
may  consist  of  almost  pure  yellowish  pus.  Later,  it  les- 
sens and  at  last  ceases,  and  the  patient  is  well  again. 
No  special  bacteriology  attaches  to  the  affection.  -The 
discharge  contains  the  usual  micro-organisms  which  have 
their  habitat  in  the  nose.  They  are  relatively,  as  well 
as  absolutely,  increased  in  quantity.  Lennox  Browne 
refers  the  yellow  color  of  the  later  secretion  to  the  staphy- 
lococcus pyogenes  aureus,  which  he  says  exists  under 
these  conditions  in  nearly  pure  culture. 

Symptoms. — An  attack  commences  with  a  sense  of  nasal 
occlusion,  burning,  tickling,  and  occasional  sneezing. 
Later  come  headache,  mild  general  malaise,  fever,  pains 
in  the  eyes  and  over  the  regions  corresponding  to  the 
various  accessory  sinuses.  These  pains  may  be  due  to 
direct  extension  of  the  inflammatory  process  into  the 
sinus  linings  or  to  their  occlusion  and  consequent  im- 
paired ventilation.  This  extension  of  the  inflamma- 
tion to  the  sinuses  explains  the  large  amount  of  discharge 
regular!}'  present,  for  it  is  difficult  to  believe  that  the 
quantity  of  muco-pus  voided  in  a  severe  coryza  can  come 
from  the  lining  of  the  nasal  fossse  alone.  In  an  ordinary 
case  the  foregoing  sequence  of  changes  will  extend  over 
a  period  of  from  four  to  seven  days,  often  longer. 

Prognosis. — While  the  lesion  is  a  comparatively  trivial 
one,  it  must  not  be  forgotten  that  frequent  coryzas  lay 
the  foundation  for  subsequent  hypertrophic  changes  and 
may  possibly  introduce  some  serious  disease ;  they  should 
therefore  be  promptly  cared  for. 

Treatment. — This  may  be  prophylactic,  abortive,  or 
palliative.  Most  of  the  patients  who  consult  the  physi- 
cian for  a  cold  in  the  head,  commonly  regarded  as  a 
trivial  affair,  do  so  because  they  are  sufferers  from  an  in- 
termittent or  continual  series  of  such  attacks.  No  sooner 
is  one  ended  than  another  begins.  For  such  patients  a 
plain  talk  on  the  necessity  of  changing  their  mode  of 
living  is  the  first  thing  required.  It  will  afford  more 
satisfaction  to  both  physician  and  patient  than  will  drug 
administration.  In  season  and  out  of  season  three  things 
must  be  insisted  on.  (1st)  Avoidance  of  too  much  ani- 
mal food.  Meat  should  be  eaten  only  once  a  day.  To 
the  gouty  the  time-honored  advice  may  be  given  of  "  no 
red  meat  and  no  vegetables  taken  from  the  ground"; 
(3d)  proper  daily  exercise ;  (3d)  proper  care  of  the  skin 
and  the  eliminative  functions;  this  includes  regulation 
of  the  bowels  and  daily  bathing.  Not  every  patient 
may  be  led  to  jump  into  a  tub  of  cold  water  on  rising, 
but  every  patient  should  go  over  the  surface  of  the  body 
daily  with  water.  At  first  this  may  be  tepid,  but  as 
tolerance  is  established  the  temperature  should  be  low- 
ered until  the  water  is  distinctly  cool.    Actual  thermo- 
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metric  figures  are  not  so  good  a  guide  as  the  patient's 
sensations,  foi-  a  personal  equation  is  concerned  in  ttie 
sensation  of  coolness.  In  winter  the  bath  should  be 
taken  in  a  room  properly  warmed,  and  in  case  a  tub-bath 
be  taken  the  patient  should  dry  himself  not  standing  in 
the  water  but  on  a  bath-mat  or  rug.  In  this  way  much 
of  the  immediate  chilliness  after  the  bath  and  sluggish- 
ness of  reaction  can  be  avoided.  Delicate  patients  may 
be  advised  to  sponge  one-half  of  the  body  on  rising  and 
the  otlier  half  on  retiring,  the  unbathed  portion  being 
clothed.  Some  fortitude  may  be  required  to  inaugurate 
the  process  on  the  part  of  those  who  have  never  been 
properly  trained  in  this  respect,  but  they  should  be  en- 
couraged to  persevere  until  a  daily  bath  is  taken  on  rising. 
This  is  the  time  of  the  day  in  which  to  bathe,  not  at  night. 
If  tor  any  reason  one  wishes  to  take  an  old-fashioned  hot- 
water  and  soap  bath  at  bedtime,  it  should  be  followed  by 
a  cool  affusion.  One  soap  bath  weekly  is  ordinarilj'  suf- 
ficient for  those  who  take  daily  ablutions.  In  all  cases, 
after  the  bath  and  the  application  of  the  drying  towel, 
there  should  be  a  vigorous  application  of  the  flesh-brush, 
or  Turkish  towel,  "Luffa"  sponge,  etc.,  to  promote  reac- 
tion. Brisk,  light  gymnastic  exercises  may  be  employed 
by  those  whose  reactive  powers  are  deficient. 

Finally  comes  the  matter  of  proper  body  covering. 
Good  stout  shoes  should  be  worn  with  felt  or  cork  in- 
soles if  necessary.  Rubbers  should  be  regarded  as  a  de- 
vice of  the  enemy  of  good  health.  Of  course  in  a  heavy 
rainstorm  they  are  permissible,  but  the  habit  some  peo- 
ple have  of  wearing  rubbers  whenever  the  walks  are  the 
least  damp  is  dangerous  to  health.  Being  practically 
air-tight,  they  prevent  evaporation  from  the  feet  and 
elimination  of  waste  material.  With  equal  vigor  a  pro- 
test is  uttered  against  all  chest  protectors  and  pads,  also 
against  the  wearing  of  heavy  furs,  etc.,  unless  they  be 
immediately  removed  on  coming  in  fiom  the  cold.  Our 
prevalent  habit  of  wearing  our  heavy  wraps  when  inside 
the  house  is  most  reprehensible.  The  old  saying  that 
"  sealskin  sacks  kill  more  people  than  does  smallpox  "  is 
not  far  from  the  truth.  The  clothing  next  to  the  skin 
should  be  woollen,  or  at  least  contain  a  certain  propor- 
tion of  that  substance.  Some  of  the  meshed  garments  of 
silk  and  linen  are  also  commendable.  There  is  no  sense, 
however,  in  swathing  the  body  in  heavy  woollen  so  as  to 
bathe  it  almost  constantly  in  perspiration.  "  Sanitary  " 
woollens  are  sanitary  only  in  so  far  as  they  conform  to 
physiological  laws,  it  matters  not  in  what  country  they 
are  made  or  whose  name  they  bear.  The  so-called  "  union- 
suit,  "  with  vest  and  drawers  made  in  one  piece,  is  the  ideal 
garment  for  both  winter  and  summer,  the  weight  being 
changed  according  to  the  season.  Theoi'etically  the  same 
weight  should  be  worn  next  to  the  skin  the  year  round,  the 
outer  clothing  varying  to  fit  the  season,  but  there  are  not 
many  who  will  take  the  pains  to  live  in  this  physiological 
manner.  Some  textiles  are  composed  of  a  woollen  layer 
covered  on  both  sides  with  a  cotton  mesli.  In  this  way 
the  porous  qualities  of  the  woollen  are  retained  without 
its  irritating  effect  on  the  skin.  So-called  "  medicated  " 
underwear  belongs  to  the  category  of  "  medicated  "  flan- 
nel and  "  medicated  "  toilet-paper.  Excesses  in  alcohol, 
tobacco,  etc.,  must  be  sternly  interdicted. 

If  undue  space  seems  to  have  been  devoted  to  the 
ioregoing  directions,  it  must  find  its  excuse  in  the 
writer's  increasing  experience  that  full  directions  in 
these  respects  will  often  render  any  drugs  unnecessary. 

In  some  instances  it  is  possible  to  abort  an  ordinary 
<!oryza,  but  the  efiiciency  of  the  countless  measures  de- 
vised for  this  end  is  conditioned  upon  their  early  em- 
ployment. The  combination  of  a  hot  drink  with  five 
grains  of  quinine  and  ten  of  Dover's  powder  is  un- 
doubtedly one  of  the  most  common.  This  aims  at  elimi- 
nation by  relaxation  of  the  skin,  in  other  words,  at 
diaphoresis.  The  plan  has  the  following  objections: 
•digestive  activity  is  retarded  and  the  biliary  flow  dimin- 
ished, and  with  opium  in  full  dosage  there  is  also  an 
increased  reflex  excitability;  Full  dosage  of  quinine 
■checks  oxidation,  depresses  the  circulation,  lowers  body 
tempreature,  and  lessens  perspiration.     Under  the  con- 


ditions we  are  discussing,  abstraction  of  water  by  heat  is 
not  sufficient  to  restore  the  bodily  equilibrium  It  is 
preferable  to  give  a  full  dose  of  calomel,  followed  by 
small  and  frequent  doses  of  quinine. 

Many  physicians  use  the  familiar  rhinitis  or  coryza 
tablet  triturates.  Familiar  combinations  are  the  Lincoln 
formula:  Camphor  gr.  I,  belladonna  extract  fl.n  i,  and 
quinme  sulphate  gr.  i;  and  the  Edwards  formula;  Atro- 
pine sulphate  gr.  ^J^,  aconitine  gr.  ■^,  morphine  sul- 
phate gr.  j-i^,  and  calomel  gr.  ,1^.  Either  or  both  of 
these  may  be  taken  hourly  until  physiological  effects 
are  manifest,  when  they  must  be  continued  at  longer 
intervals. 

Recently  stress  has  been  laid  upon  the  autotoxsemia 
presented  by  many  coryza  patients,  especially  by  those 
who  are  its  frequent  victims.  These  patients  are  suf- 
ferers from  uric-acid  excess.  Hence  the  advice  is  given 
to  put  the  patient  through  some  vigorous  exercise  such 
as  gymnasium  work  or  a  ride  on  horseback,  etc.,  scour 
out  the  bowel  (not  merely  give  a  light  laxative)  and 
then  give  full  doses  of  the  simple  alkalies  such  as  the 
bicarbonates  of  soda  or  potash  until  the  urine  is  free- 
ly alkaline,  the  patient  meanwliile  going  to  bed  for  a 
day  or  so  or  at  least  remaining  quiet.  In  the  case  of 
plethoric  individuals  this  plan  of  treatment  is  far  more 
efficacious  than  are  the  older  methods.  These  latter  aim 
at  establishing  relaxation  and  favoring  elimination,  but 
they  take  no  account  of  the  special  underlying  diathesis. 
In  so  far,  they  are  but  partially  ideal  remedies.  Un- 
doubtedly they  are  of  service,  but  it  must  be  remem- 
bered that  coryza  is  not  a  long  disease  and  will  gener- 
ally get  well  of  itself.  Moreover,  they  do  not  always 
abort  an  atack. 

The  Turkish  bath  lias  always  enjoyed  a  high  reputa- 
tion for  aborting  coryza.  If  it  be  tried,  the  patient  must 
keep  in-doors  for  some  time,  and  if  practicable  should 
remain  at  the  bathing  establishment  over  night. 

In  some  instances  the  malady  will  yield  to  frequent 
applications,  in  the  form  of  a  spray,  of  the  active  prin- 
ciples of  the  suprarenal  bodies  (adrenalin),  iu  say  1  to 
3,000  solution.  This  contracts  the  vessels  by  its  action  on 
their  unstriped  muscular  fibres.  It  must  be  added  tliat 
some  patients  show  a  decided  idiosyncrasy  toward  this 
remedy,  and  that  while  its  immediate  effect  is  in  the  line 
of  relief  there  quickly  comes  a  secondary  relaxation, 
sometimes  so  severe  that  the  patient's  last  state  is  worse 
than  his  first. 

Palliative  treatment  consists  in  the  thorough  flushing 
out  of  the  nares  with  some  warm  alkaline  solution.  It  is 
doubtful  whether  the  addition  of  distinctlj'  antiseptic 
preparations  is  of  much  advantage.  Normal  salt  solu- 
tion or  a  mixture  of  salt,  borax,  and  bicarbonate  of  soda, 
one  teaspoonf  ul  of  the  mixture  to  the  pint  of  lukewarm 
water,  is  as  good  as  any.  By  such  remedies  tlie  excess 
of  secretion  is  removed  from  the  nasal  passages,  and 
conditions  are  set  up  favoring  a  restoration  to  the  nor- 
mal. The  smarting  in  the  nares  can  be  relieved  by  some 
such  remedy  as  Ferrier's  snuff  (Morphine  muriate  gr.  ij., 
powdered  acacise  3  ij.,  and  bismuth  subcarbonate  3 
vi.).  A  little  of  this  may  be  insufflated  every  few  hours. 
If  the  patient  comes  for  office  treatment,  the  nares  may  be 
cleansed  with  some  alkaline  solution,  then  sprayed  with  a 
little  weak  cocaine  (not  over  two  per  cent.)  and  adrenalin, 
and  this  followed  up  with  some  oily  preparation  such 
as  menthol  in  albolene,  resorcin  with  benzoinol,  weak 
camphor  menthol,  etc.  Frequent  sufferers  with  coryza 
should  never  be  given  cocaine  solutions  to  be  used  at 
their  own  discretion. 

Spiess  insists  that  most  of  the  sneezing  in  an  ordinary 
coryza  comes  from  a  post-nasal  irritation.  He  therefore 
advises  the  insufflation  into  this  region  of  an  anfesthetizing 
powder,  such  as  orthoform  3  parts  to  sozoiodolate  of 
soda  10  parts. 

In  the  case  of  very  young  children  a  laxative  should  be 
given  with  a  hot  bath,  and  then  they  should  be  put  to 
bed.  Cocaine,  if  used  at  all,  must  be  employed  with 
the  greatest  caution.  In  infants  the  disease  seems  to  be 
conveyed  from  one  patient  to  another  in  the  same  family, 
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and  consequently  temporary  isolation  is  advisable.  Den- 
tition and  carious  teeth  seem  to  be  predisposmg  causes. 
Difficulty  in  nui-sing  is  one  of  the  most  important  feat- 
ures. For  local  treatment  a  weak  menthol  solution  in 
albolene  may  be  used,  the  application  being  made  through 
a  medicine  di-opper. 

(3)  Acute  Purulent  Rhinitis. —Synonyms:  Blennor- 
rhagic,  Gonorrhoeal  Rhinitis. 

The  condition  designated  purulent  rhinitis  commonly 
occurs  in  children  and  nms  a  chronic  course.  There 
are,  however,  in  both  adults  and  children,  cases  of  acute 
inflammation  with  the  free  discharge  of  almost  pure 
pus.  These  are  not  to  be  confounded  with  sinus  affec- 
tions in  which  the  nose  serves  merely  as  the  conduit  for 
the  escape  of  discharges. 

Causes.— The  disease  is  essentially  the  expression  of 
some  form  of  infection.  In  very  young  children  and 
babies  a  leucorrhoeal  discharge  in  the  mother  seems  to  be 
the  infecting  agent;  in  fact,  most  of  the  cases  occurring 
in  early  life  are  due  to  this  cause. 

Patlwlogy.—h.  high  degree  of  inflammation  of  the 
mucosa  exists  with  excoriations,  and  gonococci  may  be 
found  in  the  discharge. 

Symptoms. — If  the  child  is  only  a  few  days  old  it  be- 
gins to  sneeze,  while  pus  flows  from  the  nares  and  ex- 
coriates the  surrounding  skin.  This  character  of  the 
discharge  is  in  strong  contrast  to  the  earlier  appearances 
of  the  discharge  in  a  simple  coryza.  There  is  often  a 
complicating  purulent  conjunctivitis  and  the  inflamma- 
tion may  spread  to  the  middle  ear. 

Treatment. — This  consists  in  the  thorough  cleansing  of 
the  nasal  passages  with  antiseptic  washes.  "With  young 
children  the  patient  must  be  held  in  the  upright  position 
with  the  head  slightly  bent  forward ;  otherwise  some  of 
the  fluid  may  run  down  into  the  larynx  and  set  up  spasm. 
Boric-acid  solutions  are  serviceable  in  the  earlier  stages 
and  may  be  followed  by  slightly  astringent  combinations. 
The  oleostearate  of  zinc  serves  as  an  efficient  vehicle  for 
medicinal  agents.  With  adults,  and  even  with  children 
.in  whom  the  malady  runs  a  longer  course,  it  may  be 
advisable  to  apply  cocaine  and  then  make  a  single  appli- 
cation of  silver  nitrate,  sixty  grains  to  the  ounce.  This 
may  be  followed  by  a  temporary  increase  in  the  dis- 
charge, but  its  ultimate  effects  are  advantageous.  Some 
of  the  newer  silver  salts  find  here  a  suitable  field.  We  may 
mention  protargol  in  ten-per-cent.  solution  and  argonin 
in  the  same  strength.  The  latter  is  said  to  lead  to  the 
early  disappearance  of  the  gonococcus,  subsidence  of 
discharge,  and  prompt  restoration  of  tissue  integrity. 
Of  less  value  are  argentamin  and  largin.  With  any  of 
these,  insufflations  of  some  antiseptic  powder,  such  as 
aristol,  dermatol,  nosophen,  etc.,  may  advantageously 
be  combined. 

(3)  Acute  Membranous  Rhinitis. — By  this  designa- 
tion we  refer  to  that  form  of  acute  rhinitis  in  which  we 
find  a  deposit  of  fibrin  on  the  septum,  on  the  turbinated 
bones,  or  on  both. 

Causes.— h.  consideration  of  the  causes  at  once  sharply 
divides  the  cases  into  (1st)  those  due  to  the  Klebs-LoelBer 
bacillus  (nasal  diphtheria)  and  (2d)  those  due  to  various 
other  micro-organisms,  pus-  and  fibrin-producing  cocci, 
especially  the  staphylococcus,  streptococcus,  bacillus 
coli,  and  pneumococcus.  A  French  observer  reports 
several  cases  due  to  the  bacillus  of  hog  septicaemia. 
Solutions  of  continuity  of  the  intranasal  tissues  natur- 
ally predispose  to  and  invite  infection.  The  latter  is 
not  so  common  in  the  nares  as  might  be  at  first  sup- 
posed, for  it  must  be  remembered  that  there  is  a  con- 
stant serous  outpouring  which  cleanses  the  tissues,  that 
the  passages  are  continually  flushed  with  air,  and  that  the 
cilia  of  the  epithelial  cells  tend  to  ward  off  all  deleterious 
physical  agents. 

Pathology. — In  membranous  rhinitis  the  whole  thick- 
ness of  the  mucosa  becomes  congested  and  swollen. 
There  are  an  emigration  of  leucocytes  and  exudation  of 
plasma  from  the  vessels.  Hence  there  is  formed  fibrin 
which  infiltrates  the  interstices  of  the  connective-tissue 
elements  of  the  mucosa,  and  also  arranges  itself  as  a 
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membrane  on  its  surface.  At  times  there  is  a  super- 
ficial coagulation  necrosis  of  the  superficial  layers  of  the 
epithelium.  Under  these  circumstances  the  membrane  is. 
formed,  not  of  true  fibrin  and  pus,  but  of  necrotic  epithe- 
lium alone.  In  most  cases  the  combined  effect  of  vascu- 
lar congestion  and  pressure  of  the  exudate  is  sufficient  to- 
starve  out  a  portion  of  the  mucosa  involved,  and  thus- 
sloughs  are  formed,  the  separation  of  which  gives  th& 
familiar  ulcer. 

It  is  thus  seen  that  the  process  is  identical  with  mem- 
brane formation  anywhere,  and  that  the  appearance  is- 
the  same  no  matter  what  the  exact  exciting  cause.  Fre- 
quently there  is  partial  organization  of  the  membrane, 
in  the  sense  that  it  becomes  laminated,  pei-meated  with 
leucocytes  and  epithelial  cells,  and  presents  partial  vas- 
cularization. The  areas  most  frequently  affected  are 
the  faces  of  the  inferior  and  middle  turbinates  and  th& 
anterior  portion  of  the  septum. 

Symptoms. — In  many  cases  the  onset  of  symptoms  is- 
not  unlike  that  of  an  ordinary  coryza.  There  is  dryness- 
of  the  nose  followed  by  irritation  and  sneezing,  with 
headache,  fever,  and  general  malaise.  Next  follow  the 
group  of  symptoms  referable  to  obstructed  nasal  breath- 
ing, anosmia,  aprosexia,  sore  mouth  from  direct  impact 
of  air,  paresis  of  the  soft  palate,  leading  to  a  muffled 
voice,  etc.  In  other  cases,  and  especially  in  young  chil- 
dren, there  is  the  typical  aptpearance  of  a  drooping  child 
without  any  special  features  suggesting  nasal  trouble, 
unless  perchance  the  stoppage  of  the  nares  or  the  appear- 
ance of  a  purulent  discharge  at  the  outset  calls  attention 
to  that  area. 

Examination  shows  the  mucosa  covered  with  a  false 
membrane  of  a  whitish-gray  color.  Removal  generally 
causes  bleeding,  but  gentle  manipulation  may  clear  the 
membrane  without  this  sequel.  The  membrane  fre- 
quently exfoliates  and  re-forms,  so  that  the  process  is  ex- 
tended over  days  and  even  weeks.  The  general  health 
does  not  seem  to  be  depleted  so  much  as  might  be  ex- 
pected considering  the  nature  of  the  lesion. 

Diagnosis. — The  question  to  be  decided  in  the  presence 
of  a  given  case  is.  Is  it  diphtheritic  or  not?  While  typi- 
cal cases  of  the  two  conditions  may  present  sharply  de- 
fined boundaries,  there  are  many  in  which  the  diagnosis, 
can  be  made  only  by  the  culture  test.  There  has  been 
much  discussion  as  to  whether  there  are  really  two  dis- 
tinct affections  or  whether  all  are  not  true  diphtheria  with 
a  bacillus  of  diminished  virulency  in  the  milder  cases. 
Wishart  has  divided  the  partisans  on  this  matter  into- 
three  groups:  (1st)  Those  who  consider  diphtheria  and 
membranous  rhinitis  to  be  distinct  affections ;  (3d)  those 
who  consider  that  there  is  but  one  disease,  but  that  the 
degree  of  contagiousness  so  varies  that  we  may  safely 
neglect  to  isolate  such  cases  as  offer  no  clinical  or  bacte- 
riological evidence  of  diphtheria;  and  (3d)  those  who- 
would  isolate  every  case.  (It  may  be  added  that  Wishart 
does  not  believe  in  the  duality  of  the  disease  and  advises, 
isolation  under  all  circumstances.) 

Out  of  ninety-eight  cases  collected  by  this  observer 
from  various  sources  and  reported  as  membranous  rhini- 
tis, sixty-nine  showed  the  Klebs-Loeffler  bacillus.  B. 
Mayer  notes  that  the  earlier  in  the  disease  the  test  is. 
made  the  more  likely  are  the  bacilli  to  be  found.  In  the 
light  of  our  present  knowledge,  then,  the  differential 
diagnosis  in  a  doutbful  case  is  to  be  made  by  the  culture 
test.  Some  cases  are  found  in  which  no  Klebs-Loeffler 
bacilli  are  met,  yet  there  is  incontrovertible  evidence  that 
such  cases  have  spread  contagion  to  others  and  that  the 
membrane  in  the  secondary  cases  lias  shown  the  bacilli. 
A  possible  explanation  would  be  that  the  bacilli  were 
overlooked  in  the  primary  cases;  but  this  experience  has- 
happened  to  some  of  our  most  careful  bacteriologists.  If 
culture  media  are  not  at  hand,  we  must  rely  upon  the 
general  clinical  features  of  the  disease.  Factors  suggest- 
ing the  presence  of  true  diphtheria  would  be  a  history 
of  exposure,  coexisting  deposits  in  the  throat,  swelling 
of  the  cervical  glands,  distinctly  fetid  odor  from  the 
nose,  a  marked  constitutional  involvement,  and  an  offen- 
sive discharge  excoriating  the  surrounding  skin.     Not 
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much  reliance,  however,  can  be  placed  on  the  degree  of 
severity  of  constitutional  symptoms.  The  occurrence  of 
albuminuria  and  the  development  of  paralysis  would 
also  bear  in  the  direction  of  diphtheria.  The  opposites 
of  the  factors  just  enumerated  would  suggest  mere  coc- 
cus rhinitis. 

Nasal  diphtheria  has  always  been  regarded  as  a  most 
malignant  form  of  the  disease,  and  this  view  still  holds 
in  those  cases  in  which  the  deposit  begins  in  the  throat 
and  spreads  to  the  nose.  But  we  see  at  the  present  time 
cases  of  true  diphtheria  with  the  deposit  confined  to  the 
nasal  mucosa  and  in  which  the  constitutional  symptoms 
are  very  mild.  In  this  connection  reference  may  be 
made  to  some  recent  studies  by  K.  O.  Neumann  concern- 
ing the  forms  under  which  nasal  diphtheria  may  occur. 
He  has  several  times  seen  cases  in  which  apparently  sim- 
ple coryza  was  due  to  the  diphtheria  bacillus.  In  many 
instances  the  general  symptoms  produced  were  more 
marked  than  those  of  a  simple  coryza,  but  very  much 
less  marked  than  in  an  ordinary  case  of  diphtheria.  The 
discharge  from  the  nose  was  sometimes  sero-purulent, 
sometimes  markedly  purulent.  Neumann  comes  to  the 
following  conclusions  from  his  study :  Simple  rhinitis, 
associated  with  virulent  diphtheria  bacilli,  is  much  more 
frequent  than  is  commonly  supposed.  The  symptoms  of 
this  disease  are  not  always  the  same.  It  comes  on  very 
often  in  a  very  mild  form  and  may  even  be  unobserved 
by  the  patient.  It  is  quite  in  contrast  with  the  so-called 
rhinitis  fibrinosa,  as  there  is  no  formation  of  membrane. 
Both  forms  exist  upon  a  similar  basis,  so  that  one 
should  not  speak  of  them  as  two  different  diseases ;  they 
should  be  divided  into  nasal  diphtheria  with  membrane 
formation,  and  nasal  diphtheria  without  membrane  for- 
mation. If  the  fact  be  considered  that  not  only  rhinitis 
fibrinosa,  but  also  nasal  diphtheria,  especially  the  last, 
may  serve  as  a  focus  of  contagion  for  the  surrounding 
neighborhood,  it  would  be  wise  to  investigate  bacterio- 
logically  all  doubtful  cases  of  coryza. 

Prognosis. — This  is  always  good,  although  after  either 
form  there  may  be  an  anaemia,  especially  in  those  living 
in  bad  surroundings.  Either  type  of  the  disease  may 
attack  all  classes  in  society. 

Treatment. — As  a  matter  of  precaution  every  case  of 
membranous  rhinitis  should  be  isolated  until  a  culture 
test  can  be  made.  In  other  words,  it  is  better  to  consider 
all  cases  diphtheritic  until  the  contrary  is  definitely 
shown  to  be  true.  If  the  Klebs-Loeflaer  bacilli  are  found, 
full  antitoxin  dosage  should  be  administered  and  the 
usual  hygienic  and  quarantine  measures  instituted.  If 
the  test  is  negative,  we  may  give  calomel  in  half -grain 
doses  every  four  hours  until  five  grains  are  taken.  This 
is  given  with  a  view  of  aborting  the  membranous  forma- 
tion which  in  young  children  is  apt  to  accumulate  rapid- 
ly and  be  very  thick.  For  the  purpose  of  counteracting 
hyperinosis  we  may  give  to  a  child  of  five  years,  eight 
to  ten  minims  of  the  muriated  iron  tincture  in  glycerin, 
eveiy  three  hours.  For  local  applications  nearly  every 
antiseptic  in  use  has  been  at  some  time  suggested.  The 
systematic  use  of  any  one  is  preferable  to  the  desultory 
and  changing  use  of  several.  The  nares  should  be 
cleansed  with  a  warm  alkaline  spray,  and  if  there _  is 
much  tenacious  secretion  it  may  be  loosened  up  with 
equal  parts  of  hydrogen  peroxide  and  lime  water.  If 
the  membrane  shows  the  least  tendency  to  exfoliate,  this 
should  be  assisted  by  gentle  manipulation  and  the  pas- 
sages should  be  carefully  dried  with  antiseptic  cotton. 
Then  it  is  well  to  apply  pure  iron  tincture  by  means  of  a 
swab  and  to  follow  it  by  the  insufflation  of  some  powder, 
as  iodol,  aristol,  nosophen,  etc.  Iodoform  emulsion  has 
also  been  suggested. 

(4)  Acute  Phlegmonous  Rhinitis.— This  is  a  process 
attended  with  the  localized  formation  of  pus,  generally 
in  the  deeper  layers  of  the  mucosa  and  submucosa  cover- 
ing the  septum,  and  it  generally  presents  itself  under  the 
form  of  the  familiar  septal  abscess.  One  or  two  in- 
stances of  abscess  in  the  mucosa  covering  the  turbinated 
bones  are  recorded,  but  in  such  cases  the  abscess  has 
been  caused  by  the  burrowing  of  pus  from  the  maxillary 
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sinus;  so  also  dentists  have  found  a  purulent  collection 
on  the  nasal  floor  from  some  tooth  abnormality,  butthese 
cases  are  so  rare  that  they  need  not  bo  considered  here. 

CaMiie*.— Septal  abscess  is  practically  always  referable 
to  some  trauma,  as  from  a  blow  or  a  fall.  Other  possi- 
ble causes  are  some  intranasal  operation  and  infection 
in  measles,  scarlatina,  diptheria,  erysipelas,  and  typhoid. 

Pathology. — Following  the  trauma  there  is  an  effusion 
of  blood  into  the  tissues  (haematoma),  and  this  effusion 
may  separate  the  two  lamellaj  of  the  cartilage.  The 
initial  injury  may  have  been  so  slight  as  to  escape  notice 
and  yet  lead  eventually  to  abscess.  If  the  effusion  is 
small  it  becomes  absorbed;  if  it  is  large,  absorption  is 
but  partial  and  is  followed  by  the  breaking  down  of  the 
remains  of  the  clot  and  formation  of  pus  in  the  usual 
manner. 

Symptoms. — These  naturally  follow  from  the  history 
of  the  case.  There  is  the  initial  pain  of  the  injury  fol- 
lowed by  swelling  of  the  external  parts  and  nasal  oochi- 
sion,  unilateral  or  bilateral.  The  outer  sweUing  subsides, 
while  nasal  occlusion  persists,  and,  in  case  of  abscess, 
the  formation  of  pus  is  accompanied  by  burning  and  ir- 
ritation with  perhaps  a  slight  general  febrile  movement 
and  malaise.  Examination  reveals  on  one  or  both  sides 
a  tense,  bulging  swelling,  soft  on  palpation,  and  with 
evidences  of  severe  local  inflammation. 

Diagnosis. — The  use  of  the  probe  will  differentiate  the 
swelling  from  the  turbinated  bones  and  from  all  forms 
of  tumors  projecting  down  from  points  of  attachment 
higher  up  ii,  the  nares.  The  swelling  does  not  subside 
under  cocaine.  Spontaneous  rupture  never  occurs. 
Any  unilateral  purulent  discharge  from  the  nose  sug- 
gests sinus  disease  or  a  foreign  body.  The  history  of 
the  case  will  generally  clear  up  all  "doubt  as  to  the 
nature  of  the  lesion. 

Treatment. — Cases  of  recent  trauma  in  which  abscess 
seems  threatened  may  be  treated  with  ice  compresses 
over  the  nose,  while  iodine  tincture  or  five-per-cent.  car- 
bolic solution  may  be  applied  directly  to  the  septal 
mucosa.  As  soon  as  the  presence  of  pus  is  determined, 
the  latter  should  be  evacuated  by  free  incision  on  both 
sides  of  the  septum,  as  the  abscess  contents  are  apt  to 
form  a  pocket.  The  cavity  is  syringed  with  hydrogen 
peroxide  and  a  warm  alkaline  solution.  A  delicate  strip 
of  antiseptic  gauze  is  then  carried  to  the  bottom  of  the 
cavity  to  provide  for  drainage.  This  should  be  changed 
in  twenty-four  hours.  This  dressing  provides  for  heal- 
ing from  the  bottom ;  otherwise  the  cavity  may  refill. 
With  a  view  of  maintaining  the  patency  of  the  incision, 
it  has  been  recommended  that  the  latter  should  be  made 
with  the  galvano-cautery  knife.  If  the  case  is  one  of 
any  duration,  the  pus  will  have  a  very  foul  odor.  Sub- 
sequent cleanliness  is  all  that  is  required. 

It  must  be  borne  in  mind  that  the  initial  escape  of  blood 
may  be  between  the  perichondrium  and  the  cartilage  or 
between  the  two  cartilaginous  plates  which  are  united 
by  a  diploetic  structure.  The  cartilage  may  fracture, 
allowing  a  communication  between  the  two  nares.  In 
case  the  contents  of  the  cavity  are  at  all  grumous  it  is 
well  gently  to  curette  through  the  incision  and  remove 
all  necrotic  particles.  If  the  perichondrium  remains, 
the  cartilage  will  be  reproduced.  Perforation  may  oc- 
cur. It  is  well  to  be  cautious  in  promising  a  perfectly 
normal  contour  of  the  nose  after  healing  is  complete,  for 
some  cases  show  a  shght  depression  just  behind  the  tip. 

Another  condition  quite  rare  but  requiring  mention  in 
this  connection  is  that  known  as  acute  serous  perichon- 
dritis of  the  nasal  septum.  While  perichondrial  inflam- 
mations are,  as  we  have  seen,  common  enough  after 
trauma,  there  is  a  form  of  inflammation  which  develops 
in  this  locality  without  known  cause.  It  must  be  duo 
to  some  form  of  infection,  though  the  time  and  mode  of 
entrance  of  the  infecting  agent  cannot  be  determined. 
The  clinical  histovy  is  somewhat  as  follows: 

The  fii'St  symptom  is  nasal  stoppage,  gradually  increas- 
ing and  attended  with  the  phenomena  of  local  inflam- 
mation. At  times  there  are  mild  general  symptoms. 
Examination  reveals  the  septum  swollen  on  one  or  both 
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sides  and  generally  fluctuating,  Incision  may  evacuate 
nus  while  probing  may  show  a  carious  condition  ot  the 
cart'iiage,  which  may  be  partially  gone.  Sometimes  car- 
tilaginous sequestra  of  considerable  size  come  away 
under  this  manoeuvre.  The  especial  danger  ol  the  con- 
dition is  that  it  may  lead  to  a  marked  depression  of  the 
contour  of  the  nose  just  at  the  junction  of  the  bones  and 
cartilages.  ^.     ,,     ^,    .    ^ 

Thus  far,  the  condition  has  been  practically  that  ot  a 
septal  abscess  with  a  maximum  destruction  of  tissue, 
but  there  are  cases  in  which  incision  evacuates  only 
clear  serum,  which  is  odorless,  and  hence  a  separate 
classification  is  given  by  some  authors  to  the  lesion, 
which  is  often  called  serous  cyst  of  the  septum.  Treat- 
ment is  the  same  as  for  abscess. 

(5)  AcHTB  Rhinitis  due  to  Occupation  or  Thatjma. 
— Certain  occupations  lead  to  acute  rhinitis^  this  is  espe- 
cially true  of  those  which  are  attended  with  the  giving 
off  of  dMsi—e.g.,  milling,  weaving,  stone-cutting,  cement 
grinding,  etc.,  or  of  those  which  are  associated  with  the 
giving  oft  of  noxious  fumes— occupations,  for  example, 
which  require  the  handling  of  ammonia,  chlorine,  ar- 
senic, mercury,  bichromate  of  potash,  etc.  "Workers  in 
phosphorus  often  Jiave  a  coryza  from  the  constitutional 
■effects  of  the  remedy,  as  do  patients  who  take  the  iodides. 
Laboratory  workers  may  be  thus  affected  by  the  fumes 
■of  osmic  acid.  Burns,  scalds,  smoke,  steam,  _  foreign 
bodies,  and  operations  on  the  nose  must  also  be  included 
in  the  list  of  causes.  The  arsenic  eaters  of  Styria  fre- 
quently show  septal  perforations  which  have  originated 
in  a  similar  way. 

Pathology.— There  are  no  special  features  in  the  earlier 
stages  of  an  attack.  In  fact  the  affection  often  runs  a 
subacute  rather  than  an  acute  course.  The  changes  are 
generally  accentuated  on  the  anterior  part  of  the  sep- 
tum, which  soon  becomes  irritated  and,  in  dusty  sur- 
roundings, covered  with  a  scab  of  dirt  and  secretion. 
The  patient  rubs  this  off  and  takes  some  of  the  epithe- 
lium along  with  it.  The  deposit  reforms,  is  again  re- 
moved, and  a  vicious  circle  is  thereby  inaugurated.  As 
a  result  there  are  hemorrhage,  ulceration,  and  often 
perforation.  After  perforation  has  taken  place  the  edges 
generally  heal,  and  curiously  enough  these  patients  after- 
ward seem  quite  immune  to  the  ordinary  causes  of  acute 
catarrh. 

Symptoms. — These  are  the  same  as  in  acute  coryza 
from  any  cause.  Deformity  never  arises  from  the  per- 
foration. 

Treatment.— Obviously  the  first  thing  to  do  is  to 
remove  the  patient  from  the  source  of  irritation.  Work- 
ers in  bad  atmospheres  should  wear  respirators.  Thor- 
ough local  and  general  cleanliness  should  be  maintained, 
with  application  of  stimulating  remedies,  such  as  cam- 
phor-menthol, to  ulcerated  surfaces.  Healing  may  be 
assisted  by  astringents,  such  as  alumnol  and  weak  zinc 
chloride.  Tincture  of  benzoin  and  boroglyceride  may 
be  used  as  local  sedatives.  James  E.  Neiocomi. 

NASAL  CAVITIES,  DISEASES  OF:  CHRONIC  RHI- 
NITIS.— (Synonyms:  Rhinitis  chronica,  Chronic  catarrh. 
Chronic  coryza,  and  Hydrorrhoea.)  This  affection  con- 
sists of  a  chronic  inflammation  of  the  nasal  mucous  mem- 
brane, characterized  by  excessive  secretion  (rhinorrhoea) 
with  discharge  from  tlie  anterior  or  posterior  nares,  or 
hy  dryness  of  the  nose  with  the  formation  of  crusts. 
It  occurs  in  all  climates  and  among  all  classes  of  peo- 
ple, but  is  more  frequent  where  the  atmosphere  is  often 
damp  and  chilly,  as  beside  large  bodies  of  water;  how- 
ever, it  is  also  found  in  the  arid  regions  ot  the  West, 
particularly  at  high  altitudes  where  there  is  much  dust, 
and  it  also  occurs  inland,  in  localities  far  removed  from 
bodies  of  water  and  free  from  any  unusual  amount  of 
dust.  The  symptoms  are  most  common  in  the  winter, 
spring,  and  fall  months,  and  are  usually  aggravated  bj' 
damp  chilly  weather.  Persons  who  are  much  out  of  doors 
are  less  likely  to  be  affected  by  it  than  those  whose 
occupations  confine  them  to  the  house.  Although  all 
are  subject  to  the  disease,  it  is  more  common  in  chil- 


dren and  young  adults,  but  it  is  not  infrequent  even 
among  infants  and  those  past  middle  life.  According 
to  the  various  manifestations  of  the  disease  it  may  be 
convenient  to  divide  it  for  the  sake  of  description  into 
four  varieties:  (1)  Simple  chronic  rhinitis,  (2)  intumescent 
rhinitis,  (8)  hypertrophic  rhinitis,  and  (4)  atrophic  rhinitis. 
The  first  is  characterized  by  inflammation  with  considera- 
ble secretion,  but  with  little  or  no  swelling  and  obstruc- 
tion of  the  nares.  The  second  is  marked  by  intermittent 
swelling,  occurring  usually  when  a  person  is  lying  down 
and  especially  in  the  latter  part  of  the  night,  by  much 
aggravation  of  the  symptoms  on  slight  exposure  to  cold, 
by  frequent  clearing  of  the  throat,  often  by  hoarseness, 
and  sometimes  by  excessive  discharge.  The  third  va- 
riety is  characterized  by  more  or  less  constant  obstruc- 
tion of  the  nares  with  hypertrophy  of  the  soft  tissues 
over  the  turbinated  bones,  and  sometimes  of  the  bones 
themselves,  and  also  by  hypertrophy  of  the  soft  tissues 
over  the  septum.  The  fourth  variety  is  characterized 
by  wasting  of  all  of  the  tissues  within  the  nares  and  a 
corresponding  enlargement  of  the  cavity,  with  the  col- 
lection of  mucous  crusts,  which  decompose  and  cause  a 
foul  odor  from  the  nose.  In  the  majority  of  cases  all  of 
these  varieties  originate  in  much  the  same  way,  though 
there  are  individual  instances  in  which  neither  variety 
can  be  traced  to  any  previous  affection. 

Simple  Chronic  Rhinitis. 

Simple  chronic  rhinitis  is  characterized  by  catarrhal 
congestion  and  inflammation  of  the  mucous  membrane 
with  but  little  swelling.  It  is  usually  attended  by  a 
good  deal  of  irritability  of  the  Schneiderian  membrane 
and  excessive  discharge  of  a  thin  watery  fluid  which, 
under  the  influence  of  the  frequent  exacerbations  caused 
by  cold,  becomes  muco-purulent  in  character. 

Etiology. — Chronic  rhinitis  in  many  cases  appears  to 
result  from  debility,  due  to  digestive  disorders  or  im- 
proper food,  or  to  confinement  within  doors  and  lack  of 
exercise.  In  some  cases  it  is  clearly  of  nervous  origin 
and  is  occasionally  one  of  the  manifestations  of  neuras- 
tlienia,  but  most  commonly  it  appears  to  be  caused  by 
frequent  colds,  improper  clothing,  and  exposure  to  dust- 
laden  or  damp  and  chilly  atmosphere.  In  numerous 
cases  an  inherited  predisposition  may  be  detected. 

Anatomical  and  Pathological  Characteristics. 
— ^The  mucous  membrane  is  usually  evenly  congested 
and  moderately  swollen,  but  at  times  the  swelling  is 
limited  to  the  turbinated  bodies  or  upper  part  of  the 
septum.  Erosions  particularly  of  the  cartilaginous  sep- 
tum may  be  present,  but  ulceration  is  not  a  feature  of 
the  disease  unless  It  has  been  caused  by  frequent 
removal  of  crusts  by  the  finger  nail.  The  epithelium 
and  the  subepithelial  tissues  are  found  infiltrated  with 
round  cells,  especially  about  the  glands  and  vessels. 
The  layers  of  the  epithelial  cells  become  increased  and 
the  upper  cells  are  flattened,  with  here  and  there  patches 
of  normal  ciUated  epithelium  remaining.  The  condi- 
tions, it  will  be  seen,  are  not  very  different  from  those  of 
inflammation  of  the  mucous  membranes  in  other  parts 
of  the  body,  the  pathology  of  which  is  described  else- 
where, and  therefore  need  not  be  considered  in  this 
article. 

SyJiPTOMATOLOGT. — The  patient  usually  gives  a  his- 
tory of  often  recurring  colds  in  the  head,  which  have 
become  more  frequent  and  persistent  until  the  symptoms 
are  present  the  greater  part  of  the  time.  Itching,  burn- 
ing, and  tickling  sensations  are  experienced  in  the  nose, 
and  sneezing  may  occur  upon  the  slightest  provocation, 
as  upon  exposure  to  a  slight  draught  or  slightly  irritat- 
ing vapor.  Weakness  of  the  eyes  with  pain  and  head- 
aches is  frequent,  and  often  there  are  partial  ansemia  and 
defective  hearing.  Occasionally  the  sense  of  taste  is  also 
obtunded.  Laclirymation  is  easily  excited,  and  commonly 
there  is  an  excessive  watery  discharge  from  the  nose 
which,  with  the  progress  of  each  recurring  inflammatory 
attack,  becomes  muco-purulent  and  acquires  a  more  or 
less  offensive  odor.    The  nose  is  commonly  obstructed 
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for  a  few  days  during  the  recurring  colds,  but  at  other 
times  nasal  respiration  is  free  excepting  when  it  is  im- 
peded by  the  profuse  secretion.  The  general  health  is 
usually  good,  but  slight  derangement  of  the  digestive 
organs  is  common.  In  some  cases  cobweb-like  shreds  of 
mucus  are  seen  stretching  from  one  side  to  the  other  of 
the  nasal  cavity  with  but  little  secretion.  In  others  the 
surfaces  may  be  dry,  and  in  still  others  watery  or  muco- 
purulent secretions  may  be  found  in  abundance,  espe- 
cially in  the  lower  part  of  the  nasal  cavity.  In  most  cases 
the  naso-pharyngeal  mucous  membrane  is  also  congested 
and  more  or  less  covered  with  secretion  similar  to  that  in 
the  nose,  but  generally  less  watery  in  character.  This 
■causes  frequent  hawking  and  attempts  to  clear  the 
throat.  The  nares  are  usually  somewhat  obstructed  by 
swelling  of  the  mucovis  membrane,  especially  during  the 
acute  exacerbations,  but  in  some  cases  it  is  difficult  to 
draw  a  distinct  line  of  demarcation  between  this  condi- 
tion and  true  hypertrophy  of  the  mucous  membrane. 

Diagnosis. — The  diagnosis  is  usually  easily  made  by 
inspection,  and  there  are  no  diseases  excepting  hyperses- 
thetic  rhinitis  or  autumnal  catarrh  and  diseases  of  the 
accessory  sinuses  that  are  apt  to  be  mistaken  for  simple 
chronic  rhinitis,  provided  intumescent  rhinitis  be  ex- 
cluded by  a  careful  study  of  the  history.  In  simple  chronic 
rhinitis  the  prolonged  duration  with  gradually  increasing 
susceptibility  to  cold,  the  nearly  normal  size  of  the  nares, 
the  absence  of  exquisite  tenderness,  and  the  occurrence 
of  exacerbations  independently  of  the  conditions  produc- 
ing hay  fever  will  generally  enable  us  to  exclude  the 
latter  and  intumescent  rhinitis.  The  occurrence  of  pro- 
fuse secretions  upon  both  sides  instead  of  one,  with  the 
history,  will  nearly  always  enable  us  at  once  to  distin- 
guish this  from  disease  of  the  accessory  sinuses.  Some- 
times, particularly  in  children  when  there  is  excessive 
purulent  discharge,  cleansing  of  the  nares  will  be  neces- 
sary before  a  diagnosis  can  be  made. 

Prognosis. — The  affection  is  tedious  and  apt  to  extend 
over  several  years,  and  may  terminate  in  one  of  the  other 
forms  of  rhinitis,  particularly  the  hypertrophic  or  atro- 
phic. In  some  instances,  especially  in  children,  owing 
to  secondary  infection  with  pyogenic  germs,  a  simple 
watery  discharge  that  might  otherwise  have  continued 
unchanged  for  months  or  years  becomes  purulent  and 
oflensive  in  character. 

Treatment. — ^The  treatment  of  this  form  of  rhinitis 
must  be  tentative  and  symptomatic,  and  is  therefore  not 
very  satisfactory.  Attempts  to  cure  it  by  local  measures 
alone  will  nearly  always  be  disappointing.  It  must  be 
remembered  that  in  many  instances  it  is  kept  up  by  a  loss 
of  tone  of  the  general  system  or  by  various  disturbances 
of  the  digestive  organs,  and  until  these  are  relieved  by 
proper  hygienic  and  tonic  measures  little  can  be  accom- 
plished in  the  treatment  of  the  nose.  Whenever  practi- 
cable, the  patient  should  be  removed  from  the  sources  of 
irritation  and  his  mode  of  life  should  be  so  ordered  as  to 
prevent  unnecessary  exposures ;  and  by  improvement  in 
the  general  health,  to  steel  him  against  those  which  are 
unavoidable.  Two  principal  objects  are  to  be  kept  con- 
stantly in  view  in  the  treatment  of  these  cases:  First,  to 
relieve  irritability  of  the  nasal  mucous  membrane  by  sed- 
atives and  protective  applications ;  and  second,  to  check 
the  secretions  or  to  prevent  their  collection  in  the  nares. 
When  the  secretions  are  watery  and  profuse,  nothing  is 
needed  for  cleansing  the  nasal  cavity ;  but  when  they  be- 
come muco-purulent  detergent  washes  or  sprays  may  be 
necessary  to  clear  the  nose  before  local  remedies  can  have 
any  effect.  Wherever  practicable,  watery  applications 
should  be  avoided,  as  these  tend  to  increase  the  swelhng 
of  the  parts  and  appear  to  have  little  influence  in  check- 
ing secretion;  furthermore,  the  watery  applications  not  in- 
frequently find  their  way  through  the  Eustachian  tubes 
to  the  middle  ear  and  cause  deafness.  Commonly,  ex- 
cepting in  cases  in  which  the  secretions  dry  and  form 
crusts,  oily  applications  are  sufficient,  aided  by  the  pa- 
tient's efforts  at  blov/ing  the  nose  to  cleanse  the  cavity. 
It  is  only  in  the  most  exceptional  cases  that  these  cause 
inconvenience  by  passing  into  the  Eustachian  tubes,  and 


the  protection  which  they  afford  the  mucous  membrane 
from  u'ritating  substances  or  from  the  cold  or  damp  at- 
niosphere  is  a  distinct  advantage.  Non-irritating  dis- 
infectant and  slightly  astringent  powders  are  usually 
beneficial.  For  detergent  purposes  a  weak  solution  of 
potassum  permanganate,  an  alkaline  solution  containing 
about  four  grains  of  the  bicarbonate  and  the  chloride  of 
sodium  to  the  ounce ;  Dobell's  solution,  or  a  solution  pre- 
pared from  Rhodes'  or  Seller's  tablets  may  be  employed 
in  warm  water,  care  being  taken  that  it  be  not  forced  into 
the  Eustachian  tubes.  These  solutions  cannot  safely  be 
used  with  the  nasal  douche,  but  ordinarily  they  may  be 
snuffed  from  the  hand  or  from  a  glass  without  danger. 
Frcer's  irrigating  tube,  which  consists  of  a  straightened 
Eustachian  catheter  perforated  with  three  or  four  flue 
openings  just  back  of  the  closed  end,  throws  very  fine 
streams  which  may  be  employed  to  wash  out  the  nose 
and  naso-pharynx  without  danger  to  the  ear.  The  re- 
moval of  the  drying  cru.sts  is  aided  by  treating  them  with 
oily  substances  applied  either  by  the  atomizer  or  by  a  medi- 
cine dropper.  Tlje  sensitiveness  of  the  mucous  membrane 
varies  greatly  in  different  patients,  and  tlierefore  it  is  nec- 
essary to  begin  the  treatment  with  the  mildest  remedies, 
and  it  should  be  the  invariable  rule  that  the  applications 
be  not  strong  enough  to  cause  discomfort  for  more  than 
five  minutes;  this  applies  to  those  made  by  the  patient 
three  or  four  times  a  day ;  those  which  are  made  by  the 
physician  once  or  twice  a  week  ought  not  to  cause  dis- 
comfort for  more  than  half  an  hour.  Commonly  it  is 
better  that  little  or  no  irritation  be  caused  by  any  appli- 
cation that  is  made.  Oily  sprays  tend  to  coat  the  surface 
and  protect  it  from  irritating  particles,  and  therefore  are 
most  advantageous  in  hypersensitive  conditions  of  the 
mucous  membrane.  Those  most  commonly  employed 
consist  of  various  volatile  oils  in  melted  vaselin,  or,  bet- 
ter, in  oleum  petrolatum  album.  These  should  be  ap- 
plied by  the  patient  four  or  five  times  daily  by  means  of 
an  atomizer  which  throws  a  large  spray,  or  they  may  be 
applied  by  a  medicine  dropper  or  even  a  small  oil  can. 
Various  substances  may  be  combined  with  these  bases  for 
the  purpose  of  diminishing  the  secretion.  One  of  the 
most  efficient  of  these  is  terebene  in  the  proportion  of 
ten  or  twenty  minims  to  the  ounce.  Thymol  half  a  grain 
to  the  ounce,  menthol  from  two  to  five  grains  to  the 
ounce,  oleum  pini  sylvestris  one-half  drachm  to  the 
ounce  with  oleum  caryophylli  from  three  to  five  minims, 
or  oleum  cinuamomi  from  one  to  two  minims  to  the 
ounce,  have  proved  most  satisfactory  in  my  hands;  but 
other  similar  applications  may  be  employed  with  advan- 
tage if  care  be  taken  that  they  be  not  too  stimulating  or 
irritant.  A  watery  solution  of  adrenalin  chloride,  1  part 
to  5,000,  containing  about  eight  grains  of  boric  acid  to 
the  ounce,  will  be  found  beneficial  in  some  cases,  and 
weak  solutions  of  silver  nitrate,  copper  sulphate,  and 
zinc  sulphate  or  chloride,  from  one  to  two  grains  to  the 
ounce  of  distilled  water,  are  sometimes  efficient.  Sed- 
ative powders  are  frequently  more  advantageous  than 
sprays,  and  are  commonly  employed  in  addition  to  the 
oily  applications  already  recommended.  Boric  acid,  bis- 
muth, iodol,  benzoin,  and  various  other  substances  may 
be  employed  for  this  purpose,  mingled  with  starch  and 
sugar  of  milk.  A  sedative  powder  containing  ten  per 
cent,  of  boric  acid,  twenty-five  per  cent,  of  iodol,  two 
per  cent,  of  starch,  and  enough  sugar  of  milk  to  make 
one  hundred  parts,  with  occasionally  one  per  cent,  of  co- 
caine, will  sometimes  give  much  relief.  When  there  is 
an  offensive  odor,  aristol  may  well  be  used  in  place  of 
iodol ;  and  various  combinations  may  be  made  with  other 
remedies,  such  as  bismuth,  oxide  of  zinc,  and  pulverized 
gum  benzoin.  It  is  well  to  use  these  powders  after  the 
oily  spray  has  been  applied. 

In  cases  in  which  there  is  marked  hyperaesthesia  of  the 
nasal  mucous  membrane,  the  greatest  good  will  be  ob- 
tained by  superficial  cauterization  of  the  sensitive  spot. 
The  spot  should  be  searched  for  with  a  flat  probe  lightly 
rubbed  over  the  surface;  when  found,  and  after  it  has 
been  ansesthetized  with  cocaine,  it  should  be  cauterized 
with  a  fiat  guarded  electrode  with  sufficient  thorough- 
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ness  to  whiten  the  mucous  membrane  over  an  area  about 
a  centimetre  in  diameter,  but  the  cauterization  should  not 
be  carried  far  enough  to  destroy  this  tissue.  The  effect 
of  this  treatment  is  to  destroy  the  terminal  fibres  of  the 
hypersensitive  nerve  and  thus  the  cause  of  the  disagree- 
able symptoms  is  removed.  The  sedative  sprays  and 
powders  should  be  used  in  the  intervals  between  the  cau- 
terizations, and  the  latter  should  not  be  repeated  oftener 
than  once  in  five  or  ten  days. 

Intumescent  Rhinitis. 

This  affection  is  often  spoken  of  merely  as  chronic  ca- 
tarrh, and  is  sometimes  classed  as  h}'pertrophic  rhinitis ; 
but  on  account  of  the  pathological  condition  it  might 
well  be  called  coryza  vasomotoria  chronica.  It  is  char- 
acterized by  swelling  of  the  Schneiderian  mucous  mem- 
brane, especially  of  the  inferior  turbinated  bodies,  but 
also  of  the  middle  turbinals  and  sometimes  of  the  tuber- 
culum  septi.  This  swelling  causes  obstruction  to  respir- 
ation through  the  occluded  naris.  It  often  involves  only 
one  side  at  a  time,  though  it  changes  frequently  from  side 
to  side,  and  both  nares  may  be  obstructed  at  once.  One 
of  the  characteristic  features  of  the  disease  is  the  swelling 
which  occurs  upon  one  side  while  the  patient  is  lying 
upon  that  side,  and  which  may  be  transferred  to  the 
other  side  within  a  few  moments  when  the  position  is 
changed.  These  sudden  changes  in  the  seat  of  swelling 
are  also  noticeable  even  when  the  patient  is  erect,  and 
sudden  disappearance  of  swelling  upon  exercise  is  a 
common  symptom. 

AtTATOMICAL    AND    PATHOLOGICAL    ClIAKACTEUISTICS. 

— The  pathology  of  inflammation  of  mucous  membranes 
is  described  elsewhere ;  but  we  should  note  that  in  this 
condition,  although  congestion  is  usual,  the  membrane  is 
not  infrequently  paler  than  normal.  The  swelling  occurs 
most  frequently  over  the  inferior  turbinated  body,  but 
may  involve  other  parts,  as  already  mentioned ;  it  results 
from  a  paretic  state  of  the  muscular  elements  of  these 
structures  and  of  the  muscular  walls  of  their  cavernous 
vessels.  The  inflammatory  changes  are  the  same  as 
those  in  the  variety  known  as  chronic  rhinitis  and  hyper- 
trophic rhinitis,  though  less  extensive  than  in  the  lattei-. 
The  naso-pharynx  and  pharynx  are  nearly  always  in- 
volved, and  not  infrequently  the  inflammation  extends  to 
the  larynx  and  trachea.  In  consequence  of  extension  of 
the  inflammation  along  the  Eustachian  tubes,  partial 
deafness  is  present  in  many  cases,  and  this  is  usually  ag- 
gravated by  exposure. 

Etiology. — The  causes  are  the  same  as  those  of  simple 
chronic  rhinitis. 

Symptomatology. — Patients  suffering  with  this  dis- 
ease usually  give  a  history  of  unusual  susceptibility  to 
colds  which  are  present  during  the  large  part  of  the 
changeable  weather  in  the  spring  and  fall,  though  in 
some  cases  they  are  also  present  in  the  winter  and  even 
in  the  warmer  summer  months.  The  disease  gradually 
increases  until  eventually  the  patient  is  annoyed  much 
of  the  time,  especially  at  night,  by  obstruction  of  the 
nasal  cavities.  This  occlusion  causes  mouth  breathing, 
and  sooner  or  later  in  most  instances  sets  up  inflamma- 
tion of  the  naso-pharynx,  the  pharynx,  and  even  the 
larynx  and  trachea.  Indeed,  the  great  majority  of  cases 
of  chronic  mild  laryngitis  are  due  to  intumescent  rhinitis, 
the  effect  of  the  intermittent  swellings  appearing  to  be 
even  more  disastrous  to  the  lai-ynx  than  is  the  more  per- 
sistent obstruction  due  to  hypertrophic  rhinitis  or  nasal 
mucous  polypi.  As  a  result  of  disturbed  sleep,  tlie  pa- 
tient is  apt  to  awaken  unrefreshed  and  with  a  headache. 
In  most  of  these  cases  the  nasal  mucous  membrane  is 
hypersensitive,  and  the  paroxysms  of  sneezine  may  be 
excited  by  breathing  cold  air  or  the  inhalation  of  dust 
and  in  some  cases  even  by  stepping  into  a  bright  light 
budden  changes  of  temperature,  whether  from  heat  to 
cold  or  the  reverse,  are  very  apt  to  bring  on  attacks  of 
sneezing  with  occlusion  of  the  nares.  Sometimes  the  ob- 
struction is  brought  on  quickly  by  exposure  to  cold;  but 
usually  the  reverse  is  true,  and  it  is  only  in  the  temperate 
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atmosphere  within  doors  that  the  patient  experiences  the 
greatest  annoyance.     A  patient  who  may  get  along  com- 
fortably with  the  temperature  at  73°  F.  will  frequently 
find  the  nasal  passages  obstructed  when  the  mercury  rises 
three  or  four  degrees  higher.     Occasionally  such  patients 
are  annoyed  by  attacks  of  redness  and  inflammation  of 
the  end  of  the  nose;   and  not  Infrequently   they  are 
troubled  with  itching  or  tickling  of  the  nose,  or  b}'  simi- 
lar sensations  in  the  mouth  associated  with  dryness.     A 
stuffy  sensation  in  the  nares  or  one  of  pressure  with  act- 
ual pain  is  not  infrequent,  and  these  patients  are  often 
the  victims  of  a  temporal  or  occipital  neuralgia  or  hemi- 
crania  due  to  the  pressure.     It  should  be  understood, 
however,  that  these  are  not  common  symptoms.     Mental 
hebetude,  loss  of  memory,  and  inability  to  concentrate 
the  thoughts    are    due  to  this  disease    in  rare  cases. 
Among  other  nervous  phenomena  that  sometimes  result 
from  intumescent  rhinitis  may  be  mentioned  paroxysmal 
cough,  spasm  of  the  larynx,  and  even  spasmodic  asthma, 
which  may  occasionally  be  removed  by  curing  the  ca- 
tarrhal condition.    Excessive  lachrymation  and  photopho- 
bia are  also  sometimes  caused  by  this  form  of  catarrh.     In 
a  considerable  number  of  these  patients  the  secretions 
from  the  nares  are  increased,  but  in  the  majority  the  pa- 
tient does  not  have  to  use  a  handkerchief  excessively, 
and  the  greatest  complaint  is  of  the  desire  to  hawk  and 
clear  the  throat,  especially  in  the  early  morning  or  after- 
eating.     The  secretions  are  essentially  the  same  as  those 
of  simple  chronic  rhinitis,  though  usually  they  are  not  so 
abundant.     However,  the  amount  of  discharge  may  vary 
much  from  time  to  time,  and  exacerbations  are  frequent 
from  slight  colds  in  the  head.     Many  patients  who  pre- 
sent the  usual  symptoms  of  intumescent  rhinitis  deny 
the  existence  of  obstruction  of  the  nares,  even  though 
upon  examination  the  cavities  may  be  found  more  than 
half  closed.     The  reason  for  this  is  that  they  have  be- 
come so  accustomed  to  breathing  through  the  narrow  ori- 
fice and  to  existing  upon  a  minimum  amount  of  air  that 
they  have  no  realization  of  the  comfort  of  normal  respir- 
ation.    In  intumescent  rhinitis  the  tongue  is  so  commonly 
coated  and  the  digestive  organs  are  so  frequently  dis- 
turbed that  the  suspicion  arises  that,  in  some  cases  at  least, 
gastric  disturbance  is  the  primary  disease.     Upon  inspec- 
tion of  the  nares  the  mucous  membrane  may  or  may  not 
be  seen  to  be  congested,  or  it  may  be  even  paler  than  nor- 
mal.    Usually  it  is  swollen  upon  one  side  or  the  other, 
although  frequently  at  the  first  examination  one  must 
rely  largely  upon  the  history  in  making  the  diagnosis, 
for  both  nares  may  be  perfectly  free.     If  the  membrane 
upon  the  turbinals  or  the  tuberculum  septi  be  swollen  it 
may  be  made  to  contract  speedily  by  the  application  of 
a  small  quantity  of  cocaine,  or  It  may  be  readily  com- 
pressed by  a  probe.     Sometimes,  indeed,  the  mere  dread 
of  an  examination  will  cause  rapid  retraction  of  a  swol- 
len membrane.     The  normal  width  of  the  nares  in  an 
adult  is  about  one-eighth  of  an  inch,  and  the  color  of  the 
mucous  membrane  is  a  few  shades  deeper  than  that  of 
the  gum.     Probably  in  four-fifths  of  all  cases  of  intu- 
mescent rhinitis  the  congestion  is  considerably  greater 
than  this,  and  the  constriction  of  one  or  other  or  both  of 
the  cavities  may  be  from  thirty  to  seventy -five  per  cent. 
The  swollen  membrane  over  the  tuberculum  septi  is  gen- 
erally a  few  shades  darker  inxolor  than  the  normal  tis- 
sues; but  the  swollen  membrane  at  the  back  part  of  the- 
septum,  when  brightly  illuminated  either  from  the  front, 
or  by  posterior  rhinoscopy,  is  apt  to  appear  of  a  grayish 
color.     The  posterior  ends  of  the  turbinated  bodies  may 
also,  when  swollen,  appear  grayish  in  color,  and  may 
somewhat  resemble  mucous  polypi;  but  these  changes, 
are  more  apt  to  be  found  in  hypertrophic  rhinitis.     The 
mucous  membrane  of  the  naso-pharynx  is  often  congested 
and  bathed  in  secretion,  and  commonly  more  or  less  fol- 
licular inflammation  of  the  pharynx  is  present. 

Diagnosis.— Intumescent  rhinitis  is  to  be  distinguished 
from  simple  chronic  rhinitis,  hypertrophic  rhinitis  hav 
fever,  and  nasal  mucous  polypi.  It  is  distinguished 
from  simple  chronic  rhinitis  by  the  absence  of  swelling 
m  the  latter.    If  at  the  first  examination  the  history  in- 
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dicates  that  the  patient  is  troubled  by  frequent  obstruc- 
tion of  the  nares,  although  the  cavities  may  appear  free 
he  must  be  sent  away  and  directed  to  keep  watch  of  the 
symptoms  and  report  specifically  at  another  visit.  At  a 
second  visit  it  is  probable  that  swelling  of  one  side  will 
be  present.  Intumescent  rhinitis  is  distinguished  from 
hypertrophic  rhinitis  by  the  history,  which  indicates  in- 
termittent swelling,  and  usually  by  the  presence  of  swell- 
ing in  the  intumescent  form  only  upon  one  side  at  the 
examination,  by  the  yielding  of  the  tissues  before  slight 
pressure  of  the  probe  and  their  retraction  under  the  influ- 
ence of  cocaine.  In  hypertrophic  rhinitis,  although  the 
tissues  retract  under  cocaine,  they  do  not  to  so  great  an 
extent  as  in  the  intumescent  variety.  Hay  fever  is  dis- 
tinguished from  intumescent  rhinitis  by  the  history  of 
repeated  attacks  at  a  certain  time  year  after  year,  by  the 
excessive  sneezing,  and  by  the  irritation  of  the  eyes  and 
throat  which  usually  attend  hay  fever.  Nasal  mucous 
polypi  can  hardly  be  confounded  with  intumescent  rhi- 
nitis excepting  by  the  tyro.  Their  color  a  light  grayish, 
their  position  as  a  rule  in  the  upper  part  of  the  nasal  fos- 
sa, their  mobility  as  Indicated  by  the  probe,  and  the  fact 
that  a  probe  may  be  passed  on  both  sides  of  them  should 
be  sufficient  to  establish  the  diagnosis  in  any  case. 

Prognosis.— Left  to  itself,  intumescent  rhinitis  occa- 
sionally subsides  spontaneously,  but  it  commonly  ex- 
tends, over  a  long  period  of  time ;  and  eventually  true 
tissue  hyperplasias  occur  and  hypertrophic  rhinitis  is  the 
result.  In  rare  cases,  however,  this  formap{)ears  to  pass 
directly  into  atrophic  rhinitis.  The  frequent  obstruction 
of  the  nares,  occurring  chiefly  at  night  in  this  affection, 
leads  to  chronic  pharyngitis  and  laryngitis,  and  often  the 
Eustachian  tubes  and  middle  ear  become  involved  and 
throat  deafness  follows.  In  singers  the  voice  is  likely  to 
be  ruined  by  persistence  of  this  affection.  The  general 
health  suffers  from  imperfect  oxygenation ;  and,  although 
to  the  casual  observer  the  patients  may  appear  robust, 
they  have  little  endurance.  By  proper  treatment  the 
obstruction  may  be  entirely  removed,  and  as  a  rule  the 
hypersensitiveness  of  the  mucous  membrane  will  disap- 
pear with  it.  Most  of  the  other  symptoms  speedily  sub- 
side soon  after  the  nasal  cavities  are  made  free,  and  a  final 
cure  may  be  predicted  in  nearly  all  cases.  The  effects 
upon  the  general  health  of  the  cure  of  the  local  trouble 
are  most  gratifying.  Sleep  is  no  longer  disturbed,  the 
nasal  respiration  is  restored,  and  the  patient  becomes 
more  vigorous  mentally  and  physically.  There  is  some 
liability  to  recurrence;  nevertheless  it  is  best  to  relieve 
only  the  obstruction  that  is  apparent,  rather  than  to 
make  the  nasal  cavities  abnormally  large.  The  treat- 
ment may  be  resumed  at  some  future  time  if  found  nec- 
essary, but  usually  the  symptoms  do  not  recur  for  sev- 
eral years  at  the  worst,  and  in  the  majority  of  cases  the 
patient  is  completely  cured. 

Treatment. — All  sources  of  irritation  should  be 
shunned,  and  special  care  should  be  taken  to  avoid  cold. 
Exposure  to  draughts,  cold,  or  even  undue  heat,  especial- 
ly in  badly  ventilated  rooms,  or  the  inhalation  of  irritating 
dust  or  vapors  is  especially  liable  to  cause  this  variety  of 
inflammation.  Much  may  be  done  to  guard  against  rhi- 
nitis by  care  as  to  clothing.  The  daily  cold  bath  with 
vigorous  friction  and  regular  exercise  do  much  to  pre- 
vent the  nervous  exhaustion  and  the  loss  of  tone  of  the 
vascular  system,  which  are  often  responsible  for  this 
affection.  The  condition  of  the  digestive  organs  should 
always  be  carefully  attended  to.  Local  treatment  of  a 
sedative  character  is  important  during  the  early  stages, 
and  will  often  be  sufficient  to  prevent  further  develop- 
ment of  the  disease.  The  various  oily  preparations  men- 
tioned in  the  treatment  of  chronic  rhinitis  will  be  found 
beneficial  at  this  stage  of  the  disease,  and  sedatives  and 
mildly  astringent  powders  may  do  much  to  lessen  the 
discharge  and  will  sometimes  give  considerable  relief  to 
the  obstructed  respiration.  Adrenalin  chloride  in  solu- 
tion or  in  powder,  of  a  strength  of  about  1  to  4,000  or 
5,000,  may  in  some  cases  be  used  four  or  five  times  a  day 
with  grea't  advantage.  Cocaine  gives  the  greatest  relief, 
but  imfortunately  its  continued  use  causes  a  paretic  state 
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of  the  muscular  coats  of  the  veins  of  the  cavernous  tis- 
sue of  the  turbinals;  and  after  a  few  weeks  or  months 
tne  patient  s  condition  is  much  worse  than  it  was  in  the 
begmmng.  There  is  reason  to  believe  also  that  the  co- 
came  favors  hypertropliy.  Aside  from  this,  its  perni- 
cious eilects  upon  the  nervous  system  and  tlie  great  dan- 
ger of  the  formation  of  the  cocaine  habit  render  it 
absolutely  unsafe  excepting  for  very  short  periods  of 
time.  ^  The  physician  should  never  give  a  prescription 
coritaming  cocaine  lest  the  patient  have  it  repeated  and 
so  torm  a  cocaine  habit;  and  even  while  the  patient  is 
under  the  physician's  observation  he  should  not  be  al- 
lowed to  use  more  than  from  an  eighth  to  a  quarter  of  a 
gram  daily,  and  this  should  be  discontinued  as  quickly 
as  possible.  When  it  is  necessary  to  employ  it,  a  one- 
or  two-per-cent.  solution  in  a  saturated  solution  of  boric 
acid  in  distilled  water  may  be  employed,  or  a  similar 
amount  may  be  rubbed  up  with  one  per  cent,  each  of 
sodium  bicarbonate  and  sodium  biborate,  two  per  cent, 
of  the  light  carbonate  of  magnesium,  and  sufficient  sugar 
of  milk  to  make  the  required  quantity.  These  sprays 
may^  be  applied  with  any  good  atomizer,  but  the  No.  50 
Davidson  is  the  best  in  my  opinion  for  oily  applications. 
The  powders  are  most  conventiently  applied  by  a  simple 
insufflator  with  a  glass  tube  and  rubber  handball  and 
tube.  For  personal  use  the  patient  may  have  a  short 
glass  tube,  about  four  inches  in  length,  to  which  is  at- 
tached a  rubber  tube,  about  ten  inches  in  length;  one 
end  of  the  glass  tube  should  be  flattened.  The  powder 
is  placed  in  the  round  end,  the  rubber  is  slipped  over  this 
end,  and  tlien  the  flat  end  of  the  tube  is  placed  in  the 
nostril;  the  other  end  of  the  rubber  tube  is  taken  in  the 
mouth,  and  the  patient  gives  a  quick  puff  which  throws 
the  powder  well  through  the  naris.  Oily  applications 
may  also  be  made  to  the  nose  with  a  medicine  dropper  or 
a  small  oil  can  when  the  patient  finds  this  more  conven- 
ient. More  stimulating  applications  may  be  made  to  the 
nares  once  or  twice  a  week. 

The  applications  made  by  the  physician  should  never 
cause  discomfort  for  more  than  ten  or  fifteen  minutes, 
and  those  made  by  the  patient  should  not  cause  irritation 
or  smarting  for  more  than  a  minute,  and  should  not  be 
sufficiently  strong,  to  give  a  feeling  of  stuffiness  in  the 
nares  afterward.  Of  the  aqueous  solutions  recommended 
for  personal  use  by  the  patient  three  or  four  times  daily, 
some  of  the  best  are  boric  acid,  eight  grains  to  one  ounce, 
sodium  bicarbonate  and  sodium  biborate,  of  each  two 
grains  to  one  ounce,  listerine  forty  to  sixty  minims  to 
one  ounce,  or  distilled  extract  of  hamamelis  or  of  pinus 
canandensis  thirty  to  fifty  minims  to  the  ounce.  The 
saturated  solution  of  boric  acid  in  camphor  water  is  also 
recommended.  For  personal  use  an  excellent  application 
consists  of  one-third  grain  of  thymol  with  three  minims 
of  the  oil  of  cloves  to  the  ounce  of  oleum  petrolatum 
album,  or  its  strength  may  be  increased  by  the  addition 
of  various  substances,  combined  or  singly,  which  should 
seldom  exceed  the  following  amounts  to  each  ounce: 
Menthol,  gr.  ij. ;  terebene,  m  xv. ;  oil  of  cassia,  ntij. ; 
camphor,  gr.  i. ;  ol.  pini  sylvestris,  3  ss.  Some  prefer 
the  use  of  heavier  oils,  and  many  employ  vaseline,  which 
is  melted  each  time  before  the  application,  the  theory 
being  that  it  remains  longer  in  contact  with  the  mucous 
membrane  than  would  the  lighter  oil.  When  the  secre- 
tions are  free,  the  nose  should  be  cleansed  in  the  same 
manner  as  recommended  for  simple  chronic  rhinitis.  In- 
deed, most  of  the  remedies  applicable  to  that  disease  may 
be  used  at  times  with  advantage  in  this  affection. 

The  foregoing  measures,  however,  can  relieve  only  the 
milder  cases,  and  it  is  not  proper  for  a  physician  to  keep 
a  patient  under  treatment  more  than  two  or  three  weeks 
before  he  adopts  more  radical  measures,  unless  what  he 
is  doing  is  found  to  be  accomplishing  great  good.  The 
radical  treatment  of  intumescent  rhinitis  consists  in  de- 
struction of  a  portion  of  the  tissues  by  chemical  agents 
or  by  the  galvano-cautery  or  by  removal  of  the  swollen 
masses  by  the  snare,  or  cutting  them  away  by  knife  or 
scissors. 

GauterKation  by  ^cto.— When  satisfactory  galvano- 
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cauteries  could  not  be  obtained,  there  was  much  reason 
for  the  employment  of  the  chemical  caustics,  and  these 
are  still  preferred  by  some  physicians,  although  they 
cause  much  greater  irritation  of  the  parts  with  corre- 
ponding  discomfort  to  the  patient,  and  do  not,  com- 
monly at  least,  yield  such  accurate  results.  Of  the 
chemical  agents  used  for  the  purpose  chromic  acid  is  per- 
haps the  best.  A  few  crystals  of  this  may  be  fused  on 
the  end  of  a  tlat  aluminum  probe  by  holding  it  over  a 
light  for  a  few  moments,  and  then  the  parts  may  be  ac- 
curately touched  without  much  danger  of  the  chromic 
acid  extending  beyond  the  part  to  be  cauterized ;  how- 
ever, the  operator  should  be  ready  to  spray  the  parts  im- 
mediately with  an  alkaline  solution  in  order  to  neutralize 
any  excess  of  the  acid.  A  very  small  amount  of  the 
acid,  not  exceeding  in  bulk  a  pellet  3  mm.  in  diameter, 
should  be  employed,  and  the  area  of  membrane  touched 
at  any  one  time  should  measure  not  more  than  an  eighth 
of  an  inch  in  width  and  from  a  half  to  three-fourths  of 
an  inch  in  length. 

The  cauterization  should  not  be  repeated  within  less 
than  from  ten  to  fourteen  days.  Some  pi'efer  touching  the 
surface  at  several  points  with  the  acid,  and  some  use 
solutions  of  various  strengths  instead  of  the  fused  acid, 
and  repeat  the  cauterization  in  four  or  five  days.  The 
principal  objections  to  the  chromic  acid  are  the  ditficulty 
of  controlling  the  extent  of  cauterization  and  the  pain 
that  is  likely  to  follow  the  cauterization  for  many  hours. 
Monochloracetic  and  trichloracetic  acids  are  also  used  for 
the  same  purpose,  but  in  my  hands  they  have  not  proven 
satisfactor}'.  Some  operators  have  obtained  good  results 
from  the  employment  of  electrolysis,  commonly  using  a 
bipolar  electrode,  the  needles  of  which  are  4  or  5  mm. 
apart.  A  current  of  from  2  to  10  milliampferes,  lasting 
for  from  three  to  five  minutes,  is  employed.  If  the 
effect  of  this  electrolysis  could  be  confined  entirely  to  the 
submucous  tissue,  it  would  prove  a  very  attractive  oper- 
ation, but  many  times  a  slough  forms,  and  often  the 
wound  thus  resulting  is  larger  than  that  obtained  by  the 
usual  forms  of  cauterization. 

OaVoanocautery . — Cauterization  by  the  galvanocautery 
should  be  done  with  a  wire  heated  to  a  cherry -red  color 
only.  If  heated  less  than  this  the  line  will  not  burn  suf- 
ficiently deep  and  the  heat  will  radiate  more  to  other 
parts ;  and  if  a  white  heat  be  employed,  the  instrument 
will  cut  almost  like  a  knife,  and  bleeding  will  result.  I 
like  best  for  the  purpose  a  knife-like  electrode,  about  10 
cm.  in  length,  the  blade  of  which  consists  of  No,  21  plat- 
inum wire  and  is  about  15  mm.  in  length.  A  finer  wire 
heats  much  quicker  and  cools  more  rapidly  so  that  we 
either  get  a  sharp  cut  with  bleeding  or  fail  to  burn  the 
tissues  deeply  enough.  The  parts  should  be  first  anaes- 
thetized with  cocaine,  the  solution  of  which  should  not 
ordinarily  exceed  a  strength  of  four  per  cent. ;  this  is 
best  applied  by  a  thin  swab  of  cotton  wound  upon  a  flat 
aluminum  probe,  with  which  all  of  the  part  to  be  touched 
is  gently  rubbed  about  every  minute  and  a  half  until  from 
two  to  four  applications  have  been  made,  by  which  time 
the  anaasthesia  will  be  completed.  This  is  much  better 
than  to  employ  a  spray  or  a  tampon  of  cotton,  which 
spreads  the  cocaine  over  a  large  area  and  causes  absorp- 
tion of  an  unnecessary  amount,  to  the  detriment  of  the 
patient.  A  solution  which  has  been  found  by  long  ex- 
perience to  be  satisfactory  on  account  of  its  good  eil'ects 
upon  the  parts,  and  the  absence  of  constitutional  symp- 
toms excepting  in  the  rarest  cases,  consists  of  atropine 
gr.  tV.  strophanthin,  gr.  \,  oil  of  cloves  TUiij.,  carbolic 
acid  gr.  x.,  cocaine  muriate  gr.  xx.,  and  enough  water 
to  make  an  ounce.  When  the  anaesthesia  is  complete, 
the  soft  tissues  will  be  thoroughly  afl'eoted,  and  then  the 
electrode  should  be  carried  to  the  posterior  end  of  the 
turbinated  body  where  the  platinum  wire  is  pressed 
against  the  tissues,  the  current  is  turned  on,  and  with  a 
slight  to-aod-fro  movement  the  electrode  is  drawn  to  the 
front  part  of  the  nasal  cavity,  burning  the  soft  tissues 
down  to  the  bone  throughout  the  whole  line.  Usually 
two  lines  extending  from  the  back  to  the  front  part  of 
the  mferior  turbinated  body  will  be  necessary,  one  at  the 
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junction  of  the  upper  and  the  other  at  the  junction  of  the 
lower  with  the  middle  third.  In  sensitive  persons  not 
more  than  half  the  line  can  be  made  at  one  sitting,  and 
in  no  case  should  more  than  a  single  line  across  the  whole 
length  of  the  turbinated  be  made.  The  electrode  should 
always  be  lifted  from  the  tissues  before  the  current  is  cut 
off,  otherwise  it  is  apt  to  tear  out  the  eschar  and  cause 
bleeding.  After  the  cauterization  the  nose  should  be 
sprayed  with  a  solution  of  about  five  minims  of  oil  of 
cloves  in  an  ounce  of  liquid  albolene,  and  this  followed 
by  insulflation  of  three  or  four  grains  of  iodol.  The  nos- 
trils should  then  be  closed  with  a  pledget  of  cotton,  and 
the  patient  should  be  told  to  wear  cotton  whenever  out 
of  doors,  or  in  any  position  where  he  is  liable  to  take 
cold,  for  four  or  five  days ;  then  he  should  be  allowed  to 
change  it  and  put  in  fresh  cotton  as  often  as  desired.  A 
ten-per-cent.  solution  of  methylene  blue  may  be  employed 
to  touch  the  line  of  cauterization  in  place  of  iodol,  or  the 
compound  tincture  of  benzoin  may  be  used  for  this  pur- 
pose. The  latter  in  some  cases  has  seemed  peculiarly 
eiiicacious  in  the  prevention  of  subsequent  reaction.  A 
similar  cauterization  may  be  made  in  the  opposite  naris 
in  from  ten  to  twelve  days,  and  these  maybe  repeated  at 
similar  intervals  until  the  swollen  tissues  have  been  sufii- 
ciently  reduced.  Usually  two  cauterizations  upon  each 
inferior  turbinated  body  are  suflicient;  sometimes  one  is 
necessary  upon  each  middle  turbinated,  and  occasionally 
two  short  lines  will  have  to  be  drawn  through  the  tuber- 
culum  septi.  It  is  well  to  have  the  patient  return  to  the 
office  four  or  five  days  after  the  cauterization,  and  to  pass 
the  probe  between  the  opposing  sides  of  the  nares  in  order 
to  prevent  adhesions.  The  patient  is  given  a  small 
quantity  of  powder  containing  three  per  cent,  of  cocaine 
and  twenty -five  per  cent,  of  iodol  with  one  and  one-half 
per  cent,  each  of  biborate  and  bicarbonate  of  sodium,  and 
three  per  cent,  of  the  light  carbonate  of  magnesium,  with 
sufficient  sugar  of  milk  to  make  the  whole  quantity  about 
one  hundred  grains.  This  the  patient  is  directed  to  in- 
sufflate into  the  nasal  cavity  two  or  three  times  a  day  for 
the  purpose  of  keeping  down  the  swelling.  He  is  also 
given  an  oily  spray  containing  one-third  of  a  gi-ain  of 
thymol  and  from  three  to  five  minims  of  the  oil  of  cloves 
to  the  ounce  of  liquid  albolene,  which  he  is  directed  to 
use  freely  in  both  nares  four  or  five  times  daily.  The 
powder  is  continued  for  four  or  five  days  and  subse- 
quently is  used  only  once  a  day,  but  the  oil  is  continued 
regularly  until  other  treatment  is  instituted,  or  for  two 
or  three  weeks.  The  frequent  superficial  cauterizations 
which  are  recommended  by  some  appear  to  destroy  more 
tissue,  to  give  the  patient  more  discomfort,  and  to  be 
much  less  efficient.  I  have  seen  one  death  from  ulcer- 
ative endocarditis  evidently  caused  by  the  suppuration 
set  up  by  this  latter  method.  Usually  such  cauteriza- 
tions cause  little  or  no  pain  either  at  the  time  or  subse- 
quently, and  may  give  the  patient  no  more  discomfort 
than  would  be  experienced  from  a  severe  cold  in  the 
head.  However,  the  patient  should  be  warned,  in  order 
to  prevent  unnecessary  anxiety,  that  there  is  likely  to  be 
some  bloody  discharge  from  the  nose  for  two  or  three 
weeks.  The  principal  discomfort  following  cauteriza- 
tions is  from  the  effects  of  the  cocaine  upon  the  nervous 
system;  therefore  care  should  be  taken  to  use  as  little  of 
this  as  is  practicable.  There  are  occasionally  patients 
who  cannot  tolerate  a  sufficient  quantity  of  cocaine  to 
produce  anesthesia,  in  whom  eucaine  may  be  advanta- 
geously substituted;  ten  or  fifteen  grains  of  the  bromide 
of  potassium  or  a  cup  of  strong  coffee  will  commonly  re- 
lieve the  immediate  poisonous  symptoms  caused  by  the 
cocaine;  but  it  will  not  always  succeed,  and  in  patients 
peculiarly  sensitive  to  the  drug,  none  of  it  should  be  em- 
ployed in  the  subsequent  treatment  except  to  prevent  the 
pain  of  actual  cauterization.  "When  the  turbinated  bone 
itself  is  enlarged,  or  when  there  is  a  prominent  deflection 
or  spur  from  the  septum,  adhesions  are  very  likely  to  oc- 
cur if  cauterization  upon  the  turbinated  body  is  made 
upon  that  side.  In  these  cases,  therefore,  an  operation 
upon  the  bony  tissue  should  usually  first  be  done.  In 
spite  of   all  precautions,   adhesions   sometimes  result. 
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When  this  accident  occurs  it  is  best  to  wait  until  com- 
plete healing  takes  place,  and  then  the  adhesions  should 
be  cut  with  scissors.  A  pledget  of  wool  or  bit  of  rubber 
tissue  may  bo  placed  between  the  opposing  suj'faces  to 
prevent  renewed  adhesion,  and  after  four  or  five  days  the 
healing  will  usually  occur  without  difficulty.  Sometimes 
adhesions  may  be  prevented  by  touching  the  raw  surface 
with  monochloracetic  acid,  as  this  forms  an  eschar  that 
tends  to  remain  until  the  healing  has  taken  place  under 
it.  Follicular  tonsillitis  occasionally  follows  the  cauteri- 
zation of  the  nares.  I  have  seen  it  in  about  one-half  of 
one  per  cent,  of  the  patients  operated  upon,  though  not 
more  than  one-fourth  as  frequently  as  this  if  the  individ- 
ual cauterizations  are  considered.  In  rare  cases  otitis 
media  is  said  to  have  followed  the  operation,  and  I  have 
known  of  one  case  in  which  an  inexperienced  operator 
made  an  extensive  cauterization  that  was  followed  by 
fatal  meningitis.  More  or  less  blood  is  mixed  with  the 
discharges  in  the  majority  of  cases  for  two  or  three 
weeks,  and  occasionally  a  secondary  hemorrhage  may 
occur  at  the  end  of  a  week  or  ten  days.  I  have  never 
had  this  experience  myself,  but  have  known  of  two  cases 
in  the  practice  of  experienced  operators  in  which  an 
alarming  hemorrhage  recurred  time  after  time  until  the 
patient  was  in  the  gravest  danger ;  however,  in  both  the 
bleeding  was  eventually  checked  and  the  patients  made 
a  good  recovery.  I  recall  two  or  three  cases  in  my  own 
experience  in  which  erysipelatous  inflammation  of  the 
skin  covering  the  nose,  lips,  and  cheek  invariably  fol- 
lowed cauterization.  It  is  needless  to  say  the  operations 
were  not  repeated  when  this  tendency  was  discovered. 
Occasionally  in  cases  of  extreme  intumescence  the  swol- 
len tissues  may  be  grasped  with  a  snare,  providing  this 
is  done  before  cocaine  has  been  applied ;  but  excepting  in 
the  rarest  instances  this  operation  is  reserved  for  hyper 
trophic  rhinitis.  D.  Braden  Kyle  removes  a  prism- 
shaped  piece  with  a  knife  instead  of  cauterizing,  and 
believes  that  he  gets  better  results  in  this  way.  The 
pharyngeal  and  laryngeal  symptoms  usually  improve 
speedily  after  the  nares  have  been  made  free,  though  it 
is  well  to  carry  on  appropriate  treatment  for  these  parts 
during  the  treatment  of  the  rhinitis.  In  professional 
singers  whose  living  depends  upon  the  voice,  the  cure  of 
intumescent  rhinitis  is  of  the  ver}'  greatest  importance 
for  the  prevention  of  chronic  laryngitis,  and  in  nearly  all 
cases,  fortunately,  we  may  confidently  predict  the  happi- 
est results  from  judicious  radical  treatment. 

Htpebtiiophic  Rhinitis. 

Hypertrophic  rhinitis  is  a  common  affection,  but  it  is 
not  met  with  so  frequently  as  the  intumescent  variety. 
It  is  characterized  by  obstruction  of  the  nares  with  dis- 
charge from  the  naso-pharynx  and  the  nostrils,  and  fre- 
quent hawking  to  clear  the  throat.  It  is  often  associated 
with  chronic  laryngitis.  The  obstruction  in  the  nares  is 
permanent,  yet  it  varies  considerably  from  time  to  time 
on  account  of  the  varying  degrees  of  swelling. 

Anatomical  and  Pathological  Chakacteristics.— 
Permanent  thickening  of  the  mucous  membrane  and 
sometimes  also  of  the  turbinated  bones  is  found  in  this 
disease,  and  the  nasal  cavities  are  usually  from  one-third 
to  three-fourths  closed  by  the  swelling.  The  mucous 
surface  may  be  congested  or  paler  than  normal.  It  is 
sometimes  smooth  as  in  intumescent  rhinitis,  but  is  often 
more  or  less  nodulated,  and  at  times  presents  one  or  more 
tumor-like  masses  which  are  sometimes  mistaken  for 
fibrous  or  flbro-mucous  polypi.  The  condition  afiects 
both  the  middle  and  the  inferior  turbinated  bodies,  and 
is  not  infrequently  observed  on  the  tuberculum  septi. 
In  many  cases  the  inferior  turbinated  body  is  nearly  as 
smooth  in  appearance  as  in  the  intumescent  form  of  the 
disease,  but  usually  its  anterior  extremity  is  more  or  less 
furrowed  or  nodular.  The  anterior  end  of  the  middle 
turbinated  not  infrequently  presents  numerous  nodules, 
more  or  less  trans'iucent,  and  having  something  of  the 
appearance  of  nasal  mucous  or  flbro-mucous  polypi.  The 
hypertrophy  at  the  upper  part  of  the  septum  is  generally 


smooth,  and  at  first  appears  to  the  observer  like  thicken- 
ing of  the  bony  septum.  Hypertrophy  of  the  posterior 
ends  of  the  turbinated  bodies  usually  presents  a  rasp- 
berry-like appearance,  and  may  vary  in  color  from  a 
whitish-gray  to  a  dark  livid  hue ;  the  posterior  end  of  the 
middle  turbinated,  however,  is  generally  lighter  in  color 
and  less  granular  upon  the  surface,  and  it  often  appears 
much  like  a  jnucous  polypus.  The  condition  is  due  to 
overgrowth  of  the  connective  tissue  and  bony  elements 
in  varying  degrees,  but  the  pathology  of  the  disease  will 
be  considered  elsewhere. 

Symptomatology.— The  symptoms  are  not  unlike 
those  of  intumescent  rhinitis  excepting  that  the  nasal  ob- 
struction is  more  persistent  and  usually  more  complete. 
The  patient  generally  complains  much  of  accumulation 
of  the  secretions  in  the  naso-pharynx  and  often  of  compli- 
cating laryngitis.  Pressure  symptoms,  such  as  loss  of 
the  sense  of  smell,  headache,  nasal  or  supra-orbital  neu- 
ralgia, and  sometimes  ocular  symptoms,  are  more  often 
present  in  this  than  in  the  intumescent  form  of  the  dis- 
ease, and  when  present  they  are  more  persistent.  Mid- 
dle-ear disease  with  throat  deafness  is  also  common,  and 
unfortunately  after  the  hypertrophic  rhinitis  has  persisted 
for  some  time,  its  effects  are  very  likely  to  remain  even 
though  the  disease  in  the  nose  may  be  cured. 

Diagnosis. — Although  the  disease  is  frequently  mis- 
taken by  general  practitioners  for  nasal  mucous  polypi, 
careful  inspection  of  the  nares  should  exclude  all  affec- 
tions excepting  intumescent  and  syphilitic  rhinitis.  In- 
tumescent rhinitis  is  distinguished  from  the  hypertro- 
phic form  by  greater  variation  in  the  degree  of  nasal 
obstruction,  by  yielding  of  the  tissues  readily  before  the 
probe  pressed  upon  them,  and  usually  by  contraction  of 
the  swollen  mass  to  its  normal  proportions  or  even  less, 
upon  the  application  of  a  weak  solution  of  cocaine. 
Commonly,  also,  the  mucous  membrane  is  more  congested 
in  intumescent  rhinitis  than  in  the  hypertrophic  form. 
Syphilitic  rhinitis  causing  uniform  swelling  of  the  tur- 
binated bodies  cannot  always  be  distinguished  from  sim- 
ple hypertrophy,  but  the  history  of  the  case  and  the 
effects  of  treatment,  or  the  occurrence  of  ulceration  of 
the  Schneiderian  membrane  with  evidences  of  former 
syphilitic  involvement  of  the  fauces  or  other  parts  of  the 
body,  will  usually  enable  one  to  make  an  accurate  diag- 
nosis. Nasal  polypi  are  commonly  recognizable  upon 
inspection ;  but  if  this  is  not  sutflcient,  the  passage  of  a 
probe  upon  both  sides  of  the  polypus  and  its  movability 
will  generally  distinguish  it  at  once  from  the  hypertro- 
phied  turbinated  body. 

Prognosis. — Left  to  itself,  there  is  little  tendency  for 
hypertrophic  rhinitis  to  terminate  in  recovery.  On  the 
contrary,  it  is  liable  to  increase  gradually  until  the  nares 
are  three-fourths  or  four-fifths  obstructed  and  then  to  re- 
main permanent  for  a  long  time ;  in  other  instances  the 
hypertrophy  gives  way  to  atrophy,  and  ultimately  well- 
marked  atrophic  rhinitis  results.  There  are  also  un- 
doubtedly some  cases  in  which  the  hypertrophy  grad- 
ually subsides  and  the  nares  are  left  practically  in  a 
normal  condition,  but  these  are  extremely  rare.  Sub- 
jected to  proper  treatment  practically  all  cases  of 
hypertrophic  rhinitis  may  be  cured  in  a  comparatively 
short  time,  though  the  gentle  or  puttering  treatment 
that  is  often  adopted  is  likely  to  extend  over  years  with- 
out much  relief. 

Treatment.— The  more  vigorous  treatment  recom- 
mended for  intumescent  rhinitis  is  equally  applicable  in 
the  hypertrophic  form  of  the  disease,  but  the  tentative 
soothing  treatment  recommended  in  the  former  is  almost 
useless.  The  hypertrophied  tissue  must  be  removed  in 
some  way  so  as  to  bring  the  nasal  cavities  to  a  normal 
calibre.  In  doing  this,  however,  the  physician  should 
be  careful  not  to  render  the  nares  abnormally  large,  be- 
cause if  they  are  left  too  small  they  may  be  made  larger ; 
but  once  too  much  tissue  is  removed,  nothing  can  restore 
it.  Care  should  also  be  taken  not  to  destroy  mucous 
membrane  when  it  is  possible  to  avoid  this,  or  rather  to 
leave  as  large  a  surface  of  mucous  membrane  as  should 
normally  be  present.     The  author  is  not  at  all  in  sym- 
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patliy  with  the  little  dabs  or  cuts  that  keep  a  patient 
dancing  constant  attendance  for  months,  but  believes  in 
radical  operative  measures  that  will  usually  not  average 
more  than  one  treatment  per  week  for  from  six  to  twelve 
weeks,  by  which  time  the  patient  should  be  cured. 
Among  the  operative  measures  to  be  adopted  are  those 
recommended 'for  intumescent  rhinitis,  namely,  cauteri- 
zation with  acid  or  preferably  the  galvanocautery. 
These  are  to  be  done  in  the  way  described  for  that  affec- 
tion. "When  it  is  possible  to  engage  a  considerable 
portion  of  tlie  hypertrophied  soft  tissues  in  the  loop  of  a 
cold  wire  snare  or  of  the  galvanocautery  ecraseur,  it 
may  be  removed  provided  that  too  much  mucous  mem- 
brane be  not  sacrificed.  Of  these  methods  the  cold  wire 
snare  is  preferable  in  most  cases,  as  it  leaves  less  scar  tis- 
sue. In  some  cases  cutting  away  of  a  V-shaped  piece, 
as  recommended  by  Kyle,  is  an  excellent  operation.  In 
some  the  spoke  shave  may  be  used  for  removing  redun- 
dant tissue ;  in  others,  particularly  when  there  is  a  mass 
of  soft  tissues  pendent  from  the  lower  edge  of  tho  infe- 
rior turbinated,  the  hypertrophied  tissue  can  easily  bo  cut 
away  with  nasal  scissors,  but  in  the  milder  cases  the  gal- 
vanocautery is  preferable.  In  many  cases  it  is  important 
not  to  sacrifice  the  mucous  membrane;  ia  such,  hyper- 
trophies of  the  tuberculum  septi  or  of  the  turbinated 
bodies  may  often  be  speedily  reduced  by  the  nasal  tre- 
phine passed  beneath  the  mucous  membrane.  When  the 
bony  tissue  is  also  increased,  removal  by  the  nasal  burr 
is  perhaps  the  best  operation.  It  is  passed  through  the 
mucous  membrane  and  the  bony  tissue  is  cut  away  be- 
neath without  the  danger  of  bleeding  that  sometimes  at- 
tends cutting  with  other  instruments.  When  the  hyper- 
trophy involves  the  tissues  just  in  front  of  the  posterior 
edge  of  the  vomer,  linear  cauterizations  have  proven  to 
the  author  most  satisfactory.  A  number  of  cases  have 
been  seen  in  which  all  other  obstructions  of  the  nares  had 
been  removed  and  the  nasal  cavities  appeared  free,  but 
yet  the  patient  continued  to  complain  of  hawking  to 
clear  the  naso-pharynx,  and  this  was  not  relieved  until  the 
submucous  infiltration  at  the  sides  of  the  vomer  had  been 
cured  by  cauterization.  In  any  of  these  operations  local 
anaesthesia  and  subsequent  treatment  are  carried  out,  as 
recommended  in  Intumescent  rhinitis.  Whenever  cut- 
ting operations  are  performed,  it  is  safest  to  pack  the 
naris  with  a  strip  of  surgeon's  lint,  which  has  been  sat- 
urated with  boric  acid  and  iodoform,  to  prevent  the  dan- 
ger of  bleeding  which  is  apt  to  occur  two  or  three  hours 
after  the  operation.  The  packing  should  be  allowed  to 
remain  for  two  or  three  days,  after  which  it  should  be 
gradually  removed,  or  removed  all  at  once  if  it  can  be 
done  without  giving  the  patient  pain  or  exciting  hemor- 
rhage. 

Atrophic  Rhinitis. 

Atrophic  rhinitis  is  a  chronic  inflammation  of  the  nares 
in  which  .not  only  the  membrane  but  the  bony  frame- 
work undergo  atrophy  whereby  the  nasal  cavities  be- 
come more  or  less  enlarged.  It  is  characterized  by  col- 
lection of  the  secretions  which  become  dried  into  scabs 
and  adhere  to  the  wall  until  decomposition  takes  place, 
thus  causing  an  extremely  offensive  odor  which  is  known 
as  ozoena.  It  occurs  in  all  countries  and  among  all 
classes  of  people,  but  is  most  frequent  in  young  adults, 
particularly  in  girls.  It  is  seldom  observed  before  the 
tenth  or  after  the  thirty-fifth  year  of  age. 

Anatomical  and  Pathological  Chakactbeistics. 
— In  consequence  of  the  atrophy  of  the  mucous  mem- 
branes or  of  both  the  mucous  membranes  and  the  bony 
tissues  the  nasal  cavities  become  enlarged,  sometimes  to 
two  or  three  times  their  normal  dimensions.  The  atro- 
phy may  be  confined  to  the  mucous  membrane,  but  usu- 
ally the  bones  also  are  involved  and  they  may  be  short- 
ened in  every  direction.  The  turbinated  bodies  are  most 
affected,  and  not  infrequently  the  turbinal  bones  are  en- 
tirely absorbed.  Shortening  of  the  nasal  bones  causes 
sinking  in  of  the  bridge  and  may  produce  a  flat  pug,  or 
saddle-shaped  nose.     The  disease  is  often  a  sequel  of 


hypertrophic  rhinitis.  Moritz  Schmidt  has  observed 
cases  in  which  part  of  a  turbinal  was  hypertrophied  and 
other  parts  were  atrophied. 

Etiology. — In  many  cases  the  causation  of  the  disease 
cannot  be  ascertained,  but  there  is  certainly  a  consider- 
able number  in  which  repeated  colds  lead  to  hypertrophy 
which  terminates  in  atrophy.  Many  have  sought  to  find 
a  specific  micro-organism,  and  Abel  and  LOwenberg  have 
isolated  the  bacillus  ozcenae  which  has  been  supposed  to 
act  as  an  etiological  factor.  D.  Braden  Kyle  by  repeated 
inoculations  from  advanced  cases  of  atrophic  rhinitis  was 
unable  to  discover  any  specific  micro-organism,  though 
various  pathogenic  bacteria  were  commonly  found,  such 
as  the  pneumococcus  of  Praenkel,  Klebs-LoefHer  bacil- 
lus, Koch  bacillus,  the  bacillus  foetidus,  and  various 
streptococci  and  staphylococci.  The  origin  of  the  dis- 
ease not  infrequentljf  dates  from  one  of  the  exanthema- 
tous  fevers. 

Symptomatology. — Commonly  the  patient's  general 
health  is  not  impaired  by  the  disease,  and  headache  and 
other  nervous  symptoms  that  commonly  attend  rhinitis 
are  not  often  present;  but  as  the  affection  progresses  the 
general  health  may  suffer  and  eventually  pallor,  loss  of 
strength,  and  emaciation,  strongly  suggestive  of  tuber- 
culosis, may  occur.  Often  the  patient  presents  the  ap- 
pearance of  what  is  commonly  known  as  the  strumous 
diathesis.  The  nose  is  apt  to  be  broad,  the  nostrils  and  the 
lips  arc  prominent,  and  the  whole  physiognomy  is  lacking 
considerably  in  expression.  There  is  usually  but  little 
discharge  from  the  nose,  excepting  once  or  twice  a  week 
when  the  crusts  come  away ;  decomposition  of  the  secre- 
tions causes  a  persistent  offensive  odor,  which,  although 
the  patient  does  not  recognize  it  himself,  makes  him  an 
object  of  disgust  to  others.  Occasionally  this  condition 
is  unaccompanied  by  stench,  and  in  almost  any  case  thor- 
ough cleansing  may  prevent  this  symptom.  Usually 
there  is  but  little  if  any  difficulty  in  breathing  through 
the  nose,  excepting  when  it  becomes  blocked  by  crusts 
of  mucus.  The  eyes  are  often  weak,  the  sense  of  smell 
is  usually  lost,  and  partial  deafness  commonly  exists  as 
the  result  of  extension  of  the  disease  to  the  middle  ear. 
When  the  process  invades  the  accessory  sinuses,  the  pa- 
tient may  suffer  from  distressing  headaches  and  neu- 
ralgia. 

Although  there  is  a  tendency  to  formation  of  dry  scabs 
and  crusts  in  the  nose,  occasionally  the  secretions  consist 
only  of  a  semi-fluid  adherent  pus  or  soft  purulent  coagu- 
la.  This  condition  is  especially  apt  to  be  present  during 
intercurrent  attacks  of  acute  rhinitis. 

The  mucous  surfaces  are  not  usually  entirely  covered 
by  the  crusts,  and  where  they  are  exposed  the  membrane 
is  commonly  pale.  Immediately  after  the  scabs  have 
been  cleared  away  and  the  nares  have  been  washed,  how- 
ever, the  mucous  membrane  is  apt  to  appear  congested, 
though  not  ulcerated.  Secretions  are  found  in  the  nose 
in  varying  quantity  and  of  varying  consistence.  Those 
which  have  remained  the  longest  have  a  brownish  or 
blackish  color ;  others  may  be  of  a  yellowish  or  greenish 
hue.  There  may  be  various  patches  of  pasty  or  sticky 
pus,  or  hard  yellowish,  gi-ayish,  brownish,  or  black  scabs 
of  various  size.  The  odor  clings  to  the  crusts  after  their 
removal,  but  after  the  nose  has  been  kept  thoroughly 
cleansed  for  a  few  days  it  will  entirely  disappear  except- 
ing in  very  rare  cases  in  which  there"  is  persistence  of  a 
fetid  odor  in  spite  of  thorough  cleansing.  Cases  of  this 
sort  sometimes  result  from  involvement  of  the  accessory 
sinuses.  In  rare  instances  the  disease  is  confined  to  one 
side,  but  it  is  usually  bilateral. 

When  the  nasal  cavities  have  been  cleaned  the  turbinala 
may  appear  as  mere  shrunken  ridges,  or  they  may  have 
been  entirely  absorbed.  Not  infrequently  the  naso- 
pharynx can  easily  be  seen  through  the  nostrils,  and 
sometimes  the  orifices  of  the  Eustachian  tubes  are  in 
sight  and  the  motions  of  the  soft  palate  are  plainly  visi- 
ble. In  some  cases  the  atrophy  of  the  bones  proceeds 
more  rapidly  than  that  of  the  mucous  membrane,  and 
then  folds  of  more  or  less  congested  mucous  membrane 
will  be  found  hanging,  particularly  from  the  upper  part 
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of  the  naves.  The  process  Is  rarely  confined  entirely  to 
the  nasal  cavities,  but  also  involves  the  naso-pharynx  and 
middle  ear,  and  in  many  cases  the  mucous  membrane  of 
the  larynx  and  trachea  will  be  found  congested  and  svvfol- 
len  or  partially  covered  by  adherent  pus.  The  drying 
secretions  not  infrequently  lodge  in  the  naso-pharynx  or 
even  lower  upon  the  pharyngeal  wall. 

Diagnosis. — The  affection  is  to  be  distinguished  from 
lupus,  syphilis,  suppuration  of  the  frontal,  ethmoidal, 
or  maxillary  sinuses,  and  from  rhinoliths  or  foreign 
bodies  in  the  nares.  The  essential  factors  in  the  diagno- 
sis are  the  offensive  odor,  the  disgusting  scabs,  the  en- 
largement of  the  nares  with  a  history  of  preceding 
catarrhal  symptoms,  and  the  absence  of  a  syphilitic  his- 
tory, and  of  eruptions  or  scars  indicative  of  this  disease. 

Lupus  nearly  always  involves  the  external  surface 
first,  and  the  ulceration  and  cicatrization  are  quite  differ- 
ent from  the  appearances  found  in  atrophic  rhinitis ;  there 
is  very  little  danger  therefore  of  confounding  the  two. 

Syphilitic  disease  of  the  nares  is  attended  by  an  ex- 
ti'emely  offensive  odor,  though  different  from  that  of 
atrophy,  the  quality  being  sufficient  to  establish  the 
diagnosis  with  those  who  have  seen  much  of  the  two  dis- 
eases. Syphilis  usually  attacks  the  septum  and  causes 
destruction  of  bone,  whereas  atrophic  rhinitis  causes 
atrophy  of  the  turbinated  bodies.  In  syphilis  there  is 
commonlj'  extensive  and  marked  ulceration,  which  is  not 
present  in  atrophic  rhinitis.  The  history  of  the  two  is 
commonly  quite  different.  In  doubtful  cases  the  diag- 
nosis may  be  aided  by  specific  treatment. 

Suppuration  of  the  accessory  sinuses  gives  rise  to  an 
offensive  odor,  though  somewhat  different  from  that  of 
ozEBna.  An  inspection  of  the  parts  should  make  it  easy 
to  differentiate  sinus  disease  from  simple  atrophic  rhi- 
nitis. In  suppuration  of  the  accessory  cavities  there  is 
usually  more  or  less  thickening  of  the  mucous  membrane 
instead  of  atrophy.  The  affection  is  commonly  confined 
to  one  side,  whereas  atrophic  rhinitis  is  generally  bilat- 
eral. In  suppuration  of  the  sinuses  the  nasal  cavity 
may  be  more  or  less  filled  with  liquid  pus,  though 
usually  it  does  not  contain  a  great  quantity,  and  there  is 
seldom  the  tendency  to  the  drying  of  secretions  and  the 
formation  of  thick  scabs  and  crusts  which  is  so  prominent 
in  atrophic  rhinitis. 

Rhinoliths  and  foreign  bodies  in  the  nares  give  rise  to 
an  offensive  discharge,  but  this  is  unilateral.  "When  the 
secretions  have  been  cleared  away,  inspection  and  palpa- 
tion with  a  probe  enable  one  readily  to  differentiate  be- 
tween these  and  atrophy. 

Pkognosis. — The  disease  usually  continues  for  many 
years,  but  there  is  a  tendency  to  recovery  about  the  thirty- 
fifth  year  of  age.  "With  appropriate  treatment  the  disa- 
greeable symptoms  may  be  promptly  removed  and  the 
disease  may  often  be  cured  in  from  one  to  three  years, 
though  sometimes  the  patient  will  have  to  continue 
cleansing  the  nose  two  or  three  times  a  day  until  middle 
life.  There  seems  to  be  some  relation  between  atrophic 
rhinitis  and  pulmonary  tuberculosis,  but  this  may  be 
only  casual ;  however,  the  gradual  deterioration  of  health 
due  to  the  persistent  disease  in  the  nose  may  place  the 
system  in  a  condition  for  the  development  of  a  general  or 
locaUzed  tuberculosis.  It  cannot  be  expected  that  the 
atrophied  tissues  will  be  renewed  even  under  the  most 
favorable  circumstances,  but  occasionally  this  result  will 
be  obtained.  I  have  even  seen  hypertrophic  rhinitis  fol- 
lowing atrophy. 

Tkbatment.— Of  greatest  importance  is  the  frequent 
and  careful  cleansing  of  the  nares  not  only  for  the  pur- 
pose of  reheving  the  offensive  odor,  but  also  in  order  that 
the  remedial  agents  may  be  brought  in  contact  with  the 
mucous  membrane.  Commonly  some  alkaline  wash  is 
necessary  to  remove  the  dry  secretion,  and  for  this  pur- 
pose a  solution  of  equal  parts  of  the  bicarbonate  and  of 
the  chloride  of  sodium,  from  a  half  drachm  to  a  drachm 
each  to  the  pint  of  warm  water,  answers  about  as  well  as 
anything  that  can  be  employed ;  but  various  combina- 
tions of  salines  and  antiseptics  are  recommended  by  dif- 
ferent authors.     The  patient  should  be  directed  to  cleanse 


the  nares  from  two  to  four  times  daily,  using  from  one  to 
three  pints  of  water,  as  occasion  may  require,  so  that  the 
secretions  shall  all  be  removed.  When  this  is  done  regu- 
larly, he  will  not  be  annoyed  by  the  offensive  odor.  The 
wash  may  be  snuffed  from  the  hand  or  from  a  nasal  cup, 
or  it  may  be  used  with  a  syringe  or  nasal  douche ;  but 
the  last  two  methods  are  dangerous  because  water  may 
pass  into  the  middle  ear  and  set  up  inflammation,  result- 
ing in  deafness.  As  a  rule  it  is  best  for  the  patient  to 
snuff  the  fluid  from  the  hand  or  from  a  nasal  cup  made 
for  the  purpose.  A  good  instrument  for  cleansing  the 
nasal  passages  is  the  Freer  nasal  irrigating  tube  men- 
tioned in  the  section  on  simple  chronic  rliinitis.  A  pow- 
der containing  six  drachms  each  of  sodium  bicarbonate 
and  sodium  chloride  makes  an  excellent  wash  when  used 
in  the  proijortiou  of  one  drachm  to  the  pint  of  tepid 
water.  Rhodes'  or  Seller's  tablets,  from  two  to  four 
each  to  the  pint,  may  be  used  similarly.  The  patient 
should  attend  to  the  washing  himself,  but  he  should  be 
seen  by  the  physician  at  least  once  a  week  during  the  be- 
ginning of  the  treatment  in  order  that  thoroughness  may 
be  secured.  After  the  washing  the  patient  may  apply 
to  the  nares  various  powders  or  sprays,  and  occasionally 
the  physician  should  make  stronger  applications.  Pow- 
ders are  especially  useful  when  the  secretion  is  thin  and 
free,  and  the  sprays  when  a  tendency  to  desiccation  is 
marked.  The  powders  may  be  applied  by  any  simple 
insufllator.  I  commonly  recommend  a  glass  tube  about 
four  inches  long  with  one-eighth  to  three-sixteenth  inch 
calibre ;  one  end  of  this  is  flattened,  the  other  end  round. 
From  a  quarter  to  half  an  inch  of  powder  is  inserted  into 
the  round  end — amounting  to  from  half  a  grain  to  a  grain 
and  a  half ;  the  end  of  a  rubber  tube,  about  ten  inches  in 
length,  is  slipped  over  the  same  end,  the  flattened  end  of 
the  glass  tube  is  placed  in  the  nose,  the  opposite  end  of 
the  rubber  tube  is  taken  between  the  lips,  and  a  quick 
puff  is  given  whereby  the  powder  is  blown  thoroughly 
into  the  nares.  The  powders  that  I  have  found  most 
beneficial,  and  which  may  be  variously  combined,  are 
made  by  rubbing  up  the  active  ingredients  with  sugar  of 
milk.  For  this  purpose  we  may  employ  yellow  oxide  of 
mercury  from  one-half  to  three-fourths  of  one  per  cent. ; 
iodol  35  per  cent.,  boric  acid  10  per  cent.,  aristol  from  5 
to  8  per  cent.,  gum  benzoin  or  myrrh  25  per  cent.,  ber- 
berine  muriate  10  per  cent. ,  and  cocaine  f i-om  1  to  3  per 
cent.  The  latter  must  be  used  guardedly,  but  when 
carefully  watched  it  is  sometimes  an  excellent  remedy, 
which  by  causing  paresis  of  the  vaso-motor  nerves  ap- 
pears sometimes  to  induce  regeneration  of  the  tissues. 
Kyle  also  recommends  the  nitrate  of  silver,  from  1  to  4 
per  cent,  with  stearate  of  zinc.  The  sprays  are  com- 
monly prepared  by  dissolving  various  substances  in 
oleum  petrolatum  album.  The  drugs  most  frequently 
used  are  carbolic  acid  from  one-half  to  one  per  cent., 
iodine  from  one-tenth  to  one-fifth  per  cent.,  oil  of  cloves 
from  one-half  to  one  per  cent.,  oil  of  cinnamon  one-half 
per  cent.,  thymol  one-fifteenth  of  one  per  cent.,  menthol 
from  one  to  two  per  cent. ;  five  per  cent,  of  ichthyol  has 
also  been  highly  recommended.  It  is  often  desirable  after 
a  thorough  cleansing  of  the  nares  to  apply  one  of  these  oily 
sprays  and  to  follow  it  by  the  powder.  Gottstein's  wool 
tampons  sometimes  produce  excellent  results.  Moritz 
Schmidt,  Gautier,  and  Jouslain  have  highly  recom- 
mended copper  electrolysis  by  the  bipolar  method;  or 
the  positive  pole  with  a  copper  needle  may  be  used  m 
the  nose  alone  and  the  other  pole  applied  indifferently  to 
other  parts  of  the  body.  In  the  bipolar  method  a  steel 
needle  is  inserted  into  the  lower  turbmal  while  a  copper 
needle  is  introduced  into  the  middle  turbinal,  or  the  cop- 
per needle  may  be  inserted  into  the  lower  turbinal  and 
the  steel  needle  into  the  septum,  the  copper  needle  bemg 
connected  with  the  positive  pole.  If  preferred  a  plati- 
num needle  may  be  used  in  place  of  the  steel.  The  nares 
having  been  anaesthetized,  the  needles  are  mtroduced  and 
currents  of  from  3  to  15  milliampftres  are  passed  for  from 
five  to  ten  minutes.  The  treatment  may  be  repeated  after 
a  week  or  two.  It  is  best  to  reverse  the  current  for  about 
half  a  minute  just  before  removing  the  needle  m  order  to 
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loosen  the  coagulum  that,  fastens  about  the  positive  pole. 
The  current  should,  however,  he  reduced  to  zero  before 
the  switch  is  changed  to  reverse  it,  otherwise  it  will 
cause  the  patient  a  good  deal  of  pain.  Meningitis  has 
followed  this  operation  and  the  cribriform  plate  has  been 
carelessly  perforated.  Vertigo,  syncope,  and  orbital 
neuralgia  sometimes  follow.  Excellent  results  have 
been  obtained  by  this  treatment  in  some  cases,  but  in 
others  it  has  proven  useless.  Injections  of  diphtheria 
antitoxin  have  been  tried  but  without  avail.  Vibration 
massage  has  also  been  employed  with,  it  is  claimed,  good 
results.  -£'■  Fletcher  Ingals. 

NASAL  CAVITIES,  DISEASES  OF:  CONGENITAL 
AND  ACQUIRED  DEFORMITIES.— I.  Dermatoid  Cysts 
AND  PisTXJi.^.— These  conditions  are  congenital  or  are 
noticed  shortly  after  birth.  They  appear  at  the  junction 
of  the  nasal  bones  with  each  otlier  and  of  both  with  the 
frontal,  as  rounded  tumors  (in  case  of  cysts)  of  variable 
size,  not  freely  movable  but  rather  adherent  to  the 
deeper  tissues.  They  are  covered  with  normal  skin,  and 
the  centre  line  is  generally  on  a  level  with  the  canthi  of 
the  eyes.  A  trauma  of  the  mass  may  lead  to  a  fistula  or 
the  latter  may  be  congenital.  The  mode  of  origin  of 
these  conditions  is  thus  explained  by  Bland  Sutton :  The 
rudiment  of  the  nose  in  the  embryo  is  represented  by  that 
process  of  the  primitive  skull,  known  as  the  f ronto-nasal 
plate,  which  is  separated  from  the  lateral  portions  of  the 
face  by  the  orbito-nasal  fissures.  The  rounded  angles  of 
these  plates  are  known  as  the  globular  processes,  each 
one  of  which  forms  a  portion  of  the  ala  of  a  nostril  and 
the  corresponding  prsemaxilla.  These  processes  fuse  in 
the  median  line,  giving  rise  to  a  central  piece  (philtrum) 
of  the  upper  lip.  Dermatoids  are  Invariably  situated  in 
the  line  of  the  internasal  fissure  and  are  in  all  probability 
due  to  incomplete  fusion  of  the  globular  processes. 

According  to  Witzel  dermatoids  in  this  situation  are 
not  to  be  regarded  as  "sequestration"  growths — i.e., 
formed  by  a  squeezing  off  of  tissue  when  the  lateral 
halves  of  the  body  coalesce, — but  result  from  the  imper- 
fect apposition  of  the  two  tuberosities  which,  projecting 
from  the  centre  of  the  face,  arising  on  both  sides  of  the 
median  nasal  furrow  and  approaching  each  other  to  com- 
plete coalescence,  ought  to  form  the  cartilaginous  nose 
and  septum. 

Strictly  speaking,  a  dermatoid  tumor  is  composed  only 
of  tissues  found  in  the  skin  and  mucosa.  The  cysts  va- 
riously contain  sebaceous  material,  cellular  debris,  fat 
crystals,  and  hairs.  Unstriped  muscular  fibres  may  ap- 
pear in  the  cyst  wall.  The  fistulse  are  lined  with  a  fibrous 
material  covered  with  sebaceous  matter.  The  walls  are 
covered  with  typical  pavement  epithelium,  while  the 
subepidermoidal  tissue  shows  scattered  aggregations  of 
round  cells.  The  deeper  layers  show  connective  tissue 
of  low  grade,  scattered  mucous  glands,  and  giant  cells. 

Symptoms  may  be  wanting,  the  swelling  being  noticed 
only  as  something  objectionable  from  a  cosmetic  point  of 
view.  Fistulas  generally  give  off  a  constant  or  intermit- 
tent discharge  of  sebaceous  or  muco-purulent  matter, 
which  causes  an  excoriated  area  on  the  surrounding  skin. 

Treatment  calls  for  the  laying  open  of  the  cyst  or  fis- 
tula, with  excision  of  the  entire  fistulous  tract  by  means 
of  a  raspatory  or  sharp  spoon.  If  the  fistula  branches  ofl: 
the  top  and  burrows  beneath  the  nasal  bones,  this  tract 
maybe  cauterized  with  the  galvauocautery.  The  whole 
is  then  allowed  to  heal  from  the  bottom.  The  fistula 
may  reopen  after  it  has  once  healed.  Sometimes  a  plas- 
tic operation  may  facilitate  recovery. 

Cysts  are  rare.  Birkett,  writing  in  1900,  reported  two 
instances  and  collected  six  others  from  various  sources. 
Since  then  Krieg  has  reported  two  more.  Pistulre,  how- 
ever, are  by  no  means  uncommon.  The  a-ray  may  help 
to  clear  up  a  doubtful  diagnosis. 

II.  CoNGEKiTAL  OcctjUsioN  OF  THE  Nakes. — Complete 
congenital  occlusion  of  the  anterior  narcs  is  an  extremely 
rare  condition.  Jarvis  reports  two  cases,  and  claims  that 
they  are  the  first  on  record.  One  of  his  patients  was  a 
boy  of  eighteen,  who  presented,  instead  of  the  dark  out- 


lines of  the  nares,  cup-shaped  depressions  about  4  mm.  in 
depth,  the  barrier  being  of  membranous  consistency ;  one 
side  admitted  a  very  fine  probe  while  the  other  was  abso- 
lutely impervious.  'J"he  other  case  was  that  of  a  girl  of 
sixteen,  in  whom  the  inferior  meatus  on  both  sides  was 
blocked  by  bony  growths  of  ivory  hardness.  At  times 
she  had  been  able  to  expel  a  little  air  through  the  nose. 
Krieg  has  reported  a  case— probably  of  syphilitic  origin— 
in  a  boy  of  three  years. 

Congenital  occlusion  of  the  posterior  nares  is  by  no- 
means  uncommon.  The  barrier  may  be  either  membran- 
ous or  bony  (the  former  being  far  more  common),  com- 
plete or  partial.  According  to  C.  H.  Knight,  the  condi- 
tion may  result  from  (1)  exostosis  or  simple  hypertrophy 
of  the  osseous  structure  of  the  middle  or  inferior  turbi- 
nate ;  (2)  a  ridge  or  exostosis  from  the  vomer ;  and  (3)  an 
adventitious  bony  plate  springing  from  the  floor  of  the 
nose  or  from  its  outer  cavity.  However,  in  most  instances 
which  belong  strictly  to  this  category,  the  bony  plate 
spreads  like  a  web  over  one  or  both  choanse,  being  di- 
rectly continuous  with  the  palate  bone,  of  which  it  forms- 
an  integral  part.  Sometimes  the  obstruction  is  a  de- 
flected vomer  which  enlarges  one  choana  at  the  expense 
of  the  other.  Luschka  believes  that  the  bony  plate  is  a 
continuation  of  the  free  border  of  the  horizontal  plate  of 
the  palate  bone ;  Kundrat,  that  it  is  an  extension  of  the 
vertical  portion ;  both  conditions  are  possible.  In  some 
cases  the  central  portion  of  the  barrier  appears  membran- 
ous, surrounded  by  an  irregular  fringe  of  bony  spicules 
projecting  inward  from  the  periphery ;  such  cases  are 
naturally  attributable  tohypernutritive  changes.  Ingals 
believes  that  membranous  closure  in  this  region  is  not 
congenital,  but  always  the  result  of  syphilitic,  diphther- 
itic, or  other  disease  processes. 

Symptmns.— These  naturally  vary  according  to  the  de- 
gree of  obstruction.  If  the  latter  is  complete  at  birth, 
the  chances  of  survival  are  very  few.  Difficulty  in  nurs- 
ing may  be  the  first  thing  to  call  attention  to  the  possi- 
bility of  the  existence  of  the  lesion.  If  the  obstruction  is. 
partial,  the  patients  grow  up,  laboring  under  all  the  disad- 
vantages of  nasal  occlusion,  both  in  its  local  manifesta- 
tions and  the  distal  disturbances  to  which  it  may  give 
rise.  In  unilateral  occlusion  there  is  often  a  partial  lack 
of  development  of  the  corresponding  side  of  the  face  and 
of  the  vertebral  column.  By  animal  experimentation 
Ziem  has  shown  that  these  effects  are  directly  due  to- 
nasal  occlusion  of  the  corresponding  side.  In  infants- 
there  is  "not  only  the  inability  to  suckle  and  the  conse- 
quent diiHculty  in  obtaining  sufficient  food,  but  also  the 
exposure  of  the  bronchial  tubes  and  delicate  air  cells  of 
the  lungs  to  the  constant  irritation  of  air  Insufficiently 
moistened,  filtered,  and  warmed."  The  nose  generally 
secretes  moisture,  but  the  secretion  is  apt  to  accumulate 
in  an  annoying  manner.  Prom  mouth-breathing  the  oro- 
pharynx is  generally  dry.  The  voice  lacks  its  normal 
resonance.  The  sense  of  smell  is  in  abeyance  while  tliat 
of  taste  may  persist  though  impaired  for  its  finer  quali- 
ties. The  effect  on  hearing  is  variable.  This  function  is 
often  perfect.  Toynbee  contended  that  under  these  con- 
ditions the  act  of  swallowing  would  cause  a  constant  suc- 
tion on  the  Eustachian  tube  and  thus  lead  to  a  depression 
of  the  membrana  tympani,  but  such  a  sequel  is  by  no 
means  constant.  In  many  Instances  the  ease  with  which 
the  patient  will  sustain  impairment  of  these  three  special 
senses  is  quite  remarkable,  and,  as  Knight  observes,  in 
notable  contrast  with  the  disturbance  following  a  similar 
acquired  post-nasal  obstruction. 

Treatment. — The  barrier  must  be  pierced,  the  opening 
enlarged,  and  the  patencj'  thus  acquired  maintained. 
In  patients  of  fortitude  this  may  be  done  under  cocaine. 
For  membranous  occlusions  the  galvanocautery  will  suf- 
fice ;  bony  barriers  require  the  trephine  or  chisel  and  sub- 
sequent enlargement  with  revolving, burrs.  The  open- 
ings should  be  made  as  large  as  possible.  Much  difficillty 
rnay  be  experienced  in  keeping  them  pervious.  For  some 
time  after  the  operation  pledgets  of  oiled  gauze  should 
be  inserted,  and  after  healing  has  taken  place  bougies 
and  dilators  should  from  time  to  time  be  passed. 
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III.  M.\jL,PoiiMATioNS. — Several  cases  of  congenital 
median  Assure  of  the  nose  have  heen  reported ;  also  cases 
of  nasal  hemiatrophy.  In  one  instance  of  the  latter  the 
right  half  of  the  organ  was  normal.  The  median  portion 
was  covered  with  skin,  but  instead  of  the  left  half  there 
was  a  body  1.5  cm.  long  by  0.75  cm.  wide,  and  in  shape 
like  an  elephant's  trunk.  This  process  was  extirpated, 
leaving  a  permanent  fistula.  The  patient  was  a  child  of 
five  years.  Such  cases  are  among  the  curiosities  of  medi- 
cine, and  each  one  can  be  considered  only  in  the  light  of 
the  problems  which  it  presents. 

Malformations  of  the  alse  may  be  congenital  or  they 
may  result  from  disease.  Various  plastic  operations  have 
been  suggested.  One  devised  by  Koenig  merits  special 
mention.  He  takes  a  flap  made  up  of  the  entire  sub- 
stance of  the  auricle  and  sutures  this  in  place  of  the 
defect  in  the  ala.  As  this  flap  contains  cartilage  it  heals 
well. 

_  Outside  of  the  various  alar  deformities  resulting  from 
tissue  destruction,  especially  from  syphilis,  there  may 
be  a  simple  collapse  of  the  alar  cartilages,  so  that  insuf- 
ficient air  reaches  the  interior  of  the  nose,  and  the  impact 
of  the  inspired  air  tends  still  more  to  close  the  nasal  en- 
trance. The  condition  appears  at  times  to  be  merely  an 
accentuation  of  a  congenital  condition,  or  it  may  result 
from  lack  of  development,  or  from  inactivity  of  the  nasal 
wings.  The  whole  ala  may  be  affected,  or  merely  the 
plica  vestibuli — i.e.,  the  outer  border  of  the  inner  nasal 
opening.  There  may  be  a  laxity  of  the  entire  nasal  wall 
with  defective  action  of  the  dilator  and  levator  muscles. 
In  the  congenital  eases  it  will  be  found  that  the  part 
principally  at  fault  is  the  band  of  tissue  at  the  junction 
of  the  lower  lateral  cartilage  and  the  bony  margin  of  the 
anterior  nares,  its  position  being  noted  externally  by  the 
depression  usually  seen  immediately  above  the  lower 
expanded  part  of  the  nose.  If  the  middle  turbinate  be- 
comes enlarged,  the  entrance  to  thenaris  is  apt  to  become 
smaller. 

The  main  symptom  of  the  condition  is  nasal  obstruc- 
tion leading  to  mouth-breathing. 

The  condition  in  old  persons  may  often  be  relieved  by 
the  wearing  of  a  delicate  tubular  spring  within  the  nares 
to  hold  the  aloe  in  position,  or  a  flat  metallic  band  may 
be  inserted.  A  similar  procedure  is  often  of  great  bene- 
fit in  the  temporary  collapse  seen  in  typhoid  fever,  pneu- 
monia, etc.;  also  in  tuberculosis  involving  the  larynx. 
The  increased  air  supply  is  very  grateful  to  the  patient. 
In  young  persons  an  eiiort  should  be  made  to  restore  the 
tone  of  the  dilator  alas  muscles.  Practice  in  stretching 
these  will  increase  their  activity.  The  lubrication  of  the 
interior  of  the  nares  with  some  unguent  carried  on  the 
finger  will  stretch  the  parts  and  assist  in  the  recovery  of 
their  normal  tension.  In  other  words,  we  should  apply 
the  principle  of  massage. 

IV.  Fkacturb  and  Dislocations  of  the  Nasal 
Bones. — Fractures  of  the  nasal  bones  constitute  about 
one  per  cent,  of  all  fractures.  They  may  be  simple, 
compound,  or  comminuted.  Both  bones  are  generally 
involved.  The  injury  may  also  affect  the  perpendicular 
plate  of  the  ethmoid,  but  the  vomer  generally  escapes. 
The  fracture  may  also  extend  to  the  nasal  processes  of 
the  superior  maxillse ;  the  cribriform  plate  of  the  eth- 
moid is,  fortunately,  rarely  involved.  It  may  also  in- 
volve the  zygomatic  arch  or  extend  to  the  frontal  sinuses, 
thus  possibly  opening  a  portal  for  septic  infection  of  the 
meninges.  Occasionally  the  lachrymal  bone  is  involved, 
with  obstruction  of  the  tear  duct.  Very  often  the  nasal 
bones  are  not  really  fractured  but  simply  separated  from 
their  attachment  to  the  superior  maxillfe,  or  the  bones  may 
become  separated  from  each  other ;  this  separation  may 
allow  the  bones  to  remain  in  perfect  apposition,  or  they 
may  be  depressed. 

The  causes  of  this  class  of  injuries  are  blows  and  falls. 
It  has  been  said  that  displacement  in  the  infant  may  come 
from  the  pressure  of  burying  the  nose  against  the  breast 
or  in  the  pillow. 

The  exact  lesion  produced  varies  according  to  the  di- 
rection of  the  trauma.     If  it  is  from  below,  the  brunt  of 


impact  falls  upon  the  septum,  while  the  nasal  bones  may 
escape.  The  triangular  cartilage  is  detached  from  its 
bony  surroundings,  including  the  nasal  spine  of  the  su- 
perior maxilla.  Here  there  is  merely  swelling  of  the 
septum,  which  may  run  on  to  abscess  with  not  much  ex- 
ternal deformity.  If  the  trauma  is  from  the  side,  both 
bones  may  be  dislocated  laterally,  while  their  internal 
borders  remain  in  contact.  If  it  is  from  in  front,  the 
nose  is  flattened,  the  inner  borders  of  the  bones  are 
driven  outward  and  tilted  so  as  to  form  a  sharp  ridge  on 
either  side  of  the  nose.  Perhaps  the  most  common  form 
of  injury  is  a  transverse  fracture  about  the  middle  of  the 
bones,  driving  back  the  lower  fragment  or  possibly  both 
bones  backward  between  the  nasal  processes  of  the  supe- 
rior maxilUe,  thus  leaving  a  depression  instead  of  the  nor- 
mal nasal  convexity.  Unless  the  upper  half  of  the  bone 
is  distinctly  driven  in,  the  perpendicular  plate  of  the 
ethmoid  generally  escapes. 

The  symptoms  are  epistaxis,  deformity,  and  marked 
swelling.  The  latter  may  extend  to  the  cheeks  and  eye- 
lids. From  the  direct  results  of  the  trauma  or  from  forc- 
ible blowing  of  the  nose  immediately  after,  there  may  be 
a  subcutaneous  emphysema  with  crackling  on  pressure. 
The  latter  condition  on  the  forehead  (when  the  nose  has 
not  been  blown)  is  an  evidence  that  the  frontal  bone  has 
also  been  fractured.  More  or  less  ecchymosis  quickly 
forms.  The  swelling  may  mask  the  exact  nature  of  the 
injury.  The  nose  may  retain  its  normal  shape  or  be  but 
part  of  a  diffused  swelling.  In  the  latter  state,  bony 
crepitus  is  elicited  with  difficulty ;  it  may  possibly  be  ob- 
tained in  minor  cases. 

Diagnosis  is  made  fiom  the  foregoing  conditions  and 
from  careful  digital  examination.  It  is  to  be  remembered 
that  many  of  the  so-called  "  broken  noses "  have  never 
been  actually  fractured.  Rhinoscopy  should  never  be 
omitted.  In  doubtful  cases  the  a;-ray  may  accurately  de- 
termine the  relative  positions  of  the  various  bony  struct- 
ures. 

Treatment  calls  for  the  restoration  of  the  bony  parts  to 
their  normal  contour  and  for  the  adoption  of  such  means 
as  will  keep  them  in  their  proper  positions.  The  actual 
relations  must  first  be  determined,  and  for  this  purpose  a 
general  anaBsthetic  (a  little  chloroform)  is  often  necessary. 
The  under  surface  of  the  nasal  arch  should  be  carefully 
probed  for  irregularities.  In  many  cases  the  bony  parts 
are  easily  replaced  and  only  a  cold  compress  is  required. 
In  more  difficult  cases  an  instrument,  such  as  a  metal 
catheter  (female)  or  the  closed  blades  of  a  dressing  forceps 
should  be  introduced  into  the  nares  and  the  bones  elevated 
to  their  proper  level,  while  their  position  is  regulated  by 
the  fingers  on  the  outside.  The  object  is  to  restore  the 
nasal  arch.  If  this  can  be  done  and  the  patient  is  a  self- 
controlled  person  who  will  let  his  nose  alone,  the  above 
measures  are  all  that  is  required.  Instruments  should  be 
covered  with  light  rubber  tubing.  It  is  better,  as  a  rule, 
to  dispense  with  external  splints  and  plugs  in  the  nares. 
The  emphysema  requires  no  treatment.  Epistaxis  is 
treated  in  the  usual  manner.  Firm  union  results  in  from 
two  to  three  weeks. 

If  the  bones  should  show  a  tendency  to  fall  in  again, 
the}'  may  be  raised  by  the  insertion,  within  the  nose,  of 
an  india-rubber  dilator,  introduced  empty  and  then 
filled  with  water,  or  a  piece  of  rubber  tubing  may  be 
used.  Plugs  and  splints  are  generally  useless  because 
they  rest  on  the  floor  of  the  nose,  while  the  trouble  is 
higher  up,  and  thus  is  not  reached  by  them.  If  the  nasal 
bones  show  a  tendency  to  separate,  "we  may  make  a  plas- 
ter splint  by  having  the  patient  lie  flat  while  several  lay- 
ers of  a  plaster  bandage  are  moulded  over  the  nose,  the 
ends  being  carried  out  on  to  the  cheeks.  The  ends  carry 
tapes  which  fasten  behind  the  head.  Thus  the  apparatus 
is  well  worn  at  night.  Another  serviceable  material  is 
gutta-percha,  which  may  be  cut  to  the  general  shape  of 
tlie  part,  covered  with  antiseptic  gauze  and  then  ren- 
dered malleable  by  insertion  in  hot  water.  It  is  then  ac- 
curately fltted  to  the  nose  and  secured  by  tapes.  Block 
tin,  thin  copper,  and  aluminum  may  be  used  in  the  same 
way.     These  splints  may  be  padded  with  cotton  to  exert 
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pressure  in  any  direction  required  for  maintaining  the 
proper  sliape  of  tlie  nose.  Anotlier  device  is  tlie  employ- 
ment witliin  the  nose,  of  the  Bernays  sponge  material, 
cut  to  fit  the  naris.  Various  head-bands  with  forehead 
plates,  to  which  nasal  apparatus  may  be  fastened,  have 
been  employed.  In  the  worst  cases  it  is  justifiable,  if 
marked  deformity  has  resulted,  to  cut  down  on  the  frag- 
ments, replace  them,  and  close  the  wound.  The  result- 
ing scar  will  be  trivial  in  comparison  with  the  deformity 
unrelieved  by  operative  intervention. 

V.  Saddle  Nosb.— This  term  is  applied  to  that  par- 
ticular deformity  in  which  the  usual  convexity  of  the 
nasal  bones  is  replaced  by  a  depression  which  is  the  more 
marked  from  the  fact  that  the  mechanical  conditions 
causing  it  also  tip  the  point  of  the  nose  upward.  The 
deformity  is  generally  the  result  of  some  ulcerative  proc- 
ess, syphilis  being  responsible  for  the  majority  of  cases. 
The  nasal  bones  are  supported  in  their  anterior  third  by 
the  quadrangular  cartilage,  and  in  their  posterior  two- 
thirds  by  the  perpendicular  plate  of  the  ethmoid.  Con- 
sequently the  entire  cartilage  may  disappear  without  any 
change  in  the  external  contour  of  the  nose;  but  when  the 
destructive  process  encroaches  upon  the  ethmoid  or  sub- 
jacent vomer,  the  support  of  the  arch  begins  to  crumble 
and  deformity  results.  The  latter  is  still  further  aggra- 
vated when  the  destructive  process  invades  the  nasal 
processes  of  the  superior  maxilla. 

Various  operations  have  been  devised  for  the  relief  of 
this  condition.  In  minor  conditions  a  support  may  be 
introduced  through  a  subcutaneous  incision.  Marked 
deformities  require  external  incision.  With  such  oper- 
ations the  names  of  Israel  and  Koenig  are  intimately  as- 
sociated. A  deep  incision  is  made  along  the  dorsum  of 
the  nose,  and  a  flap  from  the  forehead  containing  skin, 
periosteum,  and  a  small  fragment  of  bone  is  diverted  to 
fill  the  sunken  area,  the  flap  being  stitched  to  the  lower 
portion  of  the  nose.  The  denuded  space  on  the  forehead 
is  then  closed,  while  secondary  operations  are  required  to 
close  the  lateral  gap. 

Another  type  of  operation  is  that  of  raising  the  de- 
pressed area  and  maintaining  it  in  position  by  a  bridge  of 
some  light  metal,  such  as  platinum  or  aluminum;  cel- 
luloid has  also  been  used  for  the  same  purpose.  With 
such  procedures  the  names  of  Lerievant  and  Martin  are 
associated.  A  very  convenient  form  of  bridge  is  that 
devised  by  F.  E.  Hopkins,  in  which  the  rounded  convex- 
ity of  the  bridge  is  supported  on  each  side  by  an  arm 
which  runs  out  on  to  the  upper  surface  of  the  superior 
maxilla  and  is  there  secured.  For  the  insertion  of  such 
apparatus  it  may  be  advisable  first  to  perform  Rouge's 
operation,  consisting  of  incision  through  the  gingivo- 
labial  fold,  dissection  of  the  lip  and  face  from  the  sub- 
jacent bone  as  far  as  the  border  of  thenares,  and  the  divis- 
ion of  the  septum,  so  as  to  allow  the  entire  nose  to  be 
turned  up  over  the  face,  thus  more  or  less  completely 
exposing  the  bony  openings  of  the  nasal  passages.  The 
great  objection  to  all  such  apparatus  is  that  we  cannot 
foresee  that  it  will  be  comfortably  worn,  and  moreover 
there  is  always  danger  that  the  pressure  of  the  bridge 
will  lead  to  ulceration  and  destruction  of  tissue.  In  sev- 
eral instances  the  pain  attending  the  wearing  of  the 
bridge  and  the  threatened  integrity  of  the  tissue  have 
compelled  the  removal  of  the  support. 

A  very  recent  plan  of  treatment,  and  one  that  promises 
much,  is  that  of  paraiBn  injections  under  the  skin  so  as 
to  raise  the  latter  to  a  normal  position  and  thus  restore 
the  normal  contour  of  the  nose.  It  was  devised  by  Ger- 
suny,  of  Vienna,  in  1900;  and  while  it  is  still  subjudice, 
sutficient  time  has  elapsed  in  several  instances  to  predi- 
cate its  success  and  wide  applicability.  The  skin  is 
carefully  disinfected  and  cocainized  with  a  four-per-cent. 
solution,  which  is  also  carried  into  the  area  to  be  occu- 
pied by  the  paralfin.  The  melting-point  of  the  latter 
should  be  about  105'  F.  The  ordinary  white  paraffin  is 
too  hard,  while  the  soft  variety,  known  as  white  vase- 
line, is  too  soft.  A  mixture  of  the  two  may  be  made  of 
just  the  right  melting-point.  A  syringe,  made  entirely 
of  metal,  is  preferable,  with  a  needle  of  moderate  calibre. 
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The  paraftin  mixture  is  first  sterilized  and  then  drawn 
into  the  syringe,  which  is  kept  in  sterilized  hot  water. 
When  all  is  ready  for  the  injection  the  syringe  is  allowed 
to  cool  until  its  contents  issue,  not  as  a  liquid  but  as  a 
coherent  string.  The  needle  should  be  inserted  at  a  lit- 
tle distance  from  the  depressed  area,  but  carried  beyond 
the  point  of  greatest  defect,  and  the  material  slowly  ex- 
pelled, the  syringe  being  meanwhile  slowly  withdrawn. 
The  paraffin  remains  plastic  for  about  half  a  minute, 
during  which  time  the  nasal  convexity  thus  produced 
can  be  properly  moulded.  A  temporary  lymphatic  oede- 
ma may  follow,  but  it  has  been  found  that  the  paraffin 
will  retain  its  shape,  and  that  it  produces  no  deleterious 
consequences  when  once  lodged  under  the  skin.  It  grad- 
ually becomes  encapsulated  by  connective  tissue,  a  fact 
which  is  still  further  advantageous  in  helping  to  retain 
the  new  shape  of  the  nose. 

Objections  have  been  made  to  the  effect  that  this  new 
mode  of  treatment  may  cause  some  danger  of  lung  em- 
bolism ;  also  that  any  rise  of  body  temperature  might 
cause  a  melting  of  the  paraffin.  On  this  account  some 
have  preferred  a  paraffin  with  a  higher  melting-point, 
say  one  of  110°  F.  As  far  as  is  known,  no  cases  of  em- 
bolism have  resulted  from  supranasal  injections. 

VI.  Synechia. — Adhesions  may  occur  in  any  part  of 
the  nasal  chambers,  but  the  great  majority  of  them  are 
visible  by  anterior  rhinoscopy.  They  assume  various 
appearances  and  are  of  various  shapes. 

Causes. — In  many  of  these  cases  the  synechise  are  the 
result  of  some  operation  in  the  nose,  especially  the  over- 
zealous  or  careless  use  of  the  galvanocautery ;  less  fre- 
quently, they  follow  the  use  of  cutting  instruments. 
Some  cases  are  attributable  to  traumatism,  such  as  a  fall 
or  a  blow.  Even  when  operative  intervention  has  been 
fully  justified  and  skilfully  performed,  neglect  of  after- 
treatment  may  lead  to  unfortunate  results.  Adhesions 
may  also  result  from  the  use  of  chemical  caustics,  or  of 
powerful  hsemostatics,  as  the  Liquor  ferri  chloridi.  A 
few  congenital  cases  are  recorded.  The  condition  also 
follows  diphtheria,  measles,  scarlet  fever,  and  occasion- 
ally acute  and  chronic  rhinitis.  Basing  his  statements 
upon  autopsy  records,  Zuckerkandl  found  inflammatory 
cases  far  more  common  than  traumatic,  his  figures  being 
in  the  proportion  of  seventeen  to  three  respectively; 
statistics  based  on  clinical  experience  show  traumatic 
cases  to  be  more  common.  They  are  more  apt  to  occur 
between  the  upper  turbinates  and  the  septum  than  be- 
tween the  latter  and  the  inferior  turbinate. 

In  all  acquired  cases  the  mode  of  production  is  essen- 
tially the  same.-  Either  from  trauma  or  from  some  tro- 
phic disturbance  leading  to  loss  of  tissue  two  opposing 
surfaces  become  bared,  and  later  approaching  each  other 
become  fused  in  the  process  of  healing. 

Symptoms. — Symptoms  depend  on  the  degree  of  nasal 
obstruction.  Diagnosis  is  made  by  inspection,  and  the 
extent  of  the  adhesion  is  determined  hy  the  probe. 

Treatment. — This  consists  of  the  removal  of  tissue  ex- 
cess and  the  prevention  of  readhesion  until  both  sides 
have  healed.  The  question  turns  upon  the  proper 
method  to  be  adopted  in  each  individual  case.  In  oper- 
ating on  either  the  septum  or  the  turbinates  the  utmost 
care  should  be  exercised  not  to  wound  the  opposite  sur- 
face; if  inadvertently  the  least  injury  has  been  inflicted 
on  the  healthy  tissue,  some  form  of  tampon  should  be 
worn  for  a  few  days.  A  pledget  of  oiled  gauze  or  cotton, 
a  thin  plate  of  celluloid,  or  some  form  of  tubular  splint 
may  be  used.  These  should  be  removed  daily,  cleansed, 
and  reinserted.  So  also  in  treating  severe  acute  injuries 
of  the  septum  or  alse  nasi,  we  should  bear  in  mind  the 
necessity  of  maintaining  the  patency  of  the  nostrils  dur- 
ing healing.  In  cases  in  which  the  adhesion  is  firm  and 
hard,  it  may  be  cut  through  with  the  galvanocautery  or 
scissors,  and  the  cut  edges  kept  apart  as  above  indicated. 
In  narrow  nostrils  it  is  extremely  difficult  to  prevent  re- 
adhesion.  Watson  has  advised  persistent  friction  with  a 
cotton-wrapped  probe,  stating  that  he  has  often  seen  ab- 
sorption of  the  adhesion  follow  this  manoeuvre.  Others 
have  suggested  the  encircling  of  the  adhesion  with  a  loop 
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Figs.  1,  2,  and  3.— Papillary  Growths  Removed  from  the  Nasal  Mucous  Membrane  by  Means  of  the 
Wire  Snare  Heated  to  a  Red  Heat.  They  represent  simple  hypertrophies  of  the  mucous  mem- 
brane. 

Pig.  4.— Ulcer  on  tlie  Left  Side  of  the  Septum  Narium,  the  Nasal  Mucous  Membrane  Everywhere 
Else  Being  Quite  Healthy.  Syphilis  many  years  previously.  Specific  treatment  was  tried  in 
vain.  Healing  finally  took  place  under  the  combined  use  of  a  long  series  of  cauterizations  and  a 
paste  containing  resorcin. 

Pig.  5.— Smooth  Hypertrophy  of  Both  Lower  Turbinates,  in  a  Man  Fifty-three  Years  of  Age.  The 
most  marked  pathological  changes  existed  in  the  pharynx  and  larynx.  The  picture  gives  a  faith- 
ful representation  of  a  genuine  connective-tissue  hyperplasia.  Neither  pressure  with  a  probe  nor 
the  application  of  cocaine  caused  the  mucous  membrane  to  yield  to  a  noticeable  degree.  Both  sides 
were  about  equally  affected. 

Pig.  6. — Polypoid  Degeneration  of  the  Middle  Turbinates,  in  the  Case  of  a  Woman,  Sixty-flve  Years 
of  Age,  who  had  Suffered  for  Some  Time  from  Dacryocystoblennorrhosa.  Smooth  hypertrophies 
of  the  middle  turbinates  are  often  scarcely  distinguishable  from  true  polypoid  growths.  It  is  only 
after  the  mass  has  been  extracted  that  one  is  able  to  establish  the  fact  that  it  represents  an  altered 
state  of  the  mucous  membrane  covering  the  concha.  After  the  operation  the  latter  will  sometimes 
be  found  denuded  of  all  covering  throughout  quite  an  extensive  area.  (Note  the  vascularization  of 
the  tumor.) 


polypoid  hyper- 1 


anterior  end  of 
the  right  lower 
turbinate 


spina  septi 


Woman  Forty -two  Years  of  Age. 
Those  situated  in  front  and  above 


scoliotic  septum 


anterior  end  of  the 
left  lower  turbinate 

large-sized,  variously 
colored  papillary 
hyperplasise  of  the 
left  lower  turbinate. 


Key  to  Fig.  7  of  Plate  XLIII. 


patient's  head  as  far  round  toward 
septum  as  possible.     In  the  case  of 


Pig.  7. — Papillary  Hypertrophy  of  Both  Lower  Turbinates  in  a 
Excrescences  of  considerable  size  are  visible  in  the  picture, 
are  very  vascular  and  red, 
whereas  those  which  lie 
farther  back  and  below 
are  quite  pale.  The  right 
middle  turbinate  shows  a 
condition  of  smooth  hy- 
pertrophy. 

Figs.  8  and  10. — Bpistaxis 
due  to  a  Varicose  Condi- 
tion of  the  Blood-vessels 
of  the  Cartilaginous  Sep- 
tum. In  both  of  these 
pictures  the  artist,  in  mak- 
ing the  drawing  of  the  right  half  of  the  nose,  has  turned  the 
the  left  as  he  could,  in  order  to  secure  as  broad  a  view  of  the 
the  left  half  of  the  nose  he  has  simply  i-eversed  the  process. 

Fig.  9.— Hypertrophy  of  the  Lower  Turbinates:  of  the  Smooth  Variety  on  the  Right  Side,  of  a 
Papillary  Nature  on  the  Left  and  at  the  Posterior  End  of  the  Turbinate. 

Fig.  11.— Papillary  Hypertrophy  of  the  Posterior  Ends  of  the  Lower  Turbinates,  of  such  Dimensions, 
on  the  Right  Side,  as  Entirely  to  Cover  up  the  Mouth  of  the  Eustachian  Tube  and  Close  the  Pos- 
terior Entrance  of  the  Right  Narial  Passage.     On  the  left  side  the  hypertrophy  is  less  pronounced. 

Fig.  13.— Polypoid  Hypertrophy  of  the  Posterior  Ends  of  the  Lower  Turbinates.  (Also  remains  of 
pharyngeal  tonsil.)  The  patient  was  a  young  man,  eighteen  years  of  age.  Although  these  poly- 
poid masses  are  somewhat  hummocked  or  knobbed,  as  they  generally  are,  they  should,  in  the  pres- 
ent instance,  still  be  classed  as  smooth  hypertrophies. 

Fig.  13.— Abscess  of  the  Septum  Narium,  Probably  of  Traumatic  Origin,  in  the  Case  of  a  Child  Fifteen 
Months  Old.  On  the  left  side  there  is  a  spot  where  softening  has  already  taken  place  and  where 
a  spontaneous  rupture  is  about  to  occur. 

Fig.  14.— Perforation  of  the  Septum  Narium  in  the  Cartilaginous  Portion,  Quite  Far  Forward.  The 
margins  of  the  opening  still  show  irregularities  of  the  surface  and  are  eroded.  The  nasal  mucous 
membrane  as  a  whole  is  pale  and  atrophic.  On  looking  through  the  opening,  either  from  the 
right  side  or  from  the  left,  one  can  see  the  surface  of  the  opposite  turbinate  as  far  back  as  to  its 
posterior  end.  The  patient  was  a  woman  thirty  four  years  of  age,  and  the  cause  of  the  defect  was 
probably  lupus. 

Fig.  15.— Another  Instance  of  Perforation  of  the  Septum  Narium  in  a  Patient  who  Manifested  No 
Other  Evidences  of  Disease.     The  etiology  in  this  case  is  unknown. 

Fig.  16.— Abscess  of  the  Septum,  with  Protrusion  of  the  Overlying  Mucous  Membrane  only  on  the 
Left  Side.  (Perforation  occurred  spontaneously.)  The  anterior  end  of  the  left  lower  turbinate  ia 
in  an  inflamed  and  swollen  condition. 
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of  steel  wire,  which  is  -woi'ii  in  the  nose  and  gradually 
tightened  from  day  to  day ;  the  adhesion  is  thus  gradually 
cut  through,  and  the  parts  heal  as  the  section  advances. 
Still  others  pass  a  silk  thread  loop  through  the  centre  of 
the  adhesion,  wait  until  the  central  opening  has  healed, 
and  thea  cut  from  it — that  is,  they  use  the  familiar 
method  employed  in  separating  the  adhesions  between 
webbed  fingers  from  burns.  Reunion  is  always  pre- 
vented by  the  presence  of  the  narrow  strip  of  cicatricial 
tissue  at  the  base  of  the  cut.  In  the  use  of  the  knife  to 
make  the  separation,  care  should  be  taken  not  to  injure 
the  tissue  at  its  back.  After  healing  is  complete,  the 
narrow  band  back  of  the  original  central  perforation  may 
be  severed.  In  all  these  cases  the  systematic  after-use  of 
some  form  of  dilator  is  for  a  while  advisable. 

VII.  Pbrfokations  of  the  Septum. — These  may  re- 
sult from  syphilis,  typhus,  typhoid,  scarlet,  and  other 
fevers  in  which  trophic  disturbances  lead  to  a  local  dis- 
organization of  tissue.     Other  causes  are  acute  primary 
chondritis  (rare),  trauma  (either  accidental  or  s\u-gical), 
pressure  of  tubes  and  splints,  etc.     A  frequent  variety 
of  perforation  is  that  following  the  lesion  known  as 
"simple  perforating  ul^er,"  which  occurs  in  perfectly 
healthy   persons  without  any  dyscrasia.     It  is  distin- 
guished from  tubercle  and  syphilis  by  the  condition  of 
its  edges   which  are  regularly   smooth  and  healed,  by 
the  absence  of  accompanying  lesions  on  the  outer  walls 
of  the  nose,  and  especially  from  syphilis  by  the  fact 
that  the  latter  shows  a  selective  affinity  for  the  bony 
structures,  while  the  simple  perforating  ulcer  is  strictly 
confined  to  the  cartilage.     In  the  latter,  four  stages  pre- 
sent themselves:  (1)  injury  or  long-continued  irritation, 
as  from  picking  the  nose  to  remove  the  crusts  that  fre- 
quently form  at  this  site ;  (2)  hemorrhage  into  the  mu- 
cosa (the  xanthosis  of  Zuckerkandl) ;  (8)  erosion  of  the 
capillaries  with  consequent    impairment  of   nutrition; 
and  (4)  partial  atrophy  leading  to  perforation '  or  not, 
according  to  the  presence  or  absence  of  infection.     The 
exposed  site  of  the  ulcer  regularly  leads,  however,  to 
infection.    After  the  perforation  has  taken  place  we  find, 
as  noted,  a  rounded  or  oval  fenestra  in  the  septum  with 
smooth  edges.    It  occupies  the  area  known  as  the  "  locus 
Kiesselbachii. "   There  is  no  specific  bacteriology  of  the  af- 
fection, the  ordinary  staphylococci  and  streptococci  bemg 
found.     While  forming,  the  ulcer  appears  as  a  truncated 
cone  with  the  base  superficial.     The  area  becomes  macer- 
ated by  the  nasal  secretions,  and  there  is  really  a  necro- 
biosis of  the  mucosa.     The  tissue  loss  as  also  favored  by 
the  fact  that  at  this  site  the  mucosa  is  unusually  thin, 
and  contains  a  small  congeries  of  rather  large  vessels. 
Symptoms  are  wanting  after  the  edges  have  healed. 
Many  cases  come  under  observation  only  on  systematic 
examination,  having  given  no  symptoms  whatever,    (bee 
Plate  XLV.,  Figs.  14  and  15.) 

Treatment  calls  for  measures  to  combat  any  existing 
dyscrasia.  If  the  edges  are  raw,  a  flfty-per-cent.  solu- 
tion of  silver  nitrate  may  be  applied;  later  we  may  use 
iodine  gr.  v.,  iodide  of  potassium gr.  x.,  m  half  an  ounce 

o  ^^yj'^™^,j,jjjj^Q.^^,jjjg  pjjojj  THE  Septum.— These  may 
appear  as  crests,  spurs,  ridges,  or  rounded  masses  on  any 
portion  of  the  septum.  A  favorite  area  is  along  the  lines 
of  iunction  of  its  various  bony  and  cartilaginous  com- 
ponents. Some  of  these  excrescences  are  httle  more  than 
thickenings  of  the  mucosa,  and  if  their  removal  be  deemed 
necessary:  it  can  be  effected  with  the  galvanocautery. 
Reaction  following  the  application  of  this  agent  to  car- 
tilage is  often  severe  and  it  must  be  used  with  caution. 
If  the  outgrowths  contain  cartilage  we  may  employ 
knives,  scifsors,  gouges,  draw-shaves,  and  electrolysis; 
if  they  contain  bone  salts  or  true  bone,  we  may  use  tre- 
phines, saws,  or  chisels.  ,  i  j  k„ 
Previous  to  all  such  manipulations  the  nose  should  be 
carefully  cleansed  with  some  disinfecting  agent  and  then 
cocaine  Ind  adrenalin  applied.  Most  of  these  operations 
can  be  done  under  local  amesthesia.  After-paclang  is 
best  omitted.  If  the  wound  is  smooth  and  respiration 
can  be  carried  on  through  the  affected  side,  bleeding  will 


quickly  cease.  Packing  causes  retention  of  secretion 
with  liability  to  infection.  So  also  antiseptic  powders 
should  not  be  so  freely  employed  as  to  form  a  crust  in 
the  nose.  The  patient  must  keep  quiet  for  a  time  and 
wear  just  inside  the  vestibule  a  loose  plug  of  cotton  to 
strain  out  the  dust  from  the  inspired  air.  He  must  keejy 
hin  fingers  out  of  his  noseanA  be  taught  the  proper  method 
of  blowing  the  organ  when  using  cleansing  washes. 

IX.  Deviations  of  the  Septum. — The  causes  of  this 
condition  may  be  trauma,  the  long  continuance  of  turbi- 
nal  abnormalities,  or  a  faster  growth  of  the  cartilaginous 
septum  than  of  its  bony  frame.  It  is  not  always  easy 
to  establish  the  history  of  trauma,  for  it  may  refer  back 
to  any  one  of  the  numerous  falls  of  childhood.  Many  of 
these,  regarded  at  the  time  as  trivial,  may  be  the  starting- 
point  of  hypernutrition  with  consequent  deviation.  It 
is  impossible  to  make  any  classification  of  deviations  that 
is  entirely  satisfactory.  They  may  involve  the  bone  or 
cartilage,  and  may  be  vertical,  horizontal,  or  both. 
They  are  generally  associated  with  some  local  out- 
growth. 

The  symptoms  are  those  of  nasal  obstruction  with  its 
effects  upon  both  neighboring  and  distant  organs.  Many 
minor  degrees  of  deviation  give  no  symptoms  and  re- 
quire no  treatment. 

The  number  of  operations  devised  for  the  correction  of 
deviated  septa  is  legion.  Only  a  few  of  the  more  useful 
ones  can  here  be  mentioned. 

The  Asch  Operation.— Ihisis  done  under  general  anaes- 
thesia.    Nitrous  oxide  is  an  ideal  agent.     Previous  to 
the  administration  of  the  anaesthetic,  adrenalin  solution 
should  be  applied  to  both  sides  of  the  septum.     If  any 
adhesions  exist  between  the  septum  and  turbinates,  they 
are  broken  up  by  means  of  the  gouges  belonging  to  the 
special  set  of  instruments  devised  for  this  operation. 
The  blunt  blade  of  the  scissors  is  inserted  into  the  ob- 
structed nostril  and  the  cutting  blade  into  the  other.     A 
crucial  incision  is  then  made,  the  scissors  being  with- 
drawn for  the  change  of  position  in  the  second  cut; 
this  latter  crossing  the  first  as  nearly  as  possible  at 
right  angles  at  the  point  of  greatest  convexity.     The 
forefinger  is-  then  inserted  into  the  obstructed  nostril; 
the  segments  made  by  the  incisions  are  pushed  into 
the  opposite  nostril  and  the  pressure  is  continued  until 
they  are  thoroughly  broken  at  their  base  and  the  resih- 
ency  of  the  septum  is  destroyed.     On  this  point  depends 
tlie  success  of  the  operation;  for  unless  tlie  fracture  of 
these  segments  is  assured,  the  resiliency  of  the  cartilage  will 
not  he  overcome  and  the  operation  will  fail.     The  septum 
is  then  to  be  straightened  with  the  flat-bladed  forceps. 
The  little  blood  there  may  be  in  the  nostrils  is  wiped  out 
with  a  cotton  pledget  and  a  flattened  hard-rubber  or 
block-tin  splint  is  inserted  in  each  nostril.     These  act  as 
supports  for  the  septum  and  tend  to  prevent  secondary 
hemorrhage.     The  patient  should  be  kept  in  bed  for  two 
or  three  days,  ice  cloths  being  applied  over  the  nose  if 
there  is  sweUing  or  pain.     The  nares  should  be  sprayed 
through  the  tubes  with  some  antiseptic.     Twenty-four 
hours  after  the  operation  the  tube  on  the  previously  pat- 
ent side  is  removed  and  not  replaced.     The  nostril  is 
cleansed  and  an  antiseptic  powder  insufflated.     It  is  well 
to  protect  the  naris  with  a  loose  pledget  of  cotton  when 
in  the  open  air.     The  tube  on  the  previously  occluded 
side  may  remain  in  situ  for  another  twenty-four  hours, 
when  it  is  to  be  withdrawn,  the  nostril  cleansed,  and  the 
tube  replaced.     It  is  a  splint  for  the  septum  and  may  be 
withdrawn  daily  for  a  week,  then  on  alternate  days,  and 
eradually  at  lengthening  intervals  until  healing  is  com- 
Dlete      If  the  case  can  be  seen  daily,,  the  tube  can  prob- 
ably be  removed  at  the  end  of  from  two  to  three  weeks 
It  must  be  of  such  a  size  that  it  can  be  easily  reinserted 
without  pressure,  else  it  will  be  crowded  out  by  the  tis- 
sues behind  and  the  operation  will  be  at  best  but  partially 
successful     It  is  completely  hidden  by  the  alee,  and  it 
well  fitting  causes  no  discomfort  to  the  patient.     Subse- 
quently to  its  permanent  removal  small  bits  of  granu- 
lation tissue  may  require  cauterization  or  removal  with 
forceps  in  order  that  an  entirely  smooth  surface  may  be 
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left.     Care  should  also  be  taken  so  to  make  the  incisions 
that  the  tube  will  rest  on  the  floor  of  the  nose. 

The  Watson  Operation.— This  is  especially  applicable 
to  those  cases  in  which  the  deviation  is  marked  and  low 
down,  so  that  it  is  impossible  to  bring  the  lower  frag- 
ment into  line.  Instead  of  cutting  out  an  elliptical  piece 
along  the  horizontal  line,  as  is  recommended  by  some 
authors,  Watson  makes  a  bevelled  incision,  the  edge  of 
the  knife  being  directed  upward  and  toward  the  opposite 
side,  and  carried  through  the  cartilage  but  not  the  mucosa 
of  the  opposite  side.  The  incision  is  made  on  the  crest 
of  the  deviation.  If  a  vertical  deviation  exists  at  the 
same  time,  a  triaugular-shaped  portion  with  the  apex 
uppermost  may  be  removed.  The  upper  portion  in  the 
horizontal  incision  is  pressed  over  toward  the  other  side, 
where  it  hooks  on  to  the  lower  and  is  thus  held  in  place. 
The  projecting  base  can  afterward  be  removed. 

The  Oleason  Operation.— The  field  of  operation  is  co- 
cainized and  exposed  by  a  self -retaining  nasal  speculum. 
A  thin  saw  is  introduced  along  the  floor  of  the  septum 
beneath  the  deviation.  The  sawing  is  continued  in  a 
horizontal  direction  until  the  blade  has  penetrated  some- 
what deeply  into  the  tissues,  when  the  direction  is  rapidly 
changed  to  one  nearly  vertical.  It  is  of  the  utmost  im- 
portance that  the  blade  be  now  held  exactly  parallel  to 
the  septum  in  order  that  the  cut  shall  be  around  and  not 
through  any  part  of  the  deviation.  The  length  of  the 
vertical  crura  is  then  quickly  increased  by  means  of  a 
small  bistoury  curved  on  its  flat,  and  the  flap  is  thrust 
through  the  hole  in  the  septum  by  means  of  the  fore- 
finger. 

While  the  finger  is  still  in  the  nares,  it  is  carried  up 
along  the  anterior  and  posterior  crura  in  order  to  make 
certain  that  the  edge  of  the  flap  has  completely  cleared 
them,  and  the  neck  of  the  flap  is  then  sharply  bent.  It 
is  not  necessary  to  denude  the  edges  that  are  in  contact. 
The  pressure  results  in  necrosis  (at  least  of  the  superficial 
epithelial  layer)  of  the  mucosa,  after  which  the  parts, 
unite.  The  special  claim  made  for  this  operation  is  that 
it  destroys  the  resiliency  of  the  flap  (a  condition  of  suc- 
cess in  any  operation)  at  its  neck.  It  is  at  this  point, 
and  practically  at  this  alone,  that  resiliency  is  active — i.e. , 
at  the  neck  of  a  comparatively  long,  narrow  flap — and 
hence  has  a  powerful  leverage  to  overcome  before  it  can 
thrust  the  inferior  edge  of  the  flap  back  through  the  sep- 
tum.    The  neck  should  be  bent  to  nearly  a  right  angle. 

The  Pin  Operation. — This  operation,  devised  by  Rob- 
erts, is  performed  by  making  an  incision  through  the 
most  prominent  portion  of  the  convexity,  breaking  up 
the  resiliency  with  a  stellate  punch,  and  introducing  a 
steel  pin  through  the  more  open  nostril,  thrusting  its 
point  through  the  anterior  part  of  the  septum,  forcing 
the  curved  portion  of  the  latter  into  proper  position,  and 
then  burying  the  point  of  the  pin  in  the  posterior  part  of 
the  septum  on  the  previously  occluded  side.  The  head 
of  the  pin  should  be  covered  with  some  smooth  material 
to  prevent  irritation  of  the  columella. 

IngaW  Operation. — In  cases  in  which  the  cartilage  is 
bent  almost  at  right  angles  across  the  nostrils,  Ingals  dis- 
sects up  the  mucosa,  removes  a  triangular  piece  of  car- 
tilage of  sufficient  size,  incises  the  latter  farther  back  at 
its  upper  or  lower  part  to  destroy  its  resiliency,  and 
maintains  the  septum  in  place  by  a  plug  in  the  occluded 
naris. 

B^je's  Operation. — Roe  has  devised  an  operation  appli- 
cable to  either  bony  or  cartilaginous  deviations.  Pie  in- 
sists upon  the  necessity,  even  if  the  deviation  be  confined 
to  the  cartilage  alone,  of  fracturing  the  bone  at  or  adja- 
cent to  the  attachment  of  the  cartilage.  The  change  in 
direction  of  the  latter  attachment  tends  to  hold  the  car- 
tilage in  its  new  position.  Roe's  operation  requires  a 
special  fenestrated  forceps,  one  blade  of  which  is  an  ovate 
ring  while  the  other— long,  narrow,  and  rounded— fits 
loosely  into  it,  so  as  not  to  injure  the  septum.  The 
length  of  the  handle  prevents  compression  of  the  ante- 
rior portions  of  the  septum.  The  male  blade  is  intro- 
duced on  the  convex,  and  the  female  blade  on  the  con- 
cave side  of  the  deviation.     The  closure  of  the  blades 
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crowds  the  deflected  portion  of  the  septum  into  and 
partly  through  the  opening,  indenting  and  fracturing  it 
without  affecting  the  surrounding  area.  The  septum  is 
held  in  its  new  position  by  a  plug  of  metal  wrapped  with 
sterilized  cotton  or  gauze.  It  is  placed  on  the  originally 
convex  side  and  fills  the  naris. 

Moure's  Operation. — Moure,  of  Bordeaux,  has  devised 
an  operation  which  he  regards  as  an  improvement  on 
that  of  Asch.  Sjjurs  and  thickenings  are  first  removed 
with  a  special  instrument  consisting  of  an  elongated  ring 
with  cutting  edges  on  its  elliptical  extremity.  These 
blades  are  concave  externally  and  convex  on  the  opposite 
side.  Bleeding  is  checked  by  the  cautery.  Luxations  of 
the  antero-inferior  part  of  the  septum  are  resected  with 
a  knife,  the  mucosa  being  sutured.  After  full  healing 
has  occurred,  the  septum  is  attacked.  Under  cocaine  an 
incision,  3  or  3  cm.  long,  is  made  close  to  and  parallel  with 
the  nasal  floor,  special  scissors  resembling  those  of  Asch 
being  employed  for  the  purpose.  A  second  incision  Is 
then  made  at  an  acute  angle  to  the  first  and  near  the  front 
of  the  nose.  There  results  a  movable  fragment  held  in 
front  by  the  anterior  part  of  the  base  of  the  septum, 
which  has  been  left  untouched  toward  the  tip  of  the  nose, 
and  behind  by  the  perpendicular  plate  of  the  ethmoid 
and  the  vomer.  The  next  step  consists  in  the  introduc- 
tion, on  the  side  of  the  deviation,  of  a  tubular  dilator 
formed  out  of  the  parallel  blades,  the  outer  one  being 
rigid  and  the  inner  one  malleable.  The  inner  one  is 
modelled  to  the  septum  by  forceps  introduced  with  a  di- 
lator. The  dilator  is  left  in  situ  for  eight  days,  the  parts 
being  kept  meanwhile  scrupulously  clean. 

All  these  operations  have  been  variously  modified  by 
surgeons  according  to  the  requirements  of  individual 
cases.  The  main  points  to  bear  in  mind  are :  (1)  To  re- 
move all  excess  of  tissue  before  attempting  to  straighten 
the  septum ;  i%)  to  weaken  the  support  of  the  latter  by 
incision,  fracture,  etc.,  making  sure  to  destroy  the  resil- 
iency of  the  parts  so  that  the  septum  will  remain  in  its 
new  position;  and  (3)  to  hold  it  there  by  some  form  of 
splint  until  healing  has  occurred  in  the  new  position. 
Scrupulous  post-operative  care,  frequent  changing  of  the 
plugs  or  splints,  etc.,  so  as  to  avoid  retention  of  nasal 
secretions,  are  very  Important  factors  in  the  attainment 
of  a  successful  result.  James  E.  NewcoTnl). 
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NASAL    CAVITIES,  DISEASES   OF:    GLANDERS.— 

(Synonyms :  Malleus,  Farcy,  Equinia.)  Glanders  is  a  con- 
tagious disease  contracted  from  the  horse  and  character- 
ized by  the  formation  of  nodules,  which  soon  become 
pustular  and  ulcerated,  with  symptoms  of  septicfemla 
and  thick  muco-purulent  or  sanious  offensive  discharge 
from  the  nose.  It  would  not  deserve  space  in  this  place 
were  it  not  that  from  its  rarity  we  are  especially  in  need 
of  an  accurate  account  of  its  symptoms  and  signs,  be- 
cause personal  experience  is  generally  wanting.  Al- 
though the  disease  is  generally  contracted  from  the  horse, 
it  must  be  understood  that  it  also  affects  mules,  donkeys, 
goats,  cats,  dogs,  sheep,  and  pigs. 

Anatomical  and  Pathoi-ogical  Chabacteristics. — 
In  men  the  disease  is  characterized  by  irregular  and  some- 
times very  extensive  ulcers  in  the  nose,  especially  if  it  has 
been  of  long  duration.  As  the  ulcers  expose  the  cartilage 
and  bone,  these  tissues  become  necrosed,  and  thus  the  en- 
tire septum  and  hard  palate  may  be  destroyed.  Ulcer- 
ation sometimes  extends  to  the  frontal  sinus,  pharynx, 
larynx,  trachea,  and  bronchi.  CEdema  of  the  larynx 
may  result  from  the  inflammatory  changes.  Microscopi- 
cally, the  tubercle  or  nodule  of  glanders  differs  from  that 
of  tuberculosis,  in  that  It  is  vascular,  has  no  giant  cells, 
and  breaks  down  by  suppuration  instead  of  undergoing 
cheesy  degeneration.  At  the  autopsy  conditions  are  gen- 
erally found  which  closely  resemble  those  of  pyaemia. 

Etiology.— The  affection  is  contracted  from  the  horse 
or  other  animals  and  is  caused  by  the  bacillus  mallei. 

Symptomatology.- The  disease  may  be  either  acute  or 
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chronic.  The  chronic  affection  runs  from  four  to  eiglit 
months,  but  tlie  acute  generally  terminates  within  thiee 
weeks.  The  stage  of  incubation  is  from  three  to  five 
days.  After  this  period  an  inflammatory  reaction  takes 
place  at  the  site  of  inoculation,  which  may  be  progressive 
and  lead  to  abscess  formation  or  may  retrograde.  Later, 
there  are  symptoms  of  general  infection,  malaise,  head- 
ache, pains  in  the  joints  and  muscles,  and  high  fever, 
often  attended  by  an  erysipelatous  rash  of  the  nose  and 
throat,  which  is  soon  followed  by  vesicles  that  burst  and 
discharge  a  thin  serous  fluid.  The  disease  may  affect 
various  parts  of  the  body,  but  its  most  marked  manifes- 
tations are  in  the  nose  and  throat.  The  discharge  from 
these  parts  is  always  extremely  offensive  and  usually 
thin  and  profuse  at  first,  but  later  thick  and  glutinous 
and  sometimes  streaked  with  blood.  The  voice  com- 
monly becomes  husky  or  it  may  be  lost,  and  cough  and 
dyspnoea  may  develop.  The  chronic  form  is  ushered  in 
by  a  chronic  nasal  discharge,  which  may  be  so  scant}' 
that  it  merely  forms  crusts,  or  it  may  be  quite  profuse 
and  purulent;  or  as  the  result  of  ulceration  the  dis- 
charges may  be  yellowish,  brownish,  or  bloody.  Upon 
inspection  small  ulcers  are  often  fovind  situated  beneath 
the  crusts,  and  sometimes  characteristic  nodules  of  a 
whitish  color  are  seen  seated  upon  an  inflamed  mucosa. 
These  nodules  soon  break  down  in  the  centre,  making 
small  ulcers  which  may  extend  and  coalesce  with  others. 
In  man  the  nodules  are  much  less  common  than  in  the 
horse,  and  indeed  they  may  be  entirely  wanting.  As  ul- 
ceration progresses,  necrosis  of  bone  and  cartilage  occurs, 
and  the  septum  may  be  perforated.  As  the  disease  ex- 
tends backward,  ulcers  and  inflammatory  infiltration 
appear  on  the  posterior  pharyngeal  wall,  in  the  mouth, 
and  on  the  tongue.  When  the  larynx  is  reached  the 
voice  becomes  hoarse  and  breathing  may  be  diflicult.  In 
the  lungs  glanders  produces  symptoms  of  bronchitis. 
The  intestinal  canal  may  also  be  invaded,  as  indicated  bj' 
gastric  disturbances  with  diarrhoea,  and  the  disease  also 
attacks  the  skin,  causing  multiple  abscesses  or  ulcers. 

Diagnosis. — Glanders  is  to  be  distinguished  from  na- 
sal syphilis  and  tuberculosis.  Nasal  tuberculosis  is  usu- 
ally associated  with  tuberculosis  at  the  apex  of  one 
lung ;  it  is  commonlj"^  much  slower  in  its  progress  than 
glanders,  and  it  cannot  be  traced  to  contact  with  the 
horse.  Finding  of  the  pathogenic  bacilli  in  either  case 
will  make  the  diagnosis  certain. 

Syphilis  frequently  resembles  glanders,  but  the  con- 
stitutional symptoms  are  much  less  pronounced.  The 
history  is  very  different  and  the  bacillus  mallei  cannot  be 
detected  in  this  disease.  Notwithstanding  this,  how- 
ever, most  cases  of  glanders  are  ineffectually  treated  for 
syphilis  for  some  time  before  the  real  nature  of  the  ail- 
ment is  discovered.  The  chronic  disease  may  last  for 
weeks  or  months,  and  whenever  an  obstinate  nasal  ca- 
tarrh exists  in  people  who  are  much  occupied  with 
horses,  a  careful  examination  for  glanders  must  be  made. 
If  nodules  and  ulcers  appear,  together  with  abscesses  and 
ulcerations  of  the  skin,  in  stablemen  and  others  having 
much  to  do  with  horses,  the  existence  of  glanders  should 
be  suspected  and  the  pus  carefully  searched  for  the 
bacilli.  In  order  to  confirm  the  diagnosis  it  may  be 
even  necessary  to  inoculate  a  male  guinea-pig,  in  which 
case  the  characteristic  nodes  appear  in  the  testicles  after 
three  or  four  days.  The  inoculations  are  made  into  the 
peritoneal  cavity. 

Phognosis. — The  chronic  disease  runs  its  course  in 
from  four  to  eight  months  and  terminates  fatally  in  at 
least  ninety-five  per  cent,  of  the  cases.  The  acute  affec- 
tion often  "is  superadded  to  the  chronic  disease,  and  when 
this  occurs  death  invariably  results  in  from  six  to  eight 
days,  but  primary  acute  disease  usually  lasts  for  about 
three  weeks.  As  the  disease  progresses,  the  patient 
passes  into  a  typhoid  condition  which,  in  the  acute  form, 
soon  terminates  in  coma  and  death. 

Tebatmbnt.— Prophylaxis  is  of  the  greatest  impor- 
tance, and  those  working  about  horses  should  be  able  to 
recognize  the  disease  promptly,  but  the  insidious  course 
of  chronic  glanders  in  the  horse  may  make  the  diagnosis 


very  difficult  for  a  long  time.  In  all  such  instances  the 
services  of  a  veterinarian  should  be  employed.  Little 
can  be  hoped  for  from  the  treatment  of  the  disease,  but 
locally  strong  solutions  of  creosote,  tincture  of  iodine, 
nitrate  of  silver,  and  carbolic  acid  have  been  recom- 
mended, and  it  is  claimed  that  recovery  has  in  some  cases 
followed  the  use  of  mercurial  ointment.  General  sup- 
porting remedies  are  of  course  indicated.  The  secretions 
and  discharge  coming  from  the  nose  of  a  patient  sufl'er- 
ing  from  glanders  should  be  carefully  disinfected. 

E.  Fletcher  Ingah. 

NASAL  CAVITIES,  DISEASES  OF:  HEMORRHAGE. 

— The  term  epistaxia  is  applied  to  bleeding  from  the  nasal 
cavities  and  adjacent  sinuses.  Owing  to  the  unusual  vas- 
cularity of  the  nasal  region,  the  delicacy  of  its  construc- 
tion, and  its  liability  to  accident,  nosebleed  is  of  very 
common  occurrence. 

Etiology. — It  maybe  due  to  traumatisms;  to  local 
affections  of  the  nasal  cavities,  such  as  hyperemia,  dilata- 
tion of  superficial  blood-vessels,  superficial  erosions  of  the 
mucous  membrane,  ulceration ;  to  the  presence  of  foreign 
bodies  or  of  pharyngeal  adenoids;  to  various  systemic  af- 
fections such  as  ansemia,  purpura,  and  scurvy;  to  dis- 
eased conditions  of  the  brain,  heart,  liver,  or  kidneys ;  to 
typhoid  and  typhus  fever,  measles,  scarlatina,  diphtheria, 
pneumonia,  etc. ;  it  may  be  vicarious,  occurring  in  women 
at  the  menstrual  period ;  or,  finally,  it  may  arise  from  a 
variety  of  other  causes  dependent  upon  severe  excitation 
of  the  circulation  or  irritation  of  the  surface  of  the  nasal 
mucous  membrane. 

It  may  occur  as  a  result  of  toxic  doses  of  certain  drugs 
which  are  eliminated  through  the  mucous  surface  of  the 
upper  air  passages.  It  is  present  in  fractures  of  the 
skull,  especially  at  the  base,  and  is  also  found  with  necro- 
sis or  caries  of  the  bony  skeleton  of  the  nose.  It  has 
been  caused  in  gunners  by  the  severe  concussion  of  heavy 
firing.  It  occasionally  follows  coitus.  Sudden  transi- 
tion from  a  normal  into  a  rarefied  atmosphere  may  cause 
it.  It  is  not  infrequently  the  precursor  of  cerebral  apo- 
plexy. It  is  commonly  met  with  in  boys  at  the  age  of 
puberty,  and  in  girls  it  may  precede  the  establishment 
of  the  catamenia.  It  may  occur  in  women  during  preg- 
nancy and  at  the  menopause.  It  is  common  in  childhood, 
less  so  in  middle  life,  and  again  more  apt  to  occur  with 
advancing  age. 

The  bleeding  may  come  from  one  or  both  nostrils. 
Originating  from  the  deeper  part  of  one  nasal  cavity  the 
blood  may  be  deflected  into  the  nasal  cavity  of  the  op- 
posite side,  and  escape  outwardly  through  that  nostril  or 
into  the  pharynx.  Dangerous  nasal  hemorrhage  may  oc- 
cur during  sleep,  the  blood  being  swallowed  without  at- 
tracting the  attention  of  the  patient.  Serious  loss  of  blood 
may  thus  result.  The  presence  of  bleeding  in  such  a  case 
would  probably  be  demonstrated  by  changing  the  posi- 
tion of  the  patient  and  causing  him  to  clear  his  throat. 

Bleeding  most  frequently  originates  from  the  anterior 
and  inferior  part  of  the  nasal  septum,  and  when  it  comes 
from  this  locality  it  is  seldom  dangerous,  although  in 
some  rare  cases  it  may  be  severe  and  through  frequent 
recurrence  it  may  cause  serious  anemia. 

The  bleeding  point  may  be  located  in  any  part  of  the 
nasal  cavity,  or  there  may  be  a  general  oozing,  widely 
diffused  over  the  surface  of  the  membrane,  as  in  hiemo- 
philia,  purpura,  and  the  anaemia  of  children.  When 
coming  from  the  anterior  portion  of  the  nares  the  blood 
escapes  from  the  nostrils,  but  when  from  the  deeper 
parts  of  the  nasal  cavities  it  may  pass  backward  and  be 
swallowed  and  later  vomited,  or  it  may  pass  into  the  tra- 
chea and  be  coughed  up.  The  latter  accident  is  not  com- 
mon. When  the  bleeding  is  from  the  upper  and  anterior 
part  of  the  nasal  cavity  the  hemorrhage  may  be  serious. 
This  is  explained  by  the  close  connection  between  the 
anterior  ethmoidal  vessels  and  the  intracranial  circula- 

piethora,  especially  when  accompanied  by  deficient 
menstruation,  portal  congestion,  and  some  forms  of 
Bright's  disease,  may  be  reUeved  by  epistaxis. 
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HsemaloinuUi  of  the  uasal  cavities  are  more  commoul}^ 
met  with  on  the  septum.  Tliey  are  occasionally  seen  as 
the  result  of  traumatism.  Examination  will  oflen  deter- 
mine the  location  of  the  bleeding  point,  which  is  apt  to 
be  found  upon  some  part  of  the  cartilaginous  septum. 
The  anterior  region  of  the  nose  is  the  most  frequent  seat 
of  this  trouble. 

Diagnosis. — In  hemorrhage  from  the  anterior  nares  the 
nasal  cavity,  having  been  carefully  clean,sed,  should  be 
examined  by  anterior  rhino.scop3',  and  an  attempt  made 
to  locate  the  precise  spot  from  which  the  bleeding  takes 
place.  This  will  generally  be  found  in  the  region  of  the 
septum.  Epista.xis  must  be  differentiated  from  luemop- 
tysis,  from  luematemesis,  and  from  bleeding  from  the 
lower  and  median  pharyn.x.  This  may  be  done  b}'  care- 
ful examination  of  the  nasal  cavities. 

Prognosis. — The  prognosis  is  generally  good.  When, 
however,  the  bleeding  is  dependent  upon  a  general  diatli- 
esis  or  some  systemic  disease  it  may  be  very  dangerous. 

Treatment. — The  treatment  of  epistaxismust  depend 
upon  its  origin  and  upon  its  cause.  It  is  necessary,  there- 
fore, to  determine  as  far  as  possible  what  these  may  be. 
Vicarious  bleedings  and 
those  which  occur  at  the 
crises  of  certain  fevei's, 
ma}',  if  they  are  not  c\ 
cessive,  be  allowed  (o 
continue.  In  conditions 
of  plethora  and  in  vica- 
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nous  men- 
struation it 
slwuld  not  be 
unnecessarily 
checked.  Un- 
der ordinary 
circumstan- 
ces simple 
means  will 
usually  be  ef- 
fective in 
stopping  the  FiR.  3489. 
flow.  These 
consist  in  ab- 
solute rest  and  in  keeping  the  head  erect  and  avoiding  the 
common  mistake  of  inclining  it  forward  and  downward. 
If  the  bleeding  is  from  the  anterior  part  of  the  nose,  press- 
ure of  the  ala  against  the  septum  may  check  it.  The  ap- 
plication of  cold  to  the  no.se  or  the  insufflation  of  cold  water 
is  often  effective.  When  the  bleeding  point  can  be  found, 
applications  should,  if  possible,  be  made  directly  to  it. 
This  should  be  done  by  first  drying  the  place  with  absorb- 
ent cotton  and  then  applying  to  it  nitrate  of  silver,  chro- 
mic acid,  or  even  the  galvanocautery.  A.striugents,  such 
as  alum  or  tannin,  may  also  be  applied.  The  iron  prepa- 
rations are  as  a  rule  wor.se  than  useless,  and  should  never 
be  employed.  Of  late  the  use  of  two  remedies  has  been 
suggested,  both  of  wdiich  experience  has  proved  to  be  of 
great  value.  One  of  these  is  antipyrin,  the  other  is  the 
extract  of  suprarenal  glands  The  "antipyi'in  shoidd  be 
dissolved  in  water,  about  ten  grains  to  the  ounce.  The 
suprarenal  extract  should  also  be  used  in  strong  so 
lution.  The  bleeding  cavity  having  been  freed  "from 
clots  by  means  of  cold  Avater,  about  half  an  ounce  of 
one  of  the  above  solutions  should  be  insuftlated  and 
retained  in  the  nose  as  long  as  possible.  This  should  be 
repeated  once  or  twice  unless  tlje  bleeding  is  immediate 
ly  checked. 

^  The  careful  ei]i]iloyment  of  this  method  is  very  effec- 
tive.    When  simijler  means  fail,  the  hemorrhage  may  be 
controlled  by  packing  that  pait  of  the  nasal  cavity  from 
:  comes.     For  this  purpose  a  sponge 
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should  never  be  used.     Far  better  is  it  to  introduce  into 
the  nasal  cavity  a  narrow  strip  of  surgical  gauze  and  tlien 
to  pack  it  in  carefully  against  the  required  spot.     If  the 
bleeding  point  is  in  the  upper  part  of  the  cavit.y,  the 
lower  part  may  be  left  fi'ee  to  permit  of  noi-nial  respira- 
tion.   The  proximal  end  of  the  gauze  strip  should  bo  left 
free,  so  that  in  the  withdrawal  of  the  tampon  only  so 
much  need  be  removed  at  one  time  as  can  be  readily  de- 
tachetl.     Forcible  removal  is  certain  to  cause  a  recurrence 
of  the  bleeding.     Great  care  should  therefore  be  exercised 
and  the  plug  should  be  saturated  with  some  solvent  solu- 
tion before  any  manipulation  is  applied  to  it.     As  a  rule 
the  plug  should  not  be  retained  for  more  than  one  day. 
If  it  occurs  posteriorly  the  bleeding  may  be  checked  bj- 
in.serting  a  tampon  into  the  naso-pliarynx,  and,  if  neces- 
sai'y,  at  the  same  time  packing  the  anterior  jjart  of  the 
nasal  canal.     For  packing  the  uaso-]5liaryugeal  region  a 
flexible  catheter  or  a  Bellocij's  cannula  (R,  in  Pig.  3489), 
to  the  distal  end  of  which  a  loop  of  silk  has  been  fastened, 
.should  be  passed  through  the  nose  and  its  distal  end 
brought  into  the  pharynx.     To  the  loop  a  strong  ligature 
should  be  fastened  and  drawn  ujjward  and  tlien  forward 
until  the  attached  end  is  outside  of  the  nostril.     A  tam- 
pon of  lint  or  cotton  {T),  saturated  with  vaseline  and 
attached  to  the  middle  of  the  ligature  which  should  be 
about  eighteen  inches  long,  should  be  in  readiness.     The 
tampon  should  then  be  drawn  carefully  into  place  by 
traction  upon  the  string,  aided  bj'  manipulation  with 
the  finger  in  the  pharynx.     The  "tampon   having  been 
placed,  it  is  well  to  make  a  firm  block  of  absorbent 
cotton  around  which  the  anterior  end  of  the  string 
ma}'  be    wound  and  held  in   the  vestifmlc  of   the 
nose.     The  pharyngeal  end  of  the  string  should  be 
b)-oiight  out  of  the  mouth  and  looselv  attached  to 
the  patient's  ear.     To  remove  the  tampon,  the  best 
plan,  as  a  rule,  is  first  to  cleanse  the  parts  as  thor- 
oughly as  practicable  and  then  apply  to  them  a  so- 
lution of  suprarenal  extract  in  ordeV  to  secure  the 
greatest  possible   contraction  of   the  blood-vessels. 
Lastly,  the   parts   .should   be   covered   with   liquid 
vaseline,  and  time  enough  allowed  for  it  to  saturate 
the  surface  of  the  tampon  as  deeply  as  it  can  pene- 
trate.    Only  the  gentlest  traction  should  be  applied 
to  the  string  while  the  tampon  is  being  removed. 
Severe  bleeding  may  require  the  use  of  revulsives  in- 
tended to  cause  reflex  contraction  of  the  nasal  blood-ves- 
sels, the  administration  of  remedies  intended  to  quiet  the 
action  of  the  heart,  the  application  of  pressure,  externally 
and  internally,  and  in  extreme  cases  transfusion  or  some 
kindred  measure.     In  the   most  severe   and  intractable 
cases  of  epistaxis  the  nasal  cavity  may  easilv  become  sep- 
tic, and  thus  another  serious  feature  be  added  to  the  case. 

D.  Dryson.  Delacan. 

NASAL    CAVITIES,    DISEASES    OF:     LEPROSY.— 

Leprosy  of  the  nose  attends  some  cases  of  aeneral  leprosy 
or  elephantiasis,  and  is  characterized  bva  formation  of 
nodular  ma.sses  and  diffuse  thickening  of  the  skin  of  the 
bridge  of  the  nose,  which  by  being  thrown  into  vertical 
folds  causes  the  condition  known  as  fades  leonina.  The 
nose,  especially  below  the  bridge,  becomes  deformed  by 
the  growth  around  it  of  nodular  masses  that  enter  into 
the  substance  of  the  na.sal  tip  and  ahi?,  changing  them 
into  three  tumor-like  masses  that  lie  side  bv  side,  sepa- 
rated by  deep  fissures.  It  is  also  attended  b'v  congestion 
of  the  mucous  membrane  with  uniform  or  nodular  swell- 
ing and  considerable  deforuiitv  and  ulceration. 

Etiology  and  Pathology'.— This  part  of  the  subject 
has  been  fully  discussed  in  the  article  entitled  Leprosy, 
and  the  reader  is  therefore  referred  to  it  for  information 
on  the  subject. 

Sv.MPTOM ATOLOGY.— Among  the  early  svmptoms  arc 
dilluse  thickening  of  the  skin  over  the  bridge  of  the  nose. 
This  IS  at  first  bright  red,  but  later  of  a" brownish-red 
and  shiny  appearance ;  in  a  still  later  stage  it  becomes 
paler  and  of  alight  grayish-brown,  or  finally  it  darkens 
to  a  chocolate  color.  Deep,  painful,  and  bleeding  fissures 
occur  between  the  tumor-like  projections  at  the  end  of 
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the  nose,  ulcerations  develop,  and  cicatrices  are  formed 
leading  to  a  great  variety  of  deformities.  In  time  the 
nose  flattens,  broadens,  and  sinks  in.  the  nostrils  often 
being  narrowed  to  mere  slits  by  tliickening  of  the  alfB 
nasi.  The  appearance  of  a  nose  in  this  condition  is 
likened  to  that  of  a  hound  This  change  is  due  mainly 
to  destruction  of  the  cartilages  of  the  external  nose  and 
the  cartilaginous  septum,  and  to  cicatricial  retraction  of 
the  external  nose.  Sticker  believes  that  the  initial  lesion 
of  leprosy  is  usually  an  ulcer  above  the  cartilaginous  part 
of  the  nasal  septum,  and  it  has  often  been  found  that  the 
disease  attacks  some  portion  of  the  nasal  cavity  before  there 
are  any  external  manifestations  in  other  parts  of  the  body. 
The  primary  focus  may  thus  be  hidden  for  a  long  time 
and  the  disease  may  easily  be  mistaken  for  other  affections 
of  the  nose.  At  first  there  are  obstruction  to  nasal  res- 
piration and  a  free  watery  discharge  which  later  becomes 
purulent  and  extremely  offensive  on  account  of  ulceration 
and  necrosis.  Severe  epistaxis  also  frequently  occurs. 
After  a  period  of  months  or  years,  the  dischaige  gradu- 
ally ceases  and  the  nares  become  dry.  About  this  time 
leprous  nodules  may  appear  on  the  face  and  external 
nose.  The  nasal  mucosa,  which  is  at  first  red,  gradually 
fades  and  becomes  yellowish,  grayish,  or  pure  white,  due 
to  the  hard  leprous  infiltration.  This  infiltration  may  be 
diffuse  at  first,  or  it  may  form  tubercles  and  tumors,  from 
5  to  15  mm.  in  diameter,  which  spring  from  the  anterior 
part  of  the  septum  and  the  anterior  end  of  the  inferior 
turbinals.  Unless  preceded  by  pharyngeal  leprosy  the 
disease  first  invades  the  anterior  portion  of  the  nares,  but 
as  it  progresses  the  cartilaginous  or  bony  septum  may  be 
destroyed  by  ulceration.  In  this  stage  the  secretions 
often  dry  and  fill  the  nares  with  large  hard  crusts  that 
can  be  removed  only  with  considerable  force,  a  procedure 
which  is  likely  to  cause  free  hemorrhage  that  may  be 
suflBcient  to  require  packing  of  the  cavity.  The  destruc- 
tive process  may  also  affect  the  turbinated  bodies.  Fi- 
nally ulceration  ceases,  cicatrization  follows,  and  the 
dense  scars  may  obliterate  the  nasal  cavities.  As  a  rule 
the  ulcers  and  other  leprous  lesions  display  characteristic 
anfpsthesia  when  touched  with  a  probe,  and  the  sense  of 
smell  is  lost. 

Diagnosis. — The  diagnosis  must  depend  upon  the  pres- 
ence of  the  peculiar  thickened  nodular  formation,  ulcer- 
ation, cicatricial  contraction,  and  the  odor  of  the  secre- 
tions, and  the  finding  in  them  of  the  bacilli  leprae,  which 
are  apt  to  be  abundant.  It  is  often  difficult  to  make  an 
examination  of  the  nares  because  of  the  contraction  of 
the  nostrils  or  of  the  sensitiveness  of  the  formations  at 
the  end  of  the  nose.  The  thick  dry  crusts  may  also  pre- 
vent a  satisfactory  inspection.  The  disease  can  gener- 
ally be  distinguished  from  tuberculosis  by  the  presence, 
in  the  latter,  of  tuberculous  deposits  in  other  parts  of  tlie 
body  and  by  the  occurrence  of  thickening  and  cicatricial 
contraction  in  leprosy.  In  a  few  cases  syphilitic  infil- 
tration may  simulate  leprous  nodules,  but  the  history  and 
the  effects  of  antisyphilitic  treatment  usually  clear  up  the 
diagnosis  in  a  short  time.  Again,  the  progress  of  syphilis 
in  the  nose  is  much  more  rapid  than  that  of  leprosy. 

Prognosis. — There  appears  to  be  no  tendency  to  spon- 
taneous recovery,  and  unfortunately  treatment  offers 
little  hope  of  cure. 

Treatment. — Internally  the  gurjun  and  the  chaul- 
moogra  oils  have  been  highly  recommended,  the  former 
in  doses  of  five  to  ten  minims,  the  latter  in  doses  of  two 
drachms,  but  there  is  much  doubt  as  to  whether  either 
does  any  good.  By  way  of  palliative  treatment  the  dry 
secretions  should  be  softened  by  ointments  and  alkaline 
or  oily  sprays.  The  obstruction  of  the  nares  may  be  re- 
lieved partly  by  severing  adhesions  or  by  other  surgical 
measures,  and  bougies  may  sometimes  be  employed  to 
keep  the  nares  free  from  obstruction.  Howevei',  care 
should  be  used  not  to  cause  much  bleeding  or  to  give  the 
patient  much  pain.  E.  Fletcher  Ingals. 

NASAL  CAVITIES,  DISEASES  OF:   MUCOUS  POL- 
YPI.—Nasal  mucous  polypi  are  hyperplastic,  oedema- 
tous  outgrowths  originating  commonly  from  the  mucous 
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membrane  of  the  parts  of  the  nasal  cavity  above  the  lower 
turbmated  bodies.  They  cause  obstruction  of  the  nares 
and  usually  free  discharge  of  watery  mucus.  Mucous 
polypi  occur  oftener  in  men  than  in  women.  Thev  are 
seldom  found  before  the  twelfth  year. 

Anatomical  and  Pathological  Charaoteristios  — 
Mucous  polypi  are  generally  smooth,  glistening,  and 
translucent,  and  of  a  grayish- white  color,  but  they  may 
also  have  a  pmk  or  yellowish  tinge.  Occasionally  they  are 
opaque  and  bright  red.  Portions  of  the  growth  that  are 
exposed  to  the  air  in  the  nasal  vestibule  are  sometimes 
covered  ,with  thick  pavement  epithelium  that  has  the 
appearance  of  white  paint.  These  growths  may  be  ses- 
sile or  pedunculated,  and  rarely  they  are  found  hanging 
by  a  mere  thread.  According  to  their  surroundings  they 
may  be  globular,  pyriform,  or  flattened.  Many  may  clus- 
ter together,  large,  small,  and  minute  specimens  aris- 
ing from  the  same  attachment.  The  nun  ber  of  the 
growths  varies  greatly,  but  they  are  generallv  multiple 
and  often  fill  both  nasal  fossoe  from  the  nostrils  to  the 
posterior  nares.  Polypi  originate  most  commonly  from 
the  lower  border  and  outer  surface  of  the  middle  tur- 
binated body  and  from  the  region  of  the  hiatus  semilu- 
naris, though  they  may  also  grow  from  the  superior 
meatus  and  turbinal.  They  are  very  rarely  attached  to 
the  septum,  and  so  seldom  do  they  arise  from  the  lower 
turbinal  and  nasal  floor  that  their  origin  from  these  parts 
is  a  pathological  curiosity.  The  pathology  of  these 
growths  is  considered  elsewhere. 

Etiology. — The  most  frequent  cause  of  the  disease  is 
chronic  rhinitis  with  polypoid  hypertrophy  of  the  middle 
turbinated  body,  a  condition  which  precedes  the  forma- 
tionof  true  polypi.  Polypi  are  occasionally  caused  by 
foreign  bodies,  and  often  appear  to  result  from  chrtmic 
suppuration;  they  are  therefore  a  frequent  accompani- 
ment of  empyema  of  the  accessory  sinuses.  They  occa- 
sionally precede  malignant  growths  originating  in  the 
deeper  parts  of  the  nasal  cavity  or  in  the  sinuses.  Suc- 
cessive crops  of  polypi  may  thus  be  removed  until  the 
carcinoma  or  sarcoma  has  made  enough  progress  to  be- 
come visible. 

Symptoms.— Polypi  often  exist  for  years  before  the 
patient  is  made  aware  of  their  presence  by  obstruction  in 
the  nose.  A  watery  or  occasionally  purulent  discharge 
from  the  nostrils  is  one  of  the  first  manifestations  of  the 
disease.  This  symptom  is  accompanied  or  soon  followed 
by  gradually  increasing  obstruction  in  one  or  both  nares. 
Many  patients  do  not  seek  relief  until  the  nasal  passages 
become  nearly  or  completely  closed.  The  sensation  of  a 
body  moving  to  and  fro  in  the  air  current  is  sometimes 
felt.  As  the  growths  increase  in  size,  sensations  of  ful- 
ness and  pressure  occur  in  the  upper  part  of  the  nares,  or 
there  may  be  actual  pain  that  may  radiate  to  the  fore- 
head. 

Polypi  growing  from  the  septum  are  often  vascular 
and  cause  severe  nosebleed,  and  rarel}'  the  growths  in 
other  locations  are  angiomatous  and  give  rise  to  the  same 
symptom.  In  most  cases  the  sense  of  smell  is  lost.  The 
catarrhal  inflammation  is  liable  to  extend  to  the  lach. 
rymal  duct  and  to  cause  its  stoppage  with  resulting  lach- 
rymation,  and  deafness  frequently  results  from  detlation 
of  the  middle  ear  and  catarrhal  otitis  media.  The  symp- 
toms of  polypi  are  aggravated  during  damp  weather  by 
swelling,  while  a  dry  atmosphere  improves  the  patient's 
condition.  The  usual  results  of  mouth-breathing,  such 
as  injury  to  the  incisor  teeth  from  drying  of  the  enamel, 
pharyngitis,  and  lar3'ngitis,  follow  the  disease,  which 
frequently  also  gives  rise  to  reflex  disorders.  Prominent 
among  the  latter  are  fits  of  sneezing,  lachrymation,  and 
conjunctival  irritation.  Asthma  is  frequently  caused  by 
polypi,  though  not  so  commonly  as  reported  by  some 
authors.  Other  reflex  phenomena  such  as  nightmare,  mi- 
graine, headache,  giddiness,  hay  fever,  epilepsy,  and  gas- 
tric disorders  are  occasionally  observed,  but  they  often 
remain  unchanged  after  operation.  Inspection  usually 
discloses  only  the  foremost  of  the  growths,  but  the  polj'pi 
at  the  posterior  part  of  the  group  may  often  be  seen  by 
posterior  rhinoscopy.     A  large  polypus  may  appear  as 
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a  translucent  spherical  tumor  resting  upon  the  soft 
palate,  while  the  pedicle  by  which  it  hangs  is  usually 
hidden.  Smaller  growths  1:11  the  space  between  the 
turbinals  and  posterior  end  of  the  septum,  or  that  be- 
tween the  lower  and  middle  turbinals  or  between  the 
middle  turbinal  and  the  upper  border  of  the  choana.  Jn 
this  location  the  growths  are  sometimes  of  almost  glassy 
transparency  and  difficult  to  see.  In  other  cases  they 
appear  like  muco-pus. 

Diagnosis. — Polypi  have  so  characteristic  an  appear- 
ance that  they  are  not  easily  mistaken  when  seen  by 
anterior  or  posterior  rhinoscopy,  and  palpate4  with  a 
probe.  In  a  case  of  nasal  obstruction  the  nasopharynx 
should  always  be  examined,  as  there  may  be  no  polypi 
in  the  anterior  part  of  the  nose  while  the  posterior  nares 
may  be  occluded  by  them.  The  inexperienced  might  pos- 
sibly confound  septal  deflection  with  a  polypus,  espe- 
cially when  the  convexity  of  the  deformity  presents  the 
appearance  of  a  pink  or  red  tumor  in  the  nasal  vestibule. 
The  concavity  of  the  deflection  in  the  opposite  naris,  and 
the  fact  that  a  probe  can  be  passed  on  only  one  side  of 
the  prominence  of  the  bent  septum,  while  it  may  pass  on 
both  sides  of  a  polpyus,  should  prevent  error. 

Polypi  are  distinguished  from  thickening  of  the  turbi- 
nated bodies  by  their  translucence,  lighter  coloi',  lack  of 
resistance  when  touched,  and  their  great  mobility.  When 
the  turbinals  are  firmly  pressed  upon  with  the  end  of  a 
probe,  a  characteristic  sense  of  bony  resistance  and  im- 
mobility ia  felt.  The  swelling  of  the  septum,  due  to 
chronic  abscess,  is  of  a  deeper  color  than  that  of  a  poly- 
pus ;  it  is  usually  much  the  same  in  both  nares,  and  it  is 
not  possible  to  pass  a  probe  between  it  and  the  septum. 
Foreign  bodies 'generally  cause  unilateral  oifensive  puru- 
lent discharge,  while  polypi  are  commonly  attended  by 
bilateral,  watery,  and  odorless  secretion.  The  sensation 
given  to  the  probe  is  also  quite  different.  Malignant 
tumors  of  the  nasal  cavity  or  of  one  of  the  sinuses  may  be 
hidden  from  view  by  polypi  created  by  the  irritating  ef- 
fect of  their  growth,  and  they  then  cannot  be  recognized. 
Visible  malignant  growths  have  a  grayish,  pinkish,  or 
deep  red  color  and  often  a  sloughing  and  ulcerated  sur- 
face. They  commonly  spring  from  the  septum,  a  site 
rarely  occupied  by  polypi,  and  they  usually  bleed  easily. 
Pain  and  rapid  growth  are  characteristics  of  the  malig- 
nant neoplasms,  and  carcinoma  generally  ulcerates  early 
and  gives  rise  to  stench.  The  hardness  and  immobility 
of  enchondroma  and  osteoma  make  it  impossible  to  mis- 
take these  affections  for  polypi. 

Prognosis. — This  affection  is  not  dangerous  to  life,  and 
in  the  great  majority  of  cases  the  patient  need  expect  no 
worse  troubles  than  nasal  obstruction  and  annoying  dis- 
charge. Deformity  of  the  bones  of  the  face,  formerly 
attributed  to  mucous  polypi,  is  seldom  if  ever  caused  by 
them,  but  is  a  result  of  the  distending  effect  of  fibroid 
tumors  upon  the  skeleton  of  the  nasal  cavity  or  is  due  to 
the  destructive  and  distending  advance  of  malignant  dis- 
ease. In  prerhinoscopic  days  these  growths  were  often 
confounded  with  polypi,  and  hence  frog  face  and  other 
deformities  were  attributed  to  the  latter.  In  rare  cases 
vascular  polypi  produce  dangerous  epistaxis.  Although 
single  polypi  are  sometimes  expelled,  spontaneous  recov- 
ery does  not  occur;  and  even  after  careful  removal  of  the 
growths  there  is  a  notorious  tendency  to  recurrence,  so 
that  many  patients  suffer  from  the  dread  of  repeated 
operations.  Assurance  may  be  given  that  polypi  do  not 
change  into  malignant  tumors,  and  patients  should  not 
be  worried  by  the  statement  that  they  may  possibly  pre- 
cede the  latter. 
J  Treatment. — Procedures  undertaken  without  the  aid 
of  rhinoscopy,  such  as  evulsion  with  polypus  forceps  or 
curettage  after  laying  open  the  nose  externally,  inflict 
needless  injury  on  the  patient  and  are  not  to  be  recom- 
mended. The  most  satisfactory  method  of  treatment  is 
removal  of  the  growths  with  the  steel  wire  snare  or  ecra 
seur.  The  one  preferred  by  the  author  is  a  modification 
of  one  devised  by  Clarence  Blake.  The  snare  is  armed 
with  No.  5  steel  piano  wire,  which  in  practice  has  been 
found  to  answer  better  than  the  other  sizes.    The  loop  is 


passed  in  vertically,  its  under  edge  turned  beneath  the 
polypus,  and  then  with  a  backward  and  forward  move- 
ment it  is  worked  up  as  near  the  pedicle  as  possible. 
The  loop  is  now  tightened,  and,  if  thought  best,  the 
polypus  is  cut  off  at  once,  but  usually  better  results  are 
obtained  if  it  is  torn  from  its  base  by  traction.  There  is 
little  danger  in  this  way  of  removing  any  of  the  normal 
tissues,  for  it  is  almost  impossible  to  include  within  tlie 
snare  anything  but  the  polypus.  When  polypi  grow 
from  broad  bases,  and  are  attached  over  the  whole  sur- 
face of  a  turbinated  body,  the  bone  may  be  torn  off  with 
the  snare  if  much  traction  be  made.  Under  such  cir- 
cumstances the  experienced  operator,  noticing  the  in- 
creased resistance  of  the  normal  tissue,  instead  of  con- 
tinuing the  traction,  will  tighten  the  wire  loop  and  cut 
the  growth  as  near  its  base  as  possible.  When  polypi 
repeatedly  grow  from  a  large  surface  of  the  middle  tur- 
binal, it  is  sometimes  better  to  remove  the  body  entirely 
to  prevent  recurrence.  The  operator  should  have  at 
hand  forty  or  fifty  applicators  wound  with  absorbent  ' 
cotton  for  swabbing  out  the  blood  while  the  operation 
proceeds,  as  it  is  useless  to  try  to  catch  the  tumors  when 
the  nose  is  filled  with  blood.  Spraying  the  nasal  cavities 
before  operation  with  a  solution  of  adrenal  extract  will 
materially  lessen  the  bleeding.  Whatever  operation  is 
performed,  the  parts  should  first  be  thoroughly  anaesthe- 
tized with  a  four-  to  ten-per-cent.  solution  of  cocaine, 
which  is  best  applied  by  means  of  a  hypodermic  syringe 
fitted  with  a  long,  blunt,  silver  nozzle  bent  at  the  end, 
so  that  the  solution  may  be  thrown  up  about  the  base  of 
the  tumors.  Sometimes  both  cavities  may  be  cleared  at 
once,  but  it  is  usually  preferable  to  remove  the  growths 
that  can  be  easily  reached,  and  to  complete  the  operation 
at  one  or  two  subsequent  sittings,  as  this  generally  gives 
the  patient  much  less  discomfort  than  one  long  sitting. 
After  the  polypi  have  been  removed,  the  patient  should 
cleanse  the  nose  once  or  twice  daily  with  a  wash  of  so- 
dium bicarbonate,  a  teaspoonful  to  the  pint  of  lukewarm 
water.  Antisepsis  and  healing  will  be  promoted  by  in- 
sufflation two  or  three  times  daily  of  a  powder  containing 
ten  per  cent,  of  boric  acid  and  twenty-five  per  cent:  of 
iodol,  with  sugar  of  milk  sufficient  to  complete  the  mixt- 
ure ;  together  with  the  use  of  a  spray  containing  about 
one  minim  of  oil  of  wintergreen,  two  minims  of  carbolic 
acid,  and  three  minims  of  oil  of  cloves  to  an  ounce  of 
Oleum  petrolatum  album.  If  the  secretion  be  profuse, 
ten  minims  of  terebene  may  be  added  with  advantage. 
The  patient  should  return  in  about  a  week,  when  it  will 
often  be  found  that  polypi  which  were  invisible  at  the 
time  of  operation  have  descended  and  may  be  removed. 
He  should  return  again  in  from  four  to  six  weeks,  so  that  if 
the  poly  pi  are  growing  they  may  be  thoroughly  destroyed 
with  the  galvanocautery. 

In  some  cases  mucous  polypi  do  not  return  after  one 
thorough  removal,  but  usually  recurrence  takes  place 
and  operative  procedures  must  be  repeated  from  time  to 
time  until  complete  destruction  of  the  growths  is  effected. 
When  empyema  of  one  or  more  accessory  sinuses  exists, 
this  must  be  relieved  before  the  patient  can  be  freed  from 
relapses;  and  in  those  instances  in  which  the  tumors 
originate  from  the  region  of  the  hiatus  semilunaris  or 
superior  meatus  it  is  occasionally  necessary  to  remove 
the  middle  turbinated  body  in  order  to  reach  the  site 
from  which  they  grow.  In  order  to  get  at  polypi  lo- 
cated behind  a  deflection  or  large  spur  of  the  septum, 
it  may  be  necessary  first  to  correct  this  deformity.  In 
the  majority  of  cases  operations  upon  the  nasal  skele- 
ton are  unnecessary,  and  careful  treatment  will  eradi- 
cate the  disease.  Polypi  in  the  posterior  nares  can  in 
most  instances  be  reached  by  passing  the  snare  through 
the  nostril,  but  the  assistance  of  a  finger  in  the  naso- 
pharynx to  adjust  the  wire  may  be  needed;  and  in 
cases  in  which  the  polypus  is  very  large,  the  wire  loop 
may  have  to  be  drawn  in  through  the  mouth  and  passed 
up  behind  the  soft  palate  by  an  instrument  devised  for 
that  purpose,  as  recommended  by  the  author  in  the  re- 
moval of  retronasal  fibrous  tumors. 

E.  Fletcher  Ingals. 
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NASAL  CAVITIES,   DISEASES   OF:   NEUROSES  — 

I.  Nkueoses  of  Olfaction.— The  olfactory  nerve  con- 
sists of  about  twenty  fibres  given  off  from  ihe  under  sur- 
face of  tlie  olfactory  bulb.  These  fibres  pass  down 
through  the  cribriform  plate,  dividing  into  two  groups 
as  they  enter  the  nose— an  inner  group  distributed  over 
the  upper  third  of  the  septum,  and  an  outer  group  dis- 
tributed over  the  superior  turbinate  bone  and  the  upper 
half  of  the  middle  turbinate  bone.  In  structure  it  differs 
from  other  nerves  in  being  composed  of  non-medullated 
fibres.  The  olfactory  centre  in  the  cortex  is  not  definitely 
known,  but  is  generally  associated  with  the  temporal  lobe 
(Gray). 

The  nerve  is  liable  to  disorders  in  connection  with  both 
its  point  of  origin  and  its  distribution. 

Parosmia  is  a  perversion  of  the  sense  of  smell.  While 
the  sense  of  smell  may  or  may  not  be  perfect  for  ordinary 
odors,  there  are  in  addition  certain  imaginary  odors. 
This  is  comparatively  common  among  the  insane,  and 
is  found  in  epilepsy,  hysteria,  and  syphilis.  It  has 
occurred  in  connection  with  the  epidemic  disease— the 
grippe,  cases  having  been  reported  in  which  the  patient 
was  annoyed  for  days  by  unpleasant  odors  and  tastes. 
The  writer  has  observed  this  condition  in  connection 
with  atrophic  rhinitis  when  the  ordinary  sense  of  smell 
was  destroyed.  Here  the  condition  is  one  of  consider- 
able annoyance  to  the  individual.  The  affection  is  com- 
paratively rare. 

Hyperosmia  is  an  exaggeration  or  hyperaesthesia  of  ol- 
faction. In  this  affection  odors  which  are  not  ordinarily 
noticeable  to  the  healthy  nose  are  present  as  exagger- 
ations, causing  great  annoyance.  The  odor  of  an  offend- 
ing substance  is  often  retained  for  several  hours  after  the 
removal  of  the  offending  material.  Like  parosmia,  it  is 
comparatively  rare.  There  seems  to  be  some  connection 
between  it  and  certain  disorders  of  the  sympathetic  nerve. 
Both  parosmia  and  hyperosmia  seem  to  be  dependent 
more  on  some  general  nervous  disorder  or  some  neurotic 
predisposition  than  upon  any  disorder  of  the  olfactory 
nerve  within  the  nose  itself. 

The  treatment  of  both  the  foregoing  affections  should 
be  directed  to  the  cause  so  far  as  it  is  possible  to  ascertain 
it,  as  direct  treatment  of  the  nerve  is  not  likely  to  do 
much  good. 

Anosmia,  or  Loss  of  Smell. — This  is  by  far  the  most 
common  of  the  affections  of  the  olfactory  nerve,  and  may 
have  its  pomt  of  origin  within  the  cranial  cavity  or  within 
the  nose. 

Anosmia  Intracranialis. — This  may  be  caused  by  injur- 
ies, tumors,  degeneration,  as  in  locomotor  ataxia,  general 
paralysis,  senile  decay,  intracranial  syphilis,  congenital 
absence  of  the  olfactory  nerve,  hemorrhage,  meningitis, 
and  abscess.  Cases  illustrating  these  various  forms  of 
origin  have  been  reported  by  several  observers.  Com- 
pared with  the  total  number  of  cases  of  anosmia,  those 
of  central  origin  must  be  considered  to  be  rather  rare. 

Anosmia  Nasalis. — This  form  of  anosmia,  in  which  the 
pathological  condition  is  of  nasal  origin,  is  by  far  the 
most  common.  It  may  be  the  result  of  either  acute  or 
chronic  processes.  For  the  function  of  the  sense  of  smell 
to  be  properly  performed,  air,  with  odoriferous  particles, 
must  freely  reach  the  terminal  filaments  of  the  nerve,  and 
these  are  stimulated  to  activity  only  when  in  a  moist 
medium;  hence  anything  that  interferes  with  the  free  ac- 
cess of  air  or  with  the  moisture  of  the  pait  will  cause 
partial  or  complete  loss  of  the  sense  of  smell.  Acute 
anosmia  is  usually  due  to  acute  processes,  like  colds  in 
the  head,  the  grippe,  acute  ethmoiditis,  hay  fever,  or  to 
any  condition  that  temporarily  blocks  the  nose.  With 
the  subsidence  of  the  acute  condition  the  sense  of  smell 
usually  returns. 

Owing  to  the  close  relationship  between  the  sense  of 
smell  and  the  sense  of  taste,  anosmia  is  usually  accom- 
panied by  very  pronounced  loss  of  taste,  especially  of 
flavors.  If  the  sense  of  taste  is  unchanged,  the  loss  of 
the  function  of  olfaction  is  only  partial. 

The  chronic  forms  of  anosmia  occur  in  connection  with 
anatomical  changes  in  the  nose,    such  as  spurs,   pro- 


nounced deviation  of  the  septum,  or  any  changes  which 
close  the  nostril,  especially  hypertrophic  conditions  of 
the  middle  turbinate.  They  also  accompany  the  degen- 
erative conditions  of  the  mucous  membrane,  such  as  atro- 
phic rhinitis,  in  which  the  nasal  cavity  is  abnormally 
widened,  its  walls  are  covered  with  crusts,  and  the  mu- 
cous membrane  is  dry  to  such  an  extent  that  the  sensitive- 
ness of  the  terminal  nerve  filaments  is  lost. 

The  symptomatology  and  diagnosis  offer  no  particular 
ditticulty.     In  testing  the  question  of  loss  of  smell,  acrid 
sharp,  or  pungent  substances  must  not  be  used,  as  they 
produce  irritation  of  the  sensitive  nerve  filaments  rather 
than  stimulation  of  the  olfactory  nerve. 

In  the  acute  affections  theprognosis  is  usually  good.  In 
the  chronic  forms,  when  the  disease  has  lasted  for  any 
length  of  time,  degeneration  has  probably  taken  place, 
and  the  prognosis  is  not  so  good.  White '  reports  Uvo 
cases  which  were  entirely  cured  by  treatment  of  the  nasal 
disease,  one  after  twenty  years  and  another  after  ten 
years  of  complete  anosmia.  The  author  has  had  several 
cases  in  which  the  sense  of  smell  returned  after  the  re- 
moval of  nasal  polypi.  In  one  instance  the  sense  of  smell 
had  been  lacking  for  a  period  of  several  years.  But  cases 
like  the  one  just  referred  to  must  be  regarded  as  com- 
paratively rare,  as  it  is  the  rule  that  when  the  sense  of 
smell  has  been  deficient  for  a  long  period  of  time,  the 
possibility  of  its  recovery  must  generally  be  considered 
doubtful ;  and  the  correction  of  the  apparent  cause  in  the 
nose  is  not  always  followed  by  as  gratifying  results  as 
could  be  desired. 

The  treatment  consists  in  the  adoption  of  measures 
which  improve  the  general  nervous  system  and  bring 
the  nose  and  throat  into  the  best  possible  condition,, so 
that  all  parts  of  the  olfactory  nerve  distribution  will  be 
accessible  to  the  air.  The  area  of  the  distribution  of  thie 
nerve  should  be  stimulated  by  such  agents  as  friction, 
the  use  of  iodoglycerin,  solutions  of  the  various  stimulat- 
ing oils,  as  camphor,  menthol,  eucalyptol ;  and  an  attempt 
should  be  made  to  increase  the  blood  supply  and  the  se- 
cretion of  the  part.  While  the  improvement  secured  will 
frequently  be  satisfactory,  the  writer  has  many  times 
been  disappointed  as  to  results  of  treatment,  and  more 
often  than  otherwise  in  those  cases  of  anosmia  in  which 
examination  of  the  nose  does  not  show  any  apparent  physi- 
cal cause  for  the  condition.  Several  of  these  have  fol- 
lowed attacks  of  the  grippe,  and  have  been  only  partially 
relieved,  and  occasionally  not  at  all,  by  treatment;  nor 
have  all  the  cases  resulted  satisfactorily  even  when  intra- 
nasal conditions  such  as  polypi,  etc.,  have  been  found 
which  were  apparently  sufficient  to  account  for  the  con- 
dition. 

II.  Reflex  Nasal  Nedeoses. — The  connection  be- 
tween some  irritation  of  the  nose  and  sneezing  has  been 
known  and  considered  from  the  time'  of  Hippocrates; 
while  the  writings  of  the  early  physicians,  as  Aurelianus, 
Avicenna,  Pechlinus,  Salmuth,  and  Van  Helmont,  show 
that  they  were  familiar  with  various  reflexes  of  probable 
nasal  origin,  such  as  rose  cold,  cough,  headache,  and 
difficult  breathing.  The  influence  of  powerful  and  dis- 
agreeable odors  on  the  organism  was  noted  by  many 
authors. 

In  the  eighteenth  century  Gumprecht  advanced  the 
theory  that  irritation  of  the  trigeminus  in  the  nose  was 
transferred  to  the  pneumogastric,  producing  reflex  phe-i 
nomena  in  the  throat,  stomach,  heart,  and  lungs  Rega 
carried  this  theory  still  further,  and  demonstrated  or  sug- 
gested the  relationship  between  the  genital  tract  and  the 
upper  air  tract;  while  Wepfer  described  a  large  number 
of  cases  in  which  headache,  cough,  vomiting,  vertigo, 
disturbances  of  vision,  and  other  nervous  symptoms  were 
dependent  upon  nasal  disorders. 

One  of  the  first  attempts  to  define  this  connection  be- 
tween distant  organs  as  a  distinct  reflex  was  made  by 
Mliller,  in  his  physiology  of  1843,  when  he  wrote  that 
irritation  of  any  mucous  membrane  in  the  body  could 
give  rise  to  a  respiratory  reflex.  The  credit  of  first  call- 
ing attention  to  the  nose  as  a  definite  point  of  origin  of 
various  reflexes,  with  practical  observations  as  to  the 
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treatment  and  cure  of  the  same,  probably  belongs  to 
Voltolini,^  who  advanced  the  proposition  that  nasal 
polyps  cause  asthma  reflexly,  or  else  by  hindering  respi- 
ration they  change  the  chemistry  of  breathing  and  alter 
the  structure  of  the  lung.  His  publication  in  1871  was 
soon  followed  by  a  host  of  observations,  confirmatory  and 
otherwise,  by  different  authors.  Among  these  was  Hae- 
niscli,'  who  observed  that  asthmatic  paroxysms  disap- 
peared after  removal  of  polypi,  and  reappeared  only  upon 
the  return  of  these  growths,  and  B.  Fraeukel,*  who  re- 
garded the  asthma  from  polj'pl  as  a  reflex  cramp  of  the 
bronchi  produced  by  irritation  of  the  sensitive  nerve 
fibres,  and,  in  agreement  with  Schaeffer,'  also  stated  that 
this  irritation  could  depend  upon  or  be  brought  about  by 
catarrhal  changes  in  the  nasal  mucous  membrane. 

Asthma  was  the  first  disease  to  be  regarded  as  a  reflex 
neurosis,  but  various  other  affections  were  soon  placed 
in  the  same  category,  especially  various  colds  in  the  head 
— the  so-called  nervous  head  colds. 

Next  came  the  observations  of  Hack,  who  in  various 
publications  in  1883,  1883,  and  1884,*  widened  very  much 
the  range  of  reflex  nasal  neuroses,  until  there  were  in- 
cluded migraine,  supraorbital  and  ciliary  neuralgias, 
nightmare,  various  coughs,  vasomotor  disturbances  of 
the  vessels  of  the  skin,  epilepsy,  and  secretory  neuroses. 
These  were  later  followed  by  reports  still  farther  ex- 
tending the  field  of  reflex  nasal  trouble.  Among  these 
were  cases  of  exophthalmic  goitre,  diabetes,  affections  of 
the  larynx,  heart  and  stomach,  chorea,  dysmenorrhoea, 
enuresis,  and  so  forth,  until  a  large  part  of  the  pathology 
was  said  to  be  dependent  upon  disorders  of  the  nose. 

These  publications  of  Hack's,  with  their  accompany- 
ing brilliant  results,  called  the  attention  of  the  whole 
world  of  medicine  to  this  subject.  Considerable  opposi- 
tion to  his  views  was  aroused;  and  he  admitted  before 
his  death  that  his  theories  had  been  carried  too  far  by 
many  of  his  followers.  In  the  main,  however,  they  have 
received  general  confirmation;  the  subject  of  nasal  neu- 
roses already  has  a  considerable  literature;  and  these 
neuroses  are  frequently  seen  to  play  an  important  part 
in  pathology. 

In  order  to  produce  a  reflex,  a  sensitive  or  sensory 
nerve  in  connection  with  a  ganglion,  and  a  motor  or  vaso- 
motor nerve  fibre  are  necessary.  The  chain,  of  which 
the  ganglion  is  the  centre,  being  present,  the  point  of 
origin  of  the  reflex  can  be  at  either  extremity.  All  the 
conditions  necessary  for  the  production  of  reflexes  are 
found  in  their  highest  development  in  the  nose;  since  the 
nerves  supplying  the  nasal  mucous  membrane  are  sensi- 
tive nerves,  originating  near  the  floor  of  the  fourth  ven- 
tricle and  having  connections  with  many  ganglia,  as  the 
otic,  splieno-palatine,  Gasserian,  ophthalmic,  and  others, 
which  in  turn  connect  with  motor  and  vaao-motor  fibres 
and  with  many  sensitive  areas  in  the  respiratory  tract  by 
means  of  the  pneumogastric  and  spinal  accessory  nerves. 
Connected  with  these  is  the  sensory  nerve  of  the  nose, 
the  olfactory,  which  supplies  the  upper  portion  of  the 
nasal  cavity  over  both  the  septal  and  turbinal  areas. 

Patlwlogy.- — The  nose  through  its  normal  physiology  is 
particularly  liable  to  reflex  influences;  as  its  whole  func- 
tion of  warming,  moistening,  and  filtering  the  inspired 
air  is  controlled  by  a  highly  complex  nervous  mechan- 
ism, which  anatomically  adjusts  itself  under  normal  con- 
ditions to  the  varying  atmospheric  changes.  Its  power 
as  a  protective  organ,  through  the  information  which  it 
gives  of  the  presence  of  various  odors  and  poisonous 
gases,  and  by  alarms  such  as  sneezing,  cough  and  glot- 
tis spasm,  is  also  dependent  upon  a  reflex  action. 

In  proportion  to  the  number  of  cases  of  nasal  trouble, 
the  number  of  pathological  nasal  reflexes  is  probably 
comparatively  small.  Their  presence  in  the  individual 
case  depends  largely  upon  the  nervous  make-up  of  the 
individual;  and  they  are  more  apt  to  be  present  to  a 
patlioiogical  extent  whenever  there  is  increased  sensitive- 
ness of  the  general  nervous  and  reflex  mechanism  of  the 
entire  body. 

An  attempt  has  been  made  to  find  certain  so-called  re- 
flex points  or  specially  sensitive  areas  in  the  nasal  mu- 
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cous  membrane,  and  such  have  been  described  by  various 
authors.  J.  N.  Mackenzie''  thinks  that  the  posterior 
portion  of  the  inferior  turbinate  is  the  most  sensitive 
area,  though  he  does  not  claim  that  this  is  the  only  one. 
That  this  area  is  sensitive,  and  that  its  irritation  will 
frequently  bring  about  a  severe  paroxysmal  cough  is 
easily  determinable  in  some  individuals  by  passing  a 
Eustachian  catheter  without  previous  cocainization ;  in 
many  persons  quite  a  paroxysm  of  coughing  will  be  set 
up.  The  author  has  met  with  several  instances  in  which 
it  was  impossible  even  under  cocaine  so  to  abolish  this 
reflex  that  the  catheter  could  be  used  satisfactorily.  In 
one  case  vomiting  was  in  variably  brought  about  whenever 
the  catheter  was  used.  Other  authors  have  regarded  the 
middle  turbinate  area  as  the  sensitive  one,  but  Spiess* 
thinks  that  the  principal  point  of  irritation  is  the  tuber- 
culum  septi.  A  survey  of  the  literature,  however,  will 
soon  convince  one  that  there  is  no  certain  reflex  point, 
but  that  the  entire  nasal  mucous  membrane  can  be  the 
subject  of  reflexes  in  every  point  of  its  entire  extent,  the 
septum  as  well  as  the  turbinate  area. 

Hack  theorized  that  the  condition  was  due  to  swelling 
of  the  erectile  tissue  through  the  nervi  erigentes,  a  theory 
not  accepted  by  others,  as  the  presence  of  nervi  erigentes 
in  the  nasal  mucous  membrane  has  not  been  proven. 

Anatomically,  the  nasal  mucous  membrane  is  supplied 
by  the  flrst  and  second  branches  of  the  trigeminus  as  to 
ordinary  sensation,  and  as  to  special  sense  by  the  olfac- 
tory ;  and  impressions  ai'e  taken  not  only  directly  to  the 
brain,  but  also  indirectly,  by  means  of  the  branches  of 
communication  with  the  various  ganglia  and  the  brain, 
to  the  entire  nervous  system — sensitive,  motor,  sympa- 
thetic, and  special  sense.  The  nasal  or  ethmoidal  nerve 
comes  from  the  first  branch  of  the  trigeminus,  and  covers 
in  its  distribution  the  anterior  portion  of  the  nose,  the 
septum,  the  anterior  ethmoidal  cells,  and  the  frontal  si- 
nus. The  second  branch,  the  superior  maxillary  or  den- 
tal nerve,  supplies  the  floor  of  the  nose  and  the  maxillary 
antrum ;  while  the  posterior  part  of  the  nose,  the  septum, 
the  posterior  ethmoidal  cells  and  the  sphenoid  sinus  are 
supplied  from  branches  of  the  spheuo-palatine  ganglion. 

Irritation  can  be  carried  to  the  brain  through  the  mo- 
tor, the  vaso-motor,  the  secretory,  or  the  sensory  tracts. 
Through  the  brain  the  olfactory  is  brought  into  contact 
with  the  entire  system,  while  the  trigeminus  is  in  con- 
nection with  the  sphenopalatine,  otic,  and  ciliary  ganglia, 
and  the  point  of  origin  of  the  latter  in  the  medulla  is  in 
communication  with  all  of  the  motor  fibres  coming  there- 
from. It  is  therefore  clear  that,  under  favorable  condi- 
tions, sensory  or  sensitive  irritation  of  the  nasal  nervous 
elements  can  be  referred  to  far-removed  parts  of  the  body, 
and  the  most  various  symptoms  produced. 

Etiology  and  Pathology. — The  method  of  origin  of  all 
of  the  nasal  reflexes  is  the  same.  The  first  act  is  an  irri- 
tation of  the  afferent  nerve  fibres,  sensory  or  sensitive. 
This  is  followed  by  the  transmission  of  this  irritation  to 
the  ganglion  and  its  appearance  as  an  action,  motor  or 
otherwise.  The  exact  way  in  which  all  this  is  brought 
about  is  still  imperfectly  understood.  The  nerves  of  the 
nose  have  a  close  relationship  to  the  respiratory  centre, 
aside  from  the  fact  that  inflammation  beginning  in  the 
nose  frequently  passes  by  direct  continuity  to  the  lower 
respiratory  region.  Irritation  begun  in  tlie  nose  has  ex- 
perimentally brought  about  closure  of  the  glottis,  expi- 
ratory tetanus,  and  stoppage  of  respiration.  The  same 
phenomena  are  caused  by  irritation  of  the  vagus.  The 
origin  of  a  number  of  reflex  neuroses  of  the  respiratory 
organs  can  be  explained  on  the  theory  that  nasal  irrita- 
tions are  carried  by  way  of  the  ganglia  to  the  respiratory 
centre,  and  then  pass  along  fibres  of  thfi  spinal  accessory 
and  vagus  or  along  the  spinal  nerves.  This  is  seen  in 
the  case  of  glottis  cramp,  paroxysmal  cough,  and  bron- 
chial asthma. 

Many  eye  affections,  such  as  blepharospasm,  strabis- 
mus, anomalies  of  accommodation,  asthenopia,  and  pupil 
changes,  seem  sometimes  to  be  dependent  upon  nose  affec- 
tions. The  reflex  tract  is  by  way  of  the  motor  root  of 
the  facial  and  oculomotor  nerves,  and  Irritation  along  this 
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tract  can  cause  clonic  or  tonic  action  of  the  muscles.  The 
tear  function  is  aif ected  directly  through  the  lachrymal 
nerves,  branches  of  -wliich  supply  the  mucous  membrane 
of  the  nose.  On  the  other  hand,  Ziem » thinks  that  the 
relationship  of  eye  diseases  to  nose  affections  is  brought 
about  chiefly  through  the  blood  and  lymph  tracts,  and 
only  seldom  through  the  nerves. 

According  to  Jurasz,  these  reflexes  can  be  advanta- 
geously divided  as  to  their  causative  significance  into 
three  groups : 

First,  those  reflex  neuroses  in  which  the  sensible  irrita- 
tion originates  in  the  nose  and  the  resultant  reflex  ap- 
pears in  an  organ  outside  of  the  nose ;  in  this  class  are 
asthma,  cough,  bronchitis,  epilepsy,  eye  and  general 
nervous  and  neuralgic  disorders. 

Second,  reflex  neuroses  in  which  the  sensible  irritation 
is  in  the  nose,  and  asserts  itself  as  a  reflex  within  the  nose 
Itself ;  under  this  head  are  embraced  the  various  forms  of 
nervous  catarrh,  vaso-motor  rhinitis,  hay  fever,  hydror- 
rhoea,  rose  colds,  and  others. 

Third,  reflex  neuroses  that  have  their  sensible  irritation 
in  some  other  organ  and  are  carried  reflexly  to  the  nose, 
producing  nervous  colds,  hypersemia,  swelling  of  the 
mucous  membrane,  nosebleed,  erythema,  oedema,  and 
other  anomalies  of  the  outer  nose ;  contained  in  this  last 
group  are  those  dependent  upon  digestive  disturbances 
and  the  class  of  affections  caused  by  disorders  of  the  sex- 
ual apparatus,  to  which  latter  the  researches  of  J.  N. 
Mackenzie,  Graj'son  and  others  have  called  attention. 

Pathologically,  the  theory  of  origin  of  the  first  group 
is  one  of  irritation  of  the  afferent  nerves  of  the  nose, 
which  pass  over  through  the  ganglion  to  the  efferent 
vaso-motor  nerves ;  and  the  final  effect  is  produced  by 
changes  in  the  volume  of  the  blood-vessels. 

In  the  second  group  we  have  only  to  do  with  vaso-mo- 
tor and  secretory  disturbances  in  the  nose  itself,  the  path- 
way of  communication  probably  passing  through  one  of 
the  near-by  ganglia.  The  primary  irritation  comes  from 
the  trigeminus  or  olfactory  nerve  endings,  to  be  trans- 
ferred to  those  nerves  which  effect  changes  in  the  volume 
of  tlie  vessels  and  in  the  quantity  of  the  secretions.  In 
these  cases  the  brain  and  spinal  centres  are  not  neces- 
sarily concerned,  but  the  circle  is  made  complete  with 
the  help  of  the  peripheral  ganglia,  and  the  reflex  curve 
is  often  short. 

In  the  third  group  the  theory  of  origin  is  not  yet  satis- 
factory. The  phenomena  appear  as  the  result  of  the 
sensible  irritation  of  organs  far  removed,  as  the  skin  in 
case  of  colds,  the  alimentary  canal,  and  the  genital  ap- 
paratus, and  consist  in  changes  in  circulation  and  secre- 
tion in  the  nose.  The  sympathetic  system  is  probably 
the  principal  medium  of  communication  between  the 
parts  involved. 

In  such  a  highly  complex  mechanism  as  the  nervous 
apparatus,  the  localization  of  the  irritation  is  frequently 
difficult,  especially  so  as  the  irritation  can  be  at  either 
end  of  the  chain.  In  the  main,  those  reflexes  which 
have  their  point  of  origin  in  the  nose  itself,  aijd  which 
are  the  most  common,  are  due  to  direct  irritation  of  the 
parts,  which  may  be  produced  in  a  variety  of  ways — by 
simple  changes  in  volume,  by  touching,  rubbing,  or  press- 
ing them,  by  active  hypersemia,  by  the  direct  effect  of 
cold,  or  by  the  odor  of  flowers.  When  there  is  complete 
closure  of  the  nostril,  the  reflex  is  less  manifest  than  when 
there  is  variation  of  volume,  irritation  being  caused  at 
one  time  and  not  at  another. 

The  severity  of  the  reflex  explosion  does  not  necessar- 
ily bear  much  relation  to  the  degree  of  apparent  irrita- 
tion, as  slight  irritants  frequently  cause  considerable 
reflex  irritation ;  in  fact,  the  most  marked  reflexes  seem 
to  be  associated  with  the  least  manifest  pathological 
changes.  Slight  ulceration  in  the  nose  has  been  known 
to  cause  considerable  cough,  scraping  of  the  throat,  and 
inability  to  sing,  and  has  been  entirely  relieved  by  cau- 
terizing the  spot  with  nitrate,  of  silver.  Such  a  case  has 
been  reported  by  M.  Schmidt,  and  somewhat  similar  ones 
by  others.  These  cases  are  more  likely  to  occur  in  those 
of  highly  nervous  make-up      The  excessive  irritability 


of  any  single  portion  of  the  reflex  tract  may  be  due  to  a 
local  disturbance  or  may  be  a  partial  manifestation  of 
some  general  neurosis,  such  as  neui'asthenia  or  hysteria. 

Heredity  does  not  seem  to  play  any  particular  part. 
These  cases  are  more  common  among  the  better  classes 
than  among  the  poor,  and  occur  in  those  of  highly  ner- 
vous organization. 

■  The  arthritic  diathesis  has  been  regarded  by  French 
writers  as  an  important  factor,  and  there  are  many  who 
regard  hay  fever  as  dependent  upon  this  diathesis. 
While,  as  regards  nasal  neuroses  in  general,  the  arthritic 
diathesis  may  be  a  predisposing  factor,  it  is  certainly  not 
the  only  one. 

These  neuroses  are  rare  in  children,  and  are  most  com- 
mon between  the  ages  of  fifteen  and  forty.  Race  has 
but  little  influence. 

Climate  and  the  season  of  the  year  are  important  fac- 
tors, and  one  class  of  nasal  neuroses — hay  fever,  the  term 
being  used  here  generically— is  especially  frequent  in  the 
summer  and  autumn  seasons.  The  climatic  vagaries  of 
asthma  are  well  known;  nearly  every  asthmatic  has  his 
private  climate,  one  asthmatic  doing  well  in  a  climate  in 
which  another  does  badly,  and  mce  versa.  The  writer  has 
known  asthmatic  members  of  the  same  family,  one  of 
whom  was  relieved  by  removal  to  a  certain  place  while 
another  was  invariably  made  worse. 

As  regards  the  etiology  of  asthma,  it  is  probable  that 
many  cases  are  dependent  upon  a  nasal  reflex  condition, 
but  not  all.  The  pathology  and  etiology  of  asthma  have 
not  yet  been  satisfactorily  worked  out.  Want  of  space 
will  prevent  its  discussion  in  any  detail  here.  It  seems 
evident  that  both  local  and  general  factors  are  concerned 
in  its  causation.  Asthma  is  a  vaso-motor  bronchitis,  with 
— in  many  cases — a  cause  or  an  exciting  factor  in  the  nose. 
Certain  it  is  that  the  correction  of  nasal  pathological  con- 
ditions relieves  and  not  infrequently  cures  the  disease. 

The  nervous  area  of  the  interior  of  the  nose  is  extremely 
sensitive ;  and  any  abnormal  nasal  condition  can  set  up 
reflexes.  The  most  common  of  these  pathological  causa- 
tive conditions  are  chronic  hypertrophic  catarrh,  new 
growths,  deviations  and  spurs  of  the  septum,  synechise, 
cicatrices,  foreign  bodies — that  is,  any  condition  which 
causes  increased  volume  and  pressure  in  some  part  of  the 
nasal  mucous  membrane;  while  in  atrophic  conditions 
the  nervous  sensibility  is  so  far  diminished  that  the  re- 
flexes themselves  are  also  greatly  diminished  and  reflex 
neuroses  are  rare. 

Operative  procedures  frequently  bring  about  reflex 
disturbances,  such  as  sneezing  and  cough,  and  may  even 
be  followed  \>y  vertigo,  laryngeal  spasm,  or  more  serious 
conditions.  The  use  of  the  galvanocautery  snare  has 
been  succeeded  by  exophthalmos  and  rapid  pulse ;  such 
a  case  has  been  reported  by  Semon.  F.  R.  Packard'" 
has  reported  a  case  of  transient  monocular  blindness  of 
the  left  side  following  removal  of  the  anterior  end  of  the 
left  middle  turbinate  with  the  cold  wire  snare.  The 
writer  has  seen  acute  insanity  follow  operation  on  the 
nasal  septum  in  a  boy  of  ten.  It  was  evidently  due  to 
the  pressure  of  the  retaining  plugs,  and  on  their  removal 
recovery  was  prompt. 

There  seems  to  be  some  sympathetic  relationship  be- 
tween the  erectile  portions  of  the  generative  tract  and  the 
other  erectile  structures  of  the  body.  Ungratified  sexual 
excitement,  as  well  as  excesses  in  coitus  or  unnatural 
sexual  habits  have  brought  about  coryza  of  reflex  origin. 
In  type  this  closely  resembles  that  of  hay  fever,  and  in 
the  absence  of  a  history  might  be  mistaken  for  it. 

Grayson"  has  reported  a  case  in  -which  turbinal  en- 
gorgement in  an  engaged  young  woman  was  due  to  ex- 
cessive demonstration  on  the  part  of  the  young  man  to 
whom  she  was  engaged.  This  brought  about  ungrati- 
fied sexual  excitation,  which  was  the  cause  of  the  nasal 
engorgement.  He  cites  another  case,  the  patient  being 
a  male,  in  which  excessive  sexual  indulgence  had  caused 
nasal  obstruction  accompanied  by  marked  hypersecre- 
tion, sneezing,  and  headache.  All  kinds  of  treatment, 
local  and  general,  had  been  tried,  the  cause  not  having 
been  suspected.    When  this  was  ascertained  and  the 
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habits  corrected,  the  nasal  condition  promptly  got  well 
without  further  treatment.  _ 

Mackenzie ''  gives  an  account  of  a  somewhat  similar 
case,  the  patient  being  a  woman,  and  the  cause  exces- 
sive' sexual  indulgence  on  the  part  of  herself  and  hus- 
band. Here  the  complaint  was  of  asthmatic  breathing, 
with  stoppage  of  the  nostrils.  Moderation  in  their  mar- 
ital relations  soon  brought  about  a  cure. 

That  there  is  a  physiological  connection  between  the 
sexual  apparatus  and  the  nose  is  shown  by  various  recip- 
rocal relations  between  engorgement  of  the  turbinate  tis- 
sues and  menstruation,  such  engorgement  occurring  in 
some  women  regularly  during  menstruation.  Occasion- 
ally in  those  whose  menstruation  is  irregular  there  is  an 
engorgement  of  the  nasal  erectile  tissue  corresponding  to 
the  regular  time  of  the  menstrual  epoch.  Fliess  '^  made 
investigations,  the  results  of  which  seemed  to  show  that 
painful,  profuse,  or  irregular  menstruation  may  in  some 
instances  depend  upon  an  intranasal  cause.  He  cites  a 
number  of  cases  to  show  that  the  pain  of  certain  forms 
of  dysmenorrhoea  may  be  temporarily  dissipated  by  the 
application  of  cocaine  to  the  nasal  mucous  membrane,  or 
permanently  controlled  by  cauterization.  Such  a  case  is 
reported  in  the  table  of  cases  appended.  Fliess  regarded 
the  inferior  turbinate  and  the  tuberculum  septi  as  those 
portions  of  the  nose  which  have  a  special  relation  to  dys- 
menorrhoeic  pains.  Vicarious  menstruation  sometimes 
occurs  in  the  nose.  In  hoys  around  the  age  of  puberty 
nosebleed  of  apparently  sexual  origin  has  not  infrequently 
occurred. 

A  case  of  sneezing  following  tooth  extraction  in  a  fif- 
teen-year-old girl  has  been  recorded. 

Hypertrophic  rhinitis  in  connection  with  digestive  dis- 
turbances is  one  of  the  most  common  of  observations ; 
and  many  catarrhal  cases  of  this  class,  even  with  consid- 
erable hypertrophy,  frequently  get  well  on  the  correction 
of  the  digestive  disturbance.  It  sometimes  happens  that 
complete  nasal  stenosis  will  follow  a  full  meal.  Whether 
these  cases  dependent  upon  digestive  disturbances  are 
true  reflex  neuroses  or  only  parts  of  a  general  ^congestion 
which  is  circulatory  in  origin,  may  perhaps  be  a  question ; 
since  all  of  the  hypertrophic  conditions  of  sudden  onset 
that  are  dependent  upon  digestive  disturbances  might  be 
brought  about  through  a  passive  congestion  or  through 
a  loss  of  the  normal  vaso-motor  tone. 

Bymftmnatology. — Patients  usually  complain  of  the 
particular  condition  that  troubles  them  and  not  of  the 
disease  of  the  nose  which  is  the  cause.  Asthma,  neural- 
gia, migraine,  nervous  disturbances  of  the  ej'e,  voice,  and 
heart,  epilepsy,  muscle  cramp,  goitre,  spasmodic  cough, 
and  the  like,  can  appear  without  any  manifest  signs  of 
affection  in  the  nose  and  yet  be  of  nasal  origin.  Again, 
complaints  of  the  nose,  as  narrowing,  anomalies  of  secre- 
tion, itching,  pressure  or  pain,  may  be  so  mild  as  hardly 
to  be  noticed,  or  the  patient  may  not  complain  of  the 
nose  at  all.  Frequently  cases  of  this  sort  are  not  cor- 
rectly diagnosed  until  they  have  lasted  a  long  time,  and 
the  diagnosis  may  then  be  reached  only  by  the  method  of 
exclusion. 

In  the  first  group  the  rhinoscopic  findings  are  swell- 
ing, hypertrophy,  ulceration,  new  growths,  foreign  bod- 
ies, septal  deviations,  abnormal  adhesions.  These  are  also 
the  principal  objective  causative  factors  in  the  second 
group,  as  these  two  classes  are  dependent  upon  the  same 
general  reflex  mechanism,  and  differentiate  themselves 
only  through  symptoms  varying  in  causation  and  quality. 

The  neuroses  of  the  second  group  have  been  given  an 
enormous  number  of  names.  They  can  all  be  described 
under  one  head,  to  which  Jurasz  has  given  the  simple 
designation  of  "nervous  head  colds."  The  general  term 
"  hay  fever  "  includes  them  all. 

Hay  Fever. — The  symptoms  of  hay  fever  come  on  in 
paroxysms,  and  in  persons  apparently  well  they  last 
minutes  or  hours  and  then  disappear.  "When  the  patient 
has  been  under  the  influence  of  a  pathological  condition 
for  a  long  time,  the  attack  can  last  weeks  or  months,  with 
occasional  short  breaks.  While  most  frequent  in  sum- 
mer or  autumn  it  may  also  occur  at  other  seasons  of  the 


year.  Here  there  is  a  direct  irritation  affecting  the  sen- 
sory or  sensitive  nerves  of  the  nose.  This  irritation  may 
be  due  to  an  emanation  from  plants,  as  in  pollen  hay 
cold,  hay  fever  and  hay  asthma ;  to  the  odor  of  flow^ers, 
such  as  roses,  violets,  and  others;  to  the  cooking  of  cer- 
tain foods ;  to  the  odor  of  various  aromatic  substances ;  or 
to  the  emanations  from  various  living  animals.  It  is  well 
known  that  now  and  then  attacks  of  asthma  are  brought 
about  by  riding  behind  a  horse.  These  are  usually  per- 
sonal idiosyncrasies.  In  1893  Bishop  advanced  the  the- 
ory that  the  real  cause  of  hay  fever  was  an  excess  of  uric 
acid  in  the  blood,  favored  by  profuse  sweating,  and  com- 
mon at  the  hay-fever  period  of  the  year.  For  the  devel- 
opment of  the  disease  specially  sensitive  nerve  centres, 
hyperoesthesia  of  the  sensitive  nerves  of  the  nasal  mucous 
membrane,  and  the  presence  of  irritating  agents  are  nec- 
essary.    His  theories  have  been  accepted  by  many. 

The  condition  begins  by  irritation  or  itching  in  the  nose, 
followed  by  sneezing  and  the  discharge  of  a  copious, 
clear,  serous  fluid.  These  symptoms  are  of  all  degrees 
from  mild  to  severe,  and  the  sneezing  may  be  terrific. 
Bobone  has  reported  a  case  of  unconsciousness  and  cya- 
nosis as  a  result  of  cramp-like  sneezing.  Fink  "  thinks 
the  large  amount  of  secretion  comes  from  the  accessory 
cavities,  the  antrum  principally,  and  that  the  secretory 
fibres  of  the  trigeminus  are  the  ones  affected.  The  se- 
cretion is  usually  thin,  but  may  be  thick;  frequently 
large  numbers  of  handkerchiefs  are  required.  On  the 
other  hand,  sneezing  may  be  present  and  the  condition 
be  one  of  hydrorrhoea  only ;  or  with  occasional  attacks  of 
sneezing  the  patient  may  complain  of  hindered  respira- 
tion, stopped-up  nose,  reddened  eyes,  swollen  conjunc- 
tivae, abundant  tears,  intolerance  to  light,  itching  in  neck, 
cough  of  an  irritating  character,  pain  in  head,  migraine, 
trigeminal  neuralgia. 

In  addition  to  the  above  there  are  frequently  a  laryngitis 
and  a  pharyngitis,  with  cough  and  sense  of  oppression 
in  the  chest,  difiicult  respiration,  and  more  or  less  dis- 
tinctive asthmatic  symptoms.     Fever  is  rare. 

On  inspection  the  nose  conditions  are  frequently  found 
to  be  not  in  accord  with  the  severity  of  the  symptoms. 
While  marked  pathological  conditions  are  sometimes 
present,  there  may  be  only  redness  and  swelling;  on  the 
other  hand,  the  mucous  membrane  often  appears  pale  or 
even  anaBmic. 

This  group  of  cases  appears  most  frequently  in  the 
summer  and  autumn  seasons ;  and  the  principal  exciting 
cause  seems  to  be  the  presence  of  the  pollen  of  certain 
plants,  as  roses,  hay,  golden  rod,  ragweed,  and  others. 
There  has  to  be  an  individual  susceptibility,  but  the  pol- 
len is  apparently  the  exciting  cause.  From  June  to 
September  is,  in  the  United  States,  the  most  susceptible 
period,  and  from  the  10th  to  the  31st  of  August  the  worst 
time,  as  the  ragweed,  the  pollen  of  which  is  then  in 
bloom,  is  the  most  irritating  of  all  the  pollens. 

In  the  third  group,  originating  outside  of  the  nose,  the 
symptoms  are  those  of  a  nervous  head  cold — swelling  of 
the  mucous  membrane,  stopped-up  nose,  sneezing,  irrita- 
tion, increased  mucous  secretion.  Vicarious  menstrua- 
tion, abnormal  dryness  of  the  mucous  membrane  of  the 
nose,  anosmia,  hallucinations  of  odor,  changes  of  the  skin 
of  the  nose,  redness— all  these  may  be  of  genital  origin. 
Indigestion  may  also  cause  many  of  the  same  symptoms. 

Diagnosis  is  not  usually  difficult  in  the  group  in  which 
the  whole  process  Is  in  the  nose,  but  is  difficult  when  the 
origin  is  in  the  nose  and  tlie  apparent  seat  of  the  symp-] 
toms  is  in  other  organs.  Jurasz  thinks  that  inasmuch  as 
nasal  neuroses  sometimes  follow  brilliant  results  of  nasal 
therapy,  we  have  assumed  that  •post  hoc,  ergo  propter  hoc. 
The  teaching  of  Hack's  went  so  far  in  its  results  that, 
given  any  pathological  nose  condition,  it  was  stated  as 
the  cause  of  any  affection  present,  and  the  diagnosis  was 
made  entirely  as  a  result  of  the  nasal  examination.  This 
belief  gained  such  a  foothold  that  it  was  said  at  one  time 
that  the  whole  pathology  was  seen  through  the  nasal 
speculum,  and  everything  abnormal  that  could  not  be 
defined  was  considered  a  nasal  reflex. 

Whenever  we  have  a  reflex  neurosis  which  is  not  cleair 
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in  its  origin,  or  there  is  the  remotest  suspicion  of  one,  the 
nose  should  be  carefully  examined,  since  doubtless  many 
pathological  conditions  do  come  from  changes  in  this  or- 
gan ;  but,  on  finding  some  trouble  in  the  nose,  one  cannot 
be  exactly  certain  that  the  cause  of  the  neurosis  is  found, 
as  the  nasal  condition  may  be  only  an  accompaniment 
and  not  a  cause.  Many  people  have  extreme  pathologi- 
cal changes  in  the  nose  without  any  accompanying  reflex 
phenomena.  The  mere  presence  of  a  nose  afEection  in 
the  course  ol  a  disorder  known  to  be  a  reflex  neurosis 
will  neither  prove  nor  disprove  that  the  nose  is  the  cause 
of  the  reflex  neurosis.  An  attempt  should  be  made  ex- 
perimentally to  bring  about  a  reflex  irritation  of  the  sup- 
posed zone  of  origin.  While  this  is  probably  accurate  as 
a  diagnostic  measure,  it  is  not  absolutely  certain. 

Cocaine  is  one  of  the  most  valuable  diagnostic  reme- 
dies, since  if  under  its  influence  the  reflex  disappears  it 
is  probable  that  it  is  of  nasal  origin.  Weak  solutions  of 
adrenalin  chloride  will  act  in  the  same  manner. 

In  doubtful  cases  treat  the  nasal  condition  and  await 
results.  If  a  cure  is  efEected,  the  probability  of  the  diag- 
nosis being  correct  is  very  great. 

In  neurasthenic  patients  the  moral  effect  of  doing 
something  in  the  nose  may  bring  about  relief  and  cure, 
even  when  the  real  cause  is  not  in  the  nose  at  all ;  hence 
it  will  not  do  to  label  every  neurosis  that  improves  imder 
intranasal  treatment  as  a  reflex  nasal  neurosis,  though  of 
•course  this  is  probable. 

In  the  third  group  it  is  difficult  to  make  the  diagnosis, 
since  it  is  not  easy  to  demonstrate  with  exactness  that  a 
nose  affection  is  the  result  of  a  remote  pathological  proc- 
ess.    Here  therapy  has  only  slight  diagnostic  value. 

The  prognosis  is  good  after  the  removal  of  the  cause, 
but  there  are  apt  to  be  many  relapses.  If  the  affection 
has  lasted  a  long  time,  as  in  asthma,  secondary  trouble, 
as  emphysema,  may  be  the  result. 

T]iera/pey,tics. — The  treatment  of  the  nose  must  be  di- 
rected to  the  condition  present.  In  the  first  group  of  cases, 
correct  whatever  is  abnormal  in  the  nose  so  far  as  possi- 
ble, but  do  not  promise  too  much.  While  the  results 
are  often  brilliant,  as  in  cases  cited  in  the  table,  they 
may  not  be.  In  cases  in  which  pressure  is  the  cause  of  the 
reflex,  leave  the  nose  as  roomy  as  it  is  possible  to  make 
it.  The  details  of  treatment  will  depend  entirely  upon 
the  condition  present.  The  moral  effect  of  intranasal 
surgery  is  often  considerable. 

The  treatment  of  hay  fever  must  depend  somewhat  on 
the  conditions  found.  Whether  the  uric-acid  theory  be 
■correct  or  not,  it  is  certain  that  remedies  which  favor  gen- 
eral elimination  are  of  great  value,  although  the  writer 
has  not  had  any  specially  brilliant  results  from  treat- 
ment based  upon  this  theory.  He  is  in  the  habit  of  get- 
ting the  nasal  mucous  membrane  into  as  good  condition 
as  possible  before  the  attack ;  and  during  the  attack  he 
cauterizes  with  chromic  acid,  allows  the  patient  a  spray 
of  adrenalin  chloride  (1  to  16,000)  to  be  used  as  needed 
-at home,  and  gives  internally  a  tablet  of:  Quin.  sulph. 
gr.  ss.,  ammon.  chlorid.  gr.  ss.,  camphor,  gr.  ss.,  opii 
pulv.  gr.  ^'j,  ext.  aeon.  gr.  y'j,  ext.  bellad.  gr.  r^;  one  of 
these  tablets  to  be  taken  every  two  to  four  hours,  with 
such  remedies  for  the  general  elimination  as  seem  de- 
manded.    While  this  does  not  cure,  it  greatly  relieves. 

Pink  (I.e.)  thinks  the  cautery  is  of  no  permanent  influ- 
ence, and  says  he  relieves  his  patients  by  insufflating 
raistol  into  the  antrum.  As  the  natural  opening  of  the 
antrum  is  very  diflicult  to  find  even  by  the  experienced 
rhinologist,  and  especially  difficult  when  the  tissues  are 
swollen,  this  method  of  treatment  can  have  but  limited 
-application. 

Adrenalin  chloride,  the  active  principle  of  suprarenal 
gland,  is  at  present  a  much-vaunted  specific  for  hay  fever. 
That  it  causes  the  mucous  membrane  to  shrink  and  pro- 
duces immediate  relief  at  the  time  it  is  used,  and  that 
it  is  the  most  powerful  devascularizing  agent  for  the 
mucous  membrane  yet  discovered,  are  undoubted  facts. 
Its  effects  are  more  positive  and  last  longer  than  those 
of  cocaine,  which  was  formerly  used  for  temporary  relief 
in  hay  fever. 


In  the  writer's  experience  with  powdered  suprarenal 
extract  he  did  not  find  that  its  effects  were  lasting.  It 
produced  immediate  relief,  but  there  was  a  stage  of  re- 
action in  which  the  condition  was  about  as  uncomfort- 
able as  before ;  indeed,  any  agent  of  so  powerful  a  con- 
stringing  nature  would  seem  of  necessity  to  be  followed 
by  a  reactionary  stage  in  which  dilatation  takes  place; 
this  has  been  the  experience  of  several  who  have  used  the 
adrenalin  chloride.  On  the  other  hand,  it  must  be  ad- 
mitted that  many  practitioners  are  apparently  having 
good  success  in  the  treatment  of  hay  fever  at  the  time  of 
the  attack,  with  a  1  to  5,000  solution  of  adrenalin  chloride 
used  as  a  spray  two  or  three  times  daily.  Whether  it 
has  any  permanent  value  it  is  too  soon  to  state.  Inas- 
much as  it  produces  temporary  relief  at  the  time  of  the 
attack,  it  is  a  valuable  adjunct  to  the  therapeutics  of  the 
disease.  Used  in  connection  with  the  previous  correc- 
tion of  any  nasal  difficulty,  the  sufferer  from  hay  fever 
may  be  enabled  to  go  through  the  attack  with  only  slight 
discomfort. 

In  regard  to  the  strength  of  the  solution  to  be  given, 
it  seems  to  the  writer  as  though  the  weakest  solution 
that  will  produce  the  desired  effect  should  be  used,  even 
though  it  is  stated  that  there  is  no  danger  of  acquiring 
the  habit.  As  stated  above,  he  has  found  a  solution  so 
weak  as  1  to  16,000,  to  answer  very  well.  The  diluting 
solution  may  be  either  decinormal  salt  solution  or  some 
weak  alkaUne  nasal  spray  solution.  The  1  to  1,000  solu- 
tion of  adrenalin  chloride  is  used  as  the  base  for  dilution. 
Adrenalin  solutions  are  probably  not  very  stable,  and 
if  used  for  some  time  should  be  frequently  renewed. 
Whenever  the  remedy  is  ordered  for  the  patient's  use, 
weak  solutions  should  be  given,  never  stronger  than  1 
to  10,000,  the  stronger  solutions  being  administered  by 
the  physician  himself  in  the  form  of  spray,  or  applied 
on  cotton  pledgets  directly  to  the  swollen  mucous  mem- 
brane. 

In  addition  to  the  local  use  of  adrenalin  in  hay  fever,  the 
extract  of  the  suprarenal  gland  is  administered  internally, 
in  doses  of  from  five  to  ten  grains  at  frequent  intervals, 
until  the  nasal  mucous  membrane  shows'that  the  vaso- 
motor paralysis  is  under  control,  when  the  dose  is  dimin- 
ished or  the  intervals  between  the  doses  increased  so  that 
from  fifteen  to  twenty  grains  are  given  per  day.  Should 
giddiness  or  palpitation  appear,  the  dose  is  to  be  dimin- 
ished. Pive  to  ten  grains  three  or  four  times  a  day  may 
also  be  given  for  one  or  two  weeks  before  the  expected 
time  of  attack.  The  internal  administration  is  to  be  kept 
up  during  the  hay -fever  season.  The  adrenalin  chloride, 
1  to  1,000  solution,  in  doses  of  five  to  thirty  drops,  may 
be  used  instead  of  the  extract  of  the  gland. 

Adrenalin  has  also  been  administered  by  instillation 
into  the  eyes,  reaching  the  nose  through  the  tear  passage. 
It  may  also  be  given  hypodermatically. 

Curtis  '*  has  proposed  to  obtain  immunization  by  ad- 
ministering the  fluid  extract  of  the  plant,  the  pollen  of 
which  acts  as  the  exciting  cause,  and  he  has  had  some 
success  with  ragweed. 

In  all  conditions  of  nasal  neurosis,  in  addition  to  the 
local  measures,  treatment  sliould  be  directed  to  the  gen- 
eral system  so  as  to  lessen  the  nervous  irritability. 

The  bibliography  of  this  subject  is  so  extensive  that 
space  cannot  be  given  to  it  here.  The  reader  desiring  to 
study  the  subject  in  detail  is  referred  to  the  extensive 
bibliography  given  in  the  article  by  J.  N.  Mackenzie  on 
the  same  subject  in  the  previous  edition  of  this  Handbook ; 
to  the  article  by  Dr.  Mackenzie  on  the  relations  between 
the  nose  and  sexual  apparatus,  already  referred  to;  to 
the  article  on  nasal  neuroses  in  Burnett's  "  System  of  the 
Diseases  of  the  Nose  and  Throat,"  by  Joseph  A._  White; 
and  to  the  very  extensive  and  comprehensive  bibliogra- 
phy in  the  article  on  nasal  neuroses  in  Heymann's  "  Hand- 
buch  der  Laryngologie, "  by  Jurasz,  to  which  article  the 
author  desires  to  express  his  special  obligations  in  the 
preparation  of  the  foregoing. 

The  following  table  gives  a  number  of  examples  of  the 
various  reflexes  considered,  with  the  detailed  treatment 
and  the  results.     These  cases  are  mostly  unpublished. 
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Cases  Illustrating  Vakie, 


1 

M. 

43 

M. 

M. 

U 

M. 

49 

F. 

40 

F. 

30 

F. 

46 

F. 

40 

F. 

30 

F. 

30 

M, 

57 

F. 

68 

F. 

23 

M. 

16 

M. 

32 

M. 

U 

F. 

40 

r. 

22 

F. 

45 

F. 

75 

M. 

49 

M. 

65 

M. 

45 

M. 

42 

Symptoms  complained  of. 


Asthma 

Severe  astbma 


Asthma,  severe  whenever  nose  ob- 
structed ;  neurotic  temperament. 


Duration. 


Asthma  and  cough  . 


Asthma. . 


Asthma,  nasal  obstruction,  headache. 
Asthma 


Cough ;  larynx  Irritation ;  occasional 
hoarseness. 


Severe  coughing  . 


Dyspnoea,  severe,  continuous 

Spasmodic  breathing  at  night, 
Spasmodic  cough 


Epilepsy 


Epileptiform  attacks   every    two   to 
three  weeks. 


Epilepsy  . 


Sneezing  and  watery  discharge  from 
nose  with  erythema  ol  the  skin  of 
the  external  nose. 

Paroxysmal  sneezing 


Vaso-motor  periodical  neurosis  (hay 
fever)  followed  by  severe  attacks  of 
asthma. 


Hay  fever.     Attacks  began  June  1st 
every  year. 


Three  or  four  years; 
began  a  s  hay  fever 
twenty  years  ago. 


Nightly     for     ten 

years. 
Three  years 


Vertigo  with  tendency  to  falling  . 


Tic  douloureux. 
Tic  douloureux  . 


Conjunctival  congestion;  photophobia  Three  to  four  years 


Several  months 


Asthma  several 
years  during  wet 
months;  cough 
six  months. 

Twelve  months. 


Years 

Five  years 

Several  years... 

Several  months. 


Three  months 

Fifteen  years . 
Twelve  years. 

Two  years .... 
Six  years 

Nine  years. . . . 

One  year .  . . . 
Three  years  . . 


Twenty  years  with- 
out relief. 


Nasal  conditions. 


Fifty  years  . 


Three  months  . 


Deviation  of  septum  to  right  apex 
pressing  hard  on  lower  turbinate; 
hypertrophy  of  left  middle  turbinate 
pressing  on  septum  and  of  left  lower 
turbinate  pressing  on  floor  of  nose. 

Bilateral  ethmoiditis  with  polypi  . . , 

Polypi 


Exostosis  of  left  septum ;  hypertrophy 
of  right  inferior  turbinate ;  mucous 
membrane  very  sensitive;  watery 
discharge;  obstructed  nostrils, 
worse  at  night. 

Right  middle  turbinate  much  hyper- 
trophied ;  septal  crest  on  right  side. 


Abscess  of  antrum. 


Large  rhinolith  with  hypertrophy  of 
turbinate  tissue. 

Hypertrophy  of  posterior  ends  of  in- 
ferior turbinates  with  complete  nasal 
stenosis. 

No  complaint  of  nose,  but  spurs  in 
contact  with  inferior  turbinate  of 
each  side  were  found. 

Hypertrophied  inferior  turbinates, 
and  later,  stenosis  at  night. 


Septal  spur  on  right  side  with  deflec- 
tion of  septum  to  the  left  and  en- 
larged inferior  turbinates. 

Two  small  polyps  at  lower  edge  of 
right  middle  turbinate,  none  else- 
where ;  no  nasal  obstruction. 

Hypertrophied  inferior  turbinates  . . . 


Deflection  of  septum  with  complete 
stenosis. 

Complete  closure  of  left  nostril  due 
to  deflected  septum  and  left  nasal 
bone. 

Marked  lymphoid  hypertrophy  . . . 


Relationship  between  nose  and 
symptoms  complained  of,  and  how 
determined. 


Both  middle  turbinates  hypertrophied 
and  pressing  against  septum ;  edges 
of  turbinates  puffy  and  red. 

General  swelling  of  nasal  mucosa 
sensitive  to  probe;  sneezinginduced 
by  contact  with  flowers  and  inten 
sifled  when  nervous. 

Hypertrophied  inferior  turbinate,  left 
long  bony  spur  on  septum  of  the 
same  side  pressing  on  turbinate. 


Hypertrophy  of  both  middle  turlil 
nates ;  cpmplete  .stenosis  at  time  of 
attacks  which  have  occurred  in  tbe 
winter  also. 

Hypersensltiveness  of  mucous  mem- 
brane; general  hypertrophic  rhi- 
nitis; swollen  middle  turbinate; 
deviated  septum. 

Pressure  deviation  of  septum  on  an- 
terior end  ot  right  middle  turbinate 
which  was  hypertrophied. 

Hypertrophy  ot  septum  and  opposing 
middle  turbinate  of  right  side. 


Deflected  septum  causing  Intranasal 
pressure. 


Wheezing,  cyanoi-li,,  and  dyspnoea  al- 
most instantly  and  completely  re- 
lieved when  the  congestion  of  the 
Interior  of  the  nose  was  relieved  by 
cocaine  and  contact  prevented. 

By  exclusion  and  result  of  operation. 

Cocaine  gave  relief  as  did  partial  re- 
moval of  polypi. 

Severe  asthma  only  when  nose  oc- 
cluded; under  nervous  excitement 
mucous  membrane  would  swell  and 
asthma  come  on  at  once. 

Asthma  always  relieved  by  cocaine 
spray. 


Evacuation  of  pus  from  antrum  fol- 
lowed by  immediate  relief ;  recur- 
rence of  empyema  caused  return  of 
asthma. 

By  treatment 

No  exciting  cause  except  general 
nervousness  outside  of  nose; 
touching  diseased  parts  with  probe 
brought  on  attacks  of  dyspnoea. 

Treatment  for  cough  and  larynx  did 
little  good ;  cautery  of  each  inferior 
turbinate  so  as  to  remove  contact 
with  septum,  afforded  relief. 

Diagnosis  in  doubt  for  some  time; 
involvement  of  lung  and  unfavor- 
able prognosis  given  by  competent 
physician ;  taken  to  a  specialist  who 
examined  nose  and  suggested  treat- 
ment lor  nasal  conditions. 

By  result  of  operation',  no  organic 
cardiac  disease ;  some  emphysema. 


Irritation  of  polypi  with  probe 
caused  spasmodic,  almost  convul- 
sive breathing. 

Had  been  treated  Tor  uterine  trouble, 
vesical  trouble,  rectal  trouble,  and 
nervous  trouble  with  no  result; 
cocaine  to  nose  caused  cessation  of 
cough. 

History  of  trauma  followed  by  attacks 
of  epilepsy. 


Followed  a  broken  nose  . 


Removal  under  ether  was  followed 
by  cessation  of  attacks  for  eighteen 
months. 


Determined  and  verified  by  treat- 
ment. 

When  away  from  flowers  sneezing 
stopped. 


Other  treatment  ineffective  ;  opera- 
tion on  nose  suggested  as  offering 
some  hope. 


Relief  from  cocaine  and  from  local 
treatment  of  the  nose. 


Treated  for  liver,  kidneys,  and  ner- 
vous system  without  avail ;  spas- 
modic cough  elicited  on  touching 
sensitive  area  together  with  sense 
of  giddiness. 

By  area  of  pain  and  result  of  treat- 
ment. 

No  treatment  except  to  the  nose  gives- 
any  relief;  cocaine  and  adrenalin 
give  temporary  relief. 
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Treatment. 


Result. 


If   Improvement, 
bas  it  continued  ? 


Reporter. 


Where 
reported. 


Refracture  of  the  septum  and  replacement 
in  median  line ;  reduction  of  swellings  and 
abolition  of  contact.  This  treatment  con- 
tinued off  and  on  for  two  years  as  occa- 
sional oiilds  caused  renewed  thickening, 
rendering  cauterization  necessary. 

Removal  under  general  anaesthesia  of  all 
necrosed  bone  and  polypoid  tissue. 

Complete  removal  of  polypi  with  cauteriza- 
tion at  point  of  origin. 
Exostosis  removed ;  turbinal  hypertrophies 
reduced;  sensitive  area  cauterized ;  tem- 
porary change  of  climate ;  general  tonic ; 
treatment  with  regulation  of  habits  of  life; 
stimulants  and  tobacco  stopped. 
Right  middle  turbinate  removed  February, 
1894,  followed  by  relief  from  asthma  and 
cough  lor  one  year ;  recurrence  was  fol- 
lowed by  further  operative  work,  since 
which  no  further  trouble. 

The  usual  treatment  for  cure  of  antral  em 
pyema. 


Removed  rhinolith  which  weighed  Hfteen 

grains  and  had  a  cherry  stone  as  nucleus. 

Removal  of  hypertrophies 


Attacks  gradually 
diminished  in 
severity  and 
complete  relief 
was  finally  at- 
tained. 

Almost  complete 
relief. 

Cure 


So  far  as  known ; 
relief  since  1893, 
last  report  1899. 


G.  A.  Leland. 


Yes. 


Occasional  cautery;  relieved  and  declined 
any  further  operative  treatment. 


Cautery  to  turbinates. . 


Removed  spurs  and  corrected  deviation  of 
septum. 


Removal  of  polyps  with  cold  snare  . 


Cautery  to  turbinates.. 


Operation  on  septum 

Operation  of  straightening  septum. . 


Apparently  com- 
plete cure. 


Cure  after  second 
operation. 


Cure 

Cure 

Cure 

Improvement. , 


Yes., 


So  far  as  known ; 
last  heard  from 
in  1901. 


Yes 

Yes 
Yes 


Two     years     to 
present. 

Yes,  tor  ten  years. 


Yes,  but  still  has 
sensations  of 
pressure  about 
the  chest. 

Yes 


G.  B.  Rice 

Wm.  Porter . . 
C.  r.  Thelsen. 


W.  A.  Martin. 


Chas.  W.  Rich- 
ardson. 


M.    D.    Leder- 

man. 
J.  E.  Schadle  . . 


Operation  as   stated  and  then  reoperation 
after  attacks  began  again. 


Removal  of  tips  of  each  middle  turbinate . . 


Tonics,  adrenalin  1  to  10,000. . 


Removal  of  septal  spur;   galvano-cautery 
applied  to  turbinate. 


Removed  anterior  end  of  each  middle  tur- 
binate. 


Removal  of  right  middle  turbinate ;  cautery 
of  inferior  turbinate. 


Septum  placed  in  proper  position ;  worse 
immediately  after,  then  gradual  diminu- 
tion of  attacks  in  frequency  and  severity. 

Galvanocautery A 


Removal  of  piece  of  septum  with  saw  re- 
lieved pressure. 


Worse  for  ten 
days  then  great 
Improvement. 

Complete  and  im- 
mediate relief. 

Complete  and 
lasting  relief. 


Relief  for  six  months  then  returned, 
but  after  second  operation  there 
has  been  no  attack  for  two  years. 

No  seizures  since  Yes.  since  Janu- 
four  days   pre-     ary,  1903. 
vlous  to  opera- 
tion. 

Apparent  cure  after  last  operation 
until  a  blow  on  the  head  brought 
on  petit  mal  again. 


Personal    com- 
munication. 


Personal  com- 
munication. 

Personal  com- 
munication. 

Personal  com- 
munication. 


Personal    com- 
munication. 


Personal  com- 
munication, 
also  Larungo- 
scope. 

Personal  com- 
munication. 

Northwestern 
Lancet,  1890. 


Reporter  thinks  this  case 
one  of  pure  rhinitis  ner- 
vosa. 


Reporter  regards  impacted 
or  hypertrophied  middle 
turbinate  responsible  for 
more  nasal  neuroses  than 
any  other  condition. 


Author. 


Within  knowl- 
edge of  author 


M.    D.     Leder- 
man. 


L.  B.  Graddy.. 


J.  A.  Stucky... 


T.  J.  Harris  . . . 


Name      un 
known. 


Urban  G.  Hitch- 
cock. 


Two  or  three 
slight  attacks  in 
past  three  years. 

Four  weeks  after 
treatment  an- 
noying symp- 
toms disap- 
peared. 

Great  improve- 
ment; no  June 
attack:  August 
attack  less 
severe. 

Cure 


Final  cure . 


Good. 


Permanent  relief. 


Yes,   as    far    as 
known. 


Yes., 


No  return  of  at- 
tack since  1896. 


C.  N.  Cox 


C.  F.  Thelsen. 


M.    D. 
man. 


Personal   com- 
munication. 


Personal   com- 
munication. 


Personal    com- 
munication. 


Personal    com 
municatlon. 


Personal   com- 
munication. 


N.  Y.  Medical 
Journal  and 
personal  com- 
munication. 

Personal  com- 
munlcatiou. 

Personal  com- 
munication. 


This  case  was  a  patient  of 
the  author's  many  years 
ago ;  the  correct  diagnosis 
was  made  by  Dr.  F.  I. 
Knight,  to  whom  credit  for 
suggesting  treatment  is 
due. 


Reported  by  author  in  arti- 
cle on  "Reflex  Cough," 
Medical  Record,  August 
5th,  1899. 


Petit  mal  has  continued ; 
operated  on  for  hypertro- 
phy of  the  Inferior  turbi- 
nate In  last  two  years  with- 
out result. 


Leder-  Personal   com- 
munication. 


Author's  case. 


0.  J.  Stein. 


G.  A.  Leland . 


W.  Cheatham. . 


G.  D.  Murray. . 


Larnngoseope, 
December, 


Personal   com- 
munication. 


Personal   com- 
munication. 


Personal   com 
municatlon. 


No  attack  in  year  1903.  Pa- 
tient apparently  perma- 
nently cured. 


Many  cases  nasal  reflex  re- 
lieved by  cautery  but 
many  not;  is  not  so  hopeful 
as  to  results  as  formerly. 
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Cases  Illtjstbating  Vaeie 


i 

a 

Symptoms  complained  of. 

Duration. 

Nasal  conditions. 

Belationship     between     nose     and 
symptoms  complained  of,  and  how 
determined. 

F. 
M 

24 
36 
33 
iO 

23 
37 

13 

37 

20 
ti 

10 

Intense  supra-  and  Intraorbital  neu- 
ralgia, rigbt  side  ot  lace. 

Four  years. 

Exostosis   of   right   lower  turbinate 

pressing  on  septum. 
Intranasal  pressure  from  spur  of  left 

nostril. 
Chronic  hypertrophied  rhinitis 

Sharp  exostosis  buried  in  posterior 
end  of  inferior  turbinate. 

Polypus  in  left  nostril ;  closed  eth- 
moid cells. 

Septum  thick ;  spur  on  one  side ;  tur- 
binates boggy;  polypoid  degenera^ 
tion  of  left  middle  turbinate  which 
was  pressing  against  septum. 

Both    middle   turbinates  solid;    no 
cells. 

Adenoids 

Shrinking    under    cocaine   relieved 

pain  at  once. 
Constant  pain  more  noticeable  during 

cold  in  head. 
Headache  worst  when  hypertrophy  is 

greatest. 
Increased  tension  in  nose  from  any 

cause  brings  on  attack. 

Complete  relief  from  treatment  of 

nose ;  none  from  other  measures. 
By  result  of  treatment 

F 

Headache 

Two  to  three  years. 

Each  attack  several 
days. 

Several  years 

Three  to  four  years. 

Several  years 

Many  years 

Several  years 

Several  years 

F. 

M. 
F. 

Sick  headache  (migraine)  with  com- 
plete prostration. 

Headaches,  chorea,  pain  In  eyes;  ina- 
bility to  ax  vision. 

Following   nervous   excitement  had 
increased  conjunctival  congestion, 
lachrymation    and  profuse   watery 
nasal  discharge. 

Headache ;    inability  to   fix   vision ; 
chorea  in  arms  and  legs ;  skin  sensa- 
tions neurotic  type.    For  years  in 
sanitoriums.    Diagnosis  ol  petit  mal 
(neurotic  family  history). 

Dnable  to  swallow  solid  food  since 
early   childhood;   i£  attempted  al- 
ways vomited. 

Indigestion  with  cough 

F. 

By  result  of  treatment 

M 

Suggested  as  possible  cause 

By  results  of  examination  and  treats 
ment. 

F 

Reported  nose  perfect  but  examina^ 
tion  showed  spur  in  each  nostril  and 
hypertrophied    tubercles    of    ea«h 
septum. 

Hypertrophy  of  middle  turbinate  .... 

Polypoid    degeneration    of   mucous 

membrane  near  hiatus  semilunaris. 
Pedunculated    myxofibroma  of   the 

posterior  end  of  middle  turbinate. 
Followed  removal   of  adenoid   and 

operation  for  deflection  of  septum, 

done  under  ether. 

F. 

Dysmenorrhoea 

F. 

Diffuse  oedema  joints,  hand  and  ankle 
Tachycardia 

M. 

M 

Temporary  insanity 

One  week 

Seemed  to  be  due  to  effect  of  plugs 
placed  In  nose  to  hold  septum  in 
position. 
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'  Beziebungen  zwischen  Augen-  u.  Nasenkrankheiten.  Monatsheft 
fllr  Ohrenheilk.,  1893. 

'"Phila.  Med.  Joum.,  July  16th,  1898. 

'■  Trans.  Amer.  Med.  Assn.,  1897,  section  on  Laryngology. 

12  Johns  Hopkins  Bulletin,  January,  1803. 

1'  Quotation  from  Mackenzie,  I.  c. 

"  Deutsche  med.  Woch.,  November  14th,  1901. 

"  Medical  News,  July  7th,  1900: 

NASAL  CAVITIES,  DISEASES  OF:  NEW  GROWTHS. 

— Perhaps  contrary  to  what  is  quite  generally  be- 
lieved, new  growths  in  the  nose  are  exceedingly  rare. 
Mucous  polypi,  spurs,  and  thiclienings  of  the  bony 
and  cartilaginous  septum  are  seen  more  commonly 
than  any  or  than  all  forms  of  new  growths  combined, 
but,  being  of  purely  inflammatory  origin  and  not  tu- 
mors in  the  true  sense,  are  not  described  under  this 
heading. 

Moritz  Schmidt,  among  32,997  nose  and  throat  pa- 
tients seen  in  ten  years,  found  that  but  24,  or  1  in 
every  1,370,  presented  some  form  of  true  neoplasm  in 
the  nose.  Of  these,  757,  or  1  in  every  43,  had  mucous 
polypi;  i.e.,  mucous  polypi  occurred  more  than  forty 
times  as  often  as  all  forms  of  true  new  growths  com- 
bined. Of  benign  and  malignant  neoplasms,  there 
would  seem  to  be  about  an  equal  proportion;  if  any- 
thing, malignant  growths  appeared  more  often  than 
■benign  tumors. 
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1.  Benign  Neoplasms. 

Angioma. — This  new  growth  is  usually  found  on  the 
septum  and  is  composed  almost  entirely  of  blood-vessels, 
generally  large  cavernous  veins,  surrounded  by  a  slight 
network  of  connective  tissue,  its  epithelial  covering  being 
the  same  as  that  of  the  pait from  which  it  sprang.  Bos- 
worth  says  that  it  may  be  located  in  any  part  of  the  na- 
sal cavity ;  however,  if  seen  anywhere  but  on  the  sep- 
tum, it  is  probably  but  a  localized  hypertrophy  of  the 
mucous  membrane  in  which  the  vascular  changes  are 
most  marked.  It  occurs  at  all  ages,  most  frequently  in 
early  life,  when  it  may  be  congenital,  and  very  rarely  in 
old  age.  It  is  a  soft,  rounded,  mulberry-like  growth, 
varying  in  color  from  a  bright  red  to  a  purple,  movable, 
pedunculated  or  sessile,  bleeding  easily  on  touching  with 
a  probe,  and,  as  before  stated,  is  almost  invariably  found 
on  the  anterior  part  of  the  septum.  The  tumor  may  be 
reduced  or  emptied  by  pressure,  and,  if  connected  with 
an  artery,  pulsation  may  be  detected.  Frequent  attacks 
of  nosebleed,  always  beginning  on  the  same  side,  consti- 
tute the  earliest  symptom.  The  epistaxis  may  be  alarm- 
ing and  difficult  to  control.  Nasal  stenosis  on  the  affected 
side  develops  with  the  growth  of  the  tumor,  which  may 
be  rapid  or  slow.  More  or  less  discharge  is  likely  to  be 
present.     There  is  no  pain. 

Treatment  consists  in  the  removal  of  the  growth  by 
the  cold  wire  snare  under  cocaine  anaesthesia  and  adre- 
nalin to  lessen  the  hemorrhage.  If  the  growth  be  pedun- 
culated, the  application  of  the  snare  is  simple;  if  it  be 
sessile,  a  needle  transfixes  the  growth  at  its  base,  the  loop 
of  the  snare  being  thrown  over  this;  and  in  either  case 
one  or  two  hours  should  be  taken  in  removing  the  tumor. 
Recurrence  does  not  take  place  if  the  removal  has  been 
complete. 

Bony  Cysts.— Osseous  cysts  in  the  nose  are  not  rare. 
When  present,  they  are  found  invariably  at  the  anterior 
end  of  the  middle  turbinated  bone  in  persons  above 
twenty,  and  much  oftener  in  women  than  in  men.  The 
etiology  is  interesting— several  theories  having  been  ad- 
yanced  as  to  the  mode  of  their  production.  McDonald 
thinks  the  lesion  was  originally  an  "  osteophytic  periostl- 
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Nasal  Cavities. 
Nasal  Cavities. 


TIBS  OF  Nasal  Neuroses. — Continued. 


Treatment. 


Result. 


If  improvement, 
hag  it  continued  ? 


Eeporter. 


Where 
reported. 


Remarks. 


Kemoval  ot  riglit  lower  turbinate  with  saw 

and  scissors  in  1898.                             ^ 
Removal  of  spur 

Chromic  acid  to  turbinates 


Complete  cessa- 
tion of  pain. 

Instantaneous 
relief  from  pain. 

Relief 


Yes 

Yes,  for  six  years, 


Shrinking  turbinate  with  cocaine,  and  supra- 
renal, as  patient  declines  operation  lor 
permanent  relief. 

Removal  of  polypi ;    opening  of  ethmoid 

Removal  ot  left  middle  turbinate  and  the 
septal  spur. 


Opened  through  middle  turbinates  and 
drilled  into  left  sphenoid  sinus ;  antipyrin 
and  suprarenal  locally;  general  tonic 
treatment. 


Temporary  relief. 


Cure 

Complete  relief . 


Cure  . 


Yes., 
Yes., 


Yes,  has  gained 
thirty  pounds. 


Removed.. 


Removal  of  spurs  and  hypertrophies  of 
septum  and  of  diseased  tonsils  by  electro- 
cautery dissection. 

Usual  surgical  measures 

Surgical 

Surgical ;  removal 

After  removal  of  plugs  was  all  right  in  a 
few  days. 


Swallowed  solid 
food  next  day. 

Entire  disappear- 
ance of  cough 
and  Indigestion 

Cure 

Cure 

Cure 

Cure 


Yes,  six  years  . 


P.  S.  Donellan. 
G.  D.  Murray.. 
J.  C.  Thompson 
J.  A.  Kenenck . 

P.  J.  Gibbons. 
J.  F.  McCaw  . 

P.  G.  Gibbons. 


Unable  to 
credit  as  re- 
porter did  not 
sign  name. 

Ed.  Pynchon 


Yes,  six  years  . . . 
Y'es,  eight  years. 
Yes 


Henry  L.  Wag- 
ner. 

Henry  L.  Wag- 
ner. 

Henry  L.  Wag- 
ner. 
Yes Author's  case. 


Personal  com- 
munication. 

Personal  com. 
munication. 

Personal  com- 
munication. 

Personal  com- 
munication. 

Personal  com- 
munication. 

Personal  com- 
munication. 


Personal    com- 
munication. 


Personal   com- 
munication. 


Personal   com- 
munication. 


Personal  com. 
munication. 

Personal  com- 
munication. 

Personal  com. 
munication. 


Was  of  suicidal  tendency 
and  when  worse  iodine  was 
detected  in  secretions. 


Reporter  thinks  trouble  due 
to  abnormal  reflex  causing 
spasm  of  pharyngeal  and 
oesophageal  muscles. 


tis,"  secondary  to  an  hypertrophy  of  the  mucous  mem- 
brane of  the  middle  turbinate,  causing  the  inferior  border 
of  this  to  curl  outward  and  upward  until  it  met  the  body 
of  the  bone  above  where  at  length  adhesion  took  place, 
•finally  causing  a  closed  bony  cavity  lined  within  and 
without  with  mucous  membrane.  Another  explanation 
is  that  the  cyst  results  from  a  rarefying  osteitis,  the  in- 
flammation beginning  in  the  mucosa,  involving  later  the 
periosteum  and  bone,  and  finally  resulting  in  the  porous 
formation  observed  in  other  hyperplastic  processes.  A 
simpler  and  more  probable  explanation  than  either  of  these 
is  to  be  found  in  the  fact  that  there  frequently  exists  in 
the  anterior  end  of  the  middle  turbinated  bone  an  ethmoid 
cell,  which  communicates  with  the  middle  meatus  or 
with  the  other  cells  of  the  ethmoid  labyrinth.  Inflam- 
mation causes  complete  or  partial  stenosis  of  the  orifice, 
the  secretion  is  retained,  and  the  cell  gradually  becomes 
larger  as  the  walls  distend,  until  finally  there  is  produced 
a  bony  cyst.  This  is  covered  externally  with  mucous 
membrane  that  may  either  be  normal  or  have  undergone 
polypoid  degeneration  with  polypi  resulting,  or,  again, 
may  have  atrophied.  The  mucous  membrane  lining  the 
cavity  has  columnar  ciliated  epithelium,  and,  through 
pressure  of  the  retained  secretion,  often  becomes  attenu- 
ated, the  glandular  elements  undergoing  absorption,  the 
membrane  becoming  polypoidal  or  granulating.  The 
cyst  contains  air  or  may  be  filled  with  a  yellow  viscid 
fluid,  muco-pus,  or  clear  pus.  On  several  occasions  the 
writer,  on  opening  the  cyst,  found  a  mucous  polyp  pres- 
ent in  the  cavity. 

The  tumor  presents  itself  as  a  smooth,  rounded,  an- 
terior end  of  the  middle  turbinated  body,  and  varies 
greatly  in  size,  being  often  so  small  as  to  pass  unob- 
served, while  at  other  times  it  may  be  so  large  as  to 
reach  down  to  the  inferior  turbinate  or  even  to  the 
floor  of  the  nose,  and  frequently  pushes  the  septum 
over  sufficiently  to  cause  stenosis  of  the  opposite  naris^ 
the  tumor  occupying  the  concavity  of  the  septum  which 
it  has  produced.  The  symptoms  are  those  due  to  press- 
ure of  retained  secretion  and  to  obstruction.  Hemi- 
crania  with  exacerbations  of  acute  pain  durmg  colds  m 
the  head  is  the  most  characteristic  and  distressing  symp- 


tom. The  pain  is  referred  to  the  inner  side  of  the  eye, 
radiating  to  the  forehead  or  across  tlie  face,  causing  often 
intense  trigeminal  neuralgia.  There  is  a  feeling  of  press- 
ure and  throbbing.  Actual  exophthalmos  may  occur 
from  the  outward  pressure.  Attacks  of  megrim  with 
vertigo  and  partial  unconsciousness  and  vomiting  are 
often  complained  of.  Nasal  obstruction,  depending  upon 
the  size  of  the  tumor,  is  present  on  the  affected  side  and 
may  be  quite  marked  in  the  opposite  naris. 

Prognosis  is  good  and  recurrence  is  not  to  be  expfected 
following  proper  treatment. 

Treatment  is  surgical  and  consists  in  the  removal  of 
the  cyst  (under  local  ansesthesia)  by  the  cold  wire  snare, 
Grunwald's  or  other  nasal  cutting  forceps. 

EiBKOMA. —Fibroma  is  a  connective-tissue  growth, 
somewhat  resembling  histologically  the  mucous  polyp, 
but  diif ering  from  it  in  the  large  amount  of  connective- 
tissue  fibres  crowded  together  with  but  few  intervening 
interstitial  spaces.  The  epithelial  covering  is  the  same 
as  that  of  the  polyp.  It  springs  from  the  submucosa  or 
outer  layer  of  the  periosteum,  and  arises  from  the  poste- 
rior third  of  the  middle  or  superior  turbinated  bodies  or 
from  the  roof  of  the  nose,  and  is  said  never  to  spring  from 
the  septum.  It  may  arise  in  the  sinuses,  and  often  ex- 
tends from  the  nasopharynx  into  the  nasal  fossae.  It  has 
a  rather  thick,  firm  pedicle  or  may  have  a  very  broad 
base.  If  pedunculated,  the  growth  is  downward  and 
backward  into  the  nasopharynx,  where  it  appears  as  a 
round  or  pear-shaped  grayish-pink  tumor,  firm  and  hard 
to  the  finger,  bleeding  easily  on  probing,  having  a  rather 
smooth  surface,  and  tending  to  fill  the  postnasal  space. 
In  the  nose  it  is  of  the  same  character,  but  is  longer 
and  more  slender,  conforming  to  the  shape  of  the  nasal 
cavity.  Its  growth  is  steady  and  persistent,  pushing 
aside  adjacent  bones,  causing  ulceration  and  adhesions, 
invading  the  neighboring  sinuses  and  orbital  cavities, 
and  producing  finally  much  deformity,  such  as  the  char- 
acteristic frog  face  and  exophthalmos.  The  tumor  is 
very  vascular  and  the  walls  of  the  blood-vessels  are  very 
much  thinned.  This  form  of  growth  occurs  in  early  life, 
between  the  ages  of  fifteen  and  thirty  or  forty,  and  in 
males  more  often  than  in  females.      Of  six  cases   of 
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fibroma  in  the  nose  and  nasopharynx  seen  by  the  writer, 
four  were  in  men,  two  in  women,— the  youngest  in  a  boy 
of  sixteen,  the  oldest  in  a.  man  about  forty 

The  etiology  is  not  known,  trauma  possibly  having  to  do 
with  the  development  Early  in  the  disease  the  patient 
has  repeated  attacks  of  epistaxis,  often  severe,  the  blood 
coming  not  only  from  the  tumor,  but  also  from  the  ulcer- 
ated mucous  membrane,  and  nasal  obstruction  develops 
first  on  one  side,  then  on  the  other,  as  the  nasopharynx  be- 
comes filled  with  the  tumor.  A  copious  watery  or  muco- 
purulent discharge  constantly  flows  from  the  nose.  The 
voice  becomes  thick  and  nasal,  the  mouth  dry  and  open, 
the  senses  of  smell  and  taste  become  impaired  or  lost,  and 
tinnitus  and  impaired  hearing  develop.  Pain  is  absent 
at  first,  but,  as  pressure  on  adjacent  parts  develops,  it  be- 
comes steady.  Deformity  arises  if  the  tumor  is  not  soon 
removed. 

Prognosis  is  good  if  the  tumor  be  removed.  If  it  be  not 
removed,  death  will  ensue  from  copious  hemorrhages  or 
from  extension  of  the  disease  to  the  brain. 

Removal  can  usually  be  accomplished  by  the  cold  wire 
snare,  but  it  may  be  difficult  to  surround  the  growth. 
The  large  loop  is  passed  through  the  nose  into  the  naso- 
pharynx, the  index  finger  of  the  left  hand  then  pushing 
the  wire  about  the  tumor,  when  the  loop  is  drawn.  The 
pedicle  may  be  so  hard  or  the  base  so  broad  that  the  wire 
may  be  repeatedly  broken  and  the  galvanocautery  snare 
be  required  before  the  tumor  can  be  severed.  The  pedi- 
cle or  base  may  be  cut  with  scissors,  and  in  unusually 
large  tumors  it  may  be  necessary  to  expose  the  nose  by 
an  external  operation  before  the  tumor  can  be  removed. 
Profuse  hemorrhage  is  to  be  expected  in  the  removal  of 
fibroma  by  whatever  operation,  and  death  has  occurred 
during  operation  from  this  cause.  Electrolysis  has  been 
employed  to  lessen  the  size  and  reduce  the  vascularity  of 
the  growth  before  operating. 

Osteoma  and  Chondroma. — These  true  bony  and  car- 
tilaginous tumors  are  not  to  be  confounded  with  the  ex- 
ostoses and  ecchondroses  so  frequently  met  with  on  the 
septum. 

Osteoma  originates  from  the  ethmoid,  vomer,  accessory 
sinuses,  and  other  parts  of  the  bony  framework.  Both, 
the  cancellous  and  the  eburnated  varieties  are  met  with. 
The  tumor  grows  steadily,  though  slowly,  pushing  ev- 
erything before  it,  invading  the  orbital  cavity,  displac- 
ing the  eyeball,  and  causing  intense  pain.  The  tumor 
has  a  bony  connection  with  its  point  of  origin  or  a  pedi- 
cle of  mucous  membrane  and  connective  tissue.  It  is 
covered  with  mucous  membrane,  and  is  so  hard  that  it 
cannot  be  penetrated  by  an  exploring  needle.  It  is  usu- 
ally single,  smooth  or  irregular,  and  may  be  of  any  size, 
depending  upon  the  time  it  has  been  growing.  The 
symptoms  are  pain,  early  and  continuous  until  the  press- 
ure destroys  the  nerve  filaments,  nasal  obstruction  with 
all  its  results,  impaired  sense  of  smell,  muco-purulent 
discharge,  and  frequent  attacks  of  epistaxis.  Exophthal- 
mos, with  or  without  blindness  and  epiphora,  is  pro- 
duced sooner  or  later,  as  well  as  other  evidences  of  ex- 
ternal deformity.  The  diagnosis  is  made  by  the  history 
of  a  slow  growth,  by  the  use  of  the  probe  or  the  needle, 
and  in  doubtful  cases  by  the  microscope. 

Prognosis  depends  upon  the  extent  of  the  tumor  at  the 
time  of  examination,  but  it  is  usually  good.  The  treat- 
ment is  entirely  surgical  and  nearly  always  intranasal. 
The  tumor  may  have  to  be  divided  into  fragments  by 
the  motor  trephine,  bone  forceps,  or  saw,  and  removed 
in  pieces  when  it  is  too  large  to  be  extracted  through  the 
nostril.  When  the  tumor  is  quite  large  and  inaccessible, 
an  external  operation  will  have  to  be  made,  but  much  can 
be  done  by  modern  intranasal  surgery  without  resorting 
to  the  more  radical  external  operation. 

Ghondroma  occurs  less  often  than  osteoma.  It  springs 
generally  from  the  anterior  part  of  the  septum,  but  may 
come  from  the  ethmoid  or  other  accessory  sinuses.  It 
is  a  smooth,  rounded,  sessile  tumor  with  a  broad  base 
covered  with  normal-appearing  mucous  membrane.  It 
is  found  in  early  life.  The  symptoms  are  those  of  oste- 
oma, excepting  that  there  is  no  tendency  to  bleed      It  is 


differentiated  from  osteoma  by  its  permeability  to  the 
needle  and  by  its  sessile  base ;  from  malignant  tumors  by 
its  slower  growth,  absence  of  hemorrhage,  and  harder 
sensation  conveyed  through  the  probe. 

Prognosis  is  good  if  the  tumor  is  entirely  extirpated. 
Removal  is  accomplished  by  the  knife,  saw,  cold  or  gal- 
vanocautery snare. 

Papilloma,— Both  hard  and  soft  varieties  of  papil- 
loma are  met  with  in  the  nose.  The  hard  variety  resem- 
bles in  all  respects  the  cutaneous  wart,  and  is  confined  to 
the  vestibule  and  anterior  part  of  the  septum,  usually  of 
one  side,  and  is  commonly  single,  but  may  be  multiple. 
Many  cases  of  the  soft  variety  have  been  reported,  but 
the  majority  of  them  are  not  true  papillomata,  being 
nothing  more  than  papillary  hypertrophies.  These  lat- 
ter, sometimes  known  as  "Hopman's  papilloma,"  are  of 
common  occurrence  in  hypertrophic  rhinitis,  occurring 
along  the  inferior  border  and  posterior  ends  of  the  infe- 
rior turbinated  bodies — sites  where  true  papillomata  do 
not  occur.  Jonathan  Wright,  who  has  investigated  this 
neoplasm  with  perhaps  greater  thoroughness  than  any 
other  rhinologist,  says  that  only  2,bout  a  dozen  cases  of 
unquestioned  papillomata  of  the  nose  have  been  recorded 
in  literature.  True  papilloma  appears  to  be  restricted  to 
the  anterior  part  of  the  septum,  the  floor  of  the  nose,  and 
the  anterior  part  of  the  external  wall.  It  occurs  at  any 
age  and  in  either  sex,  and  is  usually  single,  unilateral, 
and  of  small  size,  but  may  grow  to  be  as  large  as  a 
hazelnut,  obstructing  the  nasal  orifice.  It  may  be  ses- 
sile, but  almost  always  is  pedunculated,  grayish-pink  in 
color,  with  irregular  surface  and  well-marked  papilte, 
somewhat  resembling  a  rdSpberry.  It  is  very  vascular, 
bleeds  easily,  causing  frequent  attacks  of  epistaxis,  and 
has  some  tendency  to  ulceration.  Pain  is  seldom  pres- 
ent. There  is  more  or  less  profuse  nasal  discharge.  Un- 
less the  growth  is  completely  removed,  it  is  likely  to 
recur. 

Treatment. — Removal  is  best  accomplished  by  the  cold 
wire  snare,  and  any  part  remaining  should  be  destroyed 
with  the  galvanocautery.  Vaseline  or  other  emollient 
should  be  kept  applied  until  healing  has  occurred,  and 
irritation  by  picking  the  nose  is  to  be  avoided.  Ingals 
recommends  the  application  of  the  tincture  of  thuja 
occidentalis  to  prevent  recurrence.  The  possibility  of 
papilloma  degenerating  into  or  later  becoming  a  malig- 
nant tumor,  especially  in  persons  in  middle  life  or  later, 
should  alwaj'^s  be  borne  in  mind. 

3.  Malignant  Neoplasms. 

Adenoma,  sometimes  classified  as  a  benign  tumor, 
shows  sooner  or  later  malignant  changes,  undergoing 
either  carcinomatous  or  sarcomatous  degeneration.  This 
has  been  so  in  nearly,  if  not  quite  all,  cases  which  have 
been  observed  and  reported.  Pure,  unmixed  adenoma  in 
the  anterior  nares  is  necessarily  extremely  rare,  because 
of  the  absence  of  gland  structure  in  the  nose.  Hopkins 
and  Leland  each  reported  a  case  of  adenoma  in  the  nose 
at  the  meeting  of  the  American  Laryngological  Associa- 
tion in  1897,  both  cases  ultimately  taking  on  carcinoma- 
tous change,  and  Leland's  showing  also  a  transition  in 
one  part  to  papilloma.  jMayer  has  recently  reported  (Am. 
Medimie,  August  2d,  1902)  a  case  of  adenoma,  showing 
sarcomatous  degeneration  in  parts.  The  tumor  is  to  be 
regarded  as  malignant.  It  presents  itself  as  a  grayish- 
white  granular  polypoid  mass,  firm  in  consistency,  the 
surface  soft  and  pultaceous,  bleeding  easily,  '  It  devel- 
ops much  more  slowly  than  either  sarcoma  or  carcinoma. 

Sarcoma  is  the  commonest  form  of  tumor  met  with  in 
the  nose,  if  we  exclude  mucous  polypi  and  other  tumors 
of  purely  inflammatory  origin.  All  varieties  found  in 
other  parts  of  the  body  occur  in  the  nose,  but  the  round- 
and  spindle-celled  sarcomata  are  most  frequently  seen, 
and  after  these  in  points  of  frequency  are  myxosarcoma, 
melanosarcoma,  and  fibrosarcoma,  the  other  fonns  being 
much  more  rare.  Both  sexes  are  equally  attacked.  The 
period  most  susceptible  to  sarcoma  in  the  nose  is  the 
fifth  decade,  between  the  fortieth  and  fiftieth  years,  but 


140 


UEFEHENCE   HANDBOOK   OP  THE  MEDICAL   SCIENCES. 


Nasal  <'avitios, 
Na^al  <'av!ties. 


no  age  is  exempt,  cases  being  seen  in  early  infancy  and 
in  extreme  old  age.  Of  eiglity-four  cases  collected  and 
analyzed  as  to  age  by  Harris  (Phila.  Monthly  Med.  Jour., 
June,  1899),  tliirty-four,  or  forty  per  cent,  of  the  cases! 
were  between  thirty  and  fifty;  four  were  under  ten 
years  of  age  and  five  between  seventy  and  eighty. 

As  to  etiology,  little  is  known.  Sarcoma  is  found  so 
frequently  associated  with  mucous  polypi  that  thei-e 
would  seem  to  be  some  basis  for  the  befief  that  under 
certain  unknown  conditions  mucous  polypi  do  undergo 
sarcomatous  degeneration.  Trauma,  accidental  or  sur- 
gical, may  be  an  etiological  factor  in  this  transformation 
from  a  benign  to  a  malignant  growth,  and  crude  methods 
in  operating  have  been  suggested  as  a  possible  cause  ;  but 
facts  are  wanting  to  substantiate  tins,  too  few  cases  bear- 
ing on  this  being  reported  to  base  any  conclusions  upon. 

Symptomatology.— Him  earliest  symptoms  are  >milate- 
ral  nasal  obstruction,  progrcssing"steadily  and  rapidly, 
and  repeated  attacks  of  nosebleed.  Epistaxis  is  a  ])r(im- 
inent  symptom  tlirougliout  the  course  of  the  disease,  and 
may  become  a  very  serious  and  alarming  one.  Discliarge 
from  the  nose  is  profuse,  at  tirst  watery,  then  muco-pur- 
ulent  and  bloody,  and  later  on  the  odor  of  necrosis 
makes  it  offensive.  Pain  is  conspicuously  absent  in  the 
early  part  of  tlie  disease,  but,  as  the  grovvtli  euei'oacljes 
on  the  accessory  sinuses,  it  becomes  constant  and  steadily 
increases  in  severity.  Witli  the  spreading  of  the  tnmoV 
into  the  accessory  sinuses  and  neighboring  cavities  more 
or  less  deformity  of  the  face  occurs,  such  as  exophthal- 
mos and  f\ilue.ss  at  tlie  side  of  the  nose  and  of  the  cheek 
with  discoloration  of  the  skin  over  the  affected  area. 
The  growth  may  protrude  forward  through  theuostril  or 
backward  into  the  pharynx,  as  in  the  ease  of  a  two-year- 
old  child  seen  by  tlie  writer.  Vision  may  become  im- 
paired from  pressure  on  the  optic  nerve  after  involve- 
ment of  the  sphenoidal  sinus.  Nasal  obstruction 
becomes  so  complete  that  the  patient  has  great  distress 
in  breathing  and  in  eating,  speecli  becomes  thick  and 
muffled,  the  senses  of  smell  and  taste  arc  lost  or  much 
impaired,  nasal  discharge  becomes  most  profuse  and 
offensive,  pain  is  constant,  insomnia  adds  to  tlie  distress, 
and  the  piatient  loses  weight  and  strength,  and  finally 
dies,  unless  relieved  by  surgical  intervention,  from  ex- 
ten.sion  of  the  tumor  through  the  cribriform  plate  of  tlie 
etlinioid  or  roof  of  the  sphenoidal  sinus  to  the  brain,  or 
death  may  result  from  sepsis  and  exhaustion. 

The  objective  appearances  of  sarcoma  are  not  alto- 
gether characteristic.  It  is  usually  pedunculated,  but 
may  be  sessile,  and  arises  most  often  from  tlie  cartilagi- 
nous and  bonjf  septum  and  tlic  middle  turbinated  body, 
but  it  has  been  seen  originating  from  any  and  all  parts 
of  the  nose.  The  color  varies  from  that  of  a  simple  mu- 
cous pol3'p  to  a  yellowish-pink  or  dark  red,  most  often 
the  latter.  It  is  ordinarily  quite  soft  to  the  touch  of  the 
■  probe  and  bleeds  easily  on  examination,  as  in  the  round- 
celled  variety,  or  it  may  be  quite  firm,  as  in  the  fibrosar- 
coma. The  surface  is  smootli,  unless  ulceration  has  oc- 
curred. The  tumor  may  have  originated  in  any  of  the 
neighboring  cavities,  invading  the  nose  secondarily.  The 
writer,  some  ten  years  ago,  had  under  his  care  a  ph_ysi- 
cian  in  whom  a  gliosarcoma  of  the  dura  mater  perforat- 
ed the  base  of  the  skull  at  the  region  of  the  sella  turcica, 
invading  the  sphenoidal  sinus,  and  causing  softening 
and  absorption  of  the  cribriform  plate  of  the  ethmnid. 
The  glands  of  the  neck  are  not  involved,  unless  it  be  bj' 
direct  extension  of  the  disease  to  them.  Sarcoma  is  to 
be  differentiated  from  simple  mucous  polyp,  angioma, 
adenoma,  carcinoma,  and  syphilis.  The  iodides  sliould 
be  administered  to  exclude  syphilis  in  a  doubtful  case, 
and  a  microscopical  examination  of  a  piece  of  the  tumor 
removed  by  the  cold  wire  snare  .should  always  be  made. 

Prognosis  depends  upon  the  site  of  the  origin  of  the 
tumor,  the  extent  of  its  invasion,  and  the  variety  of  the 
neoplasm.  Sarcoma,  having  its  origin  in  the  septum, 
especially  the  cartilaginous  part,  offers  tlie  most  favor- 
able outlook,  while  one  arising  from  the  middle  or  supe- 
rior meatus  is  most  unfavoi  able.  The  roimd-celled  sar- 
coma, the  commonest  variety  seen  in  the  nose,  is  also  the 


most  virulent.  More  than  fifty  per  cent,  of  all  <  a.ses  are 
fatal.  Of  one  hundred  and  three  ca.scs  in  Harris'  talile, 
the  final  termination  was  stated  in  but  fifty-five,  and  of 
the  latter  twenty-five  ended  in  death  and  tliirty  in  re- 
covery. All  but  one  of  the  thirty  were  operated  ujion. 
Twenty-two  of  these  latter,  ]jowc\'er,  were  reported  as 
cured  within  a  year  of  operation,  and  it  is  probable  that 
recurrence  took  place  in  some  or  many  of  them  later. 

Treatiiieiit.~^\\yg\cix\  intervention  at  present  offers 
practically  the  only  chance  of  recovery.  The  operation 
must  be  thorough  and  the  tumor  completely  eradicated. 


Fio.  ;J4flD.— Adenoma  of  the  Nose,  with  Incipient  Sarcomatous  De^^en- 
eration.  (Case  reported  by  Dr.  Emit  Mayer  in  American  Medi- 
cine, August  2d,  1902.) 

If  the  tumor  is  pedunculated  and  arises  from  the  septum, 
especially  at  its  anterior  part,  an  intranasal  operation 
with  the  snare  may  be  entirely  efficient ;  but  if  the  growth 
comes  from  the  middle  or  superior  meatus  or  invades  or 
involves  the  accessory  sinuses  or  is  inaccessible  in  any 
way,  an  external  operation  mu.st  be  done.  The  nose  is 
released  and  the  parts  involved  are  laid  bare,  the  tumor  is 
removed  by  cutting  or  the  use  of  the  snare,  and  the  base 
is  thoroughly  curetted.  Should  recurrence  take  place, 
this  should  be  removed  at  once.  In  inopei'able  cases — 
and  many  are  inoperable — Coley's  mixed  toxins  may  be 
given  with  some  hope  of  diminishing  the  size  and  retard- 
ing the  develoi^ment  of  the  tumor,  even  if  not  curing  it; 
such  a  course  being  specially  indicated  in  the  spindle- 
celled  variety. 

C.\RCiiNOM.\,  much  more  rarely  seen  in  the  nose  than 
sarcoma,  is  always  primary  and  occurs  as  e]iitlielionia  or 
cylinder-celled  carcinoma.  It  originates  most  freciuently 
from  the  cartilaginous  septum  and  the  turbinates,  but 
more  often  still  it  is  an  extension  inio  the  nasal  fossa; 
from  the  neighboring  accessory  sinuses,  especially  the 
maxillary.  It  is  found  during  or  after  middle  life,  differ- 
ing in  this  respect  from  sarcoma,  which  occurs  at  all 
ages.  Unlike  sarcoma,  which  has  its  origin  in  the  deeper 
structures  and  forms  a  distinct  tumor,  epithelioma  be- 
gins in  the  mucous  membrane,  ulcerating  and  destroying 
as  it  progresses.  Nasal  obstruction  and  pain  of  a  neu- 
ralgic character  are  early  symptoms.  Tlie  discharge  at 
first  is  acrid  and  of  a  sero-.sanguinolent  character,  but  as 
ulceration  occurs  the  discharge  is  more  profuse  and  be- 
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comes  putrid  and  fetid,  giving  to  the  patient  and  his  sur- 
roundings an  odor  that  is  persistent  and  offensive.  Re- 
peated attacks  of  epistaxis  occur.  Tinnitus  and  impaired 
hearing  and  earache  are  often  complained  of.  As  the 
growth  extends  into  tlie  accessory  sinuses,  the  orbital 
and  cranial  cavities,  a  new  set  of  symptoms  develops. 
The  cheek  becomes  full,  the  eyeball  is  pushed  out,  vision 
may  become  impaired,  pain  is  greatly  increased,  and 
finally  signs  of  meningitis  or  brain  abscess  develop. 

Objectively,  epithelioma  presents  itself  early  in  the 
disease  as  an  infiltration  of  the  mucous  membrane,  sug- 
gesting a  papillomatous  hypertrophy,  but  ulceration 
soon  takes  place,  leaving  the  edges  of  the  ulcer  hard  and 
the  surface  angry  and  covered  with  a  thick,  grayish  se- 
cretion. Bleeding  follows  the  slightest  probing.  The 
tumor  shows  marked  tendency  to  invade  the  deeper  parts, 
with  little  inclination  to  extend  outward  to  the  skin. 
Sooner  or  later  the  submaxillary  and  cervical  glands  be- 
come involved,  though  this  is  not  always  so,  and  cachexia 
develops  only  after  the  disease  has  existed  for  some  time. 
The  differential  diagnosis  is  to  be  made  usually  from 
syphilis,  lupus,  and  tuberculosis.  Antisyphilitic  treat- 
ment will  often  clear  up  a  suspected  epithelioma,  and 
when  any  doubt  exists  the  iodides  should  be  given,  if 
but  for  diagnostic  purposes.  Lupus  has  a  very  marked 
tendency  to  extend  to  the  skin,  which  is  usually  in- 
volved. In  a  case  of  suspected  primary  tuberculosis, 
the  bacillus  will  be  found  if  that  d\^ease  is  present.  The 
microscope  may  be  required  to  determine  the  diagnosis  of 
epithelioma ;  in  employing  it,  however,  one  must  not  over- 
look the  possibility  that  the  removal  of  a  piece  of  the  tu- 
mor may  be  followed  by  renewed  activity  of  the  growth. 

The  prognosis  is  absolutely  bad,  few  if  any  authentic 
cases  of  recovery  having  been  reported.  The  disease 
appears  to  be  more  rapidly  fatal  in  the  nose  than  in  most 
other  parts  of  the  body.  Treatment' heretofore  has  been 
unavailing ;  operation  seemingly  not  only  not  eradicating 
the  disease,  but  not  affording  even  temporary  relief.  The 
growth  recurs  rapidly.  While  the  a-ray  as  a  curative 
or  remedial  agent  in  the  treatment  of  cancer  is  still  ex- 
perimental, yet  the  very  favorable  reports  of  its  use  in 
other  parts  of  the  body  would  make  it  seem  that  the  pa- 
tient should  be  given  whatever  benefit  there  may  be  in 
this  treatment.  Pain  may  be  relieved  somewhat  by  or- 
thoform  or  other  local  anaesthetic,  and  toward  the  end 
narcotics  should  be  given  to  relieve  the  sufferer,  and  an- 
tiseptic washes  used  locally  throughout  the  disease. 

Thomas  H.  Hoisted. 

NASAL  CAVITIES,  DISEASES   OF:    PARASITES.— 

The  presence  of  animal  parasites  within  the  nasal  cavi- 
ties is  of  relatively  infrequent  occurrence.  In  the  ma- 
jority of  cases  such  an  event  is  purely  accidental ;  true 
parasitic  infection — i.e.,  the  presence  of  animal  forms 
which  reproduce,  or  pass  one  or  more  stages  of  their  ex- 
istence, within  the  nose — is  very  rare.  As  is  the  case 
with  the  external  auditory  canal,  the  nasal  orifices,  under 
certain  conditions,  may  form  favorable  avenues  of  en- 
trance for  such  creeping  forms  of  animal  life  as  are  fond 
of  escaping  the  light  by  crawling  into  dark  places.  The 
residence  of  such  animals  within  the  nose  is  usually  but 
temporary ;  during  this  time  they  do  not  draw  nourish- 
ment from  the  body  tissues.  Tlie  effects  produced  are 
chiefly  those  of  local  irritation  or  obstruction.  To  this 
condition  the  term  pseudoparasitism  may  with  propriety 
be  applied. 

PsBUDOPABASiTiSM. — Among  such  pseudoparasites  of 
the  nasal  cavities  may  be  mentioned  earwigs,  centipedes, 
numerous  beetles,  insects,  spiders,  mites,  bedbugs, 
leeches,  and  worms.  Entrance  into  the  nose  is  usually 
obtained  during  sleep,  very  often  in  the  open  air,  during 
the  daytime.  The  local  symptoms  of  irritation  and  ob- 
struction may  be  very  slight  or  severe.  Bloody  or  muco- 
purulent discharges  may  be  produced.  In  many  cases 
the  chief  symptoms  are  of  a  nervous  character,  due  to 
fright  or  worry.  The  intruder  may  penetrate  into  the 
frontal  sinuses.  Such  cases  may  be  attended  by  danger- 
ous symptoms  or  even  result  fatally.     It  is  said  that  cen-  | 
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tipedes  are  especially  likely  to  reach  the  frontal  sinuses. 
Cases  are  reported  of  these  animals  remaining  in  the 
frontal  sinus  for  years,  drawing  their  nourishment  from 
the  secretions  of  the  cavities. 

The  occasional  entrance  of  round  worms  {AscmHs  lum- 
bricoides)  into  the  upper  air  passages  and  into  the  nasal 
cavities  is  of  clinical  importance.  As  is  well  known, 
these  worms  may,  during  the  sleep  of  the  affected  indi- 
vidual, wander  from  the  intestine,  through  the  stomach 
and  oesophagus,  into  the  mouth  and  upper  air  passages. 
Ordinarily  no  especial  symptoms  are  produced,  but  the 
passage  of  the  worm  into  the  larynx  may  cause  serious 
symptoms  of  suffocation  or  even  result  fatally.  Impor- 
tant obstructive  symptoms  may  also  arise  from  the  pene- 
tration of  the  worm  into  the  Eustachian  tube  or  tear 
duct. 

The  Oxyuris  vermieularis  may  be  transferred  from  the 
anus  to  the  nose  through  uncleanly  habits,  but  does  not 
remain  in  the  new  location. 

Tkde  Pahasites. — Protozoa. — Various  forms  of  proto- 
zoa {Amoeba,  Cercomonas,  and  Trichomonas)  have  been  re- 
ported as  occurring  in  the  nose,  in  such  conditions  as 
ozfena,  purulent  catarrh,  whooping-cough,  noma,  etc. 
It  is  very  doubtful  if  any  of  the  appearances,  described 
in  the  majority  of  such  cases,  were  really  protozoa ;  it 
is  much  more  likely  that  they  represented  degenerating 
cells,  leucocytes,  etc.  More  careful  observations  are 
needed  to  settle  this  point. 

Worms. — The  accidental  presence  in  the  nose  oiAscaris 
and  Oxyuris  has  already  been  mentioned.  I  have  been 
unable  to  find  in  the  literature  any  well-authenticated 
case  of  Oysticercus  of  the  nasal  cavities.  Only  two  or 
three  cases  of  nasal  Echinococcus  have  been  reported. 
In  one  of  these,  observed  by  Rogers,  the  patient,  a 
woman  aged  thirty-four  years,  had  had  a  severe  nasal 
obstruction  for  two  and  a  half  years.  During  a  violent 
effort  to  clear  the  nose  there  was  an  escape  of  a  large 
quantity  of  clear,  straw-colored  fluid.  Two  months  later 
a  cyst-like  body  was  removed  by  snare  from  the  middle 
turbinate;  this  was  ruptured  during  removal.  The 
microscopical  examination  showed  the  presence  of  numer- 
ous echinococcus  hooklets  in  the  walls  of  the  cyst. 

Arachnida. — PentastoTna  denticulatum,  the  larval  form 
of  Pentastoma  tcenoides,  is  found  in  the  nasal,  frontal,  and 
maxillary  sinuses  of  various  animals,  particularly  in  the 
dog.  Rarely,  the  parasite  may  be  found  in  the  human 
nose;  the  infectien  usually  takes  place  from  dogs,  or 
through  the  accidental  inhalation  of  the  young  larvae,  or 
by  the  eating  of  contaminated  food.  In  the  latter  case 
the  parasite  later  wanders  from  the  alimentary  tract  into 
the  nasal  cavity.  Its  presence  there  causes  inflammation, 
nosebleed,  etc.  The  diagnosis  rests  upon  the  occurrence 
of  severe  irritation,  and  the  demonstration  of  the  parasite. 
.  Insects. — The  most  common  and  important  nasal  para- 
site belonging  to  this  class  is  the  maggot  or  larva  of  cer- 
tain flies,  both  of  the  biting  and  the  stinging  varieties. 
The  fly  lays  its  eggs  upon  either  the  normal  or  diseased 
mucous  membrane  of  the  nose ;  in  the  latter  case  proba- 
bly attracted  by  the  odor  of  secretions.  Certain  varieties 
may  force  their  way  into  the  healthy  nose  and  there  de- 
posit their  eggs.  Such  an  infection  occurs,  in  the  great 
majority  of  cases,  when  the  affected  Individual  falls 
asleep  in  the  open  air  during  the  daytime.  The  Sarco- 
pliaga  cariiaria,  Sarcophaga  Wohlfahrtii,  Musca  anthro- 
pophaga,  Musca  cadmerina,  Musca  domestica,  Musca  stnbu- 
lans,  Piophila  casei,  Lucilia  macellaria,  (Estrus  bovis,  etc. , 
have  been  reported  as  producing  maggots  within  the 
human  nose.  In  certain  tropical  countries,  Mexico,  Cen- 
tral America,  the  tropical  portions  of  South  America, 
West  Indies,  Hindustan,  etc.,  such  infections  are  not  un- 
common. The  condition  is  known  as  Myiasis  vaiium: 
In  the  great  majority  of  cases  the  affected  individuals 
have  a  history  of  ozsena  or  purulent  nasal  catarrh.  The 
Lucilia  macella/ria,  however,  frequently  attacks  the 
healthy  nose. 

The  symptoms  of  myiasis  are  usually  very  severe;  it  is 
said  that  the  sufferings  may  be  so  intense  as  to  lead  to 
suicide.    The  number  of  eggs  laid  upon  the  nasal  mucosa 
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may  be  veiy  great,  as  many  as  live  Inindred  eggs  of 
LuciUamucdhirUi.  {Itixns  screw-worm)  having  l)ee"u  re- 
moved at  one  time.  In  oilier  eases  several  bundled 
larvna  may  be  removed  or  diseliarged.  The  eggs  hatch 
rapidly,  and  nasal  obstruction  soon  results,  ^vith  intense 
pain  in  forehead,  cheeks,  etc.  A  watery  or  bloody  dis- 
charge, oedema  of  the  neck  and  face,  vertigo,  slecjiless- 
ness,  delirium,  coma,  reflex  vomiting,  and  convulsions 
mark  the  atl'ection.  Fever  may  or  may  not  be  [ircsent. 
The  nasal  mucosa  may  be  completely  destroyed  and  the 
bones  denuded  through  the  ellorts  of  the  growing  larvoe 
to  obtain  nourishment.  Within  a  short  time,  one  to  two 
weeks,  the  larvic  leave  the  no.se  to  form  their  cocoons 
outside.  The  character  of  tlie  nasal  discharges  usually 
changes  after  the  maggots  have  left  the  nose,  becoming 
more  purulent.  The  inflammation  may  persist  for  a  long- 
time, or  in  other  cases  the  symptoms  may  abate  imme- 
diately upon  the  removal  of  the  parasites. 

The  history  of  the  case,  the  symptoms  of  ra\m\  ol.istrue- 
tion  with  watery  or  bloody  discharge,  and  the  demon- 
stration of  the  presence  of  the  maggot  make  the  diagno- 
sis clear.  The  prognosis  is  on  the  wliole  favorable,  but 
fatal  cases  may  occur. 

The  treatment  of  nasal  parasites  in  general  consists, 
iirst,  in  the  removal  of  the  parasite;  secondly,  in  the 
treatment  of  the  local  condition  caused  by  its  presence. 
In  the  case  of  maggots  or  other  parasites  which  are  more 
or  less  firmly  attached  to  the  mucosa,  various  antiseptics 
may  be  used  for  the  purpose  of  stupefying  or  killing  the 
parasite.  Inhalation  of  chloroform,  ether,  turpentine, 
bichloride  solutions,  calomel  powder,  decoctions  of  to- 
bacco, balsam  of  Peru,  are  among  the  remedies  suggested. 
The  filling  of  the  na.sal  cavities  with  warm  glymol  is 
advised,  especially  in  the  case  of  maggots;  tlie  oil  tilling 
up  the  spiracles  of  the  larvte  kills  them,  and  they  are 
then  easily  washed  out.  In  very  rare  cases  it  may  be 
found  necessary  to  explore  the  frontal  sinus. 

Aldred  Scott  WurtJiin. 

NASAL  CAVITIES,  DISEASES  OF:  RHINOSCLERO- 

MA. — On  account  of  the  wide  diffusion  of  the  lesions 
it  has  been  suggested  to  substitute  the  name  scleroma, 
without  a  local  qualitication,  for  this  affection.  It  is  a 
rare  disease  which  is  seldom  found  excepting  in  Austria, 
Hungary,  and  Italy.  It  is  characterized  by  a  peculiar 
connective-tissue  growtli  in  the  mucous  and  submucous 
tissues  of  the  respiratory  tract  which  forms  nodes,  tuber- 
osities, or  slightly  raised,  smooth,  flat,  and  extremely 
hard  patches.  In  course  of  time  the.se  are  seen  about  the 
nostrils  or  upper  lip,  and  finally  they  invade  any  and 
every  portion  of  the  respiratory  tract.  These  new 
growths  are  of  a  cartilaginous  hardness,  and  owing  to 
the  atrophy  of  the  new  tissue,  they  form  dense  cicatrices 
without  the  intervention  of  ulceration. 

Anatomical  Ciiakactekistics  and  Coukse  of  TriE 
Disease. — Hard  prominences,  varying  usually  in  size 
from  a  millet  seed  to  a  pea,  and  dilfuse  infiltrations  char- 
acterize the  disease.  The  affection  usually  begins  in  the 
salpingo-palatal  fold  or  in  the  choana3,  and  gradually 
progresses  forward  vmtil  the  vestibule  of  the  nose  is 
reached,  where  it  may  terminate,  or  it  may  involve  the 
external  integument,  occasionally  invading  the  upper  lip 
and  changing  it  into  a  hard,  snout-like  protuberance. 
It  also  extends  downward  involving  the  pharynx,  larynx, 
trachea,  and  bronchial  tubes  which  become  constricted 
by  the  contracting  cicatrices.  The  diffuse  infiltrations 
are  firm  and  very  rigid,  and  in  proportion  to  their  size 
mechanically  obstruct  the  nares.  Later,  they  undergo 
cicatricial  transformation,  and  further  obstruct  or  com- 
pletely obliterate  the  nasal  pa.ssages  by  the  contraction 
of  the  resulting  scars.  When  the  cartilaginous  external 
nose  is  involved  in  the  disease,  it  becomes  deformed  by 
nodular  protuberances  of  intense  hardness.  The  integu- 
ment of  the  nose  is  at  first  dense  and  white;  later  it  red- 
dens or  acquires  a  livid  hue.  Occasionally  slight  ulcer- 
ation occurs  and  fissures  sometimes  form,  especially 
between  the  alfe  and  the  cheek.  In  the  nasal  vestibule 
the  disease  often  forms  voluminous  folds,  which  may 


protrude   from   the   nosti'il.     These    arc  of   a    liluish-red 
color  and  are  somelinies  a  centimetre  in  thickness. 

Etioi,o(;v. — Among  those  who  have  given  this  atfec- 
tion  the  most  sludyit  is  generally  believed  lo  result  from 
the  presence  of  the  Friseh  bacterium,  ^vhieh  is  always 
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Fig.  3igi.— Rbinoscleroma. 


(From  Le  Dentu  et  Delbet's  "Traits  de 
Ciiirurgie.") 


found  in  eon.siderable  numbers  in  the  cells  in  the  lym- 
phatic spaces  of  the  affected  part.  There  is  no  proof 
that  it  is  contagious. 

Symptomatology. — In  the  beginning  the  disease  is 
marked  by  symptoms  of  simple  chronic  rhinitis,  which 
may  extend  over  a  period  of  several  years.  The  secre- 
tion, at  first  watery,  gradually  becomes  purulent.  After- 
ward it  dries  into  scabs  or  crusts,  which  as  they  decom- 
pose emit  a  very  otl'en.sive  odor,  different  from  that  of 
ordinary  oztena  and  apparently  peculiar  to  rhinoscleroma. 
The  scleromatous  tissue  is  not  usually  deposited  until  the 
catarrhal  symptoms  have  existed  for  several  years.  On 
account  of  "the  painlessness  of  the  disease  and  its  gradual 
accession,  patients  commonly  do  not  present  themselves 
for  treatment  until  a  number  of  years  after  its  beginning. 

Diagnosis. — Rhinoscleroma  is  to  be  distinguished  from 
syphilis,  epithelioma,  and  keloid,  though  as  the  latter  is 
distinctly  a  disease  of  the  skin  which  often  appears  in  old 
cicatrices,  it  is  not  at  all  likely  to  be  confounded  with 
rhinoscleroma.  The  essential  features  in  the  diagnosis 
are  the  chronic  course  of  the  disease,  the  cartilaginous 
hardness  of  the  infiltration,  the  formation  of  cicatrices 
without  previous  idceration,  the  invasion — during  the  lat- 
ter portion  of  the  disease — of  the  larynx,  trachea,  or  pha- 
rynx, and  the  broadening  and  deformity  of  the  external 
nose  by  the  scleromatous  deposit. 

Syphilis  in  the  tertiary  stage  also  leads  to  cicatrices 
which  might  be  mistaken  for  those  of  rhinoscleroma,  but 
syphilitic  lesions  differ  from  those  of  the  disease  under 
consideration  in  that  their  progress  is  more  rapid  and 
the  hardness  of  the  gummy  deposits  less  marked.  The 
syphilitic  nodule  also  commonly  ulcerates,  whereas  the 
scleromatous  one  does  not.  Again,  the  specific  treatment 
of  syphilis  is  usually  followed  by  speed}'  improvement, 
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whereas  the  iodides  and  mercurials  do  not  afEect  the  prog- 
ress of  scleroma. 

Epithelioma  causes  induration  and  some  nodular  infll- 
tratiou  of  the  skin,  but  the  nodules  are  softer  than  those 
of  rhinoscleroma  and  they  soon  ulcerate  and  bleed.  The 
disease  also  runs  a  much  more  rapid  course  than  the  one 
under  consideration. 

Prognosis. — This  affection  commonly  extends  over 
many  years.  Tliere  is  no  tendency  to  spontaneous  re- 
covery, and  unfortunately  treatment  is  unavailing  except 
in  the  way  of  palliation.  In  consequence  of  the  tendency 
to  cicatricial  contraction,  when  the  affection  involves  the 
larynx,  the  trachea,  or  bronchial  tubes,  it  may  prove 
fatal  by  obstruction  to  respiration,  but  it  does  not  usually 
shorten  life. 

Treatment. — The  treatment  is  entirely  operative  and 
palliative.  Obstructive  infiltrations  may  be  removed 
and  thus  relief  be  obtained  for  several  years,  though  it  is 
impossible  to  prevent  recurrence  and  extension  to  other 
parts.  Even  extensive  radical  operations  in  the  begin- 
ning have  no  influence  in  preventing  the  progress  of  the 
disease.  In  the  operative  measures  outgrowths  in  the 
nose  may  often  be  removed  by  the  snare,  but  the  harder 
tissues  must  be  cut  away  with  a  scalpel  or  trephine,  or 
removed  with  a  sharp  spoon,  and  the  operation  may  be 
finished  with  a  galvanocautery,  or  hardened  nodules  may 
be  reduced  by  electrolysis.  The  wounds  left  by  these 
operations  readily  heal.  It  is  generally  thought  best  not 
to  interfere  with  facial  deformities,  as  recurrence  is  prac- 
tically certain  and  excision  would  only  necessitate  re- 
peated plastic  operations  to  cover  the  defects  resulting. 

E.  Fletcher  Ingals. 

NASAL  CAVITIES,  DISEASES  OF:  SINUS  AFFEC- 
TIONS.— The  antrums  of  Highmore  are  irregularly 
shaped  cavities  situated  in  the  head  between  the  upper 
teeth  and  the  orbital  cavities.  They  vary  in  their  di- 
mensions, the  horizontal  and  antero-posterior  diameters 
averaging  about  25  mm.  There  is  one  normal  opening 
in  each  sinus — the  hiatus  semilunaris — which  is  situated 
in  the  uppermost  part  of  the  inner  wall.  This  opening 
frequently  becomes  occluded  by  inflammatory  processes, 
and  an  artificial  opening  is  then  created  by  the  internal 
wall  rupturing  at  a  point  posterior  and  inferior  to  the 
normal  aperture.  Occasionally  the  roots  of  the  molar 
teeth  project  upward  and  form  small  pyramids  on  the 
floors  of  the  sinuses.  Semicircular  membranes,  bands, 
and  bony  partitions,  one-fourth  to  one-half  inch  high,  are 
frequently  found  dividing  the  lower  and  lateral  portions 
of  the  cavities  into  compartments. 

The  walls  of  the  canine  fosssB  and  the  inner  or  nasal 
walls,  beginning  at  a  jDoint  about  one-third  of  an  inch 
above  tlie  floor,  are  very  thin,  excepting  those  parts  which 
give  attachment  to  the  middle  turbinate  bones.  The  inner 
lip  of  the  hiatus  semilunaris  forms  a  small  canal  which 
connects  with  the  moulh  of  the  infundibulum  or  naso- 
frontal canal;  a  frequent  result  of  this  being  that  the 
fluids  from  the  frontal  sinus  and  anterior  ethmoid  cells 
flow  down  into  the  antrum  of  Highmore.  The  principal 
physiological  function  of  the  nasal  accessory  cavities  is 
to  supply  fluid  secretion  and  warm  air  to  the  nose  and 
to  serve  as  resonance  chambers  within  the  head.  During 
inspiration  the  apertures,  including  the  naso-lachrymal 
ducts,  have  a  tendencj'  to  open,  while  during  expiration 
they  partially  close;  at  the  beginning  of  inspiration  the 
partial  vacuum  produced  takes  a  part  of  the  latent  air 
from  within  the  cells,  and  the  velocity  of  the  inspired 
current  further  draws  from  tliem.  Toward  the  end  of 
the  inspiratory  act  new  air  enters  the  cells  to  fill  the  par- 
tial vacuum,  this  entrance  being  aided  by  the  natural 
law  by  which  warm  air  is  displaced  by  cold ;  on  ex- 
piration the  vis-a-tergo  pressure  partially  closes  the 
cells.  These  to-and-fro  currents  of  air  constantly  draw 
the  tenacious  mucus  from  the  cells,  overcoming  the 
adverse  conditions  of  small  openings  and  the  law  of 
gravity. 

There  are  four  groups  of  sinuses  which  communicate 
with  the  nasal  cavities,  viz.,  the  frontal,  the  maxillary, 


the  ethmoidal,  and  the  sphenoidal.  As  the  diseases  of 
tbe  frontal  sinuses  have  already  been  fully  discussed  in 
Vol.  IV.,  under  the  heading  Frontal  Sinuses,  etc.,  the 
present  writer  will  consider  only  the  affections  which  in- 
volve the  other  three  groups  of  sinuses. 

I.  Diseases  op  the  Maxillary  Sinuses. 

Etiology. — Much  has  been  done  of  late  to  solve  the 
problems  as  to  the  cause  of  diseased  conditions  within 
the  antrum  of  Highmore.  Distinguished  writers  differ 
considerably  concerning  the  relative  frequency  of  differ- 
ent morbific  agencies  as  causative  factors.  _  Careful  ob- 
servers are  proving  that  acute  infectious  diseases  are  re- 
sponsible in  many  cases  that  were  formerly  attributed  to 
other  causes,  and  this  is  in  accord  with  my  own  investi- 
gations. 

The  teeth  are  responsible  for  nearly  one-half  of  the 
seriously  diseased  cases  that  have  come  under  my  obser- 
vation. A  careful  examination  of  the  teeth  extracted  in 
a  series  of  cases  gave  abundant  evidence  of  alveolar  peri- 
osteitis,  caries,  and  necrosis  at  the  root  end.  In  other 
cases  the  maxillary  bone  was  necrotic,  carious,  and  de- 
stroyed to  a  variable  extent.  (Edema  of  the  nasal  mu- 
cosa and  polypoid  changes  existed  as  definite  causal 
factors  in  a  large  proportion  of  the  cases  of  nasal  origin. 
More  or  less  pressure  upon  the  middle  turbinal  by  a  de- 
viated and  thickened  septum,  this  in  turn  pressing  upon 
the  ostium  maxillare,  approximately  closing  the  hiatus 
and  causing  retention  of  secretions  more  or  less  laden 
with  pathogenic  bacteria,  was  a  prominent  factor  in  many 
cases  of  chronic  muco-purulent  discharge  from  the  an- 
trum. 

I  am  convinced  that  the  suppurative  rhinitis  of  child- 
hood often  leaves  a  local  suppuration  in  the  antrum  which 
continues  generally  through  adult  life,  unless  proper  sur- 
gical procedures  are  employed  to  relieve  it.  Syphilis, 
tuberculosis,  tumors,  and  foreign  bodies  occasionally, 
cause  suppuration  of  the  antrum. 

Symptoms.. — Empyema  with  complete  occlusion  gives 
rise  to  extremely  painful  conditions,  and  there  is  a  feeling 
as  though  the  antrum  would  rupture  from  the  intense 
pressure.  These  symptoms  disappear  immediately  after 
a  vent  is  secured.  In  those  cases  in  which  the  acute  and 
subacute  catarrhal  processes  occur  in  the  nasal  cavity 
and  extend  into  the  antrum  by  continuity,  there  are  a 
slight  fulness  and  a  sensation  of  stuffiness  in  the  region 
beneath  the  eye,  associated  with  a  thick  muco-purulent 
discharge  into  the  middle  meatus  beneath  the  bulla  eth- 
moidalis. 

Complete  convalescence  in  these  cases  takes  place  with- 
in from  three  to  six  weeks.  Postnasal  catarrh  is  a  con- 
stant symptom.  In  the  chronic  cases  mucus  and  pus  are 
discharged  through  the  anterior  nares.  Most  patients 
who  have  very  thin  fluid  in  the  antrum  complain  of  it 
running  down  over  the  upper  lip  whenever  the  head  is 
inclined  forwaid. 

Asthma,  tubal  stenosis,  and  tinnitus  aurium,  impair- 
ment of  hearing,  mental  lassitude,  and  inability  to  con- 
centrate the  attention  for  any  length  of  time  are  all  com- 
mon symptoms.  Pain  is  a  most  irregular  symptom;  it 
is  absent  at  times  even  in  the  most  severe  cases.  It  is 
often  localized  in  the  temporal  or  the  occipital  region. 
The  most  constant  symptom  is  more  or  less  discharge  of 
muco-pus  over  the  lower  posterior  part  of  the  lip  of  the 
hiatus  semilunaris. 

Pathology.  —A  classification  which  I  made  several 
years  ago  of  the  pathological  conditions  practically  holds 
good  to-day.  In  this  there  were  eight  subdivisions,  as 
follows:  I.  Acute,  catarrhal,  suppurative, and  infectious 
sinusitis  without  complete  stenosis  of  the  normal.outlet. 
II.  Acute  catarrhal,  suppurative,  and  infectious  sinusitis 
with  complete  occlusion  of  the  normal  outlet.  III.  Sub- 
acute and  chronic  catarrhal  and  suppurative  sinusitis  with 
moderately  obstructed  opening,  with  or  without  decom- 
posing puromucoid  dfebris.  IV.  Polypoid  degeneration. 
V.  Alveolar  periostitis  and  periodontitis  attended  by  sup- 
purative caries,  necrosis,  or  other  pathological  changes 
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at  the  root  end.     VI.  Atrophic  rhinitis.     VII.  Tumors 
and  foreign  bodies.    VIII.  Syphilis. 

The  cases  of  the  first  cJass  are  very  common.  The  dis- 
ease is  usually  self -limited  and  frequently  leaves  the  mu- 
cous membrane  much  swollen  and  hyperplastic.  Occa- 
sionally associated  with  an  acute  infectious  disease  there 
is  a  necrosis  of  the  antral  mucosa  as  well  as  of  other  parts 
of  the  mucous  membrane  of  the  respiratory  tract.  When 
there  is  complete  stenosis,  and  when  neither  na- 
ture nor  the  surgeon  relieves  the  condition,  the 
consequent  tension  causes  necrosis  of  the  soft 
tissues,  and  this  occasionally  extends  to  the  bone. 
In  the  subacute  and  chronic  catarrhal  suppura- 
tive cases,  when  the  opening  is  moderately  ob- 
structed, the  muco-purulent  secretion  frequently 
becomes  partially  inspissated,  forms  an  accietion,  and  acts 
as  a  foreign  body,  causing  the  destruction  of  tissue.  These 
by-products  frequently  destroy  the  surface  of  the  mucosa 
and  start  small  ulcerated  areas  which,  if  not  cured,  extend 
in  time  to  the  periosteum  and  often  to  the  bone  itself. 
Polypoid  and  oedematous  changes  which  involve  the 
ethmoid  often  have  their  origin  in  the  antral  mem- 
brane. If  they  occur  on  the  lateral  or  upper  walls  of  the 
■cavity  and  remain  more  or  less  flat  or  mammillated,  there 
is  a  possibility  that  the  mucous  membrane  at  these  points 
will,  under  favorable  circumstances,  return  to  its  normal 
state.  But  if  these  growths  once  become  pedunculated 
it  seems  to  be  impossible  for  them  to  return  to  the  condi- 


adrenalin  are  carefully  applied  throughout  the  middle 
and  inferior  meatuses.  After  the  shrinkage  of  the  mu- 
cosa has  taken  place  a  soft  silver  probe  is  used  in  the 
region  of  the  ostium  maxillare.     The  patient's  head  is 
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tion  of  a  normal  mucous  membrane.  Caries,  necrosis, 
and  periosteitis  in  the  molar  or  bicuspid  roots  frequently 
extend  through  the  bony  floor  of  the  antrum  and  give 
rise  to  fistulm,  the  discharge  from  which  pushes  up  the 
periosteal  lining  of  the  cavity,  and  often  leaves  it  float- 
ing in  a  muco-purulent  medium.  Ruptures  may  take 
place  through  this  membrane  at  different  points,  causing 
:a  discharge  of  secretion  into  the  antrum.  The  antral 
membrane  becomes  very  thick  and  granular,  and  the 
mucosa  and  bony  wall  of  the  cavity  degenerate.  The 
atrophic  process,  which  is  the  consequence  of  suppura- 
tive rhinitis  in  early  childhood,  invades  the  antrum, 
frequently  destroys  the  epithelium  and  the  glandular 
■structures  of  the  mucous  membrane,  and  leaves  a  scle- 
rosed membrane  which  secretes  a  semipuru- 
lent  matter;  this  decomposes  in  the  warm 
air  of  the  antrum  and  issues  through  the 
normal  opening  into  the  nose,  where  it  is 
formed  into  crusts  by  the  inspired  air. 

Tumors,  especially  the  syphilitic  gumma 
and  the  epithelioma,  may  form  in  the  an- 
trum. 

Diagnosis. — A  discharge  of  pus  from  one 
nasal  cavity  is  by  far  the  most  suspicious 
individual  svmptom  of  empyema  of  the 
maxillary  siiius.  It  is  the  writer's  custom 
in  all  cases  of  nasal  and  rhinolaryngeal  dis- 
ease to  make  a  complete  investigation  of  the  condition  of 
the  nasal  cavities  and  the  rhinopharynx,  and  then  to 
account  for  the  condition  of  the  accessory  smuses  as  far 
as  modern  methods  will  allow.  When  a  disease  of  one 
of  the  sinuses  is  associated  with  a  discharge,  cocaine  and 
Vol.  VI.— 10 


Fio.  3i93.— Trocar  and  Cannula  for  Penetrating  Antrum  Walls. 

placed  in  different  positions,  the  best  one  being  that  with 
the  top  of  the  head  on  the  floor,  the  patient  lying  across 
a  chair.  When  this  position  is  assumed,  and  especially 
when  the  patient  at  the  same  time  forcibly  blows  his 
nose,  the  secretion  within  the  antrum  will  generally  be 
forced  to  flow  over  the  lip  of  the  hiatus  beneath  the 
bulla  ethmoidalis. 

In  making  the  test  by  transillumination,  I  usually  em- 
ploy a  four-candle  power  electric  lamp  of  moderate  bril- 
liancy, the  patient  being  in  a  dark  room,  and  the  lamp, 
attached  to  a  suitable  holder,  being  held  within  the  closed 
cavity  of  the  mouth.  I  do  not  rely  entirely,  however, 
upon  the  electric  lamp,  but  use  it  only  as  an  indicator  for 
further  efforts  at  determining  the  condition  within  the 
maxiUary  cavity.  If  there  is  a  unilateral  umbra,  w  arrant- 
ing  the  suspicion  that  the  an- 
trum of  that  side  is  diseased,  the 
investigation  must  be  pushed 
in  other  ways  until  the  con- 
dition of  the  antrum  is  as- 
certained. Frequently  after  a 
curved  irrigator  has  been 
passed  through  the  normal 
opening,  and  more  or  less 
forced  irrigation  employed, 
definite  evidence  of  a  suppura- 
tive process  is  obtained.  If 
this  procedure  cannot  be  ac- 
complished, puncture  should 
be  made  with  a  curved  trocar 
through  the  antral  wallnear  the 
unciform  process,  at  a  point 
situated  posteriorly  and  inferi- 
orly  to  the  hiatus.  In  other  cases  it  may  be  necessary  to 
pass  a  trocar  through  the  wall  of  the  inferior  meatus,  when, 
under  forced  irrigation,  some  of  the  retained  secretion 
or  debris  will  be  expelled  through  the  natural  opening. 
In  certain  cases  of  cystic  tumors  I  have  found  it  neces- 
sary to  make  an  exploratory  opening  through  the  canine 
fossa!  before  the  diagnosis  could  be  definitely  settled. 

Pbognosis.— The  prognosis  of  diseases  of  the  maxillary 
sinus  will  depend  upon  the  pathological  conditions  pres- 
ent in  each  individual  case.  The  ordinary  cases  of  em- 
pyema are  extremely  annoying  and  affect  the  general 
health  in  many  ways ;— constant  swallowing  of  the  fetid 
pus  is  one  of  the  most  objectionable  features. 
The  diseases  of  these  sinuses  are  not  nearly  so  fatal  as 


Fig.  3494.— Rubber  and  Metal  Attachment  for  Central  Cannula. 


those  of  the  other  sinuses  on  account  of  their  distance  from 
the  cranial  cavity.  Even  malignant  tumors  are  more 
curable  here.  In  empyema  cases  the  prognosis  depends 
upon  the  manner,  method,  and  extent  of  the  surgical  pro- 
cedure.   If  sufficient  drainage  can  be  secured,  either  into 
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Fig.  3495.  —  Headed  Rubber 
Antrum  Tubes. 


the  mouth  or  into  the  nose,  and  if  careful  curettage  of 
the  antrum  be  employed,  the  drainage  and  ventilation 
being  maintained  until  nature's  process  restores  approxi- 
mately the  mucosa,  tlie  prog- 
nosis can  be  said  to  be  fairly 
favorable. 

In  all  infectious  cases  the 
prognosis  is  favorable  if  com- 
plete irrigation  can  be  carried 
out  through  the  normal  open- 
ing. 

Treatment.  —  In  consider- 
ing the  best  treatment  for  the 
individual  cases,  one  must  ascertain,  through  every 
known  method,  the  exact  pathological  conditions.  It 
must  be  borne  in  mind,  however,  that  while  some  of  the 
apparently  worst  forms  of  antral  empyema  have  been 
cured  by  the  extraction  of  a  tooth  and  a  few  weeks'  irri- 
gation through  the  socket,  there  are  other  cases  of  ap- 
parently a  much  less  serious  character,  which  resist  all 
our  therapeutic  efforts  in  the  most  stubborn  manner. 
Thus,  for  example,  the  writer  has  seen  cases  of  trivial 
discharge  (the  only  symptoms  being  a  moderate  post- 
nasal catarrh),  which,  after  a  thoroughly  radical  opera- 
tion, have  terminated  in  the  most  obstinate  purulent  con- 
dition. Since  we  cannot  obliterate  the  antrum  without 
objectionable  results,  we  must  try  to  restore  its  functions 
without  destroying  too  much  of  the  lining  membrane. 

The  author  believes  that  he  was  the  first  to  insist  upon 
not  treating  the  antrum  in  full  accordance  with  the  pre- 
vailing surgical  teachings.  It  is  his  belief  that  thorough 
curettage  frequently  induces  a  worse  condition  than  the 
disease  for  which  it  is  employed.  It  is  his  rule,  in  cases  of 
long  history  and  severe  disease  manifestations,  to  make 
large  openings  through  the  region  of  the  canine  fossa  and 
malar  ridge  and  counter-openings  through  the  inferior 
or  middle  meatus,  and  then  to  carry  out  a  gentle  and 
careful  curettage  of  the  mucosa  and  a  firm  and  decided 
curettage  of  whatever  bare  bone  may  be  found.  After 
these  steps  have  been  taken  the  cavity  is  to  be  packed 
with  aristol  or  iodoform  gauze  which  has  been  passed 
through  mercuric-bichloride  solution.  This  packing  ^is 
never  allowed  to  remain  longer  than  a  week.  At  the  ex- 
piration of  this  time  the  mucous  membrane  is  inspected 
occasionally,  the  exuberant  granulations  are  removed 
with  the  curette,  and  the  cardinal  principles  of  free  drain- 
age and  free  admission  of  air  are  utilized  as  far  as  the 
conditions  of  the  individual  case  will  permit.  As  sup- 
plementary measures  various  forms  of  tubing  may  be 
introduced  into  the  antrum,  for  drainage  puiposes,  and 
the  membrane  may  be  re-incised  as  it  closes  over  the 
aperture.  I  have  occasionally  had  patients  who  appar- 
ently were  cured  by  treatment  through 
the  natural  opening,  but  these  evi- 
dently were  cases  in  which  purulent 
semi-decayed  collections  had  formed 
and  acted  as  a  leaven  to  perpetuate  the 
suppurating  foci. 

When  one  is  called  upon  to  treat  a 
case  of  antral  disease,  the  difficult  prob- 
lem of  selecting  the  best  operative  pro- 
cedure at  once  presents  itself.  If  it  is 
a  case  in  which  the  evidence  points  to 
a  diseased  tooth  as  the  causal  factor, 
removal  of  the  tooth  is  imperative.  A 
certain  proportion  of  these  cases  may 
be  cured  by  this  procedure  alone,  with- 
out any  further  interference.  And 
even  if  the  dental  disease  has  already 
involved  the  antral  walls,  causing 
caries  and  granulation  tissue,  in  some 
of  these  cases  a  cure  may  still  be  ef- 
fected by  drilling  a  hole  into  the  floor 
of  the  sinus  through  the  tooth  socket,  for  the  purpose 
of  securing  proper  irrigation  and  ventilation.  When 
the  granulation  tissue  extends  practically  throughout 
the  antral  walls  and  more  or  less  bare  bone  exists,  re- 
moval of  the  nasal  wall  of  the  antrum  is  indicated  in 


either  the  inferior  or  the  middle  meatus,  preferably  in  the 
former.  During  the  first  few  weeks  after  the  establish- 
ment of  such  an  opening  it  is  usually  best  not  to  use  any 
tube.  A  rubber  tube  is  extremely  useful  in  favorable 
cases,  but  if  the  opening  is  larger  than  the  head  of  the 
tube,  the  latter  is  apt  to  disappear  into  the  antrum  and 
cause  annoyance. 

With  the  aid  of  Dr.  Dixon,  a  dentist  of  New  York  City, 
I  have  had  constructed  a  permanent  tube  of  gold  or  sil- 
ver. A  small  band  is  placed  around  the  most  available 
tooth,  a  silver  or  gold  wire  is  welded  to  the  band,  and 
then  the  gold  tube  is  welded  to  the  distal  end  of  the  wire. 
The  patient  can  insert  and  remove  these  tubes  at  will, 
and  when  properly  made  and  inserted  they  give  little  or 
no  annoyance  or  discomfort. 

The  small  curette  with  a  malleable  handle  should  be 
introduced  from  time  to  time  to  ascertain  the  condition  of 
the  mucosa,  and  if  exuberant  granulations  abound  they 
should  be  gently  curetted. 

Thorough  cleanliness  is  essential,  but  it  has  been  foimd 
that  too  frequent  irrigations  are  injurious.  A  solution 
of  boric  acid  or  of  common  table  salt  is  the  most  accept- 
able to  the  mucous  membrane.  Certain  foul-smelling 
cases  have  been  relieved  in  a  few  days  by  the  injection 
of  a  mixture  of  three  grains  of  iodoform  in  two  drachms 
of  liquid  albolene ;  this  mixture  being  left  in  the  cavity 
for  two  or  three  days. 

In  cases  in  which  polypi  develop,  it  will  sometimes  be 
necessary  to  remove  these,  at  frequent  intervals,  from 
different  parts  of  the  cavity  of  the  antrum.  In  cases  of 
sarcomatous  disease  a  complete  and  thorough  removal  of 
all  parts  of  the  antrum  is  necessary ;  and  the  same  pro- 
cedure would  be  advisable  in  epithelioma  if  the  disease 
could  be  detected  in  the  early  stages ;  but,  unfortunately, 
in  most  cases  of  epithelioma  the  disease  has  already  in- 
vaded the  ethmoid  and  involved  the  lymphatics  by  the 
time  when  it  is  discovered. 

II.  Diseases  op  the  Ethmoidal  Cells. 

The  ethmoid  cells  consist  of  a  number  of  cavities,  irregu- 
lar in  size,  situated  beneath  the  anterior  part  of  the  brain, 
from  which  they  are  separated  by  a  very  thin  lamella  of 
bone.  They  lie  to  the  inner,  upper,  lower,  and  posterior 
sides  of  the  inner  half  of  the  orbital  cavity.  They  are  di- 
vided into  posterior  and  anterior  cells.  The  anterior  cells 
communicate  with  the  middle  meatus  of  the  nose,  and  the 
posterior  cells  empty  into  the  superior  meatus.  The  an- 
terior cells  have  several  openings.  Some  open  into  the  in- 
fundibulum  and  cause  confusion  in  differential  diagnosis 
between  frontal  sinus  and  anterior  ethmoidal  cell  disease. 

The  cell  of  the  bulla  ethmoidalis  opens  high  up  near 


Fig.  3496.— Antero-excisor  Forceps  for  Enlarging  Openings  In  the  Accessory  Sinus  Walls. 


the  attachment  of  the  middle  turbinated  bone.  These 
cells  are  frequently  hidden  from  view  by  the  middle  tur- 
binal. 

Etiology.— One  form  of  disease  of  the  ethmoidal  cells 
is  characterized  by  an  abundance  of  watery  infiltration. 
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which,  If  not  relieved,  usually  terminates  in  the  develop- 
ment of  a  polypoid  state.  This  infiltration,  in  the  writ- 
er's opinion,  is  caused  by  intumescent  pressure  upon 
the  venous  vessels.  The  anatomical  construction  of  these 
cells  favors  the  retention  of  bacteria  and  the  continuation 
of  the  so-called  polypoid  state  when  once  it  has  been 
established.  Occasionally  the  septum  or  an  exostosis  or 
enchondroma  protruding  from  it  presses  upon  the  middle 
turbinal,  so  as  to  close  the  nasal  openings,  and  then  de- 
generation occurs  within  the  ethmoid  cells  as  a  conse- 
quence. In  a  few  cases  an  inflammatory  and  necrotic 
process  in  the  antrum  extends  from  this  cavity  to  the  eth- 
moid ;  in  others  the  disease  extends  from  the  frontal  sinus. 
Cysts  occasionally  form  in  one  of  the  cells  and  extend 
backward  and  forward  through  the  intercellular  walls, 
finally  making  their  appearance  above  the  inner  canthus 
of  the  eye  where  the  bone  is  probably  thinnest. 

Acute  catarrhal  inflammation  of  the  Schneiderian  mem- 
brane sometimes  obstructs  the  openings  of  the  cells  for  a 


very  thin,  and  often  it  feels  as  if  the  probe  were  on  ex- 
posed bone  when  as  a  matter  of  fact  the  latter  is  in  a 
fairly  normal  state.  This  has  led  many  of  our  best  writ- 
ers into  controversies  in  regard  to  diseases  of  this  region. 
Tkeatmbnt. — Whenever  there  is  extensive  serious  dis- 
ease in  the  ethmoid  bones  it  is  the  wiser  policy  to  remove 
a  part  of  the  middle  turbinal  at  once.  This  rule  would 
not  hold  good,  however,  in  all  atrophic  cases.  In  the 
polypoid  cases  all  visible  polypoid  tissue  should  be  re- 
moved with  the  snare  or  excisor  forceps ;  when  there  are 
intracellular  polypi  the  floors  of  the  sinuses  should  be  re- 
moved with  trephines  provided  with  specially  constructed 
guards  and  by  means  of  lateral  and  antero-posterior  cut- 
ting forceps.  The  curette  provided  with  a  malleable 
handle  has  proved  most  serviceable  in  removing  intra- 
and  intercellular  diseased  tissue  and  cells.  The  securing 
of  free  drainage  and  the  free  admission  of  air  are  just  as 
important  here  as  they  are  in  the  case  of  the  antrum.  In 
removal  of  the  middle  turbinal  the  lateral  cutting  forceps 


FIO.  349r.— Jactscrew  Excisor  Forceps  lor  Removing  Portions  of  the  Floors  and  Walls  of  tlie  Ethmoid  Cells  and  Antrum  of  Highmore. 


period  of  several  days.  This  causes  putrefaction  of  re- 
tained secretion,  and  this  in  turn  destroys  the  mucous 
lining  of  the  cells.  The  pus  thus  formed  discharges 
either  through  the  normal  outlet  or  through  an  artificial 
opening.  If  the  pressure  has  been  sufiBcient  to  produce 
necrosis  and  the  drainage  has  not  been  free,  we  have  as 
a  result  chronic  thickening  with  pus  production  or  watery 
oedema  with  polypoid  changes. 

In  cases  of  syphilis  tumors  in  the  ethmoid  cells  some- 
times break  down  and  form  the  basis  for  polypoid  de- 
generation. Osteosarcomata  in  this  region  are  frequently 
the  cause  of  pain  and  of  a  discharge  of  broken-down 
tissue  products. 

Symptoms. — Post-nasal  discharge  is  one  of  the  most 
common  symptoms  of  ethmoidal  cell  disease.  Dull  and 
deep-seated  pain  around  the  orbit,  and  in  the  frontal, 
temporal,  and  occipital  regions  is  often  experienced.  In 
cases  in  which  there  is  retention  of  the  secretion  under 
tension,  the  pain  varies  according  to  the  amount  of  peri- 
osteal disease  and  the  degree  of  interference  with  the 
drainage.  The  patients  show  some  mental  dulness,  and 
especially  complain  of  a  disinclination  to  mental  activity. 
Sneezing,  an  escape  of  watery  fluid,  and  more  or  less  nasal 
stenosis,  especially  during  autumnal  weather,  are  some  of 
the  general  symptoms  of  polypoid  ethmoidal  disease. 

Diagnosis. — Diagnosis  of  ethmoidal  cell  disease  is  usu- 
ally made  without  any  special  difficulty.  In  cases  of 
latent  empyema  in  the  individual  cells,  however,  the 
diagnosis  is  frequently  not  made  until  after  the  patient 
has  been  under  observation  for  some  time.  The  cavity 
should  be  thoroughly  cocainized  and  sprayed  with  ad- 
renalin in  1  to  10,000  solution.  The  nose  should  be 
cleansed  of  all  secretion,  careful  note  being  made  of  the 
examination  with  a  probe  around  and  within  the  ostia  of 
the  respective  cells.  Cotton  applicators  should  be  used. 
To  cleanse  thoroughl)'  the  region  of  the  suspected  ostium, 
time  should  be  allowed  for  the  discharge  of  more  pus 
before  a  second  examination  is  made  with  the  soft  silver 
probe  to  ascertain  whence  the  discharge  comes.  A  small 
posterior  rhinoscope  is  most  useful  in  demonstrating 
secretion  in  the  superior  meatus.  The  extent  to  which 
the  pathological  process  has  advanced,  and  the  question 
whether  there  is  an  cedematous,  a  polypoid,  or  a  sclerosed 
state,  are  matters  which  can  be  determined  partly  by  the 
patient's  appearance,  and  especially  by  the  character  of 
the  pus  and  mucus.  The  probe  will  convey  a  good  idea  of 
the  state  of  the  mucous  membrane,  but  it  frequently  mis- 
leads us  in  regard  to  the  condition  of  the  bone.  The  com- 
bined periosteum  and  mucous  membrane  of  these  bones  is 


should  be  passed  beneath  the  septum  and  the  outer  wall, 
engaging  the  middle  turbinal  between  its  jaws,  and  then 
a  section  of  the  bone  should  be  removed.  This  enables 
the  wire  ecraseur  to  be  easily  adjusted  around  either  the 
anterior  or  the  posterior  end.  I  have  found  the  smallest 
cannula  and  the  Bosworth  snare  to  be  the  most  feasible 
instruments.  ' 

The  proximity  of  the  ethmoid  cells  to  the  orbital  cavity 
and  the  brain,  and  the  necessity  of  operating  in  a  field 
covered  with  blood,  should  make  the  boldest  operator 
cautious.  With  the  aid  of  cocaine  and  adrenalin  and 
with  the  patient's  assistance,  the  difficult  operation  of 
penetration  and  removal  of  the  floor  of  the  sinus  is  made 
comparatively  easy  and  safe.  When  the  artificially  es- 
tablished openings  in  the  cells  are  large  enough  they  usu- 
ally drain  so  well  that  it  is  necessary  to  irrigate  them  at 
stated  intervals  only.  When  the  process  extends  far  up 
into  the  little  cells  above  the  orbital  cavity  or  into  some 
of  the  recesses  under  the  cranium  the  results  of  treatment 
are  not  so  satisfactory.  I  have  found  the  daily  insuffla- 
tion of  a  powder  composed  of  aristol  two  parts,  boric 
acid  one  part,  to  be  the  most  satisfactory  after-treatment. 
When  there  is  considerable  pus  a  modified  spray  of  Do- 
bell's  solution  or  of  a  solution  made  with  Seller's  tablet 
is  effective.  Under  this  treatment  the  patient  usually 
makes  marked  improvement.  Frequently,  however,  a 
small  amount  of  discharge  continues  from  some  inacces- 
sible cell,  and  often  also  the  condition  is  aggravated  tem- 
porarily by  taking  cold. 

III.    DiSBASBS   OF   THE   SPHENOIDAL   CELLS. 

Inflammation  of  the  sphenoidal  cells  is  usually  conse- 
quent upon  acute  rhinitis,  especially  when  due  to  infec- 
tion. Polypoid  changes  are  frequently  the  cause  of 
chronic  disease.  Syphilis  commonly  affects  the  cell  wall 
with  a  gummatous  deposit  and  the  ethmoidal  mucocele 
occasionally  extends  through  the  dividing  cell.  Tumors 
sometimes  develop  in  or  extend  into  the  cavities. 

Symptoms. — The  subjective  symptoms  of  an  acute  in- 
flammation of  the  sphenoidal  sinuses  are  headache  and  a 
full,  heavy  feeling  over  and  behind  the  eyes.  In  cases 
of  chronic  suppuration  there  are  deep-seated  pains  in  the 
orbital,  temporal,  and  occipital  regions,  feelings  of  de- 
pression and  oppression,  discharge  of  pus  or  muco-pus 
over  the  anterior  surface  of  the  sphenoidal  cell  at  the 
posterior  extremity  of  the  middle  turbinal  body,  and  dis- 
turbances of  the  field  of  vision.  The  objective  symp- 
toms are  hyperplastic  oedema  of  the  nasal  mucosa  cover- 
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ing  the  cell,  discharge  of  pus  and  muco-pus,  polypi,  and 
pharyngitis  sicca,  due  to  destruction  of  the  epithelium 
by  the  pus,  which  flows  constantly  over  the  postphar- 
yngeal wall. 

Pathology. — Changes  involving  the  bone  substance 
and  the  lowering  of  its  vitality  occur  in  those  sphenoidal 
cases  in  which  the  mucosa  has  undergone  polypoid  de- 
generation.   The  bone  becomes  brittle  under  these  cir- 
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Fig.  3498.— Guarded  Trephine  for  RemoTlng  Obstructing  Portion  of 
the  Septum  near  Anterior  End  ol  Middle  Turblnal. 

cumstances  and  loses  much  of  its  cohesive  quality.  In 
neglected  syphilitic  cases  necrosis  of  the  bone  or  soft  tis- 
sues always  follows  the  gummatous  process.  The  chronic 
suppurative  cases  with  more  or  less  stenosis  of  the  normal 
opening  are  usually  protracted  by  the  irritating  qualities 
of  the  degenerating  products. 

Diagnosis. — Diseases  of  the  sphenoidal  cells  are  usu- 
ally easily  diagnosed.  The  obstruction  in  many  cases  is 
at  the  posterior  end  of  the  middle  turbinal,  and  its  eai-ly 
removal  will  facilitate  matters  greatly.  Pus  under  fa- 
vorable conditions  can  be  seen  at  the  normal  opening  in 
the  uppermost  part  of  the  anterior  wall  of  the  sphenoidal 
cell.  An  irrigation  tube  passed  through  this  opening 
will  conflrm  the  provisional  diagnosis. 

Treatment. — The  treatment  of  sphenoidal  disease  is 
more  satisfactory  in  its  results  than  that  of  the  other 
sinuses.  Complete  removal  of  the  posterior  end  of  the 
middle  turbinal  will  usually  demonstrate  the  point  from 
which  the  pus  makes  its  exit.  The  upper  anterior  wall 
should  be  penetrated  with  a  guarded  awl  or  trephine 
and  afterward  curetted.  Extensive  removal  of  the  an- 
terior wall  with  a  cutting  forceps,  gentle  curettage,  irri- 
gation, insufflations,  and  repeated  excisions  of  the  mem- 
brane which  forms  over  the  opening  will  often  cure  the 
most  obstinate  and  apparently  hopelessly  diseased  condi- 
tions of  the  sphenoidal  sinuses. 

I  do  not  favor  the  procedures  of  opening  the  sphenoidal 
cells  through  either  the  antrum  or  the  ethmoidal  cells,  as 
I  do  not  think  such  extensive  destruction  of  tissue  is  war- 
ranted. Robert  0.  Myles. 

NASAL    CAVITIES,    DISEASES    OF:     SYPHILIS.— 

Syphilis,  either  congenital  or  acquired,  may  appear  in 
the  nose  in  any  of  its  three  stages.  The  disease  is  char- 
acterized by  obstruction  of  the  passages  from  swelling  of 
the  mucous  membrane,  or  by  more  or  less  extensive  ul- 
ceration with  destruction  of  cartilages  and  bone. 

Anatomical  and  Pathological  Chakaotkristigs. — 
The  mucous  membrane  may  be  found  thickened  in 
patches  or  ulcerated,  or  obstruction  may  arise  from  gum- 
matous thickening  of  the  ijerichondrium  or  periosteum. 
In  the  latter  case  the  cartilage  or  bone  beneath  often 
suffers  necrosis  and  is  finally  separated  by  the  process  of 
suppuration.  Necrosis  occasionally  results  from  exten- 
sion of  the  ulcerations  from  the  mucotis  membrane,  and 
rarely  the  parts  undergo  molecular  destruction  and  are 
gradually  absorbed,  being  replaced  by  granulation  tissue. 
Primary  syphilis  is  occasionally  conveyed  to  the  nose  by 
picking  with  the  finger  nail,  but  the  hard  chancre  is  very 
seldom  seen.  On  the  external  nose  the  primary  sore  usu- 
ally appears  as  a  flat  induration  of  moderate  size ;  within 
the  nose  it  commonly  occurs  on  the  septum  as  a  red,  flat, 
hard  growth  covered  with  purulent  secretions,  which 
bleeds  easily,  the  external  nose  at  the  same  time  being 
swollen  and  red.  Neuralgic  pains  and  fever  may  coexist 
and  the  submaxillary  and  sublingual  glands  and  those  in 
front  of  the  ear  are  often  indurated.  In  secondary  nasal 
syphilis  the  appearances  may  be  simply  those  of  an  acute 
coryza,  or  mucous  patches  may  be  found  upon  the 
Schneiderian  membrane  similar  to  those  so  commonly 
observed  in  the  throat.  In  this  case  copper-colored  pap- 
ules or  macules  with  fissures  at  the  junction  of  the  nose 
and  the  upper  lip  or  in  the  sulcus  alaris  are  apt  to  be 


present.  Gummatous  syphilitic  infiltrations  may  involve 
the  mucous  membrane,  the  perichondrium,  or  the  peri- 
osteiim.  These  soften  after  a  time  and  deep,  sharp-cut 
ulcers  with  undermined  borders  result,  with  sooner  or 
later  destruction  of  cartilage  or  bone.  ,  Often  this  de- 
struction is  limited  to  the  septum,  especially  its  bony 
portion;  but  in  some  cases  it  involves  all  of  the  sur- 
rounding parts.  When  the  nasal  bones  are  destroyed 
the  bridge  falls  in,  but  this  does  not  occur  from  destruc- 
tion of  the  septum  alone. 

Etiology.  —The  affection  is  caused  by  the  specific  vi- 
rus which  may  infect  the  foetus  in  utero  or  during  birth, 
or  which  may  be  acquired  afterward  in  various  ways. 

Symptomatology. — Primary  syphilis  of  the  nose 
causes  the  symptoms  of  an  acute  catarrhal  rhinitis  of  a 
severe  grade.  The  initial  lesion  is  likely  to  be  compar- 
atively large,  and  various  lymph  glands  may  be  infected 
and  greatly  swollen.  In  the  secondary  stage  there  are 
much  congestion  of  the  mucous  membrane  and  abundant 
muco-purulent  secretion  with  obstructed  respiration. 
Mucous  patches  are  likely  to  be  found  at  the  edge  of  the 
nostrils  and  upon  the  anterior  portion  of  the  nasal  mu- 
cous membrane.  At  the  same  time  secondary  manifesta- 
tions are  apt  to  occur  in  the  throat  and  upon  the  skin. 
The  tertiary  symptoms  commonly  come  on  between  the 
first  and  third  years  after  infection,  but  sometimes  not 
until  many  years  later,  and  they  are  not  infrequently 
seen  at  any  time  between  the  fifth  and  the  fifteenth  years. 
When  the  disease  attacks  the  turbinated  bodies  it  some- 
times causes  an  appearance  very  like  that  of  simple  hy- 
pertrophic rhinitis  and  the  parts  do  not  retract  readily 
under  cocaine ;  but  this  condition  is  frequently  associated 
with  yellowish  ulcers  having  a  clean-cut  border  and  hard 
infiltrated  base  with  more  or  less  induration  about  the 
ulcer,  and  is  therefore  not  apt  to  be  confounded  with 
hypertrophic  rhinitis.  When  the  disease  attacks  the  peri- 
osteum or  the  perichondrium,  a  smooth  elastic  swelling 
results  which  is  usually  apparent  upon  only  one  side. 
Later,  breaking  down  takes  place  and  ulceration  results. 
The  denuded  cartilage  or  bone  dies  and  is  subsequently 
separated  by  an  ulcerative  process  from  the  suri-ounding 
tissue.  Commonly  the  patients  do  not  present  them- 
selves for  treatment  until  ulceration  has  occurred,  and 
then  the  necrosed  cartilage  or  bone  may  be  found  firmly 
attached  or  lying  partly  loose  in  the  nasal  cavity.  Atro- 
phy of  the  turbinals  may  also  occur  and  destruction  of 
the  orbital  plate  of  the  ethmoid  bone  and  of  the  hard 
palate  is  not  uncommon.  The  dead  bone  usually  presents 
a  blackish,  uneven  surface,  and  is  the  source  of  an  ex- 
tremely oifensive  odor. 

Diagnosis. — The  primary  lesion  in  the  nose  may  be 
mistaken  for  a  malignant  growth.  The  most  valuable 
points  in  the  diagnosis  are  its  hardness  and  the  great 
swelling  of  the  lymphatic  glands.  Frequently  the  true 
nature  of  the  disease  is  not  recognized  until  the  second- 
ary symptoms  appear.  The  secondary  stage  of  the  dis- 
ease in  the  nose  causes  the  symptoms  of  chronic  catarrhal 
rhinitis,  but  it  comes  on  much  more  speedily  than  the 
latter,  and  by  careful  inspection  mucous  patches  or  con- 
dylomata may  sometimes  be  detected.  The  history  of 
the  case  should  be  very  carefully  scrutinized,  and  any 
external  manifestations  may  aid  in  the  diagnosis.  Ter- 
tiary syphilis  of  the  nose  is  not  likely  to  be  recognized 
when  it  involves  the  turbinals  alone,  as  the  appearance 
is  that  of  hj'pertrophic  rhinitis ;  but  when  gummata  and 
ulceration  occur,  a  careful  weighing  of  the  history  of  the 
antecedent  symptoms  and  signs  will  generally  enable  one 
to  make  a  correct  diagnosis,  although  often  the  patient 
will  deny  any  specific  infection.  There  is  generally  no 
difliculty  in  distinguishing  tertiary  nasal  syphilis  from 
atrophic  rhinitis  if  the  nasal  cavities  be  first  thoroughly 
cleansed.  It  should  be  recollected  that  simple  perfora- 
tion of  the  cartilaginous  septum  is  seldom  syphilitic, 
whereas  perforation  of  the  bony  septum  is  nearly  al- 
ways so. 

Lupus  is  to  be  distinguished  from  syphilis,  first  by  the 
fact  that  it  usually  occurs  at  an  earlier  age  than  syphilis, 
excepting  when  the  latter  is  hereditary;  second,  that  the 
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reddish  papules  or  tubercles  of  lupus  are  quite  distinct 
from  many  syphilitic  manifestations,  and  that  they  are 
often  associated  with  distinct  signs  of  lupus  externally. 
Lupus  also  is  much  more  prone  to  attack  the  cartilage 
than  the  bone,  and  it  is  much  slower  in  its  progress  than 
syphilitic  ulceration. 

Pkogndsis. — The  outcome  of  nasal  syphilis  is  mate- 
rially affected  by  early  recognition  of  the  disease  and 
efficient  antisyphilitic  treatment.  Although  in  many 
cases  the  destructive  process  is  not  extensive,  in  others 
not  only  the  septum  but  the  nasal  bones,  orbital  plates, 
and  hard  palate  are  involved  in  widespread  necrosis.  In 
rare  cases  the  disease  progresses  rapidly  in  spite  of  all 
treatment,  and  may  terminate  fatally  within  three  or 
four  months.  Death  has  also  resulted  from  fragments 
of  the  necrosed  bones  falling  into  the  larynx. 

Treatment. — Secondary  symptoms  and  those  of  the 
tertiary  disease,  when  mild,  usually  yield  rapidly  to  ap- 
propriate internal  and  local  treatment.  In  syphilitic  af- 
fections of  the  nose,  prompt  and  thorough  antisyphilitic 
treatment  should  be  immediately  instituted,  the  nares 
should  be  kept  clean  by  mild  alkaline  sprays  or  washes, 
condylomata  or  mucous  patches  should  be  touched  with 
nitrate  of  silver  or  tincture  of  iodine,  and  the  latter  or 
solutions  of  from  ten  to  twenty  grains  to  the  ounce  of 
sulphate  of  copper  should  be  used  in  case  of  tertiary  ul- 
ceration. Dead  bone  should  be  removed  as  soon  as  it  be- 
comes loosened,  and  sometimes  it  is  best  to  cut  it  away 
earlier  in  order  to  prevent  the  prolonged  offensive  odor; 
but  it  should  be  recollected  that  if  the  bone  be  cut  away 
too  early,  the  disease  is  liable  to  extend  to  tissues  that 
would  otherwise  have  escaped.  Antiseptic  sprays  and 
powders,  such  as  are  recommended  in  the  article  on  atro- 
phic rhinitis,  may  also  be  employed  advantageously. 

E.  Fletcher  Ingals. 

NASAL  CAVITIES,  DISEASES  OF  :  TUBERCULOSIS. 

— Though  tuberculosis  seldom  involves  the  nasal  cavities, 
secondary  tuberculous  lesions  are  occasionally  met  witli 
in  this  locality  and  a  few  cases  of  the  primary  disease 
have  been  noted.  Michelson  observed  nineteen  instances 
of  the  primary  disease  in  thirty-eight  cases  of  nasal  tuber- 
culosis. It  should  be  remembered,  however,  that-  the 
early  symptoms  and  signs  of  the  pulmonary  affection  are 
not  always  recognizable,  so  that  they  may  have  been 
present  in  some  of  the  cases  believed  to  be  primary  nasal 
tuberculosis. 

Anatomical  and  Pathological  Chabacteristics. 
—The  disease  may  be  observed  as  a  diffuse  infiltration, 
or  as  a  tuberculous  tumor  with  or  without  ulceration,  or 
in  the  form  of  exuherant  granulations.  Ulcers  may  fol- 
low the  infiltration  or  the  tuberculous  tumors,  but  they 
sometimes  appear  to  be  the  primary  lesion;  however, 
they  are  nearly  always  secondary  to  pulmonary  tubercu- 
losis. The  disease  commonly  attacks  the  anterior  part 
of  the  cartilaginous  septum,  but  it  may  involve  any  por- 
tion of  the  nose  or  nasopharynx.  The  tumors  are  gener- 
ally small  and  of  a  grayish- white  color,  but  may  attain 
the  diameter  of  2  or  3  cm.  before  they  finally  break 
down.  They  are  sometimes  pedunculated,  at  other  times 
sessile,  and  they  commonly  bleed  easily.  The  tuberculous 
infiltration  is  prone  to  attack  the  septum,  but  may  also 
Invade  the  turbinals.  It  causes  a  firm,  resistant  swelling 
of  a  pale  color  having  a  somewhat  granular  surface. 
This,  like  the  tumors,  is  ultimately  followed  by  ulcer- 
ation. The  tuberculous  ulcer  is  generally  round  or  oval 
and  at  first  shallow,  but  ultimately  it  becomes  much 
deeper.  The  borders  are  irregular,  having  a  worm-eaten 
appearance ;  they  may  be  level  or  may  be  prominently 
raised  by  tuberculous  infiltration.  Miliary  tubercles  may 
often  be  seen  on  the  floor  of  the  ulcer  and  surrounding 
it.  The  floor  of  the  ulcer  is  of  a  pale,  grayish-red  color 
and  is  sometimes  covered  with  granulations,  while  the  mil- 
iary tubercles  which  surround  the  ulcer  are  translucent 
or  of  a  yellowish  or  grayish-white  color.  On  breaking 
down  they  cause  irregularity  of  the  edge  of  the  ulcer,  and 
by  the  extension  of  the  process  the  cartilage  or  even  the 
bone  may  be  destroyed,  leading  to  perforation..    Exuber- 


ant granulations  may  spring  up  and  hide  the  ulcer  or 
perforation  or  even  a  tumor.  They  are  analogous  to 
fungous  granulations  found  in  other  parts  of  the  body. 

Etiology. — The  causation  is  the  same  as  that  of  other 
forms  of  tuberculosis. 

Symptomatology. — The  disease  comes  on  insidiously, 
causing  the  symptoms  of  an  offensive  rhinitis  with  free 
purulent  discharge,  which  tends  to  collect  and  form  scabs 
and  crusts  that  hide  the  ulcers.  Epistaxis  is  an  occa- 
sional occurrence.  At  first  the  constitutional  symptoms 
are  slight.  In  the  majority  of  cases  this  affection  is  sec- 
ondary, and  in  nearly  all  instances  it  terminates  with 
laryngeal  or  pulmonary  tuberculosis. 

Diagnosis. — The  disease  is  to  be  distinguished  from 
lupus  and  syphilis.  Lupus  resembles  the  infiltrated 
form  of  nasal  tuberculosis,  but  commonly  begins  in  the 
integument  and  slowly  extends,  showing  a  marked  ten- 
dency to  cicatrization,  whereas  the  tuberculous  ulcers 
spread  more  rapidly  and  there  is  little  if  any  tendency  to 
healing ;  indeed,  it  is  impossible  to  cure  one  of  these  ul- 
cers unless  the  general  condition  improve. 

Syphilis,  especially  in  the  late  hereditary  form,  is  some- 
times very  difficult  to  distinguish  from  tuberculosis,  but 
usually  its  more  rapid  course,  the  headaches  and  neural- 
gias that  are  apt  to  accompany  it,  and  its  proneness  to 
attack  the  bone  instead  of  the  cartilage  distinguish  it 
from  tuberculous  disease.  The  antecedent  history  may 
be  of  great  value  in  the  diagnosis,  and  a  microscopical 
examination  of  the  secretions  or  the  scrapings  from  the 
ulcers  or  granulations  is  liable  to  reveal  the  tubercle  ba- 
cilli, though  the  latter  can  seldom  be  discovered  in  the 
infiltrative  form  or  in  the  tuberculous  tumor.  The  re- 
sults of  treatment  are  also  important^a  syphilitic  ulcer 
usually  improves  speedily  under  specific  medication, 
whereas  the  same  treatment  is  likely  to  aggravate  tuber- 
culosis. 

Prognosis. — The  course  of  the  disease  is  slow  unless 
the  lungs  be  already  involved,  and  it  may  possibly  ex- 
tend over  several  years ;  but  when  the  tuberculosis  also 
affects  other  organs  it  runs  a  more  rapid  course  to  a  fatal 
termination. 

Treatment.— Detergent  sprays  and  washes  may  be 
used  to  keep  the  nares  clean,  and  tuberculous  tumors 
that  interfere  with  respiration  may  be  removed  by  the 
snare  or  otherwise.  The  infiltrations  are  best  destroyed 
by  the  sharp  spoon  or  by  electrolysis ;  fungous  granula- 
tions may  be  scraped  away  with  a  curette  and  the  base 
treated  with  lactic  acid ;  indolent  ulcers  may  be  curetted 
and  then  treated  with  lactic  acid.  In  these  cases  the  ^ 
parts  should  be  anesthetized  as  thoroughly  as  possible, 
and  lactic  acid  of  a  strength  from  fifty  to  one  hundred 
per  cent,  should  be  carefully  applied.  It  is  well  to  add 
to  it  from  three  to  five  per  cent,  of  carbolic  acid  in  order 
to  prevent  prolonged  pain  after  the  effects  of  the  cocaine 
have  disappeared.  In  some  instances  excellent  results 
have  been  obtained  by  carefully  touching  the  surface  of 
the  tuberculous  ulcer  with  the  galvanocautery.  It  is  of 
prime  importance  to  attend  to  the  general  health,  because 
until  this  is  improved  we  cannot  hope  to  obtain  much 
betterment  in  tlie  nose.  Even  in  primary  cases  we  can 
scarcely  hope  to  remove  all  of  the  tuberculous  tissue  by 
curettage  or  by  other  surgical  measures,  and  therefore 
we  can  seldom,  if  ever,  completely  cure  the  disease. 

E.  Fletcher  Ingals. 

NASROL— sodium  sulphocaffeate,  symphorol  sodium- 
is  a  bitter  crystalline  powder  slightly  soluble  in  cold 
water.  It  is  a  more  powerful  diuretic  than  caffeine,  and 
the  caffeine  effect  on  the  heart  is  said  to  be  lessened. 
Dose  1  gm.  (gr.  xv.)  daily.  W-  A.  Bastedo. 

NASSAU.— The  town  of  Nassau,  capital  of  the  Baha- 
ma Islands,  lies  on  the  north  shore  of  the  island  of  New 
Providence,  at  a  distance  of  about  two  hundred  miles 
due  east  from  the  southern  point  of  the  Florida  penin- 
sula, and  about  thirty  miles  north  of  the  parallel  of  lati- 
tude which  passes  through  Key  West.  The  exact  lati- 
tude of  Nassau  is  25°  5'  36"  N.,  only  two  degrees  north 
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of  the  Tropic  of  Cancer ;  its  longitude  is  77°  31'  15"  W. 
It  is  the  largest  town  in  the  Bahamas,  and  has  from 
twelve  to  sixteen  thousand  inhabitants.  The  island  of 
New  Providence  has  an  extreme  length  from  east  to  west 
of  nineteen  and  three-eighths  miles,  an  extreme  width 
from  north  to  south  of  about  seven  miles,  and  an  aver- 
age width  of  about  five  miles.  The  highest  ground  in 
the  island  is  only  130  feet  above  sea  level,  and  nowhere 
throughout  the  whole  group  of  the  Bahama  Islands, 
many  of  which  are  very  much  larger  than  New  Provi- 
dence, does  the  surface  attain  an  elevation  above  sea 
level  of  more  than  330  feet.  "  The  formation  of  all  the 
islands  is  the  same — calcareous  rocks  of  coral  and  shell 
hardened  into  limestone,  honeycombed  and  perforated 
into  innumerable  cavities,  without  a  trace  of  primitive 
or  volcanic  rock ;  the  surface  is  as  hard  as  flint,  but  un- 
derneath it  gradually  softens  and  furnishes  an  admirable 
stone  for  building.  .  .  .  The  soil,  although  very  thin,  is 
very  fertile.  .  .  .  Except  in  the  island  of  Andros,  no 
streams  of  running  water  are  to  be  found  in  the  whole 
group." 

The  town  of  Nassau  "  extends  along  the  water  front 
for  about  three  miles  and  back  to  the  crest  of  a  slope,  on 
which  stand  the  Government  House  and  many  of  the  fin- 
est private  residences,  at  an  elevation  of  ninety  feet  above 
the  harbor.  The  streets  are  laid  out  at  right  angles  with 
each  other,  and  are  uniformly  macadamized,  as  are  also 
the  numerous  excellent  drives  around  the  island;  and  the 
houses  are  generally  built  of  stone,  with  the  surrounding 
grounds  ornamented  with  a  tropical  profusion  of  flowers 
and  trees."  As  for  the  general  character  and  appear- 
ance of  the  country  back  of  the  hill  just  mentioned,  we 
read,  in  Mr.  Charles  Ives'  work,  entitled  "The  Isles  of 
Summer,"  that,  "with  the  exception  of  a  very  few 
square  miles  occupied  by  Nassau  and  its  suburbs,  there 
is  little  upon  the  island,  except  water  and  wilderness ; 
the  former  is  brackish  and  throbbing,  and  in  some  places 
appearing  and  disappearing  with  the  long  pulsations  of 
the  sea's  diurnal  tides,  and  the  latter,  to  a  large  extent,  a 
dense  low  jungle,  with  stretches  of  pine  forests  rising 
from  a  thick  undergrowth  of  scrub  palmettoes. " 

Turk's  Island,  and  Dunmore  Town,  on  Harbor  Island, 
are  other  health  stations  or  winter  resorts  of  the  Baha- 
mas, but  I  possess  no  detailed  information  respecting 
either,  and  practically  it  is  true,  as  stated  by  Mr.  Ives, 
that  "Nassau  is  New  Providence  and  the  Bahamas." 

The  climate  of  Nassau  is  tropical,  and  far  warmer  than 
that  of  the  Bermudas ;  but  for  the  fact  that  the  Bahama 
Islands  lie  in  the  track  of  the  trade  winds,  and  for  the 
fact  that  they  are  islands  of  small  size  and  of  rather 
sparse  population,  the  climate  could  hardly  fail  to  be  an 
unhealthy  one ;  as  it  is,  the  climate  may  be  regarded  as  a 
healthy  one,  at  least  during  the  colder  months  of  the 
year.  The  following  figures,  derived  from  one  year's 
observations,  were  sent  me  by  the  superintendent  of  the 
Canadian  Meteorological  Service,  being  kindly  procured 
by  Mr.  H.  Beaumont  Small,  of  Ottawa.  They  show  the 
mean  temperature  (degrees  Fahr.)  of  each  of  the  twelve 
months  of  the  year  in  question. 

January,  69° ;  February,  73° ;  March,  76° ;  April,  78° ; 
May,  79°;  June,  83°;  July,  87°;  August,  88°;  Septem- 
ber, 87°;  October,  80°;  November,  74°;  December,  70°. 
Yearly  mean,  78.7°. 

The  data  of  Table  A  show  the  "  Mean  of  Daily  Obser- 
vations on  week  days,  for  ten  years,  from  1855  to  1864. " 
This  table  is  quoted  from  Mr.  Ives'  book,  where  it  is 
"copied  from  the  ofilcial  report  of  Governor  Rawson  for 
1864,  page  14,  compiled  from  the  records  kept  at  Nas- 
sau's Military  Observatory."  Governor  Eawson's  con- 
clusions, based  upon  this  table  and  upon  others  given  in 
his  report,  are  also  quoted  by  Mr.  Ives,  and  from  them 
we  extract  the  following  statements:  "The  greatest 
maximum  heat  exceeds  the  average  heat  by  not  more 
than  13°;  the  greatest  minimum  falls  short  of  it  10°.  .  .  . 
From  May  to  October  .  .  .  the  rainfall  amounted  to  forty- 
four  inches,  and  during  the  remaining  six  months  to  nine- 
teen inches.  .  .  .  Northeasterly  and  easterly  winds  are 
the  most  prevalent  from  September  to  February,  during 


TABLE  A. 


Thermometer  at 

9  A.M.  (Degrees 

Fahr.) 

Wind  at  9  a.m. 

Bainfall  on 

ground  in 

month. 

Max. 

Med. 

Min. 

Four  chief  points,  in 
order  ol  prevalence. 

Inches. 

January 

February 

March 

April 

75 
76 
78 
81 
84 
88 
88 
88 
86 
82 
79 
77 
82 

70 
71 
72 
75 
78 
81 
82 
81 
81 
77 
74 
73 
76 

66 
66 
66 
68 

71 
74 
75 
75 
75 
73 
70 
69 
71 

N.E.,  E.,  S.E.,  N. 
N.E.,  E.,  S.B.,  S. 
E.,  S.E.,  N.E.,  N. 
N.E.,  E.,  S.,  S.E. 
N.E.,  S.E.,  E.,  S. 
S.E.,  E.,  N.E.,  S. 
E.,  S.E.,  S.,  N.E. 
E.,  S.E.,  S.,  N.E. 
E.,  N.E.,  S.E.,  N. 
N.E.,  E.,  S.E.,  N. 
N.E.,  B.,  E.,  S.E. 
N.E.,  E.,  S.E..  N. 

2.4 

;2.4 

4.5 
2.4 

May 

6.9 

June 

6.4 

July 

6.5 

August 

September . . . 

October 

November 

December 

Average 

6.7 
5.2 
7.4 
2.8 
2.4 
4.6 

which  months  they  blow  during  one-half  or  two-thirds 
of  the  whole  time.  Northerly  winds  seldom  blow,  ex- 
cept during  those  months,  and  then  only  for  three  days 
in  a  month."  As  for  northwest  winds,  the  bane  of  the 
Atlantic  coast  of  North  America  during  the  winter  sea- 
son, they  occur  from  November  to  March,  about  two 
days  in  a  month. "  "  The  Bahamas, "  says  Mr.  Ives,  "  are 
slightly  but  agreeably  refreshed  by  the  coldest  winds 
that  ever  reach  them  from  the  north  and  west."  The 
relative  frequency  of  the  winds  from  the  different  points 
of  the  compass  is  given  by  Mr.  Ives,  in  a  table  quoted 
from  Governor  Bawson's  report,  showing  "  the  percent- 
age proportion  of  days  in  a  year  during  which  they  pre- 
vailed at  9  A.M.,"  as  follows: 


North 7.2  per  cent. 

Northeast 26.2 

East 24.4 

Southeast 18.6 


South U.Oier  cent. 

Southwest 5.0       " 

West 2.3 

Northwest 5.3       " 


In  Table  B  the  reader  will  find  data,  derived  from  offi- 
cial reports,  and  quoted  from  two  tables  in  Mr.  Ives' 
book,  one  of  which  presents  data  for  the  year  1878,  the 
other  data  for  1879. 

TABLE  B. 
(Two  Years'  Observations.)  ' 


0        09 


January. . . 
February.. 

March 

April 

May 

June 

July 

August. . . . 
September. 
October . . . 
November. 
December. 


s> 

Absolute 

maximum 

temperatur 

at  9  A.M. 

Absolute 

minimum 

temperatur 

at  9  A.M. 

Absolute 
sun  maxi- 
mum In 
24  hours. 

Degrees. 

Degrees. 

Degrees. 

Inches. 

77.0 

61.0 

145.0 

3.03 

78.0 

62.5 

148.0 

4.17 

83.5 

65.2 

153.5 

2.60 

82.8 

ro.o 

154.0 

1.80 

86.5 

70.5 

156.5 

5.56 

89.S 

71.0 

155.0 

9.66 

89.5 

71.3 

159.0 

6.74 

88.8 

77.0 

157.9 

9.55 

87.5 

70.0 

153.5 

7.58 

85.0 

74.5 

153.0 

6.93 

81.5 

60.5 

157.5 

5.41 

78.2 

65.8 

155.0 

1.49 

11.0 

9.5 

6.5 

6.5 

10.0 

16.5 

19.0 

15.5 

22.0 

15.25 

8.0 

9.0 


The  maximum  and  minimum  temperatures,  and  the 
rainfall  for  each  month  of  the  year  in  the  three  years, 
1880  to  1883,  are  published  in  one  of  the  English  "  Blue- 
books  "for  1884  ("Statistical  Abstract  for  the  Several 
Colonial  and  Other  Possessions  of  the  United  Kingdom  in 
Each  Year  from  1868  to  1883  "),  which  was  kindly  sent 
me  by  Mr.  H.  B.  Small.  Without  quoting  these  in  full, 
suffice  it  to  say  that  the  absolute  minimum  temperature 
throughout  the  whole  three  years  of  observation  was  64° 
P.,  occurring  in  March,  1881;  that  the  absolute  maxi- 
mum was  90  F.,  occurring  in  July  and  in  August  of  the 
same  year;  and  that  the  average  monthly  rainfall  for 
each  of  the  six  months,  November  to  April,  was  as  fol- 
lows: November,  1.5 inches;  December,  1.5 inches;  Janu- 
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ary,  2  inches;  February,  1.8  inches;  March,  1.5  inches; 
April,  2.1  inches.  Mr.  Ives'  rainfall  statistics  for  1879 
correspond  very  closely  with  those  just  given,  and  the 
higher  average  iigures  found  in  Table  B  are  caused  by 
the  exceptionally  heavy  rainfall  of  1878. 

Despite  the  high  figures  for  minimum  temperatures 
-which  have  been  given  in  the  accompanying  tables,  I 
find  a  writer  in  the  New  York  Times,  Mr.  William  Drys- 
dale,  referring  to  the  occurrence  of  a  temperature  of  55°  F. 
at  Nassau,  and  speaking  of  the  desirability  of  securing 
at  the  hotel  one  of  tlie  few  rooms  in  which  a  Are  may  be 
had  in  cold  weather.  He  also  complains  of  the  strong 
wind  which  prevails  at  Nassau.  The  relative  humidity 
in  winter  is  eighty-three  per  cent,  and  in  spring  seventy- 
six  per  cent.  (Hinsdale). 

Excellent  sea-bathing  may  be  enjoyed  at  Nassau 
throughout  the  year,  the  temperature  of  the  sea  water 
being  usually  in  the  vicinity  of  70°  F.  throughout  the 
year  (Solly).  Yachting  and  boating  are  favorite  pas- 
times, and  the  facilities  for  both  are  excellent. 

Huntington  Richards. 

[As  will  be  seen  from  the  above,  the  climate  of  Nassau 
is  a  moist,  warm,  marine  one,  agreeable  for  a  winter  resi- 
dence of  several  months.  After  some  days  of  acclimati- 
zation it  is  found  to  be  not  uncomfortably  warm,  though 
it  is  more  or  less  debilitating.  It  is  warmer  than  the 
Azores,  Madeira,  Teneriffe,  or  Bermuda  (Solly). 

There  is  very  little  if  any  rain  during  the  winter,  and 
there  is  a  continuous  succession  of  fine  days.  The  hu- 
midity is  high  and  the  nights  are  damp,  so  that  the  in- 
valid had  best  be  in  doors  after  6  p.m.,  and  not  venture 
out  too  early  in  the  morning. 

The  water  supply  is  from  rain  water  kept  in  cisterns, 
.and  its  purity  obviously  depends  upon  the  care  exercised 
in  keeping  the  cisterns  clean.  So  far  as  known  to  the 
writer,  there  is  no  general  sewerage  system  at  Nassau, 
but  the  natural  drainage  is  good,  as  the  town  lies  at  an 
elevation  of  one  hundred  feet  above  the  level  of  the  sea. 
The  soft,  porous  limestone  rock  absorbs  water  rapidly,  and 
wells  and  cisterns  in  the  vicinity  of  cesspools  and  vaults 
may  easily  become  contaminated.  The  Bahama  Islands 
in  general  are  said  to  enjoy  a  reputation  for  healthful- 
ness,  the  mortality  being  under  eighteen  in  one  thousand 
(Hinsdale). 

There  are  two  great  hotels  at  Nassau,  the  "  Royal  Vic- 
toria "and  "The  Colonial, "  the  latter  affording  accom- 
modations for  a  thousand  guests;  there  are  also  good 
boarding-houses,  and  guests  can  be  accommodated  in 
private  families. 

Nassau  can  be  reached  direct  from  New  York  by  well- 
equipped  and  comfortable  steamers:  or  one  can  go  by 
rail  to  Miami  on  the  east  coast  of  Florida,  and  from  there 
by  steamer  in  about  twelve  hours. 

There  are  many  attractions  at  Nassau,  although  after 
a  while  life  becomes  rather  monotonous.  The  vegeta- 
tion is  tropical  and  very  varied  in  fruit  and  flower.  The 
roads  are  very  good  for  driving  or  cycling,  both  inland 
and  along  the  shore.  Sailing,  fishing,  and  bathing  are 
also  a  feature  of  the  place.  A  visit  to  the  Sea  Gardens 
is  a  delightful  excursion  in  the  bay,  where,  through  the 
clear  blue  water,  coral  growths  of  varied  hues  and  forms 
and  sea  sponges  are  seen.  There  are  a  good  public  library, 
schools,  and  churches,  and  reliable  medical  service. 
There  are  both  still-water  and  surf  bathing,  and  an  excel- 
lent sandy  beach.  "  Not  a  beach  from  Panama  to  Para, 
where  anything  like  the  comfort  and  benefit  can  be  found 
as  on  this  beautiful  sweep  of  sand  at  Nassau  "  (Hutchin- 
son). Golf  and  other  outdoor  sports  are  also  to  be  had 
here. 

By  chartering  a  small  schooner  pleasant  excursions  for 
several  days  can  be  made  to  Eleuthera  Island,  Governor's 
Harbor,  and  other  neighboring  islands. 

This  climate  is  essentially  the  same  as  that  of  the  lower 
•coast  resorts  of  Florida,  and  is  suitable  for  a  similar  class 
•of  cases.  It  is  not  favorable  for  tuberculosis,  as  no  moist, 
warm  marine  climate  is,  as  has  been  elsewhere  discussed 
in  this  Handbook.    Neither  is  it  good  for  rheumatism 


or  neuralgia,  on  account  of  the  dampness,  especially  at 
night.  It  is,  however,  favorable  for  chronic  bronchitis 
and  catarrhal  affections  of  the  pharynx  and  larynx.  It 
is  said  to  be  very  beneficial  for  Bright's  disease,  espe- 
cially the  early  cases.  Cases  of  neurasthenia  and  those 
suffering  from  the  effects  of  overwork  do  well  here. 
Convalescents  from  various  diseases  with  lowered  vital- 
ity are  favorably  influenced  by  the  winter  climate  here, 
where  _"  no  rain  falls  at  that  season,  and  each  day  is  a 
repetition  of  the  one  just  passed,  balmy  breezes  and 
cloud-flecked  skies,"  and  where  the  usual  daily  range  is 
from  70°  to  73°  F.  Edward  0.  Otis.} 
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NAUHEIM.  (BAD-NAUHEIM.)— Of  the  almost  innu- 
merable health  resorts  and  watering  places  that  abound 
in  German3',  none  is  better  known  than  Bad-Na\]heim, 
incorrectly  spoken  of  as  Nauheim.  I  say  incorrectly, 
because  not  such  a  great  distance  away  is  another  town 
called  Nauheim,  which  is  devoid  of  all  interest  to  sight- 
seers or  invalids.  The  prefix  Bad  signifies  a  bath,  and 
hence  designates  anj-^  place  to  which  it  is  prefixed  as  a 
watering  place  or  spa.  This  explanation  is  necessary, 
since  mistakes  are  sure  to  occur  if  letters  intended  for 
this  famous  resort  are  addressed  merely  to  Nauheim 
without  the  distinctive  prefix  Bad,  or  if  the  invalid  in 
quest  of  health  inquire  of  German  railway  officials  for 
Nauheim,  and  not  Bad-Nauheim. 

The  chief  interest  attaching  to  this  resort  lies  in  the 
nature  and  properties  of  its  springs  and  the  diseases  to 
which  their  waters  are  applicable,  and  yet  there  is  much 
of  interest  in  the  history  of  the  place.  It  is  situated 
about  twenty  miles  north  of  Frankfort,  whence  it  is 
reached  in  forty  minutes  by  the  Main-Weser  Railway. 
The  location  of  the  town  is  both  healthful  and  pictur- 
esque, since  it  lies  on  the  eastern  slope  of  the  Johannis- 
berg,  which  forms  a  spur  of  the  range  of  mountains 
known  as  the  Taunus.  The  slope  on  which  the  town 
is  built  descends  gradually  to  the  bank  of  the  Usa  River, 
and  thus  provides  excellent  drainage,  so  that  the  soil 
dries  quickly  and  permits  visitors  to  walk  out  directly 
after  a  shower,  which,  judging  from  the  summer  I  spent 
there,  is  of  comparatively  frequent  occurrence. 

Alighting  from  tiie  train  and  walking  down  Bahnhof 
AUee  (Depot  Street),  wliich  descends  rather  sharply  tow- 
ard the  west,  one  obtains  a  beautiful  view  of  the  Johan- 
nisberg  beyond  and  of  tlie  town  with  its  magniflcent  park 
and  cluster  of  springs  and  bath-houses  in  the  foreground. 
Emerging  from  this  short  Depot  Street  the  traveller  comes 
on  to  the  Ludwig  Strasse,  which,  lined  with  attractive 
villas  along  its  eastern  side,  curves  in  a  semicircular  di- 
rection toward  the  west,  and  joining  the  river  helps  form 
the  ovoid  space  in  which  are  situated  the  bath-houses  and 
springs  that  are  the  pride  of  the  inhabitants  and  the  ob- 
ject of  the  invalid's  long  journey. 

On  the  further  bank  of  the  Usa  spreads  out  the  spa- 
cious park,  which  is  said  to  be  the  finest  of  its  kind  in 
Germany,  and  with  its  shaded  walks,  covered  seats,  and 
Kursaal,  offers  irresistible  attraction,  and  invites  to  the 
out-of-door  pleasures  of  which  the  Germans  are  so  fond. 

The  southwestern  extremity  of  Ludwig  Strasse  leads 
into  Park  Strasse,  which  runs  to  the  west,  and  is  bor- 
dered by  attractive  shops,  while  the  quaint  town  once 
enclosed  by  a  wall,  of  which  the  remains  may  still  be 
seen  at  the  south,  lies  mainly  to  the  south  and  west  of 
the  park  on  the  slope  of  the  Johannisberg.  From  this 
brief  description  it  is  plain  that  Bad-Nauheim  can  justly 
claim  both  healthfulness  of  site  and  beauty  of  scenery, 
which  must  minister  to  the  comfort  and  pleasure  of  the 
summer  visitor. 
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The  semi-invalid  or  tourist  who  can  enjoy  the  pleasures 
of  walks  and  drives  is  afforded  ample  opportunity  for 
the  indulgence  in  such  pleasures.  The  more  seriously  ill, 
confined  to  a  chair  in  the  garden  or  to  an  apartment,  can 
feast  his  eyes  on  the  beauties  of  the  Taunus  range  in  the 
distant  background,  or  on  the  beautiful  park  -with  the 
throngs  of  pedestrians,  carriages,  and  wheel  chairs  mov- 
ing restlessly  in  and  out  among  its  trees  and  on  the  shores 
of  its  artificial  lake. 

The  hours  for  recreation  are  many  in  Bad-Nauheim,  for 
baths  and  the  morning  drinking  of  its  curative  waters 
consume  but  a  small  portion  of  the  time ;  and  hence  the 
visitor  must  have  varied  pleasures  and  pastimes  if  he  is 
not  to  find  his  sojourn  wearisome  and  suifer  from  home- 
sickness. It  was  the  realization  of  this  fact' and  of  the 
powerful  aid  to  health  derived  therefrom  which  led  Dr. 
Friedrich  Bode,  one  of  Bad-Nauheim's  early  physicians 
and  benefactors,  to  insist  on  the  necessity  of  suitable 
provision  for  agreeable  recreation  as  well  as  of  desirable 
homes  and  means  of  treatment.  He  was  a  far-sighted 
physician  who  realized  that  healthfulness  of  body  re- 
quires healthfulness  of  mind,  and  that  to  the  latter  con- 
tentment and  diversion  are  essential. 

To-day,  therefore,  Bad-Nauheim  is  no  longer  a  meagre 
little  village  without  an  apothecary  shop,  or  even  toler- 
able lodgings  for  invalids  as  in  Bode's  time,  but  is  a  , 
beautiful  spot  where  twenty  thousand  invalids  besides 
other  visitors  are  comfortably,  even  luxuriously,  housed 
and  fed  every  year  between  May  1st  and  October.  Be- 
sides fine  hotels  with  modern  comforts  where  the  wealthy 
may  be  amply  provided  with  all  they  can  desire,  there 
are  innumerable  private  homes  and  boarding-houses  for 
persons  of  humble  means. 

Bad-Nauheim  is  a  Mecca  for  invalids  from  all  over  the 
world,  and  hence  one  there  meets  delightful  people  whose 
acquaintance  is  both  a  pleasure  and  a  profit. 

No  lover  of  music  who  has  passed  a  summer  at  this 
charming  resort  can  fail  to  recall  the  delightful  band  con- 
certs which  are  given  three  times  a  week  at  the  Kursaal, 
and  are  enjoyed  in  the  open  air  after  the  German  custom, 
with  the  accompaniments  of  cigars  and  beer  or  other  liquid 
and  solid  refreshments.  These  concerts  are  of  high  order, 
and  the  stirring  music  is  rendered  with  a  spirit  and  pre- 
cision that  never  fail  to  arouse  the  most  unimpression- 
able. Of  a  Sunday  afternoon  the  usual  weekly  pro- 
gramme of  instrumental  music  is  varied  by  grand  vocal 
performances  rendered  by  well-trained  choral  societies  of 
male  voices  from  neighboring  cities.  These  concerts  are 
rare  treats  and  are  very  largely  attended  by  enthusiastic 
and  appreciative  audiences.  The  air  of  the  midsummer 
afternoon  is  usually  comfortably  cool  and  freed  from  an- 
noying insects,  so  that  to  sit  in  the  open  ministers  to 
health  as  well  as  to  pleasure. 

The  history  of  Bad-Nauheim  goes  back  to  the  days  of 
the  Romans  when  those  stern  warriors  contended  with 
the  fierce  Teutons  for  the  possession  of  this  part  of  Ger- 
many. Even  in  that  early  day  it  was  a  highly  prized 
possession,  not,  however,  for  its  baths,  but  for  the  salt 
contained  in  its  waters.  By  the  uncivilized  Teuton  the 
salt  was  procured  by  sprinkling  the  water  on  to  a  fire 
and  then  obtaining  the  saline  precipitate  from  the  ashes. 
The  Romans,  on  the  contrary,  as  shown  by  modern  ex- 
cavations, evaporated  the  water  in  large  pans  supported 
above  the  fire  by  foundations  of  brick. 

Saline  springs  were  considered  so  precious  by  the  Ro- 
mans that  they  were  regarded  as  holy.  It  was  the  cus- 
tom to  cast  coins  into  the  springs  as  votive  offerings,  and 
to  this  day  it  is  stated  that  pieces  of  copper  money,  bear- 
ing the  impression  of  Hadrian,  Doraitian,  and  Trajan  are 
often  found  upon  cleaning  out  the  basin  of  the  Schwal- 
heimer  Brunnen.  There  are  to  be  seen  in  the  vicinity 
remains  of  old  Roman  villas  and  of  that  wonderful  wall 
of  defence  which  extended  through  Southwest  Germany 
for  a  distance  of  five  hundred  and  fifty  kilometres,  and 
enclosed  that  portion  of  the  land  which  had  been  con- 
quered from  the  native  inhabitants.  One  of  the  best  pre- 
served remains,  probably  of  a  Roman  temple,  was  disen- 
tombed near  Homburg,  another  frequented  spa,  to  which 


visitors  at  Bad-Nauheim  may  drive  comfortably  in  two 
hours  or  less.  It  is  thus  seen  that  the  subject  of  this 
sketch  lies  in  a  part  of  the  Fatherland  which  is  full  of 
historic  interest. 

According  to  tradition  it  was  Bonifacius  who  came  to 
the  heathenish  inhabitants  of  this  Wetterau  district  and 
converted  them  to  Christianity.  He  is  said  to  have  built 
the  chapel  still  standing  on  the  Johannisberg,  which 
mountain  had  for  ages  been  consecrated  to  the  worship 
of  Baldur,  the  god  of  the  sun.  For  two  thousand  years, 
the  Germans  had  annually  assembled  on  the  Johannis- 
berg and  celebrated  the  feast  of  the  midsummer  solstice, 
July  24th,  now  known  as  Johannistag  or  St.  John  the 
Baptist  day. 

It  is  also  interesting  to  note  that  for  many  years  the 
holy  chapel  dedicated  to  Christ  by  Bonifacius  and  the 
temple  at  which  worshipped  the  still  unconverted  Ger- 
mans stood  not  far  apart,  and  on  each  34th  day  of  July 
could  be  heard  the  sacred  music  of  the  two  congrega- 
tions, the  one  in  praise  of  our  Blessed  Redeemer,  the 
other  in  praise  of  Baldur  the  sun  god. 

The  subsequent  history  of  Bad-Nauheim  is  eventful. 
It  was  twice  ravaged  by  war  in  the  Thirty  Years'  War, 
at  the  close  of  which  the  Wetterau  country  was  desolated 
and  almost  depopulated,  and  again  in  the  succeeding 
century  during  the  Seven  Years'  "War. 

During  all  these  centuries  Bad-Nauheim  remained  still 
only  a  source  for  salt.  Baths  were  not  given  as  a  thera- 
peutic agency,  nor  were  its  waters  drunk  by  invalids  as 
were  those  of  not  far  distant  Homburg  and  Wiesbaden. 
In  the  fore  part  of  the  last  century  we  read  that  the  offi- 
cials of  the  salt  works  used  the  saline  water  for  bathing, 
not  however  therapeutically  but  merely  for  the  purpose 
of  cleanliness,  since  other  water  was  not  convenient. 

In  1833  Salt  Inspector  K.  Weiss  persuaded  Internal 
Revenue  Commissioner  Meisterlin  to  try  a  bath  in  this, 
salt  water,  which  he  found  so  agreeable  and  invigorating 
that  he  determined  to  propose  to  the  Kurfilrst  the  erec- 
tion of  a  bath-house.  "This  establishment  was  first 
opened  to  the  public  in  July,  1835.  Thus  was  instituted 
this  world-renowned  resort  which,  from  receiving  ninety- 
five  patients  that  first  year,  is  said  now  to  accommodate- 
about  twenty  thousand  invalids  annually,  to  whom  are 
given  an  average  of  three  hundred  thousand  baths. 

Of  all  the  various  springs  that  have  been  bored  from 
time  to  time  only  five  are  now  in  use,  namely :  Kurbrun- 
nen  and  Karlsbrunnen,  which  are  saline  purgative  wat- 
ers ;  Ludwigquelle,  which  is  alkaline  in  consequence  of 
its  containing  sodium  bicarbonate ;  the  Great  Sprudel  or 
No.  7,  in  use  since  1839,  and  at  that  time  the  largest  and 
strongest  of  all ;  and  last  but  not  least  the  Friedrich  Wil- 
helmsquelle  or  No.  12,  now  the  spring  furnishing  the 
greatest  flow  and  extremely  rich  in  COa.  No.  14  (Ernst- 
Ludwig)  was  cpmpleted  in  1900,  having  a  depth  of  two 
hundred  and  nine  metres. 

There  are  six  bath-houses  of  which  No.  4  receives 
water,  after  having  been  freed  from  gas  and  impurities, 
from  Spring  No.  7.  In  this  house  only  simple  brine 
baths  are  given.  Houses  Nos.  1  and  6  receive  water  direct 
from  the  two  springs  at  a  temperature  of  87°  to  92°  F., 
and  very  rich  in  acid  and  salts  so  that  it  can  be  employed 
in  the  "  Sprudelstrombad  "  or  flowing  effervescing  bath. 
The  other  houses  also  obtain  waters  from  the  two  great 
springs,  but  only  after  they  have  flowed  into  their  re- 
spective basins,  so  that  the  temperature  of  the  water  is 
somewhat  lower  (85°  to  90.5°  P.)  and  not  quite  so  rich  in 
CO,. 

The  baths  in  use  may  be  simple  saline  or  warm  saline, 
and  the  flowing  saline  or  flowing  effervescing  bath,  as  the 
case  may  require.  In  addition,  of  course,  douches,  hip 
baths,  etc. ,  found  at  all  watering  places,  are  given.  The 
analyses  of  the  various  springs  will  be  found  appended. 
At  first  the  waters  of  Bad-Nauheim  were  recommended 
for  the  treatment  of  gout,  rheumatism,  ansemia,  and  dis- 
orders of  the  female  pelvic  organs,  but  their  scope  has 
been  widened  and  now  embraces  diseases  of  the  heart  and 
nervous  system. 

For  the  first-mentioned  affection  patients  are  advised  to 
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Analysis  of  the  Natjheim  Mineral  Wateks.     The  Amounts  of  Solids  aeb  Given  in  Grams  as  Con- 
tained IN  1,000  Grams  of  Water. 


Gonstituents. 


Chloride  of  sodium 

Chloride  of  lithium 

Chloride  of  potassium 

Chloride  of  ammonium 

Chloride  of  calcium 

Chloride  of  magnesium 

Bromide  of  magnesium 

Sulphate  of  calcium 

Sulphate  of  strontium 

Bicarbonate  of  calcium 

Bicarbonate  of  magnesium 

Bicarbonate  of  sodium 

Bicarbonate  of  iron 

Bicarbonate  of  manganese 

Bicarbonate  of  zinc 

Silicic  acid 

Arsenlate  of  iron 

Phosphate  of  iron 

Oxide  of  copper,  chloride  of  thallium,  oxide  of  lead,  nitric  acid,  or- 
ganic substances 


Amount  of  solid  constituents 

Absolutely  free  carbonic  acid  gas 

Semi-free  carbonic  acid  gas  contained  in  the  bicarbonates 

The  active  carbonic  acid,  i.e.,  the  free  and  semi-free  together.. 

Temperature  ] ^tS^iiiii:;.:;;;;;:;;:;::;;;;;;:;::;:;:;;;::; 


Springs  foe  the  Baths. 
No.  t.  No.  12. 


Grosser 
Sprudel. 


21.824.5 
.0492 
.4974 
.0.550 

1.7000 
.4402 
.0060 
.0347 
.0390 

2.3541 


.0065 

.0104 

.0325 

.00036 

.00046 

Traces. 

27.0886 
2.3764  = 
1216.6  CO. 

.7343  = 
375.7  c.c. 

3.11(16  = 
1592.3  c.c. 
31.6° 


Friedrlch 

Wllhelms- 

Quelle. 


29.2940 
.0536 

1.1194 
.0712 

2.3249 
.5255 
.0083 
.0352 
.0499 

2.6012 


.0484 
.0069 
.0089 
.0213 
.0002 
.0007 

Traces. 

36.1695 
1.9777  = 
1039.9  c.c. 
.8123  = 
416.2  c.c. 
2.7900  = 
1456.1  c.c. 
35.3  ° 
95.54° 


Drinkino  Springs. 


Kurbrun- 
nen. 


15.4215 
.0267 
.5370 
.0371 

1.0349 
.7387 
.0063 
.0238 
.0324 

1.1461 


.0263 

.0080 

.0070 

.0186 

.00016 

.00034 


19.0549 


21.4° 
I        70.55° 


Karls- 
brunneu. 


Traces. 
.0731 
.0113 

1.0578 
.2040 
.0014 
.2277 
.0087 
.9515 


.0152 
Traces. 
Traces. 

.0087 
Traces. 

.0002 

Traces. 
12.4196 


15° 


Ludwig- 
QueUe. 


0.3411 

.0012 

Traces. 


.0288 
Traces. 
.3692 
.1928 
.0928 
.0098 
Traces. 


.0121 


Traces. 
1.0478 


18.8° 
65.84° 


drink  freely  of  the  water  of  the  Kurbnmnen,  which  is 
rich  in  chlorides  of  litiiium,  potassium,  and  the  bicar- 
bonate of  lime,  and,  when  a  more  strongly  alkaline  water 
is  indicated,  of  that  found  in  the  Ludwigbrunnen.  These 
springs  are  thought  to  be  of  special  virtue  in  the  removal 
of  deposits  about  the  joints.  For  the  stiffness  and  swell- 
ing of  the  articulations  occasioned  by  gout,  baths  are 
ordered  which,  beginning  with  thermal  brine  baths  of  a 
temperature  of  93°  to  93°  F.,  are  gradually  changed  to 
more  stimulating  ones,  the  effervescing  water  of  Spring 
12  being  considered  especially  suitable.  Finally,  resort  is 
had  to  the  flowing  effervescing  bath,  which  is  powerfully 
stimulating  to  the  circulation,  and  is  a  specialty  of  Bad- 
Nauheim  owing  to  the  unequalled  richness  of  Spring  13 
in  carbonic  acid  with  its  temperature  of  92°  F. 

Patients  suffering  from  anaemia  and  chlorosis  are  said 
to  be  much  benefited  by  bathing  in  the  waters  of  these 
springs  on  account  of  their  containing  iron  as  well  as 
stimulating  salts  and  COj,  while  at  the  same  time  they 
drink  the  purgative  waters  of  the  Kurbrunnen  and  Karls- 
brunnen. 

Disorders  of  the  female  pelvic  viscera,  particularly  pel- 
vic exudates,  are  said  to  be  favorably  influenced  by  the 
warm  brine  baths,  either  with  or  without  the  addition 
of  carbonic  acid. 

Diseases  of  the  spinal  cord,  as  well  as  neurasthenia  and 
other  disorders  of  the  nervous  system,  also  receive  treat- 
ment at  Bad-Nauheini,  and  Medicinalrath  J.  Groedel,  in 
his  little  work,  "  Bad-Nauheim :  Its  Springs  and  Their 
Uses,"  cites  cases  of  the  kind  which  have  been  remark- 
ably helped.  Professor  Erb,  of  Heidelberg,  sends  numer- 
ous patients  thither  and  highly  praises  the  virtues  of  its 
waters  in  this  class  of  cases. 

As  already  stated,  the  waters  of  Bad-Nauheim  are  re- 
puted to  be  of  special  efficacy  in  the  treatment  of  both 
acute  and  chronic  articular  rheumatism,  being  employed 
in  the  form  of  baths,  as  has  been  the  plan  of  management 
at  other  health  resorts  for  centuries.  Cases  of  compara- 
tively recent  development  are  subjected  to  the  influence 
of  the  simple  warm  saline  bath,  but  in  protracted  and 
chronic  forms  of  the  affection  the  stronger  and  carbo- 
nated waters  are  employed.    The  design  of  the  bath  is 


to  promote  healthy  circulation  in  the  affected  joint,  and 
it  is  believed  that  the  comparatively  cool  (92°  to  95°  F.), 
strongly  saline,  effervescing,  and  hence  powerfully  stim- 
ulating baths  of  this  spa  accomplish  this  result  more  cer- 
tainly than  do  the  hot  weaker  baths  given  at  other 
resorts. 

The  treatment  of  cardiac  diseases,  for  which  Bad-Nau- 
heim has  justly  attained  so  great  a  renown,  is  an  out- 
growth of  the  treatment  of  articular  rheumatism.  It 
was  Dr.  Beneke,  one  of  the  earlier  physicians  at  this  re- 
sort, to  whom  ci-edil  is  mainly  due  for  the  development 
of  tliis  use  of  Bad-JSlauheim  waters,  although  the  Bchott 
brothers,  Groedel,  Heineman,  and  others  have  brought 
the  treatment  to  its  state  of  perfection.  Beneke  contrib- 
uted reports  wherein  he  sho-ived  that  this  means  of  ther- 
apy is  beneficial  in  four  ways:  (1)  by  preventing  col- 
lapses of  acute  rheumatism,  which  would  increase  an 
existing  valvular  defect ;  (2)  by  promoting  absorption  of 
endocarditic  products  in  the  same  way  that  these  waters 
favor  the  absorption  of  inflammatory  deposits  in  the 
joints:  (3)  by  exerting  a  soothing  effect  on  the  heart's 
action;  (4)  by  improving  compensation  in  old-standing 
valvular  disease.  It  was  this  last-mentioned  effect  which 
led  Groedel  to  aflirm  in  a  paper  contributed  to  the  Ber- 
liner klirdsche  medicimsclie  Wochenschrift  in  1878  that 
these  baths  improve  cardiac  energy  and  are  a  powerful 
heart  tonic  in  other  diseases  besides  valvular. 

Carbonated  thermal  brine  baths  tend  to  quiet  and  regu- 
late the  action  of  the  heart,  improve  its  innervation,  and 
increase  its  muscular  tone.  It  is  this  effect  which,  in  the 
experience  of  all  physicians  who  have  employed  the  treat- 
ment makes  it  applicable  to  all  forms  of  circulatory  dis- 
order, whether  depending  upon  endocardial  or  myocar- 
dial disease,  or  merely  upon  nervous  derangements.  It 
is  generally  taught  that  severe  degrees  of  arteriosclerosis 
and  aortic  aneurism  are  injuriously  affected  by  such 
baths  but  Groedel  has  shown  that  if  they  are  given  m 
such  a  way  as  not  to  augment  blood  pressure,  even  these 
two  diseases  may  be  materially  benefited. 

The  methods  of  employing  balneology  m  the  manage- 
ment of  cardiac  diseases  is  simple  and  yet  requires  an  in- 
telligent conception  of  the  principles  concerned,  and  of 
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the  eflfects  produced  by  baths  of  different  strengths  and 
temperatures.  The  warmer,  less  strongly  saline  ones 
serve  to  soothe  and  relieve  the  weak,  irritable  heart, 
whereas  those  that  are  strong  in  mineral  ingredients  and 
charged  with  CO2,  and  at  the  same  time  of  low  temper- 
atures (86°  to  83°  F.),  stimulate  the  organ  to  increased 
work.  It  is  clear,  therefore,  that  these  last  are  permissible 
only  after  compensation  has  been  re-established,  or  in 
cases  that  have  never  displayed  very  obvious  weakness. 
It  is  not  claimed  that  the  balneological  treatment  of  car- 
diac disease  can  be  given  only  in  Bad-Nauheim,  but  that 
here  the  advantages  for  this  form  of  management  are  es- 
pecially good.  This  is  particularly  true  of  the  flowing 
effervescent  bath,  which,  it  is  said,  can  nowhere  else  be 
given;  and  as  it  is  powerfully  stimulating,  this  kind  of 
bath  is  highly  beneficial  in  suitable  cases. 

Very  briefly  stated,  the  following  is  the  method  of  or- 
dering the  treatment.  At  first,  baths  are  prescribed  which 
are  weak  in  salts  (about  one  per  cent,  of  sodium  chloride 
and  one-tenth  per  cent,  of  calcium  chloride)  at  a  temper- 
ature of  95°  to  93°  F.,  and  for  a  duration  of  from  five  to 
eight  minutes.  Carbonic  acid  is  not  added  in  the  begin- 
ning of  treatment,  or  at  most  in  a  very  weak  percentage 
of  CO2.  As  time  proceeds  and  cardiac  energy  grows, 
the  strength  of  the  baths  is  increased  until  the  salts  men- 
tioned approximate  three  per  cent,  of  the  sodium  and  one 
per  cent,  of  the  calcium  chloride.  Carbonic  acid  is  added 
in  the  course  of  time,  as  determined  by  the  judgment  of 
the  physician,  and  pari  passu  the  temperature  of  the 
water  is  reduced  and  the  length  of  each  bath  is  increased, 
■until  at  last  the  patient  remains  in  the  tub  about  twenty 
minutes. 

In  the  fore  part  of  the  treatment  the  baths  are  inter- 
rupted by  an  occasional  day  of  rest  (one  out  of  every 
three  or  four),  but  toward  the  end  of  the  course  such  in- 
terruptions come  at  longer  intervals.  Patients  are  also 
required  to  lie  down  and  rest  after  each  treatment  for  an 
liour  or  so,  in  order  that  the  effect  of  the  bath  may  be 
retained  and  opportunity  be  given  for  a  nap  if  inclina- 
tion thereto  be  felt. 

In  addition  to  balneology  patients  are  usually  in- 
structed to  take  exercise  either  in  the  form  of  massage, 
the  so  called  resistance  exercises,  or,  as  the  heart  becomes 
equal  to  it,  by  walking  on  the  level  or  up  the  gentle  in- 
clines prepared  foi'  the  carrying  out  of  Oertel's  terrain- 
kur.  The  diet  and  intake  of  fluids  are  also  supposed  to 
be  carefully  regulated. 

As  has  been  stated  in  numerous  medical  journals,  this 
halneological  treatment  can  be  very  well  given  at  home 
by  means  of  artificial  waters,  and,  as  my  experience  has 
abundantly  proved,  with  excellent  results.  It  is  not  pos- 
sible, however,  successfully  to  imitate  the  current  bath, 
and  in  addition  it  is  difllcult  to  get  patients  to  make 
treatment  the  sole  aim  of  existence  as  at  Bad-Nauheim. 
_  In  concluding  this  brief  sketch,  which  by  reason  of  the 
limitation  of  space  allotted  is  necessarily  cursory  and  in- 
complete, I  desire  to  express  my  sincere  thanks  to  Dr.  H. 
N.  Heineman  and  to  Dr.  Groedel  for  valuable  assistance 
rendered  by  them.  I  am  also  indebted  to  numerous  pa- 
pers by  Dr.  Schott  and  others.  Bobert  H.  Babcock. 

NAVAL  HYGIENE. — Introduction. — Naval  hygiene 
may  be  briefly  defined  as  being  that  branch  of  hygiene 
v^hich  applies  the  principles  of  sanitation  to  the  condi- 
tions peculiar  to  life  at  sea,  and  especially  as  existing  in 
ships  of  war.  Although,  in  actual  practice,  appearing 
more  or  less  modifled  to  make  them  meet  the  peculiar 
conditions  prevalent  on  board  sea-going  ships,  the  laws 
of  general  hygiene  must  remain  essentially  and  funda- 
mentally the  same.  Adaptation  may  at  times  necessitate 
and  require  a  modification  in  the  practice,  but  can  never 
be  allowed  to  go  so  far  as  to  alter  the  principles  of  what 
is  known  as  good  hygiene,  and  so  recognized  by  the  best 
sanitarians  the  world  over. 

The  importance  of  the  study  of  hygiene  to  the  naval 
surgeon  cannot  be  exaggerated.  Unless  he  possesses  a 
profound  theoretical  as  well  as  a  practical  knowledge  of 
the  essential  and  fundamental  principles  and  purposes  of 
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hygiene,  the  naval  surgeon  of  to-day  can  hardly  be  called 
"up-to-date,"  for  without  that  knowledge  he  is  barely 
able  to  perform  but  half  his  duties  as  sanitary  oflicer  on 
board  a  war-vessel.  Since  these  duties  must  be  confined, 
in  form  at  least,  to  recommendations,  made  to  his  com- 
manding officer,  it  is  hardly  to  be  expected  that  his  recom- 
mendations will  meet  with  the  approval,  required  by  reg- 
ulations, unless  the  medical  oflicer  at  the  same  time  is  able 
to  prove  to  his  captain  that  he  possesses  the  necessary 
and  requisite  knowledge  to  entitle  him  and  his  recom- 
mendations to  that  attention  and  consideration  which 
alone  can  make  them  effective. 

To  the  naval  architect  the  careful  and  conscientious 
study  of  hygiene  is  likewise  of  very  great  importance. 
At  least  one  of  the  essential  conditions  implied  in  the 
construction  of  a  warship  is  that  it  shall  be  so  designed  as 
to  afford  a  given  number  of  men  a  wholesome  shelter 
during  the  performance  of  their  duties ;  that  the  condi- 
tions on  board  be  such  as  to  preserve  the  life  and  health 
of  the  men,  aiding  them  in,  instead  of  interfering  with, 
their  most  effective  duties  and  excluding  outside  influ- 
ences that  are  detrimental  to  these  ends.  The  naval  con- 
structor owes  it  to  himself,  to  the  naval  service,  and  to 
the  people  of  his  country  that  the  best  possible  arrange- 
ments be  made,  that  the  best  methods  be  adopted,  and  that 
the  best  work  be  done  to  advance  the  interests  of  hygienic 
living  on  board  the  ships  which  he  designs  and  builds,  as 
as  far  that  may  be  within  the  range  of  his  power.  The 
ventilating  system  for  a  ship  of  modem  construction,  for 
iustance,  must  be  considered  to  be  so  essential  that  without 
it  the  ship  would  be  of  little  value  and  its  use  limited. 

Since  the  type  and  details  of  a  ventilating  .system  must 
be  adapted  to  the  type  of  the  ship,  it  should  from  the  be- 
ginning form  a  part  in  the  design  and  structure  of  the 
ship  and  not  be  left  to  an  afterthought.  The  construc- 
tor, realizing  the  ditficulties,  may  commit  them  to  an 
expert ;  but  even  then  it  is  necessary  that  he  have  enough 
knowledge  of  the  subject  and  of  the  results  to  be  aimed 
at  that  he  can  readily  and  conscientiously  accede  to  the 
demands  of  the  expert,  instead  of  regarding  them  as  un- 
reasonable ;  he  should,  moreover,  possess  enough  knowl- 
edge on  the  subject  to  enable  him  to  pass  a  just  and 
proper  estimate  upon  the  value  of  the  services  of  the 
employed  expert  himself.  Thus,  in  giving  out  con- 
tracts, he  is  usually  besieged  by  competitors.  Competi- 
tion leads  to  low  bids  and  these  lead  to  poor  work  and 
material.  The  result  must  be  prejudicial  to  the  interests 
of  the  naval  service  and  to  the  constructor  as  well. 

Scientific  facts  are  stubborn  things:  they  will  not  and 
cannot  remain  long  ignored ;  mere  opinions,  whether  ofii- 
cial  or  Tinofiicial,  cannot  sidetrack  them,  and  thus  the 
inevitable  conclusion  remains  that  we  must  bravely  face 
these  facts.  In  so  far  as  the  life  of  the  sailor  is  influ- 
enced by  the  training  which  he  must  and  can  receive 
only  on  board  a  warship  in  commission  and  at  sea,  it  is 
perfectly  evident  that  that  life  is  either  increased  or  im- 
paired in  value  to  the  service  in  direct  proportion  to  the 
improvements  in  the  hygiene  of  his  immediate  environ- 
ments. These  are  intimately  connected  with  the  im- 
provements in  the  construction  of  the  ships  on  which  he 
has  his  being. 

Fortunately,  there  is  abundant  proof  of  the  fact  that 
within  recent  years,  at  least,  a  deeper  recognition  of  the 
importance  and  of  the  profound  significance  of  ships'  hy- 
giene on  the  part  of  all  the  officers  of  the  naval  service 
has  become  manifest.  It  has  become  clearly  recognized 
that  the  strength,  the  power,  the  health,  and  the  endur- 
ance of  a  ship  of  war,  in  action  or  out  of  it,  whether  on  a 
mission  of  peace  or  one  of  war,  can  be  but  those  of  all 
its  inmates  combined,  and,  consequently,  every  man  indi- 
vidually either  adds  or  detracts  from  the  sum  total  of 
the  ship's  power  and  endurance  in  direct  proportion  to 
the  standard  of  his  physical  health.  But  the  highest 
aims  and  objects  of  hygiene  are  not  merely  to  preserve, 
but  to  raise  the  average  standard  of  the  health  of  our 
men  to  its  maximum  capacity.  All  training  is  more  or 
less  useless  unless  done  on  that  basis. 

Having  once  recognized  these  things,  it  becomes  our 
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next  duty  to  examine  into  the  conditions,  to  consider  some 
of  tlie  facts,  upon  which  the  successful  solution  of  so 
high  a  problem  depends.  The  three  mainstays  of  all 
living  things  that  people  this  earth  are  air,  water,  and 
food.  An  efficient  ventilation,  a  good  water  supply,  and 
an  abundance  of  good  and  wholesome  food  must  ever  re- 
main the  principal  subjects  of  our  study  and  claim  our 
first  care  and  consideration.  But  before  entering  upon 
a  more  detailed  study  of  these,  we  are  impelled  at  least 
to  pall  attention  to  what  seems  a  most  necessary  pre- 
liminary to  the  successful  administration  of  all  hygienic 
laws  in  every  organized  body  of  men  such  as  constitutes 
the  navy.  By  that  we  mean  the  instruction  of  the  men 
under  training  in  the  laws  of  the  hygiene  of  our  daily 
lives. 

It  has  been  found  repeatedly  and  constitutes  an  almost 
daily  lesson  of  the  sanitarian  that  one  of  the  greatest  and 
ever-present  dangers  from  disease,  on  the  part  of  the  men 
in  botli  the  army  and  navy,  is  the  ignorance  of  the  most 
simple  and  elementary  laws  of  health  that  must  gov- 
ern the  evcry-day  conduct  of  their  lives.  Examples 
of  this  might  be  cited  ad  infinitum,  but  we  need  go  no 
further  than  merely  call  attention  to  the  lessons  that 
have  been  taught  us,  during  our  short  war  with  Spain, 
by  some  of  our  volunteer  regiments.  Many  of  our  brav- 
est sons,  because  untrained  and  uninstructed  in  these 
things,  died  within  a  few  weeks  of  going  into  their  first 
encampment.  Hence  the  warning  finger,  fortified  and 
supported  by  an  experience  that  should  never  again  be 
allowed  to  lapse  into  forgottenness,  points  directly  and 
unwaveringly  to  the  necessity  for  instructing  the  men  in 
the  simple  and  elementary  laws  of  health.  1  his  is  clearly 
and  distinctly  the  duty  of  the  medical  officers  of  the  navy, 
the  only  officers  in  the  service  who,  by  the  very  nature 
of  their  training  and  education,  should  and  can  be  held 
responsible  for  initiating  reforms  and  improvements  in 
this  direction. 

"Nous  sommes  si  z&\6a  partisans  de 
la  ventilation  que  nous  n'hesltons  pas  k 
la  consid^rer  comme  le  premier  lacteur 
de  riiyglfene  des  navlres,  plus  important 
a  lui  seul  que  tons  les  autres  r^unis."— 

ROCHAKD  BT  BODET. 

I.  Ventilation. 

To  supply  a  ship's  complement  of  men  with  a  pure, 
good,  and  wholesome  atmosphere  at  all  times  and  under 
the  most  varying  conditions  of  activity,  rest,  and  climate, 
is  a  problem  which  as  yet  has  not  been  completely 
solved.  The  different  climates  through  which  men-of- 
war  have  to  pass  within  a  short  space  of  time,  and  the 
conditions  which  these  impose  upon  our  problem,  would 
alone  be  sufficient  to  demand  the 
greatest  possible  elasticity  in  the 
range  of  adaptability  from  any  ven- 
tilating system  that  is  known,  while 
the  large  number  of  small  water- 
tight compartments  into  which  the 
interior  of  a  modern  warship  has 
been  systematically  reduced  would 
make  it  seem  almost  next  to  im- 
possible to  keep  the  air  inside  all  of 
these  in  a  desirable  state  of  purity 
and  in  constant  and  measured  cir- 
culation. While,  therefore, we  agree 
with  the  distinguished  French  hy- 
gienists  whom  we  ha ve  quoted  above 
as  regards  the  very  great  importance, 
to  the  hygiene  of  war-vessels,  of  an 
efficient  ventilating  system,  we 
must  also  recognize  and  acknowl- 
edge that  in  no  other  department 
of  naval  hygiene  do  we  find  our- 
selves confronted  with  as  great  and 
perplexing  difficulties  as  we  do  in 
the  ventilation  of  warships  of  re- 
cent construction.  We  may  accordingly  be  pardoned  for 
devoting  to  this  subject  more  time  and  space  than  to  any 
of  the  others. 


Fifi.  3499.— Recknagers 
Model  Paper  Box. 
(From  Karl  Schmidt.) 


Ventilation  means  to  produce  currents  in  the  air. 
Currents  are  produced  (1)  by  rarefying  a  column  of  air  at 
some  place,  through  heat  or  suction,  and  (2)  by  condens- 
ing at  some  other  place,  through  either  cold  or  compres- 


FiG.  3500.— Illustrating  Distribution  ol  Pressure  in  Heated  Kooma. 
(From  Rubner.) 

sion.  An  excellent  illustration  of  the  effects  of  heat  and 
cold  upon  the  creation  of  aerial  currents  is  furnished, 
in  nature,  by  our  regular  winds.  Along  the  equator 
we  have  a  belt  of  calms,  several  degrees  in  width,  over 
which  the  air  is  rarefied  and  expanded,  rendered  spe- 
cifically lighter  under  the  inlluence  of  a  vertical  sun,  and 
consequently  a  constant  current  ascends  into  the  higher 
regions  of  the  atmosphere ;  then  this  current  flows  north  as 
well  as  south  from  the  equator,  passing  over  the  cooler 
trade-winds  which  flow  in  beneath  them  from  either  hemi- 
sphere. The  warm  equatorial  currents  descend  toward 
the  surface  of  the  earth  in  about  the  thirtieth  degree  of 
latitude.  The  same  currents  cross  the  winds  coming 
from  the  poles  and  proceed  converging  toward  them  as 
surface  winds,  whence  they  again  ascend  and,  now,  pro- 
ceeding in  a  direction  toward  the  equator,  they  descend 
through  the  calms  of  Cancer  and  Capricorn,  become  sur- 
face winds,  and  form  the  trade- winds  already  alluded  to, 
thus  completing  their  figure-of-eight  form  of  circulation. 

A  similar  process,  though  on  a  much  smaller  scale,  may 
be  seen  daily  in  the  large  chimneys  of  some  of  our  great 
manufacturing  establishments.  Through  the  fires,  the 
column  of  air  contained  inside  of  them  is  heated  and 
rarefied.  The  rarefied  column  of  air,  consequently,  rises 
very  much  as  a  stick  of  wood  forced  lengthwise  under 
water  will  rise,  and  the  specifically  heavier  air,  out- 
side the  chimney,  will  press  inward  from  below.  The 
cause  of  this  movement  is  the  difference  in  temperature 
between  the  inside  and  outside  columns  of  air,  for  if  this 
difference  disappears  equilibrium  is  re-established  and 
the  movement  ceases. 

In  houses  and  dwellings  of  all  kinds,  these  same  physi- 
cal forces  are  constantly  at  work,  tending  to  bring  about 
a  change  of  air  within  them.  The  porous  nature  of  our 
building  materials,  the  winds,  and  the  differences  in  tem- 
perature between  inside  and  outside  air  are  the  efficient 
causes  of  this  natural  ventilation.  In  an  experiment  by 
von  Pettenkofer  it  was  found  that  in  a  room  of  75  cubic 
metres'  capacity  one  complete  change  of  air  was  produced 
in  one  hour  through  a  difference  in  temperature  between 
inside  and  outside,  of  30°  C. 

In  order  to  illustrate  the  working  of  the  principles  of 
this  natural  ventilation,  Recknagel  made  a  box  of  thin 
paper  (see  Fig.  3499)  perfectly  cubical  in  shape,  leaving 
the  bottom  side  uncovered.  Through  this  uncovered 
lower  side  he  heated  the  air  by  means  of  an  alcohol  lamp. 
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thus  imitating  the  conditions  under  which  natural  venti- 
lation occurs  in  any  heated  space  in  which  doors  and 
windows  are  closed.  It  was  sliown  by  manometrical 
measurements  that  in  the  upper  portion  of  such  a  box 
there  was  overpressure,  while  in  the 
lower  portion  of  it  there  was  under- 
pressure. In  the  upper  portion  the 
walls  were  pressed  outward,  in  the 
lower  portion  they  were  pressed  in- 
ward. About  the  middle  part  the 
pressure  was  —  0,  and  the  line  of  this 
zero  pressure  was  called  the  neutral 
zone.     (See  Fig.  5300,  line  JSf  JSf). 

It  will  easily  be  perceived  that  wher- 
ever ventilation  is  effected  by  suction 
or  exhaustion  there  must  be  under- 
pressure, produced  throughout  the 
entire  enclosure.  The  neutral  zone 
will  rise  up  to  the  ceiling  or  near  the 
place  where  the  exhaustion  is  done. 
The  region  of  underpressure  will  rise 
until  it  prevails  throughout  the  entire 
space.  Under  such  conditions  air  tends 
to  press  into  the  enclosure  from  below, 
through  cracks  In  the  sides,  or  wher- 
Ships.  (From  ever  underpressure  extends.  In  case 
Munson.)  ^jjg    adjoining    rooms    are    kitchens, 

closets,  stuffy  cellars,  galleys,  pantries, 
engine-  and  firerooms,  bilge  or  store-rooms,  as  would  be 
the  case  on  board  ship,  all  the  effluvia  from  these  would 
be  bound  to  pass  into  any  of  the  living  spaces  that  are 
ventilated  after  that  fashion. 

These  facts  would  hold  good  everywhere,  although  a 
ship  is  vastly  different  in  its  material  construction  from 
any  building  on  shore.  A  ship's  bottom  and  sides,  un- 
like those  of  a  house  or  building,  must  practically  be 
made  both  water-  and  air-tight;  hence,  whatever  fresh 
air  gets  into  a  vessel  must  come  from  the  top  side  and 
thence  find  its  way,  as  best  it  can,  to  the  various  parts 
below  It  represents  a  Recknagel's  box  witli  its  inside 
air  heated,  but  with  its  partly  open  side  on  top,  instead 
of  at  tbe  bottom.  Whatever  natural  ventilation  occurs 
in  a  ship  can  best  be  illustrated  by  the  classical  experi- 
ment with  the  unstoppered  bottle.  If  we  lower  a  lighted 
wax  taper  attached  to  the  end  of  a  wire  down  to  the  bot- 
tom of  a  wide-mouthed  bottle,  the  little  flame  will  burn 
brightly  for  a  short  time,  then  grow  gradually  dimmer 
and  dimmer  and  finally  die  out  altogether.  If  we  now 
change  the  conditiims  of  our  first  experiment  by  inserting 
a  piece  of  cardboard  into  the  neck  of  the  bottle  so  as  to 
divide  the  cylindrical  opening  into  two  nearly  equal 
parts  vertically,  and  now  again  introduce  our  lighted 
taper  to  the  bottom,  it  will  burn  brightly  to  the  end. 
The  heated  air  cliarged  with  carbon  dioxide  will  ascend 
through  the  neck  on  one  side  of  the  cardboard,  while  a 
current  of  air.  pure  and  cold,  will  descend  on  the  other 
side  of  it  and  support  the  life  of  the  flame.  As  long  as 
the  hot  air  alone  came  through  the  neck,  fresh  air  was 
prevented  from  entering,  and  whatever  little  did  find  its 
way  into  the  bottle  was  returned  before  it  reached  the 
candle  at  the  bottom. 

The  same  principle  is  also  well  illustrated  by  Fig. 
3501.  Ilei'c  tlie  fresh  air  enters  through  the  long  tube  A, 
and  the  foul  air  passes  out  through  the  short  tube  B. 

A  single  central  tube,  being  equivalent  to  a  septum,  will 
answer  the  same  purpose.  In  this  arrangement  the  warm- 
air  current  passes  up  through  tlie  central  tube,  while  the 
fresh,  cool  current  will  descend  outside  of  the  tubular 
septum.  In  case,  however,  this  central  tube  should  be 
provided  on  top  with  a  hood  whicli  is  turned  to  the 
wind,  then  the  cold  air  will  pass  down  it  and  the  warm 
air  ascpnd  around  and  outside  it.  As  long  as  nature  has 
her  choice,  the  column  of  hot  air  will  be  found  to  occupy 
the_centi-e  and  the  cold-air  currents  will  arrive  from  the 
periphery.  These  simple  principles  explain  the  method  of 
ventilating  ships  by  .means  of  wind-sails,  of  no  matter 
what  construction  they  may  be,  through  hatches.  Tlie 
essential  difference  in  the  methods  of  ventilating  houses 


and  ships  is  that,  in  the  former,  fresh  air  can  be  ad- 
mitted, in  fact  presses  in  from  below,  with  the  greatest 
ease,  while  in  the  latter  it  must  first  be  drawn  from 
above  downward,  wiiich  is  a  matter  of  some  difficulty, 
therefore  also  requiring  special  means  for  its  accom- 
plishment. It  should  never  be  drawn  down  at  a  place 
where  it  meets  with  an  ascending  current  of  warm  air. 
Fresh  air  having  arrived  at  the  lowest  compartment  of 
the  ship,  its  distribution  to  other  parts  of  the  vessel  can, 
of  course,  only  be  effected  on  the  same  principles  and  by 
the  same  means  that  are  employed  in  the  ventilation  of 
houses  on  land. 

After  the  air  has  left  the  ventilating  pipes  and  entered 
the  smaller  compartments  and  living  spaces,  its  further 
distribution  follows  the  laws  of  temperature  and  pressure 
differences,  either  existing  naturally  or  being  produced 
artificially.  Whenever  a  ship  happens  to  run  against 
the  wind,  its  inside  temperature  will  be  found  consider- 
ably higher  in  the  after-part  of  the  vessel  than  in  the 
forward  part;  with  the  wind  on  her  side,  the  leeward 
side  will  show  a  higher  temperature  than  the  windward 
side.  These  differences  are  of  course  greater  in  the  in- 
terior of  the  ship  than  on  the  upper  deck. 

These  simple  principles  of  natural  ventilation  would 
not  have  been  dwelled  on  at  such  length,  were  it  not  that 
daily  experience  has  abundantly  shown  that  an  undue 
lack  of  appreciation  of  them  in  putting  them  into  prac- 
tice is  almost  equivalent  to  entire  ignorance  of  them, 
and  hence  their  having  been  emphasized.  The  problem 
of  ventilating  ships  on  the  best  principles  deserves  our 
most  serious  study  and  devotion. 

Natural-Air  Currents  in  Steamships. — The  student  of 
ships'  ventilation  will  do  well  to  begin  with  familiar- 
izing himself  with  the  movements  of  natural-air  currents 
within  ships  of  different  types,  both  under  varying 
and  under  average  conditions.  In  doing  this,  he  will  at 
first  meet  with  many  rather  startling  surprises.  The 
currents  move  in  quite  unexpected  directions  and  seem 
difficult  to  explain.  Thus,  in  sailing  vessels,  a  number 
of  canvas  wind-sails  are  in  use  (see  Fig.  3502);  these 
wind-sails  are  usually  suspended  from  some  point  high 
above  the  upper  deck  and  have  their  heads  turned  to  the 
wind.  The  air  is  led  down  into  the  deepest  portions  of 
the  ship  by  the  wind  sail  which  passes  straight  down 
through  the  different  hatches  which  are  usually  superim- 
posed. Under  these  conditions,  the  foul  air  rises  outside 
of  the  wind-sail  to  escape  into  the  open.  When,  however, 
either  by  accident  or  design,  the  open  heads  of  the  wind- 
sails  are  turned  away  from  the  wind,  these  currents  will 
be  found  to  be  exactly  reversed,  the  wind-sail  becoming 
an  tiptake  for  the  foul  air  and  the  remaining  space  in  the 
hatch,  outside  the  wind-sail,  becoming  a  down-take  for 
fresh  air.  In  sailing  vessels  the 
temperature  and  pressure  differ- 
ences are,  comparatively  speaking, 
slight  and,  consequently,  a  rather 
trifling  circumstance  suffices  to 
reverse  the  air  currents  within 
them. 

In  a  steamer  of  modern  con- 
struction, such  as  a  cruiser  or  bat- 
tleship, with  enormous  Are-  and 
engine-rooms,  large  steam  pipes 
and  a  number  of  auxiliary  en- 
gines, situated  for  the  most  part 
in  the  middle  or  central  compart- 
ments of  the  ship's  body  and  ra- 
diating considerable  amounts  of  f,g.  3-)n2.— shows  a  Can- 
heat,  air  currents  from  all  parts  vass  Wlnd-snil  of  tbe 
of  the  vessel  would,  under  aver-  Ordinary  Pattern, 
age  conditions,  move  in  their  di- 
rection, that  is,  from  the  colder  lower  and  peripheral 
parts  toward  the  warmer  liigher  and  central  compart- 
ments. Local  heat-producing  centres  and  open  hatches 
will,  however,  here  also  produce  interference  currents 
which  are  sometimes  difficult  to  explain,  although  per- 
fectly natural  when  traced  to  their  cause.  The  nat- 
ural currents  in  steam  vessels  are  not  so  easily  diverted 
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as  those  in  sailing  vessels,  for  reasons  that  miist  now 
seem  obvious. 

From  the  consideration  and  study  of  these  normal  air 
currents  in  ships,  we  derive  one  very  important  lesson 
with  regard  to  the  subject  of  the  artificial  ventilation  of 
vessels  in  general,  namely :  that  any  air  currents  estab- 
ished  by  artificial  means  and  intended  for  purposes  of 
ventilation  must  be  so  directed  as  to  have  concerting 
rather  than  conflicting  action  with  the  normal  ship's  cur- 
rents. It  must  be  clear  that  the  most  effectual  as  well 
as  tlie  most  economical  plans  for  ventilating  ships  by  ar- 
tificial means,  after  natural  ventilation  has  been  found 
insufficient,  consist  in  providing  means  intended  to  aid 
and  increase  the  ventilating  capacity  of  the  natural  cur- 
rents. 

A  supplj'  of  fresh  air,  directed  in  separate  air  shafts  to 
the  lower  and  most  peripheral  compartments  of  a  steam- 
ship, would  be  the  first  step  to  be  taken  and  quite  in  har- 
mony with  the  general  principles  of  ships'  ventilation. 
Hollow  masts,  hatches,  engine-  and  flreroom  gratings 
and  chimney  casings,  owing  to  the  high  temperature 
existing  about  these  places  and  the  consequent  tendency 
of  a  strong  upward  current,  would  send  the  foul  air  out 
of  the  ship  without  the  aid  of  any  other  power  directed 
to  effect  this  end.  By  such  a  system  alone  will  it  be 
possible  to  realize  the  nearest  practicable  approach  to 
that  continuous  mass  movement  of  air  so  desirable  in 
artificial  ventilation.  The  air,  fresh  and  cool,  sent  into 
the  extreme  peripheral  parts  of  a  ship  and  starting  from 
these  parts  on  its  way  through  the  ship,  in  a  direction 
converging  toward  the  various  natural  outlets,  would  do 
the  most  efficient  ventilating  work  attainable  and  with- 
out being  turned  back.  Its  flow  can  be  so  graded  that 
there  will  not  he  the  slightest  danger  from  too  great  a 
draught. 

Economy  in  Ventilation. — The  best  principles  of  econ- 
omy in  ventilation  are  met,  when  the  arrangements  are 
such  that  the  air-contaminating  substances  are  gotten  rid 
of  without  becoming  mixed  with  the  incoming  fresh  air. 
The  nearest  possible  approach  to  such  economical  mass 
movement,  in  a  continuous  flow,  which  can  be  realized 
in  the  ventilation  of  a  ship,  is  in  the  vertical  movement 
of  air,  when,  for  instance,  fresh  air  is  admitted  below 
and  foul  air  passes  up  through  hatches  or  other  natural 
vents.  This  condition  clearly  demands  that  the  supply 
of  fresh  air  be  directed  into  the  lowest  and  most  per- 
ipheral compartments  of  a  ship  through  channels  other 
than  those  operating  as  the  natural  outlets  for  foul  air. 
To  cause  downward  currents  of  fresh  air  through  these 
natural  outlets  of  foul  air,  by  creating  various  degreesof 
underpressure  in  the  lower  compartments  of  a  ship, 
through  exhausting  the  air  there,  must,  in  view  of  these 
facts,  be  considered  contrary  to  every  good  principle  in- 
volved in  ships'  ventilation  so  far  considered. 

Different  Metlwds  of  Ventilation. — In  the  words  of 
Woodbridge  ("Lecture  Notes")  "ventilation  is  by  the 
vacuum  or  the  plenum  method  according  as  the  greater 
motive  power  is  in  the  discharge  or  in  the  supply  part  of 
the  system.  That  power  may  be  solely  in  either  one  or 
the  other  of  the  two  parts,  or  it  may  be  shared  between 
them.  Its  predominance  in  the  one  or  the  other  deter- 
mines the  vacuum  or  the  plenum  character  of  the  venti- 
lation. " 

Vacuum  Method. — This  method  causes  a  movement  of 
air  into  an  enclosure  by  creating  a  partial  vacuum  within 
it.  Into  such  an  enclosure  the  air  then  flows  through 
every  available  channel  both  provided  and  accidental. 
Prom  whatever  points,  therefore,  the  pressure  may  be 
greater  than  in  the  enclosure,  ventilated  by  the  vacuum 
method,  from  thence  it  will  move  toward  that  enclosure. 
Each  such  space,  therefore,  is  more  or  less  at  the  mercy 
of  its  surroundings  and  of  conditions  beyond  the  control 
of  its  occupants.  The  vacuum  method  of  ventilation  on 
board  ship  puts  the  breather  at  the  point  of  discharge  of 
foul  air  and  sends  into  the  living  spaces  specimens  of  air 
from  every  part,  near  or  remote,  whether  filled  with 
good  or  foul  air. 
Plenum  MetJwd.— This  method  puts  each  compartment 


under  a  slight  pressure  and  thus  prevents  leakage  of  air 
from  adjoining  compartments.  It  tends  to  accelerate  the 
flow  of  air  through  natural  outlets  and  gives  the  occu- 
pants control  over  the  source  and  velocity  of  their  air 
supply.  Tills  method  puts  the  breather  at  the  point  of 
supply  and  consequently  in  position  to  breathe  the  best 
of  air.  It  is  recommended  as  the  best  by  Rubuer,  Kirch- 
ner,  Karl  Schmidt,  Notter,  Harrington,  and  Munson. 
As  it  applies  to  ships,  it  is  more  nearly  a  method  of  re- 
moval than  the  other,  and  this  constitutes  the  highest 
degree  of  efficiency  for  any  ventilating  system.  We 
have  seen  that  it  answers  to  the  best  principles  of  econ- 
omy. The  method  is  the  one  best  adapted  to  warm  cli- 
mates in  which  men-of-war  spend  at  least  ninety  per 
cent,  of  their  time.  It  will  supply  a  steady  current  of 
fresh  air  to  all  tlie  compartments  in  the  ship  alike,  and,  by 
tending  to  produce  even  conditions  of  temperature  and 
pressure,  it  will  prevent  currents  and  counter-currents 
between  the  different  enclosures  in  spite  of  free  com- 
munication existing  between  them. 

The  usual  objections  made  to  the  plenum  system  of 
ventilation  are  that  it  gives  rise  to  sensible  draughts  and 
causes  dangerous  colds.  This  is  very  true  for  houses  in 
a  cold  northern  climate  with  a  temperature  difl:erence  be- 
tween inside  and  outside  air  of  from  60°  to  70°  F.  and  in 
which  the  air  coming  into  the  rooms  is  not  sufficiently 
warmed.  These  dangerous  draughts  of  northern  climates 
can,  however,  not  be  taken  into  account  when  designing  a 
ventilating  system  for  a  ship  of  which  it  is  known  be- 
forehand that  it  will  spend  ninety  per  cent,  of  its  time  in 
the  tropics.  We  heat  the  air  by  artificial  means  in  our 
northern  climates  before  admitting  it  into  the  living 
rooms,  in  order  to  enable  us  to  take  in  a  larger  supply  of 
it  without  becoming  sensible  of  it.  But,  in  the  tropics, 
as  must  be  evident,  we  need  not  resort  to  such  artificial 
means  of  heating  the  incoming  air  in  order  to  diminish 
existing  temperature  differences,  and,  consequently,  the 
dangers  due  to  sensible  draughts.  Ventilation  here 
must,  on  the  contrary,  be  designed  for  the  double  pur- 
pose of  having  a  cooling  as  well  as  a  ventilating  effect. 
Besides,  a  dry  atmosphere  of  low  temperature  is  here 
borne  with  greater  ease  and  comfort  than  a  moist  atmos- 
phere with  a  high  temperature,  on  account  of  physical 
heat  regulation  being  more  prominently  active  in  the 
warmer  climates  than  in  the  colder  climates.  It  is  the 
common  experience  of  hygienists  and  sanitarians  that  air 
currents  of  a  temperature  and  velocity  pronounced  dan- 
gerous in  northern  climates  must  be  considered  well 
within  the  range  of  perfect  safety  in  ships  cruising  in 
the  tropics.  An  efficient  supply  of  air  to  the  lower 
decks  of  a  ship  in  the  tropics  rarely,  if  ever,  gives  rise  to 
a  dangerous  draught  or  even  a  noteworthy  feeling  of 
discomfort.  The  colds  are  generally  caught  on  deck 
while  the  men  are  asleep  in  an  exposed  part  of  the  ship. 
Many  people  fear  draughts,  and  attribute  to  this  cause 
not  only  all  the  colds  they  catch  but  also  all  their  other 
ills  into  the  bargain.  Some  are  so  acutely  sensitive,  es- 
pecially within  doors,  that  they  feel  air  currents  that  are 
beyond  being  measured  by  the  most  dehcate  instruments 
of  precision.  The  same  people  will  sit  out  of  doors, 
where  the  air  moves  at  the  rate  of  10  metres  a  second, 
without  either  complaint  or  harm. 

Of  one  tiling  I  am  daily  growing  more  assured,  namely: 
that  the  limits  to  the  velocity  of  air  currents,  given  in 
works  on  ventilation,  for  houses  and  buildings,  do  not 
apply  to  ships.  To  live  on  board  ship  is  more  like  living 
out  of  doors  than  living  within  a  room. 

Air  currents  that  would  be  both  disagreeable  and  dan- 
gerous in  rooms  of  houses  on  land  are  still  borne  with 
comfort  and  without  danger  on  board  ship ;  hence,  also,  a 
much  larger  supply  of  fresh  outside  air  can  be  provided 
for  in  the  case  of  ships  than  in  that  of  houses  and  build- 
ings on  land  without  overstepping  the  safety  limits. 

■  Dilution  or  Eemoml  in  Ventilation. — The  ideal  aim  of 
any  ventilating  svstem,  in  theory  at  least,  must  be  the 
getting  rid  of  the" foul  air  in  an  enclosure  and  the  replac- 
ing it  with  fresh  air,  without  the  two  becoming  mixed. 
In  practice,  however,   and  as  Rubner  has  long  since 
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pointed  out,  we  are  obliged  to  take  the  air  for  inspiration 
from  the  same  reservoir  into  which  we  send  our  expira- 
tory air.  It  would,  therefore,  seem  impossible  for  any 
ventilating  system  to  separate  the  one  from  the  other,  and 
all  ventilation  must,  accordingly,  proceed  after  the  man- 
ner of  a  process  of  dilution  and  be  so  arranged  as  to  keep 
the  enclosed  air  from  reaching  a  composition  very  much 
different  from  the  outside  air. 

According  as  to  wliether  we  remove  the  foul  air  and 
replace  it  with  fresh  air  without  the  two  becoming  mixed, 
or  whether  we  maintain  in  the  air  of  an  enclosure  a  com- 
position not  dangerously  far  from  that  found  outside  by 
the  constant  and  continuous  introduction  of  fresh  air,  we 
may  be  said  to  ventilate  either  by  the  metliod  of  removal 
or  by  that  of  dilution.  The  removal  method  reaches  its 
maximum  applicability  and  elficiency  in  such  cases  as 
the  fireplace,  the  chemical  hood,  the  kitchen  range  bon- 
net, and  the  blacksmith's  forge.  The  nearest  practicable 
approach  to  this  method  on  shipboard  is  effected  by  the 
escape  of  foul  air  through  an  open  hatch.  Whenever 
and  wherever  air  is  warmed  in  transit,  as  it  is  in  steam- 
ships in  passing  from  the  cooler  peripheral  compartments 
toward  the  warmer  central  ones,  economical  and  effectual 
escape  of  foul  air  occurs  by  an  upward  movement  through 
a  hatch.  The  foul  air,  under  such  circumstances,  makes 
a  direct  escape  into  the  open  and  does  not  return  to  mix 
with  the  incoming  fresh  air,  providing,  of  course,  the 
proper  outlets  are  free  and  unobstructed  and  it  meets  or 
passes  no  compartment  on  its  way  in  which  underpress- 
ure exists.  In  such  ventilation,  economy,  efficiency,  and 
excellence  reach  their  maximum.  What  the  chemical 
hood  is  to  the  laboratory,  what  the  range  bonnet  is  to  the 
kitchen,  that  the  vertical  foul-air  shaft  or  hatch  is  to  the 
ventilation  of  a  ship.  Providing  the  proper  number  of 
fresh-air  inlets  has  been  provided  and  distributed  in  such 
a  manner  as  to  allow  the  incoming  air  to  do  the  most 
efEectual  ventilating  work,  such  would  be  the  natural 
air  currents  on  board  every  ship  of  the  type  represented 
in  the  above  description. 

Would  any  one  with  the  full  knowledge  and  appre- 
ciation of  these  principles  of  natural  ships'  ventilation 
choose  a  ventilating  system  at  variance  with  them?  Let 
us  confess  that  it  would  be  difficult  for  any  one  to  believe 
that  such  a  one  exists.  Ventilation  by  natural  means 
having  been  found  insufficient,  let  us  without  hesitation, 
and  basing  our  arguments  upon  the  above  grounds,  put 
the  fresh  air  directly  where  it  is  most  needed,  place  our 
power  on  the  supply  side  of  our  system  and  thus  give  it 
the  plenum  character;  let  us  aid  rather  than  antagonize 
natural  currents,  and  we  shall  have  the  satisfaction  of 
coming  nearer  to  a  perfect  method  of  ventilating  a  ship 
than  by  any  other  known  means. 

Perflation  signifies  a  blowing  through.  When  the 
wind  moves  across  the  deck  of  a  ship  that  has  its  ports 
open  on  both  sides,  as  is  sometimes  the  case  on  the  decks 
that  are  above  the  water  line  in  fine  smooth  seas  with 
light  winds,  such  decks  may  be  said  to  be  ventilated  by 
perflation.  No  method  of  either  natural  or  artificial  ven- 
tilation is  comparable  to  this  in  the  volume  of  air  moved 
and  in  the  ventilating  effect  produced.  It  should,  there- 
fore, be  taken  advantage  of  and  used  at  every  favorable 
opportunity  that  offers  itself  for  the  purpose  of  directly 
aerating  parts  of  ships  not  generally  accessible  to  such 
direct  ventilation. 

Relation  between  Size  of  Hatches  and  Tonnage  of  SJtips. — 
Notwithstanding  the  great  importance  of  the  hatches  in 
their  relation  to  the  ventilation  of  the  interior  of  ships, 
there  seem  to  exist  no  fixed  rules  for  a  definite  relation 
between  the  square  area  of  them  and  the  tonnage  of  ves- 
sels which  the  constructor  is  bound  to  follow.  Thus, 
Rochard  and  Bodet  mention  several  very  striking  in- 
stances, illustrating  this  very  important  point,  as  existing 
in  the  French  navy:  L' Ocean  of  the  French  navy  has 
hatches  of  a  total  square  area  of  64'"',  40  and  a  displace- 
ment of  8,000  tons.  The  Forbin  has  only  one-fourth  of 
the  displacement  of  the  Ocean,  while  her  hatches  have  but 
one-tenth  of  the  square  area  of  that  vessel.  The  Hoche 
displaces  nearly  one-third  more  than  the  Ocean  but  her 


spardeck  hatches  have  a  square  area  of  only  one-half  that 
of  the  Ocean.  A  number  of  similar  instances  could  be 
cited  concerning  ships  in  the  American  navy  and  show- 
ing the  same  lack  of  proper  relation  between  the  square 
area  of  the  hatches  and  the  tonnage,  but  the  above  exam- 
ples suflice. 

Nor  are  the  number,  size,  and  location  of  these  hatches 
and  their  relation  to  each  other  on  the  different  decks  of 
the  same  vessel  matters  of  minor  importance  to  the  in- 
terests of  the  ventilation  of  the  vessel.  Thus,  superim- 
posed hatches  favor  the  natural  ventilation  of  the  lower 
compartments,  while  alternating  hatches  favor  the  circu- 
lation of  air  through  the  'tween-deck  compartments. 
The  location  of  a  hatch  often  determines  its  function  as 
an  uptake  for  foul  air  or  a  down-take  of  fresh  air.  Tur- 
rets, railings,  and  other  obstacles  in  the  way  toward 
hatches  and  ventilators  divert  a  large  quantity  of  air, 
preventing  it  from  going  into  the  ship.  Moreover,  with 
the  wind  ahead,  the  forward  compai'tments  are  the  best 
ventilated,  the  hatches  in  this  part  becoming  inlets, 
while  the  after-ones  become  outlets.  The  velocity  of  a 
head  wind  is  increased  by  the  speed  of  the  vessel,  so  far 
as  its  ventilating  effect  is  concerned.  The  opposite  is 
true  for  a  wind  going  in  the  same  direction  as  the  vessel. 
With  the  wind  on  either  side,  the  best  ventilating  work 
is  done  by  perflation. 

Wooden  gratings  with  which  hatchways  and  air-shafts 
are  covered  reduce  the  area  for  ventilating  purposes 
three-fourths  of  their  capacity.  Perforated  iron  gratings 
are  recommended  and  come  into  use  more  and  more,  be- 
cause they  have  been  found  superior  to  wooden  ones. 
Thus,  simple  hexagonal  openings  in  iron  plates  in  which 
the  arms,  separating  the  openings,  are  just  one-half  the 
width  of  the  openings  themselves,  decrease  the  ventilat- 
ing capacity  by  only  one-half  instead  of  three-fourths. 

Ventilation  is  not  equally  important  to  all  compart- 
ments, and  from  this  point  of  view  they  have  been  di- 
vided into  four  classes : 

1.  There  are  the  cells  of  the  double  bottoms.  These, 
are  rarely  opened,  and  whenever  opened  for  inspection 
they  are  never  entered  without  the  air  enclosed  within 
them  being  changed  by  means  of  portable  ventilators. 
Their  influence  upon  the  hygiene  of  the  vessel  is  practi- 
cally nil. 

3.  There  are  the  various  storerooms  for  cordage  and 
sails,  provisions  and  clothing,  water,  ammunition,  en- 
gineer's stores  and  others.  In  these  it  is  only  necessary 
that  the  air  should  not  absolutely  stagnate. 

3.  The  'tween-deck  compartments  that  are  inhabited 
by  the  crew  are,  of  course,  of  the  greatest  importance 
and  ventilation  here  must  be  ample,  safe,  and  constant. 

4.  The  various  workshops,  engine-  and  flrerooras  in 
which  men  stand  watch  or  are  kept  at  work  for  stated 
periods  night  and  day.  The  rooms  in  which  are  located 
the  steering,  pumping,  hydraulic,  circulating,  and  con- 
densing engines,  and  which  in  protected  cruisers  and 
battleships  are  found  below  the  protective  deck,  need  a 
sure  and  steady  air  supply.  Ventilation  of  these  places 
has  the  double  purpose  of  cooling  the  air  as  well  as  re- 
newing the  oxygen.  Inlets  in  these  compartments 
should  be  distributed  all  around,  in  order  to  avoid  the 
dangerous  effects  that  would  be  produced  by  a  single 
strong  current. 

Sources  of  Contamination  of  tlie  Ship's  Air. — The  com- 
position of  the  air  onboard  ships  of  war  is  influenced: 
(1)  By  human  life  and  activity ;  (3)  by  various  nuisances 
of  an  industrial  origin ;  (3)  by  the  bilge  water. 

1.  Human  life  and  activity  change  both  the  physical 
and  the  chemical  composition  of  an  atmosphere  in  several 
ways,  namely :  (a)  they  take  from  it  oxygen  and  replace 
the  same  with  carbon  dioxide ;  (i)  they  increase  its  hu- 
midity ;  (c)  they  add  to  its  temperature. 

From  the  physical  side,  the  processes  of  life  have  been 
likened  to  the  phenomena  commonly  observed  about  a 
steam-engine.  Neither  animal  life  nor  steam-engines  can 
be  kept  going  without  food  or  fuel;  both  do  a  definite 
amount  of  work,  the  energy  for  which  is  derived  from 
the  oxidation  or  combustion  of  substances  put  inside  of 
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them,  and  both  produce  certain  effete  end-products  that 
are  similar,  namely :  carbon  dioxide,  water,  heat,  and  the 
various  products  of  excretion  (ashes). 

An  efficient  ventilation  to  an  overcrowded  ship  is  as 
necessary  and  has  the  same  significance  as  forced  draught 
for  a  furnace  overloaded  with  coal.  A  deficient  ventila- 
tion is  attended  by  the  elimination  of  a  series  of  products 
that  are  not  normally  present  in  either  expired  air  or  per- 
spiration; to  this  class  of  compounds  belongs  the  antliro- 
potoxin  of  Brown-Sequard.  These  poisonous  substances, 
produced  under  the  influence  of  a  deficient  ventilation, 
may  well  be  compared  to  the  products  of  an  incomplete 
combustion  produced  in  a  furnace  and  consisting  of  both 
invisible  poisonous  gases  and  visible  smoke.  Since  a 
state  of  overcrowding  must  be  looked  upon  as  the  nor- 
mal condition  of  life  on  a  warship  and  as  a  necessary 
accompaniment  of  all  activity  there,  an  efficient  ventila- 
tion on  board  a  ship  becomes  a  much  more  serious  prob- 
lem than  on  shore. 

If  we  assume  with  Rochard  and  Bodet  that,  under  nor- 
mal conditions,  a  man  with  his  respiration  vitiates  1 
cubic  metre,  or  about  86  cubic  feet,  of  air  in  one  minute, 
he  vitiates  in  one  hour  60  cubic  metres,  in  twelve  hours 
7,300  cubic  metres.  A  group  of  500  men,  the  usual 
number  on  board  a  battleship,  would  then  vitiate  in 
twelve  hours  360,000  cubic  metres,  or  about  12,960,000 
cubic  feet.  Such  a  group  of  men  living  in  a  space  of 
2,500  cubic  metres  capacity  would  vitiate  their  available 
air  quantum  150  times,  and,  to  keep  it  pure  and  within 
respirable  limits,  it  would  need  to  be  renewed  13.5  times 
per  hour.  How  overcrowding  increases,  apparently  in 
geometrical  progression,  the  carbon  dioxide,  organic 
matter,  and  the  number  of  germs  in  an  atmosphere  is 
shown  by  Carnelley,  Haldane,  and  Anderson  (Kirchner) 
ia  the  following  table : 


Table  I. 

Living  in— 

Carbon  dioxide. 
Per  minute. 

OrRanie  matter. 
Per  minute. 

Number  ol 

germs. 

Per  litre. 

1.12 
.99 

.77 

0.0157 
.0101 
.0045 

60 

Two  rooms 

Three  rooms 

46 
9 

No  wonder  that  the  mortality  tables  show  a  corre- 
sponding increase.  People  living  in  one  room  show  a 
mortality  of  33.3;  those  living  in  two  rooms  a  mortality 
of  18.8,  and  those  Uving  in  three  rooms  17.3,  while  those 
who  live  in  four  or  more  rooms  have  a  mortality  of  only 
13.3  per  cent,  out  of  a  general  mortality  of  30.7  per  cent. 
These  conditions  are  directly  applicable  to  life  on  board 
ship. 

But  human  life  and  activity  add  also  heat  and  moisture 
to  the  atmosphere.  An  adult  man  produces  in  his  body 
in  twenty -four  hours  3,300  large  calories,  an  amount  of 
heat  sufficient  to  increase  the  temperature  of  23  litres  of 
water  from  0°  to  100°  C.  Through  the  skin,  by  evapor- 
ation, he  loses  from  600  to  3,400  c.c.  of  water  in  twenty- 
four  hours,  the  exact  amount  depending  upon  the  temper- 
ature, relative  humidity,  and  the  amount  of  movement 
of  the  atmosphere  surrounding  him.  This  would  corre- 
spond to  a  heat  loss  of  from  348,830  to  ]  ,873,380  calories. 
The  total  heat  loss  is  distributed  as  follows; 


Table  II. 

von  Helmboltz. 
Per  cent. 

Vierordt. 
Per  cent. 

77.5 

19.9 

2.9 

86.9 

11.1 

Tlirougli  bowels  and  kidneys 

2.0 

3.  Industrial  nuisances.  The  modern  battleship  may 
be  said  to  combine  within  its  sides  all  the  varied  indus- 
tries of  a  manufacturing  town  pressed  into  the  smallest 
possible  space  with  all  its  accompanying  nuisances  in  a 


concentrated  form ;  the  principal  ones  among  them  being 
those  which  come  from  the  engine-  and  flrerooms,  in  the 
form  of  gases,  heat,  and  moisture.  The  products  of  in- 
complete combustion  of  coal  may  find  their  way  into  liv- 
ing spaces  through  processes  of  diffusion  or  the  wrong 
kind  of  ventilation  such  as  the  vacuum  method.  Heat 
may  accumulate  owing  to  faulty  construction  or  imper- 
fect covering  of  heat-radiating  surfaces  in  certain  living 
spaces,  close  to  engines  and  steam  pipes.  Steam  escapes 
more  or  less  constantly  from  imperfect  or  worn-out 
joints.  The  mean  loss  of  water  from  escape  of  steam 
through  pipes  alone  in  a  modern  protected  cruiser  has 
been  estimated  to  be  about  four  tons  daily.  Plumert 
mentions  a  case  of  poisoning  with  carbon  monoxide  which 
occurred  in  one  of  the  compartments  of  a  torpedo  boat,  and 
which  shows  how  dangerous  gases  may  be  diverted  and 
get  into  living  spaces.  A  hole  was  bored  through  one  of 
the  bulkheads  separating  the  smoke-room  from  the  living 
spaces,  for  the  purpose  of  laying  electric  wires,  and 
through  this  small  opening,  the  carbon  monoxide  had 
made  its  way  from  the  smoke-room  to  the  men.  In  an 
empty  ammunition  room  which  had  remained  closed  up 
for  some  time  on  board  the  Saohsen,  Gartner  found  up  to 
51  parts  per  1,000  of  carbon  dioxide.  The  men  who  en- 
tered this  compartment  became  suddenly  asphyxiated. 

3.  The  bilge  is  a  constant  source  of  air  contamination. 
This  fluid  accumulates  perpetually  near  the  keel,  along 
the  bottom  of  the  very  lowest  compartment  of  a  ship 
and  corresponds  to  the  ground  water,  surface  water,  or 
sewage  of  our  buildings  on  land.  It  is  sea  water  mixed 
with  the  off-fall  from  all  sorts  of  cargo,  provisions,  wash 
water,  coal,  ashes,  grease  from  machinery,  dead  rats,  the 
organic  matter  from  everything  living  in  the  sea,  in  short 
a  portion  of  everything  that  finds  its  way  sooner  or  later 
into  ships,  will  gravitate  finally  into  the  bilge. 

In  iron  ships  the  sea  water  comes  in  through  the  shaft 
alley  alone,  while  in  wooden  ships  it  may  at  times  press 
in  through  every  seam  below  the  water  line.  The  bilge 
is  therefore  less  abundant  in  the  former  than  in  the  lat- 
ter. Dr.  Nocht  found  from  8,000  to  15,000,000  germs 
in  1  c.c.  of  bilge  water.  B^ermentation  is  very  naturally 
the  normal  condition,  and  the  gases  constantly  produced 
pass  either  into  the  ship's  atmosphere  or  accumulate 
within  spaces  not  ordinarily  included  in  the  general  at- 
mospheric circulation.  The  farther  away  we  pass  from 
the  keel  of  a  ship,  the  higher  we  ascend  the  ship's  ladder, 
the  purer,  the  drier,  and  the  cooler  becomes  its  atmos- 
phere. 

Besides  the  above-described  sources  of  contamination 
there  are  others  which  are,  however,  not  remedied,  as  are 
these,  by  an  efficient  ventilation,  and  hence  they  were 
not  included  in  the  above  enumeration.  These  are  dirty 
personal  habits  and  dirty  clothes  as  well  as  a  dirty  ship. 
Nothing  short  of  water,  soap,  the  brush,  and  strenuous 
work  will  reach  these. 

Influence  of  Vitiated  Air  on  Human  Life.— There  is, 
besides  sudden  death  due  to  asphyxia  from  the  inhala- 
tion of  air  overcharged  with  carbon  dioxide,  a  process  ot 
slow  dying,  due  to  living  in  badly  ventilated  rooms,  which 
is  not  so  clearly  and  so  generally  recognized  nor  so  direct- 
ly and  clearly  traceable  to  its  cause.  Non-medical  obser- 
vers and  the  victims  themselves  do  not  reahze  the  causal 
connection  between  bad  ventilation  and  this  condition; 
hence  also  the  lack  of  complaints  with  regard  to  poor 
ventilation  from  that  source.  The  usual  and  immediate 
effects  of  breathing  foul  air  are  pallor  of  the  skm,  dis- 
turbances of  digestion,  impairment  of  assimilation,  loss 
of  muscular  and  mental  vigor,  and  a  tendency  to  physical 
break-down  and  disease.  The  difference  in  the  complex- 
ion between  the  deck-hands  and  the  fire-  and  engme-room 
men  on  board  a  man-of-war  may  well  be  seen  at  a  mus- 
ter, when  the  two  classes  of  men  are  drawn  up  in  line  on 
opposite  sides  of  the  deck  of  the  ship.  On  one  side  you 
may  see  the  ruddy  and  rosy  faces  of  the  deck-hands,  on 
the  other  the  pale,  sallow  features  and  sunken  eyes  of 
the  men  who  work  below. 

Antliropotoxins  in  ^ir.— Determinations  of  carbon  di- 
oxide often  fail  to  give  information  in  all  respects  satis- 
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factory  as  regards  the  degree  of  atmospheric  contami- 
nation, and  an  air  must  often  be  pronounced  unSt  for 
respiration,  especiall.y  on  board  ship,  before  either  lack 
of  oxygen  or  tlie  undue  accumulation  of  carbon  dioxide, 
and  even  watery  vapor  can  be  accused  of  being  the 
causes  thereof. 

What  exactly  these  poisonous  substances  are  and 
wlience  they  originate,  what  their  nature  and  chemical 
composition  may  be,  we  do  not  as  yet  know  with  cer- 
tainty. In  their  elfects  they  are  like  poisons.  Since 
they  are  known  especially  to  accumulate  in  places  over- 
crowded by  human  beings,  an  exact  knowledge  of  their 
origin  anil"  composition  would  be  of  great  interest  to 
naval  hygiene. 

Brown-Sequard  and  d'Arsonval  once  believed  that  they 
had  discovered  in  stagnant  expired  air  a  toxic  alkaloid 
which,  consequently,  they  named  anthropotoxin,  and 
which,  indeed,  when  injected  under  the  skin  of  mice, 
killed  them  within  a  few  hours.  Rauer  repeated  but  did 
not  confirm  the  expeiiments  of  Brown-Sequard.  The 
problem  has  recently  been  taken  up  agahi  by  Pornianek 
(Arehii)  f.  Jli/gieiie, 'Bd.  xxxviii..  Heft  1),  who  makes  it 
appear  likely  that  the  problematic  substance  is  an  am- 
monia compound,  not  so  much  the  result  of  the  decom- 
position of  expired  air  as  it  is  of  the  decomposition  of 
ui'ine,  faces,  and  of  the  buccal  contents  of  the  animals 
experimented  on.  He  concludes  that  the  distress,  the 
nausea,  and  the  fainting  tits  which  occur  in  overcrowded 
enclosures  under  poor  ventilation  cannot  be  attributed 
to  a  single  and  always  uniform  factor.  It  seems,  there- 
fore, tliatPormanek  likewise  has  failed  to  confirm  the  re- 
sults of  Brown-Sequard  and  d'Arsonval.  According  to 
the  experiments  of  Liibbert  and  Peters  on  guinea-pigs, 
the  poison,  if  it  exists  at  all,  is  not  an  organic,  that  is, 
not  a  carbon-containing  or  combustible  substance.  Wolf- 
hl'igel  insists  that  it  is  not  contained  in  normal  but  always 
only  in  stagnant  and  decomposed  expired  air.  The  pres- 
ence of  a  well-defined,  well-characterized  chemical  poison 
in  bad  air  would  form  one  of  the  most  convenient  means 
of  determining  the  degree  of  its  contamination.  Such  a 
substance  is  as  yet  rmknown.  Nor  is  it  definitely  known 
"whether  these  substances  do  their  harm  through  being 
inhaled  or  wliether  their  presence  in  the  atmosphere  sim- 
ply inhibits  the  further  elimination  of  them  from  our 
bodies,  and  thus  gives  rise  to  poisoning  liy  the  retention 
of  an  excretory  product.  Certain  it  is,  according  to 
Rubner,  Seegen,  and  Nowak, 
that  when  animals  are  kept  in 
closed  spaces,  in  which  care  is 
taken  to  remove  the  expired 
carbon  dioxide  and  to  re-sup- 
ply the  used-up  oxygen,  the 
animals  nevertheless  succinnb 
after  a  time. 

EstiiiKition  of  the  QindUy  of 
.li/-.— Since,  as  we  have  just 
seen,    chemistry    has    as     yet 


Fig.  XjOS.-Represcnta   tlie    Liini;e-Zecl(('n(l<irf  Carlion-Dloxicle  Ap- 
Viiiratiis.     (From  Kir-cliniT.) 

failed  to  find  a  convenient  ciiemical  compound  in  the 
air  by  the  determination  of  which  we  might  staudai-ilize 
a  normal  atmosphere,  we  must  resort  to  le.ss  direct  meth- 
ods. Experience  seems  to  hold  the  chemical  determina- 
tion of  the  amount  of  carbon  dioxide  as  the  most  i-eli- 
able  method  for  estimating  the  quality  of  a  specimen  of 
air.  The  metljod  for  the  determination  of  the  amount 
of  organic  matter  in  air  with  potassium  permanganate 
has  been  found  very  inaccurate  by  Archarow  and  Em- 


merich, and  the  method  proposed  by  Rietschel,  of  using 
the  temperature  as  an  indicator  of  the  degree  of  contam- 
ination of  the  air,  could  hardly  find  application  on  board 
ships  which  produce  heat  iii  such  enormous  amounts 
as  do  the  modern  battleships  and  protected  cruisers. 

Deteniiination  of  Cti/rhoii  Dioxide  in  Air. — It  is  known 
that  barium  oxyhydrate  combines  with  CO2  according  to 
the  foi-mula,  Ba(OII)2  -)-  CO2  =  BaCOa  +  H,0.  Petten- 
kofer  proceeds  as  follows:  A  bottle  containing  5  litres 
of  the  air  to  be  examined  receives  50  c.c.  of  baryta  water. 
After  thorough  shaking  and  allowing  to  stand  for  a  few 
minutes,  all  the  C0»  that  was  in  the  air  of  the  bottle  is 
now  supposed  to  have  combined  with  tlie  barium  oxy- 
hydrate. The  uncombined  barium  is  now  converted 
into  an  oxalate  according  to  the  formula:  C'sOjHa-l-Ba- 
(0H)2  =  CoOjBa  -f  2HoO;  From  this  the  amount  of  CO2 
in  the  specimen  of  air  may  easily  be  ccmiputed.  Although 
accuracy  is  decidedly  in  favor  of  Pettenkofer's  method 
with  baryta  water,  other  considerations  will  sometimes 
cause  us  to  sacrifice  accuracy  and  to  decide  in  favor  of 
anotlier  method  on  account  of  its  convenience.  Several 
methods  of  this  kind  have  been  published  recently. 
Thus,  "A  Rapid  Method  of  Determining  Carbonic  Acid 
in  Air"  has  appeared  in  a  recent  number  of  the  Journal 
of  Hygiene  (University  Press,  Cambridge,  England)  by 
John  Haldane.  The  apparatus,  neatly  fixed  in  a  wooden 
portable  box,  represents  a  simple  form  of  Haldane's  gas 
analysis  apparatus;  it  is  so  arranged  that  the  CO2  is  ab- 
sorbed by  a  potash  solution.  The  final  reading  indicates 
the  parts  of  CO2  contained  in  10,000  parts  of  air.  The 
whole  observation  can  be  made  in  five  minutes.  Lunge 
(see  Pig.  3508)  ("Zur  Frage  der  Ventilation,"  Zurich, 
1877)  uses  a  bottle  of  50  c.c.  capacity,  closed  by  a  double 
perforated  cork  and  containing  7  c.c.  of  a  6  to  1,000  bary- 
ta solution.  Through  one  of  the  holes  in  the  cork  a  long 
glass  tube  reaching  to  the  bottom  of  the  bottle  is  intro- 
duced :  the  outer  end  of  this  tube  is  closed  with  a  piece 
of  rubber  tubing  and  a  clamp.  The  second  hole  in  the- 
cork  is  provided  with  a  short  tube,  the  outer  end  of  which 
is  connected  with  a  bulb.  This  rubber  bulb  has  a  slit 
which  serves  the  purpose  of  a  valve,  permitting  the  air  in 
the  bulb  to  be  pres.sed  out  without  going  into  the  bottle, 
but  not  to  re-enter  the  bulb,  except  with  the  air  that 
passes  through  the  baiyta  water  in  the  bottle  by  way  of 
the  long  tube.  To  this  end  the  clamp,  of  course,  is  taken 
off.  The  bulb  having  a  capacity  of  25  c.c.  the  air  quan- 
tum, sent  through  the  baryta  water,  can  be  easily  esti- 
mated. Wiien  the  test  is  made,  the  air  is  drawn  through 
the  bottle  until  a  lead-pencil  mark  on  the  side  of  the  bot- 
tle, opposite  the  eye  of  the  observer,  becomes  invisible 
through  its  contents.  The  table  below  gives  the  values. 
To  the  number  of  fillings  must  be  added  two  volumes 
representing  the  capacity  of  the  bottle. 

Table  Itl. 


Number  of 
flUings. 

Volumes 
per  10,0CX). 

Number  of 
flUings. 

Volumes 
per  10,1  K».  . 

4 

.5 
(i 

7 

±;.o 

17.6 
14.8 
12.1; 

8 
9 
10 
H 

11.0 

9.8 
8.8 
8.0 

This  method  has  more  recently  been  greatly  improved 
by  Lunge  and  Zeclicndorf  (Zcitxehrift  f.  angeicandte 
Chemie,  1888,  Heft  14,  and  1889,  Heft  1).  Instead  of 
baryta  water,  a  decinormal  solution  of  soda  is  used. 
To  1  litre  of  the  soluHon  there  is  added  0.1  gm.  of 
]iheuol]ihthalein  which  colors  the  solution  dark  blue. 
Two  cubic  centimetres  of  this  solution  are  mixed  with 
100  c.c.  of  air-free  distilled  water.  The  empty  bottle 
is  now  filled  with  the  air  to  be  examined  and  10  c.c.  of 
the  dilute  solution  are  added.  The  bulb  is  now  worked 
once  and  the  bottle  shaken  for  a  minute.  This  proc- 
ess is  repeated  until  the  color  of  the  fluid  has  changed 
from  blue  to  j'ellow. 

The  values  ma}'  be  seen  in  the  next  table : 
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Table  iv. 


Number  of 

Volumes 

Number  of 

Volumes 

fillings. 

per  1,000. 

fillings. 

per  1,000. 

48 

0.3 

8 

1.3 

35 

A 

7 

1.4 

27 

.5 

6 

1.5 

31 

.6 

5 

1.8 

17 

.7 

i 

3.1 

10 

.9 

3 

3  .5 

9 

1.0 

w 

3.0 

More  recently  still  a  neat  and  handy  method  similar  to 
the  preceding,  and  based  on  practically  the  same  princi- 
ples, has  been  devised  by  Dr.  G.  W.  Fitz.  This  method 
is  carried  out  by  shaking  a  small  quantity  of  dilute  lime 
water,  colored  pink  with  phenolphthalein,  with  succes- 
sive portions  of  air  until  the  solution  is  decolorized. 
The  method  has  of  late  been  made  still  more  practicable 
by  Woodman  and  Richards  {Technology  Quarterly,  vol. 
xiv.,  No.  3,  June,  1901).  Since  I  have  used  this  method 
quite  a  little  and  have  found  it  to  answer  every  purpose 
on  board  ship,  being  easy  of  application,  also  sufficiently 
accurate,  a  detailed  description,  given  by  Woodman  and 
Richards,  will  here  follow : 

Description  of  MetJwd  of  Using  tlie  Shaker  for  Determin- 
ing the  Amount  of  Oarbon  Dioxide  in  the  Air. — "The 
method  of  preparation  of  the  solutions  and  the  manner 
of  making  the  tests  which  have  been  found  to  give  the 
best  results  will  be  described  in  detail,  since  experience 
has  shown  that  these  directions  cannot  be  too  minute. 

" Preparation  of  the  Test  Solution. — The  solution  used 
is  a  dilute  solution  of  lime  water  colored  with  phenol- 
phthalein. To  freshly  slaked  lime  add  twenty  times  its 
weight  of  water  in  a  bottle  of  such  size  that  it  is  not 
more  than  two-thirds  full.  Shake  the  mixture  contin- 
uously for  twenty  minutes,  and  then  allow  It  to  settle 
over  night  or  until  perfectly  clear.  The  resulting  solu- 
tion is  the  stock  lime  solution,  or  '  saturated  lime  water. ' 
If  made  in  the  manner  indicated,  each  cubic  centimetre 
of  it  ought  to  be  very  nearly  equivalent  to  1  mgm.  of 
carbon  dioxide.  If,  however,  it  is  desired  to  know  the 
strength  of  it  more  exactly,  it  may  be  determined  by 
standard  acid. 

" To  prejDare  the  'test  solution,'  pour  into  the  1-litre 
bottle  of  the  testing  apparatus  one  measured  litre  of  dis- 
tilled water,  and  add  5  c.c.  of  solution  of  phenolphthalein 
(made by  dissolvingO.7  gm.  of  phenolphthalein  in  50 c.c. 
of  alcohol  and  adding  an  equal  volume  of  water).  Stand 
the  bottle  on  a  sheet  of  white  paper  and  add  the  '  satu- 
rated lime  water, '  drop  by  drop  from  a  pipette,  shaking 
the  bottle  thoroughly  after  each  addition,  until  a  faint 
pink  color  is  produced  which  is  permanent  for  one  min- 
ute. Now  add  13.6  c.c.  of  the  'saturated  lime  water, ' 
shake,  and  immediately  connect  the  bottle  again  to  the 
apparatus. 


n 

M 

Standard 

test 
solution. 

in  10,000. 

"Half 
solution." 

in  10,000. 

Standard 

test 
solution. 

in  10,000. 

.as  t: 
1" 

"Half 
solution." 

CO2 
in  10,000. 

23.3 

50 

15.6 

8.9 

270 

4.1 

18.0 

70 

12.4 

5.6 

390 

3.95 

15.1 

90 

10.3 

5.4 

310 

3.8 

13.0 

110 

8.7 

5.1 

330 

3.7 

11.3 

130 

7.5 

4.8 

350 

3.6 

9.9 

150 

6.6 

4.7 

370 

8.8 

170 

5.8 

4.5 

390 

8.0 

190 

5.3 

4.4 

410 

7.3 

310 

4.8 

4.2 

450 

6.8 

230 

4.5 

4.0 

490 

6.3 

250 

4.3 

3.9 

530 

"To  shorten  the  time  required  in  testing  air  which  is 
low  in  carbon  dioxide,  it  may  be  found  advantageous  to 
use  a  solution  only  half  as  strong  as  the  above.  This 
'  half  solution  '  is  prepared  in  precisely  the  same  way, 
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FIG.  3D04.— The  Fitz 
Shaker,  Full  Size. 
(From  Woodman  and 
Bichards.) 


using  3.0  f.c.  of  the  phenolphthalein  solution  and  6.3 
c.c.  of  the  'saturated  lime  water.' 

"  \yhile  this  procedure  does  not  give  an  exact  volume 
of  solution,  It  18  believed  to  be  the  best  for  the  prepara- 
tion of  this  dilute  test  solution,  since  it  obviates  the  nec- 
essity for  pouring  the  prepared  solution  from  the  measur- 
ing flask  into  tlie  bottle  in  which  it  is  kept;  13.6  c.c.  of 
the  stock  lime  solution  is  added 
rather  than  10  c.c,  in  order  to  keep 
the  values  obtained  with  the  re- 
sulting solution  'more  nearly  com- 
parable with  the  older  values  cal- 
culated on  the  supposition  that 
10  c.c.  of  '.saturated  lime  water' 
was  equivalent  to  13. G  mgm.  of 
carbon  dioxide. 

" Method  of  M(il,iiig  the  Test.—iiea 
that  the  inner  tube  of  the  shaker 
slides  readily  in  the  outer  one, 
moistening  the  rubber  collar  slight- 
ly if  necessary.  Have  the  inner 
tube  pressed  down  to  the  bottom 
of  the  larger  one,  and  measure  into 
the  apparatus  10  c.c.  of  the  test 
solution  from  the  automatic  pipette. 
Pull  the  inner  tube  up  to  the  5  c.c. 
mark  (the  bottom  of  the  inner  tube 
serving  as  the  index)  and  close  the 
end  of  tlie  tube  with  the  linger. 
Hold  the  apparatus  horizontally, 
and  shake  it  vigorously  for  exactly 
thirty  seconds. 

"  The  amount  of  air  which  is  thus 
brought  in  contact  with  the  solu- 
tion is  equivalent  to  30  c.c,  as  there  are  25  c.c.  of 
air  above  the  liquid  when  the  small  tube  is  forced  to 
the  bottom  of  the  larger.  Remove  the  finger,  press 
down  the  small  tube  again  to  the  bottom  of  the  larger 
and  draw  it  up  to  the  30  c.c.  mark.  Shake  the  appa- 
ratus again  for  thirty  seconds.  The  amount  of  air 
brought  in  contact  with  the  solution  is  now  30  +  20  =  50 
c.c.  Repeat  the  shaking,  using  30  c.c.  of  fresh  air  each 
time  until  the  pink  color  is  discharged.  The  amount  of 
carbon  dioxide  corresponding  to  the  number  of  cubic 
centimetres  of  air  used  will  be  found  in  Table  A. 

"Notes  and  Preeantions. — Care  should  be  taken  that 
the  finger  used  to  close  the  end  of  the  tube  is  perfectly 
clean,  since  on  a  warm  day  the  free  acid  in  the  perspira- 
tion might  easily  vitiate  the  results. 

"If  greater  accuracy  is  desired,  the  shaker  should  bo 
filled  with  the  air  to  be  tested  before  running  in  the  test 
solution.  This  may  be  done  readily  by  filling  the  shaker 
with  water  and  emptying  it  or  by  forcing  air  into  the 
tube  by  means  of  a  small  rubber  bulb. 

"  The  apparatus  should  be  shaken  vigorously  and  con- 
tinuously during  the  thirty  seconds  in  order  to  absorb 
practically  all  of  the  carbon  dioxide  in  30  c.c.  of  air. 
The  number  of  shakings  ought  not  to  be  less  than  one 
hundred  during  this  time. 

"  Care  should  be  taken  not  to  contaminate  the  air  while 
the  sample  is  being  taken.  The  breath  should  be  held 
momentarily  while  the  air  in  the  apparatus  is  being  re- 
placed, and  the  sample  should  be  collected  as  far  to  one 
side  of  the  body  as  possible.  It  ought  not  to  require 
over  ten  seconds  to  replace  the  air,  and  the  entire  test, 
with  air  containing,  say,  8  parts  of  carbon  dioxide  per 
10,000,  should  not  require  over  six  minutes. 

"If  less  than  90  c.c  of  air  is  required  to  discharge  the 
pink  color,  the  test  should  be  repeated,  using  10  c.c.  of 
air  each  time  after  the  first  30  c.c 

"  It  is  not  necessary  to  rinse  out  the  shaker  after  mak- 
ing each  test,  but  it  should  be  carefully  washed  and  dried 
after  using,  and  the  parts  kept  separate  when  not  in  use. 

"  The  '  half -solution  '  is  used  in  exactly  the  same  man- 
ner and  amount  as  the  regular  test  solution,  reference 
being  made  to  the  appropriate  portion  of  the  table." 

Air  Q^iantum  Needed.— The  ventilating  plant  to  be  de- 
signed for  a  place  or  ship  must  be  given  a  ventilating 
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capacity  of  power  sufflcient  to  do  the  -H-ork  which  it  is 
intended  to  do.  The  air  quantum  needed  depends  upon 
the  amount  of  atmospheric  vitiation  that  may  be  expected 
to  occur  in  the  place  to  be  ventilated.  Thus,  the  changes 
that  occur  in  a  given  volume  of  air  during  a  single  act  of 
respiration  may  be  seen  in  the  following  table: 


Table  v. 

Contains  in  Volume  pee  Cent. 

Dry  air. 

Expired  air. 

20.96 

79.03 

.03 

16.03 

Nitrogen 

79.  oa 

4.38 

According  to  this  table,  the  nitrogen  of  the  air  is  the 

only  one  of  its  constituents  that  remains  unchanged  in 

.quantity ;  oxygen  is  decreased  about  one-fifth  and  car- 
bon dioxide  has  Increased  a  hundredfold  by  the  respira- 
tory act.     The  following  calculation  will  serve  as  an 

.  example  of  the  method  that  is  generally  employed  to  de- 
termine the  air  quantum  which  the  ventilating  system 
must  supply  to  a  place  in  a  given  time,  before  our  system 

■<;an  be  pronounced  satisfactory :  Given  an  enclosure,  her- 
metically sealed,  of  40  cubic  metres  capacity,  filled  with 
fresh  air,  originally  found  to  contain  0.5  part  per  1,000 

■of  carbon  dioxide.  Every  cubic  metre  of  this  air  con- 
tains,  consequently,   0.5  litre  of  carbon  dioxidp.     An 

.average  person  confined  in  this  space  would  produce 
23.6  litres  of  carbon  dioxide  within  one  hour.      This 

-quantity,  when  added  to  that  normally  present  in  the 
above  40  cubic  metres   of  air,  would  bring   the  total 

-amount  of  COs  at  the  end  of  one  hour  up  to  43.6  litres 
or  1.065  per  thousand. 

The  maximum  limit  of  COs  allowed  by  Pettenkofer 
for  a  good  quality  of  air  is  0.7  per  1,000,  and  this  we  see 
has  been  seriously  surpassed.  Roth  and  Lex  have 
adopted  0.6  per  1,000  for  their  maximum  limit,  and  Car- 

. nelly,  Haldane,  and  Anderson  want  1.0  per  1,000  adopted 
for  dwellings.  If  we  adopt  for  the  sake  of  illustration  the 
limit  of  Pettenkofer,  and  further  assume  that  fresh  out- 

;side  air  contains,  on  an  average,  never  more  than  0.5  per 
1,000  or  everj'  litre  0.5  c.c.  of  CO2,  then  every  litre  of  air 
.may  take  up  0.3  c.c.  of  CO2  before  the  normal  carbon 
dioxide  maximum  limit  is  exceeded.  Consequently,  we 
need  113  litres  or  113  X  0.3  c.c.  =  33.6  of  CO2;  we  need 
113  cubic  metres  (3,991  cubic  feet)  of  fresh  air  in  one 
hour  and  for  an  average  person,  in  order  to  keep  the  air 
of  a  place  within  respirable  limits.  Notter  quotes  Roth 
and  Lex  as  estimating  the  amount  of  CO2  produced  by 
an  average  person  per  hour  at  30  litres  and  the  hourly 
quantity  of  air  required  at  100  cubic  metres.  If  we  state 
-this  quantity  of  air,  with  Notter,  as  3,600  cubic  feet  per 
lour,  it  is  just  one  cubic  foot  per  second. 

It  will  be  seen  that  we  can  vary  our  calculations  con- 
siderably either  by  extending  our  maximum  limit  of 
CO2  or  by  starting  with  an  air  of  a  higher  standard  of 
purity  to  begin  with.  If,  for  instance,  we  would  venti- 
late our  test  enclosure  with  an  air  that  contained  only  0.3 
■of  CO2  per  1,000,  we  would  require  only  56.5  cubic  me- 
tres to  take  up  the  above  22.6  litres  of  CO2  exhaled  by 
:an  average  person  in  one  hour. 

The  needed  air  quantum  is  generally  calculated  ac- 
cording to  the  following  simple  rule-of-three :    (1)  n: 

l  =  k  :(p-q);   (2)  n  :    —  ;   (3)  n  =  ^^^  =  113  cubic 

22  6 
■metres;  (4) n  =  ^  ^.     =  45.3  cubic  metres  (Marcke  and 

Schultze,  by  Kirohner).      Table  VI.    shows    how    the 
amounts  vary  within  the  limits  of  purity  demanded. 

Some  of  the  medical  officers  of  the  French  navy  appear 
to  be  keenly  aware  of  the  needs  of  their  service  from  a 
hygienic  point  of  view.  Thus,  Rochard  and  Bodet,  in 
their  excellent  work  on  "  Naval  Hygiene  "  (p.  148),  make  a 
strong  and  timely  appeal  for  the  introduction  of  more 
scientific  methods  in  the  investigation  of  naval  sanitary 


Table  VI. 


Air  Required  per  Man  and  per  Hour. 

allowed  per  1,000. 

In  cubic  metres. 

In  cubic  feet. 

0  6          

226 
113 
75 
55 
45 

7,981 

3,991 

.8 

2,649 

.9 

1,942 

1.0 

1,589 

problems,  an  appeal  which  United  States  naval  medical 
officers  might  take  seriously  to  heart,  very  much  to  their 
advantage.  They  say:  "Nous  demandons  Instamment 
qu'on  munisse  les  medecins-majors  de  tous  les  bStiments 
de  guerre  d'un  anemomfetre  de  Cassella,"  etc.,  and  they 
deplore  the  departmental  penury  in  not  providing  naval 
surgeons  with  the  instruments  necessary  for  better  re- 
search work. 

For  the  determination  of  the  air  quantum  they  propose 
to  employ  what  they  have  termed  the  "  coefficient  of  ven- 
tilation." In  this,  the  hour  is  taken  as  the  unit  of  time. 
Any  air  space,  no  matter  what  its  cubic  capacity,  in 
which  the  air  is  renewed  once  in  an  hour,  has  a  coefficient 
of  1.  Where  the  air  is  renewed  twice  in  an  hour,  that 
enclosure  has  a  ventilating  coefficient  of  3.  Wherever 
it  takes   two  hours,  that  place  has  a  coefficient  of  J 

etc.     The  coefficient  is  expressed  by  the  fraction  rpp  in 

which  R  represents  the  number  of  times  the  air  is  re- 
newed and  H  is  the  time  required  to  do  it  in.  Accord- 
ing to  this  plan,  the  facts  in  ventilation  could  be  intel- 
ligently recorded.  Thus,  for  instance,  5  cubic  metres 
(176  cubic  feet)  is  the  average  air  space  allotted  to  one 
man  in  the  French  navy.  This  space  is  so  small  that  the 
air  in  it  would  have  to  be  renewed  32.6  times,  i.e.,  it  would 
have  to  receive  a  coefficient  of  *|^  iu  order  to  bring  the 
air  quantum  up  to  that  required  by  our  average  adult  in 
the  preceding  example,  which  was  113  cubic  metres. 

But  almost  every  work  on  ventilation  tells  us  that  the 
air  in  any  enclosure  cannot  be  renewed  more  than  three 
and  at  most  five  times,  lest  there  be  danger  from 
draught.  If  we  allow  the  French  sailor  to  breathe  into 
his  allotted  air  space  of  5  cubic  metres  for  one  hour, 
assuming  that  the  air  originally  contained  0.5  CO j  per 
1,000,  then  that  air  would  contain  5  CO2  per  1,000  at 
the  end  of  the  first  hour.  If  we  allow  the  air  to  be  re- 
newed three  times,  or  employ  a  coefficient  of  ^f,  it  would 
contain  3  parts  CO2  per  1,000;  with  a  coefficient  of  {, 
it  would  reach  only  1.4  CO2  per  1,000. 

A  sailor  on  active  duty  generally  turns  into  his  ham- 
mock at  9  P.M.  and  is  called  at  5  a.m.,  when  not  called 
out  for  a  watoh  before.  He  would  sleep  for  eight  con- 
tinuous hours  in  a  space  the  air  of  which,  at  the  end  of 
that  time,  would  scarcely  l\eep  a  candle  burning,  even 
under  a  coefficient  of  -f .  It  is  difficult  to  imagine  that 
he  would  wake  up  again,  as  we  all  know  he  does,  un- 
less actually  supplied  with  more  air  than  our  calculation 
allows  him.  Can  any  one  doubt  that,  in  practice,  he 
somehow  gets  much  more  air,  draught  or  no  draught, 
than  our  theory  allows  him  to  get?  There  are  ships  iu 
the  United  States  navy,  and  training  ships  at  that,  in 
which  the  average  air  space  per  man  is  only  two-thirds 
that  allowed  in  the  French  nav}',  which  apparently  shows 
much  more  strongly  than  does  the  above  instance,  that 
more  air  /«  ust  get  into  living  spaces  than  even  a  coefficient 
of  ^  could  put  there. 

The  more  the  question  is  studied  and  the  better  we  are 
becoming  acquainted  with  the  facts,  the  more  it  is  found 
that  the  rules  that  have  been  worked  out  to  govern  the 
ventilation  of  houses  and  buildings  on  land  do  not  and 
cannot  be  made  to  apply  to  ships  without  considerable 
modification.  We  shall  have  to  break  with  fixed  stand- 
ards as  regards  the  number  of  times  we  are  allowed  to 
renew  the  air  in  enclosures  and  part  companj"^  with  dan- 
gers from  draughts,  when  going  to  sea  in  ships. 

The  coefficient  of  Rochard  and  Bodet  may  be  said  to 


162 


EXPLANATION    OF 
PLATE   XLVI. 


EXPLANATION  OF  PLATE  XLVL 

Plans  of  the  United  States  Steamships  Kearsage  and  Kentucky,  illustrating  the  i^lcnum  sj'stem 
of  ventilation,  installed  by  Naval  Constructor  J.  J.  Woodward,  U.  S.  N. 

Fig.  1. — Plan  of  Upper  Deck,  Showing  Trunks  and  Cow^ls  for  Passage  of  Air. 

Fig.  2. — Eepresents  a  Vertical  Longitudinal  Section,  Showing  Trunks  and  Cowls  for  the  Supply 
of  Air. 

Fig.  3. — Represents  Forward  End  of  Berth  Deck,  Showing  How  Fresh  Air  Is  Distributed  from 
Main  Deck  to  Living  Spaces,  Water-Closets,  etc. 

Fig.  4. — Plan  at  Splinter  Deck. 

Fig.  5. — Looking  Forward  from  Bngine-Room.  Figs.  4  and  5  show,  in  plan  and  elevation,  how 
fresh  air  is  supplied  to  the  engine-rooms. 

Fig.  6. — Represents  Plan  through  Ward-room,  Mess-room,  and  Staterooms  Outboard  of  Same, 
Showing  Method  of  Distributing  Fresh  Air  from  Main  Ventilating  Ducts  to  OflScers'  Living 
Spaces. 
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be  a  simple,  convenient,  and  accurate  means  of  recording 
tlie  ventilation  of  an  air  space.  It  might  with  great  ad- 
vantage be  used  in  company  with  the  "air  cube."    The 

air'  cube  is  expressed  by  the  fraction  ^.    I  stands  for 

cubic  space,  M  for  the  number  of  men  in  it.  Thus  a 
space  of  100  cubic  metres  capacity  with  four  men  in  it, 
has  an  air  cube  of  25  cubic  metres. 

Testing  tlie  Sufficiency  of  a  Ventilating  System. — This  is 
done  (1)  by  determining  the  cubic  capacity  of  the  living 
spaces  with  the  air  quantum  supplied  to  each  in  a  given 
time,  and  (3)  by  examining  the  air  both  chemically  and 
bacteriologically.  For  the  measurement  of  the  cubic 
capacity  of  ships'  spaces,  the  three  simple  rules  given 
by  MacDonald  are  still  sufficiently  accurate  and  answer 
all  the  purposes  of  the  sanitarian :  (1)  Take  the  largest 
measurements  of  length,  breadth,  and  height  that  the 
space  will  admit  of,  for  the  determination  of  the  main 
cubic  capacity.  (2)  Take  the  cubic  capacity  of  all  ir- 
regular spaces  and  recesses  in  communication  with  the 
principal  space,  and  add  their  sum  to  the  latter.  (3)  Take 
the  measurements  of  all  obstructive  bodies  and  projec- 
tions and  of  everything  that  impinges  upon  the  available 
air  space  and  subtract  the  sum  from  the  gross  capacity 
already  obtained.  Since  it  will  greatly  facilitate  calcula- 
tion to  take  down  the  measurement  in  feet  and  tenths  of 
feet  rather  than  in  feet  and  inches,  the  following  table 
may  prove  useful : 

Table  VII. 


Inches. 

1 

Z 

3 

i 
0.33 

5 

0.44 

6 
0.5 

7 
0.58 

8 
0.67 

9 

0.75 

10 
0.83 

11 
0.92 

12 

Decimals  0!!  a 
loot 

0.08 

0.17 

0.25 

1 

A  few  simple  rules  will  satisfy  the  requirements  of  the 
sanitarian.  For  example,  the  area  of  the  segment  of  a 
circle  equals  two-thirds  of  the  product  of  the  chord  and 
height,  plus  the  square  of  the  height  divided  by  twice 

the  chord  (Ch  X  H  X  f )  +  (^) . 

The  area  of  the  triangle  equals  the  base  multiplied  by 
one-half  the  height.  The  circumference  of  a  circle  equals 
D  X  8  1416  To  ascertain  the  area  of  an  ellipse,  multiply 
the  product  of  the  two  diameters  by  0.7854.  The  cubic 
capacity  of  a  cylinder  equals  area  of  base  multiphed  by 

^The  total  number  of  cubic  feet,  with  additions  and  de- 
ductions made,  must  now  be  divided  by  the  number  of 
berths  or  hammock  swings  in  the  different  crew  spaces 
and  the  result  is  the  cubic  space  per  head  or  air  cube. 

The  total  air  quantum  that  passes  through  a  space  can 
be  determined  only  by  means  of  an  anemometer  and  the 
area  of  the  ventilating  trunks.  The  velocity  of  an  air 
.current  in  metres  per  second  is  ascertained  m  accordance 
with  the  formula  v  =  a  -f  b|-  where  a  and  b  are  constant ; 

a  refers  to  internal  friction  and  b  to  vane  inclination;  n 
is  the  number  of  turns  and  z  the  duration  of  the  observa- 
tion in  seconds.  The  air  volume  is  then  calculated  by 
the  formula:  L  =  f .  v.  3,600,  where  f  is  the  area  of  the 
intake  in  square  metres.  For  example:  The  hands  of 
the  anemometer  stand  at  the  begmmngof  the  observa- 
tion at  3,420,  and  after  operating  z  =  120  seconds,  the 
reading  of  the  hands  indicates  3,900.  The  instrument 
had  mide  n  =  480  turns.  The  constants  are  a^=0- 1^  and 
b  =  0.14,  and   thus  we  get  v  =  0.18-f  0.14 j^^  =  0.74. 

"a56 
The  measurements  of  the  inlet  area  gave  0.36  X  0.38  m.  or 
f  =  0  0988,  consequently  the  pipes  propelled  L  =  0.0988, 
0  74  3  600  =  263.2  cubic  metres  of  air  per  hour. 

Pressure  difEerences  existing  between  different  com- 
nartments  of  a  ship  are  ascertained  by  diflerential  man- 
ometers    these  serve  chiefly  to  indicate  inequahties  of 


ventilating  power  in  different  compartments  with  rela- 
tion to  each  other  and  to  determine  the  direction  of  the  air 
currents  existing  between  adjoining  compartments  from 
one  with  more  into  the  one  with  less  pressure. 

An  ingenious  method  for  determining  the  amounts  of 
air  discharge  which  occurs  in  an  enclosure— a  method 
which  can  be  applied  to  ships — was  devised  by  Pettenko- 
fer.  After  closing  all  openings  into  a  room,  he  generates 
COa  by  burning  stearin  candles.  The  candles  furnish  a 
definite  amount  of  COa  per  hour  and  the  COa  of  the  air  is 
also  known.  When  the  power  of  the  ventilating  system 
is  to  be  ascertained,  the  blowers  are  started  and  the  air 
from  the  centre  of  the  enclosure  is  examined  at  intervals 
for  CO2.  The  rate  at  which  the  CO2  disappears  gives 
testimony  of  the  efBciency  of  the  ventilating  capacity 
of  tlie  system  under  investigation. 

Carbonic-acid  examinations  by  any  one  of  the  above- 
described  methods  will  complete  the  test  of  the  ventilat- 
ing sufficiency.  Bacteriological  examinations  of  the  air 
of  ships  have  not  yet  been  made  to  my  knowledge.  The 
difficulties  of  preserving  or  making  culture  fluids  are 
alone  to  blame  for  this  serious  omission.  Special  re- 
search work  has,  however,  shown  that  the  number  of 
germs  in  a  cubic  metre  of  air  decreases  at  sea  in  direct 
proportion  to  the  distance  from  land,  until,  in  midocean, 
the  air  is  found  absolutely  sterile  but  a  few  feet  above 
the  upper  deck  of  a  ship.  Fischer  {Zeitschriftf.  Hygiene, 
Bd.  1, 1886,  p.  421),  in  examining  sea  air,  found  one  germ 
in  44  litres  o  £  air ;  at  a  distance  of  one  hundred  and  twenty 
miles  from  the  coast,  it  was  found  to  be  sterile. 

Ventilation  of  Different  Types  of  Vessels. 

1.  Battleships  "  Kearsarge  "  and  "  Kentucky  "  (see  Plate 
XLVI.  and  description  of  figures).— Most  excellent  exam- 
ples of  ventilation  on  the  plenum  principle  are  furnished 
by  these  two  battleships  of  recent  construction.  They 
are  practically  sister  ships  and  the  ventilating  system  is 
the  same  in  both.  The  Kearsarge  and  Kentucky  are  the 
best  ventilated  ships  in  the  United  States  navy  (see  Plate 

XLVI.). 

The  United  States  Steamship Kearsargeis  a  twm-screw 
armored  sea-going  battleship  with  a  displacement  of  11,- 
526  tons;  she  was  built  at  Newport  News,  Va.,  and  was 
first  commissioned  on  February  20th,  1900.  She  has  an 
upper  deck,  main  deck,  berth  deck,  splinter  deck,  protec- 
tive deck,  holds,  and  double  bottoms.  There  are  in  all  ten 
fifty-inch  electrically  driven  fans,  of  twelve  horse  power 
each  and  giving  each  a  speed  of  500  revolutions  per 
minute  with  an  output  of  160  volts.  Every  fan  forms  an 
independent  supply  system  for  a  certain  part  of  the  vessel 
and  is  located  as  near  as  practicable  to  that  part  ot  the 
vessel  which  it  is  intended  to  supply  with  air  All  the 
air  is  drawn  from  above  the  spar  deck  and  propelled  down 
below  the  main  deck;  from  thence  it  is  driven  through  a 
svstem  of  branches  into  the  various  compartments  into 
which  these  are  made  to  open  through  numerous  smal 
outlets,  provided  with  adjustable  cowls  or  terminal 
trumpets  that  can  be  turned  in  any  desired  direction  or 
closed  at  will  by  shutters.  ,.  ,  .^  ^  ,     ^     <-  „„  f„i 

The  ten  supply  systems  are  distributed  about  as  tol- 
lows-  (1)  Two  systems,  supplying  all  the  forward  com- 
partments of  the  vessel,  have  the  blowers  located  syna- 
metrically  on  each  side  of  the  centre  hne  of  the  vessel  in 
the  blower  room,  on  the  splinter  deck,  and  underneath  the 
conning  tower.  (2)  Two  systems,  supplying  the  dyna- 
mo-rooms and  ammunition  passages  on  splinter  deck, 
with  blowers  symmetrically  located  on  each  side  ot 
centre  line  of  vessel,  on  berth  deck  over  dynamo^room; 
they  receive  their  fresh  air  through  two  ventilators  situ- 
ated between  the  smokestacks  and  outboard  of  the  two 
ventilators  supplying  the  berth  deck.  (3)  Two  systems 
supplying  compartments  in  midship  portion  of  splmter 
deck,  including  passages,  also  upper  and  lower  dynamo^ 
rooms;  blowers  symmetrically  located  on  each  side  of 
centre  line  of  vessel,  in  upper  dynamo-room;  they  take 
the  air  through  two  ventilators  situated  between  the 
smokestacks  and  inboard  of  the  ventilators  that  supply 
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the  dynamo-room.  (4)  Two  systems  supplying  the  en- 
gine-rooms; blowers  located  in  the  engine-room  hatch  on 
main  deck  and  taking  their  frfish-air  supply  through  two 
ventilators  abaft  the  after-smokestack,  and  in  the  engine- 
room  hatch.  (5)  Two  systems,  supplying  all  the  after- 
compartments  of  the  vessel;  blowers  symmetrically  lo- 
cated on  each  side  of  the  centre  line  and  in  blower-rooms 
on  spar  deck  abaft  the  main  mast. 

The  fresh  air  supplied  in  this  manner,  after  doing  its 
ventilating  work,  finds  its  way  out  of  the  ship  through 
the  various  hatches  and  the  exhaust-leads  of  the  smoke- 
stack. There  are  besides  some  special  exhaust  blowers 
of  three  horse  power  each  for  the  steering  engine-room, 
ofiicers'  water-closets  and  lavatories,  crew's  and  petty 
officers'  lavatories  and  closets.  The  large  vertical  ex- 
haust-trunks from  the  fire-  and  engine-rooms  are  made  to 
extend  high  above  the  upper  deck  in  order  to  increase 
their  draught  and  so  as  to  prevent  the  escape  of  hot  and 
foul  air  from  these  compartments  into  the  living  spaces. 

The  eight  firerooms  are  supplied  with  air  for  forced- 
draught  purposes.  There  are  eight  steam-fans  located 
underneath  the  firerooms'  ventilating  trunks,  each  fan 
supplied  with  air  by  means  of  a  separate  smaller  trunk, 
coming  from  above  the  upper  deck,  and  fitted  with  a 
portable  cowl.  When  forced  draught  is  being  used  in 
any  fireroom,  that  fireroom  is  kept  closed  and  all  the  air 
that  is  forced  in  finds  its  way  out  through  the  furnaces 
and  thus  goes  up  the  smokestack.  Incidentally,  of 
course,  this  forced  draught  furnishes  fresh  air  to  the  fire- 
men, stokers,  engineers  and  others  who  may  happen  to 
be  in  the  fireroom.  "When  the  forced  draught  fans  are 
not  running,  the  same  ducts  furnish  fresh  air,  by  natural 
means,  such  as  temperature  differences,  to  the  men  in  the 
fireroom. 

No  fans  or  other  artificial  means  are  provided  for  forc- 
ing air  into  the  coal  bunkers.  The  free  admission  of  air 
into  these  is  effected  by  separate  inlets ;  while  the  outlets 
are  connected  with  the  exhaust  leads  of  the  smokestack 
system.  With  regard  to  the  working  efficiency  of  this 
system  on  the  U.  S.  S.  Kearsarge,  Medical  Inspector  J.  C. 
Boyd,  in  his  annual  report  to  the  Surgeon-General,  1901, 
says :  "  The  total  volume  of  air  that  is  brought  into  the 
ship  per  minute  has  never  been  accurately  determined, 
but  estimating  the  probable  capacity  of  the  blowers, 
based  upon  the  cubic  feet  of  air  per  minute  that  can  be 
delivered  for  each  horse-power,  it  will  be  readily  seen 
that  the  air  throughout  the  ship  can  be  changed  within 
a  few  minutes.  The  cubic  capacity  of  the  ward-room  is 
5,376  feet,  and  it  has  been  found  that  the  air  is  changed 
15.6  times  per  hour,  or  every  3.8  minutes." 

3.  Battleship  "  Illinois. " — The  ventilation  of  the  Illinois, 
like  that  of  the  Kearaarge  and  Kentucky,  has  the  power 


also  those  of  the  compartments  above  this  deck  which  are 
located  forward  of  the  diagonal  armor.  The  four  after- 
ventilating  shafts  supply  the  staterooms  above  the  pro- 
tective deck  and  the  storerooms  and  magazines  which  are 
below  this  deck.  They  also  supply  those  compartments 
of  the  ship  above  the  protective  deck  which  are  included 
between  the  diagonal  armor  and  the  sides  of  the  after- 
part  of  the  ship.  All  the  fans  are  driven  by  steam  ex- 
cept the  two  that  supply  the  dynamo-rooms;  these  are 
driven  by  electricity. 

The  discharge  of  foul  air  is  effected:  (1)  through  two 
large  shafts,  leading  from  the  engine-rooms  high  above 
the  spar  deck ;  (2)  through  gratings  in  both  the  protective 
and  the  splinter  decks,  and  (3)  through  the  military  mast 
which  has  the  outlet  immediately  beneath  the  first  gun 
platform.  The  exhaust  side  of  the  system  has  no  fans 
and  does  not  seem  to  need  any. 

The  mid-ship  section  of  the  Illinois,  which  includes 
the  engine-  and  firerooms,  is  supplied  with  four  large 
supply  shafts  on  each  side  of  the  centre  line.  The  air  is 
taken  from  above  the  spar  deck  and  driven  by  strong 
steam  fans  through  the  fii'e-  and  engine-room  spaces. 
Foul  air  escapes  through  hatches  and  gratings  as  well  as 
through  the  fires  and  smokestack. 

The  steam  steering-room  is  ventilated  on  the  combined 
plan,  having  driving  fans  on  both  the  supply  and  ex- 
haust sides  of  the  system,  while  the  W.C. 's  have  the 
power  on  the  exhaust  side  only.  To  judge  by  the  smell 
that  hovered  about  these,  they  did  not  seem  to  be  suffi- 
ciently ventilated.  Besides  the  above,  there  are  two 
separate  shafts,  also  provided  with  steam  fans,  which 
supply  all  the  quarters  located  above  the  protective  deck 
and  between  the  diagonal  armor  and  the  sides  of  the  ship. 

The  maximum  temperature  observed  in  the  fireroom 
during  the  entire  trij)  was  110°  F.  The  adjoining  table 
shows  temperature  in  the  engine-room : 

Table  viii.— TEMPEEATnRES,  Degrees  Fahrenheit. 


Engine-room, 
port. 

Upper  grating, 
starboard. 

121    122    122 
116    120    118 
116    116    115 
lU    118    119 
lU    119    119 

114    116    116 

Outboard 

118    119    120 

109    110    111 

Aft 

106    106    108 

Average 

112    113    114 

Pig.  SrOTS.— Shows  the  Plan  of  the  Upper  Deck  of  the  Uoclie  with  its  Eight  Hatches,  Marlced 
by  Treble  Lines.  Four  small  ones  are  in  the  centre  line  of  the  deck,  and  the  tour  large 
ones  (engine-room  hatches)  are  arranged  symmetrically  by  twos  on  each  side  of  the 
centre  Une  of  the  deck.    (From  Hochard  et  Bodet.) 


on  the  supply  side  of  the  system,  and  is,  therefore, 
effected  on  the  plenum  principle.  The  following  de- 
scription is  from  a  few  notes  taken  during  her  speed  trial 
and  will  only  give  the  leading  points:  There  are,  on  the 
Illimns,  eight  large  square  air  shafts,  serving  as  inlets 
and  taking  the  fresh  air  from  above  the  upper  deck. 
Four  of  these  inlets  are  distributed  about  the  forward 
side  of  the  forward  turret  of  the  ship  and  four  of  them 
are  distributed  similarly  about  the  after-turret  of  the 
ship.  Of  the  four  forward  ventilating  shafts,  two  sup- 
ply the  dynamo-rooms  and  two  supply  the  quarters, 
storerooms,  and  magazines  below  the  protective  deck,  as 


All  temperatures  were  taken  at  11, 13,  and  1. 

3.  The  French  Battleship  "i/oc/ie."— This  ship  deserves 
special  mention  in  connection  with  the  subject  of  venti- 
lation, because  it  presents  a  novelty  in  not  showing  a 
single  windsail  above  the  upper  deck. 
All  the  air  is  taken  into  the  ship 
through  eight  hatchways,  extending 
from  the  upper  deck  down  to  the  pro- 
tective deck.  The  system  has  the 
great  advantage  of  allowing  the  air 
to  pass  between  decks  before  reaching 
the  lowest  compartments,  much  to  the 
advantage  of  these  compartments  be- 
tween decks  during  the  night.  The 
eight  large  hatchways  of  the  Hoche  on 
the  upper  deck  have  an  areating  surface 
of  43  square  metres  (see  Fig.  3505) ;  to 
this  must  be  added  the  openings  of  the 
smoke  boxes,  and  those  of  the  ammunition  hoists  of  the 
four  turrets,  which  may  in  reality  be  regarded  as  hatch- 
ways. The  access  of  air  down  to  the  protective  deck  is 
assured  in  sufiicient  quantity  by  three  large  hatchways, 
arranged  like  air  pits  between  the  upper  and  the  pro- 
tective decks. 

There  are  in  all  twelve  large  inlets  (see  Fig.  3506), 
each  section  of  the  ship  having  its  own ;  the  last  three 
sections  alone  are  ventilated  by  a  common  hatchway. 
This  last  one  is  very  large,  because  the  spaces  which 
it  is  intended  to  ventilate  are  the  steering  engine-room, 
that  of  the  pumping  engine,  etc.     The  various  firerooms 
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Fig.  3506. — Shows  all  the  Supply  Shalts  ol  the  Hoche,  Especially  the  Three  Great  Superimposed 
Hatchways  Extending  Irom  the  Upper  Clear  Down  through  the  Main  Deck  to  the  Protective 
Deck.    (From  Rochard  et  Bodet.) 


have  their  own  inlets,   each  opening  being   7  metres 
square. 

The  fortunate  position  of  the  exits  (see  Pig.  3507)  for 
vitiated  air  permits  the  inlets  In  the  protective  deck  to 
have  their  full  efEect.  The  four- 
teen sections  into  -which  the  ves- 
sel is  divided  are  not,  however, 
■equally  well  cared  for  in  this  re- 
spect. The  three  forward  sec- 
tions being  for 
the  most  part  p^ 
storerooms,  are 
merely  aerated 
by  one  circular 
opening,  which 
serves  both  as  a 
supply  and  an 
exhaust  at  the 
same  time.  The  last  two  sections,  which  include  the 
steering  engine-room,  have  likewise  but  one  hatchway. 
Everywhere  else,  a  large  number  of  conduits  is  ar- 
ranged so  as  to  take  the  hot  air  out  from  the  com- 
partments below  the  protective  deck  and  conduct  it 
-above  the  spar  deck.  These  are  (1)  the  military  mast 
system,  which  exhausts  the  forward  turret,  the  section  for 
the  wounded,  and  the  forward  pumping  engine-room ;  (2) 
the  chimney  mantle  system,  which  exhausts  the  four  fire- 
rooms  ;  (3)  the  protective  casing  of  the  conning  tower, 
through  which  escapes  a  portion  of  the  air  from  a  space 
between  the  engine-room  and  the  fireroom ;  (4)  the  great 
■central  shaft,  divided  into  several  smaller  trunks,  lets  out 
(a)  the  hot  air  from  the  engines,  the  exhaustion  of  which 
is  effected  by  a  fan  through  a  perforated  deck  ceiUng ; 
(6)  the  air  of  the  midship  pumping  engine-room,  steam 
pipes,  store-  and  ammunition-rooms ;  (5)  an  isolated  con- 
duit for  the  after  ammunition-room;  and  (6)  the  after 
mihtary  mast,  through  which  escapes  the  air  from  the 
after  pumping  engine-room  and  ammunition  storeroom. 
It  is  interesting  to  note  that  the  exhaust  pipes  are  placed 
inboard  of  the  supply  shafts. 

3a.  3.  M.  88.  "  QlatUn"  and  "Demstofo'oa."— Accord- 
ing to  MacDonald  the  plenum  system  of  ventilation  has 
heen  adopted  without  exception  in  Great  Britain  ever 
since  the  earlier  seventies.  Examples  are  H.  M.  SS. 
Glatten  and  Devastation.  The  Glatten  has  a  rectangular 
supply  shaft,  five  feet  six  inches  by  six  feet  four  inches, 
beginning  twelve  feet  above  the  upper  deck  and  reach- 
ing down  to  the  level  of  the  main  deck,  just  abaft  the 
smokestack.  At  the  bottom  of  this  shaft  there  are  four 
fans  connected  with  two  transverse  trunks,  the  upper  Oi 
which  is  sixteen  by  twelve,  and  the  lower  sixteen  inches 
square.  The  fans,  driven  by  steam,  take  the  fresh  air 
from  the  shaft  and  send  it  into  the  trunks,  through 
which  it  is  propelled  by  means  of  smaller  pipes  into 
every  cabin  and  compartment  of  the  ship,  fore  as  well 
as  aft,  by  goosenecked  funicular  ends  that  open  a  few 
inches  from  the  floor  of  the  deck. 
There  are  in  the  Glatten  one  hun- 
dred and  thirty-three  of  these 
outlets.  All  the  fans  are  pro- 
vided with  distinct  sets  of  en- 
gines which  work  independent- 
ly, but  in  the 
Devastation  the 
arrangement  is 
such  that,  in 
■case  one  or  two 
shafts  get  acci- 
dentally blocked 
or  otherwise 
rendered  use- 
less, the  third  , 
■can  be  made  to  supply  all  the  compartments  whose  ven- 
tilation would  be  thus  interfered  with.  r,  t 
The  following  table,  IX.,  shows  the  relative  number  ot 
supply  and  exhaust  fans  in  some  of  H.  M.  ships ;  it  clearly 
■shows  how  even  the  combined  system  is  gradually  giving 
-way  to  the  plenum  system  of  ventilation  in  the  royal  navy. 


4.   The   Austrian    Coast   Defence    Vessels  "Monarch,^' 
"  Wien,"  and  ''■Budapest.^' — All  these  ships  have  a  very 
large  number  of  water-tight  compartments,  one  hundred 
and  forty -two  of  which  are  located  beneath  the  protective 
deck  and  thirteen  are   above 
that  deck.     Each  compartment 
is  provided  with  its  own  two 
ventilating  pipes,  one  for  the 
admission  of  fresh  air,  the  other 
I  ,  ,  for  the  discharge 

4xL.^'^  \  „,  of  foul  air.  The 
two  pipes  reach 
above  the  main 
deck  and  are 
themselves  wa- 
ter-tight. 

As  a  general 
rule,  all  efforts 
at  ventilating  water-tight  compartments  do  in  a  meas- 
ure endanger  the  purpose  which  these  compartments 
are  designed  to  serve.  In  all  English  vessels  of  this 
type  the  protective  deck  is  left  intact,  while  in  French 
and  in  Austrian  ships  the  bulk-heads  are  almost  never 
perforated. 

Table  IX.— (From  Notter.) 


Name  of  ship. 

Exhaust  Fans. 

Supply  Fans. 

Numher. 

Diameter. 

Number. 

Diameter. 

Devastation 

Thunderer 

4 
4 
3 

3 

a 

2 
2 

1 
2 
1 

1 

1 
1 

4  It.  6  in. 
4  It.  6  in. 
Two  6  It.  - 
one  4  in. 
4  ft.  6  in. 
3  ft.  6  in. 
3  ft. 

3  ft. 

3  ft.  3  in. 

4  ft. 

3  ft.  6  in. 

3  ft. 
3  ft. 
3  ft. 

4 
4 
4 

4 
4 
6 
6 
8 
2 
2 

5 
4 
4 
12 

5 

6 

4 
4 
2 

a 

2 
3 
2 

1 

5  ft.  (i  in. 

5  ft.  6  in. 

4  ft. 

Nile 

4  ft.  6  in. 

Imp^rleuse 

Edinburgh 

4  ft.  6  in. 
4  ft.  1  in. 
4  ft.  6  in. 

4  ft. 

4  ft. 

Polyphemus 

One   4   ft.  - 

one  3  ft. 

4  ft. 

4  ft. 

Camperdown 

Eoyal  Sovereign . . 

Eoyal  Arthur 

Dreadnaught  — 

4  It. 
Six  6  It.  -  six 

, 

5It.6in. 
Four  5  It.  — 

one  3  ft. 
4  It. 

4  ft. 

Collingwood 

4  ft. 

4  ft. 

3  ft. 

3  ft. 

3  ft. 

3  ft. 

3  ft. 

FxG._350r.,Longltudinal^Section_ofJheHo^^^^^^^^^ 


Foul  Air,  also  the  Independence  ol  i 
Eochardet  Bodet.) 


The  engine-rooms  on  all  these  ships  are  ventilated  on 
the  plenum  principle.  The  air  is  taken  from  above 
decks  and  pressed  into  horizontally  arranged  ventilating 
trunks,  divided  into  branches 
leading  the  air  down  the  sides 
to  the  floor  deck,  whence  it 
passes  into  the  engine-room 
space.  The  escape  of  foul  air 
is  effected  through  one  large 
shaft,  located 
1  amidships    over 

the  engine-room 
and  provided 
with  an  electric 
exhaust  fan 
with  cowl  on 
top. 

The   boiler- 
rooms    are  sup- 


plied with  air  through  eight  air  shafts,  four  of  which 
have  fans,  while  the  foul  air  escapes  through  the  chim- 
nev  the  hatch  openings,  and  several  special  exhaust 
pipes.      All    the    other    compartments 


are    ventilated 


through  a  large  number  of  electrically  driven  fans  which 
act    on    the  plenum  principle.     The  coal  bunkers  are 
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merely  connected  -with  the  system  of  exhaust  pipes  which 
lead  into  the  chimney  casing  and  the  military  masts. 
The  various  cells  for  the  confinement  of  prisoners  are 
traversed  by  the  ventilating  pipes  intended  as  supplies 
for  the  ammunition  storerooms.  The  air  escapes  into  the 
cells  through  small  apertiires  in  these  pipes  and  leaves 
the  cells  through  openings  in  the  hulk-heads. 

The  forward  station  for  the  wounded  has  one,  the  after 
station  two  fresh-air  inlets  with  cowls,  while  the  foul  air 
escapes  through  separate  outlets.  Most  of  the  officers' 
cabins  are  dependent  for  their  air  supply  on  perflation, 
and  this  must  be  considered  an  important  flaw  in  the 
whole  system.  All  three  of  the  above-named  vessels  are 
also  provided  with  steam  ash  ejectors,  which  contribute 
largely  toward  keeping  the  ship's  air  clear  of  finely  di- 
vided particles  of  inorganic  matter. 

5.  v.  S.  Training  Skip  "Prairie.''^ — We  will  conclude 
the  chapter  on  ventilation  with  a  description  of  the 
Prairie's  system  of  ventilation,  giving  at  the  same  time 
the  results  of  some  investigations  into  the  working  effi- 
ciency of  the  latter.  The  present  training-ship  Prairie  is 
the  converted  steamer  M  Sol  of  the  Morgan  Line  Steam- 
ship Company.  She  has  a  length  of  404  feet  over  all  and 
a  beam  of  44  feet;  she  has  a  gross  tonnage  of  6,782  tons, 
and  is  provided  with  a  single  screw,  driven  by  a  vertical, 
inverted  three-cylinder  triple-expansion  engine  of  the 
ordinary  marine  pattern  for  commercial  use,  built  at 
the  Cramps'  shipyard  in  1890,  and  last  commissioned  at 
the  Boston  navy  yard  on  November  9th,  1901;  she  has  a 
spar  deck,  a  gun  deck,  and  a  berth  deck  with  the  usual 
holds  and  storerooms  below. 

Since  the  berth-deck  compartments  are  the  only  ones 
which  have  artificial  ventilation,  all  her  other  compart- 
ments depending  upon  ventilation  by  perflation,  the 
former  will  be  the  only  ones  included  in  the  following 
description.  The  berth  deck  of  the  Prairie  is  divided  by 
the  large  engine-  and  flreroom  hatch  into  a  forward  and 
an  after  section  of  nearly  equal  dimensions,  and  between 
them  there  is  no  communication,  the  two  iron  bulkheads 
of  the  hatch  reaching  clear  across  from  one  side  of  the 
ship  to  the  other. 

The  forward  section  of  the  berth  deck  is  again  divided 
by  two  cross  bulkheads  into  three  compartments  with 
two  communicating  doors,  symmetrically  placed  on  each 
side  of  the  two  dividing  bulkheads.  The  most  forward 
of  the  three  compartments  is  used  for  sick-quarters,  the 
one  next  to  this  comprises  the  petty  officers'  quarters,  and 
the  third  gives  berthing  space  to  a  large  number  of  men. 

The  after-section  of  the  berth  deck  is  likewise  divided 
into  three  compartments,  the  most  forward  of  which  ac- 
commodates the  dynamos,  the  next  gives  berthing  space 
to  the  marine  guard,  and  the  last  is  for  the  chief  petty 
officers. 

There  are  three  large  square  and  three  small  oblong 
and  rather  narrow  hatches  in  her  decks,  all  superimposed 
and  therefore  well  intended  to  send  both  light  and  air 
directly  down  into  the  deeper  parts  of  the  ship.  The 
two  electric  fans  of  110  volts  each  are  both  on  the  gun 
deck,  just  fore  and  abaft  the  fire-  and  engine-room 
hatches  respectively.  Each  of  the  two  large  ventilating 
trunks,  after  passing  through  the  gun  deck,  bifurcates, 
and  the  two  branch  trunks  with  their  inlets  run  along 
the  sides  of  the  various  compartments  which  they  tra- 
verse, at  a  height  above  the  berth-deck  flooring  of  six  or 
seven  feet. 

The  two  tables,  showing  the  results  of  the  anemomet- 
rlcal  observations,  are  intended  to  exhibit  at  the  same 
time  in  a  diagrammatic  manner  the  relative  position  of 
the  different  compartments,  their  cubic  capacity,  the 
number  of  inlets,  and  also  the  relative  distance  of  the  in- 
lets from  the  fans  or  blowers.  As  may  be  seen  in  the 
columns  of  "cubic  feet  exhausted  per  hour,"  the 
amounts  of  air  taken  up  by  the  different  inlets  decrease 
very  lapidly  and  directly  with  their  distance  from  the 
blowers.  Inasmuch  as  the  observations  on  the  inlets  and 
outlets  rarely  agree  exactly,  the  largest  figure  is  always 
taken  as  indicating  the  true  value  of  the  amount  of  work 
done  by  the  fans. 


Table  X.— Anemometrical  Observations  on  the  Ventilation 
OF  THE  Berth-Deck  Compartment,  made  on  U.  S.  S.  Prairie, 
AT  Sea,  on  January  5th  Between  the  Hours  of  1  and  3  a.m. 
Number  of  Inlets  Twenty-Six,  with  an  average  Square 
Area  of  O.i  Feet. 

I.  Forward  of  engine-  and  flrerooms ;  average  difference  in  number 
of  turns  ol  anemometer  between  tlie  inlets  Is  eighty-flve  per 
minute. 


Sum. 
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15,900 

liJ 

17,880 

11 

19,920 

in 

31,960 
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K 

28,100 

7 

28,140 

6 

30,120 

5 

32,160 

4 

34,260 

8 

36,300 

a 

38,280 

1 

40,320 

Sick-quarters,  cubic  air  space, 
4,700  feet,  exhausted  22  times 
per  hour;  available  air  per 
head  and  per  hour,  5,370 
cubic  leet. 

Forward  berth  deck,  cubic 
air  space,  10,209  feet,  ex- 
hausted 23  times  per  hour; 
available  air  per  head  and 
per  hour,  2,674  cubic  feet. 

Main  berth  deck,  cubic  space, 
23,604  cubic  feet,  exhausted 
16.5  times  per  hour;  avail 
able  air  per  head  and  per 
hour,  1,726  cubic  feet. 


Blower. 


sly 

*s .:'" 

.sia 

BS.H 

sea 

^"1 

15,900 

13 

17,880 

12 

19,920 

11 

21,960 

10 

24,060 

9 

26,100 

8 

28,140 

7 

30,120 

6 

32,160 

5 

34,260 

4 

36,300 

3 

38,280 

2 

40,320 

1 

Grand 

total. 

107,400 


200,520 


730,800 


II.  Berth-deck  compartments  abaft  the  engine-  and  flrerooms; 
average  dlfEerence  in  number  of  turns  of  anemometer  between  the 
inlets  Is  thirty-eight  per  minute ;  decreasing  In  a  direction  from  the 
blower. 
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Sum. 

1 

2 

33,780 
32,880 

31,980 
31,080 
30,120 
29,320 
28,320 

27,420 
26,520 
2.5,800 
24,900 
24,000 

23,100 

22,200 

Dynamo. 

33,780 
32,880 

31,980 
31,080 
30,120 
29,220 
28,320 

27,420 
26,520 
25,800 
24,900 
24,000 

23,100 

22,200 

1 
2 

3 

4 
5 
6 

7 

8 
9 
10 
11 
12 

13 

14 

133,320 

3 
4 
5 
6 

7 

Marines'  quarters,  cubic   air 
space,  9,827  feet,  exhausted 
30  times  per  hour ;  available 
air  for   breathing   purposes 
per  hour  and  per  head,  4,875 
cubic  feet. 

301,440 

8 
9 
10 

11 
12 

Chief  petty  officers'  quarters, 
cubic  air  space,  10,209  feet, 
exhausted  25  times  per  hour; 
available  air  per  head  and 
per  hour,  3,430  cubic  feet. 

257,280 

13 

Closets.              Pantry. 

46,200 

14 

Stores.        1        Stores. 

44,400 

Stern. 

Grand 

total,    782.640 

The  after  berth-deck  compartments  of  the  Prairie,  by 
reason  of  their  relatively  smaller  cubic  capacity,  are  much 
better  ventilated  than  the  forward  compartments,  both 
fans  doing  about  the  same  amount  of  ventilating  work. 
The  blowers  are  run  at  night  only. 

The  tests  for  the  amount  of  atmospheric  carbon  dioxide, 
exhibited  in  Tables  XL  and  XII.,  were  made  according  to 
the  method  of  Fitz,  as  modified  by  Woodman  and  Rich- 
ards and  described  in  the  preceding  pages.  In  making 
these  examinations,  it  was  the  intention  to  get,  as  nearly 
as  that  was  possible  under  the  rnrcumstances,  a  true  and 
absolutely  fair  estimate  of  the  amount  of  carbon  dioxide 
present  in  the  atmosphere  of  the  different  parts  of  the 
ship.  None  of  the  dark  places  in  which  the  air  naturally 
stagnates,  such  as  storerooms  and  holds,  and  where  the 
carbon  dioxide  was  found  up  to  23  to  40  parts  in  10,000, 
were  included  in  these  observations.    The  tests  shown  in 
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Table  XL— Carbon-Dioxide*  Observations.  Series  I.,  U.  s.  s. 
Prairie,  Hampton  Roads,  Va.,  December  27th  to  28th.  Ship 
Heading  N.E.  by  E.  and  W.S.W.  Respectively.  Wind  N.E., 
STRENGTH  3.  Atmospheric  Temperature  During  Period  of 
Observations  Varied  from  39°  to  45°  F.  Weather  Partly 
Misty  and  Partly  Cloudy. 


Time  ot  day. 

il 

SB 

1"^ 

So 

Remarks. 

a 

tq 

9P.M  

10.0 

8.5 

10.0 

12.0 

14.0 

10.0 

Hatches  partly  covered. 

11:30  P.M 

10.0 

6.5 

9.0 

9.0 

U.O 

7.5 

Bloyrers  started  at  13  mid- 
night. 
Blovrers   stopped   at  5:80 

lA.M 

8.4 

4.3 

5.5 

6.2 

6.0 

5.0 

A.M. 

6  A.M 

9.0 

6.0 

7.2 

8.2 

5.5 

7.2 

Sun-deck  ports  closed. 

10: 30  A.M  .  • . . 

8.B 

6.2 

4.1 

6.0 

5.5 

3.1 

Gun-deck  ports  open. 

11:30  a.m.... 

V.5 

3.5 

3.0 

4.0 

4.0 

3.0 

Gun-deck  ports  open. 

1  P.M 

.S.O 

3.2 

4..'i 

4.(1 

3.4 

3(1 

7  P.M 

7.5 

4.0 

10.0 

4.2 

4.6 

14.0 

Raining ;  batch  covers  on  ; 
hammocks. 

Averages. 

General 

8.3 

5.5 

6.1 

6.4 

6.0 

5.9 

Night 

H.ft 

6.7 

8.3 

8.(1 

7.8 

8.7 

Day 

7.1: 

4.3 

3.9 

4.7 

4.3 

3.(1 

Diflerence  . . . 

2.5 

2.4 

4.4 

3.3 

3.5 

5.7 

Difference  between  night 

and  day,  averages. 

*  Numbers  in  columns  indicate  amount  of  COj  contained  in  10,000 
parts  of  air. 

Table  XII.— Carbon-Dioxide  Observations,  Series  ii.,  U.  S.  S. 
Prairie,  January  4th  to  Sth.  At  Sea  Bettveen  Latitudes 
16°  13'  30"  AND  15°  08'  N.  and  Longitudes  64°  25'  and  63°  40'  W. 
Course  E.  by  S.  Strength  op  Wind  4.  Atmospheric  Temper- 
ature Varied  from  78°  to  81°  F.  sky  Partly  Blue,  Partly 
Cloudy. 


Time  of  day. 

si 

05 

MO 

1^ 

i 

^1 

Remarks. 

9  P.M 

8.8 

8.8 

8.8 

5.6 

5.6 

6.6 

Wind  forward,  weather 
clear. 

llp.M 

4.1 

4.1 

5.0 

3.7 

3.7 

3.6 

Wind  athwartship;  ports 
open. 

1:80-2: 30  A.M. 

5.8 

6.2 

6.3 

4.3 

4.0 

3.9 

Blowers  running  half 
speed. 

11  A.M 

4.3 

7.0 

8.2 

b.O 

3.7 

3.6 

No  one  occupying  sick- 
quarters. 

1:30-3: 30  P.M. 

4.8 

4.8 

5.5 

4.4 

0.6 

3.6 

All  gun-deck  ports  open. 

5  P.M  

5.0 

5.2 

5.8 

4.2 

4  0 

4.6 

All  gun-deck  ports  open. 

Averages. 


General 

5.5 

6.0 

6.6 

4.8 

4.2 

4.2 

Night 

6.2 

6.5 

6.5 

4.4 

4.4 

4.4 

Day 

3.7 

5.6 

6.5 

4.4 

3.V 

3.9 

Diflerence  . . . 

2.5 

.9 

.0 

0.0 

.Y 

.5 

Influence  of  open  gun-deck 
ports  shown;  tends  to 
lessen  the  diflerence  be- 
tween the  night  and  day 
averages. 


the  tables  represent  the  compartments  that  are  inclucjed 
in  the  general  circulation  of  the  area  ventilated  by  the 
blowers.  The  results  show  what  the  carbon-dioxide  con- 
tent of  the  ship's  atmosphere  available  for  breathing  pur- 
poses may  be  expected  to  be,  when  the  ship  is  at  sea  and 
is  sailing  under  the  most  favorable  conditions  of  weather 
and  climate.  The  influence  of  hatches,  whether  open  or 
closed,  of  gunports,  of  the  direction  of  the  winds  and  of 
the  blowers  upon  the  carbonic-acid  content,  may  be  seen 
in  the  tables  and  studied  in  connection  with  the  column 
of  remarks. 

As  the  blowers  operate  on  the  vacuum  principle,  it 
must,  of  course,  be  expected  that  the  air,  when  it  reaches 
the  breather,  is  at  its  worst.  The  differences  between  the 
night  and  day  averages  in  series  I.  were  rather  large,  a,s 
compared  with  those  shown  in  series  II.  The  colder  cli- 
mate at  Hampton  Roads  made  it  necessary  for  the  com- 
fort of  the  men  sleeping  below  to  keep  the  hatches  cov- 
ered and  the  ports  closed.  Under  such  conditions  the 
vacuum  system  of  ventilation  shows  its  weak  points. 
The  fans  arranged  in  accordance  with  the  plenum  prin- 
ciple would  easily  remedy  these  defects  and  convert  a 
very  faulty  system  of  ventilation  into  an  efficient  one. 


In  concluding  the  chapter  on  ventilation  we  would 
emphasize  two  leading  and  important  factors  influencing 
a  ship'sventilation,  namely:  (1)  The  plenum  system  of 
ventilation  for  ship's  purposes  is  unqualifiedly  recom- 
mended. (S)  That  the  high  atmospheric  temperatures 
and  humidities  prevailing  in  warm  climates,  together 
with  the  prominent  part  played  by  physical  heat  regula- 
tion on  the  part  of  the  men,  make  it  possible  that  the  air 
in  ships  may  be  renewed  from  fifteen  to  twenty  times 
jior  hour,  without  danger  from  draughts. 

II.  Wateh. 

Every  living  organism,  every  single  microscopic  cell 
of  this  organism,  has  its  normal  amount  of  water  under 
which  alone  it  can  perform  its  proper  function,  and  the 
slightest  departure  from  this  normal  percentage  amount 
of  water  peculiar  to  its  composition  begins  to  initiate  the 
series  of  changes  that  can  have  but  one  ending,  namely, 
the  death  of  the  organism.  The  human  body  has  in  its 
composition  sixty-five  per  cent,  of  water,  of  which  iti 
loses  2, 500  gm.  daily.  As  it  receives  from  500  to  800  gm. 
in  the  food,  the  remaining  loss  must  be  made  good  by 
drink.  In  experimental  animals  death  inevitably  ensues 
whenever  tlie  loss  of  water  amounts  to  from  twenty  to 
twenty-five  per  cent.  Those  of  us  who  live  in  temperate 
climates,  in  which  water  is  found  everywhere  in  sufficient 
quantity  to  supply  our  daily  needs,  hardly  ever  think  of 
the  iJossibility  of  dying  of  thirst;  but  those  who  live  in 
the  tropics  know  well  how  pressing  and  dangerous  thirst 
can  become  as  compared  to  hunger.  As  a  means  of  per- 
sonal cleanliness,  it  has  become  well  recognized  that  it  is 
economy  to  be  lavish  with  the  water  supply,  especially 
among  soldiers  and  sailors,  who  must  be  so  trained  that 
cleanliness  of  person  becomes  to  them  a  necessity  and  a 
habit. 

With  regard  to  the  water-supply  of  ships,  the  last  fifty 
years  have  brought  about  great  changes.  The  general 
introduction  of  steam  has  made  not  only  the  voyages 
shorter,  but  it  has  been  the  means  of  making  ships  al- 
most entirely  independent  of  the  shore  as  regards  their 
water-supply.  In  times  of  wooden  ships  and  long  pas- 
sages across  the  seas  under  sail  alone,  the  water  question 
was  one  of  most  serious  concern  to  all  seafaring  men. 
Besides  this,  the  generally  prevalent  lack  of  knowledge 
at  that  time  of  the  importance  of  cleanliness  in  collect- 
ing, storing,  and  distributing  the  water  on  board  ship 
was  the  cause  of  untold  misery  and  long  suffering,  due  tO' 
poor  water  and  to  the  separation  from  a  base  of  supply. 
The  water  was  carelessly  collected  and  then  stored  ia 
tanks  or  barrels  down  in  the  dark  holds  of  the  ship.  Often 
neither  the  water  nor  the  barrels  were  examined,  and  con- 
sequently they  left  much  to  he  desired  as  regards  cleanli- 
ness. After  a  time  the  water  began  to  emit  a  disagreeable 
odor,  the  essence  of  which  was  sulphureted  hydrogen. 
This  gas  was  produced  by  the  decomposition  of  the  sul- 
phates in  the  water.  In  the  course  of  time  this  gas  was. 
reoxidized  and  the  disagreeable  odor  disappeared.  This, 
periodical  reduction  of  the  sulphates  and  oxidation  of 
sulphureted  hydrogen  recurred  several  times  during  a 
voyage,  and  it  was  a  common  saying  among  sailors  that 
the  water  had  to  putrefy  three  times  before  it  became 
potable. 

It  certainly  was  true  tljat  the  water  did  cease  ferment- 
ing after  a  time,  and  consequently  it  was  often  better  at 
the  end  of  a  voyage  than  at  the  beginning.  "We  now  are 
perfectly  well  acquainted  with  the  causes  of  this  fermen- 
tation and  make  use  of  this  very  property  of  water  to 
purify  it  before  filtration.  It  is  the  septic-tank  method 
which  has  been  found  so  effective  in  removing  a  large 
percentage  amount  of  germs  and  fermentable  organic 
matter,  and  which  makes  subse{Diuent  sand  filtration  so 
much  more  effective  in  producing  a  pure  and  potable 
water  than  it  would  be  without  it. 

Although  most  of  the  naval  vessels  are  supplied  with 
distillers  for  the  production  of  drinking-water  from  sea- 
water,  it  cannot  be  said  that  all  ships  of  the  navy  -dre 
absolutely  independent  of  water  supplies  from  natural 
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sources  on  shore.  Circumstances  arise  on  every  naval 
vessel,  and  arise  often,  under  wliicli  the  water  tanks  are 
filled  with  water  coming  from  shore.  Naval  sanitarians 
can,  therefore,  not  yet  afford  entirely  to  disregard  the  hy- 
giene of  water  supplies  as  found  in  nature. 

The  question  of  the  water  supply  to  naval  vessels 
would,  accordingly,  resolve  itself  into  (1)  the  supply 
from  natural  sources,  and  (3)  the  supply  through  distil- 
lation from  sea  water. 

1.  SuppjA'  FROM  Nature's  Reservoirs,  (a)  Bain 
Water. — The  quantity  of  water  which  a  cubic  kilometre 
of  air  is  able  to  take  up,  when  saturated  at  a  temperature 
of  15°  C.  (60°  F.),  is  no  less  than  15,990,000  litres.  In 
the  tropics  the  atmosphere  covering  a  square  mile  of  sur- 
face, at  a  temperature  of  80°  C.  (85°  F.),  takes  up  two 
and  a  half  millions  of  cubic  metres  of  water.  This  water 
is  driven  by  the  wind  to  the  different  parts  of  the  world, 
and  returns  to  the  earth  in  the  form  of  rain,  snow,  or  hail. 
The  water,  when  it  evaporates,  is  pure ;  but  when  it  re- 
turns to  the  earth  in  the  form  of  meteoric  water  it  shows 
various  forms  of  contamination,  having  absorbed  not 
only  the  gases  of  the  air,  but  carrying  down  also  more 
substantial  impurities  with  it.  It  is  easily  seen  that  rain 
water  must  differ  in  character  with  the  quality  of  the  at- 
mosphere through  which  it  falls ;  it  must  differ  with  the 
season  of  the  year,  and  whether  it  falls  in  town  or  coun- 
try. As  rain  purifies  the  air  by  taking  down  dust  and 
smoke,  it  must  become  purer  the  later  it  is  collected. 

Of  the  water  which  is  thus  returned  to  the  earth  by 
jirecipitation,  a  small  portion  evaporates  again  immedi- 
ately; the  greater  portion  sinks  to  certain  depths  from 
the  surface,  becoming  what  is  known  as  surface  water ; 
while  still  another  portion  runs  off  into  rivers,  brooks, 
and  lakes,  and  the  rest  returns  by  way  of  the  rivers  and 
streams  to  the  great  sea  whence  it  came. 

In  its  passage  through  the  atmosphere,  it  takes  up,  in 
the  first  place,  a  certain  volume  of  air.  The  oxygen  of 
the  air  being  more  easily  soluble  in  water  than  is  nitro- 
gen, tlie  air  dissolved  in  water  is  richer  in  oxygen  than 
the  atmospheric  air.  Besides  oxygen,  rain  water  absorbs 
carbon  dioxide,  ammonia,  and  nitric  acid.  The  farther 
above  the  surface  of  the  earth  rain  water  is  collected,  the 
more  nitric  acid  it  contains;  and  the  nearer  to  the  earth's 
surface  it  is  collected,  the  more  ammonia  is  found  in  It. 
The  reason  for  this  is  that  the  ammonia  emanating  from 
the  soil  is  gradually  oxidized  into  nitric  acid  as  it  rises 
into  the  higher  regions  of  the  atmosphere.  Thus  1  litre 
of  water  contains :  Ammonia  at  7  metres,  5. 94  mgm. ;  at 
47  metres,  2  mgm.  Nitric  acid  at  7  metres,  5.68  mgm. ; 
at  47  metres,  7.36  mgm.  Rain  water  contains  from  seven 
thousand  to  twenty  thousand  bacteria  in  1  c.c,  which 
■explains  why  it  undergoes  rapid  fermentation  on  standing. 
Bujwid,  who  examined  a  hailstone  6  cm.  long  and  3  cm. 
thick,  found  twenty -one  thousand  bacteria  in  1  c.c.  of 
melted  ice.  Fontin,  at  St.  Petersburg,  discovered  in  a 
hailstone  a  coccus  that  proved  pathogenic  to  mice. 

Schmelch,  in  examining  some  ice  from  high  mountains, 
in  high  latitudes,  where  organic  life  is  not  abundant, 
found  but  two  microbes  in  a  cubic  centimetre  of  ice  from 
lostedlasbi'ii  in  Norway.  Rain  water  is  a  soft  water  and 
verj'  good  for  washing  purposes ;  wlien  used  for  drink- 
ing purposes,  the  first  portions  of  it  should  always  be 
rejected. 

(b)  Surface  Water. — ^The  term  surface  water  is  applied 
to  the  water  contained  in  rivers,  brooks,  and  ponds,  into 
which  the  earth's  surface  is  drained,  especiallj'  after 
heavy  rains.  The  composition  of  such  water  is  influ- 
enced by  local  conditions,  depending  partly  on  the  geo- 
logical formation  of  the  place,  partly  upon  the  character 
and  amount  of  sewage  washed  into  it  and  furnished  by 
the  towns  in  the  vicinity.  Epidemics  of  typhoid  and 
cholera,  traceable  to  infected  river  water,  continue  to  re- 
cur with  frequency,  and  these  would  be  still  more  fre- 
quent than  they  are,  were  it  not  for  the  self-purification 
of  river  water  and  the  nitrifying  action  of  a  certain  class 
of  saprophytic  water  bacteria.  Such  water,  therefore, 
needs  a  thorougli  chemical  and  bacteriological  examina- 
tion before  being  taken  on  board,  unless  it  comes  from  a 


place  where  sand  filtration  is  used,  and  where  all  sewage 
is  thus  filtered  before  it  is  allowed  to  pass  into  the  river, 
brook,  or  lake. 

(c)  Ground  Water.— That  portion  of  rain  water  which 
neither  evaporates  immediately  nor  flows  off  into  rivers 
and  brooks,  but  which  gradually  drizzles  down  into  the 
deeper  layers  of  the  soil,  until  it  strikes  an  impermeable 
layer  of  clay,  upon  which  it  accumulates,  is  known  as 
ground  water.  A  s  such  it  may  feed  a  neighboring  well 
or  find  its  way  to  the  surface  again  in  the  form  of  a 
spring.  Borings  often  reveal  the  existence  of  several 
such  subsoil  lakes  superimposed.  The  water,  while  driz- 
zling through  the  permeable  layers,  gives  up  suspended 
matters,  but  takes  up  soluble  ones  instead,  and  hence  its 
composition  is  essentially  different  from  that  of  either 
rain  or  surface  water.  All  those  particulate  impurities 
which  rain  water  washes  down  from  the  atmosphere  it 
loses  in  the  uppermost  layers  of  the  permeable  soil  and 
before  it  becomes  groundwater;  the  organic  matters  are 
destroyed  by  oxidation,  furnishing  carbonic  and  nitric 
acids.  Ground  water,  when  obtained  at  a  depth  of  20 
metres  below  the  surface  and  well  protected,  has  an 
agreeable  taste  and  should  possess  a  temperature  repre- 
senting the  mean  annual  temperature  of  the  place, 
which  temperature  is  accepted  as  the  most  favorable 
temperature  which  a  good  drinking-water  should  pos- 
sess. All  the  superfluous  ground  water  finally  flows  off 
into  subterranean  rivers  and  lakes,  which  in  turn  are 
drained  into  the  all-engulfing  sea  to  start  on  a  new  round 
in  its  circulation.  Such  water  is  probably  the  best  that 
can  be  obtained  from  natural  sources. 

In  the  royal  navy  of  England  and  in  the  navy  of  the 
United  States,  the  rule  is  that  no  water  is  to  be  taken  or 
used  on  board  until  it  has  been  examined  and  passed  by 
the  surgeon.  In  home  ports,  the  water  is  either  directlj' 
pumped  on  board  from  the  city  mains  or  it  comes  along- 
side the  ship  in  a  water  boat.  The  latter  method  is  usu- 
ally bad  and  the  water  is  often  found  contaminated,  owing 
to  leaky  bottoms  and  leaky  decks.  No  wooden  water 
barge  should  be  allowed  to  bring  drinking-water  on 
board  a  ship.  In  many  foreign  ports,  recourse  is  had  to 
fetching  the  water  from  shore  by  clearing  the  ship's 
boats  of  all  removable  gear  and  then  filling  them  with 
water  directly  from  the  main;  finally  towing  the  boats 
back  to  the  ship  and  pumping  the  water  on  board.  All 
these  methods  are  objectionable,  because  no  boat  is  abso- 
lutely water-tight  and  sea  water  is  bound  to  leak  into  it. 

A  time  may  come  when  it  becomes  necessary  to  take 
a  battalion  of  men  on  shore  and  quarter  them  in  a  town 
for  some  time.  Under  such  circumstances  experience 
has  shown  the  following  rules  to  be  worthy  of  adoption : 
(1)  Let  the  men  take  their  water  from  the  same  places 
from  which  the  inhabitants  draw  theirs;  these  places 
should  be  plotted  down  by  the  officers  arranging  for 
quarters  for  the  men.  In  case  the  water  supply  of  the 
town  is  not  free  from  suspicion,  avoid  taking  water  from 
wells  in  sloping  streets  and  from  those  which  are  located 
in  the  neighborhood  of  poor  dwellings,  factories,  dung- 
heaps,  and  avoid  likewise,  if  you  can,  water  flowing 
through  the  town;  take  it,  if  possible,  from  a  point 
above  the  town.  (2)  Make  provision  against  the  con- 
tamination of  the  town  water  bj'  the  men  themselves, 
who  should  be  instructed  in  how  best  to  avoid  dangers 
from  such  a  cause.  (3)  Mark  the  good  wells  from  the 
bad  ones.  (4)  Wells  that  have  been  out  of  use  for  some 
time  must  first  be  pumped  out  before  they  can  be  used 
again.  (5)  Contaminated  wells  must  be  placed  under 
guard.  (6)  The  too  frequent  and  too  copious  use  of  a 
well  is  to  be  avoided  because  large  draughts  would 
cause  a  too  rapid  flow  of  the  neighboring  ground  water 
inthe  direction  of  the  well,  through  the  subsoil,  which 
might  seriously  interfere  with  the  filtering  capacity  of 
such  a  soil,  resulting  in  drawing  impurities  in  with  it. 
(7)  In  the  case  of  wells,  small  rivers,  and  brooks,  dams 
can  be  built  in  several  places,  of  which  the  highest  may 
be  used  for  drinking  purposes  for  the  men,  the  lower  for 
the  animals  and  for  cleansing  purposes.  (8)  In  case  of 
rivers  and  shallow  lakes,  small  bridges  and  waterways 
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should  be  constructed  so  as  to  enable  the  men  to  get  their 
water  farther  away  from  the  shore  and  prevent  them 
from  stirring  up  the  sediment  at  the  bottom,  which  may 
harbor  pathogenic  germs.  (9)  In  case  the  water  has  been 
rendered  turbid  by  heavy  rains,  small  wells  may  be  sunk 
near  the  river  and  the  filtering  action  of  the  soil  or  sand 
be  taken  advantage  of ;  such  wells  must  be  protected  and 
covered  over  by  boards.  (10)  If  the  soil  permits,  tubu- 
lar wells  may  be  bored. 

In  France,  Pasteur  filters  have  been  most  generally  in- 
troduced into  all  barracks.  The  water  runs  through 
these  filters  under  a  pressure  of  10  metres,  and,  in  places 
where  this  pressure  cannot  be  obtained  by  natural  means, 
it  is  produced  by  artificial  means. 

The  great  danger  to  troops  is,  as  we  all  know,  typhoid 
fever.  No  army  seems  to  escape  a  certain  amount  of  it. 
The  typhoid  bacillus  respects  neither  race  nor  climate 
and  is  practically  ubiquitous.  Extensive  experiments 
are  now  under  way  in  England  and  other  parts  of  Eu- 
rope on  the  subject  of  the  possible  chances  of  vaccinating 
soldiers  against  typhoid,  cholera,  plague,  and  other  dis- 
eases. The  mortality  from  typhoid  among  the  English 
troops  in  South  Africa  has  been  so  great  as  to  induce 
«ome  of  the  best  English  bacteriologists  to  engage  in 
serious  experimentation  in  that  direction. 

For  the  purpose  of  sterilizing  a  suspected  water  in  the 
field,  in  the  absence  of  means  forTDoiling  large  quantities 
of  it,  the  method  of  Schumburg  is  the  best.  He  uses 
bromine  to  render  the  water  germ-free  and  removes  the 
bromine  afterward  by  the  addition  of  ammonia.  The 
apparatus  comes  conveniently  packed  in  a  box  with  the 
chemicals  ready  for  use,  and  in  quantities  weighed  out  so 
as  to  sterilize  any  given  amount  of  water  in  five  minutes. 
2.  Supply  Through  Distillation  from  Sea  Water. 
— If  rivers,  brooks,  and  lakes  are  the  drainage  basins  into 
which  flows  the  surface  water  of  certain  small  circum- 
scribed geographical  areas,  the  great  oceans  may  be  said 
to  receive  the  combined  drainage  of  all  the  continents  of 
the  globe.  From  a  chemical  viewpoint,  perhaps  one  of 
the  principal  difierences  between  ground  water  and  sea 
water  is  found  in  the  large  percentage  of  salts  that  are 
contained  in  the  latter.  These  salts  perform  an  impor- 
tant function  which  it  is  well  to  keep  in  mind.  They 
assist  in  the  penetration  of  solar  heat,  which  otherwise 
would  act  on  the  surface  only ;  salts  also  retard  evapor- 
ation. Sea  water  teems  with  living  organisms  which, 
but  for  the  preserving  action  of  the  brine,  would  die,  and 
the  products  of  their  decomposition  would  render  a  life 
at  sea  practically  unbearable  if  not  altogether  impossible. 
The  salts  in  sea  water  also  are  the  efficient  causes  of  some 
of  its  circulating  currents.  Those,  for  instance,  from  the 
Mediterranean  into  the  Atlantic,  according  to  Maury,  owe 
their  main  strength  to  this  agency.  The  freezing  point 
of  sea  water  is  put  down  as  27.2°  F.  The  specific  gravi- 
ties, according  to  location,  are  as  follows:  (1)  North  At- 
lantic, 1.02676;  (2)  South  Atlantic,  1.03664;  (3)  North 
Pacific,  1.03658;  (4)  South  Pacific,  1.02548. 

The  temperature  of  the  sea  water  is  higher  than  that 
of  the  ground  water  of  the  same  region.  It  varies,  of 
course,  with  the  latitude  and  the  depth,  and  is  greatly 
influenced  by  the  circulation  of  the  various  currents 
coming  from  different  localities.  The  Atlantic  is  the 
coldest,  the  Indian  Ocean  the  warmest. 
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The  composition  of  sea  water  has  been  found  to  vary 
somewhat  in  diffei'ent  places  and  at  different  depths.     In 


the  vicinity  of  the  poles,  the  percentage  amount  of  salts 
is  somewhat  less  than  at  the  equator,  while  in  certain 
parts  of  the  Mediterranean  more  salt  is  found  than  in  the 
great  oceans.  The  average  composition  of  sea  water  is 
given  in  the  preceding  table  from  Notter,  to  which  has 
been  added  an  incomplete  and  partial  analysis  made  of 
the  water  in  the  Gulf  of  Paria. 

According  to  Hales,  it  was  Jean  Antoine  Gadesden 
who,  as  early  as  1516,  proposed  distillation  as  a  means  of 
rendering  sea  water  potable,  and  in  1560  Sebastien  de  la 
Pallifere,  of  Sicily,  proposed  to  the  Duke  of  Moedina 
Coeli,  while  the  latter  was  besieged  by  the  Turks,  in  a 
fortress  in  which  the  cisterns  had  run  dry,  to  distil  sea 
water.  He  succeeded  in  producing  thirty-five  barrels  of 
potable  water  in  twenty-four  hours.  In  1717  Gauthier 
made  an  unsuccessful  attempt  to  introduce  distillers 
on  board  ship.  After  him,  Lind  proposed  to  utilize  the 
steam  coming  from  cooking  utensils  and  condense  it  by 
leading  it  through  cold-water  tanks.  Three  years  later, 
Poissonier  designed  a  distiller  which  was  similar  to  that 
of  Lind,  but  which  again  failed  of  adoption  on  account 
of  its  taking  up  too  much  room  on  board !  Finally  Irv- 
ing designed  a  distiller  for  which  he  received  a  pension 
of  £500  from  the  English  Government.  All  this  shows 
how  much  the  necessity  for  an  apparatus  of  this  sort 
was  felt.  A  rather  long  time,  however,  had  yet  to  pass 
before  distilling  became  as  general  and  practicable  as  it 
is  now.  There  is  perhaps  no  seagoing  man-of-war  at  the 
present  day  that  is  not  provided  with  one  or  more  of 
these  distillers,  of  which  there  are  a  large  number  of  pat- 
terns. 

In  the  French  navy  the  "Cousin,"  modified  by  Mou- 
raille  &  Co.,  and  the  "Normandy,"  which  latter  has  the 
evaporator  and  condenser  united  into  one  apparatus,  are 
generally  in  use.  A  special  refrigerator  by  Perroy  and 
a  condenser  by  Eraser  are  also  in  common  use.  In  the 
English  navy  the  "Normandy,"  "Kirkaldy  and  Caird," 
and  "  Raynor  "  are  employed.  In  the  Austrian  navy  the 
French  distillers  have  been  adopted.  The  United  States 
Naval  Standard  Evaporator  is  made  of  several  sizes,  the 
largest  of  which  possesses  a  productive  capacity  of  ten 
thousand  gallons  of  distilled  water  per  diem.  The  gen- 
eral design  is  identical  for  all  sizes.  The  apparatus  con- 
sists of  two  parts,  namely :  (1)  the  evaporator  and  (2)  the 
distiller,  sometimes  called  the  condenser.  The  evapor- 
ator consists  in  a  hollow  cylindrical  shell,  made  of  steel 
and  placed  horizontally.  The  lower  half  of  this  cylinder 
is  partially  or  loosely  occupied  by  tubes  running  length- 
wise, and  fixed  in  tlieir  position  at  either  end  to  a  pair  of 
plates  which  permit  of  the  tubes  being  removed  for  scahng 
in  their  entirety.  The  tubes  are  connected  with  the  main 
boilers,  from  which  steam  is  run  into  them  generally  at  a 
pressure  not  exceeding  forty  pounds.  The  sea  water  in- 
tended for  distillation  fills  that  portion  of  the  lower  half 
of  the  cylinder  which  is  outside  the  tubes,  but  not  quite 
reaching  the  upper  level  of  the  highest  tubes.  It  is  in- 
deed the  intention  that  the  tubes  shall  not  be  completely 
immersed  in  the  salt  water,  the  upper  level  of  which  is, 
on  the  contrary,  maintained  considerably  below  the  top 
of  the  tubes.  The  customary  pressure  within  the  shell 
is  about  ten  pounds.  By  the  use  of  the  valves,  the  dens- 
ity of  the  sea  water  is  generally  maintained  at  ■^.  The 
tubes  of  the  distiller  are  made  of  tinned  copper  or  brass; 
the  joints  are  soldered.  Thus  we  see  that  the  evapor- 
ation of  the  sea  water  is  caused  by  the  heat  imparted  to 
it  through  the  steam  in  the  pipes  which  the  sea  water 
surrounds.  The  steam  itself  does  not  mix  with  the  sea 
water.  The  distiller  or  condenser  is  a  cylinder,  made  of 
brass  or  iron  in  various  sizes,  placed  vertically  and  fitted 
with  straight  tubes  for  circulating  cooling  water,  which 
is  made  to  enter  at  the  bottom  and  discharge  at  the  top. 
The  steam  to  be  condensed  passes  through  the  condenser 
in  the  inverse  sense. 

On  vessels  which  are  equipped  with  very  large  plants 
for  distilling  water,  the  apparatus  is  arranged  differently 
from  the  above.  The  work  of  distilling  is  divided  into 
two  or  three  stages  and  the  working  efficiency  of  the 
plant  is  thereby  correspondingly  Increased.     Under  this 
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system,  steam  from  the  boilers  is  used  to  evaporate  the 
water  in  the  tirst  set  of  evaporators;  this  evaporated 
steam  is  used  to  heat  and  evaporate  the  water  contained 
in  the  second  set  of  evaporators,  and  tliis  in  turn  is  made 
to  evaporate  tlie  water  contained  in  a  tliird  set.  This  last 
steam  is  finally  condensed  to  waler  in  a  distiller  of  the 
above  description.  This  system  more  than  doubles  the 
actual  thermal  efficiency  of  the  distilling  apparatus,  but  it 
is  not  installed  except  in  very  large  ships,  on  account  of 
the  complications  in  mechani- 
cal fittings  which  it  necessi- 
tates. 
The  prcca\itions  usuallj'  ob- 


FiG.  3.508. — (From  Kirchner.)  The  Transatlantic  liners  of  the  North  German  Tiloyd  are 
equipped  with  distillers  of  the  "  Aenie  "  patent.  These  were  preferred  on  accoLnt  of 
their  coiiibinlnff  great  efficacy,  small  space  and  ease  with  which  they  can  be  handled 
and  worked.  The  condenser  is  shown  in  the  adjoining  two  flgures  A  and  B.  The 
steam  generated  in  an  auxiliary  boiler  is  made  to  enter,  at  D.  into  the  condenser,  which 
consists  of  a  vertical  cylinder,  110  cm.  long  and  Sti  cm.  in  diameter.  The  steam  now 
passes  into  a  number  of  tubes,  made  of  thin  copper  r  i",  outside  of  which  a  constant 
and  rapid  stream  of  cold  sea  water  passes  from  helow  upward,  entering  at  KZ  and 
leaving  the  cooler  at  KA.  The  distilled  water,  at  the  lower  end  of  the  condenser, 
enters  a  charcoal  filter,  J*",  where  It  is  purified,  and,  at  the  same  time,  aerated  by  the  air 
coming  in  through  the  tube  1>,  with  which  it  is  here  in  communication.  The  water, 
both  hltered  and  aerated,  is  Anally  collected  at  TA.  The  apparatus  furnishes  18  cubic 
metres  of  good  potable  water  in  twenty-four  hours.  The  warships  of  the  imperial 
German  navy  are  all  equipped  with  distillers  made  on  the  same  principle  as  those  of  the 
"  Acme  "  patent. 

served  are  as  follows:  (1)  The  plant  is  operated  only 
when  pure  sea  water  is  obtainable.  (3)  For  drinking- 
water,  the  plant  is  not  operated  to  its  full  capacity,  in 
order  to  reduce  priming  or  canying  salt  water  diicctly 
over  into  the  distillate.  (3)  Tests  of  the  complete  plant  arc 
made  daily  to  insure  tiglitness  of  all  tlie  joints,  (4)  The 
wa(:.er  level  in  the  evaporators  is  kept  low,  (5)  When  the 
ship  is  underway  and  rolling  heavily,  the  jilant  is  worked 
at  its  lowest  capacity.  (0)  The  pressun;  of  the  cooling 
water  in  the  distiller  is  limited  by  depiirtmenlal  order 
to  thirly  pounds,  wdiicli  is  to  nuninnze  the  danger  of  salt 
water  leaking  into  the,  distillate.  (7)  Tests  of  the  distil- 
late are  made  eveiy  lifte(;n  minutes. 

Tlie  process  of  distillation,  however,  always  involves 
an  expense  which  sometimes  maybe  consideralily  givatcr 
than  the  )irice  at  which  gnod  drinking-water  can  be 
bought  on  shoi-e,  and  then  it  becomes  tlie  duty  of  com- 
manders of  vessels  to  secure  such  water  when  of  good 
quality  and  whenever  practicable.  Besides,  the  process 
of  distilling  is  not  always  faullless  and  the  product  occa- 
sionally needs  looking  iut(j. 


Water  Dislilkdfrom  Sea  TF«fer.— Although  the  water 
obtained  from  sea  water  by  distillation  may  not  be  abso- 
lutely pure,  it  has  nevertheless  stood  the  test  of  many 
years'  practical  experience,  and  hence  must  be  consid- 
ered to  be  harmless.  The  mineral  salts,  contained  in  sea 
water,  sodium  and  magnesium  chloride,  lime,  alkalies, 
acids,  bromine,  iodine,  etc.,  especially  magnesium  chlor- 
ide, in  decomposing  during  the  process  of  distillation, 
vitiate  the  product  to  a  certain  degree.  In  order  to  ob- 
viate these  objectionable  features,  Rubner  ("  Lehrbuch  d. 
Hygiene  ")  proposes  the  following  preliminary  treatment 
of  salt  water  before  distilling:  The  salt  water  is  to  be 
mixed  with  milk  of  lime  in  special  tanks  and  kept,  being 
constantly  stirred  up,  for  fifteen  minutes;  it  is 
then  heated  up  to  a  temperature  of  about  60° 
C.  liy  steam.  All  organic  matter  is  thus  de- 
stroyed and  coagulated.  Magnesium  chloride 
is  decomposed  by  the  lime  and  the  magnesia  is 
precipitated.  After  all  has  settled  the  water  is 
siphoned  off  and  distilled.  This  preliminary 
treatment,  if  it  could  be  carried  out  practically, 
would  no  doubt  result  in  a  more  uniform  pro- 
duct of  distillation ;  it  would,  however,  neces- 
sitate a  reconstruction  of  all  the  evaporators 
and  condensers  at  present  in  use. 

That  sea  water  under  the  jsresent  system  of 
distillation  does  not  furnish  a  uniformly  pin-e 
)n-oduct  may  be  seen  from  Table  XIV.,  which 
represents  an  almost  daily  though  partial  an- 
alysis of  such  water,  continued  for  nearly  a 
month.     Free  ammonia  was  determined  with 
Nessler's   reagent;    the   nitrites   were  qualita- 
tively determined   with   the    sulphanilic  acid 
and    naphthylairnne    test:     the    nitrates  with 
brucine  and  sulphuric  acid;    chlorine  with  a 
volumetric  solutirm  of  silver  nitrate,  potassium 
chromate  as  indictxtor;  hardness  with  standard 
soap  solution ;  and  the  organic  matter,  repre- 
sented  in   milligrams   of    oxygen,  was  deter- 
mined  by   a   standard   solution  of    potassium 
permanganate.      All    these     solutions 
\vere  made  on  board  ship  and  accord- 
ing to  the  methods  given  in  Harring- 
ton's  excellent  manual  of   "Practical 
Hygiene."     The    analy.ses    show  that 
the   water   produced   in  our  distillers 
always     contains     quite     appreciable 
quantities  of  chlorine,  lime,  and  mag- 
nesituu    salts    (represented    bj'    hard- 
ness),   and   also    organic   matter;    less 
frequently  ammonia,  and  still  less  fre- 
quentlj'     nitrites    and     nitrates.      All 
thc^e,  in  the  above  ciuantitics,  must  be 
considered   harmless.      "With    few    ex- 
ceptions the  water  was  free  from  odor 
and  perfect ly  colorless. 

An  important  point,  to  which  it  is 
necessary  to  call  attention  in  connection  with  the  chemi- 
cal comi)osition  of  water  distilled  onboard  ship,  is  the 
hygienic  siguificance  of  it.  It  will  be  seen  at  once  that 
We  must  judge  lliis  from  a  standard  entirely  different 
from  flic  one  in  accordance  with  which  we  would  judge 
a  surface  or  a  ground  water.  Ammonia,  nitrites,  nitrates, 
as  also  chlorides,  when  found  in  a  projierly  collected  sam- 
jilc  of  river  or  well  water,  would  justly  arouse  great  sus- 
])ieion,  while  the  same  chemical  compounds  in  the  water 
distilled  from  sea  water  arouse  no  such  suspicion.  These 
sland  simply  for  a  certain  amount  of  nitrogen  in  different 
stages  of  oxidation  and  are  otherwise  perfectly  harmless 
in  the  ([uanlities  in  which  they  apjiear.  No  living  or- 
gauisiu,  neither  an  animal  nor  a  vegetable  parasite,  ca- 
])able  of  ]iroducing  disease  could  possibly  survive  such 
a  iirocess  of  distillation. 

The  following  ttrble  is  interesting  from  quite  another 
])oint  of  view;  it  shows  that,  while  a  small  quantity  of 
organic  matter  is  constantly  present  in  the  distillate,  am- 
monia, lutrates,  and  nitrites  are  almost  as  constantly  ab- 
sent.    Tills  would  indicate  an  almost  absolute  absence 
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of  all  oxidation  during  distillation.  When,  however,  we 
consider  that  the  salt  water,  from  which  our  distillate  is 
obtained,  does  not  come  directly  from  the  sea,  but  has 
already  been  used  as  condense  water  and  gone  through 
the  distiller  in  which  it  has  been  heated  up  to  a  high 
temperature,  then  this  is  easily  explained.  By  the  time 
such  water  arrives  in  the  evaporator  as  feed  water,  all 
the  air  has  been  driven  out. 

Table  XIV.— Tabulated  Results  of  Twenty-Two  Analyses  of 
Water  Distilled  from  Salt  Water  by  the  United  States 
Standard  Evaporator. 


0.  S.  S.  Prairie, 
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January,  1803. 

C3 

1 
a 

B 
(» 

i 

1 

iz; 

a 

ill 

Organic  matter, 

represented  in 

milligrams  of 

oxygen  per  litre. 

3 

+ 

0 

+ 
+  + 

+ 
+  + 

+ 

0 

+ 

+ 

+ 

+ 
+  + 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ooooo    ooo    oooooooooooo 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
0 
0 

220 
30 
20 
10 
50 
20 
24 

130 

8 

12 

20 

20 

160 
30 
30 
20 
90 
12 
20 
32 
80 
32 

10.0 
5.0 
4.0 
6.0 

11.0 

16.0 
7.0 

13.0 
4.0 
4.0 
5.5 
6.0 

10.0 
4.5 
5.0 
5.0 

10.0 
7.0 
8.0 
6.0 
8.0 
5.0 

0.0 

4  

2.0 

5 

3.5 

6 

1.7 

7 

3.6 

8 

2.0 

9    

3.2 

10 

6.5 

13 

2.0 

14 

3.0 

16 

8.0 

ir 

18 

20 

3.0 

4.0 
4.5 

21 

5.0 

22 

3.0 

23 

2.5 

25 

2.0 

26 

3.0 

27 

28           

2.0 
120.0 

30 

3.0 

The  Stowage  and  Distribution  of  Water  on  Board.— It, 
notwithstanding  the  fact  that,  as  we  have  seen,  no  rea- 
sonable objections  can  be  entertained  from  a  sanitary 
point  of  view  against  the  water  distilled  on  board  ship, 
complaints,  and  very  pressing  ones,  are  still  often  heard 
against  the  drinking-water  supplied  to  officers  and  men, 
what  are  they  due  to?  In  almost  every  instance  to  un- 
clean tanks  and  faulty  pipe  connections,  as  perhaps  the 
following  instance  from  my  own  experience  will  best 
serve  to  illustrate.  It  was  not  many  days  after  our 
ship  had  been  placed  in  commission  and  her  officers  and 
men  had  begun  to  live  on  board,  that  the  presumably 
pure  and  distilled  water  was  found  absolutely  non-pot- 
able and  everybody  refused  to  drink  of  it.  The  water 
was  undoubtedly  and  indescribably  bad.  A  sample  of  it 
was  immediately  collected  from  one  of  the  spigots  in  the 
galley,  under  the  usual  precautions,  and  analyzed,  with 
the  following  results : 

November  26th,  1901,  sample  of  water  supposedly  dis- 
tilled: ,    , 

1.  CoZor.— Distinctly  yellowish,  very  turbid,  depositing 
on  standing  a  brownish  llocculent  sediment. 

2.  Offer.— On  being  heated  in  a  flask  and  shaken,  a 
very  perceptible,  strong,  musty  odor  is  present. 

3.  Residue.— Od  evaporation  grayish-white,  turning 
black  on  being  heated  to  redness. 

4.  Free  as  well  as  albuminoid  ammonia  present  m  large 
amounts,  forming  brownish  precipitate.  ^ 

5.  Mtrites.— Positive  reactions  with  the  starch  iodine 
test  as  well  as  with  the  sulphanilic  acid  and  naphthyl- 

amine  test. 

6.  O/i^onme.—NaCl,  2.5  gm.  per  litre. 

7.  Hardness. — Equal  to  ninety  parts  of  calcium  chlor- 
ide in  ten  thousand  parts. 

8    Mirates.—PoeitiYe  reaction  with  bruciue. 

9.  Lead.— Grayish  discoloration  with  hydrogen  sul- 
phide and  acetic  acid.  . 

10.  Organic  Matter.— In  abundance  and  not  determined 
quantitatively.  ,     .     ,  , 

Based  upon  the  results  of  the  above  analysis,  the  prob- 


able source  of  contamination  was  put  down  as  being  dirty 
salt  water  from  the  harbor  in  which  the  ship  was  lying ; 
also  improperly  cleaned  tanks  and  pipes,  as  was  made 
apparent  by  the  water  giving  reactions  for  lead.  When 
the  result  of  this  analysis  and  the  inevitable  conclusions 
it  led  to  were  communicated  to  the  commanding  officer, 
an  immediate  inspection  of  the  entire  water-supply  sys- 
tem of  the  ship  was  made,  and  the  source  of  the  contami- 
nation quickly  and  decidedly  traced  to  a  very  faulty 
system  of  pipe  connection  existing  between  the  sweet 
and  the  salt  water  reservoirs  on  board.  Owing  to  this 
connection,  it  was  impossible  to  draw  either  sweet  or 
salt  water  from  any  of  the  spigots  without  getting  a 
mixture  of  both  in  varying  proportions. 

The  bacteriological  examination  of  a  sample  of  this 
water,  made  at  the  Bacteriological  Laboratory  of  the 
Harvard  University  College  of  Medicine,  showed  the 
jDresence  of  liquefying  bacteria  in  large  numbers,  while 
that  of  a  sample  of  water  collected  from  the  distiller 
proved  absolutely  sterile. 

A  more  common  source  of  lead  in  ship's  drinking- 
water  is  found  in  the  pipe  joints,  especially  in  newly 
made  ones,  of  which  several  instances  have  recentl}' 
come  to  our  notice.  The  red  lead  used  for  the  purpose 
of  making  joints  water-tight  should  be  forbidden  and 
asbestos  used  instead,  in  all  pipes  used  for  water  distri- 
bution. Early  in  the  history  of  distilling  water  on  board 
ship  and  the  laying  of  pipes  for  its  convenient  distribu- 
tion, A.  Le  FSvre,  of  the  French  navy,  discovered  lead 
in  the  water ;  and  quite  recently  Dr.  Cautellauve  (1891- 
92),  also  of  the  French  navy,  has  again  reported  several 
cases  of  lead  poisoning  from  the  same  cause,  during  his 
cruise  in  the  East  on  board  the  Troude. 

Time  and  space  do  not  permit  here  to  go  into  a  detailed 
description  of  the  various  methods  of  modern  water  analy- 
sis. Nor  is  it  necessary  to  mention  the  characters  that 
a  good  drinking-water  should  possess.  These  are  mat- 
ters of  general  hygiene  and  can  easily  be  found  in  every 
work  on  that  subject.  There  is  no  doubt  that  the  naval 
surgeon,  equipped  with  a  practical  knowledge  of  the 
laboratory  methods  used  in  water  analysis,  will  be  well 
able  to  make  such  a  selection  of  apparatus  and  reagents, 
before  going  to  sea,  as  will  enable  him  to  make  a  very 
satisfactory  water  analysis,  wherever  and  wlienever 
called  upon  to  do  so.  There  may  be  some  difficulties  as 
regards  accommodations  on  board  sor.ie  ships,  but  there 
are  none  that  cannot  be  overcome.  His  difficulties  cer- 
tainly cannot  be  greater  than  are  those  of  the  army  sur- 
geon in  the  field. 

The  water-supply  systems  and  the  chemical  composi 
tion  of  the  water  supplied  by  them,  of  every  one  of  the 
islands  near  our  coast,  including  all  the  Antilles,  should 
be  systematically  investigated.  The  composition  of 
every  important  well  in  common  use  and  out  of  use  on 
every  island  should  be  known,  recorded,  and  plotted  on 
geographical  maps  for  immediate  reference.  With  some 
encouragement  and  the  necessary  means  and  apparatus, 
this  work  could  easily  be  done  by  naval  medical  officers. 

III.  The  Ration. 

Foods  and  Nutrition  in  Gbnbbal.— While  it  cannot 
be  expected,  in  the  limited  space  allotted  to  this  paper, 
that  we  enter  at  all  into  the  special  physiology  of  nutri- 
tion or  into  the  chemistry  of  foods,  it  is,  on  the  other  hand, 
absolutely  necessary  and  unavoidable  briefly  to  touch 
upon  those  of  the  leading  principles  and  methods  accord- 
ing to  which  the  nutritive  values  of  those  of  the  tood 
substances  in  common  use  on  board  all  sea-going  vessels 
and  included  in  the  navy  ration,  are  ordinarily  deter- 
Daily  experience  and  observation  have  sufficiently  ac- 
quainted us  with  the  fact  that  the  physical  part  of  our 
existence  consists  in  a  perpetual  and  constant  eftort  on 
the  part  of  the  living  organism  to  adapt  itselt  to  an  ever- 
changing  series  of  outside  conditions.     In  this  supreme 
effort  the  organism  uses  up  constantly  part  of  its  own 
organized  substance,  expending  it  as,  or  converting  it 
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into,  mechanical  work  and  heat.  If  the  hody  weight  is 
to  be  maintained  and  the  life  of  the  organism  is  to  con- 
tinue successful  in  the  struggle,  this  expenditure  in  or- 
ganized substance  must  be  made  good.  The  products 
of  wear  and  tear  incident  to  the  process  must  also  be 
promptly  removed. 

Since  the  source  of  the  energy  thus  expended  by  a  liv- 
ing animal  organism  can  be  restored  only  through  the 
introduction  and  the  assimilation  of  certain  definite  quan- 
tities of  organic  and  inorganic  food  substances,  their 
supply,  preservation,  preparation,  digestion,  assimila- 
tion, and  dissimilation  have  been  among  the  principal 
subjects  of  study  and  investigation  on  the  part  of  physi- 
ologists. Since,  moreover,  the  supply  of  these  substances 
and  their  assimilation  must  vary  directly  with  the  energy 
expended  by  the  organism  in  a  given  time  and  under 
varying  conditions  of  environment,  a  balance  between 
supply  and  expenditure  must  be  maintained  and  the  in- 
fluence upon  it  of  different  conditions  be  known,  as  well 
as  the  relative  value  of  the  food  itself.  We  must  be  able 
to  measure  the  energy  expended  and  to  ascertain  its  food 
etiuivalent,  if  we  are  to  make  no  mistake  in  our  provi- 
sions. 

Since,  finally,  it  is  of  coequal  importance  to  the  life  of 
the  organism  that  the  products  of  wear  and  tear  should 
be  as  promptly  and  as  completely  eliminated  as  new  ma- 
terial is  appropriated,  the  maximum  working  eificiency 
of  the  living  machine  is  conditioned  not  only  by  a  proper 
balance  between  supply  and  demand,  in  accordance  with 
different  environmental  and  subjective  conditions,  but 
is,  moreover,  determined  by  the  individual  capacity  for 
maintaining  a  high  balance  between  assimilative  and  dis- 
similative  functions.  The  latter  determine  the  difference 
between  two  individuals  and  between  different  races  of 
mankind.  This  functional  capacity  on  the  part  of  both 
the  individual  and  the  race  can  be  developed  and  in- 
creased through  systematic  training. 

According  to  Verworn,  tissue  metamorphosis  (Stoff- 
wechsel)  comprises  a  long  series  of  complicated  chemical 
processes,  beginning  with  the  entry  of  nutritive  sub- 
stances into  the  living  cells  of  the  body  and  ending  with 
their  exit.  These  processes  follow  each  other  like  the 
links  of  an  unbroken  chain,  and  might  not  inaptly  be  rep- 
resented by  a  binomial  curve.  In  this  curve  the  ascned- 
ing  arm  would  then  represent  all  those  processes  which 
lead  to  the  repair  of  living  matter;  the  top  of  the  curve, 
those  highly  complicated  processes  leading  to  the  syn- 
thesis of  protoplasm  itself;  and  the  descending  arm,  the 
processes  leading  to,  and  finally  ending  in,  the  decom- 
position of  living  matter  into  the  simplest  end-products 
(urea,  carbonic  acid,  water,  etc.).  With  the  beginning 
and  the  ending  of  the  highly  complicated  process  and 
the  materials  foimd  at  these  two  points  we  are  fairly 
well  acquainted ;  the  rest  is  as  yet  wrapped  in  darkness. 

Foods,  in  the  physiological  sense,  are  classified  into  ni- 
trogenous, also  called  proteids,  and  non-nitrogenous,  in 
which  are  included  the  fats  and  carbohydrates.  While 
fats  and  carbohydrates  may,  to  a  certain  extent,  be  sub- 
stituted for  one  another,  non-nitrogenous  substances  can 
never  be  made  to  take  the  place  of  proteids  in  nutrition. 
The  latter  must  be  regarded  as  by  far  the  most  important 
food  substances  and  as  absolutely  indispensable  parts  of 
a  complete  and  perfect  diet. 

The  proteids  form  the  chief  components  of  the  cells  in 
the  tissues  of  all  plants  as  well  as  animals,  and,  accord- 
ing to  the  researches  of  Voit  and  Pettenkofer,  the  absorp- 
tion and  ozonizationof  oxygen  and  its  effect  upon  all  the 
chemical  processes  within  the  cells,  are  entirely  under  the 
direct  control  of  the  nitrogenous  part  of  their  tissues. 
Without  the  participation  of  the  nitrogenous  tissues, 
neither  oxidation  nor  any  manifestation  of  energy  is 
possible.  Mechanical  motion  and  heat  may  be  evolved 
through  the  oxidation  of  both  fats  and  carbohydrates, 
but  the  initiative  to  the  manifestations  of  these  must  be 
given  by  tlie  tissues  containing  nitrogen.  Proteids  have, 
moreover,  been  found  to  produce  fats  and  possibly  also 
carbohydrates  under  certain  conditions. 

Fats  are  chemical  compounds  consisting  of  a  trivalcnt 


alcohol,  glycerin,  and  three  molecules  of  a"  monobasic 
acid,  chiefly  stearic  acid,  palmitic  acid,  and  oleic  acid  in 
different  proportions.  They  all  contain  hydrogen  and 
oxygen  as  well  as  carbon,  but  no  nitrogen,  their  general 
formula  being  represented  by  CioHibO.  The  formula 
suggests  that  the  fats  need  oxygen  in  large  quantities  for 
their  complete  conversion  into  water  and  carbon  dioxide. 

The  carbohydrates  comprise  the  sugars  and  the  starches 
which  are  for  the  most  part  of  vegetable  origin.  It  has 
been  shown  that  the  formation  of  starch  granules  in  the 
green  plant  goes  on  hand-in-hand  with  the  decomposition 
of  carbon  dioxide  by  the  chlorophyl  granules,  under  the 
influence  of  sunlight.  On  the  hypothesis  of  von  Baeyer, 
the  carlaon  (C)  of  the  carbon  dioxide,  the  moment  it  is 
set  free,  combines  with  the  water  (H2O),  taken  up  by  the 
roots  of  the  plant,  and  forms  one  molecule  of  formalde- 
hyde (CH2O).  Six  of  these  molecules  of  formaldehyde 
now  link  together  by  polymerization  and  form  one  mole- 
cule of  a  monosaccharid  (CeHijOe)  and  through  further 
polymerization  of  the  monosaccharids  thus  formed,  and 
with  the  loss  of  one  molecule  of  water  by  each,  starch 
finally  results  (CeHioOs).  This  hypothesis  has  met  with 
the  most  general  acceptance.  In  the  group  of  the  car- 
bohydrates also  belong  cellulose  and  pectin.  Cellulose 
forms  the  solid  skeleton  and,  when  boiled  with  dilute 
sulphuric  acid,  it  gives  dextrin  and  glucose.  Pectin  is 
the  vegetable  jelly  found  in  various  ripe  fruits. 

All  living  organisms  must,  moreover,  have  a  certain 
amount  of  oxygen,  without  which  life  is  impossible ;  and, 
lastly,  water  and  salts.  Indispensable  are  sodium,  potas- 
sium, magnesium,  calcium,  and  iron,  and  their  combina- 
tions with  phosphoric,  sulphuric,  carbonic,  and  hydro- 
chloric acids. 

Food  Value. — The  food  value  of  an  eatable  substance 
is  generally  expressed  by  the  number  of  calories  or  heat 
units  which  1  gm.  or  any  other  definite  quantity  of 
it  will  develop,  when  completely  burned  in  a  calorime- 
ter. The  amount  of  heat  that  is  developed  during  the 
combustion  of,  for  instance,  1  gm.  of  substance  in  a  calo- 
rimeter is  exactly  the  same  as  that  which  is  produced 
when  1  gm.  of  the  same  substance  is  completely  oxidized 
within  the  body.  In  a  living  organism  about  thirty  per 
cent,  of  this  value  can  be  put  out  in  the  form  of  mechani- 
cal work,  while  the  remainder  passes  off  in  the  form  of 
heat.  We  know,  thanks  to  the  researches  of  Voit,  that 
an  average  adult  laborer,  performing  his  daily  work, 
puts  out  in  mechanical  work  and  heat  the  equivalent  of 
about  three  thousand  calories.  In  order,  therefore,  that 
the  man  shall  not  lose  in  weight,  his  daily  diet  must  be 
such  as  to  balance  his  loss  and  have  a  combined  caloric 
value  of  at  least  three  thousand  units.  If  we,  further- 
more, will  take  into  calculation  that  about  four  hundred 
of  the  imits  at  least  must  come  from  proteids,  five  hun- 
dred from  fats,  and  the  remainder  from  carbohydrates, 
we  have  the  most  necessary  data  for  the  calculation  of 
the  man's  diet.  Thanks  to  the  labors  of  Voit  and  Buh- 
ner and  their  numerous  pupils,  these  determinations  have 
been  greatly  simplified  in  recent  years. 

Outside  conditions,  personal  and  racial  habits,  climate, 
age,  and  sex  may  alter  the  relative  proportions  of  pro- 
teids, fats,  and  carbohydrates  in  a  certain  diet^  but  the 
above  proportions  must  stand  as  answering  to  the  aver- 
age requirements  of  an  adult  workingman  in  a  temper- 
ate climate.  In  calculating  the  dietary  value  of  a  ration, 
we  must  also  allow  for  an  unavoidable  loss  in  the 
preparation  of  the  different  parts  of  it.  In  meats,  a  loss 
of  twenty  per  cent,  of  the  raw  material  is  generally  al- 
lowed for  bones ;  with  salted  herrings,  thirty-seven  per 
cent. ;  pickled  herring,  twenty -nine  per  cent. ;  potatoes 
boiled  and  then  peeled,  seven  per  cent. ;  potatoes  peeled 
raw,  thirty  per  cent. ;  if  eggs  be  used,  ten  per  cent,  in 
weight  is  deducted  for  the  shell,  etc.  Another  source  of 
loss  from  the  gross  weight  is  in  the  different  degrees 
of  digestibility  of  foods,  for  which  allowance  must  also 
be  made.  As  a  general  rule,  animal  foods  are  much 
more  completely  digested  than  foods  of  vegetable  origin. 
Rubner  has  shown  that  proteids  from  meat  and  milk  dis- 
appear almost  entirely,  while  those  from  bread  and  espe- 
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Table  XV. 


Name. 


Beef,  very  fat 

Beef,  medium  fat 

Beef,  lean 

Mutton,  very  fat 

Mutton,  medium 

Mutton,  average 

Pork,  fat 

Pork,  lean 

Pork,  grease  from 

Beef  tallow 

Veal,  fat 

Veal,  lean 

Poultry,  medium 

Horseflesti 

Meat  powder 

Came  secca 

Came  secca,  boiled 

Bacon  

Bacon,  roasted 

American  canned  meat. . 
Chicago  corned  beef 

Corned  beef  

Preserved  beef  

Pickled  beef 

Pemmlcan 

Pork,  pickled 

Ham,  smoked 

Ham  sausage 

Beef  sausage 

Cervelat  sausage 

Herring,  pickled 

Sardines  

Pike 

Carp 

Salt  cod 

Salt  mackerel 

Smoked  haddock 

Smoked  halibut 

Smoked  herring 

Canned  salmon 

Canned  mackerel 

Canned  tunny 

Eel 

Pompano 

Salmon 

Shad 

Shad  roe 

Smelts 

Spanish  mackerel 

Trout 

Caviare  

Claras 

Clams,  little  neck 

Crabs  

Lobster 

Oysters 

Scallops 

Shrimps 

Peas,  dried  and  boiled.. 

Peas,  canned 

Beans,  broad 

Beans,  kidney 

Sago,  fresh 

Sago,  canned 

So.ia  bean 

Lentils 

Potatoes 

Potatoes,  sweet 

Beets 

Carrots 

Oyster  plant 

Parsnips 

Radishes 

Turnips 

Asparagus 

Cabbage  

Cauliflower 

Sprouts 

Celery 

Lettuce 

Spiiiach 

Onions 

Apples 

Pears 

Peaches 

Apricots 

Plums 

Prunes,  dried 

Cherries 

Oranges 

Grapes 

Melons 


In  100  Parts  are  Contatned  : 


Proteids. 


Fats. 


17.0 
31.0 
20..5 
16.5 
17.0 
17.0 
14.5 
20.5 
.5 
.5 
19.3 
20.3 
31.0 
21.7 
69.5 
51.7 
34.5 
9.5 
1.7 
29.0 
23.3 
38.8 
29.5 
25.9 
35.4 
9.7 
24.5 
12.87 
37.31 
17.5 
19.0 
33.0 
18.43 
31.88 
37.43 
18.88 
33.68 
30.57 
36.44 
20.08 
19.91 
21.53 
18.3 
18.7 
21.2 
18.6 
20.9 
17.3 
31.0 
18.9 
30.0 
8.6 
2.1 
16.6 
16.4 
6.3 
14.8 
35.4 
33.85 
7.0 
3.6 
24.27 
23.31 
3.3 
1.1 
30.4 
35.7 
2.2 
1.8 
1.6 
1.1 
1.0 
1.6 
L3 
1.3 
3.1 
1.6 
1.8 
4.7 
1.1 
L3 
3.1 
1.6 
.36 
.36 
.65 
.49 
.4 
2.3 
.67 
.8 
.69 


Carbo- 
hydrates. 


39.5 

5.5 
1.5 
29.0 
6.0 
18.0 
37.5 
7.0 
98.2 
98.2 
7.2 
6.8 
2.0 
2.6 
5.8 
13.4 
8.9 
76.0 
94.5 
11.5 
14.0 
6.4 
8.0 
.3 
55.3 
75.7 
36.5 
24.43 
19.88 
40.0 
17.0 
2.0 
.53 
1.0 
.36 
25.17 
.17 
15.03 
15.83 
15.7 
8.68 
4.05 
9.1 
7.5 
12.8 
9.5 
8.8 
1.8 
9.4 
3.1 
19.7 
1.0 
.4 
3.0 
1.8 
1.2 
.1 
1.0 
1.79 
.5 
.3 

1.61 

3.14 

.3 

.1 

17.7 

1.89 

.1 

.7 

.1 

.4 

.5 

.5 

.1 

.2 

3.3 

.3 

.5 

1.1 

.1 

.3 

.3 

.3 


.5 
'.3" 

■.18 


10.52 
15.1 


Ash. 


3.6 


7.6 

3.0 

4.3 

1.3 
.4 

3.7 

3.4 
.3 
53.36 
16.9 

9.8 

49.01 

53.67 

7.4 

3.8 

39.1 

53.46 

18.4 

37.4 
9.7 
9.3 

17.1 

13.5 
5.8 
8.1 
3.3 
5.6 
4.7 
4.3 
3.3 
3.3 
3.2 
9.9 
8.26 
7.22 
4.48 
4.69 
3.56 

65.0 

10.24 

11.6 

14.36 
9.05 


1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


1.1 

1.0 

1.1 
1.1 


5.4 
5.4 
4.0 
4.0 
1.8 

21.0 

1.8 

5.3 
10.5 

3.3 

5.5 

5.5 
16.5 
24.0 

1.0 

1.33 
33.0 
10.4 

3.06 
13.96 

11.66 
1.04 
1.93 
1.69 
1.0 
1.0 
1.4 
1.3 
1.5 
1.7 
1.5 
1.3 
4.6 
2.6 
3.7 
3.1 
3.3 
3.0 
1.4 
3.6 
2.58 
1.0 
1.1 
3.26 


1.3 
4.1 
3.57 


Cellul. 


4.3 

1.51 

6.06 

5.27 

4.34 

1.5 

6.07 


1.04 


Nutrient  Unit  in: 


Proteids. 


5.43 


3.55 


8.04 

1.0 

1.0 

1.1 

1.0 

1.0 

1.4 

1.0 

.8 

.8 
1.0 

.7 
1.7 
1.0 
2.1 

.9 

.6 

.31 


.66 
1.4 
.73 
.5 
.53 
.73 


69.5 
73.5 
71.7 
.57.7 
69.5 
59.5 
50.7 
71.7 
1.7 
1.7 
67.2 
60.9 
73.5 
76.0 
343.3 
181.0 
131.0 
33.3 
6.0 
101.5 
81.5 
135.8 
103.3 
80.6 
123.9 
34.0 
86.7 
45.0 
95.8 
61.3 
66.5 
80.5 
64.0 
76.5 
96.0 
60.0 
117.9 
73.0 
137.8 
70.2 
69.7 
75.3 
84.0 
65.4 
74.2 
85.1 
73.1 
60.6 
73.5 
86.1 
105.0 
30.1 
7.3 
58.1 
57.4 
21.7 
51.8 
88.9 
70.8 
31.7 
11.3 
75.3 
71.9 
7.1 
3.5 
94.3 
79.8 
6.8 
6.6 
4.9 
3.4 
3.1 
5.0 
4.0 
4.0 
6.5 
5.0 
6.6 
14.6 
3.4 
3.7 
6.5 
5.0 
1.3 
1.2 
2.0 
1.5 
1.3 
7.1 
2.1 
2.5 
1.8 
3.8 


Fats. 


Carbo- 
hydrates. 


48.4 
13.3 
255.3 
.53.8 
158.4 
330.0 
61.6 
864.2 
864.3 
83.4 
59.9 
17.6 
33.9 
51.4 
117.9 
78.3 
668.8 
831.6 
101.3 
133.3 
56.3 
70.4 
2.U 
485.8 
668.3 
331.2 
215.0 
174.9 
352.0 
150.0 
1.8 
4.7 
8.8 
3.3 
331.5 
1.5 
132.3 
139.3 
138.1 
78.4 
36.6 
80.0 
66.0 
112.8 
83.0 
33.4 
15.8 
82.7 
18.6 
173.4 
8.8 
3.5 
17.6 
15.8 
16.6 
.8 
8.8 
15.7 
4.4 
1.7 
14.2 
18.8 
2.6 
.8 
166.8 
16.6 
.8 
6.1 
.8 
3.3 
4.4 
4.4 
.9 
1.7 
28.3 
3.6 
4.4 
9.7 
.9 
3.6 
2.6 
2.6 


4.4 
1.8 


38.9 
55.9 


Sdm  Nutrient 
Units  in  : 


100  gm. 


9.6 


28.1 
7.4 

15.6 
4.4 
1.6 

13.7 

13.6 
.6 

312.8 
63.5 
36.3 

207.4 

311.7 
27.4 
14.0 

107.7 

181.0 
69.7 

105.4 
39.9 
38.1 
67.0 
56.1 
26.3 
33.9 
11.1 
34.4 
30.0 
33.3 
16.0 
30.0 
15.1 
38.8 
31.7 
38.5 
19.1 
20.4 
15.6 
245.7 
40.6 
44.8 
55.3 
36.1 


1  ounce. 


319.0 

123.0 

86.0 

313.0 

113.0 

318.0 

380.7 

133.3 

865.9 

866.9 

103.6 

120.8 

91.1 

98.9 


199.3 

702.0 

837.6 

202.7 

304.7 

193.1 

173.6 

83.6 

609.7 

700.3 

406.9 

398.9 

326.4 

413.2 

216.5 

83.3 

68.7 

85.3 

99.3 

281.5 

119.4 

204.3 

280.8 

208.3 

140.1 

110.9 

144.0 

131.4 

186.8 

148.1 

116.1 

76.3 

156.3 

84.6 

308.5 

46.3 

26.3 

80.1 

74.7 

53.0 

65.3 

98.3 


49.2 
396.8 
303.4 
36.1 
18.3 
357.7 
277.3 
77.3 
117.1 
45.8 
44.7 
74.5 
64.5 
30.1 
38.8 
45.8 
32.0 
30.0 
48.5 
20.3 
36.3 
34.2 
46.4 
32.9 
29.7 
21.1 
21.9 
16.8 
257.2 
42.7 
49.1 
57.0 
39.8 


•96.0 
37.0 
25.0 
94.0 
34.0 
65.0 
114.0 
40.0 
360.0 
360.0 
31.0 
38.4 
37.3 
29.7 
88.4 
89.7 
59.8 
210.6 
361.3 
60.7 
61.4 
57.6 
52.0 
24.8 
182.9 
310.0 
132.0 
89.7 
97.9 
124.0 
64.9 
24.7 
30.6 
25.6 
29.8 
84.4 
35.8 
61.3 
80.0 
62.6 
42.0 
33.3 
43.3 
39.4 
56.0 
44.4 
34.8 
22.9 
46.9' 
25.4 
91.9 
13.9 
7.9 
34.3 
33.4 
15.6 
19.6 
39.5 
89.8 
26.6 
14.8 
89.0 
90.4 
10.8 
5.5 
107.3 
83.3 
33.3 
36.1 
13.7 
13.4 
33.3 
19.3 
9.0 
11.6 
13.7 
9.6 
9.0 
14.0 
6.1 
7.9 
7.3 
14.0 


6.3 
6.8 
6.0 

77.3 
13.7 
14.7 
17.1 
11.9 


1Y3 


Naval  Hygiene.             REFERENCE   HANDBOOK 
Naval  Hygiene. 

OF  THE  MEDIC  AT,  SCIENCES. 

Table  XV. — Continued. 

IN  100  Parts  ake  Contained  : 

Nutrient  Unit  in  : 

Sum  Ndtbient 
Units  in  : 

Name. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

Ash. 

Cellul. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

100  gm. 

1  ounce. 

4.0 
.12 

1.07 
.51 

1.42 

6.8 

.9 

12.5 

3.5 

3.1 

4.29 
12.0 
12.3 
11.35 

2.7 

2.0 

28.25 

29.64 

33.9 

18.9 

26.93 

27.0 

31.5 

6.0 

7.0 

10.9 

7.18 

l£l 
9.7 

10.0 

1.0 

.5 

1.2 
10.75 
12.6 
9.0 
6.5 
2.3 

'i.o 

12.0 
24.5 

6.2 
16.0 
16.0 
20.7 

2.2 
18.9 
11.7 
16.8 
12.8 
19.5 

8.3 
15.5 
21.3 
16.8 
16.9 
19.0 
16.9 
23.1 
21.5 
19.3 
16.3 
21.1 
22.4 
19.6 

'.2  ' 

12.0  ' 

4.0 

.7 

4.7 

8.4 

11.0 

11.25 

26.7 

85.0 

■   80.0 

22.78 

38.24 

32.3 

21.0 

30.68 

28.3 

12.0 

1.0 

.5 

1.6 

9.28 

2.0 

2.0 

3.8 

6.7 

2.0  ■ 
5.6 

.3 
1.0 

.5 

■.2  ■ 

12.3 

7.1 

21.0 

20.4 

4.8 

4.5 

92.8 

9.2 

1.2 

8,5 

20.5 

23.2 

17.4 

4.8 

4.5 

9.6 

6.4 

5.8 

12.6 

9.0 

2.5 

16.3 

36.2 

22.9 

4.2 

5.8 

50.0 
7.8 
6.28 
4.44 
3.86 

59.6 
3.2 
.5 
4.9 
4.8 
4.6 

50.8 

48.7 

13.35 

3.0  ' 

9.3 
48.0 
52.5 
75.0 
73.1 
71.2 
71.0 
69.6 
64.5 
82.0 
96.5 
62.0 
73.6 
62.75 
63.0 
76.8 
78.5 
65.0 
62.0 

7.6 
42.3 
41.7 
67.6 

'.4  ' 
1.5 

'.2" 

1.4" 

2.4" 

6.27 

3.25 

6.97 

8.1 

1.9 

1.0 

.7 

.7 

.7 
2.0 
2.4 
2.0 
1.8 
1.0 
3.0 
7.1 
3.49 
4.4 
4.7 
4.42 
5.0 
3.3 
1.5 
1.0 
1.1 

.83 

.8 
3.0 
1.3 
1.4 

'l.O 

2.8 

2.8 

1.25 

3.0 

.8 
1.0 
1.5 
1.7 

.5 
4.0 
5.6 
1.9 
1.0 
1.2 
1.6 
1.3 
1.0 

.8 

.5 
4.7 
4.0 

.4 
1.2 
1.4 
1.0 
1.3 
1.3 

.9 
1.7 
1.1 
1.0 

.8 
1.0 
1.7 
1.0 

3.0 

.15 
.81 
.48 
.48    ■ 
1.6 
.4 

1.4" 
1.4  ' 

1.0  ■ 

18.2 
11.6 

1.4 

12.4 

.4 

3.3 

1.6 

4.4 

20.5 

2.8 

43.5 

12.2 

10.8 

15.0 

42.0 

43.0 

39.7 

9.4 

7.0 

98.9 

103.7 

115.1 

66.1 

94.2 

94.5 

110.2 

20.0 

21.7 

33.8 

21.5 

34.1 

39.4 

30.0 

31.0 

3.1 

1.6 

3.7 
38.3 
38.0 
27.9 
20.1 

7.1 

3.7 
37.2 
75.9 
19.2 
56.0 
56.0 
72.4 

7.7 
66.1 
40.9 
58.8 
44.8 
68.2 
29.0 
54.2 
74.5 
58.8 
59.1 
66.5 
59.1 
80.8 
75.2 
67.5 
57.0 
73.8 
79.4 
68.6 

1.76 

105.6 

85.2 

6.1 

41.4 

73.9 

96.8 

99.0 

23.49 

748.0 

704.0 

200.5 

336.5 

284.2 

184.8 

270.0 

249.0 

105.6 

8.8 

4.4 

14.0 

81.6 

17.6 

17.6 

33.4 

59.0 

17.6 

49.2 

2.6 

8.8 

4.4 

1.7 
108.2 
62.5 
184.8 
179.5 
42.2 
39.6 
816.6 
81.0 
10.1 
74.8 
180.4 
204.2 
158.1 
42.2 
39.8 
84.5 
56.8 
46.6 
110.8 
79.2 
22.0 
143.4 
318.6 
201.5 
87.0 
51.0 

19.6 
29.4 
26.2 
18.2 
16.8 

226.4 
13.3 
1.8 
18.1 
2.6 
20.7 
31.0 

180.2 
49.4 

iiX 

34.4 
177.6 
194.2 
277.5 
270.5 
263.4 
262.7 
257.5 
238.6 
808.4 
357.0 
229.4 
272.8 
832.1 
233.1 
284.2 
290.5 
240.5 
229.4 

17.0 

ise-- 

154.3 
250.1 

1.5 
5.5 

■'.7 
5.2 

8.9 

32.0 
29.8 
29.5 
19.8 
21.2 
248.7 
16.1 
150.9 
65.5 
19.5 
77.1 
146.9 
320.0 
188.1 
244.3 
755.0 
704.0 
299.4 
440.2 
399.3 
250.9 
364.2 
354.6 
250.2 
206.4 
221.3 
825.3 
873.6 
815.1 
319.7 
320.9 
328.6 
306.5 
358.6 
229.4 
276.0 
383.0 
320.3 
314.7 
319.4 
252.0 
229.4 
21.8 
301.9 
292.7 
444.1 
235.5 
99.7 
117.5 
824.3 
147.1 
51.7 
133.6 
225.2 
272.4 
182.1 
96.4 
119.3 
143.3 
U5.4 
113.1 
169.9 
160.0 
97.2 
210.9 
375.6 
275.3 
126.3 
119.6 

9.6 

8.9 

8.8 

5.9 

3.4 

74.6 

4.8 

45.3 

19.6 

5.8 

Milk,  goat's 

23.1 
44.0 

96.0 

56.4 

78.3 

226.5 

211.2 

89.8 

132.0 

119.8 

75.3 

109.3 

106.4 

75.0 

61.9 

66.4 

Biscuit  naw 

97.6 

Biscuit,  milk 

102.1 

Flour  wheaten 

94.5 

95.9 

T'lour  corn 

96.3 

98.6 

92.0 

107.6 

68.8 

82.8 

114.9 

96.0 

Macaroni 

93.4 

Eice 

95.8 

Prunes,  dried 

75.6 

68.8 

6.5 

90.6 

Tea 

87.8 

133.2 

Beef  heart 

70.6 

29.9 

Beef  liver 

85.2 

247.3 

44.1 

15.5 

40.0 

Beef  tono^ue,  pickled 

67.6 

Beef  tongue,  canned , 

Pork,  feet 

81.7 
54.6 

28.9 

35.8 

Veal  heart 

43.0 

34.6 

83.9 

Mutton  kidney 

51.0 

48.0 

30.0 

63.3 

Young  goose 

112.7 

Turkey 

82.6 

Chicken  liver 

37.6 

Goose  liver 

35.9 

<;ially  vegetables  reappear  in  the  faeces  in  quite  consid- 
erable proportion. 

A  simple  and  approximately  accurate  method  for  cal- 
culating the  nutritive  value  of  a  diet  has  recently  been 
published  by  Schumburg.  Schumburg  makes  a  slight 
difference  in  the  food  value  between  animal  and  veget- 
able proteids,  giving  the  former  a  value  of  3. 5  and  the  lat- 
ter a  value  of  3.1  per  gram.  The  fats  have  a  value  of 
8.8  and  the  carbohydrates  one  of  3.7.  Given,  then,  the 
various  constituents  of  a  diet,  expressed  in  proteids,  fats, 
and  carbohydrates,  their  weight  stated  in  grams,  multi- 
plied by  their  respective  values,  the  several  amounts 
added  together  would  give  a  suhi  corresponding  to  the 
total  food  value  of  a  diet  in  numbers  of  calories  or  nutri- 
ent units.  Remembering  that  a  sufficient  diet  for, an 
adult  workingman  must  have  at  least  3,000  nutrient 
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units,  and  that  the  proportion  of  proteids,  fats,  carbohy- 
drates, and  salts  in  a  complete  diet  should  be  as  150,  100, 
500,  and  85,  we  would  have  an  easy  and  simple  method 
of  ascertaining  and  controlling  the  dietary  value  of  any 
meal. 

The  adjoining  Table  XV.  has  been  compiled  from  many 
sources,  notably,  Koenig,  Kubner,  Kirchner,  Schmidt, 
Plumert,  Ranke,  Notter,  Harrington,  Munson,  the  re- 
ports of  the  United  States  Pish  Commission  and  of  the 
United  States  Department  of  Agriculture.  The  first  five 
columns  give  the  percentage  composition  of  each  food  in 
proteids,  fats,  carbohydrates,  etc. ;  the  next  three  columns 
give  the  number  of  nutrient  units  contained  in  100  parts; 
the  next  two  columns  give  the  sum  of  nutrient  units  in 
100  gm.  and  one  ounce  respectively. 

There  are  a  few  food  substances  of  vegetable  origm, 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


IVaval  Hygiene. 
Naval  Hygiene, 


not  included  in  this  list,  such  as  the  tomato,  cucumber, 
squash,  pumpkin,  egg  plant,  and  vegetable  marrow; 
they  have  about  the  same  nutritive  value  as  celery  and 
lettuce.  The  jellies  and  jams  are  semi-solid  glutinous 
preparations,  made  by  boiling  fruit  juices  with  sugar 
and  allowing  to  cool;  jams  are  similar  preparations 
which  include  the  pulp  of  the  fruit  as  well  as  the  juice. 
Their  nutritive  value  must  be  determined  by  taking  their 
ingredients  separately  in  each  case.  Tea,  coffee,  and 
chocolate  owe  their  nutritive  value  more  to  the  stimulat- 
ing effect  of  the  alkaloids  which  tliey  contaiu  than  to  any- 
thing else ;  they  are  condiments  rather  than  nutritious 
substances. 

The  caloric  values,  originally  assigned  to  the  several 
proximate  principles  of  foods,  by  Rubner  and  Stohmanu, 
were  as  follows:  1  gm.  of  proteids,  4.8  calories;  1  gm.  of 
fats,  9.5  calories;   1  gm.   of  carbohydrates,  4  calories. 
It  was  soon  found,  however,  that,  while  the  fats  and  the 
carbohydrates  were  as  completely  oxidized  within  the  tis- 
sue cells  as  they  were  when  burned  in  a  calorimeter, 
namely,  into  water  and  carbon  dioxide,  the  proteids  left 
an  unconsumed  remnant.     If,  for  instance,  1  gm.  of  pro- 
teid  material  is  decomposed  within  the  organism,  it  leaves 
a  remnant  of  urea,  uric  acid,  and  a  few  other  nitrogenous 
substances,  excreted  by  the  kidneys  and  the  intestines. 
The  4.8  calories,  therefore,  that  were  assigned  to  1  gm. 
of  proteids,  as  their  food-value  in  calories,  represent  only 
a  part  of  that  value  in  calories  which  we  would  obtain 
if  1  gm.  of  proteids  was  burned  in  a  calorimeter,  where 
it  would,  of  course,  be  completely  consumed  by  oxida- 
tion.    According  to  Rubner,  the  unconsumed  remnant 
amounts  to  23  to  28  per  cent,  of  the  original  quantity  of 
proteids  ingested.     In  other  words,  if  1  gm.  of  proteid 
material  is  decomposed  within  .the  body,  is  converted 
into  water,  carbon  dioxide,  urea,  etc.,  only  so  much  of 
its  potential  energy  is  converted  into  heat  as  will  raise 
the  temperature  of  4.8  kgm.  of  water  1°  C,  while  if  1 
gm.   of  proteid  is  completely  assimilated    within   the 
organism,  the  amount  of  energy  added  to  the  latter  is 
equal  to  5. 7  calories,  or  its  full  caloric  value.     The  above 
values  for  proteids,  fats,  and  carbohydrates,  in  their  prac- 
tical application  to  the  calculation  of  the  food  values 
of  a  certain  diet  or  ration,  have  had  to  be  modified  still 
further.     Allowance  had  to  be  made  for  a  certain  percen- 
tage amount  of  indigestible  matter  peculiar  to  the  difler- 
ent  articles  of  food,  as  well  as  for  the  energy  that  had  to 
be  expended  on  their  digestion.  In  order  not  to  overesti- 
mate their  net  value.     After  making  these  necessary  de- 
ductions, Schumburg  gives,  as  the  net  values,  the  fol- 
lowing numbers  in  calories:  1  gm.  proteids  (animal),  8.5 
calories;  1  gm.  proteids  (vegetable),  3.1  calories;  1  gm. 
fats,  8.8  calories;  1  gm.  carbohydrates,  3.7  calories.     It 
is  on  the  basis  of  Schumburg 's  figures  that  the  food 
values  in  table  XV.  have  been  calculated. 

Volt's  original  standard  requirements  in  proteids,  fats, 
and  carbohydrates,  for  a  moderately  hard-working  adult 
man,  are:  118  gm.  of  proteids,  56  gm.  of  fat,  and  500  gm. 
of  carbohydrates.  These  standard  requirements  have 
stood  the  test  of  many  years  of  scientific  controversy  and 
have  proved  themselves  practically  unassailable. 

The  following  table  is  intended  to  show  the  number  of 
calories  obtained  from  Voit's  standard  by  using  both 
Rubner's  and  Schumburg's  figures : 

TABLE  XVI. 


Grams. 

Multiplied  by— 

Name. 

Rubner's  figures. 

Schumburg's  figures. 

Proteids 

118 

56 

BOO 

X  4.8  =    566 
X  9.5  =    532 
X  4.0  =  2,000 
Total,  3,098 

X  3.5  =     413 

Pats 

X  8.8  =     492 

Cartohydrates. . . 

X  3.7  =  1,850 
Total,  2,755 

(In  a  paper  on  the  "Hygiene  of  the  Navy  Ration," 
published  by  me  in  the  Proceedings  of  the  United  States 
Naval  Institute,  vol.  xxv..  No.  8,  the  total  caloric  value 


of  the  ration  was  estimated  as  amounting  to  2,696  calo- 
ries. This  number  was  obtained  after  making  all  due 
allowance  for  indigestible  matters  as  well  as  taking  into 
account  the  losses  incurred  in  cooking  and  the  general 
preparation  of  the  food ;  it  agrees  so  nearly  with  Voit's 
standard,  multiplied  by  Schumburg's  figui'es,  that  this 
agreement  is  considered  an  additional  proof  of  its  cor- 
rectness. Unfortunately,  the  proof  of  this  paper  not 
having  been  submitted  fo  the  writer,  a  few  errors  have 
crept  in,  owing  to  the  wrong  position  of  the  decimal 
points  in  the  numbers  there  given ;  they  are,  however,  so 
easily  perceived  as  hardly  to  need  any  correction.) 

From  the  point  of  view  of  their  digestibility,  food  sub- 
stances vary  quite  considerably,  and,  since  only  that  por- 
tion of  a  food  substance  which  is  absorbed  is  of  any  good 
to  the  organism,  it  cannot  be  immaterial  in  what  form 
food  is  taken.  The  following  table  XVII.  by  Rubner  is 
intended  to  show  the  indigestible  and,  consequently,  un- 
absorbed  remnant  in  per  cent.,  of  some  of  the  more  com- 
mon articles  of  food. 

Table  XVII. 


Kemalned  unabsorbed. 


Meat,  dried 

Fish 

Eggs,  hard-boiled 

Milk 

Bread,  baker's,  wheaten. . 
Bread,  inferfor  quality  . . . 

Bread,  coarse  meal 

Bread,  peasants'  rye 

Macaroni,  poor  In  egg 

Rice  (Elsotto) 

Com  (Palenta) 

Peas  (dried)  

Beans  (dried) 

Beans,  Iresh 

Potatoes  mashed 

Potatoes,  mashed,  different 

preparations 

Carrots t 


Dry 
substance. 

Proteids. 

Fats. 

5.3 

2.6 

4.3 

2.5 

5.2 

6.6 

4.4 

8.8 

7.1 

5.3 

4.2 

21.8 

6.7 

24.6 

13.2 

30.5 

15.0 

32.0 

4.3 

17.1 

4.1 

20.4 

6.7 

15.5 

9.1 

17.5 

18.3 

30.2 

15.0 

19.5 

9.4 

30.5 

20.7 

39.0 

Carbo- 
hydrates. 


1.1 
2.6 
7.4 
10.9 
l.Z 
0.9 
3.2 
3.6 


0.7 


7.4 
18.2 


The  table  shows  that  those  articles  of  a  diet  which  have 
an  animal  origin  and  upon  which  we  mostly  depend  for 
the  necessary  proteid  part  of  our  diet,  such  as  meat,  fish 
and  eggs,  are  best  digested  and  absorbed.  Of  the  vege- 
tables, rice,  corn,  and  macaroni  seem  to  be  much  more 
digestible  than  the  vegetables  properly  so-called.  The 
digestion  and  absorption  of  all  kinds  of  fats  is  generally 
favorable. 

The  different  composition  of  foodstuffs,  as  regards 
proteids,  fats,  and  carbohydrates,  in  itself  makes  it  nec- 
essary that  an  appropriate  mixture  of  them  be  taken  in 
order  to  maintain  a  certain  necessary  equilibrium  in  the 
composition  of  our  own  bodies. 

For,  although  Pfliiger  has  kept  dogs  alive  and  in  a 
thriving  state  of  health  and  activity  for  long  periods  at 
a  time,  man  cannot  live  forever  on  an  exclusively  animal 
diet,  much  less  on  one  of  fats  and  carbohydrates  to  the 
exclusion  of  all  proteids. 

Volume  of  a  Biet.—'Regardmg,  as  we  must,  our  diges- 
tive organs  as  muscular  as  well  as  secretory  organs,  we 
shall  have  to  admit,  that,  like  other  muscles,  their  strength 
in  grinding  up  and  propelling  food  material  must  have 
a  maximum  limit,  beyond  which  they  become  liable  to 
fatigue  and  exhaustion.  This  limit  has  been  reached 
whenever  we  become  conscious  of  a  feehng  of  overful- 
ness  after  taking  a  meal.  While  a  feeling  of  satiety  is, 
up  to  a  certain  limit,  stimulating  to  digestion,  overtul- 
ness  has  the  very  opposite  effect  and  ought  to  be 
avoided  Experience  and  experimentation  have  shown 
that  the  volume  of  an  average  diet  should  not  exceed 
3  100  gm  nor  fall  below  1,500  gm.  The  daily  volume 
is,  of  course,  to  be  distributed  among  the  several  custom- 

arv  meals.  ,      ,       .       ^  4 

It  has  been  found  a  most  suitable  plan,  m  a  temperate 
climate  at  any  rate,  to  make  the  following  distribution 
of  the  daily  ration  between  the  different  meals  of  the 
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day ;  For  breakfast,  12  per  cent. ;  for  midday  meal,  47 
per  cent. ;  for  supper,  31  per  cent. 

In  warm  climates,  however,  it  will  be  found  a  good 
rule,  especially  on  board  a  sbip-of-war  where  drilling  is 
done  morning  and  afternoon,  not  to  overfill  the  stomach 
of  the  men  at  midday  but  to  make  the  heavy  meal  the  5 
P.M.  meal  of  the  day.  The  above  percentage  distribu- 
tion would  have  to  be  slightly  modified  in  accordance 
with  these  requirements. 

The  Dietary  Value  of  One  Week's  Ration.— In  order  to 
obtain  an  approximately  correct  estimate  of  the  dietary 
value  of  the  meals  as  they  are  actually  served  out  on 
board  a  ship  in  commission,  the  commissary  yeoman  of 
one  of  them  was  requested  to  furnish  us  with  a  list  of 
the  articles  included  in  one  week's  allowance  and  divide 
that  up  into  the  customary  three  daily  meals.  With  the 
aid  of  table  XV.,  the  food  value  of  each  meal  in  pro- 
teids,  fats,  and  carbohydrates  was  then  calculated  and 
expressed  in  terms  of  nutrient  units,  obtained  after  the 
manner  found  described  in  the  preceding  pages.  In  this 
estimate  no  deductions  were  made  for  indigestible  mat- 
ters nor  for  the  work  expended  on  digestion,  because 
these  values,  as  will  be  remembered,  had  already  been 
deducted  in  the  various  multiples  used  in  the  calculation 
of  the  numbers  of  nutrient  units  which  each  article  rep- 
resents. But  a  loss  of  twenty-five  per  cent. ,  in  round  num- 
bers, had  to  be  allowed  for  the  usual  and  unavoidable 
waste  made  in  the  preparation  of  the  raw  material  for 
cooking,  as  well  as  for  a  less  necessary  but  always  notable 
waste  incurred  in  serving. 

The  results  of  this  work  are  exhibited  in  table  XVIII. 
A  careful  study  of  this  table  is  of  some  interest.  It  shows, 
for  instance,  that  while  the  sum  of  nutrient  units  for  al- 


most every  single  day  comes  up  to  and  often  exceeds 
the  required  number,  there  is  quite  a  considerable  lack 
of  uniformity  in  the  several  corresponding  meals  of  the 
different  days  of  the  week.  The  number  of  nutrient 
units  for  one  day  is  almost  doubled  on  another  day. 
It  also  shows  that  our  sea  ration  as  well  as  our  port  ra- 
tion was  deficient  in  carbohydrates,  while  the  proteids 
were  two  per  cent,  below  the  standard  in  the  sea  ration 
and  three  per  cent,  above  tRe  standard  in  the  port  ration. 

In  table  XIX.,  which  has  been  borrowed  from  Plu- 
mert,  the  proteid  content  of  the  United  States  navy  ration 
is  given  as  69.3  per  cent.  This  estimate,  obtained  from 
our  printed  allowance-list,  puts  its  dietary  value  on  top 
of  all  the  other  naval  rations.  According  to  our  present 
calculation,  the  dietary  value  of  our  port  ration  is  but 
twenty-three  per  cent,  in  proteids,  or  just  one-third  of  that 
given  by  Plumert.  Although  we  must  admit  that  the  two 
estimates  are  not  strictly  comparable,  this  exceedingly 
large  difference  between  the  two  nevertheless  shows 
that  there  are  instances  in  which  discrepancies  occur  be- 
tween what  is  found  on  paper  and  what  the  men,  in  ac- 
tual practice,  get  on  their  table  and  inside  their  stomachs. 

Proposed  New  Navy  Ration. — The  Secretary  of  the 
Navy,  recognizing  the  needs  of  the  service  and  the  im- 
portance of  a  well-appointed  ration,  on  July  15tli,  1901, 
ordered  a  board  of  officers  to  examine  the  ration  and  the 
system  of  messing  in  the  navy.  This  board,  to  which 
the  writer  was  originally  ordered  a  member,  but  was  pre- 
vented from  attendance  by  illness,  held  its  sessions  in 
Newport,  R.  I. ,  and  completed  its  labors  September  4th, 
with  a  report,  which  has  not  yet  been  made  public.  A 
very  complete  abstract,  however,  appeared  in  the  Army 
and  Navy  Journal  of  January  25th,  1902,  from  which  we 


Table  XVIII. 


Meals. 

AT  Sea.    Nutrient  Units 

IX— 

In  Port.    Nutrient  Units  in— 

Days. 

Proteids. 

Fats. 

Carbo- 
hydrafas. 

Sum. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

Sum. 

109.9 
385.9 
192.0 

353.9 

1,207.4 
119.4 

720.6 
371.4 
593.0 

1,184.4 

1,964.7 

904.4 

109.9 

398.0 

93.0 

353.9 

248.6 
184.9 

720.6 
449.0 
822.0 

1,184.4 

Dinner   

1,095.6 

1,099.9 

Total  

687.8 

77.0 
213.5 
222.0 

1,680.7 

64.9 
445.0 
403.0 

1,684.0 

477.0 
390.0 
590.0 

4,053.5 

618.9 
1,048.5 
1,215.0 

600.9 

189.0 
664.0 
222.0 

787.4 

577.0 
280.0 
403.0 

1.991.6 

409.0 
390.0 
590.0 

3,379.9 

1,17.5.0 

1,334.0 

Supper       

1,215.0 

Total 

512.5 

139.0 
361.6 
222.0 

913.9 

343.0 

1,455.2 

247.0 

1,457.0 

409.0 
746.6 
492.0 

2,882.4 

891.0 

2,563.4 

961.0 

1,075.0 

196.4 

664.0 

90.0 

1,260.0 

186.7 
380.0 
247.0 

1,389.0 

409.0 
390.0 
493.0 

3,724.0 

Breakfast 

792.1 

1,334.0 

Supper    

829.0 

Total 

722.6 

190.9 
230.5 
241.0 

2,045.2 

354.9 
455.0 
234.0 

1,647.6 

720.6 
390.0 
466.0 

4,415.4 

1,266.4 

1,075.5 

941.0 

950.4 

190.9 
387.0 
151.0 

713.7 

354.9 

249.0 

53.6 

1.291.0 

720.6 
490.0 
686.0 

2,955.1 

Wednesday 

Breakfast  

1,366.4 

1,126.0 

Supper  

890.6 

Total 

662.4 

161.0 
481.0 
117.T 

1,043.9 

91.0 
305.0 
347.7 

1,576.6 

459.0 
833.0 
417.0 

3,282.9 

711.0 

1,609.4 

882.4 

728.9 

148.3 
390.0 
94.0 

657.5 

624.0 

249.0 

27.6 

1,896.6 

347.0 
490.0 
954.0 

3,283.0 

1,119.2 

1,129.0 

Supper  

1,075.6 

Total 

759.7 

130.0 
418.5 
194.6 

743.7 

279.0 
476.0 
909.4 

1,699.0 

409.0 
390.0 
466.0 

8,202.8 

818.0 
1,284.5 
1,570.0 

632.3 

181.0 
390.0 
149.0 

900.6 

246.0 
249.0 
183.0 

1,791.0 

309.0 
490.0 
675.0 

3,323.8 

736.0 

Dinner          ...           

1,129.0 

Supper 

1,006.0 

Total 

743.1 

214.0 
399.0 
147.0 

1,664.4 

27.0 

2,453.0 

99.0 

1,265.0 

579.0 
731.6 
630.0 

3,672.5 

820.0 

3,572.6 

878.0 

730.0 

189.0 
399.0 
,337.0 

677.0 

138.9 

2,452.0 

143.0 

1,474.0 

409.0 
721.6 
490.0 

2,871.0 

Saturday 

Breakfast 

736.9 

3,572.6 

Supper  

970.0 

Total 

760.0 

18.0 

20.0 

-2.0 

2,578.0 

40.0 
13.3 

-1-26.7 

1,930.6 

42.0 

66.7 

-24.7 

5,268.6 

100.0 
100.0 

925.0 

33.0 

20.0 

-1-3.0 

2,733.9 

31.0 
13.3 

-1-17.7 

1,620.6 

46.0 

66.7 

-30.7 

5,279.5 

Average  values 

In  per  cent,  (round  numliers)  dally 
average  

lOO.O 

Should  be 

100.0 

Difference 

1T6 
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Table  XIX.— (From  Phi  inert.) 


Navy. 


Austrian,  In  port 

Austrian,  at  sea 

German,  In  port 

German,  at  sea 

Italian,  In  port 

Italian,  at  sea 

French,  in  port 

French,  at  sea 

English,  in  port 

English,  at  sea 

Russian,  in  port 

Russian,  at  sea 

Swedish,  at  sea 

Norwegian,  at  sea 

Turkish,  at  sea 

United  States,  in  port 

United  States,  at  sea 

Argentine  Repuhllc,  at  sea. 
Japanese,  at  sea 


Sum  Nutrient  Units 
OF  Animal  Origin. 


Proteids. 


280 
273 
320 
276 
294 
286 
261 
377 
318 
257 
247 
379 
458 
160 
480 
343 
518 


Fats. 


156 
259 
235 
412 
107 
146 
176 
219 


229 
390 
517 
473 
127 
177 
461 
294 
122 


Sum  Nutrient  U 

■jits  op 

Sum  Total  of  Nutrient 

VKfiETABLE  Origin. 

Units  in  the  Daily  Ration. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

Proteids. 

Fats. 

Carbo- 
hydrates. 

381 

29 

502 

667 

185 

502 

421 

26 

.542 

701 

285 

542 

414 

35 

601 

687 

270 

601 

394 

29 

595 

714 

441 

595 

315 

25 

475 

691 

132 

476 

437 

35 

560 

731 

181 

560 

333 

24 

470 

619 

200 

470 

341 

16 

.523 

602 

235 

523 

523 

52 

572 

900 

190 

572 

362 

49 

593 

680 

.585 

593 

446 

47 

717 

703 

276 

717 

471 

37 

733 

718 

247 

733 

386 

27 

,558 

765 

.544 

,563 

419 

49 

667 

875 

622 

667 

495 

60 

723 

655 

187 

723 

213 

46 

401 

693 

223 

401 

402 

31 

590 

746 

492 

590 

344 

32 

536 

862 

326 

536 

331 

27 

628 

,591 

149 

628 

42.9 
40.0 
39.7 
44.8 
46.7 
40.2 
46.2 
43.3 
41.9 
46.8 
36.6 
34.4 
49.5 
.52.1 
24.4 
69.2 
46.0 
60.0 
43.9 


take  the  following.  This  board  recommends  legislation 
as  follows : 

"Hereafter  the  navy  ration  shall  consist  of  the  follow- 
ing daily  allowance  of  provisions  to  each  person:  One 
pound  and  a  quarter  salt  or  smoked  meat,  with  three 
ounces  of  dried  or  six  ounces  of  canned  fruit,  and  three 
gills  of  beans  or  peas,  or  twelve  ounces  of  flour ;  or  one 
pound  of  preserved  meat,  with  three  ounces  of  dried  or 
six  ounces  of  canned  fruit  and  twelve  ounces  of  rice  or 
eight  ounces  of  canned  vegetables,  or  four  ounces  of  de- 
siccated vegetables;  together  with  one  pound  of  biscuit, 
two  ounces  of  butter,  four  ounces  of  sugar,  two  ounces 
of  coffee  or  cocoa,  or  one-half  ounce  of  tea  and  one  ounce 
of  condensed  milk  or  evaporated  cream ;  and  a  weekly 
allowance  of  one-half  pound  of  macaroni,  four  ounces  of 
cheese,  four  ounces  of  tomatoes,  one-half  pint  of  vinegar, 
one-half  pint  of  pickles,  one-half  pint  of  molasses,  four 
ounces  of  salt,  one-quarter  ounce  of  pepper,  and  one-half 
ounce  of  dry  mustard.  Five  pounds  of  lard  or  a  suitable 
substitute,  will  be  allowed  for  every  hundred  pounds  of 
flour  issued  as  bread,  and  such  quantities  of  yeast  as  may 
be  necessary. 

"  The  following  substitution  for  the  components  of  the 
ration  may  be  made  when  deemed  necessary  by  the  senior 
ofilcer  present  in  command : 

"  For  one  and  one-quarter  pounds  of  salt  or  smoked 
meat  or  one  pound  of  preserved  meat,  one  and  three- 
quarter  pounds  of  fresh  meat;  in  lieu  of  the  article  usu- 
ally issued  with  salt,  smoked,  or  preserved  meat,  fresh 
vegetables  of  equal  value ;  for  one  pound  of  biscuit,  one 
and  one-quarter  pounds  of  soft  bread  or  eighteen  ounces 
of  flour;  for  three  gills  of 'beans  or  peas,  twelve  ounces 
of  flour  or  rice,  or  eight  ounces  of  canned  vegetables ; 
and  for  twelve  ounces  of  flour  or  rice,  or  eight  ounces  of 
canned  vegetables,  three  gills  of  beans  or  peas. 

"An  extra  allowance  of  coffee  or  cocoa,  two  ounces  of 
sugar,  four  ounces  of  hard  bread  or  its  equivalent,  and 
four  ounces  of  preserved  meat  or  its  equivalent,  will 
be  allowed  to  enlisted  men  of  the  engineer  and  dynamo 
force  when  standing  night  watches  under  steam." 

The  Board  has  also  recommended  some  other  changes  to 
be  made  in  the  system  of  messing  and  has  suggested  some 
much  needed  reforms  in  the  organization  of  the  personnel 
of  the  commissary  department  on  board  ships,  but,  the 
above  changes  in  the  food-supply  being  the  only  ones  of 
interest  in  connection  with  the  study  of  the  actual  food 
value  of  the  ration,  we  cannot  here  consider  them. 

The  same  commissary  yeoman  who  had  previously  fur- 
nished us  with  a  written  weekly  allowance  list,  divided 
into  the  customary  three  daily  meals,  made  up  from  the 
old  ration,  was  now  requested  to  do  the  same  with  this 
proposed  new  ration.  This  he  very  kindly  did,  after 
having  been  thoroughly  advised  of  the  promised  addi- 
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tions  to  the  present  ration,  and  the  following  table  XX. 
shows  the  food  value  for  this  new  ration  in  nutrient 
units,  expressed  in  terms  of  proteids,  fats,  and  carbohy- 
drates, which  the  new  ration  would  yield  in  his  hands. 

While,  in  our  opinion,  the  ration  is  very  ample,  the 
table  shows  that  both  in  the  port  ration  and  in  the  sea 
ration  we  have  an  excess  in  fats  and  a  deficiency  in  car- 
bohydrates, while  the  proteids  may  be  regarded  as  just 
about  up  to  the  standard.  We  also  notice  the  same  lack 
of  uniformity  as  regards  the  distribution  of  the  quanti- 
ties between  the  different  days  of  the  week  as  well  as 
between  the  three  meals  of  the  day  that  has  been  pre- 
viously noted.  The  importance  of  the  personal  equation 
of  the  yeoman  and  its  influence  upon  the  whole  subject 
of  rationing  on  board  ship  is  well  brought  out.  Averj"- 
natural  suggestion,  therefore,  would  seem  to  be  that 
either  the  commissary  j'eomen  of  the  navy  be  given  a 
great  deal  more  instruction  as  regards  the  value  in  nutri- 
ent units  of  the  different  classes  of  food  which  it  is  their 
duty  to  distribute,  than  they  now  possess,  or  that  this 
distribution  be  supervised  on  board  ship  by  the  class  of 
men  whose  training  and  education  ought  to  be  a  guaran- 
tee of  the  fact  that  they  possess  the  required  knowledge 
to  do  so  in  accordance  with  the  best  piinciples. 

Tlie  Influence  of  Climate  upon  Nutrition. — Any  discus- 
sion of  the  navy  ration  would  be  incomplete  without 
some  consideration  of  the  influence  of  the  various  clima- 
tic factors  upon  nutrition.  The  problem  of  what  consti- 
tutes a  proper  ration  for  a  definite  climate  can  be  solved 
only  on  the  basis  of  an  exact  knowledge  of  the  physi- 
ology of  general  nutrition,  as  modified  and  influenced  by 
the  different  climatic  conditions.  When  we  shall  be  in 
possession  of  a  full  and  complete  knowledge  of  this,  then 
the  proper  ration  for  almost  any  climate  will  become  a  mat- 
ter of  exact  calculation  and  a  mere  application  of  princi- 
ples to  practical  life.  We  must,  in  the  first  place,  find 
out  what  climate  is,  and  in  the  second  place  ascertain  its 
influence  upon  nutrition. 

Since  some  very  important  and  fundamental  work 
has,  within  recent  years,  been -done  in  this  line  of  re- 
search by  German  hygienists,  which  must  hereafter  be 
taken  into  account  whenever  the  questions  of  climate 
and  nutrition  become  subjects  for  further  research  or 
discussion,  it  is  absolutely  necessary  in  this  connection 
briefly  to  call  attention  to  a  few  of  the  leading  points  in 
this  great  work.  In  doing  this,  only  so  much  of  it  will 
be  reviewed  as  seems  necessary  for  a  better  understand- 
ing of  the  subject  under  discussion;  for  a  fuller  and  more 
detailed  account  the  reader  is  respectfully  referred  to  a 
most  excellent  monograph  by  K.  E.  Ranke.* 

*  "Ueber  die  Einwirkung  des  Tropenklimas  aut  die  Emahrung  des 
Menschen  auf  Grund  von  Versuchen  im  tropischen  und  subtropisohen 
Sfldamerika,"  von  Dr.  Karl  Ernst  Ranke,  Munchen. 
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Table  XX. — Numbers  Repkesbnt  Nutrient  Units. 

Meals. 

Sea  Ration. 

Port  Rations. 

Days. 

Protelds. 

Fats. 

Carbo- 
hydrates. 

Sum. 

Protelds. 

Fats. 

Carbo- 
hydrates. 

Sum. 

210.3 
283.7 
242.0 

262.2 

881.4 
267.6 

724.8 
501.4 
655.4 

1,197.3 
1,666.5 
1,165.0 

210.3 
323.4 
242.0 

262.2 
141.5 
267.6 

724.8 
500.4 
655.4 

1,197.3 
965  3 

Dinner 

Supper 

1,165.0 

Total  

736.0 

121.5 
338.0 
102.6 

1,411.2 

178.0 
728.0 
152.0 

1,881.6 

541.4 
390.4 
795.8 

4,028.8 

840.9 
1,456.4 
1,051.2 

775.7 

109.5 
327.3 
231.1 

671.3 

194.0 
246.8 
191.2 

1,880.6 

553.4 
530.4 
700.4 

3,327.6 
856  9 

Breakfast         ... 

Dinner  

1,104.5 

1,122.7 

Total 

562.1 

147.6 
306.9 
257.5 

1,058.8 

569.7 

2,480.5 

512.4 

1,727.6 

476.4 
724.8 
477.2 

3,348.5 

1,193.7 
3,512.2 
1,247.1 

667.9 

198.0 
306.9 
238.7 

632.0 

977.0 

2,480.5 

229.4 

1,784.2 

486.3 
724.8 
476.4 

3,084.1 

1,661.3 

3,512.2 

944.5 

Supper . .   . 

Total 

"712.0 

210.3 
243.0 
151.4 

3,562.0 

262.2 
607.0 
434.6 

1,678.4 

724.8 
373.4 
634.6 

5,953.0 

1,197.3 
1,223.4 
1,220.6 

743.6 

210.3 
329.9 

122.6 

3,686.9 

262.2 
248.4 
381.0 

1,687.5 

724.8 
530.4 
434.4 

6,118.0 

1,197.3 

1,108.7 

9379 

Breakfast 

Total 

604.7 

247.1 
339.0 
215.5 

1,303.8 

257.2 
461.9 
248.4 

1,732.8 

502.7 
380.4 
350.4 

3,641.3 

1,OOT.O 

1,181.3 

814.3 

662.7 

281.7 
288.9 
211.5 

891.6 

227.4 
882.8 
723.4 

1,689.6 

476.4 
536.8 
476.4 

3,243.9 

985.5 
1,708.5 
1,411.3 

Thursday 

Breakfast    . 

Dinner  

Total 

801.6 

139.9 
158.6 
323.2 

967.5 

772.5 
221.3 
420.5 

1,233.5 

476.4 
695.9 
350.4 

3,002.6 

1,388.8 
1,075.8 
1,094.1 

782.1 

260.2 
380.3 
149.3 

1,833.6 

312.1 

78.4 
377.6 

1,489.8 

490.4 
776.4 
644.0 

4,105.3 

1,062.7 

935.1 

1,170.9 

Friday 

Breakfast .  . 

Dinner  

Supper 

Total 

621.7 

268.3 
309.9 
166.5 

1.414.3 

189.6 

2,431.9 

409.0 

1,522.7 

382.5 
754.8 
890.4 

3,558.7 

840.4 
3,496.6 
1,465.9 

789.8 

201.7 
365.9 
221.7 

768.1 

203.4 

1,235.2 

339.4 

1,610.8 

476.4 
754.8 
476.4 

3,168.7 

881.5 
2,355.9 
1,037.5 

Dinner 

Supper  

Total 

744.7 

17.0 

20.0 

-3.0 

3,030.5 
43.0 
13.3 

+  30.0 

2,037.7 
40.0 
66.7 

-26.7 

5,802.9 
100.0 
100.0 

789.3 
20.0 
20.0 
0.0 

1,778.0 
37.0 
13.3 

+  23.7 

1,707.6 
43.0 
66.7 

-23.7 

4,274.9 
100.0 
100.0 

The  physiological  process,  known  as  heat  regulation 
or  heat  economy,  consists,  on  the  one  liand,  in  the  pro- 
duction of  heat  within  the  living  organism  through  oxi- 
dative changes;  and  heat-dissipatiou,  through  conduc- 
tion, radiation,  and  water  evaporation,  on  the  other.  The 
remaining  balance  between  these  two  phases  of  the  proc- 
ess finds  expression  in  the  normal  temperature  of  the  ani- 
mal under  observation.  That  this  heat-regulating  process 
is  influenced  by  a  great  variety  of  both  environmental 
and  subjective  conditions  has  long  been  known,  but  a 
more  exact  knowledge  of  it  has  only  recently  been  gained 
through  the  researches  of  Voit  and  Rubner  and  their  nu- 
merous co-workers. 

Environmental  Conditions.— Cfomas^g. — Ranke  has 
recently  defined  climate  as  being  "  the  total  mean  thermic 
eifect  exerted  upon  a  living  organism,  at  a  certain  point 
on  the  earth's  surface."  This  comprehensive  definition 
of  climate  covers  every  point  on  the  earth's  surface,  both 
at  sea  and  on  the  continent.  The  total  mean  thermic 
effect  is  made  up  of  several  factors,  namely:  atmos- 
pheric temperature  (direct  solar  rays,  reflected  and  radi- 
ated heat),  humidity,  air  currents,  barometric  pressure, 
and  rainfall. 

Against  the  untoward  influence  of  these  combined 
agencies  the  organism  possesses  certain  physiological 
defences  that  are  summed  up  In  the  term  heat  regulation, 
and,  within  a  certain  number  of  degrees  of  atmospheric 
temperature,  the  organism  is  able  to  accommodate  itself 
to  its  environment,  without  losing  control  of  its  own  nor- 
mal temperature.  This  number  of  degrees  of  temper- 
ature has,  accordingly,  been  called  by  Ranke  the  "tem- 
perature range."  This  range  has  an  upper  and  a  lower 
limiting  point,  beyond  either  of  which  the  regulating  in- 
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fluence  of  our  physiological  mechanism  does  not  extend, 
and  where  our  physiological  defences  begin  to  break 
down.  When,  therefore,  the  limits  are  surpassed,  the 
normal  temperature  of  the  organism  will  either  be  raised 
or  lowered,  according  as  either  the  upper  or  the  lower 
limiting  point  in  the  range  is  exceeded.  We  leave  our 
normal  ground  and  enter  the  pathological  arena. 

{a)  Aimoapjieric  Temperature.  One  of  the  most  impor- 
tant factors  in  a  climate  is  its  temperature.  Complete 
and  accurate  sets  of  experiments  on  the  influence  of  at- 
mospheric temperature  on  the  temperature  range  have, 
so  far,  been  made  on  animals  only.  A  sufficient  number 
of  observations,  however,  has  been  made  on  man  to 
enable  us  to  summarize  the  different  reactions  thus  ob- 
served into  a  connected  whole.  Tlius  Voit,  in  1878, 
made  the  important  discovery  tliat  the  several  factors 
concerned  in  the  mechanism  of  heat  regulation  did  not 
all  act  alike  when  followed  through  the  whole  of  the 
temperature  range.  Proceeding  from  the  lower  in  the 
direction  of  the  upper  limit,  there  soon  comes  a  point  on 
our  scale  where,  for  instance,  heat  production  refuses  to 
take  any  further  part  in  heat  economy.  This  point  was 
likewise  observed  by  Rubner  and  noted  to  occur  in  all 
his  experiments  on  the  heat  regulation  of  animals. 
Ranke  now  proposes  to  designate  the  point  "  the  critical 
point "  in  heat  regulation.  By  it  i.he  whole  temperature 
range  is  naturally  divided  into  two  great  groups.  Ac- 
cording to  the  present  state  of  our  knowledge,  the  reac- 
tions of  the  different  factors  concerned  in  heat  regula- 
tion, within  the  several  groups  and  subdivisions  of  the 
temperature  range,  are  about  as  follows:  At  the  lowest 
limit  of  the  range,  we  meet  with  the  highest  amount  of 
heat  production;  from  here  on  up  to  the  critical  point, 
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heat  production  Is  found  to  be  gradually  diminishing. 
Heat  regulation,  then,  between  the  lower  limit  of  the 
range  and  the  critical  point,  occurs  principally  tlu'ough 
■changes  in  chemical  heat  production.     Water  evapor- 
lation  behaves  so  indifEerently  here  that  no  regulating 
function  can  be  attributed  to  it.     From  the  critical  point 
on  upward,  no  further  decrease  in  heat  production  de- 
pending upon  temperature  occurs.    In  place  of  changes  in 
heat  production  we  now  notice  changes  occurring  in  heat 
elimination.     This  second  great  group  of  the  tempera- 
ture range  is  again  divided  into  two  subdivisions,  dis- 
tinctly marked  out  by  important  changes  in  the  reactions 
of  the  regulating  mechanism.     In  the  lower  of  these 
two    divisions  we    find 
conduction  and  radiation 
actively  increased.     Al- 
though a  slight  increase 
in    heat    production    is 
noticeable    within    this 
section,   due    to   quick- 
ened circulation  and  res- 
piration, this  is  exactly 
counterbalanced     by    a 
simultaneous  slight   in- 
crease in  water  evapora- 
tion.   This  kind  of  regu- 
lation   extends,    in    the 
dog,  to  about  5°  C.  above 
the  critical  point. 

In  the  upper  of  the 
two  subdivisions  of 
physical  heat  regulation 
we  find  that  radiation 
.and  conduction  cease  to 
be  actively  or  reflexly 
increased  and  are  con- 
siderably diminished  in- 
stead. In  place  of  these 
factors,  water  evapora- 
tion suddenly  sets  in. 

Rubner  has  shown 
that,  when  active  perspi- 
ration begins  in  man,  the 
influence  of  conduction 
and  radiation  ceases  to 
be  exerted  upon  heat 
■economy,  but  that  the 
work  of  the  sweat  glands  . 

iere  causes  a  further  slight  increase  m  the  amount  ot 
ieat  production.  ,      ,  ^.  .,,  ,      „„j„ 

These  somewhat  complicated  relations  will  be  made 
clear  by  a  glance  at  the  accompanying  chart,  constructed 
from  one  of  Rubner's  experiments  on  the  dog  and  m- 
-tended  graphically  to  illustrate  the  essential  points  in 
the  mechanism  of  heat  regulation  under  the  influence  of 
Tarying  degrees  of  atmospheric  temperature.       _ 

The  lext  table  (table  XXL)  shows  the  experiment  of 
Rubner  on  the  dog  which  the  chart  is  intended  to  repre- 
sent graphically. 

TABLE  XXI.-RUBNER'S  EXPERIMENT. 


(6)  Air  Cvrrents.  Air  in  motion  has  a  very  important 
influence  upon  heat  economy.  Rubner  sums  up  its  in- 
fluence by  stating  that  air  currents  cause  physical  heat 
regulation  to  begin  at  a  few  degrees  higher  tempera- 
ture than  during  a  calm.  Ranke  expresses  the  same 
thing  by  stating  that  air  currents  cause  the  critical  point 
in  the  temperature  range  to  move  a  few  degrees  up- 
ward. 

(c)  Humidity.  The  thermic  influence  of  atmospheric 
humidity  is  twofold.  It  diminishes  water  evaporation 
and  improves  conduction.  By  increasing  conduction  it 
causes  the  lower  limit  of  the  temperature  range  to  move 
upward,  and  by  retarding  water  evaporation  it  moves 
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In  the  chart,  the  ordinates  indicate  the  number  of  cal- 
ories, the  abscissa,  the  degrees  of  temperature.  VK.A 
stands  for  water  evaporation;  G.  and  R  for  conduction 
and  radiation,  and  E.P.  for  heat  production;  all  else  is 
■self-evident. 


FIG.  3509.— Chart  Showing  Temperature  Bange  and  Heat  Regulation. 

the  upper  limit  downward,  thus  narrowing  the  entire 
range  Moist  cold  is  colder  than  dry  cold  and  moist  heat 
hotter  than  dry  heat.  It  will  be  seen,  then,  that  the  or- 
ganism possesses  no  defences  against  the  combined  influ- 
ence of  excessive  humidities  and  temperatures. 

II  Subjective  Conditions.— (a)  Food  and  Feeding. ~ 
That  amount  and  variety  of  food  which  an  organism  is 
required  to  take  in  order  to  maintain  its  present  weight 
is  called  its  need.  If  more  food  is  taken  than  is  required 
for  this  purpose,  the  smaller  part  of  the  surplus  only  be- 
comes converted  into  tissue;  the  greater  part  is  decom- 
posed and  eliminated.  Consequently,  an  increased  heat 
production  always  follows  the  introduction  of  an  amount 
of  food  beyond  the  needs  of  an  organism  to  maintain  its 
weieht  and  the  consequence  of  that  is  that  the  entire 
ranle  is  moved  downward.  This  is  well  shown  m  one 
of  Rubner's  experiments  (also  quoted  by  Ranke).  In  the 
experimental  animal  of  Rubner.  when  it  was  m  a  state  of 
hunger  this  sudden  water  evaporation  began  at  a  tem- 
perature of  83.5°  C. ;  when  300  gm.  of  meat  were  given 
the  sudden  water  evaporation  began  at  19.1  C.,  and 
when  330  gm.  of  meat  were  given,  it  began  at  ld.4  O. 
This  show!  the  enormous  influence  of  feeding  upon  the 
temperature  range;  it  moves  the  ^ntoe  range  a  consid- 
erable number  of  degrees  downward.  Under  the  influ- 
ence of  high  temperatures,  therefore,  every  increase  m 
the  food  allowance  beyond  the  mere  need  must  mate- 
r  allyTncrease  the  difiiculty  of  heat  elimination  and  cause 
the  critical  point  to  move  a  corresponding  number  of  de- 
grees downward.    The  proteid  food  substances  are  the 
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most  powerful  in  this  respect,  the  fats  the  least  effective, 
and  the  carhohydrates  stand  between  the  two. 

(J)  Muscular  TFor/fc.— Numerous  experiments  have 
shown  that  the  influence  of  muscular  worli  upon  the 
temperature  range  is  a  most  powerful  one.  Since  heat 
production  is  greatly  increased  by  all  kinds  of  muscular 
work,  its  influence  upon  the  temperature  range  is,  briefly 
stated,  that  it  moves  it  downward.  Near  the  upper 
limit  of  the  range  we  may  reach  a  point  where  a  man 
may  be  able  to  exist  while  at  perfect  rest,  but  where 
every  attempt  at  work  will  lead  to  heat  accumulation 
and  heat  stroke  and  other  pathological  conditions. 

(e)  Clothing  miuences  the  temperature  range  by  push- 
ing it  a  certain  number  of  degrees  downward ;  it  has, 
then,  upon  it  an  influence  similar  to  that  exerted  by  eating 
and  muscular  work. 

The  salient  points  of  our  subject  have  now  been  brought 
forward  as  thoroughly,  we  believe,  as  the  scanty  allow- 
ance of  space  will  permit.  We  will  simply  add  the  con- 
clusions arrived  at  by  Ranke  from  a  most  self -sacrificing 
set  of  experiments  which  he  made  upon  himself  and  pub- 
lished in  the  monograph  already  referred  to.     They  are : 

1.  The  temperature  optimum  of  the  European,  in  mod- 
erate clothing,  lies  between  15°  and  18°  C.  (59°-64.4°  P.), 
providing  that  the  other  climatic  factors  exercise  no  un- 
due influence  at  the  time. 

2.  In  a  climate  with  an  atmospheric  temperature  be- 
tween the  optimum  and  33°  C.  (73°  F.)  an  increased 
water  evaporation  begins  to  show  itself,  but  no  decided 
influence  upon  nutrition  is  yet  noted. 

3.  In  a  climate  of  a  temperature  of  35°  C.  (77°  F.)  and 
on  the  assumption  that  other  climatic  factors  are  without 
great  influence,  a  diminished  desire  for  food  begins  to  be- 
come manifest;  the  amount  of  food  taken  sinks  to  that 
of  a  man  doing  very  light  work. 

4.  The  climatic  efEect  still  rising,  the  amount  of  food 
taken  sinks  below  the  need  of  an  adult  at  rest  and  in  a 
state  of  hunger.  The  proteids  remain  constant,  and  every 
further  diminution  occurs  at  the  expense  of  fats  and  car- 
bohydrates. 

5.  If,  against  the  instinctive  diminution  in  the  desire 
for  nourishment,  food  is  forcibly  taken  in  greater  amount 
than  is  desired,  pathological  changes  in  the  general  health, 
rises  in  the  temperature,  and  a  decreased  resistance  to  in- 
fectious diseases  will  occur. 

6.  If,  on  the  other  hand,  the  quantities  of  food  taken 
are  permanently  diminished  in  accordance  with  the  de- 
mands of  a  tropical  climate,  as  is  usually  the  case,  a 
deficient  nutrition  of  the  organism  is  the  inevitable  re- 
sult, with  all  the  dangerous  consequences  that  follow  in 
its  train. 

From  these  conclusions  and  from  the  preceding  dis- 
cussion, the  leading  principles  that  must  govern  the 
composition  of  a  ration  or  the  diet  of  a  man  who  has 
transferred  his  residence  from  a  temperate  to  a  tropical 
climate  may  be  easilj'  inferred.  The  details  of  it  are  sub- 
jects of  special  research. 

A  sea  climate  is  perhaps  more  nearly  a  purely  solar 
climate  than  any  land  climate  can  ever  be.  A  solar  cli- 
mate is  defined  as  a  climate  which  would  be  characteris- 
tic of  every  degree  of  latitude,  if  the  earth  was  a  mathe- 
matically perfect  spheroid  without  unevenness,  and  had 
throughout  the  same  composition.  This  is  true  at  least 
for  the  great  oceans.  Although  the  value  of  the  total 
mean  thermic  effect  of  the  climate,  which  the  seaman  is 
exposed  to  as  long  as  he  confines  himself  to  the  limits  of 
his  ship,  has  not  yet  been  determined  with  scientific  ac- 
curacy, it  may  be  safely  said  that  that  value  is  less  than 
one  found  over  a  corresponding  latitude  on  land.  It 
would  most  undoubtedly  be  modified  by  the  ship,  espe- 
cially one  of  the  modern  battleships,  in  which  every  part 
has  a  climate  of  its  own  and  which  must  be  regarded 
as  a  heat-producing  body;  nevertheless,  the  total  mean 
effect  on  deck  will  be  found  to  be  considerably  less  det- 
rimental than  the  corresponding  shore  climate.  With 
the  aid  of  a  few  thermometers,  psychrometers,  anemom- 
eters and  some  interest  and  experience  in  scientific  inves- 
tigations, this  work  should  present  no  difficulty.     Until 


it  shall  have  been  done,  any  expression  of  opinion  on  the 
influence  of  the  climate  in  which  the  seaman  lives,  upon 
his  heat  economy,  and  upon  the  composition  of  his  ration, 
would  be  premature. 

IV.  Reckuiting. 

Recruiting  for  the  navy  signifies  the  separation  by  a 
medical  officer  of  the  physically  fit  from  the  physically 
unfit,  of  the  mentally  sound  from  the  mentally  unsound, 
of  good  timber  from  bad  timber,  for  a  most  serious  and 
important  service,  the  common  defence  of  the  land  and 
its  people  against  a  danger  threatening  their  commerce  and 
their  liberty  from  the  direction  of  the  sea.  Every  physician 
in  the  land  should  be  familiar  with  the  principles  and  prac- 
tice of  recruiting,  and  recent  experience  has  demonstrated 
the  fact  that  every  medical  man  in  the  country  is  liable 
to  be  called  upon  to  do  this  duty.  Whatever  else  there 
may  be  connected  with  the  process  of  enlisting  a  man  in 
the  navy  or  army,  the  point  of  gravity  in  the  duty  of  re- 
cruiting lies  in  the  medico-physical  examination  of  the 
recruit;  but  to  perform  this  duty  properly  requires  some 
knowledge  as  well  as  practice.  We  shall  be  obliged  to 
limit  ourselves  here  to  giving  a  very  brief  outline  of  some 
of  the  more  important  principles  involved. 

To  begin  with,  it  is  a  mistaken  notion  to  presume  that 
any  individual  with  a  normal  heart  and  a  good  pair  of 
lungs  must  necessarily  be  a  fit  candidate  for  the  navy. 
There  are  Indeed  many  other  points  of  equal  importance 
which  the  examiner  must  keep  constantly  in  mind  while 
scrutinizing  a  candidate.  Besides  seeing  to  special  parts 
in  the  anatomy  of  an  individual,  he  must  look  at  the  man 
as  a  whole.  Generally  speaking,  a  fine  form  symmetri- 
cally proportioned,  good  development,  regular  features, 
a  good  clear  eye,  a  frank  and  open  countenance,  convey 
an  impression  that  is  rarely  misleading ;  they  form  an 
index  to  the  inner  life  of  the  man,  usually  favorable.  On 
the  other  hand,  asymmetry  of  face  and  body,  irregular 
development  and  features,  the  stigmata  of  degeneration, 
in  at  least  fifty  per  cent,  of  the  cases  are  unfavorable  in 
this  respect.  They  would  indicate  an  abnormal  deviation 
from  the  average,  the  juvenile  offender  in  the  young, 
the  hardened  criminal  and  repeater  in  the  adult.  The 
navy  can  no  longer  be  considered  a  reform  school  for  the 
juvenile  offender  nor  a  prison  for  the  cure  of  the  har- 
dened adult  criminal.  Neither  the  time  nor  the  training 
can  be  given  in  the  service  to  such  objects,  however  no- 
ble, and  there  are  other  institutions,  maintained  by  the 
state,  the  special  function  of  which  is  to  attend  to  these 
duties. 

Besides  good  physique,  the  man,  to  be  of  any  real  and 
permanent  value  to  the  service,  must  bring  with  him 
right  from  the  start  a  good  will,  a  high  sense  of  duty 
and  responsibility  capable  of  further  training,  all  of 
which  he  must  be  prepared  and  willing  to  maintain  dur- 
ing the  entire  term  of  service  to  his  country  and  his  flag. 
This  may  be  aiming  high,  but  many  years'  experience, 
both  in  recruiting  and  in  surveying  the  unfit,  have 
proved  to  my  satisfaction  that  the  service  is  not  bene- 
fited but  injured  by  anything  below  such  a  standard. 

The  British  Navy. — The  only  other  navy  with  which 
our  own  can  be  compared  as  regards  the  system  of  recruit- 
ing is  the  British  navy.  Although  the  system  of  conscrip- 
tion for  the  army  has — until  recently  at  any  rate — always 
been  considered  in  England  to  be  a  detestable  and  insuf- 
ferable encroachment  on  individual  liberty,  sailors  have 
at  all  times  been  regarded  as  bound  to  serve  in  the  royal 
navy.  If  they  did  not  enter  the  service  voluntarily, 
they  were  simply  pressed  into  it  by  the  press-gang,  often 
very  ruthlessly  and  cruelly.  These  press-gangs,  com- 
manded by  officers,  were  sent  into  the  ports  to  seize  all 
available  seamen.  The  man,  thus  forcibly  enlisted,  had 
a  small  coin  (the  Queen's  shilling)  pressed  into  his  hand, 
and  it  is  from  this  circumstance  that  the  name  press-gang 
is  said  to  have  been  derived. 

This  peculiar  method  of  recruiting  the  navy,  scorning, 
as  it  did,  all  law  and  humanity,  had  nevertheless  taken 
such  firm  root  in  the  habits  and  modes  of  thought  of  the 
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people  of  England  that,  even  during  the  long  period  of 
peace  after  Waterloo,  when  humanitarian  principles  were 
taking  a  strong  hold  on  all  civilized  communities,  no 
attempt  was  made  to  abolish  the  press-gang.  Down  to 
the  middle  of  the  nineteenth  century  English  admirals 
declared  that  the  press-gang  was  one  of  the  props  of  the 
greatness  of  England  and  absolutely  indispensable. 

By  that  time  public  opinion  resolutely  and  persist- 
ently objected  to  this  forcible  enlistment,  so  that  in  1853 
the  Admiralty  was  forced  to  adopt  new  methods  for  the 
recruiting  of  seamen  for  the  navy— methods  which  turned 
out  to  be  highly  beneficial,  leading  as  they  did  to  a  thor- 
oughly beneficial  reform  in  the  manning  of  the  navy  and 
to  a  very  superior  personnel  at  the  same  time.  The  royal 
navy  of  Great  Britain  and  the  navy  of  the  United  States 
are  now  both  recruited  on  the  voluntary  system,  while 
in  the  continental  naval  services  the  system  is  by  con- 
scription. 

The  average  of  volunteers  has  invariably  been  found 
superior  to  that  derived  from  those  who  were  driven  into 
the  service  either  by  force  or  by  necessity  or  who  entered 
for  reasons  of  convenience.  So  far  as  the  navy  of  the 
United  States  is  concerned,  its  personnel  has  markedly 
improved  during  the  last  twenty -five  years,  and  the  gen- 
eral public  is  beginning  to  look  upon  the  naval  uniform 
with  both  pride  and  affection  instead  of  as  a  mark  of  de- 
gradation. 

For  the  details  and  the  nature  of  the  physical  examina- 
tion required  in  both  services,  the  reader  is  referred  to 
Appendices  I.  and  II.,  at  the  end  of  this  article.  Every 
physician  may  well  be  supposed  to  be  familiar  with  the 
technique  of  the  examination. 

Tlie  Becruitment  of  Officers. — This  presents  several 
rather  interesting  as  well  as  instructive  differences  in  the 
two  services.  In  the  English  service,  considerable  stress 
is  laid  upon  the  circumstance  that  the  young  naval  can- 
didate possesses  a  good  family  origin  and  connections. 
Under  the  more  democratic  form  of  government  of  the 
United  States,  this  principle  of  selection  does  not  prevail. 
Then,  again,  the  promotion  to  the  higher  grades  oi  com- 
mand rank  does  not  proceed  by  seniority  in  England  as  it 
does  in  the  United  States,  but  by  selection. 

There  is,  then,  a  certain  amount  of  selection  at  both 
ends  of  the  line  in  the  British  service  that  does  not  exist 
in  the  United  States  naval  service.  Besides,  the  cadet  as 
well  as  midshipman  in  the  British  service  is  obliged  to 
defray  not  only  all  his  private  personal  expenses  but  also 
to  pay  from  fifty  to  seventy-five  pounds  a  year  for  his 
schooling.  Thus  there  is,  in  addition  to  the  above,  a 
money  qualification.  In  both  services  alike  there  is  a 
physical  and  a  competitive  mental  examination,  in  both 
of  which  the  candidate  must  be  successful  before  he  can 
become  a  cadet. 

Granting  that  a  certain  amount  of  this  selection  which 
characterizes  the  British  service  as  distinct  from  the 
United  States  service  is  done  from  motives  of  interest 
other  than  the  best  of  the  service,  we  must  perhaps  ad- 
mit that  the  resulting  average,  thus  carefully  selected, 
may  in  the  end  be  for  a  steady  and  constant  improve- 
ment of  their  service  after  all.  Even  the  least  important 
of  the  qualifications,  the  money  qualification,  may  not  be 
altogether  without  a  certain  value  as  a  principle  of  selec- 
tion. If  we  regard,  for  instance,  the  possession  of  a  cer- 
tain amount  of  this  world's  treasure  by  the  lad's  father 
or  other  relatives  as  representing  a  certain  amount  of 
brain  power  which  must  have  been  expended  at  some  time 
in  order  to  accumulate  it,  the  natural  conclusion  would 
be  that  the  boy  had  inherited  a  part  of  this  same  brain 
power,  in  a  facultative  state,  in  the  same  natural  way  as 
he  will  some  day  inherit  the  accumulated  ancestral  pos- 
sessions. We  may,  moreover,  further  assume  that  early 
training  might  do  much  to  divert  this  power  into  other 
channels ;  in  other  words,  turn  the  lad  into  a  successful 
naval  officer  as  his  ancestor  had  proved  himself  success- 
ful in  other  ways. 

In  the  free  and  unhampered  competition  in  the  civil 
life  of  a  republic  like  that  of  the  United  States  and  in  the 
general  scramble  or  struggle  of  the  masses  for  social  pre- 


ferment, high  ofiicial  position,  professional  distinction 
or  financial  betterment,  almost  any  individual  will  in 
the  end  find  his  level,  in  accordance  with  his  natural 
and  inherited  endowments,  his  abilities,  acquired  through 
education,  and  the  use  which  he  makes  of  them  The 
gifted,  industrious,  physically  and  mentally  fittest  will 
easily  nse  to  the  top,  while  the  physically  weak  and  the 
mentally  deficient  will,  as  naturally  and  according  to  the 
same  law,  gravitate  to  the  bottom  of  this  sea  of  human 
life  and  of  the  multitude.  The  process  of  natural  selec- 
tion in  the  social  sphere  of  human  existence  has  full  sway 
here.  ■" 

In  naval  and  military  life,  in  countries  where  all  are 
supposed  to  be  born  equal  but  are  not,  and  in  which  se- 
lection on  the  principle  of  true  merit  and  ability  has  been 
found  either  inconvenient,  impracticable,  or  impossible, 
where  artiflcial  barriers  are  created  and  placed  in  the 
way  of  the  advancement  of  organized  merit  and  ability, 
the  results  must  very  naturally  be  somewhat  different. 
While,  perhaps,  a  high  and  uniform  level  of  efficiency  on 
the  part  of  the  individual  members  of  such  a  body  of 
men  may  not  be  inconsistent  with  such  methods,  an  ex- 
tremely dangerous  dearth  of  leaders  must,  nevertheless, 
remain  the  inevitable  result  of  such  a  system,  a  dearth 
most  keenly  felt  at  the  most  inopportune  moments  of 
national  trials  and  tribulations. 

In  view  of  the  above  facts  and  considerations  the  proc- 
ess known  as  recruiting,  being  practically  the  only  gen- 
erally recognized  and  accepted  method  of  selecting  those 
who  are  fit  for  the  service  from  those  who  are  not,  be- 
comes of  an  importance  all  the  greater.  From  this  view- 
point the  physical  examination  of  the  recruit,  more  es- 
pecially, however,  that  of  the  cadet,  must  appear  in  an 
entirely  new  light  and  one  which,  in  its  far-reaching  im- 
,  portance,  it  would  indeed  be  difficult  to  exaggerate. 

The  SignijicaTice  of  Selection  by  Means  of  a  Physical  Ex- 
rnnination. — With  the  aid  of  a  physical  examination,  as 
this  is  understood  at  the  present  day,  the  scientifically 
trained  and  practically  experienced  examiner  is  able  to 
select,  from  a  given  number  of  candidates,  a  group  not 
only  superior  in  physique,  but  also,  and  at  the  same 
time,  one  superior  in  mental  qualifications  to  the  re- 
mainder. He  can,  moreover,  by  the  same  means  ex- 
clude the  criminals,  criminaloids,  and  the  degenerates. 

It  has  been  shown  by  a  series  of  observations  in  differ- 
ent parts  of  the  United  States  and  other  countries,  made 
by  Porter,  Christopher,  Hastings,  Beyer,  and  others,  that 
children  and  youths  who  have  inherited  an  exceptionally 
good  physique  almost  invariably  also  manifest  mental 
qualifications  that  are  likewise  superior.  All  these  ob- 
servations, made  by  different  observers  and  by  means  of 
different  methods,  have  led  to  such  uniform  results  that 
the  correlation  must  seem  unavoidable  to  any  unpreju- 
diced observer  and  the  application  of  the  principles  in- 
volved to  the  process  of  recruiting  follows  as  a  most  nat- 
ural corollary. 

A  necessary  preliminary  step  to  the  application  of  these 
principles  to  recruiting  is  the  preparation  of  tables  ac- 
cording to  the  percentile  grade  system  of  Francis  Galton 
from  as  large  a  number  of  subjects  as  possible  and  from 
subjects  (men  and  boys)  of  as  nearly  the  same  type  as 
those  with  whom  the  candidates  under  consideration  are 
to  be  compared.  Such  tables  may  include  any  number 
of  measurements  and  tests.  While  height,  weight,  and 
chest  circumference  must  be  regarded  as  absolutely  es- 
sential, other  dimensions  are  very  desirable. 

The  ta;bles  published  in  "  The  Growth  of  United  States 
Naval  Cadets,"  United  States  Naval  Institute  No;  74, 
include  a  number  of  tests  and  measurements  in  various 
dimensions;  they  will,  therefore,  do  good  service  in  the 
examination  of  cadets.  The  adjoining  three  tables 
(XXII.,  XXIII.,  and  XXIV)  were  made  from  6,901  sailor- 
men  and  boys,  and  may,  consequently,  be  said  to  be  fairly 
representative  of  the  physique  of  that  class  of  people 
who  have  at  all  times  applied  for  enlistment  in  the  naval 
service.  Since,  however,  the  averages  must  be  prepon- 
deratingly  made  up  from  the  descendants  of  Anglo- 
Saxon  and  Teutonic  stock,  the  examiner  will  still  have 
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Table  XXII. — Heights  in  Pekcentages. 


Age. 

Value  in  Inches  at  the  Following  Percentile  Grades. 

1 

5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

95 

5- 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3L 
33 
33 
34 
35 

124 
305 
388 
99 
158 
129 
745 
93i 
662 
531 
614 
395 
350 
356 
318 
250 
166 
170 
165 
136 
119 

59.35 
60.58 
61.27 
62.22 
62.38 
63.19 
62.70 
62.54 
62.85 
62.44 
62.56 
62.37 
62.25 
62.25 
62.14 
62.32 
61.83 
62.04 
61.21 
62.70 
61.65 

59.87 
61.23 
61.99 
62.76 
63.24 
63.55 
63.42 
63.42 
63.60 
63.25 
63.43 
63.20 
63.26 
63.11 
63.35 
63.28 
63.28 
62.69 
62.39 
63.35 
63.07 

60.66 
62.06 
63.01 
63.71 
64.09 
64.24 
64.30 
64.48 
64.49 
64.18 
64.46 
84.32 
64.31 
64.23 
64.21 
64.33 
64.49 
64.09 
64.00 
64.25 
63.98 

61.60 
62.88 
63.70 
64.34 
64.91 
64.89 
64.96 
65.26 
65.18 
64.88 
65.28 
65.18 
65.04 
65.22 
64.92 
65.03 
65.43 
64.83 
64.73 
65.22 
64.69 

62.54 

63.46 

64.31 

64.83 

65.51 

65.38 

65.53 

65.95 , 

65.82 

65.50 

65.91 

65.94 

65.66 

65.88 

65.56 

65.70 

66.15 

65.45 

65.56 

66.18 

65.42 

66.37 
64.01 
64.87 
65.43 
65.68 
65.84 
66.10 
66.31 
66.45 
66.16 
86.52 
66.22 
66.30 
66.47 
68.18 
68.34 
66.65 
66.03 
66.31 
66.64 
66.14 

64.13 
64.62 
65.41 
66.08 
66.68 
66.30 
66.73 
67.08 
67.07 
66.82 
67.11 
66.93 
66.96 
66.97 
66.80 
66.94 
67.21 
66.60 
66.92 
67.23 
66.80 

64.82 
65.85 
65.96 
66.67 
67.26 
66.76 
67.36 
67.71 
67.75 
67.58 
67.65 
67.59 
67.60 
67.40 
67.47 
67.81 
67.88 
67.33 
67.56 
67.80 
67.52 

65.77 
66.19 
66.83 
67.35 
67.81 
67.41 
68.02 
68.51 
68.51 
68.43 
68.30 
68.38 
68.31 
68.41 
68.23 
68.56 
68.54 
68.37 
68.19 
68.59 
68.28 

66.87 
67.31 
67.89 
68.35 
68.68 
68.46 
68.97 
69.59 
69.48 
69.43 
69.37 
69.64 
69.30 
69.57 
69.36 
69.41 
69.48 
69.38 
68.79 
69.62 
69.29 

67.92 
68.09 
68.77 
69.26 
69.52 
69.22 
69.91 
70.41 
70.16 
69.95 
70.47 
70.56 
70.28 
70.52 
70.26 
69.98 
70.52 
69.84 
69.46 
70.37 
70.61 

63.8 
64.7 
65.5 
66.0 
66.4 
66.5 
66.7 
66.8 
66.9 
66.9 
66.9 
67.0 
66.8 
66.5 
66.7 
66.9 
67.0 
66.6 
66.5 
67.0 
68.6 

Total, 

6,901 

Table  XXIII.— Weights  in 

Pekcentages. 

li,i 

Value  in  Pounds  at  the  Following  Percentile  Grades. 

i 

Age. 

1=1 

s 

> 

5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

95 

■< 

15 

124 

86.80 

89.70 

95.95 

103.33 

105.84 

109.00 

111.35 

117.80 

123.05 

129.44 

133.80 

109.5 

16 

305 

97.08 

101.21 

104.89 

108.13 

111.56 

114.42 

118.73 

122.50 

127.18 

134.12 

141.76 

111.0 

17 

288 

103.13 

107.69 

111.66 

115.77 

119.68 

123.60 

125.53 

129.27 

133.34 

139.82 

142.72 

137.9 

18 

99 

102.90 

108.90 

113.80 

119.70 

123.53 

124.94 

131.47 

134.66 

139.30 

147.10 

155.25 

131.6 

19 

158 

111.95 

115.90 

130.30 

124.23 

126.30 

128.45 

130.98 

134..53 

138.90 

147.20 

152.55 

130.6 

20 

129 

109.45 

116.45 

123.90 

127.34 

130.12 

133.90 

137.57 

140.47 

143.40 

147.70 

160.55 

131.6 

21 

715 

118.47 

119.97 

124.44 

138.59 

131.92 

134.90 

138.81 

143.59 

147.44 

153.77 

160.92 

137.5 

22 

931 

118.73 

122.67 

128.15 

133.05 

135.93 

140.08 

143.88 

147.80 

154.24 

163.36 

173.11 

141.5 

23 

662 

121.52 

124.83 

129.83 

135.68 

137.85 

140.85 

144.32 

148.34 

154.04 

163.10 

170.95 

140.0 

24 

531 

117.11 

132.34 

130.13 

134.30 

138.15 

143.27 

145.86 

149.75 

155.23 

162.83 

170.36 

137.4 

25 

514 

120.62 

134.10 

131.45 

135.18 

139.33 

143.67 

147.53 

151.78 

157.44 

166.60 

173.30 

145.6 

26 

395 

118.94 

124.10 

131.80 

137.63 

141.08 

144.81 

148.17 

152.92 

159.90 

168.17 

176.42 

146.0 

27 

350 

120.00 

124.70 

131.20 

137.00 

141.63 

146.27 

150.75 

154.93 

161.60 

169.87 

m-iO 

148.3 

28 

356 

116.80 

128.65 

130.37 

137.30 

141.63 

144.32 

149.18 

156.32 

161.56 

170.28 

179.07 

144.9 

29 

318 

119.56 

127.27 

132.a3 

135.78 

140.55 

144.09 

149.01 

153.15 

159.85 

169.64 

180.42 

146.6 

30 

250 

120.88 

124.56 

130.75 

135.83 

141.43 

146.20 

151.71 

157.20 

163.00 

173.00 

183.50 

148.6 

31 

166 

122.46 

125.53 

131.60 

137.97 

144.28 

149.00 

153.52 

157.60 

165.27 

175.13 

184.70 

151.0 

32 

170 

117.50 

123.80 

130.00 

135.00 

139.88 

145.67 

151.50 

159.00 

164.50 

171.00 

179.50 

147.5 

33 

185 

120.75 

134.80 

133.50 

138.50 

143.17 

146.70 

155.17 

159.88 

166.50 

176.50 

188.37 

150.1 

34 

138 

117.60 

128.30 

133.60 

138.80 

144.13 

149.71 

154.88 

162.55 

169.52 

184.40 

198.40 

152.8 

35 

119 

117.85 

123.30 

135.40 

140.90 

145.40 

149.38 

155.80 

163.30 

169.24 

178.20 

192.15 

150.8 

Total, 

6,901 

Table  XXIV. — Circumpeeenob  op  Chest  in  Peecentages. 


iJ 

Value  in  Inches  at  the  Following  Percentile  Grades. 

1 

Age. 

H 

g 

5 

10 

20 

30 

40 

50 

60 

70 

80 

90 

95 

< 

15 

124 

27.03 

2r.48 

38.39 

38.91 

29.50 

30.07 

30.53 

30.99 

31.76 

32.72 

33.31 

30.8 

16 

305 

38.10 

28.23 

29.12 

39.63 

39.93 

30.40 

30.95 

31.36 

31.83 

32.36 

33.51 

31.0 

17 

288 

38.76 

29.28 

30.03 

30.31 

30.90 

31.34 

31.60 

32.28 

32.57 

33.69 

34.51 

31.9 

18 

99 

39.13 

29.84 

30.42 

80.89 

31.35 

31.80 

33.28 

32.80 

33.33 

33.85 

34.68 

32.4 

19 

158 

39.64 

80.14 

30.72 

31.21 

31.61 

32.00 

32.46 

32.93 

33.66 

34.37 

34.94 

33.6 

30 

139 

29.67 

30.30 

31.13 

31.68 

32.02 

32.50 

32.99 

33.53 

34.11 

34.76 

35.63 

33.0 

31 

745 

80.33 

30.83 

31.50 

33.08 

32.62 

33.14 

33.60 

34.06 

34.70 

36.57 

36.38 

33.6 

22 

931 

30.73 

31.32 

32.13 

33.60 

33.09 

33.63 

34.17 

34.77 

35.47 

36.42 

37.29 

34.2 

23 

663 

31.03 

31.67 

32.39 

33.98 

33.51 

34.00 

34.55 

35.12 

35.72 

36.61 

37.43 

34.6 

24- 

531 

30.93 

31.65 

32.38 

33.00 

38.61 

34.17 

34.66 

35.15 

35.81 

36.73 

37.57 

34.3 

25 

514 

31.39 

32.09 

33.80 

33.30 

33.77 

34.29 

34.88 

35.43 

35.98 

36.94 

37.70 

34.8 

36 

395 

31.26 

32.08 

33.01 

mu 

34.08 

34.67 

35.34 

35.77 

36.51 

37.56 

38.33 

35.2 

37 

350 

81.23 

32.05 

32.90 

a3.59 

34.22 

34.80 

35.38 

35.90 

36.73 

37.77 

38.33 

35.3 

28 

366 

31.12 

31.90 

33.92 

33.73 

34.33 

34.73 

35.38 

a5.97 

36.83 

37.77 

38.77 

35.4 

29 

318 

31.34 

32.39 

32.96 

a3.80 

34.39 

34.83 

35.39 

36.00 

36.66 

37.72 

38.86 

35.4 

30 

350 

31.43 

32.09 

33.11 

33.81 

34.40 

34.95 

35.66 

36.34 

37.00 

38.13 

38.91 

35.6 

31 

166 

31.43 

32.20 

33.29 

34.07 

34.71 

a5.27 

35.78 

36.30 

36.41 

37.14 

39.57 

35.7 

32 

170 

31.33 

32.00 

33.26 

34.15 

34.65 

3.5.17 

35.76 

36.29 

36.77 

37.82 

39.30 

35.6 

33 

165 

32.09 

32.68 

33.48 

34.13 

34.69 

a5.27 

35.86 

36.53 

37.23 

37.98 

38.86 

35.8 

34 

136 

31.09 

31.86 

33.33 

34.15 

34.26 

35.00 

35.80 

36.54 

37.39 

38.73 

39.65 

35.8 

35 

119 

30.99 

32.39 

33.60 

34.28 

34.79 

35.26 

35.74 

36.66 

37.84 

39.01 

39.67 

36.0 

Total, 

6,901 
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to  use  his  judgment  as  regards  the  type  of  man  before 
nim  in  adjudging  his  relation  to  the  averages  given  in 
the  tables.  Such  tables  are  to  the  examiner  what  the 
compasses  are  to  the  navigator.  One  or  two  examples 
will  perhaps  help  to  make  this  clear. 

Example  I.  A  boy  presents  himself  and  his  nearest 
birthday  makes  him  fifteen  years  old.  The  measuring 
rod  gives  his  height  as  63.4  inches,  the  scale  shows  that 
he  weighs  109  pounds  nude,  and  the  tape  measure  around 
his  chest,  taken  at  the  level  of  the  nipples,  shows  that 
his  chest  circumference  is  30  inches.  Looking  now  at 
the  tables,  along  the  line  of  averages  obtained  from  boys 
of  his  age  (fifteen)  we  shall  find  that  all  these  figures  fall 
under  the  fifty  percentile  grade.  What  does  this  indi- 
cate and  what  is  his  physical  relation  or  standing  when 
thus  compared  to  the  rest  of  the  boys  of  his  age?  It 
means  that  out  of  one  hundred  boys  of  his  age,  our  can- 
didate is  taller  than  forty -nine  and  not  so  tall  as  the  re- 
maining fifty  above  him;  the  same  is,  of  course,  true  for 
weight  and  chest  circumference.  In  other  words,  our 
boy  is  an  average,  or  mean,  boy  for  his  age. 

Example  II.  Our  second  boy  is  sixteen  years  old,  his 
height  is  recorded  as  five  feet  and  one  inch,  his  weight  as 
105  pounds,  and  his  chest  circumference  as  39.5  inches. 
Our  tables  ^ow  him  to  be  ten  per  cent,  in  height,  twenty 
per  cent,  in  weight,  and  thirty  per  cent,  in  chest  circum- 
ference. These  several  percentages  added  together  and 
averaged  make  him  a  twenty-per-cent.  boy :  10  -)-  20  + 
80  ==  ^  =  30.  In  this  manner  a  boy's  physique  in  its 
relation  to  that  of  all  the  other  boys  of  his  age  and  type 
is  brought  out  and  the  physical  examiner  gains  an  idea 
of  the  probable  relation  of  his  candidate  to  the  rest  of  the 
community.  Although  it  is,  comparatively  speaking,  a 
rare  occurrence  that  a  recruit  is  found  to  have  all  his 
measurements  fall  under  the  game  percentile  grade,  it 
is  nevertheless  also  a  fact  that,  whenever  such  is  the 
case,  our  candidate  shows  a  perfectly  symmetrical  de- 
velopment. 

It  has  been  found  over  and  over  again  that  the  curves 
constructed  from  a  number  of  children  and  youth,  meas- 
ured and  averaged  in  this  manner,  when  compared  with 
the  curves  from  their  mental  examination  marks  received 
at  school,  run  very  nearly  parallel.  An  undoubted  cor- 
relation between  the  physique  and  the  mental  perform- 
ances of  children  and  youths  is  hereby  fully  established 
and  the  application  of  the  principles  involved  to  the  se 
lection  of  recruits  made  apparent. 

The  minimum  standards  of  height,  weight,  and  chest 
circumference  required  from  boys  intending  to  enter  the 
navy,  as  given  in  Appendix  II. ,  are  all  of  very  low  per- 
centage, when  compared  with  the  percentile  grade  tables, 
and  cannot,  therefore,  be  said  to  serve  any  purpose  of 
selection.  If  notwithstanding  these  low  limits  we  get  a 
class  of  men  into  the  service  that  is  better  than  our  re- 
quirements would  indicate,  this  would  seem  to  have  been 
obtained  in  spite  of  and  not  with  the  aid  of  our  examina- 
tions. 

There  seems  to  be  nothing  better  established  and  rec- 
ognized by  prominent  army  surgeons — e.g.,  Greenleaf, 
Woodhull,  Munson,  Woodruff,  Tripler,  and  others— than 
that  the  lowering  of  the  physical  standard  is  invariably 
followed  by  a  lowering  of  the  moral  standard. 

Notter  also  believes  in  the  coiTelation  between  the 
physical  and  the  moral  standards.  Men  of  defective  de- 
velopment are  noted  for  the  time  which  they  spend  on 
the  sick  list,  in  confinement;  they  are  also  known  to 
furnish  by  far  the  greatest  number  of  deserters. 

The  following  table  (XXV.),  showing,  as  it  does,  that 
the  percentage  number  of  deserters  has  steadily  increased 
since  1895,  except  during  the  war  of  1898,  would,  if  at- 
tributable to  faulty  recruiting  alone,  indeed  be  a  reve- 
lation. But,  although  recruiting  undoubtedly  has  its 
share  in  the  production  of  such  a  large  percentage  of  de- 
serters, a  careful  and  unbiassed  inquiry  would  no  doubt 
result  in  tracing  such  wholesale  desertions  to  a  variety  of 
causes.  Such  an  inquiry,  if  it  were  made  without  fear 
or  favor,  would  throw  valuable  light  on  the  subject. 
Mr.  Arthur  H.  Lee  (Nineteenth  Century  Magazine,  1901), 


Table  XXV. 


Naval  Forck. 

Total. 

Number 

of 
deserters. 

Year. 

Ameri- 
can. 

Foreign. 

Same  in 
per  cent. 

1895 

5,720 
6,126 
14,838 
11,446 

5,'28d 
5,219 
4,990 
5,386 

10,000 
11,000 
11,34.5 
22,828 
16,832 
18,000 

888 
1,041 
1,357 
1,317 
2,462 
3,100 

1898 

1897 

8.8 
9.5 

1898 

12.0 

1899 

5.8 

1900 

14.6 

17.2 

treating  on  the  "recruiting  question,"  says  of  the  English 
army,  where  the  standard  had  been  lowered  several  years 
in  succession :  "Owing  to  the  poor  quality  of  the  recruit 
enlisted,  it  ensues  that  less  than  47  per  cent,  ever  serve 
their  full  term;  the  remaining  53  per  cent,  are  completely 
lost  to  the  service  and  the  country  after  an  expensive 
training  and  a  few  years'  inefiicient  service."  "Owing 
to  the  same  cause,  the  annual  number  of  desertions  has 
risen  from  3,357  to  6,378."  "Owing,  moreover,  to  in- 
efficient recruitmg,  at  least  10,000  men  disappear  an- 
nually from  the  ranks  of  the  army,  for  no  valid  cause 
beyond  moral  and  physical  unfitness."  " The  pecuniary 
loss  to  the  nation  from  this  cause  alone  is  over  100,000 
pounds  sterling  per  annum,  which,  in  my  opinion,  might 
be  entirely  obviated  if  the  proper  men  were  enUsted  to 
begin  with. " 

Mr.  Lee's  fundamental  contention  is,  that  the  physi- 
cally and  mentally  developed  man  is  not  only  incompar- 
ably the  better  soldier,  but  is  much  the  cheaper  in  the  end. 

Lord  Kitchener  has  several  times  loudly  complained  of 
the  poor  and  useless  quality  of  recruits  sent  him  to  South 
Africa,  and  Kulp,  from  his  recent  e.-sperience,  remarks: 
"The  undersized,  underfed,  and  underdeveloped  boys 
one  sees  invalided  from  South  Africa  are  not  at  all  rep- 
resentative of  the  sturdy  English  race." 

Thus  it  would  seem  that  a  lowering  of  the  physical 
standards  in  order  to  increase  the  number  of  enlistments 
does  not  add  to  the  value,  the  strength,  or  the  efficiency 
of  an  army  and  is  an  unnecessary  waste  of  public  money. 

Since  there  has  been  at  all  times  a  large  percentage  of 
men  of  foreign  birth  in  the  navy,  it  is  interesting  to 
note  the  difference  in  physique  between  that  class  and 
the  native-born  American.  The  adjoining  table  (XXVI.), 
calculated  from — as  nearly  as  that  could  be  done — an 
equal  number  of  both  groups  and  of  the  same  age  (twenty- 
one)  shows  that,  while  the  Americans  have  a  slight  ad- 
vantage in  height  in  almost  all  the  percentile  grades,  the 
foreign-born  American  seaman  has  a  more  decided  ad- 
vantage in  both  weight  and  chest  circumference. 

Table   XXVI.  —  Averages  of  350  American  and  316  Foreign 
Born  (all  twenty-One  Years  Old)  Compared. 


Height  inches. 

Weight,  Pounds. 

Chest 
Circumference. 

I 

ii 

a 
bo 

1 

Is 

1 

1" 

a 

1 

ft 

20 
30 
40 
50 
60 
70 
80 
90 
95 

62.91 
63.50 
64.48 
65.27 
65.96 
66.52 
67.06 
67.61 
68.21 
68.94 
69.86 

62.61 
63.40 
64.30 
64.86 
65.40 
65.93 
66.63 
67.34 
68.05 
68.88 
69.52 

113.2 
]16.9 
121.5 
125.0 
128.0 
131.4 
135.0 
139.1 
143.5 
149.4 
157.2 

115.4 
119.5 
124.5 
128.5 
131.5 
134.7 
138.4 
142.2 
147.5 
153.9 
159.2 

29.4 
30.2 
31.0 
31.5 
31.9 
32.3 
32.7 
33.2 
33.7 
34.5 
35.2 

30.3 
31.0 
31.7 
32.3 
32.8 
33.3 
33.6 
34.3 
34.9 
35.9 
36.7 

The  Significance  of  War  totJie  Nation  and  the  liace.— It 
is  said  of  physicians  that  a  large  portion  of  their  work  is 
directed  toward  the  prevention  of  disease  rather  than  to 
the  cure  of  it,  and  medical  men  have  the  rare  distinction 
of  being  perhaps  the  only  workmen  known  who  make  it 
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their  first  duty  to  stop  the  sources  of  supply  whence 
they  derive  their  income.  To  prevent  disease  and  suffer- 
ing is,  nevertheless,  the  highest  function  of  hygiene  and 
one  of  the  noblest  aspirations  of  modern  medicine.  If  we 
look  tipon  wars  as  preventable  causes  of  disease  and  suf- 
fering and  of  death,  it  would  seem  to  be  one  of  the  func- 
tions of  naval  and  military  hygiene,  not  only  to  modify 
if  not  altogether  to  exterminate  bullets,  as  we  are  trying 
to  annihilate  germs,  mosquitoes,  and  other  disease-pro- 
ducing agencies,  but  also  to  try  to  devise  means  for  the 
final  abolition  of  war  Itself.  The  gradual  reduction  in 
the  calibre  and  the  change  in  shape  of  the  new  small-arm 
projectile  seem  to  be  a  step  in  this  direction.  In  the  same 
sense,  arbitration  may  some  day  fill  a  chapter  in  a  work 
on  hygiene,  and  the  great  peace  conference  at  The  Hague, 
called  into  being  by  the  august  ruler  of  all  the  Russias  a 
few  years  since,  would  then  constitute,  historically  speak- 
ing, the  first  great  international  attempt  at  promoting  the 
fundamental  interests  and  purposes  of  naval  and  military 
hygiene.  War  undoubtedly  is  the  greatest  and  most 
merciless  destroyer  of  the  best  there  is  of  human  life. 
The  history  of  every  war-like  nation  usually  ends  in  the 
extinction  of  the  best  of  that  nation.  Greece  died  be- 
cause the  men  who  had  made  her  glory  had  all  passed 
away ;  leaving  none  of  their  kin,  they  left  none  of  their 
kind.  The  Greeks  of  to-day  are  the  sons  of  those  of 
whom  she  could  make  no  use  in  her  conquest  of  Asia. 
Indeed  there  is  strong  ground  for  the  statement  that 
there  was  more  of  the  old  heroic  blood  of  Hellas  in  the 
Turkish  army  of  Edhem  Pacha  than  in  the  soldiers  of 
King  George  who  fled  before  them  five  years  ago. 

The  cause  of  the  fall  of  Rome  has  been  traced  to  the 
extinction  of  the  best  of  her  race  through  her  numerous 
conquests ;  only  cowards  remained  and  from  their  brood 
came  forward  the  new  generations,  and  even  Cfesar  noted 
the  dire  scarcity  of  real  men,  and  "  vir, "  the  real  man,  be- 
came "homo,"  a  mere  human  being. 

"  Send  me  the  best  you  have,"  said  Napoleon ;  "  I  want 
men,  not  boys. "  Since  the  time  of  the  French  Revolution 
and  the  Napoleonic  wars,  French  skulls  may  be  found 
piled  up  in  Italy,  Austria,  Germany,  Russia,  Egypt,  and 
Spain.  They  are  the  skulls  of  the  best  men  that  France 
had  sent  into  the  field.  It  was  only  after  these  were 
gone  that  the  great  general  began  to  call  for  boys,  say- 
ing, "A  boy  will  stop  a  bullet  as  well  as  a  man,"  and 
these  died  without  leaving  any  offspring.  From  that 
time  onward  the  men  of  the  hoe  became  the  fathers  of 
the  present  men  of  Prance.  M.  Legoyt  thinks  it  will 
•take  long  periods  of  peace  and  plenty  before  France  can 
recover  the  tall  statures  mowed  down  in  the  wars  of  the 
republic  and  of  the  first  Empire. 

Mr.  Arthur  Knapp,  in  his  work  entitled  "  Feudal  and 
Modern  Japan,"  says:  "It  is  astonishing  to  find  that 
a;fter  more  than  six  generations,  or  more  than  two  hun- 
dred years  of  peaee  in  which  physical  courage  has  not 
been  demanded,  these  virile  powers  in  the  Japanese 
should  be  found  unimpaired."  The  student  of  history, 
however,  finds  that  this  is  just  what  he  would  expect, 
for,  in  times  of  peace,  there  is  no  slaughter  of  the 
strong,  no  sacrifice  of  the  brave  and  courageous.  It  is 
in  accordance  with  the  laws  of  natural  history  and  is 
proven  by  all  the  records  of  human  history  that  the  na- 
tion which  has  seen  the  least  of  war  always  develops  the 
strongest  battalions. 

Germany,  always  systematic  and  thorough,  taking  ad- 
vantage of  the  lessons  taught  by  scientific  research,  and, 
guided  by  the  best  principles  of  the  times,  guards  her 
men  and  reduces  the  waste  in  war  to  a  minimum,  by  the 
strictest  attention  to  scientific  hygiene.  She  is  military 
rather  than  warlike.  In  modern  times,  the  greatest  loss 
to  Germany  has  occurred  through  emigration,  not 
through  wars.  The  tendency  of  all  emigration,  whether 
from  country  districts  into  towns  in  the  same  country  or 
from  one  country  to  another,  has  always  been  to  weaken 
those  left  behind.  Ammon  has  shown,  for  Germany,  by 
measurements,  that  the  average  of  those  who  emigrate  is 
superior  to  the  average  of  those  who  stay  behind.  Quete- 
let  has  shown  that  in  some  towns  of  Belgium  the  average 


stature  was  a  little  higher  than  in  the  country.  Dunaut 
found  this  to  hold  good  with  respect  to  the  inhabitants  of 
Geneva  as  compared  with  the  country  people  around. 
Villerme,  Manouvrier,  and  others  have  shown  that  the 
stature  of  the  Parisian  conscript  is  higher  by  8  or  9  mm. 
than  that  of  the  men  belonging  to  the  rural  arrondisse- 
ment  of  the  Seine.  Germany  has  long  since  recognized 
this,  and  hence  her  struggle  for  colonies,  the  possession 
of  which  alone  can  save  her  ever-increasing  population 
to  her  flag.  It  is  want  of  room  and  lack  of  opportunity 
that  drive  her  sons  to  foreign  shores,  not  fear  of  military 
service ! 

Holland  has  become  a  nation  of  old  men.  Her  sons 
have  died  in  the  fields  of  Java,  and  Batavia  alone  is  said 
to  have  one  million  of  Dutch  graves.  Dutch  armies  are 
to-day  recruited  elsewhere,  Holland  will  not  waste  any 
more  of  her  own  blood, 

"  Spain  died  of  empire  years  ago.  She  has  never  really 
crossed  our  path,  it  was  only  her  ghost  which  walked  at 
Manila  and  Santiago.  The  warlike  nation  of  to-day  is 
the  decadent  one  of  to-morrow  "  (David  Starr  Jordan, 
Forum,  1901). 

As  long  as  the  physician  cannot  prevent  the  occurrence 
of  disease,  he  will  have  to  continue  trying  to  do  his  best 
to  cure  it ;  as  long  as  war  will  continue  to  recur,  a  nation 
will  have  to  face  the  foe.  Since,  however,  the  most 
skilful  physician  for  the  care  and  treatment  of  disease 
will  in  the  end  prove  the  least  expensive  to  the  family, 
so  the  best  sailor  and  soldier  will  invariably  prove  the 
more  remunerative  to  the  state.  To  bring  a  war  to  a 
speedy  and  successful  termination,  a  nation  must  offer 
as  recruits,  and  be  willing  to  sacrifice,  the  best  she  breeds. 

Henry  O.  Beyer. 

Appendix  I.  Requi/rementsfnr  Enlistment  in  the  British  Navy.— 
The  British  navy  Is  enlisted  upon  the  Voluntary  System.  The  seaman 
must  have  a  good  physique,  though  height,  apart  from  a  good  devel- 
opment, Is  considered  of  no  advantage.  While  no  physical  examina- 
tion is  required  lor  the  mercantile  marine,  none  but  "promising  lads 
are  accepted  lor  the  training  ships  ol  His  Majesty's  navy,  and  persons 
of  whatever  age  or  class  found  to  he  laboring  under  any  of  the  under- 
mentioned physical  defects  or  deformities  are,  by  Article  1154  of  the 
Admiralty  Instructions,  1899,  considered  unfit  for  the  service : 

(a)  A  wealc  constitution,  imperfect  development,  or  important  mal- 
formation or  physical  weakness,  either  hereditary  or  acquired. 

(b)  Skin  disease,  temporary  or  trivial ;  extensive  maris  of  cupping, 
leeching,  blistering,  or  of  issues. 

(c)  Malformations  of  the  head,  deformity  from  fracture  or  depres- 
sion of  the  bones  of  the  skull,  impaired  intellect,  epilepsy  or  paralysis 
or  impediment  of  the  speech. 

id)  Blindness  or  defective  vision,  imperfect  perception  of  colors,  or 
any  chronic  disease  of  the  eyes  or  eyelids. 

(6)  Impaired  hearing,  discharge  from  or  disease  of  one  or  both 
ears. 

(/ )  Disease  of  nasal  bones  or  cartilage  and  nasal  polypus. 

(g)  Disease  of  throat,  palate,  tonsils  or  mouth ;  cicatrices  of  neck, 
whether  from  scrofula  or  from  suicidal  wounds :  unsound  teeth  or 
seven  teeth  missing  or  detective  in  persons  under  seventeen  years  of 
age ;  ten  defective  or  deficient  teeth  in  persons  above  the  age  of 
seventeen. 

Ol)  functional  or  organic  disease  of  the  heart  or  blood-vessels,  de- 
formity of  chest,  phthisis,  bronchitis,  haemoptysis,  asthma,  dyspnoea, 
chronic  cough,  or  any  evidence  of  lung  disease  or  tendency  thereto. 

(t)  Undue  swelling  or  distention  of  the  abdomen :  disease  of  liver, 
spleen  or  kidneys,  hernia  or  tendency  thereto.  Incontinence  of  urine, 
syphilis  or  gonorrhoea. 

U)  Non-descent  of  either  or  both  testicles,  hydrocele,  varicocele,  or 
any  other  serious  defect  or  malformation  of  the  genital  organs. 

(k)  Fistula  of  anus,  hemorrhoids,  or  any  disease  of  stomach  and 
bowels. 

(I)  Paralysis,  weakness  or  impaired  motion,  or  deformity  of  either 
extremity,  including  varicosity  of  veins,  especially  of  the  leg,  and 
distortion  or  malformation  of  hands,  feet,  fingers  or  toes, 

(m)  Distortion  of  spine,  of  the  bones  of  pelvis,  no  matter  whether 
from  injury  or  disease,  or  from  constitutional  delect. 

APPENDIX  II.  Requirements  for  Enlistment  in  the  United  States 
iVawH.— Briefly  stated,  the  physical  requirements  lor  enlistment  in 
the  United  States  navy  are  as  follows ;  The  candidate  must  be  of 
good  physical  proportions,  and,  11  accepted,  is  required  to  take  oath 
before  enlistment  that  he  is  not  subject  to  fits  and  has  no  concealed 
disea,ses.  Any  of  the  following  conditions  are  sufficient  to  cause  the 
rejection  of  an  applicant:  Greatly  retarded  development;  feeble 
constitution,  inherited  or  acquired ;  permanently  Impaired  general 
health ;  depraved  condition  of  general  nutrition ;  liability  to  any  dis- 
ease; chronic  diseases  or  results  of  injuries  sufllcient  permanently  to 
impair  efficiency— such  as  weak  or  disordered  intellect ;  epilepsy  or 
other  convulsions  within  five  years;  impaired  vision  or  chronic  dis- 
ease of  the  ears :  chronic  or  offensive  nasal  catarrh ;  tumors  of  the 
nasal  passages  or  great  enlargement  ol  the  tonsils ;  marked  impedi- 
ment ol  speech;  decided  indications  of  liability  to  pulmonary  dis- 
ease; chronic  heart  affections ;  rupture;  non-appearance  of  testicles; 
dropsy  of  testicle  or  cord ;  stricture,  fistula  or  hemorrhoids ;   large 
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varicose  veins  of  lower  limbs,  scrotum  or  cord ;  chronic  ulcers ;  cu- 
taneous and  communicahle  diseases;  unnatural  curvature  of  the 
spine ;  wryneck  or  other  deformity ;  permanent  disability  of  either 
of  the  extremities  or  articulation  from  any  cause ;  defective  teeth ; 
the  loss  or  extensive  caries  of  four  molar  teeth. 

In  addition  to  the  above,  candidates  for  enlistment  as  apprentice 
must  at  least  fulfil  the  requirements  ot  the  following  table  of  mini- 
mum measurements : 


Age  in  years. 

Minimum  height. 

Minimum 
weight. 

Minimum  chest 
circumference. 

U 
15 
10 

4  feet  9  inches. 

4  feet  11  inches. 

5  feet  1  inches. 

70  pounds. 
80  pounds. 
90  pounds. 

2B  inches. 
Sir  inches. 
28  inches. 

NAVAL  MEDICAL  SERVICE— I.  Naval  Medical 
Dbpaktment. — Historical  Notice. — "The  Marine  Com- 
mittee "  of  the  Continental  Congress  made  provision  at 
an  early  date  for  a  medical  department  of  the  navy,  and 
declared  "  the  care  of  the  sick  and  wounded  to  be  objects 
of  great  solicitude."  In  the  "Rules  for  the  Regulation 
of  the  Navy  of  the  United  Colonies,"  adopted  November 
28th,  1775,  this  service  was  defined.  After  the  comple- 
tion of  the  revolutionary  struggle  slow  progress  was 
made,  until  1794,  when  the  entire  naval  service  was  aug- 
mented ;  yet  at  this  time  the  medical  departments  of  the 
army  and  navy  were  one,  under  an  officer  who  bore  the 
title  of  physician-general.  Not  until  1828  were  the  medi- 
cal departments  of  the  army  and  navy  divided.  In  1842 
the  bureau  of  medicine  and  surgery  of  the  navy  depart- 
ment was  created,  and  W.  P.  C.  Barton  was  nominated 
its  chief.  By  the  act  of  1871  the  entire  service  was  reor- 
ganized, the  grades  of  medical  director,  and  medical  in- 
spector created,  and  the  title  of  surgeon-general,  with  the 
relative  rank  of  commodore,  conferred  on  the  chief  of 
bureau.  In  March,  1898,  this  officer  was  given  the  rank 
and  title  of  rear-admiral. 

The  organization  of  the  medical  corps  of  the  navy  is 
essentially  that  created  by  the  act  of  1871,  and  amended 
by  the  acts  of  1898  and  1900. 

The  grades,  ranks,  and  titles  in  the  medical  corps  of 
the  navy,  compared  with  that  of  the  line  of  the  army  and 
navy,  is  shown  in  the  table  prepared  by  Medical  Director 
Gihon,  as  modified  by  existing  law. 


U.  S.  ARMY. 

U.   S.   NAVY. 

All  Officers. 

Line. 

Medical  Officers. 

Admiral. 
Rear-Admiral 

Lieut.-General. 
Major-General . . . 
Brigadier. 

Surgeon-General. 
Medical  Director. 

Lieut. -Colonel — 

Commander 

Lieut.-Commander. 

Medical  Inspector. 
Surgeons  (Senior). 

(  Surgeons  (Junior). 
(  Passed  Asst.  Surgeon  (Sr.) . 
1  Passed  Asst.  Surgeon  (Jr.). 
1  Assistant  Surgeon. 

1st  Lieutenant — 

Lieutenant  (Junior 

By  the  act  of  1898  positive  rank  was  conferred  on  all 
officers  of  the  medical  corps  of  the  navy,  and  in  1900  as- 
sistant surgeons  were  given  the  rank  of  lieutenant  (]  umor 
grade)  corresponding  to  first  lieutenant  in  the  army. 

The  titles,  grades,  and  numbers  in  the  medical  corps 
of  the  navy  are  as  follows,  viz. :  15  medical  directors,  15 
medical  inspectors,  55  surgeons,  and  105  in  the  combined 
grades  of  passed  and  assistant  surgeons. 

The  number  of  officers  in  the  grade  of  passed  assistant 
surgeon  is  not  limited,  the  law  providing  for  promotion 
of  assistants  after  three  years'  service. 

The  surgeon-general  does  not  constitute  an  extra  num- 
ber but  is  chosen  from  the  grade  of  director  or  inspector 
for  a  term  of  four  years,  being  eligible  to  reappointment 
All  officers  of  the  navy  retire  on  reaching  the  age  ot 
sixty -two  years.  ,  j.j  ,.    ^ 

mamination  and  Appointment.— A.  candidate  for  en- 
trance into  the  medical  corps  of  the  navy  must  be  between 


the  ages  twenty -one  (21)  and  thirty  years  (30).  He  ap- 
pears before  a  board,  which  is  under  oath  to  report  on 
Ids  physical,  mental,  moral,  and  professional  qualitica- 
tions. 

Appointments  are  made  in  tlie  order  of  merit  reported 
by  the  board. 

The  examination  is :  (1st)  physical ;  (2d)  mental,  con- 
sisting of  (a)  written,  (S)  oral,  (c)  cUnical,  {d)  practical, 
and  embraces  about  six  days. 

TJie  board  of  medical  examiners  sits  permanently  at 
the  Naval  Hospital,  New  York.  Prior  to  1897  no  exami- 
nation was  required  from  the  grade  of  passed  assistant 
to  that  of  surgeon,  but  under  present  law  examinations 
occur  with  each  promotion.  The  examination  for  the 
grade  of  surgeon  relates  largely  to  an  officer's  experience 
attained  in  the  lower  grades.  It  comprises  the  following 
subjects:  (a)  Naval  regulations,  in  so  far  as  they  pertain 
to  the  medic.al  department ;  (S)  thesis  on  general  and  na- 
val hygiene ;  (c)  thesis  on  clinical  medicine ;  {d )  practical 
bacteriology  and  chemistry ;  (e)  microscopy  and  microbi- 
ology; (/)  military  surgery. 

The  flow  of  promotion  is  dependent  upon  resignations, 
dismissals,  retirements,  and  deaths. 

Officers  reaching  the  grade  of  surgeon  at  this  time 
(1900)  have  been  in  the  service  about  ten  years.  The 
disposition  of  officers  entering  the  corps  depends  upon 
tlie  exigencies  of  the  service;  if  these  permit,  they  are 
ordered  to  receiving  ships,  and  gain  some  preliminary 
knowledge  of  the  duties  and  life  at  sea.  The  percentage 
of  those  given  permission  to  appear  before  the  board  of 
examiners,  who  pass,  is  small.  Thus,  of  the  twenty-two 
candidates  who  presented  themselves  during  the  fiscal 
year  ending  in  1896.  four  were  rejected  physically, 
twelve  were  rejected  professionally,  and  six  were  found 
qualified  for  the  position  of  assistant  surgeon.  It  cannot 
be  concluded  from  this  statement  that  the  examination 
is  unduly  rigorous,  but  rather  it  is  indicative  of  insuffi- 
cient academic  study  and  a  lack  of  thoroughness  in  the 
professional  equipment,  which  we  fear  is  far  too  common 
a  condition  among  the  graduates  of  a  large  number  of 
medical  schools  in  the  United  States. 

The  compensation  of  officers  of  the  medical  corps  is 
that  of  their  corresponding  rank  in  the  line,  and  is  shown 
as  follows : 

Pay  Tablf. 


Assistant  Surgeons :  Bank  of  Lieutenant 

(Junior  Grade) 

Passed  Assistant  Surgeons : 

Rank  of  Lieutenant  (Junior  Grade).. . 

After  Ave  years  in  the  service 

Rank  of  Lieutenant 

After  five  years  in  the  service 

After  ten  years  in  the  service 

Surgeons: 

Rank  of  Lieutenant :  After  ten  years  in 
the  service 

After  fifteen  years  in  the  service. ..... 

Rank  of  Lieutenant-Commander :  Af- 
ter ten  years  in  the  servir* 

After  fifteen  years  in  the  service.. . . . . 

Medical  Inspectors,  rank  ot  Commander 

After  fifteen  years  in  the  service 

Medical  Directors,  rank  of  Captain : 

After  fifteen  years  in  the  service... . . . 

Surgeon-General,  rank  of  Rear- Admiral. 


d  a 


$1,650.00 

1,650.00 
1,800.00 
1,980.00 
2,160.00 
2,340.00 


2,340.00 
2,520.00 

3,250.00 
3,600.00 

4,000.00 

4,500.00 
5,500.00 


$1,402.50 

1,402.50 
1,630.00 
1,683.00 
1,836.00 
1,989.00 


1,989.00 
2,142.00 

2,762.50 
2,975.00 

3,400.00 

3,825.00 
5,500.00 


$288.00 

288.00 
288.00 
432.00 
432.00 
432.00 


432.00 
432.00 


576.00 
576.U0 


576.00 


720.00 
720.00 


The  hospital  corps  of  the  navy  was  authorized  by  an 
act  of  Congress,  June,  1897,  thus  securing  for  the  service 
skilled  men  for  the  care  of  the  sick  and  wounded. 

tL  hospital  corps  consists  of  *!>«  M^o^^g .f^f^^i 
and  rates:  (a)  Pharmacists,  warrant  officers ;  (V)  hospital 
stewards,  chief  petty  officers;,  (c)  hospital  apprentice, 
first  class;  {d)  hospital  apprentice,  second  class. 

«  riniv  when  fluarters  are  not  furnished  by  the  Government. 
St  cSitsVmUe  is  the  allowance  when  travelling  under  orders. 
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An  examination,  pliysical  and  professional,  before  a 
board  of  medical  officers,  is  required  for  enlistment  and 
for  promotion  in  each  of  the  above  grades. 

The  naval  medical  department  maintains  hospitals  at 
the  following  places :  Widow's  Island,  Me. ;  Portsmouth, 
N.  H. ;  Boston,  Mass. ;  Newport,  R.  I. ;  Brooklyn,  N.  Y. ; 
Philadelphia,  Pa. ;  Washington,  D.  C. ;  Annapolis,  Md. ; 
Norfolk,  Va. ;  Pensacola,  Fla. ;  Mare  Island,  Cal. ;  Yoko- 
hama, Japan ;  Cavite,  P.  I.  The  hospitals  provided  by 
the  original  act  of  Congress  were  those  at  Boston,  New 
York,  Philadelphia,  and  Norfolk.  That  at  Philadelphia 
has  been  converted  into  the  Naval  Asylum,  and  a  fine 
modern  structure  has  taken  its  place. 

The  naval  hospitals  of  the  United  States  and  other 
powers  have  been  fully  described  by  Surgeon  J.  D.  Gate- 
wood,  U.  S.  N.* 

At  a  comparatively  recent  date  most  of  these  hospitals 
have  been  modernized  in  construction,  and  their  equip- 
ment has  been  raised  to  present  requirements. 

Although  the  hospital  ship  Maine  has  done  efficient 
service  in  South  Africa,  the  floating  hospital  of  the  fu- 
ture will  be  the  Ambulance  Ship,  such  as  was  the  iSolace 
during  the  late  war  with  Spain.  The  object  of  such  a 
ship  is  to  collect  the  sick  and  wounded  in  a  fleet  after  an 
engagement,  render  immediate  succor,  and  transfer  the 
wounded  to  a  base-hospital.  While  the  presence  of  such 
a  ship  amid  hostile  fleets  had  been  previously  proposed, 
the  desirability  of  such  a  step  was  formally  advanced, 
and  earnestly  advocated  by  the  present  chief  of  bureau, 
Surgeon-General  W.  K.  Van  Reypen,  in  a  paper  read 
before  the  Twelfth  International  Medical  Congress,  held 
at  Moscow  in  1897,  and  in  less  than  a  year  it  was  this 
officer's  privilege  to  commission  the  Solace,  a  ship  such 
as  he  had  described,  which  rendered  such  excellent  ser- 
vice in  the  war  with  Spain. 

The  Solace  had  a  displacement  of  thirty-six  hundred 
tons,  was  three  hundred  and  seventy  feet  over  all,  with 
an  average  speed  of  fourteen  knots ;  she  carried  steam 
launches  and  barges  for  the  transfer  of  the  sick  and 
wounded.  Hoisting  and  lowering  were  accomplished  by 
steam  winches.  A  complete  aseptic  outfit,  formaldehyde 
generators,  disinfecting  chambers,  laundry,  and  drying 
room  were  provided.  The  Solace  accommodated  three  hun- 
dred and  fifty  patients.  Ventilation  was  accomplished  by 
means  of  powerful  blowers  and  electric  fans.  The  ship 
flew  the  Red  Cross,  and  was  under  the  protection  of  the 
Geneva  Convention.  Indeed  everything  which  could  be 
suggested  to  make  this  floating,  travelling  hospital  a 
success  was  done.  The  excellent  results  accomplished 
justified  all  expectations,  and  established  a  decided  ad- 
vance in  the  humanitarian  aspect  of  modern  war. 

Hospital  ships  may  still  serve  a  useful  purpose  as  be- 
fore stated,  when  the  base  of  a  fleet  is  too  remote  to  per- 
mit of  the  transfer  of  the  disabled.  When  conditions 
obtain,  such  as  those  at  Santiago,  or  such  as  prevail  at 
present  (1900)  in  Manila  and  China,  the  Ambulance  Ship 
will  be  of  inestimable  value  so  long  as  Japan  can  be  used 
as  a  base. 

Service  at  Sea. — The  progress  made  in  the  past  twenty- 
flve  years  in  the  betterment  of  conditions  making  for 
health  on  shipboard  are  only  equalled  by  the  advance  in 
the  sciences  of  medicine  and  surgery  themselves;  yet 
the  former  condition  is  not  largely  due  to  the  latter,  but 
rather  to  the  improvement  of  naval  construction  and  a 
higher  appreciation  of  sanitary  principles,  which  have 
been  so  persistently  inculcated.  Medical  Director  Gihon 
has  drawn  a  graphic  picture  of  this  change ;.  and  since 
this  oificer's  active  service  closed,  the  improvement  has 
continued,  the  modern  man-of-war  presenting  the  most 
striking  object-lessons,  showing  how  an  observance  of 
the  prime  principles,  involving  a  supply  of  fresh  air, 
good  lighting,  and  scrupulous  cleanliness,  has  so  far  suc- 
ceeded as  to  render  a  most  unnatural  life  and  environ- 
ment a  comparatively  healthy  one.  In  this  connection, 
it  must  be  borne  in  mind  what  a  radical  change  has  been 
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wrought  in  the  life  of  a  man-of-war's  crew  by  the  change 
from  sail  to  steam  power ;  and  to  overcome  the  delete- 
rious efllect  thus  brought  about  has  been  the  most  impor- 
tant problem  which  the  naval  medical  officer  has  been 
called  upon  to  consider ;  and  the  splendid  results  obtained 
in  our  service  during  the  late  war  are  most  creditable 
alike  to  commanding  and  to  medical  officers.  We  have 
every  reasonable  hope  that  the  lessons  of  the  past  are 
now  heeded,  and  that  the  inutility  of  a  ship,  however 
powerful,  with  a  crew  living  in  unhealthy  conditions,  has 
been  ampljr  demonstrated.  Such  was  Admiral  Vernon's 
expedition  against  Carthagena,  in  which  the  crew  were 
crowded  into  dark,  ill-ventilated  sleeping  quarters,  and 
were  fed  upon  salt  and  of  ten  decomposing  food  with  bad 
water.  Surgeon-General  Tryon  has  pointed  out  that 
when  iron  and  wood  supplanted  steel  as  the  material  for 
the  construction  of  ships,  a  destructible  organic  substance 
was  substituted  by  an  indestructible,  inorganic  substance, 
and  this  change  worked  the  most  important  reform  in 
naval  hygiene.  The  sequels  of  this  change  were  broad 
inlets  for  the  admission  of  air,  and  light,  systematic  ven- 
tilation, the  distillation  of  water,  its  preservation  in  iron 
tanks,  and  the  improvement  of  the  rations  by  the  art  of 
preserving  foods.  Tllus  were  accomplished  the  condi- 
tions which  have  made  prolonged  life  at  sea  not  only 
possible,  but  one  closely  approaching  the  natural.  A 
discussion  of  such  questions  belongs  to  the  domain  of 
naval  hygiene ;  they  have  been  alluded  to  here,  and  give 
the  reader  an  idea  of  the  broader  lines  of  duty  which  will 
engage  the  attention  of  a  medical  officer  at  sea.  The  de- 
tails and  daily  rounds  are  soon  mastered,  and  are  impor- 
tant or  unimportant,  much  more  in  the  way  in  which  the 
sanitarian  of  the  ship  conceives  of  his  duty  than  in  any 
other.  The  naval  medical  officer  will  soon  learn  that  it 
■  is  in  the  broad  realm  of  preventive  medicine  that  he  will 
find  his  sphere  of  greatest  utility ;  that  to  ameliorate  the 
effects  of  environment  and  to  reduce  the  potency  of 
pathological  factors  should  be  his  chiefest  aim. 

The  daily  duties  are  defined  by  regulation ;  and  besides 
attention  to  and  report  upon  the  condition  of  the  sick,  they 
embrace  an  inquiry  into  that  of  the  living  spaces,  cells, 
closets,  pantries,  and  an  examination  of  food  and  water 
issued  or  coming  on  board.  A  duty  peculiar  to  army 
and  naval  medical  service  is  that  of  determining  whether 
in  a  given  case  of  disease  or  injury  it  is  the  result  of 
causes  incident  to  service ;  on  this  decision  rights  to  pen- 
sion are  based,  and  in  it  also  are  involved  the  rights  of 
the  individual  and  the  Government  alike,  both  of  which 
are  to  be  respected. 

The  facilities  of  the  medical  department  on  shipboard 
have  in  late  years  been  greatly  improved,  involving  a 
comfortable  hospital,  or  sick-bay,  usually  supplied  with 
bath  and  closet.  When  we  consider  that  the  primal  ob- 
ject of  a  battleship  is  the  destruction  of  life,  we  must  ad- 
mit that  the  humanitarian  side  of  the  question  has  had  as 
a  rule  fair  treatment.  Medical  officers  at  times  complain 
of  an  insufficiency  of  accommodation,  yet  a  generous  con- 
sideration is  accorded,  and  any  agencies  seriously  affect- 
ing the  interest  of  the  department  are,  if  possible,  reme- 
died. The  medical  supplies,  including  hospital  stores, 
furnished  by  the  naval  laboratory  located  at  New  York, 
are  usually  of  good  quality ;  and  this  held  good  during 
the  stress  of  the  Spanish-American  war.  The  supply 
table  is  varied  and  the  allowance  liberal.  Complete 
antiseptic  outfits  are  supplied,  and  the  instrument 
cases  are  now  so  complete  that  when  hospitals  are  in- 
accessible, major  operations  can  be  performed  with  con- 
fidence. 

Inasmuch  as  the  naval  medical  officer  visits  all  cli- 
mates, he  should  be  an  authority  on  climatic  diseases, 
and  consequently  the  reports  of  the  bureau  of  medicine 
and  surgery  contain  frequent  descriptions  of  such  mala- 
dies. Indeed,  since  the  late  acquisition  of  territory  by 
the  United  States,  the  great  need  of  more  exact  knowl- 
edge of  diseases  foreign  to  our  own  nomenclature  has 
been  greatly  emphasized. 

The  accompanying  table  exhibits  the  amount  of  disease 
in  the  naval  service  for  the  years  1893-94. 
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IVaval  jncdical 
Service. 


Mean  strength 

Daily  average  number  of  sick 

Average  number  of  days  of  each  case 

under  treatment 

Admissions,  per  1,000 

Invalided,  per  1,000 

Deaths,  per  1,000 


1893. 


10,19.3 
161.35 

6.10 

831.34 

80.93 

3.82 


1894. 


10,482 
173.50 

7.31 

831.31 

97.50 

4.57 


Recruiting  for  the  naval  service  is  a  matter  of  tlie 
greatest  importance,  as  v/a  have  here  an  opportunity  to 
sliut  out  predisposing  and  he- 
reditary tendencies  as  well  as  ex- 
isting disease.  This  work  for  the 
navy  is  usually  done  on  shipboard 
(receiving  ships)  and  for  the  ma- 
rine corps  at  a  rendezvous  located 
in  our  large  cities.  As  far  as  pos- 
sible examination  for  entering  the 
naval  service  should  be  discouraged 
on  shipboard. 

It  is  to-day  incumbent  on  the  naval 
medical  oflBcer  to  be  familiar  with  the 
duties  involved  with  bluejackets  and 
marines  landed  to  co-operate  with  the 
army.     This  service  is  becoming  more 
than  occasional,  especially  in  the  opera- 
tions in  the  Orient. 

The  number    of   medical  officers   de- 
tailed for  a  ship  of  war  depends  princi 
pally  upon  her  size,  third  and  fourth  rate 
carrying  one,  second  and  first  rates  two, 
the  flag-ship  as  a  rule  carrying  but  three 
oiHcers,  the  senior  being  the  fleet-surgeon, 
who  is  on  the  staff  of  the  commander-in- 
chief,  and  is  by  the  regulations  entrusted 
with  duties  largely  supervisory  in  character. 

The  disposition  of  the  medical  department 
on  a  ship  in  action  is  provided  for  only  in  a 
general  way  by  the  regulations.     The  type  of 

the  ships  varies 
to  such  an  extent 
that  the  matter  is 
wisely  left  to  the 
discretion   of    the 
commandin  g    and 
medical    officers. 
The     care     of     the 
wounded    in   action 
wUl  be  considered  in 
the  next  section. 

Service  on  Shm-e. — 
Medical  officers  of  the 
navy  serving  on  shore 
are  detailed,  according  to 
their  rank,  as  members  of 
boards,  in  charge  of  hos- 
pitals, at  navy  yards,  re- 
cruiting rendezvous,  on 
receiving  ships,  or  on 
some  form  of  special 
duty.  The  length  of  a 
shore  detail  is  from  one  to 
three  years  (usually  the 
latter),  according  to  the 
requirements  of  the  ser- 
vice. Recent  law  makes 
retired  gfflcers  eligible  for 
duty  on  shore  and  at  sea. 
Not  since  the  Civil  War 
has  the  lowest  grade  of 
the  naval  medical  corps 
had  the  full  number  al- 
lowed by  law.  This  con- 
dition has  been  attributed 
to  various  causes,  such  as 
FIG.  3510.-Lowinoor  Jacket.        the  fact  that  an  assistant 


surgeon,  upon  entering  the  service,  is  ranked  as  a  steer- 
age officer  and  is  not  admitted  into  the  ward-room,  and 
the  further  fact  that  he  has  entered  a  grade  lower  than  in 
the  army.  Doubtless  these  facts  may  have  exerted  an  in- 
fluence in  some  cases,  but  they  cannot,  in  the  opinion  of 
the  writer,  have  operated  to  any  considerable  extent.  The 
standard  of  the  examining  board  has  been  a  strong  factor, 
as  is  evidenced  by  the  percentage  of  rejections.  The  first 
two  objections  have  been  removed  by  recent  law. 

The  life  of  a  naval  medical  officer  at  sea  is  one  of  prac- 
tical isolation ;  and,  despite  the  literature  so  liberally  sup- 
plied, he  inevitably  gets  out  of  touch  with  the  great  mass 
of  the  profession.  In  discharge  of  the  duties  required 
of  him  by  the  regulations  he  may  have  been  fully  oc- 
cupied, but  this  fortunately  does  not  occur  in  so 
far  as  strictly  medical  or  surgical  work  is  con- 
cerned. The  greatest  need  of  the  medical  service- 
of  the  navy  is  an  opportunity  to  avail  of  post- 
graduate instruction,  and  it  is  much  better,  with 
the  present  numbers  of  the  army  and  navy,  that 
such  instruction  be  followed  in  a  civil  school. 
It  may  be  that  in  the  future  the  importance  of 
the  interests  involved  will  justify  an  army  and 
navy  medical  school,  such  as  that  at  Netley  in 
England;  but  until  then  the  medical  officers, 
of  the  two  services  must  look  to  the  great  met- 
ropolitan hospitals  for  advance  in  the  more 
strictly  professional  aspects  of  their  dvity,  and 
some  plan  by  which  this  can  be  more  syste- 
matically accomplished  will  greatly  enhance 
the  efficiency  of  the  naval  medical  service. 
II.  Tkanspobtation  of  the  Dis- 
abled ON  Shipboard.— -It  is  proposed  to 
consider  this  question  as  it  relates  to  ships 
of  the  navy,  and  more  especially  in  time 
of  war;  for  in  the  merchant  service  and  in 
the  navy  in  time  of  peace  the  difficulties 
which  are  encountered  do  not  call  for 
any  special  consideration  in  this  place. 
Just  what  the  fate  of  the  wounded 
will  be  in  a  maintained  naval  action, 
with  its  inevitable  high  rate  of  casu- 
alities,  no  one  can  foretell. 

Mr.  Archibald  Forbes  has  gone  so 
far  as  to  say  that  since  the  introduc- 
tion of  modern  firearms  and  smoke- 
less powder  the  wounded  will  not, 
cannot,  be  cared  for  until  after  the 
action  (this  statement  was  made 
in  reference  to  engagements  on 
land),  or  on  the  succeeding  day ; 
but  the  war  in  South  Africa  and 
the  Philippines  has  totally  dis- 
proved this  position,  as  never 
before  has  the  medical  depart- 
ment been  so  much  exposed 
or  the  wounded  more  scrupu- 
lously cared  for. 

In  the  old  style  man-of-war- 
we  had,  in  all  ships,  to  deal 
with  the  same  general  type, 
— we  had  broad  hatches,  wide 
ladders,  easily  removed,  and 
flush  decks.  To-day  the 
decks  are  cut  up  and  subdi- 
vided indefinitely.  There  is  such  a  demand  for  space  that 
great  ingenuity  is  necessary  to  get  the  requisite  equip_ 
ment  and  all  the  quarters  within  the  hu  1.  This  state  of 
affairs  is  greatly  accentuated  in  the  battleship.  Ihe  tur- 
rets, tops,  and  fire-rooms  are  practically  isolated.  _ 

For  the  care  and  transport  of  the  wounded  on  a  ship 
like  the  Brooklyn,  an  armored  cruiser,  or  the  Oregon,  a 
battleship,  there  are  from  two  to  three  medical  officers, 
an  apothecary  or  hospital  steward  and  two  or  three  hos- 
pital apprentices-an  average  of  five  persons.  Prom 
each  eun  crew  two  men  are  detailed  as  aids,  numbering 
from  eight  to  twelve  ordinarily.  With  this  force  the 
wounded  in  a  crew  of  six  hundred  must  be  relieved. 


(Wise.) 


isr 


Naval  Jfledlcal 
Neck.        [Service. 
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A  most  conservative  estimate  of  the  number  of 
wounded  in  naval  actions  of  the  future  is  thirty -three 
per  cent ;  in  the  action  betvreen  the  Bmine-Homme  Bioliard 
and  the  Berapis  it  reached  fifty  per  cent,  on  each  side. 


ably  reported  upon  by  a  board  of  officers  for  use  in  the  na- 
val service  (Fig.  3511).  This  stretcher  consists  of  two 
poles  seven  feet  eight  inches  in  length,  and  a  piece  of  can- 
vas six  feet  two  inches  long,  into  the  sleeves  of  which  the 


Fig.  3512.— Mahan's  Stretcher. 


Long  before  thirty -three  per  cent,  of  a  crew  are  placed 
hors  de  combat,  no  aid  will  be  available  from  the  guns. 

The  careful  medical  officer,  before  an  action,  will  have 
studied  this  question  as  applying  to  his  own  ship.  He 
will  have  established  the  stations  for  the  wounded  and  the 
base  of  supplies.  He  will  have  indicated  points  of  tem- 
porary shelter  about  the  decks  and  will  have  distributed 
first-aid  packages.  In  all  probability  there  will  be  no  sys- 
tematic transport  of  the  wounded  during  an  action  at  sea. 
In  the  turrets,  tops,  and  fire-rooms  the  wounded  will  be 
given  emergent  aid,  and  will  be  allowed  to  remain  where 
they  fall,  or  they  will  be  pushed  aside  into  temporary 
shelter. 

For  the  dark,  narrow,  acute-angled  passages  hand  por- 
tage is  alone  available;  and  this 
method  will  prevail  in  those 
heated  contests  in  which  time 
cannot  be  taken  or  aid  secured 
to  send  all  the  wounded  below. 

During  the  late  war  with  Spain 
the  navy  gained  little  experience  in 
this  respect,  for  the  number  of  casual- 
ties on  the  American  ships  was  insig- 
nificant, while  on  the  vessels  of  the 
enemy  the  destruction  of  life  was  so 
great  and  the  conditions  were  so 
frightful  that  no  systematic  relief 
could  be  attempted. 

For  the  removal  of  the  sick  or  in- 
jured from  the  hold  or  fire-room,  or  for 
sending  them  down  from  the  tops,  we 
can  conceive  of  no  better  device  than 
the  Lowmoor  jacket  (Fig.  3510),  which 
may  be  briefly  described  as  follows : 

This  jacket  is  T-shaped,  and 
adapts  itself  to  men  of  different  sizes. 
The  arms  of  the  T  surround  the  body, 
and  extend  from  the  axillae  to  the 
waist,  fastening  in  front  by  three 
leather  buckles  and  straps;  the  leg 
of  the  T,  passing  down  behind  the 
body  and  over  the  perineum,  comes 
up  and  fastens  in  front  by  two  straps 
and  buckles.  Two  leather  straps  are 
stitched  to  the  back  of  the  jacket  for 
its  whole  length,  and  their  free  ends 
are  then  brought  high  up  above  the 
shoulders  (in  the  form  of  loops)  and 
carried  down  to  points  where  they 
can  be  fastened  by  buckles  to  the 
front  of  the  jacket.  The  ends  which 
extend  beyond  these  first  buckles  are 
to  be  passed  through  two  other  buc- 
kles which  are  fastened  to  the  ends  of  the  two  perineal 
straps  (cut  off  at  a,  a,  in  Fig.  3510). 

The  transportation  of  the  disabled  along  the  deck,  or 
between  decks,  from  above  below,  can  be  accomplished  by 
by  several  different  stretchers.  The  writer  devised  a 
stretcher  and  slide  for  this  purpose,  which  has  been  favor- 
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riG.  3513.— Gihon's  Stretcher. 


poles  run.  Two  steel  stretcher-bars,  three-quarters  of  an 
inch  in  diameter,  join  the  poles  (at  points  where  the  can- 
vas terminates),  and  passing  through  them  are  secured  by 
nut  and  screw.  Two  canvas  bands  are  fastened  to  the 
frame  on  either  side  so  as  to  cross  the  chest  of  the  occupant 
at  the  axillsB  and  fasten  in  front  with  hooks  and  lacing. 
When  the  patient  is  put  upon  the  stretcher,  his  insteps 
take  upon  the  lower  bar,  preventing  his  slipping  down- 
ward. The  slide  to  be  used  with  this  stretcher  is  made  of 
ordinary  boards,  battened  together,  and  may  be  placed  in 
a  hatchway,  extending  from  the  coaming  to  the  deck 
below,  over  the  ladder,  or  it  can  be  used  without  the 
ladder.  Upon  this  slide  the  stretcher  is  sent  below. 
The  advantage  of  this  stretcher  is,  that  it  does  not  in- 
volve suspension  of  the  body: 
and  it  is  immaterial  whether  or 
not  a  ladder  is  in  place  in  a  hatch- 
way. 

When  not  in  use  the  bars  are 
removed  at  one  end,  laid  parallel 
with  the  poles,  and  the  whole 
is  neatly  rolled.  This  form  of 
stretcher  is  available  for  land- 
ing parties.  Lieutenant  -  Com- 
mander Mahan  has  de- 
vised a  stretcher  which 
is  described  by  Medical 
Director  Gravatt,  U.  S. 
N.,  as  follows  (Fig. 
3512) :  "  This  stretcher  is 
made  of  light  pine  boards,  six  feet 
five  inches  long,  fourteen  inches 
broad,  and  one  and  one-half  inches 
thick,  with  a  wooden  batten  several 
inches  in  height  and  thickness,  firmly 
fastened  across  each  end  and  a  little 
below  the  middle.  Three  canvas 
bands,  four  inches  broad,  are  made  so 
as  to  buckle  just  across  the  chest  at 
the  armpits,  over  the  abdomen,  and 
across  the  leg.  The  middle  batten 
takes  under  the  buttock,  '  and  gives 
surprising  support.'  A  man  so 
strapped  can  be  put  in  any  position, 
prone,  upright,  or  at  any  angle.  Near 
each  end  of  the  board,  rope  handles 
are  made,  by  which  it  can  easily  be 
carried  through  narrow  doors  and 
up  and  down  ladders.  By  means  of 
a  loop  across  the  head-end  it  can  be 
lowered  through  hatches  or  over  the 
side. " 
The  suspension  of  sick  or  wounded 
men  on  shipboard  is  a  very  unusual  occurrence,  and  it 
will  probably  never  be  attempted  in  action.  For  bearers 
to  carry  a  man  down  a  ladder  in  a  stretcher  is  a  very 
awkward  procedure;  and  a  device  like  Mahan's,  when 
sending  below,  will  be  most  serviceable  when  used  with 
a  slide. 
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Naval  medical 
Neck.        [Service. 


Objections  urged  against  this  stretcher  are,  that  it 
•would  be  injurious  in  case  of  thigh  fracture,  and  that  it 
cannot  be  availed  of  for  landing  parties.  Medical  In- 
spector Gravatt,  U.  8.  N.,  reports  that  he  has  used  Ma- 
han's  device  in  cases  of  thigh  fracture  without  detri- 
ment. 

There  are  many  other  forms  of  stretcher  available  for 
the  purpose  under  consideration.     Wells'  ambulance  cot 
is  in  use  in  the  United  States  naval  service,  but,,  as  is  true 
of  other  devices  of  this  kind,  men  cannot  be  sent  below 
upon  it  conveniently  without  the  slide.    This  is  an  ex- 
cellent form  of  stretcher  for  land- 
ing  parties.      "The   improved 
cot"  of  Gorgas,  or  the  "ambu- 
lance  lift"    of   McDonald    are 
seldom  used.      Gihon's   "naval 
ambulance  cot "  is  a  secure  and 
excellent  device  (Fig.  3513)  and 
adapted  to  any  ordinary  need  of 
transportation.       Most    of    the 
stretchers  devised  for   the   old 
type    of    ship  contemplate   the 
suspension  of  the  wounded,  with 
hoisting    or  lowering;    but,  as 
hitherto  remarked,  this  is  a  rare 
procedure.     During  an  action  at 
sea,  if  a  hatchway  is  cleared,  it 
will,  as  a  rule,  be  used  for  mili- 
tant   purposes,   and  it    is  only 
where  the  ladder  is  taken  away 
that  suspension  can  be  practised. 
If  the  ladder  remain,  one  of  the 
forms  of  stretcher  already  de- 
scribed, and  with  a  slide,  will  be 
found    the    simplest    and    best 
procedure     when 
hand  -  portage    is 
not  desirable. 

For  an  impro- 
vised stretcher 
Lieutenant  Ma- 
son, U.  8.  N.,  sug- 
gested the  use  of 
a  ship's  hammock, 
which  is  stretched 
and  laced  to  a 
wooden  frame, 
made  of  poles  and 
cross-bars. 

John  C.  Wise. 


Sdkpacb  Anatomy.— The  outline  of  the  neck  varies 
much  in  different  people;  in  stout  individuals  it  is  round 
and_  full,  and  the  various  landmarks  are  not  easily 
distinguished;  in  thin  people,  on  the  other  hand,  every 
landmark  stands  out  prominently,  and  can  be  made 
out  by  even  the  most  inexperienced.  The  neck  is,  as 
a  rule,  fuller  and  rounder  in  women  and  children, 
and  the  pomum  Adami  is  less  marked.  In  muscular 
males  the  prominences  are  well  seen;  in  old  people 
who  are  thin  the  sterno-mastoid  muscles  and  super- 
ficial veins  stand  out  well,  as  does  also  the  internal 
border  of  the  platysraa  my- 
oides. 

Bony  Pomte.— The  most  im- 
portant bony  point,  and  one  of 
those  most  easily  felt,  is  the 
hyoid  bone,   which  is  in  the 
median  line,  a  finger's  breadth 
above  the  thyroid  cartilage.    It 
is  opposite  the  fourth  cervical 
vertebra.    The  cricoid  cartilage 
is  opposite  the  sixth  cervical. 
Below  and  in  front  of  the  mas- 
toid process,  and  behind  and 
above  the  angle  of  the  lower 
jaw,  the  transverse  process  of 
the  atlas  can  be  felt.     In  the 
posterior  region  in  the  middle 
line  is  a  depression  formed  by 
the  complexus  and  trapezius 
muscles  of  each  side ;  here  can  be 
indistinctly  made  out  the  third, 
fourth,    fifth,   and   sixth   cer- 
■^  vical  spines,  while  the  seventh 
can  be  easily  felt,  and  also  the 
spines  of  the  first  two  dorsal 
vertebrfe.     These 
become    more 
prominent     when 
the  head   is  bent 
forward;  occa- 
sionally, when  the 
spine  of  the  sixth 
cervical    vertebra 
is  well  developed, 
it  is   quite   as 
prominent  as  the 
seventh.     The 
transverse  process 
of  the  sixth  cervi- 
cal  vertebra    can 
.    _.  be   felt   on    deep 

CAL    ANATOMY    na  3514.-Superior  Vena  Cava  and  Its  Affluents.    (Frojn  Testut.)    1,  Superior  vena  cava^^^^    ?hpTricoid  ^cart^ 
!■■-       -D„<.i,„  h.„nvfr.rT^Pfihvtht.nninTiof  f.fiehranhialandceDlialiovemsonthenghtside;  8,tliecorre-    me    cricoia   earn 


'trunk  formed  by  the  union  oltiie  brachial  and  cephalic  veins  on  the  rights 

spending  venous  trant  on  the  lelt  side ;  3,  3.  subclavian  veins :  4,  J°ternal  jugu  ar  veto    5     lage,  m  the  course 

external  jugular  vein ;  6,  anterior  jugular  vein ;  7,  facial  vein ;  8,  thyroid  veins ,  »,  internal    ^^  ^j^^  carotid  ves- 


OF  THE.— By  the 

neck  we   usually 
mean  the  space  be-         mammary  vein, 
tween  the  occipi- 
tal bone  and  lower  „„     ^,  ,1 
iaw,  above,  and  the  upper  aperture  of  the  thorax,  below. 
For  convenience  of  description  it  is  advisable  to  divide 
the  neck  into  regions,  viz.,  two  lateral,  an  anterior  me- 
dian, and  a  posterior.                               ,  .,  ,      ,     -l.-  r,  ■ 

The  lateral  region  represents  a  quadrilateral  which  is 
divided  diagonally  by  the  great  sterno-mastoid  muscle 
into  two  triangles,  the  anterior  (carotid)  and  the  postenor. 
Each  of  these  is  again  subdivided  into  two  by  the  omo- 
hyoid muscle.  The  anterior  triangle  is  subdivided  into 
a  superior  and  an  inferior  carotid  triangle,  and  the  pos- 
terior into  an  occipital  and  a  subclavian  triangle. 

The  anterior  median  region  is  divided  into  two  spaces 
by  the  hyoid  bone,  the  upper  being  called  the  supra- 
hyoid or  submaxillary,  and  the  lower  the  infrahyoid  or 
hyosternal  region.  ^    •    i    i,    +i,„ 

The  submaxillary  region  is  bounded  posteriorly  by  the 
posterior  belly  of  the  digastric  and  stylohyoid  muscles, 
and  contains  the  submaxillary  gland.  _ 

The  posterior  region  includes  the  portion  commonly 
known  as  the  nape  of  the  neck. 


sels.  This  is  called 
the   "carotid    tu- 
bercle," and  here  the  carotid  may  be  easily  compressed 
against  it. 

Anterim-  or  Median  Beg%on.— In  the  receding  angle 
below  the  chin  is  the  hyoid  bone,  which  can  be  easily 
felt  in  the  fattest  necks,  it  divides  the  anterior  part 
of  the  neck  into  the  suprahyoid  and  infrahyoid  regions. 
In  the  median  line  of  the  suprahyoid  region  the  anterior 
bellies  and  the  digastric  muscles  cause  a  slight  convex- 
itv  •  on  the  outer  side  of  each  anterior  belly  of  the  digas- 
tric muscle  is  felt  the  submaxillary  gland  lying  on  the 
mvlohyoid  muscle,  which  helps  to  form  the  floor  of  the 
mouth  This  region  is  commonly  cut  into  in  selt-m- 
flicted  wounds  of  the  throat.  About  half  an  inch  below 
the  hvoid  bone  is  the  prominent  thyroid  cartilage  (po- 
mum Adami).  This  cartilage  is  prominent  in  deep- 
voiced  men  and  people  with  thin  necks,  but  m  women 
and  children  it  is  not  so  distinctly  seen;  the  notch  at  its 
upper  border  can  be  easily  felt,  and  is  commonly  situ- 
ated to  one  side  of  the  median  line.  The  superior  cornua 
of  the  thyroid  cartilage  can  be  traced  with  the  finger. 


Aeck. 
Tfeck. 
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Tho  space  between  the  thyroid  cartilage  and  the  hyoid 
hone  is  called  the  thyrohyoid  space,  a  membrane  con- 
necting these  two  structures ;  this  membrane  is  covered 
by  the  muscles  going  to  the  hyoid  bone  from  below,  and 
is  pierced  by  the  superior  laryngeal  nerve  and  artery  of 
each  side.  A  cut  made  through  the  thyrohyoidean  space 
would  sever  the  lower  part  of  the  epiglottis.  The  rima 
glottidis  Is  opposite  the  middle  of  the  thyroid  cartilage. 
Below  this  cartilage  the  finger  sinks  into  a  slight  depres- 
sion, the  cricothyroid  space;  this  is  the  space  in  which 
the  operation  of  laryngotomy  is  performed,  the  opening 
here  being  well  below  the  vocal  cords.  Across  this  space 
ramify  two  small  vessels,  the  cricothyroid  branches  of 
the  superior  thyroid  arteries.  The  next  landmark  of  in- 
terest is  the  cricoid  cartilage;  it  is  a  guide  to  many  oper- 
ations on  the  neck  and  air  passages,  and  can  be  distin- 
guished in  the  youngest  and  fattest  neck.  The  cricoid 
cartilage  is  opposite  the  sixth  cervical  vertebra,  and  the 
narrowest  part  of  the  gullet  is  behind  it ;  at  this  point 
foreign  bodies  are  most  likely  to  be  arrested.  The  omo- 
hyoid muscle  crosses  the  carotid  vessels  on  a  line  with 
the  cricoid  cartilage,  immediately  above  which  line  is  the 
point  usually  selected  for  tying  the  common  carotid  ar- 
tery. The  middle  cervical  ganglion  of  the  sympathetic  is 
also  on  a  line  with  this  cartilage,  and  a  little  below  and 
outside  of  it  is  the  point  where  the  vertebral  artery  en- 
ters the  transverse  process  of  the  sixth  cervical  vertebra. 

Below  the  cricoid  cartilage  the  finger  passes  on  to  the 
trachea,  the  separate  rings  of  which  cannot  be  easily 
felt,  because  they  are  covered  by  the  isthmus  of  the  thy- 
roid gland  above,  and  below  the  trachea  recedes  from  the 
surface.  At  the  upper  border  of  the  sternum  the  trachea 
is  one  inch  and  a  half  from  the  surface.  The  isthmus  of 
the  thyroid  crosses  the  second  and  third  rings  of  the  tra- 
chea. 

In  front  of  the  trachea,  below  the  isthmus,  lie  the  in- 
ferior thyroid  veins,  which  give  so  much  trouble  in  tra- 
cheotomy.    Occasionally  an  artery  is  found  lying  upon 


ris.  3515. 


nent  landmark  in  this  region ;  in  thin  subjects,  especially, 
it  is  well  seen,  and  stands  out  distinctly  when  the  face 
is  turned  to  the  opposite  shoulder.  The  inner  border, 
which  covers  the  carotid  artery,  is  more  strongly  marked 
than  the  posterior,  which  is  thin,  only  the  lower  portion 


-Dissection  of  the  Neck,  showing  the  Triangles  and  their 
Contents.    (Tiedemann.) 


the  trachea,  on  its  way  to  the  thyroid  gland ;  it  is  called 
the  thyroidea  ima  and  generally  arises  from  the  innomi- 
nate.    The  episternal  notch  is  felt  at  the  top  of  the  ster- 
num, and  is  oppo.site  the  second  dorsal  vertebra. 
Lateral  liegion.  —The  sternomastoid  muscle  is  the  promi- 


FiG.  3516.— Vertical  Median  Section  of  the  Head  and  Neck.  1,  Ll(?a- 
mentum  nuchae ;  2,  cricoid  cartilage ;  3,  trachea ;  4,  hyoid  bone ;  5, 
musculus  arytenoldeus ;  6,  ventricle  of  larynx ;  7,  thyroid  carti- 
lage; 8,  cricoid  cartilage;  9,  thyroid  body;  10,  sternum.  (After 
Braune.) 

showing  through  the  skin.  The  sternal  tendons  are  well 
seen  in  nearly  everybody,  the  depression  between  them 
being  named  the  suprasternal  fossa.  In  some  necks  this 
fossa  is  absent,  owing  to  the  space  being  filled  with  fat. 
The  space  between  the  sternal  and  clavicular  portions  of 
the  sternomastoid  can  usually  be  made  out ;  in  thin  necks 
it  is  well  marked.  The  internal  jugular  vein  and  carotid 
artery  lie  behind  this  space ;  deeper  down  still,  we  have 
the  apex  of  the  lung,  which  sometimes  rises  an  inch  and 
a  half  above  the  clavicle. 

The  sternoclavicular  articulation  is  an  important  land- 
mark ;  immediately  behind  it,  on  the  left  side,  is  the  com- 
mon carotid  artery  and  the  division  of  the  innominate ; 
on  the  right,  it  is  opposite  the  point  where  the  internal 
jugular  joins  the  subclavian  vein  to  form  the  innomi- 
nate. The  division  of  the  innominate  artery  in  children 
is  higher  up  than  the  articulation;  in  some  cases  it  di- 
vides in  front  of  the  trachea  (see  Arteries,  AnomxtUei  of). 

The  depression  above  the  clavicle,  between  the  trape- 
zius and  the  clavicular  origin  of  the  sternomastoid,  is 
called  the  supraclavicular  fossa.  In  this  fossa  the  external 
jugular  vein  terminates  in  the  subclavian,  after  piercing 
the  deep  cervical  fascia.  Here  also  may  be  felt,  in  thin 
persons,  the  brachial  plexus  of  nerves  and  the  omohyoid 
muscle,  and  in  the  angle  formed  by  the  sternomastoid 
and  clavicle  the  third  part  of  the  subclavian  artery  may 
be  felt  pulsating.  At  this  point  it  can  be  compressed 
against  the  first  rib.  The  central  point  of  the  greatest 
convexity  of  the  clavicle  is  opposite  the  third  portion  of 
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the  subclavian  artery.  This  is  a  more  certain  landraarlc 
than  tlie  muscle,  the  extent  of  attachment  of  which  to 
-the  clavicle  vanes  considerably. 

The  posterior  border  of  the  sternomastoid  corresponds 
pretty  closely  to  the  outer  border  of  tlie  scalenus  anticus 
muscle;  this  point  should  be  borne  in  mind  in  tvine  the 
subclavian  artery.  •     ^ 

Behind  the  sternomastoid  the  chain  of  Ivmnhatic 
glands,  -when  enlarged,  can  be  easily  felt 

The  posterior  belly  of  the  digastric  muscle  corresponds 
to  a  hne  drawn  from  the  mastoid  process  to  the  bodv  of 
the  hy Old  bone  When  the  chin  is  extended  a  prominent 
fold  of  cervical  fascia  can  be  felt  going  from  the  angle  of 
the  lower  jaw,  downward  and  outward. 

The  position  of  the  tonsil  corresponds  externally  to  the 
angle  of  the  jaw.  •' 

Veins  (Surface  Marking  of).— The  most  important 
of  these  is  the  external  jugular,  which  can  always  be  seen 
Its  course  is  marked  out  by  a  line  drawn  from  the  angle 
of  the  jaw  to  the  middle  of  the  clavicle,  at  which  point 
It  pierces  the  deep  cervical  fascia  to  join  the  subclavian 
vein.  It  is  occasionally  joined  by 
a  vein  which  runs  over  tlie  clavi- 
■cle  (see  Veins,  Anomalies  of).  By 
pressing  above  the  clavicle,  the 
vein  is  distended,  and  its  course  is 
easily  traced. 

The  anterior  jugular  vein  lies  on 
the  sternohyoid  muscle  and  in 
front  of  the  inner  border  of  tlie 
sternomastoid.  When  the  exter- 
nal jugular  is  small  this  vein  at- 
tains considerable  size. 

The  surface  marking  of  the  in- 
ternal jugular  corresponds  to  a 
line  drawn  immediately  external 
to  the  line  of  the  artery.  The/«- 
cial  vein  runs  from  the  anterior 
border  of  the  masseter  muscle 
downward  and  backward,  and 
joins  the  internal  jugular  oppo- 
site the  upper  border  of  the  thy- 

Toid  cartilage. 
The  middle  thyroid  vein  crosses 

the   carotid    artery  opposite    the 

■cricoid  cartilage. 
Arteries  (Surface   Marking 

«f). — The  carotid   artery   corre- 
sponds to  a  line  drawn  from  the 

sternoclavicular  articulation  to  a 

point  midway  between  the  mas- 

"toid  process  and  the  angle  of  the 

jaw.     The  common  carotid  reaches 

as  high  as  the  upper  border  of  the 

thyroid  cartilage.  It  can  be  com- 
pressed against  the  sixth  cervical 

transverse    process  ("carotid  tu- 

"bercle"),   which   is  opposite    the 

■cricoid   cartilage.       The   superior 

thyroid  artery  comes  off  from  the 

external  carotid  a  little  above  the 

upper  border  of  »the  thyroid  carti- 
lage.     The   lingual   artery    runs 

forward  from  the  external  carotid 

to  the  upper  border  of  the  great 

■cornu  of  the  hyoid  bone,  to  which 

"it  is  parallel.      The   hypoglossal 

nerve  lies  above  the  artery.  The 
■course  of  the  facial  artery  in  the 
Jieck  corresponds  to  a  line  drawn 

from  the  tip  of  the  great  cornu  of 

the  hyoid  bone  to  the  outer  border 
■of  the  masseter  muscle. 

The  occipital  arteries  can  be  felt 
pulsating  immediately  below  and  a  little  in  front  of  the 
tip  of  the  mastoid  process. 

Nerves  (Surface  Marking  of). — Thuspinal  accessory 
ierve  passes  beneath  the  anterior  border  of  the  sterno- 


Neck, 
Neck. 


mastoid  muscle  an  inch  below  the  tip  of  the  mastoid 

on  a  leve'l  withT^''  ^'"'"^i,*'^'.  posterior'border  at  a  pdnt 
on  a  level  with  the  upper  border  of  the  thyroid  cartilage- 
h!  f™  '"■°'''''  *''^  posterior  triangle  obliquely  and  enters 
the  trapezius  muscle  on  a  level  with  the  sixth  or  seventh 
cervical  spines. 

^Jl^''fl7''^'^Vl  commences  in  the  neck  about  the 
level  of  the  hyoid  bone,  and  runs  obliquely  downward 
over  the  scalenus  anticus  to  its  inner  edge.  In  the  neck 
the  phrenic  nerve  is  covered  by  the  sternomastoid 

1  he  superficial  cm-zcdsZ  nerves  all  emerge  at  a  point  cor- 
responding to  the  middle  of  the  posterior  border  of  the 
sternomastoid.  The  great  auricular  crosses  tlie  sterno- 
mastoid on  Its  way  up  to  the  ear;  the  lesser  occipital  runs 
along  the  posterior  border  of  the  sternomastoid:  thu  su- 
perficial cermcal  crosses  the  sternomastoid  at  right  angles 
and  reaches  the  middle  of  tiie  neck,  and  lines  driwn 
trom  the  point  of  emergence  to  the  sternum,  middle  of 
tJie  clavicle,  and  the  acromion  would  mark  the  course 
ot  the  suprasternal,  supaclamcidar,  and  supra-acromial 
nerves. 


Fig.  3517.— Deep  Cerrical  Plexus  of  Nerves.  (From  Testut.)  /,  II, .  .  .  VIII,  Anterior  branches  ot 
the  eight  cervical  nerves.~l,  trigeminal  nerve,  with  its  three  branches ;  3,  glossopharyngeal :  3, 
pneumogastric,  with,  3',  its  branch,  the  superior  laryngeal ;  i,  spinal  accessory,  witti  its  two 
branches— i',  that  which  supplies  the  sterno-cleido-mastoid  muscle,  and,  4%  that  which  goes  to  the 
trapezius ;  5,  facial  nerve ;  6,  the  main  trunk  ol  the  hypoglossal,  with  its  two  branches— 6',  the 
descending  ramus,  and,  6",  that  which  supplies  the  thyrohyoid  muscle ;  7,  the  great  sympathetic, 
with,  7',  its  superior  cervical  ganglion ;  8,  the  larger  mastoid  branch  of  the  cervical  plexus ;  8', 
the  little  mastoid  branch ;  9,  the  auricular  branch ;  10,  the  transverse  cervical  branch ;  11,  the 
subclavian  and  subacromial  branches ;  13,  point  of  anastomosis  with  the  great  sympathetic ; 
13,  nerve  of  the  large  anterior  rectus  muscle ;  14,  trapezian  branch  of  the  cervical  plexus ;  15, 
nerve  of  the  levator  ang.  scap. ;  16,  nerve  of  the  rhomboideus ;  17,  internal  descending  branch ; 

18,  bend  of  the  hypoglossal,  with  its  efferent  branches  that  supply  the  subhyoidean  muscles ; 

19,  phrenic  nerve,  with,  19',  its  anastomosiswith  the  great  sympathetic,  and,  19',  its  anastomo- 
sis with  the  nerve  that  supplies  the  subolavius  muscle ;  20,  the  nerve  of  the  subclavius  muscle ; 
31,  great  occipital  nerve. 

a.  Internal  jugular  vein ;  b,  the  common  carotid  artery ;  c,  the  Internal  carotid ;  d,  the 
middle  meningeal ;  e,  the  subclavian  artery. 


The  cutaneous  branches  of  the  cervical  plexus  are 
widely  distributed,  supplying  the  ear,  back  of  scalp, 
cheek,  parotid  gland,  side  and  front  of  neck,  and  upper 
part  of  chest  and  shoulder. 
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The  facial  nerve  sends  a  branch  to  the  neck,  which 
supplies  the  platysma  myoides  muscle. 

Topographical  Anatomy. — The  skin  over  the  ante- 
rior and  lateral  regions  of  the  neck  is  thin  and  lax,  and  in 


Fig.  3518.— Superflcial  Dissection  of  the  Neck,  showing  the  Distribu- 
tion ol  the  Branches  of  the  Superflcial  Cervical  Plexus  of  Nerves. 
(Heath.) 

plastic  operations  is  of  great  value  in  making  flaps.  The 
platysma  is  closely  connected  with  the  skin  of  this  part 
of  the  neck.  There  is  frequently  some  transverse  wrin- 
kling of  the  skin  above  the  hyoid  bone,  and  in  this  region 
in  fat  people  there  is  much  fat,  giving  rise  to  what  is 
called  a  double  chin;  here  also  the  sebaceous  follicles  are 
very  abundant.  In  adult  males  this  part- is  covered  with 
beard.  :'•'■'. 

The  skin  of  the  posterior  region  is  very  thick  and  ad- 
heres closely  to  the  deeper  structures;  this  is  due  to  the 
large  number  of  short'  fibrous  connections  between  the 
skin  and  fascia.  Carbijncles  and  boils  frequently  occur 
here  and  cause  great  pain,  owing  to  the  density  of  the 
parts  and  their  free  nerve  supply. 

The  nape  of  tJie  neck  is  Qften  the  seat  of  pustular  and 
vesicular  eruptions,  which  are  due  almost  invariably, 
when  localized  in  this  part,  to  the  presence  of  pediculi, 
these  parasites  finding  a  safe  habitat  in  the  thick  hair 
under  the  prominent  portion  of  the  occipital  bone.  The 
glands  in  this  region  are  frequently  enlarged  in  sym- 
pathy with  eruptions  of  the  hairy  scalp.  The  nape  of 
the  neck  was  the  favorite  site,  in  olden  times,  for  the  ap- 
plication of  setons  and  issues. 

Fatty  tumors  are  often  seen  at  the  lower  part  of  this 
region. 

OEiivicAii  Fascia. — It  is  the  custom  to  divide  the  deep 
fascia  of  the  neck  into  superficial  and  deep  processes. 
The  superficial  fascia  invests  all  the  muscles,  with  the 
exception  of  the  platysma ;  and  some  of  the  veins,  as  the 
external  jugular,  are  also  superficial  to  it.  It  is  attached 
posteriorly  to  the  spinous  processes  of  the  cervical  verte- 
brae and  ligamentum  nuchse;  passing  forward  it  splits  to 
enclose  the  trapezius  and  then  crosses  the  posterior  tri- 
angle ;  at  the  posterior  border  of  the  sternomastoid  the 
fascia  divides  into  two  layers  which  enclose  that  muscle, 
these  layers  unite  at  the  anterior  border  of  the  muscle, 
and  the  fascia  passes  on  to  the  middle  line  of  the  neck, 
where  it  is  continuous  with  that  of  the  opposite  side.  It 
covers  the  anterior  triangle,  being  attached  above  to  the 
lower  jaw.  In  the  posterior  triangle  the  fascia  is  at- 
tached below  to  the  clavicle  and  above  to  the  mastoid 
process  and  the  superior  curved  line  of  the  occipital 
bone;  in  this  triangle  it  is  pierced  by  the  external  jugu- 
lar vein  and  some  of  the  superficial  cervical  nerves.  In 
the  anterior  triangle  the  fascia  is  attached  above  to  the 
body  of  the  lower  jaw,  and  continues  backward  and  up- 
ward over  the  parotid  gland  to  be  attached  to  the  zygo- 
ma.    It  sends  a  process  (the  sty lomaxillary  ligament)  be- 
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tween  the  parotid  and  the  submaxillary  glands.  In  front 
the  fascia  is  attached  to  the  hyoid  bone  and  covers  the 
thyroid  gland,  below  which  it  splits  into  two  layers;  the 
deeper  covers  the  sternohyoid  and  sternothyroid  muscles, 
and  is  attached  below  to  the  posterior  edge  of  the  first 
piece  of  the.  sternum,  behind  the  sternoclavicular  joint; 
the  superficial  and  thinner  layer  passes  down  over  the 
sternomastoid  muscles,  and  is  attached  to  the  anterior 
edge  of  the  manubrium  and  interclavicular  ligament. 
The  space  between  these  two  layers  is  filled  with  cellular 
tissue  and  fat,  and  sometimes  a  small  gland  is  found  here. 
In  this  compartment  are  also  found  the  sternal  head  of  the 
sternomastoid  and  the  anterior  jugular  vein.  In  te- 
notomy of  the  sternomastoid  this  space  must  be  opened, 
and  the  vein  is  avoided  by  keeping  the  knife  close  to  the 
tendon  of  the  muscle. 

This  space  is  also  cut  through  in  performing  the  oper- 
ation of  tracheotomy,  and  air  is  sometimes  driven  at 
every  inspiration  into  the  cellular  tissue  beneath  the  deep 
layer,  an  occurrence  which  complicates  the  operation  ex- 
ceedingly. The  process  of  fascia  covering  the  posterior 
belly  of  the  omohyoid  and  binding  it  down  to  the  clavi- 
cle and  first  rib,  is  continuous  with  the  fascia  covering 
the  depressors  of  the  hyoid  bone. 

The  deeper  processes  of  cervical  fascia  are  important; 
one  comes  off  from  the  anterior  border  of  the  sternomas- 
toid and  forms  a  sheatli  which  encloses  the  carotid  artery, 
jugular  vein,  and  pneumogastric  nerve.  The  vein  is 
separated  from  the  artery  by  a  thin  septum  of  fascia. 

A  process  of  fascia  also  invests  the  thyroid  body,  passes 
behind  the  depressors  of  the  hyoid  bone,  and  lies  in  front 
of  the  trachea  and  deep  vessels  of  the  neck ;  below,  this 
laj'er  is  continuous  with  the  fibrous  pericardium. 

The  prevertebral  fascia  is  a  layer  which  descends  on 
the  prevertebral  muscles,  separating  them  from  the  phar- 
ynx and  oesophagus ;  laterally  it  joins  the  carotid  sheath 
and  then  proceeds  outward  covering  the  scalene  muscles, 
brachial  plexus  of  nerves,  and  subclavian  vessels,  becom- 
ing continuous  with  the  axillary  sheath.  It  is  also  con- 
nected with  the  costocoracoid  membrane. 

Although  the  cervical  fascia  influences  to  a  certain  ex- 
tent the  growth  of  tumors  and  collections  of  matter,  this 
Influence  has  been  much  exaggerated,  and  tumors  grow 
and  matter  collects  and  distributes  itself  often  quite  irre- 
spective of  this  fascia. 

Pus  in  front  of  the  trachea  would  tend  to  gravitate 
into  the  anterior  mediastinum  and  on  the  side  of  the  neck 


Fig.  3519.— Transverse  Section  of  the  Neck  through  the  Fifth  Cervical 
Vertebra,  showing  Cervical  Fascia.    (Braune.) 

might  perforate  the  apex  of  the  pleural  sac.  An  abscess 
m  front  of  the  vertebrae  would  lie  beneath  the  preverte- 
bral fascia,  and  if  it  did  not  burst  into  the  gullet,  might  ex- 
tend laterally  and  present  itself  outside  the  sternomastoid, 
or  descend  to  the  posterior  mediastinum.  In  some  cases 
these  collections  of  pus  have  been  known,  after  reaching 
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the  posterior  triangle  of  the  neck,  to  follow  the  course  of 
the  brachial  plexus  and  present  themselves  in  the  axilla 
Pus  pent  up  between  the  layers  of  the  cervical  fascia  has 
destroyed  portions  of  not  only  the  jugular  vein,  but  also 
the  carotid  artery,  and  when  the  abscess  cavity  was  opened 
the  patient  has  died  of  hemorrhage  from  these  vessels 
?'■•  ^-  W.  Gross  {American  Jour,  of  the  Medical  Sciences, 
April,  1871)  has  collected  twelve  cases  of  ulceration  of  the 
jugular  veins,  with  hemorrhage  into  the  sacs  of  closed 
abscesses,  or  into  abscesses  several  days  after  their  con- 
tents have  been  evacuated,  or  into  acute  or  chronic 
ulcers.  The  majority  of  cases  were  in  children  who  had 
celluhtis  of  the  neck  following  scarlet  fever— all  the  cases 
proved  fatal. 

Dr.  Erichsen  {St.  Petersburg,  med.  Woch.,  December, 
1877)  reports  a  case  of  suppurative  angina  which  broke 
of  itself,  and  several  days  afterward  a  profuse  and  fatal 
hemorrhage  occurred.  The  autopsy  revealed  ulceration 
of  the  internal  carotid  artery.  In  such  cases  the  les.son  to 
be  learned  is  to  prevent  the  destructive  effects  of  diffuse 
cellulitis  by  early  and  free  incision,  and,  if  hemorrhage 
does  occur,  not  to  rely  exclusively  on  packing,  but  to 
ligature  the  affected  vessel. 

In  opening  abscesses  in  the  neck,  there  is  some  danger 
of  wounding  some  of  the  great  vessels  if  a  too  free  incis- 
ion be  made  with  the  knife,  the  vessels  being  pushed  out 
of  their  normal  position  by  the  abscess;  their  exact 
course  is  difficult  to  determine.  In  such  cases  at  first  the 
skin  only  should  be  incised;  after  this  the  knife  should 
tie  laid  aside  and  a  director  should  be  pushed  through 
the  fascia ;  and  when  pus  runs  along  the  groove  of  the 
director,  a  pair  of  dressing  forceps  should  be  introduced, 
opened  in  the  abscess  cavity,  and  withdrawn  open.  This 
method  has  the  advantage  of  being  perfectly  safe,  and  is 
especially  adapted  for  opening  deep-seated  abscesses.  It 
is  known  as  Hilton's  method. 

Aktbribs  of  the  Nbck. — The  two  large  arterial 
trunks  which  are  seen  in  the  neck  are  the  carotid,  which 
lies  in  the  anterior  triangle,  and  the  subclavian,  which 
lies  in  the  lower  part  of  the  posterior  triangle  (subclavian 
triangle). 

The  carotid  is  included  in  a  sheath  of  deep  cervical 
fascia  with  the  internal  jugular  vein  and  pneumogastric 
nerve.  The  vein  lies  to  its  outer  side,  and  in  the  living 
subject  overlaps  the  artery  at  the  lower  end  and  espe- 
cially on  the  left  side.  To  the  inner  side  of  the  artery  lie 
the  trachea  and  oesophagus,  larynx,  and  pharynx,  and 
low  down  the  recurrent  laryngeal  nerve.  The  thyroid 
gland  also  lies  to  its  inner  side.  The  vagus  nerve  lies  to 
the  outer  side  and  posteriorly  above,  and  rather  more  in 
front  below. 

Lying  on  or  in  the  sheath  of  the  vessels  is  the  de- 
scendens  noni  nerve.  The  great  sternomastoid  muscle 
covers  not  only  the  common,  but  also  the  internal  and 
external  carotid  arteries.  In  the  undissected  subject  it 
is  impossible  to  puncture  the  common  carotid  from  the 
side  of  the  neck  without  piercing  the  sternomastoid  mus- 
cle (Rlchet).  This  fact  is  not  sufficiently  dwelt  on  in 
anatomical  works,  the  descriptions  given  being  appli- 
cable to  dissected  subjects  only.  The  omohyoid  muscle 
crosses  the  artery  and  vein  obliquely  and  on  a  line  with 
the  cricoid  cartilage.  The  most  important  structures  be- 
hind the  artery  are  the  sympathetic  trunk,  the  Inferior 
thyroid  artery,  and  the  recurrent  laryngeal  nerve.  The 
common  carotid  normally  gives  off  no  branches  in  its 
course.  It  divides  into  external  and  internal  carotid  op- 
posite the  upper  border  of  the  thyroid  cartilage.  The 
right  and  left  common  carotid  arteries  are  so  similar  in 
their  course  in  the  neck  that  one  description  will  answer 
for  both.  The  left,  however,  it  is  well  to  bear  in  mind, 
arises  from  the  arch  of  the  aorta,  and  is  somewhat  longer 
than  the  right,  which  arises  from  the  innominate  oppo- 
site the  right  sternoclavicular  articulation.  The  right 
common  carotid  is  generally  larger  and  not  so  deeply 
placed  in  the  neck  as  the  left ;  it  is  also  farther  away 
from  the  trachea. 

As  the  vessels  ascend  the  neck  they  become  more  super- 
ficial, and,  having  a  direction  somewhat  backward,  get 
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farther  apart  as  they  reach  their  termination.  The  sur- 
laoe-markmg  of  the  carotid  has  already  been  described 

Ihe  artery  may  be  easily  compressed  against  the  trans- 
verse process  of  the  sixth  cervical  vertebra. 

Ligature  of  the  Common  Oarotid.—A.  ligature  may  be 
apphed  to  any  part  of  the  artery,  except  near  its  o/iKin 
or  termination.     The  usual  point  of  ligature  is  either  im- 


FiG.  3520.— View  of  the  Common  Carotid  and  Subclavian  Arterlea, 
with  the  Origin  of  their  Branches  and  their  Relations.    (B.  Quain.) 

mediately  above  or  below  the  omohyoid'  muscle.  It  is 
usually  ligatured  above  the  omohyoid,  as  here  the  artery 
is  more  superficial,  and  the  operation  is,  in  consequence, 
easier.  An  incision  should  be  made  along  the  inner  bor- 
der of  the  sternomastoid  muscle,  and  the  parts  carefully 
divided  until  the  sheath  of  the  vessels  is  reached.  The 
operation  is  much  facilitated  by  drawing  the  sternomas- 
toid outward  and  (if  the  superior  operation  be  chosen) 
pulling  inward  the  omohyoid.  Should  any  veins  or 
small  branches  of  the  superior  thyroid  artery  come  in  the 
way,  they  should  be  divided  between  two  ligatures. 
The  sheath  of  the  vessels  should  be  opened  on  its  inner 
side,  so  as  to  avoid  the  jugular  vein,  and  the  descendens 
noni  nerve  should  be  held  aside  to  avoid  injury.  The 
aneurism  needle  with  the  ligature  should  be  passed  from 
without  inward ;  in  this  way  the  vein  and  vagus  nerve 
are  most  easily  avoided. 

The  lower  operation  is  the  more  difficult  one,  for,  to 
expose  the  sheath  of  the  vessels  it  is  often  necessary  to 
divide  some  fibres  of  the  muscles  covering  it.  Again, 
the  vein,  if  large,  overlaps  the  artery ;  this  renders  the 
passing  of  the  aneurism  needle  a  proceeding  of  some  dif- 
ficulty. On  the  left  side  the  internal  jugular  vein  is 
much  closer  to  the  artery  than  on  the  right,  and  so  the 
difficulty  of  passing  a  ligature  around  the  artery  is  much 
increased.  Ligature  of  the  carotid  is  performed  for 
wounds  of  the  vessel  or  some  of  its  branches,  also  for 
aneurism.  It  has  been  ligatured  for  pulsating  orbital 
tumor.  Mr.  W.  Rivington  {British  Medical  Journal,  Oc- 
tober, 1885)  records  an  interesting  case  of  a  boy,  aged 
nine  years,  who  swallowed  a  fish  bone ;  this  was  followed 
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by  pyrexia,  stiff  neck,  salivation,  and  a  tender  lump  on 
tlie  left  side  of  the  neck  opposite  the  cricoid  cartilage. 
Three  days  later,  the  boy  had  two  severe  attacks  of  hem- 
orrhage from  the  mouth.  Wound  of  the  carotid  was 
diagnosed,  and  the  artery  cut  down  upon  and  ligatured. 
Tlie  flsh  bone  was  found  in  the  centre  of  a  clot,  and  it 
had  ulcerated  into  the  artery.  The  patient  died  of  ab- 
scess of  the  brain  ten  days  after  the  operation.  A  com- 
mon site  of  carotid  aneurism  is  at  tlie  bifurcation  of  the 
common  carotid,  and  the  treatment  is  ligature  of  the  ves- 
sel below.  In  aneurism  at  the  root  of  the  neck  the  car- 
otid has  been  ligatured  with  success  above  the  tumor. 
Ligature  at  the  distal  side  of  an  aneurism  was  first  pro- 
posed by  Brasdor,  and  practised  by  Warddrop.  The 
treatment  of  aneurism  of  the  arch  of  the  aorta  or  innomi- 
nate artery  by  simultaneous  ligature  of  the  carotid  and 
subclavian  arteries  has  been  attended  in  a  few  cases  with 
benefit. 

Aneurism  at  the  root  of  the  neck  frequently  gives  rise 
to  "  pressure  symptoms. "  When  the  great  venous  trunks 
are  compressed  there  is  oedema  and  lividity,  not  only  of 
the  side  of  the  face  and  neck,  but  also  of  the  upper  ex- 
tremity of  the  same  side.  Not  infrequently  cough  is 
produced  by  pressure  on  the  recurrent  laryngeal  nerve, 
and  if  the  pressure  be  great,  then  paralysis  of  the  vocal 
cords  of  that  side  will  ensue  and  cause  a  marked  alter- 
ation of  the  voice.  Dilatation  of  the  pupil  may  also  oc- 
cur from  pressure  on  the  sympathetic  trunk. 

When  the  common  carotid  reaches  the  upper  part  of 
the  larynx,  it  divides  into  two  trunks,  one  of  which,  the 


Fig.  3521.— Relations  ot  the  Two  Carotids  to  the  Styloid  and  Digastric 
Muscles.  (From  Testut.)  1,  Mastoid  process ;  1',  oriOce  o£  the  ex- 
ternal auditory  canal ;  2,  styloid  process ;  3,  condyle  ol  the  inferior 
maxilla;  4,  hyoid  bone;  5,  submaxillary  gland;  6.  6',  the  anterior 
and  posterior  bellies  of  the  digastric  muscle ;  7,  stylohyoid  muscle ; 
8,  mylohyoid  muscle ;  9,  hyoglossus  muscle :  10,  common  carotid  ; 
11,  internal  carotid ;  12,  external  carotid ;  13,  superior  thyroid  ar- 
tery; 14,  lingual  artery;  15, 15',  facial  artery ;  16,  occipital  artery ; 
17,  posterior  auricular  artery;  18.  transverse  artery  of  the  face; 
19.  superficial  temporal  artery;  20,  Internal  maxillary  artery;  21, 
Internal  jugular  yeln ;  22,  facial  vein ;  23,  great  hypoglossal  nerve, 
with,  23',  Its  descending  branch. 

external,  gives  off  a  number  of  branches,  and  is  distrib- 
uted to  the  superficial  parts  of  the  head  and  face  and  the 
tongue;  the  other,  the  internal,  furnishes  blood  to  the 
brain  and  eye.     As  a  rule,  the  internal  carotid  has  the 
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deeper  course,  and  lies  behind  the  external,  but  not  in- 
frequently the  two  arteries  lie  side  by  side  for  some 
distance,  the  internal  lying  more  posteriorly,  and  being 
recognized  by  the  accompanying  pneumogastric  nerve. 
The  two  vessels  are  separated  by  the  styloid  process  and 
stylohyoid  ligament,  also  the  styloglossus  and  stylophar- 
yngeus  muscles  and  glossopharyngeal  nerve.  The  ex- 
ternal trunk  has  two  muscles  and  a  nerve  in  relation  to 
it  anteriorly,  viz.,  the  digastric  and  stylohyoid  muscles, 
and  the  hypoglossal  nerve  which  hooks  round  one  of  its 
branches,  the  occipital.  After  passing  behind  the  angle 
of  the  lower  jaw  the  external  carotid  becomes  embedded 
in  the  parotid  gland.  . 

Ligature  of  the  external  carotid  is  not  a  very  easy 
operation  owing  to  the  number  of  branches  given  oif 
from  it,  and  the  large  venous  trunks  which  lie  over  the 
lower  portion  may  much  increase  the  diifioulties.  The 
artery  is  reached  by  an  incision  in  the  line  of  the  vessel, 
having  its  midpoint  about  the  level  of  the  hyoid  bone. 
It  is  usually  ligatured  immediately  below  the  digastric. 
It  occasionally  requires  ligature  in  the  course  of  oper- 
ations for  the  removal  of  tumors  about  the  angle  of  the 
jaw  and  neck. 

Branches  of  External  Carotid. — The  most  important 
branches  in  the  neck  are  the  superior  thyroid,  lingual, 
and  the  cervical  portion  of  the  occipital  and  facial. 

The  superior  thyroid  arises  near  the  origin  of  the  main 
vessel  and  curves  downward,  forward,  and  inward,  be- 
neath the  depressors  of  the  hyoid  bone.  It  is  distributed 
to  the  upper  part  of  the  thyroid  gland,  and  can  be  readily 
exposed  by  an  incision  between  the  omohyoid  and  ster- 
no-mastoid  muscles.  It  sends  a  branch  along  the  crico- 
thyroid membrane  which  is  sometimes  wounded  in  the 
operation  of  laryngotomy.  The  superior  thyroid  artery 
has  lately  been  tied  with  success  for  the  purpose  of  ar- 
resting the  growth  of  an  enlarging  thyroid  body. 

The  lingual  artery  arises  from  the  external  carotid 
nearly  opposite  the  great  cornu  of  the  hyoid  bone  (it  may 
however,  arise  in  common  with  the  superior  thyroid  and 
cross  the  hyoid  bone).  It  runs  above  and  parallel  to  the 
great  cornu  and  beneath  the  hyoglossus  muscle.  It  is 
frequently  necessary  to  ligature  the  lingual  previous  to 
extirpation  of  the  tongue. 

In  ligaturing  this  vessel  the  one  guide  which  the  oper- 
ator must  rely  on  is  the  great  cornu  of  the  hyoid  bone — 
it  can  always  be  felt  and  its  relation  to  tlie  artery  is 
nearly  always  constant.  The  best  place  to  expose  the 
artery  is  immediately  above  the  great  cornu.  Some  au- 
thorities advise  ligature  of  the  artery  near  its  origin  from 
the  carotid;  but  here,  owing  to  the  large  veins  which 
cover  it,  the  operation  is  more  difficult,  and  besides  we 
have  no  absolute  guide  as  to  the  exact  point  of  origin  of 
the  artery,  which  frequently  varies.  On  the  other  hand, 
the  relation  of  the  vessel  to  the  great  cornu  of  the  hyoid 
bone  is  nearly  always  constant.  The  incision  should  be 
a  curved  one,  and  should  extend  from  near  the  symphy- 
sis menti  to  near  the  angle  of  the  lower  jaw.  The  con- 
vexity of  the  curve  should  be  downward,  and  its  lowest 
point  ought  to  reach  the  hyoid  bone.  After  dividing  the 
skin,  platysma,  and  deep  fascia,  the  tendon  of  the  digas- 
tric muscle  should  be  searched  for,  and  in  the  angle  which 
the  tendon  forms  with  the  hyoid  bone  the  artery  will  be 
found  running  beneath  the  hyoglossus  muscle ;  the  hypo- 
glossal nerve  is  seen  running  over  this  muscle.  If  the 
submaxillary  gland  cover  the  parts,  it  should  be  held 
aside  with  hooks.  After  carefully  dividing  the  hyoglos- 
sus muscle  the  artery  will  be  felt  pulsating  at  the  bottom 
of  the  wound.  If  the  incision  be  carried  too  far  back  the 
facial  vein  may  be  wounded. 

When  it  is  necessary  to  remove  the  submaxillary  gland 
the  facial  artery  must  be  ligatured.  The  operation  pre- 
sents no  difficulties  and  requires  no  special  description. 

The  subclavian  arterj/  is,  surgically,  a  very  important 
vessel.  The  left  subclavian  lies  deeper  than  the  right 
and  arises  directly  from  the  arch  of  the  aorta,  while  the 
right  is  one  of  the  terminal  branches  of  the  innominate 
and  commences  opposite  the  right  sternoclavicular  ar- 
ticulation.   Each  artery  curves  upward  into  the  neck 
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under  the  anterior  scalenus  muscle,  and  then  descends 
Into  the  subclavian  triangle  under  the  clavicle  and  over 
the  first  rib.  The  subclavian  vein  lies  in  front  and  some- 
what below^  the  artery,  from  which  it  is  separated  by 
the  anterior  scalenus. 

The  artery  is  divided  into  three  portions  by  the  scale- 
nus auticus  muscle,  viz.,  first,   portion  internal  to  the 
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riG.  3533.— Inferior  Thyroid  and  Vertebral  Arteries.  (From  Testut.) 
1,  Common  carotid  artery ;  3,  internal  carotid  artery ;  3,  external 
carotid  artery  and  its  brancbes ;  4,  superior  thyroid  artery ;  5,  lin- 
gual artery ;  6,  facial  artery ;  7,  occipital  artery ;  8,  inferior  pharyn- 
geal artery ;  9,  posterior  auricular  artery ;  10,  subclavian  artery  and 
its  branches ;  11,  thyroid  axis :  13,  vertebral  artery ;  12',  posterior 
cerebral  artery ;  13,  deep  cervical  artery ;  14,  subscapular  artery ; 
15,  superior  intercostal  artery ;  16,  internal  mammary  artery. 

muscle ;  second,  portion  beneath  the  muscle ;  and,  third, 
portion  external  to  the  muscle  reaching  to  the  lower  bor- 
der of  the  first  rib.  Surgically,  the  third  portion  is  most 
important.  The  external  jugular  vein  crosses  the  artery, 
and  the  sternomastoid  and  the  deep  fascia  which  binds 
down  the  omohyoid  muscle  to  the  clavicle  are  in  front  of 
it;  the  brachial  plexus  of  nerves  lies  above  and  to  the 
outside  of  the  third  portion  of  the  artery.  Posteriorly 
the  artery  lies  on  the  pleura  and  on  the  scalenus  medius, 
and  finally  it  rests  on  the  first  rib.  The  third  portion  of 
the  artery  can  be  felt  pulsating  above  the  clavicle,  in  the 
supraclavicular  fossa,  and  here  it  may  be  readily  com- 
pressed against  the  first  rib  with  the  thumb  or  the  handle 
of  an  old-fashioned  door-key  wrapped  in  lint.  The  direc- 
tion of  the  pressure  should  be  vertical  to  the  axis  of  the 
body ;  before  attempting  compression  the  shoulder  should 
be  lowered  as  much  as  possible.  In  compressing  this  ves- 
sel pain  is  sometimes  caused  by  pressing  on  the  lowest 
cord  of  the  brachial  plexus,  which  usually  lies  behind  the 
artery ;  this  may  be  easily  avoided  by  rolling  the  nerve 
away  from  the  artery,  and  then  the  proceeding  is  quite 
painless. 

Some  individuals  (the  writer  among  them)  can  arrest 
the  pulse  at  the  wrist  by  forcibly  carrying  the  shoulder 
downward  and  backward.  In  this  case  the  artery  is 
compressed  against  the  first  rib  by  the  subclavius  muscle 
and  clavicle. 

Ligature  of  the  subclavian  is,  as  a  rule,  confined  to  the 
third  portion,  or  that  part  lying  in  the  supraclavicular 
space  between  the  sternomastoid  and  trapezius  muscles ; 
the  other  portions  are  so  deeply  placed,  so  thickly 
studded  with  branches,  and  so  closely  connected  with 
such  important    structures  as  the   phrenic  and   vagus 


nerves,  the  junction  of  the  internal  jugular  and  subcla- 
vian veins,  and,  on  the  left  side,  with  the  thoracic  duct, 
that  ligature  is  rarely  attempted.  On  the  right  side  it 
IS  possible  to  ligature  the  vessel  between  the  common 
carotid  and  the  internal  jugular  vein. 

The  third  portion  of  the  vessel  is  comparatively  super- 
ficial, being  covered  above  the  clavicle  by  no  other  soft 
parts  than  the  skin,  fascia,  and  fat.  In  at  least  fifty  per 
cent,  of  subjects  it  is  branchless,  and  when  a  branch  is 
given  off  from  the  third  portion  it  is  almost  invariably 
the  posterior  scapular. 

To  reach  the  artery  an  incision  is  made  between  the 
sternomastoid  and  the  trapezius.  The  skin  should  be 
drawn  down  and  the  first  incision  should  be  made  upon  the 
clavicle  to  avoid  wounding  the  external  jugular,  which 
pierces  the  deep  fascia  immediately  above  the  clavicle. 
The  vein  should  be  held  aside,  or,  better  still,  divided 
between  two  hgatures,  and  the  deep  fascia  attached  to 
the  clavicle  cut  through;  the  finger  should  then  be  intro- 
duced and  the  scalene  tubercle  of  the  first  rib  searched 
for;  this  tubercle  is  usually  found  by  following  down 
the  scalenus  auticus  muscle,  which  runs  in  the  direction 
of  the  posterior  edge  of  the  sternomastoid.  Having  made 
out  the  scalene  tubercle,  the  surgeon  will  feel  the  artery 
pulsating  beneath  the  finger  immediately  outside  the 
scalenus  anticus  muscle.  The  aneurism  needle  should 
be  introduced  from  below  upward  to  avoid  the  vein ;  it 
must  hug  the  artery  closely  so  that  the  lowest  cord  of  the 
brachial  plexus  may  not  be  included. 

The  operation  is  performed  for  aneurism  of  the  axillary 
artery,  and  also  of  the  innominate;  also  before  amputat- 
ing the  whole  upper  extremity.  In  the  latter  case  the 
common  carotid  is  also  tied.  In  axillary  aneurism  the 
operation  is  much  complicated  by  the  great  distention  of 
the  veins  and  the  great  elevation  of  the  clavicle. 

Branches  of  the  Subclavian. — The  subclavian  is  rich  in 
branches  which  are  distributed  in  three  different  direc- 
tions, viz.,  the  vertebral  and  inferior  thyroid,  upward; 
the  transversus  colli  and  transversus  humeri,  outward; 
and  the  internal  mammary  and  superior  intercostal, 
downward.  Most  of  the  branches  arise  internal  to  the 
scalenus  anticus;  three  of  them,  the  transversus  colli, 
transversus  humeri,  and  inferior  thyroid  arise  from  a  sin- 
gle trunk,  the  thyroid  axis.  The  posterior  scapular  is 
frequently  given  off  from  the  third  part  of  the  artery  in 
place  of  from  the  transversus  colli.  The  branches  of  the 
subclavian  artery  are  subject  to  innumerable  variations 
both  as  to  their  number  and  origin  (see  Arteries,  Anoma- 
lies of).  .When  the  subclavian  is  ligatured,  there  being 
free  anastomosis  between  its  branches  and  those  of  the 
axillary  artery,  the  nutrition  of  the  arm  is  not  interfered 
with. 

The  vertebral  artery,  which  is  the  largest  branch  of  the 
subclavian,  arises  from  the  upper  and  posterior  part  of 


Fig  3533.— Showing  Line  of  Incision  and  Parts  Exposed  in  Ligature  of 
the  Third  Part  of  the  Subclavian  Artery.    (Modined  from  Boser.) 

the  first  portion,  and  ascends  to  enter  the  transverse 
process  of  the  sixth  cervical  vertebra;  after  piercing  the 
transverse   process  of  the  axis  it  makes  a  remarkable 
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curve  (Fig.  8524,  5)  outward  and  upward  to  reach  the 
foramen  in  the  transvere  process  of  the  atlas,  and  bend- 
ing backward,  runs  in  tlie  deep  groove  on  the  upper  sur- 
face of  the  atlas. 

Immediately  above  the  clavicle  this  vessel  lies  very 
deeply  between  the  scalenus  anticus  and  longus  colli 
muscles.  It  has  frequently  been  ligatured  here  for  the 
relief  of  epilepsy ;  the  operation  is  a  difficult  one,  owing 
to  the  many  important  structures  in  close  relation  with 
the  vessel.  An  incision  is  made  along  the  posterior  bor- 
der of  the  sternomastoid  muscle  immediately  above  the 
clavicle,  the  transverse  process  of  the  sixth  cervical  ver- 
tebra (carotid  tubercle)  is  now  searched  for,  and  the  ar- 
tery is  found  lying  between  the  scalene  and  longus  colli 
muscles. 

Drs.  Bright  and  Ramskill  state  that  disease  of  the  ver- 
tebral artery,  immediately  before  it  enters  the  skull,  may 
lead  to  pain  at  the  back  of  the  head.  The  fact  that  the 
artery  is  here  in  close  relation  with  the  suboccipital 
nerve,  which  communicates  with  the  great  occipital 
nerve,  may  explain  this  symptom.     (Treves.) 

The  vertebral  artery  is  sometimes  wounded  by  stabs  in 
the  neck ;  not  a  few  cases  are  reported  in  which  the  artery 
was  injured  by  stabs  below  the  mastoid  process.  Dr. 
King  {Lancet,  November,  1885)  records  a  case  of  injury 
of  this  artery  in  a  young  man,  aged  twenty-five,  due  to 
a  deep  wound  below  the  left  mastoid  process ;  there  was 
severe  bleeding,  so  the  wound  was  enlarged  and  the 
transverse  process  of  a  cervical  vertebra  was  found 
broken ;  the  finger  placed  between  two  transverse  proc- 
esses stopped  the  hemorrhage ;  the  wound  was  plugged 
with  strips  of  oiled  lint,  and  in  four  weeks  the  patient 
had  perfectly  recovered.  The  plug  was  removed  on  the 
fourth  day. 

Hemorrhage  from  wounds  of  the  vertebral  artery  be- 
tween two  transverse  processes  is  difficult  to  arrest; 
wooden  plugs  have  sometimes  succeeded;  occasionally 
the  artery  has  been  successfully  tied  by  snipping  away 


Fig.  3524.— Deep  Dissection  of  the  Neck,  showing  the  Course  and 
Origin  ol  the  Vertebral  Artery  (5).    (Tledemann.) 

the  transverse  process  and  applying  a  ligature.  If  this 
cannot  be  done  the  bleeding  vessel  may  be  secured  by 
artery  forceps,  which  should  be  left  in  the  wound. 

Traumatic  aneurisms  of  the  vertebral  artery  may  occur 
after  a  stab  in  the  neck ;  the  writer  on  one  occasion  saw 
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this  follow  a  wound  of  the  vessel  between  the  second  and 
third  cervical  transverse  processes.  These  aneurisms  are 
commonly  mistaken  for  aneurism  of  one  of  the  branches 
of  the  carotid — as,  for  instance,  the  occipital — and  the 
common  carotid  has  been  tied  on  this  supposition,  with- 
out avail,  of  course.  The  mistake  has  arisen  from  the 
surgeon  finding  that  pulsation  in  the  aneurism  ceased  on 
compressing  the  carotid  in  the  neck.  Of  course,  if  it  is 
compressed  below  the  "  carotid  tubercle, "  the  circulation 
in  the  vertebral  is  arrested  as  well  as  in  the  carotid ;  and 
even  if  pressure  is  applied  at  this  point,  the  vertebral 
may  be  compressed,  for  it  frequently  fails  to  enter  the 
foramen  in  the  transverse  process  of  the  sixth  cervical 
vertebra. 

The  ligature  placed  on  the  carotid  should  be  first  tight- 
ened, and,  if  this  arrests  the  pulsations  in  the  aneurism, 
the  ligation  may  be  completed ;  but  if  pulsation  is  not 
arrested,  then  it  is  probable  that  the  vertebral  is  the  ar- 
tery affected,  and  ligature  of  the  carotid  is  a  useless  pro- 
ceeding. 

The  treatment  of  such  aneurisms  is  very  unsatisfac-  • 
tory ;  cases  of  cure  are  reported  from  continuous  com- 
pression with  shot-bag,  but  if  this  fail  operative  meas- 
ures are  of  little  avail ;  it  is  useless  to  ligature  the  artery 
low  down,  as  the  anastomosis  above  is  so  free;  and  if  the 
aneurism  is  cut  down  upon,  ligature  at  the  seat  of  the 
aneurism  is  rarely  satisfactorily  completed.  The  writer 
once  saw  the  carotid  tied  for  vertebral  aneurism  due  to  a 
stab  with  a  knife  below  the  mastoid,  and  afterward  the 
sac  of  the  aneurism  cut  down  upon;  but  the  hemorrhage 
could  not  be  arrested  by  plugging,  or  otherwise,  and  the 
patient  died.  In  this  case  pressure  on  the  carotid  against 
the  sixth  cervical  transverse  process  arrested  pulsations 
in  the  aneurism,  and  it  was  supposed  that  the  affection 
was  connected  with  the  occipital  artery. 

The  inferior  thyroid  artery  is  sometimes  ligatured  at  the 
same  time  as  the  superior  thyroid  for  enlarged  thyroid 
in  exophthalmic  goitre  (Graves'  disease).  Any  of  the 
arteries  may  be  temporarily  ligatured  during  an  oper- 
ation by  tying  the  ligature  over  a  piece  of  rubber  tubing 
placed  on  the  vessel.  The  writer  has  done  this  with 
both  the  carotid  and  the  subclavian  arteries  with  success. 

Veins  OF  the  Neck. — The  anterior  jugula/r  vein  has 
already  been  mentioned  as  lying  along  the  inner  border 
of  the  sternomastoid.  It  varies  somewhat  as  to  its 
course,  and  is  sometimes  double.  Occasionally,  the 
veins  of  the  two  sides  are  connected  by  a  large  trans- 
verse branch,  which  is  a  source  of  trouble  in  the  oper- 
ation of  tracheotomy.  The  anterior  jugular,  if  large 
and  placed  nearer  the  median  line  than  usual,  is  liable  to 
be  wounded  in  tracheotomy.  It  might  also  be  wounded 
in  tenotomy  of  the  sternomastoid  for  wry-neck.  The 
two  anterior  jugulars  may  be  replaced  by  a  smgle 
trunk.  * 

In  front  of  the  trachea  and  thyroid  gland  is  a  large 
vein,  the  inferior  thyroid  (vena  thyroidea  ima),  which, 
when  large,  complicates  operations  on  the  trachea. 

The  external  jugular  vein  corresponds  to  a  line  drawn 
from  the  angle  of  the  jaw  to  the  middle  of  the  clavicle; 
it  runs  beneath  the  skin  and  platysma  and  over  the  sterno- 
mastoid muscle,  and  ends  by  piercing  the  deep  fascia 
above  the  clavicle  to  join  the  subclavian  vein.  In  the 
operation  of  tying  the  subclavian  in  its  third  part,  it 
(the  vein)  must  be  held  aside  or  ligatured. 

The  internal  jugular  vein  lies  to  the  outer  side  of  the 
common  carotid  artery,  and  when  distended  partially 
overlaps  it.  In  operations  for  the  removal  of  tumors  or 
enlarged  glands  of  the  neck,  this  vessel  may  be  wounded; 
ligature  in  such  accidents  is  the  proper  procedure,  and  is 
not  attended  by  any  evil  after-effects.  The  writer  has 
on  three  occasions  ligatured  the  internal  jugular  with 
the  most  happy  results. 

The  subclavian  vein  is  a  continuation  of  the  axillary, 
and  is  in  close  relation  with  the  clavicle ;  it  hes  in  front 
of  and  below  the  subclavian  artery,  from  which  it  is 


■  *  The 'anatomy  of  this  region  has  been  ably  described  by  Dr.  Pilcher 
m  the  Annals  of  Anatomy  and  Surgery,  vol.  ill.,  1881. 
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separated  by  the  anterior  scalenus  muscle.  On  the  left 
side  the  thoracic  duct  empties  into  it.  The  point  of 
junction  of  the  subclavian  and  internal  jugular  veins  is 
opposite  the  sternoclavicular  articulation.     The  wall  of 
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Pig.  3o2o.— Superficial  Veins  of  the  Face,  Head,  and  Upper  Part  of  the 
Neck.  (From  Testut.)  1,  Frontal  veins :  3,  parietal  veins  ;'3,  occip- 
ital veins ;  4,  superficial  temporal  vein ;  5,  internal  maxillary  vein ; 
6,  mastoid  vein  ;  7,  angular  vein ;  8,  facial  vein  ;  9,  external  jugular 
yem ;  10,  point  where  the  latter  anastomoses  with  the  facial  vein ; 
11,  lingual  vein ;  12,  superior  thyroid  vein ;  13,  anterior  jugular 
vein ;  14,  carotid  artery ;  15,  internal  .iusular  vein ;  16,  pneumogas- 
tnc  nerve. 

the  subclavian  vein  adheres  closely  to  the  fascial  sheath 
by  which  it  is  invested;  this  sheath  is  connected  ante- 
riorly with  the  costocoracoid  membrane  and  the  clavicle, 
and  when  the  shoulder  is  carried  forward  the  vessel  be- 
comes expanded.  (Quain.)  In  operations  at  the  root  of 
the  neck  great  care  should  be  taken  to  avoid  wounding 
the  large  veins,  for  air  is  very  apt  to  be  sucked  in  during 
inspiration.  These  veins  are  so  firmly  united  to  the 
bones  and  muscles,  that  when  wounded  they  do  not  col- 
lapse, but,  on  the  contrary,  gape.  It  should  be  remem- 
bered that  the  risk  of  air  entering  is  increased  by  move- 
ments of  the  upper  limb,  which  still  further 
open  the  wounded  vein. 

Thyeoid  Body. — This  is  a  highly  vascular 
organ  consisting  of  two  lateral  lobes,  one  on 
each  side  of  the  larynx  and  trachea,  connected 
by  an  isthmus  which  crosses  the  second  and 
third  rings  of  the  trachea.     The    lobes  are 
pear-shaped,   and  reach  from  the  fifth  and 
sixth  rings  of  the  trachea  to  the  upper  border 
of  the  thyroid  cartilage ;  the  lateral  lobes  are 
covered  in  front  by  the  depressions  of  the 
hyoid  bone,  and   posteriorly  are  in  contact 
with  the  sheath  of  the  great  vessels  of  the 
neck.     Each  lateral  lobe  measures  about  two 
inches  in  length,  one  and  one-fourth  inch  in 
breadth,  and  from  three-fourths  to  one  inch  in 
thickness.     The  weight  of  the  thyroid  body  is  from  one 
to  two  ounces,  and  is  greater  in  females  than  in  males. 
The  isthmus  is  occasionally  absent,  the  lateral  lobes 
being  connected  by  fibrous  tissue  only,  as  is  the  case  in 
some  animals,  viz.,  the  horse,  donkey,  etc. 
Owing  to  the  fact  that  the  thyroid  body  lies  over  the 


great  vessels  of  the  neck,  when  enlarged  it  derives  from 
Su.^  ?i,rf '  pulsation  and  a  distinct  thrill  may  be  feT 
hut  i  th  t°>.^  *"T^'  ^''^''  ^^^°  ^i^t^i^en  for  aneurism 
la^4n  V  !nH  l^T"^  v°''.y  '"  '='°^^'y  connected  with  the 
In  rfoa-?^-''^''^^'  '}/'^''^  ^"'1  fe"s  ^^  deglutition,  and 
so  IS  easily  diagnosed  from  aneurismal  or  other  tutors 
which  are  not  disturbed  by  deglutition.  When  hyper- 
tropiied  the  tumor  resulting  from  an  enlarged  thyroid 
s  caled  a  bronchocde  "  or  goitre.  When  a  goitre  grows 
lapidly  respiration  is  often  interfered  with,  and  oper- 
ation has  to  be  undertaken  for  its  relief.  It  is  not  neces- 
v^Z-  f?'''™°7®  the  whole  gland  to  relieve  the  obstructed 
lespiration,  for  division  and  removal  of  the  isthmus  onlv 
often  gives  very  good  results.  Mr.  Sidney  Jones  (Lan- 
eet  vol.  11.,  1883)  reports  cases  in  which  excision  of  the 
isthmus  not  on  y  relieved  the  dyspnaa,  but  a  month  after 
the  operation  the  lateral  lobes  had  almost  disappeared 

biiice  the  advent  of  antiseptic  surgery  the  extirpation 
of  large  bronehoceles  by  the  knife  has  become  most  com- 
mon, but  the  operation,  owing  to  the  very  important 
structures  m  relation  to  it,  is  always  a  most  formidable 
one.  It  IS  very  important  in  this  operation  first  to  ligate 
the  vessels  supplying  the  gland,  viz.,  the  superior  thy- 
roid above,  and  the  inferior  thyroid  below,  and  if  pres- 
ent, the  middle  thyroid.  In  ligating  the  inferior  thyroid 
artery,  care  must  be  taken  not  to  injure  the  inferior 
laryngeal  nerve,  which  winds  among  the  branches  of 
that  artery.  Simple  cysts  may  be  removed  by  enucle- 
ation. Owing  to  the  conditions  which  follow  complete 
removal  of  the  thyroid,  viz.,  myxoedema,  and  cachexia 
strumipriva,  partial  removal  is  the  more  common  oper- 
ation except  in  cases  of  malignant  disease  or  when  the 
growth  becomes  dangerous  from  pressure. 
_  The  ffisopHAGus  commences  opposite  the  cricoid  car- 
tilage ;  it  lies  between  the  trachea  and  the  vertebral  col- 
umn. At  the  lower  end  of  the  neck  it  inclines  a  little  to 
the  left,  and  for  this  reason  oesophagotomy  is  performed 
on  the  left  side.  Strictures  most  commonly  occur  at  its 
upper  part,  and  foreign  bodies  are  most  apt  to  be  arrested 
behind  the  larynx.  Foreign  bodies,  such  as  fish  bones, 
mutton  or  beef  bones,  have  occasionally  ulcerated 
through  the  resophagus  and  perforated  some  of  the  large 
vessels  with  which  it  is  in  contact. 

In  performing  asophagotomy  for  the  removal  of  an 
arrested  foreign- body,  the  incision  is  made  between  the 
sternomastoid  and  trachea,  the  middle  point  being  op- 
posite the  cricoid  cartilage.  The  inferior  thyroid  artery 
and  recurrent  laryngeal  nerve  must  be  carefully  avoided. 
The  carotid  artery  is  in  no  danger  of  being  wounded  if 
proper  care  be  taken. 
In  asophagostomy,  when  a  stricture  exists  high  up,  the  in- 


FIG.  3526. 


Transverse  Section  of  Neck,  Opposite  Fourth  Cervical  Vertebra,  showing 
Thyroid  Body  iGl.  thj. 

cision  into  the  oesophagus  is  made  for  the  purpose  of  feed- 
ing the  patient  by  a  tube,  and  so  avoiding  gastrostomy. 
The  fact  that  the  operation  is  performed  low  down  makes  it 
much  more  dangerous  than  ossophagotomy,  and  nearly  all 
the  reported  cases  have  ended  in  death  within  a  short  time 
of  the  operation  from  diffuse  inflammation  of  the  neck. 
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Hyoid  Bone. — This  is  one  of  the  most  important  land- 
marks in  the  neck,  and  one  which  can  always  be  felt  in 
the  stoutest  neck.  It  is  the  best  guide  for  ligature  of  the 
lingual.  In  old  age  the  different  portions  of  the  bone 
become  ossified  into  one  piece,  and  in  consequence  it  is 
more  easily  broken  by  direct  violence  due  to  blows  or 
throttling.  Cases  are  reported  of  fracture  of  the  hj'oid 
from  yawning  and  sudden  extension  backward  of  the 
head.  The  symptoms  of  fracture  are  pain,  difficulty  in 
speaking,  in  movements  of  the  tongue,  and  in  swallow- 
ing. 

Labtnx  and  Trachea. — The  laryrix  is  connected 
above  with  the  hyoid  bone  by  means  of  the  thyrohyoid 
membrane,  and  is  continuous  below  with  the  trachea. 
Posteriorly  it  helps  to  form  the  wall  of  the  pharynx.  It 
consists  of  several  parts,  which  are  closely  connected  to- 
gether by  ligamentous  structures,  muscles,  and  mucous 
membrane ;  these  parts  are  the  thyroid  cartilage,  epiglot- 
tis, cricoid,  and  arytenoid  cartilages.  On  the  upper  mar- 
gin of  the  thyroid  cartilage  is  a  bursa  which  prevents 
friction  as  the  larynx  ascends  beneath  the  hyoid  bone  in 
deglutition.  This  bursa  is  sometimes  enlarged,  and  has 
to  be  incised.  The  larynx  is  occasionally  wounded  in 
cases  of  attempted  suicide  by  cutting  the  throat.  Be- 
tween the  lower  border  of  the  thyroid  and  cricoid  car- 
tilages is  the  cricothyroid  membrane,  where  the  oper- 
ation of  laryngotomy  is  performed.  A  small  lymphatic 
gland  is  occasionally  found  here,  which  may  become 
enlarged.  (For  description  of  interior  of  larynx  see 
Larynx.) 

Foreign  Bodies. — Children  not  infrequently  swallow 
articles  which  are  sucked  into  the  larynx  during  inspir- 
ation ;  these  may  be  arrested  by  the  cords  at  the  rima,  or 
may  lodge  in  one  of  the  ventricles.  If  they  pass  the 
rima  they  usually  lodge  in  the  right  bronchus.  These 
bodies  can  frequently  be  seen  with  a  laryngoscope  and 
extracted  with  forceps,  but  very  often  the  operation  of 
tracheotomy  is  necessary  to  remove  them. 

The  Trachea  extends  from  opposite  the  sixth  cervical 
vertebra  to  its  bifurcation  opposite  the  third  dorsal,  where 
it  is  crossed  by  the  arch  of  the  aorta.  It  measures  from 
four  to  five  inches  in  length,  and  from  three-fourths  to 
one  inch  in  breadth.  It  is  covered  by  the  depressors  of 
the  hyoid  bone,  and  has  on  each  side  at  its  upper  end  the 
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Fig.  3527.— Dissection  of  the  Space  in  the  Neck  where  the  Operation 
Tracheotomy  Is  Performed.    The  trachea  Is  exposed,  having  on 
each  side  of  it  the  sternohyoid  muscle,  and  lying  on  it  below  the 
inferior  thyroid  veins.    (Roser.) 

thyroid  body.  It  is  crossed  by  the  isthmtis  of  the  thy- 
roid gland  opposite  its  second  and  third  rings,  and  has 
also  in  front  the  inferior  thyroid  veins,  and  sometimes  a 
transverse  branch  connecting  the  two  anterior  jugulars. 
When  the  middle  thyroid  artery  is  present  it  also  lies 
upon  the  tracliea  in  its  course  up  to  the  isthmus  of  the 
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thyroid.  In  children  the  thymus  gland  covers  its  lower 
portion.  Laterally  the  trachea  is  in  relation  with  the 
carotid  artery  and  recurrent  laryngeal  nerve ;  posteriorly 
it  Is  in  contact  with  the  oesophagus.  The  innominate 
artery  crosses  the  lower  end  of  the  trachea ;  this  occurs 
higher  up  in  children  than  in  adults. 

The  operation  of  traelieotomy  is  performed  above  or  be- 
low the  isthmus.  It  is  required  for  the  extraction  of  for- 
eign bodies  and  for  any  obstruction  to  respiration  having 
its  seat  in  the  larynx,  as  from  diphtheritic  membrane, 
new  growths,  etc.  It  is  also  performed  as  a  preliminary 
to  certain  operations  in  the  neck  and  mouth. 

The  distance  between  the  cricoid  cartilage  and  the  up- 
per border  of  the  sternum,  in  ordinary  individuals,  is 
about  one  inch  and  a  half  (4  cm.);  when  the  head  is 
thrown  back  three-fourths  of  an  inc^  more  is  gained ;  so  in 
performing  tracheotomy  the  neck  should  be  extended  as 
much  as  possible  by  placing  a  hard  round  pillow  imder 
it,  and  the  incision  should  be  exactly  in  the  middle  line, 
so  as  to  come  between  the  two  sternohyoid  muscles  and 
anterior  jugular  veins.  In  operating  there  is  a  choice  as 
to  where  the  trachea  is  to  be  opened,  either  above  or  be- 
low the  isthmus.  Above,  the  parts  are  more  superficial 
and  blood-vessels  fewer,  but  the  space  is  limited  and  the 
cricoid  cartilage  has  often  to  be  cut ;  below,  although  the 
trachea  is  deeper  and  the  veins  are  more  plentiful,  still 
there  is  more  room  tor  incision,  and  we  get  farther  away 
from  the  disease,  which  is  an  important  point  in  diph- 
theria. With  our  present  means  of  arresting  hemorrhage 
the  low  operation  is  to  be  preferred. 

Laryngotomy  is  performed  in  cases  in  which  it  is  neces- 
sary rapidly  to  relieve  suffocation,  and  in  adults  who 
have  chronic  affections  of  the  larynx.  It  is  performed 
by  cutting  the  cricothyroid  membrane  transversely. 

(For  a  more  complete  description  of  these  operations 
see  Traelieotomy.) 

Lymphatic  Glands  of  the  Neck. — These  are  large 
and  numerous.  They  frequently  enlarge  and  become  in- 
flamed ,  and  if  not  excised  break  down  and  suppurate,  leav- 
ing unsightly  scars.  In  scrofulous  subjects  the  glands  of 
the  neck  are  the  ones  most  frequently  enlarged.  The 
enlargement  is  always  the  result  of  some  irritation,  either 
of  the  mucous  membiane  of  the  throat,  nose,  ear,  etc.,  or 
of  the  skin  of  the  scalp,  face,  or  neck.  The  glands  are 
more  liable  to  enlarge  in  persons  of  a  scrofulous  diathe- 
sis, and  in  them  the  amount  of  involvement  of  the  glands 
is  out  of  all  proportion  to  the  irritating  cause ;  this  may 
be  an  eczema  of  the  scalp  or  a  simple  sore  throat.  In 
non -scrofulous  individuals  the  glands  are  frequently  en- 
larged from  some  special  irritating  cause,  as  a  diseased 
tooth,  tonsillitis,  malignant  disease  of  the  tongue,  lip, 
etc.,  but  in  these  individuals  the  affection  of  the  glands 
is  not  so  widespread,  nor  is  the  enlargement  so  great,  and 
the  glands  do  not  tend  to  suppurate. 

In  syphilitics  the  glandules  concatenatcB  in  the  posterior 
triangle  of  the  neck  are  frequently  enlarged  and  indu- 
rated, but  they  do  not  tend  to  suppurate.  In  tonsillitis 
an  enlarged  gland  is  always  felt  beneath  the  angle  of  the 
lower  jaw ;  this  is  erroneously  supposed  by  many  to  be 
the  enlarged  tonsil  which  cannot  be  felt  from  the  outside. 
In  eczema  of  the  scalp  the  glands  of  the  neck  are  fre- 
quently enlarged,  especially  if  the  eczema  be  of  the  pus- 
tular variety.  In  delicate  children  pediculi  not  only 
often  cause  an  eczema  of  the  nape  of  the  neck,  but  the 
irritation  frequently  causes  enlargement  of  the  glands  in 
the  suboccipital  and  mastoid  regions. 

Occasionally  a  single  gland  becomes  enlarged  over  the 
carotid  artery,  and  this  has  been  mistaken  for  aneurism 
on  account  of  the  strong  pulsation  communicated  to  the 
tumor  by  the  artery;  these  tumors,  however,  cannot  be 
emptied  by  lateral  pressure,  aud  when  lifted  away  from 
the  artery  all  pulsation,  of  course,  ceases. 

When  one  or  several  glands  of  the  neck  have  become 
enlarged  and  show  no  tendency  to  diminish,  it  is  much 
better  to  remove  them  with  the  knife.  This  can  be  eas- 
ily done  before  the  gland  breaks  down  and  suppurates, 
and  so  forms  inflammatory  adhesions  to  the  surrounding 
parts.    In  cases  of  "  scrofulous  necks,"  in  which  nearly  all 
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the  glands  are  enlarged,  their  removal  is  advisable,  for  if 
left  to  themselves  they  break  down  and  suppurate,  and 
after  months  and  perhaps  years  of  discomfort,  heal,  leav- 
ing unsightly  scars.  An  argument  in  favor  of  early  ex- 
cision is  that  foci  of  infection  are  removed,  and  the  pa- 
tient's chance  of  good  health  is  much  greater.  Frequently 
thirty  or  forty  glands  have  been  removed  at  one  oper- 
ation, and  the  result  is  almost  invariably  good,  the  pa- 
tient recovers  rapidly,  and  the  amount  of  scarring  is  very 
trifling.  In  dissecting  out  the  glands  in  close  relation  to 
the  large  vessels,  great  cai-e  should  be  taken. 

When  the  glands  have  suppurated  and  sinuses  are  left 
which  will  not  heal,  scraping  the  sinus  and  removal  of 
the  remains  of  the  gland  with  a  sharp  spoon  give  very 
good  results.  Mr.  Treves  recommends  puncture  of  soft- 
ened caseous  glands  with  a  cautery;  he  also  advises 
opening  gland  abscesses  by  the  cautery  highly  heated. 

The  lymphatics  of  the  neck  are  enlarged,  with  those  of 
other  parts  of  the  body,  in  leukaemia  and  Hodgkin's  dis- 
ease, and  care  should  be  taken  not  to  confound  scrofu- 
lous glands  with  enlarged  glands  in  these  diseases.  Re- 
moval of  enlarged  glands  in  Hodgkin's  disease  is,  except 
for  diagnostic  purposes,  of  course,  perfectly  useless. 

The  lymphatic  glands  of  the  neck  are  arranged  in  the 
following  groups :  Submaxillary  (ten  to  twelve  in  num- 
ber), situated  beneath  the  base  of  the  inferior  maxilla; 
these  also  include  the  suprahyoid,  which  are  situated  be- 
tween the  two  anterior  bellies  of  the  digastric  muscle  in 
the  middle  line  of  the  neck.  Superficial  cervical  (four  to 
six)  situated  along  the  external  jugular  vein  beneath  the 
platysma  and  deep  fascia.  i>eeep  cervical  (twenty  to 
thirty).  These  are  subdivided  into  superior  and  inferior. 
The  superior  are  situated  about  the  bifurcation  of  the 
common  carotid,  and  reach  to  the  base  of  the  skull,  lying 
along  the  internal  jugular  vein.  The  inferior  are  grouped 
around  the  lower  part  of  the  internal  jugular  vein,  and 
extend  outward  into  the  supraclavicular  fossa,  becoming 
continuous  below  with  the  axillary  and  mediastinal 
glands. 

The  following  table,  from  8ir  F.  Treves'  book  on 
"  Scrofula  and  Its  Gland  Diseases, "  showing  the  relation 
certain  glands  bear  to  the  periphery,  will  be  found  use- 
ful: 

Scalp :  Posterior  part  =  suboccipital  and  mastoid 
glands ;  frontal  and  parietal  portions  =  parotid  glands ; 
vessels  from  the  scalp  also  enter  the  superficial  cervical 
set  of  glands. 

Skin  of  Face  and  Neck,  =  Submaxillary,  parotid,  and 
superficial  cervical  glands. 

External  Ear  =  Superficial  cervical  glands. 

Loicex  Lip  —  Submaxillary  and  suprahyoid  glands. 

Buccal  Cavity  —  Submaxillary  and  deep  superior  cervi- 
cal glands. 

Gums  of  Lower  Jaw  =  Submaxillary  glands. 

Tongue :  Anterior  portion  =  suprahyoid  and  submaxil- 
lary glands ;  posterior  portion  =  deep  cervical  glands 
(superior). 

Tonsils  and  Palate  =  Deep  cervical  glands  (superior). 

Pharynx :  Upper  part  =  parotid  and  retropharyngeal 
glands ;  lower  part  =  deep  cervical  glands  (superior). 

LoA-ynx,  Orbit,  and  Poof  of  Mouth  =  deep  cervical 
glands  (superior  set). 

Nasal  Fossa  =  Retropharyngeal  glands  and  deep  cervi- 
cal (superior).  Some  lymphatics  from  the  posterior  part 
of  the  fossa  enter  the  parotid  gland. 

Pabotid  Gland.— This  gland  lies  on  the  face  in  front 
of  the  ear,  and  extends  deeply  into  the  space  behind  the 
lower  jaw ;  its  inferior  portion  is  situated  partly  in  the 
neck  behind  the  angle  of  the  jaw,  lying  on  the  digastric 
muscles  in  the  submaxillary  region.  It  is  connected  with 
very  important  structures,  being  pierced  by  the  external 
carotid  artery  and  facial  nerve.  This  gland  not  infre- 
quently becomes  inflamed  and  suppurates  after  fevers  (as 
typhoid)  and  operations  on  the  abdominal  viscera.  Cases 
are  reported  in  which  it  has  become  inilamed  after  ovari- 
otomy, and  the  writer  has  twice  seen  abscess  of  the  parot- 
id follow  severe  blows  on  the  abdomen.  These  abscesses 
are  very  painful,  owing  to  the  tension  caused  by  the  in- 


vesting fibrous  capsule.  In  opening  abscesses  here  the 
mcision  should  be  transverse,  to  avoid  cutting  tlie  facial 
nerve,  and  sliould  be  in  front  of  the  Ihie  of  the  carotid 
artery.     Abscesses  of  the  parotid  gland  frequently  burst 


Fig.  3538.— Dissection  of  the  Neck,  showing  the  Triangles  and  their 
Contents.    (Tieflemann.) 

into  the  external  auditory  meatus.  There  are  a  number 
of  lymphatic  glands  in  relation  with  the  parotid,  which 
receive  vessels  from  the  scalp,  pharynx,  etc.  Tumors 
are  not  infrequently  found  in  this  region,  the  extirpation 
of  which  gives  rise  to  very  severe  hemorrhage.  The 
facial  nerve  is  frequently  unavoidably  injured  in  the  re- 
moval of  these  tumors,  and  the  external  carotid  artery 
sometimes  requires  ligature. 

Submaxillary  Gland. — The  submaxillary  gland  is 
situated  in  the  submaxillary  region,  between  the  anterior 
and  posterior  bellies  of  the  digastric  muscle.  It  lies 
partly  on  the  mylohyoid  and  partly  beneath  it.  The  fa- 
cial artery  grooves  the  back  part  and  upper  border  of  the 
gland.  'The  gland  is  sometimes  involved  in  malignant 
diseases  affecting  the  mouth  and  tongue.  It  is  separated 
from  the  parotid  gland  by  a  fold  of  deep  cervical  fascia, 
the  stylomaxillary  ligament. 

Nape  of  the  Neck. — The  superficial  anatomy  of  this 
region  has  already  been  described.  The  most  superficial 
muscle  is  the  trapezius,  which  is  covered  by  a  layer  of 
thick  and  tough  fascia  and  is  pierced  by  the  great  oc- 
cipital nerve.  To  the  outer  side  of  the  trapezius,  and 
separated  from  it  as  it  descends,  is  the  sternomastoid 
muscle;  crossing  obliquely  the  interval  between  them  are 
the  splenius  capitis  and  colli  muscles.  On  removing  the 
trapezius,  which  in  this  region  is  usually  very  thin,  the 
complexus  muscle  comes  into  view,  also  pierced  by  the 
great  occipital  nerve;  deeper  clown  still  are  seen  the 
muscles  bounding  the  suboccipital  triangle  (rectus  capi- 
tis anticus  major,  superior  and  inferior  oblique),  where 
are  seen  the  suboccipital  nerve  and  vertebral  artery. 
In  the  central  line  is  the  ligamentum  nuchse.  It  ex- 
tends from  the  seventh  cervical  spine  to  the  external 
occipital  protuberance.  In  some  animals  this  ligament 
is  a  very  powerful  elastic  band  which  suspends  the  head ; 
to  it  are  attached  muscles  and  fascia.  'The  occipital  ar- 
tery becomes  superficial  midway  between  the  mastoid 
process  and  external  occipital  protuberance.  It  runs 
along  the  outer  border  of  the  superior  oblique,  and  is 
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accompanied  by  the  great  occipital  nerve.  The  lesser 
occipital  nerve  winds  round  the  posterior  border  of  the 
sternomastoid,  and  supplies  the  lateral  region  of  the  oc- 
ciput; the  suboccipital,  being  a  purely  motor  nerve, 
rarely  reaches  the  skin. 

Spinal  Cord  and  Vertebral  Column.— The  accompany- 
ing figure  (3530)  sho-ws  well  the  situation  of  the  spinal 
cord  in  the  neck  vertebrffi.     It  is  not  so  well  protected 

against  injury  as  in 
other  parts,  for  in 
the  space  between 
the  several  arches, 
any  sharp  instru- 
ment piercing  the 
muscular  tissue 
could  easily  wound 
the  cord.  The  ver- 
tebral artery,  as  has 
already  been  men- 
tioned, is  also  lia- 
ble to  injury  on  its 
way  from  one  ver- 
tebra to  another. 
From  the  great  mo-' 
bility  of  this  part 
of  the  spine  dis- 
location occasion- 
ally occurs  and 
death  is  caused 
by  pressure  on 
FIG.  3529.-The  Skin  and  Fascia  have  been  Re-  t h e  C O r d.  In 
moved,  and  the  Superficial  Muscles  Exposed,  caries  of  the  up- 
1,  Sternomastoid;  2,  splenlus  capitis;  3,  tra-  nu^  r-ov^H^al  tror- 
pezius ;  4,  small  occipital  nerve ;  5,  great  oc-  Pt^^cei  vicai  vlp- 
cipltal  nerve;  6,  occipital  artery.  (Alter  tebrse,  sudden 
Roser.)  death  has  taken 

place  from  the 
destruction  of  the  ligaments  between  the  atlas  and  axis. 
When  this  occurs — the  head  with  the  atlas  inclining  for- 
ward and  leaving  the  axis  in  its  proper  position — the 
medulla  oblongata  is  crushed  against  the  odontoid  proc- 
ess, and  so  instant  death  is  the  result.    (Hilton.) 

Caries  of  the  spine  in  the  cervical  region  is  not  uncom- 
mon. In  its  early  stages  the  symptoms  are  somewhat 
obscure,  the  chief  complaint  being  of  pain  in  the  course 
of  the  great  occipital  nerve,  due  to  its  implication  in  in- 
flammatory exudation.  The  peculiar  stiff  way  in  which 
the  patient  carries  his  head,  and  the  presence  of  a  slight 
prominence  which  is  excessively  tender,  enables  the  sur- 
geon to  recognize  the  disease.  These  cases  occasionally 
result  in  a  postpharyngeal  abscess,  which  has  to  be 
opened.  This  may  easily  and  safely  be  done  by  an  incis- 
ion along  the  posterior  border  of  the  sternomastoid. 
Some  advise  tapping  it  with  a  trocar  througli  the  mouth. 
Branchial  Fistula  and  Cysts. — In  the  mammalian 
embryo,  at  the  fourth  week,  there  are  on  each  side  of  the 
head,  behind  the  oral  cavity,  four  fissures  which  com- 
mupicate  with  the  anterior  part  of  the  alimentary  canal. 
These  are  the  homologues  of  the  clefts  found  in  branchi- 
ate vertebrates.  The  third  and  fourth  fissures  in  the 
human  embryo  disappear  aboiit  the  sixth  week,  and  only 
the  first  remains  at  the  end  of  the  ninth  week.  This  per- 
sists as  the  Eustachian  tube,  tympanic  cavity,  and  exter- 
nal auditory  meatus.  The  structures  developed  in  the 
folds  between  the  clefts  (branchial  arches)  are  as  follows : 
Mrst  Arch  (Mandibular) :  Meckel's  cartilage,  the  an- 
terior portion  of  which  is  developed  into  the  lower  jaw, 
and  the  mandibular  arch  is  completed  by  the  malleus 
bone  of  the  ear. 

Second  Airh  (Eyoid):  Incus,  stapes  (Parker),  styloid 
process,  stylohyoid  ligament,  and  lesser  cornu  of  the 
hyoid  bone. 

Third  Arch :  Great  cornu  and  body  of  the  hyoid  bone. 
Fourth  Arch :  No  permanent  remains. 
Sometimes  the  clefts  between  these  arches  remain  more 
or  less  open,  and  this  fact  explains  the  occurrence  of  con- 
genital fistula;  of  the  neck,  as  well  as  that  of  cysts  and 
diverticula  from  the  oesophagus  and  larynx. 
Paget  says  (Proc.  Royal  Med.  Soc,  1877):   "Cervical 


branchial  fistulas  occur  as  two  or  three  minute  orifices  on 
one  or  both  sides  of  the  lower  part  of  the  neck,  and  they 
lead  upward  to  the  oesophagus  and  pharynx ;  the  lower- 
most being  near  the  sternal  end  of  the  clavicle  in  front  of 
the  sternomastoid  muscle,  the  next  opposite  the  thyroid 
cartilage,  and  the  highest  between  the  thyroid  cartilage 
and  hyoid  bone."  When  two  in  number,  they  are  often 
symmetrical ;  they  vary  in  length  from  one-half  to  one 
and  a  half  inches,  and  barely  admit  a  probe.  They  have 
a  smooth  lining  membrane,  which  secretes  a  clear  mu- 
cous fluid.  These  fistulae  can  be  cured  by  cauterizing 
them  with  the  galvanocautery.  It  is  probable  that  many 
cysts  and  so-called  hydroceles  of  the  neck  are  due  to  im- 
perfectly closed  embryonal  fissures. 

Sanguineous  cysts  of  the  neck  are  probably  originally 
branchial  cysts,  which  have  communicated  with  the  in- 
ternal jugular  vien.  Cases  are  on  record  in  which,  be- 
fore removal  of  the  cyst,  the  vein  had  to  be  ligatured 
(Glilck:  Deutsche  med.  Woch.,  No.  5,  1886). 

Beanchial  Dermoids. — These  are  occasionally  seen 
in  the  neck,  the  most  common  situation  being  between 
the  geniohyoglossi  muscles,  where  the  swelling  projects 
into  the  submaxillary  space  and  also  into  the  mouth. 
They  can  usually  be  enucleated.  A  dermoid  sometimes 
is  seen  under  the  deep  fascia  close  to  the  carotid  arteries. 

Thyrolingual  Fistulae  and  Cysts. — These  are  met 
with  on  the  tongue,  at  the  hyoid  bone,  and  lower  down 
over  the  thyroid  cartilage,  cricoid,  and  upper  rings  of 
the  trachea.-  They  grow  slowly  with  the  growth  of  the 
individual,  and  are  very  difficult  to  eradicate.  The  cyst 
wall  is  thin  and  lined  with  columnar  epithelium,  per- 
haps ciliated.  Their  contents  are  mucoid.  They  some- 
times burst,  leaving  fistulous  openings  which  are  difficult 
to  close.  Unless  the  cyst  be  entirely  removed,  it  will  re- 
cur, for  if  any  part  of  the  epithelial  lining  be  left  it  will 
secrete  and  cause  a  persistence  of  the  trouble.  Thyro- 
lingual  cysts  and  fistulae  are  the  remains  of  the  thyro- 
lingual  duct,  which  passes  up  the  neck  to  the  tongue 


Fig.  3530.— The  Superficial  Tissues  have  been  Removed  to  show  the 
Vertebral  Artery  Passing  Through  the  Transverse  Processes  of  the 
Vertebras,  and  also  the  Relation  of  the  Cord  to  the  Spinal  Canal. 
(Roser.) 

behind  the  hyoid  bone.  The  lower  part  becomes  the 
istlunus  of  the  thyroid  gland,  while  the  upper  part  per- 
sists as  the  foramen  csecum  of  the  tongue. 

Tumors  op  the  Neck.— The  neck  is  a  favorite  site  for 
tumors,  fibrous,  sarcomatous,  and  others.  Sarcomatous 
tumors  in  the  early  stages  can  be  removed,  but  they 
nearly  always  recur.     Tumors  of  the  neck,  which  are 
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apparently  so  freely  movable  that  their  extirpation 
would  seem  to  be  an  easy  matter,  are  found,  when  cut 
down  upon,  to  be  intimately  connected  with  the  deep 
vessels  and  nerves.  In  these  cases  the  tumor  is  freely 
movable  laterally,  the  vessels  going  with  them,  but  there 
is  no  freedom  of  movement  in  the  vertical  direction.  It 
is  remarkable  with  what  impunity  large  tumors  may 
be  removed  from  the  neck,  especially  if  they  are  benign. 
It  is  not  uncommon  in  these  cases  to  ligature  both  the 
internal  jugular  vein  and  the  carotid  artery,  and  to  cut 
through  the  sternomastoid  muscle,  and  yet  have  the  pa- 
tient make  a  rapid  recovery  from  the  operation;  the 
tumor,  as  mentioned  above,  if  sarcomatous,  almost  in- 
variably returns,  for  it  is  impossible  in  the  neck  in  such 
cases  to  remove  sufficient  of  the  surrounding  healthy 
structures. 

Aneurismal  tumors  at  the  root  of  the  neck  are  compar- 
atively common,  and  although  in  many  cases  these  tu- 
mors may  have  the  appearance  of  being  connected  with 
the  subclavian  or  innominate  arteries,  yet  they  almost 
invariably  proceed  from  the  aortic  arch,  and  push  their 
way  upward  under  the  clavicle  into  the  neck.  Fusiform 
aneurisms  of  the  aorta  frequently  simulate  aneurism  of 
one  of  the  great  branches. 

Tumors  in  connection  with  the  thyroid  gland  have  been 
alluded  to  in  the  description  of  that  hoAy. 

Prancis  J.  Shepherd. 

NECROBIOSIS.— The  gradual  death  of  tissue  due  to 
slowly  acting  injurious  agents  is  known  as  necrobiosis  or 
indirect  necrosis,  in  opposition  to  direct  necrosis  or  imme- 
diate death.  In  necrobiosis  the  death  of  the  cell  is  pre- 
ceded by  some  other  retrograde  change,  such  as  atrophy, 
cloudy  sweUing,  mucous,  hydropic  or  fatty  degener- 
ation, or  by  one  of  the  pathological  infiltrations.  In  the 
case  of  direct  necrosis  death,  of  the  tissue  takes  place 
rapidly  without  the  occurrence  of  preceding  abnormal 
changes  in  cellular  structure.  The  preceding  retrograde 
change  in  necrobiotic  processes  is  by  some  writers  re- 
garded as  constituting  the  necrobiosis ;  but  a  distinction 
should  be  made  between  the  preceding  atrophy,  degener- 
ation or  infiltration,  and  the  molecular  disintegration 
which  constitutes  the  essential  feature  of  necrobiosis. 
The  retrogressive  changes  preceding  this  disintegration 
usually  occur  so  gradually,  and  in  themselves  present 
such  definite  characteristics,  as  to  be  classed  by  them- 
selves. The  use  of  the  term  necrobiosis  is  more  theoret- 
ical than  practical,  inasmuch  as  a  practical  distinction 
between  direct  necrosis  and  necrobiosis  is  at  times  very 
difficult  or  impossible.  N^ecrobiosis  is,  therefore,  best 
conceived  of  as  a  slowly  progressive  or  incomplete  necro- 
sis. The  gross  appearances  of  necrobiotic  tissues  vary 
according  to  the  nature  of  the  preceding  retrograde 
change  and  the  degree  of  necrosis  present.  Microscopi- 
cally, in  addition  to  the  characteristic  changes  presented 
by  the  accompanying  retrograde  change,  the  nuclei  of 
the  affected  tissue  show  karyorrhexis  and  a  greater  or 
less  degree  of  karyolysis.  The  ultimate  picture  of  necro- 
biosis is  that  of  necrosis ;  if  the  necrobiotic  process  has 
been  characterized  by  cloudy'  swelling,  simple  necrosis 
follows;  if  by  fatty  degeneration,  soft  caseation  (fatty 
necrobiosis) ,  occurs ;  if  by  hydropic  degeneration,  lique- 
faction necrosis  results.  The  sequelae  of  necrobiosis  are 
essentially  those  of  necrosis:  regeneration,  repair,  cica- 
trization, calcification,  and  cyst  formation.  Likewise 
the  causes  producing  necrobiosis  are  the  same  as  those 
leading  to  direct  necrosis:  mechanical,  thermal,  chemi- 
cal, infectious,  and  nutritional.  The  injurious  agents 
may  act  separately  or  coincidently.  As  a  general  rule  it 
may  be  stated  that  harmful  agents  of  slight  power  but  of 
long-continued  action  are  more  likely  to  produce  necro- 
biosis than  direct  necrosis.  Disturbances  of  blood  sup- 
ply, deficient  nutrition  and  oxygenation,  as  in  the  case 
of  chronic  ansemia,  are  among  the  most  important  factors 
leading  to  necrobiotic  processes.  Chronic  intoxications 
and  infections  also  play  a  leading  rfile  in  the  production 
of  necrobiosis.  Clinically  a  neuropathic  necrobiosis  may 
be  distinguished.  Aldred  Scott  WartUn. 


NECROSIS,  PATHOLOGY  OF.— The  condition  of 
local  death,  the  death  of  individual  cells  or  groups  of 
cells  within  the  living  body,  is  known  as  necrosis.  If 
such  local  death  occurs  immediately  or  very  quickly 
after  the  action  of  some  injurious  agent,  it  is  termed  di- 
rect necrosis;  if,  on  the  other  hand,  the  death  of  tissue 
is  of  a  slowly  progressive  nature  preceded  by  other  retro- 
grade changes,  the  process  is  designated  necrobiosis  or 
indirect  necrosis.  The  use  of  the  word  necrosis  without 
niodifying  designation  is  usually  taken  as  referring  to 
direct  necrosis. 

Inasmuch  as  we  have  no  definite  knowledge,  either 
chemical  or  histological,  of  the  condition  of  cell  life,  the 
essential  nature  of  cell  death  or  necrosis  is  also  unknown 
to  us.  Tlie  cellular  change  which  marks  the  exact  mo- 
ment of  the  passage  of  hfe  from  the  cell  is  at  present 
beyond  our  knowledge;  the  slight  histological  changes 
taking  place  in  cells  at  this  moment  do  not  permit  us  to 
determine  with  certainty  the  definite  boundary  between 
the  states  of  cell  hfe  and  cell  death.  Our  conception  of 
necrosis  is,  therefore,  based  upon  the  changes  which  fol- 
low necrosis  rather  than  upon  those  taking  place  at  the 
moment  of  cessation  of  life.  The  development  of  mod- 
ern microscopical  technique  has,  however,  so  perfected 
methods  of  tissue  fixation  that  it  is  now  possible  to  fix 
and  preserve  definitely  the  histological  characteristics  of 
the  cells  as  they  exist  at  the  moment  the  tissue  is  placed 
in  the  fixing  fluid.  Our  knowledge  of  the  structure  of 
normal  living  cells  has  been  obtained  from  the  study 
of  cells  killed  and  fixed  by  such  means;  and  likewise  our 
conceptions  of  pathological  conditions  are  based  upon  the 
relative  appearances  of  cells  so  treated. 

As  a  result  of  such  study  certain  pathological  criteria 
have  been  created.  Of  these  the  condition  of  necrosis  is 
that  state  of  the  cell  which  is  characterized  microscopi- 
cally by  the  disappearance  of  the  nucleus  and  certain 
molecular  changes  in  the  cytoplasm.  The  disappearance 
of  the  nucleus  or  its  failure  to  respond  to  nuclear  stains 
is  to  be  taken  as  the  most  striking  feature  of  necrosis,  in- 
asmuch as  the  nucleus  is  to  be  regarded  as  the  most  essen- 
tial vital  element  of  the  cell.  Cells  may  be  dead  and  yet 
retain  their  nuclei,  but  necrosis  becomes  evident  to  us 
microscopically  only  when  certain  changes  in  cell  struct- 
ture  have  occurred  to  distinguish  the  dead  cell  from  liv- 
ing ones.  The  loss  of  the  nucleus  may  occur  at  the  mo- 
ment of  death  or  subsequently ;  in  either  case  it  becomes 
the  criterion  of  necrosis.  To  the  disappearance  of  the 
nucleus  and  its  loss  of  staining  power  the  terms  karyoly- 
sis and  chromatolysis  have  been  applied.  These  changes 
are  very  frequently  preceded  by  fragmentation  of  the 
nuclear  chromatin.  This  change  is  known  as  karyor- 
rhexis ;  it  has  been  shown  to  consist  of  regular  and  defi- 
nite movements  on  the  part  of  the  chromatin  elements. 
Small  masses  and  granules  of  chromatin  may  leave  the 
nucleus  and  pass  into  the  cell  body.  With  the  disap- 
pearance of  the  cell  membrane  fine  chromatin  granules 
may  be  scattered  throughout  the  cell  detritus  of  the  ne- 
crotic area.  As  a  result  of  such  diffusion  of  the  chroma- 
tin areas  of  necrosis  in  the  early  stage  may  stain  diffusely 
blue.  In  other  cases  the  nucleus  before  its  disappearance 
contracts  and  becomes  smaller,  at  the  same  time  staining 
more  deeply  than  normal  (jiyknosis.)  Vety  frequently 
the  nucleus  retains  its  normal  form  and  size,  but  gradu- 
ally loses  its  staining  power  and  fades  away,  both  nu- 
cleus and  protoplasm  being  converted  into  a  homogene- 
ous hyaline  mass. 

Sooner  or  later,  changes  take  place  in  the  protoplasm 
of  dead  or  dying  cells.  The  normal  granulation  of  the 
cytoplasm  may  disappear  and  the  cell  undergo  a  hyaline 
change.  The  cell  membrane  ultimately  disappears  and 
the  outline  of  the  cell  becomes  irregular  or  lost  alto- 
gether. Often  the  cell  protoplasm  becomes  coarsely 
granular,  the  cell  ultimately  breaking  up  into  a  granular 
debris.  Vacuolation  may  take  place  and  the  cell  become 
enlarged  and  swollen  from  the  imbibition  of  fluid.  As 
the  result  of  such  swelling,  breaks  in  the  continuity  of 
the  protoplasm  may  occur.  On  the  other  hand,  tlie  dead 
cells  may  under  certain  conditions  become  inspissated. 
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Extrusion  and  constriction  of  portions  of  tlie  protoplasm 
may  occur  during  tlie  process  of  dying.  Amoeboid  cells 
usually  assume  a  globular  form.  The  disintegration  of 
the  protoplasm  is  termed  plasmoscUsis.  The  ultimate 
result  of  the  necrotic  process  is  the  conversion  of  both 
nucleus  and  cytoplasm  into  a  granular  debris ;  when  such 
appearances  are  foiind  microscopically,  the  condition  is 
to  be  regarded  as  one  of  complete  necrosis. 

Causes  of  Necrosis. — The  causes  which  may  lead  to  local 
death  of  tissue  may  be  classed  as  follows:  nutritional, 
mechanical,  thermal,  chemical,  toxic,  infectious,  and  neu- 
ropathic. 

Disturbances  of  nutrition  through  interruption  of  the 
circulation  are  among  the  most  frequent  causes  of  necro- 
sis. Local  anaemia  due  to  arterial  occlusion  as  a  result 
of  thrombosis,  embolism,  compression,  ligature,  or  ar- 
teriosclerosis maybe  the  direct  cause  of  local  tissue  death 
(ansemic  and  hemorrhagic  infarction).  Likewise  stasis 
due  to  mechanical,  thermal,  chemical,  or  trophic  changes 
in  the  vessel  walls  or  to  weakened  heart's  action  may  be 
a  primary  or  secondary  factor  of  necrosis.  Local  as- 
phyxia from  any  cause  may  result  in  cell  death. 

Traumatic  violence  may  through  crushing  or  tearing 
cause  direct  death  of  cells,  or  through  damage  to  the 
blood-vessels  it  may  cause  necrosis  through  disturbed 
nutrition.  Cells  separated  from  their  normal  environ- 
ment as  a  rule  soon  die. 

Elevation  of  temperature  from  54°  to  68°  C.  for  a  short 
period  of  time  causes  the  death  of  tissue;  excessive  cold 
produces  the  same  result. 

The  prolonged  action  of  3:-rays  may  lead  to  necrotic 
changes.  This  has  been  explained  as  due  to  the  destruc- 
tion of  nerves,  but  this  point  has  not  been  definitely  set- 
tled. 

Chemical  and  toxic  substances  of  various  kinds  may 
act  directly  upon  cells  and  cause  their  death.  The 
poison  may  destroy  the  cells  directly  or,  through  chemi- 
cal union  with  the  cell  protoplasm  or  intercellular  sub- 
stance, render  life  impossible,  or  by  producing  changes 
in  the  blood-vessels  give  rise  to  necrosis  secondarily. 
Most  important  of  all  as  agents  of  necrosis  are  the 
bacterial  toxins,  particularly  those  of  tuberculosis,  ty- 
phoid, cholera,  staphylococcus,  and  streptococcus  iia- 
fections.  Chemical  substances,  originating  within  the 
body,  may  also  give  rise  to  necrosis  under  certain  con- 
ditions. 

The  bile  acids,  uric  acid,  metabolic  products  in  dia- 
betes, pancreatic  ferments,  etc.,  may  under  certain  path- 
ological conditions  give  rise  to  necrotic  processes.  Fat 
necrosis  is  a  striking  example  of  necrosis  arising  from  the 
action  of  a  normal  body  product  under  abnormal  condi- 
tions. The  pancreatic  juices  are  absorbed  into  the  lymph 
and  blood  streams,  the  fat-splitting  ferment,  steapsin, 
causing  necrosis  of  fat  cells  in  the  neighboring  fat  tissue, 
or  even  in  such  distant  regions  as  the  pericardium  and 
fatty  marrow. 

The  direct  action  of  bacteria  or  other  forms  of  vege- 
table and  animal  parasites  may  also  produce  necrosis  of 
cells. 

Primary  lesions  of  the  central  nervous  system  and  the 
peripheral  nerves  are  considered  by  many  writers  to  give 
rise  to  a  trophic  or  neuropathic  necrosis.  The  changes 
following  such  lesions  are  much  more  to  be  regarded  as 
dependent  upon  circulatory  disturbances  than  as  trophic 
manifestations.  As  a  result  of  lowered  nutrition  the  nor- 
mal resistance  of  the  affected  parts  may  be  diminished 
and  bacterial  infection  favored. 

The  causes  mentioned  above  may  act  separately  or 
coincidently.  The  degree  of  necrosis  depends  not  only 
upon  the  nature  and  severity  of  the  exciting  cause,  but 
also  upon  the  condition  of  the  tissue  at  the  time  of  in- 
jury. Tissues  of  lowered  vitality,  in  conditions  of  gen- 
eral anjEmia,  marasmus,  and  cachexia,  die  more  easily 
than  normal  tissue;  hence  long-continued  pressure  of 
slight  degree,  which  under  normal  conditions  would  pro- 
duce no  effect,  may  in  such  conditions  as  typhoid  fever, 
chronic  valvular  disease,  etc.,  bring  about  necrosis  (de- 
cubitus, marasniic  necrosis).     Necrosis  occurs  also  in  the 
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tissues  of  the  aged  as  a  result  of  slight  injuries  (senile 
necrosis). 

Varieties  op  Nbcrosis. — Though  the  loss  of  the  nu- 
cleus- and  a  greater  or  less  disorganization  of  the  cyto- 
plasm form  the  essential  features  of  necrosis,  these 
changes  may  be  more  or  less  modified,  or  so  associated 
with  other  processes  as  to  give  rise  to  different  varieties 
of  necrosis,  recognizable  either  by  gross  or  by  microscopi- 
cal appearances.  The  kind  of  necrosis  depends  upon  the 
location  and  nature  of  the  affected  cells,  the  character 
and  severity  of  the  destructive  agent,  and  the  nature  of 
the  surrounding  tissue,  particularly  with  reference  to  the 
absence  or  presence  of  fluids.  If  the  dead  cells  are  on  a 
surface  exposed  to  evaporation,  inspissation  may  take 
place ;  on  the  other  hand,  if  there  is  an  abundant  supply 
of  fluid,  the  cells  may  become  hydropic  and  ultimately 
liquefy;  if  the  factors  necessary  for  the  formation  of 
fibrin  are  present,  coagulation  may  occur  either  in  the 
cells  or  between  them.  The  character  of  the  necrosis 
may  be  further  modified  by  infection  with  putrefactive 
bacteria.  It  becomes  therefore  possible  to  distinguish 
the  following  varieties  of  necrosis,  each  form  presenting 
distinct  macroscopical  and  microscopical  characteristics 
when  occurring  alone.  Between  these  different  varieties 
there  is,  however,  no  distinct  boundary  line.  They  are 
very  frequently  combined  or  may  follow  each  other  in 
certain  cases,  so  that  the  practical  diagnosis  as  to  the 
original  form  may  be  difficult. 


L 


1.  Simple. 

a  ri         If  ( Intercellular. 

2.  Coagulation,      j  intracellular. 

3.  Liquefaction. 

4.  Mummification. 

5.  Moist  gangrene. 


Caseation. 


Simple  Necrosis. — This  form  of  necrosis  is  characterized 
microscopically  by  the  disappearance  of  the  nucleus  and 
a  hyaline  or  granular  change  in  the  cytoplasm,  the  origi- 
nal outlines  of  the  tissue  being  preserved  to  a  greater  or 
less  extent.  Usually  the  dead  cells  are  somewhat  larger 
than  normal,  the  protoplasm  being  more  granular  and 
staining  heavily  with  eosin.  Less  frequently  the  cells  are 
h3''aline  and  homogeneous.  By  some  writers  this  variety 
of  necrosis  is  regarded  as  a  form  of  coagulation  necrosis, 
but  it  seems  better  to  restrict  the  latter  class  to  those  forms 


Fig.  3o3X.— Simple  Necrosis  of  the  Epitlielium  of  the  TIrinlferous 
Tubes  in  a  Case  of  Icterus  Gravis.  (From  Ziegler.)  a,  Normal  con- 
voluted tubule ;  b,  ascendlnK  loop  tubule ;  c,  convoluted  tubule 
with  necrotic  epithelium ;  d,  convoluted  tubule  with  only  a  part  of 
Its  epithelium  necrotic ;  e,  stroma  and  blood-vessels  as  yet  unal- 
tered. (Preparation  hardened  in  MuUer's  Fluid,  and  stained  with 
gentian  violet.)    Magnified  300  diameters. 

of  necrosis  in  which  fibrin  or  fibrinoid  substances  are 
formed.  Simple  necrosis  usually  follows  cloudy  swell- 
ing; indeed,  it  may  be  regarded  as  a  late  stage  of  this 
degeneration  advanced  to  such  a  degree  that  the  nucleus 
has  entirely  disappeared.  Early  stages  of  simple  necro- 
sis may  often  be  recognized  by  the  presence  of  diffuse 
chromatin.     The  gross  appearances  of  simple  necrosis 


REFERENCE  HANDBOOK   OP  THE  MEDICAL  SCIENCES. 


Necrosis. 
Necrosis. 


are  yellowish  or  grayish  discoloration  and  lessened  con- 
sistency. Simple  necrosis  is  one  of  the  most  common 
forms  of  necrosis ;  it  occurs  very  frequently  in  the  epi- 
thelium of  the  kidneys  and  liver  as  the  result  of  intoxica- 


riG.  3532.— Coagulation  Necrosis.  Croupous  membrane  from  tlie 
tracbea.  (From  Ziegler.)  a.  Transverse  section  ol  the  membrane ; 
b,  uppermost  layer  of  the  mucous  membrane  with  pus  cells,  d, 
scattered  throughout  its  substance ;  c,  fibrin  threads  and  granules ; 
d,  pus  cells.    Magnified  2S0  diameters. 

tions  and  infections,  but  may  he  found  in  any  of  the  tis- 
sues. It  is  the  most  common  form  of  necrosis  found  in 
anaemic  and  hemorrhagic  infarcts,  and  in  focal  necroses 
due  to  various  forms  of  intoxication  and  infection  (ty- 
phoid, tuberculosis,  diphtheria,  scarlatina,  etc. ).  A  fur- 
ther change  in  tissues  showing  simple  necrosis,  so  that 
all  tissue  outlines  are  lost  and  only  a  finely  granular  mass 
is  left,  results  in  the  condition  known  as  caseation. 

Coagulation  Necrosis. — This  form  of  necrosis  is  charac- 
terized by  the  production,  in  the  necrosed  tissue,  of  fibrin 
or  substances  allied  to  fibrin,  the  so-called  "fibrinoid  de- 
generation. "  The  variety  of  necrosis  described  above  as 
simple  necrosis  is  by  some  writers  regarded  as  a  coagu- 
lation necrosis,  but  there  is  no  positive  evidence  that  it 
represents  a  coagulation  process,  and  the  resulting  sub- 
stance is  not  allied  to  fibrin.  Coagulation  necrosis  oc- 
curs only  in  tissues  rich  in  proteids  and  under  conditions 
favorable  for  the  production  of  the  factors  necessary  for 
the  formation  of  fibrin.  Two  forms  are  distinguished— 
intercellular  and  intracellular.  In  the  intercellular  form 
fibrin  is  formed  between  the  dying  or  dead  cells,  the 
granular  debris  of  the  latter  finally  lying  in  a  more  or 
less  dense  network  of  fibrin  threads.  By  the  use  of  the 
Weigert's  fibrin  method  this  network  of  fibrin  may  be 
easily  demonstrated.  The  fibrin  may  exist  also  in  the 
granular,  fibro-granular,  or  hj^aline  form.  The  chief 
source  of  the  fibrin  is  most  probably  an  exudate  from  the 
blood-vessels,  but  some  of  the  factors  necessary  for  the 
formation  of  fibrin  may  be  supplied  by  the  disintegration 
of  tissue  cells  or  leucocytes.  The  ells  may  become  hya- 
line or  granular,  and  ultimately  completely  disintegrate. 
This  form  of  necrosis  is  most  frequently  seen  in  the  fibrin- 
ous inflammations  of  mucous  and  serous  membranes,  and 
is  hence  also  called  diphtheritic,  croupous,  or  membranous 
necrosis.  The  diphtheritic  m.embrane  may  be  taken  as 
the  typical  example  of  this  variety  of  necrosis.  In  all 
so-called  diphtheritic  inflammations  there  is  more  or  less 
extensive  necrosis  of  the  mucosa  with  the  formation  of 
granular  or  fibro-granular  fibrin  between  the  granules  of 
cell  detritus.  Intercellular  coagulation  necrosis  may 
also  occur  in  deeper  tissues,  as  in  the  follicles  of  the 
spleen  or  lymph  glands,  in  the  liver,  kidney,  etc.  It  is 
of  very  common  occurrence  in  the  focal  necroses  ot 
toxic  and  bacterial  origin,  and  is  almost  constantly  pres- 
ent to  some  degree  in  tubercles.  It  occurs  much  less  fre- 
quently in  ansemic  and  hemorrhagic  infarction.  Many 
chemicals  cause  coagulation  by  direct  action.  The  toxe- 
mia of  superficial  burns  is  associated  with  a  f orm  ot  co- 
agulation necrosis  in  the  splenic  follicles  and  iympa 
glands  similar  to  that  seen  in  infectious  processes.  Ibe 
coagulation  of  the  blood  and  the  process  of  thrombosis 
may  be  regarded  as  a  form  of  coagulation  necrosis.  1  is- 
sues showing  coagulation  necrosis  are  firmer  and  paler 
than  normal,  more  opaque,  and  show  slight  elevations 
above  the  cut  surface.     The  source  of  the  fibrm  m  the 


diiferent  instances  of  coagulation  necrosis  mentioned 
above  is  not  entirely  clear.  A  portion  may  result  from 
the  coagulation  of  vascular  exudates  and  from  escaped 
blood  cells.  In  other  cases  it  has  been  assumed  that 
fibrinogenetic  substances  are  derived  from  the  necrosing 
cells  or  from  bacterial  products.  The  small  quantity  of 
fibrinogen  found  in  the  lymph  may  give  rise  to  a  portion 
of  the  fibrin  produced  during  the  necrotic  process. 

The  intracellular  form  of  coagulation  necrosis  is  char- 
acterized by  the  coagulation  of  the  cell  protoplasm  into 
a  solid  or  semi-solid  albuminous  body  more  or  less  resem- 
bling fibrin.  The  most  common  example  of  this  process 
is  the  so-called  waxy  or  hyaline  necrosis  of  striped  mus- 
cle, commonly  known  as  Zenker's  necrosis.  In  this 
change  the  muscle  loses  its  striations  and  becomes  con- 
verted into  a  hyaline  homogeneous  substance  which 
sometimes  stains  like  fibrin,  but  often  does  not.  To  the 
naked  eye  such  muscle  appears  pearly  white  or  grayish, 
semitranslucent,  resembling  fish  flesh.  The  condition  oc- 
curs most  commonly  in  cases  of  long-continued  fevers  as 
typhoid,  and  is  found  also  in  ansemic,  thermal,  and  toxic 
necrosis  of  muscle.  In  the  fevers  the  abdominal  recti  and 
the  adductors  of  the  femurs  are  most  often  affected.  The 
exact  chemical  nature  of  the  coagulated  protoplasm  is 
unknown.  The  simple  necrosis  which  occurs  in  ansemic 
infarcts  is  regarded  by  some  writers  as  being  a  similar  form 
of  intracellular  necrosis  (hyaline  coagulation),  but  the 
process  is  of  a  very  different  nature  from  the  change  seen 
in  striped  muscle;  and,  as  stated  above,  there  is  no  defi- 
nite proof  that  it  is  of  the  nature  of  a  coagulation.  Other 
writers  look  upon  it  as  an  inspissation  process.  In  some 
instances  intracellular  coagulation  may  result  fiom  the 
imbibition  of  fibrinogen-containing  fluids  and  their  sub- 
sequent coagulation. 

Liquefaction  Necrosis. — In  this  variety  of  necrosis  the 
dead  cells  undergo  liquefaction ;  the  dissolution  may  fol- 
low a  hjfdropic  degeneration  or  the  necrotic  cells  may  be 
dissolved  in  the  tissue  fluids.  As  a  rule  liquefaction  ne- 
crosis occurs  primarily  in  tissues  freely  bathed  in  lymph, 
but  containing  little  of  the  fibrin-forming  substances,  as 
in  the  brain,  cord,  and  skin.  Burns  of  the  second  degree 
(blisters)  are  very  common  examples  of  this  form  of  ne- 
crosis. AniBmic  infai'ction  of  the  brain,  tissue  suppura- 
tions, simple  soft- 
ening of  thrombi, 
atheromatous  soft- 
ening in  blood-ves- 
sel walls,  and  the 
digestion  of  necro- 
tic areas  of  stomach 
and  duodenum  by 
the  gastric  juice  are 
all  processes  char- 
acterized by  soften- 
ing and  liquefac- 
tion. Liquefaction 
is  also  of  frequent 
occurrence  in  cer- 
tain tumors.  In 
other  cases  lique- 
faction is  a  second- 
ary process  follow- 
ing  simple  or 
coagulation  necro- 
sis. The  fibrinous 
exudates  of  infiam- 
matory  processes 
become  liquefied 
during  the  later 
stages  of  the  inflam- 
mation or  during 
the  process  of  heal- 
ing, as  in  the  case 

of  the  resolution  of  croupous  pneumonia.  Areas  of 
caseation  necrosis  and  moist  gangrene  may  undergo  a 
secondary  liquefaction.  On  the  other  hand,  coagulation 
may  follow  liquefaction,  the  fibrin-forming  substances 
being  produced  from  leucocytes.     In  the  blebs  which 
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Fie.  3533.— Zenker's  Necrosis  of  Striped 
Muscle  Fibres,  from  a  Case  of  Typhoid 
Fever.  (FromZlegler.)  a,  Normal  mus- 
cle fibre;  6,  d,  degenerated  fibres, 
which  have  broken  down  into  separate 
masses;  c,  c,  cells  lying  iuside  of  the 
sarcolemma ;  d,  connective  tissue  infil- 
trated with  cells.  Magnified  250  diame- 
ters. 


Necrosis. 
Necrosis. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Extrusion  and  constriction  of  portions  of  the  protoplasm 
may  occur  during  the  process  of  dying.  Amoeboid  cells 
usually  assume  a  globular  form.  The  disintegration  of 
the  protoplasm  is  termed  plasmosehisis.  The  ultimate 
result  of  the  necrotic  process  is  the  conversion  of  both 
nucleus  and  cytoplasm  into  a  granular  debris ;  when  such 
appearances  are  found  microscopically,  the  condition  is 
to  be  regarded  as  one  of  complete  necrosis. 

Causes  of  Necrosis. — The  causes  which  may  lead  to  local 
death  of  tissue  may  be  classed  as  follows:  nutritional, 
mechanical,  thermal,  chemical,  toxic,  infectious,  and  neu- 
ropathic. 

Disturbances  of  nutrition  through  interruption  of  the 
circulation  are  among  the  most  frequent  causes  of  necro- 
sis. Local  anaemia  due  to  arterial  occlusion  as  a  result 
of  thrombosis,  embolism,  compression,  ligature,  or  ar- 
teriosclerosis maybe  the  direct  cause  of  local  tissue  death 
(anaemic  and  hemorrhagic  infarction).  Likewise  stasis 
due  to  mechanical,  thermal,  chemical,  or  trophic  changes 
in  the  vessel  walls  or  to  weakened  heart's  action  may  be 
a  primary  or  secondary  factor  of  necrosis.  Local  as- 
phyxia from  any  cause  may  result  in  cell  death. 

Traumatic  violence  may  through  crushing  or  tearing 
cause  direct  death  of  cells,  or  through  damage  to  the 
blood-vessels  it  may  cause  necrosis  through  disturbed 
nutrition.  Cells  separated  from  their  normal  environ- 
ment as  a  rule  soon  die. 

Elevation  of  temperature  from  54°  to  68°  C.  for  a  short 
period  of  time  causes  the  death  of  tissue ;  excessive  cold 
produces  the  same  result. 

The  prolonged  action  of  a-rays  may  lead  to  necrotic 
changes.  This  has  been  explained  as  due  to  the  destruc- 
tion of  nerves,  but  this  point  has  not  been  definitely  set- 
tled. 

Chemical  and  toxic  substances  of  various  kinds  may 
act  directly  upon  cells  and  cause  their  death.  The 
poison  may  destroy  the  cells  directly  or,  through  chemi- 
cal union  with  the  cell  protoplasm  or  intercellular  sub- 
stance, render  life  impossible,  or  by  producing  changes 
in  the  blood-vessels  give  rise  to  necrosis  secondarily. 
Most  important  of  all  as  agents  of  necrosis  are  the 
bacterial  toxins,  particularly  those  of  tuberculosis,  ty- 
phoid, cholera,  staphylococcus,  and  streptococcus  iia- 
fections.  Chemical  substances,  originating  within  the 
body,  may  also  give  rise  to  necrosis  under  certain  con- 
ditions. 

The  bile  acids,  uric  acid,  metabolic  products  in  dia- 
betes, pancreatic  ferments,  etc.,  may  under  certain  path- 
ological conditions  give  rise  to  necrotic  processes.  Fat 
necrosis  is  a  striking  example  of  necrosis  a  rising  from  the 
action  of  a  normal  body  product  under  abnormal  condi- 
tions. The  pancreatic  juices  are  absorbed  into  the  lymph 
and  blood  streams,  the  fat-splitting  ferment,  steapsin, 
causing  necrosis  of  fat  cells  in  the  neighboring  fat  tissue, 
or  even  in  such  distant  regions  as  the  pericardium  and 
fatty  marrow. 

The  direct  action  of  bacteria  or  other  forms  of  vege- 
table and  animal  parasites  may  also  produce  necrosis  of 
cells. 

Primary  lesions  of  the  central  nervous  system  and  the 
peripheral  nerves  are  considered  by  many  writers  to  give 
rise  to  a  trophic  or  neuropathic  necrosis.  The  changes 
following  such  lesions  are  much  more  to  be  regarded  as 
dependent  upon  circulatory  disturbances  than  as  trophic 
manifestations.  As  a  result  of  lowered  nutrition  the  nor- 
mal resistance  of  the  affected  parts  may  be  diminished 
and  bacterial  infection  favored. 

The  causes  mentioned  above  may  act  separately  or 
coincidently.  The  degree  of  necrosis  depends  not  only 
upon  the  nature  and  severity  of  the  exciting  cause,  but 
also  upon  the  condition  of  the  tissue  at  the  time  of  in- 
jury. Tissues  of  lowered  vitality,  in  conditions  of  gen- 
eral anaemia,  marasmus,  and  cachexia,  die  more  easily 
than  normal  tissue;  hence  long-continued  pressure  of 
slight  degree,  which  under  normal  conditions  would  pro- 
duce no  effect,  may  in  such  conditions  as  typhoid  fever, 
chronic  valvular  disease,  etc.,  bring  about  necrosis  (de- 
cubitus, marasmic  necrosis).     Necrosis  occurs  also  in  the 
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tissues  of  the  aged  as  a  result  of  slight  injuries  (senile 
necrosis). 

Varieties  of  Neceosib. — Though  the  loss  of  the  nu- 
cleus- and  a  greater  or  less  disorganization  of  the  cyto- 
plasm form  the  essential  features  of  necrosis,  these 
changes  may  be  more  or  less  modified,  or  so  associated 
with  other  processes  as  to  give  rise  to  different  varieties 
of  necrosis,  recognizable  either  by  gross  or  by  microscopi- 
cal appearances.  The  kind  of  necrosis  depends  upon  the 
location  and  nature  of  the  affected  cells,  the  character 
and  severity  of  the  destructive  agent,  and  the  nature  of 
the  surrounding  tissue,  particularly  with  reference  to  the 
absence  or  presence  of  fluids.  If  the  dead  cells  are  on  a 
surface  exposed  to  evaporation,  inspissation  may  take 
place ;  on  the  other  hand,  if  there  is  an  abundant  supply 
of  fluid,  the  cells  may  become  hydropic  and  ultimately 
liquefy;  if  the  factors  necessary  for  the  formation  of 
fibrin  are  present,  coagulation  may  occur  either  in  the 
cells  or  between  them.  The  character  of  the  necrosis 
may  be  further  modified  by  infection  with  putrefactive 
bacteria.  It  becomes  therefore  possible  to  distinguish 
the  following  varieties  of  necrosis,  each  form  presenting 
distinct  macroscopical  and  microscopical  characteristics 
when  occurring  alone.  Between  these  different  varieties 
there  is,  however,  no  distinct  boundary  line.  They  are 
very  frequently  combined  or  may  follow  each  other  in 
certain  cases,  so  that  the  practical  diagnosis  as  to  the 
original  form  may  be  difficult. 


js  a 


r  1.  Simple. 
„   ri„„ i„f„         f  Intercellular. 

2.  Coagulation.      |  intracellular. 

3.  Liquefaction. 

4.  Mummification. 

5.  Moist  gangrene. 


Caseation. 


Simple  Necrosis. — This  form  of  necrosis  is  characterized 
microscopically  by  the  disappearance  of  the  nucleus  and 
a  hyaline  or  granular  change  in  the  cytoplasm,  the  origi- 
nal outlines  of  the  tissue  being  preserved  to  a  greater  or 
less  extent.  Usually  the  dead  cells  are  somewhat  larger 
than  normal,  the  protoplasm  being  more  granular  and 
staining  heavily  with  eosin.  Less  frequently  the  cells  are 
hyaline  and  homogeneous.  By  some  writers  this  variety 
of  necrosis  is  regarded  as  a  form  of  coagulation  necrosis, 
but  it  seems  better  to  restrict  the  latter  class  to  those  forms 


Fig.  3a31.— simple  Necrosis  ol  the  Epithelium  of  the  Uriniferous 
Tubes  in  a  Case  of  Icterus  Gravis.  (From  Ziegler.)  a.  Normal  con- 
voluted tubule ;  &,  ascendinB  loop  tubule ;  c,  convoluted  tubule 
with  necrotic  epithelium ;  d.  convoluted  tubule  with  only  a  part  of 
Its  epithelium  necrotic ;  e,  stroma  and  blood-vessels  as  yet  unal- 
tered. (Preparation  hardened  in  Miiller's  Fluid,  and  stained  with 
gentian  violet.)    Magnifled  300  diameters. 

of  necrosis  in  which  fibrin  or  fibrinoid  substances  are 
formed.  Simple  necrosis  usually  follows  cloudy  swell- 
ing; indeed,  it  may  be  regarded  as  a  late  stage  of  this 
degeneration  advanced  to  such  a  degree  that  the  nucleus 
has  entirely  disappeared,  Eariy  stages  of  simple  necro- 
sis may  often  be  recognized  by  the  presence  of  diffuse 
chromatin.     The  gross  appearances  of  simple  necrosis 
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are  yellowish  or  grayish  discoloration  and  lessened  con- 
sistency. Simple  necrosis  is  one  of  the  most  common 
forms  of  necrosis ;  it  occurs  very  frequently  in  the  epi- 
thelium of  the  kidneys  and  liver  as  the  result  of  intoxica- 


Fis.  3533.— Coagulation  Necrosis.  Croupous  membrane  from  the 
tra«liea.  (From  Ziegler.)  a,  Transverse  section  of  the  membrane ; 
b,  uppermost  layer  of  the  mucous  membrane  with  pus  cells,  d, 
scattered  throughout  Its  substance ;  c,  fibrin  threads  and  granules ; 
(J,  pus  cells.    Magnified  250  diameters. 

tions  and  infections,  but  may  be  found  in  any  of  the  tis- 
sues. It  is  the  most  common  form  of  necrosis  found  in 
anaemic  and  hemorrhagic  infarcts,  and  in  focal  necroses 
due  to  various  forms  of  intoxication  and  infection  (ty- 
phoid, tuberculosis,  diphtheria,  scarlatina,  etc.).  A  fur- 
ther change  in  tissues  showing  simple  necrosis,  so  that 
all  tissue  outlines  are  lost  and  only  a  finely  granular  mass 
is  left,  results  in  the  condition  known  as  caseation. 

Coagulation  Necrosis. — This  form  of  necrosis  is  charac- 
terized by  the  production,  in  the  necrosed  tissue,  of  fibrin 
or  siibstances  allied  to  fibrin,  the  so-called  "jibrinoid  de- 
generation.''^ The  variety  of  necrosis  described  above  as 
simple  necrosis  is  by  some  writers  regarded  as  a  coagu- 
lation necrosis,  but  there  is  no  positive  evidence  that  it 
represents  a  coagulation  process,  and  the  resulting  sub- 
stance is  not  allied  to  fibrin.  Coagulation  necrosis  oc- 
curs only  in  tissues  rich  in  proteids  and  under  conditions 
favorable  for  the  production  of  the  factors  necessary  for 
the  formation  of  fibrin.  Two  forms  are  distinguished— 
intercellular  and  intracellular.  In  the  intercellular  form 
fibrin  is  formed  between  the  dying  or  dead  cells,  the 
granular  debris  of  the  latter  finally  lying  in  a  more  or 
less  dense  network  of  fibrin  threads.  By  the  use  of  the 
Weigert's  fibrin  method  this  network  of  fibrin  may  be 
easily  demonstrated.  The  fibrin  may  exist  also  in  the 
granular,  fibro-granular,  or  hyaline  form.  The  chief 
source  of  the  fibrin  is  most  probably  an  exudate  from  the 
blood-vessels,  but  some  of  the  factors  necessary  for  the 
formation  of  fibrin  may  besupphed  by  the  disintegration 
of  tissue  cells  or  leucocytes.  The  ells  may  become  hya- 
line or  granular,  and  ultimately  completely  disintegrate. 
This  form  of  necrosis  is  most  frequently  seen  in  the  fibrin- 
ous inflammations  of  mucous  and  serous  membranes,  and 
is  hence  also  called  diphtlieritic,  croupous,  or  membranous 
necrosis.  The  diphtheritic  membrane  may  be  taken  as 
the  typical  example  of  this  variety  of  necrosis.  In  all 
so-called  diphtheritic  inflammations  there  is  more  or  less 
extensive  necrosis  of  the  mucosa  with  the  formation  of 
granular  or  flbro-granular  fibrin  between  the  granules  ot 
cell  detritus.  Intercellular  coagulation  necrosis  may 
also  occur  in  deeper  tissues,  as  in  the  follicles  of  the 
spleen  or  lymph  glands,  in  the  hver,  kidney,  etc.  It  is 
of  very  common  occurrence  iu  the  focal  necroses  ot 
toxic  and  bacterial  origin,  and  is  almost  constantly  pres- 
ent to  some  degree  in  tubercles.  It  occurs  much  less  fre- 
quently in  anaemic  and  hemorrhagic  infarction  Many 
chemicals  cause  coagulation  by  direct  action.  Ihe  toxae- 
mia of  superficial  burns  is  associated  with  a  form  ot  co- 
agulation necrosis  in  the  splenic  folHcles  and  lymph 
glands  similar  to  that  seen  in  infectious  processes,  ine 
coagulation  of  the  blood  and  the  process  of  thrombosis 
may  be  regarded  as  a  form  of  coagulation  necrosis.  1  is- 
sues showing  coagulation  necrosis  are  firmer  and  paler 
than  normal?  more  opaque,  and  show  slight  elevations 
above  the  cut  surface.     The  source  of  the  fibrm  in  the 


different  instances  of  coagulation  necrosis  mentioned 
above  is  not  entirely  clear.  A  portion  may  result  from 
the  coagulation  of  vascular  exudates  and  from  escaped 
blood  cells.  In  other  cases  it  has  been  assumed  that 
fibrinogenetic  substances  are  derived  from  the  necrosing 
cells  or  from  bacterial  products.  The  small  quantity  of 
fibrinogen  found  in  the  lymph  may  give  rise  to  a  portion 
of  the  fibrin  produced  during  the  necrotic  process. 

The  intracellular  form  of  coagulation  necrosis  is  char- 
acterized by  the  coagulation  of  the  cell  protoplasm  into 
a  solid  or  semi-solid  albuminous  body  more  or  less  resem- 
bling fibrin.  The  most  common  example  of  this  process 
is  the  so-called  waxy  or  hyaline  necrosis  of  striped  mus- 
cle, commonly  known  as  Zenker's  necrosis.  In  this 
change  the  muscle  loses  its  striations  and  becomes  con- 
verted into  a  hyaline  homogeneous  substance  which 
sometimes  stains  like  fibrin,  but  often  does  not.  To  the 
naked  eye  such  muscle  appears  pearly  white  or  grayish, 
semitranslucent,  resembling  fish  flesh.  The  condition  oc- 
curs most  commonly  in  cases  of  long-continued  fevers  as 
typhoid,  and  is  found  also  in  anasmic,  thermal,  and  toxic 
necrosis  of  muscle.  In  the  fevers  the  abdominal  recti  and 
the  adductors  of  the  femurs  are  most  often  affected.  The 
exact  chemical  nature  of  the  coagulated  protoplasm  is 
unknown.  The  simple  necrosis  which  occurs  in  ansemic 
infarcts  is  regarded  by  some  writers  as  being  a  similar  form 
of  intracellular  necrosis  (hyaline  coagulation),  but  the 
process  is  of  a  very  different  nature  from  the  change  seen 
in  striped  muscle;  and,  as  stated  above,  there  is  no  defi- 
nite proof  that  it  is  of  the  nature  of  a  coagulation.  Other 
writers  look  upon  it  as  an  inspissation  process.  In  some 
instances  intracellular  coagulation  may  result  fiom  the 
imbibition  of  fibrinogen-containing  fluids  and  their  sub- 
sequent coagulation. 

Liquefaction  Necrosis. — In  this  variety  of  necrosis  the 
dead  cells  undergo  liquefaction ;  the  dissolution  may  fol- 
low a  hj'dropic  degeneration  or  the  necrotic  cells  may  be 
dissolved  in  the  tissue  fluids.     As  a  rule  liquefaction  ne- 
crosis occurs  primarily  in  tissues  freely  bathed  in  lymph, 
but  containing  little  of  the  fibrin-forming  substances,  as 
in  the  brain,  cord,  and  skin.     Burns  of  the  second  degree 
(blisters)  are  very  common  examples  of  this  form  of  ne- 
crosis.    Anaemic  infarction  of  the  brain,  tissue  suppura- 
tions,  simple   soft- 
ening  of   thrombi, 
atheromatous   soft- 
ening in  blood-ves- 
sel walls,  and   the 
digestion  of  necro- 
tic areas  of  stomach 
and  duodenum  by 
the  gastric  juice  are 
all  processes  char- 
acterized by  soften- 
ing   and    liquefac- 
tion.    Liquefaction 
is  also  of  frequent 
occurrence  in    cer- 
tain   tumors.     In 
other    cases    lique- 
faction is  a  second- 
ary process  foUow- 
ing     simple    or 
coagulation    necro- 
sis.    The  fibrinous 
exudates  of  inflam- 
matory     processes 
become    liquefied 
during     the     later 
stages  of  the  inflam- 
mation   or    durmg 
the  process  of  heal- 
ing, as  in  the  case  . 
of  the   resolution   of   croupous   pneumonia.    Areas  ot 
caseation  necrosis  and  moist  gangrene  may  undergo  a 
secondary  liquefaction.     On  the  other  hand,  coagulation 
may  follow  liquefaction,  the  fibrin-forming  substances 
being  produced  from  leucocytes.     In  the  blebs  which 
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Fig.  3633.— Zenker's  Necrosis  of  Striped 
Muscle  Fibres,  from  a  Case  of  Typhoid 
Fever.  (FromZiegler.)  a.  Normal  mus- 
cle fibre;  6,  d,  degenerated  fibres, 
which  have  broken  down  into  separate 
masses;  c,  c,  cells  lying  iuside  of  the 
sarcolemma;  d,  connective  tissue  infil- 
trated with  cells.  Magnified  250  diame- 
ters. 
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Extrusion  and  constriction  of  portions  of  the  protoplasm 
may  occur  during  the  process  of  dying.  Amoeboid  cells 
usually  assume  a  globular  form.  The  disintegration  of 
the  protoplasm  is  termed  plasmoschisis.  The  ultimate 
result  of  the  necrotic  process  is  the  conversion  of  both 
nucleus  and  cytoplasm  into  a  granular  debris;  when  such 
appearances  are  foxmd  microscopically,  the  condition  is 
to  be  regarded  as  one  of  complete  necrosis. 

Causes  of  Necrosis. — The  causes  which  may  lead  to  local 
death  of  tissue  may  be  classed  as  follows:  nutritional, 
mechanical,  thermal,  chemical,  toxic,  infectious,  and  neu- 
ropathic. 

Disturbances  of  nutrition  through  interruption  of  the 
circulation  are  among  the  most  frequent  causes  of  necro- 
sis. Local  anaemia  due  to  arterial  occlusion  as  a  result 
of  thrombosis,  embolism,  compression,  ligature,  or  ar- 
teriosclerosis may  be  the  direct  cause  of  local  tissue  death 
(ansemic  and  hemorrhagic  infarction).  Likewise  stasis 
due  to  mechanical,  thermal,  chemical,  or  trophic  changes 
in  the  vessel  walls  or  to  weakened  heart's  action  may  be 
a  primary  or  secondary  factor  of  necrosis.  Local  as- 
phyxia from  any  cause  may  result  in  cell  death. 

Traumatic  violence  may  through  crushing  or  tearing 
cause  direct  death  of  cells,  or  through  damage  to  the 
blood-vessels  it  may  cause  necrosis  through  disturbed 
nutrition.  Cells  separated  from  their  normal  environ- 
ment as  a  rule  soon  die. 

Elevation  of  temperature  from  54°  to  68°  C.  for  a  short 
period  of  time  causes  the  death  of  tissue;  excessive  cold 
produces  the  same  result. 

The  prolonged  action  of  a-rays  may  lead  to  necrotic 
changes.  This  has  been  explained  as  due  to  the  destruc- 
tion of  nerves,  but  this  point  has  not  been  definitely  set- 
tled. 

Chemical  and  toxic  substances  of  various  kinds  may 
act  directly  upon  cells  and  cause  their  death.  The 
poison  may  destroy  the  cells  directly  or,  through  chemi- 
cal union  with  the  cell  protoplasm  or  intercellular  sub- 
stance, render  life  impossible,  or  by  producing  changes 
in  the  blood-vessels  give  rise  to  necrosis  secondarily. 
Most  important  of  all  as  agents  of  necrosis  are  the 
bacterial  toxins,  particularly  those  of  tuberculosis,  ty- 
phoid, cholera,  staphylococcus,  and  streptococcus  in- 
fections. Chemical  substances,  originating  within  the 
body,  may  also  give  rise  to  necrosis  under  certain  con- 
ditions. 

The  bile  acids,  uric  acid,  metabolic  products  in  dia- 
betes, pancreatic  ferments,  etc.,  may  under  certain  path- 
ological conditions  give  rise  to  necrotic  processes.  Fat 
necrosis  is  a  striking  example  of  necrosis  arising  from  the 
action  of  a  normal  body  product  under  abnormal  condi- 
tions. The  pancreatic  juices  are  absorbed  into  the  lymph 
and  blood  streams,  the  fat-splitting  ferment,  steapsin, 
cau.sing  necrosis  of  fat  cells  in  the  neighboring  fat  tissue, 
or  even  in  such  distant  regions  as  the  pericardium  and 
fatty  marrow. 

The  direct  action  of  bacteria  or  other  forms  of  vege- 
table and  animal  parasites  may  also  produce  necrosis  of 
cells. 

Primary  lesions  of  the  central  nervous  system  and  the 
peripheral  nerves  are  considered  by  many  writers  to  give 
rise  to  a  trophic  or  neuropathic  necrosis.  The  changes 
following  such  lesions  are  much  more  to  be  regarded  as 
dependent  upon  circulatory  disturbances  than  as  trophic 
manifestations.  As  a  result  of  lowered  nutrition  the  nor- 
mal resistance  of  the  affected  parts  may  be  diminished 
and  bacterial  infection  favored. 

The  causes  mentioned  above  may  act  separately  or 
coincidently.  The  degree  of  necrosis  depends  not  only 
upon  the  nature  and  severity  of  the  exciting  cause,  but 
also  upon  the  condition  of  the  tissue  at  the  time  of  in- 
jury. Tissues  of  lowered  vitality,  in  conditions  of  gen- 
eral anaemia,  marasmus,  and  cachexia,  die  more  easily 
than  normal  tissue;  hence  long-continued  pressure  of 
slight  degree,  which  under  normal  conditions  would  pro- 
duce no  effect,  may  in  such  conditions  as  typhoid  fever, 
chronic  valvular  disease,  etc.,  bring  about  necrosis  (de- 
cubitus, marasmic  necrosis).     Necrosis  occurs  also  in  the 
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tissues  of  the  aged  as  a  result  of  slight  injuries  (senile 
necrosis). 

Vabieties  of  Nbobosis. — Though  the  loss  of  the  nu- 
cleus- and  a  greater  or  less  disorganization  of  the  cyto- 
plasm form  the  essential  features  of  necrosis,  these 
changes  may  be  more  or  less  modified,  or  so  associated 
with  other  processes  as  to  give  rise  to  different  varieties 
of  necrosis,  recognizable  either  by  gross  or  by  microscopi- 
cal appearances.  The  kind  of  necrosis  depends  upon  the 
location  and  nature  of  the  affected  cells,  the  character 
and  severity  of  the  destructive  agent,  and  the  nature  of 
the  surrounding  tissue,  particularly  with  reference  to  the 
absence  or  presence  of  fluids.  If  the  dead  cells  are  on  a 
surface  exposed  to  evaporation,  inspissation  may  take 
place ;  on  the  other  hand,  if  there  is  an  abundant  supply 
of  fluid,  the  cells  may  become  hydropic  and  ultimately 
liquefy;  if  the  factors  necessary  for  the  formation  of 
fibrin  are  present,  coagulation  may  occur  either  in  tlie 
cells  or  between  them.  The  character  of  the  necrosis 
may  be  further  modified  by  infection  with  putrefactive 
bacteria.  It  becomes  therefore  possible  to  distinguish 
the  following  varieties  of  necrosis,  each  form  presenting 
distinct  macroscopical  and  microscopical  characteristics 
when  occurring  alone.  Between  these  different  varieties 
there  is,  however,  no  distinct  boundary  line.  They  are 
very  frequently  combined  or  may  follow  each  other  in 
certain  cases,  so  that  the  practical  diagnosis  as  to  the 
original  form  may  be  difficult. 


to  .a 

<D    CO 
S    O 


'  1.  Simple. 

2.  Coagulation,      j  ^^^cSr. 

3.  Liquefaction. 

4.  Mummification. 

5.  Moist  gangrene. 


Caseation. 


Simple  Necrosis.— This  form  of  necrosis  is  characterized 
microscopically  by  the  disappearance  of  the  nucleus  and 
a  h}'aline  or  granular  change  in  the  cytoplasm,  the  origi- 
nal outlines  of  the  tissue  being  preserved  to  a  greater  or 
less  extent.  Usually  the  dead  cells  are  somewhat  larger 
than  normal,  the  protoplasm  being  more  granular  and 
staining  heavily  with  eosin.  Less  frequently  the  cells  are 
hyaline  and  homogeneous.  By  some  writers  this  variety 
of  necrosis  is  regarded  as  a  form  of  coagulation  necrosis, 
but  it  seems  better  to  restrict  the  latter  class  to  those  forms 


F;g.  3o31.— Simple  Necrosis  of  the  EpltSelium  of  the  Urintterous 
1  ubes  in  a  Case  of  Icterus  Gravis.  (From  Ziegler.)  a,  Normal  con- 
Tolutea  tubule ;  6,  ascending  loop  tubule ;  c,  convoluted  tubule 
with  necrotic  epithelium ;  d.  convoluted  tubule  with  only  a  part  of 
Its  epithelium  necrotic;  e,  stroma  and  blood-vessels  as  yet  unal- 
tered. (Preparation  hardened  in  Muller's  Fluid,  and  stained  with 
gentian  violet.)    Magnifled  3(M  diameters. 

of  necrosis  in  which  fibrin  or  fibrinoid  substances  are 
formed.  Simple  necrosis  usually  follows  cloudy  swell- 
ing; mdeed,  it  may  be  regarded  as  a  late  stage  of  this 
degeneration  advanced  to  such  a  degree  that  the  nucleus 
has  entirely  disappeared.  Eariy  stages  of  simple  necro- 
sis may  often  be  recognized  by  the  presence  of  diffuse 
chromatin.     The  gross  appearances  of  simple  necrosis 
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Necrosis. 
Necrosis. 


are  yellowish  or  grayish  discoloration  and  lessened  con- 
sistency. Simple  necrosis  is  one  of  the  most  common 
forms  of  necrosis ;  it  occurs  very  frequently  in  the  epi- 
thelium of  the  kidneys  and  liver  as  the  result  of  intoxica- 


FiG.  3532.— Coagulation  Necrosis.  Croupous  membrane  Jrom  tlie 
tracliea.  (From  Ziegler.)  a.  Transverse  section  of  the  membrane ; 
i),  uppermost  layer  ol  the  mucous  membrane  with  pus  cells,  (J, 
scattered  throughout  Its  substance ;  c,  fibrin  threads  and  granules ; 
d,  pus  cells.    Magnified  250  diameters. 

tions  and  infections,  but  may  be  found  in  any  of  the  tis- 
sues. It  is  the  most  common  form  of  necrosis  found  in 
ansemic  and  hemorrhagic  infarcts,  and  in  focal  necroses 
due  to  various  forms  of  intoxication  and  Infection  (ty- 
phoid, tuberculosis,  diphtheria,  scarlatina,  etc.).  A  fur- 
ther change  in  tissues  showing  simple  necrosis,  so  that 
all  tissue  outlines  are  lost  and  only  a  finely  granular  mass 
is  left,  results  in  the  condition  known  as  caseation. 

Coagulation  Neoi-osis.—Thia,  form  of  necrosis  is  charac- 
terized by  the  production,  in  the  necrosed  tissue,  of  fibrin 
or  substances  allied  to  fibrin,  the  so-called  "JU)rinmd  de- 
generation."   The  variety  of  necrosis  described  above  as 
simple  necrosis  is  by  some  writers  regarded  as  a  coagu- 
lation necrosis,  but  there  Is  no  positive  evidence  that  it 
represents  a  coagulation  process,  and  the  resulting  sub- 
stance is  not  allied  to  fibrin.     Coagulation  necrosis  oc- 
curs only  in  tissues  rich  in  proteids  and  under  conditions 
favorable  for  the  production  of  the  factors  necessary  for 
the  formation  of  fibrin.     Two  forms  are  distinguished— 
intercellular  and  intracellular.     In  the  intercellular  form 
fibrin  is  formed   between  the  dying  or  dead  cells,  the 
granular  debris  of  the  latter  finally  lying  in  a  more  or 
less  dense  network  of  fibrin  threads.     By  the  use  of  the 
Weigert's  fibrin  method  this  network  of  fibrm  may  be 
easily  demonstrated.     The  fibrin  may  exist  also  in  the 
granular,   fibro-granular,  or  hyaline  form.     Ihe  cliiel 
source  of  the  fibrin  is  most  probably  an  exudate  from  the 
blood-vessels,  but  some  of  the  factors  necessary  for  the 
formation  of  fibrin  may  be  supplied  by  the  disintegration 
of  tissue  cells  or  leucocytes.     The    oils  may  become  hya- 
line or  granular,  and  ultimately  completely  disintegrate. 
This  form  of  necrosis  Is  most  frequently  seen  in  the  fibrin- 
ous inflammations  of  mucous  and  serous  membranes,  and 
is  hence  also  called  diphtheritic,  croupous,  or  mernbranous 
necrosis.     The  diphtheritic  membrane  may  be  taken  as 
the  typical  example  of  this  variety  of  necrosis.     In  all 
so-called  diphtheritic  inflammations  there  is  more  or  less 
extensive  necrosis  of  the  mucosa  with  the  formation  of 
granular  or  fibro-granular  fibrin  between  the  granules  of 
cell  detritus.     Intercellular  coagulation    necrosis    may 
also  occur  in  deeper  tissues,  as  in  the  follicles  of  tie 
spleen  or  lymph  glands,  in  the  hver,  kidney,  etc.     It  is 
of  very  common  occurrence  in  the  focal  nee  oses  of 
toxic  and  bacterial  origin,  and  is  almost  constantly  pres- 
ent to  some  degree  in  tubercles.     It  occurs  much  less  f.e^ 
quentlyin  anSmic  and  hemorrhagic  infarction     Many 
chemicals  cause  coagulation  by  direct  action.     The  toxae- 
mia of  superficial  burns  Is  associated  with  a  foi  mot  co_ 
agulation  necrosis  in  the  splenic  folhcles  and  lymph 
glands  similar  to  that  seen  in  Infectious  Proces^e^.   /The 
coagulation  of  the  blood  and  the  process  of  tl»ombosis 
maf  be  regarded  as  a  form  of  coagulation  necross     Tis- 
sues showing  coagulation  necrosis  are  firmer  and  paler 
than  normal  moil  opaque,  and  ^l^ow  sight  eevations 
above  the  cut  surface.     The  source  of  the  fibrin  in  the 


different  instances  of  coagulation  necrosis  mentioned 
above  is  not  entirely  clear.  A  portion  may  result  from 
the  coagulation  of  vascular  exudates  and  from  escaped 
blood  cells.  In  other  cases  it  has  been  assumed  that 
fibrinogenetic  substances  are  derived  from  the  necrosing 
cells  or  from  bacterial  products.  The  small  quantity  of 
fibrinogen  found  in  the  lymph  may  give  rise  to  a  portion 
of  the  fibrin  produced  during  the  necrotic  process. 

The  intracellular  form  of  coagulation  necrosis  is  char- 
acterized by  the  coagulation  of  the  cell  protoplasm  into 
a  solid  or  semi-solid  albuminous  body  more  or  less  resem- 
bhng  fibrin.  The  most  common  example  of  this  process 
is  the  so-called  waxy  or  hyaline  necrosis  of  striped  mus- 
cle, commonly  known  as  Zenker's  necrosis.  In  this 
change  the  muscle  loses  its  striations  and  becomes  con- 
verted into  a  hyaline  homogeneous  substance  which 
sometimes  stains  like  fibrin,  but  often  does  not.  To  the 
naked  eye  such  muscle  appears  pearly  white  or  grayish, 
semitranslucent,  resembling  fish  flesh.  The  condition  oc- 
curs most  commonly  in  cases  of  long-continued  fevers  as 
typhoid,  and  is  found  also  in  ana;mic,  thermal,  and  toxic 
necrosis  of  muscle.  In  the  fevers  the  abdominal  recti  and 
the  adductors  of  the  femurs  are  most  often  affected.  The 
exact  chemical  nature  of  the  coagulated  protoplasm  is 
unknown.  The  simple  necrosis  which  occurs  in  anEemic 
infarcts  is  regarded  by  some  writers  as  being  a  similar  form 
of  intracellular  necrosis  (hyaline  coagulation),  but  the 
process  is  of  a  very  different  nature  from  the  change  seen 
in  striped  muscle ;  and,  as  stated  above,  there  is  no  defi- 
nite proof  that  it  is  of  the  nature  of  a  coagulation.  Other 
writers  look  upon  it  as  an  inspissation  process.  In  some 
instances  intracellular  coagulation  may  result  fiom  the 
imbibition  of  fibrinogen-containing  fluids  and  their  sub- 
sequent coagulation. 

Liquefaction  Necrosis. — In  this  variety  of  necrosis  the 
dead  cells  undergo  liquefaction ;  the  dissolution  may  fol- 
low a  hydropic  degeneration  or  the  necrotic  cells  may  be 
dissolved  in  the  tissue  fluids.     As  a  rule  hquefaction  ne- 
crosis occurs  primarily  in  tissues  freely  bathed  in  lymph, 
but  containing  Httle  of  the  fibrin-forming  substances,  as 
in  the  brain,  cord,  and  skin.     Burns  of  the  second  degree 
(blisters)  are  very  common  examples  of  this  form  of  ne- 
crosis.    Anremic  infarction  of  the  brain,  tissue  suppura- 
tions,  simple   soft- 
ening  of   thrombi, 
atheromatous   soft- 
ening in  blood-ves- 
sel walls,  and  the 
digestion  of  necro- 
tic areas  of  stomach 
and  duodenum  by 
the  gastric  juice  are 
all  processes  char- 
acterized by  soften- 
ing   and    liquefac- 
tion.    Liquefaction 
is  also  of  frequent 
occurrence   in    cer- 
tain   tumors.      In 
other    cases    lique- 
faction is  a  second- 
ary process  foUow- 
ing     simple    or 
coagulation    necro- 
sis.    The  fibrinous 
exudates  of  inflam- 
matory     processes 
become    hquefied 
during     the     later 
stages  of  the  inflam- 
mation   or    during 
the  process  of  heal- 
ing, as  in  the  case  .        .       „  „f 
of  the   resolution   of   croupous   pneumonia.    Areas  of 
caseation  necrosis  and  moist  gangrene  may  undergo  a 
secondary  liquefaction.     On  the  other  hand,  coagulation 
mav  follow  hquefaction,  the  fibrin-formmg  substances 
being  produced  from  leucocytes.    In  the  blebs  which 
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Fig  3533.— Zenker's  Necrosis  of  Striped 
Muscle  Fibres,  from  a  Case  of  Typhoid 
Feyer.  (From  Ziegler.)  a,  Normal  mus- 
cle fibre;  b,  d,  degenerated  fibres, 
which  haye  broken  down  into  separate 
masses ;  c,  c,  cells  lying  iuside  of  the 
sarcolemma;  d,  connective  tissue  infil- 
trated with  cells.  Magnified  250  diame- 
ters. 
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appear  in  gangrenous  skin  tliere  may  occur  a  coagulation 
of  the  fluid,  and  the  coagula  may  later  be  dissolved. 
Macroscopically,  liquefaction  necrosis  is  characterized 
by  the  formation  of  blebs  on  free  surfaces,  or  by  cavities 
filled  with  softened  tissue  debris,  varying  in  appearance 
from  a  thin  watery  fluid,  as  in  the  case  of  brain  cysts,  to 
thick  creamy  fluid  in  abscess  cavities.  The  earlier  stages 
are  shown  by  softening  and  increase  in  the  amount  of 
tissue  juices.  Microscopically,  the  presence  of  fluid  is 
shown  by  clear  spaces  or  vacuoles,  stringy  disintegra- 


FiG.  3534. — Liquefaction  Necrosis.  Section  througli  the  epidermal  and  papillary  por- 
tions of  a  cat's  paw,  a  short  time  after  it  had  been  burned  with  fluid  sealing-wax 
(alcohol ;  carmine) .  a.  Horny  layer  of  the  epidermis ;  ft,  rete  Malpighii ;  c,  nor- 
mal papilla  of  the  skin ;  d,  swollen  epithelial  cells,  the  nuclei  of  which  are  still 
visible  at  a  few  points,  while  at  others  they  have  entirely  disappeared ;  e,  epithe- 
lial cells  lying  between  the  papillae,  the  upper  ones  being  swollen  and  elongated, 
while  the  lower  still  remain  in  a  normal  condition ;  /,  fibrinous  network  com- 
posed of  epithelial  cells  (broken  down  so  as  to  be  no  longer  recognizable  as  such) 
and  exudate ;  g,  an  interpapillary  mass  of  cells  which  have  become  swollen  and 
have  lost  their  nuclei ;  ?i,  a  part  of  a  similar  mass  in  which  the  cells  have  been 
entirely  destroyed ;  i,  a  papilla  that  has  been  flattened  by  pressure  and  that  is  in- 
filtrated with  cells ;  ft,  soUdifled  subepithelial  exudate.  Magnified  150  diam- 
eters.   (Ziegler.) 

tion,  etc.  Both  gross  and  microscopical  appearances 
may  be  altered  by  the  presence  of  blood  or  blood  pig- 
ments. 

Mummification  Necrosis. — Necrotic  tissues  exposed  to 
the  air  lose  their  fluids  quickly  through  evaporation,  and 
become  leathery,  dry,  hard,  shrivelled,  brownish,  or  black, 
resembling  mummy  tissue.  The  condition  is  also  known 
as  dry  gangrene;  the  amount  of  decomposition  which 
takes  place  is,  however,  very  slight,  the  dryness  rendering 
the  growth  of  saprophytic  bacteria  impossible.  In  the 
very  early  stages  before  the  fluids  are  entirely  removed 
there  is  some  putrefaction  usually  present,  as  shown  by 
the  fact  that  there  is  almost  always  some  odor  about 
mummified  tissue.  The  process  may  be  regarded  as  a 
moist  gangrene  in  which  the  processes  of  decomposition 
are  cut  short  by  the  evaporation  of  fluid.  Senile  diabetic 
gangrene,  gangrene  of  the  extremities  folio  wing  freezing 
are  examples  of  this  form  of  necrosis.  Microscopically, 
dry  gangrene  is  characterized  by  the  disappearance  of 
the  nuclei,  the  cells  being  flattened  or  contracted  into  hy- 
aline masses.  Cornification  may  be  taken  as  a  physio- 
logical example  of  this  form  of  necrosis. 

Moist  Gangrene. — If  necrotic  tissues  containing  fluids 
become  infected  with  saprophytic  organisms  with  result- 
ing decomposition,  the  condition  is  known  as  moist  gan- 
grene {spliacelus,  gangrmna  humida,  gangrmna  putrida). 
The  formation  of  gas  bubbles  due  to  the  presence  of 
gas-forming  bacteria  gives  rise  to  emphysematous  gan- 
grene (gangrmna  emphysematosa).  The  dift'erent  forms  of 
moist  gangrene,  though  distinguished  by  various  names, 
are  in  their  essence  identical,  since  bacteria  develop  only 
in  moist  tissues.  As  mentioned  above,  moist  gangrene 
may  be  changed  to  the  dry  form  through  evaporation. 
Gangrenous  tissues  are  black,  greenish,  or  brownish  in 
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color,  according  to  the  amount  of  blood  pigment  present. 
If  there  was  much  blood  in  the  tissue  before  death  the 
gangrene  may  be  black ;  if  the  tissues  were  anaemic  the 
condition  is  sometimes  designated  white  gangrene.  Such 
forms  are  also  distinguished  clinically  by  the  terms  hot 
or  cold  gangrene.  In  hot  gangrene  the  heat  may  come 
from  an  abundant  blood  supply  in  the  neighboring  tis- 
sues. The  odor  of  putrefaction  is  always  present  in 
moist  gangrene,  and  various  gases  maybe  formed.  Pto- 
mains  and  other  poisonous  substances  are  formed  in  the 
gangrenous  area,  and  the  absorption  of  these 
may  lead  to  saprsemia.  Softening  and 
liquefaction  are  always  present  to  a  greater 
or  less  degree.  Micrpscopically,  moist  gan- 
grene, in  addition  to  the  essential  features 
of  necrosis,  is  characterized  by  the  pres- 
ence of  products  of  decomposition  in  the 
form  of  fatty  acid  crystals,  tyrosin,  leucin, 
triple  phosphate,  blood  pigment,  etc.  The 
general  picture  may  be  that  of  a  simple 
coagulation  or  liquefaction  necrosis,  or  a 
combination  of  these  forms  may  be  present. 
Liquefaction  is  always  present  in  a  greater 
or  less  degree  according  to  the  stage  of  the 
process;  all  elements  of  the  tissues,  even 
bone  and  fascia,  ultimately  becoming  dis- 
solved. Moist  gangrene  may  be  caused  by 
external  injuries,  chemical  action,  freezing, 
burns,  i7:-rays,  pressure,  disturbances  of  cir- 
culation with  impaired  nutrition,  intoxica- 
tions, and  infections.  Lesions  of  the  cen- 
tral nervous  system  and  peripheral  nerves 
are  also  regarded  as  direct  or  Indirect  causes 
of  gangrene  {neuropathic  gangrene).  The 
tissues  usually  affected  are  those  most  likely 
to  be  infectecl  with  saprophytic  organisms, 
viz.,  the  extremities,  skin,  lungs,  external 
genitals,  uterus,  and  intestines.  (See  also 
Gangrene.) 

Caseation  Necrosis. — The  term  caseous  is 
used  as  a  gross  descriptive  designation  for 
necrotic  processes  in  which  the  dead  areas 
bear  more  or  less  resemblance  to  cheese  in 
color  and  consistency.  Two  forms  may  be 
distinguished,  the  hard  or  firm  and  soft  caseation.  Either 
simple  or  coagulation  necrosis  or  moist  gangrene  may  be 
followed  by  caseation ;  the  latter  condition  is  to  be  re- 
garded as  a  post-necrotic  change  representing  a  more  ad- 
vanced stage  of  cellular  disintegration.  If  coagulation 
necrosis  is  present,  the  caseation  is  usually  of  the  firm 
variety ;  if  there  is  much  fluid  in  the  part  or  if  the  ne- 
crosis had  been  preceded  by  fatty  degeneration,  soft  case- 
ation will  result.  Caseous  areas  are  yellowish  or  gray- 
ish-white, more  or  less  firm,  dry,  or  viscid,  and  on  section 
resemble  cheese  in  consistency.  Microscopically,  the 
outlines  of  tissue  elements  are  entirely  lost,  nuclei  are 
absent,  and  the  cells  broken  into  fine  granules.  Fibrin 
threads  may  be  shown  by  proper  staining ;  fat  droplets 
and  vacuoles  may  be  present.  Early  stages  of  caseation 
may  stain  diifusely  blue  from  diffused  chromatin;  old 
caseation  stains  red  with  eosin,  but  shows  no  trace  of 
chromatin.  The  chemical  nature  of  caseous  material  is 
unknown;  it  probably  includes  many  different  sub- 
stances derived  from  the  breaking  down  of  proteids. 
Caseation  is  a  constant  change  in  tubercles  and  gum- 
mata,  and  is  of  frequent  occurrence  in  old  infarcts,  focal 
necroses,  rapidly  growing  tumors,  etc.  Caseous  areas 
not  infrequently  become  liquefied.  It  is  probable  that 
difl'usiou  processes  take  place  between  the  area  of  casea- 
tion and  the  surrounding  tissue ;  in  this  way  the  former 
may  become  infiltrated  with  fluid. 

According  to  clinical  or  macroscopical  characteristics 
the  various  forms  of  necrosis  are  also  described  as  focal, 
diffuse,  spreading,  central,  circumscribed,  etc.  Of  these 
varieties  focal  necrosis  deserves  special  mention.  The 
term  is  applied  to  small  necrotic  foci,  occurring  very  fre- 
quently in  the  course  of  various  intoxications  and  infec- 
tions, such  as  typhoid,  diphtheria,  scarlatina,  smallpox. 
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puerperal  eclampsia, .  tuberculosis,  toxsemia  of  burns, 
etc.  The  foci  are  found  chiefly  in  the  liver,  spleen, 
lymph  glands,  and  kidneys.  The  form  of  the  necrosis 
is  usually  simple,  but  fibrin  is  often  present  in  the  necro- 
tic material.  The  later  stages  present  the  appearance  of 
caseation.  Focal  necroses  may  not  be  visible  to  the 
naked  eye,  or  they  may  resemble  miliary  tubercles  or  ab- 
scesses, forv^hich  they  maybe  mistaken.  At  other  times 
they  may  appear  as  small  pale  yellovvf  or  grayish  spots 
barely  distinguishable  from  the  surrounding  normal  tis- 
sue. Microscopically,  small  islands  of  simple  coagula- 
tion or  caseation  necrosis  are  found.  When  the  necrosis 
has  been  recent,  diffuse  or  fragmented  chromatin  may  be 
present  and  the  areas  may  stain  deep  blue.  About  the 
necrotic  areas  there  is  often  a  leucocyte  infiltration. 
Many  of  the  leucocytes  become  involved  in  the .  necrotic 
process ;  their  chromatin  becomes  diffuse,  giving  rise  to  a 
deeply  staining  periphery.  In  the  liver  focal  necroses  are 
often  limited  to  the  central  zone  of  the  lobule  about  the 
central  vein ;  hence  the  designation  central  iiecrosis.  The 
same  term  is  also  applied  to  central  necroses  of  bone.  Fo- 
cal necroses  are  due  to  the  direct  action  of  bacilli  or  to 
poisons  acting  directly  upon  the  cells  or  to  local  asphyxia. 
The  changes  in  the  small  capillaries  of  the  affected  tissue 
play  a  very  important  part.  Fibrin  may  be  first  formed 
in  the  capillaries  and  lymph  vessels,  and  thus  shutting  off 
the  supply  of  nutrition  cause  cell  death.  In  other  cases 
changes  in  the  capillary  vyalls  may  be  first  produced  by 
the  injurious  agent;  capillary  thrombosis  follows,  and  to 
this  the  cellular  necrosis  may  be  secondary.  Transuda- 
tion of  serum  through  the  injured  capillary  walls  may 
also  lead  to  necrosis  of  the  surrounding  cells.  The  se- 
quelae of  focal  necrosis  are  the  same  as  those  of  necrosis 
in  general. 

Fat  Necrosis. — The  necrosis  of  the  fat-containing  cells 
of  adipose  tissue  forms  a  condition  so  striking  in  its  clini- 
cal and  pathological  aspects  as  to  warrant  special  men- 
tion. The  condition  occurs  most  frequently  in  the  ab- 
dominal fat  in  connection  with  pancreatitis.  The  necrotic 
areas  appear  in  the  fat  as  grayish  or  yellowish,  or  in  some 
cases  black,  opaque  areas,  soft  or  gritty,  slightly  elevated 
and  usually  circular  in  outline.  The  appearance  some- 
times is  such  as  to  suggest  that  the  fat  had  been  seared 
by  a  hot  iron.  Microscopically,  the  fat  cells  are  enlarged, 
the  nuclei  absent,  the  contents  granular  or  presenting 
the  appearance  of  fine  needles  radiating  from  the  centre 
of  the  cell.  Osmic  acid  has  no  effect  upon  the  altered  fat 
cells.  With  ordinary  stains  the  necrotic  fat  cells  react  in 
a  variety  of  ways.  The  granular  detritus  in  the  fat  cells 
consists  of  a  combination  of  lime  salts  and  fatty  acids. 
If  the  process  is  old,  the  amount  of  lime  salts  may  be 
great.  It  has  been  definitely  shown  that  fat  necrosis  is 
due  to  the  fat-splitting  ferment  of  the  pancreas,  which 
under  certain  inflammatory  conditions  of  that  organ  gains 
access  to  the  tissues  through  the  blood  or  lymph.  Ex- 
perimentally, fat  necrosis  may  be  produced  by  injection  of 
pancreatic  extract,  by  ligature  of  the  pancreatic  vessels, 
by  introduction  of  pieces  -of  pancreas  into  adipose  tissue 
or  into  the  peritoneal  cavity,  and  by  the  direct  action  of 
steapsin  in  fat  tissue.  Not  only  may  the  abdominal  fat 
be  affected  in  cases  of  pancreatitis  associated  with  fat 
necrosis,  but  also  the  fat  of  the  pericardium,  liver  cells, 
retroperitoneal  region,  and  bone  marrow.  In  the  major- 
ity of  cases  the  condition  is  fatal,  but  recovery  has  been 
noted,  the  dead  fat  cells  becoming  calcified. 

Brnmolygis,  the  destruction  of  the  red  blood  cells,  and 
leucolysis,  the  disintegration  of  leucocytes,  are  discussed 
by  some  writers  under  the  head  of  necrosis.  The  exact 
nature  of  these  processes  is  not  at  present  definitely  de- 
termined. Bacterial  products,  various  poisons,  the  blood 
sera  of  animals  of  different  species,  or  of  the  same  species 
under  certain  conditions,  are  the  chief  factors  in  the  pro- 
duction of  these  conditions.  Normal  haemolysis  occurs 
in  the  spleen,  lymph  glands,  hsemolymph  glands,  and 
bone  marrow.  In  pernicious  anaemia,  sepsis,  and  many 
of  the  acute  infections  and  intoxications  hsemolysis  oc- 
curs in  these  organs  to  a  greatly  increased  extent.  Patho- 
logical destruction  of  the  red  cells  in  the  circulating  blood 


occurs  also  in  a  variety  of  infections  and  intoxications. 
The  term  limmocytolysis  is  more  properly  applied  to  this 
condition,  but  has  been  largely  superseded  by  the  word 
haemolysis. 

Sequelai  of  Necrosis. — The  course  of  the  necrotic  process 
depends  upon  the  anatomical  nature  and  location  of  the 
affected  tissue,  the  course  and  manner  of  the  injurious 
influence  causing  the  necrosis,  the  condition  and  envi- 
ronment of  the  affected  part,  the  amount  of  blood  and 
lymph,  the  nature  of  preceding  changes,  the  opportunity 
for  the  access  of  air  and  putrefactive  agents  to  the  part, 
etc.  About  the  necrotic  area  there  is  always  a  more  or 
less  marked  inflammatory  reaction  in  the  surrounding 
living  tissue.  As  a  result  of  such  inflammation  the  ne- 
crotic area  becomes  isolated  and  sequestered.  The  proc- 
ess is  called  sequestration,  and  the  area  of  necrotic  tissue 
so  shut  off  a  sequestrum.  Tlie  ultimate  sequelae  will  be: 
(1)  Regeneration  following  the  absorption  or  casting  off 
of  the  dead  tissue,  new  tissue  resembling  the  normal 
being  formed;  (3)  cicatrization;  (3)  calcification;  (4) 
cyst  foi'mation,  the  dead  tissue  being  liquefied  and  encap- 
sulated ;  (5)  chronic  abscess  or  ulcer. 

Aldred  Scott  Wa/rthin. 

NECROSIS  OF  BONE,     fiea  Bone,  Pathology  of . 

NEMATODA.* — The  class  of  the  Nematoda  or  round 
worms  constitutes  a  large,  rather  uniform,  and  clearly 
demarcated  group,  which  by  many  recent  authors  has 
been  regarded  as  of  the  rank  even  of  a  phylum,  in  which 
case  the  name  Nemathelminthes  has  been  applied.  The 
group  is  characterized  by  a  C3'lindiical  body,  often  fili- 
form even  in  its  attenuation,  and  by  the  heavy  cuticular 
investment  which  carries  in  some  cases  small  bristles, 
hooks,  or  spines,  but  which  is  consistently  without  ap- 
pendages and  manifests  at  most  surface  striation,  but 
never  true  segmentation.  The  body  cavity  is  extensive, 
but  unprovided  with  a  peritoneal  epithelium,  and  the 
sexual  and  excretory  systems  do  not  stand  in  any  con- 
nection with  it.  Another  striking  feature  is  the  entire 
absence  of  cilia  in  all  stages  of  development. 

An  alimentary  canal  is  present,  at  least  in  some  stage 
of  the  life  history  of  all  forms.  It  is  with  rare  exceptions 
a  permanent  structure  in  the  members  of  the  sub-class  of 
true  round  worms,  or  Eunematoda;  but  in  the  sub-class 
of  the  hairsnakes  or  Gordiacea,  the  alimentary  canal  is 
greatly  reduced  in  the  adult,  in  that  the  mouth  is  closed 
and  a  delicate  solid  string  of  tissue  is  the  only  vestige  of 
the  anterior  portion  of  the  canal.  The  posterior  region 
still  retains  its  cavity  and  functions  in  connection  with 
the  reproductive  organs  of  both  sexes,  which  have  with 
it  a  common  outlet.  In  the  Eunematoda,  on  the  other 
hand,  the  male  organs  join  the  alimentary  canal  to  form 
a  common  cloaca,  but  the  female  system  is  entirely  un- 
connected with  the  alimentary  system,  and  the  vulva 
occupies  a  variable  position  in  the  midventral  line.  The 
sexes  are  separate,  though  in  rare  instances  partheno- 
genesis or  hermaphroditism  modifies  the  usual  balance. 

By  far  the  largest  number  of  forms  belongs  to  the  Eu- 
nematoda, which  will  be  considered  first,  while  the  Gor- 
diacea and,  as  an  appendix,  the  Acanthocephala  will  be 
discussed  subsequently.  Among  the  Eunematoda  the 
better  known  forms  are  parasitic,  though  some  are  free 
living  and  an  occasional  species  is  capable  of  making  use 
of  both  types  of  environment.  The  free  living  species 
are  uniformly  insignificant,  but  among  parasitic  forms 
one  finds  the  microscopic  blood  parasites  and  the  meter 
long  guinea  worm.  In  respect  to  location  also  there  ob- 
tains great  variety ;  and  one  finds  these  parasites  in  all 
regions  of  the  alimentary,  respiratory,  circulatory,  excre- 
tory, and  muscular  systems,  and  in  connective  tissue  and 
serous  cavities. 

The  greatly  elongated  cylindrical  form  tapers  as  a  rule 
more  or  less  toward  both  ends,  though  generally  speak- 


*  A  general  discussion  ol  parasitism  and  its  effects  will  be  loiind 
under  tbe  heading  Parasites. 
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ing  the  head  is  truncated  and  the  tail  acute.     Tlio  cliitin- 
ous  cutlcula  invests  the  entire  body,  and  is  introverted  a 

short  distance  at 
all  orifices.  It 
bears  rarely  un- 
joiuted  spines 
and  bristles  and 
is  marl?ed  often 
by  delicate  sur- 
face striations. 
In  cross  section 
(Fig.  3537)  the 
body  appears 
circular,  and 
shows  beneath 
tlie  cuticula  a 
thin  hypoder- 
ma  laye]',  which 
is  prominently 
thickened  at 
four  points.  Of 
these  the  lateral 
lines,  fields,  or 
areas,  as  they 
are  called,  are 
largest,  and  are 
visible  in  sur- 
face view  as  del- 
icate longitudi- 
nal stripes  {c. 
Fig.  3535).  The 
dorsal  and  ven- 
tral median  lines 
are  much  less 
prominent  and 
are  distinguish- 
able ordinarily 
only  in  sectional 
views. 

Directly  be- 
low the  hypo- 
dermis  is  tlie 
muscular  layer 
which  is  inter- 
rupted by  the 
lines  already 
noted,  and  hence 
appears  as  four 
muscular  fields. 
The  muscle  cells 
(m.  Fig.  3536) 
are  of  a  peculiar 
type  in  that  a 
protoplasmic 
iDody  is  distinct 
from  the  con- 
tractile fibrillar 
portion.  The 
main  trunks  of 
the  nervous  sys- 
tem occupy  the 
dorsal  and  ven- 
tral areas,  while 
the  lateral  areas 
contain  each  a 
delicate  canal,  which  has  been  interpreted  as  part  of  the 
otherwise  unexplained  excretory  system ;  with  the  latter 
are  associated,  however,  certain  stellate  cells  of  peculiar 
character,  which  project  from  the  lateral  fields  into  the 
body  cavity  and  are  known  as  phagocytic  organs. 

The  alimentary  canal  {i.  Fig.  3535)  is  a  straight  simple 
tube  extending  from  the  mouth,  which  is  always  terminal, 
to  the  anus,  which  varies  in  location  from  the  posterior 
end  to  a  position  ou  the  ventral  surface,  some  little  dis- 
tance removed  from  it.  Various  features  connected  with 
the  canal  are  of  great  systematic  importance.  About  the 
mouth  are  found  a  number  of  lips  and  papillae  character- 
istic of  the  genus  or  family.     The  buccal  or  pharyngeal 


Fig.  3535.— Internal  Anatomy  of  Ascaris  lum- 
bricoides,  opened  along  dorsal  line.  A,  Male ; 
B,  female ;  c,  lateral  line ;  de,  ductus  ejacula- 
torlus :  (Jo,  uterus ;  i,  intestine ;  <b,  oesophar 
(fus ;  OB,  coiled  ovary ;  vg,  vagina ;  vs,  semi- 
nal vesicle.    (After  Delaf  end.) 
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cavity,  an  enlargement  at  the  outset,  the  muscular  oesoph- 
agus with  a  triangular  lumen  (Pig.  3537)  and  a  ter- 
minal enlargement  which  may  be  indis- 
tinctly marked,  or  may  partake  of  the 
form  of  a  distinct  bulb,  or  even  two 
such,  with  a  valvular  apparatus,  the  in- 
testine proper  followed  by  the  rectum 
and  cloaca  in  the  male — these  constitute 
the  distinct  parts  of  the  alimentary 
system. 

The  sexual  organs  have  the  form  of  a 
long  coiled  tube,  in  the  attenuated  distal 
end  of  which  the  sexual  cells  are  pro- 
duced, while  the  proximal  portions  af- 
ford storage  for  the  perfected  germ  cells 
before  they  are  discharged  from  the 
body.  In  the  female  the  system  is  reg- 
ularly bifid,  although  one  horn  of  the 
uterus  may  be  undeveloped  to  a  greater 
or  less  extent,  while  in  the  male  only 
a  single  tube  is  present.  The  varied 
debouchment  of  the  system  in  the  two 
sexes  has  already  been  noted.  About 
the  vulva  chitinouslips  often  of  notable 
thickness  are  developed,  and  on  the  ex- 
ternal surface  near  the  male  orifice  nu- 
merous papillsB  characteristic  of  the 
genus  or  species,  and  at  times  a  sucker 
also  are  to  be  found;  these  function  as 
accessory  copulatory  apparatus,  while 
in  the  same  category  are  included  ex- 
panding folds  of  the  body  wall  known  as  the  bursa  and 
awl-shaped  chitinous  structures  called  spicules.  The 
bursa  varies  fiom  a  pair  of  simple  folds  lateral  to  the 
cloaca  to  a  cup  or  bell  surrounding  it  and  the  posterior 
end  of  the  body.  The  spicules,  either  one  or  two  in 
number,  with  an  accessory  guiding  piece  in  some  in- 
stances, are  developed  in  a  dorsal  evagination  from  the 
cloacal  wall  and  provided  with  special  musculature  for 
extrusion  and  retraction.  Their  form  varies  greatly  in 
diflferent  species,  and  with  the  bursa  and  circumanal  pa- 
pillae constitutes  the  means  for  determination  of  the  spe- 
cies. 

The  Eunematoda  are  oviparous,  but  in  some  cases  the 
eggs  are  retained  long  enough  in  the  uterus  to  contain 
when  laid  a  partly  or  fully  developed  embryo ;  and  in  a 


Fig.  3536.— Sec- 
tion of  Body 
Wall.  Highly 
magniOed.  n, 
Nucleus  and  p, 
protoplasmic 
body  of  muscle 
cell,  m. 


Fig.  3537.— TranssecHon  of  Ascaris  lumhricoides  at  level  of  oespha- 
gus.  c,  Cuticula ;  h,  hypodenn ;  *,  intestine ;  m,  muscle  layer ;  d, 
dorsal,  s,  lateral,  v,  ventral  lines;  w,  excretory  canal.  (After 
Hertwlg.) 


few  species  the  embryo  deserts  the  shell  before  it  is  ex- 
truded from  the  body.  All  stages  in  the  development  of 
this  ovoviviparous  habit  may  be  observed. 

Ordinarily  the  eggs  which  undergo  development  exter- 
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Neinatoda, 
Neinatoda. 


Fig.  3538.  —  Anguinula  accti.  A,  Tall  of 
male :  ac^  accessory  piece ;  sp,  spicules : 
B,  spicules  partially  protruded  from  anus. 
Magnltted.    (After  Stiles.) 


nal  to  the  body  of  the  host  are  provided  with  a  lieavy 
shell  to  resist  the  action  of  an  unfavorable  environment. 
In  case  the  eggs  undergo  development  while  still  in  the 
uterus,  the  shell  is  thin.     Some  species  develop  directly, 
i.e.,  without  a  change  of  host,  though  a  certain  stage  in 
the    life   history    at    least   is 
passed  in  the  outer  world ;  in 
other  cases  the  immature  worm 
lives  in  another  animal,  known 
as  the  intermediate  host,  than 
that  wliich  har- 
bors the  adult, 
or  rarely  in  a  dif- 
ferent   part    of 
the  body  of  the 
one    host.      In   a 
few  species  a  pa- 
rasitic generation 
alternates  with  a 
free  living  gener- 
ation of  such  dif- 
ferent form  as  to 
have  been  regard- 
ed   as  another 
species;    and  the 
alternating     gen- 
erations differ  rad- 
ically in  method  of  reproduction.     In  one  case  at  least 
(Tnchinella)  the  entire  life  history  is  passed  within  the 
host  and  transportation  to  a  new  host  depends  upon  the 
carnivorous  habit.     In  other  cases  also  (blood  filarise)  the 
life  history  is  passed  within  two  hosts  and  no  part  takes 
place  externally ;  but  in  most  instances  there  is  a  free 
living  stage  and  infection  is  brought  about  primarily 
through  the  drinking-water.    Some  prominent  exceptions 
to  this  general  statement  are  noted  later. 

The  family  of  the  Anguillulidse,  which  is  difficult  to 
characterize,  contains  mostly  free  nematodes  of  small 
size,  transparent,  filiform,  and  tapering  to  both  ends. 
The  oesophagus  is  inflated  or  has  one  or  two  bulbs  at  the 
posterior  end.  The  female  possesses  double  symmetrical 
uteri  and  short  reflexed  tubular  ovaries,  with  vulva  at  or 
behind  the  centre  of  the  body,  with  few,  large  ova,  and 
with  development  rapid,  often  ovoviviparous.  The  male 
has  two  equal  chitinous  spicules,  with  or  without  one  or 
more  accessory  pieces.     The  type  genus  is 

Anguillula  '  Ehrenberg  1836.  —  Buccal  cavity  very 
minute ;  oesophagus  cylindrical  with  two  bulbs,  the  pos- 
terior having  a  valve  apparatus ;  vulva  behind  centre  of 
body;  male  without  bursa;  accessory  piece  single,  fan- 
shaped.  The  best-known  species  is  the  vinegar  eel,  which 
has  recently  been  found  as  a  parasite  of  man. 

Anguillula  aceti  Miiller  (Fig.  3538).— Cuticula  uu- 
striated,  body  tapering  slightly  anteriad;  tail  greatly 
attenuated.  Male  1.35  to  1.45  mm.  long  by  24-28 ju  wide. 
Spicules  38 ;«  long,  similar,  twisted;  accessory  piece 
slightly  caudad;  no  bursa;  papillae  at  least  two  preanal 
and  one  postanal.  Female,  1  to  2.4  mm.  long,  by  40-72 /i 
in  diameter,  contains  embryos  0.22  mm.  long  by  12|Uin 
diameter. 

This  worm,  which  is  everywhere  common  in  vinegar, 
has  been  recently  studied  by  Stiles  and  Frankland  in  the 
r61e  of  a  human  parasite.  The  specimens  were  taken  in 
great  numbers  from  the  urine  of  a  female  patient,  and 
were  present  during  a  period  of  thirty -three  days.  The 
urine  was  always  very  acid  and  once  had  a  marked  odor 
of  vinegar.  In  this  sample  the  worms  lived  two  months, 
and  individuals  then  removed  to  vinegar  became  vigor- 
ous and  bred  rapidly. 

Pathology.— The  patient  had  chronic  parenchymatous 
nephritis  of  a  degenerative  type,  and  the  urine  frequently 
contained  albumin,  but  not  while  the  parasites  were  pres- 
ent. No  symptoms  traceable  to  them  were  observed,  and 
their  presence  in  the  bladder  remained  unexplained.  The 
suspected  use  of  vaginal  douches  acidulated  with  vinegar 
was  denied  by  the  patient,  and  no  grounds  existed  for 
questioning  the  truth  of  the  statement.  Evidently  this 
parasite  might  be  present  in  the  vagina  if  such  a  practice 


were  followed.  Billings  and  Miller  have  reported  two 
other  cases  from  the  United  States  in  which,  however, 
the  source  of  the  parasite  was  not  demonstrated  beyond 
question. 

Leptodera  A.  Schneider  1868.— Oesophagus  with  two 
bulbs,  the  posterior  with  or  Avithout  valves.  Male  with 
or  without  bursa,  often  six  to  ten  papillae  on  the  bursa  or 
on  the  median  line ;  two  short  spicules  and  a  single  ac- 
cessory piece.  Some  species  are  hermaphroditic.  A  some- 
what indistinct  genus,  difficult  to  separate  from  that  last 
described,  and  perhaps  identical  with  it. 

Leptodera  Niellyi  R.  Blanchard  1885. — (Syn. :  Anguil- 
lulaleptodera 'Nieily,  Mhabditis  Niellyi  "R.  Bl.  1888.) 

This  species  is  known  only  in  the  larval  form,  in  which 
it  measures  833  |U  in  length  and  13 /^  in  breadth.  The  ali- 
mentary canal  was  the  only  internal  organ  described;  it 
displayed  two  enlargements  in  the  pharynx,  the  second 
pharyngeal  bulb  having  a  dentate  armature. 

The  worms  were  discovered  by  Nielly  in  1883  in  a 
young  man,  fourteen  years  of  age,  who  ^^'as  born  near 
Brest,  and  had  never  been  out  of  that  region.  A  dermal 
eruption,  much  like  craw -craw,  of  about  five  or  six  weeks' 
standing,  affected  chiefly  the  patient's  limbs.  In  the 
fluid  of  each  papule  were  found  several  worms,  and  the 
blood  showed  on  microscopical  examination  at  the  outset 
of  the  malady  many  small  nematoda,  which,  however, 
could  not  be  found  later;  at  no 
time  were  they  found  in  fseces  or 
urine. 

The  method  of  the  introduction 
of  the  parasite  was  unknown;  but 
it  was  remarked  that  the  lad  had 
been  in  the  habit  of  drinking  from 
brooks.     It  is  easily  surmised  that 
the  eggs  of  the  worm  were  swal- 
lowed in  drinking,   and    that 
Oy     the  embryos,  hatching  out  in 
the    alimentary    canal,   bored 
their  way  into  the 
circulation     and 
thus  reached  the 
skin.    Their  pres- 
ence both  in  the 
blood  and  in  the 
papules    is    thus 
easily    explained. 
They    may    have 
been,  however, 
larvae     of     some 
imported     filaria, 
though   dermato- 
sis caused  by  lar- 
val nematoda  has  been  observed  in 
dog,  fox  and  horse  in  Europe  by 
many  investigators. 

In  this  connection  it  is  important 
to  note  the  similarity  of  this  case  to 
craw -craw,  a  contagious  vesicular 
eruption  of  the  skin,  observed  in 
Africa  and  in  South  America,  in 
which  various  investigators  have 
reported  the  presence  of  larval  ne- 
matoda. Manson  regards  craw- 
craw  as  a  dermatosis  characteristic 
of  the  "  sleeping  sickness,"  endemic 
on  the  west  coast  of  Africa.  Mo- 
niez  has  suggested  that  the  para- 
sites to  which  this  case  is  due  may 
have  been  imported  by  some  sailor 
from  Africa,  and  associates  with  it 
the  case  of  elephantiasis,  also  ob- 
served in  Brittany. 
Leptodera  pellio  (A.  Schneider 
1866). — (Syn.:  Bhabditis  pellio  A.  Schneider  1866;  JR. 
pellio  Biltschli  1873 ;  B.  genitalis  Scheiber  1880.) 

Male:  Length,  0.8-1.5  mm.;  bursa  with  seven  to  ten 
ribs  on  each  side;  spicules  27-33^  in  length,  nearly  alike. 
Female:  Length,  0.9-1.3  mm.,  posterior  extremity  long 

20Y 


FIG.  35S9.—Stronay- 
l  aides  stercoralis 
from  Human  Intes- 
tine. X  80.  (After 
Braun.) 


Nematoda. 
Nematoda. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Fig.  3540.— Str  0 riff  j/- 
loides  stercoralis. 
A,  Ehabdltiform 
larva  Irom  fresh 
f  EEces.  X 145 :  B,  flla- 
riform  larva  from  cul- 
ture ;  Gd,  genital  cell. 
X135.  (After  Braun.) 


and  pointed,  vulva  a  little  in  front  of  the  middle ;  ovary 
not  paired ;  eggs  oval,  60  by  35  fi. 

Scheiber  found  this  species  at  Stuhlweissenburg,  Hun- 
gary, in  the  urine  of  a  native  woman  suffering  from  py- 
elonephritis, pneumonia,  and  acute 
intestinal  catarrh.  During  the  en- 
tire illness  the  worms  were  found 
in  the  vagina  in  all  stages  of  de- 
velopment. Several  other  authors 
have  found  what  is  closely  related, 
if  not  the  same  form,  in  the  urine 
in  cases  of  hematuria ;  but  the  par- 
asitism is  probably  accidental,  since 
Oerley  has  shown  that  B.  genitalis 
Scheiber  must  be  referred  to  JR. 
pellio,  a  common  free  living  form 
found  in  moist  earth  and  putrefy- 
ing substances,  and  also  that  worms 
of  this  species  will  multiply  in  the 
vagina  of  white  rats.  There  is  fur- 
ther to  be  noted  both  the  habit  of 
Hungarian  peasants  in  employing 
moist  earth  for  poultices  and  the 
record  of  Scheiber,  that  patient  and 
clothing  were  earth-stained,  ren- 
dering it  altogether  likely  that 
such  a  poultice  had  been  applied 
near  the  vulva,  and  that  from  it  the 
free  living  worms  had  successfully 
colonized  the  vagina. 

Lepiodera  terricola  (Du  jar  din 
1845. ) — (Syn. :  Rhabditis  terricola 
Du j .  1845 ;  Pelodera  teres  Schneider 
1866;  P.  setigera  Bastian  1879;  B. 
Oornwalli  Cobbold  1879.) 

Mouth  with  six  lips,  anterior  bulb 
of  pharynx  fusiform,  posterior 
spherical.  Male:  Length,  1.3  mm.; 
tail  attenuated,  slightly  longer  than  the  bursa.  Fe- 
male: 2  mm.  in  length  and  over;  posterior  extremity 
sometimes  regularly  attenuated,  sometimes  sharply 
rounded  and  provided  with  a  very  fine  tail;  vulva 
about  the  middle  of  the  body;  ovoviviparous ;  eggs  60 
by  40/<. 

This  typical  free  living  species  should  be  listed  as  a 
pseudo-parasite  of  man  by  virtue  of  its  occurrence  in  ca- 
davers, and,  in  one  case  at  least,  its  confusion  with  tri- 
china. The  facts  in  this  celebrated  case  are  as  follows : 
The  English  schoolship  Cornwall  was  visited  in  1879  by 
an  epidemic  which  affected  many  cadets  and  killed  one. 
The  symptoms  of  the  disease  were  not  incompatible  with 
trichinosis,  and  microscopical  examination  of  the  ex- 
humed cadaver,  undertaken  two  months  later,  demon- 
strated in  the  muscles  of  the  abdomen  many  nematoda, 
which,  with  the  exception  of  the  first  one  examined, 
were  dead,  but  not  one  was  encysted.  The  epidemic 
was  pronounced  therewith  trichinosis,  and  attracted 
enough  attention  to  be  brought  before  Parliament. 
Cobbold  and  Bastian  easily  showed  that  the  worms  in 
question  had  nothing  to  do  with  Trichinella,  and  Oerlej' 
established  their  identity  with  L.  terricola,  which  had 
undoubtedly  penetrated  the  body  after  inhumation. 

The  family  of  the  Angiostomidse  includes  small  rhab- 
ditis-like  nematoda  which  manifest  In  development  the 
alternation  of  two  types  of  sexual  generations  of  which 
the  first  is  dioecious,  free  and  very  similar  to  Leptodera, 
while  the  second  is  parasitic,  hermaphroditic,  and  of  a 
different  structure. 

Strongyloides  Grassi  1879. — Parasitic  generation  with 
simple  mouth  in  which  no  armature  is  present ;  cylindri- 
cal pharynx  very  long.  Free  generation  with  small  oral 
cavity ;  pharynx  with  two  bulbs,  the  anterior  fusiform, 
the  posterior  spherical  and  armed ;  male  with  two  small 
spicules  similar. 

Strongyloides  stei'coralis  Stiles  and  Hassall  1902. — (Syn. 
Anguillula  intestiitalis  and  A.  stercoralis  Bavay  1877 
Leptodera  intestinalis  and  L.  stercoralis  Cobbold  1879 
Pseudorhabditis  stercoralis  Perroncito  1881 ;  Bftabdonema 


strongyloides    Leuckart    1883;    Strongyloides  intestinalis 
Grassi  1883;  B.  intestinale  Blanchard  1885.) 

Free  generation  (Bavay 's  A.  stm'coralis)  both  sexes  oc- 
cur; body  slender,  tapering  toward  the  ends ;  mouth  with 
three  or  four  indistinct  papillae;  oesophagus  0.16  mm. 
long,  with  well-developed  buccal  cavity  and  two  bulbs, 
the  posterior  of  which  is  armed  with  three  chitinous  teeth ; 
anus  with  protruding  lips  on  right  side  of  body.  Male 
(Fig.  3541,  B):  0.75-1  mm.  long,  35  to  66  a  thick,  with 
short  recurved  tail  and  two  curved,  conical  spicules,  38  /i 
long.  Female  (Fig.  3541,  A);  1-1.4  mm.  long,  50-75 /j 
broad,  with  long  slender  pointed  tail;  vulva  a  little  be- 
hind the  middle  of  the  body  and  on  the  right  side;  uterus 
double;  eggs  ellipsoidal,  thin-shelled,  70  by  45 ^u,  seg- 
mentation advanced,  embryo  often  hatched  within  body 
of  mother ;  embryos  at  first  with  tapering  tail,  bulbous 
cesophagus,  and  chitinous  teeth,  soon  changing  to  filari- 
form stage. 

Parasitic  generation  (Bavay 's  A.  intestinalis)  (Pig. 
3539).  Female  only,  hermaphroditic  or  parthenoge- 
netic;  length  2.1-2.2  mm.,  breadth 30-39 ft  body  slightly 
tapering  anteriorly,  but  terminated  posteriorly  by  a 
short  bluntly  conical  tail,  with  rounded  and  slightly  di- 
lated tip;  mouth  with  three  poorly  developed  lips  (or 
none?  Strong);  oesophagus  cylindrical,  with  no  swell- 
ings, one-fourth  the  length  of  the  body  or  more,  distin- 
guishable readily  only  in  color  from  the  intestine ;  vulva 
transverse  in  posterior  third  of  the  body;  uterus  with 
five  to  six  (nine  to  twenty  ?)  ellipsoidal  eggs,  50-59,  or 
65-70  |U  by  30-34,  or  39  ,u,  and  often  joined  in  strings  of 
two  or  three.  The  eggs  are  segmenting  when  laid, 
they  develop  rapidly  and  batch  before  being  ejected 
with  the  excrement.  Embryos  rhabditiform,  0.3-0.6 
mm.  long  by  16-23/^  wide;  first  molt  within  twenty 
hours  if  in  incubator. 

Dr.  Normaud  discovered  the  species  in  1876,  when  ex- 
amining microscopically  the  stools  of  soldiers  returned 
from  Cochin  China,  who  were  suffering  from  acute  dys- 
entery. Somewhat  later  he  found  at  the  necropsy  of  a 
soldier  who  had  died  from  Cochin  China  diarrhoea,  the 
other  form  of  the  species.  Both  of  these  forms  were  origi- 
nally studied  and  described  by  Bavay.  It  was  in  1883,  be- 
fore the  connection  of  the  two  was  established  by  Leu- 
ckart, who  showed  them  to  be  phases  in  the  life  history 
of  the  same  species.  In  life  man  harbors  in  the  canal  the 
one  *  form  {A.  intestinalis  Bavay)  and  its  young  which, 
reaching  the  exterior  with  the  faeces,  maybe  transformed 
then  into  the  other  adult  {A.  stercoralis  Bavay) ;  the  lat- 
ter transformation  may  also  take  place  in  the  intestine 
after  death,  as  in  cultures  made  in  confirming  these  dis- 
coveries. Later  authors  have  added  many  details,  which 
may  be  summarized  as  follows : 

The  parasitic  generation,  which  recalls  a  strongylld  or 
a  fllaria  in  general  appearance,  produces  eggs  so  abun- 
dantly that  from  an  ordinary  infection  more  than  a  million 
embryos  may  be  evacuated  in  a  single  stool.  The  em- 
bryos (Pig.  3540,  A)  measure  at  hatching  0.2-0.34  mm. 
long  by  13  //  broad,  but  develop  so  rapidly  that  those  in  the 
stools  have  attained  a  length  of  0. 30-0. 60  mm.  by  a  width 
of  16-33//.  The  embryos  are  characterized  by  "a  rhabdi- 
tiform cBsophagus,  and  under  normal  temperature  they 
soon  moult;  and  then,  protected  asif  by  a  cyst  in  the  larval 
skin,  await  more  favorable  conditions  for  further  devel- 
opment. If  kept,  however,  at  a  temperature  of  35-35° 
C.  they  develop  to  sexual  maturity  in  fifteen  to  eighteen 
hours;  they  copulate  in  thirty  hours,  and  the  females 
begin  to  lay  at  fifty  to  fifty-five  hours. 

After  the  first  moult  the  structure  of  the  embryos  be- 
comes more  distinct,  and  one  can  see  three  or  four  oral 
papillfe  and  a  buccal  cavity,  together  with  an  anterior 
enlarged  and  median  constricted  region  of  the  oesopha- 
gus, which  is  terminated  by  the  oesophageal  bulb,  con- 
taining an  apparatus  for  trituration  composed  of  three 
chitinous  teeth.  The  intestine  which  follows  ends  in  a 
slightly  protruding  anus  located  on  the  right  side.    Also 

*  It  is  disputed  whether  the  other  form  may  very  rarely  he  found 
under  the  same  circumstances. 
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on  the  right,  about  one-third  the  distance  from  the  bulb 
to  the  tail,  is  the  whitish  lenticular  proton  of  the  sexual 
system. 

In  most  cases  studied  in  temperate  regions  after  a  few 
days  in  culture,  these  embryos  die  or  change  form,  be- 
coming elongate  and  with  more  tapering  tails,  the  ossoph- 
agus  loses  its  teeth  and  enlargements  and  becomes  a  uni- 
form cylinder;  the  embryos  resemble  young  filarise  and 
have  taken  on  the  strongyloid  form  (Fig.  3540,  B). 

Only  thirty  to  forty  eggs  are  deposited  by  each  female 
of  the  free  generation  (Bavay's  A.  siercoralis),  which  de- 
velop so  rapidly  as  to  approach  the  ovoviviparous  condi- 
tion; they  hatch  out  young  worms  about  0.33  mm.  long, 
in  which  the  oesophagus  manifests  a  distinct  rhabditiform 
character.  After  the  first  moult,  which  occurs  when  they 
are  about  0.35  mm.  long,  they  acquire  in  from  thirty  to 
thirty -six  hours  the  strongyloid  appearance,  in  that  the 
mouth  shows  four  lips,  the  oesophagus  is  cylindrical  and 
has  lost  its  dental  armature,  the  tail  is  shortened,  and 
bears  near  its  end  two  small  lateral  Wings.  At  the  end 
of  eight  days  the  free  form  can  no  longer  be  found  in  the 
cultures,  and  all  the  young  have  become  strongyloid 
larvse.  If  introduced  into  the  intestine,  these  larvse  de- 
velop into  the  parasitic  female,  with  which  the  cycle  be- 
gins anew. 

A  remarkable  modification  of  this,  the  normal  life  cycle 
of  the  species,  was  discovered  by  Grassi,  who  found  that 
the  development  might  be  abridged  since  the  rhabditi- 
form embryos  may  transform  directly  into  the  strongy- 
loid larvae  without  the  intervention  of  any  free  sexual 
generation.  This  direct  development  has  been  confirmed 
by  Leichtenstern,  who  has  observed  it  for  weeks  in  suc- 
cession, while  at  other  times  alternation  with  the  free 
rhabditiform  generation  comes  in.  The  causes  of  this 
transformation  are  unknown  as  yet;  it  must,  however, 
be  regarded  as  an  important  etiological  factor,  since  the 
infection  of  man  may  be  due  to  the  accidental  introduc- 
tion of  either  sort  of  larvse,  or  of  the  adult  parasitic 

form.  Stiles  has  sug- 
gested that  this  ab- 
breviation is  a  step 
toward  perfect  par- 
asitism. 

The  method  of  in- 
troduction can  only 
be  inferred  to  be  im- 
pure water  or  vege- 
tables,   salads,    etc., 
which  have  been  con- 
taminated by  human 
excrement.      Al- 
though Normaud  ac- 
quired the  disease  in 
Cochin  China,  while 
having  refrained  ab- 
solutely from  drink- 
ing any  but  imported 
water,   and  was  ac- 
cordingly inclined  to 
question     the     part 
played  by   water  in 
its    dispersal,  yet  in 
the  absence  of   fur- 
ther evidence  general 
considerations    must 
point  to  this  as  the  most  probable  source  of  in- 
fection.    Differences  in  manner  of  development 
are  present  in  embryos   from  a  single  original 
infection  and  external  conditions  seem  to  be  in- 
determinate;   it  is  possible  that  the  age  of  the 
parent  animal  is  of   influence.     Embryos  with 
direct  development  are  at  least  more  resistant, 
and  alone  survive  under  unfavorable  environment. 

It  has  been  claimed  after  culture  experunents  by  Wilms 
that  there  are  not  two  varieties  of  the  parasite,  one  de- 
veloping by  the  direct;,  the  other  by  the  indirect  method, 
but  that  embryos  from  the  same  lot  of  eggs  may  develop 
in  either  fashion.  Though  the  number  of  cases  observed 
Vol.  VI.— 14 


Fig.  35il.—Strongyloides  ster- 
coralis.  A,  Female  of  free 
generation  in  advanced  stage 
of  development;  B,  male 
from  culture  of  fasces;  sp, 
spicules.  Magnified.  (After 
Zinn.) 


is  probably  too  small  for  definite  conclusions,  it  is  strik- 
ing that  cases  infected  with  the  tropical  strongyloids 
develop  usually  with  the  interpolation  of  the  free  sexual  • 
generation,  while  cases  infected  in  temperate  regions, 
both  of  Europe  and  America,  manifest  almost  exclu- 
sively direct  development.  It  should  not  be  forgotten 
that  there  may  be  concerned  here  more  than  one  species 
of  closely  related  and  heretofore  confused  forms,  which 
would  account  for  some  of  the  apparently  conflicting 
statements.  Certain  it  is  that  the  figures  of  the  larvae, 
given  by  various  authors,  do  not  agree  in  the  form  and 
proportions  of  the  diSerent  regions  in  the  oesophagus, 
which  for  individuals  in  the  same  moult  are  ordinarily  re- 
garded as  constant,  and  an  examination  of  the  adult  para- 
sites, as  figured  by  two  most  recent  observers,  Strong  and 
Braun,  shows  numerous  differences  in  detail,  which  can 
hardly  be  errors  in  observation. 

The  observations  of  Grassi,  that  the  alternation  of  gen- 
erations described  above  is  not  a  necessary  feature  in  the 
life  cycle  of  this  species,  is  still  further  of  importance  as 
explaining  the  enormous  number  ot  worms  found  in  the 
intestine  in  some  cases.  Leuckart  records  an  instance  in 
which  prodigious  quantities  of  the  worms  were  evacu- 
ated even  a  year  and  a  half  after  leaving  the  locality  of 
infection.  Such  evidence  leaves  little  reasonable  doubt 
of  the  multiplication  of  the  parasite  in  the  human  ali- 
mentary canal,  as  in  fact  related  species  do  so  reproduce 
in  other  animals  and  as  Anguillula  aceti  multiplies  in  the 
human  bladder  as  noted  above.  • 

Distribution.  —  Strongyloidea  stercoralis  occurs  very 
widely.  The  entire  tropical  and  subtropical  zone  of 
Africa,  Asia,  the  Philippines,  and  the  East  Indies  form 
apparently  its  original  home,  within  which  its  occurrence 
is  all  but  universal.  It  has  also  been  recorded  from  Mar- 
tinique, Brazil,  Hawaii,  and  in  Europe  from  Sicily,  Italy, 
and  Mount  St.  Gothard  tunnel,  Spain,  Russia,  and  among 
brickworkers  along  the  Rhine  and  in  East  Prussia.  First 
reported  in  the  United  States  by  Strong,  it  has  been  ob- 
served and  studied  since  then  twice  in  Baltimore  by 
Thayer,  who  showed  its  probable  endemic  character. 
For  further  data  on  its  occurrence  as  well  as  for  bibliog- 
raphy and  discussion  of  previous  cases  consult  the 
splendid  paper  by  the  latter  author.  Stiles  has  5  further 
cases  to  be  published  soon. 

Pathology. — At  first  the  worm  was  regarded  as  the 
cause  of  the  dysentery  in  which  it  was  originally  discov- 
ered and  with  which  it  is  usually  associated ;  more  recent 
investigations  have  thrown  some  doubts  upon  this  view. 
The  rarity  of  the  worm  in  the  intestine  at  the  outset  of 
the  disease,  its  abundance  in  stools  of  convalescents,  its 
absence  in  cases  which  have  freely  bilious  diarrhcea,  and 
often  in  severe  attacks  of  Cochin  China  diarrhoea,  and 
finally  its  frequent  presence  in  individuals  enjoying  nor- 
mal health,  all  militate  against  the  supposed  pathogenic 
role  of  the  species ;  and  both  Grassi  and  Leichtenstern  go 
so  far  as  to  proclaim  the  species  entirely  innocuous,  "  in- 
nocent commensals  of  man. " 

On  the  other  hand,  its  presence  is  not  regarded  by  all 
authors  as  harmless,  even  though  they  do  not  regard  it 
as  the  cause  of  the  disease.  Sonsino  has  found  that  in 
Italy  excessive  multiplication  of  the  species  may  give 
rise  to  acute  enteritis  followed  by  dangerous  anaemia. 
Golgi  and  others  have  observed  epithelial  lesions  which 
they  have  attributed  probably  with  justice  to  the  action 
of  this  parasite.  Its  extraordinary  multiplication  in  the 
human  alimentary  canal  nsust  contribute  to  the  irritation 
of  the  mucosa  and  to  the  development  of  the  lesions  pro- 
duced by  the  so-called  Cochin  China  dysentery.  Recent 
observations  of  Askanazy  serve  to  demonstrate  the  path- 
ological character  of  these  worms,  which  he  finds  to  be 
actual  parasites  of  the  intestinal  wall  in  the  duodenum 
and  jejunum.  Here  they  penetrate  chiefly  the  mucosa, 
being  often  found  in  the  epithelium  of  Lieberkuhn's 
glands.  They  may  penetrate  to  the  muscular  layer  or 
rarely  deeper  than  this.  These  migrations  are  in  search 
of  food,  as  the  chyle -filled  body  of  the  worm  shows;  but 
no  evidence  was  found  to  show  that  they  ever  suck  the 
blood  of  their  host. 
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The  female  deposits  eggs  in  the  galleries  of  the  mu- 
cosa, which  give  rise  to  embryos  that  wander  out  into  the 
lumen  of  the  intestine.  In  Teissier's  case  it  was  claimed 
that  these  embryos  had  taken  a  different  route  and  had 
entered  the  circulation,  perhaps  by  way  of  the  chyle 
tubes;  their  presence  here  was  accompanied  by  high 
temperature,  which  abated  with  their  disappearance 
three  days  later.  More  probably  this  case  represents  a 
double  infection  of  Filaria  with  Strongyloides.  The 
limited  number  of  Strongyloides  eggs  found  in  the  fseces  is 
to  be  explained  perhaps  on  their  deposition  deep  in  the  tis- 
sue. More  recently  Strong  has  confirmed  the  presence  of 
adults,  eggs  and  embryos  in  the  epithelium  and  in  the 
cavity  of  the  crypts  of  Lieberkuhn,  in  which  cases  the 
epithelium  is  often  atrophied  and  less  frequently  entirely 
gone.  Infiltrations  of  small  round  cells  were  observed 
in  some  cases,  but  no  marked  inflammatory  changes. 
This  author  believes  that  the  parasite  is  not  harmless, 
though  not  particularly  dangerous;  and  he  finds  it  capa- 
ble of  producing  an  intermittent  diarrhosa  with  intestinal 
disturbances.  It  certainty  causes  some 
meciianical  injury  from  its  rapid  move- 
ments. 

Prevention. — The  use  of  filtered  or 
boiled  water  and  abstinence  from  eat- 
ing uncooked  vegetables  of  any  sort, 
as  well  as  the  destruction  of  stools  from 
patients  afflicted  with  the  parasite,  are 
evident  .measures  suggested  by  the  life 
history.  Special  mention  has  been 
made  by  various  observers  of  the  gen- 
eral immunity  of  natives  in  Cochin 
China  toward  both  the  parasites  and 
the  endemic  dysentery,  and  it  has  been 
explained  on  the  basis  of  their  univer- 
sal use  of  water  boiled  or  treated  with 
alum  sufficient  to  precipitate  the  or- 
ganic matter. 

The  hydrotactic  tendency  of  the  em- 
bryos is  useful  in  diagnosis  in  cases  in 
which  they  are  present  in  small  num- 
bers, since  in  the  centre  of  a  fecal  layer 
spread  on  a  culture  plate  a  small  cav- 
ity can  be  made  and  filled  with  water; 
here  the  embryos  collect  and  are  easily 
found.  In  pure  water  the  embryos  of 
the  free  generation  are  apt  to  perish, 
perhaps  through  lack  of  ifood  materi- 
als. Leichtenstern  has  also  pointed 
out  that  a  differential  diagnosis  be- 
tween this  species  and  Uiicinaria  is 
not  difficult,  since  in  fresh  faeces  the 
latter  form  appears  only  as  eggs,  the 
former  only  as  embryos.  The  Uncinaria  embryo  is  also 
easily  distinguished  from  that  of  Stro7igyloides,  since  the 
latter  has  a  short  thin-walled  oral  cavity,  hardly  chitin- 
ized  at  all,  and  a  large  spindle-shaped  sexual  rudiment, 
ZZfi  long,  while  the  former  possesses  a  long,  heavily 
chitinized  oral  cavity  and  a  minute  circular  sexual  rudi- 
ment, only  3|U  long.  If  eggs  are  taken  from  the  canal 
at  a  necropsy,  those  of  Uncinaria  are  distinguishable 
from  those  of  Strongyloides  by  the  smaller  size  and 
thicker  shell. 

Treatment.— Turpentine  and  male  fern  have  no  appar- 
ent effect.  In  mild  cases  thymol  with  general  tonic  treat- 
ment is  successful  generally,  but  in  severe  infections 
nothing  yet  reported  is  of  any  apparent  value. 

A  genus  which  offers  evident  afQnities  to  both  Stron- 
gylidae  and  Filaridae,  but  which  is  usually  included  in 
a  separate  family,  the  Gnathostomidse,  is  represented 
among  human  parasites  by  a  single  rare  species: 

Onatliostoma  siamense  (Levinsen  1889.) — (Syn. :  Clieir- 
acanthus  siamensis  Lev.  1889.) 

The  genus  is  easily  recognizable  by  the  numerous 
spines  wliich  cover  the  entire  body,  or  at  least  the  ante- 
rior region.  Several  species  occur  in  the  Felidse,  and  in 
swine  and  cattle.  This  form  is  known  only  by  a  single 
female  specimen,  length  9  mm.,  breadth  1  min. ;  about 


Fig.  3542.— PiZoriffl 
medlnensix.  Roll- 
ed on  Split  Stick. 
(After  Fedt- 
schenko.) 


the  head  eight  circles  of  spines.  The  anterior  third  of 
the  body  alone  is  covered  with  spines,  the  anterior  of 
which  are  three-pointed,  and  the  posterior  simple.  The 
vulva  lies  behind  the  centre  of  the  body. 

The  specimen  was  collected  in  Siam  and  came  from  a 
small  tumor ;  when  this  disappeared  tkere  were  found  on 
the  skin  nodules  the  size  of  a  pea,  from  one  of  which  this 
worm  emerged.  The  same  symptoms  were  observed  in 
two  other  cases,  and  in  one  of  these  five  or  six  worms 
were  expelled,  but  were  not  preserved. 

Family  of  the  Filaridee. — Body  greatly  elongated,  fili- 
form; mouth  variable,  often  papillate,  sometimes  witli 
lips  and  even  with  a  buccal  capsule ;  oesophagus  slender 
and  without  a  bulb ;  male,  with  somewhat  coiled  tail  and 
a  single  spicule  or  two  unequal  ones.  Female,  with 
double  ovary  and  vulva  near  the  anterior  end  of  the 
body.     Mauy  species  are  ovoviviparous. 

Filaria  O.  F.  Milller  1787.— Very  slender  worms  of 
nearly  equal  calibre  throughout.  Males  notably  smaller 
than  the  females,  with  coiled  posterior  end,  which  pos- 
sesses in  some  cases  alar  appendages.  Spicules  ordinarily 
very  different  in  size  and  form.  Four  preanal  papillae 
are  almost  constant ;  the  number  of  postanal  papillae  is, 
however,  variable.  Vulva  always  near  the  anterior  end. 
These  forms  are  parasites  of  the  serous  cavities  and 
subdermal  connective  tissue;  in  general  the  develop- 
ment, though  not  well  known,  appears  to  be  indirect 
with  an  intermediate  host  from  Crustacea  or  Insecta. 
Raillet  justly  remarks  that  for  the  physician  this  genus 
is  a  sort  of  "  catchall "  into  which  he  throws  all  round 
worms,  old  or  new,  of  which  the  structure  is  poorly 
known. 

Fila/ria  medinensia  (Linnteus  1758) — (Syn. :  Oordius 
medinensis  Linn.  1758;  F.  medinensis  Gmelin  1789;  F. 
draeuneulus  Bremser  1819;  F.  cethiopiea  Valenciennes 
1856;  Draeuneulus  mediTiensis  Cobbold  1864.) 

Female:  30-100  cm.  long  (ordinarily  50-80),  0.5-3  mm. 
broad;  body  uniform  in  diameter,  white  or  yellowish- 
brown  ;  the  anterior  end  smooth,  rounded,  with  cephalic 
shield,  and  small  mouth  surrounded  by  six  papillae ;  ah- 
mentary  canal  atrophied  in  adult  and  with  all  other  in- 
ternal organs  replaced  by  enormously  developed  uterus; 
vagina  has  disappeared.  Uterus  filled  with  larval  fila- 
riae,  0.5-0.75  mm.  long  and  15-25 /i  wide. 

Male  doubtfully  observed,  said  to  be  much  smaller 
than  female,  only  4-10  cm.  long,  found  fixed  to  the  fe- 
male by  its  posterior  extremity,  about  14  cm.  from  the 
anterior  end  of  the  latter.  If  tlie  observation  is  substan- 
tiated, the  male  follows  the  female  into  the  tissues  and 
perishes  soon  after  copulation  there.  The  vagina  atro- 
phies subsequently  to  this. 

The  so-called  "  guinea- worm "  is  the  subject  of  the 
oldest  records  dealing  with  any  parasite.  Doubtless  the 
fiery  serpents  which  plagued  the  children  of  Israel  in  the 
wilderness  were  this  species.  The  writings  of  the  Egyp- 
tians and  those  of  early  classical  times,  as  well  as  later 
authorities,  make  definite  references  to  it.  The  Arabian 
physicians  knew  it  well,  and  Rufus,  of  Ephesus,  not  only 
gives  a  good  description  of  the  disease  and  its  cause, 
which  he  designates  as  a  little  snake,  but  recounts  the 
commonly  accepted  opinion  that  "the  Arabians  suffer 
from  it,  and  many  strangeis  acquire  the  disease  if  tltey 
drink  tlie  water,  for  that  is  the  chief  cause." 

Life  History.— The  adult  female  is  met  with  in  the  con- 
nective tissue,  particularly  of  the  legs  and  feet.  It  ap- 
pears here  in  eighty -five  per  cent,  of  all  cases,  and  pierces 
the  derma ;  a  blister  forms  in  the  epidermis  over  this  ori- 
fice, and  on  rupturing  shows  a  small  ulcer  at  the  centre 
of  which  is  a  minute  opening.  If  cold  water  is  dashed 
on  the  surface  here,  a  drop  of  a  milky  fluid  exudes  or  a 
small  tube  (the  uterus?)  is  protruded  and  bursts,  setting 
free  the  opaque  fluid.  This  fluid  contains  multitudes  of 
embryos  0.5-0.75  mm.  long  and  15-25^  wide;  they  are 
flattened,  terminate  in  a  long  pointed  tail,  and  have  a 
striated  cuticula  and  a  complete  alimentary  canal.  They 
swim  actively  but  intermittently,  and  live  six  days  in 
pure  water,  but  from  two  to  three  weeks  in  muddy  water 
or  moist  earth. 
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As  may  be  followed  experimentally  they  enter  the 
body  cavity  of  small  aquatic  animals  {Cyclops,  Pig.  3543) 
through  the  joints  in  the  exoskeleton,  and  there  with  two 
or  three  moults,  occupying  five  or  six  weeks,  they  meta- 
morphose into  a  moie  cylindrical 
form  with  a  tripartite  posterior  end. 
The  further  life  history  is  unknown. 
Pedtschenko  tried  to  infect  cats  and 
dogs  with  these  infested  Cyclops, 
but  without  result.  Manson  and 
Blanchard  have  successfully  re- 
peated these  experiments.  Some 
further  changes  may  easily  be  nec- 
essary before  the  parasite  is  fitted 
for  its  final  host,  which  may  be 
cattle,  horse,  dog,  wildcat,  or  jackal  as  well  as 
man. 

The  life  history,  as  given  above,  affords  a  rea- 
sonable explanation  of  some  biological  features. 
Both  the  preferential  location  of  the  worm  in 
legs  and  feet  wliich  are  most  likely  to  come  in 
contact  with  standing  water  and  ttic  expulsion 
of  the  embryos  on  such  contact  are  admirably 
adjusted  to  secure  for  the  young  conditions  for 
further  development.  It  is  a  widely  current  be- 
lief among  natives  in  different  parts  of  Africa 
and  Arabia,  both  in  ancient  times  and  to-day, 
that  drinking-water  is  the  source  of  infection. 
In  the  majority  of  infected  districts  drinking- 
water  is  obtained  from  surface  pools  which, 
according  to  the  observations  of  naturalists,  are 
swarming  with  Cydops,  and  hence  afford  every 
opportunity  for  the  spread  of  the  disease. 

Distribution.  —  The  guinea-worm  is  rather 
widely  distributed  in  tropical  and  subtropical 
countries.  Most  c:bundant  in  Deccan  (India)  and 
on  the  west  coast  of  Africa,  where  in  some  sea- 
sons from  one-half  to  nearly  the  entire  popula- 
tion Is  affected,  it  is  found  more  or  less  from  India  west- 
ward through  Southern  Asia  and  tropieal  Africa,  and  in 
a  limited  area  of  Brazil,  where  its  introduction  may 
probably  be  attributed  to  the  slave  trade.  In  Curagoa 
and  Surinam,  where  it  was  formerly  endemic,  and  where 
it  was  no  doubt  -introduced  with  negroes,  it  has  now 
entirely  disappeared.  Records  of  its  occurrence  in  Eu- 
rope and  North  America  are  from  natives  of  the  infected 
area  or  visitors  to  it,  and  though  frequently  introduced 
it  has  never  gained  a  footing  in  either  place.  Records 
of  its  occurrence  in  Africa  and  Arabia  are  found  in  his- 
torical and  medical  works  of  all  ages.  It  Is  also  known 
to  occur  in  Persia,  Turkestan,  and  Hindustan. 

Pathology. — The  seat  of  the  adult  females  is  the  sub- 
cutaneous connective  tissue,  and  they  occur  most  com- 


FIG.  3543. -Em- 
bryos of  Fila/rki 
medinen^is  in 
body  cavity  of 
CyclopK.  (After 
Fedtschenko.) 


IlG.  3544.— Pflarto  Ina.  A,  Head  of  male ;  B,  mid  body  of  male 
with  cuticular  bosses :  C,  head  of  female  witb  bosses ;  D,  posterior 
end  of  female  witb  two  bosses.    Magnlfled.    (After  Blanchard. ) 

monly  in  the  lower  extremities,  especially  in  the  foot 
and  ankle,  but  have  been  found  in  the  arm,  tongue,  eye- 
lid, scrotum,  perineum,  and  trunk.  As  many  as  five  or 
six  in  a  single  host  is  not  uncommon.    The  presence  of 


the  w()rm  is  not  detected  ordinarily  until  it  approaches 
the  skin,  where  it  produces  a  swelling,  at  first  painless 
but  later  painful,  and  ultimately  a  running  sore.  Of  it- 
self the  worm  may  be  considered  comparatively  harm- 
less, but  tlie  complications  incident 
to  a  tropical  climate  often  bring 
about  excessive  suppuration  and 
gangrene,  such  as  to  necessitate 
amputation  of  the  part  infected,  or 
even  to  be  followed  by  deatli.  The 
worm  is  sometimes  expelled  spon- 
taneously, but  in  the  majority  of 
cases  it  is  extracted  by  what  is 
known  as  the  Soudanese  method. 
The  end  of  the  worm  is  seized  firm- 
ly between  two  splints,  on  which  it  is  gradually 
rolled  up  (Pig.  3543),  great  care  being  exercised 
to  avoid  breaking  the  slender  body.  The  man- 
ner in  wliich  the  worm  is  coiled  up  in  the  ab- 
scess renders  the  operation  very  slow,  and  while 
recovery  is  rapid  when  the  entire  worm  is  re- 
moved, in  those  cases  in  which  it  has  been 
broken  and  a  part  left  behind,  the  result  has  been 
excessive  pain  and  often  fatal  gangrene.  Tlie 
physician  finds  it  more  satisfactory  to  remove 
the  entire  worm  at  once  by  a  simple  operation. 
In  some  cases  complete  cure  follows  a  single 
operation ;  in  others  subsequent  growths,  which 
include  fibrous  tissue  with  numbers  of  em- 
bryos, call  for  furtlier  operative  interference. 

Prevention.  —  Apparently  the  satisfactory 
regulation  of  the  supply  of  drinking-water  will 
prove  the  means  of  stamping  out  the  disease. 
Surface  water  is  particularly  suspicious  on  ac- 
count of  the  large  number  of  Cyclops  likely  to 
be  present. 

Filaria  loa  Guyot  1778. — (Syn. :  F.  oculi  Gerv. 
et  V.   Ben.   1859  (nee.  v.  Nordm.    1852);    Dni- 
cunculus  oculi  Diesing  1860;  Dr.  loa  Cobbold  1864.) 

Female  30-40  (rarely  70)  mm.  long,  by  0.5  mm.  broad, 
of  cylindrical  form  (Fig.  3544)  with  anterior  end  blunt, 
posterior,  straight,  pointed;  cuticula,  transparent,  yel- 
lowish, not  striated  but  marked  with  minute,  chitinous 
bosses  irregularly  distributed ;  uterus  bifid,  coiled ;  eggs 
30-35  by  30-25 ,«;  when  deposited  containing  embryos 
210-250 /<  in  length. 

Male:  30-30  mm.  long,  0.3-0.45  broad;  cuticula  not 
striated,  but  with  small  papillae  except  on  first  and  last 
fifth;  mouth  without  papilla;:  tail  (Fig.  3545)  slightly  in- 
curved, with  lateral  wings  and  five  ventral  papillae  on 
each  side,  three  being  preanal  and  the  first  the  largest; 
spicules  two,  short,  unequal. 

It  was  first  observed  in  1770,  though  a  print  of  1597 
seems  to  show  an  operation  for  its  removal.  Nearly 
thirty  cases  are  now  on  record ;  most  of  these  are  only 
notes,  but  recent  descriptions  of  Ludwig  and  Blanchard 
have  made  its  appearance  and 
structure  known.  The  earlier 
authors  were  inclined  to  regard 
it  as  identical  with  F.  medinensis, 
but  its  specific  distinctness  main- 
tained by  others  is  now  clearly 
demonstrated.  Even  if  the  im- 
maturity of  specimens  eliminates 
the  difference  in  size,  the  smooth 
striated  cuticula  of  the  guinea- 
worm  will  serve  to  separate  it 
at  once  on  careful  examination 
from  F.  loa  with  its  non-striated, 
embossed  surface.  The  embryos 
differ  also. 

In  distribution  F.  loa  is  lim- 
ited to  an  area  on  the  west  coast 
of  Africa  (Guinea,  Gold  Coast, 

Gaboon),  where  it  is  not  uncommon,  and  cases  reported 
from  other  regions,  which  are  largely  among  slaves  of 
earlier  days,  have  been  those  of  persons  who  had  come 
more  or  less  recently  from  that  region.     Such  are  on  reo- 
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FIG.  3545.  —  Tall  of  Male 
Filaria  loa  with  Spicules 
and  Papillae.  (Author's 
specimen.) 


Nematoda. 
IVematoda. 
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ord  from  Brazil,  Trinidad,  St.  Domingo,  Prance,  Eng- 
land, and  the  United  States. 

Naturally  the  majority  of  records  affect  negroes,  but 
physicians  in  Africa  maintain  that  the  parasite  attacks 
blacks  and  whites  alike,  and  the  number  of  cases  reported 
among  missionaries  supports  this  view.  One  of  the  lat- 
ter has  recently  been  reported  in  the  United  States  by 
Ward  and  Milroy. 

Life  History.— From  the  scattered  facts  on  record 
Blanchard  has  outlined  the  course  of  development  as  fol- 
lows: Introduced  into  man  in  the  larval  form  with  drink- 
ing-water, the  form  becomes  adult  in  the  alimentary  ca- 
nal. Either  before  or  after  copulation  it  penetrates  the 
tissues  where  its  development  is  slow,  as  shown  by  a  resi- 
dence of  from  four  to  ten  years  or  more  in  the  body.  It 
appears  beneath  the  conjunctiva  of  the  eye  or  the  skin  at 
the  last  phase  of  its  existence,  but  it  may  reach  the  sur- 
face of  the  body  without  having  acquired  its  full  devel- 
opment. That  unlike  F.  medinenm  it  does  not  deposit 
eggs  in  dermal  abscesses  is  clear  from  the  entire  absence 
of  jDus  formation  and  of  eruption  in  cases  of  its  occur- 
rence. It  is  a  prisoner  in  the  body,  and  the  embryos 
must  escape  independently  of  the  mother.  They  prob- 
ably penetrate  the  blood,  and  are  drawn  from  it  by  some 
blood-sucking  parasite,  from  which  in  some  unknown 
way  they  reach  running  water  and  in  it  a  new  host,  or  are 
inoculated  directly  when  the  intermediate  host  is  feeding. 
Manson  has  conjectured  that  the  well-known  F.  divrna 
is  the  larva  of  F.  loa,  with  which  it  agrees  in  geographi- 
cal distribution.  The  opinion  is  generally  accepted 
among  inhabitants  of  the  aifected  region  that  the  source 
of  infection  is  to  be  found  in  drinking-water, 

Pathologj'. — The  parasite  is  an  active  migrant  through 
the  connective  tissue,  but  comes  often  into  the  region  of 
the  orbit.  Its  appearance  in  the  tissue  of  the  lid  or  be- 
neath the  conjunctiva  is  made  known  ordinarily  by  itch- 
ing or  even  by  slight  pain  which  may  disappear  with  the 
withdrawal  of  the  worm,  only  to  recur  with  its  subse- 
quent return  at  irregular  intervals  of  days,  weeks,  or 
even  months.  An  individual  has  been  seen  to  pass 
rapidly  from  the  one  eye  to  the  other  over  the  bridge  of 
the  nose.  In  one  case  only  has  an  immature  specimen 
been  found  actually  within  the  eye.  In  addition  to 
itching,  transient  cedematous  swellings  accompany  its 
appearance  in  various  parts  of  the  body.  Fugitive  tume- 
factions, known  as  Calabar  swellings,  are  not  uncom- 
mon in  lower  Nigeria.  They  are  half  the  size  of  a  goose 
egg,  painless,  sudden  in  appearance,  disappearance,  and 
recurrence,  and  may  be  found  in  any  part  of  the  bodj'. 
They  are  thought  to  be  produced  by  rubbing  when  a  F. 
loa  approaches  the  surface. 

Treatment. — The  negroes  drive  it  from  the  eye  by 
dropping  a  grain  of  salt  into  the  conjunctival  sac  or  by 
extracting  the  worm  with  a  thorn.  Deftness  in  operat- 
ing is  necessary,  and  if  after  cocainizing  the  eye  the 
worm  be  grasped  with  a  pair  of  forceps,  a  cut  in  con- 
junctiva or  lid  gives  an  opening  through  which  it  usu- 
ally starts  to  escape,  or  may  be  withdrawn  by  a  second 
forceps. 

Filaria  volmdus  Leuckart  1893. — Body  tapering  uni- 
formly, head  rounded.  Male  30-35  cm.  long,  40-140^ 
in  diameter,  tail  incurved;  one  postanal,  two  adanal,  one 
preanal  ]5apilla  on  each  side,  two  spicules  0.08  and 
0.177  mm.  long.  Female  40-70  cm.  in  length.  Em- 
bryos 350 |U  long,  5-6 /i  wide,  resembling  F.  nocturna 
and  F.  diurna,  but  shorter  and  thicker  and  without 
sheath,  head  rounded,  tail  very  sharp,  clear  spot  in  an- 
terior fourth  of  body. 

Leuckart  received  two  dermal  tumors  from  Gold  Coast 
negroes  containing  several  worms  coiled  in  a  ball  and 
surrounded  by  a  fluid  containing  embryos.  A  somewhat 
similar  tumor  excised  from  the  arm  of  a  French  soldier, 
who  had  been  in  Dahomey,  showed  that  the  worm  occu- 
pied a  lymph  vessel  and  was  surrounded  by  a  mass  of 
connective  tissue.  Its  identification  as  the  same  species 
has  been  questioned.  Prout  has  recently  described  two 
other  cases  from  Sierra  Leone.  Like  F.  loa,  it  is  vivip- 
arous and  found  in  subdermal  tissue;  but  unlike  that 


species  it  is  sedentary  and  produces  a  circumscribed  sub- 
cutaneous tumor. 

F.  conjunctivae  Addario  1885. — (Syn. :  F.  palpebralia 
Pace  1867,  nee  Wilson  1844;  F.  peritonei  Jwminis  Ba- 
besiu  1880;  Filaria  inm'mis  Grassi  1887.) 

Female:  Length  10-16  cm.,  width  0.5  mm.;  cuticula 
striated  not  embossed  or  papillate ;  mouth  terminal,  un- 
armed, vulva  near  anterior  end;  uterus  double,  with  eggs 
and  embryos  measuring  350  by  5.5/^.     Male  unknown. 

Dubini  first  found  this  species  in  Sicily  in  a  tumor  of 
the  conjunctiva,  and  it  has  been  recorded  as  a  human 
parasite  also  in  Italy  and  Hungary.     The  species  is,  ac- 
cording to  Grassi,  a  normal  parasite  of  the  horse  and  ass, 
and  is  only  occasional  in  man. 

Filaria,  lentia  Diesing  1851. — (Syn. :  Fila/ria  oculi  7m- 
mani  von  Nordmann  1833.) 

With  the  case  of  von  Nordmann,  in  which  immature 
nematode  worms  were  found  in  the  lens,  have  been  asso- 
ciated various  poorly  known  and  often  doubtful  cases  of 
later  observers,  in  several  of  which  it  is  probable  that  the 
object  was  a  vestige  of  a  vessel  or  filament  and  not  a  fila- 
ria. In  three  cases  the  parasite  was  in  the  leus,  in  three 
also  in  the  vitreous  humor,  and  in  two  in  the  aqueous 
humor.  The  most  recent,  hy  Drake  and  Brockman,  at 
Madras,  has  been  assigned  by  Blanchard  to  Filaria  equi- 
na, which  is  abundant  in  India.  The  character  of  other 
species  is  likely  to  remain  permanently  doubtful.  Some 
of  them  are  very  likely  young  forms  of  the  preceding 
species,  F.  inermis. 

Fila/ria  restiformis  Leidy  1880.  Length  66  cm.,  width 
at  head  0.875  mm.,  at  centre  1.5  mm.;  anterior  end 
pointed,  posterior  blunt ;  mouth  without  papillae ;  oasoph- 
agus  1.135  mm.  long. 

Passed  in  West  Virginia  from  the  bladder  of  a  man, 
fifty  years  of  age.  The  laatient  had  been  suffering  some 
days  from  ha3maturia.  Railliet  regards  it  as  evidently  a 
pseudoparasite.  While  it  was  not  extracted  by  the  at- 
tending physician,  he  maintained  that  no  doubt  existed 
as  to  the  correctness  of  the  patient's  statements  that  the 
worm  had  actually  been  passed. 

Filaria  Iwminis  mis  Leidy  1850. — Length  14  cm., 
width  at  head  0.1  mm.,  at  centre  0.38  mm.  Mouth  ter- 
minal, posterior  end  provided  with  an  epidermal  spine, 
0.05  mm.  long. 

Leidy  found  the  single  specimen  in  the  collection  of 
the  Philadelphia  Academy  labelled,  "  Obtained  from  the 
mouth  of  a  child,"  and  queried  if  it  might  be  the  young 
or  the  male  of  F.  medinenm.  Leuckart  shared  the  opin- 
ion which  has,  however,  been  questioned  by  some  later 
investigators. 

F.  labialis  Pane  1864. — Length  30  mm. ;  pointed  an- 
teriorly ;  mouth  with  four  papillae,  posterior  end  slightly 
inflated ;  vulva  in  posterior  tenth ;  uterus  double,  but  in 
posterior  branch  rudimentary. 

A  single  specimen  only  from  a  pustule  on  the  upper 
lip  of  a  man  in  Naples,  Italy.     Not  reported  since  1864. 

F.  lymphatica  Treutler  1793. — (Syn.:  Eamularia 
lymph.  Treutler  1793;  Filaria  Tiominis  broneJiialis  Rud. 
1819;  F.  hominis  Dies.  1851;  F.  lymph.  Moq.-Tandon 
1860;  Strongylus  bi-onchialis  Cobbold  1879.) 

Length  about  26  mm. ;  brownish  spotted  with  white; 
transparent  and  pointed  anteriorly ;  thickened  and  blunt 
posteriorly ;  two  short  spicules. 

First  found  in  1790  in  the  hypertrophied  bronchial 
ganglia  of  a  man  of  twenty-eight  years  of  age;  it  has 
been  reported  since  then  by  Brera  and  by  Zilrn,  who  dis-- 
covered  another  specimen  at  Geneva  in  1879,  under  con- 
ditions like  those  of  the  first  case.  The  view  of  Diesing 
and  Weiuland,  that  it  was  probably  Strongylus  longem- 
ginatvs  (=  &  apri)  is  improbable  according  to  Railliet, 
who  views  it  as  a  male  of  F.  inermis.  The  view  of 
Braun  that  it  is  F.  equina,  a  common  parasite  of  horse 
and  ass  in  Europe,  seems  more  probable. 

Fila/ria  immitis  Leidy  1856.— Mouth  with  six  papillae. 
Male:  12-18  cm.  long,  0.7-0.9  mm.  wide;  posterior  end 
with  low  lateral  wings  and  eight  preanal  as  well  as  nine 
to  ten  postanal  papillaa ;  posterior  end  rolled  in  several 
turns  like  a  corkscrew,  spicules  unlike.    Female:  25-30 
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cm.  long,  1-1.3  mm.  wide,  posterior  end  shortly  blunt; 
vulva  in  posterior  fourth;  ovoviviparous  embryos  0.38- 
0.30  mm.  long  and  5/i  wide,  with  a  greatly  attenuated 
posterior  extremity. 

Originally  found  by  Leidy  in  the  heart  of  a  dog,  it  is 
now  known  to  inhabit  the  entire  venous  system.    The 


Fig.  3546.— FiZario  Bancrofti.    A,  Adult  male  X  7.5.    iJ,  Embryo 
from  hydrocele  fluid  X  200.    (After  Lothrop  and  Pratt.) 

embryos  are  to  be  found  in  the  peripheral  circulation  dur- 
ing the  period  of  rest.  With  growth  they  retire  to  the 
larger  vessels  and  escape  from  the  kidneys  or  in  excre- 
ment. Their  normal  method  of  exit  is  unknown.  The 
parasite  is  most  common  in  dogs  living  in  the  open. 

The  parasite  is  common  in  the  United  States,  especially 
in  the  South  and  in  South  America.  It  seems  to  be  very 
abundant  in  China  and  Japan,  and  is  reported  also  from 
Italy,  France,  Germany,  and  Denmark. 

As  Moniez  has  shown,  Braun  was  apparently  in  error 
in  citing  Bowlby  as  authority  for  the  occurrence  of  this 
species  in  man ;  and  Braun's  own  case  is  too  uncertain 
in  determination  to  be  accepted  as  evidence  in  absence  of 
other  instances.  If  F.  immdtis  is  even  occasionally  a 
human  parasite,  it  should  be  found  as  such  in  the  United 
States,  where  it  occurs  commonly.  No  case  has  been 
found  on  record. 

Filaria  Bancrofti  Cobbold  1877.— (Syn. :  Triehw-a  cys- 
tica Sahsbury  1868,  non  Filaria  cystica  Rud.  1819;  F. 
sanguinis  hominis  hewis  1872 ;  F.  sang. -horn,  mgypt.  Son- 
sino  1874;  F'-  dermathemica  Da  Silva  Araujo; 
F.  WucJiereri  da  Silva  Lima  1877 ;  F.  sanguinis 
hominis  noetuma  Manson  1891;  F.  nocturna 
Manson  1891.) 

Body  elongated,  white,  opaque,  very  deli- 
cate, showing  tendency  to  coil ;  cuticula  with- 
out transverse  striation,  anterior  end  slightly 
thickened,  without  lips  or  papillse,  posterior 
end  rounded.  Male  35-40  mm.  long;  0.1-0.13 
mm.  broad,  head  51  /*,  neck  43//,  in  diameter; 
oesophagus  0.13  mm.  long;  tail  (Fig.  3547) 
slightly  bent,  1  mm.  long ;  papilla 
undescribed;  spicula  0.3  and  0.6 
mm.  long.  Female  75-95  mm.  long, 
0.31-0.38 mm.  broad,  head  68ft  neck 
51  /J  in  diameter,  vulva  0.73-1.37 
mm.  from  head,  anus  0.383  from 
tail.  Eggs  35-38 /i  or  35  (Lothrop 
and  Pratt)  by  15 /z.  Embryos  0.137- 
0.3  mm.  (or  0.2-0.33  mm.)  long  by 
-10  (7-11)  /i  broad,  with  unstri- 
ated  cuticula,  but  enveloped  in  a 
delicate  sheath  (Fig.  3546,  B). 
Although  first  reported  as  early  as  1863  by  Demarquay, 
this  form  has  been  very  generally  confused  with  other 
species  of  the  group,  especially  F.  Magalhaesi,  and  even 
now  only  a  little  can  be  given  beyond  the  data  contained 
in  the  general  characteristics  which  are  taken  from  Mait- 
land  and  Manson's  account,  and  from  that  of  Lothrop 
and  Pratt.  The  discrepant  measurements  given  by  dif- 
ferent authors  are  due,  in  part  at  least,  to  the  fact  that 
different  species  were  under  consideration. 

The  male  (Fig.  3546,  A)  is  much  shorter  than  the  female, 
and  the  posterior  end  exhibits  a  strong  tendency  to  twist 


Fig.  3547.— Tall  of  Male 
WHa/rixt,  Bancrofti. 
Magnifled.  (After 
von  Linstow.) 


like  a  tendril.  Both  sexes  manifest  a  proclivity  to  curl 
into  a  knot,  and  various  observers  note  the  difficulty  of  dis- 
entangling the  individual  worms  from  such  a  mass.  In 
the  female,  which  alone  has  been  examined,  the  anterior 
end  is  traversed  by  four  deep  grooves,  giving  the  trans- 
section  much  the  form  of  a  maltese  cross.  The  thick- 
walled  vagina  extends  posteriorly  a  short  distance  from  its 
external  orifice,  and  splits  into  two  thin-walled  uterine 
tubes,  which  occupy  the  entire  cavity  of  the  body,  forc- 
ing the  intestine  against  the  muscular  wall  at  one  side. 
These  tubes  are  filled  with  ova  and  embryos  in  all  stages 
of  development.  The  smaller  embryos  are  coiled  within 
a  thin  structureless  chorion.  Preserved  specimens  may 
assume  a  brownish  tint,  owing  to  a  change  in  the  color 
of  the  uterine  walls. 

The  embryonic  filarise  in  freshly  drawn  blood  or  in 
hydrocele  fluid  are  rounded  at  the  anterior  end  and 
pointed  at  the  posterior.  Though  in  constant  motion, 
twisting  and  coiling,  they  never  (?)  exhibit  a  true  pro- 
gressive movement.  In  freshly  drawn  blood  they  are 
covered  by  a  delicate  sheath,  which  is  indistinguishable 
normally  except  as  a  flagellum  following  the  tail  at  some 
distance,  0.3-0.4  mm.  (Pig.  3548);  rarely,  when  the  move- 
ment of  the  body  is  reversed,  this  disappears  from  the 
tail  and  becomes  evident  at  the  head  (Fig.  3548,  A).  It  is 
evidently  the  collapsed  sheath,  which  Manson  regards  as 
a  vitelline  membrane,  and  in  such  specimens  as  have  un- 
dergone endosmotic  changes  it  appears  like  a  distended 
sac  enveloping  the  entire  worm;  such  an  appearance, 
though  frequently  figured,  is  entirely  unnatural.  _  The 
embryos  of  other  species,  e.g.,  F.  immitis,  are  without 
this  sheath.  These  embryos  may  be  kept  alive  five  or 
more  days  in  a  cover-glass  culture  of  blood,  and  after 
forty -eight  hours  many  empty  sheaths  may  be  observed. 
Attached  to  the  tip  of  the  head  is  a  minute  spine,  which 
at  times  is  pro- 
truded in  rapid 
succession  with  a 
peculiar  "  pout- 
ing "  movement. 

Life  History. — 
The  female  is  vi- 
viparous, and  the 
embryos,  which 
are  produced  in 
enormous  num- 
bers, are  evacu- 
ated into  the 
lymph  stream  and 
ultimately  pass 
from  it  into  tlie 
blood  current, 
where  they  are 
often  found  in  ex- 
traordinary abun- 
dance.  They 
measure  0.2-0,33 
mm.  by  7-11  jj. 
(Lothrop  and 
Pratt,  0.36-0.3 
mm.  by  6-8  //). 
Twelve  hours  af- 
ter being  takfen 
into  the  stomach 
of  a  mosquito  one 
finds  side  by  side 
free  embryos  and 
empty  sheaths. 
By  the  next  day 
the  embryos  have 
traversed  the  wall 
of  the  stomach 
and  are  in  the  tho- 
racic muscle.    At 

the  end  of  eleven  days  they  are  30-35 /j  broad  and 
more  than  580//  long.  At  seventeen  to  eighteen  days 
they  begin  to  leave  the  muscles  and  migrate  into  connec- 
tive tissue  in  front  of  the  prothorax.    Such  larvae  are 
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Fig.  3548.— Metamorpliosls  of  FUwria  Ban- 
crofti In  Tborax  of  Mosquito.  A,  Just  in- 
gested ;  A\  posterior  end ;  B,  Ave  days  old ; 
C,  ten  days  old ;  D,  sixteen  days  old.  (After 
T.  L.  Bancroft,  except  A'  after  Manson.) 
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more  slender  than  before,  18-30  jj.  in  diameter.  These 
larvse  show  an  alimentary  canal  with  cesophagus  well 
dift'erentiated  and  rudiments  of  the  reproductive  appa- 
ratus.    While  some  remain  in  muscles  even  up  to  the  flf- 


FiG.  3349.— Larvae  ol  Fllaria  Bancrnftl  Passing 
from  Thorax  to  Proboscis  of  Mosquito,  e,  Larvae ; 
I,  labium ;  p,  palpus.    (Modifled  after  Manson.) 


tieth  day,  the  most  are  gone.  By  even 
the  twentieth  day  larvEe  have  penetrated 
the  head  and  proboscis  in  sections  of 
which  they  appear  crowded  into  the  cav- 
ity headed  toward  the  point  (Fig.  8549). 
Like  the  malarial  organism  they  are  inocu- 
lated directly.  The  last  stage  of  development  occurs  in 
the  skin;  they  become  adult  and  copulate  there ;  thus  the 
variable  position  of  lesions  of  elephantiasis  are  explained. 
In  Anopheles  James  finds  that  the  transformation  re- 
quires only  from  twelve  to  fourteen  days,  and  the  activ- 
ity of  the  embryos  does  not  cease.  According  to  the  same 
author  the  broad  inactive  form  measures  71-53  /j.  long 
and  the  slender  active  form  151-133 /«  long  and  2.Qfi 
broad ;  in  this  latter  stage  the  oesophagus  is  two-fifths 
and  the  tail  one-third  of  the  entire  length. 

Bancroft  and  Manson  suggested  almost  simultaneously 
that  the  mosquito  might  serve  as  a  carrier  of  the  embry- 
onic fllarise  in  the  blood.  Manson,  however,  first  ob- 
served the  changes  which  these  embryos  undergo  in  the 
mosquito.  He  allowed  mosquitoes  to  suck  the  blood  of 
filarial  subject,  and  found  at  first  that  the  embryos  are 
within  a  delicate  sheath  or  membrane,  ajjparently  almost 
structureless;  later,  there  becomes  evident  a  marked 
transverse  striation,  and  the  sheath  is  ruptured  by  the 
worm  forcing  its  cephalic  end  against  it.  Once  free 
from  the  sheath,  the  embryo  bores  through  the  stomach 
wall  of  the  insect  and  wanders  into  the  thoracic  muscles. 
The  embryos  which  emigrate  to  the  thoracic  cavity  do  so 
as  soon  as  they  are  withdrawn  from  the  human  host; 
those  found  some  hours  later  in  the  mosquito's  stomach 
are  such  as  by  immaturity  or  injury  are  not  destined  to 
metamorphose,  and  changes  in  such  are  retrogressive. 

According  to  one  view  the  worm  escapes  by  boring  its 
way  out  at  the  time  the  mosquito  is  depositing  her  eggs 
on  the  water,  or  by  breaking  out  from  dying  mosquitoes 
which  fall  Into  a  pool,  and  that  the  infection  of  the  hu- 
man host  is  brought  about  by  drinking  such  water  as 
contains  well-developed  embryos.  It  is  further  sup- 
posed that  these  young  worms  then  bore  their  way 
tlirough  the  human  intestinal  wall  and  attain  maturity 
at  some  suitable  point.  Copulation  here  is  followed  by 
the  production  of  swarms  of  embryos.  In  objection  it 
may  be  urged  that  Bancroft  has  shown  water  to  be  fatal 
to  the  embryos  in  the  course  of  three  or  four  hours,  and 
that  hence  it  cannot  be  the  medium  by  which  they  reach 
the  human  subject.  He  also  says  the  embryos  never  es- 
cape naturally  from  the  mosquito'sbody  even  if  in  water. 
The  other  hypothesis  as  to  later  development  is  that  the 
infection  takes  place  when  the  mosquito  containing  the 
fully  developed  embryos  is  sucking  blood,  and  Bancroft 
has  proved  the  migration  of  such  embryos  from  the 
thoracic  muscles  into  the  labium,  from  which  he  believes 
they  escape  at  a  definite  point  at  the  tip  to  penetrate  the 
body  of  the  new  host.  Grassi  believes  that  the  larvaj  es- 
cape from  the  bent  labium  in  the  act  of  biting  by  rupture 
of  the  cuticula.  This  part  of  the  life  history  has  not  been 
cleared  up  as  yet, 

In  the  transmission  of  embryos  certain  species  of  mos- 


quito only  are  culpable ;  among  such  are  Oulex  fatigans 
in  Australia,  Amypheles  Bossii  in  India,  probably  also 
Anopheles  musivus ;  this  genus  James  regards  as  the  proper 
intermediate  host,  since  in  it  the  development  is  more 
rapid.  In  case  the  embryos  are  taken  up  by  any  unsuit- 
able species  of  mosquito  they  are  digested  in  the  stomach ; 
or  if  a  few  individuals  succeed  in  wandering  out,  they 
are  absorbed  in  the  muscles. 

Distribution. — Tropical    Asia,    Africa,   America,   and 
Australia  are  all  infected.     In  Samoa  and  some  other 
South  Pacific  Islands  this  parasite  is  particularly  abun- 
dant, as  much  as  fifty  per  cent,  of  the  population  being 
infected. 

The  first  mention  of  this  parasite  in  the  Lnited 
States  was  made  by  Salisbury  in  1868,  who  found 
the  ova  in  the  urine.  Some  years  later  (1886)  Guite- 
ras  called  attention  to  the  presence  of  the  embryos  in 
the  South,  reporting  four  cases  from  Key  West  and 
one  from  Charleston,  S.  C.  Only  a  little  later  De  Saus- 
sure  published  a  clinical  history  of  twenty -two  cases, 
also  from  Charleston.  Since  then  many  cases  have 
been  reported  in  the  Gulf  and  South  Atlantic  States, 
many  of  which  have  been  undoubtedly  imported,  but 
indigenous  cases  are  not  wanting,  and  one  concerns  a 
woman  who  had  always  lived  in  Pennsylvania.  The 
last  account  by  Lothrop  and  Pratt  gives  a  most  exten- 
sive and  valuable  study  of  two  cases  in  Boston  imported 
from  the  Barbadoes,  and  includes  important  new  data  on 
the  characteristics  of  the  adult  worms. 

Pathology. — The  adult  worm  was  first  found  in  1876, 
by  the  elder  Bancroft,  in  a  lymphatic  abscess  of  the  arm 
and  subsequently  in  a  hydrocele.  The  two  sexes  are 
found  coiled  together,  and  probably  live  for  some  time. 
Since  then  this  discovery  has  been  abundantly  confirmed. 
Manson  has  shown  that  the  species  normally  occurs  in 
the  lymphatic  vessels,  and  that  the  embryos,  as  well  as 
the  adults,  rarely  also  gain  the  circulation  by  way  of  the 
thoracic  duct.  The  embryonic  blood  filariae  were  first 
observed  by  Demarquay,  of  Paris,  in  a  man  from  Ha- 
vana, who  was  sufEering  from  chylocele.  The  name 
P.  sanguinis  hominis,  first  used  for  these  embryos  by 
Lewis  in  India,  has  been  applied  to  several  different  em- 
bryos, which  Manson  has  distinguished  by  appropriate 
names.  Whether  they  belong  to  diSerent  species  or  are 
stages  of  development  in  one  or  two  forms  is  still  unset- 
tled, though  I  am  inclined  to  accept  their  specific  inde- 
pendence. Such  embryos  have  been  reported  from  urine, 
tears  ( ?),  and  secretion  of  the  Meibomian  glands  as  well  as 
from  the  blood  in  cases  of  chyluria  and  elephantiasis,  and 
also  in  apparently  healthy  individuals.  In  the  Barbadoes 
nearly  thirteen  per  cent,  of  the  persons  examined  were 
infected,  and  yet  two-thirds  of  the  infected  eases  mani- 
fested no  external  sign  of  the  disease. 

Manson  was  also  the  first  to  establish  the  periodicity  of 
the  embryos,  as  those  of  this  species  appear  in  the  blood 
toward  evening,  increase  in  numbers  during  the  night, 
and  disappear  in  the  morning.  Manson  views  the  "  filar- 
ial periodicity  as  an  adaptation  of  the  habits  of  the  fllaria 
to  those  of  the  mosquito,  the  intermediary  host  indispens- 
able to  the  future  life  of  the  parasite."  But  since  it  has 
been  shown  that  by  reversing  the  period  of  sleep  the 
habits  of  the  embryo  filarite  may  be  reversed  also,  the 
explanation  of  von  Linstow  appears  more  probable, 
namely,  that  the  tonus  of  the  capillaries  is  reduced  dur- 
ing sleep ;  and  thus  the  embryos,  which  are  too  large  to 
enter  them  during  the  day,  find  entrance  possible  owing 
to  the  increased  size  of  the  vessels.  Manson  found  the 
embryos  massed  in  large  arteries  and  irregularly  scattered 
through  the  capillaries  in  the  day  time. 

The  presence  of  embryos  in  the  blood  is  evidence  of 
the  parasitism  of  the  adult  in  some  part  of  the  lymph 
system.  The  duration  of  life  of  both  adult  and  larvae  is 
entirely  unknown ;  for  the  former,  however,  it  is  certainly 
several  years.  So  far  as  known  the  embryos  do  not  bring 
about  pathological  changes,  though  leucocytosis  with  an 
increase  of  eosinophiles  is  noted  in  early  stages,  to  disap- 
pear later.  The  adults  occlude  large  lymphatics  and 
produce  lymph  stasis  with  resulting  dilatation  of  the  lym- 
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phatics.  The  clinical  manifestations  depend  upon  lym- 
phatic obstructions  and  give  rise  to  both  general  symp- 
toms and  local,  which  latter  vary  widely  according  to 
the  part  involved  and  to  possible  modification  by  infec- 
tive processes. 

An  estimate  has  been  made  of  from  forty  to  fifty  millions 
of  embryos  in  the  blood  of  a  single  man,  and  yet  the  in- 
dividual suffered  no  apparent  effect.  It  must  be  said, 
however,  that  the  results  of  the  parasite  are  brought 
about  gradually ;  they  are  primarily  a  varicose  condition 
of  the  lymphatics,  giving  rise  to  various  conditions,  such 
as  chyluria,  varicose  inguinal  glands,  lymph  scrotum, 
chylooele,  lymphangitis,  elephantiasis  {q.  ».).  In  the 
latter  it  is  probable  that  the  obstruction  to  the  flow  of 
the  lymph  produces  mechanically  the  distention  and  ex- 
cessive growth  of  such  parts  as  arm,  leg,  scrotum,  which 
is  characteristic  of  tlie  disease. 

For  examination  Manson  recommends  a  thick  film  of 
blood  drawn  at  8  to  9  p.m.,  when  the  embryos  are  most 
numerous.  Fixing  is  unnecessary  and  the  stain  (fuchsin, 
gentian  violet)  is  made  by  adding  a  few  drops  of  an  al- 
coholic solution  of  the  dye  to  a  watch  glass  of  water. 
Overstaining  is  reducible  by  dilute  acetic  acid. 

Prevention. — The  protection  of  drinking-water  from 
contamination  by  mosquitoes  is  strongly  to  be  advised, 
and  the  case  of  the  Friendly  Islands  is  cited' aw  evidence  of 
the  value  of  this  measure.  There  forty  per  cent,  of  the 
males  are  affected  by  filarife,  all  the  peojDle  drinking 
from  open  pools;  but  the  chiefs  who  have  closed-water 
tanks  rarely  acquire  the  disease.  It  may,  however,  be 
urged  in  favor  of  mosquito  inoculation  that  the  chiefs 
are  also  least  subject  to  mosquito  bites.  Iia  any  event, 
the  protection  of  drinking-water  and  the  destruction  of 
useless  pools  will  certainly  reduce  the  number  of  mos- 
quitoes, and  consequently  the  extent  of  the  disease, 
whether  transmitted  through  drinking-water  or  by  direct 
inoculation  of  a  mosquito. 

It  must  be  noted  that  the  presence  of  an  infected  indi- 
vidual is  a  distinct  menace  to  the  health  of  a  community, 
since  the  widespread  distribution  of  mosq  uitoes  capable 
of  acting  as  the  intermediate  host  insures  1  he  possibility, 
and  under  some  circumstances  the  certainty,  of  wider 
transmission  of  the  disease.  There  is  little  doubt  that 
the  cases  recorded  from  the  Southern  United  States  are 
primarily  traceable  to  such  introduction  from  the  "West 
Indies.  The  same  explanation  lies  near  at  hand  for  those 
occasional  cases  which  have  been  recorded  in  various  lo- 
calities, both  here  and  abroad. 

Mlaria Ma-galhaesiH.  Blanchard  18'95. — (Syn. :  F.  Ban- 
erofti  Magalhaes  1892  nee  Cobbold  1877.) 

Body  slender,  elastic,  resistant;  cuticula  heavy,  cross 
striated.  Female,  155  mm.  long,  0.33  mm.  broad  at 
head,  0.285  mm.  at  neck,  0.7  mm.  in  maximum;  vulva 
3.56  mm.  from  cephalic  extremity.  Male,  83  mm.  long, 
0.407  mm.  broad;  tail  with  double  spiral,  on  each  side 
four  preanal  and  four  large  postanal,  papillse  of  mul- 
berry form  (Fig.  3550);  smaller  (?)  spicule  0.23  mm.  long, 
longer  unknown.  Eggs38byl4/K;  embryos  0. 3-0. 35  mm . 
long  and  5/«  broad  with  transversely  striated  cuticula. 

Of  this  form  Magalhaes  discovered  in  Rio  Janeiro  two 
adults  in  the  left  cardiac  ventricle  of  a  man  in  whose 
blood  embryonic  filarioa  were  also  present.  It  was  at 
first  wrongly  assigned  to  F.  Bancrofti,  from  which  it  is 
easily  distinguished  by  the  above  characteristics.  Like 
all  Nematoda  living  in  the  heart  the  cuticula  Is  totigh  to 
resist  the  powerful  blood  pressure,  the  body  being  like 
catgut,  whereas  F.  Banerofti  is  delicate  and  easily  torn. 
The  proportions  of  embryos  and  adults  also  differ  ma- 
terially. ' 

The  life  history  is  unknown. 

F.  Persians  Manson  1891. — (Syn. :  F.  sanguinis  hominis 
minor  l/Lsn&on.)  ' 

The  embryos,  which  have  been  known  for  some  time, 
are  found  in  the  blood  at  all  hours.  They  have  no 
sheath,  and  measure  only  0.18-0.23  mm.  long  by  4.5^ 
broad,  being  thus  much  smaller  than  those  previously 
described.  Their  continued  presence  in  the  capillaries 
may  be  due  to  this  fact.     The  head  is  armed  with  a  mi- 


nute, exceedingly  delicate  filiform  spine  set  on  a  papilla; 
this  structure  may  be  protruded  and  retracted  rapidly. 
The  embryo  not  only  wriggles  actively,  but  also  travels 
about  very  rapidly.  It  is  not  numerous,  but  may  be 
found  in  company  with  F.  nocturna  and  F.  diurna. 

The  adult  was  found  by  Daniels  in  a  native  of  British 
Guiana,  in  whose  blood  both  blunt-  and  sharp-tailed  {F. 
Ozzardi)  embryos  were  present.  A  male  and  a  female  lay 
in  subperitoneal  connective  tissue.  Manson  also  found 
an  adult  in  one  case  of  " sleeping  sickness."  Among  the 
negroes  on  the  west  coast  o£  Africa  from  one-third  to 
one-half  are  infected,  and  most  such  show  the  earlier 
symptoms  of  this  disease  in  nearly  all  cases  of  which  F. 
Persians  is  present.  Yet  this  parasite  is  found  in  appar- 
ently healthy  individuals,  so  that  its  etiological  relation 
to  the  disease  mentioned  is  still  a  matter  of  doubt. 

F.  Ozzardi  Manson  1897.— Male,  45  mm.  long,  0.06  mm. 
broad;  female,  70-80  mm.  long  by  0. 13  mm.  broad.  Em- 
bryos in  blood,  without  sheath,  sharp-tailed,  0.173-0.240 
mm.  long  by  4-5 ,"  broad. 

The  embryos  were  originally  reported  from  the  blood 
of  Carib  Indians  from  British  Guiana,  and  were  present 
in  about  fifty  per  cent,  of  the  cases  examined.  At  first 
both  sharp- and  blunt- tailed  embryos  were  found  together 
and  were  regarded  as  developmental  stages  of  one  species. 
Daniels  found  adults,  chiefly  females,  in  the  mesentery, 
and  in  fat  at  various  points  in  the  peritoneal  cavity ;  and 
in  a  later  case  two  sets  of  adults,  the  one  which  is  re- 
garded here  as  belonging  to  this  species,  and  the  other, 
which  was  viewed  by  Manson  as  F.  perstans,  to  which 
the  blunt-tailed  embryos  are  also  assigned.  The  relation 
of  tlie  adults  to  these  embryos  is  still  a  matter  of  consid- 
erable doubt. 

In  addition  to  the  foregoing  there  are  also  several  spe- 
cies of  Filaria,  known  only  by  the  embryonic  form  which 
inhabits  the  blood.  While  von  Linstow  regards  them  all 
as  developmental  phases  of  one  species,  I  cannot  concur 
in  a  conclusion  so  widely  at  variance  with  their  differ- 
ences in  structure,  habits,  and  distribution.  They  may 
be  briefly  noted  as  follows : 

Filaria  diurna  Manson  1891. — Only  free  embryos  of 
this  species  have  been  observed.  They  were  found  in 
the  blood  of  negroes  from  the  west  coast  of  Africa.  They 
appear  in  the  peripheral  circulation  about  8  a.m.,  in- 
crease in  numbers  until  noon,  and  decrease  later,  to  dis- 
appear by  9  P.M.  The  periodicity  was  maintained  for 
some  weeks.  As  adults  of  F.  loa  were  found  in  one  of 
the  cases,  Manson  regards  it  as  likely  that  F.  diurna  is 
the  larval  form  of  that  species. 

Filaria  Bemarquayi  Manson  1891. — The  embryos  of 
this  species  were  found  in  the  blood  of  apparently  healthy 
natives  of  St.  Vincent,  and  later  also  of  St.  Lucia,  West 
Indies,  and  of  New  Guinea.  They  have  also  been  re- 
ported very  recently  from  other  local- 
ities in  the  West  Indies.  They  re- 
semble the  embryos  of  F.  Banerofti  in 
general  appearance;  they  are,  how- 
ever, only  half  so  large  (in  dry  smears) 
and  they  are  without  a  sheath.  Their 
presence  in  the  superficial  capillaries  is 
constant  day  and  night. 

For  convenient  reference  the  char- 
acteristics of  the  blood  fllarise  may  be 
given  here  in  tabular  form  (p.  216)  so 
far  as  they  have  been  determined. 

Filaria  romanorum-orientalis  Sarcani 
1888  is  a  species  observed  in  the  blood 
of  a  Roumanian  woman.  The  parasite 
measured  1  mm.  long  by  0.08  mm. 
broad,  and  had  an  alimentary  canal 
and  well  developed  sexual  organs. 

Family    of     the     Trichocephalidee. 
Body  extremely  elongated   with    two 
distinct  regions,   the    longer   anterior 
very  slender  and  the  shorter  posterior  more  or  less  en- 
larged.    (Esophagus  very  long,  anus  terminal.     Males 
sometimes  without  a  spicule,  more  often  with  a  single 
simple  one  which  possesses  a  sheath.     Female  with  sim- 


FIG.  3550.— Tail  of 
Male  FOaria  Ma- 
galhaesl.  Magnl- 
fled.  (After  von 
Linstow.) 
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Chakactebistics  of  Blood  Filakwe. 


Lenpth  . 
Breadth 
Sbeatb.. 

Head 

Tall 


Body 

"  V  "  spot . 


F.  diuma 


0.300  mm. 

7.5  f. 

Present . . 

?  

Sharp  


Central      granular 

mass. 
Present 


F.  noctMrna 

0.300  mm 

7.5  111 

Present 

Slx-llpped  armature 
One-flfth      taper 

(sharp?). 
Indistinct    central 

granular  mass. 
Present  


F.  perstans 

0.230  mm 

4.5(1 

Absent 

Papillatert  

Truncated 

No  central  granU' 

lar  mass. 
None 


F.  volvvZus 

0.250  mm 

5(1 

Absent 

Rounded 

Sharp,  one -fifth 

taper. 
Central     granular 

mass. 
Clear  spot 


F.  Demarquayi 

0.205-0.210  mm  . . . 

5(x 

Absent 

Retractile  spine  . . 


Present,  0.052  mm. 


F.  Ozzar<M 


0.17-0.24  mm. 
4-5  (X. 
Absent. 

Sharp. 


pie  ovary ;  vulva  at  junction  of  the  two  regions  of  the 
body  ;•  eggs  'with  peculiar  translucent  plug  in  the  shell 
at  each  pole.     Developijient  direct  and  without  ecdysis. 


a 


Fig.  35Si.—TricJweephalus  tricMurus.  a.  Egg ;  6,  female ;  c,  male 
with  anterior  end  embedded  in  mucosa;  sp,  spicules.  (After 
Claus.) 

Of  the  half-dozen  genera  only  two  are  important  here, 
but  they  include  two  of  the  commonest  and  the  most 
feared  of  human  parasites. 

Trichocephalus  Goeze  1788. — Anterior  region  very  long 
and  filiform ;  posterior  region,  which  contains  the  intes- 
tine and  reproductive  organs,  short,  sharply  set  off  from 
anterior  and  markedly  inflated.  In  the  male  it  is  rolled 
into  a  spiral;  one  spiculum  with  infundibuliform  sheath. 
In  the  female  the  posterior  regions  are  lightly  bent,  but 
not  in  a  spiral.  Parasitic  in  the  large  intestine  and  csecum 
of  mammals. 

TrichoeepJialus  tricMurus  (L.  1771).— (Syn. ;  Ascaris 
trichiura  L.  1771 ;  Trichocephalos  Goeze  1782 ;  T.  Jiomi- 
nis  Schrank  1788 ;  T.  diapar  Rud.  1801 ;  Mastigodes  homi- 
nis  Zeder,  1803.) 

Male,  40-45  mm.  long,  with  strongly  attenuated  ante- 
rior region  comprising  three-fifths  of  the  total  length. 
Spicule  single,  3.5  mm.  long,  located  in  a  spinous  pro- 
tractile sheath;  posterior  region  in  a  flattened  spiral. 
Female,  45-50  mm.  long,  with  attenuated  anterior 
region  two-thirds  of  total  length.  Eggs,  51-53  ft  long  by 
31-33  |U  wide,  brownish,  thick-shelled,  with  polar  knobs, 
and  deposited  before  cleavage  begins  (Fig.  3551). 

The  striking  appearance  of  this  genus,  a  single  species 
alone  of  which  is  parasitic  in  man,  is  due  largely  to  the 
regions  of  the  body.  The  filiform  region  contains  only 
the  oesophagus,  leaving  the  remainder  of  the  alimentary 
canal  and  all  the  reproductive  organs  for  the  greatly  en- 
larged posterior  region  in  which  the  transparency  of  the 
body  wall  permits  one  to  recognize  the  various  structures 
even  in  the  living  worm.  The  orifice  of  the  vagina  lies 
near  the  level  of  the  transition  from  oesophagus  to  mid- 
gut. 

Life  History,— The  eggs  are  produced  in  large  num- 
bers, four  hundred  thousand  annually  by  a  single  female 
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(Leuckart),  and  undergo  no  development  until  they  have 
passed  out  of  the  human  body.  Cleavage  takes  place  in 
water,  but  only  at  the  end  of  some  months  or  even  more 
than  a  year.  The  eggs  are  well  protected  by  the  heavy 
shell  from  adverse  circumstances,  so  that  Davaine  has 
kept  embryos  living  within  them  for  five  years.  The 
introduction  of  these  embryos  still  within  the  shell  is  or- 
dinarily brought  about  through  drinking-water,  though 
Blanchard  suggests  the  evident  possibility  of  their  intro- 
duction on  salads 
and  uncooked  vege- 
tables. In  the  hu- 
man stomach  the 
shell  is  dissolved 
and  the  embryos  are 
set  at  liberty  to 
reach  sexual  matu- 
rity at  the  end  of  a 
few  weeks,  as  has 
been  definitely  es- 
tablished by  the  ex- 
periments of  Grassi. 

Distribution. — 
This  is  one  of  the 
commonest  para- 
sites of  man,  being 
distributed  over  practi- 
cally the  entire  earth, 
though  more  abundant  in 
the  warmer  regions.  Lo- 
cal variations  in  its  fre- 
quency are  noteworthy. 
Braun  cites,  as  records  of 
autopsies,  its  presence  at 
Dresden  as  3.5  per  cent., 
at  Erlangen  11.1  per 
cent.,  at  Kiel  31.8  per 
cent.,  at  Munich  9.3  per 
cent.,  at  St.  Petersburg 
0.18  per  cent.,  at  G5ttin- 
gen  46.1  per  cent.,  at 
Basel  33.7  per  cent.,  at 
Greenwich  68  per  cent., 
at  Dublin  89  per  cent.,  at 
Paris  50  per  cent.,  and  in 
Southern  Italy  near  100 
per  cent.  This  species  is 
growing  rarer  in  Paris  ac- 
cording to  statistics  avail- 
able, and  probably  else- 
where also,  owing  to  the 
disuse  of  surface  water  for 
drinking. 

Pathology.  —  Triehoce- 
plialua  tricMurus  inhab- 
its the  human  caecum  or- 
dinarily, but  rarely  also 
the  vermiform  process  and 
colon,  and  may  be  found 
in  persons  of  all  ages,  even 
occurring  in  infants  of  a 
year  old. 

Usually  only  a  few  in- 
dividuals are  present  in  a  single  host,  but  in  some  cases 
as  many  as  one  thousand  parasites  have  been  found  at 


Fig.  3652.— Intestinal  Trichina.  A. 
Female  with  embryos;  B,  male, 
X  80.    (After  Heller.) 
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once.  Normally  they  occur  with  the  filiform  anterior 
region  embedded  in  the  mucosa,  and  recent  investiga- 
tion tends  to  demonstrate  that  such  as  are  found  free  in 
the  canal  have  been  driven  out  by  post-mortem  changes. 
This  species  has  been  regarded  earlier  as  playing  a 
pathogenic  r61e  in  typhoid,  chol- 
era, and  beri-beri,  and  more  re- 
cently all  pathogenic  significance 
has  been  denied  it.  Though  the 
presence  of  a  few  does  not  occa- 
sion pathogenic  symptoms,  yet 
since  Askanazy  has  shown  the  oc- 
currence of  haemoglobin  in  the 
alimentary  canal  of  these  worms, 
the  fact  that  they  nourish  them- 
selves on  the  blood  of  the  host 
cannot  be  doubted.  In  occasional 
severe  cases  noteworthy  depres- 
sion, suppression  of  the  urine,  with 
fever,  cardiac  weakness,  and  often 
nervous  symptoms,  have  been 
noted. 

Treatment  is  said  to  be  difficult, 
and  naphthalin,  thymol,  and  pel- 
letierine  have  been  used  with  only 
moderate  success.  A  later  writer 
commends  santonin  as  rapid  and 
effective. 

Prophylaxis. — Care  in  obtaining  drinking-water  and 
in  selecting  and  cleansing  uncooked  vegetables  will  evi- 
dently limit  the  spread  of  the  parasite. 

Trichinella  Railliet  1896.  —  (Syn. :  Tricliina  Owen 
1835.) 

Very  small,  slender,  without  marked  distinction  of  re- 
gions in  body.  Male  without  spicule,  but  with  lateral 
appendages  at  posterior  end,  as  if  a  poorly  developed 
bursa  were  present.  Female  ovoviviparous;  vulva  at 
anterior  fifth  of  body.     Only  a  single  species. 

TricUnella  spiralis  Raill.  1896.— (Syn. :  Trichina  spi- 
ralis Owen  1835.) 

Male  (Fig.  3553,  B),  1.4-1.6  mm.  long  by  0.04mm.  broad, 
without  spicules,  but  with  a  short  conical  appendage  on 
either  side  of  the  cloaca,  behind  which  are  two  pairs  of 
papillse.  Female  (Fig.  3553,  A),  3-4  mm.  long,  0.06  mm. 
broad ;  vulva  ventral  near  anterior  fifth  of  body ;  anus 
terminal,  viviparous.  Fully  developed  larva,  0.8-1  mm. 
long  by  0.04  mm.  broad;  cyst  measures  0.4  by  0.35  mm. 
The  sexually  mature  parasite,  sometimes  called  the  in- 
testinal trichina,  inhabits  the  small  intestine  of  man  and 
various  other  mammals.  The  larval  form,  known  as  the 
muscle  trichina,  is  found  encysted  in  muscular  tissue. 
Easily  infected  are  man,  pig,  rat, 
mouse,  guinea-pig,  rabbit ;  less  eas- 
ily sheep,  calf,  horse;  with  diffi- 
culty cat,  dog,  badger.  The  intes- 
tinal form  will  develop  also  in 
birds,  but  the  embryos  are  expelled 
with  fseces  and  do  not  reach  the 
muscles. 

History. — Encysted  trichinse  were 
first  noted  by  Peacock  in  London 
as  early  as  1838,  but  it  was  1835 
before  their  character  as  encapsu- 
lated entozoa  was  recognized  by 
Paget  and  the  parasite  described  by 
Richard  Owen.  The  presence  of 
encysted  trichinae  in  man  was  con- 
firmed by  a  multitude  of  observa- 
tions from  various  countries,  and 
Joseph  Leidy  added  a  most  impor- 
tant fact  in  the  discovery  of  sim- 
ilar worms  in  pork.  Feeding  ex- 
periments by  Leuckart,  Virchow, 
and  Kiichenmeister,  together  with 
the  observations  of  Zenker  on  a  maid  that  had  died  of  ap- 
parent typhoid,  led  to  the  elucidation  of  the  life  history 
and  to  proper  estimation  of  the  pathogenic  character  of 
the  parasite  which  had  heretofore  been  regarded  as  harm- 


FiG.  35.53.— Fully  Developed  Muscle  Trichina  with  Ali- 
mentary Canal  and  Genital  Primordium,  Removed 
from  Cyst.    Magnified.    (After  Leuckart.) 
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VlH.  3554.— Encapsu- 
lated trichina.  (After 
Leuckart.) 


less  or  as  the  Immature  form  of  a  Trieliocephalus  or 
Strongylus.  Rapid  accumulation  of  isolated  cases  and 
of  epidemics  of  trichinosis,  almost  all  from  North 
Germany,  placed  beyond  question,  the  etiological  sig- 
nificance and  importance  of  the  trichina. 

Life  History. — If  a  portion  of 
flesh  containing  the  larval  worms 
is  eaten  by  a  suitable  host,  the 
larvae  are  set  free  in  the  stomach 
and  pass  into  the  small  intestine. 
They  attain  sexual  maturity  in 
about  two  and  one-half  days,  cop- 
ulate, and  the  male  soon  dies. 
Two  opposed  views  as  to  the  dis- 
persal of  the  young  have  long  been 
held.  According  to  one  the  mi- 
gration of  the  embryos  is  an  ac- 
tive one  in  that  they  bore  their 
own  way  out  of  the  canal  and 
through  the  connective  tissues  to 
their  ultimate  seat.  The  other 
view,  however,  of  passive  trans- 
port by  the  blood  and  lymph 
streams  may  be  regarded  as  de- 
monstrated by ,  recent  work,  par- 
ticularly that  of  Graham,  whose 
account  is  followed  in  the  main 
here.  The  gravid  female  bores 
into  the  intestinal  wall  as  far  as  the  lymph  vessel. 
There  the  young  are  produced,  being  set  free  by  the 
female  into  the  lymph  stream,  which  carries  them  ul- 
timately into  striated  muscle  tissue.  At  birth  they 
measure  0.09-0.11  mm.  in  length  by  5-6 /« in  width,  and 
at  the  close  of  this  migration  but  little  more,  being  then 
0.13-0.16  mm.  long.  In  eight  days  these  embryos  are  in 
the  intramuscular  connective  tissue  and  only  a  few  days 
later  in  the  muscle  fibres  themselves  (Fig.  3555).  The 
fibres  lose  their  transverse  striation  and  undergo  granular 
and  fatty  degeneration.  The  embryo  increases  rapidly 
in  size,  and  rolls  into  a  loose  spiral  in  an  expansion  of  the 
completely  degenerated  fibre.  By  the  action  of  the  sur- 
rounding connective  tissue,  in  which  connective-tissue 
corpuscles  and  leucocytes  are  contained,  a  cyst  of  char- 
acteristic form  is  produced  (Fig.  3554).  It  is  thickened 
at  the  poles  and  measures  about  0.4 
mm.  by  0.35  mm.  in  diameter.  This 
process  occupies  several  weeks,  dur- 
ing which  later  broods  of  embryos 
are  produced,  since  each  female  lives 
five  to  seven  weeks  and  gives  birth  to 
from  eight  thousand  to  ten  -thousand 
young.  Thus  in  the  early  stages  of 
an  infection  one  finds  in  the  muscle 
embryos  in  various  stages  of  develop- 
ment and  encystment,  side  by  side. 

Once  encysted  the  larvte  remain 
quiescent;  it  may  be  for  long  peri- 
ods. Thus  encysted  trichinae  have 
been  found  living  in  human  muscle, 
twenty-five  and  even  thirty-one 
years  after  the  presumed  infection. 
Not  infrequently,  though  perhaps 
not  always,  one  finds  evidences  of 
further  change  in  the  formation  of  a 
delicate  calcareous  layer  about  the 
cyst  (Fig.  3556).  In  some  cases  this 
encroaches  upon  the  larva  so  as  to 
produce  ultimately  a  calcareous  nod- 
ule in  which  a  remnant  alone  of  the 
worm  is  contained.  It  is  held  by 
some  that  calcification  does  not  ensue 
until  after  the  death  of  the  larva  from 
unknown  causes.  Fatty  degeneration 
of  the  encysted  trichinae  can  also  be 
observed,  and  is  likewise  held  to  be  a  pathogenic  process. 
Such  larvae  as  rarely  occur  in  connective  tissue  are  with- 
out the  characteristic  cyst,  but  appear  to  be  smothered 
in  a  mass  of  proliferating  connective  tissue. 
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Fig.  3555.  — Muscle 
Trichina   Fifteen- 
Days    After    Infec- 
tion.   X165.   (After 
Leuckart.) 


Nematoda. 
Neiuatoda. 
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While  it  has  been  determined  experimentally  that  a 
considerable  number  of  hosts  furnish  conditions  favor- 
able for  the  development  of  the  trichinse,  the  normal  host 
is  no  doubt  the  rat,  and  evidence  has  been  adduced  to 
prove  the  introduction  of  this  parasite  into  Europe  from 


Pig.  3558.- 


-Muscle  with  Encysted  Triehinas  in  Process  of  CalciScation. 
(After  Braun.) 


the  East  with  the  brovcn  or  Norway  rat.  The  method  of 
transmission  in  this  species  is  clear  when  one  recalls  that 
rats  are  cannibals  and  universally  make  way  with  aged 
or  infirm  members  of  the  tribe.  The  well-known  avid- 
ity with  which  pigs  catch  and  eat  rats  explains  the  in- 
fection of  swine,  and  it  is  from  this  source  that  man  is 
infected. 

Nearly  all  of  the  epidemics  of  trichinosis  on  record  are 
confined  to  North  Germany.  In  Saxony  from  1860-75 
there  were  39  epidemics  affecting  1,367  persons,  of  whom 
19  died;  at  Hedersleben  (1865),  a  town  of  about  2,000  in- 
habitants only,  a  total  of  337  were  sick  and  101  died ;  at 
Emmersleben  (1888)  fully  one-third  died  among  those 
who  ate  the  infected  meat.  Stiles  has  given  a  statistical 
review  of  trichinosis  in  Germany  during  recent  3'ears, 
from  whicK  is  taken  the  following:  1860-1880—8,491 
cases,  513  deaths,  6  per  cent,  mortality;  1881-1898 — 
6,329  cases,  818  deaths,  5  per  cent,  mortality. 

Prom  the  table  of  separate  years  it  appears  that  there 
has  been  a  general  decrease  in  trichinosis  in  Germany 
during  recent  years,  due  probably  to  general  education 
of  the  public  on  the  dangers  of  eating  raw  pork  as  well 
as  to  meat  inspection.  The  latter,  which  removes  from 
consumption  1,500  to  2,000  trichinous  hogs  annually,  is 
carried  out  in  a  most  scientific  manner  by  an  army  of 
some  80,000  inspectors  and  microscopists,  at  an  annual 
cost  (estimated)  for  the  German  Empire  of  $3,000,000, 
while  for  the  city  of  Berlin  alone  the  cost  is  180,000.  In 
spite  of  this  system  and  expenditure  security  from  trichi- 
nosis has  not  been  attained  even  for  the  meat  examined,  as 
the  following  table  shows,  according  to  which  more  than 
half  the  cases  of  this  disease  are  traceable  to  inspected 
meats. 

During  double  the  period  given  there  have  been  re- 
corded in  the  United  States  approximately  900  cases. 

Of  the  18  cases  and  3  deaths  alleged  to  have  been  due 
to  American  pork  during  1881-83,  neither  Virchow  nor 
others  have  accepted  the  evidence  as  tenable,  and  the 
careful  examination  made  by  Stiles  renders  it  clear  that 
the  attacks  upon  American  pork  found  in  the  German 
press  are  not  supported  by  German  health  statistics. 
"While  the  inspection  doubtless  diminishes  chances  of  in- 
fection, it  certainly  gives  rise  to  a  false  feeling  of  security. 


Summary  fok  the  German  Empire  1881-98  Inclusive. 


Cases. 

Deaths. 

2,042 

142 

1,204 

112 

Meat  condemned  but  used 

13 

Due  to  defects  in  inspection  system 

7 

Total  results  of  errors 

3,388 

63 

874 

1,968 

18 

18 

132 

Inspection  uncertain 

0 

84 

98 

Said  to  be  due  to  American  meats 

3 

1 

6,329 

318 

For  the  years  1860-95  Stiles  has  collected  records  of 
about  900  cases  from  the  United  States.  Undoubtedly 
during  this  time  cases  have  been  diagnosed  as  atypical 
typlioid  or  rheumatism  which  were  in  reality  attacks  of 
trichinosis,  but  in  the  opinion  of  various  authors  there 
were  also  unrecorded  cases  in  Germany.  Nevertheless  it 
is  clear  that  there  is  a  much  less  prevalence  of  the  disease 
here,  and  it  is  interesting  to  note  the  nationality  of  these 
cases  so  far  as  recorded. 

Table  or  Two  Hundred  and  Seventy-Four  American  Cases. 


Cases. 

Per 

cent. 

Cases. 

Per 
cent. 

208 

sr 

10 
4 
4 

76.0 

13.0 

3.0 

1.5 

1.5 

4 
3 

1 
1 
1 

1  5 

"  Foreign  " 

Negro 

French  Canadian 

"  French  descent"  .. 

1.0 
4 

Italian 

.4 

Irish 

Swede 

4 

Statistics  as  to  the  prevalence  of  trichinosis  are  given 
by  numerous  European  authorities  from  examinations 
made  at  autopsies.  The  results  vary  from  nothing  in 
Prance,  according  to  Blanchard,  to  about  two  per  cent. 
in  Germany,  according  to  various  authors.  These  fig- 
ures are  based  upon  macroscopic  examinations  in  large 
part  at  least,  and  Leuckart  with  others  has  remarked 
that  greater  success  would  follow  more  rigid  search.  In 
the  United  States  Williams  has  subjected  five  hundred 
and  five  cadavers  to  a  careful  microscopical  study,  with 
the  result  that  twenty-seven  cases  were  found  to  be  in- 
fected, or  five  and  a  third  per  cent.  One-third  of  them 
were  classed  as  severe,  and  only  two  were  evident  on  ex- 
amination with  the  naked  eye.  The  nationality  of  the 
cases  is  given  in  the  following  table,  which  is  sugges- 
tive, though  the  number  is  too  small  to  warrant  the  draw- 
ing of  final  conclusions: 


Posi- 
tive. 

Nega- 
tive. 

Total. 

Per  cent,  of 

positive 

cases 

in  each 

nationality. 

United  States,  white  

6 

5 

5. 

2 

6 

2 

0 

1 

201 
65 
57 
10 
43 
10 
27 
65 

207 
70 
62 
13 
49 
12 
27 
66 

2  89 

7.14 

British  and  Irish 

806 

16.66 

German 

12  24 

Italian 

16.66 

Other  nationalities 

000 

151 

27 

478 

505 

E.34 

The  infection  of  rats  varies  so  widely  in  different  locali- 
ties that  little  dependence  can  be  placed  on  figures  here- 
tofore given  from  the  examination  of  small  numbers  of 
individuals.  The  examination  of  pigs  shows  in  Boston 
4-5. 7  per  cent,  infected  (Billings),  in  United  States  army 
2.1  per  cent.  (MUller),  in  various  German  districts  from 
1.5  per  cent,  to  0.1  per  cent.  The  records  of  Mark  show 
distinctly  that  reasonable  hygienic  conditions  reduce  the 
percentage  of  infection  among  pigs  enormously,  even  in 
a  few  years. 
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The  trichiii83  are  found  most  abundantly  in  the  muscles 
of  the  diaphragm,  tongue,  and  neck,  and  are 'present  at 
times  in  incredible  numbers,  estimated  by  Leuckart  at 
from  thirty  to  forty  millions  for  a  single  host  (man). 
Diagnosis  of  the  disease  may  be  positively  confirmed  by 
the  discovery  of  embryos  in  bits  of  muscle  removed  from 
the  patient  by  scalpel  or  special  harpoon. 

The  occurrence  of  other  nematodes  of  somewhat  simi- 
lar size  and  appearance,  the  so-called  fr.lse  trichinse,  in 
the  muscles  and  other  organs  of  hare,  rat,  mouse,  bird, 
fish,  and  even  man  (cf.  case  of  Cobbold  above,  under 
Leptodei-a  Urricola)  make  it  Imperative  that  the  determi- 
nation be  made  with  care  in  suspected  cases  of  trichino- 
sis. Of  definite  diagnostic  value  is  the  so-called  "cell 
body  "  of  the  oesophagus,  which  is  prominent  in  the  an- 
terior pointed  region  of  the  worm  and  which,  though 
varying  in  length,  is  easily  recognizable  in  all  stages  of 
growth  and  in  both  sexes  (Fig.  3553). 

Prophylaxis. — Man  acquires  the  disease  by  the  con- 
sumption of  pork,  in  which  are  found  living  trichinaj. 
The  chance  of  infection  from  all  other  animals  is  utterly 
inconsiderable,  though  a  recent  German  author  calls 
attention  to  the  necessity  of  submitting  dog  meat  to  in- 
spection on  account  of  its  rapidly  increasing  use  as  food. 
It  has  also  been  proved  that  salting,  smoking,  and  other 
methods  of  curing  ham  do  not  afford  a  guarantee  for  the 
death  of  trichinse  which  may  be  present.  Two  preven- 
tive methods  have  been  suggested.  The  first  is  followed 
by  Germany  in  her  system  of  meat  inspection ;  as  already 
noted  the  system  is  expensive  and  does  not  afford  ab- 
solute protection.  Furthermore,  unless  the  number  of 
trichinae  present  is  enormous  so  that  pathological  changes 
have  been  induced  in  the  flesh,  the  destruction  of  the 
meat  constitutes  an  unnecessary  loss  of  valuable  food 
material.  The  second  method  of  preventing  the  disease 
is  the  thorough  cooking  or  curing  of  the  meat  so  as  to 
destroy  the  trichinse.  A  temperature  of  70°  C.  is  suffi- 
cient to  kill  the  encysted  parasites,  but  in  order  that  the 
centre  of  a  piece  of  meat  may  reach  this  temperature 
cooking  must  be  prolonged.  One  may  determine  the 
sufficiency  of  the  cooking  by  the  uniform  clear  gray 
color  of  a  cut  surface  and  the  absence  of  red  juice  under 
pressure  of  the  knife.  This  individual  prophylaxis  is 
both  most  reasonable  and  most  effective;  for  the  con- 
sumption of  well-cooked  pork  is  free  from  danger. 

The  old-fashioned  slaughterhouse,  at  which  the  refuse 
was  thrown  to  pigs  and  fell  in  part  also  to  the  rats  infest- 
ing the  place,  was  a  serious  menace  to  the  health  of  the 
community,  and  offered  the  most  admirable  conditions 
for  the  rapid  multiplication  of  parasites,  especially  these. 
On  the  other  hand,  the  great  modern  packing  establish- 
ments, in  which  all  scraps  are  utilized  under  methods 
that  destroy  the  life  of  any  parasites  present,  are  impor- 
tant agents  in  the  limitation  of  this  disease  and  in  the 
general  improvement  of  public  health.  Proper  methods 
of  slaughtering,  curing,  and  preparing  pork,  and  the 
abandonment  of  the  unsanitary  custom  of  eating  the  flesh 
of  the  pig  uncooked  are  the  true  methods  for  the  sup- 
pression of  the  disease. 

Family  of  the  Strongylidse.— Body  elongated,  cylindri- 
cal, rarely  filiform;  alimentary  canal  complete;  mouth 
provided  with  six  papillae,  sometimes  in  the  axis  of  the 
body,  sometimes  turned  toward  the  dorsal  or  ventral  sur- 
face, and  frequently  armed  by  chitinous  teeth ;  oesophagus 
more  or  less  enlarged  at  the  posterior  end,  but  not  pro- 
vided with  a  distinct  bulb;  sexes  separate;  male  with 
caudal  sac  or  bursa  in  shape  like  a  saucer,  or,  if  deeper, 
a  bell  encircling  the  end  of  the  body.  One  or  two  spic- 
ules project  from  it,  and  the  ribs  or  rays  which  mark  its 
surface  have  characteristic  arrangements  in  different  spe- 
cies. The  margin  of  this  sac  may  be  notched  or  deeply 
cut,  so  that  it  appears  to  consist  of  two  separate  parts ;  near 
the  male  orifice  a  small  number  of  papillae  are  often 
found.  Female  with  one  or  two  ovaries ;  female  sexual 
opening  very  variable  in  position.  The  eggs  when  laid 
have  undergone  at  least  part  of  their  development. 

Strongylus  a/pri  (Gmelin  1789).— (Syn. :  Qordius  pul- 
monalis  api'i  Ebel  1777 ;  Ascaris  apri  Gmelm  1789 ;  8tr. 


suis  Rud.  1809 ;  Str.  paradoxus  Mehlis  1831 ;  8tr.  elon- 
gat'us  Duj.  1845;  Sir.  longemginatus  Dies.  1851;  Meta- 
strongylua  paradoxus  Molin  1860.) 

Male,  12-25  mm.  long,  bursa  bilobed,  five  ribs  in  each 
lobe,  spicules  very  long  and  slender,  measuring  2.5-4 
mm.  in  length.  Female,  20-50  mm.  long,  with  short 
fish-hook  tail  at  the  base  of  which  lies  the  anus  and  just 
in  front  of  it  the  vulva  on  a  rounded  eminence.  Eggs 
ellipsoid,  0.06-0.1  mm.  long  by  0.04-0.07  mm.  broad; 
when  laid  they  contain  well-developed  embryos. 

The  parasite  inhabits  commonly  the  bronchi  and  bron- 
chioles of  pig,  sheep,  and  occasionally  also  man.  Dies- 
ing  reported  it  first  from  a  six-year-old  boy  in  Klausen- 
burg;  Chatin  found  some  individuals,  probably  by 
accident,  in  the  alimentary  canal  of  a  patient  in  France. 

The  observation  of  Rainey  and  Bristowe  on  nematode 
embryos  from  the  larynx,  which  they  called  Filaria  tra- 
chealis,  points  to  this  species  even  if  an  exact  determina- 
tion is  impossible.  Its  abundant  occurrence  in  the  pig 
in  Europe,  and  its  extreme  rarity  in  man  point  to  some 
feature  in  the  unknown  life  history,  which  renders  hu- 
man infection  improbable. 

Strongylua  suhtilis  Looss  1895. — Body  very  slender  and 
delicate,  cuticula  finely  striated,  oral  papilliE  inconspic- 
uous; buccal  cavity  infundibuliform ;  oesophagus  nearly 
one-sixth  as  long  as  the  body.  Male  with  inconspicuous 
also  at  anterior  end,  4-5  mm.  long,  90 ,"  in  diameter  at  an- 
terior end,  70//  near  bursa;  two  spicules,  0.15  mm.  long, 
with  accessory  piece  0.05  mm.  long  (Fig.  3557).  Bursa 
bilobed,  with  asymmetrical  ribs.  Female,  5.6-7  mm. 
long,  0.01  mm.  in  diameter  at  head,  and  0.09  mm.  in 
posterior  third  of  body.  Tail  sharply  pointed,  anus  near 
tip;  vulva  about  one-fifth  length  from  posterior  end; 
uterus  bilobed,  with  a  few  (three  to  six,  or  even  eight 
or  nine)  eggs  in  each  lobe;  eggs  oval,  68-70  by  41-36 /u, 
thin  shelled,  unsegmented,  or  partially  segmented  in 
uterus;  develop- 
ment unknown. 
Infection  by 
drinking  -water. 

This  parasite 
was  described 
by  Looss  from 
specimens  found 
at  post-mortems 
in  Egypt.  It 
occurred  in  the 
stomach  and  du- 
odenum of  man 
and  the  camel. 
The  infection 
was  regularly 
light,  and  Looss 
doubtedits  path- 
ogenic character 
on  account  of 
this  as  well  as  its 
small  size  and 
unarmed  buccal 
cavity.  Later 
Ijima  reported  a 
record  made  by 
Ogata  of  the  dis- 
covery  of  as 
many  as  two 
hundred  small 
nematodes  in 
fluid  taken  from 
the  stomach  of 
a    woman    who 


Fig.  3531.—Strongylus  SMfttilis.  A,  Tall  of 
female ;  a,  anus ;  gp,  genital  pore ;  i,  intes- 
tine ;  rs,  seminal  receptacle ;  u,  uterus ;  B, 
tail  of  male;  6,  bursa;  s,  spicules;  to,  semi- 
nal vesicle ;  C,  spicules  and  accessory  piece. 
Highly  magnined.    (After  Looss.) 


died  in  Japan 
during  the  "  Mi- 
ura  plague"  of  1889.  These  parasites  were  identical 
with  Looss'  species,  and  while  they  were  not  regarded  as 
the  cause  of  the  epidemic,  it  is  clear  that  the  presence  of 
so  large  a  number  of  parasites  creates  a  presumption 
against  their  supposed  harmlessness. 
In  view  of  its  occurrence  in  such  widely  separated  re- 
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gions,  its  discovery  in  intermedial  territory  is  probable, 
and  its  Introduction  into  the  United  States  by  travellers 
from  the  Orient  or  by  returning  American  troops  is  an 
evident  possibility  under  present  circumstances. 

Dioetophyme  renale  (Goeze  1782.)  —  (Syn. :  Ascaris 
eanis  et  mm'tis  Schrank  1788;  A.  msceralis  et  renalis 
Gmelin  1789 ;  Strongylus  gigas  Rud.  1802 ;  Eustrongyliis 
gigasV>ie,%mg  1851;  Strovgylus  renalis  Mo(\.-TanA.  1860; 
Fm.  visceralis  Raill.  1885.) 

Generally  blood  red,  slightly  tapering  at  both  ends,  es- 
pecially the  anterior ;  mouth  triangular,  bordered  by  six 
small  papillse.  Male,  13-40  cm.  long,  4-6  mm.  broad. 
Caudal  extremity  obtuse,  encircled  by  membranous 
pouch  without  rib  lines,  but 
with  papillse  on  margin.  One 
slender  spicule,  5-6  ram.  long. 
Female,  30  cm.  to  1  meter  long ; 
5-12  mm.  broad ;  tail  obtuse  and 
slightly  curved ;  anus  terminal; 
female  sexual  opening,  50-70 
mm.  from  anterior  end;  eggs 
ovoid,  thick-shelled,  brown,  64- 
/j.  by  40-43  ft. 

This  is  the  giant  of  all  the  ne- 
matoda, and  is  a  kidney  para- 
site encountered  in  man,  dog, 
cattle,  horse,  wolf,  and  many 
fish  eating  animals.  It  is  ex- 
tremely rare. 

Life  History. — The  develop- 
ment begins  in  the  female  worm, 
but  is  completed  only  after  the 
egg  has  been  expelled  from  the 
host.  Five  or  six  months  in 
winter  and  a  shorter  time  in 
summer  are  necessary  for  the  re- 
mainder of  the  development  of 
the  embryo.  It  lives  a  long  time 
in  water  or  moist  earth,  but  can- 
not endure  drying.  The  em- 
bryos will  not  develop  if  trans- 
ferred directly  to  the  dog,  so  that 
an  intermediate  host  seems  nec- 
essary. This  has  been  conjec- 
tured to  be  a  fish. 

Pathology. — Of  the  numerous 
cases  reported  of  the  occurrence 
of  this  parasite 
in  man,  the  ma- 
jority are  as- 
signable to  other 
parasites.  Not 
more  than  ten 
are  authentic. 
Trumbull's  case 
(New  York 
Medical  Becord, 
1897)  has  been  explained,  by  Stiles  as  probably  a  Filaria. 
Uneinaria  Fr6hlich  1789. — Anterior  end  curved  dor- 
sad; mouth  opening  obliquely  from  chitinous  buccal 
capsule  surrounded  by  transparent  border ;  dorsal  por- 
tion of  capsule  shorter  than  ventral,  supported  by  coni- 
cal structure  sometimes  projecting  into  cavity;  at  base 
of  capsule  two  ventral  teeth ;  near  inner  free  border  ven- 
tral wall  bears  on  each  side  of  the  median  line  chitinous 
structures  or  teeth,  often  recurved  like  hooks  (uncinate) ; 
inner  dorsal  vyall  also  with  teeth  at  times.  Oviparous, 
eggs  with  thin  transparent  shell. 

Of  the  species  of  this  genus,  which  contains  dangerous 
blood-sucking  intestinal  parasites  of  the  higher  mammals, 
two  occur  in  man,  one  an  Old-World  species  long  known 
and  the  other  recently  discovered  on  this  continent.  In 
medical  writings  the  worm  is  more  ordinarily  called  Ancliy- 
lostoma,  and  the  disease  which  it  produces  is  spoken  of  as 
anchylostomiasis.  As  the  recent  important  contribution 
of  Stiles,  to  whom  I  am  also  indebted  for  valuable  per- 
sonal communications,  shows  clearly,  the  name  of  one  at 
least  of  the  species  in  question  here  is  that  given  above, 


Fig.  3558.— Male   of    ZTncinarfa    duodenalis. 
Magnified.    (After  Schulthess.) 


and  the  term  uncinariasis  or  uncinariosis  should  be 
adopted  a«  the  correct  designation  of  the  disease  which 
is  known   also  as  brickmakers'  and  miners'  anaemia. 


Fig.  3659.— Oral  Capsule  of  Uneinaria  duodenalis  In  lA.)  Dorsal 
and  (B)  Lateral  Aspect,  a.  Inner;  6,  outer  ventral  tooth ;  c,  dorsal 
tooth;  d,  stylet;  e,  dorsal  rib;  m,  buccal  cavity;  oe,  oesophagus. 
CAfter  Hertwlg.; 

Egyptian  chlorosis,  tunnel  disease,  etc.  Its  chief  symp- 
toms are  anaemia  with  the  circulatory  disturbances  ac- 
companying the  pernicious  type,  colicky  pains  in  the 
abdomen,  great  weakness,  alternating  constipation  and 
diarrhoea  with  brownish  or  bloody  stools,  nausea,  and 
ffidema.  Positive  diagnosis  is  made  by  the  discovery  of 
the  parasites  and  eggs  in  the  fa'ces.  In  such  cases  care 
should  be  exercised  not  to  confuse  this  with  other  species. 

As  the  effects  due  to  tlie  two  species  are  not  distin- 
guishable, a  general  discussion  may  be  given  for  both 
together.  By  means  of  the  powerful  armature  of  the 
buccal  capsule  they  pierce  the  intestinal  mucosa  and 
with  the  muscular  oesophagus  pump  out  blood.  The  in- 
testinal epithelium  is  lost  from  the  area  taken  into  the 
capsule,  and  in  addition  to  this  the  parasites  move  froni 
spot  to  spot  so  that  the  host  loses  not  only  the  blood 
taken  by  the  parasite  directly,  but  that  lost  through 
many  minute  hemorrhages  at  previous  points  of  attack. 
The  functional  vitality  of  the  intestinal  wall  is  evidently 
reduced,  and  some  are  inclined  to  believe  that  the  para- 
site also  produces  a  poison  which  acts  upon  the  host  un- 
favorably. 

Thymol  and  male  fern  are  most  frequently  used  for 
driving  out  these  parasites,  and  Stiles  quotes  the  follow- 
ing directions  for  thymol  treatment: 

Two  grams  of  thymol  at  8  A.M.,  repeated  at  10  a.m., 
and  castor  oil  or  magnesia  at  noon.  Diet  of  milk  and 
soup.  As  some  cases  are  obstinate,  a  re-examination  of 
the  fsDces  in  a  week  is  necessary,  and  the  repetition  of  the 
treatment  if  eggs  are  still  to  be  found.  It  should  be 
noted  that  on  the  whole  experiments  are  very  unfavor- 
able to  the  use  of  alcohol  during  the  thymol  treatment. 

Rational  prophylaxis  must  be  based  on  better  knowl- 
edge of  the  extent  of  the  disease.  When  it  is  suspected 
microscopical  examination  of  the  faeces  and  treatment  of 
all  infected  individuals  are  necessary  preliminaries  to  its 
eradication.  The  construction  of  water-tight  latrines  in 
tunnels,  brickyards, 
and  other  corpora- 
tion properties 
where  the  disease 
is  prevalent,  to- 
gether with  the 
periodic  disinfec- 
tion of  their  con- 
tents by  quicklime 
or  by  cremation, 
will  largely  prevent 
the  spread  of  the 
disease.  If,  in  ad- 
dition, defecation  in 
other  places  is  forbidden  and  the  regulation  enforced, 
while  on  the  other  hand  fresh  pure  drinking  water  is 
supplied  and  workmen  are  impressed  with  the  necessity 
of  personal  cleanliness  as  a  preventive  for  the  disease, 


Fig.   3560.  —  Bursa    of  Male    Uneinaria, 
duodenalis.  Magnified.    (After  Railliet.) 
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the  difficulty  will  be  reduced  to  a  minimum.  It  must 
be  kept  in  mind  that  Looss  lias  demonstrated  the  prob- 
ability of  infection  from  water  with  larvae  coming  on 
to  the  skin,  so  that  the  presence  of  such  larvfB  in  stand- 
ing water  is  a  real  menace,  even  if  none  of  it  ever  reaches 
the  mouth. 

The  Old-World  species  has  been  known  for  some  time, 
and  its  effects  are  clearly  traceable  back  of  the  historic 
study  of  Perroncito,  which  showed  it  to  be  the  cause  of 
the  severe  miners'  anaemia,  which  was  associated  with 
the  construction  of 
the  Saint  Qothard 
tunnel.  It  is  onlyj,jrg-__ 
within  the  year  1903^ 
that  Stiles  has 
called  attention  to 
the  tremendous  economic  and  hy- 
gienic importance  of  the  New- 
World  species  in  our  Southern 
States,  although  the  records  of 
the  presence  of  some  species, 
probably  this  one,  extend  back 
for  many  years.  In  Central 
America  uncinariasis  has  been 
for  centuries  the  most  important 
and  dangerous  general  disease, 
involving  twenty-three  percent, 
of  the  population ;  it  appears  in 
the  old  Indian  traditions,  and 
with  the  disease  is  associated 
"dirt-eating."  The  species  has 
not  been  precisely  determined. 
In  Africa  the  infected  negro  does 
not  seem  to  be  subject  to  any 
resulting  anaemia. 

TIncinaria  duodenalis  (Dub. 
1843)  Railliet  1885.  —  (Syn. . 
Agchylostoma  duodenale  Dub. 
1843;  Strongylus  guadridentatus 
V.  Sieb.  1851;  Aneliylostoma 
dtiod.  Dub.  1850;  Dochmius  an- 
ehylostomum  Molin  1860;  Selero- 
stoma  duodenale  Cobbold  1864; 
Str.  duodenalis  Schn.  1866; 
Doclimius  duodenalis  L  e  u  c  k. 
1876 ;  Anhylostoma  and  Ankylos- 
tomum  duod.  auct.) 

Body  cylindrical ;  buccal  cav- 
ity with  two  pairs  of  uncinate 
Ventral  teeth,  and  one  pair  of 
dorsal  teeth,  directed  forward ;  dorsal  rib  not  projecting 
into  capsule.  Female,  10-18  mm.  long  by  0.5-0.6  mm. 
wide;  vulva  at  or  near  posterior  third  of  body;  eggs 53 
by  33  fi,  segmenting  when  deposited  with  direct  develop- 
ment. Male  (Pig.  3558),  8-11  mm.  long  by  0.4-0.5  mm. 
wide;  caudal  bursa  (Fig.  3560)  with  dorso-medial  lobe, 
dividing  at  two-thirds  the  distance  from  base,  each 
branch  being  tridigitate,  and  with  prominent  lateral 
lobes  united  by  a  ventral  lobe ;  spicules  long,  slender. 

This  species  occurs  in  the  upper  region  of  tlie  small  in- 
testine of  man,  and  has  been  reported  from  Europe,  Afri- 
ca, Asia,  the  Philippines,  and  recently  also  from  North 
America  and  the  West  Indies,  where  some  regard  it  as  of 
very  recent  introduction.  A  number  of  cases,  including 
one  fatal  one,  are  on  record  in  the  United  States  within 
two  years. 

Structure.— One  point  in  the  structure  deserves  special 
attention— the  so-called  pharynx  or  buccal  capsule  (Fig. 
3559).  This  is  very  nearly  spherical,  and  is  armed  with 
.  four  strong  curved  chitinous  teeth.  At  the  bottom  of 
the  capsule  are  two  triangular  lance-like  organs,  the 
function  of  which  is  the  penetration  of-  the  tissue  of  the 
host  ThB  body  is  curved  dorsad  at  the  anterior  end  on 
account  of  the  shortness  of  the  dorsal  wall  of  the  buccal 
capsule,  so  that  the  orifice  actually  points  dorsad. 

Life  History.— The  eggs  are  deposited  in  the  alimentary 
canal  of  the  host  and  must  pass  out  of  the  body  m  order 
to  undergo  development,  which  will  not  take  place  m 


Fig.  3561.— Toung  Uncin- 
aria  dundenaZis  Four 
Days  After  Infection.  A, 
Anus;  OO,  genital  cell:' 
NDr,  oesophageal  glands ; 
MH,  oral  cavity.  X  190. 
(After  Looss.) 


water,  but  proceeds  rapidly  in  faeces  or  in  slime,  so  that 
the  rhabditiform  embryo  is  hatched  in  twenty-four  hours, 
at  37"  C.  As  1"  C.  kills  the  eggs  in  from  twenty-four,  to 
forty-eight  hours,  the  climate  of  a  large  part  of  this  coun- 
try is  an  evident  barrier  to  the  spread  of  the  parasite. 
At  hatching  the  embryo  measures  0.3  mm.  in  length,  but 
grows  rapidly,  and  after  moulting  once  it  enters  upon  a 
resting  stage  within  the  cast-off  skin  of  the  second  moult. 
In  this,  the  infecting  stage  of  the  parasite,  the  worms 
may  live  for  a  month  or  more  in  water  without  food,  but 
if  subjected  to  desiccation  they  perish.  This  naturally 
points  to  water  as  the  probable  means  of  infection,  al- 
though the  presence  of  such  larvae  on  moist  salads  and 
other  vegetables,  eaten  uncooked,  may  well  be  a  sub- 
sidiary means. 

Recently  Looss  has  brought  forward  the  idea  that  these 
larvae  may  enter  the  human  body  by  way  of  the  skin, 
which  stands  in  perfect  agreement  with  his  earlier  obser- 
vations, that  the  larvae  which  were  fed  to  various  animals 
in  water  did  not  settle  down  but  were  discharged  per 
anum  unchanged ;  yet  part  of  them  bored  into  the  mu- 
cosa of  the  larynx  "and  oesophagus  and  were  active  and 
growing  two  weeks  later.     When  taken  into  the  human 
body  the  worms  undergo  radical  changes  in  structure. 
One  may  distinguish  with  Looss  a  third  stage  without  buc 
cal  cansule  (Fig.  3561),  a  fourth  with  provisional  buccal 
capsule  (Fig.   3563),  and  a  fifth  in  which  this  organ  corre- 
ponds  to  the  adult  form.    From  four  to  six  weeks  from  the 
time  of  infection  are  required  for  the  parasites  to  mature. 
The   view  of  Looss,  that  infection  may  take  place 
through  the  skin,  has  been  confirmed  by  a  number  of  ob- 
servations and  experiments.     Most  striking  was  the  in- 
fection of  a  hmb  about  to  be  amputated  and  the  subse- 
quent discovery  of  many  larvae,  which  hadforceda  way 
in  between  hair  and  follicle  and  appeared  in  sections  to 
have  penetrated  as  far  as  the  subdermal  tissue.     This 
method  of  infection,  which  Looss 
believes  to  be  the  most  extensive, 
explains    the     susceptibility    of 
Egyptian  field  laborers,  and  also 
epidemics  among  brickmakers  as 
well  as  all    cases    in   which  the 
workmen   are   wont    to  work  in 
moist  earth  with  bare   feet   and 
hands.     It  explains  the  infection 
of    children    walking    on    damp 
ground,   and  gives,  according  to 
Bentley,  the  key  to  the  "ground 
itch,"  or  Pani-gliao,  an  affection 
of  the  skin  of  the  lower  extremi- 
ties, endemic  in  Assam  and  in  the 
West  Indies.     Its  appearance   is 
coincident  with  the  advent  of  the 
rainy  season,  and  is  associated  by 
this  author  with  the  presence  of 
the  larv£e  of  TIncinaria  duodenalis 
in  the  soil  of  the  infected  areas. 
The    typical   lesion  consists  in  a 
primary  erythema  followed  by  a 
vesicular    eruption,    which     fre- 
quently   becomes    pustular,    and 
in  severe  cases  may  result  in  ob- 
stinate ulceration  or  even  in  gan- 
grene. 

TTncinaria  americana  Stiles 
1903. —Ventral  recurved  uncinate 
teeth  absent  from  mouth,  one 
pair  prominent  dorsal  semilunar 

plates,  and  an  i^^^o^iXnTdoTsal    J»-  3562.-irnci«arta 
tral    pair    being    present,   dorsal      auoOenalis  m  St3.g%ll. 
median  conical  tooth    projecting      of  Development.    X 105 
prominently  into  buccal  capsule      (After  Looss.) 
(Fig.   3565).     Female,   9-11    mm. 

lonff  bv  0  31-0.35  mm.  wide;  vulva  near  middle  ot  body 
but^in  front  of  it;  eggs  (Fig.  3564)  64-73^  by  36-40/., 
segmenting  or  with  well-developed  embryos  when  de- 
posited. Male,  7-9  mm.  long  by  0  39-0.31  mm.  wide; 
dorsal  ray  of  caudal  bursa  divided  to  the  base,  each 
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Fig.  3563.— Bursa  of  Viicinnria  amertcana.  Show- 
ing Elbs  Cdr,  Ir,  etc.).  a.  Anus;  sp,  spicules. 
Magnifled.    (After  Stiles.) 


branch  bipartite  to  tip  (Fig.  3563).  Species  otherwise 
similar  to  U.  duodenalis. 

This  form  has  only  just  been  differentiated  by  Stiles 
from  the  long  known  European    U.  duodenalis,  from 
which  in  fact  it  differs  radically, 
has  been  obtained   from  cases 
uncinariosis  in  man  in  Texas, 
irginia,     Florida,    Porto    Rico, 
id  Cuba,  and  its  wide  occurrence 
goes  to  show  that  the  para- 
site, though  not  recognized 
hitherto,    is 
endemic    in 
the  Southern 
States,  where 
it  causes  the 
mostcommon 
disease   on 
the  farms  and 
among  the 
poor  whites. 
The    life 
history  of  the 
parasite  is 
unknown, 

though  the  eai-ly  stages  correspond  to  those  of  U.  duode- 
nalis. The  cases  of  the  disease  have  been  collected  and 
abstracted  by  Stiles,  who  holds  witli  evident  right  that  it 
is  not  a  recently  imported  disease,  but  has  existed  un- 
recognized for  years.  It  has  been  tiaced  from  Virginia 
to  Florida,  and  is  most  abundant  in  sandy  areas.  Guite- 
ras  has  also  an  unpublished  case  from  Brazil. 

Physaloptera  caucasica  von  Linstow  1903.  — Cuticula 
heavy,  non-striated,  forming  a  projecting  ring  about  the 
head,  within  which  a  pair  of  equilateral  lips  bear  four 
papillse  in  the  submedian  line  and  two  conical  teeth  near 
the  mouth  opening,  ffisophagus  one-fifth  the  entire 
length;  lateral  lines  strongly  developed.  Male,  14.33 
mm.  long  by  0.71  mm.  broad;  bursa  broad,  rounded, 
tapering  posteriad,  with  central  longitudinal  rows  of 
small  conical  papillse ;  spicules  two 
unlike ;  lateral  to  the  cloacal  orifice 
two  pairs  of  long  stalked  papillae, 
in  fnmt  one  pair,  behind  two  pairs, 
on  the  tail  thi-ee  pairs  more.  Fe- 
male, 27  mm.  long,  1.14  mm.  broad, 
vulva  at  one-sixth  the  length  from 
the  anterior  end ;  eggs  heavy  shelled, 
57  by  39 /iz. 

The  single  account  of  this  species 
by  O.  von  Linstow  is  based  on  speci- 
mens, two  males  and  nine  females, 
in  the  collection  of  the  museum  at 
St.  Petersburg,  Russia.  They  are 
said  to  have  been  taken  from  the 
alimentary  canal  of  man  in  tlie 
Caucasus.  Further  details  are  not 
given. 

Family  of  the  Ascaridoe.— Body 
relatively  thick  ;  mouth  surrounded 
by  three  lips,  one  of  which  is  dorsal,  the  others  ventro- 
lateral; CESophagus  long,  muscular,  inflated  at  the  end 
and  often  accompanied  by  an  03sophageal  bulb;  male 
with  one  or  two  spicules ;  female  with  double  ovary,  ovip- 
arous ;  development  direct.  All  are  intestinal  parasites. 
Asmris  L.  1758. — Polymyaria,  with  very  prominent 
lips;  males  with  two  equal  spicules  and  many  preanal 
and  postanal  papillse;  vulva  in  advance  of  centre  of 
body.  More  than  two  hundred  species  are  recorded; 
three  have  been  reported  from  man. 

Ascaris  luinbricoides  L.  1758.— Body  reddish  or  gray- 
ish-yellow when  living ;  spindle-shaped ;  lips  (Fig.  3566) 
almost  similar,  approximately  semicircular,  with  flue 
teeth  on  the  edges,  the  dorsal  possesses  two  papilloe,  and 
each  of  the  ventral  ones  only  a  single  papilla.  Male,  15- 
17  or  even  35  cm.  long  and  3  mm.  thick,  with  the  poste- 
rior end  curved  toward  tlie  ventral  face ;  spicules  two 
short,  3  mm.  long ;  papilloe  fifty -tivc  to  sixty  preanal  and 
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Fig.  356i.— Eggs  of  Un- 
Gi/naria  americana 
from  Faeces.  X  235. 
(After  Stiles.) 


seven  pairs  postanal.  The  female,  30-35  or  even  40  cm. 
long  and  5-5.5  mm.  thick,  with  straight  conical  posterior 
end.  The  female  sexual  opening  at  the  limit  of  the  anterior 
third  of  the  body,  and  situated  in  a  ring-shaped  depres- 
sion. Fertilized  eggs  (Fig.  3567)  elliptical,  shell  with 
transparent  mammillated. covering,  50-75/u  long  by  40- 
58 /i  wide,  laid  before  cleavage  begins.  Unfertilized 
eggs,  irregular,  with  scanty  albumin  covering,  coarser 
granules,  and  thinner  shell,  measuring  81  by  4.5  ft. 

This,  the  common  round  worm  of  children,  is  one  of 
the  most  abundant  and  widely  distributed  of  human 
parasites.  It  is  distributed  over  the  entire  world,  and 
though  more  abundant  in  the  warmer  regions,  is  recorded 
from  Finland  and  Greenland.  It  is  also  more  common 
in  the  country  than  in  cities,  which  may  be  due  to  the 
presence  of  the  same  species  in  the  pig  and  sheep.  This 
parasite  was  well  known  to  the  ancients,  both  the  Greeks 
and  the  Romans,  although  the  atntapt^  of  Greek  authors 
is  the  form  now  known  as  Oxyuris. 

Life  History. — The  development  of  the  eggs  does  not 
begin  until  long  after  they  have  been  expelled  from  the 
human  intestine,  and  is  dependent  upon  both  moisture 
and    warmth.     Under   mean 
temperature   the    embryo  is 
completed  in  from  thirty  to 
forty  days,  and  then  lies  in 
a  spiral  within  a  thin  shell, 
which  it  does  not  seem   to 
leave  so  long  as  the  egg  re- 
mains free,  though  it  under- 
goes a  moult  here.     The  em- 
bryo may  live  long  within 
the   shell,    even   up   to  five 
years.     The  further  develop- 
ment was  believed  byLeuck- 
art  to  require  the  interven- 
tion of  another  host  in  which 
a  larval  stage  is  passed,  but 
Davaine    was    successful   in 
hatching  the  embryos  in  the 
intestine  of  the  rat,  and  be- 
lieves that  the  intervention  of  a  second  host  is  unneces- 
sary.    Subsequent  experiments  by  various  authors  have 
strongly  confirmed  this  view  by  raising  experimentally 
adults  in  tiie  human  alimentary  canal  two  months  after 
the  ingestion  of  eggs  containing  embryos.     Accordingly 
the  eggs  are  probably  introduced  into  the  human  system 
with  the  embryo  within  by  accident  or  by  means  of  the 
drinking-water.     The  embryo  is  then  set  at  liberty  in 
the  alimentary  canal,  and  further  development  is  merely 
growth.     Of  course  the  infection  may  be  brought  about 
by  the  means  of    contaminatea    vegetables,   especially 
salads,  which  have  been  imperfectly  cleaned. 

Pathology. — It  has  already  been  mentioned  that  the 
worms  are  most  frequently  found  in  children  of  medium 
growth,  but  this  is  due  to  the  ease  of  infection  rather 
than  to  conditions  for  development,  since  the  worm  has 
been  obtained  from  persons  of  all  ages.     Ordinarily  one 


Fig.  3565.  —  Lateral  View  of 
Head  of  XIncinaria  ameri- 
cana. c.  Oral  capsule;  e, 
oesophagus ;  i,  stylet ;  p.  pa- 
pilla ;  t,  dorsal  median  tooth. 
(After  Stiles.) 


Fig.  3566.— Anterior  End  of  Ascaris  lumbricoiOes.    A,  Apical  and 
B,  Dorsal  Aspect. 

finds  only  a  few  specimens  at  once,  but  in  some  cases 
from  five  hundred  to  one  thousand  have  been  obtained 
from  a  single  individual.  It  is  noteworthy  that  hemo- 
globin has  been  detected  in  the  alimentary  canal  of  the 
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parasite,  showing  that  its  food  consists  in  part  of  human 
blood.  Their  normal  location  is  the  small  intestine,  but 
specimens  not  infrequently  wander  into  the  stomach  and 
are  vomited.    Rarely  they  have  been  known  to  make 


Fig.  3567.  —Egg  ol  Ascaris  lumbricoides  from  Faeces.    A,  In  sur- 
face view  and  B  in  optical  section.     (After  Stiles.) 

their  way  into  the  pharynx  and  choanse,  with  the  result 
of  causing  fatal  suffocation  both  in  children  and  in  adults ; 
also  into  the  Eustachian  tube  or  ductus  choledochus,  and 
they  have  even  been  found  in  abscesses  of  the  liver. 

Recently  a  number  of  unimpeachable  cases  have  been 
brought  forward  In  which  the  worm  has  bored  its  way 
through  the  uninjured  wall  of  the  intestine  and  has  been 
found  in  the  peritoneal  cavity.  Their  presence  here  after 
having  pi(!rced  abscesses  of  the  wall  is  also  known,  and 
in  some  cases  even,  in  which  adhesion  of  the  intestinal  to 
the  abdominal  wall  was  present,  the  worm  emerged  from 
the  body  through  an  abscess  at  this  point.  In  fevers  the 
Ascarida;  will  spontaneously  desert  the  intestine. 

It  is  evident  that  these  wanderings  are  associated  with 
great  danger  to  the  host.  The  presence  also  even  of  a 
few  individuals  in  the  intestine  gives  rise  at  times  to 
marked  nervous  disturbances,  hysteria,  epileptic  attacks, 
congestion  of  the  brain,  aphonia,  etc.,  which  are  most 
easily  explained  on  the  basis  of  a  poison  excreted  by  the 
worms.  In  fact,  recent  investigators  liave  been  able  to 
obtain  such  a  toxic  substance  from  the  body  of  this  spe- 
cies, and  students  in  the  laboratory 
handling  specimens  of  A.  megaloce- 
phala  from  the  horse  have  been  dis- 
tinctly affected  by  poisonous  emana- 
tions. The  symptoms  disappear  with 
the  removal  of  the  worms.  Moniez, 
however,  is  inclined  to  attribute  the 
troubles  in  large  part  to  the  use  of 
santonin  for  the  expulsion  of  the 
worms,  as  this  substance  has  an  un- 
favorable effect  upon  the  human  or- 
ganism. Guiart  has  called  attention 
to  the  important  fact  that  the  para- 
sites by  their  movements  produce  le- 
sions of  the  wall  so  as  to  afford  a 
point  of  attack  for  intestinal  fevers, 
and  thus  become  a  source  of  great 
danger  for  the  host.  Knotted  masses 
of  this  parasite  have  also  been  the 
cause  of  fatal  intestinal  obstruction. 

Treatment.  — In  general  opinion  santonin  is  the  specific 
against  Ascaris,  and  no  one  of  the  many  other  substances 
tried  has  achieved  the  same  results.  Moniez  advises  the 
use  of  centigrams  equal  to  the  number  of  years  in  a 
child's  age,  and  for  an  adult  30-35  cgm.  The  drug  kills 
the  parasites,  and  the  administration  at  the  same  time  of 
a  purgative  is  advantageous  in  bringing  about  their  im- 
mediate expulsion.  Careful  watch  should  be  kept  for  the 
violent  symptoms  which  sometimes  accompany  the  use  of 
santonin  and  means  taken  at  once  to  counteract  them. 

Ascaris  cards  Blanchard. — (Syn. :  LumTn-icus  canis 
Werner  1783 ;  A.  teres  Goeze  1783 ;  A.  eati  and  caniculm 
Schrank  1788 ;  A.  canis  and  felis  Gmelin  1789 ;  A.  tri- 
i:y»[n,data  and  felis  Bruguifere  1791 ;  A.  Werneri  Rud. 
1793;  Fusaria  mystax  Zeder  1800;  A.  marginata  and  A. 
mystax  Ilud.  1803;  A.  aZate  Bellingham  1839.) 


Fir.  3.568.  —  Ascaris 
canis.  A,  Male. 
(Natural  size.)  B, 
Head  showing  pa- 
pillae and  wings. 
Magnified.  (Origi- 
nal.) 


Anterior  end  ordinarily  curved  and  provided  with 
two  wing-like  membranes  which  extend  one  along  each 
side  (Pig.  8568),  lips  almost  equal,  three  to  six  cornered. 
Male,  40-90  mm.  long,  1  mm.  broad,  with  twenty-one 
preanal  and  five  postanal  papilUe.  Female,  130-300  mm. 
long,  vulvaintheanteriorfourthof  the  body;  eggs  almost 
spherical  with  thin  shell,  0.068-0.073  mm.  in  diameter. 

An  abundant  parasite  in  the  small  intestine  of  cats  and 
dogs  and  also  reported  from  various  allied  wild  species, 
it  has  been  found  several  times  in  man  in  England,  Ger- 
many, Denmark,  and  the  United  States.  Grass!  doubts 
the  accuracy  of  these  determinations  since  experimental 
infection  was  not  successful. 

The  development  is  direct  and  in  general  like  that  of 
the  preceding  species  The  thin  shell  is  highly  imper- 
vious so  that  development  continues  in  alcohol,  turpen- 
tine, etc.  It  is  probable  that  the  embryo  does  not  desert 
the  shell  until  taken  into  the  stomach  of  the  host 

Ascaris  mariiima  Leuckart  1876. — Known  only  from 
a  single  immature  female,  which  was  vomited  by  a  child 
in  North  Greenland  in  1865.  The  specimen  was  43  mm. 
long  and  1  mm.  broad,  and  is  regarded  by  some  authors 
not  as  a  normal  parasite,  but  as  one  accidentally  ingested 
with  the  viscera  of  some  food  animal.  According  to 
Leuckart  it  is  very  near  A.  transfuga  of  the  bears 

Oxyuris  Rudolphi  1803. — Three  lips  poorly  developed 
or  wanting;  esophagus  long  and  provided  with  a  dis- 
tinct bulb.     Male  with  only 

one    spicule    and   with   two  a    O 

pairs  of  preanal  papillae.  Fe- 
male with  greatly  elongated, 
pointed  posterior  end,  two 
ovaries  and  vulva  in  anterior 
part  of  the  bodj-. 

Oxyuris  -Dermic v  laris 
Bremser  1819. — (Syn. :  As- 
caris mrmicularia  L.  1767; 
Fusaria  vermicv laris  Zeder 
1803.  (Esophagus  long  and 
followed  by  a  distinct  bulb 
with  teeth;  body  white,  cuti- 
cula  striated,  forming  wing- 
liUe  projections  from  the 
dorsal  and  ventral  surfaces 
near  the  head  and  also  a  low 
crest  along  the  lateral  lines 
of  the  body ;  three  small  re- 
tractile labial  papillae.  Male. 
3-5  mm.  long,  with  spirally 
rolled  tail;  a  single  spicule 
and  six  pairs  of  papillaj. 
Female.  9-13  mm.  long,  1 
mm.  broad,  tail  awl-shaped; 
vulva  a  little  in  front  of  the 
limit  of  the  anterior  fourth 
of  the  body ;  eggs  elliptical, 
thin-shelled,  50-54 /(«  long  by 
30-37  fi  wide,  containing  an 
embryo  when  deposited  (Fig. 
3569) 

This  species,  known  from 
remote  antiquity,  is  a  cos- 
mopolitan parasite  of  the 
human  intestine.  It  has  not 
been  definitely  recognized  as 
a  parasite  of  other  animals, 
but  Leidey's  0.  compar  from 
the  cat  is  very  likely  the 
same  form.  It  is  more  abun 
dant  in  cities  than  in  the 
country,  and  occurs  equally 
in  cold  and  warm  regions. 
These     parasites     are    most 

abundant  in  infants,  a  fact  which  accords  with  the  ease 
of  auto-infection  as  shown  by  the  development. 

Life  History.— The  embryo  develops  within  the  egg 
shell  while  still  contained  in  the  uterus,  and  it  was  long 
thought  that  the  further  development  could  take  place 


Fig 


Oxyuris  vermicvr 
laris.  a.  Female ;  ft,  male ;  c, 
posterior  end  of  latter ;  d, 
egg  with  embryo ;  i,  vulva ; 
sp,  spicule.  Magnified.  (Af- 
ter Leuckart.) 
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in  the  canal.  In  fact,  however,  the  female  at  the  time  of 
oviposition  lives  in  the  lower  part  of  the  rectum  and  even 
attains  the  vicinity  of  the  anus,  although  the  earlier  por- 
tion of  the  adult  life  history  is  passed  in  the  small  intes- 
tine, where  the  worms  acquire  sexual  maturity  and  copu- 
late. Evacuated  from  the  body,  the  embryo  undergoes 
transformation  to  the  second  embryonic  stage  while  still 
within  the  egg  shell,  and  now  awaits  ingestion  by  a  new 
host.  The  primary  infection  is  by  drinking-water  or  con- 
taminated fruit  or  vegetables,  which  are  eaten  uncooked ; 
but  self-infection  and  transference  to  other  individuals 
are  brought  about  by  scratching  and  rubbing  with  the 
fingers  to  allay  the  intense  itching  caused  by  the  daily 
migration  of  the  females  out  from  the  anus  on  to  the  peri- 
neum and  the  surrounding  parts.  Perhaps  in  the  distri- 
bution of  Oxyuris  eggs  the  flies  play  a  part  such  as  Grassi 
has  demonstrated  for  Triahoeeplialva  and  eggs  of  Tcenia. 
The  direct  development  is  very  rapid,  as  Leuckart  ob- 
tained experimentally  Oxyurides  6-7  mm.  long  within 
fourteen  days  after  ingestion  of  the  eggs;  Grassi  and 
others  have  confirmed  this  by  further  experiments. 

Pathology. — The  females  are  far  more  numerous  than 
the  males,  and  by  their  migrations  determine  unbearable 
pruritus,  which  recurs  periodically  on  retiring.  In  a 
number  of  cases  among  young  girls  the  worms  have  mi- 
grated into  the  vagina  and  have  produced  onanism,  and 
even  the  inception  of  nymphomania.  In  many  cases 
large  numbers  in  the  rectum  have  excited  no  untoward 
symptoms,  but  in  others  they  have  produced  reflex  ner- 
vous activities  of  all  grades  up  to  epileptic  attacks,  such 
as  have  been  noted  under  Ascaris.  Recent  investigations ' 
in  Egypt  have  demonstrated  the  responsibility  of  this 
parasite  for  nodules  on  the  rectal  wall,  previously  attrib- 
uted to  Schistosoma,  which  contain  eggs  of  Oxyuris  mr- 
micularis  in  a  calculus.  Oxyuris  has  also  been  recorded 
in  tuberculous  nodules  in  the  cavum  Douglasii  of  a  female, 
and  Vuillemin  has  recently  discovered  them  in  a  tumor 
near  the  anus  of  a  bo3^  The  latter  case  shows  definitely 
the  wandering  of  the  worms  through  3  cm.  or  more  of 
solid  tissue.  This  habit  exhibits  a  new  and  evidently  dan- 
gerous feature  in  the  parasitism  of  this  species  through 
the  disturbance  of  the  tissues  and  the  introduction  into 
them  of  bacteria  from  the  rectum. 

Treatment. — It  is  diflicult  to  remove  these  worms  en- 
tirely. Vermifuges  and  purgatives  with  enemata,  etc., 
are  successful  to  a  degree ;  but  the  ease  of  an  to -infection 
is  an  obstacle  to  a  complete  cure.  Local  application  of 
mercurial  ointment  will  alleviate  the  pruritus,  and  man- 
ual extraction,  if  prolonged,  will  reduce  their  numbers 
rapidly.     But  in  any  event  treatment  is  prolonged. 

The  sub-class  of  the  Gordiacea  includes  forms  familiarly 
known  as  "hair  snakes"  or  "hair  worms."  They  are 
greatly  elongated,  slender  worms,  somewhat  fllaria-like 
in  external  appearance,  but  of  radically  different  internal 
structure.  Lateral  fields  are  wanting,  and  the  body  mus- 
culation is  of  a  different  histological  type  from  that  of  the 

Eunematoda.  The 
mouth  is  occluded 
and  the  alimentary 
canal  persists  in  the 
adult  only  as  a  func- 
tionless  vestigial 
strand.  In  both 
sexes  the  reproduc- 
tive organs  open  to 
the  exterior  with  the 
alimentary  canal  at  a 
terminal  or  subtermi- 
nal  cloaca.  The  re- 
l^roductive  system  is 
constructed  on  a  dif- 
ferent plan,  and  the 
lateral  canal  system 
is  wanting.  The 
male  has  no  spicules,  but  the  posterior  end  of  the  body 
is  forked  and  functions  as  grasping  organ. 

The  adult  lives  free  in  ponds,  swamps,  and  other  bodies 
of  water,  and  the  eggs  are  deposited  on  the  stems  of 


Fig.  dbn.  ~  Oigantorhynchus  gig  as. 
Male  at  right,  female  at  left.  Half 
natural  size.    (Original.) 
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water  plants.  The  larvse  possess  a  proboscis  armed  with 
hooks  and  bore  into  the  body  cavity  of  aquicolous  insect 
larvte,  or  rarely  mollusks,  where  they  encyst.  Accord- 
ing to  Villot  the  second  stage  is  passed  in  the  intestine 
and  body  cavity  of  fishes.  More  commonly  apparently 
the  worms  develop  to  maturity  in  the 
body  cavity  of  insects,  from  which 
they  emerge  into  the  water  for  the 
adult  free  existence. 

Several  species  have  been  reported 
from  the  human  alimentary  canal. 
They  are  pseudoparasites,  having 
been  swallowed,  according  to  one 
view,  in  the  adult  condition  with 
drinking-water;  but  their  occurrence 
in  fruit,  especially  apples,  malces  this 
even  a  more  likely  source  of  infec- 
tion. Lockwood  noted  in  1876  the 
frequent  presence,  in  fruit,  of  Merniis, 
another  genus  of  Eunematoda,  and 
suggested  the  probable  occurrence  of 
this  form  as  a  pseudoparasite  of  man 
under  conditions;  this  has  not  been 
actually  recorded  so  far  as  I  find. 
But  of  Gordius  as  a  pseudoparasite 
Parona  has  recently  listed  eleven 
cases,  the  first  as  early  as  1638;  of 
these  Kirtland's(Ohio)is  the  only  one 
from  the  United  States.  Two  other 
unpublished  cases  have  recently  been 
communicated  to  me  from  Michigan 
and  Maryland.  It  will  be  of  no  jsar- 
ticular  value  to  enter  here  upon  a 
detailed  description  of  the  species 
found . 

The  Gordiacea  are,  however,  em- 
phasized by  Cobbold  as  important 
for  the  medical  practitioner,  since 
they  have  been  passed  off  as  the 
guinea-worm  and  as  having  been 
evacuated  with  fecal  matter  by  neur- 
asthenic persons  under  treatment. 

The  Acanthocephala  may  best  be 
discussed  as  an  appendix  to  the  class 
Nematoda,  although  they  are  regard- 
ed by  many  as  a  cognate  class  and  by 
others  are  separated  even  more  wide- 
ly. The  forms  included  here,  though  parasites  of  the 
most  complete  type,  are  not  common  in  man.  The  group 
may  be  characterized  as  follows :  Elongated,  cylindrical 
body,  often  deeply  corrugated,  bearing  at  anterior  end 
a  retractile  proboscis  provided  with  many  minute  hooks 
in  rows.  No  trace  of  alimentary  canal.  Reproductive 
organs  open  at  posterior  end;  sexes  separate.  Male 
with  campanulate  bursa  about  the  orifice.  Mostly  small 
forms,  parasitic  as  adults  in  vertebrates  only.  The 
structure  is  uniform,  and  can  be  learned  from  the  brief 
account  which  follows  of  the  largest  and  commonest 
species. 

6i(iaiitorhyncIms  giffas  Hamann  1892. — (Syn. :  Tcmia 
h'/riiiHiHicea.  Pallas  1781 ;  Echiiiorhynchiis  giffas  Goeze 
1783.) 

Body  milk  white,  sometimes  slightly  tinted,  with 
transverse  irregular  ridges.  Posterior  end  somewhat 
smaller;  proboscis  spherical,  armed  with  five  or  six  rows 
of  hooks.  The  proboscis  can  be  retracted  into  a  neck-like 
region,  which  is  much  slimmer  than  the  following  portion 
of  the  body.  Male,  60-90  mm.  long  by  3-5  mm.  broad, 
with  bell-shaped  caudal  pouch.  Female,  230-350  mm. 
long  by  4-9  mm.  broad ;  tail  blunt ;  eggs  almost  cylin- 
drical, 0.087-0.1  mm.  long  with  three  embryonic  envel- 
opes. 

The  adult  worm  is  found  in  the  small  Intestine  of  the 
pig,  ordinarily  fixed  to  the  wall  by  the  proboscis,  and  is 
widely  distributed. 

Structure.— The  elongated  body  fPig.  3570)  is  largest 
near  the  head  and  tapers  gradually  toward  the  posterior 
end.     At  the  anterior  end  a  sharp  constriction  separates 


I'IG.  3.571.— (Jigonto- 
rhynchus  gig  as 
Opened  to  Show  In- 
ternal  Anatomy, 
I,  Lemniscus :  sii, 
seminal  vesicle;  f, 
testis;  vd,  vas  de- 
ferens. Mofllfled. 
(Original.) 
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the  body  from  the  short  neck  portion,  which  is  not  more 
than  one-fourth  or  one-fifth  the  diameter  of  the  body- 
close  to  it.  From  the  apex  of  this  region  may  be  pro- 
jected the  proboscis  which  is  contained  within  it,  lilce 
tlie  reversed  finger  of  a  glove.  A?  the  proboscis  rolls 
out  the  hooks  also  turn  outward,  and  when  the  probos- 
cis is  completely  extruded  the  shape  of  the  organ  is 
nearly  that  of  a  sphere  on  which  are  from  five  to  six  ir- 
regular rows  of  hooks.  Behind  these  the  proboscis  is 
slightly  smaller. 

If  the  internal  structure  be  examined,  it  will  be  seen 
that  the  proboscis  is  provided  with  retractor  muscles,  by 
means  of  which  it  may  be  withdrawn  into  the  body.  At 
the  base  of  the  proboscis  is  the  small  mass  of  nervous 
matter  which  represents  the  brain. 

There  is  no  trace  of  an  alimentary  canal,  hence  these 
forms,  like  the  tapeworm,  take  nourishment  by  absorp- 
tion. Two  elongated  sac-like  organs  hang  down  into  the 
body  cavity  along  the  sides  of  the  proboscis.  These  are 
the  lemnisci  (I,  Fig.  3571);  their  function  is  uncertain. 

The  mass  of  the  body  is  made  up  of  the  organs  of  the 
reproductive  system.  All  these  worms  are  dioecious. 
The  male  organs  (Fig.  3571)  consist  of  two  large  testes, 
together  with  the  ducts  and  accessory  glands  connected 
with  them.  The  tail  of  the  male  has  a  hemispherical  ex- 
pansion, something  like  the  caudal  bursa  of  other  Nema- 
toda ;  the  male  sexual  opening  in  the  centre  of  this  sac 
at  the  tip  of  the  body  is  provided  with  a  small  copula- 
tory  organ.  The  internal  sexual  organs  of  the  female 
are  much  similar  in  general  appearance ;  the  ovaries  lie 
toward  the  front  of  the  body  cavity,  which  is  largely 
filled  with  eggs  in  various  stages  of  development.  These 
are  discharged  by  the  oviduct,  which  opens  at  the  poste- 
rior end  of  the  body. 

Life  History. — The  eggs  of  OtgcmtoryncJius  are  dis- 
charged from  the  alimentary  canal  of  the  host  and  dis- 
tributed with  faeces.  When  eaten  by  some  insect  they 
are  hatched  in  its  intestine.  The  embryo,  which  has  a 
•conical  form  armed  at  one  end  with  four  hooks  like  tape- 
worm hooks,  and  a  number  of  smaller  ones,  penetrates 
into  the  abdominal  cavity  of  the  insect  and  encysts  there. 
In  this  condition  the  embryos  may  even  live  through  the 
metamorphoses  of  the  insect  until  the  host  is  eaten  by 
some  pig.  In  the  alimentary  canal  of  the  pig  the  embryo 
is  set  free,  attaches  itself  and  acquires  maturity.  There 
is  some  dispute  as  to  what  insect  is  the  intermediate  host ; 
the  white  worm-like  larva  of  the  May  bug  and  the  larva 
■of  the  common  rose  chafer  have  been  found  to  contain 
these  worms  in  Europe,  and  Stiles  has  experimentally  in- 
fected the  larvae  of  the  June  bug  in  this  country.  It  is 
also  maintained  that  various  species  of  snail  may  func- 
tion as  the  larval  host.  In  all  probability  the  larva  is 
not  confined  to  a  single  host,  but  may  develop  in  many. 

Leuckart  accepts  some  reports  of  the  occurrence  of  this 
.species  in  man  as  trustworthy,  and  Lindemann  says  that 
it  is  not  rare  as  a  human  parasite  in  Southern  Russia. 
Schneider  notes  the  consumption,  as  food,  of  the  larvss 
-and  adults  of  Melalontha,  the  May  beetle,  which  acts  as 
the  intermediate  host,  so  that  infection  is  evidently  pos- 
sible. 

Qigantorliynchns  moniliformis  (Bremser  1819). — Bodj' 
attenuated  anteriorly.  Proboscis,  0.425-0.450  mm.  long, 
0.175-0.19  mm.  broad,  with  hooks  in  fifteen  transverse 
and  twelve  longitudinal  rows.  Male,  4-4.5  cm.  long. 
Female,  7-8  cm.  long,  or  even  up  to  37  cm.,  according  to 
Westrumb.     Eggs  ellipsoidal,  85//  long,  45 /i  broad. 

The  normal  hosts  of  this  species  are  field  mice,  rats, 
etc.,  and  the  intermediate  host  in  Italy  has  been  deter- 
mined as  Blaps  mncronata.  Calandruccio  in  experiment- 
ing on  the  life  history  succeeded  in  infecting  himself  with 
the  adult.  The  severe  symptoms  which  manifested  them- 
selves were  dispelled  by  the  evacuation  of  the  worms. 
In  otheir  cases  of  the  occurrence  of  this  species  as  a  hu- 
man parasite  its  identity  was  less  definitely  established. 

Eehinorhynalius   hominis    Lambl  1839.  —  Length,   5.6 
mm. ;  width,  0.6  mm. ;  proboscis  almost  spherical  with 
twelve  transverse  rows  of    eight   hooks  each.     Large 
looks,  103 /i  long,  small  hooks,  77,0. 
Vol.  VL— 15 


An  uncertain  species  of  which  Lambl  found  a  single 
specimen  at  Prague  in  the  small  intestine  of  a  boy  who 
had  died  of  leukfemia. 

EMiiorhynchus  sp.  Welch  1873.— In  1873  Welch  de- 
scribed as  EcldnorhyncMs  a  body  which  he  found  en- 
cysted m  the  mucosa  of  the  jejunum  of  a  soldier  Ac- 
cording to  Railliet  it  was  evidently  a  Linguatulid  (see 
Arachmda).  ^  n  \ 

BchinorJiynchiis  sp.  Moniez  1896.— Kunstler  and  Pitres 
found  certain  peculiar  bodies  in  the  pleural  cavity  of  a 
patient  who  had  suffered  two  years  from  pleurisy  but 
without  fever.  They  interpreted  these  structures  as 
coccidia,  but  Moniez  holds  with  greater  probability  to 
their  likeness  to  eggs  of  Eehinorhynelius.  The  case  is 
entirely  isolated  under  either  explanation. 

Henry  B.  Ward. 
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NEOPLASMS.     See  Tumm-s. 

NEPHRECTOMY;  NEPHROTOMY,     ^ee  Kidneys,  etc. 

NERVES,  GENERAL  PHYSIOLOGY  OF.— Histologi- 
cal AND  General. — Nerves  consist  essentially  of  the 
long,  slender  processes  of  nerve  cells.  They  are  hence 
comijosed  of  protoplasm,  and  they  possess  the  general 
chemical  and  physical  properties  of  this  substance ;  but 
they  differ  physiologically  from  other  forms  of  proto- 
plasm, in  that  they  possess  to  a  high  degree  |the  proper- 
ties of  conductivity  and  excitability,  while  the  proper- 
ties of  growth,  metabolism,  respiration,  and  contractility 
are  feebly  developed  or  altogether  absent.  There  is  in 
these  respects  a  marked  physiological  difference  even  be- 
tween the  nerve  and  the  cell  body  from  which  it  arises. 
Many  of  the  reactions  of  the  cells  to  external  conditions 
are  the  opposite  to  the  reactions  of  the  nerve.  The  cell 
generates  nerve  impulses;  it  possesses  spontaneity  or 
automatism,  absent  in  the  fibre;  it  is  closely  dependent 
on  a  supply  of  oxygen,  while  the  nerve  is  almost  inde- 
pendent ;  it  has  an  active  metabohsm,  which  the  nerve 
lacks  almost  entirely;  it  respires,  while  the  nerve  re- 
spires little  or  not  at  all ;  it  or  some  of  its  dendritic  proc- 
esses may  be  contractile,  the  nerve  has  lost  this  property 
altogether.  The  physiology  of  the  nervous  tissue,  which 
includes  nerve  cells,  differs  therefore  in  many  respects 
from  that  of  the  nerves  proper,  which  we  shall  consider  i 
here.  In  short,  the  nerve  cells  possess  pre-eminently 
the  property  of  automatism  or  spontaneity;  the  nerve 
fibre,  the  property  of  conduction. 
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This  physiological  differentiation  of  the  conducting 
protoplasm  of  the  nerve  is  accompanied,  as  might  be  ex- 
pected, by  an  histological  differentiation.  The  proto- 
plasm of  the  nerve  tibre,  called  tlie  axis  cylinder,  or 
axon,  differs  in  physical  appearance  from  that  of  the  rest 
of  the  cell  body  from  vphich  it  is  derived,  in  that  the  fibre 
is  striated  longitudinally  as  if  composed  of  distinct 
fibrils,  and  is  surrounded  by  a  fatty  sheath.  These 
fibrils  can  be*  more  easily  seen  in  invertebrate  than  in 
vertebrate  nerves,  and  particularly  in  the  leeches,  where 
they  have  been  traced  by  Apathy '  from  one  nerve  cell 
into  and  even  through  other  nerve  cells.  Some  obser- 
vers even  go  so  far  as  to  maintain  that  these  fibrils  are  the 
true  conducting  portions  of  the  fibre,  but  of  this  there  is 
no  physiological  evidence.  Besides  this  peculiar  fibrillar 
structure  of  the  axis  cylinder,  nerves  are  as  a  rule  easily 
differentiated  from  other  tissues  even  by  the  nalied  eye 
by  their  white,  glistening,  fatty  sheaths.  Nearly  all 
nerve  fibres  which  take  their  origin  in  the  brain  and 
spinal  cord,  and  many  having  origin  elsewhere,  are  sur- 
rounded by  such  a  sheath,  which  is  called  the  medulla, 
and  such  nerves  are  called  medullated  nerves.  The 
nerves  of  invertebrates  and  those  of  the  sympathetic  sys- 
tem of  vertebrates,  on  the  other  hand,  often  lack  these 
sheaths,  and  are  called  non-meduUated  nerves.  The 
function  of  this  medullated  sheath  is  not  definitely  ascer- 
tained, but  it  has  been  suggested  that  it  prevents  the 
spreading  of  the  impulse  from  one  fibre  to  another.  It 
appears  to  influence  the  pliysiological  behavior  of  the 
nerve,  for  medullated  nerves  are  generally  more  easily 
excited  than  non-medullated,  and  they  react  differently 
to  an  exposure  to  a  constant  electrical  current.  A  mo- 
mentary exposure  of  a  non-medullated  nerve  to  a  con- 
stant electrical  current  may  block  conduction  in  the 
region  of  tlie  anode  or  positive  electrode  for  several 
minutes  or  hours ;  whereas  medullated  nerves  after  such 
treatment  recover  their  conductivity  very  quickly.'* 
Waller'^  suggested  that  the  medulla  was  reserve  material 
wliich  was  used  up  by  the  metabolism  of  the  nerve  dur- 
ing conduction,  and  lie  explained  in  this  way  the  inde- 
fatigability  which  medullated  nerves  possess ;  but  Miss 
Sowton^  has  recently  shown  that  the  non-medullated 
olfactory  nerve  of  fishes  is  almost  or  quite  as  inexhausti- 
"ble  as  are  medullated  nerves,  if  we  may  judge  from  the 
undiminished  size  of  the  electrical  response  attending 
conduction  after  long  stimulation.  Nerve  fibres  differ 
from  other  protoplasm  also  in  the  quickness  with  which 
they  stain  blue  when  exposed  to  a  solution  of  methylene 
blue.  It  is  thus  possible  to  stain  them  before  the  other 
tissues  are  colored,  and  an  important  method  for  tracing 
the  course  and  distribution  of  nerves  has  been  founded 
on  this  peculiarity. 

The  chemical  composition  of  the  axis-cylinder  process 
is  not  definitely  known.  Oilier  portions  of  gray  nervous 
matter  -(X'hich  it  resembles  consist  largely  of  colloidal  sub- 
stances of  proteid  nature,  and  differ  from  most  tissues  in 
the  unusually  large  amounts  of  lecithin  and  cholesterin 
present.  Notliing  can  be  said  positively  regarding  the 
inorganic  salts  present  in  the  axis-cylinder  process. 
Ranke  ■*  believed  its  reaction  to  be  slightly  acid,  but  most 
observers  have  found  the  cut  surface  of  the  nerve  alka- 
line to  litmus;  it  is  possible  that  like  other  protoplasm 
it  is  neutral  to  phenolphthaleiu.  The  medulla  consists 
chiefly  of  cerebrin,  lecithin,  cephalin,  cholesterin,  and 
neurokeratin.  Tlie  latter  substance  forms  a  horny  sup- 
porting framework.  Lecithin  is  a  trimetliyl  cliolin-di- 
steary  I  phosphoric  acid  glycerin  ester.  Other  fatty  acids 
may  be  present  in  place  o'f  the  stearic  acid,  and  the  leci- 
thins from  different  animals  vary  in  this  respect.  Tlie 
kephalin  or  cephalin,  according  to  Koch  and  Thudicum, 
is  probably  monomethyl  cholin  lecithin.  The  constitu- 
tion of  cerebrin  is  unknown,  but  in  the  brain  of  the  sheep 
it  contains  the  sugar  galactose,  two  or  four  molecules  of 
stearic  or  oleic  acid  containing  nitrogen,  possibly  united 
to  a  hexatoniic  alcohol  or  to  glycerin.  The  cerebrins  ob- 
tained from  the  brains  of  different  animals  differ  chemi- 
cally. The  high  content  of  all  nerve  tissues  in  lecithin 
and  cholesterin  is  probably  of  physiological  importance, 


as  will  be  shown  farther  on,  and  possibly  determines 
their  susceptibility  to  the  anaesthetics. 

As  the  conducting  part  of  a  nerve  fibre  consists  of 
protoplasm,  it  cannot  continue  to  exist  for  any  length 
of  time  if  cut  off  from  the  rest  of  the  cell,  but  soon  de- 
generates and  disintegrates.  Experiments  on  plant  cells 
and  infusoria  have  shown  that  portions  of  the  cell  cut 
away  from  the  nucleus  die  and  no  longer  grow,  although 
they  may  continue  movement  and  some  other  functions 
for  some  days.*  The  nerve  fibre  shows  -the  same  rela- 
tionship, demonstrating  that  its  maintenance  in  a  normal 
condition  depends  on  its  connection  with  a  nucleated 
part  of  the  cell  body.  If  a  mammalian  nerve  is  severed, 
the  peripheral  portion,  whether  sensory  or  motor,  loses 
its  power  of  conduction  and  excitability  in  from  four  to 
six  days.'  In  frogs  conduction  may  persist  for  from 
five  to  eight  days,  and,  in  nerves  kept  cool,  even  longer. 
These  facts  indicate  that  the  nerve  fibre,  however  close 
its  connection  with  the  peripheral  cell  which  it  innervates, 
is  not  nourished  from  it  and  does  not  enter  into  organic 
connection  with  it ;  and,  further,  that  it  Is  not  nourished 
by  the  nuclei  of  the  medullary  sheath.  No  immediate 
functional  reunion  of  the  peripheral  and  the  central  ends 
of  a  severed  nerve  can  be  brought  about  by  suturing,  for 
whether  sutured  or  not  degeneration  of  the  peripheral 
part  always  occurs.  This  is  accompanied  by  the  division 
of  the  nuclei  of  the  medulla  and  the  fragmentation  and 
fatty  degeneration  of  the  axis  cylinder  and  medullary 
sheath.  Degeneration  does  not  extend  gradually  down- 
ward from  the  cut  end  of  the  fibre,  but  takes  place  with 
the  same  rapidity  in  the  whole  of  the  cut-off  portion. 
The  restoral  of  function  in  the  cut  nerve  is  brought 
about  by  the  growth  downward  of  the  central  ends  of 
the  cut  fibres — of  those  fibres,  in  other  words,  still  in 
connection  with  the  nerve  cells.*  These  push  down  in 
the  paths  of  the  degenerating  fibres  and  ultimately  be- 
come medullated  and  re-establish  union  with  the  periph- 
eral organs,  although  this  may  be  prevented  if  the  fibres 
meet  in  their  course  any  obstacle  which  turns  them  aside. 
There  appears  to  be  no  choice  of  termination  on  the  part 
of  the  fibre — for  example,  of  a  motor  fibre  for  a  muscle 
cell  or  of  a  sensory  fibre  for  a  sensory  end-organ — for  if 
the  central  end  of  a  sensory  nerve  is  sutured  to  the  pe- 
ripheral end  of  a  cut  motor  nerve,  the  sensory  fibres  will 
innervate  the  muscle  fibres  formerly  supplied  by  the  mo- 
tor nerve,  and  vice  versa.'  Also  if  the  vagus  and  sym- 
pathetic be  cut  and  the  central  end  of  the  vagus  cross- 
sutured  with  the  upper  end  of  the  sympathetic  in  the 
neck,  the  vagus  fibres  growing  upward  in  the  paths  of 
the  degenerating  sympathetic  innervate  the  submaxillary 
gland  and  cause  secretion  on  stimulation,  and  tlius  take 
on  a  secretory  function.*  Similar  facts  have  been  estab- 
lished by  Langley  for  the  fibres  innervating  the  pupil 
and  those  erecting  the  hairs  on  the  cat's  neck,  and  by 
Cunningham  and  other  observers  in  other  nerves.  The 
time  required  for  the  restoration  of  the  function  of  the 
nerve  will  depend  in  part  on  the  distance  the  nerve  has 
to  grow  to  re-establish  union,  and  in  part  on  the  nerve 
which  is  regenerating.  The  longer  the  distance  which 
the  regenerating  fibre  has  to  grow  before  reaching  its 
destination,  the  longer  will  be  the  time  required  for  re- 
generation. On  the  other  hand,  nerves  differ  somewhat 
in  their  speed  of  regeneration  or  growth,  and  no  doubt 
constitutional  differences  of  this  sort  exist  among  differ- 
ent individuals.  The  time  required  is  as  a  rule  from  two 
weeks  to  four  or  more  months.  For  some  reason  the 
nerve  fibres  within  the  cord  appear  in  mammals  to  have 
little  power  of  regeneration  if  the  cord  is  severed.  The 
reason  for  this  peculiar  reaction  is  not  yet  satisfactorily 
explained.  The  subject  is  badly  in  need  of  careful  in- 
vestigation, since  even  the  possibilitj'  of  regeneration  in 
mammals  is  not  definitely  disproved.'" 

Excitability. — Nerves  are  excitable — that  is,  they 
will  respond  to  stimulation,  at  any  point  in  the  course  of 
the  fibre.  No  variation  in  excitability  at  different  points 
of  the  nerve  has  been  detected  in  any  one  nerve  as  long 
as  it  remains  uninjured  in  the  body,"  but  if  the  nerve  is 
in j  ured  by  cutting  it  or  its  branches,  an  increase  of  ex- 
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cltability  is  brought  about  in  the  immediate  neiglibor- 
liood  of  tlie  injury.!'^  This  increase  in  irritability  is 
probably  due  to  the  electrical  disturbance  set  up  in  the 
nerve  by  the  injury  and  called  the  current  of  rest.  This 
appareut  variation  in  excitability,  really  brought  about 
by  injury  following  the  cutting  of  branches  of  the  nerve, 
has  been  described  by  Griitzner  and  othei's,  and  was  at 
first  interpreted  as  shovsring  variations  iu  irritability  in 
the  normal  nerve.  It  is  easily  demonstrated  in  the  frog's 
sciatic  in  the  neighborhood  of  the  branches  given  off  to 
the  thigh  muscles.  The  region  of  increased  excitability 
extends  about  5-7  mm.  along  the  nerve  from  the  point  of 
injury."  While  there  is  no  variation  in  excitability  in 
the  same  nerve,  there  is  a  considerable  variation  between 
the  different  motor  nerves  of  the  same  animals,  those 
nerves  most  frequently  used  appearing  as  a  rule  to  be 
the  most  easily  excited.  Thus  the  sciatic  nerve  of  the 
frog  is  far  more  irritable  than  the  brachial  nerve  to  all 
kinds  of  stimuli, '^  and  sympathetic  fibres  appear  less  ex- 
citable than  motor. 

The  change  in  the  nerve  which  gives  rise  to  the  nerve 
impulse,  i.e.,  the  excitatory  change,  may  be  caused  in 
any  one  of  the  following  ways:  (1)  By  mechanical 
shock ;  (2)  by  heat  of  38°  C.  or  above ;  (3)  by  lowering 
the  temperature  of  the  nerve  to  +  3°  or  —  2°  C. ;  (4)  by 
taking  water  from  the  nerve ;  (5)  by  the  action  of  specific 
chemical  substances;  (6)  by  electrical  currents;  and  (7) 
by  ether  vibrations. 

Mechanical  Stimulatian. — Mechanical  stimulation,  first 
discovered  by  Swammerdam  '*  about  1650,  may  be 
brought  about  either  by  suddenly  stretching  the  nerve, 
by  shaking  it,  or  by  a  sharp  blow.  Pressure  gradually 
increased  does  not  excite  the  nerve,  though  it  at  first  in- 
creases its  excitability.'^  Mechanical  stimulation  is  sel- 
dom used  in  experimentation,  as  the  nerve  is  generally 
crushed  or  injured  by  repeated  shocks;  but  special  ap- 
pliances have  been  developed  to  avoid  this  so  far  as  pos- 
sible. Among  these  are  the  tetanomotor  of  Heidenhain  " 
and  the  apparatus  of  Uexkilll,'*  the  former  instrument 
delivering  a  series  of  sharp  blows;  the  latter  shaking  the 
nerve.  The  excitability  of  nerves  to  mechanical  stimu- 
lation varies  greatly,  and  may  be  artificially  increased  or 
diminished.  Thus  the  extraction  of  water  from  the  nerve 
may  render  the  latter  so  sensitive  to  mechanical  stimula- 
tion that  the  slightest  jar,  or  the  lightest  touch  of  the 
nerve  witli  a  glass  rod  will  cause  the  discharge  of  a  series 
of  nerve  impulses,  causing  tetanus  of  the  attached  jnus- 
cle.  The  time  relations  of  the  stimulus  and  the  resulting 
contraction  are  the  same  with  mechanical  and  electrical 
stimulation.  After  a  few  blows  a  nerve  may  become 
non-irritable  to  further  stimulation,  but  if  left  undis- 
turbed it  slowly  recovers." 

Heat  Stimulation. — A  moderate  degree  of  warmth  (10° 
-35°  C. )  diminishes  nerve  excitability.  To  cause  the  gen- 
eration of  a  nerve  impulse  by  heat  the  nerve  must  be 
heated  suddenly  to  a  temperature  of  38°  C.  or  higher. 
Heating  a  nerve  quickly  from  3°  C.  to  20°  C.  does  not 
generate  a  nerve  impulse.  These  facts  show  that  it  is 
not  a  sudden  increase  in  heat  or  change  in  temperature 
of  the  nerve  which  stimulates,  but  tlie  exposure  of  the 
nerve  to  a  certain  critical  temperature;  and  this  suggests 
that  probably  heat  stimulates  by  coagulating  some  of  the 
proteids  of  the  nerve.  This  conclusion  is  supported  by 
tlie  fact  that  if  the  nerve  is  kept  at  40°  C.  for  a  short  time 
it  loses  its  irritability  permanently,  although  if  it  is  ex- 
posed for  a  few  moments  only,  an  impulse  may  be  gener- 
ated and  excitability  restored  if  it  is  again  cooled ;  and  by 
the  further  fact  that  the  temperature  at  which  a  nerve 
is  stimulated  by  heat  is  about  the  temperature  of  coagu- 
lation of  a  proteid  isolated  by  Halliburton  from  brain 
tissues,  i.e.,  35°-40°  C.  The  restoral  of  irritability  on 
recooling  sometimes  observed  after  a  short  exposure  to 
40°-45°  C. ,  is  apparently  opposed  to  the  hypothesis  that 
heat  stimulation  is  due  to  coagulation;  but  this  restoral 
may  be  owing  to  the  coagulation  having  been  but  partial. 

Cold  Stimulation. — If  the  sciatic  nerve  of  the  frog  is 
exposed  to  a  temperature  of  3°  C.  or  lower,  tetanus  of 
the  attached  gastrocnemius  muscle  generally  follows.'"" 


Cooling  the  nerve  from  20°  to  3°  C.  increases  the  excita- 
bility of  the  nerve  to  all  stimuli,  but  does  not  as  a  rule 
generate  nerve  impulses  sufficiently  strong  to  produce 
muscular  contraction.  The  cooling  tetanus  resembles 
that  produced  by  drying  the  nerve,  and  there  is  thus  a 
similarity  between  the  physiological  effects  produced  by 
cooling  and  those  produced  by  the  extraction  of  water, 
resembling  that  emphasized  by  Greeley  in  connection 
with  the  production  of  spores  in  infusoria.  Below  0°  C. 
or  —2°  C.  the  frog's  nerve  loses  its  irritability,  but  may  be 
restored  by  vciy  cautious  warming.  Mammalian  nerves, 
according  to  Howell  and  others,  lose  their  conductivity 
at  5°  C. ,  or  even  at  a  higher  temperature,  without  pre- 
liminary stimulation."  It  has  been  suggested  that  the 
tetanus  produced  by  cold  is  due  to  mechanical  stimulation 
by  the  ice  crystals  formed ;  but  this  is  not  probable,  since 
the  nerve  may  be  stimulated  at  a  temperature  above  the 
freezing  point  of  the  nerve,  and  the  gradual  rise  in  excit- 
ability as  temperature  is  lo-wered  shows  that  the  final 
stimulation  is  but  a  culmination  of  a  process  going  on  as 
temperature  falls.  The  increase  in  excitability  produced 
by  cold  is  true  also  for  mammalian  nerves  (Biedermann). 
Conductivity,  on  the  other  hand,  is  reduced  by  cold. 
Not  only  does  cooling  increase  the  excitability  of  the 
nerve  fibre,  but  the  whole  central  nervous  system  may 
in  the  frog  be  brought  by  this  means  into  a  condition  of 
increased  reflex  excitability  resembling  that  caused  by 
strychnine.^'  The  increase  of  excitability  produced  by 
cooling  culminating  in  stimulation  may  be  compared  to 
the  precipitation  of  moisture  from  tlie  atmosphere,  and, 
as  will  be  discussed  on  page  232,  may  be  brought  into- 
relation  with  the  change  in  state  of  the  colloids  in  the 
nerve. 

Drying  Stimulation. — If  nerves  are  allowed  to  dry  in 
the  air  they  gradually  increase  in  excitability,  and  finally 
nerve  impulses  are  generated  sufficient,  in  the  case  of 
motor  nerves,  to  cause  a  prolonged  tetanus  or  series  of 
twitches  of  the  attached  muscle.  The  dried  nerve,  like 
the  cooled  nerve,  becomes  totally  non-irritable  and  very 
stiff,  but  its  excitability  may  be  completely  restored  by 
placing  it  in  water  or  ph3'siologieal  salt  solution.  A 
similar  drying  tetanus  is  produced  by  placing  the  nerve 
in  solutions  of  sugar,  urea,  glj-cerin,  or  other  non-elec- 
trolytes having  an  osmotic  pressure  of  thirteen  atmos- 
pheres or  over,  that  is,  in  solutions  containing  something 
more  than  a  half-gram  molecule  of  the  substance  to  the 
litre,  or  by  placing  it  in  solutions  of  neutral  salts  of  the 
same  osmotic  strength.  Even  neutral  salts  which  by 
their  own  action  anuiliilate  nerve  irritability  will  stimu- 
late if  strong  enough  to  extract  water  rapidly.  The 
stimulating  action  of  solutions  of  nearly  all  non-electro- 
lytes and  many  electrolytes  except  sodium  salts  and  a 
few  other  compounds  to  be  discussed  later,  is  to  be  ex- 
plained by  the  indirect  osmotic  extraction  of  water.  If 
the  water  is  extracted  very  gradually  the  nerve  may  be 
dried  without  generating  impulses  strong  enough  to  cause 
muscle  contractions.  It  has  been  suggested  (Griitzner) 
that  this  stimulation  is  really  mechanical,  due  to  shock 
or  compression  of  the  nerve  substance  by  the  shrinking 
tissue,  but  this  is  probably  not  the  case.  A  probable  ex- 
planation of  this  stimulation  will  be  found  on  page  282 
and  may  be  confidently  ascribed  to  a  change  in  the  nerve 
similar  "to  that  produced  by  cold. 

Oheiiiioil  StiiiiulatioH. — The  excitation  of  the  nerve  by 
chemicals  was  first  observed  by  Swammerdam  in  the  sev- 
enteenth century.  It  has  been  studied  by  von  HuTmboldt, 
Eckhard,  Kolliker,  Kuhne,  Griitzner  2»  and  many  others. 
The  earlier  work  established  the  general  fact  that  the 
application  of  solutions  of  many  non-electrolytes  and 
electrolytes  would  stimulate  motor  and  sensory  nerves. 
The  strong  solutions  which  were  used  led  to  the  conclu- 
sion that  most  chemicals  stimulated  indirectly  by  the 
withdrawal  of  water,  a  conclusion  which  was  undoubt- 
edly correct.  The  first  careful  work  comparing  solu- 
tions containing  the  same  number  of  molecules  in  the 
litre  was  done  by  Griitzner,  who  showed  that  some  other 
factor  entered  into  the  stimulation  besides  the  withdrawal 
of  water.    He  was  unable  to  discover  what  this  was,  but 
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referred  it  to  a  specific  stimulating  action  of  tlie  salts. 
Thus  sodium  fluoride  and  other  sodium  salts  and  some 
alkalies  stimulated  in  solutions  too  weak  to  draw  water 
from  the  nerve.  Grtttzner  found  that  with  certain  ex- 
ceptions a  relation  existed  between  molecular  weight 
and  stimulating  or  poisonous  action.  In  salts  of  the 
same  series  those  of  greater  molecular  weight  stimulated 
more  and  poisoned  more  rapidly.  Thus  sodium  iodide 
was  stronger  than  the  bromide,  and  this  than  the  chlor- 
ide. Barium  chloride  was  more  baneful  than  strontium 
chloride.  Grutzner  believed  that  sensory  nerves  were 
more  readily  stimulated  by  potassium  salts  than  by  so- 
dium, while  motor  nerves  were  not  stimulated  by  potas- 
sium salts,  but  were  by  sodium.  This  conclusion  is  not 
correct.  The  author's  observations  "  on  a  large  number  of 
salts,  acids,  and  alkalies  gave  the  following  results:  The 
frog's  sciatic  is  stimulated  by  immersion  in  solutions  of 
any  salt,  if  this  be  sufficiently  concentrated.  This  stimu- 
lation, as  already  stated,  is  brought  about  osmotically. 
If  the  solutions  have  an  osmotic  pressure  no  greater  than 
that  of  the  nerve— i.e.,  approximately  six  atmospheres 
— only  solutions  of  electrolytes  will  stimulate ;  the  non- 
electrolytes  are  ineffective.  Of  these  electrolytes  all  so- 
dium salts  of  monovalent  or  bivalent  acids,  with  one 
or  two  possible  exceptions,  will  stimulate  in  isotonic 
solutions.  The  similar  salts  of  other  metals,  such  as 
potassium,  lithium,  calcium,  strontium,  magnesium, 
zinc,  silver,  mercury,  aluminum,  iron,  and  ammonium, 
will  not  stimulate,  but  gradually  annihilate  irritability. 
Of  the  sodium  salts  the  monovalent  salts,  such  as  the 
•chloride,  bromide,  iodide,  nitrate,  and  acetate,  are  least 
powerful;  the  bivalent  salts,  such  as  the  sulphate,  oxal- 
ate, tartrate,  and  borate,  are  from  two  to  three  times  as 
powerful  as  the  monovalent;  while  the  trivaleut  salts, 
such  as  the  citrate,  ferro-  and  ferricyanides,  and  the  phos- 
phate, are  about  six  times  as  powerful  as  the  monovalent 
salts.  This  shows  that  the  stimulation  is  due  to  the  anion 
and  not  to  the  cathions,  and  furthei',  that  it  is  dependent  in 
part  upon  the  number  of  electrical  charges  on  the  anion. 
In  other  words,  chemical  stimulation  is  really  due  to  the 
negative  electrical  charges  of  the  salt,  and  chemical  stim- 
ulation is  an  electrical  stimulation.  The  positive  ions 
have  an  effect  opposite  to  that  of  the  anions,  and  tend  to 
prevent  stimulation  and  lower  irritability,  and  this  is  due 
to  the  positive  electrical  charges  which  they  bear.  Thus 
potassium,  lithium,  ammonium,  and  hydrogen  not  only 
will  not  stimulate  the  nerve  except  in  strong  solutions  or 
when  united  to  still  more  powerful  trivalent  anions,  but 
they  annihilate  nerve  irritability  very  rapidly.  All  acids 
destroy  nerve  irritability  rapidly  unless  applied  in  very 
dilute  solutions.  In  some  acid  salts,  however,  such  as 
copper  sulphate,  a  nerve  may  remain  highlj'  irritable  for 
several  hours.  In  solutions  having  a  strength  of  one-fifth 
normal  or  higher,  acids  will  often  stimulate  (osmosis  ?), 
but  below  this  strength  they  annihilate  irritability.  Of  the 
alkalies,  sodium,  potassium,  and  barium  hydrates  stimu- 
late in  dilutions  not  greater  than  one-twentieth  normal ; 
ammonium  hydrate  will  not  stimulate  the  motor  nerve, 
but  destroys  its  irritability.  This  is  in  harmony  with  the 
small  dissociation  of  the  compound.  Of  the  oxidizing 
salts  the  permanganates  will  stimulate  both  in  the  case  of 
potassium  and  in  that  of  sodium,  in  one-twelfth  or  one- 
fourteenth  molecular  solutions.  Of  the  monovalent  so- 
dium salts  the  fluoride,  iodide,  bromide,  and  chloride 
stimulate  in  the  order  named,  the  fluoride  being  the 
strongest.  Something  besides  the  number  of  charges  is 
thus  seen  to  be  of  importance.  The  author  has  suggested 
that  this  is  the  movement  of  the  charges  about  the  atom, 
but  this  is  as  yet  hypothetical.  The  genei'al  result  of  this 
work  is  that  positive  and  negative  ions  act  as  a  rule  in 
an  opposite  manner,  and  that  chemical  stimulation  proper, 
as  apart  from  stimulation  by  osmosis,  is  in  reality  an  elec- 
trical stimulation  and  produces  the  same  kind  of  a  change 
in  the  nerve  as  does  electrical  stinmlation. 

Electrical  Stimulation.— Nerven  may  be  stimulated 
electrically  in  several  ways,  but  the  end  result  is  a  dis- 
turbance of  the  electric  equilibrium,  if  we  may  so  term 
it,  within  the  nerve  and  a  resulting  change  in  the  nerve 


itself  which  causes  the  nerve  impulse.  One  way,  as  has 
just  been  shown,  is  to  introduce  the  electrical  charges 
into  the  nerve  in  the  form  of  ions  in  solution,  but  the 
more  usual  method  of  stimulation  is  to  change  the  dis- 
tribution of  charged  particles  already  in  the  nerve  and 
thus  upset  electrical  equilibrium.  The  nerve  may  be 
stimulated  by  induction  by  bringing  near  the  nerve  a 
highly  charged  Leyden  jar  and  suddenly  discharging  the 
jar,  or,  as  in  unipolar  stimulation,  by  connecting  the 
nei-ve  with  one  pole  of  an  induction  coil,  when  on  mak- 
ing and  breaking  the  primary  circuit  stimulation  may 
ensue.  ^'  In  both  these  cases,  at  the  moment  of  making 
or  breaking  the  current,  there  is  a  sudden  equalization  of 
the  charges  which  have  been  accumulated  in  the  nerve 
by  induction.  In  other  words,  the  electrical  equilibrium 
is  u  pset  by  induction.  Herz  waves  may  stimulate  a  nerve 
which  is  near  the  induction  machine,  but  the  nerve 
quickly  loses  its  irritability  and  conductivity  under  their, 
influence.^'  The  exact  manner  of  action  of  the  Herz 
waves  has  not  been  clearly  determined.  Induced  cur- 
rents from  the  inductorium  and  constant  currents  from 
the  battery  are  the  forms  of  electrical  stimulation  most 
generally  used.  Both  these  currents  stimulate  in  the 
same  way,  the  differences  between  them  being  due  only 
to  differences  in  intensity  and  duration  of  the  current. 
The  most  probable  explanation  of  their  action,  speaking 
in  general  terms,  is  that  they  alter  the  distribution  of 
ions  in  the  nerve,  the  negativity  of  the  nerve  being  in- 
creased in  the  neighborhood  of  the. cathode  owing  to  the 
predominance  here  of  negative  ions  and  the  positivity  iu 
the  neighborhood  of  the  anode.  In  this  way  a  disturb- 
ance of  electrical  equilibrium  within  the  nerve  is  pro- 
duced. It  appears  that  to  bring  about  this  disturbance 
of  equilibrium  with  sufficient  suddenness  to  cause  a 
nerve  impulse,  polarization  must  take  place  in  the  nerve. 
This  polarization  is  due  to  the  fact  that  the  membranes 
surrounding  the  axis-cylinder  process  do  not  pennit  free 
osmosis  of  the  salt  particles  in  the  nerve  through  them. 
It  thus  happens  that  when  a  cathode  is  brought  against 
a  nerve,  the  negative  ions  which  are  repelled  from  it  or 
are  diffusing  into  the  nerve  from  it  accumulate  against 
the  outside  of  the  membrane  lining  the  axis-cylinder 
process.  This  accumulation  of  negative  particles  on  the 
outside  of  the  membrane  holds  bound  to  it  on  the  inside 
the  positively  charged  sodium  particles  or  other  positive 
ions  in  the  nerve  in  that  region.  This  disturbs  the  elec- 
trical equilibrium  of  that  part  of  the  nerve,  as  it  leaves  a 
surplus  of  unbound  negative  charges  in  the  nerve  at  that 
point.  It  is  this  sudden  surplus  of  negative  charges 
which  sets  up  in  the  nerve  that  change  which  caiises  the 
nerve  impulse.  What  the  nature  of  that  change  is  we 
shall  shortly  discuss,  but  it  may  be  said  here  that  it  con- 
sists possibly  in  a  change  in  the  nature  of  a  precipitation 
taking  place  in  the  colloids  of  the  nerve,  strictly  analo- 
gous to  the  changes  produced  by  cold  or  by  the  extraction 
of  water. 

A  study  of  the  phenomena  of  electrical  stimulation  has 
led  to  the  general  law  that  that  form  of  electrical  stimu- 
lation is  the  most  effective  in  which  the  intensity  of  cur- 
rent is  greatest  and  reached  in  the  shortest  time.'*  In 
other  words,  stimulating  power  is  a  function  of  the  in- 
tensity and  of  the  reciprocal  of  the  time.  For  this  rea- 
son sharp  shocks  of  great  Intensity,  such  as  induction 
shocks,  are  more  efficient  than  the  galvanic  current,  and 
the  break-induction  shock  is  more  powerful  than  the 
make,  as  in  the  latter  the  rise  is  more  gradual  owing  to 
self-induction  in  the  primary  coil.  Too  rapidly  repeated 
shocks  will  not  stimulate,  and  at  15°  C.  a  duration  of 
0.0015  to  0.02  second  is  necessary.  Shocks  more  rapid 
than  three  thousand  per  second  generally  cause  but  a  sin- 
gle initial  m',iscle  twitch. 

It  has  been  shown  that  the  nerve  impulse  does  not  arise 
throughout  that  portion  of  the  nerve  which  is  traversed  by 
the  current,  but  only  at  its  point  of  exit  and  entry.  The 
point  of  entry  of  the  current  into  the  fibre  is  called  the 
physiological  anode,  and  that  of  exit  is  called  the  physio- 
logical cathode.  The  impulse  is  formed  at  the  cathode 
on  making  the  current  and  at  the  anode  on  breaking  it. 
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This  may  be  easily  demonstrated  by  ligaturing  the  nerve 
between  the  electrodes  so  as  to  interrupt  the  conduction 
of  a  nerve  impulse  at  this  point,  when  it  will  be  found 
that  the  muscle  will  contract  only  at  the  making  of  the 
current  when  the  cathode  is  on  the  muscle  side  of  the 
ligature  and  at  the  break  of  the  current  when  the  anode 
is  on  the  muscle  side  of  the  ligature.  It  is  a  curious  fact 
that  if  either  electrode  is  placed  on  a  portion  of  the  nerve 
which  has  been  rendered  non-irritable  by  ether  or  in  any 
other  way,  the  impulse  which  normally  is  produced  by 
that  electrode  no  longer  appears.  It  looks  as  if  the  pas- 
sage of  the  current  from  a  non -irritable  to  an  irritable 
portion  of  the  nerve  will  not  stimulate.  The  reason  for 
this  fact  of  polar  failure  is  still  obscure.  Electrical 
'stimulation  taking  place  at  the  cathode  at  the  make  of 
the  current  is  thus  shown  to  correspond  to  chemical 
stimulation.  It  is  always  an  increase  in  the  number  or 
efficiency  of  the  negative  ions  or  a  diminution  in  the 
number  or  efficiency  of  positive  ions  which  stimulates. 
The  positive  electrode,  as  we  shall  see,  diminishes  ex- 
citability like  the  positive  ions.  It  makes  no  difference 
whether  the  charges  are  applied  to  the  nerve  on  atoms 
in  the  form  of  ions,  or  from  a  battery,  the  effect  on  the 
nerve  is  the  same.  Electrical  stimulation  quickly  e.x- 
hausts  the  excitability  of  the  nerve  at  the  point  stimu- 
lated, unless  the  current  is  frequently  reversed.  This 
exhaustion  is  frequently  attributed  to  electrolysis ;  but  as 
it  occurs  also  with  non-polarizable  electrodes,  it  is  due 
not  to  electrolysis  but  to  changes  brought  about  in  the 
condition  of  the  nerve,  or,  more  properly  speaking,  its 
colloidal  particles,  by  the  changed  distribution  of  ions  in 
the  nerve.  In  using  the  induction  shocks  where  reversal 
ofUhe  current  occurs  with  every  make  and  break  shock, 
exhaustion  is  far  less  apt  to  happen  than  when  a  con- 
stant current  is  used. 

The  action  of  electrical  curi'ents  on  the  nerve  does  not 
end  with  the  initial  stimulation  but  continues  during 
their  passage,  and  will  be  discussed  later  under  the  head- 
ing of  electrotonus.  Suffice  it  to  say  here  that  under 
ordinary  circumstances,  and  unless  the  excitability  of  the 
nerve  has  been  artificially  increased  by  local  cooling  in 
the  neighborhood  of  one  electrode,  or  by  drying,  or  by  the 
chemical^ction  of  sodium  chloride  or  other  substances, 
the  current  generates  a  nerve  Impulse  large  enough  to 
cause  muscle  contraction  only  at  the  jnoment  of  opening 
and  closing  the  circuit.  If,  however,  the  local  excitabil- 
ity of  the  nerve  is  increased  in  the  neighborhood  of  one 
of  the  electrodes  in  any  of  .the  above  ways,  a  series  of 
nerve  impulses  causing  tetanus  may  be  produced,  lasting 
throughout  the  passage  of  the  current  or  occurring  after 
its  close. 

Modification  of  Excitability. — The  excitability  of  a  nerve 
at  any  point  may  be  artificially  increased  or  diminished. 
The  local  application  of  cold  increases  excitability  down 
to  about  -4-3°  C.  for  the  frog's  nerve  and  somewhat 
higher  for  the  mammalian.  Below  this  point  excitability 
rapidly  falls.  Local  warming  diminishes  excitability 
until  a  temperature  of  about  35°  C.  is  reached,  when  ex- 
citability again  increases.  The  excitability  of  the  nerve 
is  increased  by  local  injury  such  as  section,  or  mechani- 
cal pressure,  or  heat  action.  For  about  5  ram.  from  the 
cut  end  of  a  nerve  this  increase  in  excitability  is  well 
marked.  This  increase  may  be  due  to  the  electrical  dis- 
turbance or  current  of  injury  in  the  neighborhood  of  the 
injured  part,  a  condition  of  catelectrotonus  prevailing  at 
this  point.  In  all  electrical  stimulation  the  disturbing 
influence  of  this  nerve  current  has  to  be  considered.  The 
local  application  of  alcohol,  ether,  carbon  dioxide,  or 
chloroform  is  said  to  increase  excitability  at  first  (Wal- 
ler) before  ansesthetization  takes  place.  Waller  observed 
an  increase  in  the  size  of  the  negative  variation  when 
these  agents  were  used.  It  is  not  impossible,  however, 
that  it  is  the  conductivity  which  is  altered,  the  general 
analog}'  between  the  effects  of  these  agencies  and  moder- 
ate warmth  elsewhere  strengthening  this  supposition. 
Excitability  is  enormously  increased  by  drying  the  nerve, 
or  by  taking  water  from  it  by  osmosis.  It  is  increased 
further,  temporarily  at  least,  by  allowing  the  nerve  to 


lie  in  one-seventh  normal  sodium-chloride  solution,  or  by 
a  brief  exposure  to  the  sulphate,  citrate,  or  other  stimulat- 
ing sodium  salts,  and  it  is  diminished  by  hydrogen,  po- 
tassium, lithium,  ammonium,  calcium,  and  other  positive 
ions.  Distilled  water  at  first  increases  excitability  and 
then  diminishes  it.  Excitability  is  also  powerfully  in- 
fluenced by  the  passage  of  a  constant  current  through 
the  nerve,  being  greatly  reduced  in  the  region  of  the 
anode  and  increased  in  the  neighborhood  of  the  cathode 
while  a  current  of  moderate  intensity  flows  through  the 
nerve.  Excitabihty  increases  in  the  neighborhood  of  the 
anode  on  breaking  the  current.  The  changes  in  excita- 
bility thus  produced  will  be  discussed  under  the  heading 
of  Electrotonus. 

^  Summary. — Exdtability. — The  facts  concerning  excita- 
bility just  stated  are  most  readily  interpreted  by  assum- 
ing that  all  the  agencies  which  stimulate  or  increase  ex- 
citability do  so  by  producing  the  same  sort  of  a  change 
in  the  nerve  protoplasm.  What  that  change  is  we  are 
not  yet  in  a  position  to  state  definitely ;  but  the  many 
striking  resemblances  of  the  process  to  the  reactions 
shown  by  colloidal  solutions  strongly  indicate  something 
more  than  a  passing  similarity  between  the  two  proc- 
esses. The  facts  may  be  conveniently  interpreted  if  we 
assume  the  nerve  to  consist  of  electropositive  colloidal 
particles  and  stimulation  to  consist  in  the  coalescence  or 
gelation  of  these  particles.  The  action  of  cold,  of  me- 
cliauical  shock,  of  negative  ions,  and  of  the  negative  elec- 
trode in  stimulating  may  on  this  hypothesis  be  easily  rec- 
onciled, all  of  these  agencies  acting  in  the  way  specified 
to  produce  gelation.  This  matter  will  be  considered  at 
the  end  of  the  ai'ticle  more  in  detail.  The  various  agen- 
cies which  diminish  excitability  diminish  the  tendency 
of  the  particles  to  coalesce. 

Conductivity. — The  principal  function  of  a  nerve  is  the 
conduction  of  a  nerve  impulse.  Conductivity  is  not 
something  peculiar  to  the  nerve,  but  is  found  in  all  pro- 
toplasm. In  the  sensitive  plants,  for  example,  in  the 
absence  of  nerves  an  impulse  is  propagated  from  place 
to  place  through  the  cells  at  a  fairly  rapid  speed.  This 
observation  allows  us  to  disregard  at  once  such  elements 
as  the  medullary  sheath  or  longitudinal  fibrillse  of  the 
nerve  as  unessential  in  the  matter  of  conduction.  As 
protoplasm  without  these  structures  still  conducts,  it  is 
clear  that  whatever  r61e  they  may  play  in  determining 
other  factors  of  conduction,  for  example  speed,  they  are 
not  essential  to  conduction  itself.  Conduction  takes 
place  in  any  nerve  in  either  direction  with  the  same  ease. 
Thus  if  a  nerve  is  stimulated  in  the  middle  the  impulse 
passes  both  downward  and  upward  and  may  be  detected 
by  the  negative  variation  or  electrical  disturbance  which 
the  nerve  undei-goes.  The  effect  of  this  impulse  passing 
downward  in  a  motor  nerve  is  apparent  in  the  muscle 
contraction ;  what  effect  the  impulse  passing  upward  to 
the  motor  cell  may  have  is  not  yet  determined.  The  rate 
of  conduction  varies  in  different  nerves.  It  is  highest 
in  mammalian  nerves  and  in  the  frog's  sciatic,  i.e.,  3.5 
to  40  metres  per  second.  In  the  lobster  it  travels  6  metres 
per  second ;  in  the  mollusc,  Anodon,  only  1  cm,  per  sec- 
ond ;  in  the  mantel  of  Eledone  1  mm. ;  and  in  the  electric 
nerves  of  tlie  Torpedo  at  5°  C.  9  metres  per  second.  At 
a  higher  temperature  Schonlein  found  a  rate  of  from  13 
to  37  metres  per  second."  In  the  plant  Dionse,  conduc- 
tion, according  to  Burdon  Sanderson,  occurs  at  the  rate 
of  about  300  mm.  per  second  at  30°-33°  C.  No  optical 
changes  have  been  observed  in  the  nerve  accompanying 
the  passage  of  the  impulse,  but  in  the  insectivorous  plant 
Drosera  and  in  other  plants  Darwin  observed  that  the  pas- 
sage of  the  impulse  was  accompanied  by  the  appearance 
of  a  cloudy  precipitate  in  the  cell  protoplasm,  this  pre- 
cipitate shortly  dissolving.  This  precipitation  he  called 
aggregation  and  compared  it  to  the  nerve  impulse. 

Influence  of  Temperature. — The  speed  and  character  of 
the  nerve  impulse  are  influenced  by  temperature.  Bern- 
stein observed  an  increase  in  the  height  of  the  muscle 
contraction  if  the  impulse  passed  through  a  warmed 
area.  Howell  and  Budgett  secured  similar  results  in  the 
vaso-constrictor  mammalian  nerves.     Waller  found  that 
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a  temperature  of  40°  C.  abolished  the  negative  variation 
and  conduction.  In  the  frog's  sciatic  a  temperature  of 
0°  C.  does  not  blocli  the  action  current  and  the  Impulse, 
but  at  —  3°  to  —7°  C.  both  are  blocked.  Between  8°  and 
35°  C.  little  effect  of  changes  in  temperature  can  be  seen. 
Herrick '"  found  that  between  10°  and  35°  C.  there  was  no 
change  in  the  negative  variation,  but  below  10°  C.  the 
negative  variation  diminishes.  In  general  a  low  temper- 
ature slows  and  prolongs  the  negative  variation,  and  a 
Iiigh  temperature  causes  an  increase  in  height  and  a 
diminution  in  duration.  In  mammals  a  temperature  of 
2°  or  6°  C.  blocks  conductivit}^,  but  conduction  returns 
on  warming.  The  fibres  going  to  the  abductors  of  the 
larynx  are  blocked  by  cold  before  the  adductors. 

27(6  Electrical  Phenomena  of  JS'erves. — The  electrical 
phenomena  of  nerves  were  first  studied  accurately  by  Du 
Bois-Reymond  in  1843-45.  Like  all  protoplasm  a  nerve 
shows  a  difference  of  potential  between  the  uninjured 
and  the  injured  portions.  This  difference  is  of  such  a 
character  that  the  injured  part  appears  negative  to  the 
uninjured.  Thus  Du  Bois-Reymond  found  that  if  two 
electrodes  connected  with  a  galvanometer  be  placed  one 
on  the  cut  end  of  a  nerve,  the  other  at  some  point  on  its 
surface,  a  current  flows  in  the  circuit  from  the  uninjured 
surface  toward  tlie  cut  end  and  may  be  detected  by  the 
deflection  of  the  galvanometer.  This  current  is  called 
the  current  of  rest,  or  of  injury,  or  the  demarcation  cur- 
rent of  the  nerve,  and  it  may  amount  to  0.0035  to  0.03 
volt.  The  amount  of  this  current  is  about  tiie  same  in 
warm-  and  cold-blooded  animals.  Besides  this  current, 
which  is  at  its  maximum  between  the  equator  and  the 
cut  end  of  the  piece  of  nerve,  there  is  a  difference  of  po- 
tential between  the  two  ends  of  a  nerve,  so  that  if  the 
two  cut  surfaces  of  a  motor  nerve  or  a  sensory  nerve  be 
connected  with  an  electrometer  there  is  a  small  axial  cur- 
rent. In  a  motor  nerve  this  axial  current  flows  in  the 
nerve  from  the  peripheral  to  the  central  end,  and  in  the 
sensory  roots  in  an  opposite  direction."'  The  amount  of 
this  axial  current  is  not  great,  but  the  current  is  con- 
stantly present,  and  is  greater  in  the  posterior  than  in 
the  anterior  roots.  In  the  anterior  it  amounts  to  about 
0.0006  of  a  Daniel,  in  the  posterior  roots  to  0.0015  of  a 
Daniel.  The  electromotive  force  of  the  nerve  current  of 
injury  is  said  to  be  greater  in  a  nerve  used  constantly, 
like  the  pneumogastric,  than  in  other  motor  nerves.  In 
non-medullated  nerves  the  current  is  greater  than  in 
medullated.  This  current  of  rest  or  of  injury  persists 
for  some  time,  becoming  constantly  weaker,  but  may  be 
still  detected  several  days  after  section  when  the  excita- 
bility is  entirely  lost.  Although  the  direction  of  the 
nerve  current  is  ordinarily  in  the  sense  already  men- 
tioned, it  may  be  reversed  by  high  temperature  and  by 
desiccation.  By  appropriate  means  a  nerve  may  be  pre- 
pared which  shows  no  current  of  injury.  Thus  if  a 
frog's  sciatic  is  removed  from  the  body  and  placed  in 
frog's  blood  containing  a  little  calcium,  the  nerve  after 
several  hours  is  said  to  show  no  injury  current  what- 
ever." 

It  is  probable  that  the  current  of  injury  may  be  in- 
creased or  diminished  in  many  different  ways,  but  this 
subject  has  not  yet  been  sufficiently  investigated  to  allow 
us  to  classify  the  facta  in  any  general  group.  Ether  di- 
minishes the  current  as  do  acids;  alkalies  increase  the 
current. 

The  cause  of  the  current  of  injury  is,  as  its  name  im- 
plies, probably  to  be  attributed  to  chemical  or  physical 
changes  taking  place  in  the  nerve  at  the  point  of  injury 
more  rapidly  than  elsewhere.  There  are  several  expla- 
nations of  this  change.  Du  Bois-Reymond,  who  supposed 
the  nerve  to  be  made  up  of  bipolar  electric  particles,  of 
which  the  two  ends  were  negative  and  the  middle  pos- 
itive, believed  it  to  be  due  to  the  exposure  of  the  nega- 
tive ends  of  the  particles  by  the  section.  Hermann i^s 
refers  it,  as  do  most  authors,  to  the  alterations  in  the 
state  or  composition  of  the  protoplasm  at  the  injured 
point.  The  author  has  suggested  that  this  change  con- 
sists in  the  increase  in  size  or  the  coagulation  of  tlie  posi- 
tively charged  colloidal  particles  of  the  nerve  brought 


about  by  the  injury,  thus  causing  a  change  of  their  sur- 
face of  separation  from  the  fluid  leading  to  the  liberation 
of  formerly  bound  negative  charges.  It  is  impossible, 
however,  at  the  present  time  to  state  positively  what  the 
real  explanation  is. 

Negative  Variation. — Du  Bois-Reymond^"  discovered 
about  1843  that  if  one  electrode  from  a  galvanometer  be 
placed  on  the  cut  end  of  a  nerve  and  the  other  on  its 
longitudinal  surface,  on  stimulation  of  the  nerve  the 
needle  of  the  galvanometer,  which  had  been  deflected  by 
the  current  of  injury,  receded  momentarily  toward  zero. 
This  electrical  disturbance  he  called  the  negative  vari- 
ation or  current  of  action.  It  has  since  been  shown  that 
this  electrical  disturbance  generally  or  invariably  accom- 
panies the  nerve  impulse  and  is  a  convenient  way  of  de- 
tecting the  passing  of  such  an  impulse.  The  variation 
follows  mechanical,  heat,  or  chemical  stimulation  as  well 
as  electrical.  It  occurs  in  plants  and  muscles  and  secret- 
ing epithelia  as  well  as  in  nerves.  The  variation  is  of 
such  a  nature  that  the  first  electrode  reached  by  the  im- 
pulse becomes  negative  to  the  other.  The  negative  va- 
riation is  biphasic,  that  is,  a  positive  phase  follows  the 
negative.  The  negative  variation  travels  at  the  same 
rate  as  the  nerve  impulse,  and  shows  other  parallelisms 
which  clearly  indicate  its  close  connection  with  the  phe- 
nomenon of  conduction.  Thus  exposure  of  the  nerve  to 
carbon  dioxide,  ether,  or  chloroform  is  said  to  cause  a 
preliminary  rise  in  excitability  and  an  increase  in  height 
of  the  negative  variation,  both  conduction  and  the  nega- 
tive variation  being  later  abolished ; "  a  ligature  abolishes 
both  the  variation  and  the  conduction;  cold  lengthens 
the  duration  of  the  negative  variation,  but  diminishes  its 
height,  and  warmth  increases  the  height  and  shortens  the 
duration.  These  facts  so  clearly  establish  the  parallel- 
ism between  the  negative  variation  or  action  current  and 
the  nerve  impulse  that  by  most  physiologists  the  electri- 
cal disturbance  is  regarded  as  an  invariable  concomitant 
of  the  nerve  impulse.  Others  hold  a  different  opinion, 
however.  Cases  are  on  record  in  which  the  cooled  muscle 
of  a  frog  has  contracted,  following  a  stimulus  not  accom- 
panied by  a  negative  variation;  and  in  other  instances 
the  negative  variation  may  be  detected  without  muscle 
contraction.  Steinach  found  in  warmed  frogs  tetanus 
produced  with  the  secondary  coil  43  cm.  from  the  pri- 
mary, while  the  negative  variation  first  appeared  when 
the  secondary  coil  was  at  a  distance  of  89  cm.  Boruttau 
believes  that  in  the  one  case  the  muscle  is  a  little  more  sen- 
sitive than  the  electrometer,  and  in  the  other  the  latter  is 
more  sensitive  than  the  muscle.  The  size  of  the  negative 
variation  is  proportional,  as  a  rule,  to  that  of  the  current 
of  injury,  and  up  to  a  certain  point  a  larger  stimulus 
causes  a  larger  negative  variation  and  a  larger  muscle 
contraction.  The  negative  variation  is  increased  by 
catelectrotonus  and  diminished  by  anelectrotonus.  A 
negative  variation  occurs  also  in  the  tetanus  due  to  nat- 
ural stimulation  of  the  nerves  of  strychnine  frogs.  The 
cause  of  the  negative  variation  and  its  relation  to  con- 
duction will  be  discussed  ou  page  233. 

Electrotonus. — If  two  electrodes  from  a  battery  are 
placed  upon  a  nerve,  a  nerve  impulse  is  generated  at  the 
cathode  or  negative  electrode  when  the  current  is  made, 
and  at  the  anode  or  positive  electrode  when  the  current 
is  broken,  provided  the  current  be  fairly  strong.  "While 
the  ciirrent  flows  through  the  nerve  no  impulses  are  as  a 
rule  generated,  but  nevertheless  a  change  in  irritabihty 
is  brought  about  in  the  nerve.  This  change  of  irritabil- 
ity and  conductivity  in  the  region  of  the  electrodes  has 
been  carefully  investigated  by  Pfluger  and  is  called  elec- 
trotonus.'" The  irritability  of  the  nerve  is  increased  in 
the  neighborhood  of  the  cathode  during  the  passage  of 
the  current  and  diminished  in  the  neighborhood  of  the 
anode ;  after  the  current  is  broken  the  anodic  region  un- 
dergoes a  rise  in  irritability  and  the  cathodic  region  a 
fall.  These  changes  may  be  demonstrated  by  stimulat- 
ing the  nerve  in  the  region  of  the  cathode  or  anode  with 
stimuli  just  strong  enough  in  the  normal  nerve  to  cause 
muscle  contraction,  when  if  applied  to  the  cathodic  re- 
gion an  increased  muscle  contraction  is  obtained ;  if  ap- 
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plied  to  the  anodic  region  uo  response  follows.  If  the 
current  is  strong  and  continued  for  some  time  the  catho- 
dic  region  also  becomes  less  irritable.  The  strength  of 
current  necessary  to  produce  electrotonic  effects  is  very- 
small,  0;  0001-0, 00001  milliampfire  may  sufBce.  Sensory 
nerves  show  the  same  phenomena  of  electrotonus  as  mo- 
tor, although  Zirhelle  thought  that  both  the  anode  and  the 
cathode  diminished  excitability  in  the  former.  Excep- 
tions to  the  genera!  statement  that  irritability  is  increased 
by  the  cathode  and  diminished  by  the  anode  have  been 
noted  by  several  observers,  i.e.,  Budge,  Sehifl,  Valen- 
tine, and  others.  Irritability  may  increase  (though  very 
rarely)  in  anelectroton  us,  and  Nasse  has  observed  several 
cases  of  the  total  reversal  of  tlie  law.  The  cause  of  these 
rare  exceptions  is  not  yet  clear. 

Although  the  constant  current  only  changes  excitabil- 
ity but  does  not  ordinarily  excite  during  the  passage  of 
the  current,  yet  in  some  cases  a  tetanus  of  the  muscle  is 
observed  during  the  passage  of  the  current,  or  after  It  is 
brolcen.^'  This  tetanus,  called  Ritter's  tetanus,  arises 
from  the  cathode  if  it  occurs  during  the  passage  of  the 
current,  and  from  the  anode  if  it  occurs  after  the  current 
is  brolten.  This  tetanus  may  be  artificially  produced  at 
will  if  the  excitability  of  the  nerve  is  increased  by  cool- 
ing, by  drying,  or  by  the  osmotic  extraction  of  water. 
This  tetanus  demonstrates  tlie  fact  that  the  changes  go- 
ing on  in  the  nerve  during  the  passing  of  the  current  are 
of  the  same  nature  as  tliose  which  produce  the  impulse. 
The  current  really  stimulates  throughout  its  passing,  only 
the  changes  produced  after  the  current  is  once  applied 
are  too  gradual  to  cause  a  muscle  contraction.  If,  how- 
ever, the  excitability  of  the  nerve  is  already  artificially 
raised  (that  is,  if  the  instability  of  the  nerve  substance  is 
artificially  increased),  the  change  is  sufficiently  abrupt  to 
generate  nerve  impulses  so  that  a  number  of  muscle  con- 
tractions take  place  during  the  passage  of  the  current. 
It  is  necessary  to  bear  these  facts  in  mind,  since  the  law 
■of  electrical  excitation  is  ordinarily  stated  in  the  way 
mentioned— I.e.,  that  excitation  occurs  only  at  the  make 
and  break  of  the  current. 

The  explanation  of  these  electrotonic  changes  of  irrita- 
bility is  not  difficult  on  the  colloidal  hypothesis  already 
sketclied.  The  primary  effect  of  the  current  is  to  cause 
a  disturbance  in  the  even  distribution  of  the  ions  in  the 
nerve.  Positive  ions  predominate  in  numbers  near  the 
anode,  negative  ions  near  the  cathode.  These  ions  bring 
about  a  change  in  the  state  of  the  colloids.  Near  the 
anode  the  positive  ions  increase  the  stabililty  of  the  pro- 
toplasmic hydrosol,  the  colloidal  particles  are  here  increas- 
ing in  numbers  and  increasing  their  total  surface ;  near 
the  cathode,  on  the  oth6r  hand,  the  colloidal  particles, 
owing  to  the  presence  of  negative  ions,  are  dimlnishmg 
in  numbers,  increasing  in  size,  and  diminishing  the  sur- 
face of  contact.  The  stability  of  the  hydrosol  is  being 
reduced  near  the  cathode,  and,  in  accordance  with  the 
general  law  stated  farther  on,  excitability  varies  inversely 
with  the  stability  of  the  protoplasmic  hydrosol.  If  this 
change  is  abrupt,  so  great  a  contraction  of  surface  of  tlie 
particles  takes  place  that  an  impulse  is  generated  strong 
enough  to  reach  the  muscle  and  cause  muscle  contraction. 
If  the  change  is  gradual,  as  it  is  after  the  first  applica- 
tion, the  change  is  not  strong  enough  at  any  moment  to 
cause  an  impulse  large  enough  to  reach  the  muscle. 
Stimulation  takes  place  at  the  anode  on  opening,  and  ex- 
citability is  increased  here  owing  to  the  fact  that  on 
breaking  tlie  current  the  positive  ions  accumulated  here 
in  excess  diffuse  into  the  region  formerly  occupied  by 
the  cathode,  and  the  negative  ions  from  the  cathodic  re- 
gion by  diffusion  reach  the  anode.  There  is  thus  pro- 
duced in  the  neighborhood  of  the  anode  a  diminished 
positivity  or  an  increased  negativity.  The  equilibrium 
of  the  solution  is  at  once  upset,  the  positive  colloidal 
particles  suddenly  diminish  in  numbers  and  surface  and 
increase  in  size  owing  to  this  diminution  of  positive  ions, 
and  this  generates,  as  always,  a  nerve  impulse  which 
may  continue,  causing  tetanus.  Thus  the  rise  in  irrita- 
bility near  the  anode  is  explained.  Similarly  m  the_  re- 
gion of  the  cathode,  on  breaking  the  current  there  is  a 


sudden  diminution  of  the  negativity  of  this  region  and 
an  increase  in  positivity  due  to  the  diffusion  into  this 
region  of  the  positive  ions  from  the  anode.  The  result 
is  that  a  sudden  increase  in  number  and  surface  of  tlie 
particles  results  and  conductivity  and  irritability  are  ac- 
cordingly reduced.  In  other  words,  a  process  of  solution 
is  occurring  near  the  anode  and  of  gelation  near  the  cath- 
ode during  the  passing  of  the  current;  after  breaking 
the  current  the  reverse  of  these  processes  occurs.  It  may 
be  stated  that  these  changes,  although  not  visible  in 
nerves,  may  be  readily  seen  in  infusoria  and  other 
forms  of  protoplasm,  and  the  change  in  state  of  the  pro- 
toplasm is  of  an  opposite  character  at  the  two  poles, 
liquefaction  generally  occurring  on  the  anodic  side. 

Besides  the  changes  in  irritability  of  the  nerve  pro- 
duced by  the  current,  there  are  changes  in  its  electrical 
behavior  at  the  same  time.  Polarization  takes  place,  so 
that  on  breaking  the  current  a  reverse  current  in  the  op- 
posite direction  may  be  observed.  This  polarizing  cur- 
rent often  reverses  itself,  running  first  in  one  direction 
and  then  in.the  other.  This  reversal  is  less  pronounced 
in  nerve  than  in  muscle  and  is  absent  in  dead  muscle. 
These  facts  show  that  the  polarization  current  is  due  not 
only  to  a  physical  polarization  taking  place  at  the  limit- 
ing membranes  of  the  nerve,  but  also  to  a  change  in  state 
of  the  protoplasm.  The  polarization  current  may  take 
place  in  the  same  direction  as  the  original  current,  par- 
ticularly after  heavy  currents  of  very  brief  duration. 

While  a  constant  current  passes  through  a  nerve  elec- 
trical disturbances  may  be  seen  on  both  sides  of  the  elec- 
trodes. If  electrodes  connected  with  a  galvanometer  are 
applied  on  the  anodic  side,  it  will  be  found  that  each 
point  nearer  the  electrode  is  positive  to  that  farther 
away,  and  if  on  the  cathodic  side  negative  to  that  farther 
away.  We  thus  get  physical  electrotonic  currents. 
These  currents  are  due  in  large  part,  if  not  altogether,  to 
the  polarization  taking  place  at  the  boundary  of  the  axis- 
cylinder  process,  causing  a  spread  of  the  current  along 
the  nerve.''  They  are,  however,  not  altogether  expli- 
cable on  this  hypothesis,  for  they  disappear  in  dead  and 
disintegrating  nerves;  they  are  greatly  reduced  by  ether- 
izing the  nerve ;  and  they  are  suppressed  if  the  nerve  be 
ligatured  between  the  polarization  current  and  the  gal- 
vanometer electrodes.  The  currents  are  more  powerful 
near  the  electrodes  and  their  intensity  is  greater  on  the 
side  of  the  anode  than  on  that  of  the  cathode.  The  an- 
electrotonio  current  may  have  an  electromotive  force  of 
0.5  of  a  Daniell,  while  the  catalectrotonic  current  has 
but  0.05  Daniell.  Tiiese  currents  are  sufficiently  strong 
to  stimulate  other  nerves  in  contact  witli  those  stimulated. 
They  exist  in  non-medulated  as  well  as  meduUated  nerves. 
They  may  be  reproduced  on  artificial  nerve  models  called 
core-conductors,  consisting  of  a  wire  surrounded  by  a 
solution  of  an  electrolyte.  The  suppression  of  the  current 
by  ether  may  be  due  to  a  diminution  of  polarization  ow- 
ing to  an  alteration  of  permeability  of  the  axis-cylinder 

wall.  .  . 

IndefaUgability  of  ifgrw.— Nerves  are  not  supposed  to 
be  fatigued  by  the  act  of  conduction.  Bowditch^'  cu- 
rarized  frogs,  thus  blocking  the  nerve  impulse  and  pro- 
tecting the  muscle  from  fatigue.  The  nerve  was  then 
stimulated  by  induction  shocks  continuously  for  six 
hours-  at  the  end  of  that  time  the  curare  was  excreted 
and  the  muscles  began  to  contract.  A  similar  experi- 
ment was  tried  by  Maschek,  who  blocked  the  impulse  oy 
ether  and  by  Bernstein,  ss  who  blocked  the  impulse  by 
the  anode  and  with  the  same  results.  These  facts  indi- 
cate that  nerve  conduction  is  not  accompanied  by  meta- 
bolic changes.  j,       4.  v,  i 

Metabolism  of  ifcrac— The  only  evidences  of  metabol- 
ism in  nerve  are  the  changes  produced  in  it  by  cutting  it 
off  from  its  nerve-cell  connection  and  Waller  s  observa- 
tions on  carbon-dioxide  formation.  No  heat  is  produced 
bv  nerve  conduction.  Electrothermic  contacts  sensitive 
to  0  001°  C  show  no  indication  of  heat  production.^^ 
Similariy  all  attempts  to  show  that  carbon  dioxide  or 
acid  are  produced  have  been  fruitless.  Waller  says  that 
after  exposures  for  a  brief  interval  to  carbonic  anhydride 
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nerve  imtability  is  increased  and  the  size  of  negative  va- 
riation is  increased.  Tlie  same  result  is  obtained  if  the 
nerve  is  tetanized;  so  Waller  concludes  that  carbonic  an- 
hydride is  produced  during  tetanization.  As  many  other 
factors  aflect  the  negative  variation  in  the  same  way,  we 
cannot  conclude  from  this  observation  that  the  conduc- 
tion of  tlie  nerve  impulse  is  accompanied  by  a  metabolic 
change,  leading  to  carbonic-anhydride  formation. 

The  Action  of  Anmthetics.— The  ansEsthetics,  chloro- 
form, ether,  carbon  dioxide,  and  alcohol  all  temporarily 
annihilate  nerve  conduction,  although  some  observers 
state  that  a  preliminary  rise  in  excitability  is  their  first 
effect.  If  not  exposed  too  long  to  the  action  of  the  anaes- 
thetic the  nerve  will  recover;  but  if  too  large  an  amount 
is  used,  or  if  the  exposure  is  too  long,  irritability  and 
conductivity  appear  to  be  permanently  lost.  Chloro- 
form is  much  more  active  than  ether  and  the  nerve  re- 
covers from  it  with  much  greater  slowness.  This  may 
be  due  to  its  being  less  volatile  than  ether  and  hence  es- 
caping less  readily  from  the  nerve  or  to  its  having  a  more 
powerful  action.  The  most  probable  explanation  of  the 
action  of  the  anaesthetics  is  that  they  dissolve  the  lecitho- 
proteids  or  colloids  of  the  nerve.  Mayer  ^'^  and  Overton  ^^ 
have  pointed  out  the  parallelism  of  the  anesthetic  action 
to  the  fat-dissolving  powers  of  the  anaesthetics.  The 
nerve  is  particularly  rich  in  lecithin  compounds,  and  it  is 
not  improbable  that  the  ansesthetics  act  upon  them.  The 
dissolving  action  of  these  substances  may  be  easily  seen  in 
blood  corpuscles,  the  eggs  of  man  y  marine  forms  and  other 
organisms,  so  that  it  is  probable  that  they  act  on  nerve 
protoplasm  in  the  same  manner.  There  is,  hence,  nothing 
peculiar  about  the  action  of  the  anaesthetics.  They  pro- 
duce the  same  kind  of  a  change  in  prptoplasm  as  do  pos- 
itive ions,  the  positive  electrode,  or  warmth.  They  put 
the  nerve  in  a  condition  of  anelectrotonus.  They  are  par- 
ticularly valuable  because  they  are  so  soluble  in  proto- 
plasm, so  volatile,  and  effective  in  sucli  small  amounts. 

General  Summary. — -We  are  now  in  a  position  to  see 
how  far  the  foregoing  facts  enable  us  fo  understand  the 
processes  in  the  nerve  which  are  represented  in  the  nerve 
impulse.  There  have  been  several  hypotheses  thus  far 
proposed  to  exjjlain  these  phenomena.  One  of  the  ear- 
liest was  that  of  Du  Bois-Reymond.  In  this  theory  the 
nerve  substance  is  supposed  to  be  composed  of  bipolar 
electrical  particles  negative,  at  each  end  and  positive  in 
the  middle.  The  current  of  rest  is  obtained  by  connect- 
ing the  middle  or  positive  surface  with  the  cut  end  or 
negative  surface.  As  each  portion  of  a  magnet  shows 
the  polarity  of  the  whole  magnet,  so  each  portion  of  a 
nerve  shows  the  polarity  of  the  whole  nerve.  The 
nerve  impulse  is  simply  a  turning  of  these  particles  on 
their  axes,  so  that  the  negative  ends  turn  toward  the 
surface.     This  will  explain  the  action  current. 

Hermann  believed  that  these  particles  did  not  pre-ex- 
ist, but  that  the  current  of  injury  was  due  to  catabolic 
changes  taking  place  at  the  cut  surface.  This  became 
negative  to  tho  rest  in  consequence  of  these  chemical 
changes.  A  similar  change  occurred  during  conduction, 
and  this  change  in  each  part  of  the  nerve  caused  the  part 
just  following  it  to  be  put  in  a  position  of  cateleotro tonus. 
On  this  theory  the  negative  variation  stimulated  each 
part  of  the  nerve  in  turn  and  was  itself  regenerated  by 
the  change  which  it  brought  about. 

Becquerel  supposed  that  there  were  numerous  electro- 
capillary  couples  in  the  nerve  which  gave  rise  to  electric 
currents,  eacli  couple,  consisting  of  two  different  liquids, 
being  separated  by  a  capillary  opening  or  by  an  organic 
membrane.  D'Arsonval,  who  has  developed  this  theory, 
supposed  the  electrical  phenomena  to  be  due  to  modifica- 
tion of  the  surface  of  separation  of  the  two  liquids  simi- 
lar to  the  electrical  phenomena  shown  by  the  capillary 
electrometer. 

Loeb  has  suggested  that  conduction  is  due  to  a  change 
in  state  of  the  colloids,  but  has  furnished  no  evidence  in 
support  of  this  view.  The  author  believes  that  the  facts 
indicate  the  truth  of  this  hypothesis  and  suggests  the  fol- 
lowing more  specific  theory : 

The  protoplasm  of  the  nerve  is  essentially  a  colloidal 


solution.  The  colloidal  particles  are  proteid  in  nature 
and  in  all  likelihood  are  lecithin  proteids  resembling  the 
sheaths  of  the  red  blood  corpuscles,  as  is  indicated  by  the 
especial  richness  of  the  nerves  in  lecithin.  These  parti- 
cles are  of  different  sizes  and  are  electropositive.  They 
continually  change  their  state  of  aggregation,  being  eas- 
ily precipitated  or  brought  into  solution  and_  easily  coa- 
lescing with  their  neighbors  or  breaking  up  into  a  large 
number  of  smaller  particles.  Through  these  changes 
the  surface  separating  each  particle  from  the  surrounding 
fluid  augments  or  diminishes.  When  two  particles  coa- 
lesce the  total  surface  is  reduced ;  when  one  particle  sep- 
arates into  two  the  total  surface  of  separation  is  in- 
creased. Around  each  particle  there  are  induced  in  the 
water  electrical  changes  of  an  opposite  sign.  It  will  be 
seen  that  any  change  in  the  surface  of  separation  must 
necessarily  produce  an  electrical  disturbance  exactly  in 
the  same  manner  as  do  the  movements  of  the  capillary 
electrometer,  and  in  this  respect  my  suggestion  harmo- 
nizes entirely  with  that  of  D'Arsonval. 

Stimulation,  whatever  its  character,  whether  mechani- 
cal, chemical,  thermal,  or  electrical,  brings  about  a  change 
in  the  state  of  division  of  these  colloidal  particles.  It 
produces  either  one  of  two  effects,  i.e.,  a  coalescence  of 
the  particles  (gelation),  or  an  increase  in  number  of  the 
particles  (solution).  According  as  a  stimulus  produces 
one  or  the  other  of  these  effects  we  say  that  it  excites  the 
nerve  or  anaesthetizes  it.  It  may  fairly  be  questioned 
which  effect  is  the  excitation  and  which  the  anoesthetiza- 
tion.  This  question  may  be  answered,  I  believe,  by  the 
exciting  action  of  drying  the  nerve  and  of  applying  cold. 
Both  of  these  processes  excite  or  generate  nerve  impulses. 
Since  they  can  hardly  be  supposed  to  increase  the  solu- 
bility of  the  colloids,  we  may  confidently  assume  that 
they  congeal  or  precipitate  the  colloids,  and  hence  that 
excitation  is  due  to  a  diminution  in  the  number  of  col- 
loidal particles  and  a  reduction  in  their  total  surfaces; 
and  conversely,  anaesthetization  or  inhibition  is  due  to  the 
reverse  process.  All  the  exciting  agencies  may  be  inter- 
preted in  this  way.  Thus  mechanical  shock  which  dis- 
turbs the  hydrosol  brings  about  such  a  condition  of  tem- 
porary coagulation  or  rigidity  of  the  nerve  protoplasm 
throwing  the  particles  together.  This  interpretation  is 
strengthened  by  Mrs.  Andrews'  observations  on  the  effect 
of  shock  on  the  choano-flagellates,  where  the  rigidity  of 
the  previously  fluid  protoplasm  can  be  easily  demon-, 
strated,  and  by  my  own  observations  on  other  forms  of 
protoplasm,  notably  eggs.  Cold,  as  will  be  seen,  di- 
minishes the  stability  of  the  pi-otoplasmic  solution  or 
hydrosol,  while  warmth  increases  it ;  negative  ions  pre- 
cipitate positive  colloidal  solutions  and  they  excite  the 
nerve;  excitation  takes  place  at  the  cathode  or  negative' 
electrode,  where  positive  colloidal  particles  will  be  pre- 
cipitated ;  the  extraction  of  water  acts  in  the  same  man-' 
ner  as  cold.  In  fact  all  the  phenomena  of  excitation  are 
readily  understood  on  this  hypothesis.  Similarly  the. 
action  of  all  anaesthetizing  agents  becomes  clear.  Posi- 
tive colloidal  solutions  are  rendered  more  permanent  by 
positive  ions,  and  these  annihilate  nerve  excitability; 
warmth  of  moderate  araount  increases  the  stability  of 
nearly  all  solutions,  and  this  diminishes  excitability; 
ether  and  the  anassthetics  dissolve  the  protoplasm  of 
eggs  and  other  cells  and  destroy  irritability ;  the  anode, 
which  holds  positive  colloids  in  solution,  abolishes  excit- 
ability. We  may  sum  up  our  conclusions  in  the  general 
law  that  nerve  excitability  varies  inversely  with  the  sta- 
bility of  the  protoplasmic  hydrosol.  The  less  stable  the 
hydrosol,  the  more  irritable  the  nerve.  Irritability  will 
be  lost  when  the  nerve  is  stable,  either  in  the  condition 
of  solution  or  in  that  of  total  gelation.  The  rise  in  irri- 
tability at  the  anode  on  opening  the  current  is  due  to  the 
fact  that,  as  already  explained,  by  the  action  of  the  cur- 
rent the  particles  are  greatly  divided ;  and  after  the  cur- 
rent is  broken  the  diffusion  outward  of  the  positive  ions 
reduces  the  stability  of  the  hydrosol  here  and  it  returns 
back  toward  the  normal.  The  electrotonic  effects  are  due 
to  the  solution  being  made  moi'e  stable  near  the  anode 
and  less  stable  near  the  cathode. 
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As  readily  as  the  facts  of  excitation  are  understood  on 
this  hypothesis,  so  many  of  the  facts  of  tlie  electrical 
phenomena  of  nerves  may  he  explained.  The  electrical 
disturbances  are  the  result  of  tlie  alterations  in  the  sur- 
face of  separation  of  particles  and  liquid.  Whenever 
these  particles  coalesce,  a  portion  of  the  negative 
charges,  formerly  induced  about  each  particle,  are  set 
free.  The  portion  of  the  nerve  where  this  is  occurring 
becomes  temporarily  electronegative  to  the  rest  of  the 
nerve.  Thus  the  current  of  injury  is  due  to  the  coales- 
cence of  particles  at  the  injured  end.  This  is  always 
negative  to  the  uninjured  part. 

If  this  is  true,  the  exposure  of  the  end  of  the  nerve  to 
acids  or  ansesthetics  should  diminish  the  current  of  in- 
jury, whereas  alkalies  should  increase  it.  Such  I  have 
found  to  be  the  case.  The  current  of  action  is  the  result 
of  the  progressive  precipitation  of  the  colloids  and  a  pro- 
gressive setting  free  of  negative  charges.  It  is,  how- 
ever, impossible  within  the  limits  of  this  article  to  dis- 
cuss the  bearing  of  this  hypothesis  on  all  the  numerous 
electrical  phenomena  of  nerves.  It  may  be  stated,  how- 
ever, that  a  warmed  or  etherized  portion  of  a  nerve  is 
electropositive;  a  cooled  portion  electronegative  to  the 
normal  nerve. 

The  conduction  of  the  nerve  impulse  may  be  under- 
stood on  this  hypothesis  as  follows:  Each  precipitation 
of  colloidal  particles  sets  free  by  the  accompanying  re- 
duction in  surface  negative  charges  formerly  induced  in 
the  water  about  each  particle ;  these  charges  at  once  pre- 
cipitate the  next  layer  of  particles,  and  so  on.  Thus  the 
negative  variation  successively  stimulates  each  following 
segment  of  the  nerve,  as  Hermann  supposed,  and  it  is 
regenerated  by  the  change  which  it  itself  has  produced. 
The  sheath  and  peculiar  structure  of  the  nerve  probably, 
as  Boruttau  supposes,  plays  an  important  part  in  the 
electrical  phenomena  of  polarization  and  stimulation,  and 
possibly  in  determining  the  speed  of  transmission,  but 
the  change  in  the  protoplasm  itself  is  the  most  important 
factor  in  conduction.  Finally,  it  should  in  all  fairness 
he  stated  that  among  the  difficulties  or  exceptions  to  this 
hypothesis  are  the  statements  that  the  ansesthetics  bring 
about  a  preliminary  rise  in  irritability,  and  that  conduc- 
tivity and  excitability  may  vary  somewhat  independently 
of  each  other.  Whether  these  facts  can  be  harmonized 
with  the  explanation  already  offered  remains  for  the 
present  unknown.  Albert  P.  Matliews. 
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NERVES,  PATHOLOGICAL  CHANGES  IN.  See  Neu- 
rone,  etc. 

NERVE  TISSUE,  HISTOLOGY  OF.— According  to 
the  fundamental  conception  of  neurology  the  entire  ner- 
vous system,  central  as  well  as  peripheral,  has  been  re- 
garded as  composed  of  morphological  units,  the  neu- 
rones, held  together  by  the  supporting  tissues,  the 
neuroglia.  The  term  neurone  was  suggested  by  Wal- 
deyer  in  1891,  and  was  accorded  almost  universally  an 
international  acceptance  by  anatomists,  physiologists, 
pathologists,  and  clinicians.  Tlie  term  neura,  proposed 
by  Rauber,  and  neurodendron  by  KoUiker,  to  designate 
the  same  unit,  have  not  met  with  similar  favor.  More 
recent  investigations,  however  (Apathy,  Betha),  have 
thrown  some  doubt  upon  the  neurone  doctrine  as  for- 
merly held.  The  neurone  consists  of  a  cell  body,  dendritic 
pi-oceSses,  and  an  axis-cylinder  process  (axone  with  its 
terminal  ramifications).  As  the  neurone  does  not  consist 
only  of  the  cell  body,  but  also  has  processes,  some  of 
which  are  of  extreme  length,  it  is  impossible  to  see  the 
entire  neurone  in  the  majority  of  cases.  As  a  matter  of 
convenience,  therefore,  the  description  of  the  neurone 
may  fall  under  two  headings — ^the  nerve  cells  or  nerve- 
cell  bodies,  and  the  nerve  fibres. 

The  Nerve  Cell. — The  essential  part  of  a  neurone 
originating  the  nerve  impulse  is  the  cell  body.  Nerve 
cells  or  ganglion  cells,  as  they  are  generally  called,  occur 
in  groups  known  as  ganglia  in  the  cerebrospinal  system, 
the  sympathetic  system,  and  in  the  organs  of  special 
sense.  While  variable  in  size,  they  are  among  the  larg- 
est cells  in  the  body,  often,  as  in  some  of  the  ganglion 
cells  in  the  anterior  horns  of  the  spinal  cord,  reaching  a 
size  of  from  90  to  135  ji,  the  cells  of  Betz  in  the  paracen- 
tral lobule  being  especially  large.  Many  nerve  cells, 
however,  are  much  smaller  in  size,  the  cells  of  the  gran- 
ular layer  of  the  cerebellum  being  only  from  4  to  8 /i  in 
diameter. 

Study  of  the  morphology  of  the  neurones  requires  the 
consideration  of  their  external  peculiarities  as  well  as  of 
their  internal  architecture.  The  former  are  best  revealed 
by  the  methods  of  Golgi  and  Ehrlich,  and  the  latter  by 
the  methods  of  Nissl  and  Held. 

Morphology  of  the  Serve  Cells.— Nerye  cells  vary  greatly, 
in  shape.  Starting  originally  as  spherical  cells,  some  may 
retain  this  shape  as  in  the  spinal,  Gasserian,  or  other  gan- 
glia- others  may  become  ellipsoidal,  as  in  the  spinal 
cord  pyriform  as  the  cells  of  Purkinje  in  the  cerebel- 
lum '  pyramidal  as  the  cells  in  the  gray  matter  of  the 
cerebrum,  or  stellated  as  the  multipolar  ganglion  cells  of 
the  spinal  cord.  The  most  conspicuous  pecuharity  of 
the  nerve  cells  is  the  branching.  This  may  take  place 
only  on  one  side  leading  to  a  prolongation  of  the  proto- 
plasm into  a  single  pole,  such  cells  being  known  as  uni- 
polar nerve  cells ;  when  the  protoplasm  is  prolonged  into  ' 
two  usually  opposite,  poles,  the  cells  are  appropriately 
designated  as  bipolar;  when  the  protoplasm  extends 
in  several  directions  multipolar  cells  are  formed.  Each 
polar  prolongation  is  continued  to  form  a  nerve-cell  proc- 
ess Of  such  processes  two  kinds  are  recognized,  the 
branched   protoplasmic  processes    and  the    axis-cyUnder 

process.  ,, 

The  branched  protoplasmic  processes,  now  usually 
called  t\\ecUndntes,  form  prolongations  of  the  protoplasm 
from  the  cell  body,  hence  the  old  name  of  protoplasmic 
process  They  are  always  broader  and  thicker  at  their 
origin,  becoming  gradually  narrower  as  they  divide, 
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splitting  up  and  subdividing  in  an  antler-like  fashion 
until  a  rich  twig-work  or  arborization  results.  The 
group  of  terminal  end-branches  of  the  dendrites  is 
known  as  the  telodendrion.  The  character  of  the  den- 
drites, which  result  from  the  branching  of  the  proto- 
plasmic processes,  varies  much  in  different  parts  of  the 
central  nervous  system.  In  some  cells  the  branching 
commences  a  short  distance  from  the  origin  of  the  proc- 
ess, while  in  other  cells  the  process  continues  for  some 
distance  from  the  cell  body  before  undergoing  division, 
and  then  suddenly  breaks  up  into  a  large  number  of  den- 
dritic branches. 

The  cerebellar  cells  of  Purkinje  are  instances  of  the 
former  type,  the  apical  dendrites  of  the  pyramidal  cells 


JE^fn^ 


Fig.  3572.— Schematic  Representation  of  a  Lower  Motor  Neurone  from 
the  Ventral  Horn  of  the  Spinal  Cord,  together  with  all  Its  protoplas- 
mic processes  and  their  divisions.  The  axis-cylinder  process  with 
its  divisions,  side  nbrlis,  or  collaterals,  and  tlie  end  ramlHcatlons 
(telodendrlons  or  motor  end-plates)  in  the  muscle,  represent  parts 
of  a  sinfrle  cell  or  neurone,  a.h.,  Axone  hillock  devoid  of  Nissl 
bodies,  and  showing  a  tendency  to  llbrlllatlon ;  a..r..  axis  cylinder 
or  axone,  also  Indistinctly  flbrillated.  This  process,  at  a  short  dis- 
tance from  the  cell  body,  becomes  surrounded  by  a  myelin  sheath, 
jrt,  and  a  cellular  sheath,  the  neurilemma,  the  latter  not  being  an 
Integral  part  of  the  neurone ;  c,  cytoplasm  showing  the  dark-oolored 
Nlssl  bodies,  separated  from  one  another  by  the  lighter  ground  sub- 
stance; cJ,  protoplasmic  processes  (dendrites)  containing  Nlssl  bod- 
ies; m,  nucleus:  n',  nucleolus;  n.B.,  nodes  of  Ranvier;  s./.,  side 
nbnl ;  n.  nf  n,  nucleus  of  neurilemma :  td..  motor  end-plate  or  telo- 
dendnon ;  m',  striped  muscle  Ilbre ;  ,s.  L.,  .segmentation  of  Schmidt- 
Lantermann.  (From  The  Nervous  System  and  Its  Constituent  Neu- 
rones,   by  liBwellysF.  Barker.    D.  Appleton  &  Co.,  New  York,  1899.) 


of  the  cerebral  cortex  of  the  latter.  The  extent  and 
complexity  of  arborization  is  also  variable,  being  com- 
paratively simple  and  with  little  branching  in  some  cells, 


Fig.  3573.— Multipolar  Ganglion  Cell  from  the  Anterior  Horns  of  the 
Spinal  Cord,  Isolated  by  Maceration  and  Teasing,  showing  that  the 
numerous  branched  protopasmlc  processes  are  somewhat  displaced 
and  distorted,  owing  to  manipulation,  o.  Axis-cylinder  process: 
cytoplasm  granular ;  nucleus  large,  distinct ;  nucleolus  darker  than 
nucleus.    (Plersol.) 

while  in  others  a  complete  arborization  exists,  forming  a 
dense  forest  which  extends  over  a  wide  territory.  Be- 
sides the  degree  of  complexity  of  arborization  the  rela- 
tion of  the  dendrites  to  the  surface  of  the  cells  is  of  in- 
terest, since  this  branching  may  arise  from  only  one  or 
two  dendritic  processes  as  in  the  cells  of  the  hippocam- 
pus, or  it  may  originate  from  all  sides  of  the  cell  like 


Fio.  3574.— Cell  of  Purkinje  from  the  Cerebellum  of  Man.  Showing 
pyriform  cell  body,  large  arborescent  protoplasmic  process  with 
gemmules  forming  the  typical  telodendrla  o(  the  dendrite,  n.  Axis- 
cylinder  process ;  k,  collateral  nbrils.    (KOlllker.) 

a  radiation  as  in  the  ventral  horns  of  the  spinal  cord. 
Rarely  neurones  are  characterized  by  entire  absence  of 
dendrites;  such  adendritic  elements  have  been  observed 
in  the  nervous  system  of  invertebrates  and  also  in  the 
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spinal  ganglia  of  man.  The  contours  of  many  lateral 
dendrites  exhibit  the  presence  of  small  buds  known  un- 
der the  name  of  gemmules.     The  axis-cylinder  process,  neu- 


FiG.  3oT5.— Golgl's  Cell  of  the  First  Type  from  the  Corpus  Genlcula- 
tum  of  a  Cat.  Showing  numerous  richly  branched  dendrites,  and 
the  very  fine  axone  with  its  collateral  branches.    (KOlliker.) 

rite  or  axone,  unlike  the  dendrite,  is  thin,  slender,  incon- 
spicuous, straighter  in  its  course  and  smooth  in  outline. 
It  was  formerly  described  as  an  unbranching  single 
process,  and  was  supposed  to  be  always  the  continuation 
of  the  axis  cylinder  of  a  nerve  fibre.     Golgi's  investiga- 


FiG.  3576.— Golgi's  Cell  of  the  Second  Type  from  the  Cerebrum  of  a 
Cat.  Showing  x,  the  coaree  protoplasmic  processes  easily  distin- 
guishable from  the  more  delicate  axis-cylinder  process  a,  forming 
the  rich  telodendrion  of  the  axone.    (Kolliker.) 

tions  have  shown,  on  the  contrary,  the  existence  of  nerve 
cells  in  which  the  axone  is  branched  and  does  not  become 
the  axis  cylinder  of  a  nerve  fibre.  Hence  nerve  cells  are 
arranged  into  two  types— cells  of  the  first  type,  in  which 
the  single  non-branching  axone  becomes  the  axis  cylinder 
of  a  meduUatcd  nerve  fibre,  and  those  of  the  second  type 


m  which  the  axone  does  not  become  the  axis-cylinder 
process  of  a  nerve  fibre  but  undergoes  branching,  form- 
ing a  telodendrion  of  the  axone  to  which  the  name  of 


Pig.  3577.— Motor  Nerve  Cell  from  Ventral  Horn  of  Gray  Matter  of 
Spinal  Cord  of  Rabbit.  Of  the  three  lower  processes,  the  middle 
one  represents  the  axone ;  all  the  other  processes  are  dendrites. 
The  margin  of  the  cells  and  of  the  masses  of  stainable  substance 
appear  too  sharp  in  the  reproduction.  At  the  angle  of  division  of 
the  large  dendrite  at  the  left  superior  angle  of  the  cell  is  shown  one 
of  the  wedges  of  division.  The  spindle-shaped  Nissl  bodies  are  well 
shown,  especially  in  the  dendrites.  (From  "The  Nervous  System 
and  Its  Constituent  Neurones,"  by  Lewellys  F.  Barker.  D.  Ap- 
pleton  &  Co.,  New  York,  1899.) 

dendraxone  or  neuropodion  (Kolliker)  is  applied.  The 
termination  of  the  dendraxone  usually  takes  place  by 
exhaustion  of  repeated  division.  Very  rarely  and  only 
in  exceptional  cases  the  terminal  branches  are  interwoven 
to  form  a  basket-like  meshwork  surrounding  the  cell 
body  of  a  second  neurone.  Ax  ones  vary  greatly  in 
length,  being  very  short,  often  only  a  few  millimetres 
long;  in  nerve  cells  of  the  second  type  the  dendraxone 
never  leaves  the  gray  substance.  In  nerve  cells  of  the 
first  type,  on  the  contrary,  the  monaxone  may  be  exceed- 
ingly long,  some  extending,  as  spinal  nerve  fibres,  fully 
half  the  length  of  the  body.  Monaxones  are  frequently 
provided  with  collateral  branches  or  paraxones.  These 
collateral  branches  should 
not  be  mistaken  either  for 
the  arborization  which  takes 
place  in  the  dendraxone  or 
for  the  true  division  of  the 
axone  into  two  branches, 
forming  a  right  or  an  ob- 
tuse angle  resulting  in  the 
T-  or  Y-shaped  branches  de- 
scribed by  Ranvier. 
In  addition  to  the  monax- 
I  one  neurones,  diaxone  as  well 
as  polyaxone  neurones 
~  have  been  observed.  iiv.,™.jsf3aixi™--ri.Ej(9. 
Ram6n  y  Cajal  describes  also  iai(fii*i!S'K43tWSJfe®S5~  o 
nnaxone  neurones  in  the  ret- 
ina. 

The  mode  of  origin  of  the 
axone  also  claims  attention. 
The  axone  may  arise  from 
the  cell  body  directly  or  else 
from  the  dendrite;  in  this 
case    the    origin    is    usually 

near  the  cell  body,  while  fig.  3578.— Nerve  Cell  from  the 
more  rarely  it  is  situated  at 
some  distance  from  the  cell 
body.  At  its  origin  the  ax- 
one is  wedge-shaped  and 
hence  is  called  the  implanta- 
tion cone.  It  possesses  cer- 
tain characteristics  in  its  in- 
ternal structure  and  will  be  referred  to  later.  The  ax- 
one may  have  protecting  coverings  or  a  sheath.     When 


Anterior  Horn  of  the  Spinal 
Cord  of  an  Ox.  Showing 
coarse  chromotophile  flakes, 
nucleus  (a),  nucleolus,  and 
the  Implantation  cone  or 
axone  hillock  (b),  devoid  of 
chromatophlle  granules. 
(B8hm-Davldoft.) , 
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no  envelope  is  present  it  is  customary  to  speak  of  naked 
axones.    The  coverings  are  the  neurilemma  or  the  sheath 
of  /Schwann,  and  the  medullary  substance 
A  B         or  the  white  substance  of  Schtoann.    One 

or  botli  may  invest  the  axone  for  a 
portion  or  its  entire  lengtli.  In  the 
case  of  a  nerve  cell  of  the  second  type, 
whei'e  the  dendraxone  is  limited  to  the 
gray  substance,  no  sheatli  is  present. 
In  nerve  cells  of  the  second  type  there 
are  stretches  in  which  the  axone  is 
nalted,  those  in  vv^hich  it  is  enveloped 
only  by  file  neurilemma,  and  finally 
tracts  in  which  both  neurilemma  and 
medullary  substance  are  present.  In 
the  latter  case  the  medullary  substance 
is  the  inner  sheath,  while  the  neurilem- 
ma is  the  outer  one.  At  times  ill-de- 
flued  fibrous  tissue,  called  Henle's 
sheath,  is  present  outside  of  the  neuri- 
lemma. 

Sirucinre  of  the  Nerve  Cell. — Nerve 
cells  like  all  other  cells  consist  of  pro- 
toplasm, to  which  the  name  of  neuro- 
plasm has  been  applied  by  KOUiker. 
They  contain  an  attraction  sphere, 
within  which  one  or  more  centrosomes 
are  situated ;  a  nucleus,  which  is 
larger  than  in  most  other  cells  of  the 
body ;  usually  a  single  nucleolus,  more 
rarely  several  nucleoli;  an  implanta- 
tion cone;  several  nuclear  caps,  and 
■  sometimes  several  spindles.  A  vari- 
able amount  of  pigment  granules  is 
also  present,  depending  upon  the  age 
of  the  cell.  Not  every  nerve  cell,  how-, 
evpr,  contains  the  above-enumerated 
parts.  In  fresh  preparations,  without 
Fig.  3579.— Portions  '^'^  "®^  °^  reagents,  the  protoplasm  ap- 
ofTwokedullated  pears  more  or  less  homogeneous.  With 
Nerve  I'.jbres  the  use  of  reagents  and  different  meth- 
mtolciar  (From  °^^  °^  fixation  the  protoplasm  varies  in 
a  young'  ratbit.)  appearance,  being  fibrillar,  granular, 
X  425  aiameters.  or  vacuolated. 
The  latter  tAvo 
conditions  at 
least  may  be  re- 
garded as  prob- 
ably artefacts, 
produced  by  re- 
agents.  Tlie 
granules  have  a 
special  affinity 
for  certain  ani- 
line stains. 
They  appear 
very  distinctly 
when  stained  by 


B,  B,  Nodes  of 
Rauvier,  with 
axis  cylinder  pass- 
ing through ;  a, 
primitive  sheath 
of  the  nerve  or 
neurilemma ;  c, 
opposite  the  mid- 
dle of  the  segment. 
Indicates  the 
nucleus  and  proto- 
plasm lying  be- 
tween the  neuri- 
lemma and  the 
medullary  sub- 
stance. In  A  the 
nodes  are  wider 
and  the  Interseg- 
mented  substance 
is  more'  appar- 
ent than  In  B. 
(Quain.) 


the  Nissl  method 
and  are  gener- 
ally known  as 
Nissl  bodies, 
chromatophile  or  tigroid  granules 
(Fig.  3577).  The  granules  are 
variable  in  size,  regular  or  ir- 
regular in  shape,  and  are  arranged 
in  groups,  rows,  or  irregularly ; 
sometimes  simulating  rods  of 
variable  thickness  and  constitut- 
ing the,  so-called  "stainable  sub- 
stance "  of  Nissl.  That  portion  of 
the  protoplasm  which  has  no  alBn- 
ity  for  stains  is  known  as  the 
"wnstainable  substance"  of  Nissl. 
The  granules  are  more  concentrated  in  the  inner  portion 
(or  the  entoplasm)  of  the  cell,  while  in  the  outer  portion  (or 
the  ectoplasm)  they  are  more  rod-shaped.  The  rod-shaped 
elements  are  present  in  the  dendrite,  but  are  not  found 
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FIG.  3580.— White  or  Med- 
uUated  Nerve  Fibres 
(shortly  after  death), 
showing  the  sinuous 
outlines  and  double 
contours.     (Qualn.) 


in  the  axone.  Nissl  suggested  an  elaborate  classification 
of  nerve  cells,  depending  upon  the  amount,  the  arrange- 
ment, and  the  proportion  of  the  granular  substance  to 
that  of  the  cytoplasm  and  the  relation  of  the  granules 
to  the  nucleus.  This  classification  is,  however,  not  gen- 
erally adopted  by  neurologists. 

The  spindles,  as  their  name  indicates,  are  spindle- 
shaped  aggregations  of  chromatophile  granules  in  the 
stainable  substance  of  the  nerve  cells. 

The  "  unstainable  substance "  of  the  cell  body  consti- 
tutes the  ground  substance,  regarded  by  Nissl  as  homo- 
geneous; but  the  investigations  of  Held  (by  a  different 
staining  method)  have  not  only  shown  this  substance  to 
become  stained  of  a 
deep  red  color  in  con- 
trast to  the  blue  color 
of  the  stainable  sub- 
stance, but  also  the 
presence  of  longitudi- 
nal threads  not  de- 
monstrable by  the  Nissl 
method.  Within  the 
axone  these  threads 
or  fibres  appear  to 
form  a  honeycomb 
network  (the  axospongi- 
um),  in  the  meshes  of 
which  granules  of  va- 
riable size  (the  neuro- 
somes)  are  present  (Fig. 
3578). 

The  implantation 
cone  or  axone  hillock  is 
free  from  chromato- 
phile granules,  and 
stands  out  in  marked 
contrast  to  the  rest  of 
the  protoplasm  of  the 
cell  body  on  account  of 
the  mottled  appear- 
ance of  the  latter. 

The  nucleus  is  rel- 
atively large,  round, 
usually  centrally  situated,  surrounded  by  a  delicate  nu- 
clear membrane,  is  single  in  adult  man,  and  contains 
numerous  granules  which  have  little  affinity  for  stain, 
whereas  the  neucleolus,  situated  in  the  interior  of  the 
nucleus,  takes  the  staining  deeply.  Lenhossek  has  de- 
scribed the  presence  of  several  nucleoli.  The  nuclear 
caps  are  dense  aggregations  of  cliromatophile  granules 
situated  outside  of  the  nucleus,  but  in  close  contact 
with  it, 

Nerve  Fibees. — It  is  evident  from  the  foregoing  con- 
sideration that  the  nerve  fibres  are  the  axones  of  the  neu- 
rones. The  nerve  fibres  form  the  chief  constituents  of 
all  nerve  trunks  and  enter  largely  into  the  composition 
of  the  cerebrospinal  axis,  forming  not  only  the  whole  of 
the  white  substance,  but  constituting  also  a  considerable 
portion  of  the  gray  matter.  Depending  upon  the  char- 
acter of  the  coverings  or  sheath  surrounding  the  fibres, 
the  latter  are  divided  into  two  varieties,  the  medullated 
and  the  non-medullated  fibres.  Although  this  distinction, 
for  purposes  of  description,  is  convenient,  it  must  be  re- 
membered that  the  same  fibre  may  be  medullated  in  one 
part  of  its  course,  and  later,  in  a  different  part,  lose  its 
medullary  substance  before  reaching  its  final  termination. 
_  Medullated  Nene  Fibres.— \.  typical  medullated  nerve 
fibre  consists  of  the  aoiis  cyli-nder,  the  inner  or  axial  por- 
tion of  the  fibre,  the  medullary  substance,  or  the  white 
substance  of  Schwann,  surrounding  the  axis  cylinder, 
the  neurilemma  or  sTieath  of  Schioann,  the  outer  covering 
surrounding  the  medullary  substance,  and  the  nerve  cor- 
puscles or  nuclei.  The  axis  cylinder  is  the  most  impor- 
tant part  of  the  nerve  fibre,  conveying  as  it  does  the 
nerve  impulse  and  constituting  the  only  part  which  is 
never  absent  in  the  nerve  fibre.  The  axis  cylinder  origi- 
nates in  the  cell  body  of  the  neurone  as  its  axone  and 
terminates  in  the  tissue  to  be  controlled  by  that  element. 


Fig.  3581.  —  Medullated  Nerve  Fibres 
from  the  Root  of  a  Spinal  Nerve  near 
its  Termination,  showing  the  varicose 
appearance  of  the  fibres.    (Quain.) 
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It  appears  as  a  thread,  running  through  the  centre  of  the 
fibre,  but  consists  of  a  bundle  of  very  delicate  nerve 


Fig.  3582.— Small  Branch  of  a  Muscular  Nerve  of  the  'Frog,  Near  Its 
Termination.  Showing  the  well-marked  nodes  of  Eanvier,  the 
axis  cylinder,  and  the  division  of  the  fibres  at  the  nodes.    (Kfllliker.) 

flbrilliE,  called  the  ultimate  nerve  flbrillce,  held  together 
by  a  homogeneous  cement  substance  and  surrounded  by 
a  delicate  and  closely  adherent  membrane,  the  axiUmma. 
Surrounding  the  axilemma  is  the  medullary  substance, 
much  thicker  than  the  axilemma,  of  soft  fatty  consist- 
ency, and  acting  as  a  protecting  medium  to  the  delicate 
axis  cylinder.  In  the  fresh  state  the  med- 
ullary substance  does  not  lie  in  actual 
contact  with  the  axilemma,  but  is  sepa- 
rated from  it  by  a  lymphatic  space.  The 
medullary  substance  itself  is  not  homo- 
geneous, but  consists  of  a  network  of  neu- 
rokeratin, in  the  meshes  of  which  the  soft 
semifluid  substance,  the  myelin,  is  held. 
The  myelin  is  of  an  albumino-fatty  com- 
position, containing  protagon,  and  capa- 
ble of  powerfully  refracting  light.  At 
regular  intervals,  along  the  course  of  the 
fibre,  symmetrical  constrictions  of  the 
medullary  substance  occur,  known  as  the 
mdis  of  Banmer.  These  nodes  are  con- 
strictions of  the  neurilemma  and  com- 
plete interruptions  of  the  continuity  of 
the  medullary  substance,  but  not  affect- 
ing the  axis  cylinder,  which  at  these 
points  is  in  contact  with  the  neurilemma. 
That  portion  of  the  nerve  fibre  which  is 
situated  between  two  adjacent  nodes  is 
known  as  the  inteiiwde.  In  fine  nerve 
fibres  the  internodes  are  shorter  than  in 
those  of  greater  diameter,  and  in  fibres  of 
the  same  thickness  they  are  shorter  in 
warm-blooded  than  in  cold-blooded  ani- 
mals. Near  the  termination  of  the  fibre 
the  internodes  are  also  shorter.  At  the 
constrictions  the  axis  cylinder  is  accessible 
to  various  reagents  which  cannot  reach  it 
at  other  points,  as  they  cannot  penetrate 
the  medullary  substance.  Actual  breaks 
in  the  medullary  substance  are  artificial 
markings— the  Schmidt-Lantermann  seg- 
ments as  they  are  called, — resulting  from 
the  use  of  reagents.     These  interruptions 


may  be  distinguished  from  the  true  nodes  by  their  ir- 
regular character,  their  asymmetry,  and  by  the  fact  that 
no  constrictions  of  the  neurilemma 
take  place  in  these  locations.  Nerve 
fibres  are  not  uniform  in  diameter, 
but  vary  greatly ;  according  to  Kbl- 
liker,  the  finest  fibres  measure  from 
3  to  4  |U,  those  of  medium  size  from  4 
to  9  u,  while  the  largest  possess  a  di- 
ameter from  9  to  30 /i.  The  neuri- 
(emiiKt  or  sheath  of  Schwann  is  the 
outermost  covering  of  the  nerve 
fibre,  and  consists  of  a  structureless 
or  hyaline  membrane,  surrounding 
the  medullary  substance.  O  val  nerve 
nuclei,  or  nerve  corpuscles,  lie  just 
beneath  the  neurilemma  in  depres- 
sions on  the  outer  surface  of  the 
medullary  substance.  Only  one 
such  corpuscle  is  present  in  each  in- 
lernode  and  is  usually  placed  in  the 
middle  of  the  internode.  The  med- 
uUated  nerve  fibres  in  the  central 
nervous  S3-stem  have  no  neurilemma, 
nodes  of  Ranvier,  or  corpuscles.  In 
the  fresh  state  the  meduUated  nerve 
fibre  has  a  glistening,  homogeneous 
appearance.  After  death  the  fibre 
appears  to  have  a  double  contour,  but 
later  becomes  mottled,  as  the  result 
of  rapid  disintegration.  Osmic  acid 
stains  the  medullary  substance  black. 
Non-Medullated  Nerm  Mbres. — The 
non-meduUated  nerve  fibres  or  the 
Jibres  of  Remak  are  nothing  more  than 
axones  or  axis-cylinder  processes  of 
neurones  devoid  of  medullary  sub- 
stance and  neurilemma.  The  latter, 
however,  is  replaced  by  a  delicate 
sheath,  beneath  v/hich  the  small  nerve  nuclei  are  located. 
The  nuclei  are  more  numerous  in  these  than  they  are  in 


FIG.  3583.— Portion  of 
the  Network  of  the 
FiJ^res  of  Remak 
from  the  Pneumo- 
gastrlc  of  a  Dog. 
Showing  n,  nucleus; 
p,  protoplasm  sur- 
rounding it  and  the 
faint  striation 
caused  by  the  nbrils. 
(Quain.) 
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Fig.  3584.— Transverse  Section  of  the  Internal  Saphenous  Nerve  of  Man,  made  after 
being  stained  in  osmic  acid  and  subsequently  hardened  in  alcohol.  Drawn  as  seen 
under  very  low  magnifying  power.  Showing  ep,  epineurlum  or  the  general  sheath  ol 
the  nerve,  consisting  of  connective-tissue  bundles  of  variable  size  separated  by  clef  t- 
like  areote,  which  appear  as  a  network  of  clear  lines  with  here  and  there  fat  cells, /, 
and  blood-vessels,  v ;  per,  perineurium,  the  lamellated  connective  tissue,  enclosing  the 
funiculus ;  end.  Interior  of  the  funiculus,  showing  the  cut  ends  of  the  meduUated 
nerve  fibres  which  are  embedded  in  the  connective  tissue  within  the  funiculus  (endo- 
neurium).  The  fat  cells  and  the  nerve  fibres  are  darkly  stained,  but  the  connective 
tissue  of  the  nerve  is  only  slightly  stained.    (Quain.) 
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the  medullated  nerve  fibres.  Non-meduUated  nerves 
often  appear  varicose  and  exhibit  a  marked  tendency  to 

branch  and  form  plexuses. 
Their  ultimate  flbrillsa  are 
more  widely  separated  than 
are  those  of  the  medullated 
fibres,  protoplasm  in  the 
former  taking  the  place  of 
the  cement  substance  in  the 
latter.  As  independent 
fibres  they  occur  principally 
in  the  sympathetic  system, 
but  not  infrequently  they 
are  associated  with  medul- 
lated fibres  in  nerve  trunks, 
as  in  the  vagus. 

„ Nerve  Trunks. — The  nerve 

Fig.  3o85.— a  Simple  Funiculus  flurpc.  nrp  iKsiinllv  rollprtpd 
More  Highly  Maf?mfled.  Theap-  pores  are  usually  coiiectea 
parent  small  nucleated  cells  m  bundles  or  funiculi,  sev- 
are  sections  of  the  nerve  fibres  eral  of  which  constitute  the 
and  their  axis  cylinders,  o,  ^p^vp  trunk  The  individ- 
Axis  cylinder;  «!,  white  sub-  nerve  irunK.  ine  inai via 
stance  of  Schwann  or  medullary  ual  fibres  are  held  together 
substance;  ?i,  neurilemma;  e,  loy  a  delicate  connective 
endoneurium;  p,  perineurium;  ttrnp  \hp  pnftnnpim'iim  A 
b,  connectiye-tissue  cells  of  the  "ssue,  tne  enaoneunum  A. 
same.    (Piersol.)  certain  number  of  the  fibres 

are  grouped  to  form  a  funic- 
ulus, the  latter  being  surrounded  by  a  more  dense  con- 
nective-tissue envelope,  the  perineurium.  The  funiculi 
in  turn  are  grouped  together  to  form  a  nerve  trunk,  and 
are  surrounded  by  a  larger  amount  of  loosely  arranged 
connective  tissue,  the  epineurium.  This  tissue  supports 
the  blood-vesspls  and  tlie  lymphatics,  which  invariably 
are  present  in  the  interior  of  the  nerve  trunk,  as  well  as 
the  adipose  tissue  often  present  in  the  larger  nerve 
trunks. 

The  Nevroglia. — The  supporting  substance  in  the 
white  matter  of  the  brain  and  cord,  as  well  as  a  consid- 
erable portion  of  the  matrix  of  the  gray  substance,  is 
made  up  of  a  network  of  exceedingly  delicate  fibres,  the 
neuroglia  fibres, 
and  the  neuroglia 
cells,  two  vari- 
eties of  which  are 
distinguished  — 
the  spider  cells  and 
the  mossy  cells. 
The  cell  body  of 
the  spider  cell  is 
smaller,  while 
their  processes  are 
long,  thin,  rigid, 
with  very  little 
branching.  They 
occur  chiefly  in 
the  white  sub- 
stance of  the  brain 
and  cord.  The 
mossy  cells  have 
a  larger  cell  body, 
short,  richly 
branched  p  r  o  c- 
esses,  and  are 
principally  found  in  the  gray  substance,  where  they  are 
often  in  intimate  relation  with  the  walls  of  blood-vessels. 

Robert  Formad. 

NERVOUS  SYSTEM,  TRAUMATIC  AFFECTIONS  OF. 

—It  is  not  purposed  here  to  attempt  a  detailed  descrip- 
tion of  all  the  affections  of  the  nervous  system  wliich  are 
caused  by  trauma.  Within  the  limits  of  the  present  arti- 
cle nothing  further  can  be  attempted  than  a  brief  analysis 
of  the  causal  relations  in  which  trauma  stands  to  nervous 
diseases,  with  especial  consideration  of  the  place  which 
nervous  diseases,  when  caused  in  this  manner,  occupy  at 
law.  What  is  to  be  said,  therefore,  will  be  chiefly  inter- 
esting to  the  medical  man  who  is  brought  in  contact  with 
injuries  to  the  nervous  system  and  their  legal  complica- 
tions.    Personal-injury  claims  form  a  very  important 


FIG.  3586.— A  Group  of  Spider  Cells  from  the 
White  Substance  of  the  Brain  of  Man, 
stained  by  Golgi's  method.  Drawn  as  seen 
under  high  magnifying  power.    (KBUiker.) 


feature  of  modern  life.  Not  only  transportation  com- 
panies, but  private  individuals  as  well,  fully  expect  to 
pay  for  injuries  which  are  received  through  actionable 
negligence  for  which  they  are  responsible.  Similarly, 
few  receive  injuries  traceable  to  the  negligence  of  others 
without  promptly  demanding  compensation.  In  our 
mechanical  times  the  frequency  of  accidents  is  enormous. 
Consequently,  the  evaluation  of  injuries  received  and  the 
compensation  to  which  the  injured  person  is  entitled  are 
matters  of  prime  importance.  Greater  interests  are  in- 
volved than  in  any  otlier  medico-legal  question.  This 
becomes  plain  as  soon  as  we  reflect  upon  the  large  sums 
which  are  annually  paid  out  in  such  cases.  From  the  re- 
port of  the  Brooklyn  Rapid  Transit  Company  for  the  year 
1901  it  appears  that  in  that  year  more  than  one  million 
dollars  was  paid  for  personal  injuries  and  expenses  in- 
cident thereto.  This  sum  represented  nearly  ten  per  cent, 
of  the  gross  receipts  of  the  company  for  the  year  named. 
Individual  verdicts  are  also  often  very  high.  As  much 
as  tliirty-flve  thousand  dollars  has  been  paid  for  a  per- 
sonal injury,  and  for  a  death  claim  resulting  from  the 
Tunnel  accident  of  the  New  York  Central  and  Hudson 
River  Railroad  of  February  8th,  1902,  a  verdict  of  $60,- 
000  was  returned  by  the  jury.  Verdicts  varying  from 
110,000  to  $30,000  are  not  at  all  unusual,  and  anything 
under  $1,000  is  considered  virtually  a  victory  for  the  de- 
fendant. Court  calendars  are  overcrowded  with  these 
cases,  which  form  the  bulk  of  jury  trials  to-day.  But 
the  calendar  is  not  a  complete  index  of  the  degree  of 
activity  in  this  branch  of  law,  as  for  every  case  that 
comes  to  trial  it  is  safe  to  estimate  that  ten  are  settled 
by  mutual  agreement  out  of  court.  If  the  magnitude  of 
the  interests  at  stake  are  taken  into  consideration,  it  is 
not  sui-prising  that  trial  lawyers  should  be  on  the  alei  t, 
or  that  there  should  be  great  competition  for  plaintiff's 
cases.  Ai  a  result,  "runners"  or  "ambulance  chasers," 
representing  legal  firms  which  specialize  in  accident  cases, 
are  constantly  stationed  about  centres  of  traffic ;  they  rush 
to  the  scene  of  accident,  and  make  their  appearance  at 
the  hospital  door  almost  simultaneously  with  the  injured 
person.  Thenceforth  the  claim  is  prosecuted  on  the  con- 
tingent fee  plan.  The  system  has  doubtless  been  much 
abused,  and  has  been  made  the  object  of  much  attack  and 
ridicule.  It  is  made  possible  solely  through  the  poverty 
of  the  plaintiff,  wlio  is  generally  unable  himself  to  carry 
on  the  great  expense  of  trial  at  law,  and  who  consequently 
is  forced  to  accept  professional  services  Avhich  are  to  he 
paid  for,  on  a  percentage  basis,  out  of  the  damages 
awarded.  It  has  many  very  objectionable  features.  By 
such  a  system  the  lawyer  is  made  more  than  an  advo- 
cate, and  the  expert  medical  witness  more  than  a  mouth- 
piece of  science.  But  no  practical  and  better  substitute 
has  yet  been  suggested.  The  question  will  probably 
resolve  itself  eventually  by  fewer  claims  being  litigated, 
and  more  being  settled  by  mutual  agreement.  Mr.  Her- 
bert W.  Page,  whose  book,  "Injuries  of  the  Spine," 
published  in  1883,  marked  a  distinct  epoch  in  tlie  liistory 
of  this  subject,  told  me  a  j'car  or  two  ago  that  litigation 
of  personal-inj  ury  claims  in  England  was  becoming  more 
and  more  infrequent.  Erichsen's  book,  which  appeared 
in  1866,  and  which  furnished  tlie  original  description  of 
the  peculiar  symptoms  resulting  from  railway  and  allied 
injuries,  gave  the  first  effective  impetus  to  litigation 
of  this  character.  For  years  afterward  personal-injury 
claims  were  prominent  in  the  English  courts.  But  now, 
according  to  the  statement  of  Mr.  Page,  they  are  so  infre- 
quent that,  in  his  position  as  consulting  surgeon  to  the 
London  and  Northwestern  Railway,  he  is  called  upon  to 
go  to  court  only  three  or  four  times  a  year.  It  has  seemed 
to  me  that  the  willingness  for  compromise  is  growing  in 
this  country  also.  Among  the  litigated  cases  those  hard- 
est to  compromise  are  the  ones  in  which  injury  to  the  ner- 
vous system  is  alleged.  In  purely  surgical  injuries,  such 
as  the  loss  of  a  limb  or  of  an  eye,  the  cause  is  definite, 
and  the  question  quickly  resolves  itself  into  one  of  liabil- 
ity and  tlie  appraisal  of  the  value,  as  far  as  such  an  ap- 
praisal is  possible,  of  the  inj  ured  or  missing  member.  But 
in  nervous  affections,  and  especially  in  the  functional  af- 
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fections,  with  their  obscure  causation,  their  indefinite  and 
often  bizarre  symptomatology,  agreement  is  much  more 
difficult.  The  contending  parties  are  often  at  vaiiance 
in  regard  to  every  particular.  Neither  is  inclined  to 
give  in,  and  the  case,  if  it  is  a  case,  goes  to  the  jury. 

Nervous  diseases  are  divided  into  two  great  classes, 
organic  and  functional.  A  functional,  as  opposed  to  an 
organic  disease,  is  one  in  which  the  anatomical  integrity 
of  nervous  structure  remains  unimpaired.  Functional 
diseases  doubtless  have  a  material  pathology.  But  such 
a  pathology  remains  inaccessible  by  any  methods  of  in- 
vestigation at  present  at  our  disposal,  and  we  are  there- 
fore obliged  to  retain  this  classification,  artificial  as  we 
know  it  to  be.  Of  the  organic  nervous  affections  caused 
by  trauma,  the  vast  majority  are  definite  surgical  in- 
juries to  the  central  or  peripheral  nervous  system.  Thus, 
injuries  of  all  kinds  to  the  head,  with  injury  of  the  brain'; 
to  the  back,  with  injury  to  the  spinal  cord;  or  to  the 
peripheral  nerves,  are  causes.  When,  in  addition  to  the 
cause,  we  can  demonstrate  certain  cardinal  abrogations  of 
function  of  these  organs,  which  we  have  learned  to  rely 
upon  as  indications  of  structural  alterations  in  them,  the 
diagnosis  of  organic  injury  is  justifiable.  Thus,  after 
head  injuries,  paralysis  of  one  or  more  cranial  nerves,  or 
of  the  extremities,  together  with  other  general  symp- 
toms, speaks  for  injury  to  the  brain ;  paralysis,  with  an- 
aesthesia in  characteristic  areas,  and  loss  of  control  of  the 
sphincters,  speaks  for  injury  to  the  spinal  cord ;  paralysis, 
with  degenerative  electrical  reactions,  speaks  for  injury 
to  a  peripheral  nerve.  Injuries  of  this  character  are  or- 
dinarily easy  to  recognize,  and  the  prognosis  in  regard  to 
them  can  usually  be  formulated  with  considerable  pre- 
cision. Consequently,  in  common  with  other  surgical 
injuries,  when  they  are  seen  in  court,  which  they  rarely 
are,  the  questions  for  the  jury  to  decide  concern  the  legal 
aspects  of  the  accident  rather  than  its  surgical  results. 

There  is  a  group  of  chronic  organic  diseases,  with  un- 
certain and  Indefinite  causation,  which  are  not  infre- 
quently the  subjects  of  litigation.  The  most  important 
of  these  are  locomotor  ataxia  and  general  paralysis  of  the 
insane,  or  general  paresis.  Others  of  this  class  are  ataxic 
paraplegia,  progressive  muscular  atrophy,  paralysis  agi- 
tans,  syringomyelia,  multiple  sclerosis,  etc.  These  latter 
are,  however,  much  rarer  diseases  than  the  two  first 
mentioned,  and  consequently  of  mucli  less  importance. 
Both  locomotor  ataxia  and  general  paresis  are  compara- 
tively common  (the  latter  chiefly  in  cities).  As  has  been 
said,  their  causes  are  obscure  and  undetermined.  It  is 
possible,  and  indeed  probable,  that  injury  can  act  as  a 
contributing  cause  in  their  development.  But  the  weight 
of  scientific  evidence  is  against  their  ever  occurring  solely 
as  the  result  of  trauma.  Both  diseases  are  often  latent  for 
a  long  time,  and  both  may  undergo  a  sudden  outbreak  of 
symptoms  as  the  result  of  disease  or  injury.  Both  dis- 
eases, by  their  symptoms,  expose  the  victims  of  them  to 
accidents.  It  is  consequently  not  surprising  that  both 
are  frequently  made  the  subjects  of  personal-injury 
claims.  Juries  often  award  verdicts  in  such  cases,  in 
view  of  the  fact  that  sworn  experts,  who  frequently  do 
not  at  all  understand  the  condition  about  which  they 
testify,  affirm  that  the  injury  was  the  sole  cause  of  the 
trouble. 

Epilepsy  is  another  disease,  which  in  this  connection  can 
be  considered  organic,  and  about  which  legal  interest  fre- 
quently centres.  That  typical  epileptic  convulsions  fol- 
low head  injuries,  even  when  there  is  no  discoverable  in- 
jury to  the  brain,  is  an  incontestable  fact.  In  order  to 
establish  a  reasonable  support  for  such  a  contention  in 
any  given  case,  it  is  necessary  to  prove  that  the  patient 
had  not  had  epilepsy  before  the  accident,  and  that  the 
accident,  in  character  and  severity,  was  of  a  nature  to 
produce  such  a  result. 

While  the  three  diseases  named  above  not  infrequently 
figure  in  litigated  cases,  the  chief  interest,  both  legal  and 
scientific,  in  traumatic  affections  of  the  nervous  system, 
centres  about  the  functional  disorders  known,  since  the 
appearance  in  1889  of  Oppenheim's  monograph,  as  the 
traumatic  neuroses.     In  the  earlier  treatises,  and  espe- 


cially m  Erichsen's,  these  neuroses  were  totally  misunder- 
stood and  were  classified  with  organic  in  j  uries.  Progress 
throughout  the  whole  field  of  neurology  has  now  made 
It  possible,  in  most  cases  at  least,  to  distinguish  these 
two  great  classes.  As  originally  described  by  Oppen- 
heim,  the  traumatic  neuroses  present  chiefly  the  symp- 
toms of  neurasthenia  and  hysteria,  but  also  some  which 
indicate  structural  lesions.  The  term  was  a  taking  one 
and  has  attained  a  rather  different  meaning  from  that 
which  Oppenheim  intended.  To-day,  by  a  traumatic 
neurosis  is  understood  a  simple  neurosis,  without  known 
organic  basis,  plus  such  characteristics  as  its  traumatic 
origin  has  added  to  it.  Thus  considered,  the  traumatic 
neuroses  are  composed  of  symptom  groups  which  can, 
in  nearly  all  cases,  be  brought  under  the  rubric  of 
neurasthenia  or  hysteria.  In  causation,  they  have  many 
points  in  common.  They  have  both  attained  their  promi- 
nence through  railway  accidents.  This  is  partly  due  to 
railway  accidents  so  often  being  due  to  actionable  negh- 
gence,  and  partly  to  the  fact  that  in  such  accidents  pliys- 
ical  injury  and  mental  shock  are  conspicuously  com- 
bined. Both  mental  and  physical  elements  are  present 
in  nearly  all  accidents.  In  most  cases  of  neurasthenia 
the  bruising  and  shaking  up  have  been  considerable,  al- 
though severe  surgical  injuries  are  usually  absent.  Hys- 
teria, on  the  other  hand,  is  a  fright  neurosis  above  all 
else,  and  the  history  of  injury  in  its  causation  is  often 
very  inconspicuous.  It  is  well  to  observe  in  this  connec- 
tion that  in  the  State  of  New  York  there  can  be  no  re- 
covery of  damages  unless  there  has  been  a  definite  phys- 
ical injury.  Injuries  resulting  from  fright  alone  do  not 
constitute  a  cause  of  action. 

Much  has  been  written  and  much  said  about  litigation 
as  a  cause  of  functional  nervous  diseases  following 
trauma.  If  one  were  to  be  guided  by  the  fluent  gener- 
alizations of  some  railway  claim  agents,  one  would  have 
to  believe  that  any  real  injury  to  the  nervous  system 
could  not  occur  on  a  railway ;  that  all  persons  who  al- 
lege such  injuries  either  deceive  themselves  or  wish  to 
defraud  the  company.  Certain  experts,  on  the  other 
hand,  who  are  especially  prominent  in  plaintiff's  cases, 
are  not  inclined  to  accord  much  importance  to  the  finan- 
cial side  of  the  question.  Leaving  aside  actual  simula- 
tors and  impostors,  who  are  very  rare,  I  may  say  that 
my  experience  has  taught  me  that  the  question  of  dam- 
ages has  a  great  influence  on  both  neurasthenia  and  hys- 
teria, and  that  in  neither  disease  is  restoration  of  health 
probable  while  litigation  is  pending.  This  baneful  effect 
is  due  to  the  difficulty  of  carrying  out  proper  treatment 
so  long  as  legal  questions  are  pending.  Were  the  treat- 
ment for  such  cases  simply  medicinal,  such  a  statement 
would  naturally  appear  absurd.  Medicines,  however, 
play  a  very  insignificant  role  in  the  treatment.  They 
are  of  some  indirect  service,  but  far  more  important  is 
the  ps3'chological  direction  of  the  patient.  The  diver- 
sion of  the  patient's  thoughts  away  from  morbid  chan- 
nels, the  arousing  of  his  interest  in  matters  not  connected 
with  himself  or  his  troubles,  the  exclusion  from  his  con- 
sciousness of  suggestions  which  may  magnify  or  create 
symptoms, — these  are  the  keys  to  the  successful  treatment 
of  the  traumatic  neuroses.  They  are  rendered  powerless 
by  the  damage  claim.  The  frequent  examinations  by  ex- 
perts (in  some  cases  as  many  as  five  or  six  doctors  exam- 
ine a  plaintiff),  the  law's  delays,  the  legal  inadvisability 
of  the  patient's  returning  to  work,  and  the  thousand  and 
one  annoyances  inevitable  to  Utigation,  render  futile  any 
attempt  to  control  the  patient  psychologically.  These 
factors,  in  my  opinion,  are  much  more  responsible  for  the 
continuance  of  symptoms  than  is  any  desire  which  the 
patient  may  possess  to  profit  by  his  misfortune.  This  is 
especially  true  for  traumatic  hysteria,  in  which  disease, 
aside  from  its  being  an  agent  in  suggestion,  the  money 
question  has  little  or  no  influence.  The  question  of  litiga- 
tion as  a  cause  of  the  traumatic  neuroses  must  be  kept  sep- 
arate from  the  question  of  voluntary  exaggeration  of 
symptoms  actually  present,  and  of  simulation  or  fraud 
pure  and  simple.  As  far  as  actual  simulation  is  concerned, 
it  is  very  rare,  and  should  not  pass  undetected  by  a  phy- 
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sician  who  is  skilful  and  reasonably  resourceful  in  liis 
methods  of  examination.  Voluntary  exaggeration  of 
symptoms  actually  present  is  more  difficult  to  detect.  It 
is  not  often  encountered  in  hysteria.  But  in  neuras- 
thenia, the  making  the  most  of  symptoms  is  an  integral 
part  of  the  disease  and  inseparable  from  it.  It  is,  there- 
fore, not  an  easy  matter  to  determine  when  it  reaches  the 
point  where  the  patient  exaggerates  in  spite  of  himself 
and  involuntarily,  or  when  it  is  intentional,  voluntary, 
and  purposeful.  There  is  no  rule  to  guide  us  in  deter- 
mining how  this  question  may  be  satisfactorily  answered 
in  any  given  case.  Some  help  may  be  derived  from  in- 
formation obtained  from  outside  sources.  But  as  a  gen- 
eral rule  the  physician's  conclusion  must  be  based  on  his 
own  examination,  and  the  soundness  of  it  is  usually 
directly  proportional  to  his  experience  and  acumen,  both 
professional  and  woj'ldly. 

In  what  has  now  been  said,  it  has  been  plainly  hinted 
that  the  traumatic  neuroses  are  the  results  of  mental  im- 
pressions, rather  than  of  physical  injuries.  Tlie  different 
ways  in  which  these  impressions  act  and  in  which  their 
effects  are  elaborated  constitute  the  two  main  symptom 
groups  of  neurasthenia  and  hysteria.  Each  group  has 
some  characteristics  in  common  with  the  other.  But  each 
has  also  its  own  individuality,  which  stamps  it  as  a  defi- 
nite clinical  entity.  Neurasthenia  represents  irritability, 
fatigue,  and  exhaustion.  Such  perversion  of  mental 
function  as  exists  is  in  the  line  of  exaggeration  of  ten- 
dencies common  to  all  mankind.  Hysteria,  on  the  other 
hand,  is  absolute  delusion.  The  premises  of  the  neuras- 
thenic's reasoning  may  be  sound,  but  the  deductions 
which  he  draws  from  them  are  too  general.  The  hysteric, 
on  the  other  hand,  is  wrong  in  his  premises,  and  the  de- 
ductions which  he  draws  are  insane  delusions.  The 
former  is  within  the  boundary  line  of  mental  alienation, 
the  latter  way  beyond  it.  The  characteristics  of  a  case 
of  traumatic  neurasthenia  are  usually  somewhat  as  fol- 
lows: 

A  man,  whose  previous  life  lias,  according  to  the  evi- 
dence, been  healthy,  is  in  an  accident  in  which  he  is 
considerably  shaken  up  and  badly  frightened.  He  is 
astonished  to  find  that  he  has  escaped  without  severe 
phj'sical  injury.  He  is  able  to  walk,  and  in  general 
accidents  he  can  often  render  assistance  to  those  more 
severely  injured  than  he.  That  night  he  does  not  sleep 
well.  He  is  disturbed  by  dreams;  or  thoughts  recalling 
the  catastrophe  thrust  themselves  into  his  consciousness. 
From  then  on  he  finds  himself  becoming  more  nervous, 
more  easily  fatigued,  and  more  irritable  than  formerly. 
His  sleep  is  regularly  disturbed,  and  tiifles  upset  him. 
He  has  lost  his  nerve.  In  short,  he  develops  the  ordinary 
symptoms  of  neurasthenia  {q.  i>.),  with  which  every  prac- 
titioner is  only  too  familiar.  He  differs  in  some  respects 
from  the  ordinary  neurasthenic.  Pain  in  the  back,  only 
occasionally  complained  of  in  non-traumatic  neuras- 
thenia, is  very  prominent  in  the  traumatic  vai'iety.  It 
may  exist  as  a  dull  constant  pain,  or  be  in  the  form  of 
lumbago,  increased  by  all  movement.  The  mental  state 
also  is  dominated  by  the  recurring  thoughts  of  the  acci- 
dent, and  by  a  dread  of  its  repetition.  With  such  slight 
variations  the  picture  is  the  same  as  in  ordinary  neuras- 
thenia. The  mental  state  varies  from  that  of  the  irrita- 
ble, querulous,  self-centred,  introspective  semi-invalid, 
to  that  of  the  pronounced  hypochondriac.  Depression  is 
a  dominant  feature,  and  may  entirely  do  away  with  work- 
ing capacity. 

Neurasthenic  complaints,  in  addition  to  those  of 
fatigue,  fear,  depression,  etc.,  may  refer  to  nearly  all 
parts  of  the  body.  Some  of  them  have  objective  sub- 
stantiation. Tliere  is  no  true  paralysis,  but  the  muscles 
are  quickly  fatigued  as  has  been  shown  by  the  ergograph. 
There  is  often  tremor  of  the  face,  and  with  it  there  is  gen- 
erally associated  a  fine  tremor  of  the  fingers.  In  addition 
to  subjective  pain  in  the  back,  there  are  usually  one  or 
more  vertebral  spines  which  are  extremely  sensitive  to 
touch.  These  spots  are  often  shifting,  they  are  not  al- 
ways in  the  same  places.  Headache  is  another  common 
symptom.     It  is  referred,  most  frequently,  to  ''  the  base 


of  the  brain."  Feelings  of  numbness  and  tingling  are 
regularly  complained  of,  but  there  is  never  any  objective 
anaesthesia.  The  vascular  disturbances  are  particularly 
important.  All  neurasthenics  have  unstable  sympathetic 
nervous  systems.  This  condition  is  shown  by  the  sudden 
changes  in  color  of  the  face,  by  the  cold  hands  and  feet, 
and  by  the  fact  that  sensations  of  heat  and  cold  pass  over 
the  whole  body.  The  heart  is  also  irritable  and  often 
constantly  over-active.  Attacks  of  palpitation  are  com- 
mon, and  are  induced  by  trivial  causes.  There  is  also  a 
more  or  less  persistent  tachycardia. 

Digestive  disturbances  are  almost  constant.  They, 
in  common  with  the  mental  state,  are  responsible  for  the 
poor  nutrition  of  many  of  these  patients.  Complaints 
regarding  the  genital  apparatus  are  frequent.  Women 
notice  disturbances  of  menstrual  function.  In  men  these 
complaints  are  chiefly  in  regard  to  seminal  losses,  to 
prostatorrhcea,  etc.  In  a  certain  proportion  of  cases 
there  is  loss  of  sexual  desire.  The  patients  worry  and 
reason  about  this,  and  fear  that  they  are  becoming  im- 
potent. As  a  result  they  approach  the  sexual  act  with 
timidity  and  often  with  great  excitement.  As  a  result 
of  their  fears  there  may  fail  to  be  an  erection,  or  the  ex- 
citement under  which  they  labor  may  cause  ejaculation. 
These  failures  become  more  pronounced  with  succeeding 
attempts,  until  finally,  in  despair,  the  patient  is  convinced  ' 
that  his  virility  is  gone  permanently.  In  some  litigated  ' 
cases  impotency  is  the  chief  item  in  the  complaint.  In  a 
recent  case  a  young  Swede,  a  superb  specimen  physi- 
cally, brought  suit  for  §25,000  for  such  a  cause.  He  had 
fallen  with  some  wooden  structure  into  a  river,  and  in  ris- 
ing to  the  surface  had  been  struck  across  the  thighs  by 
a  wooden  beam.  He  was  bruised,  but  the  testicles  were 
not  directly  injured.  Active  sexually  before,  he  alleged 
that  after  the  accident  he  experienced  great  loss  in  sexual 
power.  Experts  in  his  behalf  testified  that  he  was  sterile 
and  incurable.  The  jury,  however,  apparently  adopted 
the  view  of  neurasthenia,  for  they  awarded  a  verdict  of 
only  $3,000,  which  sum  the  judge  promptly  cut  in  two. 

In  hysteria,  the  mental  state  often  has  many  neuras- 
thenic features,  but  in  its  salient  characteristics  it  is 
totally  different.  The  striking  symptoms  of  hysteria — 
namely  the  palsies,  the  blindness,  and  the  anaesthesias — 
although  they  constitute  physical  manifestations,  are  of 
purely  psychic  origin,  dependent  upon  delusional  beliefs 
or  on  fixed  ideas.  That  they  do  not  result  from  struct- 
ural alterations  is  proved  by  their  inconstancy  and  sud- 
den fluctuations.  Their  occurrence  in  all  peoples  and  in 
all  times,  and  their  confoimity  to  definite  and  consistent 
symptomatic  behavior  in  all  classes  of  people,  render 
absurd  the  position  of  those  who  contend  that  hysteria 
is  voluntary  simulation  and  not  a  disease.  It  seems  to 
me  very  important  that  it  be  more  generally  recognized 
that  hysteria  is  a  distinct  affection  of  the  mind,  and  that 
its  symptoms,  while  varied,  are  none  the  less  character- 
istic and  distinct.  Contrary  to  the  popular  impression, 
and  to  the  etymology  of  the  name,  it  is  not  rare  in  men. 
Traumatic  hysteria,  in  my  personal  exi^erience,  has  been 
more  frequent  in  men  than  in  women.  Present  concep- 
tions regarding  mental  diseases  lead  us  to  assume  that 
they  occur  chiefly  if  not  exclusively  in  persons  who  are 
hereditarily  predisposed.  In  most  of  the  cases  which  I 
have  seen  it  has  been  impossible  to  prove  the  existence 
of  an  hereditary  predisposition.  I  should  add,  however, 
that  most  of  these  cases  were  litigated;  consequently  too 
great  scientific  value  should  not  to  be  given  them. 

The  symptoms  of  traumatic  hysteria  are  striking  and 
varied.  They  may  appear  immediately  after  the  acci- 
dent, or  they  may  be  delayed  until  the  morning  after, 
or  even  for  several  days.  This  interval  has  been  called 
by  Charcot  the  "  period  of  meditation. "  During  it  the 
patient  is  reflecting  on  the  accident,  is  reasoning  about  it, 
subconsciously,  and  then  he  finally  develops  the  symp- 
toms. These  may  be  referred  to  every  organ  and  every 
system  of  the  body.  They  may  very  closely  resemble 
symptoms  due  to  organic  disease.  But  in  the  imitation 
there  is  alwajrs  a  flaw.  The  reproduction  is  never  per- 
fect.   Thus,  in  hysterical  paralysis,  there  are  not  the 
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degenerative  electrical  reactions  which  arc  characteristic 
of  peripheral  palsies,  or  the  changes  of  reflexes,  rigidity, 
etc.,  which  are  characteristic  of  cerebral  paralysis.  In 
hysterical  anaesthesia,  also,  the  loss  of  sensibility  is  too 
transitory,  or  Its  association  with  other  symptoms  too 
contradictory,  or  its  distribution  too  irregular,  to  war- 
rant the  belief  that  it  rests  upon  an  organic  basis.  It 
would  be  impossible,  within  the  limits  of  the  present  arti- 
cle, to  go  into  the  symptoms  of  traumatic  hysteria  in  de- 
tail. The  reader  is  referred  to  the  article  Hysteria  in 
The  Handbook,  or  to  the  chapter  on  Traumatic  Hysteria 
in  my  work  on  "Accident  and  Injury  in  their  Relations 
to  Diseases  of  the  Nervous  System. "  The  following  brief 
sunmiary  of  the  more  important  symptoms  may  be  useful 
here.  Paralysis  is  usually  in  the  form  of  hemiplegia, 
without  involvement  of  the  face.  In  an  overwhelming 
majority  of  cases  it  affects  the  left  side.  Monoplegia 
usually  affects  the  arm  and  is  generally  the  sequence  of 
some  slight  injury  to  that  member.  Paraplegia  is  rare 
in  traumatic  cases.  It  is  not  accompanied  by  involve- 
ment of  the  sphincters.  Polyplegia  is  most  unusual. 
The  paralysis  of  hysteria  is  of  a  flaccid  type,  and  usu- 
ally affects  the  limb  in  its  entirety.  It  gets  better  and 
worse,  according  to  changes  in  environment.  It  is  not 
accompanied  by  electrical  degenerative  reactions  nor  by 
changes  in  the  deep  reflexes.  Ansesthesia  varies  in  dis- 
tribution with  the  paralysis.  Sometimes  it  affects  the 
whole  body.  In  hemiplegia,  there  is  hemianesthesia 
on  the  paralyzed  side ;  in  monoplegia,  the  sensory  loss 
may  affect  the  whole  side,  or  only  the  paralyzed  mem- 
ber. In  paraplegia  the  genitals  retain  their  sensibility. 
The  ansesthesia  of  hysteria  is  profound  and  affects  all 
forms  of  cutaneous  sensibility.  It  may  change  its  situa- 
tion and  extent  as  a  result  of  mental  impressions.  Sight, 
hearing,  taste,  and  smell  are  also  commonly  affected.  The 
visual  disturbances  consist  in  concentric  limitations  in  the 
visual  fields,  changes  in  the  color  fields,  or  amblyopia. 
Spasm  of  tlie  orbicularis  sometimes  prevents  the  patient 
from  opening  the  eyes.  Hysterical  deafness  is  a  common 
symptom.  If  there  is  paralysis,  at  the  same  time,  the 
deafness  is  unilateral  and  on  the  side  of  the  paralysis. 
Deaf-mutism  is  rare;  it  occurred  in  one  case  in  my  ex- 
perience. The  deafness,  which  was  complicated  by 
hemiplegia,  led  to  mutism,  and  at  last  report,  one  year 
and  a  half  after  the  litigation  had  ceased,  this  condition 
still  persisted.  The  hysterical  attack  is  very  important 
in  litigated  hysteria,  as  the  patient  is  almost  certain  to 
have  an  attack  in  court.  At  a  recent  trial  the  plaintiff 
was  in  convulsions  for  two  hours  and  a  half  in  the  court- 
room. Such  demonstrations  appeal  very  strongly  to  the 
sympathies  of  the  jury,  though  in  the  case  referred  to 
the  jury  disagreed  on  the  first  trial,  and  returned  a  ver- 
dict for  the  defendant  on  the  second.  These  attacks  are 
commonly  called  hystero-epilepsy — clearly  a  misnomer, 
as  they  are  not  in  any  way  allied  to  epilepsy.  They  dif- 
fer from  epileptic  attacks  in  the  character  of  the  aura,  the 
quality  ijnd  duration  of  tlie  convulsive  phenomena,  and 
the  absence  of  biting  of  the  tongue  and  of  the  involun- 
tary passage  of  urine.  Epileptic  attacks  are  not  precip- 
itated by  excitements  and  crowds.  Hysterical  attacks 
have  a  predilection  for  dramatic  surroundings.  The  lack 
of  conformity  to  organic  types  makes  the  distinction  of 
hysteria  from  the  diseases  which  it  simulates  nearly  al- 
ways possible.  Juries,  however,  fail  to  recognize  this 
fact  and  consequently  the  medico -legal  relations  of 
traumatic  hysteria  are  very  peculiar.  Under  existing 
conditions  it  is  almost  impossible  for  a  jury,  composed  of 
laymen,  to  decide  justly  with  regard  to  traumatic  hys- 
teria. The  plaintiff  is  generally  brought  befoi-e  them, 
and  he  is  almost  sure  to  present  the  acme  of  all  the  symp- 
toms which  he  has  had.  If  some  of  these  symptoms  had 
previously  disappeared,  they  are  quite  sure  to  return 
during  the  progress  of  the  trial.  The  psychosis  is  nour- 
ished upon  suggestion  and  introspection,  facilities  for 
which  are  so  profusely  furnished  by  the  excitement  and 
observation  attendant  upon  court  proceedings.  It  is  en- 
tirely consistent  with  the  nature  of  this  malady  that  exist- 
ing symptoms  should  become  worse  or  vanished  ones 
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return  on  such  occasions.  It  is  not  necessary  to  assume 
m  explanation,  any  voluntary  exaggeration  or  simulation 
on  the  part  of  the  patient.  The  effect  of  this  clinical 
idiosyncrasy  on  a  jury,  however,  is  disastrous  to  the 
cause  of  the  defendant.  The  twelve  jurors  have  heard 
from  the  medical  experts  of  the  two  sides  testimony  too 
often  directly  conflicting.  On  the  one  side  the  opinion 
has  been  expressed  that  the  patient's  condition  is  due 
simply  to  nervousness  aggravated,  if  not  caused  by  the 
suit,  and  that  the  symptoms  will  soon  subside  when 
the  legal  proceedings  are  at  an  end ;  on  the  other  side,  the 
belief  has  been  sworn  to  that  the  injury  is  of  organic  and 
irreparable  character,  or,  if  perchance  its  functional  na- 
ture is  admitted,  that  the  nervous  system  has  sustained 
a  shock  from  which  it  can  never  recover. 

The  jurors  may  be  convinced  of  the  honesty  of  all  the 
views  which  they  have  heard  expressed,  and  yet  they 
are  unable  to  determine,  from  the  character  of  the  testi- 
mony, which  of  the  opposing  opinions  is  the  more  likely 
to  be  correct.  They  are,  therefore,  obliged  to  rely  upon 
the  impression  made  upon  them  by  the  injured  person 
himself.  They  see  before  them  an  individual  in  an  even 
worse  condition,  perhaps,  than  his  doctors  had  depicted. 
They  see  an  alleged  paralyzed  limb  absolutely  motion- 
less; they  become  witnesses  of  an  emotional  outburst 
more  harrowing  than  any  related  in  the  evidence.  And 
they  see  these  things  one  or  two  years  after  the  accident 
has  occurred.  Their  natural  inference  is  that  the  in- 
juries are  permanent.  They  find  it  hard  to  believe  that 
the  outlook  for  a  malady  which  has  so  long  defied  the 
resources  of  medical  skill  "is  anything  but  hopeless.  They 
are  unwilling,  if  not  unable,  to  believe  in  the  unreality 
of  physical  symptoms.  They  cannot  comprehend  a  part 
being  the  seat  of  paralysis  or  insensibility,  unless  there  is 
some  grave  physical  defect  behind  it;  they  do  not  know 
that  a  limb  which  is  immobile  to-day  may  be  in  wonted 
activity  to-morrow.  Thrown  on  their  own  resources  by 
the  contradiction  in  medical  testimony,  they  render  a 
verdict  in  accordance  with  their  own  impressions  as  to 
the  plaintiff's  injury.  These  impressions  indicate  a  per- 
son severely  and  probably  incurably  injured;  and  the 
verdict,  rendered  accordingly,  is  generally  in  excess  of 
anything  to  which  the  plaintiff  is  entitled. 

'The  two  types,  hysteria  and  neurasthenia,  as  above 
sketched  out,  are  in  most  cases  distinct  and  unmistak- 
able. In  some  cases  the  type  of  mental  state  is  neuras- 
thenic, with  enough  of  the  hysterical  added  to  cause  a 
hemiansesthesia  or  other  permanent  stigma  of  hysteria. 
To  tins  type  has  been  given  the  name  of  hystero-neuras- 
thenia.  In  other  cases,  coupled  with  the  symptoms  of 
functional  disease,  are  certain  signs  indicative  of  mate- 
rial destruction  in  the  nervous  system.  These  latter 
cases  are  diflBcult  to  classify.  It  is  not  to  be  denied  that 
some  of  them  are  the  direct  outcome  of  severe  traumatic 
physical  injuries.  Most  of  them,  however,  can  better 
be  explained  on  the  assumption  that  some  pre-existing 
oi-ganic  disease,  such  as  general  arteriosclerosis,  syphilis, 
or  alcoholism,  has  been  made  worse,  or  has  first  been 
called  into  prominence,  by  traumatic  agencies. 

The  prognosis  of  hysteria  and  neurasthenia  provoked 
by  trauma  is  a  subject  on  which  very  diverse  views  are 
held.  Reliable  statistics  bearing  on  the  question  are  few. 
Certain  facts,  however,  are  in  our  possession.  Neither 
disease  is  fatal.  Some  writers  maintain  that  the  vas- 
cular distui'bances  of  neurasthenia  lead  to  serious  degener- 
ation in  the  heart  and  arteries  and  so  to  premature  death. 
Some  few  instances  also  are  on  record  in  which  death  dur- 
ing the  convulsive  phenomena  of  hysteria  has  occurred. 
Such  cases  are,  however,  so  rare  and  so  poorly  sub- 
stantiated by  reliable  evidence  that  we  are  safe  in  assert- 
ing that  these  diseases  do  not  kill.  It  is  not  to  be  denied, 
however,  that  some  patients  have  the  same  symptoms 
for  years  and  years,  and,  as  far  as  is  known,  never  get 
well.  On  the  other  hand,  there  is  nothing  about  either 
disease  which  makes  recovery  impossible.  _  Organic  dis- 
eases, such  as  locomotor  ataxia  or  progressive  muscular 
atrophy,  are  manifestly  incurable.  But  in  the  neuroses 
a  cure,  in  the  widest  sense  of  that  term,  is  possible. 
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The  vital  question  concerns  working  capacity:  What 
are  the  chances  for  a  return  of  working  capacity,  pro- 
vided that  had  been  lost?  To  this  question  the  answer 
is,  that  under  reasonably  favorable  conditions  these 
chances  are  very  good.  They  are  the  best  in  patients 
who  try  to  return  to  work  as  soon  as  is  feasible  after  the 
accident,  who  are  young,  previously  healthy,  and  of 
good  family  history. 

The  prognosis  which  can  be  given  in  a  case  of  neuras- 
thenia is  not  always  permissible  for  a  case  of  hysteria. 
A  person  suffering  from  traumatic  neurasthenia  can  often 
be  brought  to  a  condition  in  which  he  can  safely  return 
to  work  soon  after  the  accident.  The  subjective  disturb- 
ances, however,  of  which  he  complains  may  persist  for 
months  or  years  afterward.  Indeed,  it  is  very  difficult  to 
tell  when  they  stop,  and  the  patient  may  never  himself 
admit  that  he  is  the  same  as  he  was  before  the  accident. 
In  hysteria,  on  the  other  hand,  recovery  may  be  longer 
delayed,  but  when  it  comes  it  is  generally  more  complete. 
Pew  if  any  hysterical  persons  can  undertake  any  work 
before  the  question  of  litigation  is  settled.  But  when 
that  is  once  out  of  the  way,  a  period  of  a  few  months 
generally,  though  not  always,  is  sufficient  for  a  fairly 
complete  return  of  working  capacity. 

Pearce  Bailey. 

NEURALGIA. — DEPmiTiON  and  Natuee. — The  term 
neuralgia  in  its  strict  sense  signifies  pain  along  the  course 
of  a  nerve.  The  word  has  been  used,  however,  to  indi- 
cate conditions  in  which  such  pain  exists  purely  as  a 
neurosis,  to  distinguish  it  from  the  cases  in  which  inflam- 
matory and  degenerative  changes  are  present  in  the 
nerve,  to  which  class  the  name  "  neuritis  "  is  applied. 

Probably  the  majority  of  the  neuralgias  are  due  in 
part  only  to  any  primary  or  essential  neurosal  disorder 
of  the  nervous"  centres,  and  indicate,  in  addition,  some 
irritation  of  the  sensory  nerves  from  without. 

This  is  eminently  true  of  most  of  the  typical  neuralgias 
of  the  superficial  nerves,  and  as  our  knowledge  of  the 
course  and  pathology  of  these  diseases  advances,  many 
of  the  conditions  formerly  classed  under  the  neuralgias 
are  shown  to  be  cases  of  neuritis.  For  instance,  the  grad- 
ual onset  and  decline  of  certain  forms  of  sciatica  and 
brachial  neuralgia,  their  protracted  course,  the  limitation 
of  the  pain  to  the  tract  and  distribution  of  single  nerves, 
and  the  fact  that  the  pain  is  apt  to  be  remittent  rather 
than  intermittent,  together  with  the  presence  of  tender- 
ness along  the  nerve  trunk,  iiersistent  alterations  in  the 
sensibility  of  the  skin,  and  even  muscular  atrophy  and 
trophic  changes  in  the  skin,  all  tend  to  point  to  the  neu- 
ralgia being  secondary  to  a  neuritis,  while  examination 
of  the  nerve  shows  characteristic  changes  of  inflamma- 
tion and  degeneration. 

Then  there  are  cases,  such  as  some  of  the  facial  neural- 
gias, in  which  the  character  of  the  pain  is  that  of  neuralgia, 
persistent,  intermittent,  and  frequently  in  neurotic  indi- 
viduals; and  here  examination  of  the  nerve,  after  the 
affection  has  existed  some  time,  often  shows  degenerative 
changes.  The  question  then  arises.  Are  these  changes 
primary  or  secondary — i.e.,  is  the  case  a  slow  progressive 
neuritis  from  the  start,  or  are  these  changes  in  the  nerve 
secondary  to  the  long  persistent  disorder  of  function 
which  underlies  the  pain  ?  The  recent  ion  theory  of  Loeb, 
that  the  transmission  of  nerve  sMmuli  is  due  to  chemical 
cliange  in  the  nerve  substance,  might  well  account  for  a 
permanent  change  resulting  from  constant  severe  pain 
persisting  in  the  nerve. 

Finally,  there  is  the  class  of  neuralgias  in  which  the 
character,  situation,  severity,  and  duration  of  the  pain  are 
wholly  determined  by  processes  acting  on  healthy  sensory 
nerves,  and  may  be  called  reflex  or  symptomatic  neural- 
gias. These  irritative  causes,  however,  if  long  con- 
tinued, may  induce  a  permanent  neuralgic  habit  of  the 
nervous  centres. 

The  group  of  habit  pains  might  also  be  classed  as 
neuralgias,  and  both  these  and  other  forms  may  often  be 
relieved  by  mental  influences. 

It  is  uncertain  whether  there  avfi  special  nerves  and 
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nerve  centres  intended  for  the  conveyance  and  perception 
of  painful  impressions,  but  the  results  of  experimenta- 
tion and  the  difference  in  the  behavior  in  disease  of  this 
function — if  so  it  may  be  called — from  the  other  sensory 
junctions,  lead  to  the  belief  that  such  may  be  the  case. 

Again,  it  may  be  that  the  nerves  of  pain  are  the  same 
with  the  nerves  for  the  general  feelings  ( Q-emeingefiihle) 
of  satisfaction  or  discomfort,  which  accompany,  and  yet 
are  distinct  from,  the  special  sensations  of  relation,  such 
as  touch,  temperature,  and  the  like. 

If  there  are  special  nerves  and  nerve  centres  for  pain, 
it  is  probable  that  they  are  the  seat  of  the  disease  in  neu- 
ralgia. 

It  is  common  to  hear  the  neuralgias  of  the  superficial 
nerves  spoken  of  as  the  only  affections  really  deserving 
the  name,  and  as  belonging  in  a  diilerent  category  from 
the  visceralgias  and  the  periodical  headaches,  as  well  as 
from  the  pains  of  intermittent  recuri'ence,  but  of  ill- 
defined  seat,  to  which  children  and  feebly  nourished  per- 
sons, and  especially  neurotic  persons,  are  liable. 

In  so  far,  however,  as  these  painful  disorders  occur 
under  similar  conditions  with  typical  neuralgias  of  the 
superficial  nerves,  and  are  themselves  of  unknown  ori- 
gin, there  is  much  gained  in  treating  of  them  both  as 
kindred  affections,  and  contrasting  them  with  each  other. 

General  Etiology  and  Pathology. —  An  inherited 
nexcropathic  tendency  is  the  most  important  cause  of  neu- 
ralgia, and  it  is  often  impossible,  ina  given  case,  to  meas- 
ure the  degree  to  which  its  influence  is  felt.  It  is,  how- 
ever, a  far  more  important  element  in  the  migraines  and 
the  visceralgias  than  in  the  superficial  neuralgias,  and 
among  the  latter  its  effect  is  most  strongly  felt  in  the 
neuralgias  of  the  fifth  pair,  and  of  the  intercostal  nerves. 

The  exact  pathological  state  of  the  nervous  centres  in 
neuralgia  is  not  known,  any  more  than  it  is  in  the  case 
of  the  other  neuroses.  Some  of  the  conditions  that  give 
rise  to  it  are,  however,  better  understood. 

Chief  among  these  are :  Anoimia,  which  acts  both  by 
impoverishment  of  the  blood,  and  by  overcharging  the 
blood  with  carbonic  acid;  th.e  presence  of  abnoi-nwl  sub- 
stances in  the  blood,  as  in  gout,  diabetes,  malaria,  chronic 
nephritis,  and  metallic  poisoning;  aism'ption  of  the  prod- 
ucts of  imperfect  digestion  or  metabolism;  the  impairment 
of  the  vascular  tonicity,  as  in  fatigue;  periphei'al  irrita- 
tions, such  as  disease  of  the  teeth,  eyes,  respiratory  and 
digestive  tracts,  uterus,  and  ovaries ;  chronic  inflamma- 
tion of  the  nerve  sheath ;  localized  ancemia  or  congestion  of 
nerves  or  nerve  centres. 

Ancemia  and  states  of  nervous  dMlityoT  chronic  fatigue 
are  common  underhing causes  of  neuralgia,  even  thougli 
not  the  whole  cause,  and  it  is  almost  always  best  to  sus- 
pect them  and  to  fortify  the  patient  against  them  by 
ample  nourishment  and  tonic  treatment.  Although 
ausemic  and  debilitated  patients  are  more  prone  than 
healthy  persons  to  neuralgias  of  every  sort,  this  is  espe- 
cially true  with  regard  to  the  superficial  neuralgias,  the 
sufferers  from  migraine  and  the  visceralgias  being  often 
in  good,  even  robust,  health  so  far  as  any  anaemic  ten- 
dency is  concerned. 

Anaemic  neuralgias  are,  as  a  rule,  protracted,  like  their 
cause,  but  may  in  the  end  pass  away  rapidly  under  ap- 
propriate treatment. 

Diabetes  sometimes  causes  intractable  and  often  sym- 
metrical neuralgias,  especially  sciatica,  even  though  the 
symptoms  of  the  underlying  disease  are  not  marked. 

Oout  and  kindred  disorders  (lithsemia)  may  cause  neu- 
ralgia, partly  by  alteration  of  the  blood,  or  by  direct  irri- 
tation of  the  nervous  centres,  and  partly  by  inducing 
neuritis.  These  neuralgias  are  sometimes  bilateral  and 
fugitive,  sometimes  lasting,  according  to  their  origin. 
Visceralgias  are  also  common  in  the  gouty,  but  it  is  an 
open  question  whether  this  may  not  be,  in  part,  because 
Of  the  neuropathic  tendency  which  is  intimately  con- 
nected with  gout. 

Chronic  nephritis,  and  the  vascular  and  nutritive  dis- 
orders associated  with  it,  may  cause  various  neuralgias, 
both  superficial  and  visceral. 

Syphilis  likewise  causes  neuralgias  both  in  its  early  and 
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in  its  late  stages,  and  here  also  the  manner  of  its  action 
may  be  either  direct  or  indirect.  It  is  also  worthy  of  re- 
flection, in  a  given  case  of  this  kind,  whether  the  cause 
of  the  neuralgia  may  not  be  the  antisyphilitic  treatment 
which  has  been  used,  and  not  the  disease  itself. 

The  neuralgias  due  to  mineral  poisoning  are  apt  to  be 
bilateral,  or  to  attack  different  parts  successively.  The 
arthralgias  and  visceralgias  of  lead  poisoning  belong  in 
this  category,  but  will  be  treated  of  with  the  other  symp- 
toms of  the  same  origin. 

Periplieral  in'itations  cause  neuralgia  which  is  some- 
times confined  to  the  region  irritated,  sometimes  located 
in  distant  parts,  and  arc  always  to  bo  carefully  sought 
for  and  eliminated,  since,  even  when  they  constitute  only 
partial  causes,  they  may  be  practically  responsible  for 
the  seizures.  Carious  teeth  may  excite  neuralgia  in  other 
branches  of  the  fifth  pair  besides  that  directly  irritated. 

Injuries,  such  as  severe  jars,  as  in  railroad  accidents,  or 
Uows,  even  when  they  do  not  apparently  injure  any  par- 
ticular nerve,  may  excite  severe  neuralgias,  and  the  same 
is  true  of  emotional  excitement  or  mental  overstrain,  acute 
or  chronic. 

The  pains  due  to  the  pressure  of  cancerous  growths,  or 
other  tumors,  and  aneicrisms,  though  often  classed  as  non- 
neuralgic,  are  really  not  always  to  be  distinguished  from 
neuralgia  by  any  intrinsic  characteristic.  The  diagnosis 
is  often  established  by  other  indications  of  the  presence 
of  morbid  growths,  and,  so  far  as  the  nervous  system  is 
concerned,  is  rendered  probable  by  unusual  persistence 
and  severity  of  the  pain,  the  occurrence  of  signs  of  neu- 
ritis, such  as  marked  atrophy,  contracture,  anajsthesia, 
etc.  A  bilateral  distribution  of  the  pain  is  also  sugges- 
tive of  such  a  cause,  pointing  either  to  pressure  upon 
symmetrical  nerve  trunks  at  their  exit  from  the  spinal 
canal,  or,  in  the  case  of  the  brachial  nerves,  to  a  sym- 
metrical enlargement  of  lymphatic  glands.  Neuralgia  of 
the  fifth  pair  has  occasionally  been  traced  to  aneurism  of 
the  internal  carotid. 

Cold  and  damp  weather  aad  the  atmospheric  changes 
preceding  and  accompanying  storms  are  fruitful  causes 
of  neuralgic  attacks,  acting  no  doubt  in  part  by  depress- 
ing the  general  nervous  tone,  and  in  part  by  causing 
congestion  or  ansemia  of  the  sensitive  cutaneous  nerve 
fibres,  and  even  increasing  any  neuritis  that  may  be 
present. 

It  is  proper  to  speak  here  of  the  relation  to  neuralgia 
of  such  general  influences  as  age  and  se.v. 

Ohildhood  is  usually  considered  nearly  free  from  neu- 
ralgia, but  this  is  only  true  of  the  typical,  peripheral 
neuralgias  of  protracted  course.  The  so-called  "  grow- 
ing pains  "  of  childhood  may  fairly  be  called  neuralgic, 
and  children  suffer  from  visceral  neuralgias,  and  some- 
times from  typical  migraine  or  periodical  headache. 

Puberty  brings  an  increased  tendency  to  migraine  and 
headache,  which  then  usually  lasts  until  the  age  of  forty- 
five  or  fifty.  The  neuralgias  of  acute  ansemia  and  chloro- 
sis occur  also  largely  at  this  period,  though  ansemia  is 
probably  also  a  cause  of  some  of  the  pains  of  childhood, 
All  neuralgias  are  most  common  in  middle  life,  mainly 
because  it  is  then  that  the  nervous  strains  incident  upon 
increased  cares  and  exposures  of  all  kinds  make  them- 
selves most  strongly  felt,  and  act  both  directly  and  indi- 
rectly by  increasing  neuropathic  tendencies. 

Neuralgias  rarely  begin  in  old  age,  and  when  they  do 
they  are  very  intractable,  perhaps  because  they  depend 
upon  tissue  degenerations  in  the  nervous  and  vascular 
systems.  It  is,  however,  a  noticeable  fact  to  which  the 
writers  can  bear  testimony  that,  in  spite  of  their  severity 
and  persistency,  the  neuralgias  of  old  age  sometimes  un- 
expectedly disappear  for  longer  or  shorter  periods,  or  even 
permanently. 

The  female  sex  shows  a  relatively  great  liability  to  the 
neuralgias  of  neuropathic  origin;  the  male  sex  to  neural- 
gias of  peripheral  origin. 

General  Symptomatoloq-t.— All  neuralgias  have  m 
common  a  greater  or  less  tendency  to  periodic  and  ap- 
parently spontaneous  recurrence,  but  the  degree  to  which 
this  periodicity  is  seen  varies  greatly. 


The  most  regular  and  spontaneous  periodicity  is  met 
with  in  the  malarial  neuralgias  and  in  those  of  mainly 
neurosal  origin,  especially  migraine  and  the  periodic 
headaches.  The  visceralgias  recur  less  regularly,  but 
their  outbreaks  also  are  frequently,  to  all  appearance, 
spontaneous,  that  is,  due  to  cyclic  changes  within  the 
nervous  centres  themselves,  and  not  to  irritation  from 
without.  In  both  cases  this  tendency  to  cyclic  outbreaks 
may  be  interrupted,  and  attacks  precipitated,  by  various 
causes. 

Besides  these  neuralgias  of  regular  recurrence,  persons 
of  neuropathic  constitution  are  often  liable  in  some  de- 
gree to  spontaneous  attacks  of  pain,  of  relatively  short 
duration ;  but  the  typical  superficial  neuralgias  of  pro- 
tracted course,  as  a  rule,  show  but  little  of  this  tendency 
to  periodical  and  spontaneous  recurrence,  so  characteris- 
tic of  the  more  distinctly  neurosal  neuralgias.  They 
may  recur,  it  is  true,  but  this  is  either  from  a  recurrence 
of  their  underlying  cause,  or  because  the  neuritis,  which 
is  usually  present  as  an  important  complication,  if  not  a 
cause,  does  not  entirely  pass  away  and  excites  the  neu- 
ralgia to  fresh  outbreak. 

Almost  all  neuralgias  have  in  common  a  tendency  to 
excite  vaso-motor  and  trophic  changes.  The  raso-motor 
phenomena  are  most  marked  in  cases  of  the  migraines, 
which  are  often  characterized  by  a  marked  pallor  or  red- 
ness, or  both  in  turn,  of  one  side  of  the  head.  These  vas- 
cular changes  have,  in  fact,  been  widely  believed  to  be 
the  essential  feature  of  migraine,  and  to  be  directly  re- 
sponsible for  the  pain;  but  this  is,  in  the  writers'  judg- 
ment, a  mistaken  opinion.  Similar  symptoms  are  seen  in 
the  other  neuralgias,  especially  those  of  the  neighborhood 
of  the  eye,  and  probably  attend,  if  they  do  not  cause,  the 
changes  in  the  glandular  secretions  (tears,  urine,  mucus, 
gastro-intestinal  fluids),  which  are  also  very  common  near 
the  seat  of  any  severe  neuralgia,  and  even  at  a  distance 
from  it.  The  writers  have  seen  a  sharp  attack  of  intercos- 
tal neuralgia,  for  instance,  of  short  duration  and  due  to 
acute  fatigue  and  exposure,  pass  entirely  away  with  a 
copious  discharge  of  limpid  urine,  such  as  often  attends 
the  close  of  a  migrainoid  attack.  Finally,  migraine  is 
oftpn  unattended  by  any  noticeable  vascular  changes. 

The  trophic  phenomena  are  most  marked  in  the  case  of 
the  superficial  neuralgias,  and  range  from  such  changes 
as  are  obviously  due  to  neuritis  (herpes  zoster  and  other 
cutaneous  eruptions,  muscular  atrophy,  and  the  like),  to 
the  more  temporary  alterations  which  are  partly  of  vaso- 
motor origin,  or  due  to  irritation  of  trophic  or  glandular 
nerves,  and  partly  of  unknown  origin  (redema  of  the 
skin,  changes  of  color  and  increased  brittleness  of  the 
hair,  temporary  muscular  enfeeblenient,  impairment  of 
the  eyesight,  possibly  even  glaucoma,  etc.).  The  cases 
associated  with  herpes  arc  occasionally  accompanied  by 
palsy  of  the  muscles  innervated  by  the  affected  or  related 
nerves.  The  trophic  changes  in  migraine  are  but  slight. 
It  is  often  included  in  the  definition  of  neuralgia,  that 
the  pain  is  confined  to  the  region  of  distribution  of  one  or 
more  nerve  branches,  but  this  applies  only  to  the  neural- 
gias of  the  superficial  nerves.  ,  _ 
It  is  common  to  most  neuralgic  attacks  that  the  pain  is 
intermittent  or  remittent  in  severity.  When  a  continuous 
dull  aching  is  present,  it  may  be  suspected  that  the  neu- 
ralgia is  complicated  by  a  material  degree  of  neuritis. 

For  further  examination  of  their  symptomatology,  neu- 
ralgias may  be  divided  into : 
1.  Superficial  neuralgias. 
3.  Migraine  and  the  periodical  headaches. 

3.  "Visceralgias. 

4.  Unclassified  neuralgias  of  irregular  distribution. 

1  The  superficial  neuralgias  are  limited  to  the  course 
and  areas  of  distribution  of  one  or  more  nerves  or  parts 
of  nerves  supplying  the  skin  and  adjacent  structures. 

The  principal  varieties  are :  (1)  The  neuralgia  of  the 
fifth  nerve,  of  which  there  are  several  subdivisions;  (2) 
the  neuralgia  of  the  occipital  nerve;  (3)  the  neuralgia  of 
the  cervico-brachial  nerves;  (4)  the  neuralgia  of  the  ab- 
dominal nerves ;  (5)  the  neuralgia  of  the  anterior  crural 
nerves ;  (6)  the  neuralgia  of  the  sciatic  nerves. 
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All  these  neuralgias  have  the  following  peculiarities  in 
common :  The  attacks  are  sometimes  brief,  often  of  rela- 
tively long  duration. 

The  brief  attaoks  generally  occur  in  persons  of  neural- 
gic habit,  and  under  these  circumstances  are  more  likely 
to  attack  the  facial,  intercostal,  or  abdominal  nerves  than 
the  brachial  or  the  sciatic.  They  may  occur  spontane- 
ously, or  from  some  special  cause,  as  fatigue,  excitement, 
or  exposure,  and  may  pass  away  after  a  night's  sleep, 
like  an  attack  of  migraine,  the  disappearance  being  some- 
times attended  with  a  copious  secretion  of  urine.  Gouty 
persons  are  also  subject  to  brief  neuralgic  attacks;  and 
there  are  other  obscure  disorders  of  the  nutrition  (so- 
called  lithsemia,  and  the  like),  of  which  the  same  is  true, 
though  it  is  by  no  means  easy  to  say  whether  the  neu- 
ralgia is  really  secondary  to  the  nutritive  disorder,  or 
both  are  symptoms  of  an  underlying  nervous  affection. 
Vaso-motor  changes  are  common  in  acute  attacks  of  brief 
duration,  leading  to  pallor  or  redness  of  the  skin.  Such 
attacks  are  often  attended  also  by  increase,  preceded  at 
times  by  diminution,  in  the  secretion  of  neigliboring 
glandular  organs,  and  occasionally  by  oedema  of  the 
skin.  These  phenomena  are  perhaps  of  vaso-motor  ori- 
gin.    Hyperesthesia  of  the  skin  is  often  present. 

The  (Macks  of  relatively  long  duration  usually  come  on 
gradually  and  are  recovei'ed  from  gradually.  The  pain 
is  not  felt  over  the  wliole  area  of  distribution  of  the 
nerve,  but  has  its  points  of  election,  and  from  these 
points  the  pain  spreads  or  darts  farther.  Sometimes,  and 
especially  in  tlie  case  of  sciatica,  the  course  of  the  nerve 
Itself  is  the  painful  region,  and  it  is  believed  that  it  is 
the  sensitive  nervi  nervorum  ramifying  in  the  main  nerve 
trunk  that  are  mainly  or  even  alone  concerned  in  the 
neuralgic  process  in  such  cases.  General  tenderness 
along  the  nerve  points  to  neuritis,  but  the  localized  ten- 
derness which  has  just  been  referred  to,  and  which  is  con- 
fined to  cei'tain  definite  spots  (points  douloureux  of  Val- 
leix),  probably  do  not  necessarily  have  this  significance. 
These  spots  of  tenderness  are  apt  to  coincide  with  the  foci 
of  pain,  but  do  not  always  do  so.  They  are  usually 
found  where  the  nerve  emerges  from  a  bony  or  fibrous 
canal,  or  where  it  begins  to  ramify  in  the  skin.  The 
pain  is  often  accompanied  by  subjective  and  objective 
disorders  of  the  sensibility.  The  former  consist  in  sensa- 
tions of  prickling  and  numbness,  or  of  heat  or  coldness. 

These  sensations  often  precede  or  follow  as  well  as 
attend  an  attack.  When  they  overlast  the  attack  a  long 
time,  and  especially  if  they  are  sharply  localized,  they 
usually  indicate  that  the  nerve  has  been  the  seat  of  the 
Inflammation.  The  objective  disorders  are  of  the  nature 
either  of  hyperaesthesia  or  of  anaesthesia.  The  former  is 
usually  seen  at  the  beginning  or  at  the  height  of  an  at- 
tack, and  the  latter  usually  later.  A  persistent  impair- 
ment of  sensibility  points  to  destruction  of  some  of  the 
sensitive  nerve  fibres  from  neuritis. 

Trophic  changes  in  the  skin  and  its  appendages,  or  in 
the  muscles,  are  common  and  usually  point  to  neuritis. 
The  muscles  near  an  acutely  painful  region  are  some- 
times temporarily  paralyzed  without  apparent  cause. 
The  hair  of  the  e3'ebrow  and  scalp  has  been  known  to 
become  blanched  during  a  neui'algic  attack  of  the  fifth 
nerve,  recovering  its  color  later.  This  change  of  color 
is  probably  due  to  the  penetration  of  air  into  the  hair 
shafts. 

Treatment  op  Shperficiaij  Neukalgias  (vide  also 
sections  on  Neuralgia  of  the  Fifth  Pair,  Sciatica,  etc.). — 
Oai/sal  Treatment. — The  importance  of  removing  the 
causes  of  the  neuralgia  is  evident  to  every  one,  but  it  is 
not  equally  recognized  that  it  is  necessary  to  remove 
partial  causes,  no  matter  liow  many  there  may  be.  Such 
causes  are  principally:  (1)  Exposure  to  alterations  of 
temperature  and  weather,  to  be  met  by  suitable  clothing, 
change  of  occupation,  temporary  removal  to  a  drier,  oi-, 
it  may  be,  to  a  more  relaxing  climate ;  (3)  peripheral  irri- 
tations, either  near  or  remote  from  the  seat  of  pain ;  (3) 
neuritis,  primary  or  induced  (mde  below  under  Electric- 
ity and  Surgical  Operations);  (4)  dysci'asias,  such  as 
gout,  syphilis,  diabetes;    (5)  fatigue,  anaimia,  lack  of 


proper  nourishment.  It  should  be  remembered  in  this 
connection  that  a  state  of  health  sufficient  for  ordinary 
purposes  may  not  be  sufficient  as  counteractive  of  neu- 
ralgia. What  would  seem  excessive  nourishment  (see 
under  Neurasthenia),  combined,  if  necessary,  with  mas- 
sage and  rest  and  cod-liver  oil,  arsenic,  and  large  doses 
of  iron,  if  well  borne,  is  useful  in  a  large  number  of 
cases. 

Symptomatic  Treatment. — This  comprises  the  means 
used  to  relieve  pain  and  to  counteract  the  neuralgic  con- 
dition and  the  irritability  of  the  nervous  centres.  The 
important  remedies  of  this  class  are:  Quinine,  aconitine, 
(vide  under  Neuralgias  of  the  Fifth  Pair),  salicylate  of 
sodium,  opium,  the  coal-tar  products,  croton  chloral,  elec- 
tricity, hydriatic  treatment,  counter-irritation,  vibration, 
and  local  manipulation  in  the  affected  region,  and  surgi- 
cal operations.  The  method  of  use  of  these, remedies  is 
too  familiar  to  need  comment,  except  that  of  the  last 
five. 

Electricity  is  mainly  useful  in  the  form  of  galvanism, 
which  is  usually  applied  with  one  pole  of  the  battery 
near  the  nerve  centres,  and  the  other  near  the  nerve 
trunks  of  the  affected  part.  Its  special  indications  are 
for  the  temporary  relief  of  pain  and  in  the  treatment  of 
neuritis.  It  is  probably  indifferent  which  pole  is  used 
in  the  painful  area,  but,  on  the  other  hand,  it  is  of  great 
importance,  in  acute  neuralgias,  that  the  current  should 
flow  without  interruptions  and  that  the  strength  should 
not  be  suddenly  increased  or  diminished.  The  electrodes 
should  be  large  and  well  nourished  with  warm  water. 
The  strength  of  the  current  should  not  be  so  great  as  to 
irritate  the  skin,  and  thereby  excite,  instead  of  soothe, 
the  patient.  Moderate  variations  of  the  current  strength, 
as  made  by  sliding  the  electrodes  slowly  over  the  skin, 
sometimes  increase  the  effect.  In  chronic  cases  strong 
currents  are  sometimes  useful,  and  it  is  not  necessary  to 
observe  the  same  caution  as  to  interruptions  of  the  cir- 
cuit. 

Static  electricity  is  of  value  in  some  cases  of  neuralgia 
given  either  in  the  form  of  sparks  or  in  the  unipolar 
method  of  charging  and  discharging  described  by  Dr. 
Morton. 

Hydriatic  (or  Thermic)  Applications  (so  far  as  they  can 
be  used  outside,  of  special  institutions)  consist  in  the  use 
of  the  local  and  prolonged  wet- pack  (nide  under  Sciatica); 
local  bathing  and  showering,  or,  in  chronic  cases,  the 
filiform  douche ;  prolonged  general  warm  baths  (useful 
as  a  general  sedative) ;  prolonged  application  of  ice  (mde 
under  Sciatica) ;  or  the  application  of  dry  warmth  in  the 
form  of  hot  sand  or  salt  bags. 

Counter-irritationmgij  be  applied  in  the  form  of  stimu- 
lating liniments  and  ointments,  mustard,  blisters,  the  ac- 
tual cautery,  or  spray  of  ether,  or  of  chloride  of  methyl. 

The  best  liniments  are  those  containing  aconite  and  lau- 
danum combined  with  alcohol  and  chloroform,  or  strong 
solutions  of  menthol  (  3  i.  to  fl.  §  i.).  A  strong  aconitine 
ointment  (one  part  to  eight)  is  said  to  be  useful,  but 
must  be  employed  with  great  caution.  These  agents  act 
not  only  by  the  irritation  which  they  set  up,  but  prob- 
ably by  lessening  the  sensitiveness  of  the  skin  as  well. 
In  the  same  way  cocaine,  instilled  into  the  eye,  will  some- 
times relieve  pain  in  the  globe  and  in  the  supra-orbital 
region. 

Prolonged  and  rhythmical  vibration  or  manipulation 
over  an  affected  nerve,  best  done  by  an  instrument  de- 
signed for  that  purpose  (Granville's  hammer),  is  said  to 
be  of  service,  and  similarly  some  forms  of  headache  can 
often  be  relieved  by  prolonged  manipulation  or  vibra- 
tions with  the  finger  tips. 

Surgical  Operations  comprise  deep  injections  of  irri- 
tants, such  as  water  or  chloroform;  removal  of  a  portion 
of  the  nerve  (neurectomy);  stretching  of  the  nerve;  and 
extirpation  of  the  nerve  roots  or  of  the  Gasserian  gan- 
glion. 

Injections  of  chloroform  have  been  followed  by  alarm- 
ing results,  probably  by  its  introduction  into  a  vein, 
though  this  is  a  rare  event.  The  best  way  to  avoid  it  Is 
first  to  introduce  the  needle  alone  until  its  point  comes 
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near  the  nerve,  and  not  to  inject  the  chloroform  it  any 
blood  appears.  The  dose  is  from  ten  to  twenty  minims. 
Nerm-stretcMng  is  appropriate  for  mixed  nerves,  and 
has  been  applied  to  almost  all  the  superficial  nerves  of 
the  body,  including  the  intercostals.  Its  effect  is  partly 
to  diminish  the  conducting  power  of  the  sensitive  fibres, 
and  thereby  diminish  the  irritations  reaching  the  nerve 
centres,  partly  to  alter  the  condition  of  nutrition  in  the 
nerve  trunks,  and  partly,  no  doubt,  to  exert  a  so-called 
inhibitory  action  with  regard  to  the  neuralgic  condition 
of  the  nerve  centres.  The  operation  is  not  often  followed 
by  serious  results  if  done  under  proper  antiseptic  precau- 
tions, but  when  large  nerves  are  treated  in  this  way  mor- 
bid changes  are  occasionally  set  up  in  the  spinal  cord. 
This  operation  has  found  its  greatest  sphere  of  usefulness 
in  sciatica,  to  which  heading  (p.  347)  the  reader  is  referred. 
neurectomy  and  extirpation  of  ganglia  are  considered 
under  facial  neuralgia  (p.  346). 

Special  Forms  of  Superficial  Neuralgia. 

Trifadal  Neuralgia.— The.  fifth  pair  is  more  frequently 
affected  in  neuralgia  than  any  other  nerves.  Conrad's 
statistics  of  seven  hundred  and  seventeen  cases  of  neural- 
gia showed  thirty-three  per  cent,  to  be  trigeminal.  This 
frequency  is  due,  in  part,  to  the  exposed  position  and  ex- 
tensive distribution,  many  attacks  being  induced  by  dis- 
ease of  parts  supplied  by  its  different  branches,  as  the 
teeth,  nose,  eyes,  etc. 

The  forms  of  trigeminal  neuralgia  may  be  clinically 
divided  into  three  types : 

1.  Supraorbital  neuralgia. 

3.  Reflex  neuralgia. 

3.  Tic  douloureux. 

This  division  may  not  in  a  way  be  absolute,  since  many 
attacks  of  supra-orbital  neuralgia,  though  implying  a  neu- 
ropathic constitution  as  a  sine  qua  non,  may  be  brought 
on  by  peripheral  irritations,  and  thus  in  a  way  be  re- 
flex. 

Furthermore,  supra-orbital  neuralgia  may  exist  as  a 
type  by  itself,  or  the  nerve  may  be  involved  in  either  of 
the  other  two  forms.  . 

1  Supra-orbital  Neuralgia  may  be  divided  into;  A. 
Those  manifested  by  constant  pain.  B.  Those  in  which 
the  attacks  are  intermittent.     C.  The  periodic  attacks. 

A.  The  pain  in  supra-orbital  neuralgia  may  be  constant 
and  persist  for  several  weeks  or  more.  In  this  case  its 
character  is  generally  described  by  the  sufferer  as  twisting 
or  boring,  and  radiates  from  above  the  eye  to  the  vertex. 
During  the  attack  there  is  generally  tenderness  over  the 
supra-orbital  foramen.  Such  attacks  are  frequently 
found  with  diseases  of  the  eye,  especially  iritis  and  glau- 
coma, and  may  be  benefited  by  treatment  of  these  condi- 
tions. The  supra-orbital  neuralgias  associated  with  herpes 
are  apt  to  be  very  persistent.  ^    •     j  , 

B.  The  intermittent  type  is  generally  characterized  Dy 
making  its  appearance  in  the  early  morning  and  continu- 
ing with  great  severity  till  two  or  three  o'clock  in  the 
afternoon,  when  the  pain  sub.sides,  only  to  recur  on  the 
following  day.  This  type,  from  its  intermittent  charac- 
ter, was  once  thought  to  be  always  due  to  malaria;  and 
the  fact  that  large  doses  of  quinine,  given  three  or  tour 
hours  before  the  paroxysm  is  due,  has  generally  proved 
beneficial  seemed  to  corroborate  this  view. 

In  this  locality,  at  least,  it  is  usually  a  sequel  ot  a  co- 
ryza  which  extends  upward,  causing  a  catarrhal  inflam- 
mation of  the  frontal  sinuses,  to  which  the  ophthalmic 
division  sends  sensory  fibres,  and  free  drainage  of  these 
sinuses  is  essential  to  recovery.  This  intermittent  type, 
however,  may  persist  as  a  neurosis  or  habit  neuralgia 
long  after  its  original  cause  has  gone. 

C.  The  supra-orbital  neuralgias  which  come  penodically 
at  more  or  less  regular  intervals  form  a  group  by  them- 
selves, the  attacks  often  being  foreshadowed  by  marked 
gloom  and  depression  of  spirits. 

These  attacks  may  be  accompanied  by  eye  symptoms 
and  vomiting,  and  after  lasting  a  definite  period  ot  time 
disappear.    This  migrainoid  type  derives  its  name  not 


only  from  the  character  and  periodicity  of  the  attacks, 
but  from  the  fact  that  it  sometimes  alternates  in  the  same 
patient  with  typical  attacks  of  migraine.  Moreover, 
there  are  patients  who  suffer  from  migraine  from  child- 
hood till  adult  life,  when  the  character  of  the  attacks 
clianges  and  the  migrainoid  neuralgia  takes  the  place  of 
the  old  headache. 

3.  Reflex  Neuralgias. — The  characteristic  of  the  reflex 
neuralgias  is  that  they  stay  until  the  cause  is  removed. 
The  most  common  form  is  that  due  to  diseases  of  the 
teeth,  especially  where  cavities  have  led  to  exposure  or 
disease  of  the  pulp.  They  may  also  be  due  to  changes 
in  the  alveolar  processes,  or  to  swelling  and  thickening 
of  the  periosteum  of  the  bony  canals  through  which  the 
nerve  passes.  More  rarely  they  are  caused  by  aural  dis- 
ease. 

The  pain  in  this  group  of  neuralgias  is  usually  constant 
or  jumping,  though  it  may  be  paroxysmal,  simulating 
tic  douloureux.  It  is  possible  that  in  some  cases  true 
"tic  douloureux"  begins  as  a  reflex  (tooth)  neuralgia. 
Against  this,  however,  is  the  fact  that  the  teeth  have  so 
often  been  drawn  without  benefit.  Moreover,  these  re- 
flex neuralgias  often  occur  before  the  middle  period  of 
life. 

3.  The  third  type  of  trifacial  neuralgia,  Tic  Doloureux, 
is  to  be  sharply  distinguished  from  the  other  forms.  It 
begins  in  middle  or  advanced  life  and  runs  a  characteris- 
tic course.  The  pain  is  located  in  the  area  of  distribution 
of  the  second,  or  the  second  and  third  divisions  of  the  fifth 
nerve,  more  rarely  in  volvin  g  the  fi  rst  or  all  three  branches. 
It  generally  starts  in  the  upper  lip  or  at  the  side  of  the 
nose,  and  is  described  at  times  as  flashing  upward  along 
the  nerve,  at  times  as  radiating  outward  like  a  pinwheel. 
It  is  paroxysmal  in  character,  the  attack  being  lightning- 
like in  onset,  of  extreme  severity,  and  lasts  abo  ut  a  minute, 
disappearing  as  abruptly  as  it  came.  During  the  attack 
there  is  flushing  of  the  affected  side  of  the  face,  with 
twitching  of  the  muscles,  and  often  there  are  lachryraation 
or  salivation  and  a  serous  discharge  from  the  nose.  The 
lightest  touch  or  draught  of  air  will  precipitate  an  attack, 
while  the  patient  dare  not  speak  and  refuses  to  eat  solid 
food,  so  great  is  his  dread  of  the  pain. 

These  paroxysms  come  from  several  to  many  times  a 
day,  for  periods  of  a  few  weeks  or  months,  after  which 
the  patient  may  be  free  from  them  for  an  interval  of  sev- 
eral months.  It  is  oftentimes  a  striking  feature  in  these 
attacks  that  the  pains  occur  with  great  frequency  during 
tlie  day,  while  the  sufferer  may  go  to  bed  at  night  and 
sleep  unmolested. 

The  rule  is  for  these  alternations  between  periods  of 
pain  and  periods  of  relief  to  persist  over  long  intervals 
of  time.  It  is  not  uncommon  to  see  patients  who  have 
suffered  for  flfteon  or  twenty  years. 

PatJwlogy.— Tic  douloureux  has  been  considered  due 
to  degenerative  changes  in  the  Gasserian  ganglion,  as  de- 
scribed by  many  investigators.  Coenen,  however,  main- 
tains in  a  recent  article  that  these  changes  are  secondary 
to  peripheral  operations  previously  done  for  rehef  of  the 

'^  Degenerative  changes  of  varying  intensity  have  been 
shown  to  exist  in  the  nerves  by  many  investigators. 
Whether  these  are  the  original  cause  of  the  pain,  or 
whether  they  result  from  the  continued  severe  par- 
oxysms cannot  be  decided  with  certainty. 

Some  investigations  have  demonstrated  an  endarteritis 
in  the  vessels  supplying  the  affected  nerves,  at  times  re- 
sulting in  marked  diminution  in  the  lumen  of  the  vessel. 
This  may  be  a  factor  in  many  cases  by  giving  rise  to  nu- 
tritional disturbance.  _         -,.    1       1         -1 

The  treatment  of  tic  douloureux  is  medical  and  surgical, 
and  the  former  should  be  given  a  thorough  trial  before 
the  latter  is  undertaken.  If  the  medical  treatment  is 
successful,  the  immediate  attack  is  prematurely  tei-mi- 
nated,  but  permanent  cure  is  rarely  experienced.  This, 
however,  is  often  all  that  is  accomplished  through  the 
peripheral  operations,  though  the  results  of  the  latter  are 

™BesXs%h°e 'so-called  "overfeeding,"  and  the  observa- 

245 


Xenralgla. 
Neuralgia. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


tion  of  general  hygienic  rules,  the  following  drugs,  out 
of  the  large  number  recommended,  give  the  best  results: 

Aconitiue  (the  crystallized  alkaloid)  is  best  given  at  first 
in  doses  of  gr.  -^^  to  gr.  ^t,  every  two  to  three  hours, 
in  pill  former  solution ;  then  if  no  unusual  susceptibility 
shows  itself,  in  doses  of  gr.  ^  to  gr.  xw  °^  even  more, 
though  this  amount  is  rarely  passed  without  the  patient's 
complaining  of  severe  tingling  and  numbness  of  the  ex- 
tremities and  sometimes  of  a  sense  of  coldness  and  faint- 
ness.  A  moderate  degree  of  these  symptoms  does  not 
contraindicate  the  continuance  of  the  treatment  for  some 
days,  or  even  weeks,  if  the  patient  is  otherwise  in  good 
health  and  is  constantly  under  observation.  Tincture  of 
aconite  root  can  be  substituted  if  necessary,  but  is  less 
certain  in  its  action. 

Gelsemium  may  be  given  in  any  reliable  preparation 
until  the  signs  of  physiological  action  appear,  the  most 
characteristic  being  a  drooping  of  the  eyelids. 

Castor  oil  certainly  does  good  in  some  cases,  if  given 
every  morning  on  rising,  in  half-ounce  doses,  increased 
to  one  ounce  as  the  patient  becomes  accustomed  to  the 
drug.  Purgative  effects  often  fail  to  appear  after  the 
first  few  doses,  though  the  remedial  action  persists. 

Iodide  of  potassium  has  many  advocates  and  certainly 
does  seem  to  do  good  in  some  cases,  especially  if  given 
in  moderately  large  doses. 

Strychnine  in  massive  doses  is  recommended  by  Dana, 
in  cases  of  not  over  four  or  five  years'  standing.  He 
keeps  the  patient  quiet  in  bed  and  administers  the  strych- 
nine subcutaneouly,  starting  with  gr.  -/^  once  a  day,  and 
gradually  increasing  until  gr.  ^  or  gr.  ^  is  reached.  This 
should  be  given  for  four  or  five  days,  and  then  the  dose 
gradually  diminished.  This  should  be  followed,  he  says, 
by  an  iodide-of -potassium  treatment. 

Opium  given  in  gradually  increasing  doses  till  the  pain 
is  controlled  is  advocated  by  La  Tourette,  who  claims 
very  satisfactory  results  from  it. 

Surgical  treatment  consists  in  the  peripheral  operations, 
which  may  be  regarded  as  palliative,  and  the  extirpa- 
tion of  the  Gasserian  ganglion,  which  gives  permanent 
relief  in  most  cases. 

The  peripheral  operations  generally  consist  in  cutting 
down  on  the  offending  nerve — the  customary  points  being 
at  the  dental  canal,  infra-  or  supra-orbital  foramen,  or 
sphenomaxillary  fossa — and  in  twisting  and  pulling  out 
as  much  of  the  nerve  as  possible.  This  procedure  usu- 
ally gives  freedom  from  pain  lasting  from  a  few  months 
to  two  years.  Occasionally  a  patient  will  be  relieved  for 
thi'ee  or  four  years,  and  some  cases  of  cure  have  been  re- 
ported. The  average  relief  from  forty-three  such  oper- 
ations, recently  collected  by  the  writers,  was  ten  months. 
Three  or  four  peripheral  operations  had  often  been  per- 
formed on  the  same  patient.  The  Gaaserian-ganfflion 
operation,  first  done  by  Rose,  ten  years  ago,  is  regarded 
as  the  only  means  of  affording  permanent  relief,  though 
it  is  attended  with  considerable  danger,  owing  to  the  lo- 
cation of  the  ganglion  and  the  liability  to  hemorrhage. 
Horsley  has  performed  this  difficult  operation  twenty- 
one  times,  with  only  two  deaths.  The  reports  of  two 
hundred  and  one  operations,  collected  by  Tiirk,  show 
that  in  seventeen  per  cent,  of  the  cases  the  patients  died 
as  a  direct  result  of  the  operation ;  ninety -three  per  cent, 
of  those  who  recovered  were  considered  to  have  been 
permanently  cured.  This  percentage  of  cures  is,  however, 
open  to  some  criticism,  for  sufficient  time  had  not  elapsed 
after  some  of  the  operations  to  make  it  sure  that  a  cure 
had  been  effected.  On  the  other  hand,  the  recurrence  of 
pain  after  some  of  the  earlier  operations  may  have  been 
due  to  the  incompleteness  of  the  operation. 

Spiller  and  Frazier  have  recently  brought  forward  the 
question  of  division  of  tlie  sensory  root  of  the  ganglion 
as  a  radical  operation.  This  was  tried  twelve  years  ago 
by  Horsley  and  resulted  fatally.  It  has  never  been  at- 
tempted since  then  until  last  year,  when  it  was  recom- 
mended as  being  a  simpler  operation,  and  as  attended 
with  less  danger  of  hemorrhage  than  the  extirpation 
operations.  It  is  an  important  recommendation  of  this 
procedure  that  it  leaves  the  motor  root  intact.     "The  only 


uncertainty  is  that  regeneration  of  the  sensory  root  may 
later  take  place  with  return  of  the  pain.  How  great  this 
danger  is  can  be  shown  only  by  time. 

Occipital  neuralgia  is  generally  an  affection  of  the  oc- 
cipitalis major  and  minor  and  the  great  auricular  nerves. 
It  approaches  the  neuralgias  of  the  fifth  nerve  in  se- 
verity and  in  its  tendency  to  assume  the  epileptiform 
type,  and  often  superadds  itself  to  them,  especially  to 
the  supra-orbital  variety,  by  extension.  In  its  typical 
form  it  is  commonly  unilateral,  and  this,  together  with 
its  history  and  the  character  of  the  pain,  usually  serves 
to  distinguish  it  from  the  occipital  headache  met  with 
in  neurasthenia,  chronic  nephritis,  intracranial  tumor, 
and  eye  strain. 

In  the  treatment  a  diligent  search  should  be  made  for 
organic  disease  of  the  vertebras  and  surrounding  tissues. 
This  failing,  salicylates  or  coal-tar  products  or  the  above- 
named  antineuralgic  remedies  may  be  employed  for  re- 
lief of  the  pain.  Galvanism  often  acts  favorably  in  this 
form  of  neuralgia.  If,  however,  the  pain  proves  intract- 
able and  relief  cannot  be  obtained  from  medicine,  surgi- 
cal interference  may  be  resorted  to  and  resection  of  the 
nerve  may  be  done.  Intradural  resection  of  the  posterior 
root  has  recently  been  performed  with  successful  results. 

Brachial  and  Cervieo-hrachial  Neuralgia  has  the  distri- 
bution which  its  name  implies,  and  the  characteristics  of 
a  typical  superficial  neuralgia.  Like  the  rest,  it  is  often 
due  to  injury  or  neuritis,  the  latter  sometimes  being  sec- 
ondary to  affections  of  the  shoulder- joint,  but  it  may  oc- 
cur simply  as  a  sign  of  debility  or  a  neuropathic  diathe- 
sis, or  from  concussion  accidents  and  the  like. 

"rhe  pain  usually  centres  in  foci,  such  as  the  point  of 
the  shoulder  blade,  the  insertions  of  the  deltoid,  the 
neighborhood  of  the  supinator  longus  muscle,  the  wrist, 
and  more  rarely  the  fingers,  and  radiates  upward  or  down- 
ward from  these  points.  The  hand  and  even  the  whole 
arm  are  often  the  seat  of  sensations  of  numbness  and  tin- 
gling due  perhaps  to  congestion  of  the  nerve,  or  to  dis- 
orders of  the  circulation  of  vasomotor  origin,  or  to 
neuritis,  and  these  sensations  sometimes  substitute  them- 
selves for  the  neuralgic  pain. 

The  pathological  diagnosis  should  take  into  account  the 
possible  presence  of  cancerous  cervical  glands,  pachy- 
meningitis cervicalis,  spondylitis  deformans,  and  Pott's 
disease  (bilateral  pain,  muscular  atrophy,  rigidity  of  the 
neck),  or  of  angina  pectoris. 

Occupations  and  professions  requiring  constant  use  of 
certain  groups  of  muscles  of  the  arm  often  give  rise  to 
extremely  obstinate  and  troublesome  pain,  which,  how- 
ever, does  not  follow  the  course  of  any  particular  nerves, 
but  is  generally  increased  by  motions  involving  the  much- 
used  muscles.  It  is  not  a  muscular  affection,  but  prob- 
ably comes  best  under  Oppenheim's  head  of  psychalgia 
brachii. 

The  chief  point  in  treatment  of  this  form  is  rest  of  the 
affected  member,  but  recovery  is  accelerated  by  general 
tonics  and  static  electricity.  The  treatment  of  brachial 
neuralgias  in  general  is  that  of  the  other  superficial  neu- 
ralgias. Surgical  treatment  by  nerve-stretching  is  pos- 
sible at  any  point,  even  as  high  as  the  cervical  plexus. 

Intercostal  Neuralgia  is  one  of  the  commonest  neuralgias 
of  debilitated  subjects,  especially  women,  and  of  persons 
of  nervous  temperament.  The  intercostal  nerves  are  sur- 
rounded at  their  origin  by  large  venous  plexuses,  and  are 
thus  liable  to  suffer  from  any  sluggishness  of  venous  cir- 
culation. Neuralgia  from  this  cause  is  more  frequent  on 
the  left  side,  since  there  is  greater  obstacle  to  the  empty- 
ing of  these  vessels.  It  is  also  met  with  in  connection 
with  brachial  neuralgia,  or  with  neuralgia  of  the  thoracic 
or  abdominal  viscera.  It  is  often  associated  with  herpes 
("  shingles  "),  and  then  the  pain  may  occur  two  or  three 
days  before  the  appearance  of  the  rash.  It  may  pass  off 
with  the  healing  of  the  vesicles  or  may  persist  for  weeks 
or  months.  In  many  cases  of  intercostal  neuralgia  there 
are  tender  points  at  the  seat  of  the  pain,  which  is  usually 
greatest  over  the  side  of  the  chest  at  the  exit  of  the  lat- 
eral nerve  branches.  Often  a  tender  point  is  also  felt  at 
the  exit  of  the  dorsal  or  anterior  branches.    The  path- 
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ological  diagnosis  should  consider  intrathoracic  cancer, 
Pott's  disease,  aneurism  (all  of  which  would  be  likely, 
but  not  certain,  to  cause  bilateral  pain),  and  pleurodynia. 
In  all  cases  the  heart,  pleura,  stomach,  and  gall  bladder 
should  be  carefully  examined  for  disorders.  The  treat- 
ment should  be  at  first  directed  toward  improving  the 
debilitated  and  anaemic  condition  so  often  present.  Blis- 
ters are  often  useful  in  cases  not  associated  with  herpes. 
Iodide  of  potassium,  salicylates,  or  quinine  in  large  doses 
may  be  given  with  benefit. 

Ilio-lumbar  Neuralgia  needs  no  separate  notice  except 
to  remark  that  it  is  often  found  in  connection  with  afEec- 
tions  of  the  uterus  and  ovaries. 

Anterior  Crural  Neuralgia  is  not  very  common  and 
needs  no  separate  notice.  The  pathological  diagnosis 
should  consider  the  possibilities  of  hip  disease,  osteo-ar- 
thritis  of  the  spine,  and  pelvic  tumor. 

Meralgia  Parcesfhetioa. — The  symptoms  of  this  condi- 
tion, as  the  name  implies,  consist  of  parsesthesia  and 
pain,  and  these  are  located  over  the  area  supplied  by  the 
external  cutaneous  nerve  of  the  thigh.  The  surface  in- 
volved usually  extends  from  the  crest  of  the  ilium  to  the 
knee,  on  the  outer  aspect  of  the  thigh,  though  only  part 
of  this  may  be  affected.  There  is  frequently  a  tender 
pressure  point  just  below  the  anterior  superior  spine  of 
the  ilium.  This  disease  may  result  from  trauma,  but  is 
commonly  seen  in  people  with  a  rheumatic  or  lithaBmic 
■tendency.  The  treatment  consists  in  hydrotherapeutic 
measures,  massage,  and  remedies  directed  against  the 
constitutional  tendencies.  The  disease  is  not  a  very  seri- 
ous one,  but  often  resists  treatment  almost  indefinitely. 

Sciatica  is  one  of  the  commonest  and  severest  varieties 
of  superficial  neuralgia,  both  on  account  of  the  exposed 
position  of  the  nerve,  which  renders  it  liable  to  injury 
both  within  and  without  the  pelvis,  and  also  from  causes 
which  are  more  subtle  and  less  well  understood. 

The  causes  of  sciatica  are :  local  injuries ;  primary  neu- 
ritis, as  in  herpes  zoster ;  exposure  to  sudden  alterations 
of  heat  and  cold ;  intrapelvic  diseases,  even  when  they 
do  not  directly  involve  the  nerve  itself,  as  uterine  disease 
for  example;  gout,  diabetes,  and  the  various  constitu- 
tional affections  which  impair  the  quality  of  the  blood  or 
the  general  nutrition.  Cancerous  disease  within  the  pel- 
vis may,  by  pressure,  give  rise  to  pain  which  is  hardly 
to  be  distinguished  at  first  from  sciatica,  and  this  cause 
should  be  suspected  if  the  symptoms  are  bilateral,  un- 
usually persistent,  or  attended  with  marked  signs  of  neu- 
ritis, such  as  anaesthesia,  localized  numbness,  and  prick- 
ing, muscular  wasting,  and  especially  If  other  nerves  are 
involved  at  the  same  time.  Chronic  inflammation  of  the 
tissues  around  the  hip  may  also  give  rise  to  pains  which 
could  be  readily  mistaken  for  sciatica.  It  is  very  impor- 
tant, and  usually  perfectly  easy  to  distinguish  the  pains 
of  locomotor  ataxia  from  those  of  sciatica.  The  former 
are  bilateral,  not  confined  to  the  distribution  of  the  sci- 
atic nerve,  momentary  in  duration,  and  usually  affect,  by 
preference,  small  spots  in  the  fleshy  parts  of  the  limb,  the 
knee,  or  the  heel,  or  dart  down  the  leg  and  disappear 
again. 

Osteo-arthritis  of  the  spine  is  commonly  mistaken  for 
sciatica,  the  pain  in  this  affection  being  caused  by  in- 
volvement of  the  nerve  roots  in  the  inflammatory  exuda- 
tion along  the  vertebrae.  This  gives  rise  to  pain  which 
is  often  distributed  in  patches,  along  the  areas  of  distri- 
bution of  these  roots,  over  the  front  and  side  of  the  thighs 
and  legs.  Many  of  the  curvatures  described  as  sciatic 
scoliosis  by  many  authors  are  really  signs  of  osteo-arthri- 
tis, and  are  due  to  muscular  spasm  on  the  unaffected  side 
of  the  spine,  in  attempts  to  relieve  the  involved  nerve 
roots  from  pressure.  This  condition  is  recognized  by  the 
marked  muscular  rigidity  on  the  unaffected  side  of  the 
spine.  The  motion  of  the  vertebral  joints  is  quite  free 
when  the  patient  bends  toward  that  side,,  while  the  lum- 
bar spine  remains  perfectly  rigid  on  any  attempt  to  bend 
forward  or  toward  the  affected  side. 

Symptoms. — The  distribution  of  the  pain  in  sciatica 
may  be  coextensive  with  the  distribution  of  the  whole 
nerve,  but  oftener  it  centres  in  certain  regions  which 


may  vary  as  the  attack  goes  on.  Such  are  the  sacral  re- 
gion, the  neighborhood  of  the  sciatic  notch,  the  back  of 
the  thigh,  the  popliteal  space,  the  calf,  the  outer  side  of 
the  leg,  or  the  outer  side  and  dorsum  of  the  foot.  Some- 
times the  course  of  the  nerve  itself  is  marked  out  by 
darts  of  pain.  "  Tender  points  "  are  found  at  the  sacro- 
iliac synchondrosis,  the  sciatic  notcli,  the  popliteal  space 
behind  the  head  of  the  fibula,  behind  the  outer  malleolus, 
and  often  at  other  places  as  well.  Some  cases  of  sciatica 
are  of  short  duration  and  seem  to  be  of  purely  functional 
origin,  while  in  others  neuritis  plays  a  large  part  in  the 
production  of  the  symptoms,  causing  persistent  pain, 
loss  of  sensibility,  cutaneous  eruptions,  coldness,  and 
wasting,  and  increased  pain  on  motion,  voluntary  or  pas- 
sive. Even  where  these  symptoms  are  absent,  and 
where  the  pain  is  fully  intermittent,  the  absence  of 
neuritis  cannot  be  confidently  asserted  in  cases  of  long 
standing. 

The  progiwsis  of  sciatica  depends  upon  its  cause.  Ex- 
cept when  it  is  dependent  upon  some  temporary  irrita- 
tion, however,  it  lasts  usually  for  weeks  or  months,  or 
even  longer,  and  is  liable  to  relapses  and  recurrences. 
The  sciatica  of  diabetes  is  said  to  be  peculiarly  obstinate, 
even  if  the  usual  symptoms  of  the  disease  are  not  severe. 

The  treatment  of  sciatica  varies  with  its  causation  and 
its  stage  (vide  also  under  General  Treatment).  The  re- 
moval of  diathetic  taints,  absolute  rest,  superficial  blis- 
tering, counter-irritation  by  a  spray,  of  ether  or  of  chlor- 
ide of  methyl,  the  local  wet-pack  followed  by  vigorous 
rubbing  with  cold  water  and  by  warm  applications.  If 
access  is  obtainable  to  a  hydrotherapeutic  institution,  the 
Scotch  douche  may  be  used  with  benefit.  Galvanism 
with  long-continued  mild  currents,  cutaneous  faradiza- 
tion, are  always  in  place,  and  turpentine,  quinine,  iodide 
of  potassium,  or  salicylate  of  sodium  in  full  doses,  may  be 
given  in  fresh  cases  for  limited  periods  with  some  hope 
of  relief. 

In  chronic  cases  the  remedies  may  be  proportionately 
vigorous.  The  galvanic  applications  may  be  as  strong 
as  the  patient  can  bear,  and  special  pains  taken  to  local- 
ize the  current  on  the  nerve,  at  the  sciatic  notch,  and  in 
the  popliteal  space,  by  pressing  the  electrode  inward,  and 
seeking  to  excite  referred  sensations  at  the  periphery. 
It  probably  makes  no  difference  whether  the  anode  or  the 
cathode  is  employed  over  the  nerve,  or  whether  the  cur- 
rent is  occasionally  interrupted.  Indeed,  a  series  of  sud- 
den reversals  of  the  current  are  often  of  service.  Static 
electricity  in  the  forms  previously  mentioned  {vide  Gen- 
eral Treatment)  is  of  value  in  these  cases.  Deep  massage 
along  the  nerve,  even  if  painful  at  the  time,  may  be  oi 
great  value,  probably  by  removing  infiammatory  exuda- 
tions. Ice-bags  may  be  applied  continuously  along  the 
course  of  the  nerve,  and  deep  injections  {vide  under  Gen- 
eral Treatment)  are  serviceable,  though  not  without  dan- 
ger. When  other  means  fail,  "  nerve-stretching  "  may  be 
used,  and,  indeed,  under  proper  antiseptic  precautions, 
it  is  not  a  dangerous  operation  in  itself.  It  has,  how- 
ever, been  shown  that  the  effects  of  the  traction  are  felt 
in  the  spinal  canal,  and  myelitis  has  in  a  few  instances 
been  excited.  A  substitute  operation  is  the  so-called 
"  bloodless  stretching,"  in  which,  the  patient  being  under 
ether,  the  thigh  is  forcibly  flexed  on  the  pelvis  and  the 
leg  extended  at  the  knee,  and  this  position  maintained 
for  some  minutes.  That  the  nerve  can  be  stretched  in 
this  way  is  beyond  question;  but  it  may  be  doubted 
whether  the  method  is  really  safer  as  regards  its  second- 
ary effects  than  that  of  the  exposure  of  the  nerve  by  a 
single  incision,  and  the  use  of  a  measured  amount  of  di- 
rect traction,  upward  and  downward  in  turn. 

Coecygodynia.— This,  is  a  severe  neuralgic  pain  in  the 
region  of  the  coccyx,  occurring  almost  exclusively  in 
women.  The  pain  is  marked  on  sitting  or  during  defe- 
cation and  micturition,  and  the  end  of  the  coccyx  is  ex- 
quisitely tender  to  moderate  pressure.  The  condition 
occurs  almost  always  in  neurotic  individuals,  but  may  be 
brought  on  by  trauma  or  difficult  labor.  It  frequently 
runs  an  obstinate  course  and  is  best  treated  by  tonics, 
counter-irritation,  hydrotherapy,  or  galvanism.    Excis- 
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ion  of  the  coccyx  may  be  performed,  but  often  fails  to 
give  relief. 

It  might  be  well  to  speak  here  of  the  importance  of  ex- 
amining the  feet  in  all  cases  of  vague  and  obscure  pains 
in  the  legs,  knees,  thighs,  and  hips,  for  the  greatest  va- 
riety of  sensations,  from  constant  dull  aching  or  burning 
to  sharp  neuralgic  twinges,  may  have  their  origin  in  weak 
or  broken-down  arches,  and  immediate  relief  may  be  ob- 
tained from  proper  treatment.  Metatai'salgia  is  but  one 
instance  of  this  sequence. 
Migraine — vide  the  article  on  Headaolie. 
Visceral  Neuralgias. — The  visceral  neuralgias  are 
of  great  importance,  both  on  account  of  the  suffering 
which  they  cause,  and  because  of  their  constitutional 
significance.  They  occur,  like  the  other  neuralgias, 
partly  from  general  nervous  causes,  such  as  fatigue, 
gout,  and  otlier  constitutional  diseases  of  the  nutrition, 
and  especially  the  neuropathic  tendency,  and  partly  as  a 
result  of  functional  and  organic  disorders  of  the  viscera. 
To  what  extent  actual  neuritis  occurs  as  a  cause  is  not 
yet  known,  but  it  is  certain  that  chronic  inflammation  of 
the  nerves  is  often  set  up  by  organic  affections  of  the  or- 
gans, such  as  the  heart,  to  the  neighborhood  of  which  the 
pain  is  referred. 

The  pain  of  the  visceral  neuralgias  is  usually  deep- 
seated,  vaguely  located,  and  dull,  but  at  the  same  time 
intense  and  prostrating,  and  sometimes  attended  with 
faintness,  nausea,  sweating,  and  often  disorders  of  tlie 
circulation  and  secretions.  Tliough  not  sharply  local- 
ized visceral  neuralgias  take  their  name  from  the  organ 
in  the  neighborhood  of  which  they  seem  to  be  situated, 
as  the  pharynx,  the  oesophagus,  the  heart,  stomach,  liver, 
bowels,  ovaries,  uterus,  rectum,  testis,  etc. 

Angina  Pectoris  (see  Vol.  I.,  p.  237),  though  a  true  vis- 
ceral neuralgia,  is  so  often  a  symptom  of  heart  disease 
that  it  is  usually  described  in  that  connection.  It  may, 
however,  be  mentioned  here  that  it  occurs  not  infre- 
quently, though  hardly  in  its  severest  forms,  entirely 
independently  of  organic  disease.  In  a  case  known  to 
the  writers,  for  instance,  it  occurred  during  a  consider- 
able period  on  the  slightest  exertion,  such  as  rapid  walk- 
ing, in  a  lady  suffering  from  temporary  debility  from 
overwork,  and  was  each  time'  attended  vifith  breathless- 
ness,  and  with  pain  and  numbness  in  the  left  arm,  yet 
eventually  passed  entirely  away.  Various  other  such 
cases  are  on  record. 

Dull  pain  felt  during  the  intervals  of  the  attacks  is 
looked  upon  as  perhaps  indicating  neuritis  of  the  cardiac 
nerves,  but  in  such  cases  cardiac  disease  probably  exists 
as  well. 

It  is  an  interesting  question  whether  nitrite  of  amyl, 
which  acts  so  well  in  angina  pectoris  of  organic  origin^ 
would  be  beneficial  also  in  the  functional  cases. 

The  treatment  should  be,  in  the  first  instance,  tonic, 
and  in  the  attacks  itself  diffusible  stimulants  and  anal- 
gesics would  be  in  place.  Besides  the  outspoken  diseases 
of  the  heart,  increased  vascular  tension  should  be  sought 
for,  and  signs  of  Bright's  disease,  as  well  as  functional 
irritability  of  the  nervous  cardiac  apparatus,  such  as  re- 
sult from  physical  overstrain  and  from  abuse  of  tobacco 
and  other  cardiac  stimulants.  Under  these  circumstances 
digitalis  or  other  heart  tonics  might  be  indicated. 

When  the  attacks  are  of  frequent  occurrence  electricity 
either  by  the  superficial  use  of  the  wire  brush  and  fa- 
radic  current  or  in  the  form  of  galvanism,  is  said  to  be  of 
service,  as  is  also  counter-irritation  over  the  chest. 

Oastralgia  (gastrodynia,  cardialgia,  gastric  colic)  is  per- 
haps the  most  common  form  of  visceral  neuralgia,  and  in 
Its  widest  sense  covers  a  variety  of  sensory  symptoms,' 
ranging  from  sensitiveness  and  pain  accompanying  the 
act  of  digestion,  and  perliaps  accompanied  with  signs  of 
delayed  or  imperfect  digestion,  yet  not  due  to  gastritis 
or  ulcer,  to  severe  paroxysms  of  pain  entirely  uncon- 
nected with  the  digestive  process. 
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ralgias,  but  it  is  met  with  in  young  children  oftener  than 
the  rest.  It  is  especially  common  in  gouty  subjects  and 
in  persons  of  nervous,  mobile  temperament,  and  the 
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writers  have  several  times  seen  slight  symptoms  of  this 
general  character  at  the  time  of  the  menopause. 

The  pain  In  gastralgia  is  felt  primarily  at  the  epigas- 
trium, and  radiates  thence  upward  in  the  direction  of 
the'  oesophagus,  and  through  toward  the  back,  besides 
laterally  through  the  abdomen.  AUbutt  {"  Visceral  Neu- 
roses ")  says  that  it  may  be  associated  with  anginiform 
attacks,  and  it  may  be  attended  likewise  with  superficial 
neuralgia  of  the  abdominal  walls  and  other  parts  of  the 
body,  as  the  face. 

The  relation  of  gastralgia,  as  well  as  of  the  other  sen- 
sory visceralgias,  to  the  functional  affections  of  the  vis- 
cera is  very  important  and  calls  for  further  study. 
Theie  is  no  question  that  many  digestive  disorders 
which  attend  gastritis,  or  even  cancer,  may  also  occur  as 
pure  neuroses,  and  it  is  likewise  evident  that  there  is  a 
whole  range  of  nervous  disorders,  sensory  and  motor,  of 
which  these  purely  painful  affections  form  only  one  di- 
vision. 

Treatment  (vide  also  under  General  Treatment). — The 
vices  of  nutrition  and  assimilation  should  be  corrected, 
such  as  are  seen  in  gout,  and  evinced  also  by  a  variety 
of  nervous  symptoms  often  described  under  the  head  of 
lithaemia,  and  sometimes  attended  with  the  presence  of 
free  uric  acid  or  oxalate  of  lime  in  the  urine.  Constipa- 
tion should  be  corrected  and  the  diet  regulated,  but  not 
necesarily  reduced  to  a  very  small  amount,  even  if  diges- 
tion is  attended  with  pain.  Sometimes  it  will  be  found 
that  one  kind  of  food  will  agree  better  than  another 
without  apparent  reason,  and,  when  the  gastralgia  is  as- 
sociated with  serious  disorders  of  the  digestion,  it  may  be 
that  a  patient  who  does  very  badly  at  home  will  get  on 
very  well  if  removed  from  home  and  placed  under  the 
care  of  a  nurse.  Indeed,  the  most  significant  fact  to  bear 
in  mind  is  that,  as  a  rule,  it  is  a  general  nervous  con- 
dition which  needs  treatment,  rather  than  the  special 
symptoms. 

Belladonna  and  the  antispasmodics,  such  as  asafoetida 
and  valerian,  besides  the  gastric  stimulants,  are  of  more 
service  in  gastralgia  and  the  other  visceral  neuralgias 
than  their  ansesthetizing  influence  would  suggest.  Mor- 
phine must  be  resorted  to  if  necessary.  Deep  pressure 
sometimes  gives  temporary  relief. 

It  is  not  necessary  to  review  in  detail  the  neuralgias  of 
the  other  abdominal  viscera  and  of  the  genital  organs. 
Attention  has  already  been  called  to  the  fact  that  affec- 
tions of  the  uterus  and  ovaries  may  give  rise  to  neural- 
giform affections  in  distant  parts  of  the  body,  or  in  the 
distribution  of  the  lumbo-abdominal  nerves;  but  besides 
this  the  uterine  and  ovarian  nerves  themselves  are  some- 
times the  seat  of  neuralgia,  not  to  speak  of  the  pain  of 
dysL-enorrhoea,  which  is,  doubtless,  in  part,  of  that  char- 
acter. 

ISleuralgia  of  the  liver  is  said  to  be  sometimes  attended 
by  swelling  of  the  liver  and  by  jaundice ;  but  here,  as 
frequently  in  the  case  of  the  abdominal  neuralgias,  it  is 
difficult  to  guard  carefully  enough  against  mistaking  an 
organic  disease  for  one  of  the  concomitants  of  a  neuralgic 
attack. 

Neuralgia  of  the  anus  and  rectum  is  a  well-marked  and 
painful  affection,  and  the  tendency  to  it  may  be  heredi- 
tary. The  seizures  may  come  on  spontaneously,  espe- 
cially after  fatigue,  or  may  be  excited  by  slight  irrita- 
tions, such  as  the  passage  of  hardened  fseces,  or  may 
follow  sexual  intercourse  or  seminal  emissions.  The 
pain  may  be  accompanied  by  clonic  spasms  of  the  peri- 
neal muscles.  The  rapid  injection  of  hot  water  into  the 
rectum,  or  hard  and  deep  pressure  with  some  smooth  ob- 
ject will  often  stop  the  attack,  which  otherwise  is  liable 
to  last  for  one  or  two  hours. 

Besides  the  more  or  less  typical  neuralgias  there  are  a 
number  of  other  painful  affections,  of  spontaneous  origin 
or  provoked  by  trifling  irritations,  and  of  unknown  path- 
ology, which  occur  usually  in  persons  of  neuralgic  or 
neuropathic  tendency,  and  are  therefore  fairly  to  be 
classed  as  neuralgic,  although  they  do  not  follow  the  dis- 
tribution of  a  special  nerve.  Such  are  pains  referred  to 
the  skin,  the  muscles,  or  the  joints,  not  attended  by  signs 
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of  local  inflammation  or  by  any  appearance  of  local  con- 
gestion or  anseniia,  and  capable  of  coming  and  going 
with  greater  or  less  rapidity.  The  "  growing  pains  "  of 
anaemic  children  are  of  this  order,  together  with  a  similar 
affection  sometimes  met  with  in  adults ;  also  the  "  gen- 
eral neuralgia  "  of  ansemic  patients,  and  those  dermatal- 
gias  which  are  not  due  to  the  organic  irritation  of  sensi- 
tive nerve  fibres,  such  as  occur  in  locomotor  ataxia  and 
neuritis.  The  arthralgia  pains  of  false  (hysterical)  joint 
disease  might  perhaps  be  included. 

The  therapeutic  indications  are,  primarily,  to  improve 
the  constitutional  and  nutritive  condition,  and  to  relieve 
the  pain  by  local  or  general  baths  or  liniments,  or  by 
anodynes.  James  J.  Putnam. 

Oeorge  A.  Waterman. 

NEURASTHENIA. — The  term  neurasthenia  ('■^ nervous- 
ness,^' or  nervous  weakness  or  prostration)  has  come  into 
general  use  to  indicate  certain  states  of  the  nervous  sys- 
tem of  which  the  anatomical  basis  is  unknown,  but  which 
are  characterized,  on  the  one  hand,  by  a  lack  of  vigor, 
efficiency,  and  endurance,  afEecting  usually  a  large  num- 
ber of  the  nervous  functions,  and,  on  the  other  hand,  by 
signs  of  active  derangement,  which  in  part  seem  to  occur 
as  positive  symptoms,  and  in  part  are  due  to  a  failure  of 
the  mutual  support  and  control  which  the  different  parts 
of  the  nervous  system  afford  each  other  in  health. 

In  its  widest  sense  the  term  neurasthenia  is  used  as 
covering  the  groups  of  symptoms  usually  indicated  by 
such  names  as  nervous  prostration,  spinal  irritation,  neu- 
ropathic or  neurotic  diathesis.  Even  abnormal  mental 
states,  such  as  mild  degrees  of  melancholia  and  "  morbid 
fears,"  are  often  classed  as  neurasthenia,  but  their  rela- 
tion to  a  more  serious  malady  should  not  be  forgotten. 

Sometimes  neurasthenic  symptoms  are  secondary  to 
localized  pathological  affections  in  one  or  another  part  of 
the  body,  and  this  fact  has  led  some  observers  to  recog- 
nize in  neurasthenia  only  a  symptom  of  errors  of  refrac- 
tion, lithaemia,  uterine  disease,  organic  disease  of  the 
brain  or  cord,  and  the  like.  It  would,  however,  be  easy 
to  push  this  attempt  too  far,  and  the  writers  certainly  be- 
lieve that  neurasthenia  is  a  useful  term  to  indicate  states 
of  nervous  weakness  which  are  often  primary,  and  which 
even  when  secondary  usually  imply  a  pre-existing  basis 
of  functional  disease. 

Since  a  sense  of  fatigue  is  generally  one  of  the  chief 
symptoms  in  the  neurasthenic  individual,  it  is  possible 
that  an  actual  pathological  change  in  the  nervous  system 
is  the  cause  of  this  condition.  Hodge  has  shown  that 
fatigued  animals  show  degenerative  changes  in  the  pro- 
toplasm and  nuclei  of  their  ganghon  cells,  and  some  such 
process  may  be  the  underlying  cause  of  certain  types  of 
neurasthenia.  On  the  other  hand,  the  tired  feeling  may 
be  a  purely  psychological  symptom  or  the  resvilt  of  an 
inharmonious  working  of  a  brain  of  which  the  several 
parts  may  be  structurally  normal. 

It  has  been  said  with  some  truth  that  hysterical  and 
hypochondriacal  persons  are  always  neurasthenic,  but 
that  neurasthenic  persons  are  not  always  hysterical  or 
hypochondriacal ;  and  hysteria  has  also  been  spoken  of 
as  "  nervousness  "  crystallized  into  the  form  of  a  definite 
disease.  Although  typical  cases  of  neurasthenia  and  of 
hj'steria  differ  widely,  yet  the  two  affections  run  into 
each  other,  and  the  sanie  patient  may,  at  the  same  mo- 
ment or  at  ditt'erent  periods,  show  symptoms  of  both  dis- 
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While  it  is  true  that  neurasthenia  should  be  looked 
upon— relatively  to  hysteria  and  insanity— less  as  a  dis- 
tinct disease  than  as  a  departure  from  health,  and  as  an 
expression  of  the  mode  in  which  degeneration  of  the 
nervous  powers  first  shows  itself,  still  it  must  not  be 
forgotten  that  neurasthenics  present  certain  symptoms 
which  are  almost  as  characteristic  as  those  of  any  other 
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Symptomatology. —The  symptoms  called  neurasthenic 
are  conveniently  divided  into  those  which  arise  as  a  sign 
that  the  patient  is  unequal  to  the  ordinary  tasks  of  a 
fairly  healthy  person,  and  those  which  are  manifestations 


of  a  morbid  action  on  the  part  of  the  nervous  system 
over  and  above  the  indications  of  simple  inefliciency. 
These  can  be  called,  for  convenience'  sake,  negative  and 
positive  symptoms,  respectively.  Thus,  the  negative 
symptoms  are  those  of  fatigue  or  pain  arising  without 
sufficient  cause,  but  still  due  to  effort,  and,  within  cer- 
tain limits,  proportionate  to  the  effort  made ;  while  the 
positive  symptoms  are  nervous  outbreaks  or  signs  of  ex- 
cessive weakness  of  special  kinds,  occurring  almost  inde- 
pendently of  effort,  and  at  least  out  of  proportion  to  it. 
The  negative  and  positive  symptoms  may  run  into  each 
other,  as,  for  example,  when,  in  the  place  of  an  oversen- 
sitiveness  or  self-distrust,  we  find  an  ever-present  sense 
of  anxiety  or  "  morbid  fear  " ;  or,  when  a  simple  incapac- 
ity of  the  eyes  to  bear  a  prolonged  strain  passes  into  a 
high  degree  of  photophobia  or  asthenopia ;  or  when  in- 
stead of  a  simple  feebleness  of  the  digestion  we  have  an 
active  nervous  dyspepsia,  and  so  on  through  the  whole 
range  of  nervous  functions.  Usually  the  symptoms  of 
special  nervous  derangement  appear  on  a  background  of 
general  nervous  weakness.  It  sometimes  happens,  how- 
ever, that  some  one  symptom  is  so  prominent  that  it 
seems  to  stand  almost  alone.  In  like  manner  some  cases 
present  almost  exclusively  mental  symptoms,  and  cannot 
bear  a  slight  emotional  strain  without  great  suffering 
and  yet  may  show  more  than  ordinary  physical  strength 
and  endurance ;  while  with  others  by  far  the  most  promi- 
nent symptoms  affect  the  muscular  and  vegetative  func- 
tions. 

The  late  Dr.  George  M.  Beard,  to  whom  we  owe  many 
valuable  observations  on  this  subject,  attempted  to  base 
upon  this  fact  a  division  of  neurasthenic  symptoms  into 
cerebral  and  spinal,  but  this  is  pi-emature  and  is  not 
based  upon  sufiiciently  well-grounded  reasoning. 

Individual  cases  of  neurasthenia  vary  so  greatly  in  the 
grouping  of  their  symptoms  that  it  will  be  better  to  study 
the  symptoms  themselves  one  by  one  rather  than  to  at- 
tempt to  describe  different  types  of  the  disease.  It  is, 
however,  worth  while  to  bear  in  mind  that  the  term  "ir- 
ritable weakness  "  aptly  indicates  the  character  of  many 
of  the  conditions  met  with. 

Special  Symptomatology. — The  temperament  of  neuras- 
thenics is  essentially  mobile.  They  are  usually  quick, 
versatile,  and  sensitive,  and  may  be  talented  and  intel- 
lectual, though  they  rarely  have  the  robustness  and 
endurance  necessary  for  great  success.  Often  a  sense  of 
nervous  weakness  and  effort  is  present,  which  gives  rise 
to  self-consciousness  and  self-distrust,  and  finally  to  a 
suspiciousness  toward  others,  and  to  a  vague  feeling  of 
isolation  and  dread. 

A  healthy  organism  should  respond  to  calls  upon  it 
with  an  elasticity  like  that  with  which  the  cushion  of  a 
billiard-table  responds  to  the  blow  of  the  ball. 

With  neurasthenic  patients  this  is  usually  not  the  case. 
A  trifling  impression  arouses  an  exaggerated  inward  re- 
action in  the  form  of  egotistic  or  self -distrustful  ideas, 
while  the  outward  reaction  is  correspondingly  feeble  or 
unduly  delayed.  Slight  obstacles  seem  mountains,  and 
some  patients  can  hardly  persuade  themselves  into  a  de- 
cision or  an  exertion,  although  under  the  influence  of 
some  slight  excitement  they  may  act  with  energy  and 
intelligence.  A  similar  undue  inward  reaction  is  shown 
in  other  departments  of  nervous  energy  besides  the 
strictly  mental.  Thus,  even  with  patients  who  seem 
well-balanced  and  of  good  self-control,  trifling  causes 
may  excite  or  maintain  neuralgia  or  dyspepsia,  disorders 
of  the  sleep,  collapse  of  strength  and  the  like,  with  pro- 
voking and  inexplicable  readiness. 

Instead  of  the  vague  sense  of  anxiety  and  dread,  spe- 
cial "morbid  fears"  are  often  present.  The  variety  of 
these  fears  is  endless.  Among  the  most  common  is  the 
fear  of  large  open  spaces,  fear  of  crowds,  of  walking 
alone  or  riding  in  railway  trains,  fear  of  contamination 
from 'touch,  fear  of  taking  food  and  the  like,  fear  of  be- 
coming insane. 

In  many  cases,  of  course,  these  symptoms  mean  some- 
thing more  serious  than  neurasthenia;  but  often,  on  the 
other  hand,  they  represent  the  natural  or  "reasonable 
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fears  of  healthy  persons  acting  upon  a  morbidly  sensi- 
tive temperament.  Such  persons  begin  by  being  vaguely 
timorous  and  distrustful  and  end  by  having  special 
"fears." 

Sometimes  the  neurasthenic  temperament  approaches 
the  hysterical  temperament,  in  exhibiting  gross  selfish- 
ness and  fondness  for  exaggeration  and  for  attracting  at- 
tention ;  but,  as  a  rule,  neurasthenic  patients  are  docile, 
patient,  self-sacrificing,  and  intelligent,  or  if  they  are 
selfish,  it  is  because  of  a  life  of  semi-invalidism,  or  of 
habits  of  painful  introspection,  and  is  not  due  to  a  lack 
of  moral  sense,  which  is  rather  characteristic  of  the  hys- 
terical temperament. 

On  the  other  hand,  it  is  not  uncommon  to  see  neuras- 
thenic patients  exhibiting  some  of  the  special  disorders 
which  are  usually  considered  as  .peculiar  to  hysteria, 
such  as  hemiplegic  disorders  of  sensation  or  motion,  al- 
teration of  the  deep  reflexes,  photophobia,  etc. 

The  digestive  disorders  of  neurasthenia  may  vary  from 
simple  feebleness  of  the  digestion,  or  digestion  perhaps 
suflaciently  well  performed  but  attended  with  pain,  to 
disturbances  almost  or  quite  indistinguishable  from  true 
catarrhal  affections.  Such  patients  are  also  very  subject 
to  visceral  neuralgias,  which,  when  they  affect  the  nerves 
of  the  digestive  tract,  are  often  attended  with  marked 
signs  of  functional  disorder  of  the  corresponding  organs. 

Other  symptoms  are  likewise  met  with,  which  are 
hardly  to  be  called  digestive,  though  affecting  the  diges- 
tive organs.  Such  are  attacks  of  nausea,  not  due  to  the 
taking  of  food;  attacks  of  diarrhoea,  or,  more  strictly, 
discharges  of  watery  fluid,  coming  on  suddenly  as  a  re- 
sult of  slight  nervous  fatigue  or  excitement,  and  passing 
away  as  quickly,  or  perhaps  permanently  yielding  to  an 
improvement  in  the  patient's  general  condition ;  or  dis- 
charges of  large  quantities  of  mucus,  in  masses  or  strips, 
with  or  without  fsces. 

These  nervous  disorders  of  the  digestion  are  of  so  much 
practical  importance  and  interest  that  they  have  of  late 
years  attracted  much  attention. 

Often  the  only  conclusive  diagnostic  sign  to  distin- 
guish them  from  organic  afEections  is  the  fact  that  they 
do  not  improve  under  the  usual  treatment  of  gastro- 
intestinal catarrh,  chronic  ulcer,  etc.,  which  they  simulate, 
while  they  are  greatly  influenced  by  impx'ovement  in  the 
patient's  general  condition  and  surroundings.  Thus,  a 
removal  of  the  patient  from  home,  or  his  subjection  to 
the  "rest  cure"  (see  under  Treatment),  may  effect  what 
the  most  careful  dietetic  and  medicinal  treatment  had 
failed  in  years  to  accomplish. 

Finally,  it  is  not  to  be  forgotten  that  in  any  given  case 
the  symptoms  may  be  in  part  of  organic,  in  part  only  of 
functional  origin. 

In  some  cases  the  neurotic  dyspepsias  are  so  severe 
that,  what  with  the  nausea  and  vomiting  and  general 
distress  and  pain,  the  patient's  strength  is  greatly  re- 
duced, and  his  life  may-  even  be,  threatened.  In  two 
cases  under  the  care  of  one  of  us  these  symptoms  were 
attended  with  symptoms  of  insanity  of  the  melancholic 
type,  and  with  suicidal  tendency. 

Sensory  Disorders. — The  most  important  type  and  in- 
stance of  the  disorders  of  special  sense  is  simple  astlieno- 
pia,  which  is  often  so  severe  that  some  patients,  who 
may  have  otherwise  no  more  serious  trouble  than  a  cer- 
tain delicacy  of  health,  a;re,  for  years  together,  almost 
totally  unable  to  use  their  eyes  for  any  fine  work.  This 
may  be  due  in  part,  or  wholly,  to  weakness  of  the  mus- 
cles of  convergence  and  accommodation,  and  is  some- 
times remarkably  relieved  by  a  systematic  method  of 
exercise,  combined,  if  necessary,  with  suitable  glasses. 
Other  patients  are  much  annoyed  by  sparks  of  light  float- 
ing in  the  field  of  vision,  or  by  glimmering  sensations 
similar  to  those  which  often  precede  sick  headache. 
Tinnitus  aurium  is  sometimes  found,  but  this  is  less 
likely  to  be  a  prominent  symptom  in  simple  neurasthe- 
nia than  to  occur  as  a  sign  of  irritation  of  the  nervous 
centres,  such  as  may  imply  toxic  conditions  of  some 
sorts. 

Neurasthenic  patients  are  subject  to  neuralgia,  or  to 


neuralgiform  attacks,  both  superficial  and  visceral,  and 
usually  shifting  and  fugitive  in  character  (see  under 
Neuralgia),  and  to  periodical  headaches. 

Backache,  sometimes  with  excessive  sensitiveness  to 
light  pressure  over  the  spine,  is  very  common,  and  may 
be  associated  with  some  slight  uterine  disorder,  though 
it  may  also  occur  alone.  It  is  usually  increased  by  exer- 
cise, and  especially  by  using  the  arms  above  the  height 
of  the  shoulders,  and  by  anything  which  causes  general 
fatigue. 

The  pain  of  the  neurasthenic  backache  may  be  along 
the  vertebral  column,  or  farther  outward,  especially 
about  the  sacral  and  iliac  attachment  of  the  large  mus- 
cles of  the  back.  It  is  often  provokingly  obstinate  un- 
der local  treatment,  and  disappears  the  soonest  under 
such  treatment  as  best  agrees  with  the  patient's  general 
condition.  Sometimes,  in  the  class  of  cases  to  which  the 
name  of  "  spinal  irritation  "  was  formerly  given,  the  sen- 
sitiveness of  the  back  to  slight  pressure,  combined  with 
the  local  pain,  is  the  most  prominent  symptom  present. 
In  such  cases,  besides  the  local  sensitiveness,  the  pressure 
gives  rise  to  special  peripheral  sensations,  thoracic,  pul- 
monary, abdominal,  etc.,  according  to  the  level  at  which 
it  is  made. 

Pain  in  the  muscles  andjointii^  not  uncommon,  with- 
out it  being  possible  to  discover  any  sign  of  typical  rheu- 
matism, gout,  or  neuralgia,  and  this  symptom,  like  so 
many  others,  is  capable  of  attaining  a  prominence  out  of 
proportion  to  the  rest.  Thus,  in  the  case  of  a  gentleman 
of  whom  one  of  us  has  had  the  care,  intense  muscular 
pain  in  the  legs,  beginning  after  an  interval  of  quiescence 
of  half  an  hour  and  rising  steadily  in  severity,  is  brought 
on  so  easily  by  the  least  exertion  that  the  patient  has 
been  obliged  for  many  years  to  give  up  walking  almost 
altogether. 

Another  very  common  variety  of  pain,  not  precisely 
neuralgic,  is  a  distressing  sense  of  pressure  at  the  vertex  or 
occiput,  often  combined  with  tenderness  and  stiffness  of 
the  muscles  of  the  neck.  This  is  usually  a  sign  of  some 
special  fatigue  or  strain,  but  some  patients  suffer  from  it 
almost  continuously,  and  find  in  it  a  source  of  serious 
distress. 

Parasstliesia  ("  prickling  and  numbness  ")  in  the  extremi- 
ties, or  assuming  the  hemiplegic  distribution,  is  likewise 
often  complained  of,  but  it  is  to  be  remembered  that  the 
same  symptom  is  met  with  in  debilitated  women  who  are 
not  especially  neurasthenic,  in  cases  of  chronic  lead  poi- 
soning, and  in  other  conditions. 

Palpitation  and  cardiac  irregularity  are  not  uncommon, 
and  we  have  seen  one  or  two  patients  with  peculiar  disor- 
ders of  the  respiratm'y  rhythm.  One  of  these  was  cured 
by  systematic  exercises  of  the  respiratory  muscles. 

The  writers  have  noticed  that  cardio-respiratory  mur- 
murs occur  with  great  frequency  in  young  male  neuras- 
thenics of  the  thin,  poorly  nourished  type.  Sometimes 
this  murmur  is  very  transitory. 

Nervous  cough  is  sometimes  a  marked  and  obstinate 
symptom,  and  may  last  for  months,  without  any  (local) 
cause  whatever,  and  then  pass  quickly  away.  These 
coughs,  like  many  other  of  the  neurasthenic  symptoms, 
are  associated  at  times  with  slight  irritation  in  the  nose, 
or  pharynx,  or  ears,  or  in  the  genital  tract.  Sometimes, 
instead  of  the  cough,  we  find  a  veritable  asthmatic  seiz- 
ure, and  in  this  connection  the  semineurotic  origin  of 
hay-cold  is  to  be  remembered. 

It  is  not  uncommon  to  see  in  patients  who  cannot  be 
called  other  than  neurasthenic  an  almost  periodical  recur- 
rence of  symptoms,  such  as  migrainoid  headaches,  attacks 
of  exhaustion,  sleeplessness,  and  the  like.  Usually  some 
slight  overexertion  or  fatigue  seems  to  act  as  the  imme- 
diate cause  of  these  outbreaks,  but  the  cause  and  the  effect 
are  out  of  proportion  to  each  other. 

Neurasthenic  patients  are,  as  a  rule,  very  easily  affected 
by  stimulants  of  every  kind,  and  at  the  same  time  they 
often  feel  rather  a  desire  for  them.  In  spite  of  this,  they 
are  by  no  means  always  inclined  to  be  immoderate  in  in- 
dulgence, and  need  not  necessarily  be  advised  to  abstain 
altogether  from  their  use. 
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Insomnia,  in  one  or  another  form,  is  almost  always 
present  at  one  time  or  another,  and  forms  one  of  the 
most  important  symptoms  of  neurasthenia,  on  account  of 
its  indirect  effects  as  well  as  for  the  suilering  that  it  oc- 
casions. The  early  morning  period  of  waliefulness  is  a 
time  when  the  depression  of  spirits,  from  which  neuras- 
thenics often  suffer,  makes  itself  most  prominently  felt. 

It  is  also  true,  however,  that  such  patients  usually 
sleep  more  than  they  themselves  believe,  and  that  they 
do  not  suffer  from  an  amount  of  real  fatigue  at  all  in 
proportion  to  their  sensations  in  the  morning  after  a 
night  of  restlessness  and  unpleasant  dreams.  Excessive 
drowsiness  is,  a  less  common  symptom  than  insomnia,  and, 
though  annoying,  less  serious  in  its  results. 

Vaso-motor  Symptoms.— Besides  the  fact  that  nervous 
patients  are  prone  to  blush  easily,  a  fact  which  usually 
indicates  only  a  general  emotional  excitability,  they  often 
show  symptoms  which  are  fairly  attributable  to  a  morbid 
action  of  the  vaso-motor  nervous  system.  Such  are  the 
vascular  spasms  of  digiii  mortwi,  chilliness,  and  urtica- 
ria, and  the  vascular  dilatation  which  causes  erythema- 
tous'patches,  burning,  and  swelling  of  the  hands  and 
feet,  and  even  chilblains. 

The  general  sensation  of  heat,  which  leads  certain  pa- 
tients to  go  about  with  light  clothing  in  the  coldest 
weather,  is  probably  not  really  of  vaso-motor  origin,  nor 
have  we  a  right  to  attribute  to  this  cause  the  attacks  of 
profuse  sweating  on  the  slightest  exertion  from  which 
neurasthenics  occasionally  suffer,  or  the  watery  dis- 
charges from  the  bowels  already  alluded  to.  It  is  more 
probable  that  these  are  neuroses  of  the  glandular  nerves 
themselves. 

The  "hot  flashes,"  which  are  often  such  a  serious  an- 
noyance, are  sometimes  attended  with  visible  flushing  of 
the  face,  hands,  etc.,  and  with  distressing  sensations  of 
fulness  and  pulsation  in  the  head — symptoms  which  are 
probably  vaso-motor  in  charactei';  but  sometimes  they 
are  unattended  by  any  such  phenomena,  and,  so  far  as  we 
know,  are  neuroses  of  sensation  only,  and  analogous  to 
the  many  other  morbid  feelings  with  which  such  patients 
are  liable  to  be  attacked. 

The  sexual  functions  are  apt  to  be  disordered  in  various 
ways.  Impotence,  premature  ejaculation,  sense  of  pros- 
tration after  sexual  intercourse,  and  similar  symptoms, 
are  much  oftener  met  with  among  neurasthenic  than 
among  healthy  persons;  and  it  is  with  persons  of  this 
class,  both  male  and  female,  that  irritations  in  the  geni- 
tal tract  produce,  indirectly',  their  most  serious  results. 
The  sexual  instincts  in  neurasthenics  are  usually  active 
and  practically  normal,  the  grave  perversion  of  desire 
belonging  rather  to  the  category  of  insanity. 

The  general  nutritive  condition  of  neurasthenic  patients 
may  be  good  and  their  muscular  strength  quite  up  to 
the  normal.  They  are,  however,  usually  spare  in  flesh, 
and  if,  as  often  happens,  their  appetite,  digestion,  and 
power  of  assimilation  are  disturbed,  they  may  become 
greatly  reduced  in  health.  On  the  other  hand,  many  of 
these  patients,  and  some  of  the  vcorst  cases,  are  over-fat, 
and  often  at  the  same  time  anaemic. 

The  mMabolic  functions  are  apt  to  be  at  fault,  and  in- 
deed, strictly  speaking,  it  is  often  impossible  to  say 
whether  the  nervous  or  the  nutritive  disorder  comes  first. 
Free  uric  acid,  urates,  or  oxalate  of  lime  are  often  found 
in  the  urine ;  the  phosphates  are  liable  to  be  increased, 
and  the  quantity  of  the  urine  may  be  increased  or  dimin- 
ished, or  both  in  turn. 

Where  such  conditions  as  these  are  traceable  to  func- 
tional diseases  of  the  liver,  or  to  a  gouty  inheritance,  or 
to  the  absorption  of  products  of  imperfect  digestion,  the 
nervous  symptoms  which  occur  may  fairly  be  considered 
to  be  secondary. 

On  the  other  hand,  tliere  is  little  or  no  doubt  that  the 
nervous  weakness  may  be  the  primary  affection,  and, 
even  in  many  cases  of  gouty  parentage,  it  is  probable 
that  the  impaired  nervous  system  is  often  a  direct  inheri- 
tance. 

The  pupils  are  apt  to  be  unusually  large  in  moderate 
light,  and.  very  mobile. 


The  mice  sometimes  shows  signs  of  the  universal  ten- 
dency to  irritability  and  weakness,  and  lacks  the  normal 
nrm,  sonorous  quality. 

The  hair,  teeth,  and  skin  of  neurasthenics  are  said  by 
Beard  to  suffer  from  premature  denutrition;  but  this  is 
difficult  to  prove  with  certainty,  though  it  may  be  ad- 
mitted as  possible  that  a  lack  of  nervous  vigor  should 
show  itself  in  this  direction  as  well  as  in  so  many  others. 

The  following  sketch  by  Dr.  Clifford  AUbutt  may  be 
quoted  as  giving  an  excellent  picture  of  one  variety  of 
neurasthenic  patients. 

After  speaking  of  the  contrast  between  the  neurotic 
and  the  hysteric  types,  and  the  absence  in  the  former  of 
the^  exaggerated  selfishness  and  feebleness  of  purpose, 
which  are  characteristics  of  the  latter,  he  says :  "  He  en- 
ters your  room  with  a  brisk  step  and  a  quick,  observant 
eye.  You  see  a  slightly  built,  meagre  man,  of  sallow 
complexion,  or,  if  colored,  with  the  color  painted  high 
upon  the  cheek-bone.  The  cheeks  and  temples  are  hol- 
Ibw,  andthe  temporal  arteries  are  visible  under  the  lean 
skin,  which  often  shows  tanned  markings,  deepened  dur- 
ing attacks  of  pain ;  the  hair  is  straight,  fine,  and  sparse 
upon  the  scalp;  the  features  are  sharp,  often  prominent; 
the  lips  thin,  and  the  skin  dry ;  and  some  remnants  of 
eczema  may  be  seen  about  the  chin  or  ears.  The  bodily 
frame  is  lightly  and  often  finely  built,  the  bony  fingers 
and  wrists  and  the  visible  sinews  and  radials  betray- 
ing the  absence  of  fat.  Here  and  there,  in  later  life,  a 
knotty  knuckle  may  tell  of  gouty  parentage.  The  pulse, 
when  most  tranquil,  usually  ranges  between  70  and  80, 
and  accelerates  on  the  least  excitement.  The  clavicles 
and  ribs  in  like  manner,  are  prominent,  and  the  heart's 
apex  may  be  seen  to  beat  sharply  before  the  eye;  its 
systole  to  the  ear  is  likewise  sliort  and  sharp,  and  the 
second  sound  very  audible  over  a  wide  area.  The  limbs 
are  small,  but  often  very  sinewy;  such  persons  are  as 
active  as  birds,  and  the  absence  of  fat  in  their  muscles 
often  gives  to  these,  in  states  of  health,  the  quality  of 
hardness  under  the  hand.  Their  conversation,  again,  is 
lively  and  voluble,  often  keen  and  brilliant,  but  impres- 
sionable rather  than  imaginative;  you  may  genei-ally 
notice  in  them,  too,  some  little  blinking,  twitching,  or 
tattooing  trick  which  quickens  as  thoughts  and  cords 
come  faster.  His  companions  will  tell  you  that  he  is 
subject  to  great  fluctuations  of  the  animal  spirits ;  gay, 
even  fascinating,  in  society ;  brisk,  orderly,  and  thorough 
in  business;  but  at  home  dejected  or  fretful.  He  is  a 
small  eater,  a  light  sleeper,  and  a  worn  worker.  These 
persons  are  the  heirs  of  every  true  neurosis,  from  insan- 
ity to  toothache ;  and,  on  the  whole,  when  we  consider 
the  infinite  perturbations  of  intermarriage,  it  is  surprising 
how  true  they  run,  or  how  clearly  you  may  detect  the 
neurotic  strain  in  mixed  descendants.  Of  their  visceral 
neuroses  I  shall  have  to  speak  hereafter,  and  would  only 
say  now  that  in  both  sexes  of  them  migraine,  stomach- 
ache, and  windy  colic  are  frequent  and  eminent,  and  re- 
ceive the  name  of  dyspepsia ;  and  in  the  women  are  added 
to  these  uterine  and  ovarian  neuralgias  and  hypersesthe- 
sias.  To  call  these  suffering  women  of  the  neurotic  type 
hysteiical  is  to  confuse  all  due  acceptance  of  names,  and, 
what  is  worse  still,  is  to  confuse  the  real  relations  of 
things.  The  neurotic  woman  is  sensitive,  zealous,  man- 
aging, self -forgetful,  wearing  herself  for  others ;  the  hys- 
teric, whether  languid  or  impusive,  is  purposeless,  intro- 
spective, and  selfish.  In  the  one  is  the  defect  of  endur- 
ance, but  in  the  other  defect  of  the  higher  gifts  and 
dominion  of  mind." 

Besides  this,  which  might  be  called  the  intellectual 
type  of  neurasthenia,  there  is  another,  in  which  the  ele- 
ment of  feebleness,  mental  and  physical,  is  the  predomi- 
nating characteristic.  Many  of  the  "  fat  ansemics  "  be- 
long to  this  class,  and  in  them,  in  lieu  of  excitability  and 
misdirected  force,  the  nervous  symptoms  suggest  those 
of  hysteria,  of  a  mild  type,  in  their  exaggerated  response 
to  slight  irritations. 

Influence  of  Age  and  Sex. — Neurasthenia,  unlike 
hysteria,  is  almost  as  common  among  men  as  among 
women.    In  its  full  development  it  is  a  disease  of  pu- 
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berty  and  middle  life,  but  signs  of  the  neurasthenic  ten- 
dency are  to  be  found  in  early  youth,  consisting  in  a 
general  mobility  of  temperament,  oversensitiveness,  and 
precociousness,  and  the  occurrence  of  special  nervous 
symptoms,  such  as  insomnia,  somnambulism,  chorea, 
night-terrors,  etc. 

Still  later,  especially  in  young  women  from  sixteen  to 
twenty  years  of  age,  various  other  signs  of  nervous 
weakness  may  make  their  appearance,  such  as  headache, 
backache,  extreme  and  causeless  lassitude;  and  these 
years  constitute  in  fact  a  critical  period,  during  which 
many  persons  are  nervous  invalids,  who  may  later  re- 
acquire good  health.  Very  often  these  periods  of  prostra- 
tion are  attributed  to  special  causes,  such  as  falls,  over- 
exertion, and  the  like,  but  these  events  are  rarely  more 
than  exciting  causes,  and  are  not  necessary  to  the  result. 
Such  attacks  are  often  diagnosticated  as  an;emia,  or 
chlorosis,  or  as  "spinal  concussion,"  but  their  failure  to 
respond  to  ordinary  tonic  or  local  treatment,  and  the  fact 
that  they  are  often  relieved  by  means  addressed  to  the 
general  nervous  condition,  point  to  their  true  origin.  Of 
course,  true  an£emia  may' complicate  this  condition  of 
nervous  prostration,  or  even  act  as  its  cause,  and  may  re- 
quire its  own  special  treatment ;  but  the  important  point 
is  that  the  nervous  element  in  the  case  is  not  to  be  over- 
looked. 

CouESB  AND  Prognosis. — Neurasthenia  is  not  likely 
to  shorten  life  to  any  marked  degree,  unless  it  causes 
severe  disorders  of  the  nutrition.  It  does,  however,  oc- 
casionally happen  that  a  patient  dies  from  no  other  ap- 
parent cause  than  a  prostration  of  the  nervous  functions. 

On  the  other  hand,  neurasthenia  is  not,  as  a  rule,  an 
acquired  disease,  but  an  inherited  weakness  of  the  ner- 
vous system,  and  in  this  sense  is  not,  strictly  speaking, 
curable.  It  is,  however,  often  possible  to  remove  the 
patient  from  the  circumstances  which  call  out  the  mani- 
festations of  this  weakness  and  thus  practically  to  effect 
a  cure.  Sometimes  even  with  the  best  of  treatment  par- 
tial improvement  and  frequent  relapses  are  the  rule. 
Constant  watchfulness  and  good  judgment  rarely  fail  to 
bring  some  amelioration.  Acquired  neurasthenia  may 
pass  away  with  the  cessation  of  its  cause,  or  may  over- 
last  this  for  many  years,  as  in  some  cases  of  railway  ac- 
cidents, or  similar  injuries,  and  in  the  case  of  neurasthe- 
nia of  the  menopause. 

Neurasthenic  symptoms  sometimes  constitute  the  first 
stage  of  outspoken  mental  disease,  but,  on  the  other 
hand,  patients  may  be  severely  neurasthenic  all  their 
lives  long  without  suffering  from  more  serious  mental 
trouble. 

The  relation  of  neurasthenia  to  organic  disease  is  ob- 
scure, but  very  important. 

The  fact  that  neurasthenia  is  so  often  associated  with 
disordered  metabolism,  and  with  impaired  nutritive  vi- 
tality of  many  tissues  of  the  body,  and  that  its  course  is 
often  marked  by  the  frequent  occurrence  of  functional 
disturbance  of  the  heart  and  vaso-motor  system,  makes 
the  inference  natural  that  the  nervous  disorder  must 
sometimes  pave  the  way,  or,  more  strictly  perhaps,  mark 
the  commencement  of  more  or  less  serious  organic  affec- 
tions. 

Our  opinion  in  the  matter,  as  regards  chronic  neuras- 
thenia, is  at  present  limited  to  this  inference.  We  do, 
however,  know  that  acute  mental  strain  may  be  the 
starting-point  of  such  affections  as  chronic  nephritis, 
diabetes,  and  probably  many  other  disorders. 

Diagnosis. — This  has  been  sufficiently  covered  by  the 
foregoing  sections.  It  cannot,  however,  be  amiss  to  re- 
call again  that  the  presence  of  neurasthenic  symptoms 
only  shows  that  the  efficiency  of  the  nervous  system  has 
received  a  blow  of  some  kind,  and  leaves  still  before  us 
the  task  of  seeking  the  real  source  of  mischief.  It  is  es- 
pecially important  to  recognize  that  some  organic  dis- 
eases, such  as  disseminated  sclerosis  or  cerebral  tumor, 
may  cause  neurasthenic  or  hysterical  symptoms,  and 
perhaps  for  a  time  no  others. 

Etiology. — Neurasthenia  must  be  distinctly  counted 
as  belonging  to  the  great  family  of  neuroses,  and  is  in- 


heritable from  parents  suffering  from  any  one  of  this 
group  of  affections.  It  stands  also  in  a  similar  relation- 
ship to  various  constitutional  diseases,  such  as  gout, 
phthisis,  anaemia,  and  other  less  well-marked  disorders 
of  the  nutrition  (lithajmia),  as  well  as  to  all  of  the  many 
influences  which  impair  the  vigor  of  the  nervous  system, 
including  even  organic  disease  of  the  nervous  centres. 

Chief  among  the  causes  that  tend  to  develop  and  main- 
tain the  neurasthenic  tendency  may  be  mentioned  an 
irregular,  unhealthy,  and  overstimulating  life,  especially 
at  the  time  of  childhood  and  puberty,  when  the  emo- 
tional nature  is  so  active ;  and,  at  a  later  time,  exposure 
to  responsibility  and  worry  greater  than  the  patient  is 
fitted  to  bear. 

Some  patients  are,  in  fact,  neurasthenic  only  in  relation 
to  their  surroundings,  and  appear  healthy  when  under 
conditions  more  suited  to  their  powers  and  character. 

One-sided,  or  unsystematic  education  in  youth,  or  in 
early  professional  life,  which  makes  success  in  later  years 
possible  only  at  the  cost  of  undue  strain,  is  a  fruitful 
source  of  mischief. 

It  has  been  said  that  neurasthenia  Is  more  common  in . 
America  than  elsewhere,  and  that  the  cause  of  this  con- 
sists partly  in  the  peculiarities  of  the  climate,  partly  in 
the  fact  that  we  have  been  brought  rather  rapidly  under 
the  influence  of  an  overstimulating  state  of  civilization. 
These  statements  and  arguments  are  suggestive,  but 
cannot  be  asserted  positively  without  further  proof. 

Among  the  special  causes  of  neurasthenia  may  be  men- 
tioned disease  of  the  uterus  and  ovaries  in  women,  and 
of  the  prostate  gland  in  men ;  also  concussion  accidents, 
fright,  grief,  or  mental  strain.  A  condition  of  nervous 
exhaustion,  which  may  be  called  acute  neurasthenia, 
may  be  due  to  excessive  overwork,  as  has  been  already 
alluded  to. 

Some  of  the  more  local  neurasthenic  symptoms  may 
also  be  excited  by  irritations  in  the  sensitive  mucous 
tract,  especially  of  the  nose,  and  by  errors  of  refraction 
in  the  eye. 

Treatment. — The  flrst  indication  for  treatment  is,  of 
course,  to  remove  special  causes  of  the  neurasthenic  state, 
such  as  disorders  of  metabolism,  anaemia,  errors  of  re- 
fraction, disease  of  the  uterus  and  prostate,  chronic  fa- 
tigue, etc.  It  is  often  found,  however,  that  this  attempt 
is  less  successful  than  bad  been  anticipated,  because  the 
true  relation  between  the  symptoms  and  their  causes  had 
not  been  made  out. 

It  is  also  noticeable  that  the  neurasthenic  condition  can 
be  largely  relieved  by  appropriate  general  treatment, 
even  while  the  irritation  that  caused  or  maintains  it  still 
persists. 

Ttie  treatment  of  uterine  disorders  especially  may,  on 
this  ground,  often  be  postponed  to  advantage  until  the 
general  health  has  been  partially  restored  by  other 
means,  or  at  least  until  the  confidence  of  the  patient  has 
been  fully  gained;  for,  except  under  these  conditions, 
the  local  treatment  may  do  more  harm  than  good. 

It  is  certain  that  benefit  often  follows  gyn;Ecological 
operations  on  neurasthenic  subjects,  but  it  is  often  diffi- 
cult to  say  why  this  happens,  and  equally  difficult  to  ob- 
tain reliable  statistics  for  estimating  the  relative  number 
of  good  and  of  poor  results. 

One  powerful  factor  with  somie  patients  is  the  sense 
that  now,  at  last,  the  real  cause  of  the  long  illness  has 
been  found.  This  cause  can  be  counted  on  the  most  in 
cases  in  which  many  other  treatments  have  been  tried  in 
vain. 

It  would,  however,  be  unreasonable  to  deny  that  pel- 
vic disorders,  even  when  painless,  may  act  as  foci  of 
morbid  excitation,  so  that  where  operations  are  not  likely 
to  do  harm  they  may  be  advised.  The  fact  should  never 
be  forgotten,  however,  that  no  surgeon  should  operate 
in  this  class  of  cases  without  the  advice  of  a  judicious 
physician  or  without  having  made  a  careful  study  of 
neurasthenia. 

It  should  be  noted  that  the  statement  made  above  as 
to  the  effect  of  operations  as  the  starting-point  of  new 
encouragement,  or  hope,  applies  equally  to,  operations 
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on  other  organs,  as  the  nose,  or  eyes,  or  to  the  overcom- 
ing of  morbid-  mental  habits  and  analogous  influences. 
It  is  a  dangerous  practice,  however,  to  undertake  oper- 
ations with  encouragement  as  the  sole  excuse. 

The  next  indication  is  to  secure  that  perfection  of  nu- 
trition for  the  nervous  system  which  will  enable  it  to 
work  at  its  best ;  and  to  place  the  p£|,tient  in  surround- 
ings suited  to  his  individual  powers  and  needs.  Where 
this  is  distinctly  impossible,  the  aim  should  be  to  enable 
him  to  bear  the  strain  imposed  upon  him  with  as  little 
cost  as  possible. 

As  has  been  said,  many  persons  are  neurasthenic  only 
in  relation  to  their  surroundings,  and  enjoy  good  health 
when  leading  a  simple  life,  or  while  in  the  country, 
though  they  cannot  stand  the  excitements  and  responsi- 
bilities of  tlie  town.  Many  persons  break  down  under 
tlie  strain  of  emulation  and  competition,  ^^■llo  can  do 
good  and  active  work  if  freed  from  these  influences. 
They  must  learn  to  estimate  their  endurance  justly,  and 
not  to  be  misled  by  their  excitable  temperament  into  at- 
tempting too  much. 

When  the  needed  change  cannot  be  secured,  the  time 
of  labor  should  be  shortened  by  an  hour  of  recreation  and 
rest  in  the  middle  of  the  day,  or  by  early  bed  hours.  Pa- 
tients who  do  not  sleep  well  siiould  not  work  later  than 
the  early  evening  hours. 

If  exercise  can  be  taken  freely,  this  furnishes  an  im- 
mense resource,  where  rightly  used,  and  even  when  vig- 
orous exercise  is  not  well  borne,  as  is  very  often  the 
case,  especially  if  the  patient  is  at  the  same  time  exposed 
to  other  sources  of  fatigue,  neurasthenics  almost  always 
gain  by  being  a  great  deal  in  the  open  air.  The  subject 
of  exercise  is  so  important  that  it  must  be  worked  out  in 
detail  for  each  case.  Where  horseback-riding,  rowing, 
tennis,  etc.,  are  to  be  had,  the  problem  is  relatively  sim- 
ple ;  but  for  ladies,  and  in  winter,  recourse  must  be  had 
to  such  amusements  as  battledore,  some  thorough  system 
of  calistlienics,  frequent  short  walks,  and  the  like,  and  to 
rubbing  with  a  wire  or  hair  flesh-brush,  either  dry  or 
moistened  with  water,  or  salt  and  water. 

Neurasthenic  patients  are,  from  the  want  of  confidence 
in  their  strength,  apt  to  fall  into  unsystematic  habits  of 
life,  or  to  be .  without  a  regular  occupation,  and  both 
these  wants  should  be  carefully  met.  Frequent  short 
intervals  of  recreation,  and  frequent  change  of  scene 
are  useful,  unless  incompatible  with  proper  regularity 
of  life.  Almost  any  change  is  apt  to  work  well  at 
first. 

The  strict  observance  of  regular  hours  of  work,  rest, 
and  exercise  often  saves  much  wear  and  tear,  and  makes 
the  difference  between  an  efficient  and  a  useless  person. 
Even  a  very  feeble  person  can  have  some  real  interest, 
and  take  some  real  part  in  the  work  of  life. 

Patients  with  feeble  nervous  systems  are  usually  better 
when  taking  as  much  food  as  their  digestions  allow,  and 
that  is  commonly  more  than  their  appetites  would  sug- 
gest. 

In  spite  of  "  delicate  stoma'chs, "  if  the  nervous  strength 
is  withdrawn  from  other  directions  and  turned  to  the 
service  of  the  digestion,  such  persons  can  usually  greatly 
increase  their  food  without  much  difficulty.  As  a  rule, 
the  most  suitable  kind  of  food  is  that  which  agrees  best 
with  the  digestion,  but  in  certain  cases  great  benefit  is 
obtained  from  special  diets.  (See  article  on  Oout.)  In 
some  cases  of  sick  headache  I  have  found  a  distinct  ad- 
vantage in  alternating  between  the  albuminous  and  the 
vegetable  diets. 

Thoroughly  cooked  and  strained  oatmeal,  or  Mellin's 
food,  with  warm  milk,  can  be  taken  as  a  matter  of  rou- 
tine, in  the  forenoon  and  afternoon  (not  always  well 
borne  at  this  latter  time)  and  at  bedtime,  or  one  or  two 
«ggs,  boiled  or  raw,  or  scraped  meat  mixed  with  bread- 
crumbs and  slightly  broiled,  may  be  substituted._ 

The  medicinal  treatment  of  neurasthenia  is  mainly  use- 
ful in  correcting  the  disorders  of  nutrition  with  which 
the  nervous  syrnptoms  are  associated.  Of  the  drugs  that 
are  thought  to  improve,  directly  or  indirectly,  the  vigor 
of  the  nervous  system,  only  arsenic,  cod-liver  oil,  nux 


vomica,  and  perhaps  the  glycerophosphates,  are  of  much 
value. 

The  temptation  is  strong  to  exaggerate  theansemic  ele- 
ment m  neurasthenia  and  to  give  iron  largely,  but  this 
IS  not  advisable,  unless  distinctly  indicated. 

Neurasthenia  may  be  the  indirect  result  of  conditions 
which  are  susceptible  of  benefit  through  the  so-called 
organotherapy,  and  the  range  of  this  mode  of  treatment 
IS  still  subjmlice.  Here,  too,  in  many  cases,  the  physi- 
cian who  believes  in  the  specific  treatment  cures  througii 
the  encouragement  which  his  conviction  carries. 

Mectricity,  in  the  form  of  galvanization  of  the  head, 
general  faradization,  the  static  bi'ceze,  and  electric  baths 
are  sometimes  of  distinct  service.  The  simplest  method 
of  using  electricity  is  to  pass  the  faradic  current  from  the 
neck  to  the  feet  and  hands  alternately,  for  fifteen  minutes 
or  lialf  an  hour,  daily.   , 

For  the  more  coiiiplicated  methods,  the  special  text- 
books must  be  consulted. 

A  judicious  liydrotherapeutie  treatment  is  after  all  the 
very  best  method  of  exciting  the  vaso-motor  activity  of 
the  nervous  system  and  thus  setting  better  nutritive 
processes  on  foot.  Its  success  depends  upon  the  choice 
of  methods  by  which  a  good  "  reaction  "  will  be  brought 
on  and  maintained.  Usually  some  warm  application 
(blankets,  hot  cabinet,  hot  bath)  is  used  to  warm  the  skin 
and  then  the  stimulus  of  cooler  water  follows.  At  this 
stage  friction,  or  some  other  form  of  mechanical  stimula- 
tion, is  very  useful. 

A  "  powerful  reaction  "  is  a  good  thing,  but  it  is  a  very 
easy  matter  to  fatigue  a  very  delicate  patient,  and  so  one 
must  often  be  content  with  a  moderate  reaction.  A  good 
system  of  graduated  baths  might  embrace : 

1.  The  blanket  pack  followed  by  hard  friction  with 
cool  or  cold  water. 

2.  Hot  baths  followed  by  quick,  strong  affusions. 

3.  The  dripping  sheet,  preceded  or  not  by  the  wet 
pack. 

For  some  cases  of  neurasthenia,  where  the  patient  is 
able  to  go  about  and  take  part  in  active  duties,  the  above 
treatment  is  sufficient;  for  others,  further  means  are 
needed  to  meet  special  symptoms,  or  to  overcome  an 
amount  of  prostration  such  as  confines  the  patient  to  the 
bed  or  house,  or  totally  unfits  him  for  any  active  em- 
ployment. 

In  order  to  treat  successfully  the  mental  symptoms  of 
neurasthenia,  the  physician  must  thoroughly  win  the 
confidence  of  his  patient  by  attention,  kindness,  and  by 
showing  self-confidence  and  authority,  and  must  provide 
suitable  employment  for  his  tlioughts,  as  a  basis  for  spe- 
cial advice. 

The  nervous  indigestion  is  in  most  cases  best  treated  by 
a  careful  attention  to  the  general  condition,  including,  if 
necessary,  removal  from  home,  etc. 

The  food  should  be  simple  and  digestible,  but  it  is 
striking  how  little  these  cases,  in  spite  of  the  violence  of 
the  symptoms,  are  benefited  by  attention  to  the  digestive 
functions,  such  as  is  required  in  true  catarrhal  gastritis. 

A  similar  statement  may  be  made  with  regard  to  the 
other  special  symptoms  of  neurasthenia.  They  may  all 
be  helped  somewhat  by  such  symptomatic  treatment  as 
would  naturally  suggest  itself,  but  as  a  rule  they  are  to 
be  taken  as  a  sign  of  general  nervous  weakness,  and  re- 
quire general  treatment. 

It  has  been  said,  with  truth,  that  neurasthenic  patients 
are  cured,  not  by  physic,  but  by  the  physician. 

Nervous  indigestion  is  often  benefited  by  electricity 
(faradic  or  galvanic  current,  or  both  combined  in  one  cir- 
cuit) used  as  a  general  tonic,  or  applied  directly  to  the 
epigastrium,  with  one  pole  at  the  back  of  the  neck.  i 

Such  patients  should  also  abstain  from  active  exercise 
after  eating. 

The  cases  of  pronounced  invalidism  require  a  special 
consideration.  Although  they  need  to  be  treated  on  the 
lines  which  have  been  already  laid  down,  it  is  for  them 
that  the  so-called  "rest-cure,"  elaborated  and  practically 
invented  by  Dr.  S.  Weir  Mitchell,  is  so  pre-eminently 
useful.     For  patients  who  are  so  reduced  in  strength. 
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and  nervous  vigor  and  self-confidence  that  they  become 
more  deeply  implicated  the  more  they  struggle  to  free 
themselves,  the  rejuvenation  often  secured  tlirough  this 
means  is  remarkable.  For  some  of  them,  it  is  the  moral 
element  in  the  "  cure  "  which  is  the  most  important,  for 
others  the  opportunity  for  nutritive  improvement. 

The  "rest-cure"  consists  of  several  parts— seclusion, 
generally  with  removal  from  home  and  complete  rest  in 
bed,  during  six  or  eight  weeks;  forced  feeding,  massage, 
and' electricity.  This  system  may  be  modified  or  simpli- 
fied to  suit  special  needs,  but  in  severe  cases  there  is  no 
part  of  it  that  can  be  safely  omitted.  The  complete  re- 
moval from  responsibility  and  care,  from  unhealthy  and 
familiar  surroundings,  the  anxiety  of  friends,  and  most 
of  all,  from  a  vague  sense  of  responsibility  as  regards 
themselves,  which  the  enforced  rest  involves,  gives  a  feel- 
ing of  mental  repose,  like  that  afforded  by  a  long  sea 
voyage  to  a  person  simply  fatigued  by  overwork. 

The  food  consists  at  first  of  skimmed  milk,*  given  in 
small  quantities  every  two  hours,  and  rapidly  increased 
until  the  patient  takes  two  quarts  daily.  Solid  meals  are 
then  gradually  added,  so  that  soon  the  patient  is  taking 
a  very  large  quantity  of  nourishment,  and  in  the  absence 
of  all  other  calls  upon  his  nervous  strength,  digests  it 
perfectly  well. 

Massage^  is  given  once,  or  even  twice,  daily,  taking  the 
place  of  voluntary  exercise.  The  latter  is  absolutely  for- 
bidden, even  to  the  extent  of  feeding  one's  self,  with  the 
result  that  the  patient,  having  no  excuse  for  feeling  tired, 
soon  loses  even  the  apprehension  of  fatigue.  After  a 
time  muscular  exercises  are  added  to  the  massage,  and 
eventually  substituted  for  it,  and  the  patient  is  gradually 
allowed  to  walk. 

As  the  patient  is  obliged  to  lie  constantly  in  bed,  it  is 
important  that  her  time  should  be  sufficiently  occupied, 
and  this  is  not  diflicult,  especially  if  she  has  a  private 
nurse  of  the  proper  temperament  and  experience. 

The  following  was  the  daily  schedule  of  a  iDatient  of 
the  writer's,  and  may  be  taken  as  a  typical  specimen :  7 
A.M.,  small  cup  of  black  coffee ;  patient  allowed  to  brush 
her  teeth.  7:45 — Hands  and  face  washed,  fire  made  by 
nurse.  8 — Breakfast,  which  at  this  time  consisted  mainly 
of  a  pint  of  gruel  (taken  slowly,  and  kept  warm  when 
desired,  by  table-lamp).  8 :30 — Sponge  bath ;  bed  made. 
9:30 — Windows  open  for  half  an  hour  (the  weather  being 
cold  the  patient  was  warmly  covered  except  for  the  face. 
10 — Breathing  exercises;  food.  10:30 — Hands  and  feet 
exercise,  following  by  reading  aloud  for  fifteen  minutes, 
11:30 — Temperature  of  body  taken,  and  patient  rolled 
in  blankets.  12— Pood.  13:30— Bath  given.  1  p.m.— 
Massage  and  rest.  3 — Hair  brushed,  reading  aloud.  4— 
Food;  breathing  exercises.  7 — Hands  and  feet  exer- 
cise; patient  arranged  for  the  night.  8 — Food.  10— 
Food. 

In  some  cases  we  have  given  patients  breathing  exer- 
cises to  carry  out  every  hour  or  two;  and,  as  a  commence- 
ment of  more  vigorous  exertion,  have  had  them  roll  over 
from  one  side  of  the  bed  to  the  other  a  certain  number  of 
times.  These  hints  from  personal  experience  are  offered, 
not  as  constituting  material  modifications  of  the  treat- 
ment as  laid  down  by  Dr.  Mitchell,  but  as  likely  to  prove 
useful  where  the  full  treatment  cannot  be  carried  out, 
which  so  often  happens. 

The  cases  which  are  the  most  benefited  by  the  rest-cure 
are  those  in  which  the  nervous  symptoms  are  caiised  or 
maintained  mainly  by  simple  anaamia  or  impaired  nutri- 
tion. Even  in  the  purely  "nervous"  cases,  however,  an 
occasional  treatment  of  this  kind  often  gives  a  chance  to 
start  fresh  once  more,  which  is  invaluable. 

Some  cases  are  not  helped  at  all  in  this  way.  This 
may  often  be  suspected  beforehand,  but  sometimes  a 
fortnight's  trial  must  be  given  them  (Playfair),  and  if 

*  Milk  mixed  with  halt  its  hulk  ol  oatmeal  lelly  answers  an  aflmlr- 
able  purpose. 

+  The  writer  has  found  the  application  of  the  wet  pack  or  blanket- 
pack  for  an  hour  or  less,  as  recommended  by  Dr.  Mary  Putman-Jacobi 
(  Massage  and  the  Wet  Pack  in  the  Treatment  of  Anajmia  "),  a  useful 
adjunct  to  the  massage. 


this  is  explained  to  them  in  advance,  they  are  usually 
stimulated  to  do  their  best. 

Perhaps  the  most  indispensable  condition  for  success  is 
that  the  physician  should  gain  and  keep  the  fullest  con- 
fidence of  his  patient.  How  he  will  best  accomplish  this 
must  depend,  in  the  end,  upon  his  own  character  and 
temperament.  If  he  never  allows  himself  to  be  discour- 
aged, and  insists  on  the  systematic  brushing  aside  of 
morbid  thoughts  on  the  part  of  his  patients,  he  will  often 
be  agreeably  surprised  at  the  results  which  he  initiates. 

James  J.  Putnam. 
George  A.  Waterman. 

NEURINE. — Neurine  is  a  ptomal'n  which  is  frequently 
found  in  meat  and  other  articles  of  food  which  have  un- 
dergone a  certain  amount  of  decomposition.  Chemically, 
it  is  a  derivative  of  ammonium  hydroxide;  is,  in  fact, 
trimethyl-vinyl-ammonium  hydroxide,  N(CH3)3CHCH2- 
OH.  It  is  often  confused  with  choline ;  the  latter,  how- 
ever, is  trimethyl-oxyethyl- ammonium  hydroxide, 
N(CH3)3C2HiOHOH.  Neurine  was  first  prepared  syn- 
thetically in  1858  by  Hoffmann  by  treating  trimethyla- 
mine  and  ethylene  bromide  with  silver  oxide  or  potassium 
hydroxide.  The  name  neurine  is  due  to  Liebreich,'  who 
is  usually  credited  with  having  obtained  the  substance 
by  boiling  protagon  for  twentj'-four  hours  with  concen- 
trated barium  hydroxide.  According  to  later  investiga- 
tors, however,  it  seems  very  probable  that  Liebreich  was 
dealing  not  with  the  vinyl  base  (neurine)  but  with  an 
impure  preparation  of  the  oxyethyl  base  (choline).'^  More 
recently  neurine  has  been  obtained  by  Brieger  *  from  pu- 
trefying horse,  beef,  and  hunian  flesh.  Brieger  also  ob- 
tained it  from  human  brains  by  boiling  with  barium 
hydroxide;  it  appears  probable,  however,  that  neurine 
occurs  in  the  brain  only  as  a  result  of  putrefactive 
changes,  for  Gulewitsch  could  find  no  trace  of  it  in  per- 
fectlj'  fresh  ox  brains.''  It  has  also  been  obtained  from 
decomposing  mushrooms ;  such  mushrooms  are  very  poi- 
sonous. 

The  genesis  of  neurine  in  the  above  cases  is  very  ob- 
scure ;  it  may  be  that  it  is  formed  from  the  cholin  which 
is  a  part  of  the  lecithin  and  pi'otagon  molecule  (see  arti- 
cles on  Gholin  and  Lecithin).  Bayer  showed  that  choline 
chloride  could  be  transformed  into  neurine  by  chemical 
processes ;  this  was  done  by  heating  the  choline  chloride 
with  concentrated  hydriodic  acid  and  red  phosphorus  and 
then  treating  the  iodine  compound  so  formed  with  silver 
oxide.  On  the  other  hand,  neurine  may  be  converted  into 
choline  by  first  making  the  iodine  compound  and  then 
heating  this  with  silver  nitrate."  Schmidt  and  Weiss," 
moreover,  found  that  choline  and  its  salts  could  bo  con- 
verted into  neurine  by  the  action  of  micro-organisms. 
It  is  a  significant  fact  that  neurine  is  almost  always  ac- 
companied by  choline:  hence  it  is  probable  that  the 
latter  is,  as  a  rule,  derived  from  the  former  by  the  loss 
of  a  molecule  of  water. ' 

Neurine  is  a  colorless  syrup  soluble  in  water  and  alco- 
hol; it  has  a  strongly  alkalftie  reaction  and  forms  easily 
soluble  salts.  When  heated,  either  dry  or  in  concentrated 
solution,  it  decomposes  with  the  formation  of  trimethyl- 
amine  (N[CH3]3).  With  platinum  chloride  neurine 
forms  a  double  compound  (CsHiiNCljj,  PtClj,  which  is 
insoluble  in  alcohol ;  this  compound  is  soluble  with  diffi- 
culty in  hot  water,  from  which  it  crystallizes  in  small 
octaliedra.  These  crystals  melt,  with  decomposition,  at 
195.5-198°  C,  and  contain  33,6  per  cent,  platinum,  A 
similar  double  salt  is  formed  with  gold  chloride,  A  sub- 
stance isomeric  with  muscarine  may  be  obtained  by  treat- 
ing neurine  with  hypochlorous  acid  arid  then  decompos- 
ing the  resulting  compound  with  silver  oxide, 

Neurine  ma.y  be  isolated  from  organic  liquids  contain- 
ing it  by  the  method  of  Brieger,  The  method  is  essen- 
tially as  follows:  To  an  alcoholic  extract  of  the  material 
is  added  a  saturated  solution  of  mercuric  chloride  in  alco- 
hol. The  precipitate  (which  contains  most  of  the  neurine) 
is  washed  with  alcohol  and  water  and  then  decomposed 
by  hydrogen  sulphide;  the  mercury  sulphide  is  filtered 
off  and  the  filtrate  concentrated  and  taken  up  in  alcohol 
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The_  neurme  is  precipitated  by  an  alcoholic  solution  of 
platinum  chloride ;  tlie  precipitate  is  washed  on  the  filter 
■with  a  little  cold  water  (which  dissolves  the  choline  salt 
of  platinum  chloride)  and  the  neurine  salt  is  recrystal- 
lized  several  times  from  hot  water. 

Neurine  is  a  very  poisonous  substance ;  40  mgm  (in- 
jected subcutaneously)  per  kilogram  body  weight  is 
fatal  to  rabbits.  The  symptoms  are  very  similar  to  those 
caused  by  muscarine.  A  few  milligrams  of  the  hydro- 
chloride injected  into  a  frog  causes  within  a  short  time 
complete  paralysis  of  the  extremities  with,  a  little  later 
a  diminution  of  reflex  excitability.  The  heart  is  greatly 
slowed  and  finally  stops  in  diastole,  as  in  muscarine  poi- 
soning; atropine  will  cause  the  heart  to  begin  beating 
again.  As  small  a  quantity  as  two  milligrams  is  fatal 
for  most  frogs.  After  the  administration  of  neurine  to 
mammals  there  are  profuse  salivation,  dyspncea,  diar- 
rhcea  (due  to  increased  peristalsis),  great  s'lowing'of  the 
heart  and  a  fall  of  blood  pressure,  and  finally  convulsions 
and  death  from  failure  of  the  respiration.  Before  the 
depression  of  the  heart  and  respiration  there  is  often  a 
brief  period  of  stimulation,  due  probably  to  the  sensation 
of  nausea.  Cats  seem  to  be  much  more  sensitive  to 
neurine  than  are  rabbits  or  guinea-pigs;  when  a  cat  is 
poisoned  with  this  substance  there  is,  in  addition  to  the 
symptoms  noted  above,  a  marked  secretion  of  alkaline 
sweat  from  the  ball  of  the  foot.  Many  of  the  symptoms 
of  neurine  poisoning  are  antagonized  by  atropine,  but 
even  after  the  administration  of  this  drug  there  remains 
a  condition  of  general  paralysis.  The  fatal  dose  for 
animals  is  ten  times  as  great  when  the  poison  is  given 
by  the  mouth  as  when  injected  subcutaneously. 

Under  the  name  of  "  neurine "  a  weak  solution  of 
choline  was  formerly  occasionally  used  as  a  solvent  for 
diphtheritic  membranes.  ^-"^  n„,„.. 
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NEURITIS. — Neuritis  is  inflammation  of  a  nerve  trunk 
or  its  branches.  As  a  localized afiliection  involving  a  sin- 
gle nerve  it  generally  attacks  certain  nerves,  such  as  the 
branches  of  the  brachial  plexus  in  the  upper  extremities, 
or  of  the  lumbar  or  sacral  plexus  in  the  lower  extremities. 
The  cranial  nerves  may  also  be  attacked  by  neuritis. 
When  only  one  nerve  trunk  is  affected,  the  condition  is 
usually  spoken  of  as  "isolated,"  "localized,"  or  "mono- 
neuritis." A¥hen  many  of  the  peripheral  nerves  are  in- 
volved at  the  same  time,  it  is  ciiaracterized  as  multiple 
neuritis,  or  polyneuritis,  a  condition  meriting  special  de- 
scription, and  "which  will  be  discussed  later.  Neuritis 
may  be  either  acute  or  chronic,  or  the  symptoms  of  acute 
neuritis  may  persist  for  a  long  time  and  then  become 
chronic. 

The  causes  of  neuritis  are  numerous.  It  may  be  due 
to  traumatism  such  as  direct  wounding  or  contusion  of 
the  nerve,  or  to  compression  of  the  nerve  by  sudden  and 
forcible  muscular  contraction ;  to  dislocation  of  joints ;  to 
injury  to  the  nerve  from  fragments  of  bone  resulting 
from  fracture ;  to  compression  of  the  nerve  from  the  for- 
mation of  callus;  to  pressure  of  growths;  or,  finally,  to 
pressure  upon  the  nerve  trunks  in  the  axilla  during  the 
use  of  crutches.  Neuritis  may  also  be  caused  by  chem- 
ical agents  such  as  ether,  osmic  acid,  or  alcohol,  coming 
in  direct  contact  with  the  nerve  through  subcutaneous  in- 
jection. It  may  also  develop  from  refrigeration  through 
exposure  to  cold,  and  as  a  complication  or  sequel  of  vari- 
ous infectious  diseases.  It  may  also  arise  by  extension 
from  adjacent  inflammation. 

Patients  who  are  addicted  to  the  excessive  use  of  alco- 
hol, or  those  suffering  from  chronic  toxic  disorders  such 
as  gout,  rheumatism,  diabetes,  chronic  nephritis,  or  syph- 
ilis, are  more  predisposed  to  the  development  of  local- 


ized neuritis  after  slight  traumatism  or  exposure  to  cold 
Arteritis  obhterans  and  arteriosclerosis  may  also  be  con- 
sidered to  be  predisposing  causes. 

Pathologically,  there  are  various  types  and  degrees  of 
neuritis.  We  thus  have:  1.  Perineuritis,  in  which  the 
inHammation  originates  in  the  perineurium  to  which  it 
may  be  limited.  3.  Interstitial  neuritis,  in  which  the 
inflammatory  process  is  located  principally  in  the  inter- 
stitial structure  of  the  nerve.  3.  Parenchymatous  neu- 
ritis, m  which  the  nerve  fibres  undergo  inflammation  and 
degeneration.  The  first  two  forms  represent  a  true  in- 
flammatory process.  In  the  third  form,  the  same  changes 
otten  occur  which  usually  arise  as  a  consequence  of  com- 
plete division  of  tlie  nerve.  As  these  difl:erent  processes, 
yai-y  in  degree  and  are  frequently  found  in  combination, 
their  clinical  differentiation  cannot  alwavs  be  accom- 
plished. 

Isolated  neuritis  is  generally  a  perineuritis  or  interstitial 
neuritis.  There  are  redness  and  sweHing  of  the  connec- 
tive tissue  enveloping  tlie  nerve,  the  blood-vessels  of  the 
nerve  sheath  are  distended  with  blood,  and  there  may 
be  minute  hemorrhages.  Sero-fibrinous  exudation  and 
migration  of  leucocytes  follow  the  hyperaemia.  These 
changes  may  be  hmited  to  the  sheath  (perineuritis),  or 
may  extend  into  the  substance  of  the  nerve  (interstitial 
neuritis).  When  the  process  is  severe  or  of  long  stand- 
ing, the  nerve  fibres  may  also  become  involved.  In  the 
parenchymatous  form  the  inflammation  begins  in  the 
nerve  fibres,  resulting  in  their  degeneration  and  atrophy. 

Symptoms.— Pain  in  tlie  course  and  distribution  of  the 
nerve  is  the  principal  symptom.  Its  degree  varies  with 
the  extent  and  intensity  of  the  inflammatory  process. 
The  nerve  trunk  is  sometimes  swollen  and  extremely  sen- 
sitive to  pressure,  the  pain  often  radiating  to  the  ultimate 
distribution  of  the  nerve.  The  pain  sometimes  affects 
the  entire  extremity,  which  may  become  extremely  hy- 
persesthetic.  It  is  variously  described  by  patients  as. 
darting,  boring,  burning,  and  occasionally  shooting 
tlirough  the  course  of  the  nerve.  It  is  itcreased  by 
movement  and  is  usually  worse  at  night.  Numbness 
and  tingling  may  also  be  present.  This  may  be  attended 
by  some  constitutional  disturbance  as  increased  pulse  rate- 
and  rise  of  temperature.  Should  the  nerve  fibres  become 
involved,  objective  sensory  disturbances  may  arise,  such 
as  varying  degrees  of  ansEsthesia  in  the  area  of  the  dis- 
tribution of  the  affected  nerve,  with  weakness  or  muscu- 
lar paralysis.  Herpetic  eruption  or  glossy  skin  may  also 
be  present.  In  severe  cases  anaesthesia,  paralysis,  and 
atrophy  usually  take  place.  The  faradic  irritability  of 
the  nerve  and  muscles  is  at  first  increased,  but  gradually 
it  diminishes,  and  is  finally  lost  when  the  nerve  fibres- 
undergo  degeneration. 

The  neuritis  may  ascend  a  nerve  ("  ascending  neuritis  "), 
reaching  the  plexus  from  which  the  nerve  arises,  and 
thus  extend  to  several  or  all  of  the  nerves  of  the  limb. 
The  inflammation  has  also  been  known  in  rare  instances 
to  extend  to  the  spinal  cord,  causing  subacute  or  chronic 
myelitis. 

Prognosis. — Acute  neuritis  may  disappear  in  a  f(3w 
weeks  if  the  cause  can  be  successfully  removed.  The 
most  favorable  cases  are  those  due  to  slight  traumatism. 
More  commonly  the  affection  persists  in  a  chronic  stage- 
for  many  weeks  or  even  months.  The  most  protracted 
forms  arise  in  patients  with  gout  or  rheumatism,  or  in 
such  toxic  cases  in  ivhich  the  toxin  cannot  be  removed  at 
once.  When  the  axis-cylinder  propesses  are  involved,  as- 
in  degenerative  neuritis,  the  condition  may  last  for  many 
months,  paralysis  and  atrophy  becoming  permanent  if 
the  nerve  fibres  do  not  undergo  regeneration.  An  opin- 
ion as  to  the  prognosis  often  depends  upon  the  changes 
in  the  electrical  irritability  of  the  nerves  and  muscles. 

Treatment. — When  a  nerve  is  divided  by  a  wound,  the 
separated  edges  should  at  once  be  approximated  and  su- 
tured. In  compression  or  injuries  of  nerves  from  lux- 
ation, fracture,  callus,  tumors,  inflammation  of  soft 
parts,  abscesses,  etc.,  it  is  the  first  duty  of  the  physician 
to  insist  upon  immediate  surgical  measures  to  free  the- 
injured  nerve  if  possible. 
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A  cure  is  not  always  accomplished  by  this  metliod 
alone,  inasmuch  as  any  accompanying  muscular  paraly- 
sis calls  for  subsequent  treatment.  Under  such  circum- 
stances surgical  intervention  must  be  the  first  step,  other- 
wise all  other  treatment  will  prove  futile.  The  general 
constitutional  condition  of  the  patient  must  not  be  over- 
looked. In  acute  cases  absolute  rest  of  the  affected  limb 
is  essential,  either  by  keeping  the  patient  in  bed,  or  by 
immobilization  of  the  limb  by  a  suitable  supporting 
bandage.  The  relief  of  pain  is  an  important  feature. 
In  acute  traumatic  -ases  a  Chapman's  ice  bag  applied 
along  the  course  of  the  nerve,  or  cold  compresses  often 
prove  valuable.  The  application  of  hot-water  cloths 
ameliorates  the  pain  in  many  cases.  When  ansBsthetic 
areas  are  present,  extreme  care  should  be  observed  when 
hot- water  cloths  are  applied,  in  order  to  avoid  burning  the 
skin.  Blistering  or  superficial  linear  cauterization  over 
the  affected  nerve  trunk  often  effectually  relieves  the  pain. 

At  times  it  is  necessary  to  administer  some  of  the  coal- 
tar  derivatives  such  as  phenacetin,  acetanilid,  or  salipy- 
rin.-  When  the  pain  is  persistent  and  severe,  and  is  not 
relieved  by  other  means,  we  must  resort  to  the  use  of 
opium,  morphine,  or  codeine.  Local  injection  of  a  solu- 
tion of  cocaine  at  the  seat  of  the  greatest  pain  often  gives 
relief.  The  continuous  galvanic  current  is  also  of  great 
value  in  diminishing  the  pain.  The  anode  should  be 
placed  over  the  affected  nerve,  the  current  strength 
being  from  six  to  eight  milliampfires,  the  application 
lasting  five  or  six  minutes  daily.  For  the  paralysis  ac- 
companying degenerative  neuritis  after  the  acute  symp- 
toms have  subsided,  tlie  application  of  the  labile  or  inter- 
rupted galvanic  current  to  the  affected  muscles  seems  to 
hasten  the  recovery  of  motility  by  improving  the  nutri- 
tion of  the  muscles  and  accelerating  the  regeneration  of 
the  nerve.  Massage  is  generally  contraindicated  during 
tire  early  period  of  the  inflammation,  but  it  can  be  favor- 
ably utilized  later.  Small  doses  of  mercury  have  been 
recommended  by  Gowers  for  the  purpose  of  influencing 
the  neuritic  process. 

MuLTrPLB  Neuritis  ok,  Polynbitkitis. — This  is  a  dis- 
ease in  which  many  nerves  are  inflamed  simultaneously 
or  in  rapid  succession.  It  usually  affects  symmetrically 
the  nerve  trunks  in  the  extremities,  particularly  in  their 
periphei'al  distribution.  In  this  form  of  neuritis  the 
pathological  process  originates  in  the  nerve  fibres,  the 
adventitial  structures  generally  being  involved  second- 
arily. In  mononeuritis  the  nerve  sheaths  and  the  con- 
nective tissue,  as  a  rule,  are  primarily  affected.  As  early 
as  1838  Graves  described  the  condition  as  "a  form  of 
generalized  paralysis  probably  depending  upon  disease 
of  the  peripheral  nerves. "  The  first  authentic  case  with 
post-mortem  verification  was  published  by  Dumesnil,  of 
Rouen,  in  1864,  but  it  was  not  until  further  observations 
were  reported  by  Lancereaux  in  1871,  Eichhorst  in  1875, 
Jofflroyiu  1879,  Leyden  in  1880,  and  Grainger  Stewart  in 
1881  that  the  doctrine  of  multiple  neuritis  was  placed 
upon  a  sound  pathological  basis.  During  the  last  twenty 
years  many  observations  and  monographs  relating  to  this 
subject  have  been  published,  the  literature  now  being 
quite  abundant. 

Etiology. — Multiple  neuritis  is  invariably  the  result  of 
some  toxic  substance  circulating  in  the  blood.  A  very 
large  number  of  different  causes  are  active  in  its  produc- 
tion. 

(a)  Poisonous  substances  introduced  into  the  system  (these 
being  mentioned  in  the  order  of  their  importance) :  Alco- 
hol, lead,  arsenic,  copper,  silver,  phosphorus,  mercury, 
carbonic-oxide  gas,  bisulphide  of  carbon,  and  nitro- 
benzol. 

(6)  Poisons  originating  within  thebodi/{a,u.totoxic):  Dys- 
crasic  conditions  such  as  gout,  diabetes,  tuberculosis, 
carcinomatosis,  syphilis. 

(c)  As  a  sequel  or  complication  of  uarious  infectious  dis- 
eases: Diphtheria,  influenza,  typhoid  fever,  smallpox, 
scarlet  _  fever,  measles,  pneumonia,  whooping-cough, 
epidemic  cerebrospinal  meningitis,  erysipelas,  gonorrhoea, 
malarial  toxaemia,  acute  articular  rheumatism,  leprosy, 
and  all  forms  of  septicaemia. 


The  majority  of  cases  of  multiple  neuritis  are  traceable 
to  alcoholic  excesses.  It  is  hardly  necessary  to  mention 
that  the  vulnerability  of  the  peripheral  nerves  to  the 
effect  of  alcohol  varies  in  different  individuals.  One 
person  may  indulge  in  large  quantities  daily  for  years 
without  developing  neuritis,  while  many  others  who 
probably  possess  less  resistance  in  the  peripheral  neurons 
are  attacked  by  the  disease  after  the  continued  daily  use 
of  a  comparatively  small  amount  of  alcohol.  The  writer 
has  seen  several  cases  resulting  from  the  daily  use  of 
about  two  ounces  of  whiskey  continued  for  three  or  four 
months.  Multiple  neuritis  as  a  sequel  of  acute  alcoholic 
intoxication  is  almost  unknown. 

According  to  the  preponderance  of  one  set  of  symp- 
toms over  another,  multiple  neuritis  has  been  classified 
into  various  clinical  types,  such  as : 

1.  A  motor  or  paralytic  type  (alcohol,  arsenic,  diph- 
theria, Landry's  paralysis). 

2.  A  sensory  type,  an  ataxic  form  which  is  often  de- 
scribed as  "  pseudota,bes  "  or  "neurotabes  peripherica," 
and  is  most  commonly  due  to  arsenic  or  alcohol. 

3.  A  -oaso-motor  type  (erythromelalgia,  Raynaud's  dis- 
ease). 

4.  An  endemic  form  (beri-beri  or  kakki,  particularly 
prevalent  in  Japan  and  the  Dutch  East  Indies). 

Multiple  neuritis  occurs  most  frequently,  however,  in 
transitional  forms,  and  may  then  be  characterized  as  a 
common  or  mixed  t3-pe  in  which  motor,  sensory,  and 
vaso-motor  phenomena  arise  in  various  combinations. 

Polyneuritis  usually  occurs  between  the  ages  of  twenty- 
five  and  fifty  years.  Aside  from  the  form  due  to  diph- 
theria, it  is  rare  in  children,  although  it  has  been  occa- 
sionally observed  between  two  and  six  years  of  age.  A 
number  of  cases  of  multiple  neuritis  in  children  as  a  re- 
sult of  alcoholic  poisoning  are  now  on  record.  In  one  of 
the  writer's  cases  the  child,  who  was  five  years  old,  had 
been  given  whiskey  and  beer  daily  for  several  months  by 
its  ignorant  mother,  for  the  purpose  of  strengthening  it 
after  an  attack  of  diarrhoea.  The  disease  rarely  occurs 
after  the  sixtieth  year. 

Symptoms. — :It  is  now  well  established  that  in  multiple 
neuritis  no  set  of  symptoms  is  exclusively  related  to  a 
single  cause.  A  description  of  the  symptomatology  of 
the  alcoholic  form  will  convey  a  knowledge  of  the  gen- 
eral features  of  the  affection. 

Multiple  neuritis  may  be  either  acute  or  subacute  in  its 
onset,  and  may  follow  or  accompany  an  attack  of  delirium 
tremens.  The  temperature  may  be  slightly  elevated  in 
the  beginning,  and  some  fever  may  continue  throughout 
the  acute  period  of  the  disease.  Normal  temperature  is 
not  unusual.  At  first  there  is  often  tingling,  or  a  sen- 
sation of  "  pins  and  needles  "  or  numbness  in  the  extremi- 
ties, with  vague  sharp  pains  or  aches,  which  gradually 
become  more  acute.  The  parsesthesise  and  pain  are  soon 
followed  by  muscular  weakness,  or  paralysis,  or  inco-or- 
dination.  Either  the  upper  or  lower  limbs  or  both  may 
be  involved,  first  and  chiefly  the  hands  or  the  feet.  The 
feet  are  affected  more  frequently  than  the  h'ands;  motor 
symptoms  may  exist  in  the  legs,  and  only  sensory  symp- 
toms in  the  hands.  This  is  accompanied  by  tenderness 
along  the  nerve  trunks  and  in  the  muscles,  the  muscular 
tenderness  usually  increasing  to  an  extreme  degree.  The 
co-ordinating  power  may  be  affected  at  the  same  time. 
Tremor  is  often  conspicuous.  Most  frequently  the  knee 
jerks  are  absent,  this  depending  directly  on  the  involve- 
ment of  the  anterior  crural  nerves.  The  knee  jerk  is 
present  or  even  exaggerated  in  some  cases  of  slight  de- 
gree, and  this  invariably  indicates  that  the  anterior  crural 
nerves  are  intact. 

In  the  lower  extremities  the  nerves  most  commonly  af- 
fected are  the  peronei  and  the  posterior  tibial  and  their 
branches.  Occasionally  the  anterior  crural  nerves  are 
also  involved.  Thus,  the  paralysis  usually  affects  sym- 
metrically the  corresponding  tibial  group  of  muscles 
producing  "  foot-drop. "  In  severe  cases  nearly  all  of  the 
nerves  of  the  extremities  may  gradually  become  involved, 
and  a  more  or  less  complete  paraplegia  develops. 

The  upper  extremities  may  escape  entirely,  or  the 
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paralysis  is  almost  always  of  lesser  degree  and  extent 
than  in  the  lower  extremities.  The  musculospiral  nerve 
and  its  branches  are  most  commonly  affected,  thus  pro- 
ducing paralysis  of  the  extensors  of  the  wrist  and  hand 
and  "  wrist-drop. "  It  often  happens  that  other  nerves 
are  also  involved.  A  peculiar  feature  in  these  cases  is 
the  imphcation  of  the  nerves  in  their  peripheral  distribu- 
tion, the  paralysis  usually  being  more  pronounced  in  the 
distal  portions  of  the  extremity.  This  is  also  indicated 
by  the  fact  that  at  times  when  the  supinators  and  the 
long  abductor  of  the  thumb  in  the  upper  extremity  and 
the  tibialis  anticus  in  the  lower  extremity  remain  intact, 
there  maybe  paralysis  of  the  other  muscles  which  receive 
their  supply  through  the  same  nerve  trunks.  Sometimes 
the  muscles  above  the  knees  and  elbows  are  also  affected. 
In  the  more  severe  cases  the  diaphragm  and  the  muscles 
of  the  abdomen  also  become  involved.  In  rare  instances 
several  of  the  cranial  nerves  may  be  implicated,  the  facial 
muscles,  those  of  the  tongue,  or  the  ocular  muscles  tlius 
becoming  affected.  The  paretic  or  paralyzed  muscles 
soon  become  flaccid  and  undergo'  atrophy  and  present 
the  reaction  of  degeneration.  Sensory  disturbances  are 
often  associated  with  the  loss  of  motor  power.  They 
may  be  altogether  absent  or  exist  alone.  In  addition  to 
the  subjective  sensations  already  mentioned,  extreme  hy- 
persesthesia  may  exist  over  the  affected  parts,  or  tac- 
tile, pain,  or  muscular  senses  may  be  affected  in  various 
degrees.  In  the  ataxic  form  inco-ordination  is  the  chief 
symptom.  It  is  usually  accompanied  by  muscular  ten- 
derness, and  exists  with  or  without  the  affection  of  cu- 
taneous sensibility  just  described.  The  inco-ordination 
in  these  cases  resembles  closely  that  of  tabes,  hence  the 
form  in  which  this  symptom  is  predominant  has  been 
called  "pseudo-tabes."  Its  most  frequent  cause  is  alco- 
hol, but  it  has  also  resulted  from  arsenical  poisoning  and 
from  infectious  processes. 

Trophic  changes  occur  in  prolonged  cases  in  the  nails, 
skin,  and  hairs,  and  are  similar  to  those  of  ordinary  neu- 
ritis. In  uncomplicated  cases  the  sphincters  of  the  blad- 
der and  rectum  are  not  involved. 

In  some  severe  cases  in  which  the  neuritis  is  widely 
distributed,  the  pneumogastric  nerve  or  some  of  its 
branches  may  become  affected,  causing  interference  with 
the  action  of  the  heart,  the  muscles  of  respiration,  and 
the  vocal  cords. 

All  of  the  symptoms  vary  according  to  the  acuteness 
and  intensity  of  the  disease,  and  they  also  differ  accord- 
ing to  the  cause.  In  lead  poisoning  the  paralysis  is  usu- 
ally confined  to  the  upper  extremities.  In  alcoholism  all 
four  extremities  are  often  affected,  the  arms  escaping 
more  often  than  the  legs. 

Mental  Symptoms. — A  somewhat  characteristic  disturb- 
ance of  memory  often  takes  place.  In  general,  it  may 
be  described  as  a  peculiar  form  of  forgetfulness  with  de- 
lusions of  recollection.  The  memory  for  recent  events 
is  generally  confused  but  not  always  entirely  lost.  Oc- 
currences of  some  days,  weeks,  or  months  previously 
are  misinterpreted  by  the  patient  as  of  quite  recent  oc- 
currence, or  as  having  just  taken  place.  Although  he 
may  be  coaflned  to  bed  and  unable  to  move,  he  may  as- 
sert that  he  has  just  returned  from  a  long  journey,  or 
has  been  out  for  a  ride,  or  has  just  visited  friends,  etc. 
In  some  cases  there  are  insomnia,  delirium,  talkativeness, 
or  incoherence,  or  other  more  pronounced  manifestations 
of  acute  alcoholic  insanity  or  confusional  insanity.  All 
of  these  mental  symptoms  are  essentially  due  totoxsemia, 
and  bear  no  direct  relation  to  the  degree  or  form  of  the 
neuritis.  Although  more  commonly  observed  in  alco- 
holic subjects,  they  are  known  to  occur  in  the  course  of 
multiple  neuritis  due  to  other  poisons  and  also  from  in- 
fection. 

JDiagtwds. — In  acute  cases,  when  all  of  the  characteris- 
tic symptoms  are  present,  and  the  patient  is  unable  to 
move  from  the  bed,  the  diagnosis  is  very  simple.  It  is 
the  subacute  forms  that  often  present  some  difficulty  in 
their  diagnosis.  On  account  of  the  presence  of  inco-or- 
dination, pains  in  the  legs,  and  loss  of  knee  jerks,  and 
some  objective  disturbances  of  sensibility,  it  has  some- 
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times  been  mistaken  for  tabes.  It  is  easily  differentiated 
from  tabes,  however,  on  account  of  the  presence  (in  mul- 
tiple neuritis)  of  tenderness  of  the  muscles  and  nerves, 
the  neural  character  of  the  pains,  the  symmetrical  dimi- 
nution or  loss  of  muscular  power,  the  absence  of  bladder 
symptoms,  and  the  presence  of  the  pupillary  light  reflex. 

Multiple  neuritis  has  also  at  times  been  confounded 
with  atypical  cases  of  poliomyelitis,  but  poliomyelitis  is 
most  frequent  in  children ;  its  onset  is  abrupt,  the  paraly- 
sis is  rarely  symmetrical  in  its  distribution,  and  there  is 
generally  an  absence  of  all  sensory  symptoms. 

The  history  of  some  form  of  toxaemia  known  to  cause 
polyneuritis  is  a  potent  element  in  the  differential  diag- 
nosis. 

The  Diagiwsis  of  the  Toxic  Cause,  and  the  Differenti- 
ation of  the  Various  l)/pes.~It  is  not  always  easy  to  de- 
termine from  the  clinical  symptoms  alone  whether  a 
certain  case  of  multiple  neuritis  is  caused  by  alcohol,  ar- 
senic, lead,  or  some  infectious  process.  However,  there 
are  certain  elements  in  the  history,  a  peculiarity  in  the 
distribution  of  the  paralysis,  and  well-defined  indications 
associated  with  some  special  forms  of  toxaemia  or  infec- 
tion, which  often  conclusively  prove  the  cause  of  the 
neuritis. 

For  instance,  the  somatic  and  psychical  symptoms 
may  present  a  classical  picture  of  chronic  alcoholism. 
Thus,_  in  addition  to  the  polyneuritis,  there  may  be  tre- 
mor in  the  lips,  tongue,  and  hands,  toxic  amblyopia, 
chronic  morning  vomiting,  cirrhotic  liver,  albuminuria, 
delirium  tremens,  or  alcoholic  dementia.  Arsenical  neu- 
ritis is  often  accompanied  by  vomiting,  a  general  brown 
pigmentation  of  the  skin,  and  the  presence  of  arsenic  in 
the  urine.  In  some  cases  the  ataxia  is  more  pronounced 
than  are  the  motor  symptoms.  The  arsenic  has  usually 
entered  the  system  as  a  result  of  acute  poisoning  after  an 
ineffectual  attempt  at  suicide.  Occasionally  the  neuritis 
is  produced  by  the  prolonged  administration  of  medicinal 
doses  of  Fowler's  solution  as  used  in  the  treatment  of 
chorea  in  children,  or  from  the  inhalation  of  arsenical 
dust  given  off  from  wall  paper  and  other  articles  contain- 
ing arsenic.  Recently  a  large  number  of  cases  of  arseni- 
cal polyneuritis  occurred  in  England  from  the  use  of 
beer  in  which  arsenical  glucose  had  been  used  in  its 
manufacture.* 

Multiple  neuritis  from  lead  poisoning  is  most  fre- 
quently found  among  those  whose  occupation  requires 
frequent  or  continuous  contact  with  lead.  The  acciden- 
tal causes  are  numerous,  such  as  the  contamination  of 
drinking-water  by  leaden  pipes,  the  cooking  of  food  in 
vessels  containing  lead  in  their  manufacture,  the  use  of 
various  cosmetics,  hair  dyes,  etc.  It  has  also  heen  traced 
to  snuff,  which  was  found  to  contain  lead.  As  a  rule, 
the  lead  enters  the  system  through  the  alimentary  canal 
as  a  result  of  uncleanliness,  and  the  pollution  of  food  by 
hands  that  have  been  in  contact  with  lead.  It  may  also 
enter  the  system  through  inhalation,  and  by  absorption 
through  the  skin.  As  in  other  forms  of  toxaemia  indi- 
vidual susceptibility  to  the  effects  of  lead  has  much  to 
do  with  the  development  of  neuritis.  People  in  general 
ill  health,  and  those  addicted  to  alcoholics,  are  more 
predisposed  to  the  toxic  action  of  lead.  The  upper  ex- 
tremities are  more  commonly  affected,  a  blue  line  is  often 
seen  on  the  gums,  and  lead  may  be  found  in  the  urine 
(see  article  on  Lead  Palsy ). 

Polyneuritis  from  diphtheria  may  be  attended  with 
wasting  and  anaesthesia;  but  the  weakness  in  the  limbs 
usually  succeeds  paralysis  of  the  palate  and  ciliary  mus- 
cle, which  are  never  seen  in  other  forms  of  polyneuritis. 

Course  and  P?'o^mosjs.— Multiple  neuritis  usually  takes 
an  acute  or  subacute  course  and  reaches  its  height  in  a 
few  weeks  or  a  few  months.  It  then  remains  stationary 
for  about  the  same  period,  and  gradually  recovery  takes 
place.  Some  cases  are  very  severe  and  are  accompanied 
by  high  fever,  and  may  terminate  fatally  in  a  week  or 
two  from  paralysis  of  the  heart  or  diaphragm,  or  from 

*  Glucose  is  made  by  the  action  of  sulpburlc  acid  on  various  Mnds  of 
starch.  The  origin  of  the  arsenic  was  found  in  the  sulphuric  acid 
which  is  commonly  made  from  arsenical  pyrites. 
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pulmonary  cedema.  It  sometimes  assumes  a  course  simi- 
lar to  that  of  Laiidr3''s  paralysis.  The  condition  is  al- 
ways serious  when  the  patient's  general  health  is  poor  in 
consequence  of  a  recent  infectious  disease,  or  in  severe 
types  of  chronic  alcoholism,  etc.  When  the  vagus  or 
phrenic  nerves  become  involved,  the  life  of  the  patient 
may  be  in  constant  danger,  although  recovery  has  oc- 
curred even  under  such  circumstances.  When  the  paral- 
ysis is  confined  to  the  distal  portions  of  the  extremities, 
the  prognosis  is  more  favorable.  In  exceptional  instances 
the  course  may  become  chronic  and  progressive.  In  the 
majority  of  cases,  however,  in  the. absence  of  complica- 
tions the  disease  terminates  in  complete  recovery.  Even 
in  favorable  cases  the  affection  may  last  from  several 
months  to  two  years  or  more,  depending  upon  the  under- 
lying cause,  the  extent  and  intensity  of  the  nerve  degen- 
eration, and  the  recuperative  powers  of  the  patient.  The 
prognosis  is  always  materially  influenced  by  the  course 
and  virulence  of  the  toxoemia.  When  the  sphincter  of 
the  bladder  is  involved,  it  is  usually  indicative  of  exten- 
sion of  the  inflammatory  process  to  the  spinal  cord,  thus 
rendering  the  prognosis  as  to  recovery  more  doubtful. 

Treatment.  — The  treatment  of  polyneuritis  is  essentially 
symptomatic.  Aside  from  the  cause  of  the  toxijemia  the 
various  forms  receive  practically  the  same  treatment.  It 
is  essential  to  discover,  if  possible,  the  cause  of  the  neu- 
ritis, and  to  remove  it  or  discontinue  its  further  action. 
This  should  be  the  first  consideration,  particularly  in 
cases  due  to  alcohol.  The  sudden  withdrawal  of  the  cus- 
tomary stimulant  is  not  always  advisable,  particularly 
when  cardiac  weakness  is  present.  This  can  usually  be 
successfully  accomplished,  however,  by  the  administra- 
tion of  suitable  heart  tonics.  Rest  in  bed,  with  general 
supporting  treatment,  is  desirable  or  absolutely  necessary 
in  the  majority  of  cases.  A  local  or  general  warm  wet 
pack  for  the  purpose  of  producing  diaphoresis,  if  the  pa- 
tient's strengtli  admits,  is  often  followed  by  excellent  re- 
sults in  the  early  stage,  or,  if  the  patient  is  strong  enough 
to  bear  the  necessary  procedures,  a  warm  bath  for  fifteen 
or  twenty  minutes  daily  often  proves  beneficial.  General 
constitutional  treatment  applicable  to  the  special  condi- 
tion constituting  the  toxEEmic  process  should  never  be 
forgotten.  In  order  to  prevent  deformities,  faulty  posi- 
tions of  the  extremities  should  be  corrected  by  giving 
the  necessary  support  to  paralyzed  muscles.  Thus  when 
there  is  "foot-drop"  the  feet  should  be  kept  at  right 
angles  with  the  leg  by  means  of  sand-bags,  pillows,  etc. 
For  the  purpose  of  relieving  the  pain  anodynes  should  be 
administered  when  necessary  in  the  same  manner  as  men- 
tioned in  the  description  of  the  treatment  of  mononeuri- 
tis. When  the  diaphragm  becomes  paretic  or  paralyzed, 
artificial  respiration  and  the  hypodermatic  injection  of 
strychnine  must  be  resorted  to.  Indications  of  heart  fail- 
ure are  to  be  met  by  absolute  rest  and  the  administration 
of  cardiac  stimulants.  When  deglutition  is  interfered 
with,  tlie  patient  should  be  fed  through  the  oesophageal 
tube  in  order  to  prevent  the  entrance  of  food  into  the 
larynx  or  bronchi. 

Fortunately  such  emergencies  arise  only  in  exception- 
ally severe  cases.  After  all  of  the  acute  symptoms  have 
subsided,  massage  and  electricity  will  prove  useful. 

William  M.  Leszynsky. 

NEURODIN,  acetyl-p-oxy-phenyl-urethane,  CHi.- 
OCOCHs.NH.COOCzHo,  is  prepared  by  acetylation  of 
the  compound  formed  by  the  interaction  of  chlorocar- 
bonic  ether  and  amidophenol.  It  is  a  colorless,  odorless, 
crystalline  substance,  soluble  in  1,400  parts  of  cold  water 
and  readily  in  boiling  water.  It  is  antipyretic  and  anti- 
neuralgic  in  dose  of  0.5-1.5  gm.  (gr.  viij.-xxiv.). 

W.  A.  Bastedo. 

NEUROEPITHELIOMA.-The  name  of  neuroepitheli- 
oma was  first  given  by  Simon  Plexner  in  1891  to  a  pecul- 
iar tumor  of  the  retina  in  which  were  found  collections 
of  cells  resembling  the  rods  and  cones  of  the  external 
nuclear  layer.  Flexner  believes  this  tumor  to  have  had 
Its  origin  not  in  the  supporting  cells,  but  in  the  neuro- 
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epithelial  cells  of  the  external  nuclear  layer,  and  to  be 
therefore  not  a  glioma  but  a  neuroepithelioma.  In  this 
tissue  he  found  the  tubular  or  alveolar  arrangement  of  the 
cells,  so  common  in  glioma  of  the  retina ;  and  among  the 
cells  of  the  tubules  he  found  tiny  rosettes  composed  of 
long  cylindrical  cells,  the  pointed  extremities  of  which 
were  turned  toward  the  lumen  of  the  rosette  and  formed 
there  a  membranous  ring.  These  cells  he  considered 
rudimentary  rods  and  cones.  He  answers  the  objection 
of  Iwanoff  to  the  formation  of  tumors  from  any  cells  ex- 
cept supporting  cells  by  quoting  Klebs'  opinion  that  all 
the  elements  of  the  nervous  system  are  capable  of  pro- 
liferation. 

Three  years  later,  Wintersteiner  reported  a  case  of  so- 
called  neuroepithelioma  of  the  retina  in  which  rosettes 
similar  to  those  described  by  Plexner  were  found.  Win- 
tersteiner mentions  Flexner's  work,  but  claims  to  have 
made  his  discovery  quite  independently  of  the  latter,  and 
does  not  give  him  credit  for  the  name  "neuroepitheli- 
oma. "  He  found  transitions  between  the  rods  and  cones 
and  the  tumor  cells,  and  considers  the  membrane  formed 
by  the  processes  of  the  cells  to  be  analogous  to  the  mem- 
brana  limitans  externa.  In  a  later  monograph  Winter- 
steiner discusses  eleven  tumors  with  epithelial  rosettes 
which  he  found  among  thirty-two  gliomata,  and  in  two 
cases  of  microphthalmos.  He  regards  these  tumors  as 
originating  in  misplaced  cells  of  the  rod-and-cone  layer. 
Several  other  authors  have  reported  similar  tumors,  but 
without  giving  them  the  same  interpretation.  Thus 
Becker  describes  rosettes  of  cylindrical  cells  in  a  tumor 
witli  a  marked  alveolar  structure  which  he  called  "  tubu- 
lar angiosarcoma."  Bochert,  Eisenlohr,  Jung,  Thieme, 
and  Van  Duyse  probably  were  also  dealing  with  the  same 
kind  of  tumor  under  the  name  of  glioma  or  gliosarcoma, 
or  angiosarcoma.  Two  observers,  Greef  and  Hertel, 
working  with  the  Golgi  method,  were  able  to  demon- 
strate the  presence  of  true  ganglion  cells  among  the 
ordinary  spider  cells  which  formed  the  mass  of  the  tu- 
mor in  both  cases.  They  did  not,  however,  apply  the 
term  neuroepithelioma  to  these  tumors,  but  preferred  to 
use  the  name  neuroglioma  ganglionare,  after  similar  tu- 
mors in  the  central  nervous  system. 

The  best  criticism  of  the  views  of  Flexner  and  Winter- 
steiner is  given  by  Ginsberg,  who  examined  two  tumors 
from  a  case  of  microphthalmos,  and  found  in  them  the 
same  rosettes  of  epithelial  cells  described  by  the  two 
former.  Ginsberg,  however,  regards  these  as  cylindri- 
cal cells  from  the  pars  ciliaris  retinae,  not  rods  and  cones. 
These  cylindrical  cells  are  undifferentiated  cells  of  the 
original  Anlage  of  the  retina,  formed  before  the  neuro- 
blasts and  spongioblasts.  As  these  primitive  cells  are  of 
epithelial  origin  he  suggests  the  name  "  carcinoma  reti- 
na," instead  of  neuroepithelioma.  He  bases  his  theory 
not  only  on  the  appearance  of  the  cells  composing  the 
rosettes,  but  also  on  the  fact  that  these  primitive,  undif- 
ferentiated cells  are  capable  of  proliferation,  while  in  the 
case  of  highly  specialized  cells,  such  as  the  rods  and 
cones,  there  is  great  doubt  as  to  the  pos.sibility  of  their 
proliferation.  The  tumors  which  Wintersteiner  has 
called  neuroepithelioma  Ginsberg  regards  as  probably 
formed  from  primitive  epithelial  elements,  and  not  from 
the  highly  specialized  neural  epithelium. 

Alice  Hamilton. 

NEUROFIBROMA.     See  Fibroma. 

NEUROMA.     SeeMbi-oma. 

NEUROMA   OF  THE  SKIN,  PAINFUL.— This  is  an 

exceedingly  rare  affection,  but  two  cases  in  which  the 
skin  was  primarily  affected  being  on  record.  Duhr- 
ing's  "Case  of  Painful  Neuroma  of  the  Skin,"  American 
Journal  of  the  Medical  Sciences,  October,  1873,  was  the 
first  noted  and  was  followed  by  Kosinski's  case  in  the 
Centralblatt  fur  Chirurgie,  No!  16,  1874.  Both  cases 
occurred  in  men,  aged  seventy  and  thirty  years  re- 
spectively. In  Duhring's  case  the  tumors  had  been 
developing  for  ten  years  and  in  Kosinski's  for  fourteen. 
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Neurodlu, 
Neurone. 


The  tumors,  varying  in  size  from  a  pinhead  to  a  Albert, 
confluent  and  disseminated,  were  thickly  studded  over 
the  areas  aflected.  In  the  first  case  they  extended  from 
the  left  scapula  over  the  shoulder  down  the  arm  to  the 
elbow,  occupying  principally  the  area  of  distribution  of 
tlie  circumflex  nerve,  and  in  the  second  case  over  the  but- 
tocks and  upper  part  of  the  thigh,  corresponding  to  tlie 
area  supplied  by  the  small  sciatic  and  external  cutaneous 
nerves.  The  lesions  were  arranged  irregularly,  not  cor- 
responding exactly  to  the  course  of  the  nerves  mentioned, 
and  formed  firm,  flat,  or  oval,  elastic  nodules,  fixed  in 
and  extending  below  the  skin,  and  movable  only  with  it. 
The  integument  between  the  nodules  was  normal,  they 
being  purplish  or  pink  in  color.  In  Duhring's  case  the 
skin  over  the  nodule  was  slightly  scaly.  At  the  outset 
pain  was  variable,  but  later  it  became  excruciating  and 
occurred  in  violent  paroxysms,  lasting  an  hour  or  more. 
Since  they  are  never  malignant  these  neuromata  are 
best  not  interfered  with  unless  great  distress  is  caused  by 
the  pain.  In  both  the  above  cases  resort  was  had  to  a 
removal  of  portions  of  the  nerve  supply  with  resulting 
quick  relief  from  pain  and  gradual  and  almost  complete 
subsidence  of  the  nodules. 

The  new  growth  is  composed  of  firm  connective  tissue 
and  non-medullated  nerve  fibres. 

Charles  Townsliend  Bade. 

NEUROMIMESIS.     Qze  Joints,  Chronic  Diseases  of . 

NEURONE,  GENERAL  PATHOLOGY  OF  THE— In- 

TEODUCXioN. — Notwithstanding  the  liberal  number  of 
papers  which  have  been  published  in  recent  years  upon 
the  pathology  of  nerve  cells,  we  have  still,  in  an  essay 
to  construct  a  general  pathology  of  the  neurone,  only 
fragmentary  data  at  our  disposal.  The  neuropathologist, 
like  all  other 'special  pathologists,  meets  with  insuperable 
difficulties,  due  to  the  fact  that  a  well-developed  path- 
ology of  the  cell  in  general  is  still  lacking.  Investiga- 
tors are  coming  more  and  more  to  the  opinion  that  in 
order  to  build  up  a  satisfactory  pathology  of  the  cell, 
research  ought  not  to  be  limited  to  the  cells  met  with  in 
the  special  tissues  of  highly  differentiated  animals,  but 
should  be  extended  to  unicellular  forms,  in  which  the 
conditions  of  life  are  simpler  and  with  which  the  possi- 
bilities of  experiment  are  more  manifold,  and  the  experi- 
ments themselves  are  more  easily  subject  to  control.  In- 
deed, at  the  present  time,  part  of  the  pathology  of  each 
of  the  special  types  of  cells  of  the  vertebrate  ammal  is 
based  directly  upon  inferences  drawn  from  work  done 
upon  one-celled  species.  Thanks  to  the  very  extraordi- 
nary distribution  of  the  protoplasm  of  the  nerve  cell  m 
space,  however,  it  has  been  possible,  in  nerve  cells  or 
neurones,  better  than  in  any  other  speciahzed  type,  to 
study  the  results  of  injury' to  a  part  of  the  cell;  indeed, 
this  kind  of  injury  can  perhaps  be  better  studied  in  them 
than  in  any  of  the  simplest  organisms.  It  is  owing  to 
this  circumstance,  doubtless,  that  such  a  goodly  portion 
of  that  pathology  of  the  neurone  which  has  thus  far  been 
evolved  has  to  deal  with  degenerative  and  regenerative 
processes  following  upon  damage  to  some  one  of  its 
parts,  particularly  its  axone. 

In  view  of  the  variety  of  hypotheses  still  advanced 
concerning  the  ultimate  structure  of  the  protoplasm  of 
the  normal  nerve  cell  (see  this  Handbook,  Vol.  II.,  arti- 
cle. Brain,  Histology  of),  it  is  by  no  means  surprising 
that  there  is  lack  of  unanimity  of  opinion  regarding  the 
fundamental  nature  of  the  changes  which  are  met  with 
in  the  neurone  when  it  is  diseased.  _     _ 

The  studies  of  the  botanist  Fischer,  of  Leipsic.  have 
shaken  microscopical  histology  at  its  foundations.  Now 
that  we  know  the  varying  results  which  can  be  obtained, 
not  only  by  the  use  of  fixing  reagents  of  different  chem- 
ical constitution,  but  by  the  employment  of  the  same  re- 
agent in  different  degrees  of  concentration,  we  must  needs 
be  chary  of  the  conclusions  we  arrive  at  from  the  examina- 
tion of  fixation  pictures  in  nerve  cells,  not  only  in  health, 
but  also  and  perhaps  more  particularly  in  disease. 

The  scepticism  excited  by  these  recent  observations 


has,  in  some  quarters,  probably  become  excessive.  Real- 
izing that  the  stainable  substance  of  Nissl  can  be  precipi- 
tated in  granules  of  different  size  by  alcoholic  solutions 
of  varying  strengths,  that  by  treating  nerve  cells  by  one 
series  of  vigorous  reagents,  the  so-called  neurofibrils  of 
Apathy  or  of  Bethe  may  be  demonstrated,  while  by  treat- 
ing tlie  same  nerve  cells  by  a  different  series  of  powerfully 
modifying  solutions  the  honeycomb  structure  of  Biitschli 
or  the  neurosome  rows  of  Held  may  be  put  in  evidence; 
and  bearing  in  mind,  further,  that  microscopic  appear- 
ances similar  to  karyokinetic  figures,  centrosomes,  and 
cytoplasmic  radiations  may  be  produced  by  the  action  of 
fixing  reagents  upon  albuminous  solutions  injected  into 
the  emptj'  cellular  spaces  of  cork,  there  are  those  who 
would  go  so  far  as  to  say  that  the  microscope  and  micro- 
scopical histological  methods  have  been  and  can  be  of  very 
little  help  to  us  in  unravelling  the  structure  and  deciding 
upon  the  functions  of  cells.  Such  pessimists,  however, 
forget  the  wonderful  advances  in  neurological  knowledge, 
anatomical  and  pathological,  which  are  directly  attribu- 
table to  the  use  of  the  microscope.  It  would  be  as  illogi- 
cal for  the  student  of  the  nervous  system  to  give  up  the 
study  of  fixation  pictures  as  it  would  be  for  the  chemist 
to  abandon  the  method  of  precipitation  as  a  means  of  ac- 
quiring knowledge  concerning  the  composition  of  solu- 
tions. It  may  be  that  the  protoplasm  of  tlie  nerve  cell, 
as  well  as  protoplasm  in  general,  consists  chiefly  of 
colloidal  particles  held  in  suspension  by  virtue  of  the 
electric  charges  which  they  possess ;  if  so,  we  may  expect 
that  some  day  new  and  desirable  information  will  be  de- 
rived from  a  study  of  artificially  prepared  colloidal  solu- 
tions. Such  a  line  of  investigation,  attractive  and  prom- 
ising as  it  is,  will  unquestionably  be  that  along  which 
many  can  profitably  work ;  but  it  is  to  be  hoped  that 
there  will  be  others  who  will  continue  and  extend  those 
studies  by  histological  methods  which  have  done  so  much 
for  us  in  the  past,  and  which,  many  of  us  are  convinced, 
are  capable  of  supplying  us  with  still  more  valuable  in- 
formation in  th?  future. 

In  the  brief  sketch  of  the  general  pathological  mor- 
phology of  the  nerve  cell  to  be  made  here,  the  changes 
due  to  functional  activity  will  first  be  referred  to;  next 
a  description  of  the  processes  of  necrosis  and  necrobiosis 
as  they  afl:ect  the  neurone  will  be  given,  followed  by  a 
brief  discussion,  (1)  of  the  various  degenerations  which 
involve  the  whole  neurone  or  parts  of  it ;  (2)  of  regenera- 
tive phenomena ;  and  (3)  of  the  changes  consequent  upon 
various  forms  of  intoxication. 

Befeeences  Bearing  upon  the  General  subject. 

Barbacci  0.:  DieNervenzellemllirenanatomisohen.physiologlscheti, 

und  patnologisclien   Beziehungen  nacli  den  neuesten   Untersu- 

chuneen.    CentralW.  f .  allg.  Path.  u.  path.  Anat.,  Jena,  Bd.  x.,  1899, 

pp.  757,  865.    [A  collective  review  with  418  references  to  articles  on 

Barker"  L.  F. :  The  Nervous  System  and  Its  Constituent  Neurones, 
New  York,  1899,  chapters  xix.-xxv.,  pp.  215-312.  ,  -„      ^ 

Ewing  J. :  Studies  on  Ganglion  Cells.  Arch.  Neurol,  and  Psycho- 
path., New  York,  vol.  i.,  1898,  pp.  263-MO.         ^  ,     .    ^    ,      .      .„ 

Goldscheider,  A.,  u.  Flatau,  E. :  Normaie  und  pathologische  Anatomie 
der  Nervenzellen,  Jena,  1898. 

Van  Gehuchten,  A.:  Anatomie  du  systfeme  nerveux  de  1  homme, 
Louvaln,  third  edition,  1. 1.,  1900,  cap.  14  and  15,  pp.  313-339. 

Lukjanow!  S.  M. :   Grundzuge  eiHer   allgememen   Pathologic   der 

Schmais^'H^,'S'i™echt,  E. :  Pathologic  .der  Z«ne.  Ergeta.  d.  aUg. 
Pathol,  u.  pathol.  Anat.,  Wiesh  Jahrg-  ni(1896)  1897  SS.  470-541. 
Albrecht,  E. :  Pathologic  der  Zelle.    Ibid.,  Jahrg.  vi.  (1899),  1901,  SS. 

Spmir?W.:  Pathological  Changes  in  fe  Neurone  in  Nervous  Dis- 
eases.   J.  Nerv.  and  Ment.  Dls.,  New  York,  1900,  pp.  487-505 

Mott  F  ■  On  Degeneration  of  the  Neurone.  Brit.  M.  J.,  Lond.,  1900, 
I.,  pp.  1582-1590;  II.,  82-90. 

Changes  due  to  Functional  Activity  in  the 
Neuiione. 

In  this  connection  the  studies  of  Hodge  upon  tlie  his- 
tolosY  of  fatigue  are  by  far  the  most  important  hitherto 
undertaken.  His  researches  were  made  upon  tlie  nerve 
cells  of  various  animals,  including  sparrows  swallows 
pigeons,  and  honeybees.  A  comparison  of  the  cells  of 
sulh  animals  captured  in  the  morning  with  cells  of  ani- 
mals of  the  same  species  killed  after  a  long  day  s  exercise 
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Neurone. 
Neurone, 
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showed  alterations  both  iq  the  protoplasm  and  in  the  nu- 
clei of  the  fatigued  cells.  The  nuclei  were  smaller  than 
normal  in  the  tired  cells,  had  irregular  margins,  and 
stained  with  unusual  intensity.  An  examination  of  the 
protoplasm  revealed  a  shrunken  appearance,  and  it 
stained  more  feebly  than  normal.  The  changes  in  the 
cells  of  the  occipital  cortex  in  the  pigeon,  as  depicted  by 
Hodge,  are  very  convincing.  Hodge 's  earlier  imports  did 
not  contain  satisfactory  data  with  regard  to  the  behavior 
of  the  stainable  substance  of  Nissl,  as  he  used  osraic  acid 
fixation  for  some  of  the  cells  and  sublimate  fixation  with 
Gaule's  stains  for  others. 

Later  on  Mann,  working  with  other  methods,  compared 
the  pyramidal  cells  of  the  cerebral  cortex  and  the  motor 
cells  of  the  ventral  horn  of  the  spinal  cord  of  a  dog  at  rest 
with  those  of  another  dog  after  a  long  period  of  muscu- 
lar activity.  In  a  further  series  of  experiments  he  ban- 
daged one  eye  of  dogs  leaving  the  other  exposed,  killed 
the  animals  after  twelve  hours,  and  compared  the  retinal 
neurones,  those  of  the  corpora  quadrigemina,  of  the  lat- 
eral geniculate  body,  and  of  the  occipital  cortex  of  the 
one  side  with  those  of  the  other.  He  concludes  that  the 
stainable  substance  of  Nissl  increases  in  amount  in  nerve 
cells  which  are  resting ;  it  diminishes  during  functional 
activity,  owing  to  direct  utilization  by  the  cell  proto- 
plasm. In  addition,  Mann  describes  an  increase  in  the 
size  of  the  cell  bodies  and  of  the  nucleus  and  of  the  nu- 
cleolus in  the  early  stages  of  functional  activity ;  if  the 
activities  be  prolonged  to  fatigue,  there  are  shrinking  of 
the  protoplasm  and  contraction  of  the  nucleus,  the  bor- 
ders of  the  latter  becoming  irregular.  Similar  investiga- 
tions have  been  made  by  De  Moor  and  Pergens. 

The  studies  just  described  refer  to  the  changes  which 
occur  in  nerve  cells  as  the  result  of  that  normal  excitation 
of  cells  which  accompanies  muscular  activity  or  normal 
retinal  illumination.  Opportunities  for  studying  other 
forms  of  normal  functional  activity  might  well  be  taken 
advantage  of.  It  is  desirable,  too,  that  methods  should 
be  devised  for  testing  the  effect  of  alterations  of  temper- 
ature, light,  moisture,  and  non -poisonous  chemical  stim- 
uli upon  different  groups  of  neurones. 

The  effects  of  electrical  stimulation  have  been  investi- 
gated to  a  certain  extent.  For  example,  Hodge  stimu- 
lated the  peripheral  sensory  nerves  of  cats  and  afterward 
made  sections  of  the  spinal  ganglia.  In  the  ganglion 
cells  on  the  side  of  excitation  he  found  a  decrease  in  the 
size  of  the  nucleus  and  a  change  in  its  shape.  The  cell 
body,  also,  gradually  diminished  in  size.  Vas,  on  the 
other  hand,  stimulating  the  sympathetic  for  fifteen  min- 
utes, found  a  distinct  increase  in  the  size  of  the  cell  body, 
and  a  disappearance  of  the  stainable  substance  of  Nissl 
in  the  region  of  the  perikaryon  immediately  adjacent  to 
the  nucleus.  The  nucleus  Itself,  Vas  states,  becomes 
swollen  and  tends  to  be  displaced  toward  the  periphery, 
sometimes  even  causing  a  bulging  at  the  periphery  of 
the  cell.  The  somewhat  conflicting  statements  of  Hodge 
and  Vas  have  been  reconciled  by  the  experiments  of  Lu- 
garo,  who  demonstrated  during  the  early  period  of  exci- 
tation a  state  of  turgescence  in  the  protoplasm  of  the  cell 
body,  while  later  on,  when  the  stimulation  had  been  con- 
tinued long  enough  to  cause  fatigue  in  the  cell,  progres- 
sive diminution  in  the  size  of  the  cell  body  was  met 
with.  According  to  Lugaro  the  tigroid  substance  slowly 
increases  in  amount  during  the  earlier  period  of  stimula- 
tion; after  the  cell  has  become  fatigued,  it  is  decreased 
in  amount  and  tends  to  be  more  diffusely  distributed 
throughout  the  cell  body. 
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Necrosis  and  Necrobiosis  op  the  Neurone. 

By  the  term  necrosis  of  the  neurone  is  meant  that  con- 
dition or  set  of  conditions  in  which  the  cell  is  relatively 
suddenly  killed ;  by  necrobiosis  of  the  neurone  is  indi- 
cated the  process  which  leads,  through  a  series  of  path- 
ological changes,  gradually  to  the  death  of  the  cell. 

Necrosis  of  nerve  cells  is  met  with  in  trauma,  in  infec- 
tious processes  directly  involving  the  nerve  tissues,  in 
sudden  cutting  off  of  the  oxygen  supply  (ancmiie  necro- 
sis) and  possibly  under  other  conditions. 

The  classification  of  direct  necrosis  introduced  by 
Klebs  is  perhaps  the  most  satisfactory  one  we  possess. 
If  the  noxious  agent  which  kills  the  cell  affects  it  equally 
in  all  its  parts,  one  gets  a  microscopic  picture  not  unlike 
that  met  with  in  the  artificial  killing  brought  about  when 
we  fix  the  nerve  tissues  in  the  fixing  reagents  of  the  lab- 
oratory ;  the  structure  of  the  protoplasm  and  nucleus  is 
relatively  well  preserved.  The  nucleus  is,  however,  in 
some  cases,  first  attacked  by  the  noxa,  in  which  event  it 
may  either  be  dissolved  (Jcai-yolysis)  or  become  fragmented 
{karyorrhexis) ;  in  such  instances  the  alterations  in  the  cell 
body  may  at  first  be  slight,  consisting  perhaps  merely  of 
cloudy  swelling.  In  forms  of  cell  death,  on  the  other 
hand,  in  which  the  protoplasm  appears  to  be  first  at- 
tacked, a  primary  vacuolar  degeneration  of  the  cell  body 
(plasmarrliexis)  may  be  encountered. 

A  cell  is  doomed  to  death  if  its  nucleus  be  destroyed  or 
injured  beyond  a  certain  degree.  The  studies  of  Condo- 
relli  upon  the  effect  of  mechanical  injury  to  cells  have 
shown  us  that  rupture  of  the  nucleus  not  infrequently 
occurs  as  a  result  of  trauma.  Schmaus  has  suggested  that 
we  may  here  have  an  explanation  of  the  direct  necroses 
of  ganglion  cells  which  may  be  assumed  to  take  place  in 
commotio  cerebralis  and  commotio  spinalis.  Tissues  un- 
der these  conditions  should  be  studied  in  the  early  stages 
and  with  the  aid  of  modern  methods.  A  beginning  has 
been  made  in  this  direction  {of.  Barbacci,  loc.  cit.,  p.  819). 

A^''e  know  but  little  of  the  effect  of  powerful  electric 
currents  acting  directly  upon  the  neurones.  A  few  cases 
of  electrocution  have  been  examined  post  mortem  with- 
out, it  must  be  confessed,  adding  much  to  our  knowl- 
edge. There  is  here  room  for  fruitful  experimentation 
in  the  light  of  the  results  which  were  obtained  by  Eschle 
upon  artificial  necrosis  due  to  electrical  influences  (see 
also  work  of  Corrado,  cited  by  Barbacci). 

In  diseases  associated  with  peripheral  neuritis  (diph- 
theria, lead  poisoning,  etc.)  we  have  exquisite  examples 
of  partial  nerve-cell  necroses,  the  poison  killing  the  ax- 
ones  of  the  neurones  through  a  distance  of  from  a  frac- 
tion of  1  mm.  to  several  millimetres.  The  effect  on  the 
whole  neurone  is  the  same  as  that  which  follows  upon 
artificial  section  of  the  axone  {vide  infra). 

Careful  studies  of  karyolysis  and  karyorrhexis  in  nerve 
cells  have  still  to  be  made.  There  are  only  fragmentary 
remarks  upon  the  subject  in  the  bibliography.  The  dif- 
ficulty of  the  study  is  aggravated  by  the  unusual  distri- 
bution of  the  chromatin  in  the  normal  nuclei  of  nerve 
cells. 

The  so-called  condition  of  pyknosis  in  which  there  is  a 
condensation  of  the  nucleus  and  cell  body  is  worthy  of 
mention.  Schmaus  assumes  that  the  so-called  "  sclerosis  " 
described  by  Friedmann  in  acute  myelitis  is  closely  allied 
with  pyknosis.  This  author  found  in  cells  otherwise 
nearly  Intact  glistening  masses  which  stained  intensely 
with  nuclear  dyes;  such  masses  appeared  at  first  in  the 
periphery  or  in  the  interior  of  the  cells,  as  though  they 
had  resulted  from  fusion  of  the  spindles  and  granules  of 
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the  stainable  substance  of  Nissl.  Later,  the  cells  dimin- 
ished in  size,  though  the  glistening  staining  increased. 
The  nucleus  was  often  well  preserved  for  a  long  time. 
It  may  be  that  some  of  the  "  chromophile  "  cells  of  Nissl 
belong  in  this  category,  though  in  most  instances  it 
would  seem  that  they  are  to  be  regarded  as  artefacts  due 
to  the  fixing  reagent. 

A  series  of  necrobiotic  changes  have  been  described  by 
Pandi  in  nicotine,  bromide,  and  cocaine  poisoning.  In 
chronic  poisoning  with  nicotine,  the  nucleus  of  the  cell 
becomes  shrunken,  the  cell  body  Is  diminished  in  size, 
and  the  paraplasm  and  the  nucleus  stain  of  a  dark  color. 
In  cocaine  and  bromide  poisoning  the  nuclei  show  en- 
larged nucleoli ;  the  chromatic  threads  in  the  protoplasm 
lie  closely  pressed  together,  sometimes  becoming  merged 
with  the  deeply  stained  ground  substance  of  the  nerve- 
cell  body. 

The  experimental  work  of  Klemm  upon  plant  cells  has 
shown  the  way  for  a  series  of  experiments  upon  nerve 
cells,  which,  it  is  hoped,  some  one  in  the  near  future 
may  be  induced  to  undertake.  According  to  Klemm, 
when  a  cell  is  suddenly  killed  there  is  never  any  contrac- 
tion of  it,  nor  any  considerable  alteration  in  configura- 
tion. These  are  the  signs  of  a  much  slower  dying  proc- 
ess. The  visible  alterations  in  the  protoplasm  of  plant 
cells  on  sudden  killing  are,  according  to  Klemm,  of  three 
kinds:  (1)  Precipitates:  usually  granular  structures  giv- 
ing an  increased  granular  appearance  to  the  cell.  Such 
granules  may  be  united  in  the  form  of  chains,  networks, 
and  dendritic  structures.  Instead  of  granular  precipitates 
a  fibrillary  appearance  may  be  produced.  (3)  Phenome- 
na of  solution :  vacuole  formation,  foam  formation,  and 
the  like.  (3)  A  mixture  of  granulation  (coagulation)  in 
the  plasma  with  formations  of  fewer  and  smaller  vacu- 
oles. 

Where  death  is  not  so  sudden  and  yet  very  intense 
effects  are  suddenly  produced,  the  most  marked  alter- 
ations in  configuration  are  met  with.  In  the  still  slower 
"  physiological "  death  the  terminal  phenomenon  is  usu- 
ally coagulation  of  the  protoplasm,  and  thei'e  is  a  ten- 
dency to  various  forms  of  degeneration — granular  degen- 
eration, vacuolar  degeneration,  etc.  Dying  protoplasm 
has  the  tendency  to  break  up  into  small  clump-like 
masses  which  assume  a  more  or  less  spherical  shape. 
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Atrophy  of  Neuronbs. 

Hodge,  of  Clark  University,  has  made  us  familiar  with 
some  of  the  changes  which  take  place  in  neurones  in  se- 
nile atrophy.  In  a  man  ninety-two  years  old,  dead  of 
marasmus,  the  ganglion  cells  as  a  rule  looked  fairly  nor- 
mal, though  he  describes  a  diminution  in  the  number  of 
the  Purkinje  cells  in  the  cerebellum  and  slight  shrinking 
of  those  which  were  present.  His  study  of  the  spinal 
ganglion  cells  demonstrated  that  the  nucleus  nearly  al- 
ways had  an  Irregular  contour,  was  more  or  less 
shrunken,  and  often  devoid  of  nucleolus.  The  cell  pro- 
toplasm was  rich  in  fat  and  pigment,  which  were  absent 
in  the  foetus.  Hodge's  description  of  fat  and  pigment  in 
a  forty-seven-year-old  man  is  accompanied  by  the  sugges- 


tion that  the  man  suffered  from  premature  senescence  due 
to  alcoholism.  I  am  of  the  opinion  that  the  pigment 
which  he  describes  is  visible  in  the  nerve  cells  of  nearly 
all  human  beings  and  probably  at  all  ages,  except  in  the 
foetus  and  in  early  childhood.  I  have  been  struck  with 
the  comparatively  large  number  of  times  the  so-called 
lipochrome  of  normal  nerve  cells  has  been  described  as  a 
pathological  product.  Some  of  those  who  have  studied 
the  Gasserian  ganglion  in  tio  douloureux  have  fallen  into 
this  error. 

Hodge  studied  the  changes  due  to  age  in  bees,  as  well 
as  in  human  beings,  and  described  shrinking  of  the  nu- 
clei, vacuole  formation  in  the  protoplasm,  as  well  as  dimi- 
nution of  the  total  number  of  cells. 

Studies  of  a  similar  nature  have  been  undertaken  by 
Vas.  This  investigator  made  use  of  the  method  of  Nissl 
in  examining  the  nerve  cells  of  old  people.  He  describes 
various  alterations  in  the  stainable  substance  of  Nissl, 
and  states  that  in  the  last  stage  the  cell  body  is  trans- 
formed into  a  strongly  staining,  formless  mass,  which 
may  be  broken  up  into  clumps.  It  does  not  seem  impos- 
sible that  Vas  may  have  had  to  deal  with  artefacts,  per- 
haps the  "  chromophile  "  cells  of  Nissl.  They  can  be  ob- 
tained occasionally  in  nerve  tissues  from  individuals  of  any 
age.  I  have  pictured  one  in  a  former  publication  (see 
Pig.  73,  "The  Nervous  System,"  p.  134). 

According  to  Babes,  the  processes  in  the  anterior  horn 
cells  of  the  spinal  cord  are  reduced  in  number  in  old  age. 
In  a  group  of  intact  nerve  cells  one  sometimes  finds  in 
old  people  shrunken,  colloid,  or  very  pale  elements  with- 
out nucleus  or  nucleolus,  or  with  a  strikingly  pale  nu- 
cleus. The  tigroid  masses  are  pale  and  few  in  number, 
or  they  may  be  entirely  absent  in  the  periphery  of  some 
of  the  cells.  In  other  old  people  the  nerve  cells  appear 
to  be  nearly  normal,  which  proves.  Babes  thinks,  that  the 
capacity  for  resistance  varies  greatly  in  different  indi- 
viduals. 

The  pigment  (hpochrome)  is  certainly  more  abundant 
in  older  people,  a  fact  repeatedly  confirmed  by  Marines- 
co.  Rosin,  myself,  and  others. 

The  more  one  studies  the  descriptions  of  atrophy  of  the 
nerve  cells  in  old  age,  the  less  he  feels  satisfied  with  the 
studies  which  have  thus  far  been  made.  The  subject 
should  be  taken  up  again  now  that  we  have  better  meth- 
ods and  are  more  familiar  than  formerly  with  changes  in 
the  neurones  due  to  causes  other  than  senility. 

One  of  the  later  studies  is  that  of  Marinesco,  according 
to  whom  the  senescence  of  the  nerve  cells  is  due  to  a 
defect  of  metabolism.  The  anatomical  changes  include 
a  decrease  in  the  size  and  number  of  the  tigroid  masses ; 
sometimes  the  Nissl  bodies  are  transformed  into  granules 
of  variable  size  (senile  cliromatolysis),  especially  around 
the  nucleus,  but  often  throughout  the  whole  cell.  Mari- 
nesco believes  that  the  "pigment"  really  represents  a 
product  of  the  involution  of  the  cell,  and  that  when  it  is 
increased  in  amount  it  reduces  the  nutritive  and  respira- 
tory capacity  of  the  cell.  The  number  of  dendrites 
diminishes  and  their  branches  disappear.  Finally  the 
volume  of  the  perikaryon  itself  decreases.  Ho  denies 
neuronophagocytosis  due  to  senility.  Instead  of  an  in- 
crease in  the  glia  cells,  these  cells  disappear  pari  passu 
with  the  vanishing  of  the  nerve  cells. 

Of  the  atrophy  which  may  take  place  in  a  neurone 
when  its  axone  is  injured,  or  when  impulses  which  nor- 
mally come  to  it  are  cut  off,  mention  will  be  made  in 
connection  with  secondary  and  tertiary  degenerations  of 
the  neurone. 
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Degesteeations  op  the  Neueonb. 

Under  this  heading  will  be  considered  (a)  Primary  De- 
generations of  the  Neurone,  including  (1)  cloudy  swell- 
ing, (3)  fatty  degeneration,  (3)  vacuolar  degeneration, 
(4)  pigmentary  degeneration,  (5)  albuminous  degener- 
ation; and  (ft)  Secondary  Degenerations  of  the  Neurone. 

(a)  Primaky  Degenerations  op  the  Neueone.— (1) 
Cloudy  Swelling.— In  view  of  the  fact  tluit  parenchyma- 
tous degeneration  or  cloudy  swelling  has  been  described 
in  connection  with  the  acute  infections  and  intoxications 
in  most  of  the  organs  of  the  body,  it  is  rather  surprising 
that  we  find  so  few  references  in  the  bibliography  to  this 
form  of  degeneration  in  the  nerve  cells.  The  changes 
which  accompany  infection  and  intoxication  are  so  char- 
acteristic and  constant  in  the  various  secreting  cells  that 
it  seems  probable  that  a  similar  degeneration  has  been 
frequently  met  with  in  the  nervous  system,  but  has  been 
described  under  a  different  name.  Doubtless  the  pres- 
ence of  the  peculiar  tigroid  masses  in  the  protoplasm  of 
nerve  cells  has  been  responsible  for  the  difficulty  in 
studying  this  change.  If  one  reads  Benario's  careful  re- 
view of  the  whole  subject  of  cloudy  swelling  and  then 
examines  the  articles  by  Ewing,  Marinesco,  and  others  on 
the  pathological  changes  in  the  nerve  cells  in  acute  in- 
fections, he  cannot  but  feel  that  the  preliminary  swelling 
of  the  nucleus  and  protoplasm  and  swelling  of  the  tigroid 
masses  followed  by  their  breaking  up  into  fine  granules, 
described  by  these  writers,  correspond  more  or  less  closely 
to  the  cloudy  swelling  which  aSects  gland  cells.  The 
alterations  described  by  Franca  in  the  nerve  cells  in 
plague,  and  by  Camia  in  the  nerve  cells  in  influenza,  are 
very  suggestive  in  this  connection. 

Eeferenoes  Bearing  on  Cloudy  Swelling. 

Benario :  Die  Lehre  von  der  truben  Scbwellung  In  Ihrer  Entwlckelung 

und  Bedeutung,  Wurzburg,  1891. 
Ewlng,  J.:   Studies  on  Ganglion  Cells.    Arch.  Neurol,  and  Psycbo- 

Pathol.,  New  York,  vol.  i.,  pp.  263-440. 
Marinesco,  G. :   Eecherches  sur  quelques  lesions  peu  connues  des 

cellules  nerveuses  corticales.    Eoumanie  med.,  Bucarest,  vol.  vil., 
•  1899,  p.  913. 
Franca  :  Contribution  &.  T^tude  des  alterations  des  centres  nerveux 

dans  la  peste  bubonique  humaine.    Le  N^vraxe,  Louvain,  1900. 
Camia,  M. :  Due  casi  di  psicosi  consecutiva  ad  influenza,  con  autopsia. 

Ely.  d.  patol.  nerv.  e  ment.,  Pirenze,  vol.  v.,  1900,  p.  100. 

(3)  Fatty  Degeneration. — Fat  droplets  of  smaller  or 
larger  size  are  frequently  met  with  in  nerve  cells  in  the 
most  difEerent  pathological  processes,  but  especially  in 
infections  and  intoxications.  These  are  usually  met 
with  in  the  protoplasm  of  the  perikaryon  and  are  visible 
as  yellow,  glistening  droplets  in  frozen  sections,  or  as 
black  spherules  in  Marehi  preparations.  I  have  often 
seen  black  droplets  in  the  nuclei  of  nerve  cells  in  Marehi 
specimens;  in  some  instances  they  appear  to  be  coinci- 
dent with  the  nucleolus. 

(3)  Vacuolar  Degeneration. — The  study  of  vacuolar  de- 
generation of  the  nerve  cell  has  had  an  interesting  history. 
In  the  older  publications,  where  the  studies  were  nearly 
all  made  upon  Miiller's  fluid  preparations,  nothing  was 
m,ore  common  than  to  read  of  extensive  vacuolar  degen- 
erations in  tlie  cells  of  the  brain  and  spinal  cord.  We 
know  now  that  the  majority  at  least  of  these  were  noth- 
ing more  nor  less  than  artefacts  due  to  the  action  of  the 
hardening  reagent  (work  of  Kreyssig  and  of  Trezebin- 
ski).  In  some  of  the  more  recent  studies,  however,  true 
vacuolization  of  both  protoplasm  and  nucleus  of  the 
nerve  colls  has  been  described.  Nerlich  has  investigated 
the_  origin  of  vacuoles  in  a  case  of  cerebral  tetanus  in 
which  the  nucleus  nervi  hypoglossi,  the  nucleus  nervi 
facialis,  and  the  nucleus  motorius  nervi  trigeminl  con- 
tained vacuolated  ganglion  cells.  He  found  occasionally 
as  many  as  twenty  vacuoles  in  a  single  cell.     The  cell 


body  was  swollen,  though  often  surrounded  by  a  large 
pericellular  space.  The  nuclei  were  not  altered,  though 
they  were  sometimes  displaced  from  the  normal  position 
by  the  vacuoles. 

Besides  in  tetanus,  vacuolization  of  the  nerve  cells  has 
been  described  in  various  infectious  diseases,  in  acute 
poisoning  with  mineral  acids  (ganglion  cells  of  the  heart), 
and  in  fasting.  Sometimes  the  nucleus,  as  well  as  the 
cell  protoplasm,  is  vacuolar  (Kazowsky). 

The  study  of  vacuole  formation  in  cells  generally  has 
been  approached  recently  from  the  experimental  side. 
Two  kinds  of  vacuoles  may  be  distinguished  according 
to  their  origin :  (1)  solution  vacuoles,  which  increase  in 
size  with  the  diffusion  and  endosmosis  of  the  agent  pro- 
ducing them;  (3)  expulsion  vacuoles  which  are  formed 
suddenly  as  a  result  of  coagulation  and  do  not  usually 
increase  in  size. 

Eeperences  Bearing  upon  VAcnoLAR  Degeneration  of  the 
Nerve  Cell. 

Schmaus,   H.,  u.    E.   Albrecht:   Vakuolare-fettige  Degeneratlonen. 

Ergebn.  d.  allg.  path.  Morphol.  u.  Physiol.,  Wlesb.,1895,  SS.  151-161. 
Nerlich :  Ein  Beitrag  zur  Lehre  vom  Kopltetanus.    Arch.  f.  Psychiat., 

etc.,  Berl.,  Bd.  xxili.  (1893),  S.  673. 
PopoH,  N.  M. :  Pathologlsch-anatomische  Veranderungen   des   Cen- 

tralnervensystems  bel  der  asiatlschen   Cholera.     Arch.   t.  path. 

Anat.  [etc.l,  Berl.,  Bd.  cxxxvl.  (1894),  S.  42. 
Kazowsky,  A.  D. :  tJeber  die  Veranderung  In  den  HerzgangUen  bei 

akut«n    Mineralsaurevergiftungen.     Centralbl.   f.    allg.   Path.  u. 

path.  Anat.,  Jena,  Bd.  v.  (1894),  S.  1020. 
Statkewltsch :    Ueber   Veranderungen    des    Muskel-   und  Driisen- 

gewebes,  sowie  der  Herzganglien  beim  Hungern.    Arch.  t.  exper. 

Path.  u.  PharmakoL,  Leipz.,  Bd.  xxxiil.  (1894),  SS.  415. 
Str6be,  H. :  Experimentelle  Untersuchungen  fiber  die  degenerativeu 

und  reparatlonischen  Vorgange  bei  der  Hellung  von  Verletzungen 

des  Rijckenmarks,  etc.    Beitr.  z.  path.  Anat.  u.  Physiol.,  Jena,  Bd. 

XV.  (1894),  S.  383. 

Por  a  list  of  diseases  in  which  vacuolar  degeneration  has  been  de- 
scribed, see  Barbacci :  toe.  cit.,  p.  805. 

(4)  Pigmentary  Degeneration.— In  frozen  sections  and 
in  Nissl  preparations  of  adult  nerve  cells  in  various 
parts,  a  yellowish  pigment  can  be  made  out.  This  is 
said  to  be  entirely  absent  in  the  newly  born.  According 
to  Pilcz,  Obersteiner,  and  others  it  appears  at  difEerent 
periods  of  life  in  different  nerve  cells,  at  the  sixth  year  in 
the  spinal  ganglia ;  at  the  eighth  year  in  the  anterior  horn 
cells.  The  amount  of  pigment  increases  as  age  advances 
(dide  supra.  Atrophy). 

This  pigment  is  not  identical  with  that  of  the  locus  coe- 
ruleus,  substantia  nigra,  or  substantia  ferruginea.  It 
may  be  improper  to  speak  of  it  as  pigment  at  all.  It 
stains  black  with  osmic  acid,  and  thus  is  easily  visible  in 
Marehi  preparations.  It  seems  to  be  related  to  the  fats 
(Rosin) .  Ramon  y  Ca  j  al  regards  it  as  a  metabolic  product 
of  the  cell,  which  the  latter  cannot  rid  itself  of.  Whether 
it  arises  from  the  stainable  or  from  the  unstainable  sub- 
stance of  Nissl  is  not  known.  Obreja  and  Tatuses  be- 
lieve that  this  pigment  is  of  'a  fatty  or  mj'elinic  nature, 
probably  related  to  lecithin.  They  therefore  look  upon  it 
as  a  store  of  nutrient  substance  in  the  cell ;  according  to 
their  findings  it  is  diminished  in  amount  in  the  anterior 
horn  cells  in  strychnine  poisoning  and  in  tetanus,  while 
after  prolonged  rest  it  is  increased.  Against  this  view 
van  Gehuchten  urges  that  the  substance  is  absent  from 
the  nerve  cells  in  early  life,  and  further  that  in  a  case  of 
tetanus  which  he  examined  there  was  no  diminution  In 
the  amount  of  pigment.  The  whole  matter  requires 
further  investigation. 

References  Bearing  upon   So-called  Pigmentary 
Degeneration. 

Rosin,  H.:   Ein  Beitrag  zur  Lehre  vom    Bau  der   Ganglienzellen. 

Deutsche  med.  Wchnschr.,  Leipz.  u.   Berl.,  Bd.   xxii.,   1896,  SS. 

39.5-397. 
Eamdn  y  Cajal,  S. :  Textura  del  sistema  nervioso  del  hombre  y  de  los 

vertebrados,  Madrid,  1899, 1. 1.,  pp.  129-130. 
Obreja  et  Tatuses  :  Le  pigment  des  cellules  nerveuses.    Compt.  rend. 

Soc.  Sc.  M^d.,  Bucarest,  November,  1898  (c/.  Eev.  Neurol.,  Par., 

1899,  p.  326). 
Barker,  L.  F. :   The  Nervous  System  and  Its  Constituent  Neurones, 

New  York,  1899,  pp.  107-108. 

_  (5)  Albtiminous  Degenerations. — Accepting  the  defini- 
tion of  Klebs,  by  albuminous  degenerations  are  to  be  un- 
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derstood  those  disturbances  of  nutrition  in  wliich  insolu- 
ble albuminous  bodies  are  deposited  in  the  tissues.  In 
the  nei'vous  system  we  have  to  deal  with  two  such  albu- 
minous deposits:  (a)  the  so-called  Russell's  fuchsin  bod- 
ies, and  (i)  the  corpora  amylacea. 

Ad  (a) .  Russell's  fuchsin  bodies  described  in  cancer,  in 
1890,  have  since  been  proven  non-specific  as  far  as  these 
tumors  are  concerned.  They  occur  under  normal  condi- 
tions in  various  tissues  of  the  body,  including  the  nervous 
system,  but  are  greatly  increased  in  numbers  under  patho- 
logical conditions.'  They  are  usually  extracellular  in 
situation  but  may  occur  also  inside  of  cells.  As  a  rule, 
several  of  them  exist  together.  They  are  small,  round! 
homogeneous  bodies,  varying  from  0.5  to  30  ^  in  diam- 
eter. Under  the  microscope  they  appear  as  glistening 
masses  looking  not  unlike  fat  droplets,  when  exam- 
ined in  water.  They  stain  intensely  by  Gram's  method 
and  in  acid  fuchsin.  In  Ehrlich's  triacid  stain  they  are 
tinged  sometimes  with  the  acid  fuchsin,  sometimes  with 
the  orange.  In  Heidenhain's  iron  haematoxylin  they 
stain  black.  Labarsch  found  them  in  large  numbers  in 
atrophic  conditions  of  the  brain.  The  probability  is  that 
they  are  products  of  the  cell  protoplasm,  rather  than  of 
the  nucleus.  Some  of  them  may  be  swollen  and  altered 
cell  granules.  It  is  not  impossible  that  fine  granules  in 
the  cell  protoplasm  undergo  chemical  cliange  and  fuse  to 
form  the  fuchsin  bodies.  Again  it  has  been  suggested 
that  they  may  have  their  origin  from  lecithin.  Lubarsch 
found  tliat  pure  lecithin  yields  the  same  staining  reac- 
tions as  do  the  fuchsin  bodies;  on  the  other  hand,  pure 
lecithin  is  easily  soluble  in  alcohol,  while  the  fuchsin 
bodies  are  not. 

Ad  (J).  Corpora  amylacea  have  long  been  known  in 
the  central  nervous  system.  Their  origin  and  signifi- 
cance have  been  much  disputed,  but  there  can  be  no 
doubt  that  they  are  very  numerous  in  atrophic  and  de- 
generated portions  of  the  brain  and  spinal  cord.  Under 
normal  conditions  they  appear  in  the  third  decade  of 
life  and  are  never  absent  in  people' over  forty.  In  the 
cerebrum  they  are  found  in  the  lining  of  the  ventricles 
and  in  the  tractus  olfactorius;  they  are  less  frequently 
found  in  the  cerebellum.  Redlich  supposed  that  they 
had  their  origin  in  the  nuclei  of  neuroglia  cells.  Accord- 
ing to  a  widespread  opinion  they  arise  from  the  coagula- 
tion of  myelin.  It  is  not  unlikely  that  some  of  them  at 
least  have  their  origin  through  the'  union  with  normal 
tissue  juices  of  altered  cell  protoplasm  exuded  from  the 
cell.  Spiller  believes  that  at  least  a  portion  of  the  cor- 
pora amj'lacea  have  been  derived  from  altered  blood-ves- 
sels. The  colloid  bodies  described  by  Bevan  Lewis  and 
also  by  Spiller  would  seem  to  be  closely  related  either  to 
Russell's  fuchsin  bodies  or  to  the  corpora  amylacea. 

Recent  studies  make  it  seem  certain  that  greater  differ- 
entiation among  these  structures  than  that  ordinarily 
made  is  necessary.  Thus  Siegert  has  divided  them  into 
corpora  versicolorata  (including  the  "  corpora  amylacea  " 
of  the  central  nervous  system)  and  corpora  flava  (includ- 
ing the  "  corpora  arenacea  "  of  the  central  nervous  sys- 
tem). The  corpora  versicolorata,  so-called  because  they 
talce  a  variegated  tint  in  iodine  or  bromine,  yield  the 
"amyloid  reaction"  with  aniline  dyes,  and  are  further 
characterized  by  their  brittleness  and  their  morphology. 
They  may  be,  (a)  spherical,  ovate,  or  polygonal  with 
rounded  angles;  (h)  concentrically  lamellated,  and  (c) 
sometimes  radially  striated.  They  never  arise  through 
direct  transformation  of  cells,  nor  do  the}'  become  calci- 
fied. The  corpora  flava,  oti  the  other  hand,  behave  dif- 
ferently in  solutions  of  the  halogens  (chlorine,  bromine, 
iodine),  staining  of  a  yellow  color  only  in  Lugol's 
solution ;  they  do  not  yield  the  amyloid  reaction  with 
the  aniline  dyes.  They  are  waxy  rather  than  brittle; 
they  vary  greatly  in  their  morphology,  being  sometimes 
Smoothly  spherical,  sometimes  very  irregularly  shaped. 
Concentric  lamellation  may  not  be  visible  in  them  and 
they  are  never  radially'  striated.  Unlike  the  corpora 
versicolorata  the  corpora  flava  are  said  to  arise  directly 
from  the  transformation  of  cells  and  to  show  a  decided 
tendency  to  become  calcified.    • 


IlEFERKNCES  BEAEINQ  UPON  ALBU.MINOUS  DEGENERATIONS. 

nirt'jfeh^'  h  Handbueti  der  allgemeinen  Pathologie,  Bd.  11.,  S.  100. 
"pToLtV.,Lx1S)'%P'''"'^'^°  des  Nervensy.tem.    Jahrb.  f. 

^™'jr,^''Sr'  °-J  .'"'*  albumlnOsen  Degenerationen.    Ergebn.  d.  allg. 
path.  Morphol.  u.  Physiol.,  Wiesb.,  1896,  SS.  180-200 
"/.,»  r»^fV?,-ir°"  Amyloid,  Colloid,  Hyaloid,  and  Granular  Bodies  In 
the  Central  Nervous  System.    N.  York  M .  J.,  1898,  August  l3tL. 

(J)  Secondary  Degeneration,   and  Modifications 

IN  THE    NeUKONB  FOLLOWING  UPON  InJDKY  TO  THE  Ax- 

ONE.— The  nutritive  centre  of  a  neurone  is  in  the  peri- 
karyon. The  trophic  influence  emanates  from  the  nu- 
cleus. If  any  part  of  a  neurone  be  severed  from  its 
connections  with  the  nucleus,  the  separated  part  dies 
In  case  it  is  a  meduUated  axone,  which  suffers  solution 
of  continuity,  not  only  does  the  whole  axone,  distal  from 
the  lesion,  undergo  disintegration,  but  the  myelin  sheath 
degenerates  in  the  same  area  and  the  nucleated  sheath  of 
Schwann  or  neurilemma  undergoes  important  modifica- 
tions. These  phenomena  taken  in  their  totality  are  usu- 
ally designated  as  secondary  or  Wallerian  degeneration. 

In  the  early  part  of  the  last  century  it  was  known  that 
interruptions  of  the  connection  of  peripheral  nerves  with 
the  central  system  could  lead  to  their  degeneration 
(Nasse,  Valantin,  Stannius).  The  first  careful  study  of 
the  subject,  with  establishment  of  a  law.  Was  that  un- 
dertaken by  Waller,  and  from  him  the  process  has  de- 
rived its  name.  He  described  it  in  detail— the  coagnla- 
tive  breaking  up  of  the  myelin  sheath  and  the  dissolution 
of  the  axis  cylinder.  If  a  motor  nerve  is  cut,  all  the 
fibres  in  the  peripheral  end  degenerate  completely  as  far 
as  the  muscles  which  they  supply,  the  central  end  either 
remaining  entirely  intact  or  perhaps,  as  a  result  of  the 
trauma,  degenerating  as  far  as  the  first  node  of  Ranvier. 
If  a  sensory  nerve  be  cut  distalward  from  the  spinal  gan- 
glion, all  the  sensory  fibres  of  that  nerve  degenerate  to 
the  very  periphery,  thougk  the  portion  of  the  nerve  still 
in  connection  with  the  ganglion,  as  well  as  the  central 
intramedullary  continuation  of  the  nerve,  remain  unde- 
generated.  On  the  other  hand,  if  a  dorsal  root  of  a  spi- 
nal nerve  is  severed  between  the  ganglion  and  the  spinal 
cord,  the  portion  of  the  nerve  attached  to  the  ganglion 
does  not  undergo  degeneration,  but  that  connected  with 
the  cord  degenerates  typically,  not  only  in  the  portion 
outside  the  cord,  hut  also  throughout  its  whole  intra- 
medullary extent.  This  is  the  proof  which  has  been 
brought  for  the  view  that  the  cell  bodies  in  the  spinal 
ganglia  are  the  trophic  centres  for  the  peripheral  sensory 
neurones.  Following  upon  Waller's  investigations  came 
the  observations  of  Tilrck,  which  demonstrated  that  the 
same  law  holds  within  the  confines  of  the  central  nervous 
system — ^for  example,  for  the  pyramidal  tract.  Since 
Tlirck's  studies  a  host  of  observations  have  established 
the  general  validity  of  the  law  for  all  groups  of  neu- 
rones. When  an  axone  degenerates,  the  retrogressive 
process  Involves  not  only  the  main  axone  but  also  its  ter- 
minals, together  with  the  collaterals  belonging  to  it  with 
their  terminals. 

The  study  of  secondary  degenerations  has  been  much 
facilitated  by  the  introduction  of  Weigert's  m3'elin 
sheath  stain  and  the  osmic-biohromate  method  of  Marchi 
and  Alghieri. 

The  finei'  histology  of  secondary  degeneration  has  been 
studied  by  Homen,  Howell  and  Huber,  Tooth,  von  Nott- 
haft,  Ceni,  and  others.  'Von  Notthaft  subdivides  the 
changes  which  occur  in  the  nerve  after  section  into  two 
stages,  the  first  including  the  alterations  which  take 
place  during  the  first  three  days  (fragmentation  of  mye- 
lin and  of  axone  for  a  distance  of  one  or  two  internodes 
on  each  side  of  lesion),  probably  due  to  trauma.  The 
second  stage,  beginning  on  the  second  or  third  day  and 
confining  itself  to  that  part  of  the  fibre  cellulifugal  from 
the  lesion,  represents  the  true  Wallerian  secondary  degen- 
eration ;  it  is  not  the  direct  result  of  the  trauma,  but  is 
due  to  the  severance  of  that  part  of  the  neurone  from  the 
trophic  influence  of  the  nucleus.  In  this  second  stage 
the  axone  swells  up  and  undergoes  fragmentation,  and 
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the  myelin  disintegrates  into  droplets  cellulifugally  from 
the  lesion,  as  far  as  the  peripheral  termination.-  By  the 
fourth  day  a  multiplication  of  the  nuclei  of  the  neuri- 
lemma can  be  made  out.  Liquefaction  of  the  myelin  be- 
gins by  the  sixth  or  seventh  day  and  continues  until  the 
sixtieth  or  eightieth  day,  when  all  of  it  is  dissolved  and 
most  of  it  has  been  absorbed.  The  absorption  is  com- 
plete by  the  end  of  three  or  four  months.  If  the  degen- 
eration affect  medullated  nerve  fibres  inside  the  central 
nervous  system,  neuroglia  cells  can  be  seen  undergoing 
proliferation  after  some  forty-five  or  fifty  days  (Ceni). 
This  proliferation  ceases  at  the  end  of  three  months  and 
sclerosis  follows. 

Marchi's  method  demonstrates  the  existence  of  degen- 
erating fibres  as  early  as  eight  or  ten  days  after  the  lesion, 
and  will  continue  to  demonstrate  their  presence  until  all 
the  myelin  of  the  degenerating  fibres  has  been  absorbed, 
that  is,  until  some  three  months  have  elapsed  after  the 
injury.  At  a  later  period  we  have  to  resort  to  Weigert's 
method;  the  areas  which  have  degenerated  show,  of 
course,  an  absence  of  black  fibres.  Marchi's  method  is 
far  more  delicate  than  Weigert's ;  the  former  will  reveal 
single  degenerated  fibres;  the  latter  can  be  relied  upon 
only  when  there  is  a  considerable  area  of  lightening  in 
the  region  otherwise  uniformly  filled  with  black  fibres. 
Anatomists  have  applied  these  methods  most  extensively 
in  experimental  work  for  the  determination  of  the  course 
followed  by  the  medullated  axones  of  the  various  groups 
of  neurones  of  which  the  nervous  system  is  made  up. 
Pathologists  utilize  them  to  study  the  secondary  degener- 
ations which  accompany  various  diseases  of  the  nervous 
system  in  human  beings. 

For  many  years  it  was  believed  that  the  cellulifugal 
alteration,  described  by  Waller,  was  the  only  one  which 
occurred  after  axone  lesion,  but  the  introduction  of  more 
delicate  methods  still  has  revealed  the  fact  that  surpris- 
ing changes  occur  in  the  neurones  cellulipetal  from  the 
lesion,  and  particularly  in  tlie  cell  body  or  perikaryon 
itself.  Nissl  by  the  application  of  his  methylene-blue- 
and-sbap  method  has  demonstrated  definite  alterations  in 
the  cell  body  as  earl}'  as  a  few  hours  after  axone  lesion. 
The  changes  are  most  marked,  however,  when  animals 
are  killed  from  eight  to  fifteen  days  after  the  operation 
in  which  the  axones  have  been  cut.  Nissl  refers  to  this 
method  of  study  as  "the  method  of  primary  irritation." 
His  results  have  been  confirmed  by  Flatau,  Marinesco, 
Lugaro,  Van  Gehuchten,  Erlanger  and  myself,  and  many 
others. 

The  change  which  takes  place  in  the  cell  bodies  of  the 
nucleus  uervi  facialis,  for  example,  after  section  of  the 
nerve  trunk  near  the  pes  auserina,  consist  chiefly  in  alter- 
ations in  the  tigroid  masses,  in  a  moderate  swelling  of 
the  perikaryon,  and  in  a  displacement  of  the  nucleus 
toward  the  axone  hillock.  The  change  seems  to  affect 
the  tigroid  masses  first.  The  spindles  lose  their  typical 
stichochrome  arrangement,  break  up  into  minute  parti- 
cles, become  scattered  diffusely  throughout  the  cell,  and 
finally  undergo  solution,  the  solvent  process  affecting  the 
tigroid  masses  in  the  interior  of  the  cell  first,  and  extend- 
ing gradually  toward  the  periphery.  This  disintegration 
and  solution  of  the  tigroid  has  been  variously  designated. 
Marinesco  calls  it  cliromatolysis ;  van  Gehuchten,  chro- 
molym ;  Retterer,  chromophilysis  ;  Kohnstamm  gives  it 
the  name  tigrolysia,  and  the  latter  term  is  the  one  which 
I  prefer. 

Marinesco  has  described  two  distinct  stages  of  the  proc- 
ess :  (1)  A  stage  of  reaction,  in  which  the  tigroid  under- 
goes the  changes  above  described;  and  (2)  a  phase  of 
repair,  during  wliich  the  tigroid  elements  are  restored  to 
a  more  or  less  normal  appearance.  The  first  stage  begins 
soon  after  section,  and  reaches  its  maximum  in  from  fifteen 
to  twenty  days.  The  second  stage  lasts  longer.  It  is 
essentially  a  phase  of  regeneration,  and  as  in  many  cases  of 
regeneration  tlie  elements  regenerated  are  produced  in  ex- 
cess ;  the  individual  tigroid  masses  are  larger  and  more 
numerous  than  in  the  normal  cell.  During  the  first  stage 
(that  of  reaction)  the  cell  is  swollen ;  during  the  second 
(that  of  repair)  it  gradually  returns  to  its  normal  size 


The  nucleus,  markedly  displaced  toward  the  axone  hil- 
lock during  the  first  stage,  slowly  reassumes  its  former 
position  in  the  centre  of  the  cell  during  the  stage  of  re- 
pair. A  few  cells  in  motor  nuclei,  after  section,  fail  to 
undergo  this  repair,  and  van  Gehuchten  assumes  that  in 
them  the  turgescence  of  the  cell  has  taken  place  so  sud- 
denly during  the  first  stage  and  the  propulsion  of  the 
nucleus  has  been  so  violent  that  the  latter  has  been  com- 
pletely expelled  from  the  cell  body.  Such  cells,  de- 
prived of  their  nuclei,  necessarily  undergo  total  degener- 
ation. It  was  thought  by  Marinesco  that  the  stage  of 
repair  was  conditional  upon  regeneration  of  the  distal 
end  of  the  axone,  but  Nissl,  van  Gehuchten,  and  Fo^ 
have  shown  that  this  is  an  error,  and  that  the  altered 
cells  return  to  their  normal  state  entirely  independently 
of  the  phenomena  of  regeneration  at  the  point  of  section. 
At  least  this  seems  true  of  experiments  upon  animals, 
though  there  are  some  observations  upon  the  spinal  cord 
of  human  beings  following  upon  amputation,  which  in- 
dicate that  cells  still  tigrolytic  may  be  observed  in  the 
cord  for  from  three  to  seven  months  after  the  operation. 

There  would  appear  to  be  an  intimate  relation  between 
the  degree  of  injury  to  the  axone  and  the  changes  which 
take  place  in  the  perikaryon,  for  when  nerves  are  torn 
out,  the  effects  are  very  different  from  those  which  follow 
simple  section  of  a  nerve.  Thus  Ballet  and  Marinesco 
showed  tliat  if  a  nerve  be  torn  out,  a  large  number  of  the 
cells  undergo  complete  destruction  and  are  absorbed. 
This  may  explain  the  cellulipetal  secondary  degener- 
ations obtained  by  von  Gudden's  method  (mde  infra). 

One  of  the  more  recent  developments  oif  the  study  by 
Nissl's  method  indicates  that  tigrolysis  occurs  constantly 
after  section  of  a  cerebral  nerve,  but  may  or  may  not  oc- 
cur after  section  of  a  spinal  nerve,  though  it  inevitably 
follows  the  tearing  out  of  the  same  spinal  nerve  (Van 
Gehuchten  and  de  Neeff).  The  inference  has  been 
drawn  that  the  lower  motor  neurones  in  the  spinal  cord 
of  the  rabbit  and  dog  possess  a  greater  resistance  to  ex- 
perimental injury  than  do  the  lower  motor  neurones  of 
the  medulla,  pons,  and  midbrain. 

The  method  introduced  by  Nissl  is  of  very  great  im- 
portance to  anatomy,  since  by  means  of  it  the  exact  cell 
bodies  which  give  off  the  motor  axones  to  individual 
muscles  can  be  easily  localized  in  the  central  system. 

It  is  now  much  easier  to  understand  the  early  investi- 
gations bearing  upon  atrophy  of  the  motor  roots  and 
gray  matter  of  the  spinal  cord  after  amputation.  The 
younger  the  individual  at  the  time  of  amputation,  and 
the  longer  the  time  elapsing  between  the  operation  and 
death,  the  more  marked  are  the  alterations.  It  would 
appear  that  if  an  amputation  be  done  early  in  life,  many 
of  the  neurones  concerned  in  innervating  the  amputated 
limb  undergo  complete  degeneration  and  disappear  to- 
tally, that  is  to  say,  in  addition  to  the  Wallerian  cellulifu- 
gal degeneration,  which  of  course  occurs  in  the  ampu- 
tated stump,  there  takes  place  In  young  individuals  a 
slow  atrophy  or  slow  cellulipetal  secondary  degeneration 
of  the  whole  neurone,  notwithstanding  the  fact  that  the 
perikaryon  with  its  nucleus  is  left  in  the  mutilated  neu- 
rone. This  vulnerability  of  neurones  in  young  animals 
is  especially  well  illustrated  by  the  long  series  of  experi- 
ments which  were  made  by  von  Gudden.  The  distin- 
guished Bavarian  investigator  sliowed  that  after  removal 
of  an  eye  in  a  young  rabbit,  in  the  course  of  some  months 
not  only  did  a  total  degeneration  of  the  optic  nerve  of  the 
same  side  and  partial  degeneration  of  the  optic  tract  of 
the  other  side  take  place,  but  also  extensive  degeneration 
occurred  in  the  superior  colliculus  of  the  corpora  quadri- 
geinina  and  lateral  geniculate  body  of  the  opposite  side. 
This  general  observation  showed  immediately  what  re- 
gions of  the  gray  matter  are  intimately  related  with  the 
optic  nerve.  The  study  of  the  microscopic  changes  in 
these  primary  optic  centres  proved  that  this  method  per- 
mits one  to  draw  also  important  conclusions  concerning 
the  finer  histological  connections  of  the  axones  of  the 
optic  nerve  with  their  centres  of  origin  and  of  termi- 
nation. Thus  while  in  the  superior  colliculus  after  the 
operation  above  mentioned  entire  rows  of  nerve  cells  had 
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disappeared  from  the  superficial  layer  of  grav  matter,  in 
the  lateral  geniculate  body  the  ganglion  cells  were  but 
very  little  altered ;  but  between  them,  and  especially  in 
the  gelatinous  substance  lying  in  the  lateral  part  of  this 
nucleus,  there  had  been  a  very  great  loss  by  absorption 
of  fine  nerve  fibres,  the  terminals  of  the  optic  nerve.  It 
was  easy  to  interpret  these  observations.  Where  as  a 
result  of  the  lesion  there  had  occurred  cellulif  ugal  degen- 
eration of  the  ground  substance  in  direct  continuation 
with  cellulifugal  degeneration  of  nerve  fibres  in  the  optic 
tract  and  optic  nerve,  we  have  to  deal  with  the  nucleus 
of  termination  of  the  axones  of  neurones,  the  cell  bodies 
of  vvhicli  are  situated  in  the  retina.  On  the  other  hand, 
in  the  part  of  the  colliculus  superior  where  there  had 
been  a  cellulipetal  disappearance  of  ganglion  cells,  as  a 
result  of  the  removal  of  the  eye,  it  was  evident  that  we 
have  to  deal  with  a  nucleus  of  origin  of  centrifugal  ax- 
ones which  run  out  through  the  optic  tract  and  optic 
nerve  to  the  eye.  That  this  conclusion  is  correct,  the 
application  of  the  methods  of  Golgi  and  of  Flechsig  to 
the  problem  have  left  no  doubt. 

Von  Gudden  and  his  pupils  utilized  this  cellulipetal 
secondary  degeneration  in  young  animals  in  extending 
widely  our  knowledge  of  the  anatomy  of  the  brain.  By 
it  the  nuclear  origin  of  the  various  cerebral  nerves  were 
very  exactly  defined,  and  later,  the  connections  of  the 
lemniscus,  the  brachium  conjunctivum,  the  cerebrocorti- 
cal  pontal  paths,  and  various  other  tracts  were  deter- 
mined and  their  centres  of  origin  and  of  termination  ac- 
curately established. 

A  study  of  a  large  series  of  pathological  cases  in  hu- 
man beings  following  upon  hemorrhage,  softening,  or 
pressure  from  various  causes  in  the  brain  has  proven 
that  in  human  beings  also  the  cellulipetal  degeneration 
(corresponding  to  the  experiments  of  von  Gudden)  oc- 
curs as  well  as  the  typical  cellulifugal  secondary  degen- 
eration of  Waller.  What  is  more,  a  study  of  human 
cases  reveals  the  fact  that  if  a  neurone  of  a  high  order 
fails  to  receive  its  normal  impulses  from  a  set  of  neu- 
rones of  the  next  lower  order,  owing  to  degeneration  of 
the  latter,  the  former  undergoes  a  slow  diminution  in 
size  throughout  its  whole  extent  (diminution  in  size  of 
lemniscus  accompanying  sclerosis  of  posterior  funiculi 
of  cord).  Again,  if  a  set  of  neurones  in  a  neurone  chain 
is  unable,  through  degeneration  of  the  next  higher  group 
of  neurones  in  the  chain,  to  pass  on  its  impulses  to  the 
latter,  it  undergoes  a  slow  ati'ophy,  all  the  neurones  of 
the  set  gradually  diminishing  in  size.  This  is  well 
shown  when,  for  example,  the  somsesthetic  area  of  the 
cortex  is  destroyed  and  secondary  degeneration  of  the 
thalamocortical  neurone  system  results ;  the  lesion  is  fol- 
lowed in  the  course  of  years  by  marked  diminution  in  the 
volume  of  the  lemniscus  medialis,  of  the  stratum  inter- 
olivare  lemnisci,  and  of  the  nucleus  funiculi  gracilis  and 
nucleus  funiculi  cuneati  of  the  opposite  side,  the  cell 
bodies  of  which  give  rise  to  the  axones  of  the  lemniscus. 

Bethe  also  studied  the  degenerative  changes  in  the  axis 
cylinder  after  section  of  the  nerve.  He  states  that  the 
first  change  is  the  disappearance  from  the  fibrillse  of  a 
substance  which  is  primarily  colored  by  basic  dyes,  and 
that  with  the  disappearance  of  the  primary  colorability 
of  the  nerve  there  disappears  its  excitability.  There  fol- 
lows a  breaking  up  of  the  primitive  fibrillse  into  large 
and  later  into  fine  granules ;  at  the  same  time  a  breaking 
up  of  the  medullary  sheath  with  ellipsoid  formation. 
Degeneration  is  always  apparent  in  the  primitive  fibrillse 
before  such  is  seen  in  the  medullary  sheath.  This  de- 
generation does  not  occur  in  the  whole  nerve  at  the  same 
time,  but  is  first  apparent  near  the  seat  of  the  lesion  from 
which  it  can  be  traced  at  later  periods  toward  the  per- 
iphery. Corresponding  changes  are  found  in  the  central 
stump,  though  here  the  degeneration  is  limited  in  extent, 
though  certain  fibres  may  be  seen  degenerating  far  tow- 
ard the  cord.  He  denies  that  in  the  central  stump  de- 
generation ends  at  the  first  nerve  of  Ranvier  nearest  to 
the  point  of  lesion  (traumatic  degeneration).  From  his 
investigations  he  confirms  the  opinion  that  sensory  fibres 
degenerate  more   quickly  than  motor,  and  he  further 


states  that  thicker  fibres,  both  motor  and  sensory,  earlier 
show  signs  of  degeneration  than  finer  fibres. 
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Regeneration  of  the  Neurones. 

The  topic  includes  regeneration  of  the  nervous  system 
in  whole  or  in  part  during  embryonic  periods,  the  regen- 
eration of  whole  neurones  in  the  adult  condition,  and  the 
regeneration  of  portions  of  a  neurone  after  injury. 

In  connection  with  regeneration  of  the  nervous  system 
in  the  embryo  much  work  has  been  done.  Recent  studies 
have  revealed  a  wholly  unexpected  capacity  for  regener- 
ation in  young  phases  of  the  embryo.  The  doubling  of 
the  whole  nervous  system,  or  of  one  end  of  it,  is  by  no 
means  uncommon.  In  later  embryonic  phases  the  capac- 
ity for  regeneration  becomes  less ;  but  until  quite  a  late 
period,  especially  in  low  forms,  very  considerable  regen- 
eration is  possible.  Interesting  as  regards  the  regener- 
ation of  the  nervous  system  are  the  researches  of  Harri- 
son, who  experimented  upon  the  tails  of  tadpoles.  After 
cutting  off  the  tail,  its  peripheral  nervous  system  was  re- 
generated from  the  spinal  cord.  There  first  arose  a  sin- 
gle pair  of  nerves  from  cells  lying  within  the  cord.  A 
part  of  these  cells  wandered  into  the  nerve  root  and  gave 
rise  to  a  large  spinal  ganglion.  Subsequently  groups  of 
cells  wandered  farther  into  the  periphery  along  the  newly 
formed  nerves  and  gave  rise  to  from  one  to  three  small 
ganglia  to  take  the  place  of  those  ganglia  which  had  been 
lost  through  the  operation.  The  total  number  of  ganglia, 
however,  was  never  completely  replaced. 

As  to  the  regeneration  of  whole  neurones  in  adult  ver- 
tebrates much  doubt  has  been  expressed.  The  prevail- 
ing opinion  is  that  if  an  adult  neurone  be  once  entirely 
destroyed,  it  can  never  be  regenerated  from  neighboring 
neurones.  That  karyokinetic  figures  can  occur  in  nerve 
cells  adjacent  to  an  injury  has  been  shown  by  Tedeschi 
and  Vitzou.  The  exact  histological  details  of  karyoki- 
nesis  in  neurones  have  been  studied  in  the  cerebral  cortex 
of  guinea-pigs  after  introduction  of  a  hot  needle  by  Levi 
{cf.  Bnrbacci's  Remeio,  loe.  cit.,  p.  785). 

Most  interesting  are  the  various  studies  which  have 
been  made  to  explain  the  well-known  fact  that  regener- 
ation of  periplieral  nerves  after  lesion  occurs.  There  has 
been  much  dispute  as  to  whether  the  regeneration  of 
nerve  fibres  is  due  to  an  outgrowth  of  the  axone  from 
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the  central  stump  entirely  or  to  a  fusion  of  the  axone  of 
the  central  stump  with  a  new  axone  developed  in  the 
periphery  as  a  result  of  tlie  activity  of  the  neurilemma 
cells.  In  favor  of  the  former  view,  the  investigations  of 
Waller,  Ranvier,  Vanlair,  Barfurtli,  von  Notthaft, 
Strobe,  and  Koister  are  important ;  while  in  favor  of  the 
latter  view  the  studies  6f  Beneke,  Neumann,  von  Bling- 
ner,  Wieting,  and  Ballance  and  Stewart  may  be  men- 
tioned. 

According  to  the  Waller-Ran vier- Vanlair  view  there  is 
a  continuous  regeneration  of  the  nerve  fibres  in  connec- 
tion with  the  part  of  the  old  axone  preserved  in  the  cen- 
tral stump.  These  authors  observed  in  the  distal  part  of 
the  nerve  the  proliferation  of  the  cells  of  Schwann's 
sheath  and  the  formation  of  bands  of  spindle  cells  there- 
from, but  they  maintain  that  the  new  axone  is  regenerated 
independently  thereof.  After  the  lesion  the  end  of  the 
central  part  of  the  axone  becomes  swollen  and  subdivides 
into  several  fine  fibrils.  Tliese  fibrils  grow  out  from  the 
central  axones  and  ultimately  reach  the  periphery;  as 
they  grow  out  they  gradually  become  surrounded  with 
myelin  sheaths.  The  delicate  young  fibrils  penetrate  the 
intermediate  tissue  at  the  site  of  the  lesion  and  reach  the 
peripheral  segment  of  the  nerve,  the  fibres  of  which  have 
undergone  complete  degeneration  followed  by  prolifer- 
ation of  the  neurilemma  cells.  These  investigators  as- 
sert, however,  that  the  altered  fibres  of  this  peripheral 
segment  take  no  active  part  in  the  formation  of  new 
fibres,  but  simply  act  as  easy  paths  along  which  the  new 
axones  from  the  central  stump  can  grow.  If  the  central 
and  distal  stumps  of  the  divided  nerve  are  too  far  apart, 
the  regenerating  axones  of  the  central  stump  may  be  un- 
able to  bridge  the  gap,  in  which  event  there  will  be  no 
return  of  function ;  hence  the  importance  of  the  imme- 
diate coaptation  of  the  two  cut  surfaces  of  a  divided 
nerve.  Even  when  the  coaptation  has  been  carefully 
made  by  a  surgeon,  many  of  the  newly  forming  fibres 
fail  to  grow  out  to  the  periphery. 

According  to  the  opposite  view  there  is  a  discontinuous 
regeneration  of  the  nerve  fibres  taking  place  independent- 
ly of  any  connection  with  the  central  stump,  the  new  fibres 
becoming  connected  with  the  latter  only  secondarily. 
The  majority  of  those  who  support  the  view  attribute 
the  discontinuous  regeneration  of  the  fibres  of  the  distal 
stump  to  the  development  of 'single  segments  from  elon- 
gating cells;  these  single  segments  then  fuse  to  form  a 
continuous  fibre,  which  later  becomes  attached  to  the  end 
of  an  old  nerve  fibre  in  the  central  stump.  There  is  thus 
a  series  of  fusions  of  single  cells  to  make  the  new  nerve 
fibre  and  subsequently  a  fusion  of  the  new  fibre  with  the 
end  of 'the  old  one.  The  same  investigators  believe  that 
the  cells  which  are  concerned  in  building  the  new  nerve 
fibres  are  derived  by  karyokinesis  from  the  cells  of 
Schwann's  sheath  (neurilemma);  a  few  observers  in  the 
group,  however,  deny  this,  maintaining  that  the  new 
fibre  is  derived  from  the  connective-tissue  cells  of  the 
endoneurium  or  even  from  leucocytes. 

Neumann's  ideas  concerning  regeneration  resemble 
closely  those  just  described,  though  they  differ  some- 
what in  details.  He  states  that  the  myelin  sheath  and 
axone  of  tJie  old  fibj-e  do  not  undergo  complete  degener- 
ation and  absorption,  but,  contemporaneously  with  the 
proliferation  of  the  neurilemma  nuclei,  mix  with  one  an- 
other, becoming  transformed  to  a  common  protoplasmic 
mass,  which  possesses  the  chemical  properties  of  both 
axone  and  myelin  sheath.  Tliis  mass,  filling  up  the  old 
nerve  tube,  gradually  gives  rise  to  the  new  fibre  by  again 
becoming  differentiated  into  myelin  sheath  and  axone. 
This  differentiation  is  not,  however,  a  coiitiiiuons  process 
hut  takes  place  in  segments,  and  its  oi-igin  and  progress 
are,  lie  thought,  dependent  upon  and  imder  the  control  of 
the  axis  cylinder  of  the  nei've  of  the  central  stump,  for  the 
segmental  differentiation  begins  at  the  lesion  in  contact 
with  the  old  nerve  fibre  and  gradually  extends  toward 
the  periphery.  The  segment  first  diflrerentiated  fuses 
with  the  extremity  of  an  old  fibre  of  the  central  stump, 
and  gradually  the  more  peripherally  situated  segments 
fuse  to  form  finally  a  continuous  fibre. 
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Von  Bungner  undertook  the  study  in  1891  with  new 
methods.  He  decided  that  the  peripheral  portion  of  the 
nerve  imdergoes  complete  degeneration  after  section,  and 
that  therefore  "  healing  by  the  first  intention, "  postulated 
by  some  surgeons,  does  not  occur.  From,  the  third  day  on, 
tlie  neurilemma  cells  proliferate,  the  nuclei  dividing  by 
karyokinesis,  and  the  protoplasm  of  tliese  cells  rapidly  in- 
creases in  amount.  These  cells  fill  up  the  interspaces 
between  the  balls  of  degenerating  myelin  and  probably 
participate  actively  in  the  destruction  and  absorption  of 
the  old  myelin  sheath  and  disintegrated  axone,  since  leu- 
cocytes are  not  present.  No  better  illustrations  of  de- 
generating nerve  fibres  are  to  be  found  anj^wliere  than 
those  which  accompany  von  Bungner's  article.  The 
neurilemma  cells  next  line  up  in  one,  two,  or  more  longi- 
tudinal rows  and  soon  a  slight  fibrillation  appears  near 
the  elongated  nuclei  until  finally  the  nuclei  of  the  row 
appear  to  be  connected  by  bands  of  fibrils.  Herein  von 
Biingner  saw  the  earliest  indications  of  the  newly  form- 
ing axone.  Through  fusion  of  the  rows  of  proliferated 
neurilemma  cells  and  fusion  of  the  segmental  bands  of 
.fibrils,  continuous  fibril  bands  are  formed,  at  the  sides  of 
which  the  nuclei,  leaving  their  former  central  position, 
now  arrange  themselves,  so  that  the  fibres  go  past  them 
in  a  slight  curve.  The  process  is  always  most  advanced 
near  the  side  of  the  lesion,  the  regeneration  being  slow- 
est at  the  peripheral  extremity  of  the  nerve.  Von  Bt'ing- 
ner  believes  that  the  neurilemma  cells,  and  they  alone,  give 
rise  to  the  new  fibres;  he  does  not  hesitate  to  designate 
them  "neuroblasts,"  and  believes  that  they  are  truly 
"nervous"  in  nature  and  origin. 

From  the  beginning  of  the  third  week  on,  new  myelin 
sheaths  begin  to  appear  about  the  newly  formed  fibres, 
and  a  little  later  the  new  neurilemma  and  the  new  sheath 
of  Henle  appear,  being  derived,  von  Biingner  believes, 
from  the  connective-tissue  cells  of  the  endoneurium. 
The  nodes  of  Ranvier  can  be  seen  as  early  as  the  fourth 
week. 

As  to  the  mode  of  union  of  the  axone  of  the  central 
stump  with  the  newl}'  formed  fibres  in  the  peripheral 
nerve,  von  Biingner  asserts  that  traumatic  degeneration 
occurs  in  the  central  end  up  to  the  first  or  second  node  of 
Ranvier.  Here  the  end  of  the  old  axone  undergoes  bul- 
bous enlargement  and  fuses  with  new  segmentally  regen- 
erated fibi'es  derived  from  neurilemma  cells  of  tlie  central 
stump ;  the  latter  fuse  with  new  segments  in  the  space 
between  the  two  ends  of  the  divided  nerve,  and  they 
with  the  newly  formed  fibre  of  the  peripheral  portion  of 
the  nerve.  He  denies  anything  like  an  outgrowth  of  the 
old  axone  to  the  periphery,  and  even  an  outgrowth  across 
the  space  between  the  two  cut  ends  of  the  nerve. 

Neumann,  more  recently,  states  his  position  as  follows: 
"  At  present  no  one  doubts  tiiat  a  very  important  factor 
in  the  re-establishment  of  conduction  in  an  interrupted 
nerve* lies  in  the  outgrowth  of  young  fibres  from  its  cen- 
tral stump ;  the  only  dispute  possible  concerns  the  extent 
to  which  this  process  takes  place.  While  those  who  hold 
the  Waller-Ranvier  doctrine  assume  that'the  young  fibres 
grow  out  into  the  peripheral  degenerated  part  as  far  as 
its  termination,  according  to  the  view  which  I  have 
founded  and  which  lias  later  been  supported  by  von 
Bungner  and  Wieting,  the  outgrowth  from  the  central 
stump  is  limited,  occurring  only  in  sufficient  degree  to 
bridge  over  the  gap  in  the  nerve,  whereupon  new  fibres 
are  formed  autochtlionously  out  of  the  protoplasmic  ma- 
terial supplied  by  the  degeneration  process." 

Wieting  agrees  with  von  Biingner  in  ascribing  the  re- 
generative process  in  the  first  stages  entirely  to  the  nu- 
clei of  the  neurilemma  cells.  He  believes  that  the  neu- 
rilemma cells  gi\e  rise  to  a  large  amount  of  protoplasm 
throughout  the  whole  extent  of  the  degenerating  nerve, 
and  that  it  is  through  further  differentiation  of  this  pro- 
toplasm that  the  new  structures  are  formed.  As  early  as 
the  fourth  day  extremely  fine  fibrils  appear  in  the  proto- 
plasmic contents  of  the  old  neurilemma  sheath.  These 
fibrils  are  always  coiitintious  with  the  central  axone. 
About  the  fifth  day,  advancing  from  the  central  stump 
toward  the  periphery,  there  is  a  sharper  arrangement  of 
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the  protoplasmic  masses  and  fibrils  with  formation  of  line 
fibrillary  strips,  stained  of  a  pale  rose  color  and  otherwise 
homogeneous.  Later,  the  cell  boundaries  disappear,  tlie 
protoplasm  is  drawn  out  lengthwise,  and  is  deposited  as 
a  finely  granular  covering  upon  the  strips.  The  strips- 
represent  young  axones.  The  gray  covering  is  ihe  be- 
ginning of  the  new  myelin  sheath,  and  is  also  to  be 
looked  upon  as  an  excretory  product  of  the  cell,  the  ex- 
cretion taking  place  first  from  the  central  stump  and  ad- 
vancing toward  the  periphery.  AVhile  Wieting  empha- 
sizes that  the  fibril  formation  takes  place  in  direct 
connection  with  the  old  axones,  and  that  the  process  ad- 
vances evenly  toward  the  periphery,  he  maintains  that 
we  do  not  liave  to  deal  with  the  simple  outgrowtli  of  the 
old  fibre  for  which  the  neurilemma  cells  merely  point  the 
way,  but  have  in  reality  to  do  -nith  a  fibrillary  ti-ansfor- 
mation  of  the  protoplasm  yielded  by  the  nuclei  of 
Schwann's  sheath  or  with  a  fibril  formation  in  the  proto- 
plasm in  connection  with  the  fibrils  of  the  old  axone. 

A  somewhat  intermediate  position  is  taken  by  Howell 
and  Huber,  though  they  incline  to  the  view  "that  tlie 
young  axone  grows  out  of  the  old  one  in  the  central 
stump ;  it  grows  into  the  young  "  embryonic  fibre  "  born 
from  the  proliferating  cells  of  Schwann's  sheath.  They 
think  that  when  the  new  axone  grows  into  the  young 
"embryonic  fibre"  the  formation  of  the  myelin  sheath 
has  already  begun  in  the  latter.  Their  paper  is  readily 
accessible  to  readers  of  English,  and  need  not,  therefore, 
be  further  reviewed  here.  Their  work  was  done  inde- 
pendently of  von  Bilngner's,  and  it  is  interesting  to  note 
the  nearness  of  von  Bungner's  description  of  his  fibril 
bands  to  tlrat  of  Howell  and  Huber  of  their  "  embryonic 
-fibre." 

The  whole  subject  was  taken  up  again  by  von  Nott- 
haft  in  1893,  his  research  winning  the  prize  olfered  by 
the  medical  faculty  of  AVurzburg.  His  studies  of  degen- 
■eration  of  the  nerve,  tlie  proliferation  of  the  neurilemma 
•cells,  and  the  formation  of  fibrils  in  tlie  protoplasm  inside 
the  old  sheath  confirm  very  closely  the  observations  of 
von  Bungner ;  but  lie  differs  entirely  when  lie  conies  to 
■describe  further  stages  of  the  process  of  i-egeneration. 
He  asserts  that  the  neurilemma  cells  do  not  build  the 
young  nerve  fibres  at  all.  Instead,  the  young  nerve 
fibres  all  grow  out  from  the  axones  of  the  central  stump, 
and  all  pass,  without  exception,  into  the  interior  of  old 
•sheaths  of  Schwann.  Tiie  young  fibres  pass  by  nucleus 
after  nucleus  of  the  prohferated  neurilemma  cells,  but 
any  such  thing  as  discontinuous  regeneration  of  nerve 
fibres  from  the  spindle  cells  is,  he  maintains,  impossible. 
The  microscopic  pictures  do  not  even  yield  a  remote  sug- 
gestion of  such  a  probability.  Von  Notthaft  cannot  con- 
ceive how  von  Bungner  came  to  the  idea  that  the  fibril- 
lary construction  of  the  protoplasm  of  the  pi'oliferated 
neurilemma  cells  could  be  the  Anlage  of  the  new  axones. 
He  seems,  however,  to  have  neglected  a  careful  'study 
and  description  of  the  finer  histological  relations  occur- 
ring in  the  spaces  intermediate  between  the  two  cut  ends 
of  the  nerve. 

Even  more  convincing  than  von  Notthaft's  confirma- 
tion of  the  Waller-Eanvier  theory  is  that  which  we  owe 
to  the  still  later  researches  of  Strobe.  Instead  of  being 
satisfied  with  the  indirect  proof  of  the  view  which  is  em- 
bodied in  this  theory,  he  determined  to  make  a  wholly 
-clear  series  of  observations  (so  controlled  that  they  should 
be  free  from  objection)  of  the  phenomena  which  occur  dur- 
ing the  earliest  period  of  formation  of  the  new  fibres  and 
their  connection  with  the  old.  He  admits  tliat  he  was  influ- 
enced by  the  promulgation  of  the  neurone  doctrine,  wliich 
has  emphasized  the  importance  of  the  nerve  fibre  as  a 
process  of  the  ganglion  cell,  but  did  not  permit  this  to 
prevent  him  from  studying  the  actual  process  in  detail. 
He  was  helped  very  much  in  his  investigations  by  the 
invention  of  a  special  staining  method  for  the  axis  c}'lin- 
ders.  Preparations  hardened  in  Mliller's  fluid  were 
stained  in  ouncentrated  aqueous  solution  of  aniline  blue 
•(Gruebler),  after  which  they  were  differentiated  in  a 
slightly  alkaline  alcohol.  This  gives  a  deep  blue  stain 
to  even  the  finest  young  axones,  while  the  cell  proto- 


plasm in  general  stains  of  a  very  pale  blue  tint,*  or  by 
counterstaining  in  safranin  it  stains  light  red  in  contrast 
to  the  deep  red  stain  taken  by  the  nuclei.  After  study- 
ing all  stages  of  the  degeneration  itself,  and  confirming 
again  the  fact  that  it  is  complete  for  both  myelin  sheatli 
and  axone  to  the  very  periphery,  he  took  up  the  study 
of  the  changes  of  a  progressive  nature,  finding,  as  had 
previous  investigators,  that  tlie  degenerative  and  the  re- 
generative processes  in  the  injured  nerve  accompany  one 
another  in  time  and  place.  He  separates  sharply  the 
progressive  phenomena  which  concern  the  cellular  ele- 
ments of  the  old  nerve  fibre,  that  is,  the  cells  of  Schwann's 
sheath,  and  the  progressive  plienomena  of  true  nervous 
origin,  namely,  the  new  formation  of  the  axone  and  the 
myelin  sheath.  The  latter  alone  have  the  significance  of 
the  true  regeneration  of  the  nerves.  The  phagocytic 
acti-vities  of  proliferated  neurilemma  cells  were  carefully 
studied.  Strobe  also  describes  how  these  cells  become 
transformed  into  long  spindle-shaped  elements  with  lon- 
gitudinal oval  nuclei  filling  up  the  old  sheath  of  Schwann. 
These  unite  to  form  spindle-cell  rows  as  the  degeneration 
products  disappear;  portions  of  nerve  fibres  filled  up  by 
such  rows  of  spindle  cells  may  alternate  with  other  por- 
tions of  the  same  fibre  consisting  of  entirely  empty  and 
collapsed  Schwann's  sheaths.  An  especial  study  at  the 
site  of  lesion  showed  that  the  proliferating  cells  of 
Schwann's  sheath  enter  into  tliis  region  from  both  ends 
of  the  divided  nerve;  but  here,  instead  of  forming  rows, 
the  cells  are  prone  to  be  irregularly  mixed  up  and  inter- 
woven with  proliferating  connective-tissue  cellr,  of  the 
endo-,  peri-,  and  epineurium.  This  proved  that  the  neu- 
rilemma cells  possess  no  inherent  tendency  to  the  forma- 
tion of  longitudinal  rows,  but  do  so  in  the  peripheral 
portion  of  the  divided  nerve  simply  on  account  of  the 
adaptation  of  the  cells  to  the  special  relations  of  the  old 
nerve  tube  in  which  they  arise. 

True  regeneration,  according  to  Strobe,  has  nothing  to 
do  with  this  proliferation  of  the  neurilemma  cells  and  the 
bands  of  spindle  cells  resulting  therefrom,  but  depends 
entirely  upon  the  outgrowth  and  splitting  up  of  the  old 
fibrillary  axis  cylinders  directed  peripheralward  from 
the  central  nerve  stump.  These  young  fibres,  by  the 
method  of  staining  employed,  appear  as  sharp  micro- 
scopic pictures ;  so  sharp,  indeed,  that  there  can  be  no 
excuse  longer  for  confusing  them  with  the  fibril-like 
structures  in  the  protoplasmic  bands  described  by  von 
Blingner.  The  impression  is  never  obtained  of  a  new  axis 
cylinder  becoming  differentiated  out  of  the  protoplasm  of 
the  rows  of  neurilemma  cells.  From  the  very  beginning 
tlie  young  axones  are  continuous  with  the  old  axone,  and 
show  on  their  first  appearance  a  very  delicate  but  dis- 
tinctly developed  continuous  myelin  sheath.  The  illus- 
trations which  accompany  Strcibe's  article  are  very  con- 
vincing. The  new  fibres  gradually  lengthen  and  grow 
out  farther  and  farther  distalward.  'The  formation  is 
continuous,  not  discontinuous.  Passing  from  the  central 
nerve  stump  into  the  tissue  intermediate  between  the  two 
ends  of  the  divided  nerve,  the  new  axones  pass  between 
the  rows  of  spindle  cells,  when  such  exist,  and  between 
the  fibroblasts  which  have  not  been  arranged  into  rows 
of  spindle  cells.  Having  passed  through  the  site  of  le- 
sion, the  new  fibres  enter'the  old  peripheral  nerve,  some- 
times entering  into  the  interior  of  old  nerve  tubes  still 
open ;  at  other  times  passing  between  the  bands  of  spin- 
dle cells  formed  from  the  degenerated  nerve  fibres.  The 
course  is  tortuous  and  the  fibres  frequently  cross  one  an- 
other. Tlie  young  fibres  frequently  possess  a  knobbed 
terminal  swelling. 

The  young  nerve  fibres,  delicate  at  first,  gradually  in- 
crease in  thickness,  the  degeneration  products  of  the  old 
fibres  gradually  diminish  in  amount  through  absorption, 
and  the  normal  condition  is  slowly  restored.  The  cells 
of  Schwann's  sheath  are  not  nervous  elements  at  all,  and 
the  designation  of  "  neuroblast "  is  wrongly  applied  to 
them.  They  are  secondary  connective-tissue  ensheathing 
cells,  corresponding  to  their  mesoblastic  origin  in  the  em- 
bryo. Strobe's  work  is  in  complete  accord  with  the  neu- 
rone doctrine,  and  furthermore  is  compatible  with  what 
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we  know  must  be  the  origin  of  the  myelin  sheath.  Those 
histologists  who  assume  that  the  myelin  sheath  is  a  prod- 
uct of  the  metabolic  activity  of  the  neurilemma  •cells 
seem  always  to  forget  that  in  the  central  nervous  systein 
we  have  innumerable  myelin  sheaths  with  entire  absence 
of  the  neurilemma  covering.  That  the  axone  builds  the 
myelin  sheath  there  can  scarcely  longer  be  doubt. 

Ballance  and  Stewart  have  recently  made  an  extensive 
publication  attempting  to  revive  the  old  doctrine  of  the 
discontinuous  formation  through  fusion  of  rows  of  single 
cells.  I  cannot  help  but  feel  that  they  are  falling  into 
the  error  of  a  now  large  group  of  predecessors. 

The  bibliography  of  the  subject  must  be  read  with 
great  caution.  Many  of  the  statements  are  obvious  mis- 
interpretations. Such  a  finding  as  that  of  Korolow,  who 
sees  genuine  ganglion  cells  in  the  central  cut  end,  and 
that  of  Garres,  who  describes  regeneration  of  branches  of 
the  trigeminus  after  extirpation  of  the  Gasserian  gan- 
glion, are  based  upon  mistakes.  What  Korolow 's  mis- 
take was,  it  is  difficult  to  say.  Garres  doubtless  had  to 
deal  with  partial  instead  of  complete  extirpation  of  the 
ganglion. 

Regeneration  of  nerve  fibres  which  have  undergone 
solution  of  continuity  inside  the  central  nervous  system 
is  so  imperfect  that  many  have  questioned  whether  it 
takes  place  at  all.  The  physiological  studies  of  Baer, 
Dawson,  and  Marshall,  and  the  pathological  researches 
of  Worcester,  make  it  seem  probable  that  at  least  some 
regeneration  takes  place.  The  evidence  in  general  has 
been  sifted  by  Str5be  (loe.  cit.). 
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Intoxications  op  the  Neurone. 

The  best  review  of  the  literature  of  nerve-cell  intoxica- 
tion up  to  1899  is  that  given  by  Barbacoi.  He  has  col- 
lected with  great  assiduity  almost  the  entire  literature  of 
the  subject  and  arranged  the  results  systematically.  He 
distinguishes  sharply  between  the  toxic  influences  which 
are  the  result  of  the  introduction  of  substances  into  the 
normal  organism  from  the  outside  world — intoxication  in 
the  narrower  sense — and  those  intoxications  which  are 
the  effect  of  poisons  developed  in  the  organism  itself 
through  a  disturbance  of  metabolism — auto-intoxications. 
The  former,  in  turn,  can  be  further  subdivided  accord- 
ing to  the  chemical  nature  of  the  poisons,  whether  they 
be  mineral  ol-  organic;  and  in  the  latter  case,  whether  we 
are  concerned  with  a  so-called  organic  poison  proper  or  a 
vegetable  alkaloid  or  a  poison  of  animal  origin.  Finally 
the  effects  of  intoxication  are  considered  by  themselves, 
according  to  the  special  nature  of  the  intoxication  to 
which  the  alterations  met  witli  in  the  nerve  elements  are 
to  be  referred. 

In  his  review  of  the  general  pathology  of  the  nerve  cell 
Barbacci  refers  to  a  series  of  special  modifications  which 
the  nerve  cell  protoplasm  undergoes  in  various  intoxica- 
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tions  and  infections.  Most  of  these  have  been  dealt  with 
above  under  the  caption, "  Degenerations  of  the  Neurone." 
A  few  additional  ones,  however,  deserve  especial  men- 
tion. 

Golgi's  method  has  been  utilized  by  a  number  of  inves- 
tigators for  the  study  of  pathological  alterations  in  nerve 
cells,  though  it  has  been,  of  course,  of  far  greater  service 
in  revealing  the  normal  anatomical  relations  inside  the 
central  nervous  system.  One  is  always  more  or  less  in 
doubt  in  studying  pathological  tissues  with  Golgi's 
method  as  to  how  many  of  the  appearances  met  with  are 
artefacts.  One  of  the  commonest  findings  in  pathologi- 
cal tissues  is  the  so-called  varicose  atrophy  of  the  dendrites. 
Instead  of  the  normal  dendrite,  one  sees  a  process  studded 
by  rows  of  round  or  oval  swellings  connected  by  thinner 
or  thicker  threads,  reminding  one  of  a  chain  of  beads. 
This  change  is  preceded,  as  a  rule,  by  a  falling  of  the 
"geramules"or  lateral  thorns  from  the  dendrites.  The 
alteration  affects  the  finest  branches  of  the  dendrites  first 
and  extends  to  the  thicker  trunks,  until,  finally,  all  of 
the  protoplasmic  process  of  the  cell  may  be  involved. 
Occasionally,  however,  the  change  is  limited  to  a  single 
dendrite  or  even  to  a  single  branch.  The  changes  in  the 
larger  protoplasmic  trunks  of  the  dendrites,  however,  are 
not,  as  a  rule,  so  typically  beadlike.  Instead,  one  sees 
an  irregularity  of  contour,  nodules,  indentations,  erosions, 
roughenings,  wrinkles,  etc.,  in  the  Golgi  pictures.  Any 
of  the  appearances  described  may  be  met  with  in  normal 
tissues,  but  the  change  may  be  regarded  as  pathological 
when  it  is  extensively  distributed.  For  a  list  of  condi- 
tions in  which  these  changes  have  been  noted,  Barbacci's 
article  may  be  consulted  (loe.  cit.,  S.  798). 

A  somewhat  similar  atrophy  affects  the  axones  as  seen 
in  Golgi  pi'cparations,  under  certain  conditions.  What 
appears  to  be  the  same  or  a  similar  condition  has  been 
described  by  Golgi  as  ■varicose  hypertrophy. 

Of  the  changes  met  with  in  intoxications  in  tissues 
studied  by  Nissl's  method,  that  of  chromatolysis  or  tigro- 
lysis  has  already  been  referred  to  {vide  supra).  The  proc- 
ess has  been  carefully  described  by  Ewing,  Marinesco, 
and  others.  It  begins,  as  a  rule,  with  a  swelling  of  the 
tigroid  masses,  though  this  is  not  always  demonstrable. 
Once  begun,  the  process  involves  a  gradual  vanishing  of 
the  tigroid  from  the  cell  protoplasm.  The  tigroid  masses 
may  disappear  in  various  ways.  In  the  first  place,  it  is 
not  uncommon  to  see  an  irregularity  of  arrangement  ap- 
pear. In  the  cells  of  the  anterior  horn,  for  example,  in- 
stead of  the  typical  stichochrome  arrangement,  one  may 
meet  with  great  irregularity  and  disorder.  Again,  in- 
stead of  sharply  isolated  tigroid  units,  these  elements 
may  lose  tlieir  individuality  and  be  connected  with 
others  in  the  cell  protoplasm  in  the  form  of  a  network. 
Instead  of  sharp,  clean-cut  pictures  of  the  individual  ti- 
groid mass,  one  frequently  sees  ragged  edges  and  indefi- 
nitenfess  of  outline. 

Ewing  has  described  a  fine  subdivision  of  the  tigroid 
masses  occurring  when  the  tigrolytic  process  goes  on 
slowly.  In  other  cases,  in  which  the  process  is  more  rapid, 
the  tigroid  elements  are  broken  up  quickly  into  very  fine 
granules  and  become  evenly  distributed  throughout  the 
cytoplasm,  giving  it  a  very  characteristic  "  dust-like  "  ap- 
pearance. Tills  is  the  change  designated  by  Ewing  as 
^'granular  subdivision''''  and  by  the  Germans  as  "'staubi- 
ger  Zerfall."  In  the  final  stages  all  the  stainable  sub- 
stance of  Nissl  has  disappeared  from  the  cell  (stage  of 
achromatosis,  described  by  Marinesco). 

The  tigrolysis  may  be  total,  or  it  may  be  limited  to 
smaller  or  larger  portions  of  the  cell,  in  which  case  we 
speak  ot  partial  tigrolysis.  If  it  involves  the  region  im- 
mediately adjacent  to  the  nucleus,  the  condition  is  spoken 
of  as  central  ov  perinuclear  tigrolysis  ;  when,  on  the  other 
hand,  it  is  the  periphery  of  the  cell  which  is  affected,  the 
central  portion  remaining  almost  intact,  it  is  spoken  of 
as  peripheral  or  marginal  tigrolysis  (Fig.  3587).  By  inter- 
mediate or  coiicentric  tigrolysis  is  understood  the  involve- 
ment of  the  middle  zone  between  the  nucleus  and  the 
periphery— a  very  rare  condition.  Finally  the  tigrolytic 
process  may  involve  some   particular  segment  of  the 
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cytoplasm,  in  whicli  event  it  is  spoken  of  as  segmental  or 
eireumsmbed  tigrolysis. 

The  tigrolysis  which  follows  section  of  the  axone  has 
been  referred  to  as  degeneratio  axonalis  {Fig.  3588) ;  it  is 
of  the  central  variety  as  a  rule.  It  was  supposed  by 
many  that,  on  the  other  hand,  when  a  toxic  agent  acted 
upon  the  cell  from  without,  the 
change  nearly  always  consisted 
in  peripheral  or  marginal  tigro- 
lysis. A  review  of  the  exten- 
sive bibliography,  liowever, 
teaches  that  no  hard-and-fast 
rule  can  be  laid  down. 

The  changes  demonstrable  by 


Fig.  3587.— a  Nerve  Cell  Irom  a  Part  of  the  Spinal  Cord  Deprived  ol 
Blood  tor  Six  Hours  Tlirougli  Ligature  of  the  Abdominal  Aorta. 
(After  G.  Marinesco,  Presse  med..  Par.,  1897,  pi.  v.,  p.  45k  The 
peripheral  portion  of  the  cytoplasm  contains  only  a  few  tigroid 
masses,  although  the  latter  are  still  numerous  near  the  nucleus. 
Typical  peripheral  tigrolysis. 

Nissl's  method  in  the  nucleus  in  various  intoxications 
include  (1)  swelling  of  the  nucleus,  (3)  diminution  in 
the  size  of  the  nucleus,  (3)  alterations  in  the  form  of  the 
nucleus,  and  (4)  alterations  in  the  contents  of  the  nucleus. 

Swelling  of  the  nucleus  may  vary  in  degree.  In  ex- 
treme cases  actual  dropsy  of  the  nucleus  has  been  met 
with.  Such  swelling  has  been  described  in  a  whole 
series  of  conditions,  including  faradic  excitation  of  the 
cell,  commotio,  uraemia,  cholsemia,  tetanus,  rabies,  and 
acute  delirium. 

A  diminution  in  the  size  of  the  nucleus  may  or  may 
not  be  accompanied  by  alterations  in  its  nucleolus.  As  a 
rule  the  form  of  the  nucleus  is  also  somewhat  altered. 
The  contour  is  irregular,  the  nucleus  looking  as  though 
shrunken.  When  the  contents  are  altered,  they  may  be 
homogeneous  and  stain  diffusely  and  evenly.  Some- 
times this  homogeneity  is  associated  with  shrinking — 
so-called  "  acute  homogenization  with  atrophy  "  (Sarbo). 
Sometimes  the  contents  of  the  nucleus  stain  evenly,  but 
take  a  different  tint  from  other  constituents  of  the  cell, 
especially  a  shade  different  from  that  taken  by  the  nucle 
olus  and  the  tigroid  mass.  This  "  metachromatic  "  stain 
ing  has  been  met  with  by  Barbacci  in  various  pathological 
conditions,  but  especially  in  experimental  cholsemia.  He 
points  out,  however,  that  metachromatic  staining  fre- 
quently occurs  in  tissues  which  have  undergone  post 
mortem  change,  and  that  therefore  great  care  should  be 
exercised  in  reporting  instances  of  the  alteration. 

Vacuolization  of  the  nucleus  has  been  referred  to  above 
in  connection  with  vacuolar  degenerations  in  general. 

Eccentricity  of  the  nucleus  or  peripheral  disposition  of 
that  structure  is  one  of  the  typical  changes  in  the  nerve- 
cell  body  following  upon  lesion  to  its  axone.  That  it 
may  occur  under  still  other  conditions  has  been  mani- 
foldly stated.  Thus  it  has  been  described  after  ligature 
of  the  aorta,  in  embolism,  and  in  various  intoxications. 
In  some  of  these  instances,  however,  the  eccentricity  may 
depend  not  upon  the  direct  action  of  the  harmful  agent 
upon  the  cell  body  and  nucleus,  but  rather  upon  a  simul- 
taneous injury  to  the  nerve  fibre,  in  which  event  the 
change  in  the  nerve  cell  would  correspond  to  the  ordi- 
nary axonal  degeneration. 

Various  alterations  in  the  nucleolus, -under  pathological 


conditions,  have  been  described.  All  degrees  of  pallor 
of  the  nucleus  have  been  observed  in  stained  prepara- 
tions, the  pallor  occurring  most  frequently  when  the 
volume  of  the  nucleolus  is  increased.  Swelling  of  the 
nucleolus  is  met  with  under  many  conditions,  but  par- 
ticularly after  tetanus  or  strychnine  poisoning.  Occa- 
sionally the  nucleolus  is  diminished  in  size  (Ewing). 
Uneven  staining  of  the  nucleolus  with  actual  vacuole 
formation  has  been  emphasized  by  Lugaro  as  a  common 
appearance  after  arsenic  poisoning.  Similar  phenomena 
have  been  described  by  Ewing  in  hydrophobia. 

The  shape  of  the  nucleolus  is  often  altered ;  instead  of 
being  round  with  regular  margin,  it  may  become  polyg- 
onal. In  extreme  cases  it  may  be  fragmented,  a  condi- 
tion not  to  be  confounded  with  the  existence  of  the  so- 
called  secondary  nucleoli. 

When  one  approaches  the  subject  of  special  intoxica- 
tions he  is  almost  overwhelmed  with  the  immense  number 
of  researches  which  have  been  undertaken  in  connection 
with  them.  The  great  vulnerability  of  the  Nissl  bodies 
and  the  observations  of  marked  alterations  in  them  in  va- 
rious intoxications  led  Nissl  and  others  to  hope  that  we 
might  find  in  the  study  of  the  stainable  substance  safe 
criteria  for  the  histological  diagnosis  of  the  action  of 
specific  poisons.  Much  disappointment  has,  however, 
been  met  with  as  the  investigations  have  proceeded. 
The  lesions  in  the  majority  of  instances  are  not  pathog- 
nomonic for  the  special  poisons.  If  specific  alterations 
are  some  day  to  be  found,  they  will  probably  be  in  the 
ground  substance  of  the  nerve  cell  or  unstainable  sub- 
stance of  Nissl  rather  than  in  the  tigroid  masses.  That 
specific  poisons  have  specific  effects  is  indubitable  from 
the  physiological  and  pathological  results  of  their  action. 
That  specific  physical  and  chemical  alterations  take  place 
in  certain  groups  of  nerve  cells  under  such  circumstances 
we  cannot  doubt,  but  we  are  far  from  having  found  any- 
thing like  liistological  changes  corresponding  to  these 
specific  effects.  In  all  probability  we  must  wait  until 
our  technique  has  become  much  more  refined  before  we 
can  hope  for  histological  demonstration.  It  may  be  that 
the  alterations  concern  portions  of  the  nerve-cell  proto- 
plasm measuring  less  than  the  wave  length  of  light,  in 
which  event  microscopic  demonstration  would  be  impos- 
sible. 

Of  the  mineral  poisons,  the  effects  of  which  have  been 
studied,  may  be  mentioned  arsenic,  lead,  antimony,  mer- 
cury, phosphorus,  silver,  and  aluminum.  Of  the  organic 
poisons  proper  the  effects  of  alcohol,  chloroform,  antipy- 
rin,  trional,  acetone,  and  malonnitril  have  been  studied. 
The  effects  of  powerful  alkaloids  liave  formed  the  basis 
for  a  large  series  of  histological  investigations.  Strych- 
nine, morphine,  quinine,  ergotine,  atropine,  muscarine, 
nicotine,  cocaine,  and  veratrine  are  among  those  which 


Fig.  3588.— Spinal  Ganglion  Cell  Showing  Marked  Alterations  Follow- 
ing Section  of  the  Sciatic  Nerve.  Sublimate  fixation;  thionlne 
staining.  (After  Lugaro.)  Typical  central  tigrolysis  with  eccen- 
tric position  of  nucleus :  degeneratio  axonalis. 

have  been  used.  Of  the  poisons  of  animal  origin  blood 
serum  of  animals  of  the  same  and  of  other  species,  urine, 
thyreoiodine,  neurine,  and  snake  poison  may  be  mentioned 
as  those  whose  effects  have  been  particularly  investi- 
gated. Special  interest  has  attached  to  the  examination 
of  the  changes  in  the  nerve  cells  which  occur  in  the  so 
called    auto-intoxications.     Thus    in  the    bibhography 
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there  are  multiple  references  to  studies  of  the  nervous 
system  in  uraemia,  choloemia,  coprostasis,  adrenal  ca- 
chexia, thyreoid  cachexia,  experimental  glycosuria,  in- 
somnia, and  the  auto-intoxications  following  burns. 
Finally,  the  alterations  in  the  neurones,  occurring  in  a 
whole  series  of  Infectious  diseases,  have  been  examined 
and  studied;  tetanus,  diphtheria,  hydrophobia,  bubonic 
plague,  yellow  fever,  botulismus,  septicaemia  due  to  va- 
rious micro-organisms,  anthrax,  infectious  peritonitis  are 
among  the  number.  It  would  be  beyond  the  scope  of 
this  article  to  discuss  these  in  detail,  and  besides  Barbacci 
has  given  an  excellent  epitome  of  the  whole  subject  in 
his  collective  review,  to  which  in  this  section  reference 
has  so  frequently  been  made.  Perhaps  nothing  better 
can  be  done,  under  the  circumstances,  than  to  quote  Bar- 
bacci's  summing  up  of  the  whole  matter.  It  is  his  opin- 
ion that  the  alterations  perceptible  in  the  nerve  cell  under 
various  conditions  are  best  understood  as  follows :  "  When 
a  harmful  iniiuence  affects  the  nerve  cell,  two  series  of 
processes  are  possible :  either  the  harmful  influence  is  so 
intense  that  it  quickly  kills  the  cell,  in  which  event  the 
microscopic  picture  shows  only  the  typical  signs  of  cell 
necrosis;  tigrolysis  has  neither  time  nor  reason  for  ap- 
.  pearance.  The  alterations  of  the  protoplasmic  masses, 
and  especially  those  of  the  nucleus,  are  those  which  be- 
tray the  effect  of  the  morbid  causative  agent.  If,  on  the 
other  hand,  the  intensity  is  less,  the  cell  reacts  power- 
fully at  first  against  the  abnormal  stimulus  and  uses  up, 
in  tile  exertion  of  the  reaction,  its  reserve  supply  of  nu- 
triment more  or  less  quickly.  Herein  we  see  the  signifi- 
cance of  tigrolysis ;  it  is  the  expression,  simply  of  a  phe- 
nomenon of  reaction.  If  during  this  first  phase  the  total 
activity  of  the  pathological  stimulus  becomes  exhausted, 
the  alterations  in  the  cell  progress  no  farther  and  the 
normal  condition  is  quickly  regained,  the  reserve  supplj^ 
of  tigroid  substance  being  quickly  restored.  In  this 
phase  of  the  reaction,  the  neurones  retain  their  functional 
capacity  unaltered — a  fact  which  explains  very  well  the 
striking  contradictions  between  the  anatomical  findings 
and  the  clinical  symptoms  in  many  affections.  During 
the  development  of  a  disease  the  nervous  system  may  be- 
tray no  symptoms  which  would  indicate  alterations  tak- 
ing place  in  it,  and  yet  its  elements,  on  microscoj)ic  ex- 
amination, show  that  extensive  tigrolytic  processes  have 
already  occurred.  This  is  seen  especially  frequently  in 
infections  and  intoxications,  and  particularly  in  those 
which  follow  an  acute  course.  But  when  the  influence 
of  the  noxa  continues  to  act  upon  the  neurone  after  the 
latter  has  exhausted  all  its  reactive  powers,  it  becomes 
affected  in  its  most  vital  parts  and  degeneration  follows 
upon  the  reaction.  The  cell  is  irretrievably  condemned 
to  death,  and  the  microscopic  specimens  show  most  often 
only  the  signs  of  a  cell  cadaver." 

It  would  seem  not  unlikely  that  our  knowledge  of  the 
general  pathology  of  the  neurone  will  be  materially  in- 
creased through  the  extension  of  experimental  pharma- 
cology, and  of  those  modern  researches  which  are  at- 
tempting to  explain  the  phenomena  of  immunity.  A 
start  has  already  been  made  in  the  investigations  which 
bear  upon  the  relations  of  the  chemical, constitution  of 
bodies  to  their  distribution  in  the  organism  and  their 
pharmacological  effects.  Since  Stahlschmidt,  in  1859, 
proved  that  strychnine  could  be  robbed  of  its  tetanizing 
effect  through  the  introduction  into  it  of  one  methyl 
group,  and  so  be  transformed  into  a  paralyzant,  not  un- 
like curare,  interest  in  such  problems  has  rapidly  grown. 
It  was  soon  shown  by  other  investigators  tliat  other  am- 
monium bases,  deilvable  from  various  alkaloids,  possess 
properties  not  unlike  those  of  curare — a  fact  of  the 
highest  interest,  since  BOhm  has  since  demonstrated  that 
curarine  itself  is  an  ammonium  base. 

The  work  which  has  been  done  upon  artificial  antipy- 
retics has  furthered  the  ideas  under  consideration.  The 
synthetic  preparation  of  antipyrin  and  phenacetin  may 
be  mentioned  as  an  illustration.  It  has  been  shown  that 
the  antipyretic  effect  of  aniline  derivatives  and  amido- 
phenol  derivatives  like  phenacetin,  is  proportional,  with- 
in certain   limits,  to  the  amount  of  para-amido-phenol 
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which  is  split  off  in  the  organism,  and  it  has  been 
demonstrated  that  the  introduction  of  acid  salt-forming 
residues  (like  SO3H  and  COaH)  prevents  the  antipyretic 
power  of  such  substances.  Again  the  studies  upon  co- 
caine and  allied  bodies  support  the  same  principle.  It 
has  been  shown  that  it  is  the  benzoyl  residue  which  in  co- 
caine gives  it  its  anaesthetic  power.  It  was  a  knowledge 
of  this  fact  which  led  to  the  synthetic  manufacture  of 
new  anaesthetics  which  contain  the  anaesthesiophore 
benzoyl  group  as  their  active  agents ;  thus  eucaine,  or- 
thoform,  and  nirvanin  have  been  made  available.  Tne 
somniferous  effect  of  the  introduction  of  ethyl  groups 
into  molecules  has  been  adduced  as  further  evidence 
along  these  lines.  Sulfonal,  amylene  hydrate,  alcohol, 
and  dulcin  all  owe  their  specific  properties  largely  to  the 
ethyl  groups  c(mtained  in  their  molecules. 

Ehrlich's  studies  upon  the  staining  of  the  living  nerve 
tissues  by  a  certain  small  number  of  basic  aniline  dyes 
(methylene  blue,  Bismarck  brown,  chrysoidin,  neutral 
red,  etc.)  is  calculated  to  throw  some  light  upon  the  sub- 
ject. He  has  shown  that  these  neurotropic  dyes  entirely 
lose  this  power  if  a  sulpho-acid  group  be  introduced  into 
their  molecules.  The  introduction  of  the  acid  group  al- 
ters the  distribution  in  the  organism  and  completely  de- 
stroys the  neurotropic  properties.  Ehrlich  has  pointed 
out  as  specially  significant  the  fact  that  the  majority  of 
basic  dyes  which  stain  the  living  brain  substance  have 
also  an  affinity  for  adipose  tissue.  In  other  words,  neu- 
rotropy and  lipotropy  are  intimately  connected  with  one 
another.  It  is  obvious,  therefore,  that  when  substances 
are  ditropic  or  polytropic  their  distribution  in  the  organ- 
ism, and  with  it  their  pharmacological  effect,  will  vary 
more  or  less  with  the  quantitative  relations  of  the  tissues 
for  which  they  have  aflinity.  Thus  the  poisons  which 
have  at  the  same  time  neurotropic  and  lipotropic  effects, 
if  administered  in  equal  amounts  per  kilogram  of  body 
weight,  will  have  a  much  more  marked  influence  upon  the 
nervous  system  in  an  emaciated  animal  than  in  one  which 
is  very  fat ;  for,  according  to  the  loi  de  partage,  much 
more  poison  will  be  taken  up  by  the  brain. 

One  of  the  most  important  questions  which  we  meet 
with  is  that  which  deals  with  the  reason  why  certain  tis- 
sues are  selected  by  certain  chemical  substances.  That 
the  reasons  are  chemical  in  nature  seems  very  probable. 
It  is  well  known,  however,  that  certain  indifferent  sub- 
stances possess  neither  basic  nor  acid  characters;  and 
when  introduced  into  the  organism,  though  they  have 
no  marked  chemical  affinities,  they  nevertheless  often  ex- 
ercise extremely  toxic  effects.  This  is  true,  for  example, 
of  ether,  alcohol,  and  various  narcotics.  In  such  cases  it 
is  thought  that  direct  chemical  affinities  on  the  part  of 
the  organism  are  not  concerned,  but  that  we  have  to  deal 
with  a  sort  of  contact  effect,  due  to  the  influence  of  unal- 
tered and  chemically  unbound  molecules  present  among 
the  constituents  of  the  tissue.  But  if  this  is  true,  what 
is  it  that  determines  the  typical  localization  of  these  com- 
pounds in  certain  tissues,  such  as  those  of  the  central  ner- 
vous system?  Ehrlich  has  compared  this  kind  of  locali- 
zation with  the  principle  of  the  Stas-Otto  extraction 
procedure.  Writing  in  1887  he  said :  "  The  principle  of 
the  mode  of  extracting  poisons  introduced  by  Stas-Otto 
is  based  on  the  fact  that  in  general  basic  bodies,  like  the 
alkaloids,  enter  into  firm  chemical  combination  in  acid 
solutions,  and  hence  can  only  with  difliiculty  be  extracted, 
while  they  can  easily  be  shaken  out  of  alkaline  solutio-js. 
Acid  compounds  show,  of  course,  the  opposite  behavior, 
since  they  are  held  firmly  in  alkahne  media,  but  are  easily 
given  up  by  acid  media.  If  we  transfer  these  principles 
to  the  questions  in  which  we  are  here  interested  we  can 
easily  understand  why  basic  dyes,  particularly  those 
which  are  not  retained  in  the  blood  by  chemical  affinities, 
are  preferably  taken  up  by  the  brain,  while  the  acid  dyes 
and  sulpho-acids  which  are  firmly  held  by  the  alkalies  of 
the  blood  in  the  form  of  salt,  and,  as  it  were,  are  anchored 
there,  show  exactly  the  opposite  behavior."  Ehrlich's 
observations  that  adipose  tissue  takes  up  many  sub- 
stances which  are  also  taken  up  by  the  brain  is  signifi- 
cant when  added  to  the  finding  of  Pohl  in  1891,  that  the 
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receptivity  of  the  red  blood  corpuscles  for  chloroform 
depends  upon  the  presence  in  the  corpuscles  of  choles- 
terin  and  lecithin,  and  to  his  conclusion  that  the  relation 
of  the  chloroform  to  the  nerve  tissues  of  the  brain  is  de- 
pendent upon  the  existence  of  substances  of  a  fatty  nature 
in  the  brain.  These  studies  afforded  the  basis  for  more 
accurate  examinations  of  the  cerebral  effects  of  those  sub- 
stances vyhich  are  easily  solublein  fats  and  fat-like  com- 
pounds. That  these  examinations  have  been  fruitful  will 
be  clearly  seen  fi'om  the  -work  of  Hans  Meyer  on  alcohol 
narcosis,  and  that  of  H.  Overton  on  the  causal  relations 
existing  between  solubility  in  fat  and  narcotic  effects. 

But  this  loose  contact  effect  of  poison  upon  the  brain 
and  spinal  cord  will  not  explain  another  series  of  intoxi- 
cations due  to  bodies  like  the  antipyretics,  various  sub- 
stances of  a  basic  nature  (alkaloids  and  phenols)  which 
are  not  chemically  indifferent,  but,  on  the  contrary,  may 
be  capable  of  entering  into  actual  synthetic  relations  with 
the  tissue  cells.     Loew  suggested  some  years  ago  the  ex- 
istence in  protoplasm  of  definite  atomic  groups  endowed 
with  powerful  afBnities;  to  these  atomic  complexes  he 
ascribes  an  important  role  in  the  phenomena  of  intoxica- 
tion.    It  was  his  opinion  that  atomic  groups,  on  the  one 
hand,  perhaps,  of  the  nature  of  aldehyde  groups,  on  the 
other  hand,  the  labile  amido  groups,  were  active  in  the 
protoplasm  proper  in  catching  hold  of  chemical  sub- 
stances circulating  near  them,  and  for  which  they  had  an 
affinity.     Any  compound,  he  thought,  which  could  com- 
bine with  either  of  these  atomic  groups  could  act  as  a 
protoplasmic  poison;    and  the  greater  its  affinity  for 
these  groups  the  stronger  its  toxic  effect.     But  Ehrlich's 
experiments  with  aniline  dyes  speak  against  such  a  sub- 
stitutive action  of  poisons,  at  least  of  poisons  like  the  al- 
kaloids; for  most  of  them  can  be  extracted  from  the  tis- 
sues by  indifferent  solvents,  and  this  would  scarcely  be 
the  case  if  chemical  combination  with  the  protoplasm 
took  place.     Ehrlich  assumes,  on  the  other  hand,  that 
only  two  modes  of  explanation  are  possible,  and  that  in 
one  case  one  may  be  true,  in  another  case  the  other. 
The  one  explanation  is  based  upon  Kneclit's  theory  of 
the  action  of  dyes  depending  upon  the  formation  of  in- 
soluble salt-like  compounds.     Pfeffer,  in  studying  the 
vital  staining  of  plant  cells,  has  convinced  himself  that 
the  staining  is  due  to  the  precipitation  of  granules  of  the 
difficultly  soluble  tannate  of  methylene  blue.     In  animal 
cells  the  affinity  of  the  tissue  for  an  alkaloid  might  be  due 
to  the  formation  of  a  salt  with  nucleinic  acid,  or  with  va- 
rious products  of  secretion  present  in  the  cell ;  that  is  to 
say,  with  substances  in  the  protoplasm  rather  than  with 
the  protoplasm  proper.     The  second  possibility  which 
EhrUchsees  lies  in  the  probability  of  the  formation  under 
certam  circumstances  of  so-called  "  solid  solutions  "  (feste 
Losungen  of  van't  Hoflf),  a  view  which  Witt  has  advanced 
in  dye  chemistry.     Possibly,  as  he  suggests,  the  distri- 
bution of  an  alkaloid  in  the  organism  sometimes  depends 
upon  both  causes,  the  selection  being  due  to  a  combina- 
tion of  "  salt  formation  "  and  of  "  solid  solution. " 

There  is  a  class  of  poisons,  however,  quite  different 
from  all  these  thus  far  mentioned,  poisons  which  like  food- 
stuffs may  actually  enter  into  the  molecules  of  the  proto- 
plasm proper  and  be  fixed  in  the  protoplasm  and  become 
non-extractable  by  indiflerent  solvents;  for  such  poisons 
a  view  like  that  advanced  by  Lasw  would  be  more  appli- 
cable. Sugar  residues,  for  example,  cannot  be  with- 
drawn from  the  cells  by  simple  solvents;  they  must  first 
be  split  off  by  acids  in  order  that  they  may  be  obtained 
in  a  free  condition.  For  such  chemical  anchorage,  as  in 
all  syntheses,  two  combining  groups  of  maximal  chemi- 
cal affinity  must  be  assumed  to  exis,t,  one  in  the  cells  des- 
ignated by  Ehrlich  as  a  "side  chain"  or  "receptor,"  the 
other  in  the  food-stuff  molecule  and  called  by  him  a 
"haptophore"  group.  Ehrlich  assumes  that  living  pro- 
toplasm is  supplied  with  a  large  series  of  such  "side 
chains"  {Seitenhetten),  which  by  virtue  of  their  chemi- 
cal constitution  have  the  power  to  anchor  the  various 
kinds  of  food-stuffs ;  in  other  words,  the  activities  of 
such  side  chains  underlie  the  phenomena  of  cellular  me- 
tabolism.    It  is  this    "side-chain    theory"  also    which 


forms  the  basis  of  Ehrlich's  doctrine  regarding  the  action 
of  bacterial  toxins  and  the  production  of  antibodies.  He 
believes  that  the  toxins,  like  the  food-stuffs,  possess  defi- 
nite haptophore  groups  which,  uniting  with  correspond- 
ing receptors  in  the  protoplasm-molecules  of  the  cells, 
permit  the  toxic  effect.  As  a  result  of  the  throwing  out  of 
function  of  these  receptors  the  cells  "regenerate"  new 
receptors  of  the  same  kind  in  excess,  many  of  them  being 
thrown  off  into  the  blood  to  form  "antitoxins."  Only 
such  poisons  as  possess  haptophore  groups  can  give  rise 
to  the  formation  of  antibodies ;  against  alkaloids,  gluco- 
sides,  or  the  antipyretic  substances,  no  true  immunity 
can  be  produced. 

In  tetanus,  to  take  a  concrete  example,  the  symptoms 
all  point  to  an  intoxication  of  the  central  nervous  system. 
According  to  Ehrlich's  side-chain  theory,  the  poison  acts 
on  the  nerve  cells  because  its  haptophore  group  combines 
with  corresponding  receptors  in  the  nerve  cells.  Tetanus 
antitoxin  consists  of  such  receptors  regenerated  in  excess 
and  thrown  off  into  the  circulating  blood.  When  tetanus 
poison  enters  the  blood  of  an  immunized  animal  it  is  bound 
by  these  receptors  and  the  side  chains  in  the  nerve  cells 
themselves  are  protected.  Wassermann  has  shown  that 
the  normal  tissue  of  the  central  nervous  system  of  most 
animals  that  are  susceptible  to  tetanus  is  capable  of  en- 
tering in  vitro  into  firm  combination  with  tetanus  poison, 
and  that  a  mixture  of  normal  nerve  tissue  and  tetanus 
poison  is  harmless  when  introduced  into  animals,  because 
the  haptophore  groups  of  the  poison  are  saturated  with 
receptors,  and  so  cannot  combine  with  the  living  nerve 
tissues  of  the  animal  under  experiment.  Other  organs 
of  the  body  do  not  combine  with  the  tetanus  poison  in 
vitro. 

Interesting,  too,  in  connection  with  the  pathology  of 
the  neurone  is  another  series  of  facts — those  bearing  upon 
specific  cytotoxins.  It  is  now  known  that  the  injection 
of  the  red  blood  corpuscles  of  a  species  a  into  a  species 
b  leads  to  the  development  in  the  blood  serum  of  species 
b  of  specific  products  of  reaction  which  are  highly  toxic 
to  the  corpuscles  of  species  a.  These  toxic  substances 
are  the  so-called  specific  hasmolysins.  Delzenne  and 
Madame  Metchnikoff,  by  treating  animals  with  the  cen- 
tral nerve  tissues  of  other  species,  have  been  able  to  pre- 
pare a  specific  highly  neurotoxic  serum.  Small  amounts 
of  this  serum  injected  into  the  cerebrum  of  species  a 
caused  paralysis  and  epileptiform  convulsions.  Experi- 
ments made  with  other  cells  give  similar  results ;  thus 
specific  leucotoxins  (for  the  white  blood  corpuscles)  and 
specific  spermotoxins  (for  spermatozoa)  have  been  pro- 
duced. The  fact  that  anti-haemolysins  and  anti-leuco- 
toxins  can  be  made  experimentally  is  very  hopeful  for  the 
future  of  therapy. 

Along  the  pathways  just  indicated  the  hope  of  the  ex- 
perimental pathologist  and  therapeutist  would  seem  to 
lie.  But  an  immense  amount  of  work  must  yet  be  done 
before  extensive  practical  application  of  these  ideas  in 
clinical  neurology  may  be  expected. 

Lewellys  F.  Barker. 
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The  study  of  the  diseases  usually  included  under  this 
head  is  in  large  part  a  matter  of  the  last  few  years.  Sev- 
eral members  have  been  added  to  the  group,  and  those 
known  for  a  longer  time  have  been  more  closely  scruti- 
nized and  their  phenomena  described.  In  spite  of  this 
fact  considerable  doubt  exists  as  to  what  particular  dis- 
eases belong  in  this  category.  Authorities  differ  a  good 
deal  in  regard  to  the  nature  of  some  of  the  diseases  and 
their  ultimate  causes.  In  order  to  obtain  an  adequate 
conception  of  the  general  features  of  trophic  disorders  it 
is  necessary  to  consider  with  them  some  of  the  vaso-motor 
diseases.  Nourishment  and  decay  are  closely  and  neces- 
sarily linked  with  the  blood  supply ;  this  latter  is  varied, 
at  least  in  quantity,  by  a  special  nervous  mechanism  con- 
stituting the  cardio- vaso-motor  system,  so  that  the  action 
of  the  nervous  system  on  nutrition  must  be  divided  into 
its  direct  action,  and  the  one  exerted  through  the  vaso- 
motors. 

It  is  obviously  impracticable  to  include  in  the  group 
all  neuroses  associated  with  trophic  change.  Nutrition 
is  profoundly  affected  in  many,  somewhat  affected  in 
most  of  the  neuroses,  including  such  widely  varying  dis- 
eases as  chorea,  epilepsy,  and  various  neuralgias.  Over- 
growth or  decay  should  be  the  predominant  and  essential 
feature  of  the  process,  and  should  affect  specific  struct- 
ures. The  results  of  ordinary  vaso-motor  action  and 
mere  connective-tissue  hyperplasias  should  not  be  classed 
as  trophic  disorders. 

It  is  first  to  be  noted  that  a  neurosis  is  properly  a  ner- 
vous disease  without  observable  organic  basis  in  the 
nerve  tissues.  It  will  not  be  here  used  in  its  broader 
sense  of  nervous  disease,  whether  organic  or  functional, 
as  the  trophoneuroses  would  then  of  necessity  include 
diseases  (syringomyelia,  poliomyelitis,  neuritis,  and  many 
others)  which,  although  accompanied  by  trophic  changes 
in  various  tissues,  are  evidently  not  contemplated  in  the 
present  classification. 

Granted  that  the  changes  in  these  diseases  may  occur 
under  the  immediate  influence  of  the  nervous  system, 
whether  by  so-called  trophic  nerves  or  otherwise,  there 
still  remains  the  question  whether  the  nerve  changes  are 
determined  by  the  action  of  poisons  or  take  place  as  a 
result  of  inherited  or  acquired  tendency  or  from  other 
causes.  Nutritional  and  degenerative  abnormalities  are 
usually  the  result  of  poisons  taken  into  the  body  from 
without,  or  formed  in  the  body  by  bacterial  or  glandular 
action.  The  idea  that  there  are  purely  functional  disor- 
ders without  organic  change  is  being  much  modified,  and 
is  giving  place  to  the  conception  of  function  as  varied  by 
changes  of  structure  or  of  environment,  and  especially 
by  variations  of  the  blood  supply  and  blood  content. 
Especially  in  the  group  of  diseases  known  as  the  tropho- 
neuroses the  symptoms  from  which  the  patient  suffers 
are  almost  exclusively  those  of  obvious  organic  change  in 
the  most  various  tissues.  To  suppose  a  functional  basis 
for  such  changes  is  a  theory  to  be  adopted,  if  at  all,  after 
a  careful  scrutiny  of  the  facts. 

The  idea  of  trophoneuroses  is  suggested  by  analogy 
from  the  muscular  atrophy  that  supervenes  on  destruc- 
tion of  the  fibres  of  motor  nerves  or  of  motor  ganglion 
cells  in  the  cord.  While  trophic  changes  in  such  dis- 
eases as  tabes  and  syringomyelia  suggest  the  possibility 
of  tissue  death  from  deficient-innervation  alone,  facts  are 
rapidly  accumulating  which  tend  to  show  that  some 
trophic  diseases  formerly  classed  as  neuroses  are  in  reality 
vaso-motor  and  trophic  disorders  determined  by  lack  or 
superabundance  of  secretion  of  some  of  the  ductless 
glands.  The  discovery  of  the  importance  of  the  secre- 
tion of  the  thyroid  gland  in  myxajdema,  cretinism,  and 
possibly  scleroderma,  and  the  close  relationship  of  the 
latter  in  its  varied  forms  with  the  atrophies  and  hvper- 
trophies,  facial  hemiatrophy,  acromegaly,  and  other  dis- 
eases has  thrown  much  light  on  nutritional  variations. 

With  these  facts  in  view  it  will  be  well  critically  to  ex- 
amine the  diseases  sometimes  classed  as  trophoneuroses, 
so  as  to  find  out  which,  if  any,  of  them  are  entitled  to  a 
place  in  this  category. 

Acroparsesthesia  affects  mainly  women  who  are  much 
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exposed  to  cold,  and  especially  those  who  have  their 
hands  much  in  cold  water.  The  symptoms  are  numb- 
ness and  tingling  of  the  extremities,  especially  of  the 
hands,  sometimes  increasing  to  burning  or  tearing  pains. 
There  may  be  either  hyperaesthesia  or  ansesthesia,  and 
analgesia,  usually  of  moderate  degree.  The  symptoms 
do  not  follow  the  distribution  of  any  nerve  or  nerves. 
The  sensory  symptoms  constitute  the  essential  elements 
of  the  disease.  Vaso-motor  phenomena  are  sometimes 
added,  and  consist  of  either  redness  or  blanching  of  the 
hands.     Nutritional  changes  are  slight  and  unessential. 

The  fact  that  vaso-motor  symptoms  are  variable  and 
sometimes  absent  indicates  that  the  disease  is  an  affection 
of  the  sensory  nerves,  possibly  a  hypersemia  or  low  grade 
of  inflammation.  The  efficiency  of  ergot  in  controlling 
the  symptoms  makes  this  view  probable.  The  disease 
usually  runs  a  long  but  mild  course. 

Angioneurotic  oedema  is  the  name  given  to  (edematous 
swellings  which  occur  suddenly  in  various  parts  of  the 
body,  sometimes  without  apparent  cause,  sometimes  on 
exposure  to  cold.  The  swellings  do  not  pit  on  pressure; 
they  may  be  white  or  pink  in  color ;  they  disappear  com- 
pletely. The  neurotic  nature  of  the  disease  is  sufficiently 
indicated  by  the  skipping  of  the  oedematous  spots  from 
one  place  to  another,  sometimes  with  a  rapidity  quite  re- 
markable. It  is  not  in  any  sense  trophic,  but  is  purely 
vasomotor ;  sometimes,  possibly  always,  on  a  toxic  basis. 

In  many  people  of  low  vitality  one  or  more  fingers  be- 
come white,  cold,  and  corpse-like  on  plunging  them  into 
cold  water  in  the  morning,  especially  in  winter.  These 
are  the  so-called  "'  dead  fingers. "  The  blanching  in  severe 
cases  may  involve  the  hands  and  extend  to  the  elbows, 
or  even  to  the  shoulders.  Numbness  and  tingling  are 
present  but  moderate.  The  phenomena  soon  pass  off 
when  the  hands  are  warmed  by  the  fire.  The  disease  is 
not  dangerous,  nor  even  threatening  except  in  some  cases 
in  which  vascular  spasm  may  be  so  great  as  to  induce 
faintness.  The  condition  is  related  on  the  one  side  to 
acroparesthesia ;  on  the  other  to  Raynaud's  disease,  the 
first  stage  of  which  it  may  simulate.  Trophic  features 
are  absent.  A  more  profound  affection  of  the  vaso- 
motors is  seen  in  Raynaud's  disease,  one  essentially  of  vas- 
cular spasm  of  extreme  degree.  The  stages  of  blanch- 
ing, of  local  asphyxia  with  blackish  discoloration  and  of 
gangrene,  are  those  of  tissue  death  rather  than  of  retro- 
gressive metamorphosis.  These  phenomena  are  vaso- 
motor. There  are,  to  be  sure,  trophic  symptoms  in  many 
cases,  amounting  to  marked  scleroderma.  The  fact  that 
scleroderma  may  exist  without  perceptible  vaso-motor 
change,  that  in  Raynaud's  disease  blanching  and  local 
asphyxia  may  go  on  indefinitely  without  atrophy,  and 
the  lack  of  proof  that  there  is  any  necessary  connection 
between  the  two  sets  of  phenomena,  show  the  non-iden- 
tity of  the  two  diseases  in  spite  of  the  existence  of  mixed 
forms.  Vascular  spasm  of  known  origin  is  usually  toxic. 
An  extreme  instance  of  this  kind  is  seen  in  the  gangrene 
of  ergot  poisoning.  Organic  lesion  of  the  vaso-motor 
centres  is  also  capable  of  setting  up  vascular  spasm  and 
gangrene.  No  poisons  have  been  found  to  account  for 
Raynaud's  disease,  and  organic  nerve  lesions  have  not 
been  discovered. 

It  is  hardly  necessary  to  discuss  the  question  whether 
the  foregoing  diseases  are  essentially  trophic.  The 
symptoms  are  those  of  derangement  of  the  vaso-motor 
system;  variations  of  nutrition  are  not  prominent  and 
are  absent  in  many  cases.  The  ultimate  cause  of  these 
diseases  is  an  interesting  problem,  but  is  not  germane  to 
the  present  inquiry. 

The  general  diseases  connected  with  abnormalities  of 
the  thyroid  gland  are  interesting  instances  along  the 
boundary  between  the  vaso-motor  and  the  trophic.  They 
have  so  lately  been  assigned  to  their  proper  place  that 
they  still  often  figure  as  trophic  neuroses,  and  they  are 
so  closely  related  with  the  other  diseases  under  discussion 
that  they  deserve  a  brief  mention. 

Exophthalmic  goitre  is  characterized  by  vaso-motor 
phenomena  with  some  secondary  nervous  manifestations. 
The  rapid  heart  action,  vascular  enlargement  of  the  thy- 
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roid  gland,  and  bulging  of  the  eyeballs  point  to  an  in- 
volvement of  the  sympathetic  system,  and  tremor,  ner- 
vousness, and  vomiting  make  up  the  usual  picture  of  the 
disease.  There  seems  little  doubt  that  the  symptoms  are 
caused  by  increased  functional  activity  of  the  thyroid 
gland.  The  cause  of  this  increase  is  not  known,  but 
there  is  no  ground  for  thinking  it  a  pure  neurosis ;  and 
exophthalmic  goitre  now  finds  its  place  among  the 
glandular  affections.  Changes  of  nutrition  of  the  body 
tissues  are  gi'eat  but  not  specific. 

It  is  othervcise  -with  myxoedema,  a  disease  now  known 
to  be  due  to  lowered  function  of  the  thyroid  gland.  The 
deposit  of  mucinous  material  in  the  skin,  giving  the  char- 
acteristic (Edematous  appearance,  is  not  a  condition  of 
overgrowth,  and  the  changes  in  the  kidneys,  blood-ves- 
sels, and  nerve  tissues  are  degenerative,  not  trophic. 
The  disease  makes  good  its  title  to  a  place  among  tropliic 
disorders  chiefly  by  arrest  of  development  in  patients  in 
whom  the  disease  begins  in  childhood.  To  this  condition 
the  name  of  cretinoid  idiocy  is  given.  Its  dependence  on 
lack  of  secretion  of  a  ductless  gland  (the  thyroid),  its 
improvement  by  administration  of  thyroid  extract,  and 
its  close  relationship  with  myxoedema  are  pregnant  with 
suggestions  in  regard  to  trophic  variations  and  many  so- 
called  trophic  diseases.  Meanwhile,  in  spite  of  the  fact 
that  trophic  conditions  are  so  largely  present  in  cretin- 
ism, and  are  so  closelj'-  simulated  in  myxoedema,  neither 
of  them  is  a  neurosis,  and  neither  of  them  is  properly  a 
trophic  disease, 

So  far  we  have  considered  diseases  that  vary  by  more 
or  less  perceptible  degrees  from  sensory  into  vaso-motor, 
and  from  vaso-motor  into  trophic  phenomena.  In  few  of 
them  is  trophic  change  entirely  absent ;  and  while  sen- 
sory symptoms  do  not  increase  in  proportion  with  the 
severity  of  the  I'emaining  symptoms,  they  are  still  pres- 
ent throughout  the  entire  series.  We  now  come  to  a 
disease  in  which  sensory  and  vaso-motor  symptoms  play 
an  entirely  minor  part,  and  in  which  changes  mysterious 
in  origin  are  apparently  essentially  trophic. 

Scleroderma  is  a  disease  not,  as  its  name  implies,  of 
the  skin  alone,  but  in  its  well-developed  form  is  a  wast- 
ing of  the  tissues  in  general,  including  skin,  bones,  mus- 
cles, mucous  membranes.  Clinically  the  present  ten- 
dency of  authorities  is  to  include  in  the  same  category  all 
cases,  whether  of  atrophy  limited  to  a  small  portion  of 
the  skin  or  of  wasting  of  almost  all  of  the  tissues  of  the 
body,  as  in  the  terrible  but  liappily  rare  instances  of  dif- 
fuse scleroderma.  These  cases  have  the  one  symptom  of 
skin  wasting  in  common,  but  it  is  improbable  that  they 
depend  upon  the  same  cause.  In  fact  the  partial  cases, 
the  so-called  morphoea,  have  in  some  instances  been  shown 
to  be  due  to  organic  changes  in  the  nerve  tissues,  which 
is  not  the  case  with  general  scleroderma.  The  striking 
features  of  this  disease  are  the  atrophy  without  sensory 
disturbance,  whether  anaesthesia,  hyperaesthesia,  or  pains 
other  than  the  discomfort  due  to  the  shrinking  tissues ; 
and  the  absence  of  vaso-motor  changes  as  an  essential 
part  of  the  phenomena.  The  latter  is  limited  to  a  hyper- 
semia  of  moderate  degree,  shown  in  the  lilac  border  about 
the  patches  of  morphcna.  Pathologically  the  tissues  show 
a  change  into  connective  tissue  and  a  disappearance  of 
the  normal  elements. 

That  so  profound  and  widespread  changes  as  occur  in 
well-marked  scleroderma  should  be  brought  about  by 
changes  in  the  structure  or  functions  of  the  nerve  tis- 
sues without  direct  involvement  of  their  more  familiar 
functions,  those  connected  with  motion  and  sensation,  is 
sufficiently  improbable.  We  may  leave  out  of  account 
organic  change  in  the  nerve  tissues.  If  such  were  pies- 
ent  and  could  be  shown  with  a  fair  degree  of  probability 
to  be  in  causal  relation  to  the  symptoms,  the  disease 
would  be  assigned  to  the  organic  nerve  diseases.  Let  us 
examine  in  brief  the  reasons  usually  urged  for  consider- 
ing any  disease  neurotic  in  origin. 

Symmetry  of  the  lesions  or  of  the  symptoms  is  often 

supposed  to  indicate  their  nervous  origin.     It  is  sufficient 

to  observe  on  this  head  that  although  the  nervous  system 

is  symmetric,  so  are  the  other  organs  of  the  body.     In 
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especial  the  blood-vessels  are  in  the  main  symmetrically 
disposed.  Accordingly  vascular  disturbances,  whether 
conditioned  by  blood  supply  or  by  blood  content,  are  usu- 
ally symmetric,  except  when  determined  by  local  causes, 
as  heat,  cold,  violence,  pressure.  It  is  to  be  noted  that 
of  the  two  ways  in  which  these  agencies  have  their  ef- 
fect, one  is  by  mechanical  change,  and  the  other  is  change 
of  tissue  through  the  action  of  the  vaso-motors,  so  that 
asymmetry  itself  is  in  many  cases  the  result  of  nerve  ac- 
tion. While  vascular  action  is  usually  symmetric,  nerve 
action  is  not  usually  so.  Walking  is  alternate,  not  sym- 
metric action ;  the  hands  are  sometimes  moved  together, 
usually  separately;  the  finer  motor  acts,  as  of  speech 
and  writing  are  functions  of  one  side  of  the  brain ;  the 
possession  of  special  sense  organs  in  pairs  is  an  instance 
of  redundance  for  safety  in  case  of  accident  rather  than 
a  necessary  symmetric  arrangement. 

General  sensibility  is  only  symmetric  in  the  sense  that 
the  whole  of  the  skin  and  the  other  tissues  is  supplied ; 
the  very  point  and  essential  feature  of  the  whole  mechan- 
ism is  the  distinguishing  of  one  side  from  the  other  and 
of  one  spot  from  another.  In  some  special  instances,  as 
with  contraction  of  both  pupils  from  the  impact  of  light 
on  one  retina,  a  bilateral  result  follows  from  a  unilateral 
cause.  Dilatation  of  the  pupils,  however,  from  an  injec- 
tion of  atropine  is  not  an  instance  of  the  same  kind,  but 
is  determined  by  distribution  of  the  poison  to  the  sympa- 
thetic on  both  sides ;  excitation  of  the  sympathetic  in  the 
neck  on  one  side,  by  galvanism,  and  the  action  of  atro- 
pine on  thenerve  filaments  of  one  side,  by  instillation  into 
the  eye  itself,  are  followed  by  dilatation  of  the  pupil  of  the 
corresponding  eye  alone.  These  and  other  considerations 
of  a  like  kind  tend  to  show  that  symmetry  of  nerve  ac- 
tion is  usually  tlie  result  of  causes  acting  bilaterally. 

The  proposition  that  most  nervous  symptoms  are  not 
symmetric,  and  most  symmetric  symptoms  are  not  ner- 
vous, is  susceptible  of  easy  proof,  and  lends  little  sup- 
port to  the  inference  often  made  that  symmetric  lesions 
are  of  nervous  origin  if  not  proved  otherwise. 

Another  usual  reason  for  considering  a  manifestation 
of  any  kind  as  of  nervous  origin  is  its  association  with 
so-called  neurotic  or  hysteric  symptoms,  such  as  cause- 
less laughing  and  crying,  wandering  anesthesia,  clavus, 
and  the  like.  Leaving  aside  the  inherent  improbability 
that  grave  organic  changes  depend  on  vague  and  so- 
called  nervous  conditions,  or  that  they  have  no  better 
excuse  for  being  than  is  implied  by  the  insufficient  and 
unnecessary  word  hysteria,  we  may  at  any  rate  leave  this 
factor  out  of  account  in  considering  scleroderma,  suffer- 
ers from  which  disease  are  singularly  unemotional  con- 
sidering the  liideous  and  destructive  changes  which  they 
are  undergoing. 

Acromegaly  is  characterized  by  increase  of  size  of  the 
extremities,  the  hands,  feet,  and  head;  and  this  fact 
gives  the  name  to  the  disease.  The  name,  however,  is  a 
misnomer,  for  the  enlargements  are  true  hypertrophies 
affecting  almost  every  organ  in  the  body.  The  muscles 
are  large,  and  in  the  early  stages  of  the  disease  they  are 
powerful.  The  bones  are  thickened  and  the  subcuta- 
neous tissues  form  great  pads  in  the  palms  and  soles.  The 
lijjs  protrude,  there  is  an  undershot  lower  jaw,  the  nose 
is  big  and  bulbous.  This  is,  however,  only  a  superficial 
vievsr,  for  the  heart,  the  liver,  the  kidneys,  and  the  spleen 
are  also  enlarged.  The  brain  is  increased  in  size,  the  skin 
is  thick  and  coarse,  and  the  voice  is  heavy  from  rough- 
ening of  the  vocal  cords.  When  the  disease  begins  in 
early  life  the  general  increase  in  size  produces  true  gi- 
gantism. Marie's  saying  that  "acromegaly  is  gigantism 
in  the  adult,  gigantism  is  acromegaly  in  the  adolescent," 
while  only  partly  true,  is  accurate  as  regards  many  cases. 
One  feature  of  the  disease,  the  enlargement  of  the  pitui- 
tary gland,  early  attracted  Marie's  attention.  He  consid- 
ered this  the  cause  of  the  disease.  Further  study  brings 
to  light  the  following  difficulties  in  the  way  of  this 
theory.  First,  not  all  cases  show  enlargement  of  the 
pituitary  gland.  In  one  case  the  gland  was  entirely  ab- 
sent. Second,  the  changes  in  the  gland  are  not  uniform 
but  of  the  greatest  possible  variety.     Third,  many  cases 
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of  disease  of  the  gland  are  reported  in  which  no  symp- 
toms of  acromegaly  were  present.  Fourth,  pituitary  ex- 
tract administered  to  patients  does  not  control  the  disease 
as  does  thyroid  extract  in  myoedema.  Last,  and  possibly 
most  important  of  all,  experimental  removal  of  the  hy- 
pophysis does  not  produce  the  symptoms  of  the  disease 
in  animals. 

Disregarding  for  a  moment  the  evidences  m  regard  to 
the  pituitary  gland  as  the  cause  of  the  disease,  let  us 
consider  the  theory  that  acromegaly  ■  is  primarily  the 
result  of  disordered  nerve  action.  The  only  alternative 
theory  worth  considering  is  that  it  is  due  to  alterations 
in  the  blood  supply,  either  quantitative  or  qualitative. 
In  estimating  comparatively  the  trophic  influence  on  the 
tissues  of  nerve  and  blood  supply,  the  balance  is  largely 
in  favor  of  the  blood  in  regard  to  the  importance  of  its 
action.  That  nervous  influences  do  affect  nutrition  is 
undoubted,  especially  in  the  case  of  the  muscles  and  of 
the  skin.  It  is  to  be  observed,  however,  that  even  in 
these  instances  the  miiscles  increase  in  size  under  stimu- 
lation, apparently  as  a  result  of  the  increased  action  of 
the  muscle  fibres  and  their  increased  vascularity,  rather 
than  as  a  result  of  any  inherent  trophic  activity  of  the 
nerves  supplying  them.  The  muscle  fibres  disappear 
after  the  nerves  are  cut,  not  directly  as  a  part  of  the  de- 
generation of  the  nerve  fibres,  but  as  an  indirect  and  re- 
mote result  of  their  loss  of  function.  Atrophies  of  the 
skin  sometimes  occur  as  the  apparent  result  of  nerve 
lesion,  but  usually  there  is  only  a  limited  amount  of 
change,  such  as  is  seen  in  the  glossy  skin  of  neuritis  and 
hemiplegia;  ulcerative  processes  are  in  such  cases  prob- 
ably the  result  of  germ  action  from  lowered  resisting 
power  rather  than  destructive  processes  the  direct  result 
of  nerve  lesion.  But  many  of  the  tissues  have  a  much 
less  rich  nerve  supply  than  have  the  muscles  and  the 
skin.  The  widespread  hypertrophies  of  acromegaly 
would,  if  of  nervous  origin,  require  for  their  explanation 
a  trophic  influence  out  of  all  proportion  with  tJie  com- 
paratively scanty  facts  at  our  disposal  in  regard  to  the 
trophic  influence  of  the  nervous  system  on  the  organs  in 
general. 

The  blood  supply  we  know,  on  the  other  hand,  to  be 
everywhere  and  always  of  vital  importance  in  nutritional 
processes.  To  say  that  nutrition  is  always  carried  on  by 
the  blood  supply  is  a  platitude,  but  in  this  connection  it 
needs  statement.  The  nervous  system,  when  it  affects 
nutrition  through  the  blood-vessels,  does  so  by  changing 
their  calibre.  In  acromegaly  congestions  play  no  part  in 
the  clinical  phenomena.  We  are  driven  to  the  conclusion 
that,  so  far  as  we  know,  the  hypertrophies  in  acromegaly 
are  due  to  qualitative  changes  in  the  blood;  whether 
these  changes  consist  in  an  increased  or  deficient  secre- 
tion from  the'  ductless  glands,  the  pituitary  or  the  thy- 
roid or  both,  it  remains  for  the  future  to  determine. 

Facial  hemiatrophy  is  characterized  by  a  wasting  of  all 
the  tissues  of  one  side  of  the  face.  The  disease  occurs  at 
all  ages.  Various  causes  have  been  assigned,  especially 
injury  at  the  time  of  birth,  blows,  abscesses,  infectious 
diseases,  and  cases  have  been  reported  in  which  it  has 
followed  division  of  the  fifth  nerve.  The  mechanism  of 
its  production  is  not  ai^parent,  as  division  of  the  nerve  is 
usually  not  followed  by  it.  On  the  other  hand,  although 
undoubted  changes  have  been  found  in  the  fifth  nerve  in 
cases  of  apparently  spontaneous  development,  the  nerve 
has  in  these  cases  seemed  to  share  in  the  general  progress 
of  the  disease  rather  than  to  be  primarily  affected. 

Severe  neuralgic  pains  may  usher  ui  the  disease,  or  it 
may  begin  quite  painlessly  as  a  small  atropliic  spot  on 
the  skin  of  the  cheek,  much  like  a  sclerodermatous  patch. 
The  atrophy  gradually  involves  more  of  the  skin  and  the 
other  tissues,  especially  the  subcutaneous  tissue  and  the 
bones.  One-half  of  the  tongue  and  the  mucous  mem- 
branes and  other  structures  of  the  mouth  of  the  affected 
side  share  in  the  process.  The  cranial  bones  are  thinned 
and  wasted,  the  forehead  is  furrowed,  and  the  whole  side 
of  the  face  hollowed  and  much  smaller  than  the  other 
side.     The  hair  and  beard  are  thinner  than  normal. 

The  changes  in  the  skin  may  be  accompanied  by  anajs- 


thesia,  especially  in  cases  in  which  the  nerve  trunks  are 
much  affected.  Sensibility  to  tactile  and  painful  impres- 
sions and  the  temperature  sense  may  be  retained,  how- 
ever, even  when  the  skin  and  the  other  tissues  are  mark- 
edly atrophic.  The  muscles  often  show  less  change  than 
do  any  of  the  other  tissues.  They  may  retain  voluntary 
power  and  electric  excitability,  or  may  share  in  the  gen- 
eral atrophy.  Tears,  saliva,  and  perspiration  may  be 
secreted  normally  on  the  affected  side.  The  pupil  re- 
mains normal  and  there  is  no  change  in  the  fundus  of  the 
eye. 

The  changes  are  progressive,  but  may  come  to  a  stand- 
still at  any  time.  The  disease  is  not  dangerous  to  life 
and  the  changes  do  not  extend  beyond  the  face,  which  it 
disfigures  in  a  way  very  distressing  to  the  patient.  All 
known  methods  of  treatment  are  quite  ineffective.  Elec- 
tricity, massage,  and  cod-liver  oil  have  been  tried  without 
much  apparent  effect.  The  relation  of  the  nervous  sys- 
tem to  the  disease  is  not  definitely  known. 

Hyperostosis  cranii,  otherwise  known  as  leontiasis  ossea, 
is  an  enlargement  of  the  bones  of  the  head.  The  rest  of 
the  body  tissues  are  not  affected.  The  fact  that  the  bones 
alone  are  enlarged  brings  the  disease  into  interesting 
relation  with  the  so-called  progressive  pulmonary  osteo- 
arthiopathy.  The  latter  disease  consists  in  an  enlarge- 
ment of  the  bones  of  the  extremities,  so  that  patients 
present  a  superficial  resemblance  with  those  afflicted  with 
acromegaly.  These  patients,  however,  show  no  involve- 
ment of  the  head  and  no  thickening  of  the  soft  parts; 
they  lack  the  pads  in  the  palms  and  soles,  the  roughening 
of  the  voice,  the  bulbous  nose  and  thick  lips  of  acromeg- 
aly, and  simply  show  enlargement  of  the  bones  of  the 
arms  and  legs,  and  chronic  joint  affection  with  creaking, 
pains,  and  resulting  disability.  While  there  is  not  always 
lung  disease,  as  v«-as  at  first  thought,  there  is  always  tox- 
aemia from  some  cause,  tuberculosis,  syphilis,  gastrecta- 
sis  among  others.  The  changes  in  both  these  diseases 
are  inflammatory,  the  osteitis  in  the  one  disease  affecting 
not.  only  the  long  bones  but  the  joints  as  well,  in  the 
other  the  change  being  curiously  limited  to  the  bones  of 
the  head.  Such  peculiarities  of  distribution  do  not,  in 
the  w]iter's  opinion,  show  that  tlie  poisons  work  primar- 
ily on  the  nervous  system.  A  similar  selective  action  is 
exercised  by  rheumatic  poisons  on  certain  joints,  on  the 
pericardium,  the  endocardium,  at  times  the  skin  and 
meninges  in  different  patients,  and  in  the  same  patient  at 
different  times.  The  selective  action  of  poisons  is  some- 
times on  the  nervous  syfetem,  at  other  times  through  the 
nervous  system;  but  in  these  diseases  there  is  nothing  to 
show  that  the  action  is  not  on  the  affected  tissues  direct. 
The  organs  most  richly  supplied  with  nerves  are  not  the 
ones  affected,  the  nervous  system  shows  no  special  sign 
of  involvement,  and  osteitis,  even  though  chronic  and 
proliferating,  is  not  a  usual  accompaniment  of  any  known 
nerve  change. 

Two  diseases  which  may  be  grouped  together  are 
adiposis  dolorosa  and  symmetrical  lipomatosis.  Both  are 
characterized  by  enormous  deposits  of  fat ;  the  essential 
difference  is  that  in  one  the  fat  deposits  are  the  seat  of 
severe  pains,  in  the  other  the  nutritional  changes  are 
painless.  The  symmetry  of  the  lesions,  and  in  adiposis 
dolorosa  the  occurrence  of  pains,  have  been  supposed  to 
indicate  a  neurotic  basis  for  the  overgrowth  of  tissue. 
These  diseases  are  certainly  essentially  trophic.  They 
are  both,  however,  to  be  traced  to  either  syphilis  or  over- 
indulgence in  alcohol ;  that  is,  in  either  case  to  poisons 
which  are  necessarily  symmetrically  distributed  by  the 
blood  stream,  apart  from  any  intervention  of  the  nervous 
system.  In  the  case  of  adiposis  dolorosa  it  is  still  some- 
what doubtful  whetlier  the  symptoms  are  the  expression 
of  a  separate  disease  process  or  are  simply  an  extreme 
accumulation  of  fat  and  a  low  grade  of  neuritis,  both 
common  results  of  chronic  alcohol  poisoning.  Symmet- 
rical lipomatosis  is  a  curious  symptom  of  toxic  origin. 

Localized  hypertrophies  of  varied  distribution  have 
been  described.  Facial  hemihypertrophy  is  the  analogue 
and  opposite  of  facial  hemiatrophy.  It  is  much  more 
rare.     It  is  sometimes  acquired,  but  may  be  congenital. 
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Hypertrophy  of  one-half  the  body  has  been  described, 
and  so  also  have  hypertrophies  of  single  limbs.  One 
finger  may  be  involved  alone.  These  hypertrophies  usu- 
ally involve  all  the  tissues.  Nothing  is  known  of  their 
causation.  The  affected  part  may  be  unduly  large  at 
birth  and  may  continue  to  grow  or  increase  in  size,  or 
the  enlargement  may  begin  in  later  life.  No  cause  'has 
been  traced  for  these  strange  variations  from  the  normal, 
and  in  the  absence  of  evidence  to  the  contrary  they  must 
be  regarded  as  the  result  of  an  innate  tendency,  possibly 
but  not  surely  of  an  atavistic  character. 

Returning  now  to  the  criteria  to  be  applied  in  distin- 
guishing toxic  from  functional  nervous  diseases,  we  may 
observe  that  functional  diseases  are  propei'ly  vicious 
habits  set  up  in  the  nervous  system  by  ii'ritants  or  poi- 
sons, and  are  to  be  distinguished  from  symptoms  due  to 
tlieir  direct  and  continuing  action.  The  poisons  of  most 
of  tlie  infectious  diseases,  as  well  as  alcohol  and  otlier 
volatile  poisons  taken  into  the  body  from  without,  are  ap- 
parently capable  of  leaving  their  impress  on  the  nervous 
system,  cau,sing  symptoms  which  long  outlive  their  ex- 
citing cause.  The  action  of  toxins  on  the  affected  tissues 
themselves,  and  their  action  by  indirection  thi-ough  the 
nervous  system,  are  not  always  easy  to  distinguish.  The 
symmetry  of  the  lesions,  as  already  pointed  out,  usually 
means  simply  bilateral  diffusion  through  the  blood 
stream ;  in  the  one  case  to  symmetrically  disposed  nerve 
structures,  in  the  other  to  the  affected  tissues  direct. 
In  especial  when  inflammatory  lesions  are  the  result,  the 
chances  are  much  in  favor  of  direct  toxic  action  and 
against  intervening  nerve  action. 

The  above  considerations  warrant  the  following  con- 
clusions in  regard  to  the  diseases  under  discussion,  which 
permit,  however,  the  elements  of  a  provisional  classifica- 
tion only. 

Acroparsesthesia  is  a  sensory  neurosis.  Angioneurotic 
oedema  is  a  sensori-vaso-motor  and  Raynaud's  disease  a 
vaso-motor  neurosis.  Exophthalmic  goitre  and  myxoe- 
dema,  including  cretinism,  are  diseases  of  the  thyroid 
gland ;  the  first  is  characterized  mainly  by  vaso-motor 
symptoms,  the  second  with  special  trophic  features  when 
occurring  in  adolescence.  Hyperostosis  cranii  and  pro- 
gressive osteoarthropathy  are  inflammatory  diseases,  the 
first  probably,  the  second  undoubtedly  on  a  toxic  basis. 
Acromegaly  and  scleroderma  are  trophic  diseases,  prob- 
ably of  toxic  origin ;  the  same  may  be  said  of  adiposis 
dolorosa  and  symmetrical  lipomatosis,  but  the  poison  in 
these  diseases  is  usuallj'  if  not  always  alcohol  or  tlie 
toxins  of  syphilis.  Facial  hemiatrophy  and  the  localized 
hypertrophies  are  trophic  diseases  of  unknown  origin, 
possibly  neurotic.  Henry  H.  Upson. 

NEW-BORN,  PATHOLOGY  OF.— The  pathological 
conditions  which  may  be  present  in  the  new-born  at  the 
time  of  birth,  or  which  may  develop  during  the  first  days 
of  extra-uterine  life  are  very  numerous  and  of  the  great- 
est variety.  These  conditions  are  of  great  importance, 
not  only  from  a  scientific  standpoint,  but  also  from  the 
fact  that  they  may  hinder  or  render  impossible  the  nor- 
mal delivery  of  the  cliild,  or  cause  its  death  either  before, 
during,  or  following  birtli;  or  finally  they  may  affect  its 
after-development,  either  by  giving  rise  to  pathological 
states  persisting  throughout  life,  or  by  the  establishment 
of  such  changes  that  death,  though  deferred  to  a  later 
period,  ultimately  results. 

The  conditions  known  as  congenital,  further  those 
pathological  states  acquired  from  the  parents,  the  causes 
of  still-birth,  the  disease  processes  incidental  to  delivery, 
the  pathological  conditions  and  diseases  peculiar  to  the 
first  days  of  life,  are  all  to  be  considered  in  this  connec- 
tion. For  convenience  these  conditions  may  be  divided 
into  the  following  groups:  Intrinsic,  inheritable  condi- 
tions, arising  either  in  the  individual  sexual  cells  or 
through  germ  variation;  anomalies  of  development,  due  to 
extrinsic  causes  affecting  the  mother,  abnormal  condi- 
tions of  the  foetal  membranes,  etc. ;  infections  transmitted 
from  the  parents,  particularly  from  the  mother,  acquired 
either  during  intra-  *erine  life,  or  during  delivery,  or  after 


birth ;  intoxications,  either  acquired  through  the  maternal 
blood,  or  auto-intoxications  developing  in  intra- or  extra- 
uterine life;  diseases  of  indimdual  tissues,  organs,  or  sys- 
tems, peculiar  to  the  new-born,  idiopathic,  or  produced 
byinfection,  intoxication,  etc. ;  new-growths,  developing 
m  intra-uterine  life  or  immediately  after  birth. 

The  Autopsy  of  the  New-bokn.— The  methods  em- 
ployed m  the  autopsy  of  the  new-born  differ  in  a  number 
of  details  from  the  ordinary  autopsy  tochnique.  These 
differences  are  dependent  partly  upon  different  anatomi- 
cal conditions,  and  partly  upon  certain  procedures  which 
are  of  great  importance  in  the  determination  of  certain 
pathological  or  medico-legal  questions.  In  other  respects 
the  autopsy  methods  are  the  same  as  those  given  under 
the  head  of  "Autopsy"  (Vol.  I.,  page  649).  The  chief 
points  of  difference  are  as  follows: 

1.  Section  of  Spinal  Oord.~The  spinal  canal  is  opened 
by  cutting  through  the  laminae  with  the  curved  bone 
shears. 

2.  Section  of  Cranium. — After  the  removal  of  the  scalp 
the  skull  cap  is  opened  in  the  median  line,  in  the  poste- 
rior angle  of  the  great  fontanel.  By  means  of  the  curved 
bone  scissors  the  longitudinal  sinus  is  then  opened  both 
anteriorly  and  posteriorly  by  cutting  through  the  bone 
in  the  line  of  the  sagittal  suture.  The  sutures  between 
the  frontal  and  parietal  bones  and  between  the  parietal 
and  occipital  are  then  cut  through  from  above,  down- 
ward to  the  sides  of  the  cranium,  far  enough  to  expose 
the  brain  sufiSciently  for  its  safe  removal.  The  dura 
being  adherent  to  the  inner  surface  of  the  skull  cap  is  cut 
through  and  turned  back  witii  the  bones.  The  two  halves 
of  the  frontal  bone,  the  parietal  and  occipital,  are  pressed 
back  from  the  brain  at  the  level  of  greatest  circumfer- 
ence. If  the  head  is  to  be  restored  the  bones  are  held 
back  by  an  assistant  while  the  brain  is  removed,  other- 
wise the  bones  and  dura  are  cut  through  at  the  level  of 
greatest  circumference  and  removed.  The  anterior  falx 
is  then  cut  and  the  brain  removed,  as  in  the  adult. 

3.  Section  of  Tlmrax,  Neck,  and  Abdomen. — A  small 
block  of  wood  is  placed  beneath  the  lumbar  vertebrx. 
The  main  incision  is  then  made  in  the  median  line,  down- 
ward from  the  thyroid  cartilage,  dividing  just  above  the 
umbilicus  into  two  diverging  cuts,  extending  on  each 
side  of  the  umbilicus  to  the  pubis.  The  abdominal  cav- 
ity is  then  opened  just  below  the  ensiform  cartilage,  and 
the  opening  extended  in  the  line  of  the  skin  incision,  pass- 
ing to  the  left  of  the  umbilicus.  The  right  flap  of  the 
abdominal  wall  is  then  lifted  and  turned  over  to  the  right, 
while  the  umbilical  vessels  are  dissected  from  their  peri- 
toneal covering  and  slit  open  toward  the  liver  and  toward 
the  umbilicus.  The  skin  incision  passing  to  the  right  of 
the  umbilicus  is  now  extended  downward  through  the 
abdominal  wall,  severing  the  umbilical  vessels.  The  flap 
of  abdominal  wall  between  the  two  diverging  incisions 
is  now  turned  back  over  the  symphysis  and  the  two  di- 
verging umbilical  arteries  are  exposed,  the  urachus  and 
bladder  lying  between  them.  The  arteries  are  now  ex- 
posed by  careful  dissection,  cut  through  at  the  umbilicus, 
and  slit  open. 

The  thorax  is  opened  by  cutting  through  the  ribs  in- 
stead of  the  cartilages  in  order  to  obtain  more  room. 
This  may  be  done  with  the  bone  shears  or  a  dull  knife. 
The  thymus  gland  is  first  examined  and  then  removed. 
After  the  opening  of  the  four  heart  chambers  the  ductus 
Botalli  is  carefully  examined.  This  is  done  by  extending 
the  incision  through  the  conns  of  the  pulmonary  artery 
and  through  the  wall  of  the  artery.  The  ductus  Botalli 
is  then  found  and  probed.  When  the  thoracic  organs 
are  removed  with  the  neck  organs,  the  aorta  may  be 
opened  and  the  ductus  Botalli  opened  by  means  of  a 
probe  passed  from  the  aorta  into  the  pulmonary  artery. 
The  heart  is  now  removed  and  examined,  the  foramen 
ovale  receiving  careful  inspection. 

In  many  cases  it  is  better  to  take  out  the  neck  and 
thoracic  organs  together.  When  the  question  is  raised 
as  to  the  child's  having  breathed  after  birth,  the  section 
should  be  conducted  as  follows:  After  the  abdominal 
cavity  is  opened  the  height  of  the  diaphragm  is  taken. 
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The  opening  of  the  abdomen  must  precede  that  of  the 
neck  or  thorax.  Before  the  thorax  is  opened  the  upper 
air  passages  are  tightly  ligatured.  The  thoracic  cavity- 
is  then  opened,  and  pericardium  and  heart  are  examined. 
The  larynx  and  trachea  are  opened  longitudinally  above 
the  ligature.  The  neck  and  thoracic  organs  are  then  re- 
moved. The  thymus  and  heart  are  removed.  The  buoy- 
ancy of  the  lungs  is  then  tested  by  placing  the  organs 
in  a  large  vessel  tilled  with  cold  watev.  The  air  passages 
below  the  ligature  are  then  opened.  Incisions  are  then 
made  into  the  tissue  of  both  lungs,  noting  the  occurrence 
of  crackling  sounds,  bubbles,  and  the  amount  and  char- 
acter of  the  blood.  Cuts  are  also  made  into  the  lungs 
beneath  the  water,  in  order  to  see  if  any  bubbles  ai'ise 
from  the  cut  surface.  Finally  the  lungs  are  cut  into 
small  pieces,  and  the  buoyancy  of  the  separate  pieces  is 
tested.  The  presence  of  air  in  the  gastro-intestinal  tract 
points  in  general  to  extra-uterine  movements  of  "swal- 
lowing." From  this  it  may  be  inferred  that  the  child 
was  born  alive.  The  swallowed  air  collects  in  the  stom- 
ach and  gradually  passes  down  the  intestines.  In  cases 
in  which  the  stomach  appears  to  contain  air  or  gas  the 
organ  should  be  ligatured  at  both  ends  and  removed  and 
opened  under  water. 

The  lower  epiphysis  of  the  femur  is  examined  with  re- 
gard to  the  size  of  the  centre  of  ossification.  The  knee- 
joint  is  opened  by  a  transverse  incision  beneath  the  pa- 
tella, the  leg  flexed,  and  the  patella  removed.  Cuts  are 
then  made  at  right  angles  into  the  thin  layer  of  cartilage 
until  the  greatest  diameter  of  the  centre  of  ossification  is 
cut  through.  In  the  case  of  premature  birth  the  eye  may 
be  examined  with  regard  to  the  jsresence  or  absence  of 
the  pupillary  membrane.  The  anterior  half  of  the  eye- 
ball is  removed  and  fixed  in  MuUer's  fluid  for  microsco- 
pical examination. 

Special  Points  to  be  Noted  in  the  Examination 
OP  the  Cadaver  op  the  New-bokn. — The  external  ex- 
amination of  the  cadaver  of  the  new-born  has  for  its 
chief  aim  the  determination  of  those  characteristics  which 
give  information  as  to  its  age  and  development.  The 
most  important  of  these  points  are  as  follows :  The  aver- 
age length  of  a  mature  new-born  child  is  50-51  cm., 
maximum  length  58  cm.,  minimum  48  cm.  .Boys  are 
somewhat  longer  than  girls.  The  average  weight  of  a 
mature  foetus  is  for  boys,  3,310  gm. ;  girls,  3,330  gm. ; 
maximum  weight,  5,500  gm.,  minimum,  3,500  gm.  Dur- 
ing the  last  live  months  of  intra-uterine  life  the  length 
of  the  foetus  in  centimetres  divided  by  five  will  give 
the  age  of  the  foetus  in  months.  The  skin  of  a  mature 
new-born  is  not  wrinkled  but  smooth,  of  rather  light 
color,  the  fine  body  hair  being  visible  only  on  the 
shoulders.  The  umbilical  cord  has  an  average  length  of 
about  50  cm.,  and  is  inserted  about  the  middle  of  the 
body,  being  thrown  off  about  the  fifth  or  sixth  day. 
The  hairs  of  the  scalp  measure  3-3  cm.  in  length.  The 
great  fontanel  is  about  3-3.5  cm.  wide.  The  circumfer- 
ence of  the  cranium  is  34.5  cm.  The  pupillary  membrane 
vanishes  in  the  eighth  month.  The  cartilages  of  the  nose 
and  ears  are  firm  in  healthy  mature  infants.  The  finger 
nails  are  hard,  horny,  and  extend  beyond  the  finger  tips. 
The  shoulder  breadth  measures  11-13  cm.,  the  distance 
between  the  trochanters  is  9-10  cm.  The  testicles  should 
be  present  in  the  firm  and  wrinkled  scrotum  (the  descent 
of  the  testicles  should  begin  during  the  seventh  month). 
In  girls  the  outer  labia  meet,  but  occasionally  the  inner 
labia  are  visible.  The  centre  of  ossification  in  the  lower 
epiphysis  of  the  femur  usually  measures  3-5  mm.  in  the 
full-term  child,  but  in  very  rare  cases  it  may  be  absent 
in  fully  developed  children.  It  is  not  present  before  the 
thirty-seventh  week  of  foetal  life.  It  appears  in  the  blue- 
white  epiphyseal  cartilage  as  a  lenticular  mass  of  red- 
dish or  brown  color  in  which  minute  blood-vessels  are 
distinctly  visible.  The  cranium  should  be  carefully  ex- 
amined for  evidence  of  injury  received  at  birth,  "caput 
succedaneum,"ha3matoma,  depressions,  overlapping,  etc. 
In  the  judgment  of  the  color,  consistence,  and  moisture 
of  the  brain  substance  it  should  be  remembered  that  the 
brain  of  the  new-born  is  normally  rosy-red,  somewhat 
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translucent,  and  soft.  In  the  examination  of  the  umbili- 
cal vessels  the  thickness  of  the  walls,  the  contents  (blood, 
pus,  thrombi,  etc.),  infiltrations  of  the  surrounding  con- 
nective tissue,  as  well  as  of  the  tissue  of  the  umbilicus, 
should  be  noted.  The  lung  should  be  carefully  examined 
for  areas  of  atelectasis  or  pneumonia.  In  the  case  of  the 
heart  the  foramen  ovale  and  the  ductus  Botalll  (closes  on 
the  fourth  or  fifth  day)  should  receive  particular  atten- 
tion. The  adrenals  should  be  examined  for  evidences  of 
hemorrhage;  the  degree  of  uric-acid  infarction  of  the 
kidneys  should  be  noted,  and  in  male  infants  the  sper- 
matic, renal,  and  adrenal  vessels  should  be  examined  for 
thrombi. 

1.  Intrinsic  Pathologicat.,  Conditions  op  the  New- 
born.— The  intrinsic  pathological  conditions  of  the  new- 
born are  those  which  arise  in  the  germ  independent  of 
any  external  influence.  They  maybe  inherited,  existing 
in  either  one  or  both  of  the  sexual  nuclei,  or  they  may 
occur  for  the  first  time,  in  a  given  family,  as  a  primary 
germ  variation.  The  inheritance  may  be  either  direct,  or 
collateral,  or  atamstic.  The  conditions  which  are  inher- 
ited are  the  same  as  those  arising  as  primary  germ  va- 
riations. From  this  the  principle  may  be  formulated 
that  only  those  pathological  conditions  are  inherited 
which  originally  occur  as  primary  germ  variations.  In 
explanation  of  such  variation  we  are  at  present  limited 
to  the  hypothesis  that  either  one  or  both  of  the  sexual 
nuclei  which  combine  to  form  the  new  individual  are  ab- 
normal, or  that  from  the  union  of  two  normal  nuclei  a 
pathological  variety  may  arise,  or  finally  that  the  patho- 
logical variety  may  be  the  result  of  disturbances  in  the 
process  of  copulation. 

The  most  important  of  the  intrinsic  pathological  condi- 
tions of  the  new-born  are  certain  malformations,  such  as 
polydactylism,  cleft-hand,  cleft-foot,  webbed  fingers,  as  well 
as  other  malformations  of  hands  and  feet,  harelip,  ai>m>r- 
mal  hairiness,  elephantiasis,  ichthyosis,  albinism,  etc.  The 
majority  of  the  typical  monsters  and  malformatimu  may 
also  appear  as  intrinsic  conditions,  and  are  not  infre- 
quently inherited.  Of  these  may  be  mentioned  the  mal- 
formations  of  tlie  face  and  cranium,  spina  bifida,  atresias 
of  the  body  orifices,  transposition  of  the  viscera,  malforma- 
tions of  the  heart  and  blood-vessels,  and  of  the  sexual  organs, 
etc.  (see  also  article  on  Teratology).  Further,  certain 
tumors,  as  fibromata,  multiple  neurofibromata,  angiomata, 
lymphangiomata,  osteomata,  etc.,  often  appear  in  certain 
families  as  inheritable  conditions.  All  of  these  conditions 
may  be  present  at  birth,  though  they  not  infrequently 
appear  in  later  life. 

Abnormal  size  of  the  new-born  maybe  explained  as  due 
to  intrinsic  causes.  In  some  cases  the  weight  of  the  full- 
term  foetus  may  reach  as  high  as  13,000  gm.,  the  length 
of  the  body  exceeding  that  of  the  normal.  An  abnormal 
size  of  individual  parts  of  the  skeleton  or  of  the  soft 
structures  may  also  be  referred  to  intrinsic  causes.  Simi- 
larly, abnormal  smallness  of  the  new-born,  of  the  body  as 
a  whole  or  of  certain  parts,  may  be  of  intrinsic  origin. 

Struma  congenita  is  regarded  by  some  writers  as  of  in- 
trinsic origin.  Congenital  Immcyphilia  maybe  manifested 
in  the  new-born  by  hemorrhage  from  the  umbilicus,  un- 
der the  scalp,  between  the  meninges,  or  from  the  body 
passages  (melfena  neonatorum).  Deaf-mutism  and  abnoi'- 
mal  conditions  of  the  retina&xe,  also  congenital  conditions, 
manifesting  themselves  in  the  new-born.  It  must  be 
borne  in  mind,  however,  that  many  of  the  above  condi- 
tions may  also  be  acquired  as  the  result  of  extrinsic  in- 
jurious influences  exerted  upon  the  foetus  during  intra- 
uterine life. 

3.  Acquired  Anomalies  of  Development. — In  the 
production  of  monsters  and  malformations  extrinsic  in- 
jurious influences  probably  play  the  chief  r61e.  Among 
the  most  important  of  such  influences  may  be  mentioned 
trauma  to  tlie  mother,  jarrings  of  the  uterus,  pressure, 
uterine  contractions,  tumors  of  uterus  or  pelvic  organs, 
dislodgment  of  the  ovum,  partial  separation  of  the  pla- 
centa, hemorrhage  into  the  placenta,  placental  disease, 
diseased  conditions  of  the  uterus  or  of  the  mother,  dis- 
turbance in  the  supply  of  oxygen  and  nutrition,  intoxi- 
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cations,  infections,  etc.  Abnormal  conditions  of  the 
amnion  are  also  particularly  likely  to  cause  malforma- 
tions of  the  foetus.  Abnormal  tightness  of  the  amnion, 
particularly  of  the  cephalic  or  caudal  end,  adhesions 
between  amnion  and  foetus,  etc.,  cause  a  great  variety  of 
malformations,  such  as  intra-uterine  amputations,  apla- 
sias and  hypoplasias,  anenceplialia,  exencephalia,  thoracic 
and  abdominal  clefts,  spina  bifida,  phooomelia,  curvatures 
of  the  spine,  etc.  Deficiency  of  the  amniotic  fluid  (oligo- 
hydramnios) may  also  produce  various  malformations, 
such  as  spinal  curvatures,  clubfoot,  dub-hand,  and  a  great 
variety  of  malformations  of  the  extremities.  Of  especial 
importance  are  adhesions  between  the  amnion  and  the 
surface  of  the  foetus ;  they  are  found  very  frequently  in 
association  with  oligohydraranion.  They  may  occasion 
a  great  variety  of  malformations,  particularly  those  char- 
acterized by  Sk  failure  of  the  body  clefts  to  close.  Through 
the  stretching  of  such  adhesions  about  the  foetal  extrem- 
ities amputations  of  the  latter  may  be  produced.  Forci- 
ble separation  of  the  adhesions  from  the  fcetal  surface 
may  cause  wounds  of  thefxtal  shin.  Intra-uterine  fract- 
ures and  dislocations  are  also  caused  by  amniotic  adhe- 
sions. An  excess  of  amniotic  fluid  (hydramnion)  may  also 
cause  malformations  and  disturbances  of  development  in 
the  foetus.  In  the  case  of  twins  one  foetus  may  develop 
at  the  expense  of  the  other,  the  latter  showing  various 
malformations  due  chiefly  to  abnormal  pressure.  Such 
abnormalities  are  especially  likely  to  occur,  if  in  one  am- 
niotic sac  there  is  an  excess  of  fluid  and  In  the  other  a 
deficiency. 

Congenital  Fractures.— Not  all  of  the  fractures  found 
in  the  new-born  are  the  results  of  difficult  labor,  but  a 
part  at  least  may  be  referred  to  trauma  affecting  the 
mother.  The  bones  of  the  foetal  head  are  more  fre- 
quently fractured  than  are  the  long  boneSj  Abortion  or 
premature  delivery  usually  results  from  such  trauma,  but 
occasionally  a  foetus  so  injured  may  be  carried  to  full 
term  and  be  born  alive.  At  birth  the  fracture  may  be  in 
the  process  of  healing  or  entirely  healed.  Apparent  in- 
tra-uterine  fractures  niaj'  be  caused  by  deficient  ossifica- 
tion or  by  disease  of  the  foetal  bones  (intra-uterine  rachi- 
tis). 

Congenital  dislocations  are  not  rare.  The  hip-joint  is 
most  frequently  afEected;  more  often  in  girls  than  in 
boys.  The  causes  are  partly  intrinsic,  due  to  an  abnor- 
mal smallness  and  faulty  position  of  the  joint,  as  well  as 
a  primary  relaxation  of  the  ligaments.  Extrinsic  causes, 
pressure,  poor  nutrition,  deficient  amniotic  fluid,  etc., 
play  an  important  part,  however,  in  the  production  of 
the  condition. 

Pathological  Conditions  Produced  during  Labor  ;  Gajmt 
Succedaneum. — During  the  birth  of  the  child  an  rede- 
matous  swelling  of  the  loose  connective  tissue  beneath 
the  scalp  often  forms,  as  the  result  of  the  passive  conges- 
tion of  the  parts  presenting.  The  condition  is  more 
marked  in  cases  of  protracted  labor  with  unusually  severe 
labor  pains.  The  osdema  is  often  accompanied  by  mi- 
nute hemorrhages.  It  must  not,  however,  be  mistaken 
for  the  true  hoematoma  of  the  scalp.  Caput  succeda- 
neum has  no  pathological  significance  except  in  extreme 
cases ;  ordinarily  it  disappears  within  from  twenty-four  to 
forty -eight  hours. 

CepliatluBmatoma  Neonatorum. — Occasionally  there  oc- 
curs during  birth  an  extravasation  of  blood  between  the 
periosteum  and  the  bone,  leading  to  a  detachment  of  the 
former.  The  extravasation  is  usually  accompanied  by 
caput  succedaneum^  and  becomes  more  prominent  as  the 
oedematous  swelling  disappears.  The  condition  occurs 
most  frequently  upon  the  parietal  bones,  less  frequently 
upon  the  occipital,  near  the  posterior  fontanel.  The 
tumor  usually  reaches  its  maximum  on  the  third  to 
fourth  day.  It  may  extend  over  the  entire  surface  of  the 
bone  involved,  but  is  limited  by  the  sutures.  Bilateral 
extravasations  are  rare.  The  tumor  is  fluctuating,  the 
scalp  covering  it  bluish,  resembling  a  bruise.  If  the 
amount  of  extravasation  is  large,  or  if  absorption  is  de- 
layed, the  detached  periosteum  forms  bone  around  the 
edge  of  the  hsematoma.     In  this  way  there  may  arise 


around  the  extravasation  a  wall  of  newly  formed  bone 
or  the  latter  may  become  encapsulated  by  bony  plates! 
In  some  cases  the  extravasate  becomes  purulent.  The 
blood  may  be  absorbed  in  from  four  to  six  weeks,  the 
cavity  obliterated,  and  the  bony  plates  united,  so  that  ulti- 
mately there  may  remain  only  a  localized  thickening  of 
the  cranium  at  the  site  of  the  extravasation.  Rarely 
thei-e  may  persist  a  crater-like  depression  with  a  thick- 
ened rim. 

Hasmatoma  of  the  sterno-cleido-mastoid  muscle  occurs 
rarely  after  prolonged  labors,  particularly  after  breech 
presentations  involving  traction  upon  the  neck.  The 
swelling  of  the  muscle  is  probably  more  the  result  of  a 
local  myositis  than  of  a  hemorrhage.  Suppuration  re- 
sults very  rarely.  The  condition  usuallv  disappears  in  a 
few  weeks  without  giving  rise  to  permanent  changes. 

Fractures,  dislocations,  and  injuries  of  internal  organs 
may  result  from  difl5cult  or  instrumental  labor.  Rupt- 
ure of  the  liver  or  spleen  may  occur,  or  in  rare  cases  of 
the  intestines.  External  soft  parts,  as  the  ears,  may  be 
damaged  by  the  forceps.  Of  the  greatest  importance 
are  the  damages  caused  to  the  central  nervous  system  in 
delivery  by  the  forceps  or  through  turning.  Schultze 
and  Pfeift'er  found  multiple  hemorrhages  in  the  bulb, 
medulla,  and  cord  in  such  cases.  Degeneration  of  the 
ganglion  cells  also  occurs.  From  the  occurrence  of  such 
anatomical  lesions  it  is  easy  to  understand  the  frequent 
development  of  nervous  lesions  in  children  born  in  diffi- 
cult or  instrumental  labor. 

3.  Infections.— According  to  the  views  of  the  major- 
ity of  writers  micro-organisms  are  not  able  to  pass  from 
the  maternal  blood  through  a  normal  intact  syncytium 
into  the  foetal  circulation.  It  must  be  borne  'in  mind, 
however,  that  owing  to  the  natural  processes  of  atrophy 
and  new  formation  of  chorionic  villi,  which  occur  con- 
stantly in  tlie  placenta  from  the  earliest  stages  of  its 
development  onward,  and  Avhich  are  especially  marked 
during  the  later  months  of  pregnancy,  there  are  to  be 
found  in  every  normal  placenta  atrophic  or  necrosing 
villi,  the  syncytial  covering  of  which  is  either  partly 
or  wholly  desquamated  or  is  undergoing  degenerative 
changes.  Such  senile  villi  form,  therefore,  points  of 
least  resistance  to  the  passage  of  micro-organisms.  The 
constant  presence  of  such  villi  in  the  normal  placenta 
favors  the  passage  into  the  foetal  blood  of  micro-organ- 
isms which  may  be  present  in  the  maternal  circulation ; 
in  other  words,  such  a  thing  as  a  perfectly  intact  syncy- 
tium throughout  the  entire  chorionic  surface  does  not 
exist  normally,  and  in  every  normal  placenta  there  are 
conditions  favoring  the  passage  of  micro-organisms. 
There  is,  however,  good  reason  for  believing  that  the 
fcetal  tissues  are  more  immune  to  manj'  infections  thaa 
are  the  maternal,  and  bacteria  having  passed  the  chorion 
may  either  fail  entirely  of  producing  pathological 
changes,  or  remain  latent  until  a  later  period.  The  prob- 
abilities of  the  transmission  of  infection  from  the  mother 
to  the  foetus  are  in  direct  proportion  to  the  severity  of 
the  maternal  infection,  death  of  the  foetus  usually  result- 
ing when  the  disease  of  the  mother  is  very  severe. 

Syphilis. — The  most  common  and  most  important  infec- 
tion of  the  new-born  is  syphilis.  This  may  be  acquired 
from  the  mother  through  the  ovum,  from  the  father 
through  the  sperm,  or  through  a  later  infection  from 
either  parent.  The  chief  pathological  changes  shown  at 
birth  are :  skin  lesions  (in  about  twenty-four  per  cent,  of 
cases),  either  papular,  macular,  or  hemorrhagic,  bullous 
eruptions  (pemphigus  syphiliticus)  affecting  chiefly  the 
palms  and  soles;  less  frequently  macular,  papular,  or 
ulcerative  lesions  of  the  mucous' membranes;  fibroid  hy- 
perplasia of  liver  (cirrhosis)  and  spleen ;  "  white  pneu- 
monia"; gummatous  processes  in  the  lungs,  thyroid, 
thymus,  liver,  bones,  adrenals,  etc. ;  swelling  of  the 
mesenteric  lymph  glands;  osteochondritis;  obliterative 
changes  in  blood-vessels,  particularly  in  the  umbilical 
vessels.  The  changes  found  in  the  bones  are  very  char- 
acteristic, particularly  those  so  frequently  present  in  the 
zone  of  ossification  of  the  epiphyseal  cartilages.  The 
long  bones  should  be  split  longitudinally,  the  change 
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teing  found  most  often  in  the  femur,  humerus,  and  ribs. 
In  normal  cases  there  is  seen  in  the  bluish,  opaque,  rest- 
ing cartilage  a  layer  of  proliferating  cartilage  recognized 
by  its  hluish-giuy  translucent  appearance.  This  is 
bounded  in  turn  by  a  narrow  white  zone  of  ossification, 
which  separates  tlie  cartilage  from  the  bone  by  a  straight 
or  convex  line.  In  the  so-called  osteochondritis  of  con- 
genital syphilis  the  area  of  ossification  is  increased,  and 
the  boundary  line  between  it  and  the  cartilage  is  irregu- 
lar. The  area  of  proliferating  cartilage  is  also  increased 
and  may  contain  medullary  spaces  which  appear  as  red 
stripes.  Between  the  zone  of  ossification  and  the  bone 
there  is  a  layer  of  soft  yellowish  granulation  tissue  rich 
in  cells.  Three  stages  may  be  distinguished ;  in  extreme 
cases  the  epiphyses  may  be  completely  separated  by  the 
softening  of  the  yellow  layer.  Many  authors  assert  that 
the  so-called  syphilitic  osteochondritis  is  pathognomonic 
of  congenital  syphilis.  According  to  Mewis  it  is  found 
only  in  sixty-two  per  cent,  of  cases.  By  other  writers 
the  changes  in  liver  and  spleen  are  regarded  as  the  most 
characteristic  and  constant  signs  of  this  condition. 

Tuberculosis. — Though  nearly  seventy  cases  are  re- 
ported in  the  literature  as  instances  of  congenital  tuber- 
culosis, in  only  six  cases  (Sabouraud,  Lehmann,  Honl, 
TJstenow,  Auche  and  Chambrelente,  and  Lyle)  is  the 
diagnosis  placed  beyond  any  doubt  by  both  the  liistologi- 
cal  and  bacteriological  findings.  The  other  cases  must 
be  regarded  as  doubtful  or  probable,  the  diagnosis  either 
not  confirmed  by  the  demonstration  of  tlie  presence  of 
tubei-cle  bacilli,  or  doubtful  because  of  the  age  of  the 
child,  non-exclusion  of  syphilis,  etc.  There  is,  liowever, 
no  doubt  that  in  acute  miliary  tuberculosis,  advauced 
pulmonary  or  genito-urinary  tuberculosis  of  the  mother, 
tubercle  bacilli  may  pass  through  the  placenta  into  the 
foetal  circulation,  eitlier  with  or  without  tlie  production 
of  tuberculous  changes  in  the  chorion  or  decidua,  and 
give  rise  to  characteristic  tuberculous  lesions  in  tlie  foe- 
tus. There  is  also  reason  to  believe  that  the  foetal  tissues 
possess  a  greater  resistance  to  tlie  tubercle  bacillus,  so 
that  tubercle  bacilli  may  be  present  in  the  foetal  blood 
without  giving  rise  to  tuberculous  lesions.  At  a  later 
period  the  disease  may  become  manifest,  so  that  the  pos- 
sibility of  a  latent  infection  must  be  considered. 

Variola. — It  has  long  been  linown  that  in  cases  of  va- 
riola occurring  during  pregnancy  tlie  foetus  may  have  the 
eruption  during  intra-uterine  life,  or  present  it  at  birth 
or  develop  it  soon  after  birth.  Tlie  transmission  to  the 
child  does  not,  however,  occur  in  all  cases  of  variola; 
further,  in  the  case  of  twins  with  separate  placentas,  one 
foetus  may  exhibit  the  disease,  the  other  escape  it. 
These  phenomena  have  been  explained  by  the  hypothesis 
that  the  disease  does  not  pass  an  intact  placenta ;  in  the 
case  of  twins  one  placenta  may  admit  the  infection,  the 
other  not.  The  stages  of  the  disease  in  mother  and  child 
do  not  usually  coincide,  the  foetus  as  a  rule  acquiring  the 
infection  in  the  stage  of  suppuration  of  the  maternal 
eruption.  The  occurrence  of  variola  during  the  earlier 
months  of  pregnancy  usually  causes  death  of  the  foetus 
and  abortion;  in  the  later  months  the  child  often  sur- 
vives. 

Scarlatina. — Since  adults  rarely  suffer  from  this  dis- 
ease, there  are  but  few  recorded  observations  (eighteen  in 
all)  of  its  transmission  to  the  foetus.  Tlu;  child  at  birth 
may  present  the  eruption.  In  other  cases  of  scarlatina 
of  the  mother,  the  child  may  be  born  without  showing 
the  disease. 

Measles. — The  recorded  observations  of  the  ti-ansmission 
of  measles  to  the  foetus  in  utero  are  very  few.  In  mater- 
nal measles  during  pregnancy  the  foetus  may  or  may  not 
be  affected. 

Typlioid  Fever. — The  child  usually  dies  in  cases  of  ma- 
ternal typhoid  during  the  early  months  of  pregnancy, 
but  may  survive  in  cases  which  occur  in  the  later  months. 
The  typhoid  bacilli  can  traverse  the  normal  as  well  as 
the  abnormal  placenta.  Since  the  typhoid  bacilli  pass 
directly  into  the  foetal  circulation,  intra-uterine  typhoid 
is  of  the  nature  of  a  general  septicaemia,  the  classical  in- 
testinal lesions  are  not  present.     Infection  of  the  foetus 


does  not,  however,  always  occur  in  maternal  typhoid. 
Blumer  has  reported  an  apparent  undoubted  case  of  con- 
genital typhoid,  which  is  of  very  great  importance  as  in- 
dicating a  latent  infection.  The  child  was  born  four 
and  a  half  months  after  the  recovery  of  the  mother  from 
typhoid.  On  the  ninth  day  it  died,  after  having  pre- 
sented symptoms  of  hemorrhages  from  gums  and  vagina, 
petechial  eruption  of  skin,  slight  fever,  and  convulsions. 
The  autopsy  findings  were  cloudy  swelling  of  organs, 
presence  of  phagocytic  endothelial  cells  in  the  heart, 
lungs,  liver,  kidneys,  adrenals,  pancreas,  and  uterus. 
Typhoid  bacilli  were  recovered  from  the  lung,  spleen, 
umbilical  cord,  bile,  and  large  intestine.  Alimentary 
infection  was  excluded,  the  child  being  breast  fed,  and 
the  short  period  between  birth  and  beginning  of  symp- 
toms made  extra-uterine  infection  very  improbable.  The 
case  is  unique  as  showing  a  long  period  of  latency. 

Typhus  Fever. — Only  one  case  occurs  in  the  literature 
of  a  probable  case  of  intra-uterine  infection  with  typhus. 
The  five-  to  six-months-old  foetus  showed  black,  irregu- 
lar petechia;  and  small  vesicles  over  the  body.  The 
spleen  was  enlarged,  the  mesenteric  glands  and  Peyer's 
patches  were  swollen. 

Recurrent  Fever. — In  a  small  number  of  cases  the  trans- 
mission of  the  disease  from  mother  to  foetus  has  been  ob- 
served. Albrecht  found  the  spirillum  present  in  the 
blood  of  two  cases.  He  regarded  it  as  most  probable 
that  the  spores  and  not  the  spirillum  passed  the  pla- 
centa. 

Malaria. — This  disease  is  also  sometimes  transmitted 
to  the  foetus,  which  may  be  prematurely  born  living  or 
dead,  or  come  to  full  term.  Moncorvo  saw  four  un- 
doubted cases  of  the  transmission  of  the  Plasmodium. 
The  new-born  child  may  have  fever  and  enlarged  spleen. 
The  autopsy  findings  are  those  characteristic  of  the  dis- 
ease, pigmentation,  acute  congestion  of  the  spleen,  etc. 

Gliolera. — A  small  number  of  observations  occurs  in 
the  literature,  of  cases  showing  the  transmission  of  the 
cholera  bacillus  to  the  foetus.  The  occurrence  of  a  hem- 
orrhagic endometritis  in  this  disease  favors  the  passage 
of  micro-organisms  through  the  placenta.  Death  of  the 
foetus  usually  results  from  the  changes  in  the  placenta 
and  decidua.  The  foetus  may  show  hypersemia  and 
hemorrhages  of  the  internal  organs,  intestinal  inflamma- 
tion, etc. 

Influenza. — According  to  Townsend  an  intra-uterine 
infection  of  this  disease  occurs. 

Pneumonia. — In  a  few  cases  the  transmission  of  the 
pneumococcus  from  the  mother  to  the  foetus  has  been 
observed. 

Meningitis. — In  two  cases  the  meningococcus  has  been 
shown  to  have  passed  from  the  mother  to  the  foetus. 

Erysipelas. — In  children  born  of  mothers  suffering  from 
erysipelas  there  may  be  present  a  desquamation  of  the 
epidermis.  The  streptococcus  is  not  infrequently  trans- 
mitted to  the  foetus,  the  infection  being  manifested  in 
a  condition  of  general  sepsis  rather  than  of  erysipelas. 
The  so-called  erysipelas  neonatorum  is  an  affection  usu- 
ally acquired  during  the  early  days  of  extra-uterine  life. 

Sepsis. — The  staphylococcus  and  the  streptococcus  are 
probably  frequently  transmitted  from  the  mother  to  the 
foetus,  though  the  published  observations  of  such  intra- 
uterine transmission  are  not  numerous.  The  cases  re- 
ported as  congenital  empyema,  pleuritis,  peritonitis,  en- 
docarditis, pericarditis,  meningitis,  abscesses  of  internal 
organs,  and  certain  skin  conditions  show  the  frequency 
of  such  transmission.  The  occurrence  of  puerperal  sep- 
sis in  the  mother,  or  of  intercurrent  pyogenic  infections 
gives  rise  to  such  transmission;  but  in  certain  cases  the 
infection  of  the  foetus  appears  to  be  cryptogenic,  a  per- 
fectly healthy  mother  giving  birth  to  a  sick  child  which 
dies  soon  after  birth,  the  autopsy  findings  being  a  strep- 
tococcus pleuritis,  peritonitis,  etc. 

Bacillus  Coli  Communis. — This  organism  is  also  trans- 
mitted from  the  mother  to  the  foetus,  producing  in  the 
latter  a  general  sepsis,  or  a  localized  infection,  such  as 
peritonitis,  pleuritis,  internal  abscess,  etc. 

Parotitis  Epidemica. — According  to  Mtiller  this  disease 
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may  be  trausmitted  to  the  fcetus.  It  is  possible,  bow- 
ever,  that  the  case  described  by  Milller  was  one  of  pyo- 
genic infection. 

Anthrax. — The  totxis  may  be  infected  In  utero,  or  may 
escape  the  disease.  In  the  former  case  tlie  fcetus  may  be 
still-bom,  or  be  born  alive  and  apparently  well,  dying 
from  the  disease  a  few  days  later. 

Leprosy. — A  congenital  infection  is  claimed  for  this 
disease,  but  it  has  not  yet  been  proved. 

4.  Intoxications. — According  to  Ahlfeld  those  poi- 
sons are  capable  of  being  transmitted  from  the  mother  to 
the  foetus  which  occur  in  the  maternal  blood  in  the  form 
of  gases  or  in  solution,  providing  that  such  changes  have 
not  been  produced  in  the  maternal  blood  as  to  render  dif- 
fusion impossible.  It  is  to  be  noted,  however,  that  even 
in  those  cases  in  which  transmission  of  poisons  from 
mother  to  foetus  occurs,  the  effect  upon  the  foetus  is 
often  very  different  from  that  upon  the  mother.  In  the 
case  of  many  poisons,  particularly  the  vegetable  alka- 
loids, the  effect  upon  the  foetus  is  of  a  much  less  intense 
degree.  In  the  case  of  animal  experiments,  strychnine 
and  morphine  have  been  found  to  affect  oi^ly  slightly  the 
fcetus,  the  undeveloped  foetal  nervous  system  appearing 
to  possess  a  certain  insusceptibility  to  poisons  which 
have  ah  intense  action  upon  the  highly  developed  ner- 
vous system  of  adults.  la  the  case  of  certain  mineral 
poisons  the  foetus  also  appears  to  possess  a  relative  im- 
munity. Inasmuch  as  the  germ  cells  cannot  be  regarded 
as  existing  in  the  reproductive  organs  of  the  parents 
wholly  independent  of  the  bodily  conditions  of  these  in- 
dividuals, since  they  must  assimilate  food  from  the  lymph 
and  discharge  their  metabolic  products,  it  must  follow 
that  diffusible  poisons  in  the  body  of  either  parent  must 
be  absorbed  by  the  germ  cells  and  so  cause  pathological 
changes  in  their  protoplasm.  This  is  well  shown  in  the 
case  of  children  born  of  fathers  showing  lead  poisoning 
or  alcoholism.  It  may  be  taken  as  a  general  principle 
that  Intoxications  affecting  the  general  metabolism  of 
either  parent  are  very  likely  to  cause  deterioration  of  the 
germ  cells. 

Carbon  monoxide  and  illuminoMng  gas  may  cause  death 
■of  both  mother  and  foetus.  A  number  of  observations 
have  been  reported  in  which  the  mother  recovered,  but 
death  of  the  foetus  resulted. 

Gliloroform  passes  directly  into  the  foetal  blood,  a  few 
whiffs  given  to  the  mother  being  evident  in  the  blood 
from  the  umbilical  vessels.  The  fcetus  is,  however,  very 
insusceptible  to  chloroform,  even  in  cases  of  deep  and 
prolonged  ansesthesia  of  the  mother.  If  in  such  cases 
asphyxia  of  the  fcetus  occurs,  it  is  probably  to  be  re- 
ferred to  other  conditions  of  the  delivery  than  to  the 
chloroform. 

Alcolwl.—The  sexual  cells  may  be  affected  by  the  in- 
toxication of  either  parent.  The  new-born  of  chronic 
alcoholists  very  frequently  show  malformations,  and 
later  psychical  disturbances.  This  is  particularly  the 
case  in  maternal  alcoholism  during  pregnancy. 

GMoral  hydrate  in  medicinal  doses  has  practically  no 
■effect  upon  the  fostus;  in  chronic  poisoning  of  the 
mother  the  effects  are  similar  to  those  of  alcohol.  Mw- 
phine  in  ordinary  medicinal  doses  does  not  affect  the 
foetus,  even  when  given  to  the  mother  for  some  time. 
Chronic  morphinists  may  bear  healthy  children,  but  these 
are  very  likely  to  show  psychical  disturbances  in  later 
life.  Occasionally  the  offspring  may  show  signs  of 
chronic  morphinism.  That  the  drug  passes  through  the 
placenta  is  shown  by  the  action  upon  the  fcetal  heart. 
Digitaline  and  atropine  are  said  to  produce  marked  and 
lasting  effects  upon  the  foetus.  As  mentioned  above,  the 
effects  produced  by  strychnine  are  slight.  Fatal  poison- 
ing of  the  mother  may  cause  the  death  of  the  fcetus  or  it 
may  be  .born  alive  prematurely. 

Ptormins  and  2'«CTn«.— That  many  poisons  produced 
in  the  maternal  body  by  micro-organisms  pass  through 
the  placenta  into  the  foetal  blood  and  produce  pathologi- 
cal effects  cannot  be  denied.  Numerous  chnical  obser- 
vations support  this  view,  though  the  actual  demonstra- 
tion of  such  passage  has  not  yet  been  made.    Likewise, 


the  poisons  of  certain  auto-intoxications  of  the  mother, 
nephritis,  etc.,  affect  the  development  of  the  foetus. 

Mineral  Poisons.— T^he  passage  of  mercury  into  the 
fcetus  has  long  been  known,  and  advantage  has  been 
taken  of  this  knowledge  in  the  hope  of  curing  foetal 
syphilis.  Chronic  mercurial  poisoning  is  well  borne  by 
the  foetus. 

Lead. — In  chronic  lead  poisoning  of  the  mother  death 
of  the  foetus  and  abortion  usually  result,  although  in 
some  cases  the  child  may  be  born  alive.  In  this  case  the 
child  is  under-developed  and  very  often  dies  soon  after 
birth.  In  chronic  lead  poisoning  of  the  father  the  sper- 
matozoa are  undoubtedly  affected,  inasmuch  as  children 
from  such  fathers  show  characteristic  changes  which 
without  doubt  are  to  be  ascribed  to  the  lead  'poisoning. 
The  bones  of  the  cranium  undergo  changes  in  form 
which  may  interfere  with  delivery.  A  large  proportion 
of  the  children  of  fathers  affected  with  plumbism  die 
before  term;  of  the  children  born  alive  few  pass  the  age 
of  puberty. 

Phospho^'us  may  cause  the  death  of  the  foetus  with  the 
occurrence  of  fatty  degeneration  of  the  liver  and  multi- 
ple ecchymoses  as  in  the  phosphorus  poisoning  of  adults. 
Arsenic,  copper,  and  silver  also  pass  the  placenta.  Copper 
and  mercury  are  said  to  accumulate  in  the  placenta ;  lead 
on  the  other  hand  does  not. 

5.  Diseases  of  Common  Ocoueebncb  in  the  New- 
born, Idiopathic  or  Accjuiked,  Affecting  Certain 
Tissues,  Organs,  or  Systems. — Asphyxia  Neonatorum. — 
The  foetus  at  birth  may  exhibit  a  condition  of  apnoea  and 
cyanosis.  This  may  be  due  to  a  congenital  malformation 
of  the  heart  or  blood-vessels,  atelectasis,  "white  pneu- 
monia," catarrhal  or  croupous  pneumonia,  hydrothorax, 
thoracic  tumor,  congenital  struma,  or  disturbances  of  the 
circulatory  and  respiratory  centres.  In  normal  births  the 
respiratory  centres  are  stimulated  by  the  increase  of  car- 
bonic acid  and  decrease  of  oxygen  in  the  blood,  in  addi- 
tion to  certain  external  stimuli.  As  a  result  of  such 
stimulation  respiration  is  inaugurated.  If  placental  in- 
terchange is  rendered  difficult  or  impossible  through  the 
compression  of  the  umbilical  vessels  or  prolonged  uterine 
contractions,  there  may  occur  intra-uterine  respiratory 
movements  of  dy  spnosic  character.  As  a  result  the  lungs 
become  filled  with  amniotic  fluid  and  asphyxia  follows. 
Asphyxia  may  also  be  produced  by  the  occurrence  of 
rapidly  succeeding  uterine  contractions.  Dyspnoeic 
movements  are  not  produced,  but  from  the  rapidly  in- 
creasing venosity  of  the  blood  there  results  a  paralysis 
of  the  ]-espiratory  centre.  The  cessation  of  placental 
circulation  through  birth  of  the  child  is  therefore  not  fol- 
lowed by  respiratory  activity. 

Aliiiminuria  Beonatorum. — According  to  Virchow, 
Dohrn,  Hofmeier,  and  many  other  writers  the  urine  of 
new-born  children  almost  always  contains  a  varying 
amount  of  albumin,  hyaline  casts,  and  epithelium.  Such 
findings  have  been  associated  with  the  uric-acid  infarct. 
They  cannot  be  regarded  as  pathological  as  they  are  ; 
found  in  wholly  healthy  children.  The  albumin  usually 
disappears  after  from  eight  to  ten  days.  The  cause  is  not 
known  but  is  referred  to  the  increased  metaboHsm  after 
birth,  imperfect  formation  of  glomeruH,  changes  in  blood 
pressure  and  in  the  character  of  the  blood.  The  pressure 
in  the  renal  arteries  is  increased  after  birth.  This  fact 
may  explain  the  albuminuria  and  the  desquamation  of 
epithelium.  Patlwlogieal  albuminuria  occurs  in  rare 
cases  of  congenital  nephritis.  The  amount  of  albumin 
is  always  greater  than  that  found  physiologically. 

Anasarca  Neonatorum.— 'Y'in.s,  condition  may  be  found 
in  cases  of  still-birth  in  association  with  hydatid  mole. 
The  ffidema  of  the  fretus  may  depend  upon  a  maternal 
dropsy,  obstruction  of  the  umbilical  veins,  malformations 
or  disease  of  the  fcetal  heart,  absence  of  the  thoracic  duct, 
fcetal  nephritis,  syphilis,  oedema  of  the  placenta  due  to 
syphilis,  leuksemia,  etc.  Foetal  anasarca  is  often  asso- 
ciated with  hydraranion.  In  some  cases  the  skin  of  the 
foetus  shows  an  elephantiasis-like  thickening.  _  In  'the 
majority  of  cases  of  fcetal  anasarca  the  child  is  still-born; 
in  those  cases  in  which  it  survives  birth  the  increased 
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size  of  the  foetal  body  may  render  delivery  more  difficult. 
(See  also  (Edema  neonatorum,  in  article  on  O&iema.) 

Fatty  Degeneration  of  tlie  New-born.— Kcviie  fatty  de- 
generation of  the  liver,  heart,  etc.,  of  the  nevir-born  is  not 
infrequent.  It  is  explained  by  decreased  oxygenation 
and  increased  metabolism  of  albumin  depending  upon 
any  of  the  causes  leading  to  asphyxia,  also  infections 
and  intoxications.  Fatty  infiltration  of  the  liver  is  often 
associated  with  fatty  degeneration  of  this  organ.  The 
condition  occurs  most  frequently  in  cachectic  and  poorly 
nourished  new-born  suflering  from  circulatory  or  respira- 
tory weakness. 

Oangrcena  Neonatorum. — Symmetrical  gangrene  may- 
occur  in  congenital  syphilis.  Further,  symmetrical,  dif- 
fusely spreading,  or  localized  gangrene  (noma)  occurs  in 
the  new-born  as  the  result  of  certain  infections,  diph- 
theria, measles,  etc.  A  variety  of  organisms  have  been 
found  in  these  cases. 

Oonorrhma  Neonatorum. — The  new-born  is  very  fre- 
quently infected  with  the  gonococcus  during  birth.  An 
intra-uterine  infection  may  also  occur.  Usually  the  con- 
junctiva, vulva,  vagina,  and  urethra  are  involved,  but 
there  may  occur  also  gonorrheal  peritonitis,  pleuritis, 
pericarditis,  endocarditis,  meningitis,  arthritis,  etc.  It  is 
very  probable  that  the  majority  of  the  cases  of  peritonitis 
occurring  in  the  new-born  female  are  of  gonorrhoeal  ori- 
gin. The  presence  of  a  coincident  vulvitis  or  ophthalmia 
favors  strongly  the  gonorrhoeal  origin  of  the  peritonitis. 
(See  also  Gonorrlima^ 

Hemorrhage  of  the  New-born.  VmMUcal  Hemorrhage. — 
Hemorrhage  from  the  cord  may  occur  at  birth,  either  from 
laceration,  from  disease  of  the  vessels,  or  from  imperfect 
ligation.  Fatal  hemorrhage  may  occur  from  injuries  to 
the  cord  before  or  during  birth.  In  other  cases  of  more 
rare  occurrence  there  may  take  place  a  constant  oozing 
from  the  umbilicus  itself  or  from  the  properly  ligated 
stump.  Such  hemorrhage  is  most  likely  to  occur  be- 
tween the  fifth  and  fifteenth  days.  The  children  affected 
are  usually  cachectic  or  under-developed.  Congenital 
haemophilia,  syphilis,  abnormal  composition  of  the  blood, 
imperfect  coagulability,  failure  of  the  normal  retrogres- 
sive changes  in  the  umbilical  vessels  so  that  these  remain 
distended  and  patulous,  vascular  ectasis,  etc.,  are  causes 
adduced.  In  some  cases  no  adequate  cause  can  be  dis- 
covered. Cachectic  conditions  of  the  mother  are  re- 
garded as  predisposing  causes. 

Haematemesis  and  melrnna  Neonatorum. — Hemorrhage 
from  the  gastro -intestinal  tract  occurs  occasionally  in  the 
new-born  without  other  appreciable  symptoms,  and  has 
therefore  been  regarded  as  an  essential  pathological  con- 
dition. Haemophilia,  syphilis,  congestion  of  the  gastro- 
intestinal tract,  ulcerations  of  stomach  or  intestines,  in- 
fection, etc.,  are  the  chief  causes  adduced.  According 
to  von  Preuschen  meliena  neonatorum  is  secondary  to  the 
occurrence  of  cerebral  hemorrhage  resulting  from  deliv- 
ery. It  is  known  that  under  other  conditions  certain  dis- 
eases of  the  brain  give  rise  to  secondary  hemorrhages  in 
the  stomach  and  intestine. 

Hemorrhage  qf  adrenals  is  of  relatively  frequent  occur- 
rence in  the  new-born.  The  cause  is  not  clear,  but  trau- 
matism during  birth,  thrombosis  of  the  adrenal  vessels, 
infection,  and  marasmus  are  supposed  causes. 

Hemorrhage  into  the  kidney  may  result  from  thrombosis 
of  renal  vessels. 

Hydrocephalus  Neonatorum. — Congenital  hydrocepha- 
lus is  an  accumulation  of  fluid  within  the  ventricles  of  the 
brain.  The  cranial  bones,  not  being  united,  yield  to  the 
internal  pressure  and  are  separated,  the  frontal,  parietal, 
and  occipital  bones  become  expanded  and  thinned.  The 
cerebral  convolutions  become  flattened,  the  hemispheres 
finally  being  spread  in  thin  laminse  on  either  side,  the 
thickness  of  the  brain  substance  decreasing  from  the  base 
to  the  vertex.  The  membranes  usually  become  thickened. 
The  head  becomes  greatly  enlarged,  soft,  and  fluctuating. 
The  cause  is  not  clear;  the  condition  by  some  being  re- 
garded as  an  inflammatory  process  of  the  arachnoid,  by 
others  as  due  to  stasis,  caused  by  obstruction  of  the  veins 
of  Galen  or  of  the  sinuses.    (See  Hydrocephalus.) 


Icterus  Neonatorum.— K  slight  degree  of  yellowish 
color  is  of  such  frequent  occurrence  in  the  skin  of  the 
new-born  that  it  must  be  regarded  as  physiological.  In 
strict  usage  the  term  Icterus  neonatorum  should  be  ap- 
plied to  this  condition  alone.  According  to  Frerichs  the 
icterus  is  due  to  a  fall  of  pressure  in  the  liver  capillaries, 
thus  favoring  the  entrance  of  bile  into  the  blood.  By 
others  the  condition  is  explained  as  due  to  the  excessive 
destruction  of  red  blood  cells  and  an  increased  production 
of  bilirubin  which  is  absorbed.  The  dilatation  of  the 
blood-vessels  may  cause  obstruction  of  the  bile  capilla- 
ries. According  to  Birch-Hirschfeld  the  jaundice  is  due 
to  compression  of  the  biliary  capillaries  by  the  dilated 
vessels  in  Glisson's  capsule.  As  a  result  of  the  venous 
congestion  the  connective  tissue  of  the  capsule  becomes 
cedematous,  this  also  aiding  in  the  compression  of  the 
vessels.  According  to  Ziegler  the  icterus  is  caused  by 
resorption  of  the  bile  pigment  not  only  in  the  liver,  but 
also  from  the  meconium  which  is  '  bsorbed  and  carried 
back  to  the  liver.  The  physiological  icterus  neonatorum 
is  characterized  by  a  diffuse  yellowish  pigmentation  of 
the  tissues  and  a  deposit  of  bilirubin  in  various  organs 
and  tissues,  especially  in  the  kidneys. 

Pathological  icterus  of  the  new-born  may  be  caused  by 
sepsis  (in  the  majority  of  cases),  syphilis,  malformations 
of  the  biliary  passages,  new  formation  of  connective  tis- 
sue about  the  bile  ducts,  patency  of  the  ductus  venosus, 
acute  hepatitis,  etc. 

Myotonia  Neonatorum.  — In  the  early  weeks  of  life  the 
child  may  be  affected  by  persistent,  painless,  muscular 
spasms  without  increased  excitability  of  the  muscles  or 
nerves.  In  this  respect  it  is  distinguished  from  tetanus, 
for  which  it  is  often  mistaken.  It  is  to  be  regarded  as 
an  exaggeration  of  the  physiological  hypertonia  of  the 
new-born  (pseudotetanus).  The  anatomical  basis  con- 
sists of  degenerative  changes  in  the  anterior  roots  and 
cells  of  the  anterior  horns ;  the  exciting  causes  are  gas- 
tro-intestinal  disturbances,  congenital  syphilis,  etc. 

Ophthalmia  Neonatorum. — Catarrhal  or  purulent  con- 
junctivitis is  of  frequent  occurrence  in  the  new-born. 
The  great  majority  of  casesare  of  gonorrhoeal  origin,  but 
it  must  be  borne  in  mind  that  other  organisms  (strepto- 
coccus, staphylococcus,  etc.)  may  also  cause  the  disease, 
as  well  as  the  use  of  too  strong  antiseptic  solutions.  (See 
Conjunctiva,  Affections  of.) 

Pemphigus  Neonatorum. — The  condition  of  the  skin 
characterized  by  the  formation  of  blebs  or  bullae  in  the 
epidermis  occurs  in  a  great  variety  of  forms,  and  its 
pathology  has  been  variously  described.  The  etiology 
of  the  affection  is  not  clear.  Some  of  the  cases  described 
under  this  head  are  of  syphilitic  origin,  others  are  due  to 
an  infection  with  the  streptococcus.  The  form  described 
a.s  pemphigus  acutua  contagiosus  neonatorum,  is  probably  a 
distinct  disease  of  bacterial  origin.  In  certain  congenital 
cases  there  appeared  on  the  second  day  a  general  pem- 
phigus eruption  over  the  palms,  soles,  and  mucous  mem- 
branes, the  fluid  of  the  bullae  being  at  first  clear,  later  be- 
coming slightly  bloody.  Bacteriological  examinations 
have  been  negative ;  syphilis  and  all  ordinary  causes  of 
pemphigus  being  excluded,  the  condition  is  regarded  as 
due  to  an  intra-uterine  intoxication.     (See  Pemphigus.) 

PneiMn^onia. — Catarrhal  pneumonia  occurs  very  fre- 
quently in  the  first  few  days  of  life.  In  the  case  of  pre- 
mature births  over  forty  per  cent,  of  the  deaths  are  due 
to  this  condition.  In  eighty  per  cent,  of  cases  born  at 
term  the  infant  is  poorly  developed,  with  congenital 
weakness  of  the  respiratory  tract.  The  so-called  "  white 
pneumonia  "  is  due  to  congenital  syphilis.  Pneumococ- 
cus  pneumonia  may  be  acquired  during  intrauterine  life 
as  well  as  in  the  first  weeks  of  extra-uterine  life. 

Rachitis. — Congenital  rickets  is  rare.  Its  etiology  is 
not  clear.  The  condition  is  associated  with  hydramnion 
and  hydrocephalus.  Premature  birth  usually  takes  place. 
Congenital  rickets  presents  a  pathological  picture  similar 
to  that  of  extra-uterine  rachitis.  Two  forms  of  foetal 
rickets  are  described,  rachitis  micromelica  and  rachitis  an- 
nulam.  The  true  rachitic  process  is  to  be  distinguished 
from  the  disease  of  the  primordial  cartilages,  the  so-called 
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ehondrodysirophiafmtalis,  which  is  associated  with  cretin- 
ism.   (See  Rachitis. ) 

Sepsis  Jfeonatorum.— Sepsis  of  the  new-born  is  one  of 
the  most  frequent  and  important  conditions  of  tliis  period 
of  life.  The  streptococcus,  staphylococcus,  pneumococ- 
cus,  bacillus  coli  communis,  typhoid  bacillus,  gonococcus, 
etc. ,  are  the  exciting  causes.  The  organism  may  be  trans- 
mitted from  the  mother  during  intra-uterine  life,  or  ac- 
quired through  injury  received  during  delivery,  through 
infection  of  such  wounds  after  birth,  or  through  the  stump 
of  the  umbilical  cord.  The  latter  mode  of  infection  is  very 
common.  Cryptogenic  infection  may  occur.  The  skin 
of  the  new-born  possesses  much  less  resistance  to  the  en- 
trance of  micro-organisms  than  the  skin  of  adults;  the 
primary  seat  of  infection  in  infants  often  being  a  small 
localized  purulent  process  in  the  skin,  of  relatively  slight 
importance. 

Struma  Congenita. — The  condition  of  congenital  en- 
largement of  the  thyroid  is  regarded  partly  as  inherited 
from  mother  or  father,  partly  as  an  idiopathic  or  endemic 
disease.  The  thyroid  may  present  a  simple  hyperplasia 
or  cyst  formation.  Delivery  may  be  rendered  difficult. 
The  infant  may  die  after  birth  from  the  result  of  com- 
pression of  the  trachea.  The  condition  is  of  relatively 
frequent  occurrence  in  the  Tyrol. 

Uric-acid  Infarction. — In  the  kidneys  of  the  new-born 
infant  there  is  almost  always  present  an  accumulation  of 
urates  which  appears  as  glistening,  golden,  or  yellowish- 
red  lines  converging  toward  the  papillas  of  the  pyramids. 
The  urine  in  the  pelvis  of  the  kidneys  also  contains  an 
abundance  of  urates.  Microscopically  the  collecting  tu- 
bules are  found  to  be  filled  with  dark  granular  masses 
which  on  the  addition  of  acetic  acid  dissolve,  uric  acid 
crystallizing  out.  An  albuminous  framework  is  usually 
left  behind.  This  condition  is  termed  uric-acid  infarction. 
It  is  most  marked  after  the  second  or  third  day,  but  may 
be  present  up  to  the  seventy -sixth  day.  It  usually  dis- 
appears promptly,  but  if  persistent  may  lead  to  irritation 
of  the  kidney  and  nephritis.  It  was  formerly  believed 
that  such  infarctions  occuiTed  only  in  children  breathing 
after  birth,  but  it  has  been  shown  that  they  are  found 
also  in  still-born  children.  The  cause  is  not  known. 
Changes  in  metabolism  following  birth,  defective  oxida- 
tion, inability  of  the  urine  of  the  new-born  to  dissolve 
the  acid,  are  among  the  causes  adduced  in  explanation  of 
the  phenomenon. 

Tetanus  Neonatorum. — Tetanus  is  one  of  the  eai'liest 
and  most  fatal  diseases  of  the  new-born,  occurring  with 
greater  frequency  in  the  first  and  second  weeks  of  life 
than  at  any  other  age.  The  infection  occurs  through 
wounds  received  during  delivery  or  through  the  stump 
of  the  cord.  The  favoring  conditions  are :  uncleanliness, 
atmospheric  and  climatic  conditions,  primary  pyogenic 
infection,  etc.  In  nearly  every  case  evidences  of  inflam- 
mation and  suppuration  are  found  in  the  umbilical  ves- 
sels. 

Thrombosis. — Thrombosis  of  the  adrenal,  renal,  or  sper- 
matic veins  may  occur  in  the  new-born.  Hemorrhage 
(so-called  hemorrhagic  infarction)  of  the  adrenal  or  kid- 
ney may  result,  and  in  the  male  infant  gangrene  of  the 
testicle  and  scrotum.  Such  thrombosis  may  be  the  result 
of  traumatism  during  delivery  or  septic  infection.  In 
anaemic  and  cachectic  infants  there  may  occur  marantic 
thrombosis,  affecting  most  frequently  the  left  renal  ar- 
tery.    Hemorrhage  and  necrosis  of  the  kidney  result. 

Sclerema  Neonatorum. — See  (Edema  neonatorum,  under 
(Edema. 

6.  New  Gkowths. — The  most  common  forms  of  new 
growths  affecting  the  new-born  are  the  congenital  ^J?'o- 
mata,  neurojibromata,  angiomata,  and  lympliangiomata. 
Birth-marks,  vascular,  pigmented  and  hairy  nsevi,  moles, 
warts,  etc.,  iDelong  to  this  class.  Special  forms  of  lym- 
phangiomatous  tumors  occur  in  the  tongue,  lips,  and 
neck  {macroglossia,  macrocheilia,  hygroma  colli  congeni- 
tum).  Elephantiasis-like  growths  may  occur  locally  or 
form  diffuse  thickenings  in  certain  regions.  Lipomata 
of  the  neck,  back,  and  axillary  spaces  are  not  rare. 

Congenital  teratoma,  representing  either  a   monoger- 


minal or  bigerminal  inclusion,  are  relatively  frequent 
1  hey  may  be  found  in  any  part  of  the  body,  but  are  es- 
pecially common  on  the  head,  in  the  mediastinum  kid- 
neys ovaries,  and  testicles.  Congenital  rliabdomyomata 
ot  the  heart,  kidney,  etc.,  arc  to  be  placed  in  this  class. 
I  he  most  frequent  malignant  tumor  of  the  new-born  is 
the  so-called  emln-yojial  adenosareoma  of  the  kidneys  (mixed 
sarcoma).  Such  growths  are  most  probably  derived  from 
inclusions  of  the  myotome  and  are  to  be  classed  with  the 
teratoniata  {malignant  teratomata).  The  most  common 
epithelial  tumors  occurring  in  the  new-born  are  papillo- 
matous growths  of  the  larynx,  and  cystic  tumors  of  the 
kidneys,  liver,  and  ovary.  Adenomata  of  the  adrenals 
and  kidneys  have  been  described.  Carcinoma  has  also 
been  found  in  the  new-born  in  a  number  of  cases  (carci- 
noma of  the  liver,  kidneys,  stomach,  and  intestine). 
Cases  have  been  reported  by  Jacobi,  Wedl,  Brown, 
Friedrich,  Ritter,  and  others.  Cystic  tumors  of  the  pi- 
neal gland,  cholesteatomata,  dermoid  cysts,  and  terato- 
mata of  the  brain  and  meninges  have  been  described. 

Aldred  Scott  Warthin. 

NEW  MEXICO.— New  Mexico  has  climatically  the 
same  features  as  Colorado,  and  in  a  less  degree  those  of 
Arizona.  The  State  runs  from  the  Raton  range,  which 
divides  it  from  Colorado,  for  390  miles  south,  to  the 
boundary  line  of  old  Mexico.  On  the  west  is  the  main 
range  of  the  Rocky  Mountains  or  backbone  of  the  conti- 
nent, separating  it  from  the  State  of  Arizona.  Its  east- 
ern boundary  ranges  with  the  great  State  of  Texas.  New 
Mexico  is  for  the  most  part  a  high  plateau  rising  to  7,000 
feet  at  Santa  Fe  and  dropping  to  3,500  feet  in  the  lower 
Pecos  valley.  Tlie  general  tendency  of  this  high  plateau 
is  to  drop  from  the  northwest  corner  toward  the  south- 
east. As  it  is  on  the  leeward  side  of  the  main  range,  the 
winds  from  the  Pacific  Ocean  are  dried  for  the  most  part 
before  reaching  it,  so  that  there  is  very  little  winter  rain 
and  only  a  light  snowfall.  What  rain  there  is  falls,  as  it 
does  in  Colorado,  principally  during  the  months  of  July 
and  August,  and  New  Mexico  does  not  have  the  well- 
marked  double  rainy  season  of  Arizona.  The  winter 
precipitation  falls  usually  between  January  1st  and  April 
1st,  though  in  the  Pecos  valley  region  this  period  is 
somewhat  extended  and  the  rainfall  is  heavier  than  the 
average  for  the  State.  The  winter  rains  or  snow-storms 
are  marked  by  almost  parallel  curves  of  from  one  to 
seven  inches  of  precipitation.  These  curves  are  outside 
the  mountain  lines,  where,  of  course,  the  precipitation  is 
greater.  They  are  caused  by  the  diffuse  or  diverting 
influence  of  topography  on  the  aqueous  currents  borne 
to  New  Mexico  from  the  south  Pacific  Ocean  across 
Arizona.  "The  summer  rains,"  writes  Captain  Glass- 
ford,  "are  otherwise  influenced,  and  the  higher  precipita- 
tions appear  upon  the  levels  west  of  the  Canadian  River 
and  upon  the  Canon  course  of  the  Pecos,  which  includes 
Las  Vegas  and  Fort  Union.  At  this  point  the  fall  reaches 
seventeen  inches.  The  lowest  summer  precipitation  is 
found  in  sections  most  favorably  influenced  by  the  win- 
ter rains.     The  minimum  is  found  in  the  southwest. " 

It  is  very  much  to  be  regretted  that,  in  spite  of  the 
climate  being  the  chief  attraction  of  New  Mexico  to  the 
travelling  invalid,  it  is  almost  impossible  to  get  full  and 
accurate  meteorological  data  concerning  the  various  re- 
sorts, and  the  observations  that  are  reported  are  usually 
for  only  a  very  short  period,  and  the  humidity  and  wind 
have  very  seldom  been  recorded.  Many  have  written  in 
general  terms  of  the  fine  climate,  but  have  failed  to  give 
the  facts  about  the  local  topography,  aspect,  and  soil  of 
the  towns.  Unfortunately  for  health  purposes,  on  the 
lower  elevations  the  towns  are  usually  situated  upon  an 
adobe  soil  in  the  river  bottoms.  However,  the  literature 
being  such  as  it  is,  we  will  proceed  to  discuss  the  more 
important  places  available  for  health  seekers. 

In  travelling  by  railway  from  Colorado  into  New 
Mexico,  as  the  descent  is  made  on  the  southern  slope  of 
the  Raton  range,  one  notices  that  the  air  is  warmer  and 
the  sunshine  more  brilliant.  However,  the  elevated 
towns  in  the  northern  portion  of  New  Mexico  are  very 
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similar  in  climate  to  those  of  Colorado,  although  thej^ 
are  somewhat  higher  in  elevation.  Las  Vegas  (0,500 
feet)  and  Santa  Fe  (7,000  feet)  closely  re.semble  Denver 
in  tenii)erature,  while  Silver  City  in  the  southwest,  stand- 


FiG.  3.589.— View  of  tlie  Jlontezuma  and  liath-liouses,  Las  Vegas  Hot  Springs,  New  Mexico. 


ing  at  an  elevation  of  5,800  feet,  has  a  markedly  milder 
climate,  whicli  is  partly  accounted  for  by  its  admirable 
shelter  from  severe  winds. 

The  annual  average  precipitation  for  the  State  is  13 
inches,  ranging  from  5  inches  at  Deming  to  33  inches  at 
Chama,  while  the  average  of  13  inches  does  not  include 
what  falls  upon  the  mountain  summits,  which  is  probably 
double  this  amount. 

The  annual  mean  relative  humidity  approaches  40 
per  cent,  with  an  annual  temperature  of  60  per  cent.  ; 
the  absolute  humidity  is  2.3  grains,  a  little  more  than 
that  of  Colorado,  which  the  higher  temperature  accounts 
for. 

In  the  elevated  northern  portions  of  the  State  the 
annual  wind  movement  is  about  the  same  as  that  of  Colo- 
rado, but  it  is  markedly  less  in  the  southern  and  lower 
portions. 

Vegetation  is  sparse  throughout  the  State,  as  irrigation 
has  been  very  little  carried  out.  The  soil  generally  is 
of  the  peculiar  clay  which  is  known  as  adobe.  This  does 
not  readily  absorb  the  moistui-o,  but  when  baked  in  the 
hot  sun  gives  rise  to  a  very  fine  dust.  The  treeless  char- 
acter of  the  most  part  of  the  plateaux  and  valleys  com- 
bined with  the  adobe  dust,  which  is  light  and  volatile  in 
character,  makes  the  dust  storms  in  this  country  pecul- 
iarly disagreeable. 

Charles  F.  Lummis,  in  his  delightful  book  upon  New 
Me.Yico,  wluch  he  calls  "  The  Land  of  Poco  Tiempo, " 
summarizes  the  country  in  this  sentence,  "Sun,  silence, 
and  adobe."  He  laments,  as  all  visitors  to  New  Mexico 
must,  the  absence  of  large  and  well-equipped  cities,  and 
the  general  scarcity  of  the  resources  of  civilization.  All 
this,  however,  is  rapidly  improving  each  year.  Good 
soft  water,  gravel  soil,  and  good  and  well-cooked  food 
are  scarce,  but  the  climate  is  superb.  Above  the  thirty- 
fifth  parallel  of  latitude  the  climate  resembles  that  of 
Colorado,  but  is  somewhat  milder  in  the  winter  and 
wanner  in  the  summer.  Below  tliis  latitude  the  winters 
are  markedly  milder.  Those  for  whom  tlie  more  bracing 
climates  of  the  northern  latitudes  are  not  desirable,  and 
who  also  need  a  somewhat  lower  elevation,  can  find  in 
New  Mexico  almost  unrivalled  climates  for  their  purpose. 
The  summer  heat,  however,  begins  to  be  felt  early  in 
April,  and  seems  to  gather  force  well  into  October,  but 
for  those  who  can  stand  a  rough  camping  life  the  sum- 
mer climate  of  tiie  mountains  is  delightful. 

On  the  southern  slopes  of  the  Raton  range  is  a  line 
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farming  country  with  a  good  all-the-year-round  climate. 
The  air  is  dry,  but  the  soil  is  adobe,  and  there  is  consid- 
erable irrigation  carried  on.  There  are  no  towns  of  any 
importance,  but  for  those  convalescent  invalids  wlio  can 

carry  on  farming 
and  cattle  raising 
it  is  a  good  coun- 
try. Throughout 
this  district  the 
rainfall  and  hu- 
midity are  higher, 
and  the  tempera- 
ture lower  than 
thejr  are  in  the 
country  lying  far- 
ther south. 

Raton  is  a  small 
town  on  the  main 
line  of  the  Santa 
Fe  just  over  the 
Colorado  border. 
It  stands  at  an 
altitude  of  6,600 
feet  and  has  4,000 
inhabitants.  It 
faces  south  and 
east  with  the  Ra- 
ton range  behind 
it.  It  has  an  at- 
tractive country 
around  it,  and 
there  are  sevei-al  sm.all  hotels  and  boarding-houses  where 
the  rates  are  from  §25  to  §30  per  month  for  board  and 
room. 

A  few  miles  farther  south  and  lower  down  lie  Maxwell 
City  and  Springer,  both  of  them  small  villages  where 
cheap  accommodations  can  be  found  in  the  town  or 
among  the  farmers  of  the  neighborhood. 

Las  Vegas,  elevation  6,384  feet,  population  8,000,  of 
which  perhaps  half  are  Mexicans  and  Indians.  It  is 
somewhat  exposed  to  north  winds,  and  lying  in  the  val- 
ley with  an  adobe  soil,  is  hot  and  dusty  in  summer.  It 
is  generally  warm  and  pleasant  during  the  winter.  The 
average  mean  temperature  in  winter  is  40° :  spring  55°, 
summer  80°,  autumn  60°  F.  The  rainfall  averages  twenty 
inches,  of  which  a  large  half  falls  during  April  and 
August.  The  Atchison,  Topeka  and  Santa  Fe  Railroad 
has  recentlj'  built  a  verj' handsome  and  comfortable  hotel 
and  eating-house,  where  the  famous  Harvey  catering  can 
be  enjoyed,  but  accommodations  at  a  more  moderate  price 
can  be  obtained  in  the  town,  and  there  is  a  good  sani- 
tarium in  charge  of  the  Sisters  of  Charity. 

Las  Vegas  Ilot  Springs,  elevation  7,000  feet,  is  reached 
bjr  a  stub  railway  running  seven  miles  from  the  town  of 
Las  Vegas  up  into  the  western  hills.  Here  is  an  excel- 
lent hotel.  The  Montezuma,  with  a  few  other  smaller 
buildings  and  some  good  bath-houses.  The  Montezuma 
is  situated  on  the  edge  of  the  canon  facing  south,  and  is 
well  sheltered  from  the  \vinds.  Las  Vegas  Hot  Springs 
has  a  delightful  winter  climate,  for  the  most  part  warm 
and  dry.  It  is  reasonably  cool  in  summer.  The  springs 
are  both  hot  and  cold.  The  hot  water  has  a  temperature 
of  144°  F.  The  mineralization  of  tlie  springs  is  alkaline 
and  small  in  amount.  They  are  not  very  jiotent  waters, 
but  the  bathing  is  good,  and  there  are  some  excellent 
lutid  baths  which  have  been  found  valualjle  for  rheuma- 
tism and  allied  disorders. 

Santa  Fe  is  reached  in  a  similar  manner  from  the  main 
line  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad. 
It  is  one  of  the  oldest  and  most  interesting  of  the  towns 
of  New  Mexico.  It  retains  the  character  of  a  Mexican 
to\vn,  which  is  an  outgrowth  of  the  old  Indian  pueblo. 
It  has  many  quaint  features  and  buildings  to  interest 
visitors.  The  chief  hotel  is  a  fairly  good  wooden  struct- 
ure, but  is  usuallj'  indifferently  kept  ;  but  there  is  a 
sanatorium  well  managed  by  the  Sisters  of  Charity. 
"The  town  lies  on  a  treeless  plateau  at  the  base  of  one 
of  the  spurs  of  the  Rocky  Mountains.     The  general  trend 
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of  the  site  is  west-southwest,  the  mountains  affording 
protection  to  the  nortli  and  cast.  Witliiu  thirty  miles 
are  peaks  of  12,000  and  13,000  feet  elevation.  The  low 
hills  are  covered  with  a  growth  of  pifion  trees.  The 
town  has  of  late  improved  its  water  sujiplj',  but  much  is 
yet  to  he  desired  in  the  matter  of  drainage,  and  there  are 
tew  shade  trees.  The  soil  is  light  and  sandy.  The  cli- 
mate is  not  very  dilVerent  from  that  of  Denver.  It  is 
somewhat  cooler  in  sununer,  not  cjuite  so  cold  in  winter, 
and  a  little  less  windy  throughout  the  year."  * 

The  climate  is  very  similar  to  that  of  Las  Vegas  Hot 
Springs,  but  being  less  sheltered,  is  somewhat  more 
bracing,  though  also  more  windy. 

Continuing  the  journey  southward  on  the  Atchison, 
Topeka  and  Santa  Fe  ]{ailroad,  the  traveller  crosses  the 
lower  end  of  the  upper  Peeos  vallc}'  between  San  Maguel 
and  Glorieta.  This  is  a  beautiful  upland  valley  twenty- 
five  miles  north  of  the  Glorieta  jNIouutaius  through  which 
are  scattered  stock  ranches  and  small  farms.  It  is  a 
well-timbered,  park-like  distiiet  surrounded  by  moun- 
tains. It  has  a  tine  climate  and  good  soft  water.  There 
are  capital  hunting  and  fishing,  and  much  of  the  coun- 
try still  remains  wild,  there  being  a  timber  reservation 
covering  702  square  miles. 

Albuquerque,  elevation  5,000  feet,  population  10,000,  is 
situated  in  the  valley  of  the  Rio  Grande,  and  it  is  here  that 
the  main  line  of  the  Santa  Pe  Railroad  joins  its  western 
division  along  which  flows  the  travel  to  California.  The 
Atchison,  Topeka  and  Santa  Fe  Railroad  Company  have 
built  a  handsome  and  commodious  hotel  and  eating-house 
similar  to  that  at  Las  Vegas,  where  the  best  food  is  served. 
The  old  town,  which  lies  near  the  river  bed,  is  not  very 
desirable  for  residence,  but  the  newer  part  of  the  town 
on  the  bench  above  it  is  well  situated.  It  is  a  live,  mod- 
ern city  with  fairly  good  accommodations.  It  has  a  good 
climate,  though  it  is  somewhat  too  windy  in  winter  and 
too  hot  in  summer. 

Deming,  elevation  4,300  feet,  population  2,500,  stands 
on  a  plain,  just  about  fifty  miles  square,  surrounded  by 
mountains.  It  has  a  mild  climate,  it  never  freezes  during 
the  day  in  winter,  the  mean  seasonal  temperatiire  being: 
winter  44°,  spring  63°,  summer  87°,  autumn  64°  P.  The 
wind  record  has  not  been  kept,  but  during  the  spring 
the  winds  are  said  to  be  quite  high.  The  precipitation  is 
8.8  inches,  the  greater  part  of  the  rain  falling  in  the 
summer.     Accommodations  are  good. 

Silver  City  is  situated  on  an  elevated  plateau  in  the 
Chichuaehua  val- 
ley south  of  the 
Pinos  Altos  Hills. 
The  soil  is  sandy, 
the  rock  forma- 
tion consisting 
chiefly  of  slate  and 
limestone.  It  is 
at  the  end  of  a 
branch  line  of  the 
Santa  Pe  Rail- 
road, fortj'-eight 
miles  from  Dem- 
ing and  about  ten 
and  one- half 
hours  by  railway 
from  El  Paso. 
Foot  hills  several 
hundred  feet  in 
height  surround  it 
except  toward  the 
south,  while  a  few 
miles  farther  back 
are  mountains 
several  thousand 
feet  in  height.  In 
this  way  it  enjoys 

excellent  shelter  from  winds.     No  wind  record  is  obtain- 
able, but  evidence  tends  to  .show  that  the  wind  movement 


is  moderate.  The  mean  temperature  for  January  is  37°, 
for  July  72°,  and  for  the  year  .54°  P.  In  ten  years  there 
have  been  only  six  days  in  which  the  tempeiature  fell 
below  10°,  and  only  twenty-two  days  when  it  rose  above 
90°  P.  The  average  annual  precipitation  is  14.58  inches, 
of  which  as  much  as  8.11  Indies  must  usually  be  credited 
to  the  months  of  Jul_y,  August,  andSepemher.  The  aver- 
age number  of  cloudy  days  is  37,  The  average  relative 
humidity  is  46  per  cent.  The  absolute  humidity  is  1.71 
grains;  dew  point  29.    The  water  is  ])ure,  but  latlierhard. 

Silver  City  lies  in  the  same  latitude  as  Savannah,  Ga., 
but  owing  to  its  elevation  is,  of  course,  much  cooler  and 
dryer.  There  are  four  hotels  of  moderate  excellence,  and 
there  is  a  good  sanatorium  kcjit  by  tlie  Sisters  of  Mercy. 
The  country  around,  particularly  among  the  pines,  lends 
itself  to  a  delightful  camping  life. 

Nine  miles  to  the  noi'th,  af  an  altitude  of  6.040  feet,  is 
Port  Bayard.  The  old  army  fort  has  been  converted  into 
a  general  government  hospital  for  the  treatment  of  pul- 
monary tuberculosis.  It  is  now  in  the  third  year  of  its 
existence.  Major  D.  51.  Appel,  M.D..  surgeon  in  com- 
mand, writes  under  date  of  June,  1901,  as  follows: 

"The  selection  of  Port  Bayard  as  a  site  for  a  sanato- 
rium for  the  treatment  of  puliuonai'y  tuberculosis  has 
been  amply  justified  by  our  results.  Its  location  in  the 
arid  mountainous  region  of  southern  New  Mexico,  at  an 
altitude  of  6,040  feet,  affords  a  climate  permitting  com- 
fortable outdoor  hfe  during  the  entire  year.  The  mean 
maximum  and  minimum  temperatures  and  the  precipi- 
tation for  the  past  decade  are  as  follows  "  ; 


January 

Eet)riiarv  .  ■ 

Marcli 

April  

May 

June 

July 

August 

September 

October 

ISoveniber  ........ 

December 

General  average 


Mean 

maximurii. 

Degrees  Fabr. 


13 

.52  + 
« 
■63 
45 

91  -f 
,33  + 
.97 

.34-1" 
29  + 
.20  + 


69.56° 


Mean 

miniiunm. 

Degrees  Fabr. 


2:5.15° 

25. K!  -I- 

30.9.2  -f 

37.10 

4,5.45  + 

,52.68 

55.;54 

.56.98 

,53.09 

41.20 

.31.90 

24.66 

89.79° 


Precipitation. 
Inches. 


1891, 19.30 
1893,    8.89 

1893,  15.47 

1894,  9.13 
189.5,  15.09 

1896,  18.85 

1897,  18.00 

1898,  15.91 

1899,  10.43 

1900,  12.66 


*  Solly's  "Handbook  ot  Climatology.' 


Fig.  3,590.— Jleadows  near  Las  Cruces,  New  Me,\ico. 


The  statistics  of  the  results  obtained  up  to  the  present 
time  confirm  the  general  favorable  opinion  of  ^  the  ex- 
ceptional value  of  sanatorium  treatment  at  high  alti- 
tudes. 
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Las  Cruces,  elevation  3,873  feet,  population  3,500. 
This  little  town  is  situated  on  the  Old  Mexican  division 
of  the  Santa  Fe  Railroad,  forty-three  miles  north  of  El 
Paso  It  lies  in  the  Mesilla  valley,  which  is  a  portion  of 
the  Rio  Grande  valley.  At  this  point  the  valley  is  wide 
and  fruitful  under  irrigation,  there  being  large  fields  of 
alfalfa.  The  water  is  pure,  but  somewhat  alkaline. 
There  are  moderately  good  accommodations  in  the  town, 
but  more  suitable  ones  for  the  invalids  are  found  in  the 
ranclies  around,  particularly  at  the  Alameda,  which  is  a 
mile  distant. 

The  Organ  Mountains  are  twelve  miles  east,  rising  to 
a  height  of  8,949  feet.  The  winter  climate  is  delightful 
and  continues  pleasant  until  April,  when  the  heat  be- 
comes too  great  for  the  comfort  of  Eastern  visitors.  The 
mean  maximum  temperature  is,  as  computed  for  the  three 
years,  1896  to  1899:  autumn,  78";  winter,  58°;  spring  76°; 
summer,  93°  F.  The  mean  minimum  temperature  is :  au- 
tumn, 41° ;  winter,  33° ;  spring,  41° ;  summer,  60"  F.  The 
average  annual  rainfall  for  the  last  twenty  years  was 
only  eight  inches.  The  number  of  cloudy  days  for  the 
year  is  twenty-five.  In  the  winter  the  average  is  four 
cloudy  days  a  month.  Tiie  average  wind  movement  is 
believed  to  be  about  five  and  one-half  miles  an  hour. 

The  Alameda  can  accommodate  forty  guests.  Tlie 
rooms  are  of  good  size,  and  there  are  plenty  of  porches. 
The  rates  are  from  $10  to  |15  per  week.  Fifteen  miles 
east  of  Las  Cruces  Van  Patten's  resort  stands  in  a  valley 
of  the  Organ  Mountains  at  an  altitude  of  6,000  feet. 
Here  there  is  a  substantial  stone  house  which  can  accom- 
modate twenty-flve  persons,  and  it  is  surrounded  by 
tents,  and  is  a  cool  and  pleasant  place  in  which  to  pass 
the  summer. 

Pecos  FaKey.— Separated  from  the  Rio  Grande  valley 
by  high  mountains  is  the  Pecos  valley  region  lying  to 
the  east;  it  comprises  a  wide  belt  of  land  running 
southward  for  a  distance  of  one  hundred  and  seventy 
miles  from  Roswell  to  Pecos  City.  Here  irrigation  is 
extensively  carried  on,  and  it  is  a  good  place  for  those 
who  have  sufficiently  recovered  their  health  to  carry  on 
farming  or  stock-raising.  The  accommodations  in  the 
hotels  and  boarding-houses  are,  however,  not  very  good, 
and  the  valley  is  rather  too  hot  in  summer  and  too  windy, 
particularly  in  the  spring,  to  make  it  desirable  for  most 
invalids.  Koswell,  at  the  northern  end  of  the  valley,  is 
ratlier  better  sheltered  than  the  town  of  Carlsbad.  The 
elevation  of  the  vallej'  varies  from  4,000  to  3,000  feet. 
At  Carlsbad  the  mean  temperature  for  autumn  is  63°, 
winter  44°,  spring  63°,  summer  79°  F. 

8.  Edwin  Solly. 

NEW  ORLEANS,  LOUISIANA.— This  great  Southern 
city  and  port  is  situated  upon  a  double  curve  of  the  Mis- 
sissippi River,  one  hundred  and  seven  miles  from  its 
mouth,  although  a  much  less  distance  from  the  coast  in 
a  straight  line.  The  city  lies  chiefly  upon  the  left  bank 
of  the  river,  and  actually  covers  about  forty  square  miles, 
although  the  city  limits  embrace  an  area  of  something 
like  one  hundred  and  eighty  square  miles.  One  of  tlie 
peculiarities  of  this  city,  and  one  that  is  doubtless  con- 
ducive to  its  health  fulness,  is  tlie  great  area  which  it 
covers,  thus  permitting  liberal  air  spaces  and  grounds 
about  the  buildings  in  the  residential  districts.  The  city 
is  built  upon  low  land,  lower  than  the  surface  of  the 
river  at  liigh-water  mark,  and  huge  embankments  of 
earth  called  "  levees  "  are  required  to  prevent  an  overflow, 
and  even  these  are  occasionally  broken  through.  The 
soil  is  of  an  alluvial  nature,  and  by  digging  from  three 
to  four  feet  one  usually  reaches  water ;  hence  the  houses 
have  no  cellars,  and  the  dead  have  to  be  buried  in  tombs 
elevated  above  the  ground. 

There  are  a  large  number  of  bodies  of  water — lakes, 
bayous,  swamps,  and  the  like— about  the  city,  and  to  the 
north  of  the  city  is  Lake  Pontchartrain,  forty  miles  long 
and  twenty -four  miles  wide.  This  lake  is  connected  with 
the  Gulf  of  Mexico,  and  forms  with  the  Mississippi  River 
an  isthmus  upon  which  the  citv  is  built.  The  popula- 
tion at  the  census  of  1900  was  387,104,  composed  of 


Creoles,  Americans,  and  negroes.  It  is  obvious,  from 
the  low,  level  situation  of  the  city,  that  the  problem  of 
drainage  is  a  difiicult  one ;  this  is  partially  accomplished, 
by  gutters  which  run  into  open  canals,  and  these  in  turn 
empty  with  a  sluggish  current  into  Lake  Pontchartrain. 
A  comprehensive  system  of  sewerage,  which  will  effect- 
ually dispose  of  the  house  waste  and  other  sewerage  and 
cause  it  to  be  discharged  into  the  river  below  the  city,  is 
said  to  be  now  under  construction.  The  drinking-water 
is  generally  obtained  from  the  rain,  stored  in  tanks  or 
cisterns,  each  house  being  provided  with  such  a  recep- 
tacle, which  is  a  peculiar  feature  of  the  architecture. 
For  other  purposes  the  water  of  the  Mississippi  River  is 
used,  this  being  taken  directly  from  the  river  without 
filtration. 

The  city  itself  and  its  surroundings  are  very  attractive, 
especially  to  a  Northerner.  The  vegetation  is  of  a  semi- 
tropical  nature  and  very  luxuriant.  The  variety  of  races 
and  the  common  use  of  the  French  language,  the  streets, 
markets,  cemeteries,  parks,  and  various  points  of  historic 
interest,  and  the  extensive  wharves  with  the  vast  amount 
of  inland  and  foreign  shipping,  all  afford  interest  and 
diversion.  The  French  market  is  the  great  "  sight "  of 
New  Orleans,  and  is  best  visited  in  the  early  morning. 

The  accommodations  are  good,  the  principal  hotel 
being  the  comparatively  new  St.  Charles,  occupying  an 
entire  square  in  the  heart  of  the  city.  A  favorite  winter 
excursion  is  to  New  Orleans  at  the  time  of  the  famous 
"  Mardi  Gras, "  which  is  said  to  be  more  brilliant  than  the 
carnival  at  Nice  or  Rome. 

The  mortality  of  the  city  is  about  37.58  per  1,000.  The 
following  meteorological  table  gives  the  principal  char- 
acteristics of  the  climate  of  New  Orleans : 

Climate  of  New  Orleans,  La.    Latitude,  29°  58' ;  Longitude, 
90°  4'.    period  of  Observation,  Thirteen  Years. 


Temperature- 
Average   mean  tempera^ 
tnre  or  normal  (degrees 

Fahr.) 

Average  range 

Mean  of  warmest 

Mean  ol  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  mean  relative...  72. a?  7W      72.3^73^      71.6^      71.4^ 
Precipitation- 
Average  in  inches 5.52     5.75     6.04     5.99     5.58      64.63 

Wind- 
Prevailing  direction 
Average  hourly  velocity 

inmiles 7.8       8.6       6  5.5       8  7.4 

Weather- 
Average  number  of  clear 

days 7.6     10.1       8  7.8      9.5      110.5 

Average  number  of  fair 

days 12.2     10.6     16        18.4     10.2      156.4 

Average  number  of  fair 
and  clear  days 


It  will  be  seen  that  the  climate  is  tropical  or  semitrop- 
ical  in  nature,  warm  and  moderately  moist.  The  mean 
temperature  of  the  year  is  69.8°  F.  The  highest  average 
summer  temperature  is  94°  P. ,  and  the  lowest  average 
winter  temperature  is  37°  F.  On  February  13th,  1899, 
an  extraordinarj'  and  unheard-of  event  occurred,  in  the 
formation  of  ice  at  the  mouth  of  the  Mississippi  River, 
the  thermometer  indicating  a  temperature  of  10°  F.  On 
the  17th  of  the  same  month  ice  flowed  past  New  Orleans 
into  the  Gulf  of  Mexico.* 

Snow  is  a  rare  phenomenon,  but  cold  waves  occasion- 
ally occur,  accompanied  by  frost,  which  nips  the  sugar 
cane  and  cotton  plant. 

Tlie  annual  rainfall  varies  from  81  to  64  inches,  the 
spring  and  summer  being  the  rainiest  seasons.  The  aver- 
age mean  relative  liumidity  is  71.4  per  cent.,  about  the 
same  as  that  of  New  York  City. 

*  "The  Cold  Wave  of  February,  1899,"  Guy  Hinsdale,  Transactions 
of  the  American  Cllmatological  Association,  1899. 


Jan. 

Mar. 

Jnne. 

Aug. 

Nov. 

54.7° 

63.1° 

81.0° 

81.7° 

61.0° 

1H.9 

15  0 

12.4 

12.1 

VAA 

61.2 

71.7 

87.2 

88.1 

67.8 

47,  :i 

.56.7 

74.8 

76 

.54.7 

78 

84 

97 

96.5 

82 

20 

36.5 

65 

6^ 

31.5 

72. 2? 

70^ 

72.3^ 

73^ 

71.6^ 

5.52 

5.75 

6.04 

5.99 

5.58 

N. 

S.  E. 

S.E. 

S.  E. 

N. 

7.8 

8.6 

6 

5.5 

8 

7.6 

10.1 

8 

7.8 

9.5 

12.2 

10.6 

16 

18.4 

10.2 

19.8 

20.7 

24 

26.2 

19.7 
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Newport. 


According  to  Hinsdale  ("  Climatology,  Health  Resorts, " 
vol.  iv.,  part  ii.,  of  "Physiological  Therapeutics")  there 
is  about  sixty-two  per  cent,  of  possible  sunshine.  Such 
a  climate  is  more  or  less  enervating,  but  in  itself  not  un- 
healthy. A  strict  quarantine  is  exercised  against  the  im- 
portation of  yellow  fever,  of  which  several  epidemics 
have  in  former  years  occurred.  The  amount  of  water 
about  the  city  would  appear  to  be  favorable  for  the 
propagation  of  the  mosquito,  and  hence  malaria  must  be 
frequent. 

There  are  several  resorts  on  the  gulf  coast  at  not  a 
great  distance  from  New  Orleans,  which  are  frequented 
both  in  summer  and  in  winter.  Indeed,  the  entire  route 
from  New  Orleans  to  Mobile  along  the  Gulf  is  very 
attractive.  Pass  Christian  on  this  line  has  a  mild  win- 
ter climate,  favorable  for  persons  suffering  from  bron- 
chial disease,  from  malaria,  or  from  Bright's  disease,  for 
convalescents  from  some  acute  disease,  and  for  those 
of  feeble  vitality.  It  possesses  a  good  hotel,  cottages, 
and  boarding-houses.  The  sanitary  conditions  are  good ; 
there  is  pure  artesian  well  water ;  the  soil  is  dry  and 
porous;  and  extensive  pine  forests  lie  immediately  in  the 
rear  of  the  town.  The  average  mean  winter  tempera- 
ture is  given  by  Solly  as  70°  F.  There  are  opportunities 
for  driving,  boating,  fishing,  and  hunting. 

Covington,  thirty  miles  to  the  north  of  New  Orleans, 
reached  by  a  picturesque  journey  across  Lake  Pontchar- 
train  and  up  the  Tchefuncta  River,  situated  in  the  midst 
of  pine  woods,  is  said  to  have  a  ver}'  salubrious  winter 
cHmate,  with  a  "soft  air,"  and  is  sheltered  from  all 
"Northers."  It  is  considered  by  some  local  physicians 
to  be  favorable  for  pulmonary  diseases. 

Bay  St.  Louis  is  another  resort  frequented  by  the  New 
Orleans  Creoles,  and  said  to  be  rapidly  growing  in  favor 
with  winter  visitors.  Biloxi,  Beauvoir,  Ocean  Springs, 
and  Long  Beach  are  other  resorts  on  the  Gulf  coast. 

For  those  seeking  rest  and  diversion  the  trip  down  the 
Mississippi  River  can  be  recommended,  and  from  personal 
experience  the  writer  can  testify  to  its  charm  and  vari- 
ety. The  portion  from  Baton  Rouge  to  New  Orleans 
along  the  sugar  plantations  is  of  especial  delight  and 
interest  to  the  Northern  traveller.  Below  New  Orleans, 
through  the  "  delta  country  "  to  the  jetties  and  the  Gulf, 
the  voyage  is  also  one  of  great  interest. 

New  Orleans  can  be  reached  from  the  nortli  by  various 
lines  of  railroads,  and  steamers  with  good  accommoda- 
tions run  directly  there  from  New  York,  occupying 
about  five  days  on  the  voyage. 

New  Orleans  is  a  convenient  port  of  departure  for 
Central  America  and  the  West  Indies. 

Edward  0.  Otis. 

NEWPORT    NEWS.     See  Old  Point  Comfort. 

NEWPORT,  R.  I. — Newport,  until  very  recently  one 
of  the  capitals  of  Rhode  Island,  and  in  some  respects 
probably  the  most  celebrated  of  American  health  resorts, 
occupies  the  isthmus  and  much  of  the  remainder  of  a 
peninsula  which  forms  the  southwestern  termination  of 
the  island  of  Aquidneck  or  Rhode  Island.  This  island, 
lying  in  the  middle  of  the  lower  portion  of  Narragansett 
13ay,  is  entirely  exposed  at  its  southern  end  to  the  full 
sweep  of  the  Atlantic  billows,  so  that  Newport,  although 
partly  sheltered  by  the  land,  partakes  in  a  measure  of 
the  climate  of  the  neighboring  oceanic  islands  of  Block 
Island,  Martha's  Vineyard,  and  Nantucket.  Newport 
is  the  seat  of  the  Naval  War  College,  of  the  United 
States  Torpedo  Station,  and  of  the  large  military  post 
of  Fort  Adams,  at  the  entrance  to  the  harbor.  It  has  a 
resident  population  of  23,000,  increased  in  summer  by 
nine  or  ten  thousand,  contains  public  buildings,  many 
churches,  banks,  schools,  shops  of  all  kinds,  an  opera 
house,  excellent  libraries,  the  Newport  Casino,  and  an  ad- 
mirably equipped  institution,  the  Newport  Hospital ;  it 
is  also  the  home  of  numerous  societies,  clubs,  and  asso- 
ciations. It  is  lighted  by  gas  and  electricity  and  has  an 
electric  street  railway,  running  north  and  south  with  a 
branch  line  to  the  beach. 


The  old  town,  settled  in  1639,  and  built  chiefly  on  the 
western  slopes  of  a  broad  and  elevated  ridge  rising  di- 
rectly from  the  harbor,  still  retains  much  of  the  aspect  of 
colonial  days,  and  in  its  narrow  streets  and  ancient  build- 
ings, of  which,  in  spite  of  the  increasing  encroachments 
of  modern  civilization,  many  replete  with  historic  associ- 
ations are  still  standing,  presents  the  features  of  an  old 
New  England  seaport  town  and  contrasts  vividly  with 
the  newer  suburbs  by  which  it  is  surrounded.  The  sum- 
mer homes  are  constantly  extending  vmtil  they  have 
already  taken  up  a  considerable  part  of  the  peninsula. 
Bellevue  Avenue,  a  modern  extension  of  one  of  the  main 
city  thoroughfares,  Touro  Street,  has  been  continued  due 
south  as  far  as  the  ocean,  and  forms  a  wide  and  splendid 
highway  two  and  a  half  miles  in  length,  on  each  side  of 
which  are  placed  the  stately  houses  and  beautifully  kept 
grounds  of  the  wealthier  summer  residents. 

The  natural  features  of  Newport  and  vicinity  are  very 
attractive.  Bishop  Berkeley  justly  described  the  island 
to  his  friends  as  "  pleasantly  laid  out  in  hills  and  vales 
and  rising  grounds,  and  hath  plenty  of  excellent  springs, 
and  fine  rivulets  and  many  delightful  landscapes  of  rocks, 
and  promontories  and  adjacent  lands."  On  the  one  side, 
the  waters  of  the  land-locked  harbor  and  Narragansett 
Bay  studded  with  islands  offer  numerous  inducements  to 
the  lovers  of  sailing,  boating,  and  fishing.  On  the  other, 
the  ocean  is  quickly  res  ched  at  the  First  or  Easton's  Beach, 
at  a  point  where  the  coast  line  of  the  island  turns  sharply 
to  the  east.  This  beach,  seven-eighths  of  a  mile  in  length, 
lies  in  a  sheltered  bay  and  in  the  season  is  crowded  with 
bathers.  Hot  salt  baths  are  provided  there  in  summer. 
Further  to  the  east,  beyond  Easton's  Point,  lies  the  longer. 
Second  or  Sachuset  Beach,  and  still  farther,  facing  the 
east  passage  of  Narragansett  Bay,  is  the  Third  Beach. 
Besides  these,  the  principal,  beaches,  the  shore  near  New- 
port presents  a  very  varied  and  irregular  outline.  One 
of  the  most  striking  parts  is  "  The  Cliffs  "  which  may  be 
said  to  extend  from  the  west  end  of  the  bathing  beach  to 
the  end  of  Bellevue  Avenue,  for  nearly  three  miles.  The 
public  walk  along  these  cliffs  through  the  grounds  of 
some  of  the  finest  places  constitutes  one  of  Newport's 
greatest  attractions.  Of  the  various  drives,  the  "  Ocean 
drive  "  from  the  southern  end  of  Bellevue  Avenue,  west- 
ward along  the  shore,  is  justly  celebrated.  The  interior 
of  the  island,  traversed  by  two  main  thoroughfares,  the 
East  and  West  roads,  and  numerous  cross  roads,  presents 
a  pleasing  diversity  of  hill  and  dale  with  charming  views 
of  the  bay  and  ocean,  and  there  are  many  peaceful  wood- 
land lanes  bordered  with  dense  shrubbery,  which  remain 
quite  secluded  even  in  summer. 

The  geological  formation  underlying  Newport  and  its 
vicinity  is  somewhat  complex,  and  consists  mainly  of 
various  rocks  of  the  carboniferous  period.  Newport 
Neck,  as  the  extreme  southwestern  corner  of  the  island  is 
called,  consists  of  pre-carboniferous  rocks,  supposed  to  be 
partly  of  igneous  origin.  In  the  middle  portion  of  the 
Neck  a  conspicuous  reddish  granite  (protogine)  is  to  be 
observed.  On  this  part  of  the  island  the  rocks  are 
largely  exposed,  and  are  grouped  in  picturesque  masses. 
The  Paradise  Rocks  back  of  the  second  beach  offer  inter- 
esting features  to  geologists  by  whom  they  have  been 
frequently  studied.  Many  of  the  rocks  about  Newport 
have  undergone  metamorphic  processes,  and  have  also 
been  greatly  disturbed,  and  in  many  cases  bent  and 
folded,  besides  having  been  eroded  by  glacial  action. 
There  are  several  large  ponds  in  the  vicinity  of  the  city. 

The  soil  under  the  city  proper  is  a  tenacious  clay,  be- 
neath which  frequently  occurs  a  stratum  of  water-bearing 
gravel.  Most  of  the  wells  in  the  compact  quarter  of  the 
city  receive  their  supply  from  this  gravel  and  are  for  the 
most  part  dangerous  from  liability  to  contamination  from 
deep  cesspools  dug  through  the  cla^. 

The  climate  of  Newport  is  less  trying  and  more  equable 
than  that  of  most  other  places  on  the  New  England  coast. 
Although  snow  and  ice  are  far  from  infrequent,  yet  the 
winters  are  milder  and  the  daily  ttermometric  range  is 
less  than  in  New  York,  Providence,  and  Boston.  Owing 
to  the  influence  of  the  ocean,  the  spring  is  rather  more 
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Climate  of  Nbwpokt,  R.  I.  Latitude,  41°  29';  Longitude,  71°  19'.  Condensed  from  a  Climatic  Chabt 
OF  Seven  Yeaks  and  Eight  Months  from  Observations  of  the  United  States  Signal  Sebvicb,  in 
THE  Previous  Edition  of  this  Handbook. 


Data. 

Jan. 

Feb. 

Mar. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

Average 
for  year. 

Temperature— 

30.3° 
1.5.4 
37.7 
22.3 
61.0 
-7.8 

74.8^ 

4.38 

W. 
11.1 

9.2 
12.2 
21.4 

31.7° 
1.5.0 
39.0 
24.0 
56.0 
-2.0 

74.0^ 

4.58 

W. 
11.1 

7.5 
12.5 
20.0 

36.2° 
14.1 
43.7 
29.6 
63.0 
8.9 

72.7^ 

6.50 

N.W. 
11.1 

8.3 
11.9 
20.2 

44.5° 
9.4 
50.2 
40.8 
69.5 
22.0 

70.6^ 

4.81 
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S.W. 
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14.5 
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3.28 

S.W. 
7.1 

9.5 
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3.67 
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72.0° 

12.6 

76.3 
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87.0 

53.0 
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3.65 

S.  W. 
6.4 

9.0 
12.4 
21.4 

66.7° 
12.2 
70.9 
68.7 
88.3 
41.0 

79.W 

3.10 

S.W. 
7.7 

8.4 
12.4 
20.8 

58.0° 
13.6 
62.6 
49.0 
81.5 
30.0 

15.1% 

3.83 

S.W. 
9.5- 

11.0 
10.7 
21.7 

46.1° 
12.8 
49.3 
36.5 
71.2 
4.0 

76.0^ 

3.50 

W. 
11.1 

8.2 
10.0 
18.2 

40.6° 
14.1 
42.2 
28.1 
60.0 
-3.0 

75.2^ 

3.86 

W. 
11.5 

8.0 
13.0 
21.0 

49.6 

13.0 

Highest  or  maximuni 

Hnmidity- 

lo.ajt 

Precipitation— 

47.91 

■Wind- 

S.  W. 

Average  hourly  velocity  in  miles. . . 
Weather- 
Average  number  clear  days 

9.3 

103.7 
146  5 

Average  number  clear  and  fair  days 

250.2 

backward,  the  summer  cooler,  and  the  autumn  warmer 
than  in  the  interior.  Cultivated  flowers  have  been  ob- 
served in  bloom  at  Newport  late  in  November.  The  hu- 
midity in  summer  is  often  excessive,  and  in  consequence 
of  this  there  are  many  dd,ys  extremely  close  and  relaxing 
although  the  temperature  is  not  remarkably  high,  seldom 
rising  above  85°  F.  The  prevailing  winds  at  Newport 
are  from  the  southwest.  The  rainfall  is  about  the  aver- 
age for  the  New  England  coast.  Fogs  are  frequent  dur- 
ing the  wai'mer  part  of  the  year,  especially  in  early  sum- 
mer, Thunder  storms  are  infrequent  in  Newport  itself. 
The  Newport  season  may  be  said  to  last  from  June  1st  to 
October  or  even  November.  The  city. is,  however,  much 
frequented  by  visitors  before  and  after  these  dates,  and 
in  fact  to  some  extent  throughout  the  year.  June,  ex- 
cept for  those  who  dislike  the  occasional  heavy  fogs,  is  a 
very  pleasant  month,  when  the  foliage  is  at  the  height  of 
its  beauty.  The  temperature  of  the  water  at  Newport 
in  summer  is  remai'kably  warm,  making  bathing  very 
agreeable,  and  a  large  proportion  of  the  fishes  and  marine 
flora  are  southern  forms.  Whether  this  warmth,  as  sup- 
posed by  Lorin  Blodget,  Storer,*  and  others,  is  due  to 
currents  from  tlie  Gulf  Stream,  which  is  more  than  one 
hundred  miles  distant,  may  be  doubted,  but  there  is  no 
question  of  the  fact,  and  to  the  temperature  of  the  waters 
which  surround  its  shores  the  mild  climate  of  Newport 
is  in  large  measure  undoubtedly  due.  There  are  de- 
cided climatic  as  well  as  other  differences  between  the 
various  parts  of  Newport.  The  situations  in  and  about 
the  city,  which  is  two  miles  from  the  south  end  of  the  isl- 
and, and  some  distance  from  the  Atlantic  Ocean,  are  the 
warmest  and  most  relaxing  in  summer,  though  on  the 
other  hand  generally  preferable  and  more  convenient  in 
winter.  The  cottage  sites  on  the  cliffs  are  cooler  and 
always  in  great  demand  both  on  account  of  the  sea 
breezes,  convenience,  and  beauty  of  scenery.  The 
southwest  point  of  the  island,  Brenton's  point,  as  the 
prevailing  winds  are  from  the  southwest,  is  the  most 
exposed  and  coolest.  Lying  along  the  harbor  at  the 
north  end  of  the  city  is  a  district  known  as  "The  Point," 
which  offers  conveniences  for  boating  and  is  sheltered 
from  easterly  winds  in  winter.  Another  attractive  but  lim- 
ited section  is  the  high  ground  just  south  of  the  harbor. 

The  accompanying  meteorological  table  is  talten  from 
the  foi'mer  edition  of  this  Handbook.  The  government 
station  at  Newport  was  discontinued  in  MarcJi,  1883,  so 
that  no  recent  records  from  this  source  are  obtainable. 
Additional  partial  observations  until  1895  will  be  found 
in  the  Bulletins  and  Investigations  of  the  New  England 
Meteorological  Society  and  in  the  Bulletins  and  Reports 
of  the  United  States  Weather  Bureau. 

Tlic  death  rate  of  Newport  is  low  and  the  temperate 
and  equable  climate  seems  to  be  especially  favorable  to 

„  *,'f  T?^  *"'?,  J^'nter  Climate  of  Newport,  R.  I.,  as  the  Effect  of  the 
im  '    '"'  ^-  ^'  S'orer.  M.D.,  Medical  Record,  December  22d, 

286 


longevity,  which  is  further  aided  by  the  abundance  of  air 
space  and  the  absence  of  injurious  trades  and  occupa- 
tions. Newport  is  admirably  adapted  for  children,  who 
thrive  there  greatly,  with  the  exception  that  in  early  au- 
tumn a  tendency  is  noticed  to  the  prevalence  of  diarrhoeal 
diseases.  For  those  suffering  from  tuberculosis  and  from 
bronchial,  renal,  and  rheumatic  affections,  Newport, 
shares  too  much  in  the  general  characters  of  the  New 
England  climate  to  be  recommended,  but  for  convales- 
cents and  delicate  persons  who  reside  in  more  inclement 
places  and  who  for  any  reason  are  not  able  to  seek  an 
ideal  climate  at  a  distance,  it  will  often  be  found  in  win- 
ter to  be  very  advantageous.  Though  well  known  to- 
the  residents,  the  mildness  of  the  winter  climate  is  as  yet 
hardly  appreciated. 

The  very  sedative  and  soothing  effect  of  the  Newport 
climate  renders  it  useful  in  many  cases  of  overtaxed  brain 
and  nervous  system,  and  neurasthenia — particularly  those 
which  require  a  sedative  rather  than  a  tonic  treatment. 
On  the  other  hand,  in  a  limited  number  of  cases,  espe- 
cially in  women,  the  summer  climate  exercises  such  a 
weakening  and  relaxing  influence  (felt  by  every  one  in 
a  slight  degree)  that  its  effect  is  actually  harmful.  For 
gastro-intestinal  disorders  it  is,  generally  speaking,  con- 
traindicated,  chiefly  during  summer.  Asthmatics  are 
sometimes  benefited,  but  sometimes  the  reverse  is  the 
case. 

The  sanitary  conditions  at  Newport,  though  suscepti- 
ble of  much  improvement  in  the  older  part  of  the  city, 
are  on  the  whole  good.  Newport  has  a  satisfactory 
sewerage  system,  the  main  outlet  pipe  of  which  is  car- 
ried for  some  distance  beneath  the  waters  of  the  harbor 
and  discharges  at  the  outer  side  of  Goat  Island.  The 
city  water  taken  from  Easton's  Pond  and  supplementary 
sources,  though  not  as  yet  devoid  of  organic  matter  which 
supports  a  growth  of  vegetable  organisms  and  infu- 
soria, is  of  fair  quality  and  has  never  been  recognized  as 
the  cause  of  any  epidemic.  Everything  for  comfort  and 
health  is  attainable  to  a  degree  not  met  with  elsewhere 
outside  of  the  larger  cities,  though  Newport  is  deficient 
in  hotel  accommodations.  There  are,  however,  many  ex- 
cellent boarding-houses  open  at  all  seasons. 

Newport  is  reached  from  New  York  by  the  largo  and 
comfortable  night  boats  on  Long  Island  Sound  in  ten 
hours,  or  by  railway  to  Wickford  in  five  hours,  thence 
by  steamboat  across  Narragansett  Bay  in  another  hour. 
From  Boston  and  Providence  there  is  direct  communica- 
tion by  rail.  The  latter  city  may  also  be  reached  by  boat. 
The  neighboring  pleasant  resorts  of  Jamestown  and  Nar- 
ragansett Pier  are  readily  accessible,  and  there  is  also- 
direct  communication  in  summer  with  Block  Island. 

'WiUiam  0.  Mves. 

NEWSOM'SARROYO-GRANDE  SPRINGS— San  Luis, 

Obispo  County,  Cal. 
Post-Office.— Arroyo  Grande.     Hotel  and  cottages. 
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Access.— By  rail  to  Arroyo  Grande,  thence  by  stage 
two  miles  to  springs. 

The  ocean  beach  road  affords  one  of  the  finest  drives 
in  that  section  of  the  country.  The  springs  are  pleas- 
antly situated  at  an  altitude  of  about  four  hundred  feet. 
They  lie  about  fourteen  miles  south  of  San  Luis  Obispo! 
The  climate  here  is  one  of  almost  perpetual  sunshine! 
with  occasional  spring  and  autumn  rains.  On  the  place 
are  three  principal  springs  whose  waters  range  in  tempera- 
ture from  40°  to  100°  F.,  and  flow  49,000  gallons  hourly. 
The  following  analysis  was  made  by  Wiuslow  Anderson  • 

ONE  UNITED  STATES  GALLON  CONTAINS  : 

Solids.  Grains. 

Sodium  chloride 4  10 

Sodium  carbonate \[\    x  75 

Sodium  sulphate ["    s'gg 

Potassium  carbonate ,,]"      '15 

Potassium  sulphate 2  go 

Magnesium  carbonate !!!.!'    6  41 

Magnesium  sulphate ',..    2  47 

Calcium  carhonate "    $'25 

Calcium  sulphate '...'.      '73 

Ferrous  carbonate 3  98 

Alumina 33 

Silica .■.".■.'.■.■    2!03 

.  Organic  matter 27 

Total  solids 37.32 

Gases.  Cu.  in. 

Free  carbonic-acid  gas 14  90 

Free  sulphureted  hydrogen 3  66 

Temperature  of  water  analyzed,  100.5°  F. 

These  waters  have  gained  considerable  reputation  in 
the  treatment  of  old  cases  of  chronic  rheumatism  and 
gout,  catarrhal  affections  of  the  bladder  and  bowels,  skin 
diseases,  etc.  For  uterine  disorders  the  hot  sulphurous 
douche  has  been  highly  recommended. 

James  K.  Crook. 

NEW  YORK  is  situated  in41°north  latitude,  74°  long- 
itude west  from  Greenwich.  Its  temperature  range  is 
wide  (from  —6°  P.  to  99°  F.  with  a  mean  of  53.6°  F.  in 
1899),  subject  to  extremes,  especially  to  extreme  heat  in 
summer,  and  often  to  sudden  changes.  Owing  to  its 
insular  and  seaboard  position,  the  extreme  summer  heat 
is  usually  a  few  degrees  less  in  New  York  than  the  aver- 
age of  sister  cities.  Its  climate  is  moist,  the  relative 
humidity  in  1899  averaging  76  per  cent,  at  8  a.m.  and  73 
per  cent,  at  8  p.m.  In  the  same  year  the  rainfall  was  42 
inches,  but  in  other  years  it  has  often  exceeded  52  inches. 
The  average  hourly  movement  of  wind  vaiied  from  8.6 
miles  in  July  to  18.9  miles  in  March.  The  prevailing 
direction  of  wind  is  northwest.  In  1899  there  were  29 
thunder-storms,  128  clear  days,  127  partly  cloudy  days, 
110  cloudy  days.  Both  in  summer  and  in  winter  the 
temperature  in  New  York  is  milder  than  that  of  Chicago, 

Climate  of  New  Yobk,  N.   Y.    Latitude,  40°  43';  Longitude, 
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and,  compared  with  that  city,  its  relative  humidity  is 
less  (in  spite  of  its  seaboard  situation)  and  there  is  less 
wind,  but  there  are  fewer  clear  days  and  more  foggy 
days.  There  is  more  sunshine  in  New  York  than  in 
Boston,  Chicago,  St.  Paul,  or  Portland,  Ore. ;  but  less 
than  m  Pliiladelphia,  Baltimore,  or  Denver.  The  cli- 
mate of  New  York,  thougli  stimulating,  being  moist, 
changeable,  and  in  winter  rather  cool,  is  unfavorable  for 
those  subject  to  bronchial  and  laryngeal  disorders,  and 
for  patients  ill  with,  or  convalescing  from,  pulmonary 
tuberculosis.  In  spite  of  this.  New  York  is  a  healthful 
city  Its  water  supply,  from  Croton  and  Kensico  lakes, 
IS  of  excellent  quality  and  free  from  contamination.  As 
to  typhoid  fever,  a  large  proportion  of  cases  are  infected 
outside  of  the  city  or  from  sources  imported  into  it.  The 
same  may  be  said  of  malaria  in  recent  years,  althougli 
this  class  of  affections  formerly  prevailed  in  Harlem  and 
the  East  River  districts ;  and  the  extensive  digging  up  of 
the  city  now  in  progress  (1903)  for  the  construction  of  the 
rapid  transit  tunnel  has  not  altered  the  morbidity  statis- 
tics. Contagious  diseases,  developing  at  home  or  in 
school-houses,  are  watched  by  an  active  health  board; 
and  tropical  diseases,  such  as  cholera,  typhus  fever,  etc., 
are  almost  unknown  in  New  York.  The  city's  annual 
mortality  records  for  the  last  three  years  show  an  aver- 
age of  67,503,  a  death-rate  of  19.42  per  1,000  per  annum. 
Of  these,  the  average  annual  mortality  from  pulmonary 
and  other  forms  of  tuberculosis  was  9,491 ;  from  pneu- 
monia, 9, 032.  The  average  mortality  from  typhoid  fever 
and  from  diarrhoeal  diseases  for  1899  and  1900  (1898  being 
omitted  from  this  calculation  because  of  the  unusual  in- 
crease in  those  diseases  among  soldiers  returning  from  the 
war  in  that  year)  was,  respectively,  632  and  6,897.  Of 
the  deaths  from  diarrhoeal  diseases  a  little  more  than  one- 
half  were  among  children  under  five  years  of  age,  who 
supplied  one-third  of  the  deaths  from  all  causes.  In  1899 
there  were  reported  to  the  city  Board  of  Health  33,486 
cases  of  contagious  diseases,  of  which  1,950  were  of 
typhoid,  99  of  smallpox,  and  11,001  of  diphtheria.  Of 
41,709  contagious  cases  reported  in  1900,  2,658  were  of 
typhoid,  156  of  smallpox,  and  12,913  of  diphtheria. 

In  1901  there  were  about  4,000  cases  of  smallpox  in 
New  York,  but  by  adopting  the  most  vigorous  measures 
the  disease  ceased  to  exist  in  Manhattan  in  August, 
1902.  The  total  number  of  deaths  from  all  causes  in  1902 
in  Greater  New  York  was  68,082.  The  general  death 
rate  of  New  York  was  reduced  in  1902  to  18. 74  per  1000. 
Up  to  August  16th  it  was  17.60  per  1,000  against  31.19 
in  1901. 

Manhattan's  death  rate  was  17.76;  Brooklyn's  16.87; 
that  of  the  Bronx,  16.45;  Queen's,  19,97;  Richmond's, 
24.34.  These  figures  show  that  irrespective  of  its  popu- 
lation New  York  is  one  of  the  healthiest  cities  in  the 
country,  and  ranks  in  comparative  mortality  records  with 
thousands  of  small  towns  and  villages. 
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The  lessened  mortality  of  1903  is  attributable  in  part, 
no  doubt,  to  the  remarkable  and  widespread  absence  of 
excessive  heat  during  the  summer  months.  In  New- 
York  City  there  was  only  one  day  in  this  year  in  which 
the  maximum  temperature  rose  to  91°  F.  During  the  so- 
called  "  dog  days  "  the  temperature  did  not  go  above  88° 
P.,  and  the  nights  have  been  breezy  and  cool.  The  State 
of  New  York  lies  in  the  main  track  of  the  cool  waves 
which  emerge  from  the  northern  Rocky  Mountain  region 
and  drift  thence  eastward  over  the  Great  Lakes  where 
the  conditions  have  been  unusually  moderate  during  the 
past  season,  dominated  by  a  series  of  cool  anti-cyclones 
from  the  northwest. 

The  summer  rainfall  has  been  excessive,  amounting 
throughout  half  of  the  State  of  New  York  to  more  than 
twelve  inches  during  June  and  July.  This  is  attributed 
to  an  "  exceptional  strength  and  persistency  in  the  south- 
erly winds  bearing  the  vapor  of  the  tropical  ocean  to  feed 
the  rain  clouds  producing  the  excessive  precipitation  in 
our  northern  States. " 

The  great  concentration  of  population  in  New  York, 
now  embracing  over  three  and  a  half  millions  of  people, 
complicates  all  pi'oblems  of  health  and  municipal  hygiene. 
There  are  over  forty  thousand  hotels,  apartment  and  ten- 
ement houses  in  the  city.  The  extremes  of  society  are 
more  widely  separated  than  in  any  other  American  city. 
Philanthropic  measures  on  a  very  large  and  generous 
scale  have  been  carried  out  for  years  in  New  York  and 
have  done  much  to  improve  the  condition  of  the  poor 
and  sick  and  outcast.  It  is  impossible  to  enumerate 
them,  but  they  are  rapidly  extending  their  work  and  are 
more  and  more  generously  supported. 

New  York  is  now  well  provided  with  small  parks  in 
which  the  poor  have  an  opportunity  for  recreation  and 
temporarily  escape  from  their  crowded  quarters.  Music  is 
provided  on  summer  evenings,  and  public-school  proper- 
ties which  formerly  were  tightly  closed  all  summer,  are 
now  thrown  open  as  playgrounds  for  the  children.  Rec- 
reation piers  along  the  river  front  serve  a  similar  purpose 
and  are  specially  grateful  to  tired  mothers  with  sick  in- 
fants. The  floating  hospitals  of  St.  John's  Guild,  the 
country  week  associations,  kindergartens,  and  free  ice 
funds  contribute  largely  to  diminish  misery  and  promote 
health.  Van  Cortlandt,  Bronx,  and  Riverside  parks  are 
largely  uncultivated,  but  very  popular.  Van  Cortlandt 
has  fine  golf  links  and  skating  facilities;  in  the  Bronx 
there  are  opportunities  for  picnicking,  rowing,  and 
flower-gathering.  Prospect  Park,  Brooklyn,  and  Central 
Park,  Manhattan,  are  the  largest  cultivated  parks  in  the 
city.  Facilities  for  tennis,  baseball,  football,  croquet, 
and  amusements  for  small  children  are  provided.  Taken 
in  connection  with  its  superb  water  front,  the  bay,  the 
rivers,  and  the  sound,  New  York,  aside  from  its  commer- 
cial supremacy,  is  one  of  the  most  desirable  places  of 
residence  in  the  world.  Ouy  Einsdale. 

NICE.  -This  city  is  the  most  popular  resort  on  the 
Riviera,  as  it  is  the  largest,  containing  93,760  inhabitants. 
It  is  one  hundred  and  lorty  miles  northeast  from  Mar- 
seilles, nineteen  and  one-quarter  miles  northeast  from 
Cannes,  and  nine  and  one-half  miles  west  from  Monaco. 
It  is  situated  on  the  Bale  des  Anges,  opening  toward  the 
south,  at  the  mouth  of  the  little  river  Paillon.  To  the' 
east  is  the  hill  of  Villefranche,  aflEording  protection  from 
the  east  winds,  and  to  the  west  the  promontory  Cap 
d'Antibes,  which  affords  partial  protection  from  the  mis- 
tral or  northwest  wind.  To  the  north  are  the'  foothills 
of  the  Maridme  Alps,  the  highest  of  which  is  Mount 
Chauve,  with  an  elevation  of  2,834  feet,  and  standing 
seven  miles  back  from  the  coast.  These  foothills,  as  Dr. 
Sparks  has  observed,  are  too  far  distant  and  too  much 
mtersected  by  valleys  to  afford  very  good  protection 
against  winds  coming  from  that  direction. 

The  city  of  Nice  consists  of  three  distinct  portions:  the 
old  town,  on  the  left  bank  of  the  Paillon;  the  Port,  with 
?■  seafarmg  population ;  and  the  Strangers'  Quarter,  on 
the  right  bank  of  the  river,  which  is  the  portion  occupied 
by  the  wmter  visitors.     This  last  section  is  the  fashion- 
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able  part  of  the  city,  and  contains  attractive  avenues  and* 
gardens,  broad  streets  with  fine  buildings,  and  innumer- 
able hotels  and  pensions. 

Along  the  coast  runs  the  Promenade  des  Anglais,  a 
beautiful,  broad-terraced  walk,  two  miles  in  length.  It 
is  shaded  by  palms  and  other  trees,  with  a  pier  and 
casino  near  the  beginning,  and  is  bordered  with  hotels 
and  villas. 

In  the  season  from  November  to  May,  Nice  is  visited 
by  one  hundred  thousand  people,  and  it  then  resembles 
a  northern  capital  with  all  its  gayety.  During  the  year 
abflut  one  million  people  are  said  to  visit  it.  Between 
the  foothills  proper  and  the  shore,  a  distance  of  four  or 
five  miles,  is  a  sloping  area  of  country  consisting  of  low 
ridges  and  shallow  valleys.  Immediately  adjacent  to 
the  coast  is  a  level  tract  of  ground. 

In  seeking  a  health  resort  along  the  Riviera  it  must 
not  be  forgotten  that  Nice  is  a  large,  extensive  city,  and 
consequently  possesses  the  disadvantages  and  perturbing 
influences  of  a  city,  viewed  from  a  health-resort  point  of 
view. 

The  sanitary  condition  of  Nice  is  said  to  be  the  best  on 
the  Riviera,  and  the  water  supply  "  excellent  in  quality 
and  quantity  "  (Linn). 

Nice,  by  reason  of  its  situation  and  size,  possesses  in- 
numerable resources  for  diversion  and  pleasure.  Here 
congregate  visitors  from  almost  every  civilized  country, 
and  life  in  this  gay  winter  city  is  made  most  attractive  for 
them.  At  the  height  of  the  season  the  carnival  is  cele- 
brated with  great  display.  Nice  is  considered  a  healthy 
city,  its  death  rate  comparing  favorably  with  that  of  most 
French  towns.    In  1890  there  were  31.63  deaths  per  1,000. 

The  following  table  from  Teysseire's  figures  give  some 
of  the  meteorological  data  for  the  season,  October  to 
April  inclusive,  extending  over  a  series  of  years: 


Temperature    (degrees 
Fahr.)  — 

Mean  

Absolute  maximum. 

Absolute  minimum. 
Humidity — 

Mean  relative 


61.61' 
88.16 
36.7 


S  . 

O.Q 


52.80" 

74.7 

31.1 

3.« 


1^ 

(VX3 


48.2° 
65.3 
36.9 


46.72' 
66.6 
5 

65.8^ 


48.43' 

66 

38.3 

59.9« 


51.22' 

70.5 

33.1 

55.7;< 


57.54° 

82 

37.2 

W.iH 


"  The  mean  annual  temperature,"  according  to  Burney 
Yeo,  "  is  60.3°  F.  The  mean  winter  temperature  49.1°  F., 
and  the  mean  spring  temperature  58.1°  F.  The  mini- 
mum temperature  at  night  is  36.6°  F.  The  coldest 
months  are  January  and  Februarj'.  The  relative  humid- 
ity is  small,  as  is  seen  by  the  table.  The  mean  annual 
rainfall  is  32.48  inches,  and  19.45  inches  for  the  six  winter 
months  November  to  April.  The  mean  proportion  of 
sunny,  cloudy,  and  rainy  days  for  twenty  years  is: 
sunny  319.3,  cloudy  77.3,  rainy  67.4,  and  for  the  winter 
season,  from  October  1st  to  May  31st,  sunny  135.8,  cloudy 
55.3,  rainy  52.8."  March,  April,  and  May  are  the  windi- 
est months.  Of  the  stormy  winds  the  east  wind  is  the 
most  common,  says  Burney  Yeo,  and  blows  forty-five 
days  in  the  year. 

"Like  Cannes,"  says  Huntington  Richards,  "Nice  is 
one  of  the  windiest  of  the  Riviera  resorts.  The  mistral 
blows  about  nine  times  in  the  year,  chiefly  in  February 
and  March,  and  is  accompanied  by  clouds  of  dust.  The 
average  number  of  days  of  complete  calm  during  the 
nine  autumn,  winter,  and  spring  months,  as  quoted  by 
Sparks  from  Teysseire,  is  18.6,  while  the  average  number 
of  days  of  gentle  wind  is  303.8,  and  that  of  strong  wind 
days  is  69.4,  out  of  which  29.4  occur  during  the  three 
spring  months." 

"  It  must  be  admitted, "  says  Sir  Hermann  "Weber,  "  that 
the  changes  of  temperature  are  very  great,  even  in  sunny 
places,  when  passing  from  a  sheltered  position  to  a  spot 
exposed  to  winds,  and  likewise  on  passing  from  the  sun 
into  the  shade.  A  great  part  of  the  town  is  also  exposed 
to  the  northeast  wind,  owing  to  a  gap  left  in  the  sur- 
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rounding  heights  by  the  Paillon  torrent,  and  the  mistral 
is  often  very  annoying,  the  protection  by  some  rather 
low  hills  to  the  northwest  being  inefficient.  But  the 
character  of  the  climate  is  remarkably  sunny  and  invig- 
orating, and  the  bright  days  considerably  exceed  in  num- 
ber the  dull  and  rainy  ones. "  Frost  rarely  occurs,  and 
then  at  night.  Fogs  are  unknown.  The  temperature 
of  the  sea  water  in  winter  is  between  53°  and  61°  F.,  and 
in  summer  between  64°  and  75°  F. 

"Nice  enjoys,"  says  Dr.  Wendt,  in  the  previous  edi- 
tion of  this  Handbook,  "  nothing  more  nor  less  than  a 
fair  average  of  Riviera  climate.  This  means  that  it  is 
not  devoid  of  drawbacks,  and  that  ideal  winters  are  not 
found  there.  Nice  is  more  sheltered  than  some  places, 
hut  is  nevertheless  exposed  to  the  mistral,  which  blows 
at  Nice  just  as  it  blows  at  most  other  Riviera  spots.  It 
should  be  borne  in  mind  by  invalids  and  tourists  that 
Nice  and  the  Riviera  in  general  really  possess  two  distinct 
and  different  climates,  viz.,  seashore  or  marine  climate 
and  an  inland  or  mountain  climate.  It  is  quite  well 
known  that  immediate  proximity  to  the  sea  may  induce 
sleeplessness  and  other  symptoms,  denoting  too  exciting 
an  action  on  the  nervous  system.  The  dry,  sunny  inland 
air  is  tonic  and  sedative ;  the  air  in  immediate  proximity 
to  the  shoi'es  of  the  sea  is  bracing  and  exciting.  The  air 
of  the  city  and  its  suburbs  is  often  a  mixture  of  the  two. 
It  is  thus  apparent  that  a  number  of  local  climates  are 
iound  at  Nice,  concerning  which  the  resident  physicians 
-will  inform  invalids." 

As  a  genuine  health  resort  it  will  be  seen  from  the 
preceding  climatic  considerations  that  Nice  possesses 
grave  defects,  and  is  perhaps  the  least  desirable  of  the 
Riviera  stations,  particularly  toward  the  close  of  winter 
and  the  beginning  of  spring.  As  has  been  well  said,  it 
is  "  rather  a  pleasure  resort  than  a  refuge  for  invalids. " 
It  does,  however,  offer  much  to  a  certain  class  of  pa- 
tients or  semi-invalids.  Those  seeking  sunshine,  a  cer- 
tain degree  of  warmth,  dry  air,  and  comfortable  living, 
even  luxury,  will  find  it  here,  under  most  attractive  sur- 
roundings. 

Anaemia,  chlorosis,  scrofula,  gout,  rheumatism,  dys- 
pepsia, diabetes,  Bright's  disease,  chronic  bronchitis, 
asthma,  and  catarrhal  conditions  of  the  upper  air  pas- 
sages are  said  to  be  more  or  less  favorably  influenced  by 
the  climate  of  Nice.  It  is  not  to  be  recommended  for 
pulmonary  tuberculosis,  although  it  was  formerly  much 
Tesorted  to  by  this  class  of  cases.  For  the  feeble,  from 
old  age  or  other  cause,  it  is  of  value. 

The  suburb  of  Cimlez,  two  miles  from  the  sea,  appears 
to  possess  especial  climatic  advantages.  It  is  said  to  be 
better  sheltered  and  has  a  more  equable  climate,  and  its 
influence  is  more  sedative.  The  late  Queen  of  England 
visited  this  quarter  of  Nice  several  times. 

Three  and  a  half  miles  to  the  east  of  Nice  is  Beaulieu, 
said  to  be  one  of  the  best  protected  spots  on  the  coast. 
The  high  mountains  rise  directly  in  the  rear,  cutting  off 
the  north  winds.  The  situation  of  this  little  place  is 
most  attractive,  and  the  groves  of  olive  trees,  orchards 
of  orange  and  lemon,  and  the  luxuriant  vegetation  en- 
hance the  beauty  of  the  scenery. 

The  excursions  in  the  vicinity  of  Nice  are  many  and 
most  attractive,  affording  marvellously  beautiful  views 
of  this  picturesque  region.  La  Turbie,  1,600  feet  above 
the  level  of  the  sea,  on  the  Corniche  road  between  Nice 
and  Monaco,  is  perhaps  one  of  the  most  strikingly  beau- 
tiful spots  in  all  this  region  of  magnificent  scenery. 

For  the  true  invalid  the  Riviera  may  possess  many  dis- 
advantages, but  for  one  weary  with  the  routine  of  life, 
to  roam  along  this  coast  from  Genoa  to  Cannes  in  the 
late  spring  or  early  summer  when  the  vegetation  is  at  its 
best,  is  a  source  of  unending  delight,  as  the  writer  can 
testify  from  personal  experience.  Edward  0.  Otis. 

NIGHTMARE.    See  Consciousness,  Disorders  of. 

NIRVANIN  —  diethyl-glycocoll-p-amido-ortho-oxyben- 
2oic    acid     methyl     hydrochloride,     HC(CsH6)2NCH2. 
■CO. HN.  CeHi .  OH.  COOCHs— occurs  in  white  neutral  pris- 
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matic  crystals,  very  soluble  in  water.  Elsberg  at  Mount 
bmai  Hospital  in  Now  York  City,  found  the  toxic  dose 
m  rabbits  to  be  0.23  gm.  per  kilogram  of  body  weight 
while  that  of  cocaine  is  0.03  gm.  per  kilogram.  Boiling 
causes  very  slow  deterioration  of  anaesthetic  power  and  is 
practically  harmless  to  the  drug  for  short  periods.  Solu  - 
tions  purposely  infected  soon  became  sterile,  and  one- to 
two-per-cent.  solutions  were  still  sterile  at  the  end  of  six 
months.  Joanin  found  0. 5-0. 7  gm.  per  kilogram  toxic  for 
guinea-pigs,  while  betaeucaine  is  twice,  and  cocaine  nine 
times,  as  toxic.  But  M.  Didrickson  affirms  that  the  toxic- 
ity 18  greater  than  these  authors  report,  very  small  doses 
having  resulted  in  excitement,  hallucinations,  and  con- 
vulsions. 

Clinical  evidence  seems  to  favor  this  new  compound 
as  a  stable,  sterile,  very  soluble  local  anesthetic.  In 
0.3-0.5-per-cent.  solution  it  is  suitable  for  infiltration  an- 
SEsthesia,  and  in  five-per-cent.  strength  for  local  applica- 
tion. It  is  somewhat  irritating,  and  if  used  for  the  eye 
should  be  combined  with  cocaine.  It  has  hut  little  power 
of  penetration,  a  five-per-cent.  solution  applied  to  a 
mucous  membrane  scarcely  affecting  the  submucous 
tissues.  It  is  said  to  be  of  value  in  pruritus  and  in 
dentistry.  W.  A.  Bastedo. 

NITRIC  AC\D.— Aquafortis.  Under  the  title  Acidum 
Nitrieum,  Nitric  Acid,  the  United  States  PharmacopcEia 
makes  official  a  liquid  composed  of  sixty -eight  per  cent., 
by  weight,  of  absolute  nitric  acid  [HNOa].  Such  grade 
of  nitric  acid  is  a  heavy  liquid  of  about  1.414  specific 
gravity,  colorless  when  freshly  made  and  perfectly  pure, 
but,  as  met  with  in  the  shops,  apt  to  be  of  a  distinctly 
yellowish  shade.  The  acid  fumes  upon  exposure,  is 
powerfully  corrosive  and  stains  animal  tissues  and  woollen 
fabrics  a  bright  yellow.  It  dissolves  silver,  mercury, 
copper,  and  other  metals  with  evolution  of  red  fumes. 
It  mixes  in  all  proportions  with  water  and  alcohol.  It 
is  a  pretty  potent  oxidizer,  yielding  up  a  portion  of  its 
oxygen  to  oxidizable  material,  and  it  has  a  strong  affinity 
for  water,  by  reason  of  which  affinity,  in  part,  it  is  pow- 
erfully caustic  to  animal  tissues.  It  should  be  kept  in 
well-stoppered,  dark  amber-colored  bottles. 

The  valuable  properties  of  strong  nitric  acid  are  the 
power  of  the  acid  to  oxidize  on  the  one  hand,  and  to 
cauterize  on  the  other.  By  its  oxidizing  virtues  nitric 
acid  is  a  serviceable  disinfectant  in  situations  where  its 
corrosive  action  will  do  no  injury;  and  its  cauterant 
powers  are  convenient  for  surgical  application.  The 
acid  burns  searchingly  and  thoroughly,  yet  not  unman- 
ageably. When  using  nitric  acid  as  a  caustic,  it  is  well 
to  bound  the  area  intended  for  cauterization  by  a  ring  of 
oil  or  of  adhesive  plaster,  to  prevent  the  action  from 
spreading  unduly.  The  acid  is  then  applied  by  a  glass 
rod  or  bit  of  stick,  care  being  taken  to  avoid  excess. 
Swallowed  in  any  considerable  quantity  nitric  acid  is  a 
powerful  corrosive  poison,  producing  efl:ects  substan- 
tially similar  to  those  caused  by  sulphuric  acid  (see  Sul- 
phuric Acid).  The  most  striking  difference  between  the 
poisoning  by  the  two  agents  is,  that  in  sulphuric-acid 
corrosion  the  sloughs  tend  to  be  brown  or  blackish,  while 
in  that  from  nitric  acid  they  are  yellow.  Inhalation  of 
the  fumes  of  nitric  acid  also  may  kill. 

In  proper  dilution  nitric  acid  operates  physiologically 
as  do  all  the  sour  mineral  acids  (see  Sulphuric  Acid),  and 
shares  with  hydrochloric  acid  a  sort  of  selective  etBcacy 
in  disorders  of  the  digestive  apparatus.  Vomiting,  from 
many  causes,  is  often  relieved  effectually  by  nitric  acid, 
and  so  is  diarrhcea,  and  so  is  the  functional  disorder  of 
digestion  commonly  ascribed  to  sluggish  action  or  even 
congestion  of  the  liver.  Even  a  special  curative  action 
over  constitutional  syphilis  has  been  proclaimed  of  nitric 
acid,  but  is  at  the  present  day  quite  properly  discredited. 
For  internal  giving,  the  following  preparation  of  the 
United  States  Pharmacopoeia  is  to  be  used: 

Acidum  Nitrieum  Dilutum,  Diluted  Nitric  Acid.  This 
preparation  is  a  simple  dilution  of  the  official  strong 
acid  with  distilled  water,  in  the  proportion  a  little  less 
than  six  parts  of  added  water  to  each  one  of  acid.    It 
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represents  ten  per  cent.,  by  weight,  of  absolute  nitric 
acid;  is  a  colorless  and  strongly  sour  liquid,  non-corro- 
sive but  highly  irritant.  Its  specific  gravity  is.  1.057. 
The  internal  dose  is  from  twenty  to  forty  drops,  largely 
diluted  with  water,  and  the  mouth  to  be  rinsed  well  after 
the  taking  of  each  dose.  Edwa/i-d.  Curtis. 

NITRITES. — Physiological  experimentation  and  clini- 
cal testing  with  a  number  of  different  nitrites,  both  of 
metallic  and  ethereal  bases,  have  now  developed  the  fact 
that  such  compounds  possess  certain  strongly  marked 
properties  in  common.  These  properties  evidently  be- 
long to  the  acid  radical  of  these  salts,  so  that  the  nitrites 
are  to  be  regarded  as  forming  a  natural  group  of  medi- 
cines whose  peculiar  virtues  are  due  to  nitrous  acid. 
The  effects  wrought  by  nitrites  upon  the  animal  system 
are,  broadly,  twofold,  as  follows:  On  the  one  hand,  a 
chemical  change  in  the  composition  of  haemoglobin,  and, 
on  the  other,  an  influence  upon  nervous  and  muscular 
structures,  showing  itself  by  profound  and,  in  sufficient 
dosage,  even  fatal  derangement  of  function.  As  regards 
the  effects  upon  the  blood,  it  is  observed  that  in  an  ani- 
mal under  the  influence  of  a  nitrite  the  arterial  and  the 
venous  blood  both  have  acquired  in  common  a  peculiar 
chocolate  hue,  which  does  not  change  when  the  drawn 
blood  is  agitated  with  air.  Examined  by  the  spectro- 
scope such  blood  shows  a  replacement  of  the  bands  of 
hsemoglobin  by  those  of  a  new  compound  (Gamgee)  very 
probably  identical  with  the  methmmoglobin  of  Hoppe- 
Seyler;  and,  tested  chemically,  this  changed  hsemoglo- 
bin is  found  to  have  its  ozonizing  power  very  seriously 
compromised.  Treatment  with  ammonia  restores  nor- 
mal color  and  normal  functional  power  to  this  nitrite- 
poisoned  blood.  The  nervous  and  muscular  derange- 
ments produced  by  nitrites  are  as  follows:  In  moderate 
dosage  there  are  felt  a  fulness  and  throbbing  of  the  head 
and  neck,  with  almost  simultaneous  very  rapid  and  dis- 
orderly action  of  the  heart,  and  excited  and  panting 
breathing.  The  face  is  deeply  flushed  and  feels  un- 
comfortably hot,  but  the  internal  general  temperature  is 
found  by  the  thermometer  to  fall.  So,  too,  though  the 
heart  and  carotids  are  felt  to  throb  disagreeably  hard, 
yet  arterial  tension  is  proved  to  suffer  a  very  great  de- 
cline, obviously  due  to  the  general  capillary  dilatation, 
of  which  the  flushed  face  is  an  evidence.  In  large  doses, 
as  observed  in  animal  experimentation,  initial  great  ac- 
celeration of  the  heart's  action,  and  violent  and  hurried 
breathing  are  followed  by  slow,  irregular,  and  failing 
pulse  and  respiration,  fall  of  temperature,  weakened  vol- 
untary and  reflex  motor  activity,  and  finally,  death  by 
respiratory  arrest.  As  regards  the  meclianism  of  these 
derangements,  the  initial  circulatory  phenomena — accel- 
eration of  pulse,  capillary  dilatation,  and  sinking  of  blood 
tension — are  mainly  the  expressions  of  paralysis,  sever- 
ally, of  cardiac  inhibition,  of  resisting  power  of  the  mus- 
cular elements  of  the  arterioles,  and,  to  a  less  degree,  of 
vaso-motor  control  over  the  same.  The  heart  failure  fol- 
lowing large  dosage  is  probably  due  to  direct  poisoning 
of  the  cardiac  musculature;  the  agitated  and  panting 
breathing  of  the  earlier  stages  of  the  nitrite  effect  seems 
to  be  secondary  to  the  other  derangements,  but  the  final 
aiTest  of  respiration  in  fatal  poisoning  appears  to  result 
from  direct  paralysis  of  the  nerve  centres  concerned  in 
the  function.  Similarly,  tlie  failure  of  voluntary  and 
reflex  motor  power  seems  to  be  mainly  from  paralysis  of 
the  motor  tract  of  the  cord,  although  to  a  certain  extent 
the  muscular  contractility  is  itself  impaired. 

Nitrous  acid  in  combination  is  thus  seen  to  be  an  agent 
that  immediately  attacks  the  ozonizing  function  of  the 
blood  and  the  vital  endowments  of  nerve  and  muscle 
tissues.  Many  have  thought  that  the  paralytic  phe- 
nomena are  probably  but  consequences  of  the  blood 
lesion,  but  various  physiological  considerations  make  it 
more  likely  that  they  result  from  immediate  and  inde- 
pendent poisoning  of  the  substance  of  the  nerve  centres. 

The  principal  therapeutic  applications  of  the  nitrites 
are  to  relieve  spasms,  or  pains  referable  to  spasm,  and  to 
arouse  the  heart  in  syncope.     Tie  most  notable  instances 


of  the  first  application.are  the  use  of  nitrites  in  the  treats 
ment  of  angina  pectoris,  spasmodic  asthma,  and  epi' 
lepsy.  In  the  first  two  of  these  diseases  nitrites  often 
prove  of  astonishing  temporary  power,  but  in  the  last 
they  are,  as  compared  with  bromides,  second  rate  in 
efficacy.  Still,  in  some  cases  of  epilepsy,  where  bro- 
mides have  ceased  to  impress  or  where  the  supervention, 
of  bromism  has  forced  their  discontinuance,  nitrites  have 
shown  themselves  serviceable  alternates  (Law).  For  the 
relief  of  syncope  nitrites  are  theoretically  indicated  where 
the  cardiac  arrest  is  presumably  referable  to  excess  of 
inhibition ;  and,  clinically,  the  nitrite  of  amyl  has  been 
reported  to  have  restored  heart  action  in  cases  of  syncope 
from  emotion,  from  hemorrhage,  and  from  chloroform 
poisoning. 

The  nitrites  recognized  by  the  United  States  Pharma- 
copoeia are  the  ethereal  nitrites  of  amyl  and  of  ethyl,  re- 
spectively— the  latter  in  the  single  preparation,  spirit  of 
nitrous  ether  and  the  salt  sodium  nitrite.  Also,  though 
unofficial,  potassium  nitrite  has  been  tried  in  medicine. 
Properly  also,  nitroglycerin  should  be  included  in  a  sum- 
mary of  the  group  of  nitrite  medicines,  since,  though  not 
itself  a  nitrite,  there  is  little  doubt  that  its  medicinal  ef- 
fects are  wrought  by  a  nitrite  resultjng  from  decomposi- 
tion of  the  nitroglycerin  within  the  body.  In  this  place 
the  nitrites,  respectively,  of  ethyl,  amyl,  potassium,  and 
sodium  will  be  discussed,  nitroglycerin  being  treated  of 
under  its  own  title. 

Ethyl  Nitrite:  C2H5NO2.  Ethyl  nitrite,  formeriy 
called  nitric  ether,  and  now  nitrous  ether,  is  a  compound 
that  forms  by  reaction  of  nitric  acid  with  alcohol.  It  is 
an  ethereal  fiuid  of  agreeable  apple-like  flavor  and  pun- 
gent taste — exceedingly  volatile,  somewhat  soluble  in 
water,  and  more  freely  in  alcohol.  Experimented  with 
in  the  pure  condition,  this  body  produces  promptly  and 
fully  the  classical  effects  of  the  nitrites  as  above  setforth 
(Richardson).  It  is  used  in  medicine,  however,  only  in 
the  form  of  a  weak  alcoholic  solution — the  time-honored 
and  well-known  preparation  formerly  called  sweet  spirit 
of  nitre,  but  now  official  in  the  United  States  Pharmaco- 
pcsia  under  the  title  Spiritus  ^theris  Nitrosi,  Spirit  of 
Nitrous  Ether.  This  preparation  is  made  by  distilling 
a  mixture  of  solution,  in  alcohol  and  water,  of  sodium 
nitrite,  and  of  sulphuric  acid.  After  purification  of  the 
ethereal  product,  enough  alcohol  is  added  to  make  a 
spirit  containing  in  solution  four  per  cent,  of  ethyl 
nitrite.  Spirit  of  nitrous  ether  is  a  clear,  mobile  liquid, 
volatile  and  inflammable,  of  a  pale  straw  color,  inclining 
slightly  to  green,  and  a  fragrant,  ethereal  odor.  Its  taste 
is  sharp  and  burning.  Specific  gravity,  about  0.836  to 
0.843  at  ordinary  temperatures.  It  slightly  reddens 
litmus  paper,  but  should  not  effervesce  when  a  crystal 
of  potassium  bicarbonate  is  dropped  into  it.  It  should 
be  kept  in  small  glass-stoppered  vials,  in  a  dark  place, 
remote  from  lights  or  fire.  Spirit  of  nitrous  ether  as 
found  in  the  shops  is  apt  to  be  of  deficient  strength  from 
the  f raudulen  t  addition  of  water  or  alcohol. 

The  effects  of  this  spirit  are  the  conjoint  effects  of  its 
two  constituents,  alcohol  and  ethyl  nitrite.  In  the  small 
doses  commonly  prescribed  for  medicinal  purposes  the 
peculiar  nitrite  effects  are  but  faintly  seen,  and  the  med- 
icine operates  as  a  grateful  stomachic,  which  is  at  the 
same  time  mildly  diaphoretic  and  antispasmodic.  The 
spirit  is  accordingly  much  prescribed  as  an  ingredient 
of  so-called  fever  draughts  or  mixtures,  its  tendency 
being  to  artieliorate  the  discomforts  of  the  febrile  state. 
In  large  dosage  with  this  preparation  the  typical  nitrite 
effects  are  clearly  seen — giddiness,  headache,  and  throb- 
bing arteries  having  been  reported  as  following  an  over- 
dose, while  in  another  case  death  occurred  fiom  inhaling 
the  fumes  from  a  broken  three-gallon  jar  of  the  spirit 
accidentally  spilled  in  a  room.  Spirit  of  nitrous  ether 
is  prescribed  in  doses  of  from  3  to  4  gm.  (practically 
from  Tn,  XXX.  to  fl.  3i.)  several  times  a  day.  The  dose 
may  be  mixed  with  water  for  the  taking,  or  prescribed 
as  an  ingredient  of  mixtures  containing  saline  solutions. 
Such  mixtures  should  not  be  ordered  in  quantity  beyond 
present  need,  since  dilution  with  water  tends  to  set  on 
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foot  chemical  changes  in  the  ethereal  spirit.  Spirit  of 
nitrous  ether  is  an  ingredient  of  the  official  Compound 
Mixture  of  Qlycyrrhiza  ("Brown  Mixture")  of  the  tJnited 
States  Pharmacopoeia. 

Amyl  Nitrite :  CsHnNOa.  Amyl  nitrite  is  used  in 
medicine  under  its  own  form.  Under  the  title  Amyl 
Mtris,  Amyl  Nitrite,  the  United  States  PharmacopoBia 
recognizes  the  ordinary  article  of  pharmacy,  which  is  an 
ethereal  liquid  containing  about  eighty  per  cent,  of  amyl 
nitrite.  The  remainder  of  the  percentage  is  made  up  of 
various  associated  but  undetermined  ethers.  The  sub- 
stance is  a  clear,  very  mobile  ether,  of  a  pale  yellow 
color,  having  a  fruity  odor  almost  exactly  resembling 
that  of  ripe  bananas,  and  an  aromatic  taste.  "When  freely 
exposed  to  the  air  it  decomposes,  leaving  a  large  residue 
of  amyl  alcohol.  It  is  insoluble  in  water,  but  soluble,  in 
all  proportions,  in  alcohol,  ether,  chloroform,  benzol, 
and  beuzin.  Its  specific  gravity  is  0.870  to  0.880,  and  it 
boils  at  about  96°  C.  (205°  F.),  giving  an  orange-colored 
vapor.  It  burns  with  a  fawn-colored  flame.  It  should 
he  kept  in  small,  dark  glass-stoppered  vials,  in  a  cool  and 
dark  place.  Amyl  nitrite  is  excessively  volatile,  and  the 
utmost  care  is  necessary  to  preserve  a  specimen  both 
from  loss  of  bulk  and  from  spontaneous  decomposition 
hy  exposure. 

Amyl  nitrite  is  the  nitrite  commonly  used  in  medicine 
for  the  specific  sake  of  the  nitrite  effects  proper,  and  it 
is,  perhaps,  the  most  striking  of  medicines  in  the  matter 
of  rapidity  and  intensity  of  action.  From  its  extreme 
volatility  and  pleasant  odor  the  ether  is  efficiently  and 
conveniently  given  by  inhalation.  When  the  quantity 
of  from  three  to  five  drops,  poured  upon  a  handkerchief, 
is  inhaled,  the  subject  is  conscious,  within  so  short  a  time 
as  from  three  to  ten  seconds,  of  a  sensation  of  heat,  ful- 
ness, and  throbbing  of  the  face  and  head,  immediately 
followed  by  an  indescribable  and  most  distressing  com- 
motion within  the  chest,  the  heart  beating  fast  and  furi- 
ously, and  the  breathing  being  panting  and  hurried. 
Giddiness  and  some  muscular  languor  accompany  these 
phenomena,  and  perspiration  may  break  out ;  but  in  a 
very  few  minutes  the  derangements  of  function  begin  to 
recede,  and  rapidly,  and  upon  their  complete  disappear- 
ance the  subject  is  left  without  after-effects,  save,  possi- 
bly, a  httle  dull  headache  and  lassitude,  lasting  from  half 
an  hour  to  an  hour.  Assuming  such  dosing  with  the 
ether  to  have  been  in  a  case  open  to  the  therapeutic 
powers  of  the  nitrites,  the  therapeutic  effect  will  have 
been  as  swift  and  pronounced  as  the  physiological  de- 
rangement. No  medical  relief,  indeed,  so  nearly  merits 
the  designation  of  "as  if  by  magic,"  as  the  sudden  and 
complete  abrogation  of  an  anginal  or  asthmatic  seizure 
that  is  so  often  wrought  by  the  swift  and  profound 
action  of  amyl  nitrite.  The  drug,  however,  must  not  be 
expected  to  be  infallible,  for  many  cases  of  angina  pec- 
toris, of  asthma,  and  syncope— notably  profound  chloro- 
form syncopes—often  set  the  nitrite  at  defiance. 

Amyl  nitrite  is  an  important  medicine  for  the  condi- 
tions enumerated  above  as  being  pecuharly  amenable  to 
the  nitrite  influence,  and  also  has  proved  serviceable  in 
dysmenorrhceaand  other  affections,  painful  or  spasmodic. 
The  remedy  is  most  conveniently  given  by  inhalation, 
from  three  to  five  drops  being  poured  upon  a  handker- 
chief, and  the  cloth  then  held  to  the  nose  and  mouth. 
Those  who  are  subject  to  angina  or  asthma,  and  who 
find  relief  from  amyl  nitrite,  may  carry  a  small  vial  of 
the  ether  about  with  them,  and,  upon  the  occasion  of  a 
seizure  themselves  dash  a  few  drops  upon  a  handkerchief. 
Or  it  may  be  sufficient  to  sniff  strongly  at  the  opened 
vial  itself  until  the  characteristic  sense  of  flushing  and 
arterial  throbbing  proclaim  the  absorption  of  a  sufliciency 
of  the  vapor.  If  a  vial  be  so  carried  and  used,  it  should 
he  but  a  small  one,  not  over  2  c.c.  (in,  xxx.)  capacity 
since  by  frequent  uncorking  of  the  bottle  the  contamed 
sample  of  amyl  nitrite  gets  "flat"  and  loses  its  efficacy 
through  chemical  change  brought  about  by  the  exposures 
to  air.  More  convenient  than  a  vial,  both  because  of 
better  preservation  of  the  medicine  and  because  of  com- 
bined rapidity,  ease,  and  certainty  of  dispensing  of  the 


dose,  are  what  are  commonly  called  pearls  of  amyl 
nitrite.  These  pearls  are  small,  flattened,  sealed  cham- 
bers, blown  of  very  tliin  glass,  and  charged  with  fixed 
quantities  of  tiie  nitrite,  generally  from  to  two  to  five 
minims.  For  use  a  single  "pearl"  containing  the  pre- 
scribed dose,  is  crushed  in  a  handkerchief  and  the  fumes 
of  the  liberated  ether  are  inhaled  in  the  usual  way.  The 
glass  of  which  the  pearl  is  made  is  so  thin  that  the  broken 
fragments  do  no  harm.  These  pearls  are  not  official,  but 
are  quite  universally  to  be  procured.  Amyl  nitrite  can, 
if  preferred,  be  given  by  the  mouth,  dropped  upon  sugar, 
or  dissolved  in  alcohol,  in  doses  of  from  two  to  five  drops. 
Potassium  Nitrite :  KNO2.  Potassium  nitrite  is  not 
official  in  the  United  States  Pharmacopoeia.  It  is  a  col- 
orless salt,  slightljf  deliquescent,  soluble  in  water,  and 
occurring  in  crystals  or  in  fused  sticks.  Tested  upon 
man  and  the  lower  animals,  potassium  nitrite  is  foimd  to 
Ijroduce  all  the  typical  nitrite  effects;  but,  as  might  be 
expected,  more  slowly,  while  yet  more  enduringly,  than 
amyl  nitrite.  In  the  experiments  of  Weir  Mitchell  and 
Reichert'  full  doses  made  themselves  felt  by  symptoms 
during  a  period  of  from  one  and  a  half  to  five  hours,  be- 
ginning within  one  or  two  minutes  after  swallowing. 
The  doses  ranged  from  three  to  ten  grains,  single  or  re- 
peated, and  one  individual  experimented  upon  took,  in 
divided  doses,  within  a  period  of  six  hours  and  thirteen 
minutes,  thirty -five  grains  of  the  salt.  But  from  the  be- 
havior of  sodium  nitrite  of  ascertained  purity  (see  below), 
the  question  cannot  but  protrude  itself.  Was  the  sample 
of  the  potassic  salt  used  in  these  experiments  tested  for 
purity?  In  the  present  condition  of  knowledge  of  the 
siibject,  the  comparatively  large  quantities  cited  above 
should  certainly  not  be  prescribed  medicinally  for  an 
untried  subject. 

Potassium  nitrite  gives  rise,  during  the  period  of  its 
action,  to  eructations  of  gas  of  a  very  offensive  phos- 
phureted  odor,  so  disagreeable  as  even  to  lead  in  some 
cases  to  nausea  and  vomiting  (Reichert). 

Sodium  Nitrite :  NaNOo.  The  salt  is  official  in  the 
United  States  Pharmacopoeia  under  the  title  Sodii  Nitris, 
Sodium  Nitrite.  It  occurs  in  crystals  or  fused  sticks, 
freely  soluble  in  water,  ('ommercial  samples  are  rarely 
pure,  being  composed  of  nitrate  and  nitrite  in  varying 
proportions.  The  better  grades  may  contain  98.. 5  per 
cent,  of  nitrite,  but  specimens  of  a  salt  sold  as  sodic 
nitrite  have  been  found  to  contain  but  the  merest  trace 
of  that  body  -0.011  per  cent,  only  (McEwen).  The 
condition  of  small  crystals,  as  against  that  of  large  trans- 
parent crystalline  f oi-ms  or  the  fused  nitrite,  is  said  to  be 
the  best  for  purity.  Sodium  nitrite  deteriorates  on  keep- 
ing—a fact  doubtless  accounting  for  the  poor  quality 
of  the  drug  so  often  found. 

Sodium  nitrite  produces  the  peculiar  nitrite  eft'ects  in  a 
manner  generally  similar  to  potassium  nitrite,  and,  when 
a  good  sample  is  employed,  can  be  fatally  poisonous,  as 
has  been  proved  by  experimentation  upon  animals.  In 
full  dosage  with  the  human  subject,  extreme  distress, 
and  even  an  alarming  condition,  have  been  reported ;  the 
prominent  complaint  being  of  excessively  violent  and 
turbulent  heart  action,  with  great  giddiness  and  general 
weakness.  In  such  cases  lividity  of  the  lips  and  nails 
has  quite  commonly  been  observed.  ,    ^  •     ^  • 

Therapeutically  sodium  nitrite  has  proved  efficient  m 
the  usual  way  of  nitrites  to  control  the  pain  in  many 
cases  of  angina  pectoris,  and  in  cases  of  f  requentiy  re- 
curring paroxysms  has,  in  single  dose,  established  tree- 
dom  therefrom  for  half  a  day  in  subjects  to  whom  amyl 
nitrite  gave  immunity  for  but  an  hour  or  two  (Matthew- 
Hay)  Such  immunity,  furthermore,  was  secured  by  a 
dosage  small  enough  not  to  produce  any  pronounced 
throbbing  or  giddiness  or  headache.  In  epUepsy  this 
nitrite  has  also  been  used  with  some  abatement  ot  the 
fits;  but  it  is,  in  a  general  way,  inferior  to  bromides  tor 
this  particular  therapeusis.  From  the  experience  witti 
the  salt  so  far  acquired,  sodium  nitrite  can  be  said  lo  be 
available  for  all  the  therapeutics  of  the  nitrites,  and  to 
have  the  advantages  over  the  ethereal  salts  of  a  more 
deep-rooted  and  lasting  influence,  and  of  much  greater 
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cheapness.  On  the  other  hand,  as  compared  witli  amyl 
nitrite,  the  sodic  salt  is  slower  in  establishing  its  effects, 
so  that  when  urgency  of  relief  is  demanded  the  amylic 
salt  is  preferable.  Sodium  nitrite  gives  rise  to  some  dis- 
agreeable eructations  of  gas,  but  in  therapeutic  dosage 
the  occurrence  is  slight.  The  dose  of  sodium  nitrite 
should,  for  a  pure  sample,  not  exceed  0.13  gm.  (gr.  ij.), 
for  the  larger  doses  of  five,  ten,  and  twenty  grains  that 
were  at  first  used  by  investigators  have,  with  good  speci- 
mens of  the  salt,  produced  very  distressing  and  even 
alarming  effects.  The  effects  of  a  two-grain  dose  will 
persist  a  number  of  hours.  Care  should  be  taken  in  pre- 
scribing this  medicine  that  the  sample  is  of  good  quality 
and  not  too  old.  Edward  Curtis. 

1  American  Journal  of  the  Med.  Sciences,  July,  1880. 

NITROBENZENE,  POISONING  BY.— This  substance, 
also  called  nitrobenzol,  is  made  by  the  action  of  nitric 
acid  on  benzene  (benzol),  which  is  one  of  the  ingredients 
of  coal  tar.  The  formula  of  nitrobenzene  is  CsHsNOj ; 
it  is  a  substitution  product  of  benzene.  It  is  a  clear, 
straw-yellow  liquid,  insoluble  in  water,  and  possessing  a 
strong  odor,  sufficiently  like  tliat  of  bitter  almonds  to 
permit  of  its  use  in  perfumery  and  confectionery.  It  has 
become  a  rather  familiar  article  of  commerce  under  the 
name  of  oil  of  myrbane.  It  appears  from  several  re- 
corded cases  that  small  doses  of  the  liquid  are  poisonous, 
and  even  its  vapor  is  active.  The  symptoms  resemble 
somewhat  those  of  prussic  acid,  but  there  are  no  imme- 
diate insensibility  and  no  convulsions.  The  skin  be- 
comes clammy,  the  lips  and  fingers  purple,  the  eyes 
glassy,  and  the  breathing  very  slow  and  infrequent. 
In  a  case  that  occurred  in  the  practic?  of  Dr.  H.  M. 
Dean,  of  Muscatine,  Iowa  (Medical  Bulletin,  vol.  i.,  p.  50), 
violent  effects  followed  the  mere  tasting  the  article. 
The  pulse  was  not  much  affected,  but  the  respirations 
occurred  at  long  intervals.  The  mind  usually  remains 
clear  for  some  time,  but  unconsciousness  ultimately 
ensues.  The  diagnosis  will  generally  be  determined  by 
the  powerful  and  characteristic  odor  of  the  substance, 
which  can  easily  be  distinguished  from  that  of  botli 
prussic  acid  and  oil  of  bitter  almonds,  which  it  most 
nearly  resembles. 

Nitrobenzene  is  partly  converted  in  the  body  into  ani- 
line, but  its  poisonous  action  does  not  depend  on  this 
conversion. 

Tliere  is  no  specific  treatment;  the  symptoms  must  be 
combated  as  they  arise.  Free  washing  out  of  the  stom- 
ach with  lukewarm  water  lias  been  found  to  be  of  great 
advantage  in  many  cases  of  poisoning,  and  would  be 
applicable  here.  Dr.  Dean,  in  the  case  above  referred 
to,  used  fluid  extract  of  digitalis,  one  drop  every  hour, 
and  also,  every  few  minutes,  a  teaspoonful  of  a  mixture 
of  one  part  of  alcohol  and  two  of  hot  water.  He  could 
make  the  patient  swallow  by  putting  the  spoon  well  back 
on  the  tongue.  Henry  Lefimann. 

NITROGEN  MONOXIDE.— Nitrogen  monoxide  (N,0) 
is  the  body  commonly  called  nitrous  oxide  gas,  and  for- 
merly popularly  known  as  laughing  ga^.  It  is  a  colorless 
gas,  practically  without  smell,  and  with  a  very  faintly 
sweetish  taste.  It  dissolves  in  a  little  more  than  its  own 
measure  of  cold  water,  to  a  less  extent  in  warm  water, 
and  to  a  less  extent  still  in  a  saturated  aqueous  solution 
of  sodium  chloride.  By  combined  exercise  of  cold  and 
pressure  the  gas  can  be  condensed  to  the  liquid  condition, 
yielding  a  colorless  and  very  mobile  fluid.  Upon  release 
of  pressure  this  fluid  immediately  springs  again  into  the 
state  of  gas.  Nitrogen  monoxide  actively  supports  the 
combustion  of  inflammable  bodies,  undergoing  decompo- 
sition and  yielding  up  its  oxygen  to  the  burning  sub- 
stance. 

Nitrogen  monoxide  is,  physiologically,  absolutely 
bland,  and  being  also  odorless  is  perfectly  respii'able  even 
when  substituted,  pure,  for  atmospheric  air.  When  so 
respired,  the  gas,  from  its  free  solubility  in  watery  fluids, 
IS  rapidly  absorbed  into  the  blood.     If  inhaled  with  ad- 


mixture of  enough  atmospheric  air  for  the  ordinary 
needs  of  the  system,  nitrogen  monoxide  proves  pecul- 
iarly exiiilarant.  A  sort  of  tingling  thrill  runs  through 
the  nerves  down  to  the  very  finger  ends,  and,  if  enough 
of  the  gas  betaken,  the  experimenter  is  irresistibly  driven 
to  the  commission  of  some  extravagant  and  silly  act,  al- 
most always  audi  as  betokens  an  uncontrollably  joyous 
state  of  mind.  Singing,  shouting,  laughing,  dancing, 
and  capering  are  thus  the  common  expressions  of  the 
exhilaration — manifestations  whence  comes  aptly  the  old 
name  laughing  gas,  applied  to  a  mixture  of  nitrogen 
monoxide  and  air.  When  inhaled  pure,  in  entire  substi- 
tution for  atmospheric  air,  there  is,  first,  a  very  transient 
exhilaration,  and  then  rapidly  follow  the  same  phenom- 
ena as  when  pure  nitrogen  is  respired,  namely,  such  as 
result  from  the  respiration  of  an  atmosphere  devoid  of 
available  oxygen.  The  blood  returning  from  the  lungs 
ceases  to  acquire  the  arterial  hue,  its  free  oxygen  rapidly 
diminishes  in  quantity,  the  animal  speedily  loses  con- 
sciousness,  and,  if  the  inhalation  be  continued,  dies  by 
asphyxia,  in  the  same  time  that  it  dies  in  an  atmosphere 
of  plain  nitrogen,  and  with  a  similar  reduction  of  the 
percentage  of  free  oxygen  contained  in  the  blood. 
These  various  facts  sufficiently  prove  that  at  the  temper- 
ature of  the  animal  body  nitrogen  monoxide  resists 
decomposition,  so  that  the  oxygen  of  its  molecule  is  un- 
available for  the  purposes  to  which  ordinarily  respired 
oxygen  is  put. 

Nitrogen  monoxide  inhaled  pure  is,  then,  practically 
an  agent  that  will,  without  other  derangement,  produce 
the  unconsciousness  of  coma  from  asphyxia,  while  not 
interfering  with  the  free  play  of  the  lungs  in  the  respira- 
tory act.  The  clinical  phenomena  of  the  inhalation  are, 
subjectively,  a  beginning  feeling  of  the  peculiar  tingling 
and  sense  of  exhilaration  noted  above,  which,  however, 
is  soon  overwhelmed  in  swift-rushing  unconsciousness. 
According  to  the  fulness  of  the  respirations  the  uncon- 
sciousness may  supervene  in  from  a  few  seconds  to  two 
or  three  minutes.  In  a  carefully  observed  experiment 
the  writer  of  this,  practising  the  fullest  possible  forced 
inspiration  and  expiration,  and  beginning  the  inhaling 
after  a  forced  expiration,  was  noted  to  have  passed  into 
complete  unconsciousness  in  the  middle  of  the  third  in- 
spiration. During  the  continuance  of  the  unconscious- 
ness aniEsthesia  is  absolute ;  and  upon  withdrawal  of  the 
gas  and  substitution  of  atmospheric  air  the  senses  are 
regained  as  rapidly  as  they  were  lost,  and  in  two  or  three 
minutes  the  experimenter  is  in  perfectly  normal  physio- 
logical status  again.  Objectively  tlie  phenomena  are  a 
swiftly  developed  lividity  of  the  skin  and  mucous  mem- 
branes, staring,  and  sometimes  convulsively  rolling  eye- 
balls, a  convulsive  twitching  of  the  hands,  and,  when  un- 
consciousness has  supervened,  a  slow,  snoring  respiration. 
The  pulse  is  little  affected.  During  the  unconsciousness 
the  muscles,  with  the  exceptions  noted  above,  are  quite 
thoroughly  relaxed. 

Nitrogen  monoxide  is  used  as  a  medicine  proper  and 
as  an  "  anoesthetic. "  Taken  in  small  quantities,  so  as  not 
to  interfere  with  normal  absorption  of  oxygen,  the  sub- 
stance often  seems  to  abate  symptoms  of  nervous  debility 
or  exhaustion,  and  hence  to  be  of  value  in  the  treatment 
of  many  so-called  functional  nervous  diseases.  For  such 
purposes  the  gas  may  be  given  by  inhalation,  a  few 
whiffs  being  drawn  from  a  bag  through  the  usual  mouth- 
piece, while  at  the  same  time  atmospheric  air  is  breathed 
through  the  nostrils,  purposely  left  unclosed.  Another 
method  of  administration  is  to  give  an  aqueous  solution 
of  the  gas  by  swallowing.  A  patented  solution  of  such 
character,  made  under  a  pressure  of  five  atmospheres, 
has  been  used  under  the  title  of  oxygenous  aerated  water. 
Nitrous  oxide  water  has  but  little  odbr,  and  is  slightly 
sweetish  to  the  taste.  But  by  far  the  commonest  use  of 
nitrogen  monoxide  is  the  administration  of  the  pure  gas 
by  inhalation,  in  order  to  produce  the  anaesthesia  of  un- 
consciousness. For  this  administration  a  bag  of  a  capac- 
ity of  from  four  to  thirty -two  litres  (one  to  eight  gallons), 
according  to  the  proposed  duration  of  the  inhalation,  is 
charged  with  a  pure  article  of  the  gas,  undiluted.    From 
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the  bag  the  gas  is  drawn  through  a  connecting  tuhe  out 
of  a  mouthpiece  so  constructed  that  by  an  arrangement 
of  valves  the  products  of  expiration  pass  into  the  air  and 
not  bacli  into  the  bag,  and  also  that  the  operator  may, 
by  the  turn  of  a  switch,  admit  air  and  cut  off  gas  at 
pleasure.     The  patient's  clothing  being  so  adjusted  as  to 
offer  no  impediment  to  respiration,  the  moutlipiece  is  put 
in  place,  the  nostrils  are  gently  compressed  by  the  fingers 
of  the  administrator,  the  stopcock  that  controls  the  deliv- 
ery of  the  gas  from  the  bag  is  turned,  and  the  patient  is 
enjoined  to  breathe  as  fully  as  possible.     As  soon  as  full 
lividity  of  the  face  and  stertorous  breathing  proclaim  the 
development  of  unconsciousness,  the  patient  is  ready  for 
operation,  and  if  such  operation  be  one  of  brief  duration, 
like  the  opening  of  an  abscess  or  the  drawing  of  a  tooth, 
the  administrator  at  once  removes  the   mouthpiece  as 
soon  as  unconsciousness  is  attained,  anaesthesia  persisting 
for  a  number  of  seconds  after  withdrawal  of  the  gas.     If 
the  operation  be  a  prolonged  one,  then,  as  soon  as  coma 
is  complete,  the  administrator,  by  turning  the  switch  in 
the  mouthpiece,  gives  a  little  air,  and  then  again,  by  a 
reverse  turn,  a  little  gas,  and  so,  guided  by  the  color  of 
the  blood  as  seen  through  the  skin,  by  the  snore  of  the 
respiration,  and  by  the  presence  or  absence  of  voluntary 
muscular  movements,  he  skilfully  gives,  alternately,  air 
to  keep  his  patient  alive  and  gas  to  keep  him  in  practi- 
cally continuous  unconsciousness.    In  this  way  a  practised 
administrator  can  maintain  prolonged  anaBsthesia  with 
nitrogen  monoxide;   but  by  the  very  necessities  of  the 
case  the  patient  is  always  j  ust  on  the  verge  of  awakening 
to  consciousness  of  pain  on  the  one  hand,  and  to  the  un- 
desirable sudden  movement  of  a  limb  on  the  other.     Ob- 
viously, therefore,  despite  its  advantages  of  swiftness  and 
pleasantness  of  action,  nitrogen  monoxide  is  more  appro- 
priate, given  in  the  above  manner,  as  an  ansesthetic  for 
momentary  than  for  prolonged  operations.     In  order  to 
secure  an  easy  continuance  of  ansesthesia,  Dr.  Paul  Bert, 
of  Paris,  has  proposed  the  method  of  administering  a 
mixture  of  nitrogen  monoxide  and  oxygen  under  in- 
creased atmospheric  pressure.    Under  such  circumstances 
the  oxygen  of  the  mixture  prevents  asphyxia,  yet  the 
characteristic    anaesthetic    unconscigusness  of    nitrogen 
monoxide    supervenes  with    the    usual   quickness  and 
kindliness,  and  can  be  maintained  continually  without 
dangerous  or  even  disagreeable  effect.     Bert  mixes  the 
gases  in  the  proportion  of  85  parts  of  nitrogen  mon- 
oxide to  15  parts  of  oxygen,  and  conducts  the  admin- 
istration in  a  special  chamber  of  compressed  air  rep- 
resenting  a  total    atmospheric  pressure  of  93  cm.  of 
mercury.     Anesthesia  has  thus  been  maintained  safely 
and  pleasantly  without  break   for  over  an  hour,   but 
the  large  volumes  of  gas  required  for  such  prolonged 
application  and   the   trouble    of    providing    the    com- 
pressed-air chamber  will  probably  always  interfere  seri- 
ously with  the  extension  of  the  method  into  practice. 
Many  surgeons  use  nitrogen  monoxide  as  a  preliminary 
to  ether,  in  the  administration  of  the  latter  as  an  anses- 
thetic. 

Nitrogen  monoxide  is  obtained  from  the  s,aXt  ammonivm 
nitrate  by  heating  the  same  in  a  retort.  At  an  elevated 
temperature  the  salt  decomposes,  and  from  its  constit- 
uents water  and  nitrogen  monoxide  form  (NIIi,  NO3  = 
2H2O  4-  N2O).  The  gas  is  supplied  by  manufacturers, 
condensed  to  a  liquid  in  strong  iron  cylinders— a  con- 
venient method  of  storage,  since  in  this  way  a  large 
volume  of  gas  occupies  but  a  small  space.  From  these 
cylinders  the  administration  bag  is  filled  as  occasion  de- 
mands. It  is  not  wise  to  attempt  to  make  the  gas,  unless 
provided  with  apparatus  constructed  for  the  purpose, 
since,  unless  the  distillation  be  done  in  a  certain  precise 
manner,  the  resulting  gas  may  contain  dangerous  impur- 
ities. A  pure  article  of  fused  ammonium  nitrate  is  to  be 
used;  the  heat  is  to  be  gradually  applied  and  never 
allowed  to  exceed  400°  F.  and  the  gas,  after  passmg 
through  a  series  of  wash-bottles,  one  of  which  contams  a 
solution  of  potassa,  is  to  be  collected  in  a  gasometer,  over 
warm  water,  or  over  an  aqueous  solution  of  common  salt. 

Edward  Curtis. 


NITROGLYCERIN— Nitroglycerin,  called  alsoglonoin, 
is,  chemically,  a  trinitrate  of  the  radical  glyceryl,  repre- 
sented by  the  formula,  C3H6(N03)3,  equivalent  to  the 
replacing  of  the  three  hydrogen  atoms  of  the  hydroxyl 
groups  in  the  molecule  of  glycerin  by  the  nitro-group 
NO.J.  Nitroglycerin  is  made  by  the  action  of  nitric  acid 
upon  glycerin,  and  is  a  transparent,  colorless,  dense  oily 
fluid,  of  about  the  specific  gravity  1.6;  slightly  soluble 
in  water,  but  freely  soluble  in  ether  or  alcohol.  It  is 
slightly  volatile,  inodorous,  and  of  a  sweet,  pungent, 
aromatic  taste.  Upon  concussion,  as  is  well  known,  it 
explodes  with  extreme  violence.  Nitroglycerin  itself  is 
not  official  as  a  medicine,  but  the  United  States  Pharma- 
copoeia recognizes  a  one-per-cent.  alcoholic  solution  of 
the  substance  imder  the  title  tipiritus  Olonoini,  Spirit  of 
Glonoin.  This  spirit  presents  only  the  physical  charac- 
teristics of  alcohol,  in  appearance,  taste,  and  smell,  and 
is  entirely  non-explosive.  But  if  some  of  it  be  spilled, 
so  that  the  alcohol  has  a  chance  to  evaporate,  the  nitro- 
glycerin will  become  concentrated,  and  a  dangerous  ex- 
plosion becomes  possible.  The  spirit  should,  therefore, 
be  handled  with  great  care.  It  should  be  kept  in  tin  cans 
instead  of  in  glass  bottles,  and  these  should  be  well  stop- 
pered and  stored  in  a  safe  and  cool  place,  away  from  ex- 
posure to  light  or  fire. 

The  efifects  of  a  one-percent,  solution  of  nitroglycerin 
upon  the  animal  system  are,  in  kind,  exactly  those  of  the 
nitrites  (see  Nitrites),  with  the  additional  symptom  of  a 
severe  and  obstinate  headache.  In  rapidity  of  action, 
nitrogl3'cerin  occupies  a  position  between  amyl  nitrite 
on  the  one  hand,  and  the  nitrites  of  the  alkali  metals  on 
the  other.  The  agent  is  powerful ;  a  single  drop  of  the 
one-per-cent.  solution  taken  upon  the  tongue  produces 
within  three  or  four  minutes  a  transient  feeling  of  cere- 
bral fulness  and  frontal  pain,  and  a  dose  of  four  or  five 
drops  quickly  determines  a  full  nitrite  derangement — 
flushed  face,  throbbing  arteries,  violent  and  disorderly 
heart  action,  hurried  respiration,  and  splitting  headache. 
Over-dosage  is  extremely  dangerous,  as  shown  by  a  re- 
ported case  in  which,  after  a  dose  of  two  and  a  half  drops 
of  a^«-per-cent.  solution,  the  typical  nitrite  effects  were 
quickly  succeeded  by  sickness,  faintness,  and  coma  with 
stertorous  breathing.  The  heart's  action  became  alarm- 
ingly weak,  but  the  patient  finally  recovered. 

Nitroglycerin  produces  thus  exactly  the  effects  of  a 
nitrite,  and  accordingly  the  inference  is  that  in  the 
career  of  the  compound  in  the  animal  economy  it  suffers 
change  into  a  nitrite,  and  as  such  nitrite  exerts  its  activ- 
ity. This  subject  of  a  possible  chemical  conversion  of 
nitroglycerin  within  the  system  was  studied  by  Matthew 
Hay  (Practitioner,  June,  1883),  who  found  that  nitro- 
glycerin is  decomposed  by  alkalies  and  alkaline  car- 
bonates, with  the  conversion  of  two-thirds  of  its  nitric 
acid  into  nitrous,  which  nitrous  acid  then  combines  with 
the  alkali  to  form  a  nitrite  of  the  same.  This  reaction, 
furthermore.  Hay  was  able  to  produce  by  treating  a  one- 
tenth-per-cent.  solution  of  nitroglycerin  in  water  with 
freshly  drawn  defibrinated  blood,  and  digesting  the  mix- 
ture for  forty  minutes  in  an  oven  at  a  temperature  rang- 
ing between  104°  and  113°  F.  Such  mixture  assumed 
the  peculiar  chocolate  color  of  nitrite  poisoned  blood,  and 
by  analysis,  after  an  hour's  digestion,  nearly  the  whole 
of  the  nitroglycerin  present  was  found  to  have.undergone 
decomposition.  1     •  ^ 

Nitroglycerin  thus  seems  to  be,  for  the  pharmacologist 
and  physician,  but  a  nitrite-furnishing  compound,  whose 
distinguishing  feature  is  solely  the  extraordinary  intens- 
ity of  its  action,  a  feature  which  Hay  accounts  for  by  the 
fact  that  nitroglycerin  is,  by  the  peculiarity  of  its  com- 
position, exempt  from  the  decomposition  by  the  acid  of 
the  gastric  juice  to  which  nitrites  are  liable— a  decompo- 
sition which  always  renders  inert  a  certain  proportion  of 
each  dose  of  a  nitrite  swallowed  as  such.         _ 

The  therapeutic  applications  of  nitroglycerin  are  those 
of  the  nitrites.  The  remedy  has  been  used  with  benefit 
in  angina  pectoris,  asthma,  and  epilepsy,  especially  in 
petit  mat,  and  also  in  the  anfemic  form  of  migraine  (Hain- 
mond),  and  in  nephritis  attended  with  a  hard,  corded 
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pulse  (Robson).  The  dose,  iu  an  untried  subject,  should 
be  at  first  but  a  single  drop  of  the  customary  one-per- 
cent, alcoholic  solution,  to  be  repeated  every  fifteen  min- 
utes until  four  or  five  drops  shall  have  been  taken  or 
relief  experienced.  In  habitual  use,  as  for  epileptics,  the 
dose  will  very  likely  require  gradual  increase.  At  the 
rate  of  an  additional  drop  per  dose  each  month  so  large 
a  dosage  as  twelve  drops  three  times  a  day  of  the  one- 
per-cent.  solution  has  been  taken  without  the  production 
of  undue  derangement.  Edward  Curtis. 

NITROHYDROCHLORIC  ACID.  —  (Aqua  Regia.) 
Under  the  title  Acidum  NitrohydroeUm'imim,  Nitro- 
hydrochloric  Acid,  the  United  States  Pharmacopoeia  rec- 
ognizes the  product  of  mixing  together  180  measures  of 
nitric  acid  and  830  of  hydrochloric.  On  making  such 
mixture  effervescence  occurs  and  a  golden-yellow,  fuming 
fluid  results,  strongly  acid  and  intensely  corrosive — more 
so  than  the  original  acids  of  its  composition — and  also 
possessed  of  the  peculiar  properties  of  smelling  of  chlorine 
and  of  dissolving  readily  gold-leaf.  This  fluid  is  wholly 
volatilizable  by  heat.  As  its  smell  suggests,  nitro- 
hydroohloric  acid  contains  free  chlorine,  and  the  fresher 
the  sample  of  the  acid  the  higher  the  percentage  of  chlor- 
ine, since  by  keeping,  especially  if  exposed  to  light,  the 
chlorine  constantly  tends  to  undergo  conversion  into  hy- 
drochloric acid,  deriving  hydrogen  bj'  the  decomposition 
of  water.  Nitrohydrochloric  acid  should  therefore  be 
made  and  kept  only  in  small  quantities,  and  these,  after 
all  effervescence  has  subsided,  should  be  put  up  in  glass- 
stoppered  bottles,  half  filled  only,  and  stored  in  a  cool 
place,  protected  from  the  light.  The  reaction  whereby 
free  chlorine  is  evolved  in  a  mixture  of  nitric  and  hydro- 
chloric acids  is  now  commonly  regarded  bj'  chemists  as 
tlie  following: 

HNOs  +  3HC1  =  2H2O  -f  NOCl  -f  CI2. 

As  already  said,  nitrohydrochloric  acid  is  intensely 
roriosive  to  animal  tissues.  The  acid  is  possible,  there- 
fore, as  a  surgical  caustic,  but  the  more  manageable 
nitric  acid  is  commonly  and  properly  preferred.  The 
special  medicinal  value  of  nitrohydrochloric  acid  lies  in 
the  influence  of  the  preparation  over  the  functions  of  the 
liver,  and  also  over  certain  obscure  derangements  of 
metabolic  processes,  notably  over  that  leading  to  consid- 
erable appearance  of  calcium  oxalate  in  the  urine — the 
condition,  in  short,  clinically  dubbed  oxaluria.  As  re- 
gards influence  over  the  liver^  nitrohydrochloric  acid  has 
long  enjoyed  the  reputation  of  tending  to  abate  conges- 
tions of  the  organ,  to  oppose  the  march  of  cirrhosis,  and 
even  to  favor  the  limitation  of  abscess,  and,  in  so-called 
functional  disorders  of  the  liver,  to  cause  recedence  of 
the  symptoms.  Experimentally,  also,  Rutherford  has 
shown  that  the  acid  possesses  considerable  cholagogue 
power.  Nitrohydrochloric  acid  is  therefore  a  standard 
remedy  for  tlie  treatment  of  oxaluria  and  the  various 
above-named  diseases  of  the  liver.  The  medicine  can  be 
introduced  into  the  system  either  by  baths  or  by  swal- 
lowing. For  a  bath  the  acid  should  be  diluted  in  the 
proportion  of  8  gm.  of  the  acid  to  a  litre  of  water  (one 
fluidounce  to  the  gallon),  and  the  bath  taken  in  a  wooden 
tub.  Such  baths  should  be  about  blood-warm,  and  should 
be  administered  daily,  or  twice  a  week,  according  to  in- 
dications. The  duration  of  the  bath  will  range  from  ten 
to  thirty  min\ites,  or  until  a  tingling  or  pricking  sensa- 
tion is  experienced.  After  removal  from  the  bath  the 
skin  of  the  bather  should  be  wiped  very  dry,  Instead  of 
a  general  bath,  a  foot-bath  or  a  sponging  with  a  dilution 
of  the  acid  of  the  strength  already  given  may  be  substi- 
tuted. These  external  applications  are  undoubtedly  effi- 
cient, and  an  occasionally  developed  salivation  proves 
lieyond  question  the  absorption  of  the  acid  when  admin- 
istered in  this  way.  For  internal  giving  the  dose  is  a 
very  few  drops— from  three  to  five— diluted,  at  the  time 
of  taking  only,  with  a  wineglassful  or  so  of  water,  and 
the  draught  sucked  through  a  glass  tube,  with  subse- 
quent thorough  rinsing  of  the  mouth.  For  prescription 
internally  there  is  also  in  the  United  States  Pharmaco- 
pceia   an    official    preparation    entitled  Acidum  Nitro- 


hydrochloricum  Bilutum,  Diluted  Nitrohydrochloric 
Acid,  consisting  of  freshly  made  nitrohydrochloric  acid 
diluted,  after  making,  with  nearly  four  times  its  measure 
of  distilled  water.  The  preparation  is  a  colorless  or  faintly 
yellow  liquid,  odorless,  or  having  a  slight  odor  of  chlor- 
ine, and  a  very  acid  taste  and  reaction.  By  heat  it  is 
wrholly  volatilized.  This  dilute  acid  is,  medicinally,  ob- 
jectionable, because  the  mere  fact  of  dilution  tends  to 
favor  the  conversion  of  the  free  chlorine  of  nitrohydro- 
chloric acid  into  hydrochloric  acid.  As  actually  dis- 
pensed and  used,  this  preparation  is,  therefore,  much 
more  likely  to  be  a  mere  mixture  of  nitric  and  hydro- 
chloric acids  than  the  specific  chlorine-containing  com- 
pound represented  by  a  freshly  made  sample  of  the  strong 
acid.  The  dose  of  the  dilute  acid  may  range  as  high  as 
twenty  drops,  to  be  taken  in  the  same  manner  as  a  dose 
of  the  strong  acid.  Edward  Curtis. 

NOBSCOT  MOUNTAIN  SPRING.— Middlesex  Coimty, 

Massachusetts. 

Post-Oppice. — Framingham. 

Access  viS  Northern  Division  of  Old  Colony  Railroad 
or  Southern  Division  of  Boston  and  Maine  Railroad  to 
station;  one  and  one-half  miles  distant  from  the  spring. 

The  spring  is  located  five  miles  from  Framingham,  at 
the  base  of  Nobscot  Mountain,  the  highest  point  in  Mid- 
dlesex County,  and  comes  through  crevices  in  what  ap- 
pears otherwise  to  be  a  solid  ledge  of  rock.  The  water 
has  a  uniform  temperature  of  41°  F.,  and  an  average 
flow,  summer  and  winter,  of  fourteen  thousand  gallons 
per  day.  The  surrounding  watershed  is  a  heavily 
wooded  glacial  moraine,  free  from  human  habitations  of 
any  description.  Several  sanitary  analyses  have  shown 
the  water  to  be  thoroughly  pure  and  wholesome.  The 
following  mineral  analysis  was  made  in  1891  by  Daven- 
port and  Williams,  of  Boston : 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Organic  and  volatile  matter 0.64 

Silica 53 

Iron  oxide  and  alumina 00 

Lime  carbonate 75 

Magnesium  carbonate 23 

Sodium  chloride 36 

Sodium  carbonate 38 

Potassium  sulphate 30 

Total. ...^ 3.21 

There  is  no  hotel  on  the  spring  property.  The  water 
is  shipped  in  glass  packages  and  supplied  to  the  markets 
of  numerous  New  England  towns  and  cities.  The  sales 
in  1896  amounted  to  slightly  more  than  six  hundred 
thousand  gallons.  James  K.  Crook. 

NODOSITAS  CRINIUM.  See  Atrophia  Pilorum  Pro- 
pria. 

NODOSITIES,  NON-ERYTHEMATOUS,  OF  AR- 
THRITIC PATIENTS.— Though  known  for  a  long  time 
without  any  particular  attention  being  paid  them,  these 
curious  formations  have  been  more  specially  observed 
stince  Barlow  and  Warner  made  a  careful  study  of  them 
a  few  years  back.  They  were  followed  by  several 
French  observers,  more  partioulaily  Brocq  of  Paris,  who 
elaborated  them  into  two  varieties^ — a  merely  clinical  dis- 
tinction, both  forms  being  made  up  of  round  and  spindle- 
shaped  cells.  They  are  more  common  in  children  than 
in  adults.  They  may  be  considered  as  affording  positive 
evidence  of  rheumatism,  though  they  do  not  necessarily 
appear  during  the  fever  but  may  develop  on  its  decline, 
or  even  altogether  independently  of  any  acute  attack. 
(Osier.)  Often  their  appearance  is  coincident  with  the 
development  of  symptoms  of  pericarditis,  sometimes  of 
pleurisy,  but  especially  of  severe  chronic  rheumatic  en- 
docartitis. 

The  first  variety,  which  Brocq  calls  ephemeral  cutaneous 
•nodosities,  is  confined  entirely  to  the  forehead,  occurring 
there  as  ill-defined  prominences  in  and  movable  with  the 
skin,  although  they  are  sometimes  adherent  to  the  peri- 
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osteum.  They  are  entirely  painless  always,  and  there  is 
no  change  of  color  in  the  overlying  integument.  They 
are  never  very  numerous,  rarely  more  than  two  or  three, 
sometimes  only  one,  being  discovered.  They  vary  in  size 
from  a  small  shot  to  a  pea,  and  their  ephemeral  nature 
constitutes  their  chief  characteristic.  Appearing  toward 
the  end  of  the  day  or  during  the  night  (Ferel)  without  any 
subjective  symptoms  whatever,  they  last  but  a  day  at 
most,  and  disappear,  leaving  no  traces,  to  spring  forth 
again,  without  known  cause,  in  a  new  place  on  the  fore- 
head. 

The  second  variety  ( rheumatie  subcutaneous  nodules), 
by  far  the  more  common  and  better  known,  differs  froin 
the  first  form  in  that  the  tumors  are  subcutaneous  and 
are  more  stationarj'.  The  overlying  integument,  un- 
changed in  color,  moves  freely  over  them  and  they 
strongly  resemble  syphilitic  exostoses  or  gummata.  To 
the  toubh  they  are  firm  and  elastic,  freely  movable  upon 
the  underlying  structures.  At  times,  however,  this  fact 
may  be  demonstrable  only  with  attention,  when,  for  in- 
stance, the  tumors  occur  over  bone,  as  in  the  scalp,  where 
they  give  the  impression  at  first  of  being  exostoses.  They 
are  sometimes  tender  on  pressure,  seldom  spontaneously 
painful.  In  size  they  vary  from  a  pea  to  a  Albert  and 
are  sharply  defined.  Coming  in  successive  crops  without 
premonition  they  increase  slowly,  sometimes  quite  rap- 
idly, in  volume  to  their  maximum,  remain  stationary  for 
a  variable  length  of  time — amounting  f  i-equently  to  weeks 
or  months, — then  disappear,  leaving  no  trace  of  their  ex- 
istence. Their  favorite  locations  are  the  periarticular 
regions — elbows,  knees,  wrists,  and  joints  of  tlie  fingers. 
They  occur  also  superficially  along  the  long  bones,  over 
the  spines  of  the  vertebroe  and  scapula;,  over  the  iliac 
crests,  and  frequently  over  the  frontal  and  occipital  bones, 
these  last  two  being  particularly  favorite  sites.  The 
nodules,  which  as  a  rule  are  separate  and  distinct  from 
one  another,  although  in  rare  cases  they  may  be  confluent, 
occur  at  times  in  large  numbers;  more  particularly  in 
adults. 

They  are  to  be  distinguished  from  the  swellings  of 
erythema  nodosum  by  the  absence  of  color  and  from 
other  cutaneous  and  subcutaneous  tumors  by  their  own 
peculiar  evolution. 

Treatment  should  be  directed  toward  the  underlying 
rheumatic  diathesis.  Charles  Townshend  Bade. 

NOMA.    See  Mouth,  Diseases  of,  in  The  Appendix. 

NORTH  HAVEN  POOL.— New  Haven  County,  Con- 
necticut. The  waters  of  this  pool  have  had  a  local  repu- 
tation for  more  than  one  hundred  years,  and  it  is  said 
that  Dr.  Trumbull,  the  historian  of  Connecticut,  was  in 
the  habit  of  accommodating  boarders  who  came  to  avail 
themselves  of  their  medicinal  efEects.  According  to  an 
analysis  by  Prof.  S.  W.  Johnson,  the  following  ingredi- 
ents are  found : 


Sodium  sulpbate. 
Sodium  cliloride. 
Potassium  sulphate. 
Calcium  sulphate. 
Calcium  carbonate. 
Magnesium  carbonate. 


Ferrous  carbonate. 
Silicic  oxide 
'Alumina  ) 

Ammonia  >  Traces. 

Phosphoric  acid ) 


The  iron  is  present  in  sufficient  quantities  to  give  the 
waters  useful  tonic  properties.  They  are  said  to  be  of 
decided  value  in  chronic  skin  affections.  The  waters  are 
bottled  and  sold  in  one-,  two-,  and  four-gallon  jugs. 

James  K.  Grooh. 

NOSE,  INJURIES  OF  THE.— Injuries  of  the  nose  may 
he  caused  by  firearms  or  by  sharp  or  blunt  instruments. 
Falls  upon  the  nose  and  blows  with  the  fist  are  by  far  the 
commonest  causes  of  traumatism.  The  various  lesions 
which  may  be  produced  are :  damage  to  the  soft  parts, 
ecchymosis,  hemorrhage,  emphysema,  obstruction  to  the 
tear  duct,  dislocation  and  fracture,  and  a  variety  of  de- 
formities resulting  therefrom. 

The  soft  parts  of  the  nose,  like  those  of  the  rest  of  the 
face,  are  abundantly  supplied  with  blood-vessels,  and 


therefore  heal  readily ;  hence  ragged  wounds  should  be 
carefully  sutured  and  no  tissue  cut  away  even  though 
it  is  badly  lacerated,  since  its  vitaUty  will  usually  be 
preserved.  Swelling  may  be  limited,  if  the  patient  is 
seen  early,  by  very  hot  or  very  cold  applications.  Later, 
mild  antiseptic  lotions,  such  as  a  solution  of  boracic  acid, 
if  applied  upon  a  thin  layer  of  gauze  so  as  to  faciUtate 
rapid  evaporation,  will  be  found  most  grateful  to  the  pa- 
tient. At  a  later-stage  the  wounds  may  be  covered  with  a 
dry  dressing,  such  as  one  of  cotton  and  collodion.  Sup- 
puration, on  account  of  the  free  blood  supply,  is  usually 
superficial  and  easily  controlled.  The  skin  of  the  nose 
is,  however,  a  favorite  starting-point  for  facial  erysipelas, 
for  the  treatment  of  which  see  article  on  Erysipelas. 
Deeper  suppuration  should  be  promptly  treated  by  free 
incision  and  drainage  on  account  of  the  risk  of  its  extend- 
ing to  the  cranial  cavity. 

If  the  tip  of  the  nose  is  lost,  or  the  damage  to  some 
other  portion  of  it  is  so  great  that  diaficgurement  results, 
a  plastic  operation  will  have  to  be  undertaken  at  a  later 
date  to  repair  the  deformity.  (See  article  on  Beparative 
Surgery. ) 

Injuries  to  the  nose,  like  those  to  the  eye,  often  give 
rise  to  an  ecchymosis  which  is  very  annoying  to  the  pa- 
tient. Hot  applications  and  a  ilrm  bandage,  if  applied 
sufficiently  early,  may  prevent  the  spread  of  blood  sub- 
cutaneousiy.  Later,  the  discolored  skin  can  be  painted 
so  as  to  be  less  noticeable.  The  ecchymosis  will  begin 
to  fade  out  in  the  course  of  five  days  or  a  week. 

Hemorrhage  fromthe  external  parts  of  the  nose  is  easily 
controlled.  That  from  the  anterior  or  posterior  nares, 
either  with  or  without  accompanying  fracture,  may  be 
more  alarming.  It  is  sometimes  kept  up  by  the  position 
of  the  patient,  who,  for  the  sake  of  convenience,  may 
lean  forward  over  a  wash  bowl  so  as  to  permit  the  blood 
to  flow  out  through  the  anterior  nares.  Such  a  position, 
by  producing  congestion  of  the  face,  tends  to  keep  up  the 
flow  of  blood.  Ice  applied  to  the  nose  or  placed  on  the 
back  of  the  neck  is  sometimes  of  service  in  stopping 
hemorrhage.  If  the  flow  of  blood  is  really  serious  one 
should  not  trust  to  such  means,  but  should  attempt  to 
check  the  blood  by  pressure  directly  upon  the  wounded 
vessel,  or  by  styptics.  Hemorrhage,  both  that  which  oc- 
curs spontaneously  and  which  has  received  the  name  of 
epistaxis,  and  that  which  follows  an  injury  to  the  nose, 
usually  conies  from  the  septum.  If,  therefore,  the  ante- 
rior nares  be  examined  by  reflected  light  the  bleeding 
point  will  visually  be  discovered.  It  may  be  touched  with 
the  point  of  the  galvanocautery  or  with  some  caustic  or 
astringent  preparation,  by  far  the  best  one  being  a  dilute 
solution  of  suprarenal  extract  which  may  be  applied, 
after  the  nostril  has  been  cleansed,  either  upon  a  swab  of 
cotton  or  in  the  form  of  a  nasal  douche  or  a  nasal  spray. 
This  remedy  is  so  efficacious  that  it  will  rarely  be  neces- 
sary to  plug  the  nostrils  with  gauze  for  the  purpose  of 
stopping  the  hemorrhage.  When  gauze  is  used,  it 
should  be  inserted  in  narrow  strips  under  the  guidance  of 
'the  eye  until  sufficient  .pressure  is  obtained.  At  the  end 
of  from  twenty-four  to  forty-eight  hours  it  should  be  re- 
moved, after  thorough  moistening,  in  order  to  detach  it, 
and  the  nares  should  be  cleansed  by  antiseptic  irrigation. 
The  old  habit  of  stuffing  the  nostrils  full  of  sponges  or 
cotton  and  leaving  them  undisturbed ,  for  several  days  is 
absolutely  indefensible  in  view  of  the  modern  methods 
of  controlling  hemorrhage.  (See  also  article  on  Hemor- 
rhage.) .      , 

Emphysema  is  a  complication  due  to  the  patient  s  at- 
tempt to  cleanse  his  nostrils  by  violent  blowing.  Air  is 
forced  through  the  ruptured  mucous  membrane  and  frac- 
tured bony  framework  into  the  subcutaneous  tissue.  This 
complication  distorts  the  visage,  but  is  in  no  wise  a  seri- 
ous one,  and  the  emphysema  will  speedily  disappear  of 
itself  as  soon  as  the  cause  ceases  to  act.  The  patient 
whose  nose  has  been  broken  should  be  cautioned  against 
blowing  his  nose,  an  act  which  may  also  set  up  hemor- 
rhage and  spread  infection,  as  well  as  cause  emphysema. 
Obstruction  to  the  tear  duct  may  follow  nasal  injuries, 
being   usuallv  the  result  of  swelling.     It  requires  no 
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treatment  and  will  disappear  of  itself  when  the  swelling 
subsides.  ,  ,  „  ,      „   , 

Fracture  and  Dislocation.— Tha  sohd  framework  of  the 
nose  may  be  broken  or  dislocated.  It  is  made  up  of  the 
vomer  and  the  perpendicular  plate  of  the  ethmoid,  to 
which  are  attached  the  nasal  bones  and  the '  quadrilateral 
cartilage.  These  structures  may  be  broken  in  a  variety 
of  ways  which  it  is  unnecessary  to  specify,  since  there 
are  general  principles  of  treatment  which  should  be 
followed  in  the  case  of  every  fracture  or  dislocation 
associated  with  deformity.  Many  fractures  are  com- 
pound internally ;  hence  the  necessity  for  perfect  clean- 
liness, to  be  secured  by  antiseptic  irrigation.  Gentle 
external  manipulation  will  often  elicit  crepitus  and  ab- 
normal motion,  while  examination  of  the  anterior  nares 
will  reveal  the  presence  of  existing  deformity.  Buch  ex- 
amination is  very  important,  for  the  future  well-being  of 
the  patient  depends  far  more  upon  a  free  nasal  passage 
than  it  does  upon  the  correction  of  external  deformity.  In- 
ternal deformity  usually  consists  of  a  deviation  of  the  sep- 
tum so  decided  as  partially  to  obstruct  one  or  both  nostrils. 
The  quadrilateral  cartilage  may  be  loosened  and  rotated 
upon  its  articulation  with  the  vomer.  A  moderate  twist 
of  this  sort  will  greatly  obstruct  both  nasal  passages. 
Whatever  the  deformity,  it  should  be  forthwith  over- 
come and  the  bones  kept  in  a  correct  position  for  a  few 
days  until  they  have  begun  to  unite.  Instruments  for 
this  purpose  should  be  smooth,  strong,  and  not  too  large. 
A  small  periosteal  elevator  is  a  suitable  instrument  with 
which  to  raise  the  depressed  bridge  of  the  nose.  The 
septum  may  be  straightened  by  sequestrum  forceps 
whose  blades  are  protected  by  short  sections  of  rubber 
tubing.  There  are,  of  course,  special  instruments  for 
these  purposes.  It  is  necessary  that  the  displaced  frag- 
ments be  thoroughly  reduced ;  indeed,  over-reduction  is 
generally  desirable.  When  this  is  accomplished,  there  is 
little  tendency  for  a  reproduction  of  the  deformity,  so 
that  a  retaining  apparatus  is  not  usually  needed.  A 
number  of  internal  and  erternal  splints  have  been  de- 
vised. Gauze  packing  carefully  applied  answers  satis- 
factorily if  only  one  nostril  needs  to  be  filled ;  if  the  de- 
formity is  such  that  pressure  is  required  in  both  nostrils, 
rubber  tubes  moulded  to  fit  the  nostrils  are  far  more  com- 
fortable. Various  splints  have  been  devised  to  keep  up 
external  pressure  upon  the  nose.  The  most  successful 
consists  of  a  firm  band  or  plate  strapped  across  the  fore- 
head from  which  by  means  of  a  second  band  or  rod  press- 
ure can  be  exerted  upon  the  nose.  The  direction  of  the 
pressure  can  be  regulated  by  screws  or  by  bending  a  stiff 
wire.  In  some  fractures  a  pin  thrust  through  the  nose 
from  side  to  side  will  keep  the  bones  in  position  better 
than  any  splints.  Such  a  pin  may  be  withdrawn  at  the 
end  of  four  or  five  days. 

Deviation  of  tlie  septum  may  also  be  overcome  by  two 
pins  passed  in  tlie  sagittal  plane  of  the  body  and  crossing 
one  another.  This  is  a  method  of  treatment  more  often 
used  to  correct  old  deformities 
than  fresh  ones.  (Pig.  3591.) 
B^racture  of  the  nose  is  not 
of  itself  a  serious  in.iury. 
When  the  broken  bones  are 
replaced  they  will  unite  with 
great  rapidity,  so  that  tlie 
cure  will  be  complete  in  from 
two  to  four  weeks.  If  (he 
fracture  extends  upward  so 
as  to  involve  the  cribriform 
plate  the  patient  is  exposed 
to  the  risk  of  septic  menin- 
gitis. Such  an  injury  is 
really  a  fracture  of  the  base 
of  the  skull,  and  should  be  treated  as  sucli  from  the 
first  if  the  diagnosis  can  be  made.  (See  article  on  Head, 
Wounds  of.) 

Deformity  followin (I  Injury.— li  a  fracture  or  dislocation 
of  the  nose  is  left  untreated,  or  if  the  surgeon  merely  pays 
attention  to  external  appearances  and  does  not  correct  de- 
viations of  the  septum,  partial  obstruction  of  one  or  both 


Fig.  a591.— Method  of  Pinning 
the  Nasal  Septum.   (Roberts.) 


nares  may  result.  In  many  cases  it  is  possible  to  correct 
such  a  deformity  under  a  general  anaesthetic  by  forcibly 
loosening  or  refracturing  the  deformed  bones  with  a 
strong  pair  of  forceps  and  moulding  the  nose  into  the 
proper  shape.  Deviations  of  the  septum  may  require 
incision  or  a  punching  out  of  certain  portions  to  facilitate: 
complete  reduction.  (Consult  also  the  article  on  "  Nasal- 
Cavities,  Diseases  of:  Congenital  and  Acquired  Deformi- 
ties. ")  If  the  bridge  of  the  nose  cannot  be  lifted,  a  plati- 
num, or,  better,  a  celluloid  support  may  be  inserted  un- 
derneath the  skin  and  allowed  to  cicati-ize  there,  thus- 
forming  an  artificial  nasal  bridge ;  which,  if  it  is  properly 
shaped,  is  not  to  be  told  from  a  natural  one.  The  details- 
of  these  operations  are  given  in  the  article  on  Repa/ratiu- 
Surgery.  Edward  Milton  Foote. 

NOSOPHEN  —  tetra-iodo-phenolphthalein  (CbHJj- 
0H)jC0.CeH4C0 — is  obtained  by  the  action  of  iodine  on 
phenolphthalein,  and  is  a  fine  yellowish,  odorless,  and 
tasteless  powder,  insoluble  in  water  and  acids,  and  soluble 
with  difficulty  in  alcohol,  ether,  and  chloroform.  It  con- 
tains 61.7  per  cent,  of  iodine  and  may  be  heated  to  230" 
C.  (428°  ¥.)  without  decomposition.  It  forms  soluble 
salts  with  alkalies  and  insoluble  salts  with  the  heavy 
metals. 

Aiitinosin,  tlie  sodium  salt  of  nosophen,  is  a  dark  blue- 
amorphous  powder,  which  is  freely  soluble  in  water  and 
alcohol. 

Eudoxin,  the  bismuth  salt  of  nosophen,  contains  52.9' 
per  cent,  of  iodine  and  14.5  per  cent,  of  bismuth,  and  is- 
used  internally  as  a  gastric  and  intestinal  antiseptic. 
Dose,  0.2-0.5  gm.  (gr.  iij.-viij.),  or  for  an  infant  0.06- 
gm.  (gr;  i.)  or  less. 

Nosophen  is  a  non -irritant  iodoform  substitute  which 
does  not  liberate  iodine.  It  is  an  impalpable  powder,  of 
use  not  only  as  an  antiseptic  but  also  for  drying  up  wound 
secretions.  It  forms  crusts,  however,  which  must  be- 
lifted  to  allow  the  escape  of  the  underlying  secretions. 

Caldwell  treats  ulcers  with  nosophen  in  powder  or  ten- 
per-cent.  ointment,  or  with  a  flfty-per-cent.  solution  of 
antinosin.  Steele  uses  three-per-cent.  nosophen  gauze  for 
the  treatment  of  wounds,  abscesses,  ulcers,  etc.,  and  as 
iutra-uterine  packing  after  curetting.  Owing  to  Its  free- 
dom from  odor,  it  meets  with  much  favor  in  nasal  cases.  E. 
Klebs  uses  0.1-per-cent.  solutions  of  antinosin  for  mouth 
and  nares,  and  administers  the  same  solution  internally 
as  an  antiseptic  in  dose  of  12-24  c.c.  (  3  ii,1.-vi.).  Noso- 
phen has  been  used  in  capsule  as  an  intestinal  antiseptic, 
and  Millener  employed  it  with  success  in  combination  with 
antinosin  in  thirty-six  cases  of  chronic  suppurative  otitis- 
media.  The  antinosin  was  Instilled  into  the  ear  in  two- 
or  three-per-cent.  solution,  and  the  nosophen  dusted  into 
the  canal.  xVntinosin  in  two-per-cent.  solution  is  also 
used  for  bladder  irrigations.  W.  A.  Bastedo. 

NOTIFICATION     OF     INFECTIOUS     DISEASES.- 

Among  the  different  measures  employed  by  sanitary  au- 
thorities for  the  prevention  of  the  spread  of  infectious 
diseases,  the  notification  of  the  occurrence  of  such  dis- 
eases now  occupies  a  prominent  place.  Municipal  au- 
thorities especially  should  have  the  requisite  power  every- 
where to  require  immediate  notice  to  be  given  them  of 
every  fresh  outbreak  of  diseases  dangerous  to  the  public 
health  in  order  that  such  authority  may  take  proper 
measures  for  the  protection  of  the  community. 

The  chief  advantages  of  a  system  of  notification  lie  in 
the  possibility  which  is  thus  given  to  a  local  board  of 
health  to  determine  the  extent  of  prevalence  of  an  epi- 
demic or  a  localized  outbreak,  and  to  inquire  into  the 
local  causes  which  have  operated  to  produce  it.  The 
board  can  then  act  intelligently  in  applying  the  proper 
remedies  for  preventing  its  further  spread. 

Laws  enacted  with  this  object  in  view  have  been  in 
force  in  the  older  Slates  for  many  years,  but  not  until 
within  the  past  ten  or  twenty  years  have  pains  been 
taken  to  execute  such  statutes  with  such  degree  of  effi- 
ciency as  to  make  them  really  protective.  The  law  re- 
quiring the  householder  to  report  each  case  of  dangerous 
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disease  to  the  local  authority  was  enacted  in  Massachu- 
setts in  1793,  and  that  which  requires  the  same  duty  on 
the  part  of  the  attending  physician  was  enacted  in  1827. 
Little  attention,  however,  had  been  paid  to  the  enforce- 
ment of  these  laws  until  toward  the  end  of  the  19th  cent- 
ury. 

Various  attempts  have  been  made  in  England  to  enact 
a  similar  statute,  but  these  efforts  were  unsuccessful  un- 
til 1889.  By  the  terms  of  the  law  then  enacted  the  noti- 
fication of  infectious  diseases  to  the  sanitary  authority 
was  made  compulsory  throughout  London,  while  the 
principle  of  local  option  was  applied  to  all  other  dis- 
tricts. 

During  the  year  in  which  this  bill  was  under  consider- 
ation by  Parliament,  intense  opposition  had  been  mani- 
fested by  many  of  the  members  of  the  medical  profession 
throughout  England.  Objections  were  oilered  not  only 
by  the  people  but  also  by  the  medical  profession,  but  the 
bill  passed  and  finally  became  a  law. 

The  fallacy  of  the  objections  has  been  abundantly 
proven  by  the  experience  of  the  towns  of  England  where 
the  Notification  Act  has  been  adopted.  The  notification 
of  each  case  is  made  by  a  certificate  furnished  by  the  at- 
tending physician,  for  which  a  fee  of  two  shillings  and 
sixpence  is  paid,  except  in  a  case  in  which  the  person 
giving  the  certificate  is  the  medical  oflBcer  of  a  public 
institution,  when  the  fee  is  one  shilling. 

The  diseases  to  which  this  act  applies  are  smallpox, 
cholera,  diphtheria,  membranous  croup,  erysipelas,  scar- 
let fever,  typhus,  typhoid,  and  puerperal  fever,  and  any 
other  infectious  disease  which  may  be  added  to  this  list 
by  the  sanitary  authority  of  a  district. 

In  1899  the  provisions  of  the  act  had  been  adopted  in 
cities  and  towns  containing  more  than  twenty-eight  mil- 
lions of  inhabitants  out  of  a  total  of  about  thirty  millions, 
and  in  that  year,  by  the  enactment  of  a  new  statute  (63 
and  63  Victoria,  chap,  viii.)  the  law  became  compulsory 
throughout  the  whole  kingdom. 

There  can  be  no  doubt  that  the  law  relative  to  notifica- 
tion has  been  productive  of  excellent  results  in  the  pre- 
vention of  disease,  especially  in  the  cities  and  large 
towns.  It  has  furnished  local  boards  of  health  with  the 
necessary  information  relative  to  the  origin  of  outbreaks 
of  infectious  disease,  and  in  many  instances  has  enabled 
them  to  take  timely  steps  for  preventing  its  further  spread. 
In  compiling  certain  data  for  the  Paris  Exposition  of 
1900  the  writer  collected  the  statistics  of  six  registration 
States  and  nineteen  cities  outside  of  those  States,  includ- 
ing the  ten  largest  cities  of  the  Union,  with  the  following 
result.     The  figures  are  mainly  for  the  years  1894-98 ; 


Diseases. 

Reported 
cases. 

Eesistered 
deaths. 

Fatality, 
per  cent. 

9,222 

69,758 

195,783 

127,847 

217,755 

2,385 

13,284 

44,411 

9.211 

6,424 

25.8 

19.0 

Diphtheria  and  croup 

22.7 
7.2 

Measles 

2.8 

Total        

619,765 

75,715 

These  results  agree  fairly  well  with  those  of  the  Eng- 
lish local  government  board  for  the  eight  years  1890-97, 
which  showed  a  fatalitv  for  typhoid  fever  of  18.05  per 
cent.,  for  diphtheria  of  23  per  cent.,  and  for  scarlet  fever 
of  4.9  per  cent. 

Another  advantage  of  the  practice  of  notification  in  re- 
cent years  consists  in  the  exact  data  which  it  furnishes 
relating  to  improved  methods  of  treating  disease,  and  the 
consequent  saving  of  human  life.  In  the  thirty-third  an- 
nual report  of  the  State  Board  of  Health  of  Massachu- 
setts for  1901  it  appears  that  the  notified  cases  of  diph- 
theria in  the  pre-antitoxin  period,  1891-94,  in  reporting 
cities  and  towns  were  13,333,  and  the  deaths  in  the  same 
places  and  time  were  3,768,  inaking  a  fatality  of  28.3  per 
cent.,  while  in  the  following  seven  years,  1895-1901,  after 
the  Introduction  of  antitoxin  the  cases  were  56,459  and 


the  deaths  7,416,  a  fatality  of  only  13.1  per  cent.  The 
fatality  of  diphtheria  in  1901  was  only  10.5  per  cent,  (see 
also  Disease,  Fatality  of).  kiamuel  W.  Abbott. 

NOTOCHORD.— The  notochord  {awrda  dorsalis,  Wir- 
belsaite)  is  a  rod  of  peculiar  tissue,  constituting  the  primi- 
tive axial  skeleton  of  vertebrates.  It  begins  immediately 
behind  the  pituitary  body  (hypophysis)  and  extends  to- 


Fig.  3592.— Transvei-se  Section  of  a  Younfi:  Mole's  Embryo.  (Alter 
Heape.)  jSc,  Ectoderm ;  Md.,  medullary  groove ;  Mes.,  meso- 
derm ;  Ent.,  entoderm.  SitH  of  the  notochord  is  the  central  line  of 
the  entoderm. 

the  caudal  extremity .  It  occurs  as  a  permanent  structure 
in  the  lower  types,  and  as  a  temporary  one  in  the  embryos 
of  amphibia  and  amniota,  including  man.  Comparative 
embryology  has  shown  that  it  is  a  greatly  modified  epi- 
thelial tube,  which  arises  as  a  furrow  in  the  median  dor- 
sal, line  of  the  entoderm,  being,  in  position  and  mode  of 
development,  analogous  to  the  ectodermal  medullary  ca- 
nal or  primitive  tubular  nervous  system." 

Development  in  Mammals. — The  notochord  appears 
very  early  in  the  course  of  development ;  its  differentiation 
from  the  entoderm  begins  at  the  time  when  the  medul- 
lary groove  is  not  fully  marked  out  posteriori}',  and  is- 
nowhere  closed.  The  notochordal  Anlage  can  be  first  de- 
tected in  the  entoderm  just  at  the  front  of  the  primitive 
streak,  as  an  axial  band  of  cells,  which  at  first  in  mam- 
mals is  not  well  marked  off  from  the  mesoderm ;  as  the- 
medullary  groove  deepens  it  pushes  down  toward  the 
midgut  until  it  comes  into  actual  contact  with  the  noto- 
chordal epithelial  band  (see  Pig.  8593),  thus  dividing  the 
mesoderm  into  two  lateral  masses;  this  also  leads  to  the 
temporary  transverse  stretching  of  the  notochordal  band, 
which  thereby  loses  for  a  while  its  sharp  demarcation. 
It  soon  re-acquires  it,  and  becomes  considerably  thicker 
(Fig.  3593,  nch)  than  the  adjoining  entoderm,  and  forms, 
a  distinct  though  shallow  groove.  Subsequently  the 
band  separates  off,  and  the  entoderm  proper  closes  across- 
under  it  so  that  the  notochordal  band  lies  between  the  en- 
toderm and  the  fioor  of  the  medullary  groove  (or  later 
canal),  as  shown  in  Pigs.  3598  and  3604,  nch.  This  sepa- 
ration does  not  take  place  at  the  anterior  extremity  of 
the  chorda  until  somewhat  later,  so  that  for  a  consider- 
able period  its  front  end  remains  fused  with  the  walls  of 
the  midgut  (Fig.  3598).  The  separation  from  the  ento- 
derm is  effected,  at  least  in  mammals,  by  the  entoderm 
proper,  showing  itself  under  the  notochord  toward  the 

Md. 


Fig  3593.— Transverse  section  of  an  Embryo  Mole,  Stage  H.  (After 
Heape.)  am..  Amnion;  JIM.,  medullary  groove ;  Jtfy.,  myotome;; 
Coe  coelom  or  body  cavity ;  £»».,  entoderm ;  Tich.,  notochord  ;ao., 
aorta;  i)t.«.,  vitelline  artery;  Soni.,  somatic  mesoderm;  Spl.v 
splanchnic  mesoderm. 

median  line,  and  when  the  cells  from  one  side  meet  those- 
of  the  other,  they  unite  with  them  and  form  a  continuous, 
sheet  of  entoderm  below  the  notochordal  cells. 

The  chorda  is  now  a  narrow  band  of  cells,  starting  an- 
teriorly from  the  wall  of  the  alimentary  tract  and  run- 
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ning  backward  to  the  Wasto.poric  canal  or  its  equivalent, 
the  primitive  streak ;  but,  at  the  period  wten  the  canal  is 
open  the  chorda  terminates  in  the  entodermic  epithelium 
lining  the  canal  (Heape,'  PI.    xxi..  Fig.    50;   compare 


lined  by  epithelium,  which  is  thickened  on  the  dorsal  side 
to  form  the  Anlage  of  the  notoc'hord.  In  transverse  sec- 
tion the  chorda  appears  according  to  the  level  of  the  sec- 
tion to  constitute  ^art  of  a  furrow  or  a  canal  (compare 
also  Heape,9  'loe.  cit.,  p.  441,  Figs.  40  and  41). 
Lieberkiihn  calls  this  canal  mesoblastic,  and 
KOlliker  follows  him ;  but  this  'opinion  'seems 
tome  based  upon  misconceptions.  It 'is  more 
reasonable  'to  suppose  'tShat  the  csnal  is  really 
the  blastoporic  canal,  which  is  'preserved  for 
an  unusually  long  period.  Wefenowlfllatthe 
blastopore  first  appears  well  fOTward,  and  as 
the  primitive  streak  grows  by  concrescence  of 
the  ectental  line  the  blastopore  moves  "back- 
ward, its  anterior  port-ion  f  usdii'g  With  '(he  'gen- 
eral entodermic  ca'vity.  There  is  no  difBeiflty 
apparent  in  assuming  that  such  'fusion  occuts 
quite  late  in  mammals;  this  interpr^a'tion  is 
confirmed  by  the  fact  that  the  canal  ^becomes 
later  a  furrow  ffiroughout  its  entire  lengfth  in 


Fig.  3594.— Transverse  Sections  of  an  Em- 
bryo Chick,  witn  Eleven  Pairs  of  Myo- 
tomes. (After  Waldeyer.)  A,  Some  dis- 
tance behind  the  last  myotome ;  B,  close 
behind  the  last  myotome ;  JEc,  ectoderm ; 
>l6S.,  mesoderm ;  Ent.,  entoderm ;  MA., 
medullary  groove;  Ch.,  notochoTd;  W., 
commencement  of  the  Wolffian  duct; 
MS.,  muscular  segment  or  myotomes. 


also  Vol.  II.,  Fig.  505,  0).  The  canal  remains  open  for 
a  time,  and  is  called  by  some  writers  on  mammalian  em- 
bryology the  cliorda  canal  {cf.  infra).  For  a  certain 
period  the  chorda  continues  growing  tailward  by  accre- 
tions of  cells  from  the  walls  of  the  blastoporic  passage, 


Fig.  3596.  -Section  of  a  Chicken  Embryo  of  about  Thlrty-slx  Hours. 
(After  Waldeyer.)  Ec,  Ectoderm ;  Som.,  mesoderm  of  the  soma- 
topleure;  Sp!.,  mesoderm  of  splanchnopleure ;  Eret.,  entoderm; 
W.,  WoManduct;  m,  mesoderm  cells;  Md.,  medullary  canal ;  v, 
vein ;   Coe.,  coelom ;  MS.,  myotome ;  C/i,  notochord ;  A.O.,  aorta. 

front  of  the  blastoporic  canal  proper,  so  that  its  cavity 

fuses  with  that  of  the  'entoderm  proper. 
After  it  is  once  formed  as  a  band  of  cells  the  notochord 

passes  through  various  changes  of  form,  but  ultimately 

becomes  a  cylindrical  rod  with  tapering  extremities.  It 
attains  considerable  size  in  the  embryos  of  most 
vertebrates,  but  in  those  of  placental  mammals 
is  always  small,  particularly  so  in  the  mole 
(Heape").  It  is  probable  that  in  mammals  the 
notochord,  when  first  separated  from  the  ento- 
derm, is  a  broad,  flat  band,  as  if  compressed  be- 


FiG.  3595.— Transverse  Section  of  a  Chick  Embryo  of  the  Sec- 
ond Day.  (After  Waldeyer.)  Som.,  The  somatic  mesoderm, 
and  Spl.,  the  splanchnic  mesoderm ;  Be,  ectoderm ;  JEnt., 
entoderm;  F.C.,  vein;  TF.,  Wolffian  duct ;  Afd.,  medullary 
canal ;  A.O.,  aorta ;  Cb.,  notochord ;  MS.,  myotome. 

and  after  the  canal  is  permanently  obliterated  the 
chorda  may  still  continue  its  lengthening  by  ac- 
quisitions, at  its  caudal  end,  of  additional  cells 
from  the  primitive  streak;  such  cells  may,  how- 
ever, properly  be  regarded  as  coming  from  the 
entodermic  lining  of  the  blastopore.  We  can, 
then,  distinguish  thi'ee  portions  of  the  notochord : 
the  first  arising  from  the  entoderm  of  the  midgut ; 
the  second  from  the  entoderm  of  the  blastoporic 
canal ;  the  third  presumably  from  the  entoderm  of 
the  obliterated  blastopore  in  the  primitive  streak. 
Braun  and  others  have  sought  to  attribute  essen- 
tial importance  to  these  differences,  but,  it  seems 
to  me,  improperly.  It  is  more  reasonable  to  say  that  the 
chorda  arises  in  the  amniota,  as  in  the  lower  forms,  di- 
rectly from  the  entoderm,  but  presents  certain  secondary 
modifications  in  its  development. 

Lieberktthn  has  directed  attention  to  a  special  pecul- 
iarity in  the  early  development  of  the  notochord  in 
mammals.  There  appears  at  first  a  passage — half  canal, 
half  furrow— which  extends  nearly  the  whole  length  of 
the  primitive  streak;  it  may  be  described  as  a  tube  run- 
ning along  the  median  line,  and  having  anirl-egular  series 
of  openings  into  the  entodermic  cavity.     The  canal  is 


Fig.  3597.— Section  through  the  Dorsal  Region  of  a  Chicken  Embryo 
of  FortiF-flve  Hours.  A,  Ectoderm ;  c,  entoderm ;  Me.,  medullary 
canal ;  P.v,  myotomes ;  W.A,  Wolffian  duct ;  'p.p.,  pleuro-peritoneal 
space  or  coelom ;  So.,  somatopleure ;  i),  v,  blood-vessels ;  Sp.. 
splanchnopleure ;  op,  inner  edge  of  the  area  opaca ,  w,  w,  w,  en- 
toderm of  the  area  opaca ;  ao,  aorta ;  ch,  notochord.  (After  Bal- 
four and  Sedgwick.) 

tween  the  medullary  canal  and  entoderm  (cf.  KSUiker, 
loa.  cit..  Figs.  194  to  197,  and  loc.  cit..  Fig.  '94;  also 
Heape,'"  PI.  XIIL,  Figs.  36  to  42).  The  band  then 
draws  together,  diminishing  the  transverse  and  increas- 
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Notocliord. 
IVotocIiord. 


ing  the  vertical  diameter,  until  it  has  acquired  a  rounded 
form;  finally  its  outline  becomes  circular  in  cross  section. 


Mes.   En. 


FHJ.  3598.— LonKitudlnal  Section  of  the  Head  End  of  a  Mole  Em- 
bryo, Stage  H.  (After  Heape.)  Ec,  Ectoderm ;  En.,  entoderm  ; 
pro.am.,  pro-amnion ;  mb.,  mid-brain ;  fb.,  fore-brain ;  Bnt ,  ento- 
dermlc  cavity  ,•  ht,  heart ;  Mes.,  mesoderm ;  rich.,  notochord. 

This  series  of  changes  begins  near  the  anterior  end  of  the 
chorda,  and  progresses  both  forward  and  backward. 

The  mesoderm  early  grows  in  between  the  entoderm 
and  the  notochord,  whicli,  however,  for  a  considerable 
time  remains  close  to  the  medullary  tube  (Fig.  3600). 
Later  the  mesoderm  penetrates  between  the  notochord 
and  medulla.  The  layer  of  mesodermic  eel  Is  immediately 
around  the  notochord,  which  are  of  the  well-known  anas- 
tomosing type  (Fig.  3601),  forms  a  special  sheath,  which 
at  first  comprises  only  a  single  layer  of  cells,  at  least  in 
hatrachia  (Gotte,"  p.  357,  Fig.  187).  This  is  the  com- 
mencement of  the  so-called  outer  chorda  sheath ;  it  sub- 
sequently becomes  much  thicker.  In  the  lower  types  it 
is  an  important  axial  structure  (Fig.  3602,  «');  in  most 
cases  it  is  replaced  by  cartilage,  and  in  all  the  amniota 
the  cartilage  is  replaced  by  the  osseous  vertebrse,  the  in- 
vertebral  ligaments,  etc.  The  formation  of  the  vertebral 
column  involves  the  disappearance  of  the  notochord  as 
described  below. 

Histogenesis. — After  the  notochord  has  been  formed 
as  a  rod  of  cells,  its  ceils  undergo  a  process  of  histologi- 


day  some  of  the  central  cells  become  vacuolated,  while 

the  peripheral  cells  are  still  normal;  at  first,  as  in  the 

frog,  there  seems  to  be  only  one  large  vacuole  in  each 

cell  (Fig.  3603,  B).  Around  the  vacuole  is  a  peripheral 
layer  of  granular  protoplasm,  in  which  the  nucleus 
lies  embedd-id,  while  the  vacuoles  themselves  are  filled 
with  a  perfectly  clear  and  transparent  material,  which 
is  supposed  to  be  fluid  in  its  natural  condition.  Dur- 
ing the  fourth  day  (chick)  all  the  cells  become  vacuo- 
lated, with  the  exception  of  a  single  layer  of  flattened 
cells  at  the  periphery.  In  the  anura,  it  is  said,  there 
is  no  distinct  peripheral  layer  of  protoplasmic  cells. 
The  vacuoles  go  on  enlarging  until  by  the  sixth  day 
they  have  so  much  increased  at  the  expense  of  the 
protoplasm  that  only  a  very  thin  layer  of  the  latter  is 
left  at  the  circum- 
ference    of     the 

cell;     at   one   part 

of    which,     where 

there    is    generally 

more      protoplasm 

than  elsewhere,  the 

remains  of  a  nu- 
cleus may  gener- 
ally   be     detected. 

Thus  the  notochord 

becomes  trans- 
formed   into    a 

spongy    reticulum, 

the  meshes  of  which 

correspond    to    the 

vacuoles  of  the  cells 

and    the    sejota    to 

the  remains  of  their 

cell    walls    (Foster 

and   Balfour).     As 

GStte   has   pointed 

out,  the  process  is 

accompanied  by  an 

expansion     of     the 

cells,  which  is  the 

main  factor  in  the 

widening  and  lengthening  of  the  notochord,  which  goes 

on  pari  passu  with  the  growth  of  the  surrounding  tissue. 


;JlCh. 


Pig.  3599.— Germinal  Area  of  a  Guinea-pig 
at  Thirteen  Days  and  Twenty  Hours. 
(After  Lieberkiihn.)  ao..  Area  opaca; 
ap.,  area  pellucida ;  nch.,  Anlageot  the 
notochord  as  a  canal  with  several  irregu- 
lar openings  on  the  entodermic  side.  X  24 
diameter. 


Fig.  3600.— Section  through  the  Eump  of  an  Embryo  Chick  of  the  Third  Day.  Gh.,  Chorion;  Am,  amnion  ;S(TO.,somatopleure:i),j),l), 
blood-vessels;  Coe.,  coelom;  Spl.,  splanchnopleure ;  In.,  intestine ;  oo.,  caudal  branch  of  the  aorta;  Tfci.,  Wolffian  duct;  year.,  vena 
cardinalis;  Ch.d.,  chorda  dorsalis ;  My.,  myotome ;  Md.,  medullary  canal. 


cal  differentiation  unique  in  vertebrates.  The  cells  at 
first  become  greatly  compressed  in  the  line  of  length  of 
the  chorda:  and  hence  appear  quite  thin  in  longitudinal 
sections  (Fig.  3603,  A,  ftcA.)— hardly  greater  in  diameter 
than  their  own  nuclei.     Thus,  in  the  chick,  by  the  third 


The  histogenetic  process  is  stated  to  be  essentially 
similar  in  mammals  (W.  MUller,  337-338).  There 
is  the  central  layer  of  vacuolated  cells  and  the 
peripheral  layer  of  protoplasmic  cells.  The  latter 
are,    however,    ultimately    converted    into    vacuolated 
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cells.  The  cell 
walls  ai'e  perfor- 
ate, having  fine 
pores,  that  cor- 
respond probably 
to  intercellular 
bridges  of  pro- 
top  lasm. 
The  inner  .'■■^•;- 
chorda 
sheath  ap- 
pears early 
and  is  to  be 


Fig.  3601.— Mesoderm  ot  Chick  of  the  Third 
Day,  from  close  to  the  Otocyst.  A,  Nucleus 
with  the  chromatin  loops  seen  in  optic  sec- 
tion, being  in  karyokinesis. 


regarded  as  an  anhistic  basement 
membrane  secreted  by  the  noto- 
chordal  cells.  ^^^ 

Shape  and  Relations  ^v. 

TO    Otheb    Pabts. — As 
soon   as  the    head   bend  ;■ 

(first  cerebral  flexure)  ap 
pears  (Fig.  3604)  the  noto 
chord  becomes  corre 
spondingly  bent. 


sheath  is  lost.  The  cell  walls  disappear,  the  tissue  be- 
comes granular,  and  breaks  up  into  multinucleate,  irreg- 
ularly reticulate  masses  (Pig.  3606),  which  are  gradually 
resorbed  (Leboucq).  In  mammals  the  resorption  pro- 
gresses more  rapidly  in  the  cores  of  the  vertebrse  than  in 
the  intervertebral  spaces,  and  again  more  rapidly  at  the 
ends  than  in  the  centre  of  each  vertebra;    hence  the 

chorda  persists  a  little  longer  in  the  centre  of 

the  vertebra,  and  considerably  longer  in  the. 
intervertebral  spaces;  in  these  last  the  final 
remnants  of  the  chorda  may  be- 
detected  in  man  even  after  birth. 
The  cavity  between  the  vertebral 
cartilages  is  a  new  structure,  and 
is  not  the  space  left  by  the  noto- 
chord, as  has  been  some- 


'•iSc¥:5;i>;ii^i!S^I$?H^  m  ^  ■ 
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anterior  extrem- 
ity lies  close  to 
Rathke's  pocket 
(Fig.  3604,  %._)— 
the    evagination 
of  the  oral  epi- 
thelium, which  is 
destined  to  form 
the    pituitary  body   or 
hypophysis  cerebri.     The 
notochord  never  extends 
farther     forward     than 
this,  hence   the  skull  and  head 
may  be  divided  into  two  parts, 
the  prse-pltuitary  and  the  post- 
pituitary   regions.      The   latter 
region  alone  contains  the  noto- 
chord.    Romlti  finds  that  in  the 
chick  the  end  of  the  notochord  is 
united,  at  the  end  of  the  fourth 
and  during  the  fifth  day  of  incu- 
bation,  with  an  irregular  solid 
cord  of  cells,  which  grows  out 
from  the  epithelium  of  the  hypo- 
physis.    The    cord   soon  disap- 
pears.    Its  significance  is  quite 
unknown.    Romiti  suggests  that 
it  may  produce  a  strain  resulting 
in  the  pulling  out  of  the  hypo- 
physeal evagination.     This  notion  seems  to  me  unten- 
able.    The  cranial  portion  of  the  notochord  has  not  only 
the  bend  shown  in  Fig.  3604,  but  also  follows  the 
other  curves  of  the  head ;  it  takes  a  sinuous  course 
besides  within  the  base  of  the  cranium;  finally,  in 
the  region  corresponding  to  the  middle  third  of  the 
sphcno-occipital    cartilage,  it   makes  a   great  dip 
ventralward.     The  sheath  of  the  notochord  in  the 
cranial  region  is  converted  into  the  spheno-occipi- 
tal  cartilage ;  at  the  dip  just  mentioned,  however, 
the  notochoi'd  lies  entirely  below  the  cartilage,  close 
against  the  wall  of  the  pharynx  (Froriep,  Romiti). 
Writers  before  Froriep  hart  represented  the  chorda 
as  having  disappeared  at  the  bottom  of  the  dip. 

Disappearance.— The  disappearance  of  the  noto- 
chord in  man  commences  with  the  second  month 
of  foetal  life.  The  first  step  is  an  alteration  of  the 
characteristic  histological  structure,  accompanied  fig.  3603.— Longitudinal  Sections  of  the  Notochord  of  Bombinator.  (Alter 
by  shrinking  of  the  tissues,  so  that  a  clear  SDace  G<>tte.)  ^,  Before  the  appearance  of  the  vacuoles ;  B,  after  the  appearance- 
"  ■  -'    -         of  the  vacuoles :  nc?!.,  notochord;  En.,  entoderm.    (The  cells,  as  Is  usual 

in  amphibian  embryos,  are  charged  with  yolk  granules.) 


Fig.  3603.— Transverse  Section  of  an  Advanced  Embryo 
of  a  Shark,  Seymnus  ttcMa,  through  the  Abdominal 
Region.  (The  dots  represent  nuclei.)  Sp,  Spinal  proc- 
ess of  the  vertebra ;  Ar.,  arachnoid  space ;  Md.,  spinal 
cord;  n.a.,  neural  arches  of  the  vertebra;  s.,  inner 
sheath  of  the  notochord ;  s'.,  outer  sheath  of  the  noto- 
chord ;  Ch.,  notochord ;  t.p.,  transverse  process  of  the 
vertebra ;  v.car.,  cardinal  vein ;  An.,  dorsal  aorta ;  mes, 
mesentery ;  Gen.,  genital  fold :  W.d,  Wolffian  duct ; 
W.,  Wolffian  body  with  tubules ;  c,  young  cartilage ; 
Jlii'C,  muscles  developing. 


proper ; 
antei'ior 


times    asserted.      It    ap- 
pears, however,  that  the- 
resorption  of   the  chorda 
may  leave  a  small  space, 
which   becomes  included 
in  the  intervertebral  cav- 
ity.   A  peculiar  feature  is- 
the  frequent  per- 
sistence   of   cal- 
cified    cartilage- 
immediately 
around  the  noto- 
chord in  ossify- 
ing vertebrae. 

MOKPHOLOGY. 

— The  notochord 
was  for  a   long- 
time supposed  to- 
be      exclusively 
characteristic  of 
vertebrates.      It 
is  now  known  to- 
exist  in   amphi- 
oxus,  which  is  not  a 
ycaf.     true    vertebrate,   and 
in  the  tunicata.    Mor- 
phologists  have  long- 
believed  that  it  must  have  some- 
homologue  among  the  organs  of 
invertebrates.     The  development 
of  the  notochord  in  the  lower  ver- 
tebrates   indicates    very    plainly 
what  must  have  been  the  general 
character  of  such  an  homologous 
invertebrate  organ.      In    certain 
fishes    and    amphibia    the   noto- 
chord   has    been    ascertained   to 
arise  as  a  furrow  along  the  me- 
dian dorsal  line  of  the  entoderm; 
the    furrow   deepens    and    then 
closes  over  to  form  a  canal  sepa- 
rate from   the    entodermic  canal 
but  the  notochordal  canal  retains  for  a  time  its 
and  posterior  connections  with  the  entoderm.. 


appears  around  it  (see  Fig.  3605).     The  inner  chorda 
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Notocbord, 
Nova  Scotia. 


"Ultimately  the  lumen  is  obliterated,  the  ends  become 
detached,  and  so  arises  the  solid  isolated  chorda.     In  the 

higher  vertebrates 
the  course  of  develop- 
ment is  similar,  al- 
though several  of  the 
primitive  features  in 
the  formation  of  the 
chorda  are  obscured. 
Ehlers'  has  pointed 
out  that  in  various 
invertebrates  there  is 
a  similar  canal,  the 
"Nebendarm"  of 
German  writers, 
which  is  derived 
from  the  entoderm 
and  connected  an- 
teriorly and  posteri- 
orly with  the  ento- 
dermal  cavity.  It  is 
a  very  plausible  sug- 
gestion, which  hom- 
ologizes  the  verte- 
brate notochord  with 
the  invertebrate  "Nebendarm."  Hubrecht  has  sought 
to  homologize  the    notochord  with    the    proboscis  of 


Pitum, 


riG.  3604.— Babbit  Embryo  of  6  mm.;  Me- 
dian Longitudinal  Section  of  tlie  Head. 
(After  Milialkovics.)  The  connection 
between  the  mouth,  M.,  and  pharynx, 
ent.,  is  just  established;  ndh.,  noto- 
chord; Tib.,  hind-brain;  mb.,  mid- 
brain; /ib.,  fore-brain;  Prn.am.,  pro- 
amnios ;  hj/.,  hypophysis  cerebri ;  Ht., 
heart. 


...        II 
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Fig.  3605.-Human  Embryo  of  about  Thirty-flve  Days;  LonSiM^mal  Sect  on  of  the 
Ninth  to  the  Eleventh  Vertebrse,  as  numbered  IX.  to  XI.  N,  Nervous  system, 
wall  of  the  spinal  marrow ;  d,  meningeal  layer ;  Oh,  notochord ;  Ao,  aorta. 


best  observations  on  its  origin  in  mammals  by  Heape.''  '" 
For  its  histology  see  W.  Mttller ;  for  its  histogenesis  see 
GStte;*  for  its  anterior  anatomical  relations  see  Mihal- 
kowics,  Proriep,''  Rabl-Rilckhard,  and  Romiti;  for  its 
atrophy  in  mammals  see  Leboucq  ;  for  its  evolution  see 
Ehlers.'  Charles  Sedgwick  Minot. 

'  Balfour :  A  Monograph  on  the  Development  of  Ela.smobranoh 
Fishes,  London,  1878.    (Reprinted  Works,  i.,  pp.  203-520.) 

^  Balfour :  Comparative  Embryology,  vol.  il, 

'  Ehlers,  E. ;  Nebendarm  uud  Chorda  dorsalls.  Nachr.  Ges.  Wiss., 
GOttingen,  1885,  pp.  390-404. 

*  Froriep  :  Koptthell  der  Chorda  dorsalis  bel  menschllchen  Embry- 
onen.  Festschrift  fiir  Henle,  1882,  pp.  26-40,  Taf.  iii. 

'  Gegenbauer,  Carl :  Ueber  das  Skeletgewebe  der  Cyclostomen  (His- 
tologie  der  Chorda,  S.  47-49).  Jena  Zeitschr.  Nat.  Wiss.,  v.,  1869,  pp. 
43-53,  Tat.  i. 

« GBtte,  Alex. :  Entwiokelungsgeschichte  der  Unke  (especially  pp. 
349-361),  Leipzig,  1875. 

'  Basse,  C,  und  Schwarct,  W. :  Studien  zur  vergleichenden  Ana- 
tomie  der  Wirbelsaule,  etc.    Basse's  Anat.  Studien,  i.,  p.  21. 

'  Hatschek,  B. :  Studien  zur  Entwickelungsgeschichte  des  Am- 
phioxus.    Arbelten  Zool.  Inst.  Wien,  iv..  Heft  i.,  Taf.  xiii. 

"Heape,  Walter:  The  Development  of  the  Mole  (Talpa  Europea); 
the  Formation  of  the  Germinal  Layers  and  Early  Development  of  the 
Medullary  Groove  and  Notochord.  Q.  Jour.  Micr.  Sci.,  1883,  pp. 
412-452,  Pis.  xxvlil.-xxxi. 

'"  Heape,  W. :  The  Development  of  the  Mole.  Q.  Jour.  Micr.  Sci., 
xxvii.,  pp.  123-163. 

11  Hensen :  Zeitsohrift  f.  Anat.  u.  Entwickelungsges.,  i.,  p.  366. 

"His,  Wilhelm:  Erste  Anlage  des  Wirbelthlerleibs,  4to,  Leipzig, 
1868. 

NOVA  SCOTIA. — Nova  Scotia  is  one  of  the  maritime 
provinces  of  Canada  to  the  northeast  of  the 
State  of  Maine,  lying  in  latitude  43°  to  46° 
N.  and  longitude  60°  to  66°  W.  It  is  a  long, 
rather  narrow  peninsula,  with  a  great  extent 
of  coast  line,  parallel  to  the  mainland,  ex- 
tending in  a  direction  from  northeast  to 
southwest.  It  is  350  miles  in  length,  in- 
cluding Cape  Breton,  and  varies  in  breadth 
from  50  to  100  miles.  Its  area  is  .20,550 
square  miles  and  it  has  a  population  of 
450,396.  The  surface  is  undulating  and  is 
traversed  by  several  ranges  of  hills.  It  has  a 
cool,  marine  climate,  and  is  a  favorite  sum- 
mer resort  for  visitors. 

The  following  table,  condensed  from  the 
more  elaborate  ones  in  the  article  on  Nova 
Scotia  in  the  previous  edition  of  the  Hand- 
book, conveys  an  idea  of  the  summer  and 
autumn  climate  of  this  region,  the  seasons 
when  one  would  visit  Nova  Scotia  as  a  re- 
sort. As  will  be  seen,  the  mean  summer 
temperature  is  about  61°  F.,  similar  to  that 
of  the  British  Isles  at  this  season,  the  high- 
est temperature  being  about  80°  P.  and  the 
lowest  between  43°  and  46°  F. 

The  relative  humidity  is  high  and  there  is 
considerable  rain.  Fogs  are  also  not  infre- 
quent. The  number  of  fair  days  is,  more- 
over, not  large  for  the  summer. 


Nematodan  worms.     There  is  not  a  single  fact  which 
seems  to  me  to  justify,  even  remotely,  this  attempt  at 
guesswork  phylogeny. 
Literature.— Very  numerous  embryological  articles 


Fig.  3606.— Degenerating  Notochord  Tissue,  from  the  Central  Portion 
of  the  Intervertebral  Disc  of  a  Cow's  Embryo.    (After  Leboucq.) 

contain  references  to  the  chorda ;  below  is  given  a  list  of 
the  principal  authorities.  The  best  discussion  is  given 
by  Balfour,  in  his  "Comparative  Embryology";^  the 


CLIMATE    OF   Halifax.-Latitude,    44°  39' ;    Longitode 
Mostly  for  the  Tear  1883  only. 


Temperature(degreesFahr.) 

Mean  average 

Average  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum  — 
Lowest  or  minimum 

Humidity- 
Mean  relative 

Precipitation- 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in 

miles 

Weather — 

Number  of  fair  days  . 

Number  of  days  on  which 
rain  fell 


June.  July. 


57.26° 
18.67 
68.82 
50.15 
4 
43.2 

85^ 

3.32 

S.E.& 
W. 

4.51 

16 

17 


63.40' 

17.18 

70.  &5 

53.66 

81.7 

46.7 


3.54 
S.  E. 

4.88 
19 
16 


Aug. 


63.77° 

19.78 

73.26 

54.48 

81.2 

45.6 

86^ 

5.34 

S.W. 

4.88 
16 
12 


Sept. 


57.56' 

18.63 

65.66 

47.03 

76.8 

40.5 


W., 
S.W. 

5.78 

21 

14 


Oct. 


47.99= 

15.95 

54.23 

38.28 

73.4 

29.0 


5.81 
W. 

6.97 
15 
15 


42.74° 


84^ 
48.52 

6.75 
172 
145 
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Such  a  climate  is  manifestly  unsuited  for  an  invalid  or 
delicate  person,  but  affords  a  grateful  change  to  those 
who  have  become  debilitated  by  the  summer  heat  of  a 
large  city,  or  for  such  as  need  a  change  of  scene  and  air. 
One  is  always  sure  of  finding  it  cool  in  Nova  Scotia,  and 
it  is  wise  for  those  intending  to  visit  this  region  to  be 
provided  with  warm  clothing. 

"Certain  sufferers  from  hay  fever,"  says  Huntington 
Richards,  "enjoy  perfect  immunity  from  that  disease  at 
Halifax,  and  probably  the  same  experience  may  be  had  at 
many  other  points  in  Nova  Scotia. "  The  natural  attrac- 
tions of  Nova  Scotia  are  many  and  varied,  and  its  chief 
city  and  port,  Halifax,  "The  Garrison  City  by  the  Sea," 
presents  many  objects  of  interest  to  the  American  travel- 
ler. It  possesses  a  superb  harbor  in  which,  in  the  sum- 
mer, is  the  headquarters  of  the  British  North  Atlantic  fleet, 
and  on  land  a  garrison  is  always  qiiartered  here.  The  pub- 
lic gardens  are  very  attractive,  and  the  drives  in  Point 
Pleasant  Park  afford  delightful  views  of  the  water.  The 
country  round  about  Halifax  offers  many  attractive  ex- 
cursions; and  the  roads  are  fairly  good  either  for  driving 
or  for  cycling. 

In  the  interior  is  "Evangeline's  Land,"  a  lovely,  pas- 
toral region  immortalized  by  Longfellow.  The  Annapo- 
lis basin  and  valley,  the  Bay  of  Fundy,  and  the  numerous 
shore  places  likewise  offer  many  attractions,  both  to  the 
casual  traveller  and  to  those  interested  in  the  early  his- 
tory of  America.  Cape  Breton,  Prince  Edward's  Island, 
and  Newfoundland  are  conveniently  visited  from  Hali- 
fax. 

Good  facilities  for  hunting  and  fishing  are  to  be  had  in 
various  portions  of  this  province.  One  has  a  clioice  of 
various  routes  to  Nova  Scotia:  by  boat  from  Boston  di- 
rect-to  Yarmouth  or  Halifax;  or  by  boat  along  the  coast 
to  St.  John  and  then  across  the  Bay  of  Fundy  to  Digby ; 
by  rail  to  St.  John;  or  all  the  way  by  land  by  the  Inter- 
colonial Railway  from  Montreal  or  Quebec.  The  steam- 
ers to  Yarmouth  and  Halifax  afford  excellent  accommo- 
dations. Edward  0.  Otis. 

NUCLEI NS  are  a  class  of  organic  bodies  of  acid  reac- 
tion, intermediate  in  composition  between  proteid  and 
nucleinio  acid,  and  containing  from  three  to  ten  per  cent. 
of  phosphorus.  They  occur  in  association  with  proteids 
in  all  animal  and  vegetable  tissues,  especially  in  the  nu- 
clei, and  in  milk.  They  are  separated  from  the  proteids 
by  artificial  digestion,  the  latter  being  changed  to  soluble 
peptones  which  are  removed,  while  the  nucleins  undergo 
little  if  any  alteration  (Bunge).  The  nucleins  are  then 
brought  into  solution  by  potassium  hydroxide.  The 
commercial  article  is  prepared  from  yeast  or  yolk  of  egg, 
and  may  be  either  nuclein  or  nucleinic  acid.  According 
to  Chittenden,  many  of  the  marketed  preparations  are 
worthless. 

Nucleins  are  insoluble  in  water,  alcohol,  ether,  or  di- 
lute mineral  acids,  but  are  soluble  in  alkalies.  On  boil- 
ing with  wealt  acid  or  alkali,  and  more  slowly  with  plain 
water,  they  yield  phosphoric  acid  in  combination  with 
organic  bases.  Some,  at  least,  of  them  split  in  the  body 
into  xanthin,  hypoxanthin,  guanin,  and  adenin  (Picoard). 
It  is  not  known  to  wliat  extent  nucleins  are  absorbed,  but 
probably  very  little  is  absorbed,  as  abundant  nuclein  was 
found  in  the  fasces  of  dogs  experimented  upon  (Bokay). 

The  asserted  value  of  nuclein  in  medicine  depends  on 
its_  ability  to  stimulate  the  antibacterial  power  of  the 
animal  body,  and  to  cause  an  increase  in  the  number  of 
leucocytes.  The  solutions  have  been  used  in  tuberculosis 
and  septicsemia.  (Hare.)  Vaughan  cured  guinea-pigs  in- 
oculated with  tuberculosis,  and  rendered  others  quite  im- 
mune to  pneumococcus  infection.  J.  Mount  Bleyer  used 
it  with  good  results  in  diphtheria.  Sir  R.  D.  Powell  re- 
ports recovery  in  one  out  of  five  cases  of  malignant  endo- 
carditis. The  dose  is  3  to  3  gm.  (gr.  xxx.-xlv.)  daily. 
(Shoemaker.)  W.  A.  Bastedo. 

NURSES,  TRAINING  SCHOOLS  FOR.— That  "the 
old  order  changeth  and  giveth  place  to  the  new  "  would 
seem  to  describe  well  the  condition  of  nursing  affairs  dur- 


ing the  past  decade  and  to  foreshadow  the  future.  It 
must  be  confessed  that  during  the  first  fifteen  years  of 
their  existence,  dating  from  1873,  training  schools  for 
nurses  made  little  if  any  progress  from  an  educational 
standpoint;  nevertheless,  from  the  very  first  their  influ- 
ence upon  the  establishment  of  hospitals  throughout  the 
country  has  been  enormous.  Once  the  value  of  systema- 
tized methods  of  caring  for  the  sick  was  realized,  hospi- 
tals began  to  multiply  rapidly,  and  in  almost  every 
instance  a  training  school  for  nurses  formed  part  of  the 
organization,  until  at  the  present  time  there  are  few  towns 
in  the  United  States  of  any  size  that  cannot  boast  of  one 
or  more  hospitals  in  which  the  nursing  is  at  least  far  su- 
perior to  that  of  bygone  days. 

The  history  of  the  organization  and  development  of 
training  schools  for  nurses  is  of  so  great  interest  that  I 
venture  to  introduce  here  a  part  of  the  excellent  sketch 
which  was  written  in  1889  by  Prof.  W.  Oilman  Thomp- 
son, of  New  York,  for  the  first  edition  of  this  Handbook. 

"  Organized  nursing  schools  are  of  very  recent  date, 
and  their  establishment  arose  from  the  experience  of  army 
hospitals  in  European  wars,  especially  the  Crimean  War. 
The  nurses  of  religious  sisterhoods,  midwives,  and 
monthly  nurses  were  originally  the  women  who  followed 
nursing  as  an  occupation.  In  France  the  nursing  is 
mainly  in  the  hands  of  Roman  Catholic  sisterhoods,  and 
in  the  hospitals  of  Paris  alone  are  over  six  hundred  sisters 
who  superintend  the  hired  attendants.  In  Russia  tlie 
Sisters  of  Mercy  have  done  the  nursing  since  the  Crimea, 
and  in  Italy  a  similar  arrangement  obtains.  But  in  Jan- 
uary, 1883,  the  '  St.  Paul's  Home  for  Trained  English- 
speaking  Nurses '  was  started  in  Rome  by  a  few  grad- 
uates of  American  and  English  training  schools.  This 
institution  has  been  very  successful.  Its  object  is,  how- 
ever, merely  to  afford  a  home  to  nurses  who  have  been 
trained  elsewhere.  In  Germany,  among  a  great  variety 
of  Protestant  and  Roman  Catholic  nursing  systems,  many 
have  become  famous.  Pastor  Theodor  Fliedner  founded 
the  '  Institute  of  Deaconesses '  at  Kaiserswerth  in  1836, 
where,  in  after  years.  Miss  Nightingale  completed  the 
eai-ly  training  which  made  her  such  a  successful  advocate 
of  thorough  instruction  in  nursing.  There  are  upward 
of  three  thousand  deaconesses  at  present  connected  with 
this  institute  and  with  others  in  Germany  modelled  after 
it.  There  are  many  Sisters  of  Charity  who  serve  as 
nurses,  and  one  of  the  best  secular  schools  similar  to  the 
training  schools  is  at  the  '  Kaiserin  Augusta  Hospital '  in 
Berlin. 

"  The  '  International  Hospital  and  Field  Service  Society 
of  Surgeons  and  Nurses '  became  famous  on  foreign  bat- 
tlefields, and  after  the  experiences  of  the  two  last  Ger- 
man wars  the  '  Albert  Vei'ein  '  was  organized  in  Dresden 
and  Leipsic.  The  nurses  of  this  society  are  thoroughly 
trained  by  practical  courses  and  lectures.  Rewards  and 
favors  are  granted  for  merit,  and,  if,  after  three  years  of 
active  service,  their  health  should  become  impaired,  they 
are  pensioned.  They  are  sent  out  from  the  school  to 
nurse  private  cases. 

"  In  Vienna  the  nursing  is  done  by  sisters,  and  also  by 
women  who  work  without  special  organization.  In  Eng- 
land female  nurses  in  hospitals  are  mentioned  as  early  as 
1760,  and  in  1791  they  were  indorsed  by  the  governors  of 
the  London  Hospital.  In  1801  there  were  women  nurses 
in  the  Woolwich  Artillery  Hospital.  For  the  past  thirty 
years  special  attention  has  been  directed  in  England  to 
nursing  systems.  At  Guy's  Hospital  nurses  were  trained 
by  Mrs.  Elizabeth  Fry  for  many  years  before  a  school 
was  formally  opened  in  November,  1879.  The  Protestant 
orders  of  St.  John  and  of  All  Saints  for  many  years  per- 
formed satisfactorily  tlie  nursing  for  King's  College  Hos- 
pital, Charing  Cross  Hospital,  and  the  University  College 
Hospital.  The  Order  of  St.  John  sent  nurses  with  Miss 
Nightingale  to  the  Crimea.  In  June,  1860,  a  training 
school  was  founded  at  St.  Thomas'  Hospital,  London, 
through  the  generosity  of  Miss  Nightingale.  This 
school,  after  being  in  successful  operation  for  several 
years,  was  made  the  subject  of  special  study  by  the  New 
York  State  Charities  Aid  Association,  and  taken  as  a 
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model  for,  the  Bellevue  Hospital  School,  as  well  as  for 
most  of  the  other  American  schools.  In  ISW  a  school 
was  opened  at  Westminster  Hospital,  London,  and  ten 
yearsi later,  a  special  building  was  erected  with  accommo- 
dation for  fifty  nurses.  It  is  desired  to  establish  district 
nursing  among  the  poor  in;  connection  with  this  school. 
In  1861i  a;  training  school  was  founded,  in  Liverpool  for 
distract  nursing,  and  a  great  reform  in  the  quality  of  nurs- 
ing was  Instituted.at  the  Liverpool  Worlihouse.  In  1866 
there  were  two  schools  in  Dublin,  and  there  is  now  an 
excellent  school  at  the  Glasgow  Royal  Infirmary.  In 
1867  a  school  was  founded  at  the  Sydney  Infirmary,  New 
South  Wales.  There  are  also  new  schools  in  Russia, 
Sweden,  and  Holland. 

"  Toward  the  end  of  the  eighteenth  century  Dr.  Valen- 
tine Seaman  gave  a  course  of  twenty-six  lectures  to  the 
nurses  of  the  New  Yorli  Hospital  upon  important  topics 
in  relation  to  nursing  and  hygiene.  These  lectures  were 
published  in  1800,  and  they  are  the  first  recorded  effort 
for  the  improved  training  of  nurses  in  the  United  States. 
In  Philadelphia  in  1838  the  Society  of  Friends  formed  a 
nurse  society  by  which  they  raised  the  standard  of  nurs- 
ing and  relieved  the  Roman  Catholic  sisterhoods  from 
doing  the  work  alone.  The  Philadelphia  Lying-in  Char- 
ity has  instructednurses  in  special  branches  for  fortj'-two 
j'ears.  St.  Luke's  Hospital  in  New  York  has  been  sup- 
plied since  1853  (until  recently)  with  nurses  of  the  Prot- 
estant Episcopal  Order  of  the  Holy  Communion.  Sev- 
eral Lutheran  charitable  societies  have  trained  nurses  in 
various  parts  of  the  country,  and  some  two  thousand  of 
these  women  served  during  the  War  of  the  Rebellion, 
During  this  war  women  nurses  were  also  sent  to  the  field 
and  hospitals  under  the  auspices  of  the  Sanitary  Commis- 
sion and  of  the  American  Society  of  the  Red  Cross.  The 
latter  society,  aided  by  the  enthusiasm  of  Miss  Clara  Bar- 
ton, has  done  a  great  deal  in  recent  years  to  nurse  the 
sufferers  from  yellow  fever  and  from  floods  in  the  South 
and  elsewhere.  At  Syracuse,  N.  Y. ,  a  Protestant  Epis- 
copal) sisterhood  has  nursed  for  the  Hospital  of  the  Good 
Shepherd  for  ten  years,  and  the  deaconesses  are  sent  out 
to  nurse  in  private  families,  in  other  institutions,  and 
among  the  poor.  Many  excellent  ordei's,  of  like  nature 
have  long  existed  throughout  the  country  for  the  pur- 
pose of  training  and  supporting  nurses. 

"In  1873  three  training  schools  for  nurses  were  almost 
simultaneously  established  in  New  York,  New  Haven, 
andiBoston,  and  from  this  year  dates  the  impetus  to  the 
improved  nursing  system  which  has  led,  in  fourteen  years, 
to  the  establishment  of  over  thirty-five  schools  in  various 
cities  of  the  United  States,  with  an  outlay  of  many  thou- 
sand dollars.  There  have  been  thus  far  nearly  two  thou- 
sand nurses  graduated. " 

During  the  period  which  has  elapsed  since  Professor 
Thompson  wrote  this  account,  many  new  training  schools 
for  nui'ses  have  been  established,  and  on  the  whole  these 
organizations — both  those  of  recent  date  and  the  older 
ones — have  accomplished  in  a  fairly  satisfactory  manner 
the  purpose  for  which  they  were  created.  Nevertheless, 
while  the  progress  which  these  schools  have  made  affords 
much  cause  for  gratitude,  there  still  remaiu  not  a  few 
things  to  deplore.  In  the  first  years  of  the  organization 
of  these  schools  but  little  thought  and  care  were  given  to 
the  theoretical  part  of  the  nurse's  work;  her  education 
was  almost  entirely  of  a  practical  nature,  and  even  in  this 
she  was  allowed  to  pursue  a  somewhat  haphazard  method, 
so  that  what  she  did  with  her  hands  was  largely  mechani- 
cal and  but  little  dominated  by  the  mind.  The  system 
of  nursing  as  first  instituted  in  the  leading  hospitals  re- 
quired, as  a  rule,  a  two  years'  course  of  training,  and 
provided  during  the  first  year  only  theoretical  instruction 
in  the  form  of  classes  and  lectures  with  examinations,  at 
the  end  of  the  time,  in  medical  and  surgical  nursing; 
these  examinations  being  conducted  by  two  or  three  phy- 
sicians. The  didactic  course  was  usually  covered  in  a 
dozen  or  fifteen  lectures,  and  as  these  were  given  gratui- 
tously by  busy  practitioners  it  too  frequently  happened 
that  the  nurses  were  assembled  only  to  be  dispersed  again 
without  the  lecture,  as  the  doctor  was  not  able  to  come. 


Furthermore,  since  these  lectures  were  almost  invariably 
given  at  eight  o'clock  in  the  evening,  a  nurse  on  night 
duty  was  necessarily  obliged  to  miss  this  part  of  her  theo- 
retical training  for  a  whole  month.  Again,  since  in  those 
days  the  pupils  were  often  sent  out  to  care  for  private  cases 
during  the  first  year,  a  nui'se  who  averaged  attendance 
at  half  the  lectures  given  during  her  period  of  training 
was  considered  as  doing  well.  Added  to  all  this  was  the 
fact,  which  scarcely  needs  to  be  emphasized,  tliat  a  wom- 
an who  does  not  reach  this  portion  of  her  theoretical  stud- 
ies until  the  end  of  a  long  day,  after  twelve  or  more  busy 
hours  in  the  wards,  is  in  no  mental  condition  to  remember 
what  she  hears.  An  overpowering  sense  of  fatigue  usu- 
ally renders  her  attitude  one  of  painful  but  not  always 
successful  effort  to  keep  awake.  As  regards  the  classes 
conducted  by  the  superintendent  or  her  assistants  the 
student  fared  little  better,  as  these  were  held  in  the  after- 
noon and  her  attendance  depended  entirely  upon  whether 
the  head  nurse  could  spare  her  from  the  ward,  or  not. 
Here,  again,  night  duty  interfered,  as  the  pupil  nurse 
could  not  attend  the  class  work  without  losing  a  part  of 
her  sleeping  hours.  Thus,  when  all  these  drawbacks  are 
considered,  it  will  readily  be  understood  that  to  attend  a 
consecutive  course  of  class  instruction  was  a  rare  occur- 
rence with  a  first-year  pupil. 

The  aids  to  study,  in  the  way  of  books  especially  pre- 
pared for  teaching  the  principles  of  nursing,  were  meagre 
in  the  extreme;  the  first  manuals  on  nursing  being  ex- 
ceedingly elementary  in  their  subject  matter.  So  far  as 
the  acquisition  of  knowledge  in  anatomy,  physiology, 
and  materia  medica  was  concerned  the  pupil  was  left 
practically  to  her  own  resources,  to  obtain  it  as  best  she 
could,  from  Gray's  "Anatomy"  and  Wood's  "Materia 
Medica  " ;  and  as  such  books  were  in  most  cases  unknown 
territory  to  tlae  women  before  their  entrance  into  hospi- 
tals, the  knowledge  acquired  was  seldom  very  deep  or 
very  much  to  the  point.  The  subject  of  invalid  dietary, 
if  attempted  at  all,  was  covered  in  a  few  informal  lect- 
ures delivered  by  any  one  who  was  willing  to  give  tliem, 
and  the  nurse  was  only  required  to  sit  and  observe  the 
teacher's  methods,  being  seldom  called  upon  to  prepare 
food  with  her  own  hands.  Here  again,  as  was  true  of 
her  other  classes,  the  pupil  nurse  was  so  frequently  ab- 
sent that  little  if  any  benefit  was  derived  from  this 
course.  The  only  ethical  training  was  that  which  was 
unconsciously  experienced  from  the  admirable  discipline 
which  existed,  and  fi-om  the  unquestioning  obedience 
which  was  always  required  from  the  junior  nurse  toward 
the  medical  staif,  her  superintendent,  and  the  senior 
nurses.  In  making  this  statement  I  do  not  wish  to  be 
understood  as  minimizing  the  importance  of  these  fac- 
tors, since  it  was  just  this  discipline  which  has  stood  so 
many  nurses  in  good  stead  in  after  years  and  which  has 
helped  them  to  do  their  part  in  winning  a  favorable  i-ec- 
ognition  of  nursing  work.  In  addition  to  the  above, 
classes  and  lectures  were  held  at  any  and  all  times  during 
the  year,  and  vacations  were  in  order  continuously,  so 
that  "in  a  school  for  nurses  there  was  little  if  any  resem- 
blance to  the  usual  order  that  obtains  in  almost  any  kind 
of  institution  of  learning. 

This  brief  sketch  of  the  educational  condition  in  the 
early  days  of  training  schools  for  nurses  has  been  given 
in  order  that  the  changes  that  have  come  about  in  recent 
years  and  the  efforts  that  nurses  have  made,  and  ai-e  still 
making,  to  improve  nursing  education  may  be  more  read- 
ily understood  and  appreciated,  and  the  obstacles  that 
still  hinder  the  highest  order  of  work  may  be  realized. 
As  training  schools  increased  in  number  the  graduates 
from  the  older  schools  were  selected  to  become  the  super- 
intendents of  the  new  ones,  but  unfortunately  they  were 
obliged  to  enter  upon  their  new  fields  of  work  without 
any  special  preparation  for  their  arduous  and  responsible 
duties,  and  with  no  experience  beyond  what  they  had  ac- 
quired as  pupil  nurses.  Hence  it  necessarily  followed 
that  much  the  same  methods,  or  lack  of  methods,  were 
introduced  wherever  a  school  opened,  and  any  improve- 
ment over  the  old  regime  was  due  entirely  to  the  super- 
intendent's own  originality,  powers  of  imagination,  and 
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aptitude  to  impart  instruction.  But  among  these  same 
superintendents  there  was  gradually  developing  a  feeling 
of  dissatisfaction  with  the  courses  of  instruction,  as  out- 
lined in  the  circulars  of  information,  and  they  were  be- 
ginning to  appreciate  that  not  enough  care  was  given 
to  these  courses,  and  that  justice  was  not  being  done 
the  women  who  entered  training  schools  but  who  re- 
ceived nothing  beyond  a  thorough  course  of  training  in 
nursing  the  sick.  At  the  same  time  came  the  many 
•changes  in  methods  of  medical  work,  the  hospital  physi- 
cians and  siu-geons  requiring  at  the  hands  of  their  nurses 
greater  thoroughness  in  the  details  of  the  work  and  a 
fineness  of  finish  which  had  not  heretofore  been  expected, 
and  which  demanded  a  higher  order  of  intelligence  to 
execute.  I  think  that  hardly  any  one  at  the  present  day 
would  venture  to  deny  that  the  science  of  bacteriology 
and  preventive  medicine  requires  both  physicians  and 
nurses  to  be  people  of  intelligence.  Of  the  nurse  it  is 
now  expected  that  she  shall  have  some  knowledge  of  the 
principles  of  bacteriology  in  order  to  appreciate  the  value 
of  surgical  cleanliness  in  the  prevention  of  disease,  and 
to  be  able  to  do  eflEective  work.  In  order  to  surround  her 
patient  with  intelligent  care  she  must  understand  the 
principles  of  ventilation  and  hygiene ;  for  the  proper  care 
of  the  body  she  requires  a  knowledge  of  physiology ;  to 
«d  it  to  overcome  or  resist  disease  she  must  be  taught 
more  than  a  mere  smattering  about  foods  and  the  prepa- 
ration of  invalid  dietary.  Upon  the  nurse  must  devolve 
the  execution  of  all  such  minutiae,  and  to  do  such  work 
well  it  is  necessary  that  she  should  be  endowed  with 
good  common  sense,  practical  ability,  and  intelligence, 
and  then  receive  a  proper  education  in  her  profession. 

As  soon  as  the  trained  nurse  became  a  factor  in  every- 
day life  abuses  began  to  creep  in,  the  salaries  commanded 
began  to  attract  the  purely  commercial  woman  with  no 
aptitude  for  nursing,  and  the  fact  that  a  better  class  of 
students  could  be  obtained  by  the  offer  of  a  degree,  and 
that  cheaper  and  at  the  same  time  better  nursing  could 
be  secured  in  this  way  led  the  owners  of  sanatoriums  and 
the  trustees  of  small  special  hospitals  to  establish  training 
schools  in  which  the  facilities  for  obtaining  a  proper  pro- 
fessional education  did  not  exist.  As  a  consequence 
nurses  who  had  devoted  some  of  the  best  years  of  their 
lives  to  learning  their  profession  were  in  danger  of  being 
•classed  with  those  who  had  obtained  a  certificate  as  a 
price  for  so  many  weeks'  or  months'  nursing,  but  who 
possessed  little  real  skill  or  knowledge.  Hence  arose  two 
■evils — the  real  graduate  nurse  lost  standing  and  the  pub- 
lic was  in  danger  of  being  imposed  upon. 

In  the  face  of  these  many  and  serious  problems  it  is  not 
to  be  wondered  at  that  the  leaders  in  the  nursing  world 
set  to  work  to  find  remedies.  At  first,  individual  efforts 
took  the  form  of  trying  to  improve  the  educational  side 
of  nursing  by  grading  the  two  years'  course  of  instruc- 
tion, making  a  junior  and  a  senior  year,  with  a  separate 
course  of  classes,  lectures,  and  examinations  for  each 
year.  The  junior  year  now  included  instruction  in  the 
first  principles  of  nursing  together  with  such  medical  and 
surgical  subjects  as  were  needed  to  be  put  into  immediate 
practice.  The  senior  year  was  devoted  to  more  advanced 
teaching  and  the  study  of  more  difficult  subjects.  This 
theoretical  course  was  confined  to  the  eight  scholastic 
months  of  each  year,  beginning  in  October  and  ending 
with  examinations  in  June,  while  vacations  were  given 
only  during  the  summer  months.  An  effort  was  also 
made  to_  divide  the  two  years  in  such  a  way  that  each 
•nurse  might  spend  a  nearly  equal  amount  of  time  in  the 
various  branches  of  the  medical  and  surgical  services.  In 
many  schools  the  pi-actice  of  sending  the  pupil  out  to  pri- 
vate duty  during  her  period  of  training  was  done  away 
with,  in  order  that  she  might  follow  an  uninterrupted 
course  of  instruction.  Thus  by  degrees  the  curriculum 
in  many  schools  was  greatly  improved. 

But  to  protect  the  public  and  the  educated  nurse  against 
the  badly  trained  woman,  to  overcome  the  commercial 
spirit;  and  to  establish  a  uniform  standard  of  education, 
individual  superintendents,  however  earnest  and  influen- 
tial, could  at  first  do  little ;  and  until  unity  among  nurses 


as  a  body  had  been  effected  and  the  need  for  reform  and 
improvement  had  been  generally  recognized  by  each  in- 
dividual nurse,  nothing  in  the  way  of  permanent  progress 
could  be  attained.  As  this  conviction  gradually  spread 
among  women  who  regarded  their  work  seriously,  it  be- 
came evident  that  for  nurses,  as  for  other  workers,  or- 
ganization was  necessary.  For  many  years  anything 
like  unity  of  thought  or  work,  or  friendship  among  su- 
perintendents and  graduates  of  training  schools  in  Amer- 
ica was  practically  unknown,  and  there  was  even  no 
esprit  de  corps  among  graduates  of  the  same  school.  But 
among  the  many  congresses  held  in  Chicago  during  the 
World's  Fair  there  was  one  made  up  of  trained  nurses, 
working  as  a  subsection  of  the  hospital  section  of  the 
Congress  of  the  Associated  Charities.  This  was  the  first 
time  in  the  history  of  nursing  in  America  that  nurses  had 
come  together  as  members  of  the  same  profession.  The 
most  important  result  of  this  meeting  was  the  organiza- 
tion of  the  American  Society  of  Superintendents  of  Train- 
ing Schools  for  Nurses,  and  to  the  efforts  of  this  society 
is  chiefly  due  the  progress  since  made  in  the  teaching  of 
nursing.  The  avowed  objects  of  this  organization  were 
to  lay  a  solid  foundation  upon  which  a  good  practical 
educational  standard  might  be  established,  and  to  further 
the  best  interests  of  the  nursing  profession  by  promoting 
fellowship  among  its  members.  Recognizing  that  any 
advance  must  come  by  the  creation  of  an  interest  and  en- 
thusiasm in  the  work  and  in  the  awakening  of  an  esprit 
de  corps  among  graduates  of  the  same  school,  the  first 
step  was  the  organization  of  school  alumnae  associations. 
If  these  were  once  well  established,  the  leaders  foresaw, 
a  national  association  would  naturally  follow.  With 
such  rapidity  were  these  alumnae  associations  formed 
that  at  the  end  of  two  years  thirty -one  were  reported, 
and  the  proper  time  having  now  arrived,  steps  were  at 
once  taken  to  form  the  national  association,  which  held 
its  first  meeting  as  the  Associated  Alumnae  of  the  United 
States  and  Canada  in  April,  1898.  Since  that  time  its 
membership  has  steadily  increased  until  it  now  includes 
fifty-six  alumnae  associations. 

With  the  formation  of  this  association,  representing  the 
nurses,  and  that  of  the  Society  of  Superintendents,  repre- 
senting the  teachers  and  leaders,  nurses  were  prepared  to 
do  effective  work.  Nor  was  motive  wanting,  for  almost 
simultaneously  with  the  organization  of  the  Associated 
Alumnae,  the  Spanish-American  war  began.  Although 
too  late  in  its  organization  to  be  of  service  as  a  body  in 
the  war,  the  association  soon  found  an  opportunity  to 
work  for  a  permanent  reform  in  army  nursing.  The  les- 
sons taught  by  the  lack  of  an  efficient  and  properly  or- 
ganized nursing  force  were  so  severe  that  at  the  close  of 
the  war  the  nurses'  societies  took  steps  to  remedy  the 
evil ;  and  largely  to  their  work  and  influence  was  due  the 
estalDlishment  of  the  army  nursing  service  with  a  properly 
qualified  graduate  nurse  in  charge.  The  army  nurses 
have  passed  their  probationary  stage  and  have  so  far 
overcome  the  strong  prejudice  against  women  in  army 
hospitals  that  they  may  now  be  regarded  as  a  perma- 
nency, and  another  new  field  of  work  is  opened  up  to  the 
graduate  nurse. 

The  next  important  event  was  the  establishment  of  a 
nursing  journal,  controlled  and  managed  by  nurses  for 
the  benefit  of  nurses.  The  need  for  such  a  publication 
had  been  long  felt,  and  to  establish  it  had  been  one  of  the 
objects  of  the  Associated  Alumnae.  In  October,  1900, 
two  years  after  the  organization  of  the  association,  the 
American  Journal  of  Nursing  was  started  under  its  aus- 
pices, through  the  exertions  of  individual  members  who 
assumed  the  financial  responsibility.  The  undertaking 
is  now  an  assured  success. 

Both  societies  have  also  been  active  in  promoting  a  sys- 
tem of  hourly  nursing,  by  means  of  which  good  care  of 
the  sick  at  home  is  supplied  at  reasonable  rates  to  people 
of  moderate  means  and  to  those  who  cannot  very  well  go 
to  hospitals.  The  nurse  who  lives  at  home  and  pays  her 
own  carfare  visits  her  patients  once  a  day,  or  ottener  if 
necessary,  at  a  charge  of  about  fifty  cents  an  hour.  By 
this  plan  she  is  enabled  to  care  for  several  patients  dur- 
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ing  the  day,  undertake  the  most  important  duties  herself 
in  each  case,  regulate  affairs  in  the  sick-room,  and  then 
instruct  some  member  of  the  family  what  to  do  during 
her  absence.  The  method  has  been  tried  in  several  of 
the  large  cities,  and  physicians  who  have  employed  it 
have  pronounced  in  its  favor  in  many  cases.  There  is 
much  to  be  said  for  some  such  form  of  private  nursing, 
which,  when  properly  carried  out,  insures  proper  care  for 
many  whose  circumstances  do  not  entitle  them  to  the  ser- 
vices of  the  distiict  nurse,  relieves  the  family  of  the  con- 
stant presence  and  maintenance  of  the  nurse,  and  lessens 
the  expense  of  the  illness ;  at  the  same  time  it  enables  the 
nurse  to  lead  a  more  systematic  life,  gives  her  more  rest, 
and  secures  for  her  a  greater  degree  of  independence 
while  pursuing  her  work. 

New  avenues  of  work  and  fresh  opportunities  are  con- 
stantly opening  up  to  the  graduate  nurse  by  which  she 
may  be  enabled  to  do  her  full  share  in  bettering  social 
■conditions.  Notable  among  special  efforts  made  by  the 
nurses  themselves  is  that  of  the  Nurses'  Settlement  in 
New  York,  situated  in  the  most  densely  populated  east 
side  portions  of  the  citj'.-  It  aims,  in  addition  to  nursing 
the  sick  poor,  to  be  to  the  neighborhood  all  that  the  col- 
lege settlements  stand  for.  This  settlement  has  steadily 
increased  in  size  and  usefulness,  and  now  has  branches  in 
other  parts  of  the  city.  Those  who  know  whereof  they 
speali  are  ready  to  bear  witness  that  it  has  already  done 
an  incalculable  amount  of  splendid  work. 

Outside  of  merely  caring  for  the  sick,  the  special  train- 
iug  of  the  graduate  nurse  is  being  utilized  in  many  ways. 
She  is  now  regarded  as  a  useful  member  on  boards  of 
liospital  managers,  on  health  commissions,  and  on  inspec- 
tion boards,  and  in  at  least  one  city  a  trained  nurse  is  a 
member  of  the  school  board.  The  project  is  seriously 
"being  considered  of  having  nurses  appointed  to  visit  the 
public  schools  daily  under  the  supervision  of  a  physician, 
to  report  to  him  suspicious  cases,  to  indicate  the  homes 
in  which  any  infectious  diseases  have  developed,  to  point 
■out  unsanitary  conditions  existing  in  the  schools,  and  at 
the  same  time  to  care  for  the  numberless  minor  ailments 
and  troubles  to  be  found  among  large  bodies  of  children. 

As  the  Society  of  Superintendents  stands  first  and  fore- 
most for  the  educational  advancement  of  the  nurse,  mucli 
thought  and  attention  has  been  devoted  to  the  subjectby 
its  members,  the  one  chief  desire  on  the  part  of  all  being 
to  supply  the  public  with  good,  intelligent,  practical 
nurses.  To  this  end  many  changes  have  been  made. 
The  course  of  training  in  the  majority  of  schools  has 
been  increased  to  three  years,  but  unfortunately  in  only 
a  few  instances  has  it  as  yet  been  found  possible  to  lessen 
the  daily  hours  of  practical  work.  Even  to-day  the  pu- 
pil nurse  spends  from  nine  to  ten  hours  daily-  at  -work  in 
the  wards.  In  a  few  schools,  however,  in  which  a  seiious 
endeavor  is  being  made  to  place  a  true  value  upon  edu- 
cation, a  three  years'  course  of  training,  eight  hours  of 
•daily  practical  work,  and  the  non-imyment  system  have 
been  established.  According  to  this  arrangement  the  pu- 
pil receives  no  monetary  recompense,  her  education  being 
■considered  an  ample  equivalent  for  her  time  and  work, 
but  text-books  and  uniform  are  allowed  her  in  addition 
to  her  board,  lodging,  and  laundry  work.  Good  general 
.and  reference  libraries  are  usually  provided  in  the  school. 
Nursing  literature  has  been  much  improved  and  good 
text-books  in  the  subjects  taught  have  been  specially  pre- 
pared in  most  cases  by  superintendents  themselves  who 
have  gained  by  long  experience  a  far  better  appreciation 
■of  tlie  needs  and  requirements  of  the  pupils  than  phy- 
sicians could  possibly  attain  to.  A  graded  course  of  in- 
struction is  arranged  for  in  most  schools,  but  no  uniform 
■curriculum  has  so  far  been  adopted.  Such  a  course  em- 
braces, as  a  rule,  the  fundamentals  of  anatomy,  physi- 
ology, bacteriology,  hygiene,  and  materia  medica,  and 
the  principles  of  nursing  in  all  branches  of  medicine  and 
■surgery.  In  the  third  year  a  course  of  lectures  and  de- 
monstrations in  massage,  obstetrics,  and  nursing  in  infec- 
tious diseases  and  in  diseases  of  the  eye,  ear,  and  skin  are 
.given.  More  and  more  attention  is  being  paid  to  instruc- 
tion in  invalid  dietary ;  and  in  a  few  schools  a  teacher  is 
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engaged  for  this  branch  alone,  and  the  pupils  take  a 
regular  four  to  six  weeks'  course  of  study  in  food  con- 
stituents and  in  the  preparation  and  serving  of  invalid 
diet.  During  this  time  they  are  not  expected  to  perform 
any  ward  duties.  In  the  matter  of  nursing  in  cases  of 
infectious  disease,  in  which  isolation  is  necessary,  instruc- 
tion can  be  obtained  in  only  a  limited  number  of  hospi- 
tals.    This  matter  belongs  to  post-graduate  work. 

Lastly,  superintendents  are  beginning  to  realize  the  im- 
portance of  giving  more  detailed  and  systematic  teaching 
in  the  ethics  of  nursing,  the  constant  observance  of  which 
is  just  as  important  to  the  graduate  as  that  she  should  be 
an  expert  in  practical  work. 

Although  the  instruction  given  in  all  these  various 
branches  must  of  necessity  be  very  elementary  in  sub- 
stance, it  has  been  found  that  the  pupil  nurse  finds  it  ex- 
ceedingly difficult  to  prepare  her  class  work,  wiite  up 
her  lecture  notes,  do  any  collateral  reading,  and  at  the 
same  time  pursue  her  long  hours  of  work  in  the  wards. 
Lack  of  time  and  bodily  fatigue  make  it  practically  im- 
possible to  assimilate  the  theoretical  knowledge  imparted 
in  the  courses  of  instruction.  Added  to  tliis,  the  women 
of  to-day  have  not  as  a  rule  a  thorough  systematic  prac- 
tical knowledge  of  the  details  of  housekeeping,  so  essen- 
tial for  any  one  who  expects  to  become  a  good  nurse  and 
a  good  manager  in  a  ward.  For  these  reasons  an  attempt 
has  been  made  in  one  school  in  Scotland,  one  in  London, 
and  one  in  the  United  States  to  give  the  probationers,  be- 
fore entering  tlie  wards,  a  so-called  preliminary  course  in 
liousehold  ectmomics,  in  the  theory  of  their  work,  and  in 
the  elements  of  nursing.  By  this  arrangement  the  pro- 
bationer is  gradually  fitted  to  begin  her  more  arduous 
tasks  in  the  ward,  with  an  understanding  of  what  is  ex- 
pected of  her.  Results  are  much  better  for  the  patients, 
and  the  head  nurse  is  spared  having  so  much  crude  ma- 
terial always  on  hand  to  teach;  while  the  superintendent 
of  niirses  can  feel  sure  that  the  preliminary  ground  has 
been  thoroughly  covered.  The  chief  drawback  to  the 
general  adoption  of  such  a  plan  lies  in  the  extra  cost  it 
entails,  an  outlay  which  few  hospitals  can  afford.  Under 
the  auspices  of  the  Society  of  Superintendents  a  course  in 
hospital  economics  was  established  in  1899,  in  connection 
with  the  Teachers'  College,  Columbia  University,  New- 
York,  the  object  of  which  is  to  qualify  specially  selected 
graduates  for  the  duties  of  superintendence  in  hospitals 
and  training  schools. 

Among  the  more  pressing  matters  calling  for  reform  at 
the  present  time  are  the  following:  (1)  The  establishment 
of  uniform  entrance  requirements  for  probationers  and  a 
uniform  curriculum,  as  a  result  of  which  a  graduate's  de- 
gree obtained  in  any  part  of  the  country  and  from  an>' 
hospital  would  practically  mean  the  same  thing.  (2) 
Some  arrangement  by  which  the  small  general  hospital 
may  become  a  branch  of  the  larger  training  school,  so 
that  every  woman  after  she  has  been  accepted  as  a  pupil 
in  a  hospital  of  good  standing— no  matter  whether  it  be 
large  or  small- shall  be  assiu-ed  a  thorough  practical  and 
theoretical  education  as  a  nurse.  (3)  Some  plan  in  ac- 
cordance with  which  only  properly  qualified  graduates 
shall  be  employed  at  reasonable  rates  to  do  the  nursing 
in  special  hospitals,  and  thus  do  away  with  one  most  ob- 
jectionable form  of  training  school.  (4)  The  establish- 
ment in  certain  large  centres,  in  different  parts  of  tlie 
country,  of  post-graduate  courses  in  general  hospitals, 
which  may  be  attended  by  graduate  nurses,  who  will 
then  be  able  to  keep  tiiemselves  up  to  date  and  become 
acquainted  with  the  latest  changes  in  medical  and  surgi- 
cal methods.  (5)  Theestablishmentof  methods  by  which 
the  pubUc  may  be  protected  from  inefficient  and  untrained 
nurses,  while  the  women  who  have  taken  the  time  and 
trouble  to  perfect  themselves  in  their  profession  may  be 
accorded  their  proper  status. 

With  the  solution  of  the  first  four  of  these  problems  the 
Superintendents'  Society  is  more  especially  occupying 
itself ;  the  fifth  has  been  left  mainly  in  the  hands  of  the 
Associated  Alumna;,  and  on  this  point  it  may  not  be  out 
of  place  to  say  a  few  words.  Before  a  physician  is  al- 
lowed to  practise  his  profession  he  is  obliged  to  satisfy 
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tlie  State  board  that  he  is  properly  quahfled  after  which 
his  uame  is  duly  registered.  May  not  some  form  of  State 
examination  and  registration  equally  well  find  application 
in  the  case  of  graduate  nurses?  We  are  not  suggesting  a 
panacea— registration  will  not  cure  all  defects  in  nurses, 
hut  it  will  at  least  afford  some  sort  of  a  guaranty,  and  to 
a  certain  extent  put  it  in  the  power  of  the  public  to  learn 
for  itself  the  legal  status  of  any  woman  who  offers  her- 
self as  a  nurse  for  their  sick ;  at  the  same  time  it  will 
jerve  as  a  hall  mark,  as  it  were,  upon  the  woman  who 
has  spent  time  and  labor  to  render  herself  a  good  nurse, 
and  will  distinguish  her  from  the  nondescript  individual 
who  so  often  poses  as  a  trained  nurse. 

In  this  paper  reference  has  mainly  been  made  to  changes 
which  have  occurred  in  the  nursing  world  on  this  conti- 
nent during  the  past  decade.     But  even  should  we  be  in- 
clined to  flatter  ourselves  that  America  has  led  the  van, 
it  must  not  be  supposed  that  other  countries  have  been 
far  behind  in  these  matters.     It  should  be  a  matter  for 
sincere  congratulation  that  there  has  been  established  an 
entente  cordiale  between  the  members  of  the  nurs- 
ing profession  in  all  countries,  whereby  we  have 
been  brought  into  closer  touch  than  ever  before. 
One  professional  link  has  been  forged  between 
America  and  England  in  the  form  of  the  Inter- 
national Council  of  Nurses,  which  has  as  its  ob- 
ject "the  furtherance  of  the  social  and  profes- 
sional  progress  of    all  nurses  and  the  mainten- 
ance of  a  high  standard  of  nursing  ethics  and 
esprit  de  cofps,"  and  to  which  we  trust  nursing 
associations   in  all  countries  may   become  affili- 
ated in  the  course  of  time. 

It  is  a  satisfaction  to  be  able  to  record  that  in 
no  civilized  country  has  the  development  of  the 
nursing  profession  been  at  a  standstill,  and  every- 
where our  members  have  been  working  out  their 
own  problems  according  to  their  several  needs. 
A  more  comprehensive  account  of  the  work  being 
done  by  nurses  throughout  the  world  will  be 
found  in  the  Proceedings  of  the  Third  Interna- 
tional Congress  of  Nurses  held  in  Buffalo  in 
September,  1902.* 

While  the  greater  part  of  the  progress  in  nurs- 
ing has  been  mainly  due  to  the  efforts  of  nurses  them- 
selves, they  have  been  fortunate  in  securing  in  their  un- 
dertakings the  active  sympathy  of  the  medical  profession 
and  of  hospital  authorities  who  have  appreciated  the  fact 
that  the  better  the  nurse  the  more  are  their  own  efforts 
strengthened.  It  still  remains  for  the  well-to-do  laity  to 
realize  how  necessary  and  important  to  them  is  every 
step  taken  for  the  betterment  of  the  nurse.  After  all,  the 
sole  object  of  all  the  work  and  progress  is  to  render  the 
greatest  good  to  the  greatest  number  when  sick  and  in 
sore  need  of  the  best  that  human  skill  can  afford,  and 
were  some  portion  of  the  financial  aid  so  lavishly  poured 
out  upon  university  and  other  Institutions  of  learning 
given  to  render  the  profession  of  nursing  still  more 
worthy  of  its  name,  such  an  outlay  would  assuredly  be 
returned  in  good  measure  pressed  down  and  running  over. 

Isabel  Hampton  Mobb. 

NVTGM.L.—OaUa,  U.  8.;  Br,,  Galls;  Gallcs;  Qalla 
lialapensis ;  Q.  Turcica ;  (?.  leoantiaa  ;  G.  tinatoria ;  G. 
quercina.  Excrescences  on  Quercus  lusitanica  Lam.  {Q. 
infectmHa  Olivier,  fam.  Cupulifero}),  caused  by  the  punct- 
ures and  deposited  ova  of  Cynips  {Diplolepia,  Latreille) 
Gallm  tinctorim,  Olivier  (Class  Insecta,  Order  Hymenop- 
tera). 

The  species  of  oak  here  named  is  very  variable  and 
widely  disseminated,  growing  over  the  greater  part  of 
Southern  Europe,  in  the  Levant,  and  in  Western  Asia. 
The  variety  which  produces  the  galls  is  usually  a  more 
shrub  less  than  six  feet  high.  The  insect  named  is  a 
small,  wasp-like  fly.  The  female  punctures  certain  of 
the  unexpanded  buds,  leaving  a  single  egg  in  each,  thus 

*Tlils  report  may  be  obtained  tbrougb  tbe  American  Journal  ol 
Nursing,  pubUsbed  at  624  Chestnut  Mtreet,  Pbiladelpbla,  Pa. 
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causing  it  to  develop  into  a  gall,  instead  of  a  leafy 
branch.  A  spherical  cavity  is  formed  by  the  growth  of 
the  gall,  its  lining  being  of  a  different  structure  from  that 
of  the  remainder  of  the  gall.  The  larva,  when  fully  de- 
veloped, gnaws  its  way  out,  leaving  a  pinhole  perfora- 
tion. After  this  occurrence  the  gall  presents  quite  a 
different  appearance,  being  larger,  lighter  in  color  and 
weight,  and  less  rich  in  active  constituents,  such  galls 
being  distinguished  in  commerce  as  White  galls,  and  less 
highly  esteemed  than  those  collected  at  an  earlier  period. 
Descktption. — Nearly  spherical,  about  2.5  cm.  (1  in.) 
or  less  in  diameter,  with  a  short  stipe,  the  surface  smooth, 


FIS.  3607.— The  Nutgall  Oak,  Showing  Leaves,  Acorns,  and  One  Nut- 
gall.    (Baillon.) 

except  for  a  number  of  short,  thick  tubercles  toward  the 
summit ;  externallj'  deep  greenish-  or  bluish-gray  or  black- 
ish; heavy  and  hard,  but  readily  broken  with  a  hammer, 
exhibiting  a  more  or  less  dense  granular  fracture,  some- 
times with  a  waxy  lustre ;  internally,  yellowish  or  pale 
brownish-gray,  with  a  central  nucleus  or  a  cavity  con- 
taining the  more  or  less  perfectly  developed  insect.  The 
granular  tissue  of  the  nucleus  is  mostly  filled  with  small 
starch  granules  and  surrounded  by  a  layer  of  thick- walled 
cells  forming  a  shell,  on  the  outside  of  which  is  the  cellu- 
lar tissue  containing  the  tannin.  This  tissue  has  often  a 
radiated  appearance  near  the  shell,  and  contains  toward 
the  surface  small  scattered  bundles  of  vascular  tissue. 
Nutgalls  are  nearly  inodorous  and  have  a  very  astringent 
taste.  Light,  spongy,  and  whitish-colored  nutgalls  should 
be  rejected. 

Nutgalls  are  distinguished  in.  commerce  according  to 
their  color,  the  blue  or  black  galls  of  Syria  (Aleppo)  being 
preferred.  Smyrna  galls  are  usually  of  a  grayish  olive 
green,  more  spongy  in  texture  and  intermixed  with  white 
galls. 

Many  other  varieties  of  galls,  especially  the  Chinese 
variety,  have  a  similar  composition  and  uses,  though  sub- 
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stitution  or  adulteration  of  the  medicinal  article  is  hardly 
to  be  looked  for.  Chinese  galls  are  large,  occasionally 
three  inches  in  length,  oblong-ovoid  and  somewhat  flat- 
tened, coarsely  tuberculate,  the  tubercles  very  irregular 
in  size  and  often  prolonged  into  branches.  This  gall  is 
of  a  yellowish-gray  color,  densely  and  softly  tomentose 
or  velvety,  liglit  in  weight  and  hollow,  the  wall  being 
thin  and  crustaceous. 

Nutgalls  contain  upward  of  sixty  per  cent,  of  gallotan- 
nic  acid,  two  or  three  per  cent,  of  gallic  acid,  occurring 
as  a  natural  derivative  of  the  former,  and  small  amounts 
of  resin,  sugar,  and  starch. 

Action  and  Uses. — The  properties  of  nutgallare  those 
of  tannic  and  gallic  acids,  in  a  degree  corresponding  with 
their  percentages  as  stated  above,  and  the  reader  is  re- 
ferred to  those  drugs  for  an  account  of  its  action  aud 
uses. 

The  official  preparations  of  nutgall  are  the  tincture, 
containing  twenty  per  cent,  of  nutgall  with  ten  per  cent, 
of  glycerin,  and  the  ointment,  which  consists  of  twenty 
per  cent,  of  the  drug  rubbed  up  with  eighty  per  cent,  of 
benzoinated  lard.  Henry  H.  Busby. 

NUTMEG.— (ilfj/risfo'ca,  U.  S. ;  Br.  Semen  Myristicas; 
Ger.  Muskatnuss;  Fr.  Muscade.)  The  dried  ripe  seed  of 
Myristica  fragrans  Houttuyn  (fam.  Myristicacem),  de- 
prived of  its  testa. 

Nutmeg  is  the  product  of  a  handsome,  small,  ever- 
green, dicBcious  tree,  native  of  the  Molucca  Islands,  now 
widely  cultivated  in  tropical  regions,  such  cultivated 
trees,  mostly  in  the  Malay  Archipelago,  supplying  the 
commercial  article.  The  fruit  is  fleshy,  one-seeded,  and 
when  ripe  much  resembles  the  peach.  The  fleshy  peri- 
carp is  tardily  dehiscent  and  the  seed  is  enclosed,  though 
only  partially  covered,  by  a  fleshy  network,  consisting  of 
the  aril.  This  is  removed  and  dried  to  form  mace  (which 
see),  leaving  the  seed  as  an  oval  body  faintly  grooved, 
where  the  aril  has  rested  upon  it.  It  is  dried  by  a  slow 
and  tedious  process,  requiring  about  two  months.  When 
dry  the  nutmegs  are  beaten  to  break  the  testa,  from  which 
the  kernel  has  now  shrunken  away,  and  the  latter  then 
constitutes  the  official  nutmeg.  It  is  nearly  an  inch  in 
length  and  somewhat  more  than  half  as  broad,  oval  to 
ovoid,  very  slightly  flattened  in  one  direction  and  not 
quite  equilateral,  of  a  rich  brown  color,  slightly  shining, 
more  or  less  furrowed,  with  a  circular  scar  at  the  broader 
end,  from  which  a  slight  groove  runs  to  a  deeper  depres- 
sion near  the  smaller  end.  When  cut  transversely  it  ex- 
hibits a  pale,  brownish-yellow  surface,  >of  a  fatty  lustre, 
and  marked  by  narrow  curved  brown  lines  entering  from 
the  surface  and  containing  folds  of  the  tegmen  or  inner 
coat  The  odor  is  strong  and  agreeable,  the  taste  similar 
and  somewhat  bitter.  The  ordinary  nutmeg  of  commerce 
differs  from  this  in  being  grayish-white  from  a  partial 
covering  of  lime,  which  serves  the  purpose  of  protecting 
it  against  the  attacks  of  insects,  to  which  it  is  very  liable. 
Such  nutmegs  are  distinguished  as  "  limed  "  or  "  Dutch, 
the  others  as  "  brown  "  or  "  Penang. "  ,    .,      ., 

The  important  constituent  of  nutmeg  is  its  volatile  oil, 
stated  in  most  books  to  amount  to  from  two  to  eight  per 
cent.,  but  of  which  there  is  very  much  more.  The  other 
constituents  are  the  following:  about  forty  percent,  ot 
fixed  oil,  of  which  about  three-fourths  is  removable  iDy 
expression,  a  small  amount  of  an  unstudied  bitter  prin- 
ciple, starch,  protein,  gum,  and  other  ordinary  constitu- 
ents. The  volatile  oil  {Oletim  Myristiem,  U.  S.,  Br  or 
Olevm  Nucistce  .^thereum)  varies  considerably  in  char- 
acter, according  as  a  larger  or  smaller  percentage  has 
been  distilled  from  the  nutmeg.  When  freshly  distilled 
it  is  colorless,  but  grows  yellow  or  even  reddish  and 
thicker  with  age,  at  the  same  time  changing  its  odor  to  a 
heavy  and  somewhat  disagreeable  character.  It  has  a 
pleasant  flavor,  followed  by  a  warming  and  biting  or 
slightly  acrid  effect.  Its  specific  gravity  ranges  trom 
0.87  to  0,90  at  15°  C.  (59°  F.).  It  is  soluble  m  an  equal 
volume  of  alcohol,  the  solution  being  neutral,  and  in  the 
same  amount  of  glacial  acetic  acid ;  it  is  freely  soluble 
in  carbon  disulphide.    It  consists  chiefly  of  mynsticol 


(CioHioO?)  and  myruticin  (CisHmOs),  together  with  pi- 
nene,  myristinic  acid,  and  other  unimportant  substances. 
This  oil  possesses  the  properties  of  nutmeg  in  an  inten- 
sified degree.  The  commercial  article  holds  a  small 
amount  of  the  fixed  oil  in  solution.  The  fixed  oil  (Oleum 
Myrutiem  Expressum,  Oleum  Nueislm,  Adeps  or  Butyrum 
Myrisiicm  or  INiieistm,  Nutmeg  Butter)  is  expressed  by 
the  aid  of  heat.  It  usually  occurs  in  the  form  of  cakes, 
wrapped  in  palm  leaves,  is  solid  and  firm  at  ordinary 
temperatures,  melting  at  about  45°  C.  (113°  F.),  has  a 
mottled,  orange-brown  and  whitish  color,  a  specific  grav- 
ity of  about  0.995,  a  pleasant  buttery  taste,  but  with  a 
slight  fragrance  amj  taste  of  nutmeg,  due  to  the  presence 
of  a  little  of  the  volatile  oil  in  solution.  It  dissolves  in 
four  parts  of  boiling  alcohol  or  in  two  of  warm  ether.  It 
consists  chiefly  of  myristin,  CaH6(C4H3,02)3,  with  three  or 
four  per  cent,  of  free  myristic  acid.  This  oil  is  very 
much  subject  to  adulteration  with,  or  substitution  by,  the 
fixed  oils  derived  from  other  species  of  myristica,  es- 
pecially that  from  M.  fatua  Houttuyn.  This  fat  has  no 
special  medicinal  properties  but  merely  those  of  other 
vegetable  fats. 

Whole  nutmegs  are  at  the  present  day  scarcely  ever 
sophisticated,  though  the  long,  wild,  or  male  nutmegs 
above  mentioned  as  being  used  to  adulterate  nutmeg  but- 
ter, as  well  as  some  other  species,  are  occasionally  olfered 
for  them.  Artificial  nutmegs,  pressed  from  a  prepared 
paste  and  very  inferior  in  odor  and  taste,  have  been  fre- 
quently reported.  Ground  nutmeg  is  usually  adulter- 
ated, often  very  heavily  so,  and  the  freshly  grated  article 
should  be  insisted  upon. 

Pkoperties  and  Uses. — Almost  the  entire  use  of  nut- 
meg is  for  flavoring  purposes,  although  it  possesses  use- 
ful properties  as  an  ordinary  aromatic  stimulant  and  car- 
minative. Many  cases  of  mild,  and  several  of  rather 
severe  poisoning  by  overdoses  (from  two  to  five  nutmegs) 
are  reported,  the  symptoms  being  those  of  a  narcotic  or 
severe  depressant,  in  some  respects  similar  to  those  of 
overdoses  of  camphor.  There  is  no  preparation,  properly 
speaking,  of  nutmeg,  though  it  enters  into  the  aromatic 
powder  and  the  compound  tincture  of  lavender.  Of  the 
volatile  oil  there  is  an  oflacial  five-per-cent.  spirit,  the  dose 
of  which  is  3-4  c.c.  (fl.  3  ss.-i.);  the  dose  of  the  oil  as  a 
carminative  is  v^  i.— iij.,  and  a  small  amount  of  it  enters 
into  the  aromatic  spirit  of  ammonia. 

Henry  H.  Busby. 

NUTRITION.    See  Metabolism. 

NUX  VOMICA.— U.  S.,  Br.,  Semen  stryehni;  P.  G.,  Se- 
nwn  nucis  wmic<e ;  Poison  Nut;  Dog  Buttons;  Quaker 
Buttons.  The  dried  ripe  seed  of  Strychnos  Niix  minica 
L.  (fam.  Loganiaeem). 

Nux  vomica  seeds  are  produced  in  the  East  Indies  by 
a  small  tree  which  bears  a  fruit  similar  in  appearance 
to  a  small  orange.  There  are  from  one  to  four  seeds, 
usually  with  a  few  undeveloped  ones,  found  embedded  in 
the  whitish,  jelly-like  pulp  of  the  fruit.  The  smaller  the 
number  of  seeds  the  larger  they  are  likely  to  be,  and  the 

richer  in  active  con-  

stituents.  Although 
the  principal  con- 
stituent of  the  pulp 
of  the  fruit  is  the  in- 
dift'erent  glucoside 
loganin,  yet  it  also 
contains  strychnine 
(about  1.5  per  cent, 
in  the  dried  pulp) 
and  brucine  (about 
one  per  cent.)  and  is 
highly  poisonous. 
The  leaves  also  con-  .  ,         ,    i,i 

tain  a  considerable  percentage  of  brucine,  and  probably 
some  strychnine,  and  are  poisonous  to  cattle. 

DESCRiPTlON.-About  1.5-3.5  cm.  (^l  in)  broad,  lentic- 
cular,  but  irregularly  curved,  with  an  elevated  central 
spot  upon  one  or  both  sides  and  upon  one  side  a  low  ridge 
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FIG.  3608.-NUX  Vomica;  outer  surface 
and  loDgitudinal  section.  (Alter  Bail- 
lon.) 


IVye  liitlifa  Springs. 
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(the  raplK')  running  thence  fo  the  edge;  externally  gray, 
greenish-gray  or  light  j-cUowish-gray,  silky  in  lustre  and 
to  the  touch,  densely  clothed  with  a  coat  of  closely 
appressed,  shining  hairs;  internally  hard,  very  tough, 
somewhat  translucent,  consisting  of  two  discs  of  peri- 
speiTO  whicli  enclose  a  thin,  circular  cavity  and  the 
embryo  which  has  small  heart-shaped,  palmately  nerved 
cotyledons;  inodorous  and  intensely  and  persistently 
bitter. 

Nux  vomica  seeds  are  so  abundant  and  cheap  that  there 
would  appear  to  be  little  temptaticm  to  adulterate  them: 
yet  not  only  is  the  powdered  drug  subject  to  adulter- 
ation, but,  what  is  of  more  importance,  it  varies  widely 
in  quality.  Plence  the  great  importance  of  insisting  upon 
official  standards  as  to  the  alkaloitlal  assay  of  the  prep- 
arations. 

Constituents. — The  one  important  constituent  of  nux 
vomica,  from  a  medicinal  point  of  view,  is  strychnine. 
The  activity  of  the  drug  is  wholly  dependent  upon  that 
substance,  and  the  degree  of  this  activity  confonus  closely 
to  the  amount  which  it  contains,  although  the  latter  state- 
ment is  subject  to  certain  modifications,  in  accordance 
with  the  following  facts.  Associated  with  tlie  strychnine 
is  a  certain  quantity  of  the  similar  alkaloid  brucine,— 
a  quantity  which  either  may  be  equal  to,  or  may  be 
twice  as  great  as,  that  of  the  strychnine  present.  The 
action  of  this  alkaloid  is  almost  identical  with  that  of 
strychnine,  although  variously  estimated  at  from  five  to 
ten  times  weaker.  This  variation  in  tlie  strength  of  bru- 
cine is  undoubtedly  due  to  the  presence  in  it  of  variable 
amounts  of  strychnine,  which  it  is  almost  impossible  com- 
pletely to  remove.  It  is  to  be  remembered  tliat  the  alka- 
loids, besides  being  higlil}'  insoluble,  exist  in  nux  vomica 
intimately  associated  with  an  extremely  tough,  horny  al- 
buminous substance,  so  that  if  the  powdered  drug  be 
taken,  they  may  be  less  quickly  and  completely  absorbed 
than  when  strychnine  alone  is  administered.  Constitu- 
ents which  ai'e  not  important  from  a  medicinal,  though 
more  or  less  so  from  a  pharmaceutical,  standpoint  are  the 
innnin-like  iff  CI  suric  or  strychnic  acid  with  which  the  alka- 
loids are  combined,  a  considerable  amount  of  fixed  oil,  a 
small  amount  of  the  glucoside  loganin,  a  little  gum,  sugar, 
etc.  The  combined  percentage  of  strychnine  and  bru- 
cine ranges  from  two  to  five  per  cent,  or  even  more,  of 
which  the  strychnine  represents  from  one-third  to  one- 
half.  Strychnine  will  be  fully  discussed  under  that  title. 
Brucine  (023llieNiOi-\-4:liI^O)  occurs  in  very  fine  color- 
less crystals,  forming  a  whitish  powder,  soluble  in  alco- 
hol. It  is  distinguished  from  stiychnine  by  being  red- 
dened by  nitric  acid.  It  forms  salts  freely,  several  being 
upon  the  market ;  the  sulphate,  which  is  soluble  in  water, 
is  the  one  chiefly  employed. 

Action  and  Uses. — ^Excepting  as  to  the  prepai-ations 
and  dosage,  an  account  of  the  action  and  uses  of  nux 
vomica  would  be  a  duplication  of  that  given  under 
StrycJmiiie,  to  which  the  reader  is  referred.  Brucine  is 
somewhat  used  in  a  similar  waj',  in  doses  of  gr.  ^^  to  gr. 
■J,  the  total  daily  amount  not  to  exceed  gr.  iij.  It  is  also 
sometimes  applied  externally  to  relieve  itching. 

The  dose  of  nux  vomica,  in  very  fine  powder,  is  0.06- 
0.34  gm.  (gr.  l.-iv.).  Of  nux  von'iica  the  following  arc 
the  official  preparations,  subject  to  assay  by  processes 
prescribed  by  the  Pharmacopoeia :  The  extract,  to  contain 
15  per  cent,  of  total  alkaloid,  do,se  0.008-0.06  gm.  (gr. 
itogr.  i.);  the  fluid  extract,  to  contain  1.5  per  cent,  of  total 
alkaloid,  dose  Tq,  i.-iv. ;  the  tincture,  to  be  made  by  dis- 
'  solving  20  gm.  of  the  dried  oflicial  extract  in  1,000  c.c.  of  a 
mixture  of  three  volumes  of  alcohol  and  one  volume  of 
water— this  tincttu-e  to  contain  a  total  of  O.ii  per  cent,  of 
the  alkaloid,  and  the  dose  to  be  0.3-1.8  c.c.  (niv.-xxx.). 
It  will  thus  be  seen  that  the  fluid  extract  is  five  times  as 
strong  as  the  tincture,  and  the  extract  ten  times  as  strong 
as  the  fluid  extract.  JJenry  II.  Rushy. 

NYE  LITHIA  SPRINGS— Wythe  Company,  Virgiiiia. 
Post-Ofkice,  —  AVytheville.      Hotel    and    boarding- 
houses. 

Access.— Via  Norfolk  and  Western  Railroad  to  '^A'ythe- 
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villa,  thence  two  miles  over  macadamized  carriage  roads 
to  springs. 

These  springs  are  located  in  the  southwestern  part  of 
Virginia,  in  a  charming,  picturesque  locality,  one-quarter 
of  a  mile  from  the  corporate  limits  of  W.ytheville.  The 
elevation  of  3,360  feet  above  the  sea  level  gives  assurance 
of  a  cool  and  delightful  summer  temperature.  The  coun- 
try about  AVytheville  has  long  been  celebrated  in  the 
South  as  a  summer  health  resort,  and  the  yearly  visitors 
came  from  far  and  near.  The  average  yearly  temper- 
ature of  Wytheville  is  53°  F.  The  seasonal  temperatures 
are  as  follows:  Spring,  53°  F. ;  summer,  70.6°  F. ;  autumn, 
53°  P. ;  and  winter,  33.3°  F.  The  highest  summer  tempera- 
ture observed  during  the  past  three  years  has  been  88°  P. 
in  the  shade.  The  region  is  quite  free  from  malarial  and 
miasmatic  influences.  The  springs  are  surrounded  by  a 
tract  of  eighteen  acres  of  the  primeval  oak  forest,  which 
furnishes  a  delightful  shade  in  the  summer.  The  accom- 
modations for  visitors  are  as  yet  somewhat  limited,  but  a 
commodious  hotel  is  in  contemplation  for  the  near  future. 
Two  good  hotels  and  numerous  excellent  boarding-houses 
will  be  found  in  Wytheville.  The  springs  are  three  iu 
number,  two  lithia  and  one  chalybeate.  The  summer 
temperature  of  the  two  lithia  springs  is  respectively  53° 
and  54°  P.,  and  the  chalybeate  56°  F.  The  following 
analysis  of  tvio  of  tlie  springs  is  furnished  by  Dr.  George 
L.  Nye,  the  resident  physician: 

Nye  Lithia  Spuing,  No.  1. 

(Analyzed  by  W.  L.  Dudley,  Vanderbilt  University.) 

One  U.mted  States  Gallon  Coxtains: 

Solids.  Grains. 

Calcium  carbonate 10.63 

Lithium  carbonate 6.41 

Iron  ana  alumina  oxide 31 

Silicic  acid 1.19 

Total 18.54 

Nye  Chalybeate  Spring. 

(Analyzed  by   J.    L.   Jarman,    of    Emory  and 
Henry  College.) 

OxE  United  States  Gallon  Contains: 
Solids.  Grains. 

Potassium  carbonate 0.01 

Sodium  carbonate 81 

Lithium  carbonate 1.89 

Calcium  carbonate 11 .00 

Magnesium  cartibnate 2.a5 

Iron  and  alumina  oxide 1 ,33 

Silicic  acid '. 66 

Total 18.63 

Rating  the  lithium  in  these  analyses  as  the  bicarbonate 
it  would  amount  respectively  to  11.77  and  3.48  grains 
per  gallon. 

The  waters  have  long  been  highly  prized  in  the  treat- 
ment of  a  variety  of  disorders.  iSr.  Nye  presents  numer- 
ous reports  of  cases  from  competent  physicians  illustrat- 
ing the  beneficial  influence  of  these  waters  in  diabetes 
and  other  urinary  disorders.  Their  action  in  cases  of 
dyspepsia  and  intestinal  afl'ections  is  also  very  advan- 
tageous. The  chalybeate  water  is  in  high  repute  among 
physicians  for  the  relief  of  menstrual  and  uterine  dis- 
orders consequent  upon  anamia.  James  K.  Orook. 

NYIVIPH>€ACE/E.— 27««  Wnter-Uly  Family.  This 
small  family  of  aquatic  plants  contributes  several  large, 
coarse,  spongy,  dark-colored  rhizomes  which  have  been 
used  in  medicine.  The  white  water-lilies  pertain  to  the 
genus  Castalia  Sallsb. ,  though  long  miscalled  Nymplum, 
the  latter  name  still  being  applied  to  them  as  drugs.  The 
species  most  used  are  G.  alba  (L.)  Lyons  {Nymplum  n. 
L.),  the  European  white  water-lily,  G.  odorata  (Dryan- 
der)  Woodv.  et  Wood  (Nymphaa  o.  Dryander),  the  'Fra- 
grant or  Sweet-scented  white  wrater-lily,  chiefly  of  East- 
ern North  America,  and  the  O.  tuberosa  (Paine)  Greene, 
the  tuberous  white  water-lily,  chiefly  of  Central  North 
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America.  The  yellow  water-lilies  or  pond-lilies,  Spat- 
,  ter-iliicks,  or  Flatter  docks,  pertain  to  the  genus  Niiia- 
phea  L.,  though  long  miscalled  Nuphar.  Tlie  species  of 
tliis  genus  which  has  been  most  employed,  and  the  nature 
of  which  is  best  known,  is  N.  littea  L.,  the  European  yel- 
low pond-lily.  Prom  this  rhizome  lias  been  extracted  the 
white  amorphous  alkaloid  nupliarine,  to  which  its  bitter 
properties  are  probably  due.  The  constituents  of  the 
other  species  named  are  but  little  known,  though  they 
contain  bitter  principles  apparently  similar  to  nupharine. 
All  contain  resin,  tannin,  starch,  and  gum. 

The  uses  of  these  drugs  are  not  based  upon  any  scien- 
tific knowledge  othei-  than  that  they  are  mild  astringents 
and  bitter  tonics.  In  this  way  they  have  been  used  as 
astringent  gargles,  intestinal  astringents,  and  for  local  ap- 
plications in  gonorrhoea,  leucorrha?a,  etc.  The  dose  of  the 
fluid  extract  is  i.-iv.  cc.  (fl.  3  i-i.).       Henry  H.  Rushy. 

NYSTAGMUS  is  an  involuntary  rhythmiccontraction  of 
the  ocular  muscles  producing  oscillation  of  the  eyeballs. 
It  is  due  to  imperfect  cortical  innervation  of  the  volun- 
tary muscles  of  the  eye,  and  may  result  from  either  cen- 
tral or  peripheral  causes,  or  from  both.  The  movements, 
which  usually  atfect  both  eyes,  may  be  vertical,  rotator)', 
or  lateral,  hut  the  most  common  form  is  from  side  to 
side.  It  is  most  commonly  observed  in  eyes  that  are 
defective  congenitally,  as  in  albinos,  or  from  coloboma  of 
the  choroid,  microphthalmos,  etc.  Various  inflammatory 
or  degenerative  diseases  of  the  eyes,  chiefly  when  they 
occur  in  early  infancy  or  childhood,  frequently  cause  nys- 
tagmus. This  condition  must  not  be  confounded  with 
the  slight  tremor  observed  upon  voluntary  movement  of 
the  eyes  in  efforts  at  fixation  in  various  directions  which 
is  so  often  found  in  association  with  weakness  of  the  ocu- 
lar muscles. 

Nystagmus  mjiy  be  acquired,  and  is  often  seen  in  those 
employed  in  coal  mines,  and  is  due  to  the  work  being 
done  in  cramped  positions  under  poor  illumination,  the 
gaze  being  directed  obliquely  upward.  Fatigue  is  thus 
induced  in  the  superior  recti  and  inferior  obliques,  and 
also  in  the  internal  and  external  recti  muscles,  finally 
causing  their  spasmodic  action.  This  type  of  nystagmus 
may  also  be  regarded  as  a  fatigue  neurosis. 

Nystagmus  also  occurs  in  various  diseases  of  the  ner- 
vous system,  and  is  often  a  conspicuous  symptom  in  mul- 
tiple sclerosis,  cerebellar  disease,  and  Friedreich's  hered- 
itary ataxia.  It  occurs  in  many  diseases  of  the  brain, 
such  as  tumor,  softening,  hemorrhage,  meningitis,  sinus 
thrombosis,  etc.  As  a  localizing  symptom  it  is  of  no 
value,  but  it  is  an  important  diagnostic  sign  in  the  early 
stage  of  degenerative  affections  of  the  central  nervous 
system. 

In  multiple  sclerosis  nystagmus  is  a  frequent  symptom. 
Spontaneous  movements  like  those  seen  in  albinism  or  in 
congenital  ocular  defects  are  rare.  The  nystagmus  is 
usually  manifested  when  the  eyes  are  moved  voluntarily 
in  various  directions,  especially  on  lateral  movement. 

In  cerebellar  disease  nystagmus  has  been  classified  as 
an  irritative  symptom,  being  ascribed  to  pressure  on  the 
pons  and  corpora  quadrigemina. 

William  M.  Leszynsky. 

OAK  ORCHARD  ACID  SPRINGS— Geneseo  County, 
New  York. 

Post-Office. — Medina,  Orleans  County. 

Access. — VIS  New  York  Central  Railroad  to  Medina, 
a  station  forty  miles  west  of  Rochester,  thence  six  miles 
south  by  stage. 

The  springs  are  not  used  as  a  resort,  but  the  waters 
have  been  sold  to  some  extent.  The  accompanying  analy- 
ses show  the  waters  to  possess  exceptional  properties. 

These  springs  are  remarkable  in  the  amount  of  free 
sulphuric  acid  which  they  contain — more,  indeed,  with 
one  or  two  exceptions,  than  is  to  be  found  in  any  other 
waters  known.  Waters  containing  this  acid  in  free  state 
are  exceedingly  rare.  It  is  said  that  none  of  the  kind  is 
known  in  Europe.  Among  the  few  known  on  this  side  of 
the  Atlantic  are  the  following ;  One  in  the  town  of  Byron, 


0,\E  United  States  Hai.lo.v  Co.n 


Solids. 

Spring  No.  1, 

(Sllliman  and 

Norton.) 

Grains. 

Spring  No.  2, 

(E.  Emmons.) 

Grains. 

Oak  Orchard, 

acid  water, 

(Prot.  Porter.) 

Grains. 

Sodium  sulphate 

0.34 
7-t.89 

.5.. 52 
31.69 
35.60 

28!  03 
3.44 
4.5!) 

134:73 

13^41 

39.  Lis 

i!84 

10.88 

139.  UB 

3.16 
13.73 
2.48 
6.41 
8.49 

Calcium  sulphate 

Potassium  sulphate 

Aluminum  sulphate 

Magnesium  sulphate 

Iron  protosulphate 

32.22 
1.43 
3.33 
6.65 
133.31 

Silica 

Organic  matter 

Sulphiu-ic  acid 

Total 

314.43 

198.40 

211.20 

near  the  Oak  Orchard  Spring;  the  Tuscai-oi'a  Sour  Spring 
in  Canada :  the  Matchless  Mineral  Well  in  Alabama ;  and 
several  acid  springs  in  Texas,  California,  and  Virginia. 
According  to  Prof.  J.  H.  Armsby,  of  Albany,  the  Oak 
Orchard  water  has  been  used  with  advantage  in  "ill- 
conditioned  ulcers,  diseases  of  the  skin,  passive  hemor- 
rhages, diarrhoeas  depending  upon  an  atonic  condition  of 
the  mucous  membranes,  and  in  depraved  and  impover- 
ished conditions  of  the  body  from  specific  diseases  and 
from  intemperance."  The  water  requires  dilution  before 
drinking.  James  K.  Crook. 

OAK,  WHITE.— QuEKCus  Alba.  Oak  Bark.  "The 
bark  of  Quercus  alba  L.  (fam.  Capuliferai),'"  U.  S.  P. 
This  species  of  oak-tree  is  one  of  the  commonest  and  most 
abundant  of  its  genus,  as  well  as  the  largest,  in  Eastern 
and  Central  North  America.  It  yields  one  of  the  most 
highly  prized  of  American  hard-wood  timbers.  Tlie 
bark  is  thus  ofBcially  described :  "  In  nearl)'  flat  pieces, 
deprived  of  the  corky  layer,  about  a  quarter  of  an  inch 
(6mm.)  thick,  pale  brown;  inner  surface  with  short, 
sharp,  longitudinal  ridges;  tough;  of  a  coarse,  fibrous 
fracture ;  a  faint,  tan-like  odor,  and  a  strongly  astringent 
taste.  As  met  with  in  the  shops,  it  is  usually  an  irregu- 
larly coar.se,  fibrous  powder,  which  does  not  tinge  the 
saliva  yellow."  The  last  character  distinguishes  it  from 
the  largely  employed  bark  of  Quereiis  tinetoria.  In 
nearly  all  temperate  countries  some  locally  occurring  oak 
is  used  as  an  astringent;  the  British  oak,  Q.  .Roburl,., 
in  Europe,  the  holly  oak,  Q.  Ilex,  in  France  and  else- 
where. In  our  own  country,  also,  other  species  besides 
the  white,  oak  are  sometimes  used  and  were  formerly  offi- 
cial (Q.  coccinea  ml  tinetoria,  Gray,  etc.). 

White  oak  bark  is  simply  an  asti-ingent.  It  contains 
from  five  to  ten  per  cent,  of  tannic  acid — probably  iden- 
tical with  the  quercitannie  acid  of  Q.  Eobur — and  a  little 
coloring  matter. 

It  is  used  in  decoction  {5%)  for  cracked  or  tender  nip- 
ples, indolent  granulations,  leucorrhoea,  nasal  catarrh, 
etc.,  and  is  occasionally  given  internally,  in  doses  of  i.- 
iv.  gin.  (gr.  XV. -Ix.).  Finely  powdered  wliite  oak  is  often 
blown  into  the  nares  to  check  hemorrhage. 

Henry  R.  Busby. 

OBESITY.     See  Adipustias. 

OBSTETRIC  OPERATIONS.— Induction  op  Abor- 
tion.— This  means  the  interruption  of  pregnancy  before 
the  period  at  which  the  child  is  viable.  It  is  an  opera- 
tion performed  solely  in  the  interests  of  the  mother  and, 
as  Hirst  says,  should  be  undertaken  as  reluctantly  as 
justifiable  homicide.  The  indications  are:  pernicious 
vomiting,  pulmonary  and  caidiac  disease,  nephritis, 
chorea,  acute  mania,  melancholia,  and  pernicious  anaemia. 
Pregnancy  may  have  a  very  deleterious  effect  upon  each 
of  the  above  disorders,  and  in  allowing  gestation  to  con- 
tinue, the  phvsician  may  sacrifice  the  lives  of  both  mother 
and  child ;  the  induction  of  abortion  should  be  regarded 
only  as  the  last  resort  and  never  be  undertaken  without 
consultation.  Among  the  local  conditions  which  may 
call  for  the  termination  of  the  pregnancy  must  be  men- 


309 


Obstetric 

Operations. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


tioned  incarceration  of  the  retroflexed  uterus,  hemorrhage 
from  the  normally  or  abnormally  situated  placenta,  and 
excessive  contraction  of  the  pelvic  canal.  In  this  last 
condition  the  choice  lies  between  abortion  and  Cesarean 
section ;  the  claims  of  each  operation  should  be  presented 
to  the  mother. 

Metliods  of  Inducing  Artificial  Abortion.— The  uncer- 
tain methods  of  drugs  and  electricity  are  to  be  con- 
demned. The  induction  of  artificial  abortion  should  be 
made  a  surgical  operation,  and,  if  possible,  completed  at 
one  sitting.  There  is  but  little  danger  If  the  procedure 
has  not  been  delayed  until  the  patient's  strength  is  ex- 
hausted and  if  careful  asepsis  is  observed  throughout. 
The  instruments  required  are;  rubber  pad,  leg-holders, 
weighted  speculum,  volsella  forceps,  steel-branched 
dilators,  a  large  intrauterine  curette,  ovum  forceps, 
intra-uterine  irrigating  tube,  and  fountain  syringe.  The 
patient,  having  been  ansesthetized,  is  placed  in  the  dor- 
sal position  with  knees  well  drawn  up  and  secured  with 
the  leg-holders;  the  parts  about  the  vulva  are  shaved 
and  cleansed,  the  vagina  is  scrubbed  with  soap  and  irri- 
gated with  warm  sterilized  water.  By  means  of  the 
speculum  and  volsella  the  cervix  is  exposed  and  secured ; 
with  the  dilators  the  cervix  is  gradually  stretched  up  to 
two  or  two  and  a  half  inches.  Owing  to  the  softening  the 
tissues  usually  yield  readily,  but  this  part  of  the  opera- 
tion must  be  conducted  without  haste.  The  finger  is  the 
iDest  instrument  for  removing  the  contents  of  the  uterus, 
and  in  the  first  two  or  three  months  of  pregnancy  there  is 
but  little  trouble  In  reaching  the  fundus,  especially  if 
counter-pressure  be  made  upon  the  abdomen  with  the 
other  hand  so  as  to  crowd  the  womb  down  upon  the  in- 
ternal finger.  After  the  attachments  of  the  ovum  have 
been  freed  the  membranes  are  drawn  out  over  the  hooked 
finger.  In  case  of  difficulty  the  curette  may  be  used  to 
loosen  the  tissue  and  the  pieces  removed  with  the  forceps, 
but  the  finger  is  the  guide  for  all  intra-uterine  manipula- 
tion, and  touch  alone  will  determine  when  the  operation 
is  completed.  Finally,  an  intra-uterine  irrigation  of  hot 
sterile  salt  solution  will  remove  clots  and  act  as  an  efil- 
cient  stimulant  to  the  uterine  muscle.  Chemicals  should 
not  be  injected  into  the  uterus ;  when  strong  enough  to 
affect  bacteria  they  become  poisonous  to  the  woman. 
Some  operators  advise  the  introduction  of  a  gauze  drain, 
but  this  should  be  unnecessary.  In  some  cases  the  cer- 
vix may  be  rigid  or  the  pregnancy  too  advanced  for  the 
operation  to  be  readily  completed  at  one  time.  Under 
these  circumstances  some  authors  recommend  making  use 
of  tents,  but  the  difficulty  in  rendering  them  aseptic 
should  forbid  their  employment.  The  cervix  may  be 
partially  dilated  with  the  steel  dilators  and  then  the 
lower  uterine  segment  and  cervix  firmly  packed  with 
gauze  supported  by  a  vaginal  tampon.  Such  treatment 
controls  hemorrhage  and  stimulates  the  uterus  so  that  at 
the  end  of  twelve  hours  the  packing  can  be  removed, 
when  the  cervix  is  found  softened  and  contractions  are  es- 
tablished. If  there  is  no  haste  the  case  may  be  allowed 
to  progress  naturally  or  the  operation  can  be  completed, 
but  in  all  cases  the  finger  must  be  used  before  deciding 
that  the  uterus  is  empty.  During  the  performance  of 
artificial  abortion  there  may  be  profuse  hemorrhage 
which  usually  ceases  as  soon  as  the  uterus  is  emptied  and 
stimulated  with  the  hot  saline  solution.  It  oozing  con- 
tinues the  hypodermatic  administration  of  ergot  and 
even  the  introduction  of  the  intra-uterine  tampon  of 
gauze  are  indicated.  In  bad  cases  of  retroflexed  uterus 
it  may  be  impossible  to  reach  the  cervix ;  in  such  cases 
the  fundus  should  not  be  tapped  through  the  vagina,  as 
some  books  recommend,  but  the  proper  treatment  is  ab- 
dominal section  and  manual  reposition  of  the  uterus. 

Induction  of  Premature  Labor, — Indications. — 
Many  of  the  indications  for  this  operation  are  the  same 
as  those  mentioned  under  the  heading  of  Induction  of 
Abortion,  the  pregnancy  having  been  allowed  to  proceed 
in  the  hope  of  obtaining  a  viable  child.  It  is  evident 
that  the.  later  the  operation  can  be  delayed  the  better  the 
chances  for  tlie  child,  and  that  the  after-care  will  make 
a  great  difference  in  the  infant  mortality.     Deformed 


pelves :  Here  the  operation  comes  into  competition  with 
symphyseotomy  and  Csesarean  section.  Heymann  says 
that  in  cases  of  disproportion  between  child  and  maternal 
pelvis  the  best  time  for  the  induction  of  labor  is  from 
the  thirty-third  to  the  thirty -fifth  week.  Among  chil- 
dren so  born  the  mortality  is  64.3  per  cent.  In  simple 
flat  pelves  an  internal  conjugate  of  two  and  three-fourths 
inches  is  considered  the  lowest  limit;  three  to  three  and 
three-fourths  inches  in  the  generally  contracted  pelvis. 
The  success  of  the  treatment  of  deformed  pelves  by  in- 
duction of  premature  labor  depends  upon  careful  meas- 
urement of  the  diameters,  accurate  estimation  of  the  size 
of  the  foetal  head,  and  correct  calculation  of  the  duration 
of  pregnancy.  Each  case  must  be  studied  by  itself,  and 
for  further  particulars  the  reader  should  refer  to  the  arti- 
cle on  Petees,  ZJe/orm^d  Placenta  prsB via:  In  the  major- 
ity of  cases  the  first  hemorrhage  does  not  occur  until  after 
the  period  at  which  the  child  is  viable.  Labor  should  be 
induced  at  once,  as  further  delay  does  not  improve  the 
chances  for  the  child  and  threatens  the  life  of  the  mother. 
Eclampsia :  most  authorities  advocate  the  induction  of 
labor  not  only  when  the  convulsions  appear,  but  when- 
ever the  pre-eclamptic  symptoms  refuse  to  yield  to  treat- 
ment. On  the  other  hand,  StroganofE  reported  fifty- 
eight  successful  cases  without  the  induction  of  labor 
{American  Oyn.  Journal,  May,  1901). 

Methods  of  Inducing  Premature  Labor. — Puncture  of 
the  Membranes :  This  method  is  uncertain  and  contrary 
to  nature.  Tamponing  the  Vagina :  This  also  is  uncer- 
tain and  not  advisable  unless  there  is  severe  hemorrhage. 
Injection  of  Glycerin:  This  is  dangei'ous,  although  many 
successful  cases  have  been  reported.  Insertion  of  an 
Elastic  Bougie:  This  is  known  as  Krause's  method,  and 
is  advocated  by  many.  An  aseptic  bougie  is  passed  up 
as  far  as  possible  between  the  membranes  and  the  uterine 
wall ;  the  bougie  is  then  supported  by  a  tampon  placed 
in  the  vagina.  If  no  contractions  set  in  at  the  end  of 
eight  hours,  a  second  bougie  is  introduced.  When  the 
labor  is  induced,  the  bougies  are  allowed  to  be  expelled 
along  with  the  foetus.  This  method  is  frequently  unsuc- 
cessful, and  there  is  some  danger  of  sepsis,  as  a  bougie 
is  difficult  to  disinfect  without  ruining  it.  The  chief  ad- 
vantage lies  in  the  fact  that  the  procedure  is  an  easy  one 
for  a  person  who  has  very  little  skill  in  manipulation. 
Dilatation  of  the  Cervix :  This  is  the  most  desirable  meth- 
od and  may  be  carried  out  in  various  ways.  The  patient 
is  anaesthetized,  the  cervix  slightly  dilated  with  the  steel 
dilators,  and  then  the  entire  cervical  canal  and  vagina 
are  packed  with  iodoform  gauze.  If  contractions  are  not 
evoked  at  the  end  of  six  or  eight  hours  more  gauze  should 
be  introduced.  As  soon  as  the  labor  is  started  it  may  be 
allowed  to  proceed  unaided.  Instead  of  gauze  the  rubber 
bags  of  McLean  or  Barnes  may  be  used ;  these  are  passed 
into  the  cervix  and  distended  with  sterile  water.  Before 
introduction  their  strength  should  be  tested  and  the  num- 
ber of  syringefuls  of  water  required  should  be  noted. 
McLean's  bags  are  divided  by  a  compartment  through 
the  centre  so  that  each  side  can  be  distended  separately. 
Charpentier  de  Ribes'  bag  is  made  of  silk  covered  with 
rubber  and,  when  dilated,  forms  an  inverted  cone  meas- 
uring three  and  one-fourth  inches  at  the  base.  This  bag 
is  folded,  introduced  into  the  lower  segment  of  the  ute- 
rus, and  filled  with  water ;  the  stimulation  is  increased 
by  making  traction  upon  the  tube  connected  with  the 
apex  of  the  bag.  These  hydrostatic  dilators  both  open 
the  cervix  and  cause  uterine  contractions.  De  Ribes' 
bag  is  very  useful  in  placenta  praBvia  as  it  makes  direct 
pressure  upon  the  bleeding  lower  segment.  A  certain 
amount  of  preliminary  dilatation  is  necessary  for  the  pas- 
sage of  any  of  these  bags.  When  haste  is  essential,  as  in 
placenta  previa,  the  cervix  can  be  stretched  by  the  fin- 
gers, later  by  the  passage  of  the  entire  hand;  manual 
dilatation  may  be  independent  of,  or  may  supplement, 
the  other  methods.  The  delivery  of  the  foetus  may  be 
accomplished  by  version  or  by  the  application  of  forceps 
according  to  the  requirements  of  the  case. 

Laceration  of  the  Cervix.— Slight  ruptures  of  the 
cervix  occur  in  almost  every  first  labor;  they  may  add 
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somewhat  to  the  danger  of  septic  infection,  but  are  other- 
wise unimportant.  Deep  tear^  are  the  result  of  the  rapid 
passage  of  the  fojtal  head  through  a  rigid  or  imperfectly 
•dilated  cervi.x.  Precipitate  labor,  the  application  of  high 
forceps,  and  version  frequently  cause  cervical  laceration. 
Malignant  disease  and  the  presence  of  cicatricial  tissue 
are  predisposing  conditions.  The  tears  usually  are  longi- 
tudinal and  situated  on  the  left  side,  but  may  also  be 
bilateral  or  stellate ;  in  rare  instances  the  anterior  lip  has 
been  torn  away  by  being  caught  between  the  inner  sur- 
face of  the  pubis  and  the  presenting  part.  Evidences 
of  Cervical  Laceration:  The  lesion  may  be  suspected 
whenever  the  presenting  part  takes  a  sudden  jump 
through  a  partially  dilated  cervix,  but  the  chief  sign  of 
serious  rupture  is  hemorrhage.  Whenever  hemorrhage 
■continues  from  an  empty  and  well-contracted  uterus  the 
parts  should  be  inspected  for  lacerations.  A  speculum 
is  seldom  necessary  as  the  parts  are  so  relaxed;  the  cer- 
vix can  be  caught  with  a  volsella  forceps  and  pulled 
■down  into  view.  Pi-ophylaxis :  Non-interference  with 
normal  labor,  care  in  avoiding  premature  rupture  of  the 
membranes,  and  the  postponement  of  operative  procedures 
until  the  cervix  is  dilated  or  dilatable  are  the  important 
points  under  this  head.  Treatment:  Extensive  tears, 
■especially  those  giving  rise  to  hemorrhage,  require  the 
introduction  of  sutures.  For  this  procedure  anaesthesia 
is  rarely  needed  as  the  parts  are  not  sensitive,  particu- 
larly just  after  labor.  By  means  of  a  speculum  and  vol- 
sella the  cervix  is  exposed  and  secured ;  with  a  curved 
needle  in  a  holder  catgut  sutures  are  introduced  from 
;side  to  side.  If  the  gut  be  chromicized  there  is  no  dan- 
ger of  its  too  early  absorption,  although  some  operators 
use  silkworm  gut.  No  special  after-treatment  is  called 
for,  except  the  removal  of  non-absorbable  sutures  upon 
the  tenth  day. 

Seeoiidary  Traelielorrlwjp'hy . — Neglected  lacerations  of 
the  cervix  may  give  rise  to  symptoms  and,  under  some  cir- 
cumstances, they  seem  to  predispose  to  the  development  of 
■cervical  cancer.  The  laceration  allows  the  cervical  canal 
to  gape  open  and  exposes  its  interior  to  friction  against 
the  sides  of  the  vagina;  hypertrophy  and  hyperplasia  of 
the  epithelial  tissue  may  ensue,  giving  rise  to  the  so- 
called  "  granulations  "  and  being  accompanied  by  profuse 
leucorrhoea.  In  other  cases  there  is  an  extensive  deposit 
■of  cicatricial  tissue  making  the  cervix  club-shaped  and 
producing  reflex  disturbances.  A  tear  in  the  cervix  may 
•cause  prolonged  congestion  of  the  uterus,  thus  delaying 
involution  and  weakening  the  supports  so  that  displace- 
ments readily  occur.  Symptoms :  In  chronic  cases  these 
may  be  leucorrhoea,  backache,  dragging  sensations,  mon- 
orrhagia, and  dysmenorrhoea,  as  well  as  a  wide  variety  of 
reflex  symptoms.  The  diagnosis  can  be  readily  made 
by  vaginal  touch ;  on  inspection  we  may  see  a  club-shaped 
■cervix  or  a  red,  eroded-looking  surface  covered  with  ex- 
uberant "granulations"  and  purulent  discharge.  The 
varieties  of  tears  are  unilateral,  bilateral,  and  stellate. 

Trachelorrhaphy.  —  Lacerations  which  give  rise  to 
symptoms  or  show  signs  of  irritation  should  be  treated 
by  operation.  The  instruments  needed  are:  a  rubber 
pad,  leg-holders,  weighted  speculum,  a  knife  or  Emmet's 
scissors  for  denudation,  volsella  forceps,  tenaculum, 
haemostatics,  needle-holder,  and  straight  cervix  needles 
with  large  eyes.  The  patient  is  anaesthetized,  placed  in 
the  lithotomy  position,  and  the  vagina  cleansed.  After  the  ■ 
introduction  of  the  speculum  and  exposure  of  the  cervix 
the  anterior  and  posterior  lips  are  brought  together  by 
means  of  tenacula  so  that  the  extent  of  the  tear  and  the 
position  of  the  canal  may  be  judged.  Each  lip  is  then 
■denuded,  care  being  taken  to  remove  all  the  cicatricial 
deposit  from  the  angle  of  the  tear.  In  a  bilateral  lacera- 
tion a  strip  of  mucous  membrane  is  left  in  the  centre  of 
each  lip  to  form  the  lining  of  the  canal ;  stellate  lacerations 
are  denuded  in  such  a  way  as  to  make  the  lesion  unilateral 
or  bilateral;  all  diseased  tissue  containing  Nabothian 
ovules  and  hypertrophied  glands  should  be  removed. 
The  field  of  operation  is  kept  clean  by  means  of  small 
sponges  on  holders  or  by  continuous  irrigation.  Chrom- 
icized or  formalin  catgut  answers  every  purpose  as  suture 


material,  although  many  operators  use  silkworm  gut 
The  sutures  are  passed  from  the  outside  of  one  lip  just 
below  the  angle  of  the  tear,  the  needle  coming  out  at  the 
edge  of  the  undenuded  cervical  canal,  then  reintroduced 
mto  the  other  lip  and  brought  out  so  as  to  correspond 
with  the  point  of  entrance.  The  first  or  angle  suture  is 
the  most  ditficult  to  insert.  The  sutures  are  caught  in 
the  grasp  of  a  pair  of  hsemostatic  forceps  and  not  tied 
until  all  are  introduced.  After  knotting  and  cutting  the 
ends  of  the  stitches  iodoform  is  dusted  upon  the  cervix 
and  the  speculum  withdrawn.  The  patient  is  kept  quiet 
for  a  week  or  ten  days  at  which  time  non-absorbable 
sutures  are  removed. 

Lacbratiohs  op  the  Perineum.— Schroeder  states 
that  the  perineum  is  torn  in  thirty-four  per  cent,  of 
primiparas  and  nine  per  cent,  of  multiparas.  The  general 
cause  of  laceration  is  disproportion  between  the  size  of 
the  fcEtal  head  and  that  of  the  vulvar  opening.  Some- 
times the  child  is  so  rapidly  expelled  that  the  tissues 
have  not  time  to  become  pliable,  or,  as  is  the  case  with 
elderly  women,  the  parts  may  not  be  sufilciently  elastic. 
When  the  mechanism  is  faulty  the  axis  of  the  presenting 
part  may  be  directed  too  far  backward  and  plough  into 
the  posterior  wall;  this  is  the  case  in  occiput  perma- 
nently posterior.  The  perineum  is  often  lacerated  when 
the  delivery  is  by  means  of  forceps.  Tears  are  divided 
into  complete  and  incomplete,  according  as  they  rupture 
through  the  sphincter  aniornot;  the  incomplete  tears 
may  extend  as  far  as  the  border  of  the  muscle  or  stop 
short  of  it.  In  rare  instances  there  occurs  a  "central 
rupture,"  the  child  being  born  through  an  opening  be- 
tween the  anus  and  vulva.  The  laceration  extends  for 
a  variable  distance  up  the  vagina  on  one  or  both  sides, 
rarely  in  the  median  line.  It  is  important  to  remember 
that  the  function  of  the  levator  ani  may  be  impaired  by 
overstretching  without  there  being  any  evidence  of  ex- 
ternal tear.  The  prophylaxis  of  perineal  laceration  is 
discussed  in  the  article  on  Labor,  JSformM.  Briefly,  this 
consists  in  carrying  out  one  or  more  of  the  following 
procedures:  1.  Restraining  the  descent  of  the  head  to 
allow  time  for  the  gradual  stretching  of  the  tissues.  3. 
Diminishing  the  power  of  the  expulsive  efforts  by  the 
administration  of  chloroform.  3.  Keeping  the  present- 
ing part  well  forward  under  the  symphysis.  4.  Perform- 
ing manual  extension  or  flexion,  according  to  the  require- 
ments of  the  mechanism,  between  the  pains  by  means  of 
a  finger  in  the  rectum.  After  the  second  stage  is  over 
every  case  should  be  examined  to  learn  the  condition  of 
the  pelvic  floor. 

Treatment.- — All  lacerations  should  be  repaired  imme- 
diately if  possible;  the  stitches  may  often  be  inserted 
before  the  delivery  of  the  placenta  while  the  parts  are 
numb  or  the  woman  still  under  the  anaesthetic,  the  su- 
tures not  being  tied  until  after  the  third  stage  is  com- 
pleted. When  circumstances  make  postponement  un- 
avoidable just  as  good  results  in  the  way  of  union  are 
obtained  at  the  end  of  twenty-four  hours.  Primary 
Operation — Incomplete  Tear:  The  instruments  needed 
are:  curved  needles,  needle-holder,  scissors,  thumb  for- 
ceps, and  suture  material.  The  ruljber  pad  is  placed  be- 
neath the  buttocks  and  the  leg-holders  are  applied ;  the 
parts  are  cleansed  and  bits  of  ragged  tissue  trimmed  away 
with  the  scissors ;  a  wad  of  sterile  cotton  or  gauze  may 
be  placed  in  the  vagina  to  prevent  blood  from  obscuring 
the  field  of  operation.  The  closure  of  the  incomplete 
tear  is  a  simple  matter  and  requires  the  application  of 
none  but  the  ordinary  surgical  principles.  The  rent  in 
the  vagina  should  be  closed  by  a  running  suture  of  cat- 
gut and  the  remainder  of  the  tear  brought  together  by 
Side-to-side  sutures  of  silkworm  gut.  If  no  vaginal 
stitches  are  required  the  silkworm  gut  may  be  introduced 
and  the  ends  secured  with  a  haemostatic  until  the  pla- 
centa is  expressed;  but  if  there  is  much  laceration  of  the 
vaginal  wall,  it  is  best  to  defer  all  suturing  until  after 
the  third  stage.  Complete  Tear:  The  essential  point  of 
this  operation  is  to  bring  together  the  ends  of  the  torn 
sphincter  ani.  The  first  suture  should  be  introduced 
well  back,  about  on  a  level  with  the  posterior  margin  of 
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the  anus,  then  buried  in  tlie  recto-vaginal  septum  and 
brouglit  out  at  a  corresponding  point  on  tlie  other  side ; 
usually  two  sutures  sufBce  lor  the  sphincter.  The  rest 
of  the  operation  is  the  same  as  that  for  incomplete  tear. 
If  the  laceration  extends  up  the  rectum,  the  rent  in  the 
bowel  should  be  united  by  means  of  catgut  stitches  intro- 
duced from  the  rectal  side  of  the  lesion.  There  are  no 
special  features  about  the  after-treatment;  the  parts 
should  be  irrigated  after  each  urination  and  kept  dusted 
with  iodoform.  Even  when  the  tear  was  a  complete  one 
the  bowels  should  be  moved  on  the  second  and  each  suc- 
ceeding day,  the  fasces  being  softened  by  the  injection  of 
a  little  olive  oil. 

If  lacerations  involving  the  pelvic  floor  are  not  sewed 
up  at  the  time  of  tlieir  occurrence  there  may  be  unpleas- 
ant results.  The  posterior  vaginal  wall  may  begin  to 
roll  out,  forming  a  rectocele;  as  the  anterior  wall  is  sup- 
ported by  the  posterior  a  cystocele  may  be  added,  and 
these  two  conditions  interfere  with  the  functions  of  blad- 
der and  rectum.  The  prolapse  of  the  vaginal  walls  drags 
upon  the  uterus  until  its  supports  yield  and  displace- 
ment occurs.  The  attempt  to  innervate  the  weakened 
or  ruptured  muscles  is  a  severe  strain  upon  the  woman's 
system,  and  the  general  liealth  becomes  impaired,  while 
tlie  altered  position  of  the  uterus  interferes  with  the 
functions  of  the  pelvic  organs  so  that  menorrhagia  and 
dysmenorrhoea  may  be  present.  In  cases  of  complete 
tear  there  Is  incontinence  of  fasces.  The  diagnosis  of 
old  laceration  is  made  by  inspection  and  digital  examina- 
tion ;  the  tear  may  be  represented  by  cicatricial  tissue ; 
the  vulvar  opening  may  gape;  on  directing  the  patient 
to  "bear  down,"  the  lack  of  support  is  manifested  by  a 
protrusion  of  vaginal  tissue.  The  only  treatment  is  by 
operation,  which  must  not  be  performed  inside  of  two 
months  after  labor  in  order  to  give  the  uterus  time  for 
involution. 

Secondary  Periiieorrliaphy. — During  the  week  preced- 
ing operation  it  is  well  to  direct  the  patient  to  avoid 
milk  and  live  upon  a  diet  of  animal  broths  and  food 
which  will  produce  but  little  residue;  such  a  course 
of  preparation  will  add  greatly  to  the  prospects  for  suc- 
cess if  the  operation  is  to  be  for  a  complete  tear.  For 
several  days  in  advance  the  patient  should  be  given  daily 
laxatives  and  liigh  bowel  washes ;  a  large  enema  should 
be  administered  on  the  morning  of  the  operation.  The 
instruments  required  are:  rubber  pad,  leg-holders,  long 
scissors  curved  on  the  flat,  scalpel,  rat-toothed  forceps, 
tenacula,  haemostatics,  needle-holder,  curved  and  straight 
needles,  suture  material  of  catgut  and  silkworm  gut. 
After  the  patient  is  anesthetized  she  is  placed  in  the 
lithotomy  position,  the  perineum  is  shaved,  and  the  parts 
are  rendered  aseptic.  If,  by  means  of  tenacula,  the  two 
lower  carunculae  myrtiforraes  and  a  point  on  the  poste- 
rior vaginal  wall  are  brought  together,  a  good  idea  of  the 
area  requiring  denudation  may  be  obtained.  There  are 
two  typical  operations  which  meet  the  demands  of  the 
majority  of  cases,  Hegar's  and  Emmet's. 

Hegar's  Operation.— The  three  points  to  be  deter- 
mined in  this  operation  are  tlie  apex  of  the  rectocele  and 
the  two  lower  caruncles.  With  the  scalpel  a  line  is  made 
at  the  margin  of  tlie  skin  and  mucous  membrane  connect- 
ing the  lower  caruncles  of  either  side,  and  from  these 
points  the  line  is  carried  up  to  the  apex  of  the  rectocele 
on  tlie  posterior  vaginal  wall.  This  triangular  area  with 
a  curved  base  is  then  denuded  with  the  scissors.  Begin- 
ning at  the  point  farthest  up  tlie  vagina  catgut  sutures 
are  introduced,  the  needle  being  directed  in  a  slanting 
course  downward  on  one  side  until  the  centre  of  the 
vaginal  wall  is  reached  and  then  upward  to  a  spot  corre- 
sponding with  tlio  starting-point.  In  this  way  the  upper 
part  of  the  triangle  is  closed  almost  down  to  the  carun- 
cles. A  straight  needle  is  now  threaded  with  silkworm 
gut  and  a  suture  is  passed  from  side  to  side,  beginning 
just  above  the  posterior  commissure.  The  next  two 
sutures  are  inserted  above  the  first  and  passed  into  the 
vagina  and  out  again  on  the  opposite  side,  drawing  the 
two  caruncles  and  the  centre  of  the  vaginal  wall  into 
tlieir  correct  relations. 


Emmet's  Operation.— This  operation  is  particularly 
well  adapted  to  those  cases  in  which  the  tear  involves, 
the  lateral  aspects  of  the  posterior  vaginal  wall.  The- 
denudation  is  triangular  on  either  side,  leaving  a  V-shaped 
piece  of  mucous  membrane  in  the  centre.  The  lateral 
areas  are  closed  by  catgut  sutures ;  the  edges  of  the  lower 
part  of  the  denuded  area  are  brought  together  with  silk- 
worm gut,  the  upper  suture  being  known  as  the  "  crown 
suture,"  as  it  .secures  the  apex  of  the  V  before  emerging- 
on  the  other  side.  If  the  tear  has  extended  into  the  rec- 
tum, great  care  must  be  taken  to  freshen  the  edges  of  the- 
sphincter  ani;  the  insertion  of  the  sutures  and  the  after- 
care do  not  differ  from  the  description  given  when  treat- 
ing of  the  lu'imary  operation.  Non-absorbable  sutures 
are  removed  on  the  eighth  or  tenth  day. 

Forceps. — Forceps  consist  of  two  blades,  and  are  either 
of  the  long  or  the  short  variety ;  long  forceps  may  be  pro- 
vided with  appliances  for  axis  traction.  The  curves  of  a, 
forceps  are  two,  cephalic  and  pelvic ;  the  former  adapts. 
the  blade  to  the  side  of  the  foetal  head,  and  the  latter- 
coincides  with  the  axis  of  the  pelvic  canal.  Short  for- 
ceps have  no  pelvic  curve.  To  insure  a  firm  grasp  good; 
forceps  should  have  a  moderately  long  handle,  and 
should  be  as  stiff  as  possible  without  making  the  con- 
struction too  clumsy.  The  cephalic  curve  should  be  of 
moderate  sharpness,  viz. ,  about  that  represented  by  the 
arc  of  a  circle  whose  diameter  is  nine  inches;  such  a  curve 
will  grasp  the  head  securely  and  yet  not  be  difficult  to 
introduce.  The  tips  of  the  blades  should  be  about  one 
inch  apart  when  the  handles  are  closed.  Long  forceps 
should  measure  not  less  than  nine  and  one-half  inches 
from  the  lock;  when  the  instrument  is  applied  to  the 
head  the  pelvic  curve  has  its  concavity  directed  upward 
toward  the  symphysis.  The  blades  of  forceps  are  locked 
either  by  means  of  a  pin  and  slot,  or  there  are  grooves  on 
the  shoulders  into  which  the  shank  of  the  opposite  blade 
sinks.  Shoulders  upon  the  handles  or  a  loop  in  the 
shank  above  the  lock  for  the  insertion  of  the  forefinger 
are  desirable  features.  There  are  many  varieties  of  ex- 
cellent forceps  in  the  market,  and  choice  is  only  a  matter 
of  individual  taste  provided  tlie  forceps  have  the  charac- 
teristics just  enumerated. 

Axis-Traction  Forceps. — When  the  blades  are  ap- 
plied to  the  head  at  or  above  the  brim  of  the  pelvis  the 
traction  should  be  made  in  the  axis 
of  the  superior  strait,  that  is,  down- 
ward and  backward.  With  the 
ordinary  long  forceps  traction  in 
this  direction  is  very  difficult  to 
carry  out,  and  the  force  exerted 
acts  at  a  disadvantage.  In  all 
axis-traction  forceps  rods  are  ap- 
plied to  the  blades  in  such  a  way 
that  the  traction  can  be  made  in 
the  axis  of  the  blades,  that  is,  in 
the  axis  of  that  portion  of  the  ca- 
nal in  which  they  lie.  The  handles 
are  held  in  apposition  by  means  of 
a  screw,  and  there  are  joints  be- 
tween the  rods  and  bar  as  well  as 
between  the  rods  and  blades,  so 
that  the  head  can  move  freely 
either  in  rotation  or  flexion  and  ex- 
tension. The  standard  axis-trac- 
tion forceps  is  that  which  -was  de- 
vised by  Tarnier,  but  there  are 
many  modifications  of  the  original 
instrument,  one  of  the  best  being 
tlie  Jewett  forceps  (Fig,  3611). 
Edward  Reynolds  has  devised  rods 
which  hook  into  the  blades  of  any 
pair  of  long  forceps,  and  are  fairly 
satisfactory.  Forceps  should  be 
made  of  metal  throughout  so  as  to 
insure  perfect  cleansing  and  steril- 
ization ;  for  the  same  reason  all  the 
parts  of  axis-traction  instruments  sljould  be  detachable. 

Action  and  Uses  of  Forceps. — First  of  all.  the  forceps  is  a 


Fig.  3609.  — Hodge's 
Forceps. 
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3610.— Jenks'  Long 
Forceps.-. 


traotov ;  it  is  also  a  lever  as  far  as  producing  flexion  and 
extension  of  the  head  is  concerned;  but  leverage  carried 
out  by  swaying  the  instrument  from  side  to  side  is  to  be 
avoided  as  very  dangerous  to  the  soft  parts  of  the  mother. 
In  rare  instances  the  instrument  is 
used  as  a  rotator,  as  in  im-ning  an 
occipiit  forward;  but  this  also  is 
dangerous,  and,  as  a  rule,  the 
blades  should  be  allowed  to  turn 
witli  the  head  as  it  descends.  Fi- 
nally, the  powerful  axis-traction 
forceps  are  compressors,  and  great 
care  must  be  exercised  lest  this 
action  of  tlie  instrument  injure  the 
foetus. 

Indications  for  Application  of  For- 
ceps.— JMost  frequently  the  applica- 
tion of  forceps  is  required  because 
the  maternal  forces  are  unable  to 
expel  the  foetus  on  account  of  sim- 
ple uterine  or  abdominal  inertia. 
Provided  there  be  no  contraindica- 
tions, it  is  a  general  rule  that  when 
the  presenting  part  lias  remained 
stationary  for  two  hours  forceps 
should  be  applied ;  of  course  such  a 
rule  is  a  very  rough  one,  as  each 
case  should  be  managed  to  suit 
particular  conditions.  Forceps  may 
be  demanded  either  in  the  interest 
of  the  child  or  in  that  of  the  moth- 
er, and  in  many  instances  these  in- 
terests are  combined.  Under  the 
bead  of  maternal  conditions  should 
be  mentioned:  pneumonia,  valvu- 
lar disease  of  the  heart,  and  ec- 
lampsia.; accidents,  such  as  placenta  prsevia,  accidental 
hemorrhage  and  rupture  of  the  uterus ;  aborraalities  of 
the  parturient  canal,  such  as  contracted  pelvis,  tumors, 
and  rigidity  of  the  soft  parts.  Foetal  indications  are 
imdue  variation  in  the  strength  and  rapidity  of  the  heart 
beat,  prolapse  of  the  funis,  and  sudden  death  of  the 
mother.  There  are  certain  detinite  contraindications  to 
the  use  of  forceps  which  are  important  to  bear  in  mind. 
The  forceps  never  should  be  applied  when  the  contrac- 
tion of  the  pelvic  canal  is  excessive.  As  a  rule,  a  con- 
jugate of  three  and  one-half  inches  is  the  limit  in  cases 
of  contracted  pelves.  Forceps  should  not  be  applied  to 
the  hydrocephalic  head  nor  to  one  that  has  been  perfo- 
rated or  is  decomposing.  Except  in  a  few  cases  of 
placenta  prsevia  in  which  version  is  contraindicated  the 
instruments  should  not  be  applied  to  a  head  which  is 
still  movable  above  the  brim.  Before  performing  a 
forceps  operation  the  membranes  must  be  ruptured  and 
the  cervix  must  either  be  dilated  or  dilatable.  The  blad- 
der and  rectum  should  be  empty  and  the  position  of  the 
head  known.  It  is  unjustifiable  to  make  traction  upon 
a  head  which  is  descending  in  such  a  way  as  to  develop 
an  impossible  mechanism,  as  in  persistent  mento-pos- 
terior  and  brow  cases. 

Technique  in  Applying  Forceps.  —  The  operation  is 
known  as  hig-h  forceps  when  the  head  is  at  the  brim;  as 
low  forceps  when  on  the  perineum;  and  as  intermediate 
forceps  whea  it  is  between  tli«se  points.  Only  the  opera- 
tions of  high  and  low  forceps  need  to  be  described. 

High  i?'ora«;)s.—T)ie  operator  should  have  at  hand  what- 
■ever  is  necessary  for  the  treatment  of  post-partum  hem- 
orrhage and  the  repair  of  ruptured  perineum;  strict 
asepsis  shpuld  be  observed  tliroug-kout.  The  forceps  are 
sterilized  by  boiiXimg,  and  the  outer  surfaces  of  the  blades 
■smeared  with  sterile  vaseline.  The  pataemt  is  ansEsthetized 
and  placed,  across  'the  toed.,  or  better,  npom  ;a  table,  the 
knees  feeing  hetel  fey  asastauts  or  seomred  by  teg-holdei-s. 
After  »e  nrine  is  drawn  amd-  ifche  iparts  -are  cleansed  the 
iphysioian  shoaiiMainake  athorough  examination  in  order  to 
determine  *he«exac!t  piositaon  lof  tbe  Iread.  The  left  blade 
is  intoodiUGed.  first.;  thisisDhe  one  lying  in  the  left  hand 
of  the  Oipeirator  mA  .0ocu,p.ya.ng  .the  left  ■sifc  of  the  ipelvis. 


The  operator  grasps  the  handle  of  this  blade  near  the 
lock,  holding  it  lightly  between  the  thumb  and  fingers 
of  the  left  hand  in  a  position  almost  parallel  with  the 
right  groin  of  the  mother;  two  fingers  of  the  right  hand 
arc  introduced  into  the  vagina,  and  the  tip  of  the  instru- 
ment guided  gently  along  their  palmar  surfaces  until  the 
blade  comes  to  lie  beside  the  fatal  head.     During  intro- 
duction the  handle  of  the  forceps  swings  toward  the  me- 
dian line  of  the  mother  and  at  the  same  time  downward 
so  as  to  cause  the  pelvic  curve  to  adapt  itself  to  the  axis, 
of  the   superior  strait.     The  shank  of  the  instrument 
presses  back  the  edge  of  the  perineum  when  the  blade 
is  in  place.     Giving  the  handle  to  be  steadied  by  an  as- 
sistant, the  physician  passes  the  other  blade  in  tlie  same 
way  ovej'  the  one  already  inserted,  reversing  the  posi- 
tion of  his  hands  to  do  so.     If  at  any  time  duiing  the- 
operation  contractions  of  the  uterus  are  evoked  the  phy- 
sician must  suspend  operation  until  they  have  passed. 
The  next  step  is  locking  the  forceps.     To  do  this  the 
handles  are  gently  depressed.     If  the  blades  do  not  read- 
ily come  together  no  force  must  be  used,  but  with  a 
finger  within  the  vagina  they  should  be  carefully  rotated 
until  they  come  into  proper  relation.     If  it  is  now  impos- 
sible to  lock  them,  it  is  because  they  are  improperly  ap- 
IDlied,  so  they  should  be  removed  and  reinserted.     After 
they  have  been  locked,  the  handles  are  brought  together 
or  a  towel  can  be  placed  between  them  if  the  operator 
wishes  to  avoid  the  danger  of  making  too  much  coin- 
pi-ession  upon  the  head.     Before  making  traction  it  is 
well  to  make  an  examination  to  assure  one's  self  that 
the  blades  are  within  the  cervix,  and  that  neither  the- 
hair  nor  any  of  the  soft  parts  are  caught 
in   the   instrument.     At  first  the  trac- 
tions   are    made  in  a   direction  down- 
ward and  as  far  back  as  possible ;  they 
should  imitate  the  action  of  the  uterus 
by  being  intermittent,  and  the  handles 
should  be  slightly  separated  during  the 
interval  of  rest  so  as  to  relieve  the  head 
from  compression.    In  ditRoult  cases  the 
traction  may  be  made  witli  the  paius,  the 
patient  being  placed  in  Walcher's  posi- 
tion, viz.,  at  the  edge  of  the  table  with 
her  heels  just  touching  the  floor.  _  This 
posture  increases  the  antero-posterior  di- 
ameter of  the  inlet,  but  diminishes  that 
of  the  outlet;    so  when   the  head   has 
passed  the  brim  the  woman  is  returned 
to  her  original  position.     As  the  head 
descends  in  the  curve  of  Carus,  the  di- 
rection of  the  traction  changes  more  and 
more  to  the  front  until,  when  the  head 
is  on  the  perineum,  the  handles  of  the 
forceps  point  almost   directly  upward. 
The  forceps  should  now  be  grasped  in 
the  right  hand  with  the  palmar  surfaces 
toward  the  operator ;  with  the  left  hand 
he    supports    the   perineum   and 
shells  out  the  head  by  swinging 
the  handles  until  they  are  almost 
parallel  with  the  woman's  abdo- 
men.    As  flexion  or  extension  of 
the  head  is  under  perfect  control 
when  the  forceps  are  applied,  am 
pie  time  may  be  taken 
to  allow  tor  full  dilata- 
tion.    Sometimes  it  is 
wise  to  remove  the  for- 
ceps  Just   before   the 
largest  diameter  of  -the 
head    comes   through 
the  vulva.    When  axis 
traction    is    used,  the 
handles  are  secured  by  „  .  ,    -,  ^i 

means  of  the  screw  and  the  force  is  exerted  upon  the 
cross-bar  As  the  axis-traction  instruments  are  very 
powerful,  it  is  most  important  to  relax  the  handles  be- 
tweeaji  palls. 
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Fig.  3611.— Je-wett's  Axis-Traot!on  For- 
ceps, witti  Separate  Traction  Rod  At- 
tached. (For  a  detailed  description  of 
this  instrument  see  the  Brooklyn 
Med.  Journal,  January,  1895.) 
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Low  Forceps.— In  applying  forceps  to  the  head  when 
low  down  no  regard  need  be  paid  to  the  pelvic  curve  of 
the  instrument— in  fact,  there  is  no  such  curve  upon  the 
short  forceps.  The  application  of  the  blades  is  easy,  and 
the  extraction  of  the  head  is  performed  in  the  same  way 
as  during  the  last  stage  of  a  high-forceps  delivery. 

Forceps  ill  Breec?i  Labors.— The  forceps  are  devised  to 
fit  the  child's  head,  but  they  are  sometimes  applied  to 
the  breech  when  impacted.  The  blades  are  applied  either 
over  the  trochanters  or  over  the  sacrum  and  posterior 
part  of  thigh  according  as  rotation  has  or  has  not  taken 
place.  The  first  pulls  must  be  gentle  as  the  blades  are 
apt  to  slip  r  axis  traction  is  particularly  useful  in  these 
cases. 

Prognosis  in  Forceps  Operations.— -ho-<K  forceps'should 
cause  no  danger  either  to  mother  or  child,  but  the  high 
operation  is  not  to  be  undertaken  lightly.  The  dangers 
to  the  mother  are  sepsis  and  injury  to  the  soft  parts;  to 
the  child  the  long  and  severe  compression  often  proves 
fatal. 

Veksion, — ^Version  or  turning  is  an  operation  which 
alters  the  position  of  the  foetus  in  utero  so  that  the  pre- 
senting part  is  changed  and  a  different  pole  of  the  foetal 
ellipse  is  made  to  occupy  the  lower  segment.  There  are 
three  varieties  of  version:  (1)  Cephalic,  when  the  head 
is  brought  to  the  internal  os;  (2)  pelvic,  in  which  the 
breech  is  made  to  present  itself;  (3)  podalic,  when  one  or 
both  feet  are  pulled  into  the  vagina.  According  to  the 
nature  of  the  manipulations  used  in  its  performance,  ver- 
sion is  divided  into  external,  internal,  and  combined. 

Ceplialic  Version. — Theoretically  this  form  of  version 
should  be  performed  in  all  cases  of  breech  and  transverse 
presentation,  provided  tliere  is  no  need  of  immediate  de- 
livery and  narrowing  of  the  pelvis  is  absent.  The  ad- 
vantage is  that  there  results  a  normal  presentation ;  but, 
unfortunately,  the  field  for  its  employment  is  limited. 
It  can  be  carried  out  only  when  the  liquor  amnii  is  pres- 
ent or  immediately  after  the  rupture  of  the  membranes. 
To  perform  external  cephalic  version,  the  patient  is  put  in 
the  lithotomy  position  with  knees  and  thighs  well  flexed. 
One  hand  is  placed  over  the  head  and  the  other  over  the 
breech ;  then  by  a  succession  of  gentle  impulses  the  head 
is  pushed  toward  the  pelvis  and  the  breech  toward  the 
fundus.  During  a  uterine  contraction  all  eif orts  at  turn- 
ing should  cease,  the  operator  only  attempting  to  hold 
the  foetus  stationary.  When  the  head  has  once  entered 
the  pelvis  pads  should  be  placed  on  either  side  of  the  ab- 
domen until  engagement  has  taken  place.  The  combined 
metJwd  is  known  as  the  bipolar  method  of  Braxton  Hicks, 
and  is  carried  out  as  follows :  The  patient  is  anaesthetized 
and  placed  in  the  lithotomy  position;  the  bladder  and 
rectum  must  be  emptied.  After  the  parts  have  been 
rendered  aseptic,  the  disinfected  hand  is  passed  into  the 
vagina  and  one  or  two  fingers  into  the  cervix.  The  pre- 
senting part  is  pushed  away  from  the  internal  os  in  a  direc- 
tion toward  the  breech,  while  the  outside  hand  forces  the 
head  toward  the  pelvis.  When  the  foetus  lies  obliquely 
the  operator  uses  externally  the  hand  which  corresponds 
to  the  position  of  the  head.  By  the  conjoined  action  of 
the  internal  and  external  hand  the  head  is  gradually  car- 
ried into  the  pelvis. 

Pelvic  Version. — This  operation  is  not  often  performed, 
as  podalic  version  has  largely  taken  its  place.  It  Is  indi- 
cated in  cases  in  which  there  is  slight  pelvic  narrowing  and 
no  need  of  immediate  delivery,  also  in  transverse  presen- 
tation when  the  breech  is  situated  lower  than  the  head. 
It  is  carried  out  by  the  external  and  combined  methods 
in  the  same  way  as  described  under  Cephalic  Version. 

Podalic  Version. — This  is  the  most  common  form  of 
version.  The  indications  are ;  malpresentations  and  mal- 
positions, minor  degrees  of  pelvic  narrowing,  especially 
of  the  flat  type  in  which  this  operation  may  compete  with 
symphyseotomy.  A  conjugate  of  three  and  three-fourth 
inches  is  placed  as  the  lowest  limit  for  the  elective  oper- 
ation; this  limit  may  be  reduced  to  three  inches  if  the 
■woman  be  placed  in  Walcher's  position.  Podalic  version 
is  also  indicated  in  emergencies  such  as  prolapse  of  the 
cord  and  placenta  pra3via.      The  contraindications  are 


tetanic  contraction  of  the  uterus  with  marked  thinning  of 
the  lower  segment,  rupture  of  the  uterus,  impaction  of 
the  presenting  part,  and  extreme  contraction  of  the  pelvis. 
The  difficulty  of  the  operation  increases  according  to  the 
length  of  time  which  has  elapsed  since  the  rupture  of  the 
membranes.  The  chief  dangers  are  rupture  of  the  uterus, 
sepsis,  and  constriction  of  the  child's  neck  by  an  imper- 
fectly dilated  cervix.  Podalic  version  is  carried  out  by 
both  the  combined  and  the  internal  methods.  The  Com- 
bined or  Bipolar  Method  of  Hicks :  The  first  part  of  the 
operation  is  performed  in  the  same  way  as  that  described 
in  treating  of  cephalic  version,  the  breech  instead  of  the 
head  being  forced  into  the  pelvis.  As  soon  as  a  knee  or 
foot  is  felt  opposite  the  internal  os  the  membranes  are 
ruptured,  the  extremity  is  seized  and  brought  into  the 
vagina,  and  the  version  is  completed  by  traction  upon 
the  leg  thus  brought  down. 

Internal  Podalic  Version. — The  bipolar  method  be- 
comes impossible  as  soon  as  the  membranes  have  rup- 
tured and  the  uterus  is  closed  down  upon  the  foetus. 
The  hand  is  introduced  into  the  uterus,  one  or  both  feet 
are  seized,  and  the  turning  is  made  by  traction,  while  the 
external  hand  makes  counter-pressure  upon  the  abdomen. 
The  important  points  in  the  technique  are  as  follows: 
place  the  woman  in  the  lithotomy  position,  empty  the 
bladder  and  rectum,  use  an  anaesthetic,  and  carry  out 
strict  asepsis.  Make  sure  of  the  presentation  and  posi- 
tion, and  see  that  the  child  is  alive  and  in  no  Immediate 
danger.  Do  the  version  as  early  as  possible  after  rupture 
of  the  membranes.  Introduce  the  hand  corresponding  to 
the  position  of  the  feet.  If  the  membranes  are  unruptured, 
do  not  rupture  them  until  the  feet  are  reached.  Grasp 
one  or  both  feet,  and  during  the  traction  keep  them  in 
line  with  the  foetal  ovoid.  If  the  hand  or  arm  is  delivered, 
put  a  tape  around  it  and  keep  the  extremity  alongside 
the  trunk. 

Extraction  after  Version. — Usually  the  child  is  immedi- 
ately delivered,  after  internal  podalic  version,  by  pulling 
successively  upon  the  legs  and  trunk,  the  line  of  traction 
being  directly  downward  toward  the  floor  until  the  scap- 
ulae appear.  The  body  of  the  trunk  should  be  covered 
with  a  cloth  both  for  the  sake  of  warmth  and  to  prevent 
the  operator's  hands  from  slipping.  The  next  step  is  the 
freeing  of  the  arms  which  have  dragged  behind  and  be- 
come extended  alongside  the  head.  The  posterior  arm 
should  be  freed  first  in  the  following  manner:  The  oper- 
ator holds  the  child's  legs  near  the  malleoli  and  forcibly 
swings  the  trunk  upward  and  outward  over  the  thigh  of 
the  mother,  keeping  the  back  of  the  child  anterior.  If 
the  right  fostal  arm  is  posterior,  the  trunk  is  swung  over 
the  mother's  right  thigh  and  vice  versa.  The  operator 
passes  two  fingers  over  the  posterior  shoulder  into  the 
vagina  until  he  can  reach  the  forearm  and  sweep  it  across 
the  child's  face  by  flexion,  finally  delivering  it  by  exten- 
sion. The  trunk  is  then  swung  in  the  opposite  direction, 
and  the  other  arm  delivered  in  the  same  way. 

ISxtraction  of  the  Head. — In  the  delivery  of  the  head  firm 
pressure  from  above  by  the  hands  of  an  assistant  is  most 
important.  The  child  should  be  made  to  straddle  the 
left  arm  of  the  operator,  two  fingers  being  inserted  into 
the  mouth  to  maintain  flexion ;  the  fingers  of  the  right 
hand  are  laid  across  the  shoulders.  Traction  is  first 
made  downward  and  then  the  face  carried  over  the  peri- 
neum by  swinging  the  child's  body  up  over  the  abdomen 
of  the  mother.  If  the  pelvis  is  of  the  flat  type,  the  head 
should  be  rotated  into  the  transverse  diameter  of  the 
inlet.  When  necessary  Walcher's  position  may  lie  em- 
ployed. Prague  Method:  The  feet  are  grasped  in  one 
hand,  and  the  fingers  of  the  other  hand  are  placed  over 
the  child's  clavicles;  the  feet  are  carried  upward  while 
the  fingers  on  the  shoulders  act  as  a  fulcrum  around 
which  the  head  swings.  Demnter's  Metliod:  No  atten- 
tion is  paid  to  the  arms  which  are  left  alongside  of  the  head. 
Tractions  are  made  upon  the  feet  and  shoulders  directly 
downward  and  then  the  child  is  swung  under  the  moth- 
er's buttocks.  This  method  is  said  to  be  very  speedy  in 
appropriate  cases.  Forceps  may  be  applied  to  the  child's 
head  by  passing  the  blades  underneath  the  elevated 
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trunk.  Extraction,  as  a  rule,  should  not  be  attempted 
until  the  cei'vix  is  dilatable,  having  been  rendered  so 
either  by  nature  or  by  the  manual  efforts  of  the  opera- 
tor. Forceps  is  said  to  be  particularly  useful  when  there 
is  constriction  at  the  cervix. 
After  the  extraction  of  the  arms, 
the  head  must  be  delivered  in 
from  three  to  five  minutes  at 
the  longest  if  a  living  child  is 
to  be  obtained. 

Symphyseotomy. — This  is  an  operation 
for  cutting  through  the  pubic  symphysis, 
allowing  the  bones  to  separate,  and  thus 
increasing  all  the  pelvic  diameters.  A 
separation  of  two  and  three-fourths  inches 
increases  the  conjugate  about  one-half 
inch,  the  oblique  one  and  one-third,  and 
the  transverse  a  little  over  one  inch;  fur- 
thermore, a  portion  of  the  presenting  part 
may  enter  the  opening  between  the  bones. 
Indications. — The  operation  is  indicated 
whenever  a  slight  increase  in  the  diam- 
eters will  permit  of  the  delivery  of  a  liv- 
ing child,  hence  in  contracted  pelves. 
The  lowest  limit  for  the  operation  in  a 
generally  contracted  pelvis  is  three  and 
three-fourths  inches ;  in  a  flat  pelvis  three 
inches  (some  authors  say  two  and  three- 
fourths).  Thus  under  certain  conditions 
symphyseotomy  enters  the  field  against 
Ciesarean  section,  craniotomy,  and  ver- 
sion. Other  indications  are  impacted  oc- 
ciput posterior  and  chin  cases.  As  the 
operation  is  designed  solely  in  the  inter- 
ests of  the  child,  the  final  decision  must 
usually  rest  with  the  woman  or  her  repre- 
sentative. Contraindications. — Death  of 
the  f cetus,  the  existence  of  ankylosis  of  Fig-  3612.-Gal- 
one  or  both  sacro-iliac  joints.  The  opera-  jSr  s|mph?S 
tion  should  not  be  performed  before  the  otomy. 
cervix  is  dilated  or  dilatable. 

Methods  of  Operating. —The  open  or  direct  method 
should  be  avoided,  as  the  wound  is  so  situated  that 
septic  infection  is  wellnigh  certain.  The  instruments  re- 
quired are  the  Galbiati  or  Morisani  sickle-shaped  knife, 
a  blunt-pointed  bistoury,  scalpel,  haemostatic  forceps, 
needles  and  needle-holder,  silkworm  gut,  metal  cathe- 
ter, iodoform  gauze,  adhesive  plaster,  dressings,  and  a 
strong  binder.  Sometimes  there  is  difficulty  in  cutting 
through  the  symphysis  (usually  because  the  operator 
misses  the  joint),  so  a  chain-saw  should  be  at  hand. 
The  patient  should  be  ansesthatized,  abdomen  and  vulva 
cleansed  and  shaved,  the  bladder  and  rectum  emptied. 
An  incision  about  two  inches  long  is  made  just  above 
the  upper  border  of  the  symphysis  and  the  attachments 
of  the  recti  muscles  cut  sufficiently  to  permit  the  intro- 
duction of  the  left  forefinger  behind  the  symphysis.  The 
catheter  is  inserted  into  the  bladder  and  the  urethra  and 
bladder  are  depressed  downward  and  to  the  right.  The 
sickle-shaped  knife  is  passed  along  the  left  index  finger 
and  hooked  under  the  symphysis ;  by  a  sawing  motion 
the  joint  is  cut  through  in  a  direction  from  below  up- 
ward and  from  within  outward.  If  a  few  fibres  of  the 
ligament  are  missed  they  can  be  cut  with  the  bistoury. 
The  wound  is  now  packed  with  gauze  to  control  the 
hemorrhage  and  the  catheter  is  removed.  The  child  is 
•delivered  by  means  of  the  axis-traction  forceps  while  two 
.assistants  support  the  sides  of  the  pelvis  to  prevent 
excessive  separation  of  the  bones.  An  excellent  method 
of  operating  is  the  subcutaneous,  as  advocated  by  Dr.  E. 
A.  Ayers,  of  New  York.  He  makes  an  incision  under  the 
elevated  clitoris,  inserts  a  probe-pointed  bistoury,  and 
cuts  through  the  joint  from  above  downward  and  from 
behind  forward,  the  left  index  finger  being  in  the  vagina 
-and  pressed  against  the  posterior  groove  of  the  joint  to 
serve  as  a  guide.  ,     j    ^    • 

After-  Treatment.  —The  placenta  is  expressed  and  uterine 
<!ontractions  are  secured  as  after  normal  labor.     I  he  cathe- 


ter is  reintroduced  to  hold  the  bladder  and  urethra  away 
while  the  pubic  bones  are  pressed  together,  the  abdominal 
wound  is  sutured  with  silkworm  gut  and  a  broad  strip  of 
adhesive  plaster  passed  is  about  the  pelvis.  The  woman 
must  be  confined  to  bed  for  at  least  three  weeks  and  the 
most  scrupulous  cleanliness  observed.  Unless  the  sus- 
pended bed  of  Dr.  Ayers  be  used,  the  care  of  the  bowels 
and  bladder  is  a  very  troublesome  and  difficult  matter. 
The  patient  usually  requires  catheterization  for  a  certain 
length  of  time.  The  dangers  of  the  operation  are  sepsis, 
hemorrhages,  development  of  flstulse,  and  lacerations  of 
the  soft  parts,  all  avoidable  with  projier  care.  In  a  very 
few  cases  undue  amount  of  motility  at  the  symphysis 
has  remained  and  the  sacro-iliac  joints  have  been  injured 
by  permitting  the  separation  of  the  bones  beyond  three 
inches. 

Prognosis. — The  general  mortality  is  given  as  from 
eight  to  twelve  per  cent.,  but  many  of  these  fatal  cases 
were  operated  upon  after  the  patient  was  already  ex- 
hausted or  septic.  Ayers  has  reported  thirteen  cases 
without  the  death  of  a  mother,  and  eleven  children  saved. 
As  the  chief  danger  is  sepsis,  there  should  be  no  maternal 
mortality  when  the  operation  is  performed  under  favor- 
able conditions,  and,  for  the  average  practitioner,  it  is  an 
easier  operation  than  either  craniotomy  or  Caisarean  sec- 
tion. The  foetal  mortality  is  not  the  result  of  the  opera- 
tion, but  of  the  antecedent  conditions. 

Embryotomy. — This  term  includes  all  operations  de- 
signed to  reduce  the  bulk  of  the  fcetus,  namely,  craniot- 
omy, decapitation,  and  evisceration. 

Craniotomy. — This  operation  diminishes  the  size  of  the 
foetal  head.  The  indications  are:  Death  of  the  foetus. 
If  the  foetus  is  already  dead,  there  is  no  reason  why  the 
suffering  of  the  mother  should  not  be  shortened  and  the 
case  concluded  as  rapidly  as  possible,  even  if  the  partu- 
rient canal  is  of  normal  calibre.  Contracted  pelvis:  two 
and  one-half  inches  in  the  conjugate  is  placed  as  the 
lowest  limit,  and  even  before  this  limit  is  reached  the 
operation  may  be  more  dangerous  for  the  mother  than 
Cjesarean  section.  Obstruction  of  the  canal  bj;  tumors, 
monstrosities,  large  size  of  the  foetal  head,  and  impacted 
malpositions  of  the  foetal  head  are  other  indications. 
The  sacrifice  of  a  normal  child's  life  is  seldom  justifiable 
when  the  very  favorable  results  of 
Cesarean  section  and  symphyseoto- 
my are  considered.  How  far  the 
physician  should  go  in  carrying  out 
the  wishes  of  the  patient  or  her 
friends  is  an  individual  question  of 
ethics.  Instruments  required  for  the 
operation  are:  volsella  forceps,  per- 
forator, cranioclast  or  cephalotribe, 
metal  catheter,  and  Davidson  syr- 
inge. The  patient  is  anaesthetized 
and  prepared  as  for  the  application  of 
forceps;  the  foetal  head  is  steadied 
by  grasping  the  scalp  with  the  vol- 
sella forceps,  and  the  skull  is  per- 
forated. For  this  purpose  there  are 
several  instruments,  such  as  Blot's 
perforator,  Smellie's  scissors,  and 
Braun's  trephine;  this  latter  instru- 
ment is  very  satisfactory  when  the 
head  presents,  as  it  removes  a  but- 
ton of  bone.  When  the  scissors  are 
used,  they  are  thrust  through  a  su- 
ture or  fontanel  and  then  opened  in 
various  directions  to  enlarge  the  hole. 
For  the  after-coming  head  the  point 
of  selecticm  is  the  occipito-atloid  liga- 
ment, but  it  may  be  necessary  to  per- 
forate through  the  lambdoid  suture, 
near  the  ear,  or  even  beneath  the 
chin.     After  the  perforation  is  com-  ,    ,       ,. 

pleted  the  brain  substance  is  broken  up  and  washed  out 
by  means  of  the  catheter.  Extraction  of  the  head  is  per- 
formed in  one  of  two  ways,  either  with  the  cranioclast 
or  with  the  cephalotribe.     When  the  cranioclast  is  used 
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one  blade  is  inserted  into  the  opening  in  the  skull,  the 
other  blade  grasping  the  head  over  the  face  or  ear;  the 
handles  are  brought  together  by  means  of  a  nut  and 
screw  and  the  head  is  delivered  by  traction ;  as  the  skull 
is  empty  the  head  undergoes  compression 
and  is  moulded  in  obedience  to  the  pressure 
of  the  parturient  canal.  The  cephalotribe  is 
applied  like  the  ordinary  forceps,  and  when 
the  handles  are  screwed  together  the  base 
of  the  skull  is  crushed.  Tarnier's  cephalo- 
tribe has  a  perforator  combined  with  it,  but  the  crush- 
ing usually  is  unnecessary.  Before  the  performance 
of  craniotomy  the  cervix  must  either  be  dilated  or 
dilatable.  Apart  from  the  danger  of  sepsis,  the  soft 
liarts  of  the  mother  may  be  severely  injured  in  cases 
of  extreme  contraction  of  the  pelvic  canal. 

Decapitation.— The  indications  for  this  operation 
are  impacted  shoulder  presentations  with  thinned 
lower  uterine  segment,  interlocked  twins,  and  mon- 
strosities. The  usual  instrument  employed  for  de- 
capitation is  Braun's  hook,  but  scissors,  fine  wire, 
or  even  cord  can  be  employed  in  an  emergency.  The 
patient  is  anoBsthetized  and  prepared  as  usual ;  while 
an  assistant  pulls  down  upon  an  arm,  if  prolapsed, 
the  hook,  guided  by  the  internal  finger,  is  passed  over 
the  neck  of  the  foetus  and  the  tissues  are  cut  through 
by  a  series  of  twisting  motions.  The  trunk  is  deliv- 
ered by  traction  upon  an  arm  or  leg ;  the  head  being 
extracted  by  hooking  one  finger  into  the  opening 
at  the  base  of  the  skull  aided  by  pressure  from  above. 
In  difficult  cases  the  head  is  seized  in  the  forceps  or 
cephalotribe. 

Evisceration. — This  operation  consists  in  removing 
the  contents  of  the  thoracic  and  abdominal  cavities 
and  is  indicated  in  some  neglected  cases  of  transverse 
presentation  and  in  monstrosities.  The  puncture  is 
made  with  the  scissors  and  the  viscera  are  dragged  out 
with  the  hand  or  blunt  hook ;  delivery  is  by  podalic 
version.  In  difficult  cases  the  child's  spinal 
column  is  cut  and  the  body  doubled  up  before 
extracting.  Montgomery  A.  Crockett. 

OCCUPATION,  HYGIENE  OF.— By  "occupa- 
tion "  we  mean  the  regular  use  of  our  physical 
functions  and  mental  faculties  in  business  and 
employment  for  remuneration,  comfort,  and  lux- 
uries. The  functional  activity  of  our  organs  in 
a  normal  way  is  a  physiological  condition  of  health; 
the  disuse,  more  or  less  prolonged,  of  any  organ  being, 
as  a  rule,  followed  by  atrophical  changes.  While  the 
normal  pursuit  of  occupation  is  therefore  a  condition 
of  health,  as  well  as  a  corollary  of  economic  life,  there 
have  always  existed,  in  occupations,  certain  factors 
which  are  productive  of  pathological  changes. 

The  medicine  of  antiquity  and  of  the  Mediseval  Ages 
ignored  the  problem  of  the  injurious  influence  of  certain 
trades  on  health,  partly  because  these  trades  were  pur- 
sued by  the  lower  classes  and  the  slaves,  whose  health 
was  of  no  special  consideration  to  the  ruling  classes, 
partly  because  the  most  injurious  effects  of  occupation 
on  health  are  but  a  product  of  the  modern  system  of  in- 
dustry. 

Apart  from  the  few  hints  in  the  works  of  Hippocrates, 
Celsus,  and  others,  and  the  mention  by  Pliny  of  the  "  dis- 
eases of  the  slave,"  we  find  nothing  on  the  subject  of  the 
relations  of  occupation  to  health  until  we  come  to  the 
seventeenth  century,  in  the  latter  half  of  which  we  first 
come  across  a  notice  of  occupational  disease  in  the  Trans- 
actions of  the  Royal  Society  of  England,  in  which  we 
find  many  pertinent  observations  on  the  effects  of  lead 
and  coal  mining,  manufacturing  of  mirrors,  etc.,  on  the 
health  of  the  operatives.  To  Italy,  however,  is  due  the 
great  credit  of  the  first  attempt  at  a  detailed  description 
of  the  evils  of  certain  occupations,  the  treatise  of  Bernar- 
do Ramazzini,  "  De  Morbis  Artificum  Diatriba, "  published 
in  Modena  in  1700,  and  soon  after  translated  into  many 
languages,  being  the  first  work  accurately  and  vividly  to 
describe  the  special  effects  of  each  occupation  on  health. 
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Eamazzini  laid  the  foundation  for  all  further  investiga- 
tions on  the  subject,  and  it  is  no  detraction  from  his  de- 
served reputation  that  his  book  partly  suffers  from  the 
superstitions  and  ignorance  of  his  age ;  indeed  we  must 
feel  respect  and  admiration  for  the  many  ex- 
cellent and  true  observations,  and  the  sys- 
tematic exposition  of  the  injurious  effects  of 
occuiiations  which  are  found,  for  the  first 
time  in  medical  literature,  in  his  work. 
More  than  two  centuries  have  passed  since 
Ramazzini's  epoch-making  work  was  published — 
centuries  not  only  full  of  remarkable  revolutionary 
changes  in  trades  and  industries,  but  also  charac- 
terized by  a  no  less  wonderful,  progressive  develop- 
ment of  the  sciences,  among  which  the  study  of 
the  hygiene  of  occupation  has  kept  equal  pace  with 
the  other  branches  of  medical  research. 

The  list  of  monographs,  articles,  and  books  on 
industrial  hygiene  fills  many  pages  of  the  "Index 
Catalogue  of  the  Surgeon-General's  Library,"  and  I 
can  make  mention  here  of  only  the  more  important 
landmarks  on  the  subject  in  medical  literature: — 

Tissot's  work  on  "Diseases  Incident  to  Literary 
and  Sedentary  Persons,"  published  in  1768  in 
French,  M*as  the  next  important  book;  it  was  fol- 
lowed nearly  a  half-century  later  by  that  of  Patis- 
sler,  who,  however,  gave  but  a  republication  of 
Ramazzini's  work  with  additional  notes  and  com- 
mentaries. After  these  follow,  in  succession,  the 
treatises  of  C.  Turner  Thacrah  ("  The  Effects  of  the 
Arts.  Trades,  and  Professions  on  Health  and  Lon- 
gevity," published  in  1831),  and  of  A.  C.  Halfort 
("Die  Krankheiten  der  Kuenstler  und  Gewerbe- 
treibenden,"  published  in  1845).  These  were  fol- 
lowed by  the  works  of  Levy,  Tardieu,  and  Layet, 
and  then  finally,  in  the  year  1871,  by  that  of  the 
great  epoch-making  work  of  Hirt — "Die  Krank- 
heiten der  Arbeiter  " — which  first  placed  industrial 
hygiene  on  a  true  scientific  basis.  In  England, 
Farr,  Chadwick,  Simon,  Ogle,  and  others  worked 
on  in  the  same  line,  giving  special  attention  to  the 
statistical  part  of  the  subject  of  occupational  mor- 
tality and  morbility.  Of  the  later  works  on  the 
subject,  we  can  mention  only  the  more  systematic 
treatises  of  Popper,  Eulenburg,  Merkel,  Albrecht, 
Arlidge,  the  volume  on  "  Gewerbehygiene "  in 
Veyl's  "Handbuch  der  Hygiene."  the  work  by 
Thomas  Oliver  ("Dangerous  Trades,"  published  in  Lon- 
don, 1903),  and  the  latest  work  just  published  in  Ger- 
man3^  O.  Dammer's  "Handbuch  der  Arbeiter  Wohl- 
fahrt." 

The  immense  bibliography  and  the  vast  extent  of  the 
subject  matter  of  industrial  hygiene  render  any  attempt 
to  review  or  even  to  summarize  our  knowledge  of  this 
branch  of  medical  science  within  the  limits  of  a  short 
article,  a  very  ungrateful  task,  it  being  utterly  impos- 
sible to  do  justice  to  it  under  such  restrictions. 

I  have  decided  to  abandon  the  alphabetical  order  of 
treatment  by  "trades,"  handed  down  by  Ramazzini,  and 
adopted  by  the  writer  on  this  subject  in  the  former  edi- 
tion of  this  Handbook,  and  I  shall  treat  the  subject  mat- 
ter under  the  following  heads:  Occupational  Mortality 
Statistics;  The  Diseases  of  Occupation;  The  Worker; 
The  Workplace ;  The  Conditions  of  Work;  The  Processes 
of  Work;  Prophylaxis;  and,  last,  "Offensive  Trades." 

Occupational  Mortality  Statistics. 

Occupation  is  a  potent  factor  in  the  determination  of 
human  longevity.  If  we  deduct  from  man's  life  the 
time  of  infancy  and  childhood,  and  the  hours  devoted  to 
sleep,  the  greatest  part  of  it  is  spent  within  the  periods 
of  industrial  activity,  and  is  necessarily  largely  influ- 
enced by  occupation.  The  relative  number  of  those 
who  die  while  in  pursuit  of  their  occupations  bears  an 
important  relation  to  the  healthfulness  of  the  occupa- 
tions. Moroever,  if  the  figures  revealed  by  the  relative 
mortality  statistics  corroborate  the  scientific  a  prim'i  de- 
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ductions  from  the  study  of  the  processes  of  occupations 
and  their  pathological  influences,  we  then  have  quite  a 
valuable  criterion  of  the  influence  of  the  different  trades 
on  the  lives  of  the  operatives.  Herein  lies  the  impor- 
tance of  mortality  statistics,  as  determined  by  occupa- 
tions. In  order,  hovyever,  that  these  statistics  shall  have 
any  scientific  value,  they  must  cover  large  periods,  em- 
brace great  numbers,  include  various  races  and  countries, 
and  be  properly  prepared  and  tested.  For  it  is  evident 
that  there  are  a  number  of  difliculties  greatly  invalidat- 
ing the  conclusions  drawn  from  occupational  mortality 
statistics.     These  are  as  follows : 

First,  occupation,  while  playing  an  important  role  in 
human  life,  is,  nevertheless,  only  one  of  the  many  factors 
influencing  it,  there  being  a  great  number  of  others,  such 
as  race,  country,  climate,  heredity,  geographical,  eco- 
nomic, political,  and  other  conditions,  each  of  which  un- 
doubtedly affects  the  lives  of  operatives ;  and  it  is  exceed- 
ingly difficult  to  differentiate  the  causative  influences  of 
occupation  on  longevity  from  those  of  all  other  ftictors. 

Second,  there  arc  under  the  modern  system  of  subdivis- 
ion of  labor  several  thousands  of  special  branches  of 
trades  and  industries,  only  a  very  few  of  which,  how- 
ever, and  these  the  most  general,  being,  as  a  rule,  men- 
tioned or  tabulated  in  the  mortality  statistics.  Thus 
there  are  about  half  a  hundred  occupations  in  Ogle's 
tables,  not  many  more  in  Bertillon's;  and  in  the  last 
(twelfth)-  census  of  the  United  States  there  are  140 
groups,  70  of  which  are  further  subdivided,  making  the 
whole  number  in  the  last  census  303.  It  is  obvious  that 
each  of  the  general  groups  of  occupations  may  embrace 
a  large  number  of  minor  trades,  each  of  which  will  have 
a  different  bearing  on  health  and  life,  thus  greatly  invali- 
dating the  deductions  from  the  general  tables. 

Third,  in  our  modern  industrial  production,  there  are 
very  few  trades  which  are  hereditary,  as  the  feudal 
guilds  were,  and  in  which  the  operatives  remained  dur- 
ing their  whole  lives.  The  greatest  number  of  industries 
•constantly  change  their  personnel,  most  individuals  pur- 
suing scvei'al  trades  successively;  and  the  occupation  in 
which  they  happen  to  die  gives  little  indication  of  the  one 
in  which  they  may  have  spent  the  greatest  part  of  their 
lives,  and  where  they  perchance  had  received  th<i  injuries 
to  liealth  to  which  they  subsequently  succumbed. 

Fourth,  certain  trades  can  be  pursued  only  by  very 
strong  and  healthy  individuals ;  while  others,  being  com- 
paratively light,  can  be  carried  on  by  the  physically 
weak  and  feeble.  It  is,  therefore,  manifestly  incorrect 
to  base  deductions  on  occupational  mortality  statistics, 
■seeing  that  the  primary  factors  {i.e.,  the  workers)  are  not 
on  an  equal  basis  as  to  health.  All  the  above  consider- 
ations make  it  incumbent  upon  us  to  regard  occupational 
mortality  and  morbility  statistics  with  a  certain  suspicion, 
and  to  apportion  them  only  such  value  as  is  warranted  by 
the  scientific  deductions  of  the  general  and  special  char- 
acteristics of  each  trade,  and  its  effect  on  health. 

Ogle's  statistics  deserve  the  great  credit  attributed  to 
them  by  hygienisfs,  by  reason  of  their  careful  elaboration 
and  intelligent  preparation.  They  have  been  quoted 
widely  and  are  regarded  as  standards.  I  shall  give 
Ogle's  table,  followed  by  more  recent  data  from  the  last 
United  States  census,  and  from  J.  Tatham's  recent  mor- 
bility figures  in  Oliver's  book. 

•COMPARATIVE  Mortality  or  Men,  Twk.\ty-fite  to  Sixty-five 
Years  of  Age,  in  Different  t)cci-PATioNS,  for  the  Yioars 

18&1-83,  BY  W.  OGLE,  AS    REPORTED    IN  A  PAPER    EF.AD   BEFORE 
THE  SEVE.NTH  INTERNATIONAL  CONGRESS  FOR  HYGIENE,  IN  1831.' 


Occupations. 

.St 

^ 

Occupations. 

ill 

100 
108 
114 
126 
129 

Grocers 

139 

143 

I'ajrmers 

Carpenters,  joiners — 

148 

Agricultural  laborers. . . 
Paper-makers 

152 

Silk  manulacturers  . . . 

152 

♦The  mortality  rate  ol  clergymen,  being  tbe  lowest,  is  taken  at  100. 


Ogle's  Comparative  Mortality  Table.— Continued. 


Occupations. 

SI'S 

Occupations. 

Drapers 

159 
160 
166 
171 
172 
172 
173 
174 
175 
179 
185 
186 
186 
189 
191 
19B 

202 

Stone  &  slate  quarriers. 

202 

Shoemakers 

210 

Commercial  travellers. . 

Butcbers 

211 

Corn  millers 

214 

Bakers 

216 

Cabinetmakers 

Cutlers . 

239 

Masons,  bricklayers 

Brewers 

245 

Blacksmiths 

Cab  drivers 

267 

Clerks 

374 

Railway  laborers 

30O 

Gunsmiths 

Earthenware  \^orkers  . 

Coraish  miners 

Costermongers,     p  e  d  - 

313 

331 

Hatters 

338 

Cotton  workers 

Inn,  hotel  service 
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Occupational  Mortality  Table  According  to  the  (Twelfth) 
United  States  Census  for  the  Census  Year  of  1900  (Only 
IN  THE  "Registration  Area"— Ten  States^). 


Occupations. 


Mercantile  and  mecban- 

ics,  average 

Professional  average  . . . 
Laborers  and  servants  . 
Engineers,  surveyors. . . 

School  teachers 

Lawyers 

Medical  men 

Clergymen 

Textile  mill  workers  . . . 
Plumbers  and  gasfltters. 

Shoemakers 

Machinists 

Iron  and  steel 

Glass  makers 

Tailors., 

Printers,  pressmen 

Bakers,  confectioners  . . 


ss 

o  S 
go 


13.1 
15,01 
20.3 
8.2 
12.2 
17.3 
19.9 
33.5 
8.8 
9.1 
9.4 
10.5 
10.7 
10.8 
11.8 
12.1 
12.3 


Occupations. 


Leather  makers 

Tin  workers 

Marble  k  stone  workers 

Engineers,  firemen 

Painters 

Butchers 

Plasterers 

Carpenters,  joiners 

Leather  workers 

Hat,  cap  makers 

Cabinetmakers  and! 

Upholsterers 1 

Blacksmiths 

Cigar,  tobacco  workers. 

Brewers,  distillers 

Stone  masons 

Coopers 

Millers,  flour,  grist 


§1 
1-' 
So 


12.3 
14.5 
14.9 
1S.7 
16.2 
16.1 
17.0 
17.2 
17.5 
17.9 

18.0 

18.3 
18.7 
19.7 
19.9 
23.8 
26.6 


The  United  States  occupation-mortality  statistics  being  only  for  ten 
States  and  only  for  one  year  do  not  have  the  value  of  Ogle's  tables, 
which  embraced  several  years  and  the  whole  of  England  and  Wales. 

Comparative   Mortality  from  Specified  Causes  in  Certain 
Dusty  Occupations.    (John  Tatham.^) 


Occupations. 


Agriculturists 

Earthenware 

Cutlers 

Filemakers 

Glass  workers 

Copper  workers 

Gunsmiths 

Iron  and  st«el 

Zinc  workers 

Stone  quarriers 

Brass  workers 

Chimney-sweeps 

Lead  workers 

Cotton  workers 

Cooper  and  wood  turners. 

Rope  makers 

Masons  and  bricklayers  . . 

Carpet  workers 

Tin  workers 

Wool  manufacturers 

Locksmiths 

Blacksmiths 

Bakers  and  confectioners. 


S3 
3$ 


603 

1,702 

1,516 

1,810 

1,487 

1,381 

1,228 

1,301 

1,198 

1,176 

1,088 

1,811 

1,783 

1,141 

1,088 

928 

1,001 

873 

994 

991 

925 

914 


Phthisis  and 

BESriRATOKY 

Diseases. 


3? 

C  Q 


221 
1,001 
900 
835 
740 
700 
649 
645 
587 
576 
553 
551 
545 
540 


476 
471 
451 
447 
428 


100 
453 
407 
373 
335 
317 
294 


261 
250 
349 
347 
244 
238 
220 
215 
213 
204 
203 
194 
177 
177 


Mortality 
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lOB 
333 
382 
403 
395 
294 
335 
195 
240 
269 
370 
260 
148 
202 
250 
219 
225 
226 
217 
191 
223 
159 
185 
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518 
423 
445 
408 
335 
450 
347 
307 
273 
291 
397 
338 
376 
267 
251 
245 
234 
256 
205 
233 
207 
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"In  this  table  the  mortality  of  the  several  dust-produc- 
ing occupations  is  contrasted  with  that  of  agriculturists, 
who  have  been  shown  to  suffer  the  least  from  the  effects 
of  dust.  The  aggregate  death  rate  from  tuberculous 
phthisis,  and  diseases  of  the  respiratory  system,  is  shown 
in  this  table,  as  are  also  the  figures  relating  to  each  affec- 
tion separately.  Columns  1  and  3  give  the  combined 
mortality  from  these  diseases  In  comparison  with  that  of 
agriculturists.  In  the  third  column  the  mortality  of  the 
latter  is  taken  as  one  hundred,  showing  the  proportional 
relation  to  other  workers."  ^ 

Diseases  of  Occdpation. 

Disease  has  been  defined  as  an  abnormal  condition  of 
the  body,  a  perturbation  in  the  state  of  the  living  organ- 
ism; while  life  itself  is  a  struggle  of  the  organism  with 
its  environment.  In  the  study  of  the  pathogenesis  of 
disease,  we  come  to  a  complex  phenomenon,  which  on 
closer  study  resolves  itself  into  two  main  branches: 
First,  the  intrinsic  constitution  of  the  organism ;  and  sec- 
ond, the  external  world,  i.e.,  the  environment.  Among 
the  environmental  conditions  influencing  life  and  health, 
one,  not  the  least  in  importance,  is  that  of  occupation. 
In  the  mortality  statistics  we  have  seen  that  occupation 
does  affect  the  longevity  of  man ;  at  least,  there  is  a  strong 
array  of  figures,  corroborating  each  other,  from  various 
races,  countries,  and  localities,  which  persistently  show 
that  some  occupations  have  a  very  large  comparative  mor- 
tality, and  which  therefore  warrant  the  deduction  that 
these  occupations  possess  some  elements  or  conditions 
capable  of  causing  those  disturbances  in  the  organism 
which  terminate  life  more  rapidly  than  is  commonly  the 
case  when  the  conditions  in  question  are  absent.  If 
death  itself,  which  is  but  the  culmination  of  all  abnormal 
conditions  of  life,  can  be,  more  or  less  directly,  brought 
on  by  occupation,  how  much  more  likely  is  it  that  occu- 
pation will  influence  the  daily  life  and  cause  the  morbid 
states  called  disease  f 

As  a  matter  of  fact,  since  the  time  of  Ramazzini,  we 
do  regard  many  morbid  states  as  due  to  the  influence  of 
occupation,  and  we  call  them  "industrial  diseases,"  or 
"diseases  of  occupation,"  by  which  we  mean  such  dis- 
eases as  are  superinduced  directly  or  indirectly  by  one 
or  more  elements  existing  in  occupation.  There  are, 
however,  two  points  which  we  must  note  in  the  study 
of  industrial  diseases:  individual  susceptibility,  and  the 
relative  importance  of  occupation  in  the  causation  of 
disease.  Those  who  have  made  a  study  of  the  patho- 
genesis of  disease  know  the  remarkable  rQle  which  is 
played  in  health  and  disease  by  the  inherited  constitu- 
tion, personal  vital  resistance,  and  power  of  immunity 
of  each  individual.  We  frequentl}'  observe  two  indi- 
viduals working  in  the  same  trade,  side  by  side,  influ- 
enced by  identical  conditions,  subject  to  the  same  harm- 
ful elements,  and  breathing  the  same  foul,  dusty,  and 
poisonous  atmosphere;  yet  while  the  one,  sooner  or 
later,  succumbs  to  these  dangers  of  his  trade,  and  be- 
comes invalidated  by  the  general  or  special  maladies  of 
his  calling,  the  other  continues  to  enjoy  life,  with  appar- 
ent immunity  from  all  injurious  influences.  It  is  evi- 
dent that  in  industrial,  as  in  other  diseases,  the  personal 
element,  the  individual  susceptibility  must  be  taken  into 
account.  So  far  as  the  question  of  the  relative  impor- 
tance of  occupation  in  the  causation  of  disease  is  con- 
cerned, there  are  those  who  totally  deny  that  there  are 
any  diseases  of  occupation.  They  claim  that  we  may 
just  as  well  classify  diseases  by  habilation,  soil,  sewer- 
age; by  races,  localities,  and  countries;  by  monarchies, 
republics,  and  constitutional  governments,  inasmuch  as 
each  of  these  external  factors  undoubtedly  bears  some 
relation  to  conditions  of  health,  and  may,  in  some  more 
or  less  remote  way,  cause  disease.  This  position  is,  how- 
ever, untenable ;  for  occupation  certainly  exerts  a  greater 
comparative  influence  on  health  than  do  many  of  the 
other  external  factors ;  and  there  are  some  industrial  dis- 
eases which  may  be  directly  traced  to  certain  specific  in- 
dustries, while  this  can  hardly  be  said  of  the  other  factors. 


Among  the  industrial  diseases  there  are  some  which 
can  be  shown  to  be  directly  due  to  the  toxic  elements  or 
substances  generated  in  each  trade ;  others  there  are  in 
which  their  connection  with  some  particular  industry 
is  more  remote ;  and  still  other  diseases  in  which  occupa- 
tion plays  only  a  predisposing  r61e.  It  is  impossible  to 
give  here  the  detailed  description  of  all  industrial  dis- 
eases, nor  is  it  necessary,  as  all  of  these  diseases  are  at 
the  same  time  common  to  all  mankind,  and  are  more  fully 
treated  in  other  parts  of  this  Handbook.  The  diseases 
to  be  briefly  alluded  to  here  are  only  those  which  bear  a 
direct  etiological  relation  to  occupation. 

Diseases  of  the  Respiratory  System. — The  organs  of  the 
respiratory  system  are  the  greatest  sufferers  from  indus- 
trial conditions.  The  respiratory  passages  have  been 
very  aptly  named  "  the  entrance  port "  of  the  body  where 
most  of  the  infective  agents  land  on  their  arrival.  All 
impurities  of  air,  it  persistently  inhaled  for  long  periods, 
are  liable  to  produce  inflammatory  changes  in  the  respira- 
tory passages,  and  so  to  weaken  them  that  they  readily 
become  a  prey  to  any  infective  organism.  The  most 
pernicious  effects  on  the  respiratory  organs  are  pro- 
duced by  the  inhalation  of  dust.  In  the  divers  industrial 
processes,  all  kinds  of  materials  from  animal,  vegetable, 
mineral,  and  metal  substances  are  undergoing  various 
processes  of  transformation,  with  the  inevitable  result 
that  a  great  quantity  of  dust  is  raised  and  fills  the  air 
of  the  places  of  work,  and  is  constantly  being  inhaled 
by  the  operatives.  A  mere  temporary  inhalation  of  dust 
is  followed  by  increased  secretion  from  the  mucous  mem- 
brane of  the  respiratory  passages,  by  which  these  try  to 
get  rid  of  the  foreign  matter.  When,  however,  the  ac- 
tion of  the  dust  is  persistent  and  continuous,  the  mucous 
membrane  of  the  passages  gets  congested,  inflamed,  and 
denuded  of  its  protective  ciliated  epithelia,  and,  with  the 
weakening  of  the  defensive  forces,  the  entrance  of  for- 
eign matter  or  infective  materials  into  the  parenchyma  of 
the  lungs  is  no  longer  prevented.  The  statistical  tables 
of  Hirt,  Ogle,  Tatham,  Bertillon,  Kummer,  and  of  the 
United  States  census,  all  agree  that  the  greatest  bur.den 
of  ills  due  to  occupation  falls  upon  the  much-abused  re- 
spiratory organs. 

Bronchitis.— 01  the  diseases  of  the  respiratory  system, 
the  most  directly  traceable  to  industrial  influences  is  bron- 
chitis. Among  the  principal  causes  of  bronchitis,  Hoff- 
man^ mentions:  (1)  catarrhal  congestion,  (3)  inhalation  of 
dust,  (3)  inhalation  of  gases.  All  these  factors  are  pre- 
eminently those  which  are  most  frequently  due  to  indus- 
trial conditions.  Excessive  muscular  exertion,  increased 
body  heat  due  to  hard  labor,  sudden  chilling  of  body 
surface,  exposure  to  varied  and  extreme  temperatures, 
etc.,  are  a  few  of  the  causes  of  catarrhal  congestion  in 
the  bronchi,  leading  to  subsequent  chronic  inflammatory 
changes.  Inhalation  of  dust  as  a  cause  of  bronchitis  is 
easily  understood  when  we  remember  the  irritation  which 
any  foreign  matter  produces  in  the  mucous  membranes, 
and  the  special  irritating  qualities  of  a  great  many  in- 
dustrial dusts.  Poisonous  gases  and  fumes  are  direct 
irritants,  and  cause  intense  congestion  of  the  bronchial 
mucous  membrane  and  inflammatory  changes  which  tend 
to  become  chronic  if  the  inhalation  of  such  fumes  per- 
sists. The  statistical  data,  as  to  the  prevalence  of  bron- 
chitis among  workers,  are  not  reliable,  for  the  reason 
that  the  disease  in  its  initial  forms  is  hardly  one  for 
which  the  worker  discontinues  work  or  seeks  medical 
aid,  and  certainly  not  one  which  would  figure  in  mor- 
tality statistics.  Hirt  ^  gives  the  percentage  of  workers 
suffering  from  chronic  bronchitis  as  from  11  to  69  per 
cent.  Some  dusts  are  more  irritating  than  others.  Thus 
Hirt  found,  in  an  investigation  which  covered  13,000 
workers  in  a  dusty  atmosphere,  that  of  those  who  ex- 
perienced harmful  effects  therefrom  in  a  greater  or  less 
degree,  11  per  cent,  were  workers  in  mineral  dust,  13.6 
per  cent,  in  animal  dust,  14.8  per  cent,  in  metallic  dust, 
18.4  per  cent,  in  dust  of  a  mixed  character,  and  19  per 
cent,  in  vegetable  dust. 

Emphysema. — Emphysema  is  a  disease  of  the  lungs  in 
which  a  part  of  the  tissue  loses  its  normal  elasticity  and 
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remains  in  a  state  of  abnormal  dilatation.    Emphyse- 
ma is  caused  by  all  conditions  which  interfere  with  the 
normal  expiratory  functions  of  the  lungs.     Among  the 
causes  of  emphysema  are :  (1)  Catarrhal  conditions  of  the 
passages,  leading  to  accumulation  of  mucus  in  the  bron- 
chi, to  obstruction  of  the  bronchioles  and  to  violent  fits 
of  coughing ;  (2)  the  lodgment  of  foreign  matter  and  dust 
in  the  bronchioles,  and  the  obstruction  of  these  channels 
resulting  therefrom;  (S)  constrained  attitudes,  etc.,  lead- 
ing to  interference  with  respiration.     Most  of  these  con- 
ditions are  present  in  many  occupations.     We  have  seen 
that  chronic  bronchitis  is  very  prevalent  among  most 
workers,  and  consequently  favors  the  production  of  em- 
physema among  them.     Hirt^  says  that  from  eight  to 
ten  per  cent,  of  all  who  suffer  from  bronchitis  have  em- 
physema.    The  filling  up  of  bronchioles  with  dust  is  a 
frequent  condition  in  the  lungs  of  coal  miners  and  others 
who  work  in  clouds  of  dust,  and  such  obstruction  will 
cause  compensatory  hypertrophy  and  dilatation  of  other 
alveoli,  also  dilatation  of  the  right  ventricle  of  the  heart. 
Work  in  a  constrained  attitude,  playing  on  wind  instru- 
ments, glass  blowing,  lifting  of  heavy  weights,  severe 
muscular  exertion,  and  alcoholism  are  among  the  other 
predisposing  causes  of  emphysema  among  workers.     Ac- 
cording to  Kubborn "  37  per  cent,  of  miners  sufEer  from 
emphysema,  and  according  to  Seltman  *  50  per  cent.     Ac- 
cording to  Fueller  ^  breathing  foul  air,  deficient  in  oxygen 
and  rich  in  carbonic  acid,  predisposes  to  emphysema;  he 
quotes  Seltman's  figures  to  show  that,  among  coal  miners, 
of  those  who  worked  in  pure  air  only  7.9  per  cent,  suf- 
fered from  this  disease,  whereas  of  those  who  worked 
constantly  in  foul  air,  as  many  as  63  per  cent,  were  so 
affected.    Hirf  gives  the  following  table  of  the  relative 
frequency  of  emphysema  among  workers  in  dusty  oc- 
cupations:  Of  100  cases  of  sickness  there  were  among 
metallic  workers  3.1  per  cent.,  among  those  exposed  to 
animal  dust  3  per  cent.,  to  vegetable  dust  4.7  per  cent., 
to  mixed  dusts  5.1  per  cent.,  and  to  mineral  dusts,  9  per 
cent. 

Pneumonokoniosis. — Zenker  applied  this  term  to  aftec- 
tions  of  the  lungs  due  to  deposits  of  dust  in  their  paren- 
chyma. Several  forms  of  pneumonokoniosis  are  distin- 
guished according  to  the  nature  of  the  dust  inhaled  and 
deposited  in  the  lungs.  Dust  particles  are  carried  to  the 
lung  tissue  by  direct  inhalation  and  also  by  the  action  of 
the  lymph  channels.  These  latter  play  an  important  r61e 
in  the  dissemination  of  the  dust  particles,  as  has  been 
shown  by  the  discovery  of  some  dusts— for  instance  coal 
—not  only  within  the  lung,  but  also  in  the  liver,  spleen, 
and  kidneys.  Fueller »  quotes  the  report  of  a  French 
chemist  who  found  in  several  samples  of  lung  tissue, 
weighing  respectively  1,800  gm.,  3,860  gm.,  and  330 
gm.,  the  following  quantities  of  coal:  85  gm.,  140  gm., 
and  114  gm.  According  to  Merkel'  the  folio  wmg  fac- 
tors are  determining  in  the  etiology  of  pneumonoko- 
niosis :  (1)  The  state  of  health  and  individual  susceptibility 
of  the  worker;  (3)  the  vulnerability  of  the  respiratory 
organs;  (3)  the  duration  and  intensity  of  the  exposure  to 
dust  inhalation;  and  (4)  the  quality  and  character  of  the 
dust.  Quimby  (see  article  on  Lungs,  Diseases  of:  Pneu- 
monokoniosis in  Vol.  V.  of  this  Handbook)  gives  the  fol- 
lowing more  common  vocations  in  which  laborers  are 
exposed  for  prolonged  periods  to  a  dusty  atmosphere : 
Mining  of  various  minerals,  and  the  handling  of  coal  in 
transit  to  its  point  of  consumption;  charcoal  grinders 
and  carriers,  moulders  and  those  who  clean  castings, 
metal  and  glass  polishers,  stone  masons  and  plasterers, 
chimney-sweeps,  laborers  who  tear  down  old  buildings, 
potters  and  grinders  on  various  forms  of  stone,  bakers 
and  pastry  cooks,  gilders  and  gold  and  tinfoil  beaters, 
workers  in  mother-of-pearl  and  lead,  jewellers  and  glass- 
cutters,  file-cutters,  millers,  tobacco  workers,  grain  shov- 
cllcrs  ctp 

We  shall  refer  to  various  pneumonokon loses  when 
we  come  to  the  subject  of  dusty  occupations  and  their 
influence  on  health.  ,     .     .  j. 

Tuberculosis.— 'Pnlmona.ry  tuberculosis  is  a  very  fre- 
quent disease  among  all  kinds  of  workers,  especially 


among  those  who  work  in  a  dusty  atmosphere.  The  eti- 
ological relation  of  occupation  to  pulmonary  tuberculosis 
is  not  difficult  to  understand,  although  the  connection  is 
not  always  directly  traceable.  Occupation  is  more  of  a 
predisposing  than  an  exciting  cause  of  tuberculosis.  All 
conditions  of  occupations,  sex,  age,  foul  air,  overcrowd- 
ing, variety  in  temperature,  exposure,  constrained  atti- 
tude, inhalations  of  dusts,  gases,  fumes,  and  poisons,  all 
tend  to  predispose  the  organism  to  fall  a  prey  to  the  rav- 
ages of  the  tubercle  bacilli.  The  infection  may  take 
place  outside  of  the  place  of  work,  but  generally  hap- 
pens within  its  precincts ;  for  there  is  no  better  place  for 
the  cultivation,  distribution,  and  dissemination  of  the 
bacteria  than  the  foul,  ill-ventilated,  close,  damp,  over- 
heated, dusty  shops,  where,  if  only  one  tuberculous  pa- 
tient expectorates,  enough  material  may  be  spread  to 
infect  hundreds.  The  prevalence  of  pulmonary  tubercu- 
losis among  various  workers  has  been  noted  in  the  already 
cited  table  of  Tatham  on  mortality  due  to  this  affection. 
The  last  United  States  census  gives  the  number  of  deaths 
from  pulmonary  tuberculosis  in  the  census  year  as  109,- 
750.  Dusty  occupations,  as  already  noted,  predispose  to 
phthisis.  All  statistical  data,  from  Hirt  to  Tatham,  con- 
firm the  statement  that  tuberculosis  is  the  most  frequent 
disease  among  all  occupations,  and  the  frequency  is 
directly  proportionate  to  the  amount  of  dust  that  is 
formed  in  the  occupation. 

Lobar  Pneumonia. — It  is  diificult  directly  to  connect 
lobar  pneumonia  with  occupation,  although  Hirt  claims 
that  the  largest  number  of  cases  of  this  malady  occurs 
among  the  laboring  class.  Congestion  and  a  catarrhal 
condition  of  the  respiratory  passages  and  exposure  to  bad 
weather,  etc.,  are  the  main  predisposing  causes.  Bron- 
chitis and  emphysema,  so  frequent  among  workers,  pre- 
dispose to  infection  with  the  pneumococcus,  by  reason  of 
the  fact  that  the  normal  pulmonary  tissue  has  lost  its 
power  to  resist  infection.  Exposure  leads  to  chilling  of 
the  surface  of  the  body  and  congestion  of  the  lungs. 
The  average  frequency  of  pneumonia  was  found  by  Hirt  * 
to  be  7.3  per  cent,  in  some  workers,  wliile  in  millers 
the  percentage  was  30.3.  According  to  the  figures  of 
the  last  United  States  census  the  laboring  class  shows  the 
greatest  percentage  of  cases  of  pneumonia.  Merkel' 
denies  that  dust  has  any  effect  on  the  etiology  of  pneu- 
monia. In  one  hundred  and  forty  dead,  out  of  ten  hun- 
dred and  thirty-five  cases  of  pneumonia,  he  failed  to  find 
any  trace  of  dust  in  the  lungs.  If  dust  affects  the  lungs 
at  all,  it  may  do  so  by  the  wounding  of  the  mucous  mem- 
brane, thus  presenting  a  solution  of  continuity,  favoring 
bacterial  infection.  It  was  claimed  that  textile  workers 
are  prone  to  this  disease,  although  this  is  denied  by  later 
investigators.  According  to  Hirt's  table  those  who  are 
exposed  to  vegetable  dusts  suifer  the  most  from  pneu- 
monia. „ 

Diseases  of  the  Nervous  System.— The  nervous  system  is 
the  most  abused  part  of  the  organism  of  the  worker. 
Modern  industry,  with  its  complex  mechanical  develop- 
ment, enormous  rate  of  speed,  intensity  of  action,  and 
the  great  demands  on  the  nervous  and  mental  forces  of 
men  tends  to  overstrain  the  dehoate  nervous  cells,  and 
sacrifice  them  to  the  much- vaunted  strenuousness  of  lite. 
Some  of  the  factors,  more  or  less  frequently  acconapany- 
ing  all  occupations,  which  lead  to  nervous  disturbances 
are  the  following:  Excessive  cardiac  action,  intense  mus- 
cular strain,  overuse  of  an  organ  or  group  of  muscles, 
prolonged  mental  labor,  overwhelming  responsibility, 
intense  anxiety,  mental  worry,  sudden  and  contmuous 
shocks  and  jarrings,  extremes  of  heat,  cold,  dampness, 
and  variations  of  air  pressure,  inhalations  of  certain 
'eases,  and  the  ingestion  of  certain  poisons. 

Amonff  the  nervous  diseases  most  frequent  among 
workers  are  cerebral  and  spinal  hyperemia,  peripheral 
neuritis,  the  fatigue  neuroses,  progressive  muscular  atro- 
phv,  various  toxic  paralyses,  and  insanity.  _  According  to 
the  last  census  report,  persons  engaged  in  hterary  and 
professional  occupations  sufEer  relatively  more  from  ner- 
vous diseases  than  do  all  the  other  classes.  Thus  medical 
men  show  the  largest  number  of  deaths  due  to  nervous 
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diseases.  Tlie  nervous  disturbances  due  to  toxic  in- 
fluences will  be  treated  later. 

The  Fatigue  iV«woses.— These  neuroses,  also  called 
"functional  impotences,"  are  directly  due  to  various  oc- 
cupations. Tliey  manifest  themselves  in  loss  of  motor, 
sometimes  of  sensory,  power  in  some  oi'gans  or  groups 
of  muscles;  this  loss  being  due  to  the  continuous,  pro- 
longed, and  excessive  use  of  the  same.  Causes  which 
predispose  to  these  neuroses  are  weakness  of  the  nervous 
system,  alcoholism,  excessive  use  of  tobacco,  mental  anx- 
iety, and  trouble.  According  to  Oliver  ^  the  primary 
seat  of  the  disorder  is  situated  in  the  cortex  of  the  brain, 
and  he  adds  that  "  altered  nutrition  of  the  cerebral  nerve 
centres  is  in  all  probability  responsible  for  the  defective 
muscular  movements;  and  tliat  the  spasm  is  only  the 
initial  fact  in  the  illness."  The  most  common  fatigue 
neuroses  are  "writer's  crainp  "  or  "scrivener's  palsy," 
telegrapher's  spasm,  as  well  as  the  spasms  which  occur 
in  typesetters,  milkers,  hammermsu,  piano  players,  violin 
players,  etc. 

Eye  Diseases. — The  eyes  frequently  suffer  from  effects 
of  occupation.  Injury  to  the  eyes  may  come  from  a  too 
prolonged  close  application  and  straining ;  from  exposure 
to  excessive  light  or  heat ;  from  various  dusts ;  from  gases 
and  poisons ;  fi-om  burns  and  accidents. 

Overuse  and  close  application  and  overstrain  produce 
pain,  asthenopia,  myopia,  presbyopia,  and  other  changes 
in  refraction.  Clerks,  copyists,  engravers,  draughts- 
men, watchmakers,  proof-readers,  etc.,  are  those  who 
overstrain  their  eyes. 

Certain  occupations  which  compel  vej^^  close  applica- 
tion with  accompanying  constrained  positions  cause  nys- 
tagmus. This  disorder  of  the  eyes  is  chiefly  due  to  the 
constrained  position  which  some  laborers  are  compelled 
to  assume  during  their  work,  and  is  veiy  frequent  in 
■coal  miners,  five  percent,  (according  to  some  authorities, 
ten  per  cent.)  of  whom  are  afflicted  with  it;  although 
workers  in  other  trades,  such  as  compositors,  metal  roll- 
ers, etc.,  are  sometimes  affected.  The  comparative  fre- 
quency of  nystagmus  among  coal  miners  is  due  to  the 
unnatural  positions  assumed  by  them  when  undercutting 
in  coal  seams,  lying  on  their  sides,  and  straining  the 
eyes  in  order  to  follow  the  pick. 

Exposure  to  excessive  light  and  heat  is  frequent  among 
certain  trades,  as  those  of  silver  finishers,  burnishers, 
furnace-workers,  glass-blowers,  electric  welders,  etc.  In 
some  of  these  occupations,  notably  in  electric  welding, 
the  temperature  may  reacli  3,000°  F.  and  over.  Con- 
junctivitis, hyperasmia,  hypersesthesia  of  the  retina  are 
•common  among  this  class  of  workers.  Glass-blowers  arc 
said  to  be  subject  to  cataract  formations.  Those  who 
work  in  dusty  trades  very  often  suffer  mechanical  in- 
juries to  theii'  eyes,  owing  to  accidental  and  frequently 
unavoidable  entrance  of  gritty,  sharp  dust  particles  into 
the  eyes. 

The  effects  of  certain  gases,  fumes,  and  poisons  on  the 
eyes  are  well  known,  and  cannot  be  gone  into  here.  All 
strong  irritants  will  affect  the  e3'es  and  produce  various 
diseases  in  them.  Certain  toxic  substances  cause  various 
amblyoiDias. 

Burns  and  accidental  injuries  are  very  common  in 
many  industries.  Of  18, 644  accidents  to  25,000  workers, 
nearly  1,000  were  injuries  to  the  eye.^ 

Dermatoses. — Many  affections  of  the  skin  are  directly 
due  to  certain  conditions  in  occupations.  Thus,  the  skin 
is  liable  to  scalds  and  burns,  to  the  mechanical  action  of 
various  dusts,  to  the  action  of  poisons,  of  irritating  gases. 
Constant  pressure  and  friction  will  also  cause  abrasions 
or  callosities.  The  dermatoses  vary  in  their  extent  and 
severity  from  a  simple  erythema,  to  vesicles,  pustules, 
and  ulcerations.  Occupational  eczema  is  frequent. 
Scalds  and  burns  are  very  frequent  in  some  occupations. 
Dust,  mixed  with  perspiration,  will  form  crusts,  which 
irritate  the  epidermis,  causing  itching  and  erythema,  and 
leading  to  subsequent  infection  and  more  serious  lesions. 
Flax  workers  very  commonly  suffer  from  severe  eczema 
of  the  hands  and  fingers.  Lead,  arsenic,  and  other  poi- 
sons produce  severe  skin  affections.    Certain  workers  who 


are  obliged  to  scrape  hides  with  their  fingers  suffer  from 
a  form  of  disease  of  the  nails,  called  "  furrier's  nails. " 

The  constant  friction  and  pressure  on  circumscribed 
places  of  skin  produce  thickenings,  callosities,  and  bur- 
SSB.  These  vary  in  location  according  to  the  special  char- 
acter of  the  work  and  the  parts  of  body  exposed  to  the 
pressure  and  friction.  The  hand  and  fingers  are  the 
most  frequent  places  of  callosities,  the  knees  and  olec- 
ranon the  most  frequent  places  for  bursas. 

Cardiac  and  circulatory  diseases  owe  their  origin  among 
workers  to  excessive  strain  and  muscular  effort,  the  lift- 
ing of  heavy  weights,  the  strain  at  too  arduous  tasks, 
excessive  variations  in  temperature,  etc.  Cardiac  hyper- 
trophy and  dilatation  are  frequent  among  athletes,  pro- 
fessional pugilists,  gymnasts,  etc.  Disorders  of  the  cir- 
culation also  depend  on  alcoholism. 

Diseases  of  the  digestive  tract,  unless  caused  directly  by 
absorption  of  certain  poisons,  like  lead,  arsenic,  "etc., 
are  mostly  due  not  to  the  occupation,  but  to  the  poor  hy- 
gienic conditions  under  which  so  many  of  the  workers 
are  compelled  to  live. 

Of  the  surgical  diseases,  apart  from  wounds,  fractures, 
and  dislocations,  occupations  may  cause  hernias,  varicose 
veins,  aneurisms,  etc. 

Infectious  Diseases. — There  are  a  number  of  maladies 
which  are  frequently  observed  in  certain  occupations, — 
maladies  which  are  due  to  infection  by  pathogenic  or- 
ganisms that  happen  to  cling  to  the  materials  of  work. 
All  forms  of  microbes  can  be  at  times  found  in  various 
substances  and  materials  handled  by  workers.  Thus, 
the  microbes  of  scarlet  fever  or  of  typhoid  fever  may 
cling  to  the  materials  handled  by  the  tailor;  gardeners, 
who  are  obliged  to  handle  earth,  are  more  liable  to  con- 
tract tetanus;  the  men  who  care  for  horses  are  almost 
the  only  ones  who  become  infected  with  glanders;  the 
tunnel  workmen  are  specially  liable  to  anchylostomiasis, 
tlie  wool  workers  to  anthrax,  etc.  The  infection  by  the 
last  two  has  been  regarded  as  closely  connected  witli  the 
occupation,  although  they  can  hardly  be  regarded  as  oc- 
cupation diseases. 

Anthrax. — This  is  a  disease  of  cattle,  induced  by  the 
action  of  the  bacillus  anthracis.  As  it  forms  the  subject 
of  an  extended  article  in  Vol.  I.  of  this  Handbook,  it  is 
not  necessary  that  I  should  enter  into  any  further  details 
in  this  place. 

Anchylostomiasis  (maladie  des  tunnels). — This  is  an  in- 
fective disease  from  which  many  workers  in  tunnels  of 
Belgium,  Switzerland,  Australia,  and  other  places  have 
been  found  suffering.  In  one  pit  in  the  province  of 
Lifige  from  fifty  to  sixty -nine  per  cent,  of  all  workers,  and 
in  a  Hungarian  pit  eighty  per  cent,  of  all  workers,  were 
affected.  This  malady,  of  which  a  pernicious  anaemia  is 
the  most  characteristic  sequel,  is  caused  by  a  minute 
parasite  which  fixes  itself  in  the  upper  part  of  the  small 
intestine  by  a  number  of  booklets  and  sucks  the  blood. 
The  disease  has  been  found  in  others  beside  tunnel  work- 
ers. The  infective  parasite  is  found  in  the  excreta,  from 
which  the  infection  recurs.  Defective  sanitary  arrange- 
ment in  the  places  of  work  and  the  lack  of  care  and  hy- 
gienic supervision  are  the  causes  of  the  spread  of  this 
disease,  which  will  disappear  whenever  better  hygienic 
conditions  are  established  in  tunnels. 

Of  the  other  industrial  diseases,  it  remains  to  mention 
caisson  disease  and  several  minor  affections,  such  as 
"shoddy  fever,"  "glass-blower's mouth,"  " stamp-licker's 
tongue,"  etc. 

Caisson  Disease. — This  term  is  applied  to  a  group  of 
symptoms  the  pathology  of  which  is  obscure,  and  which 
are  met  with  in  workers  in  compressed-air  chambers  in 
sinking  mines,  in  excavating  for  piers  for  bridges,  and  in 
building  foundations  in  boggy  soil  for  large  structures. 
The  danger  to  the  workers  seems  to  be  greater  on  going 
out  of  the  compressed-air  chamber  into  the  decompres- 
sion room  than  on  entering  or  working  in  compressed 
air.  The  usual  symptoms  of  the  disease  are  vertigo, 
buzzing  in  the  ears,  vomiting,  muscular  pain,  numbness 
in  the  legs,  unconsciousness,  followed,  not  rarely,  by 
sudden  death.     The  danger  is  greater  the  greater  the  air 
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pressure  and  the  quicker  the  entrance  of  the  worker  from 
the  compressed  air  into  the  decompression  chamber ;  also 
when  the  workers  are  compelled  to  climb  stairs  and  un- 
dergo cardiac  and  muscular  strain  soon  after  coming  out  of 
the  compressed-air  chamber.  Oliver  ^  thinks  that  caisson 
disease  is  due  to  increased  solution  of  gases  in  the  blood 
and  sudden  liberation  of  them.  Others  regard  the  symp- 
toms as  due  to  the  increase  in  carbonic  acid.  Not  all 
workers  exposed  to  compressed  air  suffer  equally,  and 
there  are  some  who  entirely  escape  harm.  In  the  build- 
ing of  the  St.  Louis  bridge,  where  the  pressure  was  some- 
times as  high  as  from  four  to  six  times  the  normal,  there 
were  twelve  fatal  cases.  In  the  building  of  the  Brooklyn 
Bridge  the  fatality  was  less. 

"Shoddy  fever"  is  an  influenza-like  infection  which 
is  met  with  in  workers  in  rags  and  shoddy  garments.  It 
is  due  probably  to  infection  with  some  bacterial  organism. 

"Glass-blower's  mouth"  is  a  swelling  of  the  parotid 
gland  extending  from  the  angle  of  the  mouth  to  below 
the  ears,  and  is  met  with  in  glass-blowers. 

"Stamp-lickers'  tongue"  is  a  stomatitis  sometimes  met 
with  in  those  who  lick  labels  and  stamps,  and  is  due  to 
infection. 

Thk  Factors  of  Occupation. 

The  relative  increase  in  the  mortality  and  the  greater 
frequency  of  disease  in  certain  occupations  are  in  a  great 
part  due  to  the  complex  group  of  phenomena  which  we 
call  occupation,  and  which  is  composed  of  a  number  of 
factors,  each  of  which  has  its  own  special  bearing  upon  life 
and  health.  The  primary  factors  of  occupation  are:  the 
worker,  the  place  of  work,  the  conditions  of  work,  and 
the  processes  of  work.  These  primary  factors  are  com- 
posed of  several  minor  factors,  each  of  which  may  play 
an  important  r61e  in  the  causation  of  sickness  and  may 
influence  the  duration  of  life.  A  more  or  less  detailed 
analysis  of  each  factor  is  necessary  to  the  understand- 
ing of  the  modus  operandi  of  industrial  influence  on 
health. 

The  Wokkbr. — The  primary  state  of  health,  the  he- 
reditary "  physiological  wealth, "  the  physical  normal  de- 
velopment of  all  organs  of  the  worker,  are  fundamental 
elements  in  all  subsequent  influences  of  occupations  on 
health.  Some  occupations  can  be  followed  only  by  the 
very  strong  and  exceptionally  robust,  while  others  at- 
tract the  weakling  and  the  feeble  only.  The  susceptibil- 
ity of  the  worker  to  the  injurious  elements  of  his  trade 
and  hisrelative  predisposition  to  succumb  to  the  noxious 
■elements  or  processes  of  occupation  will  greatly  depend 
on  his  primary  condition  of  health  before  entering  the 
trade  which  he  has  chosen  as  his  life  profession.  The 
greater  the  capital  of  health  the  worker  takes  with  him- 
self when  starting  on  his  vocation,  the  greater  will  be  his 
resistance  to  the  dangerous  features  of  his  work;  the 
weaker  the  worker,  the  more  surely  will  he  be  affected 
by  any  and  all  detrimental  elements.  A  perfect  eyesight, 
hearing,  and  other  physical  faculties  are  therefore  abso- 
lutely paramount  conditions  of  normal  occupation.  But 
not  less  than  these  are  also  the  habits  and  the  care  the 
worker  takes  of  his  life  and  health  while  at  work.  Care- 
lessness in  the  handling  of  machinery  will  result  in  acci- 
dents to  limb  and  life ;  personal  uncleanliness  in  mine, 
factory,  and  shop  will  be  followed  by  the  relatively 
sooner  ingress  into  the  system  of  deleterious  dusts,  etc. 
Similarly,  the  worker  will  be  affected  by  too  great  addic- 
tion to  alcohol.  The  excessive  heat  or  cold,  the  relatively 
great  dryness  or  too  great  humidity  of  the  place  of  work, 
the  foul  and  dusty  atmosphere,  the  diflicult  tasks,  the 
arduous  labor,  the  strain  and  tension  of  machine  work,  the 
worry  and  fear  of  the  relentless  mechanical  powers,  and 
the  thousand  and  one  demands  on  the  muscular  and  ner- 
vous functions  of  workers  all  tend  to  the  creation  of  a  spe- 
cial need  and  a  craving  for  some  stimulating  and  bracing 
drug,  which  is  furnished  by  the  ever-present  and  readily 
obtainable  alcoholic  beverages.  The  use,  however,  of 
alcohol  leads  very  often  to  its  abuse,  and  the  excessive 
drinking  of  alcoholic  liquors  is  bound,  sooner  or  later, 
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to  produce  pathological  changes,  and  injuriously  to  in- 
fluence the  health  of  the  worker.  The  state  of  the  blood- 
vessels in  alcoholics,  and  their  relatively  greater  suscep- 
tibility to  pneumonia  and  other  acute  diseases,  as  well  as 
to  chronic  digestive  and  liver  troubles,  are  well  known. 
There  are  several  special  trades  which  are  known  by 
their  tendency  to  favor  alcoholism  in  the  workers. 
Brewers,  bakers,  drivers,  innkeepers,  bartenders,  glass- 
workers,  workers  in  the  iron  and  steel  industry  are  noto- 
riously addicted  to  alcohol. 

Sex  and  Age.— la  many  industries  child  and  female 
labor  is  very  largely  employed ;  and  the  effect  of  work 
on  them  is  very  detrimental  to  health.  The  injurious 
influences  of  female  labor  are  due  to  the  following  fac- 
tors :  (1)  The  comparative  physical  weakness  of  the  fe- 
male organism ;  (3)  the  greater  predisposition  to  harmful 
and  poisonous  elements  in  the  trades ;  (3)  the  periodical 
semi-pathological  state  of  health  of  women;  (4)  the 
effect  of  labor  on  the  reproductive  organs ;  and  (5)  the 
effects  on  the  offspring.  As  the  muscular  organism  of 
woman  is  less  developed  than  that  of  man,  it  is  evident 
that  those  industrial  occupations  which  require  intense, 
constant,  and  prolonged  muscular  efforts  must  become 
highly  detrimental  to  their  health.  This  is  shown  in  the 
general  debility,  anaemia,  chlorosis,  and  lack  of  tone  in 
most  women  who  are  compelled  to  work  in  factories  and 
shops  for  long  periods. 

The  increased  susceptibility  of  women  to  industrial  poi- 
sons and  to  diseases,  has  been  demonstrated  by  a  great 
number  of  observers.  The  female  organism,  especially 
when  young,  offers  very  little  resistance  to  the  inroads 
of  disease  and  to  the  various  dangerous  elements  of 
certain  trades.  Hirt°  says,  "it  must  be  conceded  that 
certain  trades  affect  women  a  great  deal  more  injuriously 
than  men,"  and  he  mentions,  among  others,  the  effects 
of  lead,  mercury,  phosphorus,  and  other  poisons.  Even 
where  there  are  no  special  noxious  elements,  work  may 
produce,  as  already  mentioned,  harmful  effects  on  the 
health  of  women ;  but  when  to  the  general  effects  of  in- 
dustrial occupation  are  added  the  dangers  of  dust,  fumes, 
and  gases,  we  find  that  the  female  organism  succumbs 
very  readily,  as  compared  with  that  of  the  male.  Slm- 
ler  *  found  that  the  frequency  of  sickness  in  females,  under 
eighteen,  as  compared  with  that  of  men  of  the  same  age, 
is  as  174  to  100.  Miss  Mary  E.  Abrahams  ^  found  that 
out  of  138  lead-poisoning  cases  in  Newcastle,  where  the 
number  of  men  and  women  workers  was  about  the  same, 
there  were  94  cases  among  the  women  to  41  among  the 
men.  She  also  found  that  out  of  the  33  deaths  from 
plumbism,  in  the  years  1889-1893,  33  were  women  and 
only  1  was  a  man.  The  women  were  all  between  seven- 
teen and  thirty  years  of  age.  These  figures  are  substan- 
tiated by  Hirt,  Arlidge,  C.  Paul,  Tardieu,  and  others. 
The  predisposition  of  women  in  industrial  occupations 
to  disease  in  general  is  greater  than  it  is  in  men,  as  was 
proven  by  Hirt  in  Iiis  statistics  of  tuberculosis  among 
workers.  The  effect  of  work  on  the  physical  develop- 
ment of  women  was  found  to  be  very  detrimental,  espe- 
cially when  they  were  young.  Arlidge '  says  that  in  those 
who  from  their  youth  work  in  high  temperatures,  the 
bones  and  joints  are  imperfectly  developed,  and  that  they 
are  liable  to  female  deformities  and  to  narrow  pelves. 
Herkner '  found  in  his  studies  of  Belgian  female  workers 
that  girls  who  are  engaged  in  mines  suffered  from  de- 
formed joints,  from  deformities  of  the  spinal  column,  and 
from  narrow  pelves. 

It  has  been  estimated  that  out  of  every  one  hundred 
days  women  are  in  a  semi-pathological  state  of  health  for 
from  fourteen  to  sixteen  days.  The  natural  congestion  of 
the  pelvic  organs  during  menstruation  is  augmented  and 
favored  by  work  on  sewing-machines  and  other  industrial 
occupations  necessitating  the  constant  use  of  the  lower 
part  of  the  body.  "Work  during  these  periods  tends  to 
induce  chronic  congestion  of  the  uterus  and  appendages, 
and  dysmenorrhoea  and  flexion  of  the  uterus  are  well- 
known  affections  of  working  girls. 

The  effect  of  work  on  the  offspring  is  known  to  be  in- 
jurious in  female  workers.     Abortion  is  very  frequent 
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among  female  workers,  especially  when  they  work  m 
(Jertain  dangerous  trades.  Of  one  thousand  pregnancies 
among  lead  workers,  reported  by  Tardieu.s  gjx  hundred 
and  nine  ended  in  abortions.  Arlidge  also  found  the 
percentage  of  abortions  among  female  workers  in  the 
pottery  trade  very  large. 

As  far  as  the  effect  of  female  work  on  infant  mortality 
is  concerned,  it  has  been  shown  to  be  detrimental.  The 
rate  of  infantile  mortality  among  mirror  workers  is,  ac- 
cording to  Hirt,  sixty -five  per  cent.  Tardieu  and  C.  Paul 
found,  among  lead  workers,  an  infant  mortality  of  forty 
per  cent.  According  to  Greenhow,  the  "infantile  mor- 
tality is  due  to  the  unwholesome  influence  to  which  in- 
fants are  exposed  in  the  manufacturing  town  by  the  in- 
dustrial employment  of  married  women." »  Traces  of 
lead,  phosphorus,  copper,  aniline,  etc.,  have  been  found 
in  the  amniotic  fluid. 

What  has  been  said  about  the  influence  of  industry  on 
young  women  can,  in  some  degree,  be  applied  to  child 
labor  in  general.  The  effects  of  industrial  occupation  on 
children  can  be  summed  up  as  follows :  injury  to  the  weak 
organism;  the  stunting  or  arrest  of  growth  and  physi- 
cal development ;  the  production  of  deformities  in  bone, 
joints,  and  spinal  column;  a  dulling  of  mental  faculties; 
the  acquirement  of  a  predisposition  to  moral  obliquity ;  a 
lessening  of  the  normal  powers  of  vital  resistance ;  a  gen- 
eral deterioration  of  the  constitution  and  a  shortening  of 
life  by  various  diseases.  Child  labor,  beyond  all  doubt,  is 
the  greatest  curse  of  modern  industry.  The  influence  of 
child  labor  on  the  general  health  of  the  community  has 
been  demonstrated  by  the  figures  of  Layet  (quoted  by 
Tracy  '»),  which  show  that  out  of  10,000  conscripts  from 
ten  agricultural  districts  4,029  were  rejected,  while  in  se- 
lected manufacturing  districts  the  rejections  for  rachit- 
ism  and  small  stature  reached  65  per  cent,  of  the  whole 
number  of  conscripts. 

The  Place  of  Work. — The  place  where  work  is  done 
bears  an  important  relation  to  the  health  of  the  workers. 
Work  is  performed  either  indoors  or  outdoors;  the  former 
being  pursued  in  factories,  workshops,  and  homes.  It 
was  Dr.  Guy  who  classified  all  occupations  into  two 
primary  divisions — "indoor "and  "outdoor,"  and  proved 
that  the  latter  were  much  healthier. 

There  are,  however,  some  special  occupations  which 
can  be  classed  among  dangerous  trades.  I  refer  to  min- 
ing and  tunnel  work,  which  are  dangerous  to  life,  limb, 
and  health  by  reason  of  the  nature  of-the  work,  and  also 
on  account  of  the  conditions  under  which  they  are  car- 
ried on.  The  harmful  conditions  in  mining  and  tunnel 
work  are  the  following:  absence  of  natural  light,  foul 
air,  great  heat,  increased  air  pressure,  too  great  humidity, 
dangers  of  the  lifts,  of  haulage,  and  of  the  winding  ma- 
chinery, etc. ;  the  use  of  explosives,  the  danger  of  cave- 
ins,  falls  of  rooks,  etc. ;  sudden  inundations  by  water ; 
danger  of  fires  from  the  various  gases ;  the  constrained 
attitudes,  the  arduous  toll,  the  tension,  danger,  and  worry. 
All  these  conditions,  apart  from  the  processes  of  mining 
and  the  character  of  the  ground,  are  potent  factors  in  the 
great  morbidity  and  high  mortality  rate  among  miners 
and  tunnel  workers.  Surgical  diseases  are  very  frequent, 
owing  to  the  great  number  of  accidents;  and  among  the 
general  diseases  favored  by  work  underground  are  lum- 
bago, rheumatism,  diseases  of  the  respiratory,  digestive, 
and  circulatory  organs. 

Factories  are  places  where  work  is  done  by  the  aid  of 
mechanical  power;  a  workshop  is  a  place  where  work  is 
done  without  any  mechanical  power.  Thus  a  tailor 
shop,  where  the  sewing-machines  are  run  by  steam  or 
electricity,  is  a  factory ;  while  one  in  which  only  foot  and 
hand  power  are  used  is  a  workshop.  The  sanitary  feat- 
ures of  the  work  place,  the  lighting,  ventilation,  cleanli- 
ness, and  the  absence  or  presence  of  sanitary  conven- 
iences all  ailect  the  health  of  the  workers.  The  proper 
light  of  workshops  and  factories  is  important  to  the  eye- 
sight as  well  as  to  the  general  health  of  the  operatives. 
A  dingy,  dark  workshop  favors  not  only  eye  strain,  but 
also  general  uncleanllness  and  ill  health.  The  window 
area  of  the  shop  is  also  of  consequence,  as  is  also  the  na- 


ture of  the  lUumlnant  at  night.  The  air  in  Workshops 
and  factories  is  usually  very  foul,  owing  to  the  over- 
crowding of  the  places  and  to  the  lack  pf  proper  ventila- 
tion. A  person  at  work  needs  more  fresh  air  than  one  at 
rest,  because  he  consumes  more  oxygen  and  exhales  more 
carbonic  acid  and  organic  impurities.  The  constant  In- 
halation of  foul  air  acts  detrimentally  on  health,  super- 
Induces  lack  of  tone,  muscular  debility,  and  anaemia,  as 
well  as  a  predisposition  to  respiratory  diseases  and  tu- 
berculous infection. 

According  to  Roth  "  the  worst  workshops  are  those  of 
shoemakers  and  tailors.  In  au  Investigation  made  by 
him  it  was  found  that  many  shoemakers'  shops  had  7 
cubic  m.,  some  even  less  than  3  cubic  m.  of  air  space. 
He  also  reports  that  von  Rozahegi  found  in  printing 
shops  4.2  per  1,000  of  carbonic  acid.  In  some  cotton 
factories  the  percentage  of  carbonic  acid  was  found  to  be 
0.15  per  cent.  The  sanitary  care  taken  of  the  premises  is 
important,  when  we  remember  the  lai'ge  amounts  of  dust, 
waste  material,  and  noxious  elements  which  are  to  be 
found  in  workshops.  The  absence  of  a  proper  water  sup- 
ply, of  a  suflicient  number  of  plumbing  fixtures,  wash- 
rooms and  lunch  rooms,  and  of  bath  and  toilet  accommo- 
dations Is  also  an  Important  factor  in  rendering  the  place 
of  work  unhealthy  for  the  operatives. 

The  effects  of  homework,  or,  as  it  is  termed,  "sweat- 
shop^' work,  are  due  partly  to  the  defective  sanitary  con- 
ditions of  the  homes  where  the  work  Is  done  and  partly 
to  other  causes.  The  special  dangers  of  sweatshop  work 
are  the  following:  Increased  tendency  to  child  and  fe- 
male labor,  the  whole  family  commonly  participating  In 
the  work ;  the  constant  breathing  of  a  confined,  foul  at- 
mosphere, without  the  beneficial  changes  of  travel  to  and 
from  outside  places  of  work ;  living,  cooking,  and  sleep- 
ing In  the  workroom;  the  tendency  to  prolonged  and  ex- 
cessive work;  the  effects  of  dust,  etc.,  on  the  children  of 
the  home  worker ;  and  the  danger  of  infection  by  the  ma- 
terial of  work,  as  well  as  that  of  spreading  Infection  from 
the  homes  of  the  workers  into  places  to  which  the  arti- 
cles manufactured  in  these  homes  are  sent.  The  health 
of  sweatshop  workers  is  below  the  average. 

Conditions  of  Occupations. — To  describe  here  all  the 
possible  conditions  of  various  Industries  and  occupations 
and  their  effect  on  health  is  obviously  Impossible,  and  I 
shall  therefore  confine  myself  to  a  brief  consideration  of 
a  few  of  them,  and  especially  of  the  effects  produced 
upon  the  workers  by  such  factors  as  climate,  light,  air 
pressure,  strain,  mental  worry,  etc. 

The  healthfulness  of  rural  occupations  compared  to 
those  carried  on  in  cities  is  attested  by  the  lower  compar- 
ative mortality  of  agricultural  laborers,  fishermen,  and 
other  outdoor  workers,  and  is  due  to  the  abundant  clean 
air,  the  active  life,  and  the  absence  of  the  evils  of  over- 
crowded cities.  Active  occupations  are  healthier  than 
sedentary,  on  account  of  the  greater  muscular  activity, 
the  more  vigorous  processes  of  metabolism,  and  the  un- 
constrained positions  of  the  workers.  Those  who  are 
compelled  to  engage  In  prolonged  sedentary  work  suffer 
from  digestive  disturbances,  congestion  of  the  portal 
circulation,  deficient  oxygenation,  weakness  of  the  mus- 
cular system,  predisposition  to  respiratory  diseases,  and 
a  general  low  vitality.  Among  the  sedentary  workers 
showing  large  mortality  and  morbility  are  clerks,  book- 
keepers, literary  persons,  engravers,  tailors,  shoemakers, 
etc. 

The  evil  effects  of  exposure  to  extremes  in  climate  are 
attested  by  the  many  writers  on  life  and  Industrial  occu- 
pation in  tlie  tropics.  Insolation,  extreme  muscular  and 
nervous  debility,  predisposition  to  infectious  diseases, 
etc.,  are  some  of  the  evils  which  are  encountered  in  tropi- 
cal countries.  Soldiers,  convict  laborers,  and  others  who 
are  compelled  to  do  arduous  labor  in  hot  climates  are 
especially  prone  to  become  affected  with  these  diseases, 
and  their  mortality  is  high.  The  effects  of  exposure 
to  extreme  cold  and  Inclement  weather,  as  well  as  those 
of  exposure  to  extremely  high  temperatures,  are  well 
known.  Boatmen,  fishermen,  drivers,  motormen,  and 
others  are  compelled  to  work  in  all  kinds  of  weather, 
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and  are  prone  to  congestions  of  internal  organs,  respira- 
tory diseases,  rlieumatism,  and  catarrlial  affections.  Bait- 
ers, cooks,  blacksmiths,  engineers,  firemen,  stokers,  sugar 
refiners,  furnace  workers,  electric  welders,  and  others 
suffer  from  the  effects  of  too  high  temperatures.  Mus- 
cular exhaustions,  thermic  fever,  muscular  debility,  re- 
spiratory diseases  are  some  of  the  effects  of  a  prolonged 
exposure  to  great  heat.  Andrew  *  reports  the  case  of  a 
child  who  had  almost  universal  paralysis  after  exposure 
to  great  heat  in  the  railroad  cars ;  and  several  cases  of  in- 
sanity (firemen's  frenzy)  have  also  been  reported,  diie  to 
the  same  causes.  Blacksmiths  are  exposed  to  direct  ra- 
diant heat,  and  are  predisposed  to  respiratory  diseases. 
GUver'  says  that  a  great  many  blacksmiths  die  from 
phthisis.  He  quotes  Ogle's  tables,  showing  that  "out 
of  873  deaths  of  blacksmiths,  194  died  of  consumption, 
183  of  other  lung  diseases,  108  of  diseases  of  heart  and 
circulation,  and  85  of  diseases  of  the  nervous  system." 
In  a  number  of  industries  the  processes  employed  expose 
the  men  to  extremely  high  temperatures ;  this  is  notably 
the  case  in  the  drying  rooms  of  chemical  works,  in  the 
furnace  rooms  of  the  glass  and  iron  trades,  in  certain 
deep  mines,  etc. 

Overstrong,  radiant,  and  glaring  light  is  met  with  in 
the  iron  and  steel  industries,  in  glass  furnaces,  in  engine 
and  forge  rooms,  and  in  electric  welding,  and  is  very  in- 
jurious to  the  eyes  and  to  the  general  health. 

The  excessive  relative  liumidity  of  many  places  of 
work,  while  not  a  direct  cause  of  disease,  predisposes  to 
rheumatism,  catarrhal  conditions,  and  congestions  of  the 
internal  organs,  and  to  diseases  of  the  respiratory  appara- 
tus. H.  Wolpert,'''  after  an  exhaustive  investigation  of 
the  effect  of  various  degrees  of  humidity  on  the  health  of 
workingmen,  came  to  the  conclusion  that "  on  the  whole, 
the  normal  degree  of  relative  humidity  in  a  workroom  is 
when  there  is  no  formation  of  perspiration," — a  degree 
which  is  hardly  obtainable  in  most  industries.  The  trades 
in  which  the  relative  humidity  is  very  great  are,  among 
others,  mines  and  tunnels,  all  underground  work,  textile 
factories,  where  steam  is  introduced  in  the  "  sizing " 
rooms,  bath-houses,  etc. 

Variations  in  the  normal  pressure  of  the  air  are  indis- 
pensable conditions  in  several  occupations.  Aeronauts 
and  mountain  miners  and  climbers  breathe  rarefied  air, 
and  suffer  on  account  of  the  lack  of  oxygen  and  diminu- 
tion of  air  pressure.  Divers,  tunnel  workers,  caisson 
workers  are  exposed  to  an  increased  air  pressure,  and  are 
liable  to  suffer  from  caisson  disease,  described  above. 
Those  who  are  subject  to  violent  jarring  and  concussions 
in  air,  such  as  boiler-makers,  blasters,  and  workers  with 
explosives,  are  subject  to  deafness. 

The  position  maintained  while  at  work  and  the  attitude 
which  the  worker  is  compelled  to  assume  in  each  trade  are 
not  without  effect  on  health.  Salesmen  and  saleswomen  in 
stores  and  shops  and  operatives  in  factories  are  frequently 
compelled  to  be  on  their  feet  all  the  time  of  work,  and  as 
a  result  the  men  suffer  from  varicose  veins,  and  hemor- 
rhoids, and  the  women  from  congestion  in  the  pelvic  or- 
gans. The  bending  and  constrained  attitude  assumed  by 
shoemakers,  copyists,  tailors,  seamstresses,  etc.,  cause  de- 
fective development  of  the  chest,  deficient  oxygenation 
of  tlie  blood,  and  predisposition  to  respiratory  and  other 
diseases.  The  constrained  attitudes  which  coal  miners 
are  compelled  to  assume  while  "  kirking  "  or  undercutting 
the  coal  seams  result  in  nystagmus,  described  above. 

The  duration  of  work  is  a  potent  factor  in  the  effects 
of  occupation  on  health.  The  normal  physiological  ac- 
tivity of  the  body  functions  is  conducive  to  health  and 
longevity;  but  the  overuse  and  abuse  of  one  or  more  or- 
gans or  the  whole  body  are  bound  to  produce  generalill 
health  or  special  injuries.  The  standard  of  normal  activ- 
ity varies  with  each  individual,  as  well  as  with  the  differ- 
ent kinds  of  labor  and  conditions  under  which  it  is  car- 
ried on.  The  most  correct  standard  will  be  that  which 
is  based  on  the  sense  of  fatigue  experienced  by  the 
worker;  and  we  may  assume  that,  under  normal  con- 
ditions, work  becomes  harmful  when  the  worker  feels 
greatly  fatigued,  and  very  injurious  if  the   fatigue  is 


pushed  to  the  point  of  exhaustion.  When  in  a  state  of 
great  functional  activity  our  organs  draw  a  relatively 
large  supply  of  blood  and  produce,  as  well  as  eliminate, 
a  greater  proportion  of  waste  matter,  in  the  form  of  car- 
bonic acid,  urea,  aqueous  vapor,  organic  matter,  etc. 
The  result  of  overftrtigue  is  a  retention  of  waste  matter 
and  consequent  auto-intoxication.  Hence  the  injurious 
effects  of  too  prolonged  work  and  of  a  work -day  of  too 
great  length. 

The  efl'ects  of  the  duration  of  work  will,  in  part,  de- 
pend on  the  tension  and  effort  with  which  the  work  is 
done.  AVhen  the  work  requires  too  great  effort  and  is 
done  under  special  tension,  the  worker  will  sooner  reach 
the  state  of  fatigue  than  he  otherwise  would.  Carrying 
heavy  loads  and  lifting  great  weights  require  special 
muscular  strain,  and  may  produce  hernias,  and  cardiac 
dilatation ;  they  also  predispose  to  aneurisms,  rupture  of 
tendons  and  muscles,  dislocations,  etc.  The  excessive 
use  of  one  muscle,  organ,  or  group  of  muscles  leads  to 
their  eventual  injury.  Thus,  engravers,  watchmakers, 
writers,  tailors,  etc.,  suffer  from  eye-strain;  atliletes, 
gymnasts,  hammermen,  etc.,  from  hypertrophy  of  mus- 
cles and  cardiac  affections;  speakers,  preachers,  exhort- 
ers,  etc.,  from  vocal  strain. 

The  pauses  in  the  workday  have  a  great  deal  to  do 
with  the  fatigue  effect  of  occupation,  for  the  reason  that 
periodical  rest  is  needed  for  all  organs  in  a  state  of  activ- 
ity. It  is  a  fact,  that  more  work  is  accomplished  with 
several  pauses  in  the  working  day  than  when  work  is 
continued  without  pauses.  After  a  prolonged  rest, 
more  may  be  performed  in  one  hour  than  in  several 
hours  at  the  end  of  the  working  day ;  and  the  work  of 
the  latter  part  of  the  day  is,  as  a  rule,  not  so  good  as  that 
done  during  the  earlier  part  of  the  day.  In  some  Coun- 
tries, notably  in  Russia,  the  workday  lasts  for  from  four- 
teen to  sixteen  hours,  but  there  are  several  pauses  and 
they  are  quite  prolonged  (the  dinner  pause  lasting  one 
hour  and  a  half) ;  as  a  result  the  workingmen  feel  less 
fatigue  than  when  the  workday  covers  a  period  of  nine 
hours,  with  only  a  half-hour's  midday  pause. 

The  practice  of  carrying  on  the  work  in  mills  and  fac- 
tories continuously,  by  means  of  a  day  shift  and  a  night 
shift  of  workers,  is  harmful,  first,  by  reason  of  the  bad 
air  that  is  to  be  found  in  a  constantly  occupied  place, 
and,  secondly,  by  the  bad  effects  of  night  work  on  the 
general  health.  Night  watchmen,  clerks,  and  all  those 
who  are  compelled  habitually  to  work  through  the  whole 
night  and  sleep  during  the  day,  are  not,  as  a  rule,  in  as 
good  health  as  are  the  day  workers. 

A  number  of  occupations  are  hasardous  by  exposm'e 
of  the  workers  to  the  risks  of  accidents  to  life  and  limb. 
Roofers,  painters  engaged  on  the  outside  of  buildings, 
bridge  builders,  etc.,  are  liable  to  injury  and  death  from 
falls.  Furnace  workers,  chemical  workers,  etc.,  are  ex- 
posed to  the  danger  of  burns.  Miners,  workers  with  ex- 
plosives, etc.,  are  liable  to  injury  by  the  falling  of  rocks, 
by  explosions,  fires,  etc.  Factory  and  mill  employees, 
working  near  or  about  macliinery,  are  liable  to  injury 
from  the  engines,  belts,  running  gear,  cogs,  shafts,  etc. 
Altogether,  many  trades  are  pursued  under  conditions 
which  are  extremely  dangerous  to  the  worker. 

There  are  a  number  of  occupations  which  are  character- 
ized by  the  mental  worry  and  nervous  strain  to  which 
those  engaged  in  them  are  subject.  Thus,  stock  brokers, 
gamblers,  merchants,  superintendents,  and  heads  of  large 
industrial  and  commercial  interests,  etc.,  work  under  pro- 
longed mental  and  nervous  strain,  and  often  break  down 
in  the  midst  of  their  work. 

Compensation. — ^The  wages  received  by  the  workers  for 
their  labor  exercise  great  influence  on  their  life  and 
health.  On  the  rate  of  compensation  greatly  depend 
the  hygienic  surroundings  of  the  worker,  his  personal 
comfort,  his  habitation,  his  proper  clothing,  and  the 
quality  of  his  food.  The  physical  health  of  the  worker 
largely  depends  upon  these  factors,  and  they  in  turn  de- 
pend on  the  rate  of  compensation.  As  a  rule,  working- 
men  who  get  better  wages  live  better,  enjoy  better  hy- 
gienic surroundings,  and  are  in  better  health.     Continen- 
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tal  workers,  who  receive  only  a  paltry  wage,  and  are 
unable  to  afford  decent  dwelling-houses  and  sufficient 
food,  are  in  a  bad  state  of  health  when  compared  with 
American  workingmen,  who  receive  higher  pay. 

The  Processes  Employed  in  Different  Occupa- 
tions.—Tlie  chief  element  of  danger  in  most  trades  lies 
in  the  processes  which  they  employ,  these  often  evolving 
substances  or  fumes  which  are  more  or  less  dangerous  to 
health.  Hirt  bases  his  classification  of  the  different  trades 
upon  the  three  principal  harmful  elements— viz.,  dusts, 
poisons,  and  gases.  This  classification,  while  not  with- 
out its  objections,  is  still  the  best  for  our  purposes. 

Trades  Dangerovs  to  Health  on  Aceovnt  of  the  Dust  Pro- 
duced.— There  are  a  number  of  industries  in  which  large 
quantities  of  dust  are  produced.  This  dust  being  inhaled 
by  the  operatives  becomes  a  source  of  danger  to  their 
health,  the  respiratory  organs  being  the  greatest  suffer- 
ers, although  dust  may  also  produce  gastro-intestinal  dis- 
turbances and  certain  eye  affections  as  well  as  dermato- 
ses. The  various  kinds  of  dusts  act  alike,  in  a  general 
way,  differing  very  slightly,  according  to  the  form  and 
quality  of  each.  The  first  effects  of  dust  inhalation  are 
irritation  and  inflammation  in  the  respiratory  passages, 
the  nose,  throat,  and  bronchi,  and  if  the  inhalation  is 
allowed  to  go  on  for  a  certain  length  of  time  the  inflam- 
mation is  likely  to  become  chronic  (chronic  bronchitis  and 
emphsyema).  The  deposit  of  dust  in  the  small  bron- 
chioles, and  frequently  in  the  parenchyma  of  the  lung, 
superinduces  inflammatory  reaction  in  the  lung  tissue, 
followed  by  connective-tissue  formation  and  sometimes 
by  consolidation  in  nodules  and  distinct  areas.  The  later 
stages  of  the  pneumonokonioses  are  characterized  by  de- 
generative changes  in  the  nodules,  and  in  the  other  areas 
where  the  dust  is  deposited.  Indeed,  modern  patholo- 
gists are  of  the  opinion  that  "coal-miner's  phthisis," 
"grinder's  asthma,"  "potter's  rot,"  and  the  other  pneu- 
monokonioses are,  in  their  last  stages,  but  tuberculous 
infections. 

Voal  Industry. — Coal  miners  who  commonly  inhale  large 
quantities  of  dust  are  subject  to  respiratory  diseases — to 
bronchitis,  emphysema,  and  anthracosis.  Coal  dust  has 
been  found  in  the  lungs  of  miners,  and  the  quantities  are 
sometimes  very  great.  The  initial  symptoms  are  those 
of  a  catarrhal  inflammation  of  the  respiratory  passages, 
accompanied  by  cough,  black  sputum,  dyspnoea,  and  in 
a  large  percentage  of  cases  by  symptoms  of  emphysema. 
A  time  comes,  however,  though  not  in  all  cases,  when 
the  symptoms  become  aggravated,  and  general  consti- 
tutional disturbances  are  seen  which  are  due  to  degener- 
ative changes  and  processes  in  the  lung  tissue.  Merkel, 
Arlidge,  Rindfleisch,  Olge,  Oliver,  and  others  are  of  the 
opinion  that  the  later  stages  of  anthracosis  are  not  neces- 
sarily tuberculous,  although  the  analogy  seems  charac- 
teristic. Indeed,  it  is  claimed  by  them  that  coal  miners 
are  particularl}''  free  from  tuberculosis.  Coal  miners  are 
subject,  during  their  work,  to  many  insanitary  condi- 
tions besides  dust  inhalations.  To  mention  only  a  few 
of  the  dangers  of  coal  mining  would  be  to  repeat  all  the 
conditions  of  work,  the  dangers  of  which  have  already 
been  described  in  a  previous  section  of  this  article. 
Burnt  coal  or  soot  seems  to  possess  specially  irritative 
qualities.  At  least,  it  is  a  fact  that  charcoal  burners 
and  chimney-sweeps  are  great  sufferers  from  pulmonary 
tuberculosis.  Chimney-sweeps  also  suffer  from  cancer 
of  the  scrotum,  "chimneymen's  cancer,"  an  affection 
quite  frequent  in  chimney-sweeps  in  England,  although 
rarer  in  the  same  workers  in  other  counti'ies. 

Iron  and  Steel  Industry. — The  effects  of  inhaling  iron 
dust  are  not  quite  the  same  as  those  which  result  from 
the  inhalation  of  coal  dust.  In  the  first  place,  iron  dust 
undergoes  absorption  and  oxidation  to  a  greater  or  less 
degree  in  the  lung  tissues.  Thus  Zenker  and  Merkel  both 
found  in  the  lungs  of  iron  workers  large  deposits  of  iron 
oxide;  in  Merkel's  case  7.1  per  cent.''  Then,  in  the  next 
place,  the  particles  of  iron  dust  often  wound,  with  their 
sharp  corners,  the  delicate  bronchial  mucous  membrane, 
and  thus  open  the  way  for  infection  with  pathogenic  bac- 
teria.    The  branches  of  the  iron  and  steel  industry,  espe- 

324 


cially  harmful  on  account  of  dust,  are  those  in  which 
polishing  and  grinding  are  done.  Thus  cutlery  workers, 
needle  makers,  and  grinders  of  steel  articles  are  inhaling 
large  quantities  of  metallic  dust,  and  are  very  much  sub- 
ject to  respiratory  diseases,  and  particularly  pulmonary 
tuberculosis.  Dry  grinding  is  the  most  injurious  process 
in  cutlery  work.  Lloyd  *  quotes  Holland,  who  says  "  that 
the  average  age  of  grinders  is  only  twenty -five  and  three- 
quarter  years ;  and  young  men  of  seventeen  to  twenty 
years  of  age,  strong  and  rough  from  the  plough,  who  en- 
gaged in  the  work  died  from  its  effects,  as  a  rule,  before 
reaching  the  age  of  thirty."  The  general  mortality  ratio 
of  grinders  from  respiratory  diseases  is,  according  to 
Tatham,  five  hundred  and  fifteen  to  one  hundred  and  fif- 
teen among  agriculturists.  The  mortality  figure  from 
phthisis  is  very  high. 

Mineral  Industries. — Workers  who  inhale  mineral  dust, 
as  stonecutters,  masons,  plasterers,  brickmakers,  dia- 
mond grinders  and  polishers,  porcelain  makers,  pottery 
and  china  workers,  etc.,  are  subject  to  chalicosis  pul- 
tnonura,  a  term  applied  to  the  pathological  condition 
which  is  produced  by  a  deposit  of  mineral  dust  in  the 
lung.  The  deposit  of  these  dusts  has  been  demonstrated 
by  chemical  analysis.  Meinel  and  Malpert  found  that 
such  lungs  contained  immense  amounts  of  silica,  silicic 
acid,  phosphate  of  lime,  and  sand."  The  quantity  of 
dust  in  the  above-named  trades  is  very  large.  Thus 
Oliver'  quotes  Lamaister,  who  analyzed  the  air  in  the 
Limoges  potteries,  and  found  "  that  the  dust  is  composed 
of  earthy  particles  and  fragments  of  granite,  flint,  glaze, 
soot,  and  charcoal.  The  atmosphere  which  the  brushers- 
ofl,  the  finishers,  and  the  porcelain  makers  generally 
work  in  contained  640,000,000  of  dust  particles  to  the 
cubic  metre,  while  in  some  of  the  rooms  the  number 
reached  680,000,000  per  cubic  metre."  That  the  breath- 
ing of  air  laden  with  such  quantities  of  dust  is  injurious 
is  self-evident,  and  the  mortality  rate  of  these  workers 
from  respiratory  diseases  is  very  great.  Hirt  found  the 
average  life  of  stone  grinders  to  be  forty-two  and  a  half 
years.  The  mortality  rate  of  potters  is  the  highest ;  but 
this  is  due  to  the  fact  that  potters  are  also  subject  to 
plumbism.  The  number  of  trades  in  which  mineral  dust 
abounds  is  very  large. 

Textile  Industries.— Workers  in  textile  industries  are 
subject  to  inhalation  of  organic  dust,  animal  and  vege- 
table. Among  the  textile  trades  which  are  unhealthy  on 
account  of  dust  are  those  which  deal  in  flax,  linen,  cot- 
ton, jute,  silk,  wool,  and  hair-working.  The  dust  in  each 
of  these  branches  of  the  textile  industry  differs  from  that 
of  any  other  industry  in  some  of  its  features,  but  retains 
its  irritating  qualities  in  common  with  all  dusts.  Besides 
the  effect  on  the  respiratory  system,  these  dusts  seem  to 
be  very  irritating  to  the  skin,  producing  various  derma- 
toses. Those  who  clean  and  work  at  the  crude  materials 
are  compelled  to  inhale  more  dust  than  the  spinners  and 
those  who  work  at  the  later  stages  of  manufacture. 
Greenhow  found  that  out  of  one  hundred  and  seven  flax 
spinners  seventy  were  affected  with  respiratory  diseases. 

Cotton  workers  are  said  to  suffer  from  "  pneumonie  cot- 
tone  use,"  a  form  of  pulmonary  tuberculosis  due  to  the 
irritating  dust  habitually  breathed  by  the  operatives.  As 
in  other  textile  industries,  those  who  work  at  the  crude 
material  suffer  the  most  from  dust.  Cotton  dust  is  also 
said  to  be  very  irritating  to  the  skin,  producing  derma- 
toses. 

Bilk  workers  are  prone  to  tuberculous  affections,  and 
to  all  respiratory  diseases.  Thus,  in  one  silk  spinnery 
in  Sagrado  the  percentage  of  respiratory  disease  was 
twenty.  Netolitzky'^  quotes  Combassedes,  who  on  ex- 
amination found  760,000,000  of  particles  of  dust  per  cubic 
metre  in  the  work-rooms  of  the  silk  mills.  He  says  that 
^ilk  workers  suffer  from  respiratory  and  digestive  dis- 
eases, and  from  aneemia,  and  that  they  present  a  very 
high  death  rate. 

Wool  workers  are  exposed  to  animal  dust,  and  also  to 
the_  danger  of  infection  by  any  pathogenic  organisms 
which  may  cling  to  the  animal  substances,  such  as  hair, 
wool,  hides,  etc.     Anthrax  is  the  principal  infectious  dis- 


REFERENCE  HANDBOOK  OF  THE  IVIEDICAL  SCIENCES. 


Occupation. 
Occupation. 


ease  afflicting  woolworkers.  The  effect  of  dust  inhala- 
tion is  seen  in  the  large  number  of  cases  of  sickness  from 
bronchitis  and  other  respiratory  diseases.  Furriers  very 
frequently  suffer  from  what  is  called  "furriers'  asthma," 
the  symptoms  of  which,  however,  are  due  not  so  much 
to  the  effects  of  dust  inhalation  as  to  the  various  poison- 
ous dyes  used  in  coloring  fur. 

The  inhalation  of  wood  dust  is  claimed  to  be  without 
any  effect,  although  Merkel  states  that  workers  in  pencil 
factories,  who  inliale  large  quantities  of  dust  formed  in 
the  processes  of  sawing  the  wood  for  the  pencils,  suffer 
very  much  from  phthisis.  Carpenters,  sawmill  workers, 
etc.,  are  exposed  to  wood  dust. 

Tobacco  dust,  in  tobacco,  cigar,  cigarette,  and  snuff 
manufacturies,  acts  on  the  worker  mechanicallj',  also 
chemically,  by  reason  of  the  nicotine  contained  in  it. 
There  is  a  tendency  among  writers  on  the  subject  to 
deny  the  evil  effects  of  tobacco  dust  on  the  operatives. 
This  is  hardly  true.  There  is  abundant  evidence  that 
cigar,  cigarette,  and  snuff  workers  suffer  greatly  from 
respiratory  diseases,  as  well  as  from  anasmia  and  diges- 
tive disturbances. 

Flour  dust  has  always  been  regarded  as  peculiarl}'  in- 
jurious to  those  who  are  compelled  to  inhale  it.  Millers, 
bakers,  and  confectioners,  but  the  first  especially,  have 
been  stated  as  having  the  highest  death  rate  among  workers 
in  non-poisonous  dusts.  Of  108  cases  of  sickness  among 
millers,  Shuler '  found  34  cases  of  respiratory  disease,  12 
cases  of  tuberculosis,  19  diseases  of  the  skin,  17  of  the  di- 
gestive organs,  4  eye  diseases,  and  3  of  circulatory  sys- 
tem. In  the  modern  forms  of  flour  milling  the  greatest 
part  of  dust  production  is  done  away  with,  and  the  effect 
of  flour  milling  is  not  very  harmful  to  the  workers. 
Those  who  are  exposed  to  the  inhalation  of  mixed  dust — • 
for  instance,  street  cleaners,  carpet  sweepers,  carpet 
beaters,  etc. — areliable  to  bronchial  affections.  InHirt's 
tables  mixed  dusts  show  a  lai-ger  percentage  of  all  respira- 
tory diseases  than  do  most  of  the  other  dusts. 

Trades  Dangerous  to  IleallU  on  Account  of  Poisonous 
Substances. — There  are  a  large  number  of  trades,  the  chief 
element  of  danger  in  which  consists  in  the  poisonous 
nature  of  the  materials  and  substances  made  in  the  proc- 
esses of  manufacture,  etc.  As  the  toxicology  of  most  of 
these  substances  is  dealt  with  in  other  parts  of  this  Hand- 
book, only  a  very  brief  description  of  their  effects  upon 
the  health  of  the  workmen  will  be  given  here. 

Arsenic. — Arsenic  in  its  various  forms  is  used  in  medi- 
cine and  the  arts  for  many  purposes.  It  is  employed  for 
preparing  dyes  for  textile  fabrics  and  for  coloring  artificial 
flowers ;  it  is  an  ingredient  in  many  forms  of  wall  paper, 
and  is  used  in  carpet  manufacturing;  it  is  sold  as  an 
animal  and  parasitic  poison,  and  is  used  in  many  other 
ways  and  in  combination  with  various  substances.  All 
persons  manufacturing  articles  in  which  arsenic  is  em- 
ployed are  subject  to  arsenical  poisoning.  Arsenic 
affects  the  skin,  gastro-intestinal  tract,  respiration,  and 
especially  the  nervous  system.  On  the  skin  the  effects 
of  arsenic  are  seen  in  the  eczematous  eruptions  and 
various  vesicular  and  pustular  sores.  On  the  respiratory 
passages  arsenic  acts  as  an  irritant,  and  causes  a  catarrhal 
condition  of  the  nose,  throat,  and  bronchi.  In  the  gastro- 
intestinal tract  arsenic  causes  severe  irritation,  anorexia, 
diarrhoea,  colic,  gastritis;  and  among  the  nervous  dis- 
orders which  it  produces  may  be  mentioned  a  general 
diffuse  multiple  neuritis,  progressive  muscular  atrophy, 
loss  of  tendon  reflexes,  local  anaesthesia,  trophic  sores, 
and  ataxia.  Not  all  who  are  exposed  to  arsenic  suffer 
equally  from  its  effects.  A  large  number  of  workers  in 
arsenic  seem  to  enjoy  a  peculiar  immunity  from  its  toxic 
effects.  As  an  example  of  such  immunity  I  can  cite  a 
patient  of  mine  who  for  the  last  eight  years  has  worked  in  a 
paint  manufacturing  establishment,  packing  Paris  green 
in  boxes,  for  from  ten  to  sixteen  hours  a  day,  and  seem- 
ingly he  has  good  health  all  the  time ;  while  new  men,  who 
were  engaged  to  assist  him  in  his  work,  usually  showed 
signs  of  toxic  effects  of  arsenic  within  a  very  short  period 
after  exposure  to  the  atmosphere  full  of  arsenical  dust. 

Lead.—Lea.d.  is  the  most  widely  and  largely  used  metal. 


The  number  of  its  uses  can  hardly  be  stated;  indeed,  the 
trades  and  arts  in  which  lead  is  not  employed,  in  one  or  an- 
other form,  are  not  very  many.  Heuce  a  very  large  con- 
tingent of  workers  are  exposed  to  plumbism.  The  mode 
of  introduction  of  lead  into  the  system  is  through  the 
lungs,  digestive  tract,  and  skin.  Lead  dust  is  prevalent 
in  most  places  where  it  is  used.  Lead  is  ingested  in  the 
form  of  dust  or  through  the  medium  of  the  particles 
which  cling  to  the  hands,  fingers,  and  person  of  the 
worker.  Its  absorption  through  the  skin  is  slight. 
Among  the  trades  in  which  the  workers  ai'e  exposed  to 
the  danger  of  plumbism  are  the  following:  Lead  miners, 
white-lead  workers,  lead-paint  manufacturers,  painters, 
potters,  calico  printers,  compositors,  pressmen,  stereo- 
typers,  linotypcrs,  printers,  plumbers,  filemakers,  platers 
of  iron  and  maimers  of  hollow  ware,  solderers,  makers  of 
lead  toys,  vessels,  etc.,  glazers  of  cards,  paper,  etc.,  and 
a  very  large  number  of  other  trades  into  which  lead  goes 
in  some  of  its  forms.  Tlie  effect  of  exposure  to  lead  is 
not  the  same  on  all  workers.  Women  and  children  are 
especially  prone  to  plumbism.  The  effects  of  lead  poi- 
soning are  seen  in  the  anajmia,  cachexia,  metallic  taste  in 
the  mouth,  vomiting,  constipation,  lead  colic,  bluish  line 
along  the  margin  of  the  gums,  retraction  and  ulceration 
of  the  gums ;  but  the  most  marked  effects  are  those  on 
the  nervous  system.  There  are  a  loss  of  motor  power  in 
the  hands  and  feet,  wrist  drop,  progressive  muscular 
paralysis,  multiple  neuritis,  temporary  and  sometimes 
permanent  blindness,  convulsions,  insanitjf.  The  mor- 
tality of  lead  workers  is  very  great.  Tatham  =  says  it  is 
ninety  per  cent,  above  that  of  other  workers,  and  three 
times  greater  than  that  of  agriculturists.  Of  the  total 
deaths  which  occurred  among  lead-workers,  one-fourth 
were  due  to  pulmonary  tuberculosis,  one-eighth  to  lead 
poisoning.  Plumbism  is  especially  frequent  among 
those  engaged  in  manufacturing  white  lead,  printers,  file- 
makers,  and  painters. 

Stuhier,  of  Berlin,  taking  his  statistics  from  the  reports 
of  the  sick-benefit  societies,  states  that  of  3,000  printers  in 
Berlin,  813  were  annually  sick  with  lead  colic. "  ^  The 
analysis  of  the  dust  in  some  printing  shops  gave  nearly 
15  per  cent,  of  lead.'  File-makers  also  suffer  very 
largely  from  plumbism.  Ogle  gi\es  the  following  statis- 
tics of  the  comparative  mortality  from  lead  poisoning, 
based  on  the  death  register  for  1879-82,  in  males  over  fif- 
teen years  of  age :  File-makers,  466  per  million  living ; 
painters,  plumbers,  glaziers,  224;  earthenware-makers, 
152;  gasfitters,  63;  printers,  27,  and  all  other  males,  4. 
According  to  Tatham,  the  comparative  mortality  from 
lead  poisoning  in  the  several  trades  is  the  following: 
Males  occupied  in  one  manner  or  another,  1,  wool  manu- 
facturers 3,  cutters  3,  printers  8,  leadmakers  5,  gas- 
fitters,  locksmiths  6,  coachmakers  7,  copper  workers  8, 
glassmakers  12,  potters  17,  painters  and  glaziers  18, 
plumbers  24,  filemakers  75,  and  lead  workers,  211.' 

Mercury.— 1\\B  effects  of  mercury  upon  workingmen 
who  labored  in  cinnabar  mines  had  been  noted  as  far 
back  as  in  1665,  when  reference  to  the  tremor  caused  by 
it  was  made  by  Dr.  Walter  Pope  in  the  Philosophical 
Transactions.'  Detailed  accounts  of  the  mercurial  poi- 
soning of  operatives  is  also  found  in  Ramazzini's  work. 
The  industries  in  which  mercury  is  used,  and  in  which 
the  workers  are  exposed  to  the  danger  of  mercurialism, 
are  the  following :  Cinnabar  mining,  gold  and  silver  min- 
ing, where  mercury  is  employed  to  form  amalgams ;  the 
manufacture  of  scientific  instruments,  such  as  thermome- 
ters, barometers,  etc.;  the  manufacture  of  electric  meters 
and  lamps,  where  mercurial  pumps  are  used  to  create  a 
vacuum ;  the  gilding  and  silvering  of  mirrors,  etc. ;  the 
manufacture  of  certain  paints;  the  making  of  phar- 
maceutical preparations ;  also  the  making  of  felt  where 
the  felts  are  brushed  with  a  solution  of  the  nitrate  of 
mercury.  The  mode  of  introduction  of  mercury  into  the 
system  is  by  inhalation  of  the  fumes,  or  by  ingestion  of 
the  salts  of  mercury  through  deposits  on  the  hands,  fin- 
gers, clothing,  etc.  Stomatitis,  salivation,  gastric  dis- 
turbances, emaciation,  cachexia,  are  symptoms  of  chronic 
mercurialism.      The  effects  on  the  nervous  system  are 
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marked  tremors,  paralysis,  and  psychical  changes.  The 
tremors  and  paralyses  are  noticeable  especially  in  the 
muscles  of  the  face,  hands,  and  arms.  Melancholy,  de- 
pression, loss  of  memory,  and  hallucinations  are  some  of 
the  psychic  forms.  Kussmaul  has  shown  that  mercu- 
riaUsm  acts  very  unfavorably  upon  women,  predisposing 
to  abortions  and  to  diseased  conditions  of  the  infants. 

Phosp/wrus.—The  danger  of  phosphorus  poisoning  is 
almost  entirely  restricted  to  the  manufacture  of  matches 
from  yellow  phosphorus.  The  making  of  matches  from 
red  phosphorus  (safety  matches)  is  not  accompanied  by 
any  dangers.  The  principal  effect  of  phosphorus  is  its 
action  on  periosteum  and  bones,  the  maxillary  bones  be- 
ing the  most  easily  afEected.  A  prolonged  exposureto 
the  action  of  phosphorus  is  necessary  before  the  specific 
eilects  of  it  are  noticeable.  Some  writers  claim  that 
phosphorus  has  no  effect  on  healthy  periosteum  and  bone 
and  that  only  those  who  suffer  from  carles  of  the  teeth 
and  other  affections  exposing  the  periosteum  of  bones  to 
the  phosphorus  fumes  are  affected.  The  disease  mani- 
fests itself  in  necrosis  and  sequestration  of  the  affected 
bone  or  of  that  portion  of  it  which  is  diseased.  The 
number  of  cases  of  phophorus  poisoning  in  the  United 
States  is  not  large.  Sweden  is  the  country  where  most 
of  the  match  factories  are  located,  and  where  phosphorus 
poisoning  is  most  frequently  met. 

Copper  and  Brass.— Copper  is  a  metal  whicli  is  found 
in  a  pure  state,  and  which  is  also  procured  from  various 
ores.  Brass  is  an  alloy  of  copper  and  zinc.  The  mining 
of  copper  and  the  manufacture  of  copper  vessels,  etc. ,  are 
not  considered  as  dangerous  as  the  manufactui-e  of  brass 
and  brass  articles.  It  has  been  said  that  workers  in  cop- 
per have  often  found  that  their  hair,  urine,  and  skin  tui-n 
green.  The  salts  of  copper  are  more  poisonous  than  the 
metal.  Arlidge  thought  that  inhalation  of  copper  dust 
produces  the  "  copper  colic, "  which  is  a  form  of  digestive 
disturbance  characterized  by  pain,  purging,  vomiting, 
and  prostration.  This  is  denied,  however,  by  later  in- 
vestigators, who  assert  that  the  symptoms  are  due  to  a 
mixture  of  the  carbonate  of  copper  and  lead. 

Workers  in  brass-smelting  and  the  manufacture  of 
brass  articles  are  subject  to  inhalation  of  brass  dust  and 
fumes.  A  general  catarrhal  condition  of  the  respiratory 
passages  and  gastro-intestinal  tract  results  from  expo- 
sure to  brass  dust.  What  is  known  as  "  brassmen's  ague, " 
which  is  characterized  by  chills,  fever,  cephalalgia,  nau- 
sea, depression,  prostration,  and  collapse,  is  thought  to  be 
due  more  to  the  zinc  in  the  brass  than  to  the  copper. 

Noxious  Gases  and  Fumes. — The  occupations  in  which 
perceptible  quantities  of  dust  or  definite  poisonous  sub- 
stances are  produced  are  few  in  comparison  with  the  nu- 
merous industries  in  the  processes  of  which  noxious 
gases  and  fumes  are  evolved.  The  industrial  processes 
in  which  chemical  agents  and  gases  are  produced  which, 
when  absorbed  or  inhaled,  may  become  dangerous  to 
health,  are  so  manifold  and  diverse  that  it  is  absolutely 
impossible  to  give  even  a  brief  description  of  them.  Nor 
is  it  always  possible  to  trace  the  harm  done  to  health  in 
these  chemical  industries  to  any  one  of  the  elements  or 
gases  prevalent  in  the  process,  for  in  most  of  these  indus- 
tries various  and  complicated  processes  are  being  simul- 
taneously carried  on,  and  the  workers  may  be  exposed  to 
a  number  of  agents  and  gases  at  the  same  time  or  suc- 
cessively. If  we  take,  as  an  example  the  coal-tar  color  in- 
dustry, there  are  several  dozens  of  various  agents  pro- 
duced, either  together  or  as  bj'-products,  and  each  of 
them  may  be  more  or  less  injurious  to  health;  and  it  is 
exceedingly  difficult  sometimes  to  determine  which  of 
them  has  produced  the  most  harm  in  the  case  of  any  par- 
ticular individual.  So  widely  do  chemical  manufactures 
permeate  the  whole  range  of  human  industries  that  there 
is  hardly  an  article  or  substance  made  in  whicli  cliemical 
processes  of  some  kind  do  not  take  place. 

Some  of  the  principal  agents  and  gases  evolved  in 
chemical  trades  are  the  following:  Sulphur  and  its  com- 
pounds; carbon  and  its  compounds;  sodium,  sodium 
chloride,  chlorine  gas ;  potassium  and  its  salts ;  ammonia, 
ultramarine,  carbon  bisulphide,  dynamite,  nitroglycerin 


and  other  explosives ;  chromium,  alum,  iron  and  its  ox- 
ides; lead  and  its  salts;  arsenic,  copper,  zinc,  illumi- 
nating gas,  coal  tar  and  its  products,  nitrobenzol,  the 
various  drugs,  india-rubber,  turpentine,  cyanogen  com- 
pounds, and  many  others  too  numerous  to  mention. 

Most  of  these  agents  are  used,  in  one  or  another  form, 
singly  or  in  combination,  in  most  of  the  human  industries 
and  arts ;  and  many  of  them  are  also  toxic  to  a  large  de- 
gree, and  injuriously  affect  the  health  of  those  engaged 
in  their  production  and  in  handling  them. 

The  effects  of  the  work  with  noxious  agents  and  gases 
are  either  acute  or  chronic,  and  the  dangers  are  from 
(1)  the  toxicity  of  the  substances;  (3)  the  danger  of  ex- 
plosions, burns,  and  corrosions;  and  (3)  the  excessive 
temperatures  which  are  necessary  in  most  of  the  chemi- 
cal processes.  The  mode  of  introduction  of  these  nox- 
ious agents  into  the  system  is  somewhat  different  from 
that  of  the  dusts  produced  in  other  trades;  and  the  ef- 
fects are  also  somewhat  different.  While  the  inhalation 
of  dust  acts  chiefly  upon  the  respiratory  system,  the  gases 
and  other  noxious  agents  of  the  chemical  industries  have 
each  their  own  effect,  each  having  specific  action,  but 
mostly  of  a  toxic  character.  Moreover,  while  dusts  af- 
fect the  human  system  only  after  long  exposure  and  con- 
tinuous and  prolonged  inhalation,  the  effects  of  gases  and 
chemical  agents  are  produced  after  comparatively  short 
exposures.  Again,  while  the  effects  of  dust  inhalations 
may  always  be  seen  on  the  respiratory  system,  and  at 
times  pathologically  demonstrated  by  the  presence  of  the 
dust  in  the  lung  tissue,  the  effects  of  toxic  agents  and 
gases  cannot,  in  most  cases,  be  demonstrated,  and,  if  at 
all,  only  in  the  blood,  by  chemical  and  spectroscopic  ex- 
aminations. 

Roth  cites  Austrian  statistics  of  mortality  and  morbil- 
ity  among  chemical  workers.  He  found  the  mortality 
to  be  7  per  1,000.  The  diseases  with  which  they  were 
affected  were  distributed  as  follows:  35.7  per  cent,  for 
burns,  contusions,  and  the  like  accidents ;  17.9  per  cent, 
for  affections  of  the  respiratory  system;  14.7  per  cent, 
for  disorders  of  the  digestive  tract;  10.8  per  cent,  for  dis- 
eases of  the  skin,  and  10.5  per  cent,  for  general  constitu- 
tional diseases. 

Peophtlaxis. 

Having  briefly  examined  the  various  dangers  of  dif- 
ferent trades,  we  now  come  to  the  most  important  phase 
of  our  subject,  that  of  prophylaxis;  the  most  impor- 
tant, for,  after  all,  the  aim  and  purpose  of  hygiene  in 
general,  and  industrial  hygiene  in  particular,  is  the  pre- 
vention of  disease  and  preservation  of  life.  On  a  closer 
study  of  industrial  conditions  we  find  that  many,  if  not 
most,  of  the  dangerous  elements  in  trades  are  prevent- 
able, and  that  there  is  no  need  for  the  terrible  waste 
of  health  and  vast  destruction  of  life  prevailing  in  mod- 
ern industries,  as  shown  in  the  mortality  and  morbility 
statistics. 

In  the  endeavor  to  improve  industrial  conditions,  and 
prevent  unnecessary  suffering  in  the  dangerous  trades, 
medicine  and  legislation  are  allied:  the  one  to  study  and 
expound  the  rules  of  health,  the  other  to  enforce  the 
laws  based  on  scientific  h3'giene.  Unfortunately,  the  ig- 
norance of  the  workingmen  and  the  cupidity  and  negli- 
gence Of  employers  are  the  two  stumbling-blocks  to  the 
general  acceptance  of  the  better  laws  of  health. 

In  discussing  the  hygiene  of  occupations  we  propose 
to  consider  the  subject  under  two  heads — General  Pro- 
phylaxis and  Special  Prophylaxis. 

General  PROPirvLAxis. — The  first  personal  require- 
ment for  preventing  tlie  evil  influence  of  occupation  on 
health  is  the  proper  selection  of  a  trade ;  this  is  commonly 
done  by  natural  selection,  or  more  frequently  by  accident; 
yet  it  is  very  important  that  certain  trades  be  followed 
only  by  the  best  physically  endowed  constitutions.  Were 
there  a  medical  supervision  and  control  of  the  selection 
of  trade  by  individuals,  persons  of  a  scrofulous  diathesis, 
with  a  tuberculous  family  history,  would  not  be  permitted 
to  embrace  indoor,  inactive,  sedentary  occupations,  and 
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certainly  not  any  in  -which  large  quantities  of  dust  must 
he  inhaled ;  nor  would  nervous,  delicate,  choleric  persons 
be  allowed  to  enter  industries  which  subject  the  worli- 
men  to  great  nervous  strain,  mental  worry,  and  responsi- 
bility, nor  those  in  which  they  may  be  exposed  to  toxic 
agents  which  act  specifically  on  the  nervous  system. 
Perhaps  the  proper  medical  supervision  of  the  selection 
of  a  trade  is  as  yet  a  dream  of  hygienists,  but  it  is  bound 
to  be  realized. 

Already  there  are  legislative  enactments  in  all  civilized 
countries  restricting,  limiting,  and  partly  prohibiting 
child  labor,  and  the  highest  aim  of  hygiene  is  that  no 
child  under  eighteen  should  be  allowed,  under  any  cir- 
cumstances, to  engage  in  any  occupation  except  that  of 
developing  its  physical  and  mental  faculties. 

Female  labor  is  also  largely  restricted,  and  even  prohib- 
ited in  some  trades ;  and  in  many  States  legal  provision 
is  made  to  limit  the  industrial  activity  of  women  during 
pregnancy,  after  childbirth,  and  in  specially  dangerous 
trades. 

The  personal  cleanliness  of  the  workers  is  an  important 
condition  in  the  general  prophylaxis  of  the  effects  of  oc- 
ciipations.  It  is  a  fact  that  in  speoiallj''  dangerous  trades, 
such  as  printing  houses,  lead  worlis,  etc.,  and  in  all  in- 
dustries where  poisonous  substances  are  manufactured 
and  manipulated  by  the  employees,  those  workers  who 
have  the  least  regard  for  personal  cleanliness,  who  are 
careless  in  washing  themselves,  and  who  eat  their  food 
with  hands  and  clothing  full  of  tlie  toxic  materials,  are 
the  readiest  victims  of  industrial  poisoning;  while  the 
more  careful  often  escape  all  harm.  Workers  in  dusty 
and  poisonous  trades  should  have  their  hair  on  face  and 
head  ci'opped  short  and  tliey  should  be  compelled  to  ob- 
serve rigid  rules  of  personal  cleanliness,  the  compulsion 
being  necessary  on  account  of  the  ignorance  of  the.  work- 
ingmen  and  their  contempt  for  the  dangers  lurking  in 
their  trade, — a  contempt  bred  by  familiarity. 

The  wearing  oi  proper  clotMng  is  an  important  prophy- 
lactic measure  in  all  trades.  It  must  suit  the  kind  of 
trade  in  which  the  individual  is  engaged.  Those  who 
are  exposed  to  low  temperatures  should  wear  woollen 
sweaters  or  flannel  underwear,  while  workers  in  high 
temperatures  should  wear  light  absorbing  cloth.  All 
who  work  in  damp,  moist,  and  wet  places  should  have 
their  footwear  impermeable  to  dampness,  and  their  cloth- 
ing should  be  made  of  a  material  which  will  absorb  moist- 
ure without  letting  it  penetrate  the  undercloth.  The 
wearing  of  rubber-impregnated  cloths  is  inadvisable  as  it 
interferes  with  evaporation  of  perspiration ;  mackintosh 
capes,  protecting  from  moisture  and  at  the  same  time 
allowing  evaporation,  are  recommended  by  some  author- 
ities. Persons  working  in  dusty  occupations  should  wear 
fabrics  with  smooth  surfaces  only,  and,  whenever  possi- 
ble, without  any  seams,  folds,  or  pockets  where  dust 
may  accumulate.  But  the  most  important  prophylactic 
measure  in  this  respect  is  tliat  no  clothes  worn  while  at 
work  should  be  taken  out  of  the  workplace,  but  must  be 
exchanged  for  other  clothes  which  are  to  be  worn  only 
outside  the  workshop.  In  some  trades  the  employers  are 
compelled  to  furnish  the  workers  with  two  suits  of  over- 
alls to  be  worn  while  at  work.  In  those  trades  in  which 
corrosive  poisons  and  gases  are  likely  to  burn  or  injure 
clothing,  the  worker  should  wear  leather  cloth  or  other 
not  easily  destructible  material ;  and  wherever  the  hands 
come  in  contact  with  the  same  substances  leather  gloves 
should  be  worn.  In  dusty  trades  it  is  advisable  to  cover 
the  head  with  closely  fitting  caps.  There  are  some  in- 
dustries in  which  the  cloth  worn  is  the  result  of  estab- 
lished custom  and  is  usually  consistent  with  hygienic 
principles.  Thus  the  chimney-sweep's  suit,  so  often 
seen  on  the  Continent,  is  very  appropriate  to  his  calling, 
and  protects  him  from  contact  with  the  irritating  soot. 

Duration  of  Work  should  be  adjusted  to  the  nature  of 
the  work  and  the  standard  of  health  of  the  operatives. 
Economists  agree  that  there  has  been  no  loss  of  produc- 
tive capacity  since  the  work  day  was  reduced  from  six- 
teen to  eighteen  hours  to  the  ten-hour-day  standard ;  and 
owners  who  frantically  struggled  against  every  attempt 


to  reduce  the  working  day,  and  prophesied  the  decadence 
of  industry  if  it  was  done,  have  at  last  come  to  see  that  a 
shorter  workday  means  actually  a  greater  productive  ca- 
pacity and  a  better  state  of  health  in  the  workers.  No 
universal  workday  can  be  established  or  is  applicable  to 
all  trades  and  persons;  the  length  of  work  should  be 
carefully  adjusted  to  the  age,  sex,  and  health  of  the 
worker,  to  the  place  of  work,  to  the  conditions  under 
which  it  is  carried  on,  and  to  the  character  and  nature  of 
the  processes  of  each  industry.  The  more  unfavorable 
the  conditions  under  which  the  work  must  be  carried  on, 
the  shorter  should  be  the  workday.  This  is  the  rule  fol- 
lowed in  specially  dangerous  trades;  thus,  caisson  work- 
ers are  allowed  to  work  for  only  from  two  to  four  hours 
at  a  time ;  furnace  workers,  or  those  who  are  exposed  to 
fumes  and  gases  in  lead  and  other  trades,  work,  as  a  rule, 
only  in  three-  to  four-hour  shifts.  The  same  rule  should 
be  applicable  to  all  other  trades. 

The  number  and  length  of  the  work  pauses  bear  an  im- 
portant relation  to  the  health  of  the  employees  in  each 
trade,  for  every  physical  or  mental  activity  requires  peri- 
odical relaxation.  It  has  been  proven  that  more  work 
can  be  done  in  two  hours  at  the  beginning  of  the  work- 
day than  in  twice  that  time  at  the  end  of  the  day.  In 
England  forenoon  and  afternoon  pauses  are  required  for 
child  workers,  besides  the  usual  midday  lunch  hour. 
This  rule  should  be  adopted  for  adults  also,  especially  in 
the  dangerous  trades.  The  length  of  the  midday  lunch 
pause  should  not  be  less  than  one  hour  in  any  trade,  as  a 
shorter  pause  leads  to  carelessness  and  haste  in  cleaning 
up,  to  high  speed  of  food  consumption,  and  to  failure  of 
the  worker  to  go  outside  of  the  shop  for  a  short  breath 
of  fresh  air. 

Night  work  is  more  unfavorable  to  health  than  work 
during  the  day,  and,  whenever  this  is  practicable,  such 
work  should  be  restricted;  at  any  rate,  the  working 
hours  should  be  comparatively  shorter  and  the  pauses 
longer  and  more  frequent  than  in  day  woi'k,  and  there 
should  also  be  periodical  changes  between  the  day  and 
night  shifts,  so  that  those  who  for  one  period  are  engaged 
during  nights  should  at  other  times  be  working  by  day. 
Ovencork  leads  to  ill  health  and  to  fatigue  neuroses,  and 
should  be  restricted  if  not  entirely  abolished.  The  pro- 
phyla.\is  of  the  fatigue  neuroses  can  be  accomplished 
only  by  due  regard  to  the  working  capacity  of  the  mus- 
cles and  organs  employed.  The  burden  of  work,  when- 
ever this  can  be  avoided,  should  not  be  put  on  one  group 
of  muscles  or  on  one  organ.  Thus  writers,  copyists, 
clerks,  and  others  who  have  much  handwriting  to  do 
should  train  themselves  to  employ  both  hands,  and  be- 
sides they  should  use  them  in  such  easy  positions  as  not 
to  overfatigue  the  muscles.  The  same  principles  may  be 
applied  to  overstrain  of  other  organs. 

Tlie  proper  education  of  the  worker  in  general  hygiene, 
and  especially  in  the  dangers  of  his  specfic  trade,  is  an 
important  factor  in  the  prophylaxis  of  many  of  the  occu- 
pational diseases. 

The  problem  presented  by  the  unhealthy  condition  of 
siceatshop  work  is  a  difficult  one  for  legislators,  but  very 
simple  to  hygienists,  who  are  unanimously  of  the  opinion 
that  all  home  work  should  be  entirely  prohibited ;  and 
that  there  should  be  a  complete  separation  of  the  factory 
from  the  home.  It  is  therefore  merely  a  question  of  time 
when  the  economic  obstacles  to  the  abolition  of  the  sweat- 
shop method  will  be  surmounted. 

The  construction  of  workshops,  factories,  mills,  etc., 
cannot  be  gone  into  here,  but  there  is  one  requirement 
which  should  not  be  overlooked  in  this  respect,  and  that 
requirement  is  that  industrial  establishments  should  be 
constructed  for  the  specific  processes  to  be  carried  ou 
therein  and  that  the  plan  of  adapting  any  ramshackle, 
out-of-date  building,  unfit  for  any  other  purpose,  to  the 
uses  of  factory  or  workshop,  as  is  frequently  the  case, 
must  be  absolutely  prohibited.  The  size  of  the  workplace 
should,  of  course,  correspond  to  the  number  of  employees, 
and  to  the  needs  of  each  establishment.  The  minimum 
of  four  hundred  cubic  feet  of  space  for  each  worker,  which 
is  established  by  legislation  in  many  places,  is  entirely  m- 

327 


Occupatioii. 
Occupation. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


adequate;  there  should  be  at  least  one  thousand  cubic 
feet  of  space  for  each  individual,  as  a  general  rule,  and 
tliis  allowance  should  be  increased  in  special  dusty  and 
otherwise  dangerous  trades.  The  walls,  ceilings,  floors, 
and  all  surfaces  of  each  establishment  should  be  con- 
structed with  due  regard  to  the  process  of  industry 
carried  on  within  them.  Thus,  in  all  places  where  dust 
abounds,  the  walls,  and  especially  the  floors,  should  be 
made  without  any  cracks,  nooks,  etc.,  where  dust  may 
accumulate,  and  should  be  constructed  of  smooth  ma- 
terial, glass,  tiles,  or  the  like,  which  may  easily  be  washed 
and  scrubbed.  In  all  workplaces  where  the  humidity  is 
relatively  very  great,  the  walls  and  other  surfaces  should 
be  made  of  impervious  materials.  Whenever  practicable, 
the  floor  should  be  made  of  asphalt,  concrete,  or  cement, 
so  as  to  be  impermeable  to  moisture ;  it  should  also  be 
properly  graded  and  drained  so  as  to  be  easily  washed 
off.  This  piecaution  is  especially  to  be  recommended  in 
mercury  and  lead  work  establishments  where  the  poison- 
ous substances  are  likely  to  collect  on  floor  surfaces.  Of 
the  cleanliness  of  industiial  establishments  it  is  sufficient 
to  say  that  it  is  an  indispensable  condition  of  the  healthy 
workshop. 

Lighting. — On  the  proper  lighting  of  workshops  de- 
pends not  only  the  condition  of  the  eyesight  but  also  the 
general  good  health  of  the  workers.  The  ideal  of  work- 
shop lighting  is  the  avoidance  of  anything  but  daylight 
as  a  source  of  light  during  work;  and,  if  artificial 
illumination  is  absolutely  required,  the  use  of  electricity 
only,  whenever  possible,  as  other  illuminants  produce 
many  impurities  and  unduly  raise  the  temperature  of 
the  workshop. 

Bussing  '*  gives  the  following  requirements  for  the  arti- 
ficial lighting  of  factories:  (1)  The  quantity  of  light  should 
correspond  to  the  normal  requirements  of  the  room  space 
and  the  occupants ;  (2)  the  light  should  approximate  the 
quality  of  daylight  as  much  as  possible,  and  be  white, 
and  in  this  respect  the  hygienic  value  of  different  lights 
stands  in  the  following  order:  electricity,  argand  burn- 
ers, open  gas  flames,  and  petroleum  oil ;  (3)  stability  of 
flame,  all  flickering  and  jumping  lights  being  injurious 
to  the  eyes;  (4)  low  proportion  of  impurities  given  off; 
(5)  low  heating  capacity.  To  these  requisites  may  also 
be  added  proper  distance  from  the  persons  at  work,  pro- 
per location  of  lights,  uniform  distribution,  and  shading 
of  eyes  when  light  is  too  glaring. 

Ventilation  is  the  corner-stone  of  industrial  hygiene; 
for  the  greatest  part  of  the  dangers  which  threaten  the 
workers  are  due  to  the  impurities  in  the  air  of  the  places 
of  work,  impurities  which  can  be  done  away  with  only 
by  efficient  methods  of  ventilation.  The  impurities  in 
industrial  establishments  are  the  following : 

I.  Impurities  caused  by  the  workers:  {a)  decrease  in 
oxygen;  (J)  increase  in  carbonic  acid;  (c)  increase  in 
amount  of  aqueous  vapor;  (d)  increase  in  temperature; 
(e)  increase  in  amount  of  organic  nlatter. 

II.  Impurities  due  to  the  place  of  work:  (a)  detritiis 
from  walls,  ceilings,  floors,  and  other  surfaces;  (S)  in- 
creased humidity,  due  to  dampness  absorbed  and  retained 
in  the  walls  and  materials  of  building ;  (c)  moulds,  fungi, 
and  other  low  organisms. 

III.  Impurities  due  to  artificial  lighting  and  heating : 
(a)  increase  in  amount  of  carbonic  acid  and  other  gases; 
and  (b)  increased  temperature. 

IV.  Impurities  due  to  presence  of  machinery,  etc. :  (a) 
increase  in  temperature  from  motion  and  friction  of  ma- 
chinery, etc.;  and  (i)  detritus  and  waste  from  tools,  etc. 

V.  Impurities  due  to  industrial  processes:  (a)  waste 
and  detritus  from  crude  materials  being  crushed,  torn, 
inilled,  ground,  polished,  etc. ;  (J)  dust  from  organic  and 
inorganic  substances  of  manufacture ;  (c)  poisons,  gases, 
and  fumes;  {d)  infective  agents  and  bacteria.  Without 
going  into  the  detailed  study  of  each  of  these  impurities 
we  shall  only  consider  here  how  they  are  to  be  removed 
by  ventilation.  Ventilation  is  either  natural  or  artificial, 
according  to  the  natural  or  mechanical  moans  employed 
to  further  It.  The  natural  modes  of  ventilation  are  the 
following : 


1.  The  porosity  of  the  walls  and  other  parts  of  the 
building. 

3.  The  various  openings  made  in  rooms,  such  as  win- 
dows, transoms,  doors. 

3.  Special  openings  made  in  windows,  walls,  ceilings, 
etc. 

4.  Chimney  flues  and  other  ducts  connecting  rooms 
with  external  air. 

5.  Cowls  and  warming  devices,  made  in  chimney  flues 
and  other  ducts. 

The  last  three  methods  are  regarded  by  some  writers  as 
belonging  to  artificial  ventilation,  although  it  is  best  to 
limit  the  meaning  of  this  term  to  modes  of  ventUation 
which  arc  accomplished  by  mechanical  means  only.  The 
methods  of  artificial  ventilation  are  two:  extraction  and 
propulsion.  By  "  extraction  "  methods  we  mean  the  ven- 
tilation by  which:  (1)  impure  air  of  a  room  is  extracted 
by  means  of  exhausters,  fans,  etc.,  without  special  means 
being  provided  for  the  substitution  of  fresh  air;  and  (2) 
the  extraction  of  the  impure  air  by  the  same  methods  and 
the  provision,  at  tlie  same  time,  of  special  openings  or 
ducts  and  inlets  for  the  ingress  of  pure  air  from  the 
outside.  The  propulsion  method  of  ventilation  consists 
in:  (1)  blowing  in,  propelling,  and  forcing  in  air  from 
the  outside  into  the  room  to  be  ventilated  without  making 
any  other  provision  for  the  escape  of  the  impure  air  from 
the  room ;  and  (3)  the  same  methods,  plus  the  addition 
of  special  means  of  escape  for  the  impure  air.  A  com- 
bination of  the  two  methods  is  the  best.  The  motor 
power  for  the  ventilating  devices  may  be  compressed 
air,  water,  steam,  or  electricity.  In  the  propulsion 
method  of  ventilation  special  means  may  be  also  provided : 
(a)  for  filtering  the  incoming  air  from  its  impurities;  (b) 
for  warming  it  to  a  desired  temperature ;  and  (c)  for  reg- 
ulating its  relative  humidity.  In  the  extraction  method 
of  ventilation  provision  may  be  made  for :  (as)  collecting 
the  impurities  of  the  extracted  air  in  proper  receptacles; 
(S)  cleaning  it  by  precipitation,  filtration,  compression; 
and  (c)  for  absorption  of  gases,  etc.,  by  chemical  means. 

For  further  details  see  special  books  on  ventilation,  also 
the  works  referred  to  at  the  conclusion  of  this  article. 

Provision  should  be  made  in  all  industrial  establish- 
ments for  artificial  ventilation,  for  by  natural  ventilation 
alone  it  is  hardly  possible  to  remove  all  the  impurities  to 
be  found  in  them.  In  small  workshops,  with  a  limited 
number  of  emploj'ees,  with  a  minimum  of  waste  matter 
and  dust,  with  no  machinery  in  use,  no  gases  or  fumos 
liberated,  natural  ventilation  may  be  adequate.  But  in 
all  other  places,  especiallj'  in  large  factories,  mills,  mines, 
and  tunnels,  no  reliance  whatever  can  be  placed  on  natural 
methods  of  ventilation,  mechanical  means  being  abso- 
lutely indispensable.  There  is  hardly  an  industry  in 
which  some  of  tlie.  above-mentioned  motor  powers  are 
not  used,  and  wherever  there  is  motive  power  artificial 
ventilation  need  not  cost  more  than  the  initial  expense  of 
the  installation  of  the  ventilating  apparatus,  and  should 
be  insisted  upon  and  properly  supervised  by  competent 
authorities. 

In  mines  the  air  is  full  of  impurities,  and  contains  va- 
rious deleterious  gases,  known  as  "black  damp,"  "white 
damp,"  "fire  damp,"  and  "after  damp," — gases  which 
are  dangerous  on  account  of  either  their  toxic  or  then- 
explosive  nature.  Here  artificial  ventilation  must  be 
provided  for  on  a  large  scale,  though  even  then  much 
of  the  danger  is  difficult  to  avoid. 

Special  Prophylaxis.  Dust. — The  following  are  the 
prophylactic  measures  to  be  observed  in  those  occupa- 
tions which  are  characterized  by  the  production  of  large 
quantities  of  dust. 

1.  Separation,  from  all  other  processes,  of  those  in 
which  dust  abounds. 

2.  Substitution  of  machinery  for  handwork,  whenever 
this  is  possible. 

3.  Substitution  of  wet  for  dry  processes  of  production. 

4.  Instant  and  continuous  removal  of  formed  dust  by 
special  ventilators. 

5.  Isolation  of  the  worker  from  the  dusty  process. 

6.  Frequent  change  of  air  and  frecjuent  pauses. 
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7.  Special  devices  for  preventing  dust  from  enterin  g  the 
respiratory  organs. 

1 .  The  processes  in  which  dust  is  largely  formed  should 
he  confined  to  special  rooms,  which  should  be  kept  iso- 
lated as  much  as  possible  from  the  other  rooms  of  the 
establishment. 

3.  The  production  of  dust  may  largely  be  avoided  by 
substituting  for  hand  work  carefully  enclosed  machines. 
Machine  production  requires  comparatively  few  opera- 
tives, thus  lessening  the  number  of  persons  exposed  to 
dust  inhalation.  Industries  in  which  the  dust  has  an 
economic  value  have  already  partly  accomplished  this. 
In  flour  and  cement  mills,  and  in  sawmills  provision  is 
made  for  the  collection  of  the  valuable  dust  and  its  further 
utilization.  Flour  milling  was  once  considered  an  un- 
healthy trade;  but  since  the  introduction  of  self -regulat- 
ing machinery,  enclosed  in  chambers,  the  formation  of 
dust,  from  the  crushing  of  the  coarse  grain  to  the  packing 
of  the  finest  flour,  has  been  reduced  to  a  minimum.  What 
has  been  accomplished  in  a  few  industries  may  be  re- 
peated in  others. 

3.  Dust  is  produced  only  when  the  industrial  processes 
are  performed  by  dry  methods.  Wherever  possible,  wet 
processes  should  be  substituted  by  either  wetting  the  ma- 
terial, or  the  implements,  or  the  place  of  work,  the  wet- 
ting materially  reducing  the  dust.  Wools  are  sometimes 
oiled  for  this  purpose.  The  wet  methods  are  especially 
imperative  in  work  with  poisonous  substances,  and  in 
the  metal  grinding  industries.  Needle,  cutlerj^  stone, 
and  other  grinding  and  polishing  can  very  well  be  done 
by  wet  methods,  thus  preventing  dust  formation. 

4.  The  instant  and  continuous  removal  of  dust  can  be 
done  only  by  artiflcial  ventilation  and  specially  con- 
structed devices  for  each  trade.  Dust  is  removed  by 
precipitation,  filtration,  and  absorption.  Precipitation 
of  dust  is  accomplished  by  the  action  of  the  specific  grav- 
ity of  the  dust,  by  the  action  of  water,  a  stream  or  shower 
of  which  is  allowed  to  fall  on  the  dust  thus  precipitat- 
ing it,  and  also  by  centrifugal  action.  Filtration  is  ac- 
complished by  letting  the  dust  filter  through  cotton, 
wool,  or  other  material  which  may  be  kept  dry  or  wet. 
The  proper  ventilating  devices  for  removal  of  dust  con- 
sist of  the  following  several  parts:  («)  An  expansion  or 
hood,  properly  fitting  or  enclosing  the  tool,  machine,  or 
stand  of  each  dust-producing  process  and  worker.  This 
hood  must  be  so  adjusted  as  to  cover  all  surfaces  or  pro- 
jections where  dust  is  formed,  (b)  The  tubes  or  ducts 
with  which  hoods  or  expansions  are  connected ;  the  dust 
is  drawn  into  the  hoods,  and  conducted  from  these 
into  the  tubes.  These  latter  must  be  tight,  and  should 
be  provided  with  cleaning  caps  to  facilitate  periodical 
cleaning  in  case  of  obstruction,  etc.  (c)  The  wetting  ap- 
pliances are  in  the  form  of  jets,  rosettes,  streams,  showers 
of  water  which  are  applied  to  the  dust  in  the  hood,  tubes, 
or  receptacles,  (d)  The  fans,  exhausters,  and  other 
means  for  aspirating  the  dust  from  the  hoods  and  tubes 
by  the  creation  of  a  vacuum  within  the  same.  The  aspir- 
ating force  must  be  nicely  adjusted  to  the  needs  of  each 
trade  and  process,  otherwise  the  draughts  may  be  too 
strong.  («)  Seceptacles  which  are  connected  with  the 
tubes,  etc.,  and  in  which  the  dust  collects  and  settles  by 
its  specific  gravity,  by  the  action  of  water,  or  by  centri- 
fugal motion. 

5.  In  those  industries  in  which  the  dust,  for  one  or  an- 
other reason,  cannot  be  removed,  and  in  which  there  is 
great  danger  that  it  will  impinge  upon  the  face  and  get 
into  the  eyes  of  the  operatives,  special  appliances  have 
been  devised  for  isolating  the  worker  from  his  work  by 
an  intercepting  window,  put  between  him  and  the  dust; 
or  he  is  separated  from  it  by  a  complete  glass  partition, 
in  which  openings  are  made  for  his  arms  to  go  through 
for  the  necessary  manipulations;  or,  finally,  the  work 
may  be  done  by  means  of  long  poles  and  other  tools, 
manipulated  by  tte  workers  from  the  outside  of  the 
closed  chambers. 

6.  Wherever  dust  is  produced  in  large  quantities  the 
workers  should  be  given  frequent  opportunities  for  in- 
spiring pure  outside  air,  by  making  the  pauses  as  frequent 


as  possible,  and  by  compelling  the  operatives  to  go  out- 
side of  the  shop  during  these  pauses. 

7.  Workers  in  dusty  trades  very  often  stuff  their  nos- 
trils and  their  mouths  with  flannel  or  cloth  to  keep  out 
the  dust.  The  appliances  called  "respirators"  are  an 
extension  of  the  same  principle.  They  consist  of  a  frame- 
work made  of  vulcanite,  wire,  or  metal,  which  is  so  con- 
structed as  closely  to  fit  the  lower  part  of  the  face,  cov- 
ering the  mouth  alone,  or  the  mouth  and  nose  together. 
Within  this  framework  some  filtering  material  is  placed 
for  intercepting  and  collecting  the  incoming  dust,  thus 
preventing  its  inhalation.  There  are  a  great  number  of 
more  or  less  ingenious  respirators  on  the  market.  One  of 
these,  devised  by  B.  W.  Richardson  '^  consists  of  a  mask 
in  which  a  breathing  tube  is  fitted,  on  the  inside,  with 
rolled  feathers  which  are  so  arranged  that  during  inspira- 
tion they  will  rise  up  and  filter,  while  in  expiration  they 
will  lie  down,  like  a  valve,  against  the  wall  of  the  tube. 
This  is  an  example  of  the  ingenuity  spent  on  the  con- 
struction of  respirators.  The  respirators  have,  however, 
never  been  popular  with  workers;  indeed,  they  are 
seldom,  if  ever,  worn,  unless  by  compulsion.  The  ob- 
jections made  by  operatives  against  the  wearing  of 
respirators  while  at  work  are  the  following:  they  are 
chimsy,  uncomfortable,  and  unsightly;  they  interfere 
with  respiration;  if  the  filtering  material  is  thick  and 
closely  woven,  respiration  is  very  difficult — if  not,  the 
dust  gets  through ;  they  interfere  with  talking,  spitting, 
chewing,  and  smoking ;  they  get  wet  by  the  moisture  of 
the  breath,  and  in  general  they  are  a  great  inconvenience 
to  the  wearers,  who  would  rather  inhale  the  dust  than 
wear  one  of  them.  In  trades  where  the  worker  is  ex- 
posed to  violent  poisons  or  specially  irritating  gases,  spe- 
cial masks,  entirely  air-tight,  are  provided,  and  are  fitted 
with  tubes  to  bring  in  air  from  the  outside,  and  with 
complicated  valves,  etc.,  to  let  out  the  expired  air.  The 
objections  against  respirators  already  alluded  to  apply  in 
greater  force  to  those  instruments  which  are  used  only 
in  very  exceptional  cases. 

The  prophylaxis  in  industries  where  poisons,  gases,  and 
fumes  are  evolved  and  liberated  does  not  differ  in  its  es- 
sential features  from  the  prophylactic  principles  laid 
down  for  dusty  occupations,  except  that  they  must  be 
more  strictly  and  carefully  enforced  if  they  are  to  be 
effective  in  protecting  the  health  of  the  workers.  In 
specially  dangerous  trades  the  periodical  medical  exami- 
nation of  the  employees  goes  very  far  toward  remedying 
the  evils  of  the  trade.  Wet  methods  of  production  should 
be  Insisted  upon  wherever  toxic  substances  may  produce 
dust.  Certain  poisons  should  be  entirely  prohibited  from 
being  used  and  for  them  should  be  substituted  other  ma- 
terials less  poisonous.  Thus  the  use  of  any  but  red  phos- 
phorus should  be  prohibited  in  the  match  industry ;  no 
arsenic  should  be  used  in  textile  fabrics,  on  wall  papers, 
etc. ;  the  manufacture  of  lead  toys  and  utensils  should 
Ibe  prohibited,  and  so  also  should  the  employment  of  lead 
in  pottery  glaze  and  other  manufactures.  Mirrors  may 
be  backed  by  silver  instead  of  by  mercury ;  and  in  the 
place  of  the  latter  poison  glycerin  may  be  substituted  in 
the  manufacture  of  air  pumps.  The  ideal  will  be  reached 
when  all  toxic  substances  are  replaced  by  non-toxic, 
and  with  time  and  vigorous  agitation  this  ideal  may  be 
realized. 

Wherever  gases  and  fumes  are  in  such  abundance  that, 
toxic  effects  are  feared,  the  wearing  of  proper  protective 
clothing,  respirators,  and  masks  should  be  insisted  upon 
in  spite  of  the  objections  of  the  workers. 

Otiier  prophylactic  measures,  applicable  to  each  indus- 
try, differ  according  to  the  nature  of  the  toxic  substance- 
in  each.  No  alcoholic  beverages  or  acidulated  drinks, 
are  allowed  to  arsenic  and  lead  workers,  but  may  be  per- 
mitted in  moderate  doses  to  mercury  workers.  Workers 
in  lead  manufacturies  are  given  from  ten  to  fifteen  min- 
utes for  washing  their  hands.  Sapolio  and  ammonium 
tartrate  are  recommended  for  the  hands,  potassium  per- 
manganate for  a  mouth  wash.  As  food,  milk  and  pork 
enjoy  special  favor  with  lead  workers,  and  are  furnished 
by  some  employers.    A  number  of  so-called  "  sanitary  " 
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drinks  have  been  proposed  for  lead  as  well  as  other 
workers.  The  value  of  potassium  iodide  as  a  prophy- 
lactic for  plumbism,  though  high  in  the  estimation  of 
some,  is  doubted  by  Blum,'*  who  made  a  special  study 
of  plumbism. 

Chromium  workers  should  have  their  faces  and  noses 
protected  with  masks  to  prevent  ulceration. 

Those  who  work  in  soda  manufactories  and  come  in 
contact  with  chlorine  gas  are  advised  to  drink  a  two-per- 
cent, solution  of  dilute  sulphuric  acid. 

Phosphorus  workers  are  to  be  examined  periodically 
by  dentists  for  caries  of  the  teeth.  Chalk,  milk,  saponi- 
fied water  are  recommended  for  those  who  work  in  or 
are  exposed  to  sulphur  and  its  compounds. 

The  use  of  common  salt  is  interdicted  to  mercury  work- 
ers on  account  of  the  danger  of  the  formation  of  sub- 
limate. 

Each  industry  in  which  special  toxic  agents  are  being 
manufactured  should  be  provided  with  special  rules  for 
the  guidance  of  the  employees,  and  should  also  be  under 
the  constant  care  and  supervision  of  proper  medical  au- 
thorities. 

The  prophylaxis  of  infection  from  crude  materials,  or 
from  manufactured  articles,  is  important  in  the  hair,  wool, 
hide,  and  fur  trades  especially,  on  account  of  the  danger 
of  anthrax  infection,  but  it  is  also  important  in  all  trades 
in  which  goods  are  imported  from  Oriental  countries, 
where  certain  contagious  diseases  are  endemic.  The 
only  effective  prophylactic  measure,  under  these  circum- 
stances, is  proper  and  thorough  disinfection  of  all  sus- 
pected materials. 

The  special  prophylactic  measures  against  accidents  to 
the  eyes  have  already  been  spoken  of  to  some  extent  in 
the  section  relating  to  the  methods  of  removing  dust  and 
toxic  materials.  Where  the  danger  from  flying  particles, 
dust,  etc.,  is  very  great,  it  is  recommended  to  wear  pro- 
tective spectacles.  A  large  number  of  special  spectacles 
have  been  manufactured  for  persons  whose  eyes  are  thus 
exposed,  but,  as  in  the  case  of  respirators,  they  are  strongly 
objected  to  by  the  workers.  The  wearing  of  spectacles  is 
made  obligatory  in  some  trades.  Koenigshoefer"  sums 
up  the  objections  against  spectacles  as  follows:  they 
limit  the  field  of  vision,  they  may  impair  vision,  they 
sometimes  cause  headache  and  pain  in  the  eyes,  they  are 
apt  to  get  dimmed  by  condensed  moisture,  the  metal 
frame  is  apt  to  get  hot,  and  finally,  they  are  uncom- 
fortable. All  of  these  objections  may  be  removed  by  a 
proper  construction  of  the  glasses. 

Prophylaxis  against  Accidents  by  Machinery. — This  is 
a  science  by  itself,  the  study  of  which  requires  special 
technical  training.  In  most  countries  laws  are  enacted 
to  safeguard  machinery  and  prevent  accidents.  Motor 
engines,  iiy wheels,  etc.,  must  be  fenced  in  and  provided 
with  proper  guards  and  rails.  Wheels,  shafts,  drums, 
belts,  and  all  gearing  must  be  provided  with  special  pro- 
tective appliances.  Circular  saws,  planes,  power  looms, 
and  other  machinery  and  tools  are  all  to  be  properly 
guarded  with  approved  devices.  Many  machines  and 
parts  of  them  are  at  present  provided  vrith  proper  safe- 
guards by  their  makers.  Workers  should  be  thoroughly 
drilled  in  the  art  of  self-protection  and  educated  to  the 
dangers  of  machinery  as  well  as  to  all  other  dangers  of 
their  calling.  This  remark  applies  with  special  force  to 
workers  in  large  electrical  establishments,  where  a  man 
may  lose  his  life,  by  coming  in  contact  with  a  wire  carry- 
ing a  powerful  current  of  electricity. 

Offensive  Trades. 

Thus  far  the  effects  of  occupations  have  been  con- 
sidered only  with  reference  to  the  health  of  those  engaged 
in  them— the  workers  themselves.  There  are  a  number 
of  occupations,  however,  which  aflect  not  only  their 
workers,  but  the  community  at  large,  or,  at  least, 
that  part  of  it  which  lives  in  their  immediate  vicinity. 
These  occupations  have  been  named  "offensive  trades," 
also  "public  nuisances."  Except  in  trades  which  allow 
poisonous  substances  or  noxious  gases  to  escape  outside 


their  precincts,  and  thus  directly  injure  the  health  of  the 
surrounding  neighborhood,  the  dangers  to  health  of  the 
so-called  "  offensive  trades  "  are  not  direct ;  at  least,  it  is 
difficult  to  show  the  existence  of  any  diseases  or  patho- 
logical lesions  which  owe  their  origin  to  those  trades. 
Most  of  the  harmful  effects  of  these  trades  are  due  to  the 
smoke,  noise,  and  smell  produced,  which  may  give  rise, 
in  those  predisposed  to  such  ailments,  to  certain  dis- 
orders such  as  anorexia,  nausea,  neurasthenia,  anaemia, 
and  kindred  ills.  The  number  of  offensive  trades  is  very 
large,  and  a  classification  of  them  has  been  attempted 
by  the  French  Government,  which  divided  them  into 
three  classes,  according  to  the  degree  of  their  offen- 
siveness.  Tracy,"  in  his  article  on  " Public  Nuisances " 
in  Buck's  "Hygiene  and  Public  Health,"  and  S.  A. 
Goldsmith  in  his  article  in  the  former  edition  of  this 
Handbook,  gave  full  lists  of  those  trades,  based  on  the 
French  classification,  as  well  as  detailed  technical  descrip- 
tions of  the  various  processes  of  the  offensive  businesses. 
The  space  here  being  limited,  only  the  prophylactic  part 
will  be  noted,  and  all  technical  details  will  be  omitted. 
The  following  are  the  annoying  factors  in  most  offensive 
trades :  Noise,  Bmoke,  Dust,  Smell,  and  Noxious  Oases  and 
Fumes. 

Noise. — The  number  of  businesses  which  are  character- 
ized by  excessive  noise  is  quite  large,  especially  in  popu- 
lous towns.  Surface  and  elevated  railroads,  "driving  of 
heavy  wagons  over  rough  pavements,  machine  shops, 
forge  rooms,  blacksmith  shops,  saw  and  planing  mills, 
street  venders,  street  music,  etc.,  are  a  few  of  them. 
Excessive  noises  affect  especially  nervous,  neurasthenic, 
and  sick  persons,  causing  irritability,  sleeplessness, 
anorexia,  and  general  disturbances.  A  New  York  phy- 
sician gave  to  these  symptoms  the  name  of  "  Ne wy orkitis, " 
but  the  malady,  if  there  is  such,  could  better  be  termed 
"  urbantis,"  as  it  is  characteristic  of  all  large  cities.  The 
prevention  of  excessive  noise  is  possible  in  a  large  degree 
by  municipal  action.  Thus  in  New  York  it  is  not  allowed 
to  create  unnecessary  noises,  especially  at  night,  and  near 
residential  streets ;  street-band  music  is  prohibited  in  the 
boroughs  of  Manhattan  and  the  Bronx,  railroad  com- 
panies are  compelled  to  remove  "flat- wheel  cars,"  street 
peddling  is  not  allowed  at  night,  etc. ;  with  a  wider  in- 
troduction of  asphalt  pavement  a  fruitful  cause  of  noises 
will  also  be  largely  abolished. 

Smoke. — Among  the  many  nuisances  incident  to  city 
life  is  the  black  smoke  belched  forth  from  the  chimneys 
of  manufacturing  establishments.  The  composition  of 
the  smoke  as  it  leaves  the  chimney  depends  on  the  char- 
acter of  fuel  burned,  as  well  as  on  the  methods  of  com- 
bustion and  the  care  with  which  it  is  carried  on.  Black 
smoke  consists  of  carbon  mechanically  suspended,  and  also 
of  other  gases,  such  as  carbonic  acid,  carbonic  oxide,  and 
hydrogen  sulphide.  Wood  and  bituminous  coal  give  off 
very  abundant  and  black  smoke,  while  hard  coal  gives  off 
very  little  on  account  of  its  cohesi  veness  and  complete  com- 
bustion. When  furnaces  are  of  adequate  capacity,  with 
grates  having  a  large  area,  with  the  coal  spread  in  a  thin 
continuous  sheet,  and  with  the  requisite  amount  of  air,  the 
production  of  smoke  is  greatly  diminished."  The  other 
remedies,  outside  of  using  anthracite  coal,  are  the  provid- 
ing of  tall  chimneys,  so  that  the  smoke  shall  be  emitted 
above  the  windows  of  living  houses;  and  the  voluntary 
or  compulsory  introduction  of  smoke-consuming  devices. 
There  are  a  very  large  number  of  patented  smoke  con- 
sumers, most  of  them  based  on  the  principle  of  making  a 
more  thorough  and  complete  combustion  of  all  particles  of 
carbon  in  the  fuel. 

Dust. — There  are  only  a  few  businesses  in  which  large 
quantities  of  dust  may  escape  outside  of  the  establish- 
ments and  become  a  public  nuisance.  These  are  carpet- 
cleaning  and  beating  works,  sandblasting  of  glass,  and 
street  sweeping.  Carpet-cleaning  is  now  done  in  large 
establishments  without  producing  dust.  Proper  methods 
have  been  devised  for  collecting  the  dust  and  preventing  its 
coming  outside.  Sandblasting  of  glass  is  to  be  relegated 
outside  of  residential  streets,  the  dust  usually  not  falling 
farther  than  about  three  hundred  feet  from  the  establish- 
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ments.  Street  sweeping  may  be  done  with  comparatively 
little  dust  if  the  streets  are  previously  well  sprinkled  with 
water  and  the  cleaners  are  careful. 

Smell.— The  trades  and  businesses  which  are  or  may 
become  offensive  on  account  of  their  smells  are  very  nu- 
merous indeed.  They  include  the  greatest  bulk  of  gener- 
ally ofEensive  trades,  as  they  are  composed  of  all  the  nu- 
merous industries  in  which  animal  or  vegetable  matter  is 
manufactured  or  stored,  and  which  may  at  certain  periods 
of  the  procedure  give  rise  to  ofEensive  odors.  We  shall 
here  allude  only  to  the  following :  (1)  The  Iteeping  of  live 
animals  and  of  animal  matter.     (3)  Killing  of  animals. 

(3)  Manufacture  and   utilization  of  animal   substances. 

(4)  Manufacture  of  vegetable  substances,  etc. 

Keeping  of  Lire  Animals. — As  in  all  ofEensive  trades, 
the  keeping  of  live  animals  becomes  a  nuisance  only  in 
populous  towns.  The  nuisance  created  by  the  keeping 
of  live  animals,  such  as  horses,  cows,  calves,  swine, 
sheep,  goats,  birds,  poultry,  and  rare  and  wild  animals 
consists  in :  (1)  the  specific  odors  peculiar  to  each  kind  of 
animal ;  (2)  the  smell  from  the  urine,  excreta,  and  other 
organic  matter  from  the  animals;  (3)  the  noises  which 
are  made  by  them  and  which  disturb  the  rest  of  the 
neighborhood;  (4)  the  flies  and  parasites  which  they 
attract  to  themselves ;  and  (5)  possible  infective  materials 
and  germs  likely  to  be  transmitted  to  men. 

Most  municipalities  have  laws  which  are  intended  to 
abate  the  nuisances  created  by  the  keeping  of  animals. 
The  remedies  for  the  nuisance  are  the  following:  (1)  total 
prohibition  of  the  keeping  of  certain  animals  within  the 
city  limits,  or  at  least  in  overcrowded  neighborhoods;  (3) 
restricting  the  building  of  ne-w  places  for  animals ;  (3) 
proper  veterinary  supervision  and  disinfection,  to  prevent 
disease  of  animals  and  infection ;  (4)  proper  construction 
and  maintenance  of  the  places  where  they  are  kept ;  (5) 
removal  of  all  animal  matter  likely  to  give  ofEensive 
odors,  or  to  become  putrefied.  The  rules  and  regulations 
of  municipalities  embrace  all  of  the  above-enumerated  pro- 
phylactic measures.  Thus  in  New  York  no  cows,  horses, 
calves,  swine,  sheep,  or  goats  are  allowed  to  be  kept  in 
tenement  houses ;  no  stables  are  allowed  on  the  same  lot 
with  a  tenement  house ;  and  the  keeping  of  all  kinds  of 
animals,  even  pigeons  and  chickens,  requires  a  permit 
from  the  Health  Department.  In  Boston "  stables  are 
prohibited  within  two  hundred  feet  of  a  church ;  in  Chi- 
cago, in  order  to  build  a  stable,  it  is  necessary  to  get  the 
permission  of  the  owners  living  within  six  hundred  feet 
of  the  proposed  stable. 

Most  of  the  ofEence  given  by  the  keepmg  of  live  ani- 
mals is  given  by  horse  stables,  as  comparatively  fen- 
other  animals  are  kept  in  cities.  Stables  should  be  spe- 
cially constructed  for  the  purpose.  They  should  contain 
at  least  twelve  hundred  cubic  feet  of  space  and  one  hundred 
and  twenty  cubic  feet  of  floor  space  for  each  horse;  stalls 
should  be  at  least  six  feet  wide  and  nine  feet  long,  and  the 
stable  should  be  well  ventilated.  The  floors  of  stables 
should  be  of  some  impervious  material,  such  as  concrete, 
cement,  bricks  set  in  cement ;  no  woodwork  that  cannot  be 
easily  taken  off  should  be  laid  on  flooring.  There  should 
be  provision  for  an  unlimited  supply  of  water,  and  the 
floor  should  be  properly  graded  and  drained,  and  the 
stalls  provided  with  longitudinal  "valley  drains,  pro- 
vided with  adjustable  covers  easily  taken  up,  and  the 
drains  should  all  be  tightly  connected  with  the  sewer  by  a 
properly  trapped,  extra  heavy  drain. "  No  accumulations 
of  manure  are  to  be  allowed ;  as  soon  as  it  is  collected,  it 
should  be  put  into  barrels  or  pressed  into  bales  and  daily 
removed.  The  removal  of  manure  should  be  done  withm 
the  stable,  and  the  carts  should  be  well  covered  before 
they  start  out  from  the  stable.  The  removal  hour  should 
be  at  night  or  early  in  the  morning.  Thus  in  Boston  ma- 
nure can  be  removed  only  after  13  (midnight) ;  in  Jersey 
City  between  6  p.m.  and  7  a.m.  The  stahles  should  be 
kept  scrupulously  clean  and  frequently  disinfected  with  a 
solution  of  one  pint  of  formalin  to  three  gallons  of  water 
or  a  similar  solution  of  carbolic  acid ;  corrosive  sublimate 
solution  and  creolin  can  also  be  used.  There  is  no  rea- 
son why  with  such  precautions,  the  keepmg  of  horses 


should  be  attended  with  offence.  The  keeping  of  other 
animals  may  be  made  inoffensive  by  means  of  similar 
methods. 

The  Keeping  of  Animal  Matter.— The  storage  or  keep- 
ing of  animal  matter,  manure,  offal,  bones,  hides,  horns, 
skins,  flsli,  garbage,  etc.,  may  be  attended  with  ofEence, 
on  account  of  the  tendency  to  speedy  putrefaction  and 
decomposition,  when  the  decomposing  matters  may  emit 
very  ofEensive  and  sickening  odors,  unbearable  by  many, 
and  causing  headache,  loss  of  appetite,  and  nausea  in 
others.  The  prevention  of  their  becoming  nuisances  can 
be  summed  up  in  the  following  measures:  Immediate 
destruction,  by  burning  all  needless  matter  likely  to  de- 
compose ;  immediate  removal  from  habitations ;  scrupu- 
lous cleanliness ;  disinfection ;  keeping  of  matter  in  tightly 
closed  vessels. 

The  Hilling  of  Animals. — The  killing  of  animals  is  one 
of  the  oldest  industries  of  mankind,  and  has  been  always 
in  need  of  state  supervision  and  control  from  the  time  of 
Moses  in  ancient  Egypt  until  the  present.  The  nuisance 
created  by  slaughtering  animals  consists  mostly  in  the 
odors  peculiar  to  the  slaughter-houses,  although  other 
things,  such  as  the  noise  created  by  the  animals,  the  flies 
and  parasites  attracted  by  the  animal  matter,  as  also  the 
possibility  of  infection  by  animal  diseases,  all  play  their 
■  part  in  the  creation  of  this  nuisance.  The  offensive  smell 
is  due  to  the  animals  themselves,  the  fresh  animal  guts, 
blood  and  other  products,  and  the  decomposing  animal 
matter  within  the  buildings.  The  remedies  for  the  nui- 
sance are:  prohibition  of  slaughtering  in  any  but  speci- 
fied localities;  the  construction  of  special  municipal 
abattoirs;  the  proper  building  and  maintenance  of  the 
slaughter-houses,  their  supervision  and  inspection;  the 
immediate  removal  of  all  by-  and  waste  products;  the 
refrigeration  of  meat;  the  alisolutely  clean  condition  of 
the  places ;  the  provision  of  special  means  for  destroying 
foul-  and  ill-smelling  matter,  and  the  disinfection  of  the 
premises. 

Municipal  provisions  about  slaughter-houses  were  in- 
augurated in  the  United  States  as  early  as  1693  in  Boston,'" 
and  are  now  found  in  nearly  every  community.  In  New 
York  City  slaughter-houses  are  located  only  in  specified 
localities,  of  which  there  are  only  four  or  five.  In  Bos- 
ton the  slaughtering  of  animals  is  concentrated  in  the 
Brighton  abattoir;  and  in  New  Orleans  in  the  municipal 
abattoir.  Cleanliness  in  the  slaughter-houses  is  provided 
for  in  the  various  sanitary  codes,  the  following  being 
from  a  section  of  the  New  Y'ork  law :  "  All  those  who  are 
responsible  for  the  places  should  cause  such  places  and 
their  yards  and  appurtenances  to  be  thoroughly  cleansed 
and  purified,  and  all  oftal,  blood,  fat,  garbage,  refuse, 
and  unwholesome  or  ofEensive  matter  to  be  removed,  at 
least  once  in  every  twenty-four  hours  after  tlie  use  there- 
of;  and  they  shall  also  at  all  times  keep  all  woodwork, 
save  floors  and  counters,  thoroughly  painted  or  white- 
washed." An  unlimited  supply  of  water  is  even  more 
needed  in  abattoirs  than  in  stables.  Goldsmith  quotes 
Tardieu  as  saying  that  in  Paris  (where  the  buildings  are 
of  iron  and  glass)  ninety  thousand  litres  are  used  daily  in 
each  of  the  five  abattoirs,  and  adds  that  in  New  York  a 
slauKhter-house  in  Forty-fifth  Street  uses  nearly  five  mil- 
lion gallons  a  day.''  The  slaughtering  of  poultry  and 
smaller  animals  should  also  be  controlled  by  the  munici- 
palities, and  most  of  the  prophylactic  measures  used  m 
slaughter-houses  of  larger  animals  are  applicable  to  them 

iJtilimiion  and  Mamtfactibre  of  Animal  Substances.— 
Modern  industry  does  not  allow  any  thing  to  go  to  waste, 
and  in  animal  trades  there  is  hardly  a  substance  which  is 
not  utilized  in  some  way.  Among  the  many  branches  of 
these  utilization  industries  to  be  discussed  here  are  the 
following-  The  rendering  of  fat  and  lard;  bone  and  blood- 
boilino-;  gut-cleaning;  manufacture  of  glycerin,  soap 
and  gtue,  and  the  preparing  and  tanning  of  skins  and 

^^Fat  Rendering,  Lard  Refining.— Most  of  the  rendering 
of  fat  is  done  by  the  action  of  heat,  although  there  are 
several  chemical  methods  in  vogue.    Since  the  trade  be- 
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came  concentrated  in  large  establishments,  the  old  method 
of  rendering  fat  in  open  kettles  has  become  happily  ob- 
solete. The  chief  nuisance  of  fat-rondering  consists  in 
the  odors  "  which  are  all  caused,  partly  by  the  storage  of 
decomposing  fat  on  the  premises,  but  mainly  by  the  dis- 
tillation of  portions  of  the  fat ;  which  produces  certain 
ill-smelling  substances,  such  as  acrolein  and  allylic  al- 
cohol, with  sometimes  capric,  caprylic,  and  caproic 
acids." '8 

The  prevention  of  fat-rendering  from  becoming  a  nui- 
sance is  accomplished  by  the  following  measures:  (1) 
The  use  of  undecomposed  animal  matter;  (2)  the  em- 
ployment of  a  low  temperature  in  rendering;  (3)  the 
boiling  of  fat  in  tightly  closed  vessels ;  (4)  the  use  of  con- 
densers for  the  removal  and  destruction  of  the  gases  and 
odors.  The  New  York  Sanitary  Code  has  the  following 
section :  "  That  no  fat,  tallow,  or  lard  shall  be  melted  or 
rendered  except  when  fresh  from  the  slaughtered  animal ; 
and  taken  directly  from  the  place  of  slaughter,  and  in  a 
condition  free  from  sourness  and  taint,  and  all  other  causes 
of  offence  at  the  time  of  rendering ;  and  that  all  melting 
and  rendering  are  to  be  in  steam-tight  vessels ;  the  gases 
and  odors  therefrom  to  be  destroyed  by  combustion  or 
other  means  equally  effective. "  Himes  '■"  says :  "  The  great 
secret  in  preventing  nuisance  is  the  avoidance  of  burning 
the  materials,  or  even  raising  them  to  high  temperature. 
The  lower  the  temperatui-e  at  which  the  work  can  be  suc- 
cessfully carried  on,  the  less  is  the  risk  of  producing  of- 
fensive smells.  The  temperature  need  not  exceed  120°  P. " 
When  steam  methods  of  rendering  are  used,  the  need  of 
condensers  is  imperative.  "  Condensers  may  be  of  several 
styles  and  shapes.  The  water  may  be  introduced  at  the 
top,  and  broken  by  means  of  a  plate,  a  short  distance  be- 
low, the  shower  may  also  be  made  by  means  of  a  rosette. 
The  condenser  itself  may  be  made  of  iron,  copper,  or  even 
wood.  It  should  be  made  as  high  as  possible,  in  propor- 
tion to  the  diameter.  The  gases  should  be  introduced  at 
the  bottom,  and  passing  up  through  the  water  shower, 
connect  with  the  furnace  fires  by  a  pipe  near  the  top." 
(Goldsmith. 2'^)  Of  the  chemical  methods  of  fat-rendering 
D'Arcet's  method  is  by  separation  of  the  fat  from  its 
membranes  by  the  action  of  sulphuric  acid.  Lard  refin- 
ing differs  little  from  the  general  rendering  of  other  fats, 
and,  being  done  mostly  by  the  low-temperature  method, 
it  is  not  offensive. 

BoTie  arid  Blood  Boiling. — In  the  processes  of  boiling 
these  animal  substances  odors  may  arise  which  may  be 
quite  offensive.  The  following  preventive  measures  are 
recommended  by  the  Philadelphia  Board  of  Health  :=" 
"  The  floors  of  all  bone-boiling  establishments  and  deposi- 
tories of  dead  animals  shall  be  paved  with  asphalt,  or  with 
brick  or  stone,  well  laid  in  cement,  and  shall  be  well 
drained.  The  boiling  of  bones,  etc.,  shall  be  conducted 
in  steam-tight  kettles,  boilers,  or  cauldrons,  from  which 
the  foul  vapors  shall  first  be  conducted  througli  scrub- 
bers or  condensers,  and  then  into  the  back  part  of  the 
ashpit  of  the  furnace  fii'e,  to  be  consumed.  When  bones 
are  being  dried  after  boiling,  they  shall  be  placed  in 
closed  chambers,  through  which  shall  be  passed,  by 
means  of  pipes,  large  volumes  of  fresh  air,  the  outlet 
pipe  terminating  in  the  flre-pit. " 

Out- Cleaning. — The  utilization  of  the  small  intestines 
of  animals  for  sausage  skins  and  the  manufacture  of  cat- 
gut is  necessarily  accompanied  by  a  great  deal  of  stench 
from  the  foul-smelling  contents  of  the  guts  and  the  de- 
composition of  animal  matter.  "  The  processes  should  be 
carried  on  away  from  habitations;  the  guts,  etc.,  should 
not  be  allowed  to  come  in  a  foul  state,  but  must  be  util- 
ized immediately,  and  proper  precautions  taken  to  let  no 
foul  matter  cling  to  the  floor  or  surfaces  of  the  establish- 
ment. This  may  be  accomplished  by  the  use  of  plenty 
of  water.  The  water  in  the  tank  where  the  intestines 
are  macerated  may  be  disinfected  by  a  weak  solution  of 
chloralum  or  chlorinated  soda."''  Parent-Duchatelet 
(Tardieu)  denies  that  gut-cleaning  is  harmful  to  health. 

Tlie  Manufacture  of  Soap.— Soap  is  manufactured  from 
fat  and  alkalies.  It  may  become  a  nuisance:  (1)  On  ac- 
count of  the  large  quantity  of  fat,  tallow,  and  tat  animal 


residue,  which  are  collected  from  all  animal  waste  matter, 
and  which  are,  by  the  time  they  reach  the  soap  factory,  in 
a  decomposing  state.  (2)  By  the  processes  inherent  in  fat 
rendering.  (3)  By  the  odors  arising  from  the  huge  vats 
and  tanks  where  the  fat  is  being  boiled  with  the  alkaline 
lye.  The  prevention  of  the  first  nuisance  is  accomplished 
by  insisting  that  only  fat  in  a  fresh  state  shall  be  allowed 
in  the  soap  factories.  The  means  of  preventing  fat-melt- 
ing and  rendering  from  becoming  a  nuisance  have  already 
been  described.  The  nuisances  caused  by  the  odors  aris- 
ing from  the  boiling  tanks  can  be  prevented  by  fitting 
these  with  covers,  and  conducting  the  vapors  either  out- 
side through  a  tall  chimney,  or,  as  in  fat-rendering, 
through  proper  condensers. 

Olycerin. — When  the  fatty  acids  of  the  fats  in  soap 
manufacture  combine  with  the  alkalies,  the  base  left  is  a 
residue  in  the  form  of  glycerin,  which,  before  being  fitted 
for  the  market,  must  be  refined  several  times.  During 
this  process  sweetish  unpleasant  odors  are  given  off, 
which  can  be  prevented  by  the  same  means  as  those 
which  are  used  in  treating  odors  from  fat  rendering. 

Qlue-Making.' — All  kinds  of  animal  waste  matter,  hoofs, 
horns,  skin  scraps,  leather  scraps,  etc.,  are  used  for  the 
extraction  of  glue.  As  in  the  other  processes  employed 
for  the  utilization  of  all  animal  waste  matter,  the  nui- 
sance comes  from  the  decomposing  material,  from  the 
odors  given  out  during  boiling,  etc.,  and  from  the  offen- 
sive residue  or  "  scrutch. "  The  remedies  are  the  same  as 
in  other  kindred  processes. 

Treating  and  Tanning  of  Skins  and  Hides. — Animal 
skins,  before  they  are  converted  into  lasting  leather, 
must  go  through  a  number  of  complicated  processes. 
In  the  scraping,  salting,  hairing,  brining,  liming,  puering, 
tanning,  curing,  and  other  processes  very  offensive  and 
disgusting  odors  often  arise;  and  in  liming  some  sul- 
phureted  hydrogen  may  also  be  evolved.  The  process 
named  "  puering  "  consists  in  soaking  the  hides  in  a  liquid 
composed  of  dog's  dung.  Tanning  establishments  should 
not  be  allowed  in  residential  localities.  The  various 
manipulations  may  be  done  with  little  offence  if  the  places 
are  properly  constructed  and  well  kept. 

Manufacture  of  Other  Substances. — Among  the  other 
substances,  the  manufacture  of  which  may  become  offen- 
sive, are  the  following :  Illuminating  gas,  petroleum  re- 
fining, distilling,  brewing,  vinegar-making,  sugar-refin- 
ing, boiling  of  oil,  manufacture  of  varnish,  cooking,  etc. 

Illuminating  Oas. — The  nuisance  caused  by  the  pres- 
ence of  gas  works  in  populous  localities  is  due  to  various 
gases  and  odors  given  off,  during,  the  many  stages  required, 
in  the  process  of  distilling  gas  from  bituminous  coal.  The 
process  especially  objectionable  is  the  "liming,"  or  pass- 
ing the  gas  through  a  closed  chamber  filled  with  quick- 
lime, which  is  afterward  deoxidized  and  gives  off  ammo- 
nium sulphide  and  sulphureted  hydrogen.  Oxide  of  iron 
has  been  substittited  for  quicklime,  with  a  material 
lessening  of  offensiveness.  Notwithstanding  all  the  care 
employed  and  despite  the  modern  inventions  of  con- 
densers, scrubbers,  and  other  means  for  destroying  and 
absorbing  offensive  gases  during  the  manufacture  of 
illuminating  gas,  this  business  is  still  quite  a  nuisance  to 
a  neighboi'iiood,  and  the  best  remedy  is  to  remove  it  as 
far  as  possible  from  habitations. 

In  the  processes  of  refining  petroleum,  offensive  odors 
aie  given  off.  These  are  due  to  the  escape  of  fumes  during 
its  distillation,  as  well  as  during  the  agitation  of  the  refuse 
or  "sludge"  acid  with  alkaline  solutions.  Goldsmith 
recommends  that  the  wash  water  from  the  agitators  should 
be  passed  through  a  series  of  troughs  furnished  with  cross 
slots,  to  retain  all  oily  or  tarry  matter ;  and  the  treatment 
of  the  sludge  sliould  be  carried  on  at  a  distance  from 
crowded  neighborhoods. 

The  nuisances  caused  in  the  processes  of  brewing,  dis- 
tilling, sugar  refining,  and  other  industries  mentioned, 
consist  in  the  odors  given  off  at  certain  stages  of  manu- 
facture and  may  be  prevented  by  the  same  methods  as 
those  described  in  the  section  on  Fat  Rendering. 

Tracy  lays  down  the  principles  of  controlling  the  nui- 
sance caused  by  the  odors  and  vapors  which  are  given  off 
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cluving  the  manufacture  of  various  substances  as  follows; 
(1)  Conveying  and  storing  in  tight  vessels.  (2)  Substi- 
tution of  less  oSensive  processes  for  the  more  offensive. 
(3)  Proper  construction  of  the  places  where  nuisances 
arise.  (4)  The  use  of  plenty  of  water,  proper  cleanli- 
ness, and  drainage.  (5)  The  destruction  of  all  offensive 
odors  by  passing  them  through  condensers,  etc.,  and 
from  there  into  the  lire  pits  where  they  will  be  consumed. 

Oases  and  Vapors. — The  number  of  the  trades  which 
may  become  a  nuisance  to  the  community  on  account  of 
the  vapors,  acid  fumes,  and  gases  which  are  evolved  in  their 
processes,  and  are  allowed  to  escape  into  the  surrounding 
air-,  is  very  large.  Among  the  more  important  of  these 
are  all  the  chemical  trades;  the  manufacture  of  alkalies, 
ammonia,  bleaching  powder,  soda,  and  glass;  assaying, 
smelting,  and  the  manufacture  of  jewelry,  lead  paint, 
certain  drugs,  etc. 

The  nuisance  created  by  all  of  these  trades  can  be 
summed  up  in  the  following :  (1)  Odors  offensive  to  the 
neighborhood.  (2)  Deleterious  gases.  (3)  Destruction 
of  vegetation  in  the  neighborhood. 

The  remedies  advised  for  the  prevention,  or  at  least 
mitigation,  of  the  nuisances  are :  (1)  Removal,  whenever 
possible,  from  crowded  localities.  (2)  Dilution  of  the 
gases  and  vapors  by  air.  (3)  Condensation  of  gases  by 
coohng  them  with  water,  by  passing  them  once,  or  sev- 
eral times,  either  through  condensers  filled  with  water  or 
through  scrubbers  filled  with  wet  coke.  (4)  Absorption 
through  discharging  all  gases  into  fire-pits,  where  they 
are  destroyed  by  the  action  of  fire,  or  by  passing  them 
through  neutralizing  substances,  which  are  of  course 
different  for  each  of  the  different  gases. 

George  M.  Price. 
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OCCUPATION  DISEASES.  See  Caisson  Disease; 
Bands  and  Fingers,  etc.;  Lead  Poisoning ;  Lungs,  Dis- 
eases of :  Pneumotwkoniosis ;  Siderosis  ;  etc. 

OCEAN  SPRINGS. —  Jackson  County,  Mississippi. 
Post-Office. — Ocean  Springs.     Hotels. 

This  is  a  station  on  the  railroad  between  New  Orleans 
and  Mobile,  eighty-three  miles  east  of  the  former,  and 
fifty-seven  miles  west  of  the  latter.  It  may  also  be 
reached  by  coast  steamers  from  either  city.  The  name  of 
the  springs  is  derived  from  their  proximity  to  the  gulf, 
the  beach  being  but  half  a  mile  distant.  According  to 
Walton  the  springs  are  most  resorted  to  by  citizens  of 
New  Orleans  and  Mobile.  The  following  analysis  was 
made  by  Prof.  J.  Lawrence  Smith : 


One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 47-77 

Potassium  chloride Trace. 

Calcium  chloride 3.88 

Magnesium  chloride 4.97 

Ferrous  oxide 4.71 

Organic  matter Trace. 

Ammonia Trace. 

Iodine Trace. 

Total 61.33 

Gases.  Cu.  in. 

Sulphureted  hydrogen 1.28 

Carbonic  acid 9.79 

The  water  is  a  potent  chalybeate,  the  iron  being  no 
doubt  held  in  solution  in  the  form  of  a  carbonate.  The 
unusual  combination  of  carbonate  of  iron,  chloride  of  so- 
dium, and  sulphureted  hydrogen  especially  adapts  this 
water  to  the  treatment  of  diseases  of  the  skin  in  persons 
of  a  scrofulous  diathesis.  James  K.  Crook. 

OCHEE  SPRINGS.— Providence  County,  Rhode  Island. 
Post-Officb. — Johnston. 

The  Ochee  Springs  are  not  properly  a  health  resort,  al- 
though there  are  many  visitors  in  pleasant  weather. 
There  are  a  number  of  springs  in  the  neighborhood,  but 
only  one  is  improved  at  the  present  time.  The  following 
analysis  was  made  by  Prof.  John  H.  Appleton,  of  Brown 
University : 


One  United  States  Gallon  Contains: 


Grains. 


Solids. 

Magnesium  carbonate 1.13 

Calcium  carbonate 3.20 

Calcium  sulphate 44 

Potassium  sulphate 88 

Sodium  sulphate 41 

Sodium  chloride 57 

Iron  oxide  and  alumina 75 

Insoluble  mineral  matter 58 

Organic  and  volatile  matter 87 

Undetermined 15 


Total 


This  water  is  pure  and  wholesome,  and  is  said  to  act  as 
a  mild  cathartic  and  diuretic  when  used  continuously.  It 
has  been  accorded  a  considerable  reputation  as  an  auxiliary 
in  the  treatment  of  kidney,  liver,  and  stomach  troubles. 
The  water  is  used  commercially.  James  K.  Crook. 

OCHRONOSIS.    See  Pigment,  etc. 

OCONEE  CHALYBEATE  SPRING.— Putnam  County, 
Georgia.     Post-Office.  — Eatonton. 

Lake  Eaton  branch  of  Central  Railroad  to  Eatonton, 
and  from  thence  by  private  conveyance  to  spring.  Tliis 
spring  has  had  considerable  local  reputation  for  a  number 
of  years.     The  waters  contain  the  following  ingredients: 

Iron  carbonate. 
Calcium  carbonate. 
Potassium  sulphate. 


Calcium  sulphate. 
Sodium  chloride. 
Silica. 


The  iron  is  insufficient  in  quantity  to  warrant  us  in 
placing  the  water  in  the  chalybeate  class.  The  flow  is 
small  but  constant,  the  water  issuing  from  a  fissure  in  a 
granite  rock.  James  K.  Crook. 

OCONEE     WHITE      SULPHUR      SPRINGS.  — Hall 

County,  Georgia.  Post-Officb.— Bowdre.  Hotel  and 
cottages. 

Location,  six  miles  from  Gainesville  and  two  miles  trom 
Sulphur  Springs  Station,  on  the  Southern  (Richmond  and 
Danville)  Railroad.     Hacks  meet  all  trains. 

This  is  one  of  the  most  attractive  watering-places  of 
the  South.  Long  before  the  war  Southerners  of  wealth 
and  fashion  gathered  there  annually.  A  few  years  ago 
the  property  was  purchased  by  Mr.  Ferdinand  Phmizy, 
of  Athens,  and  many  improvements  were  made.  The 
old  buildings  were  torn  down  and  a  large,  well-appointed 
hotel  and  handsome  cottages  were  erected.  The  excellent 
and  liberal  management  has  kept  the  place  popular,  and 
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it  now  numbers  among  its  guests  visitors  from  far  and 
near.  No  analysis  is  furnislied,  but  the  waters  are  said 
to  be  valuable  in  rheumatism,  dyspepsia,  and  diseases  of 
the  blood.  There  are  also  bathing  conveniences,  includ- 
ing shower  and  plunge  baths  and  a  large  swimming  pool. 

James  E.  Crook. 

ODONTOMA.— This  term  has  been  applied  in  a  gen- 
eral sense  to  a  great  variety  of  tumors  arising  in  connec- 
tion with  the  teeth — from  the  tooth  follicle,  the  dentine, 
the  cement,  the  enamel,  the  tissue  about  the  tooth,  or 
from  the  tooth  structure  as  a  whole.  Different  names 
have  been  apphed  to  these  growths  by  various  authors, 
and  at  present  the  classification  of  tliese  tumors  is  in  a 
confused  state.  The  majority  of  the  observations  are 
rather  old,  very  little  study  having  been  made  recently 
of  this  subject.  By  most  writers  the  term  odontoma  is 
limited  to  those  growths  which  arise  at  an  early  period  of 
development  of  the  tooth  before  the  formation  of  the  den- 
tine. Those  developing  during  later  life  from  the  den- 
tine, cement,  or  enamel  of  the  mature  tooth  are  classed 
as  odontinoids.  These  are  further  divided  into  dentinoids, 
arising  from  the  dentine;  emailloids,  arising  from  the 
enamel ;  dentalosteoma,  arising  from  the  cement.  The  true 
odontomata  are  rare,  and  for  the  greater  part  form  soft 
growths  corresponding  to  the  stage  of  development  of 
the  tooth,  and  presenting  such  varied  appearances  as  to 
justify  the  diagnosis  of  mj'xoma,  cystoma,  sarcoma,  or 
fibroma.  Dentine  may  develop  later  in  the  tumor,  the 
growth  becoming  hard,  and  after  complete  dentification 
stationary  in  development.  Occasionally  they  may  reach 
such  a  size  as  to  cause  erosion  of  the  jaw  bone.  They 
may  be  single  or  multiple.  They  are  usually  irregular 
or  nodular;  after  dentification  they  resemble  dentine  in 
structure.  The  odontinoids  are  usually  very  small  and 
unimportant  excrescences  of  the  teeth,  which  are  more 
of  the  nature  of  inflammatory  hyperplasias  than  of  true 
tumors,  and  are  found  in  pathological  conditions  of  the 
teeth,  particularly  in  association  with  diseased  roots.  In 
caries  of  the  teeth  there  may  arise  from  the  exposed  pulp 
masses  of  granulation  tissue  of  a  polypoid  character,  the 
so-called  pulp-polyps  or  pulp-granulomata. 

The  cystic  tumors  found  in  the  jaw  are  sometimes  in- 
cluded with  the  odontomata,  but  by  other  writers  are 
placed  in  a  class  by  themselves.  Three  forms  of  these 
cysts  occur :  follicular  and  periosteal  cysts  and  the  multi- 
locular  cystoma.  The  follicular  cysts  are  found  only  dur- 
ing the  period  of  dentition.  They  are  usually  monolocu- 
lar,  rarely  multilocular  cysts,  having  a  wall  lined  by 
cylindrical  epithelium.  With  the  exception  of  those 
arising  from  the  wisdom  teeth  they  develop  at  an  early 
age  and  grow  slowly,  taking  several  years  to  reach  an 
important  size.  They  arise  from  the  cystic  degeneration 
of  a  normal  tooth  follicle,  or  from  supernumerary  folli- 
cles or  Anlage.  In  tlie  cyst  cavities  there  are  occasionally 
found  imperfectly  developed  teeth.  The  periosteal  cysts 
arise  chiefly  as  a  result  of  chronic  inflammatory  processes 
affecting  the  roots;  they  are  termed  a,ccorAmg\y  periden- 
tal, periodontal,  subperiosteal,  or  root  cysts.  A  portion  of 
these  formations  arise  from  collections  of  pus  beneath  the 
periosteum ;  others  take  their  origin  from  granulation  tis- 
sue growing  about  the  roots.  The  inner  side  of  the  gran- 
uloma is  lined  with  epithelium  derived  from  the  remains 
of  the  epithelium  of  the  cement.  The  granulation  tissue 
may  become  converted  into  a  firm  fibrous  capsule  form- 
ing the  cyst  wall,  the  root  of  the  tooth  projecting  into 
the  cavity  of  the  cyst.  Proliferation  of  the  epithelium 
lining  the  cyst  may  lead  to  appearances  similar  to  those 
of  dermoid  cysts.  More  frequently  the  cysts  contain  a 
clear,  mucoid,  or  thick  brown  fluid.  They  occur  most 
frequently  in  the  upper  jaw.  Carcinoma  may  take  its 
rise  from  the  epithelium  of  the  cyst  wall.  The  multilocu- 
lar cystomataoi  the  jaware  very  rare  tumors,  taking  their 
rise  from  the  follicle ;  epithelial  proliferations  from  the 
follicle  forming  alveolar  or  gland-like  structures,  which 
become  cystic.  The  cyst  walls  are  usually  very  thin. 
The  growths  may  reach  a  large  size,  and  cause  great  de- 
struction of  the  jaw  bone.     Though  seldom  becoming 


carcinomatous  the  cysts  cause  great  enlargement  and 
atrophy  of  the  bone,  the  bony  layer  over  the  cysts  being 
sometimes  as  thin  as  paper,  or  in  other  cases  the  bone 
may  entirely  disappear,  leaving  the  cyst  covered  only  by 
periosteum. 

Sutton  ("  Tumors  Innocent  and  Malignant ")  defines  the 
odontoma  as  a  tumor  composed  of  dental  tissues  in  vary- 
ing proportions  and  different  stages  of  development,  aris- 
ing from  teeth  germs,  or  from  teeth  still  in  the  process 
of  growth.  He  classes  them,  according  to  the  part  of  the 
tooth  germ  concerned  in  their  formation,  as  follows:  (1) 
Epithelial  Odontoma,  from  the  enamel  organ;  (2)  Follicu- 
lar Odontoma;  (3)  Fibrous  Odontoma;  (4)  Oementoma; 
(5)  Compound  Follicular  Odontoma,  all  from  the  tooth 
follicle;  (6)  Radicular  Odontoma,  from  the  papilla;  (7) 
Composite  Odontoma  from  the  whole  germ.  For  a  de- 
scription of  these  varieties  and  for  illustrations  of  cases 
the  reader  is  referred  to  this  work. 

Aldred  Scott  M'artJiin. 

(EDEMA. — ^(Hydrops,  dropsy.)  An  increase  in  the 
amount  of  lymph  within  the  tissue  spaces  or  serous  cav- 
ities is  known  as  (edema  or  dropsy.  The  fluid  itself  is  oft- 
en called  a  transudate ;  but  at  the  present  time  the  dis- 
tinctions formerly  held  between  oedema  and  inflammatory 
exudate,  and  transudate  and  exudate,  are  no  longer  em- 
phasized, inasmuch  as  the  essential  etiological  factors  are 
common  to  both.  Various  specific  terms  are  employed 
to  denote  the  portion  of  the  body  affected  by  the  condi- 
tion of  oedema,  as,  for  example,  hydrops  is  usually  limited 
to  the  collection  of  fluid  within  the  body  cavities,  cedema 
to  the  collection  of  fluid  within  the  lymph  spaces  of  the 
connective  tissue  or  parenchymatous  organs,  anasarca  or 
hydrosarca  to  an  oedematous  condition  of  the  skin  or  sub- 
cutaneous tissues,  ascites  to  the  collection  of  fluid  within 
the  peritoneal  cavity;  while  hydrothorax,  hydropericar- 
dium,  hydrocele,  hydrophthalmos,  hydrocephalus  internus, 
hydr'arthros,  hydrops  bursarum,  etc.,  are  used  to  designate 
the  collection  of  fluid  in  the  pleural  cavity,  pericardium, 
scrotum,  eye,  cerebral  ventricles,  joints,  bursse,  etc.,  re- 
spectively. Localizations  of  oedema  of  great  importance 
clinically  are  designated  as  adema  of  the  lungs,  xdemM  of 
tlie  glottis,  etc.  The  cedematous  swelling  of  the  present- 
ing portion  of  the  foetal  head  is  known  as  caput  succeda- 
■nsum.  (Edematous  conditions  of  the  conjunctiva  are 
termed  chemosis  serosa.  The  term  dropsy  in  strict  use 
should  be  confined  to  the  collection  of  fluid  within  the 
body  cavities,  but  is  applied  in  a  loose  way  to  any  oede- 
ma or  collection  of  fluid  of  such  extent  as  to  be  evident 
by  the  ordinary  methods  of  physical  examination. 

Zj/7njj/i.— Since  oedema  is  a  pathological  Increase  of  the 
lymph,  it  follows  that  the  production  of  the  former  nmst 
depend  upon  a  disturbance  of  the  normal  mode  of  lymph 
production.  The  clear  watery  fluid  which  permeates  the 
intercellular  spaces  of  the  tissues  and  bathes  the  serous 
surfaces  is  known  as  the  lymph.  Its  chief  source  is  the 
blood,  and  its  constituents  are  passed  through  the  walls 
of  the  blood-vessels  by  processes  of  diffusion,  filtration, 
and  specific  secretory  activity  of  the  cells  of  the  vessel 
walls.  Under  certain  conditions  the  fluid  of  the  cells  and 
other  constituents  of  the  tissues  may  also  pass  into  the 
free  fluid  of  the  tissue  spaces.  According  to  Heidenhain 
the  lymjjh  is  composed  of  fluid  derived  from  the  blood, 
the  lymph  of  the  organ  under  consideration,  and  the 
water  contained  in  the  tissue  cells  and  fibres.  The  ulti- 
mate source  is,  of  course,  the  blood.  Formerly  regarded 
as  a  passive  filtration  from  the  blood-vessels,  the  forma- 
tion of  lymph  is  now  considered  by  the  majority  of  in- 
vestigators to  be  of  the  nature  of  a  secretion  of  the  cells 
forming  the  capillary  walls.  In  support  of  the  view  of 
the  selective  action  of  the  blood-vessel  walls  are  the  facts 
that  the  composition  of  the  lymph  differs  greatly  from 
that  of  the  blood  plasma,  and  differs  also  in  its  composi- 
tion in  different  parts  of  the  body;  further,  under  cer- 
tain conditions  it  may  contain  more  salts  and  extractives 
(urea  and  sugar)  than  the  blood.  The  rapid  passage  of 
crystalloid  substances  from  the  capillaries  into  the  lymph 
is  also  a  strong  point  in  favor  of  the  view  that  the  proc- 


334 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Odomtonia. 
(Edema, 


ess  is  not  one  of  mere  diffusion,  but  is  tlie  result  of  a  force 
inherent  in  the  cells  of  the  vessel  walls.  According  to 
Heidenhain  the  specific  function  of  the  capillary  walls 
plays  a  controlling  part  in  the  formation  of  lymph.  Cer- 
tain substances  injected  into  the  blood-vessels  increase 
the  production  of  lymph  (extracts  of  leeches,  mussels, 
crabs,  peptone,  etc.);  and  it  is  also  possible  that  the  cap- 
illary secretion  is  directly  under  nerve  influence.  It  is 
very  probable  that  certain  oedematous  conditions  of  the 
skin  (urticaria,  herpes  zoster,  etc.)  are  partly  intoxica- 
tions and  in  part  due  to  nervous  disturbances.  The 
function  of  the  lymph  is  the  conveyance  of  nutrition  to 
the  cells  and  the  removal  of  their  waste  products.  From 
the  lymph  spaces  the  fluid  is  gathered  into  the  lymph 
vessels  passing  to  the  lymph  nodes,  from  which  it  is 
passed  on  to  the  veins  by  the  larger  lymph  ti'unks.  Not 
all  the  lymph  is  returned  in  this  manner ;  a  portion  is  un- 
doubtedly taken  up  directly  into  the  blood-vessels;  or 
at  least  in  some  of  the  lymph  nodes  a  portion  is  taken  up 
by  the  capillaries  of  the  lymphoid  tissue. 

Etiology  of  ffinEMA.— It  follows  that  as  oedema  is 
the  result  of  an  increase  in  the  amount  of  lymph,  such 
an  increase  may  be  brought  about  either  by  an  increase 
in  the  amount  of  fluid  passed  out  of  the  capillaries,  or  by 
some  obstruction  to  the  outflow  of  lymph  through  the 
lymphatics.  In  general,  the  causes  of  oedema  are  the 
various  pathological  conditions  which  may  influence  the 
process  of  lymph  formation.  The  increased  production 
of  lymph  may  be  due  to  an  increase  of  the  vascular  se- 
cretion, or  to  an  increased  permeability  of  the  vessel 
wall.  These  conditions  may  be  brought  about  by  in- 
crease of  blood  pressure,  by  pathological  alterations  in  the 
vessel  walls,  or  by  the  direct  action  of  certain  substances 
either  upon  the  cells  of  the  vessel  walls  or  upon  the 
nerves  governing  these,  stimulating  the  capillaries  to  in- 
creased secretion.  Within  certain  limits  an  increase  in 
lymph  production  is  equalized  by  an  increase  in  lymph 
absorption  through  the  lymphatics  and  also  through  the 
blood-vessels.  Beyond  this  limit  there  arises  a  more  or 
less  permanent  over-saturation  of  the  tissues  with  lymph, 
and  the  condition  of  oedema  is  established. 

According  to  etiology  four  general  classes  of'  osdema 
may  be  distinguished:  (edema  from  stagnation  of  the 
blood,  that  resulting  from  obstruction  to  the  outflow  of 
lymph,  that  caused  by  disturbance  of  capillary  secretion, 
and  (Bdema  ex  nacuo.  Clinically,  a  great  number  of  va- 
rieties may  be  recognized :  toxic,  tliermal,  traumatic,  in- 
flammatory, cachectic,  infectious,  hydrmmic,  anmmic,  neu- 
ropathic, etc.,  but  all  of  these  fall  within  the  four 
etiological  classes  above  named,  the  great  ma,iority 
belonging  to  the  third  class,  namely,  that  produced  by 
disturbance  of  the  capillary  secretion  through  alterations 
in  the  vessel  walls. 

Etiological  Vabieties  of  (Edema. — (Edema  of  Stag- 
nation.—FoUowing  an  obstruction  to  the  onward  flow  of 
the  blood,  resulting  from  ligation  or  occlusion  of  the 
main  venous  trunks,  or  in  general  venous  congestion, 
due  to  insufficiency  of  the  heart,  the  capillary  pressure 
rises  and  an  abnormal  secretion  of  lymph  takes  place. 
That  the  oedema  is  due  directly  to  the  increased  blood 
pressure  within  the  capillary  cannot  be  said  to  have  been 
definitely  proved.  It  is  probable  that  as  a  result  of  the 
increased  pressure  the  cells  of  the  capillary  walls  are 
stimulated  to  increased  secretory  activity.  It  is  also 
probable  that  degenerative  changes  in  the  endothelium 
result  from  the  distention  of  the  vessel,  so  that  as  a  con- 
sequence of  an  increased  permeability  of  the  wall  serous 
transudation  occurs.  The  fact  that  in  many  cases  no 
changes  in  the  vessel  walls  of  an  oedematous  area  can 
be  found  favors  the  theory  of  increased  secretion.  In 
chronic  congestion  the  occurrence  of  oedema  is  also  fa- 
vored by  the  resulting  loss  of  elasticity  of  the  tissues 
about  the  vessels.  An  increase  of  arterial  pressure  does 
not  give  rise  to  oedema  so  long  as  the  venous  return  is 
unimpeded,  but  in  all  cases  of  passive  congestion  there 
is  an  increased  formation  of  lymph.  This  may  be  com- 
pensated for  by  an  increased  flow  of  lymph,  but  beyond 
a  certain  limit  the  fluid  collects  in  the  tissues.    In  caseS 


of  general  passive  congestion  the  oedema  first  shows  itself 
m  the  most  dependent  parts  of  the  body,  the  influence  of 
gravity  favoring  the  greatest  increase  of  pressure  in  the 
vessels  of  these  parts.  As  in  general  passive  congestion 
there  is  some  obstruction  to  the  discharge  of  the  large 
lymph  trunks  into  the  veins,  the  lymph  of  the  tissues  is 
not  removed  so  rapidly  as  normally.  Local  passive  con- 
gestion gives  rise  to  local  oedema;  thrombosis  of  the 
femoral  vein  causing  oedema  of  the  lower  extremity,  oc- 
clusion of  the  portal  circulation  being  followed  by  ascites, 
etc.  The  fluid  in  oedema  of  stagnation  always  contains 
but  a  slight  amount  of  albumin.  With  increase  of  press- 
ure the  amount  rises,  and  a  varying  number  of  red  cells 
may  escape  from  the  vessels  into  the  lymph. 

(Edema  Caused  by  Obstruction  to  the  Lymph  Circulation. 
—It  has  been  shown  by  a  number  of  investigators  that 
obstruction  to  the  current  in  the  lymph  vessels  is  not  as  a 
rule  followed  by  oedema,  on  account  of  the  numerous  and 
universal  collateral  anastomoses,  and  also  for  the  reason 
that  the  lymph  may  be  reabsorbed  by  the  blood-vessels. 
An  actual  obstruction  to  the  lymphatic  circulation  can, 
therefore,  hardly  occur  except  in  the  case  of  the  main 
lymphatic  trunks.  Even  in  these  cases,  if  the  production 
of  the  lymph  remains  normal,  collateral  channels  may 
be  developed,  sufficient  to  carry  off  the  lymph  without 
causing  osdema.  According  to  Baldaert  the  total  occlu- 
sion of  all  the  lymph  vessels  of  a  part  may  give  rise  to  a 
pure  lynjphatic  oedema,  which  in  the  case  of  increased 
formation  of  lymph  may  develop  into  a  tissue  oedema. 
Obstruction  of  the  thoracic  duct  by  tumors,  aneurisms, 
etc.,  is  usually  followed  by  chylous  ascites.  Even  in  this 
event  a  collateral  circulation  may  be  set  up ;  but  in  other 
cases  the  rupture  of  the  receptaculum  chyli  gives  rise  to 
a  chronic  chylorrhoea  into  the  peritoneal  cavity.  In  the 
case  of  oedema  caused  by  stagnation  lymphatic  obstruc- 
tion causes  a  great  increase  in  the  degree  of  the  oedema 
present. 

(Edema  Caused  by  Disturbances  of  Capillary  Secretion. — 
As  the  result  of  chemical  changes  in  the  blood,  imperfect 
oxygenation,  anaemia,  infections,  intoxications,  long-con- 
tinued passive  congestion,  trauma,  effects  of  low  or  high 
temperatures,  etc.,  certain  pathological  altei'ations  in  the 
walls  of  the  vessels  may  be  produced,  of  such  a  nature 
as  to  cause  an  increase  in  the  secretion  of  the  vessel  walls 
and  give  rise  to  oedema.  The  exact  nature  of  the  changes 
we  are  at  present  unable  to  state ;  in  some  cases  the  en- 
dothelial cells  appear  granular,  cloudy,  and  are  exfo- 
liated ;  in  other  cases  no  changes  in  the  cells  can  be  dis- 
covered. It  is  also  possible  that  alteration  of  the  cement 
substance  between  the  cells  favors  an  increased  transuda- 
tion of  fluid.  The  forms  of  oedema  produced  by  the 
above-named  factors  are  known  clinically  as  toxic,  infec- 
tious, neuropathic,  inflammatory,  etc. 

(Edema  ex  Vacuo. — After  degeneration  or  necrosis  of 
portions  of  the  tissue  of  brain  or  spinal  cord  the  necrosed 
material  is  absorbed  and  the  defect  becomes  filled  with 
fluid  of  a  very  low  specific  gravity  and  containing  but  a 
small  amount  of  albumin.  In  atrophy  of  the  brain  and 
cord  the  subarachnoidal  space  and  the  ventricles  may  be- 
come enlarged  and  filled  with  a  similar  fluid.  This  proc- 
ess may  be  regarded  as  being  of  the  nature  of  a  compen- 
satory attempt  to  restore  the  normal  tension  of  the  part. 

Nature  of  the  Tkansudatb.— The  fiuid  of  oedema  is 
usually  colorless  or  pale  3'ellow,  clear,  and  of  alkaline 
reaction.  A  few  leucocytes  and  red  cells  are  usually 
present.  In  cases  with  accompanying  icterus  the  fluid 
may  be  yellow  or  even  brownish.  An  excessive  number 
of  red  cells  may  give  it  a  reddish  tinge.  The  collections 
of  fluid  in  the  serous  cavities  are  more  likely  to  vary  in 
color  in  a  noticeable  degree,  and  usually  contain  flakes  of 
fibrin.  Occasionally  they  may  contain  large  numbers  of 
desquamated  endothelial  cells,  leucocytes,  or  fat  drop- 
lets. After  rupture  of  chyle  vessels  the  admixture  of 
chyle  with  the  fluid  of  an  existing  ascites  may  produce  a 
milky  turbidity  of  the  ascitic  fluid.  In  other  cases  the 
milky  appearance  of  transudates  may  be  caused  by  a 
precipitation  of  albumin.  The  chemical  composition  of 
transudates  is  closely  related  to  that  of  the  blood  plasma. 
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The  amount  of  proteids,  salts,  and  extractives  is  a  vary- 
ing one,  and  is  usually  less  than  that  of  the  blood.  Un- 
der certain  conditions  the  salts  and  extractives  may  occur 
in  greater  amounts  than  in  the  blood,  but  the  amount  of 
albumin  is  always  much  less.  The  fibrin-forming  ele- 
ments may  be  absent  or  present  in  small  amount.  Mu- 
cin is  occasionally  present.  The  proportion  of  albumin 
in  pure  transudates  varies  greatly  in  different  parts  of 
the  body.  According  to  Reuss,  the  proportion  of  albu- 
min in  pleural  transudations  is  ii.5per  mille,  in  pericar- 
dial 18.3,  in  peritoneal  11.1,  in  the  fluid  of  subcutaneous 
cedema  5.8,  in  that  of  cerebral  and  spinal  cavities  1.4. 

The  following  table  of  the  specific  gravity  and  albu- 
min content  of  certain  transudates  is  given  by  Thoma; 


Ascitic  fluid  In  nepbrltis 

Ascitic  fluid  in  portal  obstruction  (cirrhosis) 
Ascitic  fluid  In  general  venous  congestion . . . 

P!  eural  effusion  In  nephritis 

Pleural  effusion  in  general  venous  congestion 
Transudates  of  varying  origin 


Specific 
gravity. 


1.006 
1.008 
1.012 

i.oor 

1.012 

1.007-1.011 


Per  cent,  of 
albumin. 


0.56 

.97 

1.96 

1.30 
0.05-1.1 


As  a  rule  the  specific  gravity  of  a  pure  transudate 
rarely  reaches  1.010,  usually  falling  below,  1.006-1.008. 
In  inflammatory  cedema  the  specific  gravity  may  reach 
1.016-1.020.  In  inflammatory  oedema  the  amount  of  al- 
bumin is  much  greater  than  in  pure  transudates.  The 
presence  of  abnormal  substances  in  the  blood  plasma 
(sugar,  uric  acid,  bile  pigments,  potassium  iodide,  phe- 
nol, etc.)  leads  to  the  presence  of  the  same  in  the  fluids 
of  the  tissues  and  body  cavities. 

Genbkal  Mobbid  Anatomy. — QSdematous  tissues  are 
usually  pale,  swollen,  and  as  the  result  of  the  deficient 
circulation  colder  than  normal.  The  degree  of  change 
varies  with  the  part  involved  and  the  structure  of  the 
tissue.  The  skin  and  subcutaneous  tissue  may  take  up 
an  enormous  amount'  of  fluid;  the  skin  may  become 
greatly  stretched,  and  an  extremity  may  swell  to  many 
times  its  normal  size.  As  a  result  of  this  extreme  disten- 
tion the  skin  at  first  becomes  greatly  thinned,  smooth, 
and  shining,  later  presents  linear  lines  of  rupture  from 
which  spontaneous  oozing  of  fluid  may  occur;  in  chronic 
oedema  the  skin  usually  becomes  thickened,  rough,  scaly, 
and  pigmented,  and  maj'  show  numerous  linese  albicantiae. 
The  most  characteristic  physical  sign  of  cedema  is  that  of 
pitting  on  pressure,  indentations  made  with  the  fingers  in 
cedematous  tissues  persisting  for  some  time,  because  of 
the  diminished  elasticity  of  the  tissues.  The  lymph 
spaces  of  the  skin  and  subcutaneous  tissues  may  become 
so  dilated  that  incision  into  these  allows  the  fluid  to  es- 
cape in  a  constant  stream.  The  appearance  of  the  incised 
tissue  is  that  of  a  partial  liquefaction,  so  great  may  be 
the  saturation  with  fluid.  (Edema  of  the  skin  usually 
appears  first  over  the  ankles  and  beneath  the  eyes.  The 
loose  integument  of  the  penis  and  scrotum  may  show  the 
most  extreme  degree  of  saturation. 

Collections  of  fluid  in  the  body  cavities,  when  extreme 
and  long  continued,  cause  dilatation  of  the  cavity  and 
compression  of  neighboring  organs.  The  serous  surfaces 
become  grayish  and  more  opaque  and  usually  present 
more  or  less  desquamation.  In  cedema  of  mucous  mem- 
branes the  mucosa  becomes  swollen,  pale,  grayish,  more 
or  less  translucent,  and  of  boggy  consistence.  In  the 
case  of  the  lung  the  alveolar  spaces  become  filled  with 
fluid,  the  presence  of  the  fluid  causes  a  loss  of  elasticity 
and  a  partial  atelectasis.  On  section  a  more  or  less  abun- 
dant frothy  fluid  escapes  from  the  cut  surface.  In 
marked  pulmonary  osdema  the  volume  and  weight  of  the 
organ  may  both  be  greatly  increased.  Solid  organs  like 
the  liver  and  kidney  from  the  nature  of  their  structure 
rarely  show  a  marked  condition  of  opdema.  When  pres- 
ent, the  cut  surface  of  tlie  organ  is  moist  and  glistening. 

The  microscopical  examination  of  cedematous  tissues 
shows  enlargement  of  the  tissue  spaces,  separation  of  the 
connective-tissue  fibrillte,  vacuolization  of  cells  and  nu- 


clei, and  the  presence  of  fine  albumin  granules  in  the 
spaces  occupied  by  the  fluid.  In  the  alveolar  spaces  of 
the  lungs  large  numbers  of  desquamated  epithelial  cells 
are  also  found.  In  chronic  oedema  hydropic  degener- 
ation of  some  of  the  constituents  of  the  tissue  may  take 
place.  As  a  result  of  the  lowered  resistance  of  cedema- 
tous tissues,  and  the  mechanical  injury  caused  by  stretch- 
ing, distention,  etc.,  secondary  inflammatory  changes  are 
of  frequent  occurrence  in  and  about  cedematous  tissues. 

Clinical  Vakiktiesof  (Edema. — Inflammatory  QMe- 
ma. — The  oedema  associated  with  inflammatory  processes 
is  not  of  the  nature  of  a  pure  transudate,  but  is  usually 
classed  under  the  head  of  exudates.  Its  etiology  is,  how- 
ever, to  be  sought  in  alterations  of  the  vessel  wall  similar 
to  those  which  give  rise  to  transudates,  though  of  a  more 
marked  character.  It  occurs  as  circumscribed  or  difEuse 
swelling  of  tissues,  or  as  effusions  into  the  body  cavities. 
It  differs  from  transudates  iu  the  character  of  its  fluid, 
which  contains  much  more  albumin  and  greater  numbers 
of  red  cells  and  leucocytes,  and  a  much  greater  propor- 
tion of  fibrin-forming  elements.  It  may  be  caused  by  any 
of  the  factors — infectious,  toxic,  traumatic,  thermal,  etc. — 
that  give  rise  to  inflammation.  The  oedema  often  seen  in 
the  neighborhood  of  inflammations  is  known  as  collateral 
cedema.  Inflammatory  oedema  is  regarded  by  some  writ- 
ers as  representing  the  transition  stage  between  the  vascu- 
lar changes  that  give  rise  to  pure  transudates  or  oedema, 
and  those  which  lead  to  inflammatory  exudation. 

Tozie. — Heidenhain  found  that  intravascular  injections 
of  the  enzymes  of  the  salivary,  pancreatic,  and  gastric 
secretions,  peptone,  egg  albumen,  decoctions  of  the  mus- 
cles of  crabs  and  crayflsh,  etc.,  produced  a  marked  in- 
crease in  the  production  of  lymph.  He  explained  this 
phenomenon  as  due  to  the  stimulation  by  these  sub- 
stances of  the  secretory  functions  of  the  cells  of  the  ves- 
sel walls.  According  to  Hamburger  bacterial  products 
circulating  in  the  blood  may  either  increase  the  perme- 
ability of  the  capillary  wall  or  stimulate  the  endothelial 
cells  to  an  increased  or  abnormal  secretory  function.  A 
changed  chemical  condition  of  the  blood  may  have  a 
similar  action.  It  has  been  suggested  that  oedema  may 
be  caused  by  a  lack  of  oxygen,  the  resulting  chemical 
changes  in  the  blood  or  tissues  causing  an  increase  in 
osmotic  pressure  in  favor  of  the  tissues  over  the  blood  or 
lymph.  The  oedemas  formerly  regarded  as  cachectic  or 
hydremic  are  most  probably  caused  by  the  altered  func- 
tional activity  of  the  endothelium  due  to  changes  in  the 
composition  of  the  blood.  The  oedema  of  chronic  ne- 
phritis is  probably  to  be  explained  in  the  same  way.  The 
acute  cedematous  conditions  of  the  skin,  such  as  urtica- 
ria, are  also  due  wholly  or  in  part  to  intoxication.  The 
injection  of  certain  protective  or  curative  serums  (plague 
serum)  may  be  followed  by  extensive  urticaria,  or  even 
by  a  more  generalized  oedema. 

Hydrmmic  or  Cachectic  OLdema. — It  was  formerly  held 
that  a  hydrsemic  condition  of  tlie  blood,  due  either  to  a 
diminution  of  tlie  solids  of  the  blood  or  to  a  retention  of 
water,  could  be  a  direct  cause  of  an  increased  transuda- 
tion through  the  vessel  walls.  The  latter  were  believed 
to  behave  as  dead  animal  membranes,  and  the  process  of 
oedema  formation  to  be  one  of  pure  osmosis.  It  was 
shown  by  Cohnheim  that  hydrsemia  was  not  the  direct 
cause  of  oedema.  Even  when  the  blood  is  replaced  to  the 
extent  of  one-half  its  volume  by  decinormal  salt  solution, 
so  that  there  is  produced  a  marked  hypoalbuminosis,  no 
oedema  is  caused.  In  extreme  hydreemic  plethora,  cedema 
may  supervene  when  the  amount  of  water  in  the  blood 
becomes  very  great ;  but  it  does  not  develop  in  the  same 
regions  where  oedema  ordinarily  is  found.  Further,  the 
occurrence  of  one-sided  hydrothorax,  or  of  bilateral  hy- 
drothorax  with  unequal  amounts  of  fluid  in  the  two 
pleural  cavities,  must  be  taken  as  strong  evidence  of  dif- 
ferences in  the  structure  and  function  of  the  capillary 
walls  in  the  two  sacs.  In  general  it  may  be  said  that 
hydrsemia  does  not  produce  oedema,  but  only  favors  its 
occurrence.  The  oedemas  which  occur  in  chronic  anaemia, 
cachexias,  chronic  nephritis,  etc.,  are,  therefore,  to  be 
regarded  as  due  to  changes  produced  in  the  vessel  walls 
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by  the  altered  condition  of  the  blood  or  by  poisons  circu- 
lating in  the  blood.  By  Thoma  and  other  writers  it  is 
believed  that  cachectic  and  hydraemic  oedemas  are  due  to 
sclerotic  changes  in  the  vessel  walls  (angiosclerotic  oedema). 
A  loss  of  elasticity  of  the  tissues  may  also  favor  the  for- 
mation of  oedema  in  these  conditions.  The  fluid  of  hy- 
drsemic  or  cachectic  oedema  contains  but  a  small  amount 
of  albumin  as  compared  to  inflammatory  oedema. 

Neiiropathie  (Edema.  Angioneurotic  (Edema. — If  the 
production  of  lymph  is  dependent  upon  a  secretory  func- 
tion of  the  vessel  walls  it  is  very  probable  that  such 
function  is  under  nervous  control,  and  that  under  certain 
nervous  disturbances  an  oedema  may  arise  which  may 
properly  be  designated  as  neuropathic.  This  is  borne 
out  by  "many  clinical  observations.  In  hysterical  indi- 
viduals and  in  persons  who  have  been  hypnotized  local- 
ized oedemas  may  occur  that  admit  of  no  other  expla- 
nation. In  epilepsy  pale  or  red  areas  of  angioneurotic 
oedema  are  not  infrequently  seen,  in  the  shape  of  wheals, 
general  urticaria,  etc.  In  Basedow's  disease  urticaria 
not  infrequently  occurs,  as  well  as  circumscribed,  unilat- 
eral oedema  localized  in  the  hands  or  legs.  Erythema 
nodosum  and  herpes  zoster  are  also  regarded  as  partly 
toxic  and  partly  neuropathic.  (Edema  also  occurs  after 
spinal  paralysis;  and  in  hemiplegia  the  affected  side 
shows  a  more  or  less  well-marked  oedema.  According  to 
Janowski  the  severing  of  the  vaso-motor  nerves  in  con- 
ditions of  oedema  is  followed  by  a  great  increase  in  the 
amount  of  the  exudate.  Vaso-motor  disturbances  in 
myelitis,  tabes,  sciatica,  etc.,  are  also  associated  with  the 
production  of  oedema.  Toxic,  thermal,  or  traumatic  irri- 
tation of  the  nerves  may  also  lead  directly  to  oedema.  It 
must  be  borne  in  mind,  however,  that  many  writers  hold 
that  the  existence  of  a  purely  neuropathic  oedema  has  not 
yet  been  proved. 

(Edema  J^Mfira*.— Transitory  oedema  is  designated  by 
this  term.  The  majority  of  the  so-called  neuropathic 
cedemas  are  of  this  nature.  Transitory  oedema  is  of  not 
infrequent  occurrence  in  Basedow's  disease,  chlorosis, 
severe  anaemia,  hysteria,  etc.  Such  oedemas  usually  ap- 
pear during  the  day  and  disappear  after  a  night's  rest. 

FoUu  Dropsy  (Hydropsia  Spuria). — The  distention  of 
cavities,  chiefly  those  of  gland^,  following  stenosis  or  ob- 
literation of  the  gland  duct.  The  fluid  usually  results 
from  the  retention  of  secretions ;  it  may  be  a  thin  serous 
■or  a  thickened  mucous  fluid.  In  this  class  belong  hydro- 
nephros,  hydrosalpinx,  hydrops  cystidis  felleae,  hydro- 
metra,  hydrops  processus  vermiformis,  hydrops  sacci 
lacry mails,  etc. 

(Edema  Intermittens. — Intermittent  oedema  has  been 
described  in  cases  of  malaria,  and  in  febris  intermittens 
larvata.  The  whole  body  surface  may  be  involved,  but 
often  the  oedema  is  coniined  to  the  extremities,  thorax, 
■etc.  Intermittent  ascites  and  intermittent  hydrarthros 
have  also  been  observed. 

(Edema  Neonatorum  (Sclerema  or  Scleroma  Neona- 
t<frum).—A.  condition  of  the  skin  of  the  new-born  charac- 
terized by  an  infiltration  of  serum  into  the  subcutaneous 
tissue,  hardening  of  the  skin,  and  lowering  of  the  skin 
temperature.  Many  theories  have  been  adduced  in  ex- 
planation of  this  condition,  but  it  is  probable  that  scle- 
roma represents  a  symptom  complex  and  not  an  independ- 
ent disease.  The  majority  of  children  affected  are  those 
born  prematurely.  The  affection  begins  usually  on  the 
second  to  the  fourth  day.  After  the  eighth  day  it  is 
very  rare.  Congenital  cases  have  been  observed.  In  the 
majority  of  cases  the  condition  is  fatal.  The  oedema  has 
not  been  satisfactorily  explained,  but  is  probably  due 
to  changes  m  the  blood  following  cardiac  insufficiency, 
•deficient  oxygenation,  and  changed  chemical  nature  of 
the  blood  in  some  cases  due  to  intestinal  intoxication. 
D'Agata  is  of  the  opinion  that  the  condition  is  of  the  na- 
ture of  a  vaso-motor  and  trophic  vagus  neurosis. 

OccuRKBNCE  OP  (Edema.— (Edcmals  of  most  frequent 
•occurrence  in  all  forms  of  cardiac  insufficiency,  especially 
failure  of  compensation  in  valvular  disease,  chronic  ne- 
phritis, cirrhosis  of  the  hver,  chronic  anaemias,  and  ca- 
•chexia,  conditions  in  the  lungs  favoring  venous  stasis, 
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thrombosis  of  large  veins,  or  obstruction  of  these  by 
tumors.  In  cases  of  haemophilia  after  repeated  hemor- 
rhages oedema  often  occurs.  Myelitis  with  decubitus  is 
often  associated  with  oedema  of  the  lower  extremities. 
Mediastinal  tumors,  or  growths  arising  in  the  lungs  or 
bronchial  glands,  or  aneurism  may  cause  oedema  of  one- 
half  the  body  through  pressure  upon  the  large  veins.  In 
chronic  chloral  poisoning  general  oedema  of  the  skin  oc- 
curs, and  in  chronic  morphinism  oedema  of  the  face  has 
been  observed.  In  both  acute  and  chronic  rheumatism 
circumscribed  or  diffuse  oedema  often  appears  in  various 
parts  of  the  body ;  in  chronic  rheumatism  it  is  not  infre- 
quently associated  with  arteriosclerosis,  particularly  of  the 
arteries  of  the  foot  and  of  the  tibialis  posticus.  CEdema  is 
also  often  associated  with  arteriosclerosis  dependent  upon 
other  causes,  vessel  walls  which  show  sclerotic  changes 
being  more  permeable  than  normal  vessels.  In  cases  of 
cancer  and  ulcer  of  the  stomach  oedema  may  occur  after 
severe  hemorrhages.  In  chronic  tuberculosis  it  is  of  less 
common  occuiTence.  In  this  disease  it  is  more  often 
confined  to  one  of  the  lower  extremities,  usually  the  left, 
as  the  result  of  marantic  thrombi  in  the  crural  vein  or 
some  of  its  branches.  When  double-sided  the  oedema  is 
due  to  cardiac  insufficiency  or  to  the  changed  condition 
of  the  blood.  The  development  of  amyloid  disease  or 
tuberculous  peritonitis  usually  leads  to  extensive  or  gen- 
eral oedema. 

CEdema  of  the  larynx  occurs  in  laryngitis,  nephritis, 
malaria,  cardiac  insufficiency,  enlargements  of  the  thy- 
roid, aortic  aneurism,  pressure  of  tumors  upon  the  jugu- 
lar veins  and  their  branches,  after  the  use  of  potassium 
iodide,  inhalation  of  hot  air,  in  acute  infections,  variola, 
typhoid,  etc.,  inleuksmia,  and  in  tuberculosis,  syphilis, 
and  carcinoma  of  the  larynx,  etc.  (Edema  of  the 
pharynx  occurs  in  the  same  conditions,  but  most  fre- 
quently in  scarlet  fever  and  in  chronic  nephritis.  The 
oedematous  mucosa  is  swollen,  translucent,  and  pale, 
these  changes  being  most  marked  over  the  soft  palate 
and  uvula.  The  latter  organ  may  be  greatly  increased 
in  length  and  thickness  and  may  cause  serious  disturb- 
ances of  respiration.  CEdema  of  the  lung  occurs  espe- 
cially in  cardiac  insufficiency,  chronic  nephritis,  in  connec- 
tion with  inflammatory  conditions  of  the  lung,  and  also 
in  association  with  cerebral  disease.  Marked  oedema  of 
the  penis  and  scrotum  is  very  common  in  cases  of  exten- 
sive general  oedema.  Local  cedema  of  these  parts  occurs 
in  cases  of  stricture,  traumatic  injury  of  the  urethra, 
bladder  and  seminal  ducts,  in  infiltrations  of  urine,  in 
syphilis,  and  after  operations  upon  the  bladder  or  rectum 
as  one  of  the  first  signs  of  a  phlebitis  in  the  plexus  pro- 
staticus.  There  appears  also  to  be  an  idiopathic  form  of 
oedema  of  the  penis.  In  chronic  oedema  of  this  organ 
there  often  results  a  marked  phimosis  and  a  thickening 
of  the  mucous  membi'ane  of  the  external  meatus.  CEdema 
of  the  external  female  genitalia  occurs  after  difficult  la- 
bor, in  cases  of  ovarian  or  uterine  tumors,  in  abnormal 
position  of  the  uterus,  prolapse,  etc. 

In  cases  of  infection  with  the  bacillus  of  malignant 
atdema  there  develops  very  rapidly  a  general  subcuta- 
neous oedema,  in  the  fluid  of  which  many  bacilli  are  found. 
Only  a  few  cases  have  been  reported  in  man,  some  of 
these  following  the  injection  of  musk  in  the  course  of 
typhoid  fever,  others  occurring  during  the  puerperium, 
and  others  arising  apparently  without  external  injury. 
It  is  very  probable  that  some  of  the  conditions  reported 
under  this  head  were  not  in  reality  cases  of  infection  by 
this  bacillus. 

Prognosis.— The  consequences  of  oedema  vary  with 
the  etiology,  location,  and  extent  of  the  process.  Collec- 
tions of  fluid  in  the  body  cavities  may  cause  compression 
of  important  organs,  lungs,  brain,  etc.  As  a  result  of 
oedema  of  the  nerves,  degenerations  and  loss  of  function 
may  take  place.  CEdema  of  the  glottis  may  cause  sud- 
den death  from  suffocation.  CEdema  of  the  lungs  is  very 
frequently  the  immediate  cause  of  death  in  cardiac  in- 
sufficiency, chronic  nephritis,  etc.  Eatal  intracranial 
pressure  may  be  caused  by  acute  transudation  into  the 
cerebral  ventricles  and  submeningeal  spaces.    Serious  in- 
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tovferciice  with  it-spiration  and  circulation  may  be  pro- 
duced by  pressure  upon  the  lungs  or  diaphragm  or  by 
pleural  or  peritoneal  dropsies.  In  general  it  may  be  said 
that  the  prognosis  in  oedema  is  serious  because  of  the 
important  pathological  conditions  underlying  its  appear- 

Treatment. — In  general  this  is  directed  to  the  condi- 
tion which  gives  rise  to  the  oedema.  Extreme  distention 
of  edematous  skin  may  be  relieved  by  puncture  and  con- 
tinuous drainage.  Collections  of  fluid  within  the  body 
cavities  may  also  be  removed  by  aspiration  (see  also  As- 
citea).  Aldred  Scott  Wartldn. 

(EDEMA  NEONATORUM,  or  cedema  of  the  new-born, 
was  long  confounded  with  "scleroma  neonatorum  "—a 
distinct  affection.  CEdema  may  occur  in  infants  prema- 
turely born  or  in  those  born  at  term  but  of  poor  vitality ; 
it  differs  in  these  subjects  in  no  respect  from  cedema  in 
older  patients,  and  can  hardly  be  considered  more  than 
a  symptom,  associated  as  it  is  with  many  different  con- 
ditions of  the  body.  As  with  cedema  in  general  the 
parts  are  soft,  waxy  white,  pit  on  pressure,  and  in  the 
more  dependent  areas  the  swelling  is  greatest.  Bad  feed- 
ing, defective  hygiene,  exposure  to  severe  cold  soon  after 
birth,  feeble  heart  action,  and  atelectasis  of  the  lungs 
are  all  causes  tending  toward  the  production  of  the  symp- 
tom of  oedema  in  new-born  Infants.  The  treatment  is 
that  of  the  general  condition  and  should  be  directed  tow- 
ard the  underlying  causes.  Artificial  heat  to  maintain 
the  body  temperature  is  an  important  adjunct. 

Gluirles  TownsJwnd  Dade. 

OENANTHE.     See  Poisonmis  Plants. 

(ESOPHAGUS,  PATHOLOGY  OF.— The  wall  of  the 
oesophagus  consists  of  a  mucosa,  submucosa,  inner  circu- 
lar and  outer  longitudinal  muscular  coats,  and  an  exter- 
nal fibrous  tunic.  The  mucosa  is  covered  with  stratified 
squamous  epithelium,  and  contains  sparsely  scattered 
mucous  glands  and  few  lymph  follicles.  In  the  upper 
portion  striped  muscle  is  also  present  in  the  wall,  in  the 
lower  portion  only  unstriped.  The  poor  blood  supply, 
the  lack  of  mucous  glands  and  lymph  follicles,  and  the 
thick  covering  of  stratified  squamous  epithelium  ren- 
der the  oesophagus  less  liable  to  disease  than  the  closely 
associated  structures,  the  pharynx  and  the  stomach. 
The  independent  part  played  by  the  oesophagus  in  affec- 
tions of  these  organs  is  often  strikingly  shown  in  the 
sharply  limited  borders  of  inflammatory  processes  in  the 
pharynx,  the  inflammation  ceasing  abruptly  at  the  begin- 
ning of  the  oesophagus.  Though  oesophageal  disease  is 
relatively  rare,  it  is  nevertheless  of  very  great  clinical 
importance,  not  only  from  the  fact  that  disease  of  the 
oesophagus  may  interfere  with  the  proper  passage  of 
food  into  the  stomach,  and  thus  give  rise  to  general  im- 
pairment of  nutrition,  but  also  because  of  the  proximity 
of  this  organ  to  such  important  structures  as  the  trachea, 
lungs,  and  aorta.  Further,  the  examination  of  the  aiL  ph- 
agus  is  relatively  dirticult,  and  possible  only  through 
the  use  of  special  instruments  or  apparatus.  (For  meth- 
ods of  examination  see  Htomach,  Svrr/ery  of  the.) 

Congenital  Malfokm:ations. — Though  relatively 
rare,  these  conditions  are  of  practical  interest,  inasmuch 
as  children  so  affected  may  live  for  some  time  after 
birth,  or  even  reach  adult  age.  The  malformatinns  may 
exist  alone  or  in  connection  with  other  defects.  The  fol- 
lowing forms  have  been  described: 

1.  (MsojtltAujii-traclieal  FiHtiilii . — Abnormal  communica- 
tions between  fcsophagus  and  trachea  may  occur.  The 
most  common  form  is  that  in  whicli  the  oesophagus  at  the 
upper  third  ends  in  a  blind  tube,  while  the  lower  portion 
opens  at  its  upper  end  into  the  trachea  or  bronchus. 
The  upper  and  lower  ends  of  the  obliterated  oesophagus 
may  be  connected  by  a  muscular  band  or  a  firm  flbrous 
cord.  This  malformation  may  be  due  to  primary  dis- 
turbances of  development,  or  may  be  acquired  during 
intra-uterine  life  as  a  result  of  suppurative  processes  in 
the  glands  lying  between  the  (esophagus  and  the  trachea. 


The  upper  part  of  the  oesophagus  may  be  closed  in  this; 
way  by  cicatricial  contraction,  while  the  lower  part  may 
be  connected  with  the  lumen  of  the  trachea,  or  the  re- 
verse condition  may  occur.  Children  showing  this  mal- 
formation may  be  otherwise  well  developed;  they  die 
shortly  after  birth  from  inanition  or  aspiration  pneumo- 
nia. In  this  connection  should  be  mentioned  also  the 
rare  occurrence  of  cysts  lined  with  ciliated  columnar  epi- 
thelium, lying  between  the  oesophagus  and  the  bifurca- 
tion of  the"  trachea.  These  cysts  represent  remains  of  the 
communicating  canal  between  oesophagus  and  trachea. 
They  may  reach  such  a  size  as  to  cause  compression  of 
the  oesophagus  and  secondary  dilatations  of  the  same, 
and  are  therefore  of  clinical  importance.  In  other  cases 
they  may  be  discovered  only  accidentally,  having  given 
rise  to  no  symptoms. 

2.  Stenosu. — Partial  obliterations  or  narrowing  of  the 
lumen  may  occur  as  congenital  malformations  of  either  the 
upper  or  the  lower  portion  of  the  oesophagus.  The  lower 
end  of  the  upper  portion  may  open  into  the  trachea,  or 
may  form  a  blind  sac.  In  other  cases  the  oesophagus  may 
be  open  as  far  as  the  level  of  the  bifurcation  of  the  trachea, 
at  which  point  complete  obliteration  of  the  lumen  may 
be  found.  In  a  few  cases  a  membranous  stenosis  or  ob- 
literation has  been  observed,  or  the  lumen  has  been  closed 
by  a  ring-like  fold  of  mucosa.  Those  cases  of  obliteration 
in  which  the  continuity  of  the  oesophagus  has  been  com- 
pletely broken  have  been  explained  by  the  development 
of  the  trachea  and  bronchi  at  the  cost  of  the  oesophagus; 
while  those  cases  in  which  the  continuity  is  not  wholly 
lost,  but  in  which  the  two  portions  of  the  oesophagus  are 
connected  by  a  muscular  band,  have  been  explained  as 
the  result  of  a  foetal  pressure-atrophy.  The  conditions 
are  rare;  only  the  partial  stenoses  have  clinical  signifi- 
cance. 

3.  Total  absence  of  the  oesophagus  is  without  clinical 
significance  and  is  found  only  in  acardiac  monsters. 

4.  A  redupUcatioyi  of  the  oesophagus  (dicesophagus)  has 
also  been  very  rarely  observed.  The  reduplication  may 
be  complete  or  partial,  and  occurs  in  different  degrees  of 
double  monsters.  It  is  likewise  without  practical  signifi- 
cance. 

5.  Congenital  Dilatations.  In  very  rare  cases  there  has 
been  observed  just  above  the  cardiac  orifice  a  peripheral 
dilatation  of  limited  extent,  the  so-called  "  fore-stomach  " 
or  "  antrum  cardiacum. "  Children  presenting  this  anom- 
aly usually  show  the  clinical  symptom  of  rumination. 

CiRCULATOKY  DISTURBANCES. — Active  Jiyperaimia  oc- 
curs in  the  early  stages  of  inflammatory  conditions.  It 
may  be  due  also  to  the  irritation  of  certain  foods  or 
drinks.  Passive  congestion  occurs  in  all  cases  of  general 
passive  congestion,  particularly  in  chronic  heart  and  lung 
diseases,  cirrhosis  of  the  liver,  etc.  In  chronic  passive 
hyperamiia  the  mucosa  of  the  oesophagus  is  dark  bluish- 
red  ;  the  epithelium  often  shows  plaques  of  thickening 
(leukoplakia).  Local  dilatations  of  the  veins  occur,  the 
so-called  a;iop?tagc<il  Jicmorclioids  or  nnv'ccs  (see  Fig.  3615). 
In  the  upper  part  o  f  the  oesophagus  they  are  relativelj'  fre- 
quent, forming  small  blue  nodules  or  saccular  elevations; 
these  possess  no  clinical  significance.  In  the  lower  por- 
tion of  the  oesophagus  the,v  occur  even  more  frequently, 
particularly  in  the  region  of  the  cardiac  orifice,  or  a  few 
centimetres  above  this.  The  enlarged  veins  project  above 
the  level  of  the  mucosa,  and  may  form  saccular  papillo- 
matous masses  resembling  rectal  hemorrhoids.  The  di- 
lated tortuous  veins  may  be  as  thick  as  a  lead  pencil  or 
even  larger.  They  represent  vicarious  enlargements  of 
the  collateral  branches  connecting  the  portal  circulation 
(through  the  vena  coronaria  ventriculi)  with  the  vena 
azygos.  They  occur  particular!}^  in  portal  obstruction 
(cin-hosis,  syphilitic  hepatitis,  pressure  atrophy  of  the 
liver,  obstruction  or  thrombosis  of  the  portal  vein),  as 
well  as  in  chronic  passive  congestion  due  to  cardiac  in- 
sulHciency.  They  are  found  in  the  majority  of  cases  in 
connection  with  rectal  hemorrhoids.  Their  presence  is 
revealed  clinically  by  hemorrhage,  which  may  be  fatal. 
As  an  early  diagnostic  symptom  in  cirrhosis  of  the  liver 
bleeding  from  o'sophageal  hemorrhoids  is  of  great  im- 
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portance.  Preceding  the  liemorrhage  there  may  bo  ob- 
served pain  in  the  stomach,  swelling  of  tlie  spleen,  and 
distention  of  the  abdomen,  severe  pain  radiating  from 
the  stomach  region  to  the  shoulders  or  extremities— these 
symptoms  are  followed  by  sudden  hemorrhage  fi-om  the 
oesophagus.  Similar  symptoms  are  often  seen  preceding 
hemorrhages  from  piles.  The  cause  of  the  asophageal 
hemorrhage  may  be  due  to  increase  of  veno\is  pressure 
or  to  ulcerative  changes  in  the  mucosa  over  the  va- 
rices. Rupture  of  the  varix  has  followed  coughing,  se- 
vere miiscular  exertion,  dyspna^a,  etc.  In  other  cases  no 
direct  cause  for  tlie  hemorrhage  can  be  found.  Repeated 
hemorrhages  of  small  size  may  lead  to  severe  aua'inia. 
The  relative  frequency  of  hemorrhage  from  a'sophageal 
varices  makes  the  condition  a  dangerous  one. 

(EnapMcjeal  hemorrhages  may  be  caused  also  by  injury, 
ulceration,  new  growths,  etc.  The  hemorrhages 'very 
often  arise  from  the  large  vessels  in  the  neighborhood  o"f 
'  the  oesophagus,  rather  than  from  its  own  vessels.  Bleed- 
ing from  the  latter  occurs  particularly  in  cancer  of  the 
mucosa.  An  aortic  aneurism  may  erode  the  wall  of  the 
opsophagus  and  rupture  into  the  lumen;  or,  on  the  other 
hand,  the  a>sophagus  as  a  result  of  ulcerative  or  carcinom- 
atous changes  may  break  into  the  aorta,  carotid,  left 
auricle,  etc.  Such  an  event  is  most  likely  to  happen  in 
cases  of  ossophageal  carcinoma.  In  whatever  way  pro- 
duced, the  entrance  of  arterial  blood  into  the  oesophagus 
makes  itself  known  by  the  appearance  of  the  blood  vom- 
ited up,  providing  the  hemorrhage  is  of  sufficient  volume 
to  cause  immediate  vomiting.  There  may,  however,  be  a 
continuous  slight  oozing  from  an  eroded  artery  or  arte- 
rial aneurism,  and  the  blood  passing  into  the  stomach  may 
be  so  changed  that  its  arterial  character  is  lost  before 
vomiting  takes  place.  In  some  cases  the  blood  may  be 
digested  and  passed  on  into  the  intestines. 

Retrograde  Changes.  —  (Es&phagomaJacia  is  in  the 
great  majority  of  cases  a  post-mortem  digestion  of  the 
mucosa  of  the  asophagus  by  stomach  fluids  which  have 
passed,  after  or  during  death,  through  the  cardia  into 
the  (Esophagus.  The  epithelium  is  macerated,  desqua- 
mated, or  liquefied;  the  musculature  may  also  be  lique- 
fied and  perforated,  the  stomach  juices  pas.sing  into  the 
pleural  cavity.  In  the  lightest  grades,  which  are  pres- 
ent in  the  majority  of  cadavers,  tlie  mucosa  of  the  organ 
shows  longitudinal  stripes  of  desquamation  correspond- 
ing to  the  longitudinal  folds  of  the  contracted  mucosa. 
An  intravital  cesophagomalacia  is  of  very  rare  occur- 
rence, but  has  been  described  as  the  run  ml  or  peptic  nlar 
of  the  oesophagus,  which  corresponds  in  all  particidars 
to  the  round  ulcer  of  the  stomach.  xVu  agonal  O'sopha- 
gomalacia  has  been  observed  in  severe  cases  of  cerebral 
disease. 

Atrophy  of  the  oesophagus  wall  occurs  in  cachexia. 
Degenerations  of  the  oesophagus  wall  are  of  verv  rare  oc- 
currence and  have  been  studied  but  little.  S'ecrosis  is 
the  most  important  reti'Ograde  process  found  in  this  or- 
gan. The  most  common  cause  is  pressure,  either  from 
foreign  bodies  lodged  within  the  lumen  or  from  the 
pressure  of  an  aneurism  or  tumor  from  without.  As  a 
result  of  the  local  anemia  caused  by  the  pressure  there 
occur  necrosis  and  ulceration.  The  peptic  nicer  has  been 
mentioned.  Decubital  ulcers  may  be  found  in  advanced 
stages  of  severe  cachexias.  Noma  of  the  cheek  or  phar- 
ynx, gangrenous  tonsillitis,  or  gangrene  of  the  lung  ma}' 
he  associated  with  gangrene  of  the  a'sophagus.  Corro- 
sive poisons  may  cause  more  or  less  extensive  nccro.sis 
of  the  oesophageal  mucosa  associated  with  inflammatory 
changes.  Gangrenous  oesophagitis  occurs  also  in  severe 
infections  as  a  rare  complication. 

Inflammation. — Acute  catarrhal  a'sopliagitisisfiic  most 
common  form.  It  is  caused  chiefly  by  irritating  foods  or 
drinks,  through  extension  of  inflammation  from  the  phar 
ynx  or  stomach,  or  as  a  secondary  phenomenon  .in  .some 
of  the  acute  infections  (measles,  scarlatina,  tj^phoid  fo- 
yer, variola).  As  a  result  of  the  small  number  of  glands 
in  the  mucosa  thei'o  is  often  but  little  secretion.  The 
epithelium  maybe  desquamated,  and  the  mucosa  beneath 
liypersemic,  or  cloudy  white,  or  yellowish.     Small  ulcers 


may  bo  formed  over  the  surface  of  the  folds,  and  these 
may  lieal  with  the  formation  of  small  longitudinal  scars. 
In  the  case  of  foreign  bodies  deeper  ulcers  may  he  pro- 
duced. ^  The  symptoms  of  acute  catarrhal  (osophagitis 
are,  pain  in  swallowing,  regurgitation,  thirst,  raising  of 


secretion,  pain  on  moving  the  neck,  tenderness  on  press- 
ure in  the  deep  cervical  region.  Spastic  contractions  of 
the  oesophagus  may  also  occur. 

Ch runic  catarrhal  oesophagitis  occurs  chiefly  in  smokers 
and  drinkers,  as  well  as  in  individuals  suffering  from 
chronic  pharyngitis  or,  more  rarely,  gastritis.  The  con- 
dition is  often  secondary  to  the  chronic  passive  conges- 
tion caused  by  cardiac  or  pulmonar}'  disease.  It  is  founii 
also  in  the  portion  of  the  oesophagus  above  a  stenosis.  It 
may  be  associated  with  diverticula.  In  cases  of  clironic 
gastritis  cliaracterized  by  fretjueut  eructations  of  irri 
fating  substances  or  by  frequent  vomiting  of  the  same, 
there  may  be  produced  a  chronic  (vsophagitis,  Avhich 
may  be  of  a  purulent  or  ulcerative  character.  This  con- 
dition is  not  infrequently  found  in  old  men. 

Chronic  oesophagitis  may  not  always  give  rise  to  symp- 
toms. In  severe  cases  there  may  be  pain  and  discomfort 
in  swallowing.  The  pain  has  usually  the  character  of 
pressure,  more  rarely  it  is  stinging  or  burning ;  when  it  is 
severe,  spastic  contractions  and  regurgitation  may  occur. 
Moderate  quantities  of  mucus  may  he  expectorated;  this 
ina_y  occasionally  contain  streaks  of  blood.  The  dilferen- 
tial  diagnosis  from  the  accompanying  afl'ections  of  phar- 
ynx or  stomach  is  often  very  difticult.  The  symptom  of 
dysphagia,  less  marked  in  the  ca.so  of  fluids  than  in  the 
swalloAving  of  solid  substances,  is  the  most  constant  and 
cliaracteristic  symptom.  Examination  with  lesophago- 
scope  or  sound  is  usuallj' ditticult,  luit  is  necessary  for 
the  exact  determination  of  the  condition.  This  is  of 
great  importance,  inasmuch  as  the  symptoms  of  chronic 
oesophagitis  and  beginning  carcinoma  of  the  esophagus 
are  the  same;  and  the  differential  diagnosis  can  be  made 
only  by  means  of  the  a'sophagoscope. 
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In  chronic  a^sopbagitis  tlie  mucosa  is  deep  reddisli- 
blue  in  color,  and  is  thickened,  often  showing  polypoid 
or  papillomatous  hyperplasias,  or  flattened  plaque-like 
areas  of  epithelial  hyperplasia  (leukoplakia)  (see  Fig. 
3616).    The  muscular  coats  are  often  hypertrophic.     Over 


Fig.  :3r)ll3.— Leuktiplakia  of  tlie  CEsophag^iis.     (After  Kraus.) 

the  mucosa  lies  a  layer  of  thin  or  thick,  often  very  ten- 
acious mucus,  which  at  times  is  muco-purulent  in  char- 
acter. Small  or  large  erosions  or  ulcerations  may  also  be 
present.  The  lumen  is  usually  dilated,  but  may  be  nar- 
rowed eitlier  symmetrically  or  irregularly. 

Abscesses  may  form  in  either  acute  or  chronic  oesopha- 
gitis, but  are  rare.  In  these  cases  the  local  sj'mptoms 
are  severe,  chills  and  fever  occur,  blood  or  bloody  puru- 
lent material  may  be  expectorated.  The  course  is  usu- 
ally prolonged;  dysphagia  may  exist  for  many  months. 
In  ve;'y  severe  cases  death  jnay  occur;  but  milder  cases 
usually  end  in  recovery  after  several  weeks  or  months. 

Fulliculur  t£siipli(irjitis  occurs  when  the  glands  of  the 
muco.sa  become  involved.  The  gland  ducts  are  ob- 
structed, there  is  extensive  mucus  formation,  the  gland 
lumen  is  dilated,  and  cysts  tilled  with  mucus  are  in  this 
way  produced.  Tliese  rarely  reach  the  size  of  a  pea. 
About  the  cystic  glands  there  is  a  small-celled  infiltra- 
tion; this  maj'  lead  to  suppuration  and  formation  of  ul- 
cers. Occasionally  a  phlegmonous  a?sophagitis  may  be 
associated  with  the  follicular  form. 

Plile;iinuiious  irsupliiKjitis  is  of  lare  occurrence.  It  may 
be  caused  by  the  picsence  of  foreign  bodies  or  corrosive 
poisons,  but  the  most  frequent  cause  is  an  extension 
from  peritt'sopliageal  abscesses  (purulent  lymphadenitis, 
perichondritis  cricoidea,  spinal  abscesses)  or  from  ]ilileg- 
luonous  processes  in  the  pharynx,  or  more  rarely  in  the 
stomach.  It  may  also  follow  a  follicular  cesophagitis ; 
through  the  confluence  of  the  small  follicular  abscesses  a 
diffuse  purulent  ]u-ocess  may  be  produced.  In  advanced 
cases  of  pulmonary  tuberculosis  diffuse  purulent  oesopha- 
gitis or  abscess  formation  in  the  ttsophagus  wall  may 
occur  without  other  evident  cause. 


Phlegmonous  oeosphagitis  begins  as  a  purulent  infiltra- 
tion of  the  submucosa,  followed  by  a  liquefaction  of  the 
tissue  and  the  formation  of  circumscribed  or  extensive 
collections  of  pus.  The  mucosa  may  be  extensively  un- 
dermined ;  at  the  same  time  it  may  be  reddened,  and  may 
present  throughout  its  reddened  surface  numerous  sieve- 
like yellowish  apertures  through  which  pus  exudes. 
Large  circumscribed  collections  of  pus  may  cause  bulg- 
iugs  of  the  mucosa  into  the  lumen.  The  tissues  about 
the  resophagus  may  be  involved  (perioesophagitis  phleg- 
monosa),  and  the  abscesses  may  rupture  into  the  larynx 
and  trachea,  or  more  rarely  into  the  mediastinum  and 
l)leura. 

The  symi^toms  of  phlegmonous  oesophagitis  are  u.sully 
obscure  and  offer  few  characteristics  sufficiently  striking 
to  make  the  diagnosis  from  other  conditions  certain. 
Fever,  chills,  and  dysphagia  are  the  most  constant  symp- 
toms. Pain  may  be  felt  behind  the  sternum  or  larynx  ; 
pressure  upon  the  epigastrium  may  occasionally  give  rise 
to  violent  pain.  Dyspncea  may  be  caused  by  pressure  of 
an  abscess  upon  the  trachea  or  upon  the  bronchi.  The 
dysphagia  may  increase  to  such  an  extent  that  fluids  can 
no  longer  be  swallowed.  If  the  rupture  of  a  large  ab- 
scess into  the  (X'sophagus  be  followed  bj'  expectoration 
or  regurgitation  of  pus,  the  diagnosis  of  phlegmonous 
oesophagitis  is  rendered  more  probable ;  but  even  in  the 
event  of  such  regurgitation  the  pus  may  come  from  an 
abscess  in  the  neighborhood  of  the  ccsophagus,  which  lias 
ruptured  into  its  lumen.  Only  when  foreign  bodies  are 
known  to  be  lodged  in  the  oesophagus  can  the  diagnosis 
of  phlegmonous  (I'sophagitis  be  made  with  certainty.  In 
the  event  of  fistulous  comnmnication  between  the  oesoph- 
agus and  respiratory  ti-act  purulent  pneumonia  or 
gangrene  of  the  lung  usually  results  quickly.  The 
prognosis  is  doubtful.  Recovers  ma}'  take  place,  the 
formation  of  cicatricial  tissue  in  the  submucosa  and  mu- 
cosa may  give  rise  to  stenosis,  or  in  other  cases  intra- 
parietal  diverticula  may  be  formed,  the  abscess  cavities 
loeneath  the  nuicosa  healing  at  the  base  but  remaining 
open  and  conuuunicating  with  the  lumen  of  the  cesopha- 
gus  by  wide  openings  in  the  mucosa  having  sharply  cut 
undermined  eclges. 

In  connection  with  phlegmonous  oesophagitis  may  be 
considered  also  the  periivsophageal  abscess.  This  has  its 
origin  most  frequently  in  tuberculous  lymph  glands 
situated  in  the  neighborhood  of  the  oesophagus  or  in  tu- 
berculous caries  of  the  vertebral  column,  or  it  arises  in  the 
course  of  a  p}';icmia.  Further,  piu'ulent  processes  of  the 
parotid  or  submaxillar}'  may  extend  to  the  connective 
tissue  about  the  esophagus.  Involvement  of  the  (Esoph- 
agus wall  or  rupture  into  the  lumen  of  this  organ  may 
set  up  a  phlegmonous  asophagitis.  Rupture  into  the 
respiratory  tract,  pericardium,  or  pleura  may  occur. 
The  perioesophageal  abscess  may  reacli  a  very  large  size, 
though  often  it  is  small.  It  is  usually  found  between 
the  fourth  and  seventh  cervical  vertebra?.  The  abscess 
arising  in  tuberculous  lymph  glands  or  tuberculous  ver- 
tebnc  is  found  most  often  in  children,  and  its  location  is 
ordinarily  between  the  vertebra'  named.  The  symptoms 
are  those  of  phlegmonous  oesophagitis :  fever,  chills,  dys- 
]ihagia,  pain  on  turning  the  neck,  dyspna^a,  etc.  Chil- 
dren frequently  become  comatose;  convidsions  may  oc- 
ciu';  and  finally  the  diagnosis  may  be  made  clear  by  the 
appearance  of  a  swelling  in  the  neck.  In  the  case  of  tu- 
berculous caries  of  the  vertebra;  the  abscess  may  develop 
very  slowly  with  few  or  no  symptoms.  The  sound  may 
be  passed  into  the  stomach  without  difficulty,  but  usu- 
ally with  moie  or  less  pain. 

(KsitpluKjitis  finstulosa  is  the  designation  given  to  the 
changes  in  the  esophageal  mucosa  which  occur  in  small- 
pox. Papules  develop  throughout  the  mucosa,  these 
i)ecome  cloudy  and  pundent,  the  epithelium  over  them 
is  cloudy,  thickened,  and  finally  undergoes  desquama- 
tion, leaving  small  ulcers. 

Membranous  OSsophagitis  {(Esopihagitis  Fibrinosa  or 
Diphtheritica). — True  diphtheria  of  the  cesophagus  is 
rare;  only  in  exceptional  cases  is  there  an  extension  from 
the  pharynx  into  the  n^sophagus.     Cases  have  been  ob- 
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served  in  which  the  (ssophagiis  remained  free  wlieu  both 
pliarynx  and  stomach  were  attacked ;  the  oesophagus  may, 
therefore,  be  said  to  possess  a  certain  immunity  in  i-espect 
to  diphtlieria.  A  membranous  or  fibrinous  ccsophagitis 
accompanied  by  diplitheritic  necrosis  is  of  relatively  fre- 
quent occurrence  as  a  secondary  condition  in  severe  cases 
of  smallpox,  scarlet  fever,  measles,  pyitniia,  cliolei'a, 
typhus  fever,  typhoid,  chronic  Bright's  disease,  pneu- 
monia, tuberculosis,  and  in  children  as  a  frequent  com- 
plication in  intestinal  catarrh.  The  process  is  rarely 
diffuse,  but  is  circumscribed,  and  usually  localized  on  the 
highest  parts  of  the  folds  of  the  mucosa.  Small  ulcers 
may  be  formed  at  these  places.  Usually  the  symptoms 
of  diphtheritic  resophagitis  cannot  be  separated  from  the 
accompanying  disease,  but  in  certain  cases  the  disease 
may  manifest  itself  through  hemorrhage  or  discharge  of 
pseudomembranes  from  the  oesophagus.  The  prognosis 
is  very  grave.  When  recovery  takes  place  cicatrization 
of  the  diphtheritic  ulcers  may  lead  to  stenosis  of  the 
lumen. 

(Esophagitis  corrosiva  is  produced  b)^  the  action  of  cor- 
rosive agents,  acids,  or  the  caustic  alkalies,  most  com- 
monly by  concentrated  lye,  which  have  been  swallowed 
either  purposely  or  accidentally.  (See  Fig.  3617.)  The 
change  produced  by  the  corrosive  agent  is  of  the  nature  of 
a  necrotic  inflammation ;  its  severity  depends  upon  the 
strength  or  concentration  of  the  poison.  In  mild  cases  the 
superficial  epithelium  is  necrosed,  and  is  desquamated  in 
grayish  shreds  resembling  a  croupous  membrane.  Alka- 
lies may  cause  the  cells  to  swell  and  form  a  soap-like  mass. 
A  more  severe  action  of  a  corrosive  agent  may  convert  the 
entire  mucosa  into  a  dirty  gray  or  black  eschar;  the  ves- 
sels are  injected;  the  submucosa  contains  numerous  ec- 
chymoses,  and  there  is  a  line  of  demar- 
cation separating  the  dead  tissue  from 
the  inflamed  tissues  of  the  submucosa. 
Active  suppuration  occurs  and  the  ne- 
crotic mucosa  is  desquamated.  If  heal- 
ing results,  the  lumen  may  become 
greatly  narrowed  or  gradually  com- 
pletely occluded.  In  the  most  severe 
cases  the  deeper  layers  of  the  oesopha- 
gus may  be  affected.  The  symptoms 
are  severe  burning  pain  beneath  the 
sternum,  dysphagia,  intense  thirst, 
hemorrhage,  and  collapse.  Portions  of 
the  eschar,  or  masses  of  bloody  mucus 
may  be  expectorated.  In  the  mild 
cases  the  pain  ceases  after  twenty- 
four  hours,  the  dysphagia  becomes  less 
from  day  to  day,  until  the  symptoms 
finally  disappear  altogether.  If  much 
scar  tissue  is  formed,  difficulty  in  swal- 
lowing may  be  experienced  again  af- 
ter several  weeks.  Severe  cases  maj^  be 
immediately  fatal  from  shock  or  from 
liemorrhage,  or  from  perforation ;  in  rare 
cases  the  covrse  is  prolonged,  abscess 
formation,  mediastinitis,  pyopneu- 
mothorax, etc.,  occurring  as  compli- 
cations. Patients  recovering  from  se- 
vere corrosive  poisoning  are  sure  to 
suffer  from  cicatricial  contraction  of 
the  lumen. 

The  diagnosis  in  the  majority  of  in- 
stances is  revealed  by  the  history  of  the 
case  and  the  evidences  of  corrosiv(5  ac- 
tion in  the  mouth  and  pharynx.  It  is 
of  importance  to  discover  the  nature 
of  the  poison  in  tliose  cases  which  are 
seen  shortly  after  the  poisoning  has  oc- 
curred. Litmus  paper  may  be  applied 
to  the  mucosa  of  the  mouth  or  pharynx 
as  a  rough  method  of  diagnosis  as  to  whether  acid  or  alkali 
had  been  used,  in  case  the  facts  cannot  otherwise  be  as- 
certained. The  majority  of  such  cases  are  caused  by 
concentrated  lye  or  sulphuric  acid.  According  to  von 
Hacker  one-fourth  of  the  cases  of  poisoning  with  concen- 


trated Ij'e  are  fatal  as  the  direct  result  of  tlic  pcjisoning; 
in  the  case  of  sulphuric  acid,  about  one-half.  Of  those 
living  after  poisoning  with  concentrated  lye  about  one- 
half  acquire  severe  stricture  of  tlie  (esophagus;  of  tho.se 
living  after  sidphuric-acid  poisoning  about  a  third  .show 
contraction  of  the  lumen. 

(Esuplwfiitis  gannrmivmi  is  of  rare  occ\ii'rencc.  It  may 
follow  the  action  of  corrosive  poLsons,  pi'essure  of  foreign 
bodies  within  the  oesophagus  or  of  tumors,  aortic  aneiu'ism, 
etc.,  from  without,  or  it  may  occur  as  an  extension  from 
gangrenous  tonsillitis,  pulmonary  gangrene,  etc.  Decu- 
bital ulcers  may  occur  in  the  upper  part  of  the  oesophagus 
or  in  the  lowest  portion  of  the  pharynx.  (See  Fig.  3618.) 
Two  small  ulcers,  one  on  the  anterior  wall,  the  other  on 
the  po,sterlor  wall,  corresponding  in  position,  shape,  and 
size  to  each  other,  occur  coincideutl}',  so  that  one  idcer 
appears  as  the  impress  of  the  other.  The  condition 
occurs  only  in  extremely  cachectic  individuals  who  have 
been  confined  to  bed  for  a  longtime;  it  is  due  to  the  press- 
ure of  the  larynx  upon  the  a>sophagus.  The  ulcers  appear 
shortly  before  the  death  of  the  att'ected  individual  and 
cause  difficulty  in  swallowing,  in  this  way  hastening  the 
end. 

OisophagUis  exfoliativa  (CEsophagitIs  Desiccans  Super- 
ficialis). — A  number  of  cases  of  acute  inflammation  of  the 
oesophagus,  characterized  by  a  rapid  desquamation  of 
the  entire  mucosa,  have  been  described.  The  desqua- 
mated epithelium  may  form  a  hollow  tube,  1.5-35  cm. 
long.  The  desquamation  maj'  be  caused  by  subepithe- 
lial inflammation,  action  of  chemicals,  etc.,  but  the  exact 
nature  of  the  disease  is  unknown.  The  majority  of  the 
patients  were  neurotic  or  hysterical. 

Afiite  u'Kop/iagiliK  t/f  yining  children  occurs  in  nurslings 


Fir,  3617  — CEsophaeltis  Coiroslva  (after  swallowins;  concentrated  lye),  a.  The  necrotic 
mucosa:  /),  bacteria  embedded  in  a;  c,  upper  portion  ot  submucosa  infiltrated  with 
HomoKeneous  deeply  staining  masses  (fibrin  y);  rt,  blood-vessel  with  necrotic  wall; 
e,  deeper  portion  of  submucosa  inflltrated  n  ith  dbrmous  netwoik  and  leucocytes.  (,\fter 
Weicbselbaum.) 


as  a  result  of  a  poor  quality  of  mother's  milk,  soreness 
of  the  nipple,  etc.  It  may  be  associated  with  gastro-in- 
te.stinal  irritation.  Attempts  at  nursing  are  interrupted 
after  a  few  seconds,  the  child  cries,  is  restless,  and  regur- 
gitates the  greater  part  of  the  milk  taken.     Pressure  upon 
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the  lower  part  of  the  sternum  is  apparently  jiainful,  the 
child  often  crying  out.  The  disease  is  important  in  that 
it  may  pass  over  into  an  ulcerative  or  gangrenous  inflam- 
mation. 

Ukvs  Pepticnm  (Esophagi. — Ulcers  in  all  respects  simi- 
lar to  the  round  ulcer  of  the  stomach  may  occur  in  the 
lower  portion  of  the  oesophagus,  and  are  regarded  as  due 
to  the  same  causes:  viz.,  a  digestion  by  the  gastric  juice. 
In  cases  in  which  the  resistance  of  the  a>sophageal  mucosa 
is  lowered,  the  repeated  entrance  of  the  stomach  fluids 
into  the  a'sophagus  may  be  followed  by  the  development 
of  one  or  more  round  or  oval  ulcers.  These  vary  in  size 
and  depth,  their  edgesare  smooth;  and  the  bottom  of  the 
ulcer  is  covered  with  stringy  brownish-black  mas.ses. 
Occasionally  the  ulcers  are  very  large  and  circular,  ex- 
tending ring-like  about  the  lumen.  They  all  show  a 
marked  tendency  to  cicatrization,  and  lead  to  strictures, 
stenosis,  or  the  formation  of  diverticula.  Ulceis  extend- 
ing deeply  into  the  ccsophagus  wall  may  perforate,  and. 
following  this,  pyopneumothorax,  mediastinitis,  pidmo- 
nar}'  gangrene,  pericarditis,  erosion  of  the  aorta  or  other 
large  vessels,  liver  abscess,  etc.,  may  result.  Carcinoma 
may  develop  in  the  scar,  as  is  frequently  the  case  in  the 
stomach.  Not  infrequently  the  round  ulcer  of  the  stom- 
ach and  that  of  the  oesophagus  are  coincident. 

The  symptoms  caused  by  round  ulcer  of  the  o?.soplia- 
g«8  are  chiefly  burning  pain  and  a  sen.sation  of  pressure 
behind  the  lower  part  of  the  sternum  during  the  act  of 
swallowing.  As  a  rule,  tlie  pain  is  more  severe  when 
solid  food  is  taken  than  when  fl\iid  diet  is  given.  At 
other  times  .severe  cardialgia  maybe  present;  also  nau- 
sea, acid  regurgitations,  vomiting,  and  hemorrhage, 
bloody  stools,  etc.  The.se  symptoms  cannot  be  separated 
from  those  of  round  ulcer  of  the  stomach,  which  is  fre- 
quently coincident.  The  absolute  diagnosis  may  be 
made  only  by  means  of  the  oesopliagoscope.  Ulcers  of 
slight  extent  may  heal  without  complication;  after  cica- 
trization new  symptoms  may  appear  as  the  result  of  the 
narrowing  of  the  lumen.     Severe  cases  are  very  danger- 


aoia.—Dnciibital   lUcors  in  the  Upper  Part  of  the   msnpluisiis 
(lower  part  of  pharynx).     (Alter  Kraus.) 


ous  because  of  the  important  complications  which  may 
follow,  and  on  account  of  the  accompanying  rapid  ema- 
ciation and  ana'mia. 

Specific  Inkectiour  Diseases.  —  Tiibeir nloxis occurs  as 
a  sc^condary  process  in  severe  tuberculosis  of  other  or- 


gans, particularly  of  the  larynx  and  lungs  and  the  neigh- 
boring lymph  glands.  Primary  oesophageal  tuberculosis 
has  not  yet  been  reported.  The  infection  of  the  oesopha- 
gus may  take  place  by  direct  extension  from  neighboring 
organs,  most  frequently  from  the  rupture,  into  its  lumen, 
of  caseating  lymph  glands;  or  from  the  swallowing  of 
sputum  in  cases  of  pulmonary  tuberculosis,  and  very 
rarely  from  the  metastasis  of  tubercle  bacilli  in  acute 
miliary  tuberculosis.  It  has  been  noted  that  infection 
does  not  occur  in  case  of  rupture  of  vertebral  abscess 
into  the  oesophagus.  Infection  is  made  more  likely  by 
preceding  affections  of  the  oesophageal  mucosa,  ulcer- 
ations, etc.  The  tuberculous  ulcers  are  usually  super- 
ficial, but  may  lead  to  perforation.  The  edges  are  cov- 
ered by  hyperplastic  epithelium,  scattered  through  which 
small  yellowish  or  gray  nodules  are  seen;  the  bottom  of 
the  ulcer  is  either  smooth  or  papillomatous.  Tuberculo- 
sis of  the  oesophagus  may  exist  without  any  symptoms; 
when  symptoms  referable  to  the  oesophagus  occur,  they 
consist  in  dysphagia  and  pain  behind  the  sternum  during 
the  act  of  deglutition.  Thrush  may  exist  coincidently 
with  tuberculosis  of  the  cesopliagus,  but  it  is  to  be  re- 
membered that  in  cases  of  pulmonary  tuberculosis  thrush 
or  carcinoma  may  be  found  in  the  oesophagus  as  an  inde- 
pendent affection.  The  use  of  the  ccsophagoscope  is  nec- 
essary for  the  absolute  diagnosis. 

Syphilis. — ^Ulcerations  of  the  mucosa  of  the  oesophagus 
ma}'  be  present  during  either  the  secondary  or  the  tertiary 
stage,  but  on  the  whole  they  are  rarely  observed.  They 
have  been  seen  also  in  cases  of  congenital  syphilis.  The 
most  frequent  syphilitic  le.sion  of  the  oesophagus  is  the 
gumma.  This  may  lead  to  ulceration,  perforation,  cica- 
tricial stenosis,  hypertrophy  of  the  oesophagus  wall,  etc. 
Difficulty  in  swallowing  is  the  chief  symptom.  The 
differential  diagnosis  rests  chiefly  upon  the  anamnesis, 
evidences  of  sj'philis  elsewhere,  therapeutic  test,  etc. 

Actinomycosis. — A  number  of  cases  of  primary  actino- 
mycosis of  the  oesophagus  have  been  reported.  Inas- 
much as  the  entrance  of  infection  in  this  disease  is 
usually  through  the  air  passages,  the  oesophagus  may  be 
involved  by  extension  from  the  peribronchial  lymph 
glandsorfrom  the  lungs,  mouth,  pharynx,  etc.  In  a  given 
case  it  maj'be  difficult  to  decide  whether  the  oesophageal 
condition  is  primary  or  secondary  ;  but  in  the  majority  of 
cases  it  is  likely  that  the  primary  seat  is  in  the  mouth. 
It  is  also  probable  that,  for  the  infection  of  the  mucosa 
of  the  oesophagus,  some  other  lesion  (erosion,  ulcer,  etc.) 
must  be  present  as  a  factor  favoring  the  entrance  of  the 
organism.  The  diagnosis  of  oesophageal  actinomycosis 
rests  entirely  upon  the  finding  of  the  parasite  in  the  ma- 
terial expectorated  or  removed  by  means  of  the  sound  or 
a>sophagoscopc. 

Thrush. — Tliisis  the  most  common  and  important  para- 
sitic disease  of  the  ccsophagus.  It  may  be  primar}'  or  may 
extend  from  the  mouth  and  pharynx.  It  is  most  com- 
monly found  iu  poorly  nourished  children,  and  in  adults 
suffering  from  continued  fevers,  particularly  typhoid  and 
scp,sis,  from  chronic  cachexias,  and  from  chronic  tubercu- 
losis, neplu'itis,  and  diabetes,  in  their  last  stages.  (See  Fig. 
3G1<J.)  Healthy  children  and  adults  may  be  occasionally 
affected  ;  but  the  disease  is  by  far  most  common  iu  cachec- 
tic children  suffering  from  chronic  digestive  disturbances. 
As  a  rule.  the]diarynx  and  mouth  are  affected  at  the  same 
time.  The  appearance  of  the  parasite  upon  the  mucosa 
of  the  mouth,  tongue,  or  pharynx  is  very  characteristic 
and  the  diagnosis  is  easily  made.  The  parasite  develops 
in  tlie  up])er  layer  of  the  mucosa,  its  filaments  forming  a 
dense  feltwork  amcuig  the  epithelial  cells.  Slightly  ele- 
vated whitish  or  grayish  patches,  which  can  be  easily 
scraped  off,  leaving  a  bleeding  or  ulcerated  surface,  are 
seen  over  the  mucosa.  In  the  a-sophagus  small  white, 
flattened,  or  nodular  patches  may  be  scattered  over  the 
mucosa,  or  the  patches  may  be  arranged  longitudinally, 
corresiionding  to  the  folds  of  the  mucosa.  In  other  cases 
a  more  diffuse  growth  may  be  seen,  the  oesophageal  lu- 
men to  a  large  extent  or  throughout  being  lined  by  the 
growth.  In  very  severe  cases  the  growth  may  be  so  ex- 
tensive as  to  form  thick-walled  easts  of  the  lumen  or  even 
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rsobd  cylinders.  Tlie  growth  may  penetrate  into  tlio 
.submucosa  or  even  reach  the  muscle  coats.  Penetration 
into  the  blood-vessels  may  occur  and  metastasis  of  the 
jMrasite  result.     The  reactive  intiammation  of  the  fflso- 


ll-il^  « 

f 

Tig.  3B19.— Lower  Portion  of  (Esophagus  Showing  the  Presence  of 
Both  Thrush  and  Tuberculosis.     (After  Kraus.) 

phageal  wall  is  usually  in  proportion  to  the  amount  of 
infiltration,  by  the  parasite,  of  the  mucosa  and  underly- 
ing structures. 

Thrush  of  the  oesophagus  rarely  gives  rise  to  indepen- 
dent symptoms,  except  when  the  growth  is  extensive. 
Dysphagia  followed  by  aphagia  is  the  chief  symptom, 
especially  in  the  case  of  children.  Occasionally  hollow 
or  solid  cylindrical  casts  of  the  oesophagus  may  be  regur- 
gitated. In  those  cases  in  which  the  masses  of  the 
growth  are  firmly  adherent  to  the  mucosa  death  may  re- 
sult from  the  complete  obstruction  of  the  lumen  of  the 
oesophagus. 

Animal  Parasites. — In  general  trichino.sis  the  en- 
cysted worms  may  be  found  in  the  striped  muscle  of  the 
CEsophagus  wall.  Their  presence  may  be  regarded  as  ex- 
plaining the  painful  deglutition  occurring  in  the  course 
of  trichina  infection.  Round  worms  (ascaris  lumbri- 
coides)  may  wander  into  the  cesophagus  from  the  stom- 
ach; and  may  be  found  occasionally  in  oesophageal 
diverticula.  From  the  cesophagus  they  may  reach  the 
respiratory  passages,  and  entering  the  larynx  may  cause 
severe  or  even  fatal  obstruction  to  respiration.  Occasion- 
ally other  forms  of  animal  life  may  gain  accidental  en- 
trance to  the  oesophagus  (flies,  bees,  wasps,  leeches,  hair- 
worms, etc.);  in  the  majority  of  cases  no  symptoms  are 
produced,  the  intruder  acting  as  a  simple  foreign  bod}', 
except  in  the  case  of  leeches  and  stinging  insects.  In  the 
■case  of  the  former  hemorrhage  may  be  produced ;  and  the 
.sting  of  the  latter  may  give  rise  to  a  severe  oesophagitis. 

Progressive  Changes. — Hypertrophy  of  the  wall  of 


the  tt'sophagus  occurs  above  a  stenosis  of  a  portion  of 
the  lumen  or  of  the  cardiac  opening.     In  the  latter  ca.so 
the  lumen  throughout  its  entire  " 
dilated. 
Tumors. - 


length  may  be  greatly 


■New  growths  of  the  o-sophagus  are  on  the 
Avhole  not  frequent.  Metastatic  growths  are  of  rare  oc- 
currence. Of  the  primary  tumors  carcinoma  is  by  far 
the  most  common.  Benign  tumors  causing  symptoms 
during  life  are  very  rare.  The  great  majority  of  benign 
growths  are  small  and  clinically  unimportant.  Of  these 
the  most  common  are  small  papillomatous  loarts  (oesopha- 
geal warts,  verruca')  (see  Fig.  3630).  These  are  usually 
about  the  size  of  a  pinhead  or  bean,  rarely  larger,  pro- 
jecting above  the  mucasa,  and  are  often  multiple  or  con- 
fluent. They  are  found  especially  in  old  individuals. 
In  structure  these  little  growths  consist  of  hyperplastic 
papillfe,  covered  with  thickened  epithelium  resembling 
the  condylomata.  They  rarely  ulcerate,  and  only  excep- 
tionally may  they  offer  slight  obstruction  to  the  passage 
of  food.  They  are  usually  discovered  only  at  autopsy, 
but  their  presence  in  the  oesophagus  could  be  revealed 
during  life  by  means  of  the  oesophagoscope,  should  they 
reach  such  a  size  as  to  cause  symptoms. 

Next  in  frequency  occur  fibromata,  which  usually  take 
their  rise  in  the  connective  tissue  outside  of  the  cesopha- 
geal  wall,  but,  through  pressure,  are  finally  forced  to 
occupy  a  position  in  the  mucosa  of  this  organ.  The  pre- 
vertebral fascia,  the  periosteum  of  the  vertebrae,  the  peri- 


FiG.  3620.— Paplllomata  of  the  CEsophagus.    (After  Kraus.) 

chondrium,  the  pericesophageal  connective  tissue,  and  less 
frequently  the  connective  tissue  of  the  muscle  and  sub- 
mucosa of  the  ffisophagus  wall  form  the  points  of  origin 
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for  these  growths.  They  are  usually  diffuse  thickenings, 
but  may  be  polypoid  or  .sharply  circumscribed.  The  last 
is  usually  of  very  small  size.     Microscopically,  the  aso- 


I'lu.  130^1.— Carcinoma  ot  the  (Esophagus.    (Alter  Kraus.) 

phageal  fibromata  ])resent  the  appearance  of  a  fibroma 
molle  and  are  usually  well  supplied  with  blood-vessels. 
Their  consistency  is  soft  and  elastic.  The  polypoid  fibro- 
ma may  reach  a  large  size  and  may,  during  efforts  at  vom- 
iting, present  itself  in  the  pharj'n.x  or  mouth,  where  the 
tumor  may  be  felt  or  seen.  If  the  growth  possesses  a  long 
pedicle  it  may,  when  situated  in  the  upper  pait  of  the 
oesophagus,  lie  caught  at  the  entrance  to  the  oesophagus, 
and  pressing  upon  the  epiglottis  give  rise  to  severe  symp- 
toms of  dyspnoea  and  dysphagia.  Large  growths  may 
more  or  less  completely  block  the  oesophagus  and  cause 
pressure  upon  the  trachea.  In  these  cases  there  is  a  con- 
stant feeling  of  pressure  behind  the  sternum,  increased 
on  eating,  progressive  dysphagia,  pain  radiating  to  the 
shoulder  blades,  dyspna»a,  etc.    The  growth  is  very  likely 


to  ulcerate  and  a  spontaneous  cure  may  re.sult  in  rare  cases, 
from  such  ulceration,  or  from  the  twisting  or  tearing  of  its 
pedicle.  The  diagnosis  of  oesophageal  fibroma  is  made 
certain  by  means  of  the  oesopbagoscope,  by  removal  of  a 
portion  of  tissue  from  the  growth,  and  by  microscopical 
examination.  The  prognosis  is  on  the  whole  unfavorable. 
The  patient  usually  dies  of  inanition  or  suffocation. 

Lipoinata  of  the  oesophagus  occur  very  rarely  in  the' 
form  of  sharply  circumscribed  or  polypoid  growths  arising 
in  the  submucous  connective  tissue,  most  frequently  in  the- 
neighborhood  of  the  laryngeal  and  trachea!  cartilages. 

Myxoma  of  the  oesophageal  wall  has  been  observed  in. 
the  form  of  a  polypoid  tumor  of  small  size. 

Myomata  of  the  oesophagus  have  been  observed  a  num- 
ber of  times.  They  are  u.sually  leiomyomata,  but  a  few 
cases  of  rhabdomyoma  have  been  described.  The  former 
may  develop  from  the  mu.scularis  mucosae  or  from  the  mus- 
cular coats ;  these  growths  may  be  circumscribed  or  poly- 
poid and  occur  most  frequently  in  the  lower  portions  of  the- 
oesophagus  in  the  neighborhood  of  the  cardia.  They  are 
found  at  any  period  of  life,  are  usually  small,  and  do  not 
give  rise  to  symptoms.  In  the  one  case  of  rhabdomj'oma 
which  has  been  carefully  described,  the  microscopical  ap- 
pearances were  those  of  a  rhabdomyosarcoma ;  metastasis- 
into  the  neighboring  lymph  glands  had  occurred. 

Primary  sarcoma  of  the  oesophagus  is  very  rare.  Alve- 
olar, spindle-cell,  and  round-cell  forms  have  been  observed: 
in  the  upper  part  of  the  organ,  less  frequently  near  the 
bifurcation,  apparently  arising  from  the  tissues  of  the- 
oesophagus  wall.  In  the  majority  of  cases  of  sarcoma, 
involving  the  oesophagus,  the  tumor  has  extended  from- 
some  one  of  the  neighboring  structures.  Lymphosar- 
coma of  the  bronchial  lymph  glands  may  thus  compress- 
and  invade  the  CESophagus.  Finally,  a  widespread  lym- 
phosarcomatosis  of  the  oesophagus  wall  may  occur  as- 
the  result  of  such  extension.  Ulceration,  hemorrhage, 
etc.,  may  follow.  The  ulcer  may  be  covered  by  a. 
growth  of  thrush ;  secondary  infection  and  gangrene 
may  result.  Only  one  case  of  primary  lymphosarcoma 
of  the  oesophagus  has  been  reported.  The  diagnosis  of 
sarcoma  of  this  organ  rests  upon  the  presence  of  symp- 
toms of  oesophageal  obstruction,  the  use  of  the  oesopha- 
goscope,  and  the  removal  of  a  portion  of  tissue  for  micro- 
scopical examination. 

Dermoid  cysts  are  very  rare.  They  have  been  observedi 
in  the  upper  portion  of  the  oesophagus  or  lower  part  of 
the  pharynx.  The  cmigenital  cysts  lined  with  columnar 
cells,  which  have  been  observed  in  the  oesophagus  wall, 
are  to  be  classed  as  simple  teratoid  cysts  due  to  anomalies 
of  development.  They  represent  remains  of  the  original 
communication  between  oesophagus  and  trachea. 

Carcinoma. — This  is  the  most  common  and  important 
of  the  oesophageal  neoplasms.  It  is  almost  always- 
squamous-celled  in  character  (epithelioma,  cancroid),  aris- 
ing from  the  squamous  cells  of  the  mucosa,  and  exhibit- 
ing more  or  less  horny  change  and  formation  of  epithelial- 
pearls,  as  is  the  case  with  the  epithelioma  of  the  skin- 
Only  in  rare  cases  is  the  primary  cancer  of  the  oesopha- 
gus of  the  colunmar-celled  tj'pe  (adenocarcinoma).  In 
such  cases  the  growth  takes  its  origin  from  the  cells  of 
the  mucous  glands,  or  from  congenital  cysts  lined  by 
columnar  cells  and  lying  in  the  walls  of  the  oesophagus. 
Occasionally  the  cancer  arising  from  the  gland  cells  may 
take  on  the  appearance  of  a  carcinoma  simplex,  a  car- 
(-inoma  medullare,  or  a  scirrhous  carcinoma,  etc.,  but 
these  forms  are  very  rare. 

(Esophageal  epithelioma  (Fig.  3021)  is  not  an  infre- 
quent disease.  It  is  foinid  moi'e  often  in  males  than  in 
females.  The  level  of  the  bifurcation  is  most  often  in- 
volved. It  has  a  tendency  to  grow  in,  ring  shape  about 
the  lumen,  and  in  this  way  gradually  to  cause  stenosis. 
As  the  cancer  increases  in  size  it  cjudckly  ulcerates.  In 
this  way  a  large  part  of  the  tumor  may  be  lost  and  the 
stricture  reduced.  About  the  ulceration,  the  mucosa 
shows  carcinomatous  infiltrations  and  small  secondary 
nodules,  which  may  also  ulcerate.  In  other  cases  the 
edges  of  the  pi-imary  ulcer  may  be  nodular,  greatly  thick- 
ened, and  firm,  causing  marked,  stenosis..    The  oesopha- 
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geal  wall  above  the  cancer  is  usuallj'  hypertrophic  and 
the  lumen  dilated.  Proliferation  of  connective  tissue 
about  the  ulcer  may  lead  to  the  appearance  of  a  scirrhous 
cancer.  Very  frequently  a  portion  of  the  growth  is  soft, 
rapidly  growing,  and  necrotic,  while  the  remaining  por- 
tion is  very  hard,  composed  largely  of  scar  tissue.  The 
greater  the  connective-tissue  formation  tlie  more  marked 
the  stenosis.  In  the  majority  of  cases  only  one  cancerous 
nodule  of  large  size  is  present ;  only  rarely  are  there  multi- 
ple cancerous  foci.  The  oesophageal  mucosa  about  the 
cancer,  and  particularly  the  mucosa  of  that  portion  of  the 
lumen  which  is  situated  above  the  stenosis,  usually  shows 
a  marked  chronic  congestion  or  inflammation. 

(Esophageal  cancer  occurs  most  often  between  the 
ages  of  fifty  and  sixty  years.  Cases  have  been  observed 
in  young  individuals.  The  etiological  factors  are  no  1  >ct- 
ter  known  than  are  those  of  carcinoma  elsewhere.  It  is 
significant  that  the  most  common  seat  of  the  growtli  is 
at  the  narrowest  portion  of  tlie  lumen.  The  condition  is 
more  common  in  smokers  and  drinkers,  and  it  is  probable 
that  chronic  irritation  here,  as  elsewhere,  favors  the  de- 
velopment of  the  neoplasm.  Foreign  bodies,  burns, 
healed  ulcers,  etc. ,  have  been  regarded  as  etiological  fac- 
tors. The  course  of  the  disease  usually  extends  over  one 
year,  often  over  a  shorter  period.  Death  takes  place  usu- 
ally from  inanition  due  to  the  stenosis,  to  a  perforation  or 
to  hemorrhage,  or  from  fatal  complications  due  to  metas- 
tasis or  extension  of  the  tumor. 

Beginning  in  the  mucosa  from  a  proliferation  of  the 
epithelium  the  carcinoma  cells  infiltrate  the  submucosa 
and  musculature  as  far  as  the  outer  fibrous  covering. 
The  wall  first  becomes  thickened,  its  original  elements 
undergo  atrophy,  and  the  affected  portion  of  the  wall  is 
replaced  by  carcinoma  tissue.  Necrosis  of  the  carcinoma 
cells  follows,  ulceration  of  the  surface  occurs,  and  there 
is  a  greater  or  less  formation  of  scar  tissue.  As  a  result  of 
the  ulceration  perforation  into  the  trachea,  bronchi,  lung, 
mediastinum,  pleura,  pericardium,  or  large  blood-vessels 
may  occur.  Erosion  of  the  vertebral  column  may  be  pro- 
duced. Perforation  into  the  trachea,  bronchi,  or  lung  is 
of  most  frequent  occurrence,  death  resulting  from  gan- 
grene or  purulent  pneumonia.  Occasionally  the  carcino- 
matous infiltration  may  involve  the  trachea  and  bronchi, 
or  even  the  heart.  Erosion  of  tlie  aorta,  carotids,  or  pul- 
monary vessels  may  cause  fatal  hemorrhages. 

In  many  cases  the  cervical  lymph  glands  and  the  con- 
nective tissue  of  this  region  show  extensive  carcinoma- 
tous infiltration,  and  the  neighboring  structures  may 
suffer  greatly  from  pressure.  As  a  result  of  pressure 
upon  one  or  both  of  the  recurrent  laryngeals,  either  by 
the  primary  tumor  or  by  enlarged  carcinomatous  lymjih 
glands,  paralysis  of  one  or  both  vocal  cords  may  result. 
The  changed  cliaracter  of  the  voice,  in  connection  with 
obstruction  to  the  passage  of  food  through  the  resepha- 
gus,  is  an  important  diagnostic  symptom. 

Metastases  in  distant  organs  occur  first  in  the  liver, 
lungs,  and  bones.  Except  in  rare  cases  local  metastases 
in  the  bronchial,  tracheal,  and  epigastric  lymph  glands 
are  always  present. 

The  most  extensive  carcinomatous  infiltration  of  the 
oesophagus  wall  may  exist  without  the  occurrence  of 
symptoms  directly  referable  to  this  organ.  In  some 
cases  the  only  symptom  is  progressive  emaciation  and 
weakness.  In  the  majority  of  cases  the  earliest  symp- 
tom is  dysphagia,  which  progresses  rapidly  so  that  the 
patient  soon  becomes  emaciated.  Regurgitation  of  food 
takes  place  immediately  after  swallowing  if  the  cancer 
is  situated  in  the  upper  portion  of  the  lumen;  after 
some  time  has  elapsed,  when  the  growth  is  in  the  lower 
part,  particularly  if  the  lumen  above  the  stenosis  is 
much  dilated.  The  regurgitated  food  may  contain  pus, 
blood,  or  portions  of  necrotic  cancer  tissue.  Pain  may 
be  constantly  present  or  entirely  absent;  or  present 
only  when  food  is  taken.  It  may  be  very  severe,  of  a 
burning  character,  or  there  may  be  simply  a  dull  press- 
ure, located  behind  tlie  lower  part  of  the  sternum,  and 
radiating  to  the  shoulder  blades.  Marked  dyspnoea  may 
result  from  the  pressure  upon  the  respiratory  passages. 


Tlie  enlargement  of  the  cervical  lymph  glands  may  occur 
early  and  indicate  the  nature  of  the  disease.  Pressure 
upon  the  recurrent  laryngeals,  causing  paraij'sis  of  the 
vocal  cords,  is  not  infrequent.  Disturbance  of  the  sym- 
pathetic may  cause  oculo-pupillary  symptoms  (miosis, 
retraction  of  the  lids,  narrowing  of  the  palpebral  fissure, 
etc.).  Erosion  of  the  cervical  vertebrfe,  pressure  upon 
the  brachial  plexus,  etc.,  may  give  rise  to  paralyses  of 
the  upper  extremity.  The  occurrence  of  perforation  into 
the  respiratory  tract,  pleura,  etc.,  is  followed  by  charac- 
teristic symptoms  on  the  part  of  the  region  involved. 
Emphysema  of  the  skin  of  the  cervical  region  and  of  the 
mediastinal  tissue  may  occur.  Trophic  disturbances  in 
the  skin  and  nails  have  been  ob.served.  The  urine  usu- 
ally contains  albumin,  indican,  and  phenol ;  in  the  late 
stages  of  the  disease 
acetone,  aceto-acetic 
acid,  and  oxybutyric 
acid. 

The  diagnosis  rests 
chiefly  upon  the 
case  history  and  the 
demonstration  of  a 
.stenosis  of  the  asopli- 
agus.  If  in  an  in- 
dividual past  the  age 
of  forty  j'ears  there 
occurs  without  evi- 
dent cause  a  stenosis 
of  the  oesophageal 
lumen,  with  pro- 
gressive emaciation, 
carcinoma  is  usually 
indicated.  Cicatri- 
cial stricture  or  the 
presence  of  foreign 
liodies  may  be  ex- 
cluded by  the  his- 
tory. Pressure  from 
without,  due  to  an- 
eurisms or  neighbor- 
ing growths,  must 
be  eliminated.  Car- 
cinoma of  the  oesoph- 
agus has  s  o  m  e - 
times  been  mistaken 
for  spasmodic  strict- 
ure. The  writer  has 
seen  two  such  cases, 
and  was  able  to  make 
the  diagnosis  of  can- 
cer in  each  case  from 
bits  of  cancer  tissue 
found  adhering  to 
the  bougies  used  in 
dilating  the  strict- 
ure. In  doubtful 
cases  in  which  the 
stenosis  is  slight,  the 
cesophagoscope 
should  be  used,  and 
a  bit  of  tissue  re- 
moved for  micro- 
scopical examina- 
tion. The  use  of 
sounds,  etc.,  should 
be  attended  with 
great  care,  from  the 
possible  danger  of 
perforation.  Auscul- 
tation of  the  oesoph- 
agus may  also  aid 
in    the  diagnosis. 

Gurgling  sounds  arising  at  the  stenosis  may  sometimes  be 
heard  at  a  distance  from  the  patient.  '  The  constant 
absence  of  the  sound  caused  by  the  passage  of  food  or 
drink  through  the  cardia  may  be  taken  as  evidence  of 
the  existence  of  a  pathological  process  interfering  with 


Fig.  3633.— Spindle-Form  Dilatation  of 
the  CEsopbapus  Above  a  Scirrhous 
Carcinoma.    (After  Kraus.) 
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tlio  normal  functiou  of  tlio  musculature  of  the  cai'dia, 
In  complete  stenosis  t)ie  food  passed  into  the  oesopha- 
gus may  gradually  accumulate  above  the  stenosis  and 

be     regurgitated     later. 


The  absence  of  hydro- 
chloric acid,  pepsin, 
peptone,  etc.,  may  be 
taken  as  evidence  that 
the  food  had  not  entered 
the  stomach.  The  prog- 
nosis in  all  cases  is  hope- 
less. Death  may  be 
postponed  by  operative 
measures. 

Altekations  in  tub 
Lumen.  —  Vihttation  is 
usually  secondary  to  ste- 
nosis. Primar}'  dilata- 
tion of  the  tt'sophageal 
lumen  is  very  rare.  The 
dilatation  in  the  acquired 
cases  may  be  general  or 
partial,  either  the  entire 
a\sophagus  or  only  a 
portion  of  it,  above  the 
stenosis,  being  enlarged. 
The  dilatation  of  a  lo- 
calized portion  of  the 
wall  and  not  the  entire 
circumference,  is  known 
as  a  dmerticulum.  Pri- 
fiiary  or  congenital  dilata- 
tion is  usually  general — 
the  so  -  called  spindle 
form.  This  may  also  be 
acquired,  usually  in 
chronic  a?sopbagitis,  or 
oesophagitis  secondary  to 
spastic  contraction  of  the 
cardia.  The  musculature 
is  usually  thickened,  and 
often  shows  fibroid  areas. 
The  ectasia  may  be  enor- 
mous, the  liunen  meas- 
uring as  much  as  30  cm. 
or  more  in  circumfer- 
ence— as  large  as  a  man's 
arm.  At  the  same  time 
the  length  is  increased, 
and  the  organ  becomes 
tortuous.  Secondary 
dilatations  develop 
above  strictures,  but  are 
not  present  in  all  ca.ses. 
(See  Fig.  3622.)  The 
dilatation  may  be  fusi- 
form or  cylindrical.  The 
muscular  coats  are  usu- 
ally hypertrophic  in  the 
dilated  portion.  Re- 
gurgitation is  the  chief 
symptom  of  oesophageal 
dilataliou.  Dj^spnoea 
may  be  produced  by 
pressure. 

Diverlicidaare  of  two 
forms:  'jirmmire  dwertic- 
vla  and  traction  dirertic- 
iila.  The  first  ai'ises 
from  pressure  within  the 
lumen,  the  latter  from 
cxterwal  traction  pulling  out  the  wall.  Pre.ssure  di- 
verticula are  rare.  They  are  found  most  frequently  at 
the  junction  of  tlie  pharynx  and  oesophagus,  on  the 
posterior  wall.  They  are  also  called  dorxnl  direrticiila 
in  contrast  to  the  laicnil  dircrticula  of  the  pharyngeal 
wall.  They  are  rarely  very  long,  and  extend  downward 
between  the  wsophagus  and  the  vertebra'.     The    mus- 
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Fig.  .3623.  —  Dlvertifuliiin  of  tlie 
Lower  Thiril  of  the  (Ksophagua, 
with  Dilatutlon.     (After  Kraus.) 


cular  wall  is  weakest  normally  at  the  point  where 
these  diverticula  occur.  Local  "bulging  is  first  brought 
about  by  trauma,  swallowing  of  large  and  firm  pieces 
of  food,  etc.  The  bulging  is  increased  by  pressure  of 
food,  and  gi'adually  there  is  formed  a  saccular  pouch, 
the  mucosa  and  submucosa  bulging  out  between  the 
muscle  bundles  of  the  inferior  constrictor  of  the  pharynx 
(pharyngocele).  In  some  cases  nmscle  fibres  have  been 
found  in  the  wall  of  the  sac,  and  the  condition  has  been 
regarded  as  an  ectasia  due  to  a  disturbance  in  the  clos- 
ure of  the  fatal  cleft  at  this  point.  The  latter  view  is 
probably  more  generally  accepted  than  the  former.  In 
case  the  diverticulum  becomes  filled  with  food  there 
may  result  ditficulty  in  swallowing,  gagging,  and  vom- 
iting. Decomposition  of  the  contents  of  the  sac  may 
take  place,  followed  by  maceration  of  the  epithelium 
lining  it,  secondary  infection,  ulceration,  and  phlegmon- 
ous ffisophagitis  or  perioesophagitis.  If  the  sound  is 
passed  when  the  sac  is  filled,  it  is  very  likely  to  enter  the 
dilated  sac;  when  the  sac  is  empty,  the  sound  may  pass 
by  the  opening  of  the  sac  without  entering  it.  When 
passed  down  against  the  posterior  wall,  the  sound  is 
more  likely  to  enter  the  sac. 

Traction  direrticula  are  not  rare.  They  occur  usually 
in  the  anterior  wall,  in  the  neighborhood  of  the  bifurca- 
tion, rarely  higher  or  lower.  (See  Fig.  3623.)  They  re- 
sult from  the  extension  of  au  inflammation  of  neighboring 
lymph  glands  with  adhesion  to  the  oe.sophageal  wall  and 
subsequent  cicatricial  contraction,  pulling  out  the  wall  at 
the  point  of  adliesion.  The  sac  is  usually  short ;  at  its  tip 
the  remains  of  a  diseased  gland  are  always  to  be  found. 
The  lumen  of  the  diverticulum  may  point  downward,  hori- 
zontally, or  upward.  It  communicates  with  the  ttsopha- 
geal  lumen  by  a  round,  oval,  or  longitudinal  opening  of 
varying  size.  The  mucosa  about  the  opening  is  often 
puckered.  Several  diverticula  may  exist  coincidently. 
In  the  majorit}'  of  cases  the  lymph  glands  attached  to 
the  diverticula  are  tuberculous.  The  condition  may 
have  its  origin  in  childhood.  Usuall}'  traction  diver- 
ticula exist  without  symptoms.  Through  perforation  of 
the  sac  chronic  purulent  perioesophagitis  may  be  set  up, 
with  extension  to  pleura,  pericardium,  lungs,  etc.  In 
this  way  the  most  severe  symptoms  may  arise  and  the 
case  reach  a  fatal  termination. 

Stenosis  of  the  cesophagus  may  be  congenital  or  ac- 
cjiiired.  In  the  latter  case  partial  or  complete  obstruction 
of  the  lumen  may  result  from  foreign  bodies,  inflamma- 
tory swellings,  phlegmon,  growths  of  thrush,  tumors; 
or  cicatricial  contraction  of  the  wall  following  coriosive 
poisoning,  syphilis,  diphtheritic  infiammation,  trauma, 
etc. ;  or  from  changes  in  the  neighborhood  of  the  a>soph- 
agus,  such  as  enlarged  lymph  glands,  aneurisms,  tu- 
mors of  the  lung  or  pleura,  etc.  A  number  of  cases  of 
a'sophageal  stricture  following  ulceration  of  the  oesopha- 
gus in  typhoid  fever  have  been  observed.  The  charac- 
teristic sj'mptoms  in  all  cases  are  dysphagia  and  regur- 
gitation of  food. 

Rupture  of  ffisopiiAOus. — This  condition  is  rare.  It 
maj'  be  due  to  trauma  or  to  excessive  internal  pressure. 
It  is  reported  as  occurring  in  the  healthy  a^sophagus  as  a 
result  of  prolonged  vomiting ;  usually  after  a  full  meal, 
or  in  a  condition  of  intoxication.  It  is  probable  that  in 
some  of  these  cases  some  jjathological  weakening  of  the 
wall  was  present.     Tlie  condition  is  invariably  fatal. 

FoitEiGN  Bodies. — Among  the  foreign  bodies  reported 
as  gaining  entrance  to  tlie  a'sophagus  are  bones,  leeches, 
needles,  false  teeth,  etc.  Needles  maj'  pass  out  through 
the  wall  and  be  found  in  other  parts  of  the  body.  Sharp- 
pointed  or  rough  bodies  are  most  dangerous,  as  they  may 
enter  the  wall  of  the  organ  and  give  rise  to  a  phlegmon- 
ous o'sophagitis,  which  may  extend  to  the  lungs,  pleura, 
or  pericardium.  In  other  cases  the  foreign  body  may 
lead  to  erosion  of  the  large  vessels.  Complete  obstruc- 
tion of  the  lumen  may  be  caused  by  false  teeth.  Gan- 
gi-enc^  due  to  pressure  usually  results.  The  entrance  of 
foreign  bodies  into  diverticula  may  lead  to  perforation. 
The  fungus  of  actinomycosis  may  gain  entrance  through 
the  lodgment  of  bits  of  straw,  chalS,  etc.,  in  the  asopha- 
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geal  mucosa.    (For  general  treatment  of  diseases  of  the 
oesophagus,  see  Stomach,  Surgery  of  the.) 

Aldred  Scott  WartJiin. 

{ESOPHAGUS.  (SURGICAL.)  See  Stomach,  Surgery 
of  the. 

(ESTRUS.    See  Insects,  Parasitic. 

OIDIOMYCOSIS  OF  THE  SKIN.  See  Dermatitis 
Blastomycetica. 

OJAI  HOT  SULPHUR  SPRINGS.— Ventura  County, 
California.  Access. — ViS  Southern  Pacific  Railroad  to 
Ventura,  thence  fifteen  miles  by  stage  to  springs. 

This  resort  is  beautifully  situated  in  Waterfall  Canyon, 
about  five  miles  from  tlie  thriving  village  of  Nordhofif. 
The  altitude  of  this  location  is  about  one  thousand  feet 
above  the  sea  level.  The  surrounding  scenery  is  very 
fine,  and  the  vicinity  affords  excellent  hunting  and  fish- 
ing. The  springs  flow  about  fifty  thousand  gallons  per 
hour,  and  have  a  temperature  ranging  from  60°  to  104° 
F.  Several  of  the  springs  are  carbonated,  and  others  are 
sulphureted.  Among  the  well-known  springs  are  the 
Fountain  of  Life,  St.  Jacob's  Well,  and  the  Mother  of 
Eve  Springs.  These  Ojai  waters  contain  the  carbonates 
and  sulphates  of  sodium,  potassium,  and  magnesium,  the 
carbonates  of  iron  and  lime,  silicates,  and  carbonic  acid 
and  sulphureted  hydrogen  gases.  Many  stiff- jointed, 
rheumatic,  and  gouty  persons  repair  to  these  springs  for 
relief,  and  it  is  stated  that  a  fair  percentage  of  them  are 
not  disappointed  in  their  quest.  Good  accommodations 
are  provided  for  visitors.  James  K.  Crook. 

OJAI  VALLEY,  SOUTHERN  CALIFORNIA.— This  lit- 
tle valley,  said  to  be  one  of  the  most  beautiful  spots  in 
Southern  California,  is  situated  in  Ventura  County,  about 
sixty  miles  northwest  of  Los  Angeles,  and  about  fifteen 
miles  from  the  coast.  It  has  an  average  elevation  of 
from  nine  hundred  to  twelve  hundred  feet,  the  upper 
part  of  the  vallej'  being  the  highest. 

It  is  about  fifteen  miles  in  bngth,  and  from  two  to  four 
miles  wide.  It  is  "  entirely  si  rrounded  by  the  San  Rafael 
and  Santa  Inez  ranges,  wliicJi  rise  on  the  east  to  a  height 
of  six  thousand  feet.  It  is  thus  well  sheltered  from  harsh 
winds  and  partly  also  from  the  sea  fogs  "  (Solly). 

Nordhoff  is  the  principa  town  with  a  population  of 
■eight  hundred  or  more,  and  is  the  terminus  of  a  branch 
railroad  from  San  Buena.  Ventura.  The  upper  Ojai  is 
noted  for  its  orchards,  while  the  lower  Ojai  is  devoted  to 
beans  and  grain.  Fruits  of  various  kinds  also  thrive 
iere.  The  opportunities  for  camping  and  shooting  are 
abundant,  deer,  quail,  and  other  small  game  being  plen- 
tiful. The  horseback  rides  are  very  attractive  in  tliis 
"  country  of  beautiful  views. " 

The  following  table,  compiled  from  data  given  by  Solly 
{"Medical  Climatology"),  will  indicate  the  character  of 
the  climate : 


Climate  of  Ojai  Valley,  taken  at  ok  Neak  Nokdhopf. 
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Humidity- 
Mean  relative  (January  and 
February) ....         

OT  84 

The  climate,  it  will  be  seen,  is  a  very  mild,  equable 
■one  in  the  winter  and  spring,  with  a  comparatively  dry 


air,  and  slight  rainfall ;  in  brief,  it  represents  the  well- 
known  characteristics  of  the  Southern  California  climate 
for  resorts  situated  some  distance  from  the  sea,  and,  in 
addition,  the  modifications  produced  by  the  peculiar  situ- 
ation of  the  valley,  shut  in  as  it  is  by  mountains. 

This  climate  is  said  to  be  especially  favorable  for  asth- 
matics, and  is  also  to  be  recommended  for  cases  of  pul- 
monary tuberculosis,  chronic  bronchitis,  chronic  diar- 
rhoea, and  nephritis. 

The  accommodations  are  only  moderate.  According 
to  Solly  there  are  pleasant  boarding-houses  and  cottages. 
Such  a  locality  as  the  Ojai  Valley  is  rather  suited  to  those 
who  are  well  enough  to  take  up  a  permanent  residence 
there,  and  occupy  themselves  with  the  various  pursuits 
of  an  outdoor  life.  Edward  0.  Otis. 

OJO  CALIENTE.— Taos  County,  New  Mexico.  Post- 
Ofpicb.— Ojo  Caliente.     Hotel. 

Access. — Take  Denver  and  Rio  Grande  Railroad  to 
Barrancas  Station;  thence  twelve  miles  by  stage  to 
springs. 

These  celebrated  hot  springs  are  located  at  an  elevation 
of  about  six  thousand  feet  above  the  sea  level  in  the  re- 
gion of  the  ancient  cliff  dwellers,  twenty -five  miles  west 
of  Taos  and  fifty  miles  north  of  Santa  F§.  There  is  now 
a  commodious  hotel  at  the  resort,  having  accommodations 
for  about  one  hundred  guests.  The  surrounding  country 
is  broken  and  mountainous,  and  the  climate  of  the  usual 
delightful  New  Mexico  variety.  The  hottest  summer 
day  recorded  at  the  springs  in  recent  times  was  93°  F., 
and  the  coldest  winter  day  20^  F.  The  resort  is  kept 
open  all  the  year  round.  The  springs  are  fifteen  in  num- 
ber, and  vary  in  temperature  from  90°  P.  to  123"  F. 
Their  flow  has  not  been  measured,  but  it  is  estimated  by 
Congressman  Antonio  Joseph,  the  proprietor,  at  about 
forty-two  hundred  gallons  hourly.  The  following  analy- 
sis was  made  by  Prof.  O.  C.  Marsh : 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  carbonate 91.53 

Magnesium  carbonate 1.26 

Iron  carbonate 5.90 

Lithium  carbonate 13 

Sodium  chloride 22.18 

Calcium  carbonate 2.43 

Potassium  sulphate 3.00 

Sodium  sulphate 7.92 

Silica 1.22 

Total 133.34 

An  analysis,  made  in  1893,  of  the  "New  Spring"  by 
W.  T.  Hillebrand,  acting  chief  chemist  of  the  United 
States  Geological  Survey,  showed  the  presence  of  large 
quantities  of  carbonate  of  sodium,  besides  salts  of  lith- 
ium, potassium,  strontium,  barium,  magnesium,  and 
iron,  with  a  considerable  proportion  of  carbonic  acid  gas. 
The  waters  here  have  a  great  reputation  in  the  treatment 
of  advanced  syphilis,  chronic  induration  of  the  lymphatic 
glands,  gout,  and  rheumatism.  James  K.  Crook. 

OLD  AGE.  See  Senility,  and  Death,  Physiological 
Theories  of. 

OLD  POINT  COMFORT,  NEWPORT  NEWS,  AND 
VIRGINIA  BEACH.— Old  Point  Comfort,  Va.,  is  situated 
at  the  southeastern  extremity  of  Yorktown  Peninsula, 
at  the  entrance  to  Hampton  Roads,  through  which  the 
James  River  empties  into  Chesapeake  Bay.  Situated 
thus  it  commands  a  view  directly  out  to  sea  between 
Cape  Charles  and  Cape  Henry.  Directly  south  of  Old 
Point  Comfort,  at  a  distance  of  about  eleven  miles,  is  the 
city  of  Norfolk,  Va.  In  a  westerly  direction  from  Old 
Point,  seven  miles  distant,  as  one  passes  up  through 
Hampton  Roads  to  enter  the  James  River,  is  situated 
Newport  News.  "  All  vessels  coming  down  the  James 
River  from  Richmond  and  Petersburg,  and  those  enter- 
ing and  leaving  the  harbor  of  Norfolk  (and  the  Ports- 
mouth Navy  Yard  there  situated)  must  pass  close  to  Old 
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Point  Comfort,  while  the  entire  sea-going  commerce  of 
Chesapeake  Bay  passes  it  at  no  great  distance  on  its  way 
to  and  from  the  ports  of  Baltimore,  Annapolis,  and  Alex- 
andria. " 

Old  Point  Comfort  is  a  government  reservation,  and 
here  is  situated  the  famous  fortification  of  Fort  Mon- 
roe, the  largest  of  its  kind  in  America,  commanding  the 
entrance  to  Hampton  Roads  and  the  approach  to  the 
navy  yard  at  Norfolk.  The  very  extensive  marine  view, 
the  attractions  of  a  large  military  garrison,  combined 
with  a  mild  climate  a  considerable  portion  of  the  year, 
render  this  resort  one  of  the  most  popular  ones  in  the 
country.  Moreover,  it  is  very  easily  and  comfortably 
reached  from  the  North,  and  affords  excellent  accommo- 
dations, though  expensive. 

The  accompanying  climatic  table  based  upon  observa- 
tions taken  at  Norfolk,  will  serve  also  to  illustrate  the 
climate  of  Old  Point  and  Newport  News,  for  the  thi-ee 
places  are  so  near  one  another  that  there  can  be  but  little 
difference  in  their  climatic  elements. 


stable  climatic  conditions  of  a  Northern  spring  during- 
these  months.  One  will  find  at  this  resort  a  large  amount- 
of  sunshine,  a  comparatively  mild  temperature,  no  great 
amount  of  rain,  and  less  wind  than  at  Atlantic  City. 
When  one  considers  the  ready  accessibility  of  "Old. 
Point "  from  the  North,  and  its  favorable  climatic  feat- 
ures, its  value  as  a  health  resort  must  be  regarded  as 
very  considerable.  The  sources  of  amusement  and  di- 
version are  also  many,  and  greatly  enhance  the  value  of" 
the  resort.  They  are  the  ever-shitting  panorama  of  the 
ocean  with  the  constant  passing  of  various  craft;  the: 
fascination  of  the  military  life,  such  a  predominant  feat- 
ure here;  the  frequent  visits  of  warships;  the  Normal 
and  Agricultural  Institute  for  colored  people  and  Indians, 
at  Hampton,  two  and  a  quarter  miles  distant;  and  the 
National  Soldiers'  Home  at  the  same  place;  the  various 
shorter  or  longer  excursions  by  water  to  Norfolk,  Rich- 
mond, Virginia  Beach,  the  York  River,  etc.  The  Hamp- 
ton Golf  Club  and  the  Country  Club  are  accessible  to  the 
guests  of  the  hotels,  and  are  said  to  be  kept  in  excellent. 


Climate  op  Nobfolk,   Va.,   Latitude, 


36°  51';  Longitude,  76° 
Ybabs. 


Period  of  Observation,  Thirteen" 


Temperature  (degrees  Fahrenheit)— 

Average  or  normal 

Average  dally  range 

Mean  of  warmest 
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Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
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3.58 
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Temperature  and  RArNFALX,  at  Port  Monroe,  Va.    Latitude,  37°  N. ;  Long.,  76°  19' "W. 
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Mean  temperature  (degrees  Fahrenheit) 

Maximum  temperature 

Minimum  temperature 

Mean  precipitation  in  inches 


59.52° 


47.01 


A  comparison  is  also  given  of  the  temperatures  of  Nor- 
folk, New  York,  and  Boston  for  the  months  of  February, 
March,  and  April,  the  season  at  which  "Old  Point"  is 
especially  resorted  to  by  visitors  from  the  North. 


shape.  The  links  overlook  the  sea,  and  at  the  attractive 
club  house  there  is  a  tea  room  and  cafe,  and  music  on 
Saturday  afternoons.  There  are  also  sailing,  driving,  and 
bathing  in  the  season.     Attention  should  also  be  called  to- 


Temperature 
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45  0° 

Average  daily  minimum 
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lor  those  who  are  recovering  from  the  effects  of  an  opera- 
tion, and  for  scrofulous  children.  For  tlie  aged,  the  fee- 
"ble,  the  neurastlienic,  and  for  weakly  children  it  offers,  for 
a  portion  of  the  year  at  least,  a  mild  and  pleasant  asylum. 
It  is  said  to  be  immune  from  malaria.  It  can  hardly  be 
recommended  for  those  suffering  from  any  serious  dis- 
ease of  the  respiratory  organs  or  from  renal  disease. 

As  a  half-way  station  between  the  North  and  the  more 
Southern  resorts  in  Florida,  Georgia,  and  South  Carolina, 
"Old  Point  "  proves  serviceable  in  the  late  autumn  and 
in  the  spring. 

There  are  two  large  and  well-appointed  hotels  at  "  Old 
Point,"  the  "Chamberlain"  and  the  "Hygeia,"  with  en- 
closed sun  piazzas,  affording  excellent  accommodations 
the  year  round.  It  is  probable,  also,  that  in  the  vicinity 
private  boarding-houses  and  cottages  can  be  found  for 
those  desiring  less  expfensive  accommodations  than  these 
luxurious  hotels  offer.  The  methods  of  reaching  this 
resort  are  many  and  good.  One  can  go  by  rail  to  Cape 
•Charles  and  from  there  by  steamer  across  the  bay,  or  by 
rail  all  the  way  viS  Richmond ;  or  one  can  make  the  trip 
from  Boston,  New  York,  Baltimore,  and  Washington  by 
water. 

Newport  News,  while  possessing  a  similar  climate,  has 
less  in  the  way  of  attractions  to  offer  than  Old  Point,  and 
is  not  so  popular  a  resort,  though  it  possesses  much  of  his- 
toric interest.  Here  is  located  an  extensive  ship-building 
plant,  with  an  immense  dry -dock.  It  is  also  a  port  of 
importance.  The  Hotel  Warwick  offers  good  accommo- 
dations, and  for  one  who  desires  a  quieter  existence  than 
that  at  Old  Point,  Newport  News  would  appear  to  be 
the  more  attractive  of  the  two.  It  is  reached  by  boat 
■from  Norfolk. 

Virginia  Beach  is  situated  eigliteen  miles  east  of  Nor- 
folk, with  which  it  is  connected  by  rail,  and  six  miles 
-south  of  Cape  Henry.  It  has  a  fine  and  extensive  beach, 
-affording  good  surf  bathing,  and  is  protected  landward 
by  extensive  pine  forests.  The  average  winter  temper- 
ature is  54°  F,  and  the  extremes  for  the  year  34°  F. 

The  climate  is  equable  and  mild  and  the  soil  dry.  The 
Princess  Anne  Hotel  is  well  appointed  and  offers  excel- 
lent accommodations  and  food.  The  attractions  arc  boat- 
ing, bathing,  fishing,  shooting,  and  horseback  riding. 
This  climate  and  resort  "  are  adapted  for  cases  of 
•chronic  nephritis,  bronchitis,  overwork,  and  neuras- 
thenia."   (Hinsdale.)  Edward  0.  Otis. 

OLD  SWEET  SPRINGS.— Monroe  County,  West  Vir- 
ginia.    Post-Ofpiok. — ^Old  Sweet  Springs.     Hotel. 

Access. — ViS  Chesapeake  and  Ohio  Railroad  to  Alle- 
.ghany  Station,  where  Concord  coaches  meet  all  passengers 
for  the  springs.  The  location  of  Sweet  Springs  is  more 
•open  than  is  generally  the  rule  in  mountain  districts. 
"They  issue  up  in  a  valley  of  great  loveliness,  but  are  sur- 
Tounded  by  mountain  scenery  of  surpassing  grandeur. 
The  elevation  is  two  thousand  feet  above  the  sea  level, 
and  the  climate  during  the  summer  months  is  of  the  usual 
•deUghtful  character  found  in  this  region.  The  buildings 
a,t  the  springs  are  of  brick  and  of  a  very  substantial  char- 
•aeter,  and  at  the  height  of  the  season  the  place  resembles 
a  miniature  city.  Eight  hundred  guests  are  easily  enter- 
tained at  one  time.  The  main  building  is  about  three 
hundred  feet  in  length,  and  no  expense  has  been  spared 
to  make  it  one  of  the  best  summer  hotels  in  the  country. 
'The  hotel  property  embraces  a  grass  farm  of  two  thou- 
:sand  acres,  which  guarantees  an  abundant  supply  of 
dairy  products,  while  neighboring  farms  furnish  the  best 
of  poultry,  mutton,  etc.  The  water  of  the  Sweet  Springs 
is  not  unpleasant  to  the  taste,  but  its  temperature  (79°  F. ) 
renders  it  rather  warm  for  general  use  in  drinking.  For 
bathing,  however,  it  is  very  agreeable.  Two  pools  have 
been  provided — one  for  men,  the  other  for  women, — each 
seventy-five  feet  long,  twenty-five  feet  wide,  and  from 
three  to  five  feet  deep.  The  water  is  so  clear  that  moss- 
covered  stones  on  the  bottom  are  distinctly  visible.  There 
are  also  warm  and  hot  steam  baths  of  both  mineral  and 
freestone  water.  The  following  analysis  of  the  mineral 
"water  here  was  made  by  Prof.  William  B.  Rogers: 


ONK  UNITED  STATES  GALLON  CONTAINS: 

Solids.  Grains. 

Calcium  sulphate 13.16 

Magnesium  sulphate 9.37 

Sodium  sulphate 6.32 

Calcium  carbonate 30.05 

Magnesium  carbonate 80 

Calcium  chloride i  15 

Sodium  chloride 14 

Magnesium  chloride [31 

Iron  peroxide 15 

Silica 17 

Earthy  phosphates ".  Trace 

Iodine Trace. 

Total 60.62 

Gases.  Cu.  in. 

Carbonic  acid 80.86 

Nitrogen 4.31 

Sulphureted  hydrogen Trace. 

Oxygen Trace. 

This  is  a  very  good  alkaline-calcic  water  possessing 
tonic,  diuretic,  alterative,  and  mild  cathartic  properties. 
It  is  valuable  in  functional  disorders  of  the  stomach,  and 
is  said  to  be  employed  with  signal  benefit  in  chronic  diar- 
rhoea and  dysentery'.  It  has  also  produced  good  results 
in  rheumatism  and  in  some  forms  of  neuralgia,  as  well  as 
in  renal  and  urinary  disorders.  James  K.  Crook. 

OLEIC  ACID.— Oleic  acid  (HCisHsaOj)  is  the  acid  prod- 
uct of  the  decomposition  of  olein,  the  fluid  constituent 
of  natural  oils  and  fats.  Under  the  title,  Aoidum  Olei- 
cum-.  Oleic  Acid,  the  United  States  Pharmacopoeia  recog- 
nizes the  acid  "  prepared  in  a  sufficiently  pure  condition 
by  cooling  commercial  oleic  acid  to  about  5°  C.  (41°  P.), 
then  sejparating  and  preserving  the  liquid  portion. "  Such 
grade  of  acid  is  an  oily  liquid,  yellow  or  brownish-yellow 
in  color,  and  having  an  odor  and  taste  as  of  lard.  On 
exposure  to  air  it  absorbs  oxygen  and  darkens  in  color. 
Its  specific  gravity  is  about  0.900  at  ordinary  tempera- 
tures. It  is  insoluble  in  water,  but  dissolves  completely 
in  alcohol,  chloroform,  benzol,  benzin,  oil  of  turpentine, 
and  the  fixed  oils.  On  cooling  the  acid  first  becomes 
semi-solid,  and  at  4°  C.  (39.3°  F.)  congeals  to  a  whitish, 
crystalline  mass. 

The  medicinally  valuable  property  of  oleic  acid  is  that 
while  retaining  the  physical  properties  of  a  fixed  oil,  the 
acid  is  j'et  of  high  diffusive  power,  and,  accordingly, 
upon  inunction  passes  through  the  unbroken  skin  into 
the  general  circulation,  and  leaves  behind  a  smooth,  soft, 
and  supple,  but  not  greasy  condition  of  the  integument. 
Being  an  acid  it  forms  salts  with  salifiable  bases,  many 
of  which  salts  are  soluble  in  excess  of  oleic  acid.  Such 
solutions  of  oleates  in  oleic  acid  are  found  to  permeate 
the  skin  as  readily  as  the  simple  acid,  and  for  this  reason 
such  solutions  form  a  class  of  medicines  defined  as  "ole- 
ates," and  devised  as  means  of  medicating  the  general 
circulation  through  the  unbroken  skin.  Oleic  acid  is 
used  exclusively  for  the  manufacture  of  these  pharma- 
ceutical "oleates."  Edward  Curtis. 

OLFACTORY  NERVE.— I.  Anatomical  Pakt.— The 
olfactory  nerve  is  the  simplest  of  the  nerves  of  special 
sense ;  indeed  in  its  peripheral  relations  it  is  in  some  re- 
spects the  simplest  and  most  primitive  nerve  of  the  body. 
Its  central  relations,  on 
the  other  hand,  are 
most  intricate  and  can- 
not be  understood 
without  reference  to 
its  evolutionary  his- 
tory. In  the  larva  of 
the  lowest  vertebrate, 
the  amphioxus  (Fig. 
3634),  the  anterior  end 
of  the  tubular  central 
nervous  system  opens 

freely  to  the  outer  body  surface  by  a  distinct  neuropore 
on  the  dorso  median  surface  of  the  head.  In  the  adult 
this  pore  becomes  closed,  but  there  persists  a  pit-like  de- 


FiG.  3624.  —  Longitudinal  Section 
Through  the  Brain  ol  the  Larval  Am- 
phioxus. ch,  Notochord ;  iV,  neuro- 
pore, or  sensory  pit. 
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pression  of  the  outer  skin,  reaching  in  to  rest  in  con- 
tact with  the  surface  of  the  brain.     This  pit  is  lined  with 

ciliated  epithelium  and  at 
this  stage  of  life  it  is  dis- 
placed so  that  it  lies  on 
one  side  of  the  median 
line.  The  appearance  of 
this  structure,  which  is 
known  as  the  "olfactory- 
pit,"  is  shown  in  the  ac- 
companying figure  (Fig. 
3625).  From  this  simple 
beginning  the  entire  ol- 
factory apparatus  of 
higher  animals  has  been 
developed.  The  neuro- 
pore  in  embryos  of  other 
vertebrates  does  not  actu- 
ally open  to  the  surface, 
but  its  position  can  some- 
times be  determined  by 
the  appearance  of  a  pit- 
like forward  projection 
of  the  brain  wall  in  its 
most  cephalic  boundary 
at  a  point  corresponding 
to  the  lamina  terminalis 
of  the  adult  (the  lobus 
olfactorius  impar  of  von 
KupfEer)  (see  Fig.  3626). 
Here,  too,  there  is  an  in- 
vagination from  the  outer 
skin  in  the  corresponding 
region.  From  this  invagi- 
nation there  is  produced 
not  only  the  nasal  fossa 
and  the  contained  sensory 
„  ^^  epithelium,  but  also  the 
lo.  ■  aoiS). -Transverse  Section  ^vnonhvois  thp  lattpr  rn 
Through  Region  of  Olfactory  Pit  riypopnysis,  me  latter  ro- 
ot Adult  AmpMoxus.  (After  tatmg  ventrally  through 
Lankester.)  The  olfactory  pit  is 
seen  as  an  ectodermlc  inva^na- 
tlon  at  the  left  of  the  brain,  b ; 
eh,  notochord;  /,  lymph  space; 
my,  Urst  myotom ;  n,  second 
cranial  nerve. 


superficially  the  taste  buds,  and  Blaue  has  assumed  that 
these  "  olfactory  buds  "  are  the  derivatives  of  one  of  the 
lateral  line  series  of  sense  organs 
which  has  wandered  into  the  olfac- 
tory fossa  and  there  proliferated. 
In  spite  of  the  inherent  improbabil- 
ity of  this  from  theoretical  grounds, 
his  view  has  found  its  way  into 
many  of  the  current  text-books  of 
embryology.  As  a  matter  of  fact, 
however,  Blaue  was  ignorant  of  the 
development  of  the  olfactory  organ 
of  these  fishes,  and  the  embryologi- 
cal  history  disproves  his  theory,  for 
the  olfactory  sensory  epithelium 
does  not  exhibit  the  "olfactory 
buds  "  until  a  very  late  stage  in  the 
ontogeny,  showing  that  these  are  of 
secondary  rather  than  primary  sig- 
nificance. The  truth  is,  that  the 
phylogenetic  origin  and  relation- 
ships of  the  olfactory  organ  must 
be  left  for  future  research  to  deter- 
mine. 

The    later    phylogenetic  history 
is  fortunately  much  clearer,  and  it 
is  moreover  of  fundamental  Impor- 
tance to  our  theories  of  the  origin 
of   the    cerebrum,   for    the    whole 
of  the  secondary  prosencephalon  in 
the  lowest  vertebrates  seems  to  be 
related  to  this  olfactory  organ.     As  the  optic  lobes,  gen- 
iculata,  etc.,  have  been  evolved  in  response  to  the  re- 
quirements of  the  organ  of  vision,  so  the  olfactory  bulbs 
and  the  earliest  cerebral  cortex  seem  to  have  been  called 


Fig.  3627.- Dorsal  View 
of  the  Brain  of  a 
Young  Alligator. 
(After  C.  L.  Herriclt.) 


an  arc  repre- 
sented by  the 
arrow  in  the 
figure. 

The   fact 
that   the   ol- 
factory sensory  thickening  appears  in  the 
olfactory  depression  at  a  very  early  stage  in 
its  invagination  has  led  to  many  attempts  to  homologize 
the  olfactory  organ  with  other  sensory  organs  of  ecto- 
dermal origin.     In  some  of  the  fishes  the  adult  olfactory 
mucosa  is  broken  up  into  sensory  patches  resembling 


Fig.  3626.— Median  Sagittal  Section  Through  the  Head  of  Ammocoetes. 
(After  von  Kupfter.)  ch,  Notochord ;  ec,  ectoderm ;  en,  entoderm  ; 
ej9,  epiphysis;  F,  primary  forebrain ;  if,  primary  hindbrain ;  iij/, 
hypophyseal  invagination :  lo,  lobus  olfactorius  impar ;  M,  primary 
midbrain ;  n,  nasal  Invagination ;  pm,  pre-oral  gut ;  8t,  stomodoeum. 


Fig.  3638.— Diagram  of  the  Olfactory  Connections  of  the  Lizard,  as 
seen  in  Sagittal  Section.    (After  Edinger.) 

forth  by  the  necessities  of  the  olfactory  sense.  Then 
later  in  the  evolutionary  process  the  prosencephalic  roof, 
or  pallium,  became  the  seat  of  secondary  connections  for 
other  nerve  sys- 
tems, until  ill  man 
and  other  micros- 
matic  mammals 
the  olfactory 
function  has  been 
quite  overshad- 
owed by  these 
secondarily  ac- 
quired functions 
of  a  higher  order. 
The  distinction 
between  the  rhin- 
encephalon  and 
the  remainder  of 
the  prosencepha- 
lon becomes  more 
and  more  marked 
as  wp  a<!fpnd  thp  ^i".  3639.— Section  of  the  Olfactory  Mucous 
aswe  ascena  tne  Membrane.  (After von Brunn.)  Thespeci- 
animal  series.  nc  olfactory  cells  are  in  black. 
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Edinger  and  others  liave  brouglit  forth  anatomical  evi- 
dence to  sliow  that  the  first  truly  functional  cortex,  or 
pallium,  to  appear  in  the  phylogenetic  scale  is  tlie  hippo- 
campus, wlilch  is  connected  chiefly  with  the  olfactory 
sense.  With  this  is  to  be  correlated  the  fact  that 
the  olfactory  conduction  path  becomes  medullated 
earlier  in  the  development  of  the  human  cerebrum 
than  that  of  any  other  special  sense.  Since  th'! 
psjrchic  functions  in  higher  animals  are  associatec 
mainly,  if  not  exclusively,  with  the  cerebral  cortex, 
it  follows  with  great  probability  that  the  olfactory 
group  of  sensations  was  among  the  first  to  emerge 
into  clearly  defined  consciousness.  This  olfactory 
cortex  appears  first  in  the  Amphibia  as  a  crescent  of 
superficial  nerve  cells  in  the  caudal  and  lateral 
border  of  the  cerebrum.  In  the  reptiles  there  is 
true  cortex  over  the  whole  of  the  forebrain  in  ad- 
dition to  a  simple  but  typical  hippocampal  forma- 
tion. In  these  forms  the  olfactory  nerve  is  the 
largest  in  the  body  and  the  whole  system  is  enor- 
mous. It  is,  moreover,  laid  down  according  to  the 
same  general  plan  as  in  higher  animals.  The  rela- 
tions between  olfactory  bulbs  and  cerebrum  in  the 
reptiles  are  indicated  by  the  accompanying  figure 
of  the  brain  of  the  alligator  (Fig.  3637)  and  by  the 
diagram  of  the  olfactory  connections  in  the  lizard 
(Fig.  3628).  This  latter  scheme  applies  also  with 
no  Important  changes  save  in  the  relative  size  of 
the  parts,  to  all  vertebrates  above  the  reptiles  in  the 
zoological  scale.  In  man,  however,  the  sense  of 
smell  is  relatively  so  unimportant  and  the  higher 
cortical  centres  are  so  highly  developed  that  it  has 
proven  a  matter  of  the  greatest  difficulty  to  unravel 
the  olfactory  connections. 

Anatomically  the  olfactory  nerve  differs  from  all 
of  the  other  nerves  of  the  body  in  that  its  fibres  arise 
from  perikaryons,  or  cell  bodies,  lying  in  the  sen- 
sory epithelium  (Fig.  3639).  In  other  words,  the 
root  ganglion  for  this  nerve  does  not  lie  adjacent  to 
the  central  nervous  system,  but  its  cells  are  in  the 
periphery,  diffusely  scattered  among  the  indifferent 
supporting  cells  of  the  sensory  mucosa  of  the  nasal 
organ.  This  condition  we  find  in  the  case  of  no 
other  nerve  among  the  higher  vertebrates,  but  it 
appears  to  be  a  survival  of  a  primitive  invertebrate 
condition.     (See  Cranial  Nenes.) 

The  specific  olfactory  cells  are  distributed  over  a 
relatively  small  area  of  the  nasal  mucosa  (about  2.5 
sq.  cm.)  in  the  upper  narrow  part  of  the  nasal  sinus,  part- 
ly on  the  superior  turbinated  bone,  and  partly  on  the  nasal 
septum  adjacent.  Unlike  the  remainder  of  the  nasal  mu- 
cosa this  portion  is  non-ciliated.  It  is  yellowish  in  color 
and  exceedingly  vascular.  Tlie  specific  olfactory  cells 
are  commonly  described  as  ending  in  a  short  stiff  bristle. 


mai-tetj  Bulb 


Recently  Jagodowski  has  found  (Anat.  Ameiger,vo\.  xix., 
p.  257)  in  the  fishes  that  each  of  these  cells  is  provided 
with  a  single  long  thread-like  filament  which  projects 
outward  into  the  mucus  of  the  nose  and  which  may  be 


y,  ..  o-jalatim 


Fig.  3630.— The  Eight  Olfactory  Nerve  on  the  Outer  Wall  of  the  Nasal 
~  (Adapted  from  Hirschfeld.) 


Fig.  3631.— Structure  of  the  Olfactory  Filaments  and  Bulb.  (After  Ram6n  y 
Cajal.)  be,  Bipolar  cells  of  the  olfactory  mucous  membrane;  «m,  sub- 
mucosa ;  ef Tim,  cribriform  plate  of  the  ethmoid ;  og,  olfactory  glomeruli ; 
me,  mitral  cells ;  ep,  epithelium  of  the  olfactory  ventricle ;  tc,  epithelial 
cells  of  the  olfactory  membrane. 


more  than  twice  the  length  of  the  cell  body  from  which 
it  springs.  The  appearance  of  the  fila  olfactoria  arising 
from  these  cells  is  indicated  in  Fig.  3630.  These  fibres 
passing  from  the  olfactory  mucosa  to  the  olfactory  bulb 
are  commonly  called  the  olfactory  nerves,  but  it  is 
evident  that  if  the  so-called  specific  cells  from  which 
they  spring  really  correspond  to  the  root  ganglion  cells 
of  the  other  nerves,  then  the  fila  olfactoria  correspond 
rather  to  root  fibres.  These  fibres  are  non-medullated 
and  are  gathered  into  about  twenty  bundles,  which  enter 
the  cranium  by  separate  apertures  in  the  cribriform  plate 
of  the  ethmoid  bone.  The  several  strands  enter  the  ol- 
factory bulb  and  here  terminate  in  peculiar  arborizations 
in  the  glomeruli  (Fig.  3631). 

Jacobson's  organ  (a  peculiar  diverticle  of  the  nasal  sac) 
in  some  animals  receives  a  special  twig  of  the  olfactory 
nerve,  which  rarely,  as  in  Amblystoma,  arises  from  the 
brain  farther  back  (caudad)  than  the  rest  of  the  nerve  and 
pursues  a  distinct  course  to  its  terminus. 

The  comprehension  of  the  central  relations  of  the  olfac- 
tory nerves  is  greatly  impeded  by  a  confused  and  vei  y 
inconsistent  nomenclature.  The  term  rhinencepbalon 
was  first  used  in  neurology  by  Owen  as  a  name  for  the 
olfactory  bulb  and  its  peduncle.  It  has  since  been  ex- 
tended by  different  writers  to  include  various  parts  of 
the  cerebrum  which  are  concerned  in  the  olfactory  func- 
tion, with,  however,  no  uniformity  in  the  extent  of  this 
application.  The  only  logical  course  is  (as  pointed  out 
by  G.  Elliot  Smith,  Jour.  Anat.  and  Pliysiol.,  xv.,  1901) 
either  to  retain  Owen's  limited  application  of  the  term  or 
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to  extend  it  to  include  all  parts  of  the  forebrain,  which 
are  directly  connected  with  the  olfactory  function,  viz., 
the  olfactory  bulb,  tract  (or  peduncle),  tuber,  the  area 
perforata,  "  paraterminal  body  "  (a  term  introduced  by 
Elliot  Smith  for  the  area  extending  backward  from  the 
olfactory  peduncle  to  the  lamina  terminalis  and  upward 
to  fill  the  space  between  the  callosum  and  the  hippocam- 
pal  commissure),  and  the  whole  pyriform  lobe  and  hip- 
pocampal  formation.  This  usage  will  doubtless  com- 
mend itself  to  the  majority  of  working  neurologists,  in 
spite  of  the  fact  that  a  part  of  that  which  is  commonly 
reckoned  as  pallium  is  here  included  in  the  rhinencepha- 
lon.  This  difficulty  is  in  large  measure  obviated  by  El- 
liot Smith  in  the  paper  cited  above,  by  a  reconsideration 
of  the  phylogeny  of  the  pallium,  from  which  he  con- 
cludes that  the  olfactory  portions  of  the  pallium  should 
be  separated  morphologically  from  the  remainder  of  the 
cortex,  which  is  of  more  recent  origin  and  hence  may  be 
termed  the  "neopallium." 

The  classification  of  the  rhinencephalon,  according  to 
Retzius,  has  been  tabulated  by  Barker  as  follows : 


3.  Trigonum  olfac- 
toi'ium  (gyrus  tuberis 
olfactorii) . 

4.  Oyrus 
torius  medialis. 


5.   Oyrus 
tmus  lateralis. 


6 

(seu 

ri  ' 


olfac- 


7.  Gyrus  diagonalis 
rliiTiencephali. 


1.  Bulbus  olfactorius. 
3.   Tractvs  olfactorius. 

Stria     olfactoria     lateralis    to 
gyrus  olfactorius  lateralis. 
Stria     olfactoria    medialis    to 
[  gyrus  olfactorius  medialis. 
olfae-  j  ^j.p^  parolfactoria  Brocse. 

Pars  anterior — Eberstaller's 
gyrus  transversus  insulse  and  the 
limen  insulse. 
Pars  posterior.     Extends  from 
.  angulus  lateralis  to  anterior  ex- 
tremity of  gyrus  hippocampi  and 
terminates    in  the  gyrus    semi- 
lunaris   rhinencephali    and    the 
[  gyrus  ambiens. 
Gyrus perforatus  i      Anterior,     much    perforated, 
'ntermedius)  •]  part  of  substantia  perforata  an- 
terior. 

Posterior,  less  perforated,  part 
of  substantia  perforata  anterior. 
Corresponds  to  the  diagonal  band 
of  Broca,  which  extends  from  the 
gyrus  subcallosus  to  the  anterior 
end  of  gyrus  hippocampi. 
8.  Otlier  portions  of  rhineiicepTialon. 
(a)  Gyru^  hippocampi. 
(i)   Uncus. 

(c)  Gyrus  dentatus. 

(d)  Gyrus  intralimbicus. 
(«)  Oyrus  fasciolaris. 
If)  Gyri  Andrew  Retzii. 

(g)  Indusium  griseum  (including  the  strim  longi- 
tudinalis  medialis  et  lateralis), 
(h)  Oyri  subcallosi. 

Reference  to  Fig.  3631  will  render  unnecessary  a  de- 
tailed exposition  of  the  primary  olfactory  connections. 
The  glomeruli  are  entangled  knots  of  fibres,  partly  the 
terminal  arborizations  of  the  flla  olfactoria  and  partly  the 
dendritic  tips  of  the  neurones  of  the  second  order,  whose 
nuclei  lie  in  the  zone  of  mitraloells.  Each  mitral  cell 
usually  sends  a  dendrite  (in  man)  to  but  one  glomerulus, 
where  it  receives  the  terminal  arborizations  of  many  fila 
olfactoria.  The  structures  within  the  olfactory  bulb  are 
stratified,  the  following  layers  being  encountered  as  we 
pass  inward.  First,  a  layer  of  fila  olfactoria,  bounded 
within  by  the  glomeruli  arranged  in  a  single  series. 
Then,  after  an  interval  containing  chiefly  nerve  fibres 
constituting  the  so-called  molecular  layer,  are  the  mitral 
cells,  arranged  in  a  thin  layer  typically  but  one  cell  deep. 
Within  this  is  the  granular  layer  containing  very  many 
cell  bodies  of  the  olfactory  granules.  These  are  minute 
cells  with  feebly  developed  dendrites  directed  toward  the 
ventricular  surface,  and  much  branched  neurites  passing 


out  between  the  bodies  of  the  mitral  cells  to  arborize  just 
within  the  zone  of  glomeruli.  Their  functional  signifi- 
cance is  unknown.  Within  this  layer  is  the  zone  of  nerve 
fibres,  containing  the  tracts  directed  toward  the  cortex 
and  composed  chiefly  of  neurites  of  the  mitral  cells.  Ol- 
factory impressions  entering  by  the  flla  olfactoria  are 
transferred  to  the  dendrites  of  the  mitral  cells  and  by  the 
neurites  of  these  neurones  (the  mitral  cells  constituting 
the  primary  intracranial  centre)  are  carried  to  their  sec- 
ondary centres  via  the  olfactory  tracts.  These  secondary 
connections,  which  are  very  diverse  and  intricate,  can  be 
briefly  summarized  as  follows: 

The  olfactory  tract  connecting  the  bulb  with  the  sec- 
ondary centres  contains  three  sets  of  fibres,  the  lateral  and 
mesial  olfactory  strise  superficially  placed,  and  the  deep, 
or  ental,  or  precommissural  tract.  On  their  way  part  of 
the  latter  fibres  terminate  in  the  gray  matter  distributed 
along  its  course,  while  others  run  to  the  anterior  commis- 
sure, forming  its  anterior  or  olfactory  part,  and  terminate 
in  various  parts  of  the  rhinencephalon  of  the  opposite 
side.  The  mesial  olfactory  stria  terminates  in  the  area 
parolfactoria  and  other  gray  centres  near  the  median  line 
at  the  attachment  of  the  crus  olfactorius,  effecting  second- 
ary connections  with  the  hippocampus  through  the  indu- 
sium griseum  of  the  callosum  and  by  other  paths.  Others 
of  these  fibres  pass  into  the  septum  pellucidum  and  ul- 
timately reach  the  hippocampus  viS  the  fornix.  The 
larger  portion  of  the  secondary  olfactory  fibres  pass  back 
in  the  lateral  olfactory  stria  to  terminate  in  the  cortex  of 
the  uncus,  giving  oft'  collaterals  on  the  way  to  adjacent 
gray  centres. 

The  reflex  connections  between  the  cortical  olfactory 
centres  in  the  hippocampus  and  the  lower  regions  of  the 
brain  are  too  complicated  to  be  summarized  here.  The 
fornix  is  the  chief  pathway  for  these  fibres,  and  their 
most  important  connections  are  the  mammillary  bodies 
(by  way  of  the  corpus  fornicis,  the  Tr.  Oort.  mammil- 
laris  of  Fig.  8628),  and  the  nucleus  habenulae  (by  way  of 
the  stria  medullaris  thalami,  marked  Cort.  habenularis  on 
Pig.  8638).  For  the  general  relations  of  these  tracts  con- 
sult Fig.  3633. 

One  is  at  once  struck  by  the  peculiar  way  in  which 
these  olfactory  tracts  are  distributed  by  widely  divergent 
paths  to  secondary  centres,  which  are  far  separated  in 
space  (though  morphologically  related).  Upon  compari- 
son with  the  connections  within  the  reptilian  brain  (Fig. 
3638)  the  explanation  is  plain.  There  practically  the  en- 
tire forebrain  is  devoted  to  olfactory  connections,  and  the 
cortical  additions  of  higher  types  have  been  intercalated 
in  such  a  way  as  to  separate  tracts  and  centres  which 
were  primarily  juxtaposed. 

II.  Physiological  Part. — The  sense  of  smell  in  hu- 
man beings,  as  compared  with  many  of  the  lower  ani- 
mals, is  very  feebly  developed,  as  will  be  made  clear  by 
even  a  cursory  examination  of  the  comparative  anatomy 
and  physiology  of  the  organ.  Animals  are  classified 
with  reference  to  this  sense  as  osmatic  and  anosmatic, 
and  the  former  group  is  subdivided  into  macrosmatic  and 
microsmatic  divisions,  depending  upon  whether  the  sense 
is  highly  developed  or  but  feebly  so.  Man  belongs  to 
the  microsmatic  group,  this  sense  playing  a  very  subor- 
dinate r61e,  either  physiological  or  psychological,  in  our 
vital  economy.  Its  unimportance  is,  however,  more  ap- 
parent than  real  and  is  to  be  explained,  as  Zwaardemaker 
points  out,  on  psychological  grounds. 

As  a  matter  of  fact,  olfactory  sensations  are  always 
with  us  and  our  daily  actions  are  profoundly  influenced 
by  them,  though  this  influence  is  largely  unrecognized 
as  such.  For  these  sensations  are,  in  the  case  of  human 
beings,  intimately  connected  with  the  somatic  and  or- 
ganic functions,  aiid  have  a  strong  emotional  content 
which  obscures  the  process  of  ideation.  This  imperfect 
comprehension  of  olfactory  impressions  is  reflected  in  our 
language,  for  our  vocabulary  of  olfactory  sensations  is 
very  limited  and  almost  all  borrowed  from  that  of  otlier 
senses.  For  our  knowledge  of  the  outer  world  we  de- 
pend chiefly  upon  the  other  special  senses,  particularly 
sight.     With  the  macrosmatic  animals,  on  the  other  hand, 
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the  sense  of  smell  is  undoubtedly  in  some  cases  more  po- 
tent in  the  elaboration  of  knowledge  of  the  outer  world 
than  any  other  sense. 

The  physiology  of  the  sense  of  smell  is  less  perfectly 
known  than  that  of  any  of  the  other  special  senses,  and 
the  same  remark  holds  true  of  its  psychology.  While 
our  knowledge  of  the  anatomical  arrangements  of  the 
paths  of  olfactory  conduction  to  and  within  the  brain 
has  been  greatly  extended  of  late,  we  are  yet  ignorant  of 
the  means  even  by  which  the  olfactory  nerve  termini  are 
stimulated  by  the  odorous  substances.  In  particular  the 
physiological  process  underlying  the  difference  between 
smell  and  taste  is  obscure.  It  is  commonly  stated  that 
we  taste  substances  in  solution  or  in  liquid  form,  while 
only  gases  are  perceived  by  the  sense  of  smell.  While 
this  is  in  general  true,  it  nevertheless  must  be  remem- 
bered that  the  odorous  gases  do  not  come  into  direct 
contact  as  such  with  the  sensory  end  organs  in  the 
nose,  either  in  fishes,  where  the  nasal  cavities  are 
filled  with  water,  or  in  air-breathing  vertebrates, 
whose  olfactory  mucous  membranes  are  always 
bathed  with  mucus  in  which  the  odorous  sub- 
stance must  always  be  dissolved  before  it  can  irri- 
tate the  sensory  endings.  Again,  some  sapid  sub- 
stances, such  as  hydrochloric  acid,  are  also  solutions 
of  gases,  and  some  solids  in  a  state  of  fine  division 
seem  to  give  rise  to  distinct  olfactory  impressions. 
The  fact  that  when  the  nostrils  are  filled  with  water 
carrying  an  odorous  substance  in  solution  the  odor 
cannot  be  perceived  does  not  necessarily  implv  that 
the  failure  is  due  to  the  fact 
that  the  substance  is  in  solu- 
tion, but  rather  to  an  irritating 
effect  of  the  liquid  upon  the 
olfactory  organ.  This  is  indi- 
cated by  two  facts :  First,  that 
all  olfactory  sensation  may  be 
temporarily  enfeebled  or  even 
entirely  abolished  for  some 
time  after  the  close  of  the  ex- 
periment; and  second,  that  if 
normal  salt  solution  instead  of 
water  be  used  as  a  solvent, 
then  the  dissolved  substance 
some    cases    still    be 


the  central  olfactory  apparatus  may  call  forth  vivid  sensa- 
tions of  smell.  It  is  hardly  true,  as  often  stated,  that  air 
contammg  odorous  particles  must  be  in  motion  in  order  to 
stimulate  the  olfactory  organ.  The  truth  is  that  in  ordi- 
nary respiration  the  air  currents  do  not  strike  the  sensory 
surface  directly,  and  hence  olfactory  impressions  are  called 
torth  by  such  particles  only  as  diffuse  themselves  upward 
from  the  respiratory  portion  into  the  olfactory  fossa, 
while  in  sniflBng  the  direction  of  the  air  currents  is  altered 
so  as  to  pass  more  directly  over  the  specific  sensory  area. 
We  are  not  as  yet  able  to  give  a  natural  classification 
of  smells,  nor  have  we  any  secure  basis  for  such  a  classi- 
fication. Even  the  division  into  agreeable  and  disagree- 
able is  subject  to  so  great  variation  from  one  individual 
to  another  that  it  would  be  of  small  value,  even  if  it  were 
admissible  on  other  grounds.     Accordingly,  the  names 
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Tyndall  discovered  that 
odorous  vapors  have  a  consid- 
erable capacity  for  absorbing 
heat,  and  that  very  minute 
quantities  of  the  odorous  sub- 
istance  in  the  air  experimented 
upon  would  produce  surpris- 
ing effects.  At  the  close  of  a 
table  giving  the  absorptive 
powers  of  different  odorous 
vapors,  he  remarks :  "  We  find 
that  the  least  energetic  in  the 
list  produces  thirty  times  the 
effect  of  air,  whilst  the  most 
energetic  produces  one  hun- 
dred and  nine  times  the  same 
effect."  The  significance  of  these  facts  is  still  obscure. 
We  certainly  are  not  able  to  afHrm  as  yet,  with  Ramsay, 
that  the  sense  of  smell  is  excited  by  vibrations  of  a 
lower  period  than  those  which  give  rise  to  the  sense 
of  hght  or  heat,  though  it  may  well  be  that  character- 
istic molecular  vibrations  give  to  various  substances 
their  distinctive  odors.  But  in  any  case  these  move- 
ments seem  to  be  incapable  of  transference  to  the  recep- 
tive sense  organ  by  the  medium  of  ethereal  vibrations, 
and  direct  contact  of  the  odorous  particles  with  the  ner- 
vous organ  seems  indispensable.  The  ultimate  stimulus 
is  probably  electro-chemical — a  matter  of  ions. 

Olfactory  sensations  are  aroused  with  difflcultj''  or  not 
at  all  by  irritation  of  the  peripheral  end  organ  by  ther- 
mal, electrical,  mechanical,  or  other  stimuli  than  the  nor- 
mal gaseous  media,  though  tumors  or  other  irritants  of 
Vol.  VI.— 33 


Fig.  3632.— Schematic  Representation  of  Some  of  the  Principal  Neurone  Systems  of  the  Olfactory  Con 
ductionPath.  Prolected  into  sagittal  plane.  (After  Barker.)  Bulb.  oV.,  Bulbus  olfactorlus :  Co^ 
fom.,  columna  fomiois ;  Col.  sup.,  coUiculus  superior ;  Comm.  ant.,  commissura  anterior  cerebri ; 
Corp.  mam.,  corpus  mammillare ;  Corp.  pin.,  corpus  pineale ;  O.o.b.,  ganglion  optlcum  basale ; 
Gl.  olf.,  glomeruli  olfactoril ;  Oyr.  amb.  rhin.,  gyrus  amblens  rhineucephall ;  Oyr.  olf.  lat, 
gyrus  olfactorius  lateralis ;  Gyr.  o.  m.,  gyrus  oUactorius  medialis :  Oyr-  semiann.  rhin.,  gyrus 
semilunaris  rhlnencephall ;  Gyr.  subcaU.,  gyrus  subcallpsus ;  Lam.  crib.,  lamina  cribrosa ; 
JSf.  a.  th.,  nucleus  anterior  thalami ;  JVn.  olf.,  nervi  olfactorii ;  Nucl.  hah.,  nucleus  habenulae ; 
Fed.  cerebri,  pedunculus  cerebri ;  Str.  lorig.  med.,  stria  longitudinalls  medialis ;  Str.  medull., 
stria  medullarls ;  Tract,  olf.,  tractus  olfactorius ;  Tract,  opt.,  tractus  opticus ;  I,  axones  of  mitral 
cells  going  to  stria  olfactorius  lateralis ;  I',  axone  of  mitral  cell  terminating  in  gray  matter  of  tri- 
gonum  olfactorium ;  II,  axone  of  mitral  cell  terminating  In  gray  matter,  whence  axone  goes  to 
commissura  anterior  cerebri ;  ir,  axones  to  anterior  commissure ;  IF,  centrifugal  fibre  terminating 
in  bulbus  olfactorius ;  III,  axone  of  mitral  cell  terminating  in  gyras  olfactorius  medialis ;  IV, 
axones  of  neurones  connecting  the  olfactory  portion  of  the  uncus  (gyrus  amblens  and  gyrus  semi- 
lunaris) with  the  hippocampus ;  V,  axones  from  hippocampus  to  fornix ;  V,  axone  to  commissura 
hippocampi :  V,  axones  from  fornix  to  septum  pellucldum :  V",  axones  from  fornix  to  corpus 
mammillare;  V,  axone  from  fornix  to  nucleus  habenulse  by  way  of  the  stria meduUaris ;  VI, 
fasciculus  mammillaris  princeps;  VI',  fasciculus  thalamomammlUaris  Vicq  d'Azyri;  VI', 
fasciculus  pedunculomammillaris,  pars  tegmentalis  (.BaAibenbUndel  of  von  Gudden);  VII,  fas- 
ciculus pedunculomammillaris,  pars  basllaris  (pedunculus  corporis  mammillaris) ;  VIII,  fasciculus 
retroflexus  Mynerti  extending  from  the  nucleus  habenulae  to  the  ganglion  Interpedunculare. 


of  smells  are  usually  taken  from  the  objects  which  give 
rise  to  them,  with  little  attempt  at  classification  or  corre- 
lation of  similars. 

The  number  of  smell  qualities  is  very  large.  Some  of 
those  commonly  recognized  are  compound,  though  au- 
thorities differ  as  to  the  extent  to  Avhich  such  mixture  is 
possible,  or  whether  it  is  possible  at  all.  If  two  distinct 
odors  are  mingled  under  experimental  conditions,  there 
often  results,  not  a  fusion  of  the  two  into  a  blended  odor, 
as  occurs  with  tastes,  colors,  and  tones,  but  the  stronger 
will  supplant  the  other  completely,  or  there  will  be  an 
oscillation  between  the  two.  With  some  odors,  again, 
there  appears  to  be  a  true  compensation.  Thus,  if  two 
different  olfactory  stimuli  of  unequal  strength  are  ap- 
plied simultaneously,  one  will  usually  overpower  the 
other  completely ;  but  if  the  stronger  scent  be  diminished 
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while  the  weaker  is  strengthened,  a  point  may  be  found 
where  the  two  blend  into  a  single  mixed  odor.  In  other 
cases,  however,  a  point  is  found  where  there  is  no  sensa- 
tion, i.e.,  the  odors  are  perfectly  compensated.  An  in- 
crease of  either  stimulus  results  in  the  sensation  appro- 
priate to  it  and  there  is  no  mixture  whatever.  The 
olfactory  organ  is  easily  fatigued,  more  so  by  some  odors 
than  by  others,  and  it  is  found  that  when  completely 
fatigued  for  one  odor  it  may  be  insensible  to  some  other 
odors,  partially  so  to  another  group  and  wholly  unaf- 
fected in  its  sensibility  with  reference  to  still  another 
group. 

Such  experiments  suggest  points  of  departure  for  the 
study  of  olfactory  qualities,  and  enough  progress  has  al- 
ready been  made  to  suggest  that  the  modalities  of  smell 
can  be  grouped  into  several  graded  series.  The  number 
of  such  groups  will  quite  certainly  be  greater  than  those 
known  for  taste,  where  we  have  simply  the  four  primary 
qualities,  sweet,  sour,  salty,  and  bitter.  Zwaardemaker's 
nine  smell  classes  are  as  follows: 

(1)  Ethereal  scents :  Fruit  odors. 

(2)  Aromatic  scents ;  Camphor  and  spicy  smells,  anise, 
lavender,  etc. 

(3)  Balsamic  scents:  Flower  odors,  vanilla,  gum  ben- 
zoin, etc. 

(4)  Ambrosiac  scents :  Ambei-,  musk. 

(5)  Alliaceous  scents:  Garlic,  ichthyol,  vulcanized 
rubber,  asafoetida.  bromine,  chlorine,  etc. 

(6)  Empyreumatic  scents:  Toast,  tobacco  smoke,  naph- 
tha, etc. 

(7)  Valeric,  or  hircine  scents:  Cheese,  sweat,  etc. 

(8)  Narcotic,  or  virulent  scents:  Opium,  cimicine, 
etc. 

(9)  Nauseous  scents,  or  stenches:  Decaying  animal 
matter,  fseces,  etc. 

The  ability  to  discriminate  different  intensities  of  odors 
is  not  highly  developed ;  in  general,  the  least  observable 
difference  between  two  smell  intensities  of  the  same  sub- 
stance amounts  to  about  one-third  of  the  original  stimu- 
lus. On  the  other  hand,  the  olfactory  organ  is  sensitive 
to  exceedingly  small  amounts  of  the  irritating  substance, 
or  as  Ladd  states  it :  "  The  sense  has  a  great  degree  of 
'  sharpness, '  or  power  to  bo  excited  by  small  quantities 
of  stimulus,  as  distinguished  from  '  fineness, '  or  power  to 
distinguish  minute  variations  in  the  sensations."  Thei'e 
are  many  familiar  illustrations  of  this  "  sharpness."  It  is 
stated,  for  example,  that  in  a  litre  of  air  0.000005  gm.  of 
musk  can  be  perceived,  0.000001  gm.  of  sulphureted 
hydrogen  and  0.000000005  gm.  of  oil  of  peppermint. 
The  sense  is  .more  delicate  if  the  air  containing  the  odor- 
ous substance  is  warmed. 

It  is  learned  by  suitable  tests  that  the  sensibility  of  the 
organ  of  smell  is  much  more  acute  than  the  perception  of 
odors.  It  was  found  in  one  series  of  tests,  for  example, 
that  upon  the  average  9  parts  of  camphor  dissolved  in 
100,000  parts  of  water  could  be  sensed  by  the  nose,  but 
without  the  perception  of  a  definite  odor,  it  requiring  a 
solution  of  more  than  four  times  this  strength  before  the 
specific  odor  could  be  recognized.  Experiments  made  to 
determine  the  relative  sensitiveness  of  men  and  women 
in  this  respect  have  thus  far  yielded  conflicting  results. 
With  children  it  has  been  found  that  the  sensibility  (in 
the  sense  used  above)  increases  up  to  the  age  of  six  years 
and  then  progressively  diminishes.  The  delicacy  of  per- 
ception, on  the  other  hand,  measured  by  graded  solutions 
of  camphor,  increases  progressively  with  advancing  age. 

One  source  of  perplexity  in  the  classification  of  odors 
is  the  fact  that  some  substances  which  Iiave  powerful 
odors  in  a  state  of  great  dilution  are  less  effective  in  a 
state  of  high  concentration.  For  some  perfumes  there 
appears  to  be  an  optimum  vapor  density  below  or  above 
whicli  the  excitation  is  less  strong.  It  has  also  been  sug- 
gested that  for  unknown  phylogenetic  reasons  some  odors 
may  have  greater  affective  values  than  others,  or  it  may 
be  that  fatigue  of  the  sense  of  smell  is  cmteribus  paribus 
less  for  those  odors  which  have  an  element  of  utility  to 
the  species. 

It  must  not  be  forgotten  that  some  odorous  substances 


affect  the  terminals  of  the  trigeminus  nerve  in  the  respi- 
ratory part  of  the  nasal  passages,  giving  rise  to  tactile  or 
other  general  sensation  which  may  be  combined  with  the 
olfactory  sensations.  This  can  be  proven  by  plugging 
the  olfactory  sinus,  when  the  trigeminal  stimulus  alone 
is  perceived.  Classification  is  further  impeded  by  the 
universal  confusion  of  tastes  and  odors.  We  say  a  sub- 
stance "  smells  sweet,"  when  as  a  matter  of  fact  experi- 
ment shows  that  the  modality  sweetness  can  be  perceived 
only  by  the  sense  of  taste;  and  conversely  most  of  the 
tastes  of  common  experience  are  greatly  affected  by 
odors  simultaneously  sensed. 

In  the  majority  of  persons  (Toulouse  and  Vaschide) 
the  left  side  of  the  nose  is  more  sensitive  than  the  right. 
With  most  of  the  other  senses,  on  the  other  hand,  there 
is  an  asymmetry  in  one-fifth  of  the  cases  In  favor  of  the 
right  side  (van  Biervliet).  The  difference  is  explained 
by  the  fact  that  the  left  side  of  the  brain  is  more  highly 
developed  (in  right-handed  persons)  and  that  the  central 
olfactory  tract  does  not  cross  before  reaching  its  cortical 
centres.'while  those  for  the  other  senses  do  cross. 

The  measurement  of  olfactory  sensations  cannot  easily 
be  done  absolutely  in  terms  of  the  strength  of  the  stimu- 
lus, though  examples  of  the  results  of  some  attempts  at 
the  measurement  of  the  threshold  for  smell  in  absolute 
terms  are  given  above.  To  arrive  at  a  relative  measure- 
ment of  olfactory  values  there  are  two  methods  chiefly  in 
use.  According  to  the  method  of  Passy  a  number  of 
flasks  of  equal  size  are  provided  and  into  each  is  put  a 
measured  quantity  of  the  odorous  substance,  the  quanti- 
ties being  arranged  in  a  graded  series.  The  substance 
may  be  allowed  merely  to  diffuse  itself  through  the  air 
within  the  flask  (which  must  be  kept  stoppered  when 
not  in  use),  or  it  may  be  dissolved  in  water  or  some  other 
inodorous  medium.  By  the  use  of  a  sufficiently  exten- 
sive series,  threshold  values  of  different  odorous  sub- 
stances may  be  determined  and  various  other  researches 
carried  out. 

The  method  of  Passy  is  very  laborious  and  for  most 
purposes,  particularly  in  clinical  work,  the  olfactometer 
of  Zwaardemaker  is  more  convenient.  In  its  simplest 
form  it  consists  of  a  glass  tube,  curved  at  one  end  for 
insertion  in  the  nostril  and  bearing  a  scale  (preferably 
in  centimetres),  which  slides  with  easy  friction  into  a 
slightly  larger  tube  which  is  lined  with  the  odorous  sub- 
stance to  be  tested.  The  inner  tube  passes  through  a 
screen  near  its  curved  end.  Now,  when  the  outer  tube 
is  slipped  completely  over  the  inner  tube  so  that  its  odor- 
ous lining  is  wholly  covered  by  the  latter,  air  drawn  into 
the  nostril  through  the  inner  tube  will  carry  no  odorous 
particles.  If,  however,  the  outer  tube  is  slowly  slipped 
off  from  the  inner  tube,  the  air  current  will  pass  over- 
more  and  more  of  the  exposed  surface  of  the  odorous 
substance  before  entering  the  inner  tube,  until  a  point 
will  be  reached  at  which  the  substance  is  just  perceiv- 
able to  the  sense  of  smell.  In  this  way  the  normal 
threshold  can  be  determined  for  various  substances  and. 
numerous  tests  of  physiological  and  patliological  inter- 
est carried  out. 

This  siriiple  apparatus  has  been  modified  in  various 
ways.  A  very  simple  instrument  which  has  the  advan- 
tage of  relative  permanence  of  adjustment  can  be  con- 
structed by  using  a  section  of  ordinary  red  rubber  tub- 
ing for  the  outer  tube.  This  should  be  slipped  inside  of 
a  larger  glass  tube  to  prevent  the  odor  from  escaping 
from  the  outer  side  of  tlie  rubber,  and  the  odor  given  off 
from  the  inner  surface  of  the  rubber  tubing  will  remain 
quite  constant  for  many  months.  For  other  odors  the 
outer  cylinder  maj'  be  made  of  porous  earthenware, 
whose  pores  may  be  filled  with  a  solution  of  the  odorous 
substance.  Commonly  the  olfactometer  is  made  double 
with  a  separate  cylinder  and  breathing  tube  for  each 
nostril,  and  for  the  study  of  the  compensation  of  odors 
Zwaardemaker  has  constructed  a  very  elaborate  appa- 
ratus with  two  separate  cylinders  (one  for  each  of  the 
odors  to  be  employed)  connected  with  a  single  breathing 
tube  and  so  adjusted  that  the  amount  of  odorous  surface 
exposed  in  each  tube  may  be  easily  varied  during  the- 
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experiment.  With  the  varying  adjustments  one  odor  or 
the  other  appears  in  consciousness  alone  until  the  proper 
compensation  point  is  reached,  when  both  odors  vanish. 
The  apparatus  is  provided  v^ith  self-registering  appa- 
ratus for  recording  on  the  kymograph  the  force  of  respi- 
ration in  each  cylinder  and  other  data  of  the  experiment. 

The  unit  in  all  of  these  experiments  is  the  "olfactie," 
or  the  stimulus  necessary  to  produce  the  least  perceiv- 
able sensation.  The  position  on  the  scale  of  the  olfac- 
tometer having  been  determined  for  this  minimal  valuo, 
this  value  is  taken  as  the  unit,  or  olfactie,  and  other 
stimuli  are  measured  in  multiples  of  this. 

For  the  fuller  consideration  of  the  subject  of  this  arti- 
cle, see  the  work  by  H.  Zwaardemaker,  "  Die  Physiologie 
des  Geruchs  "  (Leipsic,  1895),  and  the  article  by  the  same 
author  entitled,  "Les  sensations  olfactives,  leurs  combi- 
nations et  leurs  compensations,"  in  L'Annee  Psyclwlo- 
gique,  vol.  v.,  1899,  pp.  203-225.  A  complete  bibliog- 
raphy of  the  organ  and  sense  of  smell  up  to  January, 
1901,  has  been  compiled  by  Bawden,  in  The  JourruU  of 
Crniparaii-ce  Neurology,  vol.  xi..  No.  1,  April,  1901. 

C.  Judson  Herrick. 

OLIBANUM.  —  P)'ankinceiMe.  Tims.  Oummi,  resina 
olibani. — A  gum  resin  obtained  from  Boswellia  Garterii 
Birdw.  and  other  species  of  Boswellia  (fam.  Burseracem). 

Olibanum  is  collected  in  northeastern  Africa,  chiefly  by 
the  Somali  natives,  and  is  mostly  exported  via  India.  It 
is  produced  by  small  trees  similar  to  those  which  yield 
myiTh,  and  is  chiefly  obtained  from  incisions  made  for 
the  purpose.  It  exudes  as  a  thick  milky  juice,  hardening 
into  the  tears  described  below,  which  preserve  their  white 
color  much  longer  than  those  of  other  similar  substances. 

Olibanum  occurs  in  irregularly  oval  or  subglobular 
tears,  separate,  or  occasionally  somewhat  agglutinated 
in  the  poorer  grades,  usually  1.25  cm.  (0.5  in.)  or  less  in 
diameter,  from  almost  pure  white  to  yellowish-white,  oc- 
casionally reddish-brown  when  long  kept,  the  surface 
powdery ;  breaking  readily  with  a  nearly  flat,  waxy,  lus- 
trous surface,  translucent  in  thin  fragments;  odor  bal- 
samic, shghtly  like  turpentine;  softening  between  the 
teeth,  aromatic  and  somewhat  bitter.  Triturated  with 
water,  it  forms  a  white  emulsion  and  is  almost  wholly 
soluble  in  alcohol.  When  burned,  it  emits  a  very  strong 
and  pleasant  odor,  on  account  of  which  it  is  used  as  in- 
cense. 

Olibanum  consists  principally  of  resin,  usually  from  60 
to  70  per  cent.,  or  occasionally  75  per  cent.,  with  from 
30  to  35  per  cent,  of  gum  and  from  8  to  8  per  cent,  of 
volatile  oil.  Its  bitter  principle  has  not  been  examined. 
The  volatile  oil,  which  is  an  article  of  commerce  for  per- 
fuming purposes,  combines  a  slight  lemon-like  odor  with 
that  of  the  drug,  and  is  of  complex  composition.  The 
resin  is  divisible  into  two  portions,  namely,  Bomellic  or 
Boswellinic  acid  and  olibano-i-eisin.  The  gum  is  more 
like  acacia  than  like  tragacanth. 

Prom  a  medicinal  point  of  view,  the  uses  of  olibanum 
are  quite  unimportant.  It  is  no  longer  official  in  any 
leading  pharmacopoeia  and  is  but  little  used  in  profes- 
sional medicine. 

Owing  to  its  fragrant  properties,  it  is  with  some  a  fa- 
vorite ingredient  of  plasters  and  ointments,  and  it  is  else- 
where used  for  odorizing  purposes.  It  has  mild  coun- 
ter-irritant and  disinfectant  properties,  leading  to  its  use 
as  a  vulnerary.  Internally,  it  possesses  the  ordinary 
stimulating  diuretic  and  expectorant  properties  of  the 
oleoresins,  and  it  also  has  a  considerable  use,  especially 
among  the  laity,  based  chiefly  on  religious  fancy,  as  an 
emmenagogue.  The  dose  is  from  1  to  8  gm.  (gr.  xv.- 
xlv.).  It  is  used  chiefly,  periiaps,  in  the  form  of  the 
emulsion,  although  the  tincture  is  to  be  preferred. 

Henry  H.  Busby. 

OLIG/EMIA.— Adecrease  in  the  total  mass  of  the  blood. 
The  term  is  often  used  incorrectly  as  a  synonym  for  anae- 
mia. The  latter  terhi  is  used  to  indicate  a  deficient  sup- 
ply of  blood  to  a  part,  or  a  deficiency  in  the  total  amount 
of  blood  within  the  body,  or,  most  commonly,  to  designate 


a  decrease  in  the  number  of  the  red  cells  or  a  diminution 
of  the  haemoglobin.  The  expression  general  ancemia  may, 
therefore,  be  regarded  as  expressing  the  same  idea  as  that 
conveyed  in  oliguemia.  The  decrease  in  the  total  mass 
of  blood  may  be  due  to  a  number  of  causes,  and  the  fol- 
lowing varieties  may  be  distinguished : 

Olic/mmia  Vera. — True  oligemia  is  due  to  a  sudden  loss 
of  blood  throxigh  hemorrhage.  A  loss  of  half  of  the  total 
mass  of  the  blood  is  invariably  fatal,  and  hemorrhages  of 
even  less  degree  may  cause  death.  The  red  cells  may 
drop  after  a  single  large  hemorrhage  as  low  as  two  mil- 
lion. After  such  a  loss  of  blood  there  is  a  rapid  fall  in 
blood  pressure,  the  pulse  becoming  very  small,  frequent, 
and  iri'egular.  In  cases  of  hemorrhage  of  slight  degree, 
but  continued  through  a  long-  period  of  time,  the  defi- 
ciency is  partly  made  up  by  an  increase  in  the  fluids  of  the 
blood,  the  true  oligajmia  becoming  thus  converted  into  a 
hydremic  oligsemia. 

Oligemia  Eydramdca  or  Serosa. — An  oligemia  with  in- 
crease of  water  in  the  blood,  the  red  cells  and  albumin 
being  diminished,  occurs  after  all  hemorrhages,  particu- 
larly in  the  case  of  oft-repeated  or  prolonged  hemor- 
rhages of  slight  degree,  as  in  bleeding  piles,  excessive 
menstruation,  etc.,  also  in  conditions  characterized  by 
loss  of  albumin,  as  in  chronic  nephritis,  dysentery, 
chronic  suppurations,  prolonged  lactation,  tumor  cachex- 
ias, scurvy,  malaria,  etc.  The  hydremic  condition  of 
the  blood  leads  to  pathological  changes  in  the  blood-ves- 
sel walls,  favoring  the  passage  of  fluids  and  the  increased 
production  of  lymph  (oedema).  Hydroemia  is,  however, 
not  the  direct  factor  in  the  production  of  oedema,  but 
only  a  favoring  one. 

Oligmmia  Sicca  (Inspissatio  Saiyuinis,  Anhydrosmia). 
— A  thickening  of  the  blood  through  loss  of  water  may 
load  to  a  decrease  of  the  total  mass.  Such  a  condition 
may  occur  in  cholera,  dysentery,  severe  diarrhoeas,  exces- 
sive sweating,  insufficient  supply  of  water,  etc.  The 
highest  degree  of  oligsemia  sicca  occurs  in  Asiatic  cholera. 
As  a  result  of  the  circulatory  disturbances  thus  produced, 
and  an  insufficient  supply  of  blood  to  the  nervous  centres, 
the  characteristic  symptoms  of  severe  ansemia  may  arise, 
although  the  total  number  of  red  cells  and  total  amoimt 
of  salts  and  albumin  in  the  blood  are  not  decreased.  The 
thickened  blood  becomes  tea-like,  the  blood  serum  is 
richer  in  albumin  and  in  salts.  The  body  tissues  become 
very  dry,  and  non-encapsulated  serous  exudates  are  re- 
sorbed. 

Oligmmia  Oligocytlw/mica. — A  decrease  in  the  total 
blood  mass  due  to  a  diminution  in  the  number  of  red 
cells  (see  OUgoeytluBmia). 

Oligmmia  Hypalhuminosa. — A  decrease  of  the  blood 
mass  due  to  a  decrease  in  the  albumin  of  the  blood.  As 
a  result  of  such  loss  of  albumin  the  blood  becomes  more 
watery ;  the  condition  is  therefore  practically  a  form  of 
oligaemia  hydrsemica.     (See  also  Blood,  Anamia,  etc.) 

Aldred  Scott  Warihin. 

OLIGOCHROM/EMIA.— A  decrease  in  the  amount  of 
haemoglobin  in  the  blood.  This  is  one  of  the  commonest 
changes  in  the  blood,  and  may  occur  either  when  the  red 
cells  are  normal  in  number  or  in  association  with  an 
oligocythsemia.  A  simple  loss  of  hemoglobin  is  the 
chief  change  in  chlorosis  and  the  secondary  ansemias.  In 
chlorosis  the  number  of  the  red  blood  cells  may  be  nearly 
normal,  while  the  hsemoglobin  may  be  greatly  reduced, 
even  to  twenty  or  twenty -five  per  cent,  or  less.  In  the 
secondary  anaemias  the  number  of  red  cells  is  also  dimin- 
ished, but  the  hsemoglobin  is  reduced  to  a  relatively 
greater  extent;  thus,  for  example,  if  the  number  of  red 
cells  be  diminished  to  2, 500,000,  the  hsemoglobin  is  usually 
found  to  be  lower  than  fifty  per  cent.  The  individual 
red  cells  are,  therefore,  deficient  in  hsemoglobin.  This  is 
shown  microscopically  by  the  presence  of  a  central  clear 
area  in  the  red  cell.  This  area  may  be  of  varying  size 
and  shape;  in  severe  cases  the  hsemoglobin-containing 
portion  of  the  cell  may  be  reduced  to  a  narrow  ring,  en- 
closing a  clear  and  transparent  central  area.  In  very  ex- 
treme cases  some  cells  may  contain  no  hsemoglobin  at  all 
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(the  so-called  blood  shadows).  In  other  cases  the  central 
clear  area  may  not  be  enlarged,  but  small  vacuoles  occur 
throughout  the  cell  protoplasm ;  the  haemoglobin  may  be 
preserved  in  the  central  part,  and  around  this  there  may 
be  a  clear  ring  of  varying  width.  Often  the  central  por- 
tion stains  very  dark  with  eosin,  and  such  cells  are  some- 
times mistalien  by  inexperienced  observers  for  nucleated 
red  cells.  Inasmuch  as  the  darker  central  area  takes  the 
eosin  and  not  the  nuclear  stain  the  mistake  is  inexcusable. 
In  still  other  cases  no  definite  vacuoles  or  clear  spaces  are 
seen  within  the  cells,  but  their  deficiency  in  hsemoglobin 
is  shown  by  their  lighter  color  and  lighter  staining.  On 
the  other  hand,  in  pernicious  anaemia  the  amount  of  hse- 
raoglobin  is  relatively  higher  than  the  red  cells ;  as,  for 
example,  if  the  red  cells  are  2,500,000  the  hsemoglobin 
is  fifty  per  cent,  or  higher.  As  a  rule,  however,  both  red 
cells  and  hsemoglobin  arfe  greatly  decreased  in  this  dis- 
ease. The  explanation  of  the  relatively  high  hsemoglo- 
bin content  is  found  in  the  presence  of  numerous  large 
red  cells  (raacrocytes)  containing  more  haemoglobin  than 
the  normal  red  cell.  This  may  be  regarded  as  of  a  com- 
pensatory nature.  A  pathological  oligochromaemia  oc- 
curs in  all  forms  of  anaemia,  whether  due  to  ha;molysis 
or  deficient  blood  formation.  In  the  latter  case  the  indi- 
vidual red  cells  may  contain  a  normal  amount  of  haemo- 
globin, or  even  a  gi'eater  amount.  In  severe  anaemias  the 
haemoglobin  may  be  reduced  to  ten  per  cent,  or  less,  but 
it  must  be  borne  in  mind  that  the  estimation  of  the  low 
percentages  is  attended  by  a  greater  or  less  error.  A 
physiological  oligochromaemia  occurs  in  the  new-born 
during  the  nursing  period,  in  the  mature  female  after 
menstruation,  and  in  the  later  months  of  pregnancy  and 
the  post-partum  period.     (See  also  Anmmia,  etc.) 

Aldred  Scott  Warthin. 

OLIGOCYTH/EMIA.— A  diminution  in  the  number  of 
the  red  blood  cells,  due  either  to  lessened  production  or 
to  an  increased  destruction  of  the  same.  The  condition 
is  of  very  frequent  occurrence  and  may  be  due  to  a  great 
variety  of  causes. 

A  physiological  oligocythaemia  occurs  in  hibernating 
animals  during  the  winter  sleep ;  observations  made  upon 
the  marmot  showed  a  diminution  of  the  red  cells  from 
7,000,000  to  3,000,000  during  the  period  from  November 
to  February.  There  is  also,  according  to  some  obser- 
vers, a  slight  physiological  variation  in  man,  the  number 
of  red  cells  becoming  slightly  lower  toward  evening. 
According  to  Vierordt,  Limbeck,  and  others,  the  red 
cells  begin  to  diminish  within  one-half  to  one  hour  after 
the  ingestion  of  a  full  meal,  the  number  being  reduced 
between  250,000  and  750,000  per  cubic  millimetre,  re- 
maining so  for  a  short  time,  and  after  two  to  four  hours 
gradually  reaching  normal  again.  The  diminution  is 
more  marked  after  the  ingestion  of  large  quantities  of 
fluids,  and  is  therefore  regarded  as  due  to  the  dilution  of 
the  blood  resulting  from  the  absorption  of  fluid.  Ac- 
cording to  some  observers  the  red  cells  are  increased  in 
number  during  fasting  or  starvation,  but  Raum  and  Gra- 
witz  noted  a  definite,  diminution  of  red  cells  in  healthy 
fasting  men.  Normal  menstruation  does  not  reduce  the 
number  of  the  red  cells.  After  delivery  there  is  usually 
found  a  diminution  of  red  cells  lasting  for  from  ten  to  four- 
teen days.  Under  ordinary  conditions  the  post-partum 
oligocythaemia  is  slight. 

Pathological  oligocythaemia  occurs  after  hemorrhage, 
and  in  many  infections  and  intoxications.  It  is  found 
constantly  in  prolonged  fevers,  in  leukaemia,  cachectic 
conditions,  malaria,  syphilis,  poisoning  with  mercury  or 
lead,  and  in  carcinoma,  particularly  of  the  stomach.  A 
condition  of  oligocythsomia  may  also  be  produced  by 
many  poisons,  the  most  important  of  which  are :  aniline, 
nitrobenzole,  pyrogallic  acid,  toluylenediamine,  potas- 
sium chlorate,  amyl  nitrite,  phallin,  lielvellic  acid,  mus- 
carin,  arsenic,  antimony,  picric  acid,,  carbon  disulphide, 
sulphuric  acid,  glycerin,  abrin,  ricin,  etc.  In  icterus  the 
presence  of  the  salts  of  the  bile  acids  in  the  blood  gives 
rise  to  oligocythaemia.  The  venom  of  poisonous  snakes 
causes  extensive  destruction  of  the  red  cells.     In  yellow 


fever  there  Is  also  a  very  marked  destruction  of  red  cells. 
Pernicious  antemia  is  characterized  by  marked  oligocy- 
thaemia resulting  from  the  destruction  of  the  red  cells  by 
some  poison  as  yet  unknown.  It  is  not  improbable  that 
the  disintegration  of  red  cells  and  the  setting  free  of  hfe- 
moglobin  may  give  rise  to  certain  bodies  or  ferments  hav- 
ing a  haemoly tic  action.  In  the  oligocythaemia  associated 
with  infectious  processes  the  specific  poisons  produced  by 
the  infecting  organs  have  in  the  great  majority  of  cases  a 
decided  htemolytie  action.  In  certain  conditions  of  the 
bone  marrow  the  formation  of  red  cells  may  fall  below 
the  normal,  haematopoiesis  not  keeping  pace  with  haemo- 
lysis. On  the  other  hand,  in  cases  of  increased  hemoly- 
sis the  bone  marrow  may  present  evidences  of  increased 
blood  formation,  and  in  very  rare  cases  there  is  a  prob- 
able similar  compensation  on  the  part  of  the  spleen  and 
lymph  nodes.  The  diminution  of  red  cells  in  the  blo-jd 
of  man  may  be  so  great  as  a  reduction  to  500,000  or  less 
per  cubic  millimetre.  Such  severe  oligocythaemia  is 
characteristic  of  the  later  stages  of  pernicious  ansemia, 
but  may  be  caused  by  poisons.  (See  also  Anamia,  Smmo- 
lym,  etc.)  Aldred  Scott  Warthin. 

OLIVE  OIL.— Oleum  Oliv^.  Sweet  Oil.  Salad  Oil. 
— "A  fixed  oil  expressed  from  the  ripe  fruit  of  Olea 
EuropcEaJj.  (fam.  Oleacex)"  U.  S.  P. 

The  olive  is  a  small  or  medium-sized  tree,  with  a  much- 
branched  trunk  and  numerous  slender  branches.  The 
bark  is  gray,  the  wood  compact,  rather  hard,  agreeably 
scented,  and  susceptible  of  a  high  polish.  Its  fine  yellow 
color,  variegated  with  brown,  in  addition  to  the  above 
qualities,  make  it  a  favorite  material  for  small  wooden  or- 
naments and  pieces  of  furniture. 

The  leaves  of  the  olive  tree  are  white  underneath  with 
a  layer  of  stellate  hairs.  The  fruit,  the  well-known 
olive,  is  an  oval,  pointed  drupe,  about  3  or  3  cm.  (1  in.) 
long,  consisting  of  a  firm,  very  oily  mesocarp,  and  a 
spindle-shaped,  hard  putamen,  containing  a  single  long 
and  narrow,  also  oily,  seed.  Its  color  when  ripe  Is  dull 
blue  or  purple,  its  taste  bitterish  and  oily. 

This  valuable  tree  is  a  native  of  Asia  Minor,  Palestine, 
and  other  parts  of  the  Levant,  where  its  cultivation  is  of 
the  greatest  antiquity,  as  the  Old  Testament  and  numer- 
ous ancient  records  show.  It  was  Introduced  into  the 
Mediterranean  countries  of  Europe  and  Africa  also  at  an 
early  date,  and  has  become  thoroughly  naturalized  in 
some  of  them.  In  the  course  of  time  it  appeared  in  the 
warmer  parts  of  South  America  and  elsewhere  in  the 
tropics,  as  well  as  in  California  in  this  country. 

The  fruit  of  the  olive  has  been  improved  in  form  and 
size,  as  well  as  flavor,  by  cultivation,  and  there  are  several 
well-distinguished  varieties.  The  olive  is  one  of  the 
most  important  products  of  Spain  and  Italy. 

For  the  table,  olives  are  gathered  while  still  green,  but 
fully  grown,  soaked  in  water  or  sometimes  in  lye  to  re- 
move their  natural  bitterness,  and  finally  pickled  in  a 
simple  or  sometimes  flavored  brine.  For  the  oil  they  are 
allowed  to  ripen,  and  then  are  ground  and  subjected  to 
pressure. 

The  quality  of  the  product  depends  upon  nicety  in 
every  stage  of  the  operation ;  for  the  best  table  oil,  fine 
fruits  of  good  varieties  must  be  taken,  and  the  pressing 
done  at  once,  without  heat ;  this  yields  a  moderate  quan- 
tity of  very  clear,  light-colored,  generally  slightly  green- 
ish, pleasant-flavored  oil,  generally  called  "  Virgin  Oil," 
which  is  sold  for  table  use.  The  remaining  cake  is  then 
broken  up  and  heated  or  mixed  with  boiling  water  and 
more  strongly  pressed,  when  a  further  product  of  darker 
and  stronger  tasting  oil  is  obtained.  This  grade  of  oil, 
which  is  called  "foots,"  can  be  used  for  cooking  or  for 
fuel.  An  easy  way,  finally,  for  obtaining  a  large  yield 
of  oil  is  to  lay  the  olives  in  heaps  until  decomposition 
begins,  when  a  very  strong-smelling  oil  (huile fermentee) 
results. 

Composition. — No  other  fruit  contains  so  large  a  pro- 
portion of  fixed  oil  as  this ;  it  amounts  generally  to  over 
one-half,  and  in  good  qualities  to  almost  three-fourths. 
Besides,  the  fruit  contains  considerable  mannit,  dimimsh- 
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ing  as  it  ripens  and  the  oil  increases.  Olive  oil  of  the 
quahty  required  for  medicinal  purposes  is  thus  described : 
"A  pale  yellow,  or  light  greenish-yellow,  oily  liquid,  al- 
most devoid  of  odor,  having  a  nutty,  oleaginous  taste, 
with  a  faintly  acrid  after-taste,  and  a  neutral  reaction. 
Specific  gravity,  0.915-0.918.  Sparingly  soluble  in  alco- 
hol, but  readily  soluble  in  ether.  When  cooled  to  about 
10°  C.  (50°  F.),  it  begins  to  be  somewhat  cloudy  from  the 
separation  of  crystalline  particles,  and,  at  about  5°  C.  (41° 
F.),  it  begins  to  deposit  a  white,  granular  sediment;  be- 
low 2°  C.  (35.6°  F.),  it  forms  a  whitish,  granular  mass." 
The  principal  part,  more  than  two-thirds,  of  olive  oil  is 
tlie  liquid  fat  oldn,  or  triolein ;  nearly  all  the  rest  is  pal- 
mitin,  with  a  little  stearin,  butin,  and  perhaps  also  c/wl- 
esterin.  Of  the  so-called  "  olive  oils  "  in  the  American 
market  the  cheaper  ones,  even  bottled  and  labelled  in 
French  as  "Pure  Olive  Oil  from  Nice,"  etc.,  are  at  pres- 
ent almost  entirely  better  grades  of  cotton-seed  oil,  and 
some  of  the  more  expensive  sorts  are  said  to  be  adulte- 
rated with  it.  This  oil  and  other  cheaper  ones  are  also 
used  abroad  extensively  as  substitutes  for  or  adulterants 
of  this  delicious  and  much-prized  substance. 

Action  and  Use. — This  can  be  disposed  of  quite 
briefly,  so  far  as  its  medical  use  is  considered.  Given  in- 
ternally, it  is  chiefly  a  fatty  food,  and  is  emulsified  and 
absorbed  as  other  fats  are.  It  is  slightly,  only  very 
slightly,  laxative,  and  has  no  other  physiological  action. 
Locally  applied  it  is  a  neutral  protective  from  the  atmos- 
phere, as  are  other  fats;  but  in  this  application  it  has 
given  place  somewhat  to  cheaper  ones— suet,  lard,  cot- 
ton-seed oil,  etc., — and  especially  to  the  various  petrola- 
tum products. 

It  is  rather  frequently  given  as  an  injection,  but  cas- 
tor  oil  is  preferable  for  this  purpose.  Like  most  other 
fixed  oils,  it  is  destructive  to  insect  life,  and  rectal  injec- 
tions and  applications  are  often  efficient  in  the  treatment 
of  ascarides.  Many  reports  have  been  published  of  the 
efficacy  of  large  quantities  of  olive  oil,  two  to  four  gills 
at  a  dose,  in  favoring  the  removal  of  gall  stones.  A  lit- 
tle cocaine  may  be  added  if  there  is  a  tendency  to  reject 
it.  Its  most  extensive  employment  in  medicine  is  per- 
haps in  the  composition  of  several  liniments  and  of  the 
pharmaceutical  soaps ;  in  this  field  it  has  also  of  late  been 
replaced  in  this  country  by  the  cheaper  oil  from  cotton 
seed. 

Adwinistkation. — As  a  laxative,  three  or  four  table- 
spoonfuls  are  required, — a  dose  that  is  apt  to  disturb  the 
stomach  of  one  unaccustomed  to  oils.  This,  as  stated 
above,  may  often  be  prevented  by  the  use  o*  gr.  ^  of  co- 
caine, given  just  before  the  administration  of  the  oil. 
As  an  injection,  one  or  two  teacupfuls,  injected  warm, 
and  retained  an  hour  or  so  and  then  followed  by 
soapsuds,  make  a  very  efficient  composition  for  relieving 
an  overloaded  rectum.  W.  P.  Bolles. 

OLIVER  SPRINGS.  — Anderson  County,  Tennessee. 
PosT-OpricB. — Oliver  Springs.     Hotel. 

Access.— From  Knoxville  via  Southern  Railroad 
(formerly  East  Tennessee,  Virginia,  and  Georgia  Rail- 
road), thirty-five  miles  northwest  to  springs. 

The  Oliver  Springs  and  the  small  village  of  the  same 
name  are  situated  on  the  southern  slope  of  the  Cumberland 
range  of  mountains,  where  the  counties  of  Anderson, 
Roam,  and  Morgan  join  their  boundary  lines.  The  sur- 
roundings of  the  resort  are  very  pleasing,  and  the  climate 
is  of  a  genial,  attractive  character.  The  average  summer 
temperature  at  the  springs  is  72°  F.,  and  of  the  winter 
38°  P.,  showing  an  unusually  low  variation.  It  is  said 
that  malaria  has  never  been  known  to  exist  in  the  vicin- 
ity. There  are  nine  mineral  springs  within  the  ten  acres 
occupied  by  the  hotel  grounds.  They  have  not  been 
fully  analyzed,  but  are  said  to  contain  iron,  manganese, 
lithia,  magnesia,  and  sulphur.  They  are  used  consider- 
ably for. medicinal  purposes,  and,  joined  with  the  beauti- 
ful scenery,  the  pleasant  climate,  and  a  comfortable,  new 
hotel,  they  serve  to  render  this  location  a  very  attractive 
one  for  the  health  or  recreation  seeker. 

.lames  K.  Crook. 


OLYMPIAN  SPRINGS.  — Bath  County,  Kentucky. 
Post-Opficb.— Olympian  Springs. 

Access.— Via  Lexington  and  Big  Sandy  liailroad  to 
Mount  Sterling,  thence  by  stage. 

These  springs  are  ten  in  number,  and  are  of  the  saline- 
sulphureted  variety.  The  waters  are  promptly  diuretic 
in  their  action.  Analysis  was  made  by  Dr.  Robert  Peter 
in  1858,  and  again  in  1887.  Following  is  the  result  of 
the  former  analysis  of  the  salt  sulphur  spring : 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Magnesium  carbonate 7.20 

Iron  carbonate Trace. 

Lime  carbonate 13.93 

Potassium  chloride 10.67 

Sodium  chloride 166.01 

Maffnesium  chloride 55!39 

Lime  sulpbate Trace. 

Iron  and  bromide Trace. 

Alumina Trace. 

Silica 1 .  04 

Water  and  loss 78  60 


Total 332.84 

Gases :  Carbonic  acid,  sulphureted  hydrogen,  not  estimated. 

A  reexamination  of  the  waters  in  1877  showed  essen- 
tially the  same  results.  The  following  additional  ingre- 
dients were  found  in  minute  quantities: 


Baryta  carbonate. 
Strontium  carbonate. 
Sodium  carbonate. 
Calcium  chloride. 
Lithium  chloride. 
Sodium  bromide. 


Sodium  iodide. 
Sodium  sulphide. 
Boric  acid. 
Phosphoric  acid. 
Manganese  carbonate. 


Examination  of  the  two  other  springs  showed  the  pres- 
ence of  sodium  carbonate  in  the  proportion  of  twenty 
grains  per  gallon.  One  of  them  contains  a  little  less  than 
two  grains  of  iron  carbonate  to  the  gallon. 

James  K.  Crook. 

OMENTUM,  PATHOLOGY  OF.— The  term  omentum 
(epiploOn)  is  applied  to  the  folds  of  peritoneum  which 
connect  the  stomach  with  its  neighboring  organs,  the 
liver,  colon,  and  spleen.  In  structure  similar  to  the 
mesentery,  each  omentum  may  he  regarded  as  a  special 
mesentery  connecting  the  stomach  with  the  organs 
named.  They  are  usually  designated  respectively  as: 
gastro-liepatic  or  lesser  omentum  {omentum  minus) ;  gastro- 
colie  or  {/reat  omentum  {omentum  majus  or  epiploon) ;  and 
the  gastro-splenic  omentum. 

The  gastro-hepatic  (stomach-liver)  omentum,  or  small 
omentum,  extends  from  the  lesser  curvature  of  the  stom- 
ach and  the  adjacent  first  part  of  the  duodenum  to  the 
portal  fissure  of  the  liver,  enclosing  between  its  two  lay- 
ers the  hepatic  artery,  portal  vein,  bile  duct,  and  asso- 
ciated structures,  bound  together  by  loose  connective 
tissue. 

The  gastro-colic  (stomach-colon)  omentum,  or  great 
omentum,  connects  the  greater  curvature  of  the  stomach 
and  the  adjacent  first  part  of  the  duodenum  with  the  trans- 
verse colon.  It  is  the  largest  of  all  the  peritoneal  dupli- 
cations, and  is  composed  of  four  layers  of  peritoneum ;  it 
is  much  more  voluminous  than  is  necessary  for  the  mere 
connection  of  the  stomach  and  colon,  and  hangs  down  in 
front  of  the  small  intestines  like  an  apron. 

The  gastro-splenic  (stomach-spleen)  omentum  is  a  double 
fold  of  peritoneum  passing  from  the  dorsal  surface  of  the 
stomach,  near  its  left  border,  backward  to  the  hilum  of 
the  spleen.  It  runs  below  into  the  gastro-colic  omentum. 
It  is  often  called  the  gastro-splenic  ligament.  It  contains 
the  splenic  vessels. 

In  structure  the  omental  folds  are  composed  of  either 
two  or  four  layers  of  the  peritoneal  membrane,  a  base- 
ment structure  of  very  loose  connective  tissue,  containing 
a  remarkable  number  of  blood-vessels  and  lymphatics, 
and  more  or  less  adipose  tissue,  the  whole  being  covered 
with  endothelium.  Small  lymph  nodes  are  not  infre- 
quently found  in  the  great  omentum,  less  frequently  in 
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the  gastro-splenic,  but  are  almost  constantly  present  in 
the  lesser  omentum.  These  usually  show  the  structure 
of  ordinary  lymphatic  glands,  but  hajmolymph  glands 
also  occur.  Accessory  spleens  are  of  common  occurrence 
in  the  gastro-splenic  omentum. 

The  great  omentum  is  by  far  the  most  important,  both 
physiologically  and  pathologically  considered.  That  its 
function  is  of  great  importance,  in  so  far  as  the  protec- 
tion of  the  peritoneal  cavity  is  concerned,  cannot  be 
doubted.  It  usually  contains  a  large  amount  of  fat  tis- 
sue, and  this  fact,  taken  in  connection  with  its  "cover- 
let" investiture  of  the  small  intestines,  has  led  to  the 
view,  advanced  by  both  Aristotle  and  Galeu,  and  com- 
monly accepted  even  to-day,  that  the  organ  is  of  service 
in  preserving  the  heat  of  the  body  and  protecting  the  in- 
testines against  chilling.  Such  function,  doubtful  as  it 
appears,  is  of  slight  importance  compared  with  the  protec- 
tive function  of  the  omentum  against  intraperitoneal  in- 
fection. The  remarkable  richness  of  the  organ  in  blood- 
vessels and  lymphatics — far  in  excess  of  the  needs  of  the 
structure  itself,  if  intended  only  for  a  protective  cover- 
ing— is  structural  evidence  of  the  chief  omental  function. 
The  vessels  form  a  rich  plexus  throughout  the  connective 
tissue  beneath  the  endothelial  covering,  the  vessels  them- 
selves in  many  cases  being  separated  from  the  peritoneal 
cavity  by  the  endothelium  alone.  Numerous  clinical 
observations  tend  to  show  that  the  transudation  of  lymph 
into  the  abdominal  cavity  or  the  absorption  of  lymph 
from  the  cavity  is  an  important  function  of  the  omen- 
tum. Many  writers  hold  that  the  omentum  is  a  modified 
lymphatic  ganglion.  It  has  been  shown  experimentally 
that,  after  the  removal  of  the  omentum,  animals  are 
much  more  susceptible  to  intraperitoneal  injections  of 
micro-organisms  than  control  animals  whose  omentums 
have  not  been  removed.  The  inference  may  be  drawn 
that  micro-organisms  obtaining  entrance  to  the  peritoneal 
cavity  are  taken  up  by  the  omentum  and  tliere  rendered 
harmless  or  are  killed. 

In  local  traumatism,  or  after  operations  involving  the 
peritoneum,  in  beginning  peritoneal  infection,  local  peri- 
tonitis from  whatever  cause,  etc. ,  the  omentum  is  quite 
commonly  found  attached  to  the  affected  area,  entirely 
surrounding  it  and  shutting  it  off  from  the  remainder  of 
the  peritoneal  cavity.  This  occurs  particularly  in  ap- 
pendiceal and  tubal  disease,  following  the  beginning  of 
a  local  peritonitis,  but  it  is  also  of  very  frequent  occur- 
rence over  the  surface  of  liver,  spleen,  intestines,  etc. 
It  would  appear  that  the  omentum  is  attracted  to  the 
diseased  area ;  the  location  of  such  adhesions  deep  in  the 
pelvis  or  in  parts  of  the  peritoneal  cavity  not  usually  oc- 
cupied by  the  omentum  would  indicate  such  a  movement 
of  the  omentum  to  the  affected  part.  The  slightest  irri- 
tation in  any  part  of  the  peritoneum  is  apparently  suffi- 
cient to  cause  the  omentum  to  attach  itself  to  the  affected 
area,  and  to  shut  off  the  focus  of  infection  from  the  re- 
mainder of  the  peritoneal  cavity.  Even  when  micro- 
scopic changes  are  not  visible,  alterations  of  the  intestinal 
wall  permitting  the  passage  of  germs  or  of  their  prod- 
ucts, are  sufficient  to  cause  such  adhesions.  The  plas- 
tic exudate  thrown  out  by  the  omentum  at  the  point  of 
lesion  no  doubt  oflFers  some  purely  mechanical  protection- 
against  the  spread  of  infection ;  'it  is  also  probable  that 
the  secretion  poured  out  from  the  omental  vessels  has 
some  bactericidal  or  antitoxic  action.  Furthermore,  the 
bacteria  received  into  the  lymphatics  of  the  omentum  are 
either  rendered  less  virulent  or  are  destroyed. 

Malb'obmations. — The  great  omentum  may  be  entirely 
absent,  or  only  incompletely  developed.  Variations  in 
size  and  shape  are  common ;  partial  defects  of  large  size 
are  not  infrequent.  Misplacements  of  portions  of  the 
organ  are  found  in  connection  with  congenital  hernias. 
Congenital  cysts  of  the  omentum  are  of  very  rare  occur- 
rence. 

CiBCULATORY  DISTURBANCES.— The  vascular  relations 
of  the  omentum  are  such  as  to  make  the  circulatory  con- 
ditions of  this  organ  dependent  upon  that  of  the  neigh- 
boring structures.  Inflammations  of  the  gastro-intestinal 
tract,  hernias,  obstructions,  tumors,  disturbances  of  the 
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portal  circulation  affect  the  vessels  of  the  omentum  to  a 
more  or  less  marked  degree. 

Active  Ivyprn'mnin  of  the  omentum  occurs  in  the  early 
stages  of  epiploitis,  also  after  the  sudden  diminution  of 
abdominal  pressure  after  the  removal  of  ascitic  fluid  or 
of  a  tumor  of  large  size. 

Oeneral  passim  congestion  oi  the  omental  vessels  follows 
portal  obstruction,  either  as  the  result  of  hepatic  disease 
or  of  pulmonary  or  cardiac  affections.  The  vessels  of  the 
great  omentum  may  be  markedly  congested  in  advanced 
stages  of  cirrhosis,  or  in  failure  of  compensation  in  val- 
vular disease  of  the  heart.  In  such  cases  the  congested 
omentum  plays  a  lai'ge  part  in  the  production  of  the  as- 
sociated ascites. 

Advantage  has  been  taken  of  the  dilated, condition  of 
the  omental  ve.ssels  in  cirrho.sis  of  the  liver,  and  of  the 
fact  that  the  omentum  readily  forms  adhesions  with 
other  structures,  by  an  attempt  to  set  up  a  collateral  cir- 
culation between  the  portal  and  the  systemic  veins  by 
means  of  ''^Morrison's  operation.'"  This  consists  in  the 
establishment  of  an  anastomosis  between  the  vessels  of 
the  omentum  and  those  of  the  anterior  abdominal  wall 
through  artificially  induced  adhesions.  The  peritoneum 
is  first  rubbed,  and  the  omentum  sutured  to  the  area  so 
treated.  It  is  at  present  too  early  to  speak  of  the  value 
of  this  procedure;  but  very  favorable  results  have  been 
reported.  In  a  case  operated  upon  by  Lens,  venous 
channels  were  demonstrable  in  the  adhesions  that  had 
formed  between  omentum  and  peritoneum.  Animal  ex- 
perimentation shows  the  possibility  of  the  establishment 
of  such  a  collateral  anastomosis.  Similar  results  may  be 
obtained  by  adhesions  formed  between  the  diaphragm 
and  the  liver  or  spleen. 

Hetnorrliage. — Small  ecchymoses  occur  into  the  omental 
tissues  in  extreme  active  or  passive  congestion,  in  severe 
cases  of  the  acute  infections,  in  sepsis,  in  epiploitis,  fat 
necrosis,  secondary  carcinoma,  haemophilia,  etc.  Large 
hsematomata  are  rare ;  they  may  occur  in  association  with 
fat  necrosis  in  cases  of  acute  pancreatitis,  or  in  severe 
epiploitis  associated  with  appendicitis  or  salpingitis,  or 
very  rarely  in  hsemophilia. 

Infarction. — Incarceration  or  torsion  of  the  omentum 
may,  by  shutting  off  the  blood  supply,  give  rise  to  an 
ansemic  necrosis.  Ligation  or  thrombosis  of  the  epiploic 
artery  will  produce  the  same  result.  In  cases  of  resec- 
tion of  the  omentum  in  herniotomy  a  thrombosis  may  be 
induced  in  the  omental  vessels  which  may  extend  to  the 
gastric  arteries.  In  cases  in  which  the  ligations  are  near 
the  epiploic  artery,  antemic  ulceration  of  the  stomach  or 
hepatic  infarction  may  occur,  as  the  result  of  the  exten- 
sion of  thrombosis  into  the  gastric  and  hepatic  vessels. 

(Edema  of  the  omentum  is  of  frequent  occurrence.  It 
may  be  due  to  general  or  local  passive  congestion,  ob- 
struction of  the  portal  circulation,  epiploitis,  etc.  In 
acute  epiploitis  associated  with  general  peritonitis  and 
ascites  the  omentum  may  be  very  much  swollen.  As  a 
rule,  cedema  of  the  omentum  is  manifest  in  the  resulting 
ascites;  the  free  interchange  of  fluid  between  the  lymph 
spaces  of  the  omentum  and  the  peritoneal  cavity  relieves 
the  omentum,  so  that  it  does  not  become  swollen  through 
the  accumulation  of  fluid  in  its  tissue  spaces,  until  the  col- 
lection of  ascitic  fluid  in  the  peritoneal  cavity  reaches  a 
certain  degree  of  tension. 

Ascites. -^\iii.  omental  function  of  lymph  production 
and  lymph  absorption  is  directly  connected  with  the  de- 
velopment of  ascites.  All  conditions  favoring  an  in- 
creased formation  of  lymph  by  the  omentum,  as  well  as 
those  preventing  the  absorption  of  peritoneal  fluids,  lead 
directl}'  to  ascites.  Malpighi  was  perhaps  the  first  to 
suggest  that  ascites  may  be  caused  by  a  pouring  out  of 
fluid  from  the  omental  vessels.  In  a  case  reported  by 
Landgraf,  an  ascites  intractable  after  fourteen  tappings 
disappeared  after  the  sloughing  of  a  part  of  the  great 
omentum  which  presented  itself  in  an  omental  hernia. 
Similar  cases  have  been  observed.  Eitel  reports  an  inter- 
esting case  of  marked  ascites  which  had  been  repeatedly 
tapped.  A  large  tumor  was  found  to  be  present  in  the 
upper  part  of  the  abdomen.     On  operation  this  was  dis- 
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covered  to  bo  the  great  omentum  tightly  foiled  upon 
Itself,  its  veins  constricted  and  its  circulation  impeded. 
It  was  unrolled  and  the  ascites  was  cured.  The  cause 
was  attributed  to  the  fact  that  the  patient,  a  worker  in  a 
quartz  mill,  was  in  the  habit  of  carrying  a  heavy  box 
of  mill  product  pressed  against  his  abdomen.  Other 
cases  of  a  similar  nature  point  to  the  omentum  as  a  direct 
factor  in  the  production  of  ascites. 

Hydrops  Omenti. — The  collection  of  fluid  between  the 
layers  of  the  great  omentum  is  so  designated.  This  con- 
dition occurs  mord  frequently  in  cases  of  ascites  in  chil- 
dren than  in  old  individuals. 

Chylous  Ascites. — In  cases  of  secondary  carcinoma  of  the 
■omentum  or  in  chronic  fibroid  omentitis,  the  ascitic  fluid 
may  be  white  or  milky,  due  to  fat  or  albumin  in  suspen- 
sion. The  presence  of  these  substances  may  be  due  to 
the  fatty  degeneration  of  desquamated  endothelium  or 
tumqr  cells,  or  may  result  from  the  obstruction  of  chyle 
vessels.  In  the  former  case,  when  little  fat  is  present  in 
the  fluid,  the  condition  may  be  designated  as  pseudochylous 


Rbtrogkadb  Changes. — Atrophy  of  the  omentum,  as 
shown  by  total  or  marked  disappearance  of  its  adipose 
tissue,  occurs  in  cachexias  and  wasting  diseases  as  a  part 
of  the  general  marasmus.  Atrophy  of  the  fibrous  trabec- 
ulse  may  also  occur.  Cases  have  been  observed  in  which 
the  atrophy  of  portions  of  the  organ  gives  rise  to  large 
open  spaces  between  its  coarser  trabeculse. 

Necrosis  of  the  omentum  may  be  caused  by  incarcer- 
ation or  torsion,  by  ligation  or  thrombosis  of  omental  ves- 
sels, or  it  may  be  associated  with  gangrenous  conditions 
of  the  intestines. 

Fat  necrosis  of  the  omentum  occurs  in  acute  pancrea- 
titis, in  pancreatic  carcinoma,  and  in  association  with  fat 
necrosis  of  the  abdominal  fat  elsewhere.  The  necrosed 
areas  are  yellowish-white,  slightly  elevated  and  opaque, 
and  usually  circular  in  outline.  The  omentum  may  look 
as  if  it  had  been  touched  with  a  hot  iron.  The  necrotic 
areas  may  be  hemorrhagic.  In  cases  of  longer  standing 
lime  salts  may  be  deposited  in  the  necrosed  cells. 

Amyloid  has  been  reported  as  occurring  in  the  walls  of 
the  omental  blood-vessels. 

Hyaline  change  of  the  walls  of  the  omental  arteries  is 
found  in  chronic  fibroid  omentitis,  in  association  with 
omental  tuberculosis,  in  the  neighborhood  of  inflamma- 
tory adhesions,  etc. 

Calcification  may  follow  fat  necrosis,  or  occur  in  old 
tubercles.  In  two  cases  of  splenic  anaemia  associated 
with  hepatic  cirrhosis  (Banti's  disease)  numerous  small 
nodules  of  calcification  were  found  by  the  writer 
throughout  the  abdominal  fat. 

Inflammation  {Omentitis  or  Hpiploitis). — Inflamma- 
tion of  the  omentum  is  essentially  a  part  of  a  more  or 
less  general  peritonitis  in  the  great  majority  of  cases ; 
but  in  certain  instances  the  omental  inflammation  pre- 
ponderates, or  appears  to  be  primary ;  and  further,  as 
mentioned  above,  localized  peritonitis  is  almost  always 
.  associated  with  a  localized  epiploitis,  the  omentum  ad- 
hering to  and  shutting  off  the  inflammatory  process  (see 
Peritonitis).  The  character  of  the  epiploitis  is  the  same 
as  that  of  the  general  or  local  peritonitis  with  which  it  is 
associated,  viz.,  fibrinous,  purulent,  gangrenous,  etc.  The 
omental  process  is,  however.  In  all  cases  characterized 
by  a  greater  tendency  to  proliferation  and  formation  of 
granulation  tissue  than  is  the  case  with  the  other  por- 
tions of  the  peritoneum.  This  is  especially  true  of  the 
localized  forms  of  epiploitis  with  adhesion;  the  inflam- 
matory process  is  essentially  plastic  in  character  (omenti- 
tis adha!siva).  As  a  result  of  very  active  inflammations 
there  may  be  formed  such  large  masses  of  granulation 
tissue  in  the  omentum  as  to  produce  tumors  which  may 
be  mistaken  clinically  for  neoplasms. 

Infiammatory  Tumors  of  the  Omentum.— As  the  result 
of  such  excessive  production  of  granulation  tissue  in  the 
inflamed  omentum,  there  is  not  infrequently  found  a  tu- 
mor-like thickening  of  the  omental  tissues.  This  may 
occur  in  any  part  of  the  abdomen,  but  is  most  frequent 
in  the  appendix  region.     The  thickening  of  the  omentum 


may  be  diffuse  or  nodular,  often  limited  to  the  portion 
adherent  to  the  peritoneum  about  the  primary  focus.  In 
other  cases  the  omentum  may  be  rolled  tip  tightly  above 
the  level  of  the  umbilicus,  forming  a  firm  cyhndrical 
mass  extending  across  tlie  abdomen.  The  tumor  mass 
may  develop  very  rapidly  in  acute  processes,  but  more 
gradually  in  chronic  inflammations.  After  the  inflam- 
mation has  subsided  the  tumor  may  disappear  through 
the  resorption  of  exudates  and  the  contraction  of  the 
granulation  tissue,  and  the  omentum  may  become  de- 
tached. In  other  cases,  after  the  inflammation  has  dis- 
appeared, the  tumor  remains  and  the  omental  adhesions 
become  hard  and  organized.  In  purulent  cases  the  in- 
flammation may  persist,  and  a  chronic  tumor  then  remains, 
composed  of  an  inflammatory  focus  (abscess)  surrounded 
by  thick  omental  adhesions  of  granulation  tissue.  In 
other  cases,  after  the  termination  of  the  inflammation,  the 
omentum  becomes  detached,  the  granulation  tissue  is 
converted  into  fibrous  tissue,  and  the  omentum  is  greatly 
changed  in  form  by  the  production  of  diffuse  or  nodular 
fibroid  thickenings  (omentitis  fibrosa).  If  there  is  much 
retraction  of  portions  of  the  new  fibrous  tissue  the  omen- 
tal tumor  may  be  very  small  and  irregular  (omentitis 
fibrosa  retrahens). 

Inflammatory  tumors  of  the  omentum  also  follow 
laparotomy,  in  which  either  the  normal  or  the  inflamed 
omentum  has  been  ligated  and  in  part  removed.  Tor- 
sion of  the  omentum  may  also  give  rise  to  an  omental 
tumor.  In  some  cases,  after  an  operation  for  strangu- 
lated hernia,  the  omentum  has  become  inflamed,  though 
not  involved  in  the  strangulation.  In  all  these  cases  the 
inflammatory  tumor  develops  slowly ;  in  one -half  of  the 
recorded  cases  the  period  of  development  varied  from 
one  to  four  months,  and  in  some  cases  the  interval  was 
much  longer.  The  tumor  is  usually  on  the  same  side 
of  the  body  as  that  upon  which  the  operation  was 
performed,  its  location  depending  upon  the  amount  of 
omentum  removed.  It  may  or  may  not  be  adherent  to 
the  abdominal  wall.  The  tumor  is  usually  about  the 
size  of  an  orange,  but  may  be  much  larger.  When  ad- 
herent to  the  wall  the  tumor  is  immovable;  if  non-adher- 
ent it  may  be  moved  upward  or  laterally,  but  not  down- 
ward. The  surface  of  the  mass  is  usually  smooth,  the 
consistence  firm.  It  is  tender  on  pressure.  It  usually 
does  not  move  with  respiration,  or  only  slightly.  Per- 
cussion gives  a  dull  tympanitic  note,  often  completely 
dull.  In  the  centre  of  the  tumor  may  be  found  the  liga- 
tures used  to  tie  off  the  onlentum,  and  it  is  believed  by 
some  that  the  use  of  silk  ligatures  in  such  operations 
plays  an  important  part  in  the  development  of  the 
tumor. 

Clinically,  the  inflammatory  tumors  of  the  omentum 
may  be  mistaken  for  ovarian  tumors,  misplaced  liver  or 
spleen,  malignant  growth  of  the  intestines,  etc.  In  cer- 
tain cases  they  have  been  regarded  as  malignant  neo- 
plasms (sarcoma)  even  after  microscopical  examination. 
Coley  mentions  a  case  in  which  a  portion  of  theomenturn 
had  been  excised  on  account  of  its  presence  in  a  left 
inguinal  hernia.  The .  stump  became  inflamed,  with- 
drew, and  gave  rise  to  a  mass  in  the  region  of  the 
splenic  flexure.  Malignant  disease  was  suspected,  the 
abdomen  was  opened,  and  a  portion  of  tissue  removed 
for  examination.  The  diagnosis  was  "  probable  spindle- 
celled  sarcoma."  The  patient  died  after  a  radical  oper- 
ation. The  autopsy  showed  that  the  inflamed  omental 
stump  had  become  attached  to  the  splenic  flexure,  and 
the  section  for  microscopical  examination  had  been  cut 
from  the  very  abundant  inflammatory  tissue. 

In  two  cases  in  the  writer's  experience  there  were  found, 
in  the  region  of  the  appendix,  large  tumor  masses  that 
clinically  presented  characteristics  of  malignancy.  Mi- 
croscopical examination  of  tissue  removed  for  diagnosis 
showed  a  very  cellular  granulation  tissue,  rich  in  blood- 
vessels, having  relatively  thick  walls.  In  one  case  the 
diagnosis  of  "  omental  granulation  tissue  "  was  given.  The 
patient  recovered,  and  the  tumor  completely  disappeared. 
In  the  other  cases  the  first  sections  examined  were  pre^ 
pared  by  a  quick  method  for  immediate  diagnosis.     The 
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section  showed  a  sareomatous-like  structure  of  round  and 
spindle  cells  grouped  around  blood-vessels,  suggesting  an 
endothelioma.  Study  of  the  sections  showed  large  num- 
bers of  plasma  cells  present,  and  the  fact  that  all  of  the 
blood-vessels  had  relatively  thick  walls.  A  diagnosis  of 
omental  granulation  tissue  was  then  given.  A  year 
afterward  the  tumor  was  reported  as  having  entirely  dis- 
appeared. There  can  be  but  little  doubt  that  some  of  the 
so-called  disappearing  malignant  tumors  of  the  abdomen 
belong  to  this  class.  The  microscopical  appearances  of 
small  bits  of  tissue  removed  for  diagnosis  may  on  first 
glance  strongly  suggest  a  sarcomatous  growth.  In  the 
relatively  thick  sections  obtained  by  means  of  the  freez- 
ing microtome  or  by  quick  embedding  methods  the  finer 
points  necessary  to  a  differential  diagnosis  are  usually 
not  sufficiently  clear  for  a  safe  diagnosis,  and  it  is  from 
such  sections  that  the  diagnosis  of  sarcoma  is  usually 
made.  The  writer  holds  that  in  carefully  prepared  sec- 
tions the  differential  diagnosis  between  such  forms  of 
richly  cellular  granulation  tissue  and  sarcoma  may  be 
made  without  great  difficulty.  The  presence  of  numer- 
ous plasma  cells,  the  prominence  of  the  small  vessels,  both 
in  number  and  in  size,  their  relatively  thick  walls,  the 
hypertrophic  character  of  their  endothelium,  the  marked 
endothelial  proliferation,  the  typical  character  of  the  mi- 
tosis, the  presence  of  fibrin  and  small  pus  collections,  are 
all  points  establishing  the  diagnosis  of  subacute  or  chronic 
development  of  granulation  tissue.  The  presence  of  adi- 
pose tissue  and  coarse  trabeculae  of  fibrous  tissue  are  also 
of  service  in  fixing  the  origin  as  omental. 

Omental  Abscess. — An  acute  omental  abscess  may  de- 
velop without  the  association  of  a  general  peritonitis  or 
of  any  discoverable  local  change.  In  the  majority  of 
cases,  however,  the  appendix  is  the  seat  of  primary  in- 
fection. Omental  abscess  may  be  associated  with  salpin- 
gitis, and  very  frequently  follows  laparotomies  or  herni- 
otomy. In  those  cases  in  which  the  omental  abscess  is 
apparently  of  cryptogenic  origin,  or  overshadows  the 
primary  lesion,  it  may  be  inferred  that  the  resistance  of 
the  omental  tissues  had  been  lowered,  or  that  the  organ, 
through  circulatory  disturbances  or  for  other  reasons, 
has  been  unable  to  overcome  the  virulence  of  the  bacteria 
taken  up.  The  abscess  may  be  found  In  any  part  of  the 
abdominal  cavity,  but  as  the  omentumis  commonly  rolled 
up,  it  lies  usually  above  the  level  of  the  umbilicus.  It 
may  develop  around  ligatures  which  are  used  in  tying 
off  the  omentum.  The  organ  is  reddened,  thickened, 
and  is  usually  adherent  to  the  abdominal  wall  by  a 
fibrinous  exudate,  which  is  most  marked  over  the  ab- 
scess. The  latter  not  infrequently  forms  an  encapsu- 
lated pocket  of  pus  between  the  omentum  and  the  ante- 
rior abdominal  wall,  and  may  extend  into  the  tissues  of 
the  latter.  The  clinical  symptoms  are  those  of  sepsis, 
with  local  pain  and  tumor.  In  many  cases  the  abscess 
becomes  chronic,  a  large  amount  of  fibrous  tissue  is 
formed  about  the  encapsulated  area,  the  adhesions  be- 
come hard  and  firm,  and  a  gradual  healing  of  the  abscess 
may  take  place.  A  more  or  less  generalized  peritonitis 
may  accompany  the  abscess.  Occasionally  the  pus  maj' 
break  through  into  the  intestine  and  recovery  follow. 
Rupture  into  the  peritoneal  cavity  may  cause  a  severe 
general  peritonitis  which  may  be  fatal. 

Sequelm  of  Omental  Inffla/mmation. — As  a  result  of  in- 
flammatory conditions  of  the  omentum  there  may  arise 
adhesions  between  the  organ  and  the  various  abdominal 
viscera ;  these  may  cause  stenosis,  or  snaring  off  of  por- 
tions of  the  bowel,  obstruction  of  the  ureter,  pressure 
upon  the  common  duct  or  pylorus,  abnormal  position  of 
the  pelvic  organs,  etc. 

Progressive  CnANOES.— Either  fibrous  or  fatty  hypefr- 
jilasia  of  the  omentum  may  occur  in  the  portion  of  the 
organ  included  in  hernial  sacs.  The  hyperplasia  may 
take  on  the  character  of  a  lipomatous  growth.  Ca.ses 
have  been  reported  of  such  hyperplasias  in  hernial  sacs 
which  reached  half-way  to  the  knees. 

The  remarkable  capacity  for  prolif em  tion  possessed  by 
the  omentum  has  been  taken  advantage  of  in  plastic 
operations  in  the  abdomen.     (For  further  details  in  re- 


gard to  this  part  of  the  subject,  the  reader  should  con- 
sult the  article  next  beyond  this.) 

Tkiinors. — Primary  neoplasms  of  the  omentum  are  rare. 
Fibroma  and  lipoma  have  been  described.  In  the  former 
class  of  cases  the  actual  disease  may  in  reality  have  been 
a  localized  fibroid  thickening  resulting  from  an  inflam- 
matory omental  tumor.  The  so-called  lipomatous  growths 
have  been,  in  the  majority  of  cases,  localized  or  diffuse 
fatty  hyperplasias. 

Of  the  primary  malignant  tumors  reported  as  occurring 
in  the  omentum  endotlielioma  and  myxosarcoma  are  the 
forms  whose  origin  in  this  organ  is  supported  by  obser- 
vation ;  but  it  must  be  observed  that  the  rarity  of  such 
cases,  and  the  imperfect  descriptions  given,  leave  us  very 
much  in  ignorance  as  to  the  occurrence  and  nature  of 
primary  omental  tumors.  In  the  older  literature  there 
are  occasional  reports  of  "primary  cancer  "  of  the  omen- 
tum, "scirrhus  of  the  omentum,"  and  " primary  colloid 
disease,"  "vesicular  degeneration,"  "hydatid  disease," 
etc.  The  exact  nature  of  this  peculiar  growth  of  the 
omentum,  apparently  primary  in  some  cases,  cannot  at 
present  be  stated.  Primary  epithelial  growths  (carcino- 
ma) of  the  omentum  of  course  do  not  occur.  In  some 
cases  the  growth  may  have  been  secondary  to  colloid 
carcinoma  of  the  stomach  or  intestine,  or  to  cystocarcino- 
ma  of  the  testis  or  ovar}'.  In  typical  cases  the  omentum 
is  greatly  thickened;  its  surface  is  uneven,  flocculent, 
and  shreddy,  this  appearance  being  due  to  tlie  projection 
of  rounded  villus-like  masses  of  gelatinous  material  at- 
tached by  shreds  of  tissue.  The  appearance  strongly 
suggests  hydatid  disease  of  the  placenta.  On  microsco- 
pical examination  the  mass  of  the  omentum  lias  a  finely 
spongy  texture  of  connective  tissue  enclosing  masses  of 
gelatinous  material.  Swollen  cells  are  occasionally  found 
in  the  spaces.  If  we  exclude  the  ca.ses  of  true  colloid  cancel- 
or  cystoearcinoma,  secondary  to  primary  tumors  in  other 
organs,  there  still  appears  to  be  a  peculiar  myxomatous 
growth  of  the  omentum,  which  according  to  the  most  care- 
ful reports  (Eve  and  others)  must  be  classed  as  a  myxoma 
or  myxosarcoma.  No  proof  of  its  endothelial  origin  exists. 
Matas  has  reported  a  case  of  primary  myxosarcoma  of 
the  omentum  with  secondaries  in  peritoneum  and  accom- 
panied by  a  mucoid  ascites. 

The  flat  or  warty  growths,  originating  from  endothe- 
lium, may  be  primary  in  the  omentum  as  well  as  in  the 
peritoneum.  Microscopically,  the  primary  endothelioma- 
ta  of  the  peritoneum  consist  of  cords  or  strands  of  cells 
in  the  connective  tissue  beneath  the  endothelial  covering. 
The  cords  of  cells  appear  to  follow  the  lymph  vessel. 
The  growth  may  originate  from  the  superficial  layer,  or 
from  the  endothelium  of  the  lymph  vessels. 

Omental  cysts  have  also  been  reported,  and  have  been 
interpreted  as  ^^ simple  serous  cysts,"  "distended  lymph  ves- 
sels," "congenital  multilocular  cystoma."  etc.  It  is  not 
improbable  that  the  latter  variety  was  a  primary  tumor 
of  the  ovary,  which  after  becoming  adherent  to  the 
omentum,  had  been  freed  from  its  original  attachments. 
Such  a  process  has  undoubtedly  occurred  in  the  case  of  the 
so  reported  dermoid  cysts  of  the  otnentum.  Though  pri- 
mary dermoids  of  the  omentum  may  occur,  it  is  highly 
probable  that  those  observed  have  originated  from  pri- 
mary ovarian  dermoids  in  the  manner  described. 

Secondary  malignant  growths  of  the  omentum  are  of 
very  common  occurrence ;  they  represent  most  frequently 
carcinoma  metastases  from  primary  growths  in  stomach, 
intestine,  gall-bladder,  pancreas,  ovaries,  testis,  uterus, 
and  prostate.  A  number  of  cases  of  melanotic  sarcoma 
of  the  omentum  have  been  reported.  While  the  growth, 
in  several  of  these  instances,  was  regarded  as  primary,  it 
undoubtedly  was  metastatic  from  primaries  in  the  skin 
or  choroid. 

Psendomiyxoma. — The  omentum  as  well  as  the  general 
peritoneal  surface  may  be  involved  in  the  process  known 
by  this  name.  It  is  due  to  rupture  of  an  ovarian  cysto- 
ma, the  discharge  of  mucoid  or  colloid  material  into  the 
peritoneal  cavity,  and  the  organization  of  the  latter  hy 
proliferation  of  the  peritoneal  tissues. 

Parasites. — Elchinoeoccus  of  the  omentum  has  been  re- 
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ported.  After  rupture  of  a  primary  hydatid  cyst  into  the 
peritoneal  cavity  the  omentum  may  be  secondarily  in- 
volved in  connection  with  the  remainder  of  the  perito- 
neum. 

Tubercuhsis  of  the  omentum  is  of  relatively  common 
occurrence.  In  many  cases  the  infection  of  the  perito- 
neum appears  to  be  primary  in  the  omentum.  The  thick- 
ened omentum  may  be  tightly  rolled  up,  forming  a 
tumor-like  mass  which  may  be  mistaken  for  a  neoplasm. 
In  primary  tuberculosis  of  the  female  genital  tract,  large 
tubercles  may  be  found  in  the  omentum.  (See  also  Pm- 
toniUs,  Septic  and  Tuberculous.) 

Syphilis. — A  fibroid  omentitis  has  been  observed  in 
congenital  syphilis,  and  in  connection  with  syphilitic 
cirrhosis  and  fibroid  splenitis. 

Foreign  Body. — A  case  is  reported  of  an  encysted  needle 
being  found  in  the  omentum.  Gauze,  sponges,  ligatures, 
or  foreign  bodies  left  in  the  peritoneal  cavity  during 
laparotomy  may  become  included  in  omental  adhesions. 

Aldred  Scott  Warthin. 

OMENTUM,  SURGERY  OF.— The  omentum  is  com- 
posed of  two  layers  of  peritoneum  which  are  derived 
from  the  anterior  and  posterior  walls  of  the  stomach. 
They  pass  downward  in  front  of  the  abdominal  organs 
into  the  hypogastric  region,  and  are  reflected  backward 
upon  themselves  and  pass  upward  until  they  reach  the 
transverse  colon.  There  they  separate,  and  after  covering 
this  portion  of  the  intestine  they  come  into  contact  behind 
it,  forming  the  transverse  mesocolon.  Thus  the  omen- 
tum is  really  made  up  of-f our  layers,  but  in  adult  life  the 
layers  cannot  be  wholly  separated,  although  this  construc- 
tion gives  to  the  omentum  a  very  loose  and  lobular  char- 
acter. In  almost  all  persons  the  omentum  contains  a 
good  deal  of  fat,  and  in  individuals  who  are  very  stout 
the  quantity  of  fat  is  proportionally  large. 

The  function  of  the  omentum  under  normal  conditions 
seems  to  be  to  afford  protection  to  the  underlying  coils 
of  small  intestine,  and  also  to  facilitate  their  movements. 
Under  pathological  conditions  it  has  the  further  function 
of  applying  itself  to  any  wounded  surface  of  the  peri- 
toneum within  reach,  so  that  it  may  even  be  able  to  oc- 
clude a  perforation  and  prevent  fatal  escape  of  intestinal 
contents.  By  reason  of  its  large  serous  surface  it  doubt- 
less aids  materially  in  the  resorption  of  extravasated 
fluids  from  the  peritoneal  cavity. 

The  lesions  of  the  omentum  which  are  of  surgical  im- 
portance are  traumatic,  inflammatory,  parasitic,  and  neo- 
plastic. 

Trwwtnaiisms. — If  the  abdominal  cavity  is  opened,  for 
example,  by  a  stab,  the  omentum  will  often  be  found 
presenting  itself  in  the  wound.  It  frequently  serves  a  use- 
ful purpose  by  protecting  other  more  important  organs 
from  exposure  to  infection  and  traumatism  in  an  open 
wound.  It  may  even  protrude  through  a  stab  wound 
■which  opens  both  the  lower  part  of  the  pleural  cavity  and 
the  peritoneal  cavity  through  the  diaphragm.  It  is  the 
most  common  content  of  a  hernial  sac.  The  omentum 
which  is  thus  prolapsed  into  a  wound  may  be  uninjured, 
or  some  of  its  vessels  may  have  been  opened  by  the  trau- 
matism, or  it  ]Uay  become  inflamed,  or  it  may  become 
gangrenous  either  on  account  of  the  traumatism  or 
secondarily  through  its  becoming  strangulated  in  the 
wound. 

Intraperitoneal  hemorrhage  from  a  larger  omental  ves- 
sel may  prove  fatal  because  the  thin  walls  of  its  vessels 
favor  long-continued  bleeding.  In  excising  prolapsed 
or  injured  or  adherent  portions  of  omentum  the  surgeon 
should  be  careful  to  see  that  every  bleeding  vessel  is  se- 
cured by  a  ligature.  If  the  omentum  which  presents  it- 
self in  a  wound  is  uninjured  and  the  wound  itself  is 
clean,  the  omentum  may  be  cleansed  and  replaced; 
otherwise  it  should  be  cut  away. 

Injlammation. — The  simplest  form  of  inflammation 
which  can  affect  the  omentum  is  of  a  traumatic  charac- 
ter. This  is  most  frequently  seen  in  connection  with  an 
omeatal  heiliia,  where  repeated  slight  traumatisms  give 
rise  to  local  fibrinous  peritonitis  with  the  formation  of 


adhesions.  The  hernia  will  then  become  partly  or 
wholly  irreducible  and  the  omentum  will  be  still  more 
exposed  to  slight  injuries.  This  condition  is  often  seen 
in  inguinal  and  umbilical  hernise.  In  operating  upon 
such  herniiE,  it  is  customary  to  excise  portions  of  omen- 
tum which  are  badly  matted  together  by  adhesions,  or 
whose  surfaces  are  deprived  of  their  peritoneum  when 
the  omentum  is  torn  loose  from  the  hernial  ring.  The 
removal  of  more  or  less  of  the  omentum  does  the  patient 
no  harm,  but  the  stump  of  the  omentum  may  give  rise 
to  serious  trouble.  It  sometimes  retracts,  and  becomes  ad- 
herent to  tlie  abdominal  wall  or  some  portion  of  the  in- 
testine, while  adhesions  take  place  about  it  to  such  an  ex- 
tent that  a  mass  is  formed  that  has  more  than  once  been 
mistaken  for  a  tumor.  In  one  case  within  the  knowledge 
of  the  writer  a  section  of  this  new-foi-med  fibrous  tissue 
was  removed  and  was  pronounced  by  a  well-known  path- 
ologist to  be  a  spindle-celled  sarcoma.  In  consequence 
an  extensive  resection  of  the  descending  colon,  to  which 
the  omentum  was  adherent,  was  performed,  and  from 
the  indirect  effects  of  this  operation  the  patient  died. 
Such  an  inflammatory  tumor  in  the  omental  stump  will, 
like  all  ciatricial  tissue,  decrease  in  size  in  the  course  of 
time,  but  it  may  give  the  patient  a  great  deal  of  trouble 
during  the  process,  and  the  adhesions  produced  by  it  may 
continue  to  give  trouble  long  after  the  inflammation  has 
subsided. 

Suppurative  inflammation  may  develop  in  the  omental 
stump,  usually  as  the  result  of  an  infected  ligature.  If 
general  peritonitis  is  avoided,  an  abscess  may  be  pro- 
duced within  the  omentum.  The  omentum  under  such 
circumstances  will  attach  itself  to  the  surrounding  parts, 
including  the  anterior  abdominal  wall,  so  that  it  may  be- 
possible  to  open  the  abscess  without  entering  the  general 
peritoneal  cavity. 

The  more  chronic  inflammations,  such  as  syphilis,  tu- 
berculosis, and  actinomycosis,  may  involve  the  omentum, 
usually  in  common  with  other  portions  of  the  abdominal 
cavity.  Omental  echinococcus  is  also  known,  and  in 
very  rare  instances  an  echinococcus  cyst  of  the  omentum 
reaches  a  great  size,  although  the  lesions  in  other  por- 
tions of  the  peritoneum  are  insignificant. 

2\imors. — A  few  primary  tumors  of  the  omentum  have 
been  reported.  They  are  for  the  most  part  lipomata, 
sarcomata,  or  cystic  tumors  of  congenital  origin.  Der- 
moid cysts  and  teratomata  are  thus  explained.  Tliere 
are  also  acquired  cysts  of  the  omentum  of  a  serous  or 
hemorrhagic  character,  the  latter  being  secondary  to- 
hsematoma.  Thus  the  tumors  of  the  omentum  are  simi- 
lar to  those  of  the  mesentery. 

In  addition  to  these  primary  tumors  of  the  omentuiiL 
secondary  nodules  may  develop  on  its  surface  and  within 
it  in  case  of  malignant  disease  of  other  abdominal  organs, 
while  tumors  of  the  transverse  colon  may  grow  down- 
ward into  the  omentum  so  that  they  simulate  omental 
tumors.  A  careful  examination  after  the  abdomen  is. 
opened  will  usually  show  the  starting-point  of  such  a 
tumor. 

An  omental  tiimor  is  characterized  by  a  great  range- 
of  mobility  as  long  as  adhesions  do  not  exist.  For  this, 
reason  a  small  cyst  may  easily  be  mistaken  for  a  solid 
tumor.  As  tumors  of  the  mesentery  often  have  a  great 
mobility,  it  will  scarcely  be  possible  to  differentiate  them 
from  omental  tumors  before  the  abdomen  is  opened. 

The  removal  of  an  omental  tumor  requires  no  special 
technique.  On  account  of  the  thin  walls  of  the  vessels 
all  bleeding  should  be  stopped  by  ligature  before  the  ab- 
domen is  closed.  Mass  ligatures  cannot  well  be  avoided, 
but  the  amount  of  tissue  included  in  each  ligature  should 
be  small.  It  is  also  worth  while  to  approximate  the  peri- 
toneal surfaces  of  the  omentum  by  a  continuous  catgut 
suture  so  as  to  prevent  the  formation  of  extensive  adhe- 
sions. If  an  echinococcus  or  epithelial  Cyst  cannot  be  re- 
moved in  toto,  it  should  be  sutured  into  the  abdominal 
wound  and  drained. 

Omental  Grafts. — The  omentum  has  occasionally  been 
used  to  cover  a  defect  in  the  peritoneum  which  could  not 
be  closed  by  direct  suture  or  as  an  additional  safeguard 
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to  cover  a  weak  suture  of  the  stomach  or  intestine.  It 
is  especially  adapted  for  sucli  a  purpose  because  of  its 
extensive  peritoneal  surface,  its  great  mobility,  and  its 
free  blood  supply.  Fuithermore,  the  omentum  can  be 
sacrificed  without  especial  injury.  The  advantage  of 
■covering  all  wounded  surfaces  within  the  abdominal  cav- 
ity with  peritoneum  has  not  been  generally  recognized, 
jet  when  this  is  done  repair  is  hastened  and  the  risk  of 
sepsis  is  lessened  as  truly  as  is  the  case  in  covering 
wounded  surfaces  of  tlie  body  with  skin,  while  within 
the  abdominal  cavity  a  raw  surface  has  a  third  disadvan- 
tage not  possessed  by  external  raw  surfaces  in  that  it 
gU-es  rise  to  adhesions  more  or  less  dangerous,  according 
to  their  situation.  Such  adhesions  can  be  partly  or 
wholly  avoided  if  the  raw  surface  is  covered  with  peri- 
toneum. The  omentum  has  been  used  with  success  to 
supply  peritoneal  grafts,  which  may  remain  attached  to 
the  omentum,  or  may  be  wholly  cut  from  it  and  stitched 
over  the  wounded  surface  like  a  skin  graft  over  a  raw 
external  wound.-  The  wound  in  the  omentum  itself 
should  of  course  be  closed  by  suturing  the  cut  edges  of 
the  peritoneum.  Edward  Milton  Foote. 

ONYCHIA.    See  Haiids  and  Fingers,  etc. 

OPEN-AIR  TREATMENT  OF  PULMONARY  TUBER- 
CULOSIS.— The  so-called  "  open-air  "  treatment  of  pul- 
monary tuberculosis  has  been  adverted  to  frequently  in 
this  Handbook,  notably  under  Falkenstein,  Ooerbers- 
dorf,  and  Health  Sesorts.  It  is  the  established  treat- 
ment of  pulmonary  tuberculosis  at  the  present  day, 
and  is  most  completely  exhibited  in  the  sanatoria.  In  a 
word,  it  consists  in  affording  the  patient  pure  outdoor 
air  to  breathe  continuously,  both  night  and  day,  keeping 
him  out  of  doors  by  day  and  having  his  bedroom  win- 
dows open  by  night,  or  in  many  cases  and  places  having 
him  sleep  also  out  of  doors.  It  is  hardly  necessary  to 
add  that  at  the  same  time  due  attention  should  be  paid 
to  diet,  rest,  hydrotherapy,  and  to  all  that  pertains  to  the 
hygienic  well-being  of  the  patient;  hence  this  method  is 
also,  and  perhaps  more  correctly,  termed  the  "  hygienic- 
dietetic  "  treatment.  This  treatment  has  been  brought  to 
such  a  degree  of  perfection  that  it  may  almost  be  said  to 
be  independent  of  climate,  that  is,  it  can  be  successfully 
•carried  out  wherever  there  are  pure  air  free  from  dust, 
protection  from  wind,  and  a  moderate  amount  of  sun- 
shine— climatic  conditions  which  are  obtaipable  almost 
everywhere  outside  of  large  centres  of  population.  It 
seems  a  very  simple  matter  to  conduct  such  a  treatment, 
but  experience  has  shown  that  constant  supei'vision  is 
necessary,  aided  by  the  example  of  others,  in  order  to 
keep  the  patient  up,  day  after  day,  summer  and  winter, 
to  this  treatment  in  all  its  strenuousness ;  hence  the  great 
value  of  sanatoria  and  their  constant  and  rapid  increase 
in  number.  Even  though  this  treatment  is  in  a  measure 
independent  of  climate,  it  is  not  to  be  asserted  that  all 
climates  are  equally  valuable,  for  it  is  obvious  that  the 
greater  the  number  of  favoring  climatic  elements,  the 
more  perfectly  the  treatment  can  be  conducted,  and  the 
more  successful  it  will  be.  Hence  such  resorts  as  Davos, 
Colorado  Springs,  Idylwild  (California),  Asheville,  Aiken, 
and  many  others  of  superior  climatic  excellence  are  espe- 
cially favorable  for  this  mode  of  treatment,  provided  the 
other  essential  factors,  sucli  as  diet,  etc.,  are  at  hand.  It 
may  be  thought  that  this  treatment  can  be  accomplished 
by  simply  instructing  the  patient  to  keep  out  of  doors ; 
nothing  could  be  more  fallacious  than  this.  In  the  first 
place,  the  patient  will  not  keep  out  of  doors  all  day  of  his 
own  volition.  If  he  is  out  for  a  few  hours  each  day,  lie 
is  prone  to  think  that  lie  is  fulfilling  his  instructions. 
Further,  he  is  too  often  left  to  himself  to  determine 
whether  he  shall  remain  at  rest  or  take  exercise  while 
in  the  open;  generally  he  does  the  latter,  sometimes 
from  ignorance,  sometimes  for  the  want  of  any  proper 
place  where  he  can  remain  at  rest.  Here,  again,  comes 
in  the  value  of  the  sanatorium  where  all  those  details  are 
■carefully  looked  after. 

The  theory  of  the  outdoor  treatment  is,  of  course,  evi- 


dent; the  object  is  so  to  improve  the  nutrition  of  the  pul- 
monary tissue  and  general  system,  and  so  to  harden  the 
patient  and  thereby  increase  his  resisting  power  that  he 
will  no  longer  present  a  favorable  soil  for  the  tubercle 
bacillus.  It  is  also  claimed  for  this  treatment  that  it  will 
increase  tissue  metabolism,  so  that  fibroid  transformation 
of  tuberculous  lung  tissue  may  be  hastened,  or  the  en- 
capsulation of  caseous  areas  effected. 

Are  all  cases  of  pulmonary  tuberculosis  suitable  for 
the  open-air  treatment?  Obviously  not,  for  all  cases  are 
not  susceptible  of  an  arrest  or  improvement;  and  the  ob- 
ject of  this  treatment  is  to  cure.  Although  it  is  difiicult, 
if  not  impossible,  in  many  cases  and  in  the  various  stages 
of  the  disease,  to  form  a  probable  prognosis,  still  in  gen- 
eral it  may  be  said  that  advanced  cases  with  mixed  in- 
fection and  septic  symptoms — cases  of  very  extensive 
disease,  those  in  which  the  tuberculous  process  is  accom- 
panied by  acute  symptoms,  or  those  in  which  the  recu- 
perative power  seems  to  be  lacking,  and  the  whole 
system  appears  to  have  collapsed — are  unfavorable  cases 
and  unfitted  for  the  severe  regime  of  the  open-air  treat- 
ment. Fresh  air,  of  course,  should  be  afforded  all  cases, 
as  to  everybody  else,  sick  or  well ;  but  this  can  be  done  in 
a  well-ventilated  room,  where  the  patient  is  made  com- 
fortable and  kept  at  rest.  If  some  of  these  apparently 
hopeless  cases  later  exhibit  more  favorable  symptoms 
and  develop  greater  recuperative  power,  they  then  can 
more  properly  be  subjected  to  the  open-air  treatment. 

Lest  there  may  be  some  misunderstanding,  it  is  well 
again  to  state  what  may  seem  self-evident,  viz.,  that  the 
open-air  treatment  in  all  its  rigorousness  means  practically 
a  continuous  outdoor  existence.  Day  after  day  in  all 
kinds  of  weather  one  must  be  exposed  to  the  open  air, 
and  the  windows  of  his  sleeping-room  must  be  kept  open 
day  and  night,  summer  and  winter.  This  does  not  mean 
that  one  shall  sit  out  in  a  rain  or  snow  storm,  but  on  a 
veranda  for  example,  which  affords  shelter  from  the  storm 
and  wind  and  yet  is  open  to  the  air.  The  writer,  for  ex- 
ample, had  a  patient  at  Rutland,  Mass.,  who.  during  a 
New  England  winter,  spent  eight  hours  dailj'  out  of 
doors,  always  slept  in  a  cool  room,  with  open  windows, 
and  bathed  his  chest  every  morning  with  cold  water. 

In  Colorado  Springs  it  is  quite  generally  the  custom 
for  consumptives  to  sleep  out  of  doors,  even  in  winter, 
with  face  and  body  well  protected.  This  is  more  readily 
done  in  warmer  climates,  as  in  Phoenix,  Arizona,  for  ex- 
ample, where  the  practice  is  quite  general.  It  is  also  a 
practice,  with  some,  to  sleep  with  the  head  out  of  doors, 
well  protected,  while  the  body  is  within.  As  a  rule,  the 
vitality  and  bodily  vigor  of  a  consumptive  are  low,  and 
hence  the  greater  part  of  the  time  out  of  doors  is  spent  at 
rest,  best  on  a  reclining  or  ship's  chair.  One  of  the  com- 
mon sights  at  the  German  sanatoria  is  the  "  Liegehalle  " 
or  piazza,  where  are  long  rows  of  patients  in  reclining 
chairs.  Dettweiler  insists  \ipon  almost  complete  rest  in 
the  open  air,  while  other  phthisio-therapeutists  permit 
their  patients  who  have  no  fever  to  take  a  limited  amount 
of  exercise.  As  has  been  said  above,  a  well-equipped 
sanatorium  affords  the  best  opportunity  for  taking  the 
open-air  treatment,  and  medical  supervision  is  always  at 
hand  to  insist  upon  it;  at  the  same  time  it  is  practicable, 
in  very  many  cases,  to  devise  at  the  home  of  the  patient 
an  arrangement  for  this  treatment.  A  properly  protected 
veranda,  preferably  facing  the  south;  a  tent  with  a 
wooden  floor;  a  country  barn  with  the  large  doors  open; 
a  shed  or  wooden  chalet  simply  and  cheaply  constructed, 
serving  also  as  a  sleeping-room  by  night;"— all  of  these 
afford  opportunities  for  the  "treatment."  If  the  physi- 
cian is  at  all  ingenious  lie  will  readily  invent  some  way 
by  which  this  can  be  accomplished,  for  there  is  almost 
always  something  in  or  about  tlie  patient's  house  that  can 
be  utilized  for  this  purpose. 

It  is  hardly  necessary  to  say  that  a  patient  used  to  an 
indoor  life,  as  the  great  majority  of  them  are,  must  be 
somewhat  gradually  accustomed  to  a  constant  open-air 
exposure,  but  it  is  marvellous  how  perfectly  they  estab- 
lish the  habit,  and  how  complete  is  the  endurance  which 
they  attain.     Knopf  ("Prophylaxis  and  Treatment  of 
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Pulmonary  Tuberculosis ")  quotes  Andvoid,  of  Tonsaa- 
sen,  Norway,  as  saying  that  he  leaves  his  patients  on 
their  chairs,  wrapped  in  furs,  for  from  tive  to  nine  hours 
a  day  at  a  temperature  of  25°  C.  (—  13"  F.). 

The  number  of  hours  during  wliich  the  patient  remains 
out  of  doors  depends  largely  upon  the  location  and  lati- 
tude of  the  resort.  At  Davos,  for  example,  the  sun  rises 
late  and  sets  early,  on  account  of  the  surrounding  moun- 
tains, so  that  a  winter's  day  is  only  about  four  or  five 
hours  long.  In  Palkenstein  the  patients  remain  out  of 
doors  for  from  seven  to  ten  hours  a  day  all  the  year 
through;  at  Rutland,  Mass.,  for  about  eight  hours;  at 
Colorado  Springs  for  from  seven  to  eight. 

The  effects  upon  the  patient  of  this  prolonged  stay  in 
the  open  air  are  striking.  Appetite  and  weiglit  increase ; 
cough  and  expectoration  diminish ;  and  if  theie  is  any 
rise  of  temperature  at  any  part  of  the  day,  this  is  likely 
soon  to  disappear.  The  patient  also  experiences  a  sense 
of  well-being  and  invigoration,  together  with  mental  ex- 
hilaration. After  a  course  of  open-air  treatment  one  is 
no  longer  content  to  live  indoors  or  sleep  with  closed 
windows. 

It  may  be  pertinently  asked  if  patients  do  not  catch 
€old  under  this  constant  open-air  exposure.  On  tlie  con- 
trary, experience  has  proved  that  tliey  are  less  likely  to 
<Jo  so  than  when  they  live  under  constant  protection  with 
the  consequent  unavoidable  exposure  to  impure  air.  The 
constant  exposure  to  pure  germless  air,  however  cold, 
when  one  is  properly  clad,  does  not  render  one  suscep- 
tible to  catching  cold,  as  Nansen  so  strikingly  proved  on 
his  Arctic  expedition. 

In  conclusion,  it  is  well  to  reiterate  that  the  open-air 
treatment  is  not  the  whole  treatment  of  pulmonary  tu- 
berculosis. In  addition,  there  must  be  an  abundance  of 
nutritious  and  properly  prepared  food;  rest:  a  most  care- 
ful avoidance  of  over-exertion  either  mental  or  physical ; 
moderate  exercise  under  careful  supervision,  and  in  suit- 
able cases ;  and  due  attention  to  the  skin  by  the  use  of 
various  hydrotherapeu tic  measures.  In  brief,  all  the  hy- 
gienic measures  conducive  to  the  invigoration  of  the  gen- 
eral system,  must  be  adopted.  Edward  0.  Otis. 


OPHTHALMIA,  PURULENT. 

Uons  of. 


See  Conjunctiva,  Affec- 


OPHTHALMOIVIETER.*— An  instrument  for  measur- 
ing the  curvature  of  the  refracting  surfaces  of  the  eye. 

Thomas  Young  (1801)"  was  the  first  investigator  to  at- 
tempt accurate  measurements  of  the  curvature  of  the 
cornea  in  the  living  eye.  By  measuring  tlie  diameter 
and  the  prominence  of  the  cornea,  he  found  the  cliord 
and  versed-sine  of  an  arc  of  a  corneal  meridian ;  from 
these  data  he  calculated  the  radius  of  curvature; 
Young's  estimate  of  the  curvature  of  the  cornea  agrees 
very  closely  with  the  results  which  have  since  been  ob- 
tained by  more  refined  methods. 

Kohlrausch  (1840)'  measured  the  image  of  a  distant 
object  viewed  by  reflection  at  the  anterior  surface  of  the 
cornea,  as  in  a  convex  mirror,  and  thus  laid  the  founda- 
tion of  ophthalmometry  in  the  modern  sense.  The  ob- 
ject used  by  Kohlrausch  was  a  pair  of  candle  flames 
placed  behind  small  openings  in  an  opaque  screen.  The 
images  of  the  two  bright  points  were  viewed  through  a 
small  astronomical  telescope,  constrxicted  for  observing 
at  a  distance  of  from  two  to  three  feet,  and  their  posi- 
tions marked  by  two  adjustable  spider  lines  in  the  eye- 
piece. The  length  of  the  image  (distance  separating  the 
images  of  the  two  points  of  light)  was  then  read,  through 
the  telescope,  on  a  finely  divided  scale  placed  as  nearly 
as  possible  at  the  distance  at  which  the  image  had  been 
observed. 

Now  the  object  and  the  image  lie  at  conjugate  foci  of 
the  cornea,  considered  as  a  convex  mirror,  and  the  rela- 
tions of  the  two  focal  distances  is  expressed  by  the  equa- 
tion 

♦The  writer  desires  particularly  to  acknowledge  his  indebtedness  to 
Dr.  John  Rreen,  of  St.  Louis,  for  assistance  most  kindly  rendered  in 
revising  the  present  article  for  the  press. 
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in  wliich 

r  =  the  radius  of  curvature  of  tlie  cornea ; 

/=  the  distance  of  the  object  from  the  surface  of  the 
cornea ; 

/"  —  the  distance  of  the  image  from  the  surface  of  the 
cornea. 

As  the  observing  distance  is  taken  at  between  two  and 
three  feet,  and  the  object  is  stationed  at  as  great  or  at  a 
greater  distance,/  is  quite  large  in  comparison  with/'; 
it  is  admissible,  therefore,  witiiout  sensibly  affecting  the 
accuracy  of  the  equation,  to  disregard/'  in  the  denomi- 
nator of  (1)  and  to  write  the  equation  in  the  simplified 
form: 


:a/,'i^=2/'* 


(3) 


Again,  the  length  of  the  object  is  to  the  length  of  the 
image  in  the  ratio  of  their  respective  distances  from  the 
centre  of  curvature  of  the  convex  mirror  (cornea). 

Designating  these  distances  by  g  and  g '  respectively, 
we  have 

g '      length  of  image 
g  ~~  length  of  object 
But  g'=r~f 

and  g  =  r-\-f' 

whence  '^  — /'      length  of  image 

length  of  object  ' 

length  of  image  /g\ 


r+f 


length  of  object 


In  the  right-hand  member  of  (3)  neglecting  r,  which  is 
small  compared  with/,  and  in  the  left-hand  member  of  (3) 
substituting  for/'  its  value  i  r  derived  from  (3),  we  have, 
as  a  sufficiently  close  approximation,  the  simplified  equa- 
tion 

length  of  image  . 


u. 


length  of  object 


(4) 


*  To  test  tlie  error  involved  in  the  use  of  this  simplified  equation, 
compare  the  values  of  r  derived  from  (1)  and  (2)  in  a  special  case. 
For  example : 

Let  /  =  0.8  metre  =  800  millimetres. 

Let  /'  =  4  millimetres. 


then  by  (1) 


and  by  (2) 


r  =  1600 


=  1600 


796 

/' 
800 


=  2.01/'; 


:  2.00/'. 


The  value  of  r  by  C2)  is  therefore  too  small  by  0.01  /'  =  0.01  X  i 
millimetres  =  0.04  millimetre,  which  is  within  the  limit  of  error  in 
observation. 

+  To  test  the  error  involved  in  the  use  of  (4)  compare  the  values  of 
r  derived  from  (3)  and  (4),  in  a  special  case.  For  example,  as  in  the 
previous  note : 

Let  /  =  0.8  metre  =  800  millimetres. 
Let/'  =  4  millimetres. 
Then  by  (3)  [using  for  r  in  the  right-hand  member  and  for  /'  in  the 
left-hand  member  their  values  as  given  by  (1),] 

r-^=  (800+8.04),  '""g;!; "'T^^  milUmetres, 
3.01  length  of  object 

whence 

length  of  image 


:  1608.08, 


and  by  (4) 


1600, 


length  of  object 
length  of  image 


millimetres. 


millimetres 


'  length  of  object 
The  value  of  r  by  (4)  is  therefore  too  small  by 

?^  =  0.005  =  about  %  per  cent 
IbUU 

It  should  be  further  remarked  that  the  use  of  the  equation 

1-  1  =  i 

/'       /        r 

is  permissible  only  on  the  assumption  that  the  diameter  of  the  convex 
surface  at  which  rays  are  reflected  to  form  the  virtual  image  is  small 
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The  results  obtained  by  Kohlrausch,  also  by  Senff 
(1846),  *  wlio  carried  the  investigation  somewhat  further, 
correspond  very  closely  with  measurements  which  arc 
now  generally  accepted.  The  later  development  of  oph- 
thalmometry has  been  in  the  direction  of  perfect- 
ing the  instrument  for  purposes  of  scientific  in- 
vestigation, and  of  adapting  it  to  clinical  use. 

The  ophthalmometer  was  perfected,  as  an  in- 
strument of  scientific  research,  by  Helmholtz 
(1854).*  With  the  addition  of  a  large  graduated 
circle,  arranged  to  carry  lamps,  it  was  employed 
by  Donders  and  Middleburg  to  measure  the  curva- 
ture of  the  cornea  in  different  meridians. 

The    ophthalmometer   of  Helmholtz   is  essen- 
tially an  adaptation  of  the  heliometer  of  Clausen 
(1841). '     A  divided   plate  of    thick    glass  with 
parallel    surfaces  is   mounted  in  a  cubical   box 
fixed  in  front  of  the  objective  of  a  small  astro- 
nomical telescope  constructed  for  observing  at  a 
distance  of  from    0.5  metre  to  1  meter,  so  that 
each  half  of  the  glass  plate  covers  half  of  the  ob- 
jective.    The  two  halves  of  the  divided  plate  are 
arranged  to  turn  in  opposite  directions 
on  a  common  axis  at  right  angles  to 
the    axis    of    the  telescope,    and    the 
amount  of  rotation  is  read  to  tenths  of 
a  degree  on  a  graduated  disc  fitted  with 
a  vernier.     So  long  as  the  two  halves 
of  the    glass    plate  are  in  the    same 
plane,  perpendicular  to  the  axis  of  the  | 
instrument,  an  object  seen  through  the 
telescope    appears    without    displace- 
ment and  single ;  but  any  rotation  of 
either  half  of  the  plate  gives  rise  to  a 
displacement  of  the  image  formed  by 
the  corresponding  half  of  the  objec- 
tive,  and   this  displacement  increases 
with  the  rotation.     As  the  two  halves 
of  the  plate  are  rotated  simultaneously  in  oppo- 
site directions  the  displacement  of  the  images  is 
also  in  opposite  directions,  and  the  total  displace- 
ment is  double  wliat  it  would  be  if  either  half  of 
the  plate  were  rotated  separately   through    the 
same  angle. 

The  object  (three  points  of  light  disposed  in  a 
row)  as  seen  by  reflection  at  the  surface  of  the 
cornea  is  focussed  by  the  telescope  through  the 
glass  plates  in  the  zero  position — i.e..  with  both 
plates  set  at  right  angles  to  the  line  of  vision. 
The  graduated  disc  is  then  turned  until  the  two  images 
are  seen  touching  each  other,  but  not  overlapping,  in 
which  position  of  the  plates  the  displacement  of  each 
image  is  exactly  equal  to  half  the  length  of  the  image. 
Tlie  amoimt  of  displacement  {x)  of  either  image  de- 
pends on  the  index  of  the  refraction  (ra)  of  the  glass  of 

a  Z  J 


as  the  displacement  of  each  image  is  equal  to  half  the 
length  of  the  image,  we  have 

length  of  image  =  2  a  =  2  A  ,  ^''"'       J\         (5> 

C  In  practice  all  calculation  is  dispensed  with  by 

-^,;making  use  of  a  table  of  successive  values  of  2  x- 
corresponding  to  different  readings  of  the  ophthal- 
mometer, as  ascertained  by  experiment. 

As  the  distance  of  the  object  is  quite  large  in 
comparison  with  the  radius  of  curvature  of  the 
cornea,  it  is  admissible  to  calculate  the  latter  by 
the  use  of  the  simplified  equation 


a": 


(4) 


'•  =  3/, 


length  of  image 
length  of  object' 


Fig.  3633. 
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0 

FIG.  3634. 

which  the  plate  is  made,  the  thickness  (h)  of  the  glass 
plate,  and  the  angle  (if)  through  which  the  plate  has  been 
rotated  as  expressed  in  the  equation 


:7i  , 


*') 


the  value  of  (^'  being  dependent  on  that  of  < 

in  the  equation  .    ^  .    , , 

^  sm  <j)  —  n.  .sill  f  ; 


as  expressed 


in  comparison  with  the  radius  ol  the  sphere.  This  Implies  that  the 
image  must  be  small  in  comparison  with  the  radius  ol  curvature  of 
the  cornea,  or,  what  amounts  to  the  same  thing,  that  the  object  must 
be  small  in  comparison  with  its  distance  from  the  observed  eye. 


Fig.  3633  shows  the  arrangement  and  the  work- 
ing of  the  glass  plates,  a'  c'  and  a"  c",  represent- 
ing the  image  a,  c,  as  doubled  by  the  rotation  of 
the  two  plates  in  opposite  directions. 

Fig.  3634  shows  the  arrangement  of  the  three 
lights,  whose  double  images  are  viewed  by  reflec- 
tion at  the  surface  of  the  cornea ;  the 
image  of  1  is  brought  by  the  rotation 
of  the  plates  into  a  position  mid- 
way between  2  and  3,  as  shown  in 
Fig.  3634. 

It  will  be  seen  from  (5),  also  from 
inspection  of  Fig.  3633,  that  the  size  of 
the  image  is  determined  by  the  amount 
of  rotation  of  the  plates  as  indicated  by 
the  reading  of  the  graduated  disc,  and 
is  independent  of  the  observing  dis- 
tance ;  also  that,  from  the  principle  of 
construction  of  the  ophthalmometer, 
the  measurements  may  be  made  with 
great  accuracy  and  without  being 
materially  impeded  by  slight  movements  of  the 
observed  eye. 

Helmholtz  also  made  direct  measurements,  with 
his  ophthalmometer,  of  the  real  image  of  a  pair  of 
lights  as  seen  by  reflection  at  the  posterior  sur- 
face of  the  crystalline  lens,  and  by  an  ingeniously 
devised  indirect  method  he  measured  with  the 
same  instrument  the  much  fainter  virtual  image 
formed  by  reflection  at  the  anterior  surface  of  the 
lens.  By  repeated  measurements  made  upon  the 
same  eye  in  a  state  of  accommodative  relaxation 
and  in  accommodation  for  the  near,  he  obtained 
the  necessary  data  for  calculating  the  radii  of  curvature 
of  both  surfaces  of  the  lens  in  each  of  these  two  con- 
ditions. The  measurements  of  Helmholtz  were  repeated 
with  some  modifications  of  the  technique  by  H.  Knapp 
(I860).'  Knapp  also  measured  the  curvature  of  the 
cornea,  mostly  in  the  horizontal  and  vertical  meridians, 
in  a  series  of  cases  of  astigmatism  (1862).'' 

To  adapt  the  ophthalmometer  to  the  measurement  of 
the  curvature  of  the  cornea  in  any  required  meridian. 


Fig.  3636. 


Donders  and  Middelburg  (1863)  ^  added  a  graduated  cir- 
cle, bearing  lamps  (see  Fig.  3637).  They  measured  the 
curvature  of  the  cornea  in  a  large  number  of  eyes  in 
twelve  meridians,  thereby  adding  greatly  to  what  had 
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teen   previously   known  regarding   the    dilTerent 
forms  of  iistigniatism. 

Cocclus  (1867)  9  substituted  a  tixed  plate  cut 
from  a  doubly  refiueting  crystal  of  Iceland  spar 
for  the  movable  glass  plates  used  by  Helmholtz. 
The  amount  of  dis|)lacement  of  tlie  image  formed 
by  the  extraordinarily  refracted  rays  is  deto-mined 
by  the  thickness  of  the  plate,  and  is  constant;  the 
size  of  the  object  (distance  separating  the  lights 
is  therefore  varied,  until  tiie  two  images  are  scimi 
to  touch  each  other  without  overlapping.  The 
radius  of  curvature  of  the  cornea  is  found  from 
the  siniplilicd  e(iuatiiin: 


at  the  centre  of  curvature  of  tlie  arc.     A 
more  exact  adjustment  of  the  distance  is 
then   .secured    by    moving    the   telescope, 
with  its  stand,  until  the  doubled  images 
of  the  two  targets  are  seen   sharply  di' 
fiueil    by  reflection    at 
the  surface  of  the  cor- 
nea;   tlie    telescope   is 
ecjnstrucled      for     dis- 


(4) 


■ij. 


leiiglh  of  image 
leuglh  of  object. 


The  ophthalmometer  of  Javal-Schiiitz 
(1881)'°  is  especially  designed  for  the  clini- 
cal investigation  of  the  curvature  of  the 
cornea  in  all  meridians,  and  is  aduurably 
adapted  to  its  pui'pose.  Two  strongly  illu- 
minated targets  (iiiircn)  of  white  enam(d  ic- 
place  the  liglits,  anil  the  doid)ling  of  tlir 
image  is  effected  b}'  means  of  a  doidily  re- 
fracting  prism   of    Iceland   spar,  which  is 

achromatized,  and  at  the  same  time  a  little  

more  than  neutralized  for  the  ordinary  rays  "~ 

by  the   addition  of   a   prism  of  flint  glass 

turned  in  the  opposite  direction.     With  this  ^i 

construction  of  the    ])rism,  the  tAvo  images 

of  the  pair  of  targets,  formed,  the  one  by  the  ordinaiy 

and  the  other  liy  the  exti-aoi'dinary  rays,  aie  displaced 

equally  in   opposite   directions;  the  aggregate   displaee- 

meut  of  the  images  for  the  distance   at   \s  hie  h   the   e\c 


3U3r.— Ophthalmoiiieter  of  Javal-Schiijtz,  Original  Model. 


tinct  vision  at  the  distance  of  the  image,  which  is  formed 
about  4  nun.  behind  the  centre  of  the  cornea.  The 
doubly  refracting  prism  is  in  the  part  of  the  tube  marked 
a  W,  and  the  meridian  in  which  the  arc  and  targets 
stand  is  read  on  the  graduated  di.sc  at  E.  The  eye 
under  examination  is  directed  upon  the  end  of  the  tele- 
scope ;  the  other  eye  is  covered  by  the  pivoted  screen  P. 
As  the  effect  of  the  doubly  refracting  prism  (at  the  con 
slant  distance,  /■=0.35  metre,  of  the  targets  from  the 
(■ye)  is  to  separate  the  two  images  exactly  3  mm.,  it  is 
evident  that  when  the  length  of  the  object  (chord  3f  3/' . 
separating  the  outer  sides  of  the  two  targets)  is  so  ad 
justed  as  to  allow  the  two  images  to  touch  each  otiier 
without  overlapping,  the  lengtli  of  the  image  must  be 
just  o  mm.     We  have  then,  approximately, 

3 


(4) 


3/ 


object 

3100 
chord  jl/J/' 


700, 


chord  .1/.1/' 
millimetres.* 


millimetres 


ri<:.  3631). 

is  observed  is  3  mm.  The  two  targets  (31 3f ,  Fig.  3637), 
are  arranged  to  slide  on  a  graduated  arc  of  0.35  metre 
radius,  turning  with  the  tube  of  the  telescope.  The  head 
of  the  patient  is  supported  by  the  head -rest,  so  that  the 
centre  of  cm-vature  of  the  cornea  shall  lie  approximately 


It  will  be  observed  that  in  this  solution,  2/(  =  2x 
0.35  metre  =  700  mm.  and  iviage  (=  3  iinn.)are  constants, 

*  It  will  lie  remarked  that,  hy  tlie  construction  of  the  Javal-Schiotz 
oplithalnioBieter,  the  distance  ol  the  targets  from  the  ohserved  eye  is 
rather  small,  and  the  image  is  rather  large  In  comparisou  with  the 
radius  of  curvature  of  the  cornea  (see  page  363,  footnote).  In  the 
use  of  equation  (4)  tliere  is.  therefore,  a  considerahle  margin  of  error, 
though  not  enough  to  detract  from  the  usefulness  of  the  instrument 
in  clinical  \vork. 

It  will  be  remarked  that  i',  by  this  solution,  is  the  radius  of  a  circular 
arc  whose  chord  measures  3  mm.  which  arc  is  assumed  to  be  of  the 
same  curvature  as  a  section  of  the  corneal  surface  by  a  plane  passed 
through  the  visual  axis  and  the  axis  of  the  telescope.  But  the  conUg- 
uratioQ  of  the  cornea  is  approximately  that  of  a  segment  of  a  pro- 
late ellipsoid,  and  supposing  the  axis  of  this  ellipsoid  to  coincide 
with  the  axis  of  the  telescope,  r  will  be  the  radius  of  a  circle  whose 
curvature  is  equal  to  that  of  the  elliptical  secticm  of  the  cornea  at  the 
two  points  in  which  the  direction  of  the  reflecting  surface  determines 
the  length  of  the  image,  i.e..  at  two  opposite  points  on  the  ellipsoid 
each  1  .">  mm.  distant  from  its  axis.  Under  these  conditions  it  is  evi- 
dent that  r  will  be  greater  than  the  radius  of  curvature  of  the  cornea 
at  its  centre.  .     ._,        .^,    .,  -      .»  ., 

As  a  rule  the  visual  axis  does  not  coincide  with  the  axis  of  the 
corneal  ellipsoid,  but  makes  an  angle  with  it  (angle  a),  which  angle 
is  sometimes  as  great  as  12°.  The  axis  of  curvature  of  the  cornea  is. 
therefore  not  ordinarily  in  a  line  with  the  axis  of  the  telescope,  and 
the  two  points  in  which  the  direction  of  the  corneal  surface  deter- 
mines the  length  of  the  image  are  not  symmetrically  placed  with 
reference  to  the  axis  of  the  ellipsoid.  As  the  curvature  ol  the  ellip- 
soid at  these  two  unsym  metrical  points  is  unequal,  it  cannot  be  repre- 
sented by  a  spherical  surface.  In  any  case,  however,  the  value  of  r 
hy  equation  (4)  is  greater  than  the  radius  of  curvature  of  the  cornea 
at  its  centre. 
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consequently  r  (the  radius  of  curvature  of  the  cornea)  is 
an  inverse  function  of  tlie  chord  U  M'.  The  length  of 
this  chord  is  read  from  the  graduation  on  the  arc.  _  The 
radius  of  curvature  of  the  cornea  in  different  meridians 

Ohject. 


D 


Imaye. 

riG.  3638.— a,  The  Targets ;  b,  their  corneal  images  as  seen  through 
the  telescope  without  intervention  ol  the  prism  ol  Iceland  spar. 

maybe  calculated  from  measurements  of  the  chord  JlfJf', 
made  after  turning  the  telescope,  with  the  arc  and  tar- 
gets, about  its  axis. 

The  great  value  of  the  Javal-Schi5tz  ophthalmometer 
is  in  its  remarkable  adaptation  to  the  detection  and  meas- 
urement of  corneal  astigmatism,  and  for  such  examina- 
tion it  has  won  general  recognition  as  indispensable  to 
the  ophthalmic  practitioner.  In  astigmatism  the  essen- 
tial thing  to  be  considered  is  the  difference  in  refraction 
in  the  two  principal  meridians,  and  it  is  for  the  measure- 
ment of  such  differences  in  the  corneal  curvature  that 
the  instrument  has  been  especially  designed.  In  the  use 
of  the  ophthalmometer  the  length  of  the  object  (chord 
MM')  remains  unchanged  throughout  the  observation 
of  the  eye  in  its  two  principal  meridians,  and  it  is  only 
the  difference  in  the  length  of  the  image  when  the  arc  is 
adjusted  successively  for  the  corneal  meridians  of  great- 
est and  least  curvature  that  is  regarded.  The  observa- 
tion consists  in  simply  noting  the  amount  of  overlapping 
of  the  two  images  in  the  second  position  of  the  arc,  after 
having  first  brought  them  into  exact  contact  in  the  first 
position. 

The  device  for  reading  the  amount  of  overlapping  of 
the  images  is  shown  in  Fig.  3638,  a.     The  outer  side  of  one 


Q.  m 
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Fig.  3639.— Corneal  Images  as  Seen  Through  Telescope  ana  Prism. 
Double  images  in  touching  position. 

of  the  rectangular  targets  is  cut  in  the  form  of  steps  of 
such  width  that  each  step  approximately  represents  a 
difference  of  corneal  curvature  corresponding  to  1  D  of 
ocular  refraction.*    The  number  of  overlapping  steps  is 

*  Inasmuch  as  different  eyes  present  considerable  variation  in  cor- 
neal curvature,  necessitating  a  corresponding  variation  in  the  separa- 
tion of  the  targets  in  order  to  bring  their  images  into  exact  contact,  it 
is  evident  that  a  step  on  the  target  does  not  always  represent  the  same 
fractional  part  of  the  chord  M  M'.  In  the  case  of  a  relatively  flat  cor- 
nea the  targets  must  be  set  nearer  together,  and  each  step  wUl  then 


taken  as  the  number  of  dioptrics  of  astigmatism  attribu- 
table to  inequality  of  curvature  of  the  cornea  in  its  two 
principal  meridians. 

Fig.  3639  shows  the  doubled  images  of  the  targets  in 
the  position  of  contact ;  in  Fig.  3640  the  same  images  are 
shown  with  two  steps  overlapping,  indicating  3  D  of 
corneal  astigmatism.  It  will  \m  observed  that  in  both 
these  positions  the  images  are  rectangular,  also  that  they 
lie  exactly  in  the  same  line. 

This  rectangular  form  and  linear  direction  of  the  im- 
ages of  the  four  targets  is  seen  whenever  the  curvature 
of  the  cornea  is  symmetrical  with  reference  to  the  plane 
of  the  arc.  When  the  cornea  is  a  surface  of  revolution, 
with  its  axis  passing  through  the  centre  of  the  arc,  this 
condition  is  fulfilled  for  all  positions  of  the  targets ;  but 
when  the  cornea  is  of  a  configuration  approaching  an 
ellipsoid  of  three  unequal  axes,  the  position  of  the  arc 

D    □    0 

Fig.  3640.— Overlapping  of  Double  Images  —  As  =  2  D. 

must  be  such  that  its  plane  shall  bisect  the  ellipsoid  in 
one  or  the  other  of  its  two  principal  planes.  In  all  other 
positions  of  the  arc  the  images  of  the  four  targets  appear 
more  or  less  distorted,  and  the  images  of  the  two  pairs  of 
targets  ai'e  not  in  the  same  line  (see  Fig.  3641).* 

This  distortion  and  oblique  displacement  of  the  two 
images,  in  all  but  two  positions  of  the  arc,  reveals  at:  a 
glance  the  presence  of  corneal  astigmatism.  To  find  the 
meridian  of  greatest  corneal  curvature,  the  arc  is  turned 
until  the  images  are  seen  in  a  line  and  most  widely  sepa- 
rated. f  The  two  targets  are  then  moved  inward  or  out- 
ward on  the  arc  until  the  images  are  brought  into  the 
position  of  contact.  Lastly,  the  arc  is  turned  through 
an  angle  of  90°,  or  until  the  images  are  again  seen  in  a 
line,  and  the  number  of  overlapping  steps,  which  repre- 

D  m  Q 

Fig.  3641.— Double  Images  not  on  a  Level— Astigmatism  Present. 
Arc  not  in  a  principal  meridian. 

sents  the  number  of  dioptrics  of  corneal  astigmatism,  is 
noted.  The  examination  of  the  two  eyes  need  not  con- 
sume more  than  two  or  three  minutes. 

The  measurements  of  corneal  astigmatism  as  made  with 
the  ophthalmometer  agree  remarkably,  in  most  cases, 
with  the  results  obtained  by  the  use  of  methods  which 
show  the  total  astigmatism  of  the  eye.  The  agreement 
in  the  direction  of  the  principal  meridians  is  especially 
close,  so  that  in  by  far  the  greater  number  of  cases  the 
direction  of  the  axis  of  the  correcting  cylindrical  glass 
may  be  taken  directly  from  the  reading  of  the  instru- 

represent  a  larger  fractional  part  of  the  chord  M  M' ;  conversely, 
when  the  cornea  is  of  greater  than  average  curvature  the  targets 
must  be  set  wider  apart,  and  each  step  will  then  represent  a  smaller 
fractional  part  of  the  same  chord.  It  follows  that  in  the  former  case 
each  overlapping  step  in  the  image  must  represent  somewhat  more, 
and  in  the  latter  case,  somewhat  less,  than  1  D  of  corneal  astigmaUsm. 
It  is  weU,  therefore,  always  to  note  the  length  of  the  chord  M  M',  so 
that  a  correction  can  be  made  for  it  if  deemed  necessary. 

*  For  an  analysis  of  the  phenomenon  of  distortion  of  the  image 
formed  by  a  mirror  of  asymmetrical  curvature,  also  of  the  same  phe- 
nomenon as  it  occurs  in  the  case  of  a  lens  of  asymmetrical  refraction, 
see  a  paper  by  the  writer :  "  Bin  Beitrag  zur  Theorie  der  Cylinder- 
linsen,"  Graefe's  Archiv,  1887. 

+  By  Interchanging  the  targets  the  images  may  be  brought  into  the 
position  of  contact  when  the  arc  is  set  in  the  meridian  of  least  corneal 
curvature,  and  the  overlapping  steps  counted  In  the  second  position  of 
the  arc ;  in  practice  this  is  found  to  be  more  convenient,  for  the  reason 
that  the  meridian  of  least  curvature  is,  as  a  rule,  approximately  hori- 
zontal, and  it  is  easier  to  adjust  the  targets  in  the  horizontal  and  to 
observe  the  overlapping  of  the  Images  in  the  vertical  meridian. 
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ment.  In  respect  to  the  grade  of  astigmatism  the  agree- 
ment is  less  exact,  for  the  reason  that  the  observed  cor- 
neal astigmatism  is  often  modified  by  an  astigmatism 
attributable  to  an  oblique  position  of  the  crystalline  lens. 
As  a  rule,  the  meridian  of  greatest  corneal  curvature  is 


Fig.  3642.— Javal's  Ophthalmometer  with  Attachment  for  Electrical 
Illumination  of  the  Targets. 

approximately  vertical,  and  the  meridian  of  greatest  len- 
ticular refraction  is  approximately  horizontal ;  the  total 
astigmatism  is  therefore  generally  somewhat  less  than 
the  corneal  astigmatism  when  the  meridian  of  greatest 
corneal  curvature  is  approximately  vertical,  and  greater 
when,  contrary  to  the  rule,  it  is  approximately  horizon- 
tal, 

In  a  comparatively  small  number  of  instances  the  total 
astigmatism  is  found  to  vary  very  widely  from  the  cor- 
neal. For  example,  a  relatively  high  grade  of  lenticular 
astigmatism  may  so  far  dominate  a  corneal  astigmatism 
as  largely  to  control  both  the  direction  of  the  principal 
meridians  and  the  grade  of  the  total  astigmatism.  Again, 
it  is  not  uncommon  to  find  a  low  grade  of  astigmatism, 
of tenest  with  the  meridian  of  greatest  refraction  horizontal 
or  nearly  horizontal,  in  the  absence  of  corneal  asymmetry. 
Lastly,  the  ophthalmometer  occasionally  reveals  an  anom- 
alous condition  in  which  the  corneal  meridians  of  greatest 
and  least  curvatures  are  not  at  right  angles  to  each  other. 

Not  only  has  the  Javal-SchiStz  ophthalmometer  greatly 
advanced  our  knowledge  of  astigmatism,  but  it  affords, 
also,  most  important  special  information  in  every  case  of 
investigation  of  the  refraction  of  the  eye. 

The  instrument-maker  Kagenaar  (Utrecht,  1887)"  has 
somewhat  cheapened  the  original  Javal-Schiotz  ophthal- 
mometer by  substituting  a  pair  of  weak  glass  prisms, 
turned  in  opposite  directions,  for  the  doubly  refracting 
prism  of  Iceland  spar.  Leroy  and  Dubois  (1888) "  have 
also  produced  a  low-priced  ophthalmometer,  in  which 
the  doubling  of  the  image  is  effected  by  means  of  two 
plates  of  thick  glass  as  used  by  Helmholtz.  In  a  sec- 
ond and  newer  model's  (gee  Pig.  3643)  the  shape  of  the 
targets  has  been  somewhat  altered;  and  the  direction  of 
the  meridians  of  greatest  and  least  corneal  curvature  is 
read  on  the  reflected  image  of  the  darge  disc  which  now 
constitutes  the  most  conspicuous  feature  of  the  instru- 
ment. CW^  Koller. 
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OPHTHALMOSCOPE;  OPHTHALMOSCOPY,— from 

o<p0a?i/i6g,  eye,  and  -aKoirku,  to  view.  The  ophthalmoscope, 
German,  d^r  Auyenspiegel,  is  an  optical  device  by  means 
of  which  the  interior  of  the  eyeball  is  rendered  visible. 

Ophthalmoscopy,  in  its  wider  meaning,  includes  what- 
ever pertains  to  the  objective  examination  of  the  eye ;  in 
a  narrower  sense,  it  is  restricted  to  the  examination  of  the 
interior  of  the  eye  by  the  aid  of  the  ophthalmoscope. 

The  anterior  segment  of  the  eyeball,  comprising  the 
cornea,  the  anterior  chamber  filled  with  the  aqueous  hu- 
mor, the  front  of  the  iris,  and  so  much  of  the  anterior 
capsule  of  the  crystalline  lens  as  corresponds  to  the  area 
of  the  pupil,  is  accessible  to  direct  inspection  by  the 
naked  eye,  or  through  a  magnifying  glass.  Even  when 
the  pupil  is  strongly  contracted,  a  central  opacity  of  the 


FIG.  3643. 


lens  capsule  or  of  the  immediately  subjacent  lens  sub- 
stance reveals  itself  by  a  characteristic  white  or  gray  ap- 
pearance. When  the  pupil  is  widely  dilated,  we  may 
look  deeply  into  or  through  the  crystalline,  and  may  ob- 
tain glimpses  of  a  detached  and  displaced  portion  of  the 


FIG.  3644, 


retina,  of  a  blood  clot  or  other  large  foreign  body  in  the 
vitreous,  or  of  the  surface  of  a  very  prominent  tumor 
arising  from  the  retina  or  choroid. 

Let  L  (Pig.  3643)  represent  a  pencil  of  parallel  rays 
emanating  from  a  distant  source  of  light  and  entering 
the  dilated  pupil  a  a'  of  the  eye  0,  so  as  to  hght  up  a 


FIG.  364S. 


path  through  the  vitreous,  indicated  by  the  cone  a  a'  I. 
The  eye  of  an  observer  at  E  will  receive  rays  from  any 
object  which  may  happen  to  lie  within  that  portion  of 
this  cone,  near  its  base,  which  is  bounded  by  the  hue 
a  a".  Outside  of  the  limits  a  a'  a",  the  whole  mterior  of 
the  eye  is  either  in  comparative  darkness  or  is  shut  off 
from  view  by  the  iris  at  a,  a'.    If  the  pupil  is  contracted 
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to  the  diameter  b  b',  only  such  part  of  the  pencil  L  as  is 
included  within  the  dotted  lines  can  enter  the  eye,  and 
only  such  objects  as  happen  to  lie  within  the  smaller 


If  we  annul  the  refraction  at  the  cornea  by  plunging 
the  head  of  an  animal  under  water  (Fig.  3647)^  the  eyes 
will  be  rendered  very  strongly  hypermetropic,  and  the 


FIG.  3646. 


cone  b  b'  I  will  be  illuminated ;  of  this  smaller  cone  the 
greater  portion  is  shut  off  from  view  by  the  iris  at  b,  b', 
so  that  nothing  can  be  seen  outside  the  narrow  limits 
b  V  b".  If  we  take  the  angle  L  0  E  smaller 
(Pig.  3644),  the  point  a"  will  fall  farther  back 
in  the  vitreous,  and  it  will  be  possible  to  see 
more  deeply  into  the  eye. 

When  the  angle  L  0  Bis  taken  very  small, 
approaching  zero  (Fig.  3645),  the  illuminated 
point  I  falls  within  the  ai'ea  e  e',  which  rep- 
resents the  field  of  view  commanded  by  the 
eye  of  an  observer  at  E;  luminous  rays  from 
iwill  then  enter  the  eye  E,  and  the  pupil  of 
the  eye  0  will  be  seen  lighted  up — das  Avgen- 
leucliten.  The  particular  case  indicated  in 
Pig.  3645  is,  however,  impossible,  for  the  rea- 
son that,  in  the  assumed  position  of  the  ob- 
server's eye,  his  head  is  necessarily  interposed 
between  the  source  of  light  and  the  observed 
eye.  For  this  reason,  when  two  persons  look 
each  into  the  eyes  of  the  other,  the  pupils  of 
all  four  eyes  appear  black. 

When  the  refraction  of  tlie  observed  eye  0 
is  hypermetropic,  the  illuminating  pencil  is 
cut  by  the  retina  before  reaching  a  focus  (Fig. 
3646),  thus  lighting  up  an  area  at  the  fundus 
which  will  be  larger  or  smaller  according  as 
the  pupil  is  more  or  less  dilated  and  the  pen- 
cil is  cut  by  the  retina  at  a  greater  or  less  dis- 
tance from  its  focus.  An  observer  looking 
into  the  eye,  at  a  very  small  angle  to  the  axis 
of  the  illuminating  pencil,  may  receive  rays  of 
light  from  this  illuminated  area,  and  will  then 
see  the  pupil  of  the  observed  eye  illuminated. 
To  develop  this  phenomenon  by  daylight,  the  pupil  of  the 
observed  eye  must  be  somewhat  widely  dilated,  in  order 
both  that  the  illuminated  area  may  be  as  large  as  possible, 
and  that  the  iris  at  a,  a'  may  cut  off  as  little  as  may  be  of 
the  view  into  the  eye.  The  appearance  of  a  shining  pu- 
pil is  best  produced  when  the  observer,  with  his  back  to 
a  window,  looks  into  the  face  of  another  person,  a  few 
feet  away,  whose  eyes  are  directed  toward  a  strongly 
illuminated  surface,  such  as  a  bright  cloud  in  the  sky. 
Shining  of  the  pupils  is  also  very  conspicuous,  under 
particular  conditions,  in  animals  with  eyes  of  hyperme- 
tropic construction  whose  fundus  is  clothed  by  a  strongly 
reflecting  layer — the  tapetum.  A  familiar  instance  is  the 
glowing  of  the  eyes  of  the  cat,  when  the  gaze  of  the  ani- 
mal, with  pupils  widely  dilated,  is  encountered  by  a  per- 
son entering  a  dark  room  with  a  lighted  lamp.  In  per- 
sons with  congenital  or  acquired  absence  of  the  iris — 
aniridia,  irideremia — the  eyes  may  similarly  be  seen  to 
shine  by  lamplight.  The  vivid  red  color  of  the  pupils 
of  albinos  is  independent  of  the  refractive  condition  of 
the  eye,  and  is  a  result  of  the  lighting  up  of  the  whole 
interior  of  the  eyeball  through  the  unpigmented  and  ab- 
normally translucent  iris  and  choroid;  when  the  eye  of 
an  albino  is  shaded  by  an  opaque  card,  the  pupil,  viewed 
through  a  hole  in  the  card,  appears  black,  as  in  a  nor- 
mally pigmented  eye  (Donders).* 

*  The  shlnlns  ol  the  eyes  of  certain  animals  in  the  dark  was,  for  a 
long  time,  attributed  to  a  supposed  power  of  generating  light.  Pre- 
vost  (1810)  showed  that  the  phenomenon  Is  observed  only  when  the 
eyes  are  illuminated  by  light  tailing  directly  upon  them.  Eudolphl 
(1810)  called  attention  to  the  fact  that  it  is  necessary  to  look  Into  the 
eye  In  a  particular  direction.    In  aniridia  in  the  human  eye  Beer 


FIG.  3647. 


pupils  may  be  seen  to  shine  brightly  by  ordinary  day- 
light. In  this  experiment  it  is  also  possible  to  see  some 
of  the  details  of  the  fundus  through  fhe  widely  dilated 
pupil.* 

If  the  observed  eye  is  strongly  myopic,  the 
illuminating  pencil  will  converge  to  a  focus 
(Fig.  3648)  at  some  point  in  the  vitreous  hu- 
mor, and,  continuing  on  its  course,  will  light 
up  an  area  V I  where  it  is  cut  by  the  retina.  As 
in  the  case  of  the  hypermetropic  eye,  a  por- 
tion, e'  I,  of  this  illuminated  area  will  fall  with- 
in the  field  of  view  commanded  by  the  eye  of 
an  observer  at  E,  who  will  then  see  the  pupil 
of  0  lighted  up. 

If  we  take  as  the  source  of  light  a  small  in- 
candescent electric  lamp  L  (Fig.  3649),  dark- 
ened at  the  back  and  sides,  the  retina  of  the 
(unaccommodated)  emmetropic  eye  0  will  in- 
tercept the  illuminating  pencil  before  it  reaches 
its  focus,  and  a  small  area,  IV ,  of  the  fundus 
will  be  lighted  up.  In  this  case,  as  in  the  cases 
assumed  in  Pigs.  3646  and  3647,  a  considerable 
portion,  « I,  of  the  illuminated  area,  1 1',  falls 
within  the  region  e  e' ,  from  which  rays  of  light 
can  enter  the  eye  of  an  observer  at  E,  behind 
and  a  little  to  one  side  of  the  lamp.  Under 
these  conditions  the  pupil  of  0  is  seen  strongly 
illuminated. f 

If  we  move  the  lamp  L  nearer  to  the  eye  0, 
the  angle  L  O  .Swill  become  larger  and  larger, 
and  the  portion  e  V  of  the  illuminated  area  1 1', 
falling  within  the  field  e  «',  will  become  smaller 
and  smaller;  whenever  the  angle  X  0  jB  be- 
comes so  large  that  no  part  of  I  V  coincides 
with  any  part  of  e  e',  the  pupil  will  cease  to  appear  lu- 
minous. If,  however,  we  fit  a  small  refracting  prism 
P,  to  the  incandescent  lamp  (Fig.  3650),  we  may  so 
change  the  direction  of  the  illuminating  pencil  as  to  turn 
it  upon  the  eye  0,  as  if  emanating  from  L',  thus  permit- 
ting an  observer  to  look  into  the  eye  from  E,  at  a  very 
small  angle  to  the  axis  of  the  illuminating  pencil,  even 
though  he  approach  to  a  distance  of  only  a  few  centi- 
metres from  the  cornea  of  the  observed  eye. 

The  most  convenient  and  effective  way  of  lighting  up 
the  fundus  of  the  eye  is  by  making  use  of  a  reflector. 
This  reflector  may  be  made  of  unsilvered  transparent 
glass,  in  which  case  it  may  be  set  at  an  angle  of  about 
forty-five  degrees  to  the  direction  of  the  axis  of  the  illumi- 
nating pencil  (Fig.  3651).     Of  the  incident  rays,  some  are 

(1839)  saw  the  pupils  red  and  shining  when  he  looked  at  the  eyes  In 
nearly  the  direction  from  which  the  light  fell  upon  them ;  W.  Gum- 
ming (1846)  and  Briicke  (1847)  discovered,  independently  of  each 
other,  that  the  pupils  of  the  unmutilated  human  eye  may  be  made  to 
shine  under  the  same  conditions  of  illumination  and  inspection  (cited 
from  Helmioltz :  "  Handbuch  der  physiologisohen  Optik,"  first  edition, 
S.  189). 

*  Mery  (1704)  first  described  this  experiment,  in  which  probably  the 
flrst  view  of  the  blood-vessels  of  the  retina  of  a  living  animal  (cat) 
was  obtained.  The  visibility  of  the  details  of  the  fundus  in  this  ex- 
periment was  correctly  ascribed  by  La  Hire  (17()9)  to  the  alteration  in 
the  conditions  of  refraction,  of  which,  however,  he  failed  to  give  an 
exact  explanation  (cited  from  Helmholtz,  op.  cU.,  S.  190).  By  the  aid 
of  the  orthoscope  of  Czermak,  a  little  trough  of  glass,  fixed  to  the 
cheek  and  nose  with  wax,  and  filled  with  water,  the  observation  of 
Mery  may  be  repeated  upon  the  human  eye. 

+  This  arrangement  of  the  light  represents  essentially  that  employed 
by  Briicke  (1847).  Briicke  used  a  lamp  or  a  candle  as  the  source  of 
light,  and  shut  off  the  light  from  the  eye  of  the  observer  by  means  of 
a  small  opaque  screen. 
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transmitted  by  the  transparent  glass,  and  lost,  -while  other 
rays  are  regularly  reflected,  and  may  be  directed  upon  the 
piipil  of  the  observed  eye  0,  as  if  they  had  emanated  from 


large  convergent  pencil  from  a  greater  distance  (Figs. 
3657  and  3658). 
If  the  illuminating  pencil  is  made  to  pass  through  a 
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Fig.  3648. 


L .  So,  also,  in  the  case  of  the  efferent  pencils,  some  of 
the  rays  are  lost  by  reflection  in  the  direction  of  the  light 
L,  while  others  are  transmitted  by  the  glass,  to  be  re- 


strong  convex  lens  held  in  front  of  and  at  somewhat  less 
than  its  principal  focal  di.stanco  from  the  cornea  of  tin; 
observed  eye,  a  very  large  convergent  pencil  may  be 


Fig.  3649. 


ceived  by  the  eye  of  an  observer  looking  through  the 
transparent  mirror  directly  in  the  axis  of  the  illuminating 
pencil.* 
A  plane  mirror  of  silvered  glass,  or  of  polished  metal. 


FIG.  3650. 

may  be  substituted  for  the  mirror  of  transparent  glass, 
with  the  double  advantage  of  reflecting  a  much  stronger 
light  into  the  eye  and  of  permitting  the  lamp  to  be 
placed  by  the  side  of  and  at  any  required  distance 
behind  the  patient's  head  (Fig.  3652).  An  observer 
looking  past  the  side  of  the  mirror,  or,  more  conveni- 
ently, through  a  small  central  perforation,  sees  the 
pupil  of  the  eye  0  more  strongly  illuminated  than 
when  an  unsilvered  glass  mirror  is  used.  The  far- 
ther the  plane  mirror  is  held  from  the  observed  eye 
the  smaller  is  the  portion  of  its  reflecting  surface 
from  which  rays  of  light  can  enter  the  pupil  and  the 
weaker  the  illumination  (Fig.  3653). 

By  making  use  of  a  concave 
mirror  held  near  the  eye,  we   u  .=-;-.---.-.-::;;"/.;'_"' "i^^E 
may  reproduce  very  nearly  the 
same  conditions  of  illumination 

as  when  the  plane  miiTor  is  used  (Fig.  3654),  or,  in- 
creasing the  distance  of  the  mirror  or  of  the  lamp, 
we  may  throw  at  will  a  parallel  (Fig.  3655)  or  a  con- 
vergent pencil  (Fig.  3656)  into  the  eye.  If  we  in- 
crease still  further  the  distance  at  which  the  mirror  is 
held  from  the  eye,  and  from  the  lamp  (Fig.  3657),  a  very 
large  convergent  pencil,  reflected  from  the  entire  surface 
of  the  mirror,  may  be  thrown  into  the  observed  eye,  and 
when  the  lamp  and  the  pupil  of  the  eye,  0,  come  to  lie  in 
conjugate  foci  of  the  mirror  (Fig.  3658),  the  size  of  the 
illuminating  pencil  is  limited  only  by  the  diameter  of  the 
mirror,  and  the  illumination  at  the  fundus  is  correspond- 
ingly intense.  A  concave  mirror  of  very  thin,  silvered 
glass,  of  a  diameter  of  33  mm.  and  a  focal  length  of 
about  33  cm.,  with  a  central  perforation  of  about  8.5  mm. 
diameter,  is  found  to  be,  on  the  whole,  most  convenient, 
as  serving  both  for  such  examinations  as  are  required  to 
be  made  with  the  mirror  held  near  the  eye  (Figs.  3654  and 
3656)  and  for  those  in  which  it  is  required  to  reflect  a 

*  The  arrangement  shown  in  Fig.  3651  Is  essentially  that  originally 
employea  (1851)  by  Helmholtz,  the  inventor  ol  the  ophthalmoscope. 
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thrown  into  the  eye  and  focussed  at  an}'  desired  distance 
behind  the  cornea.  "With  a  convex  lens  of  about  30  diop- 
trics (5  cm.  focus),  held  at  a  distance  of  about  4.5  cm. 
in  front  of  the  cornea  (Fig.  3659),  the  focus  will  lie  in 
the  vicinity  of  the  nodal  point  of  the  eye,  and  a  large 
area  of  the  fundus,  limited  only  by  the  angular  diameter 
of  the  convex  lens,  will  be  strongly  illuminated. 

If  a  weaker  lens  is  employed,  or  if  the  lens  of  5  cm. 
focus  is  held  nearer  to  the  observed  eye  (Fig.  3660),  the 
focus  of  the  illuminating  pencil  will  lie  at  some  point  in 
the  vitreous  humor,  and  the  illuminated  area  at  the  fun- 
dus will  be  larger  or  smaller  according  as  the  focus  lies 
farther  from  or  nearer  to  the  retina.  When  the  focus  lies 
at  a  certain  depth  in  the  eye  the  diameter  of  the  illumi- 
nated area  is  further  limited  by  the  size  of  the  pupil,  so 
that  only  a  part  of  the  illuminating  pencil,  corresponding 
to  a  larger  or  smaller  central  portion  of  the  convex 
lens,  can  gain  entrance  into  the  eye. 

If  a  stronger  convex  lens  is  used,  or  if  the  lens  of 
5  cm.  focus  is  removed  to  a  little  more  than  its  focal 
distance  from  the  observed  eye  (Fig.  3661),  the  focus 
of  the  illuminating  pencil  will  lie  a  little  in  front 
of  the  cornea,  and  the  fundus  will   be  illuminated 
in  an  area  which,   as  in  the  case  assumed  in  Fig. 
3659,  is    limited  only  by  the 
angular  diameter  of  the  con- 
vex lens. 

In  all  three  positions,  as 
shown  in  Figs.  3659  to  3661, 
nearly  the  whole  of  the  illu- 
minated area  of  the  fundus 
falls  within  the  field  of  view 
commanded  by  the  eye  of  an 
observer  at  E,  so  that  rays 
emanating  from  a  large  area  at 
the  fundus  may  enter  the  eye  of  the  observer. 

By  combining  the  perforated  concave  mirror,  of  about 
33  cm.  focus,  with  a  convex  lens  of  5  to  6  cm.  focus  (Fig. 


FIG.  3651. 


FIG.  3653. 


),  the  maximum  useful  degree  of  illumination  is  at- 
tained, together  with  the  ability  to  regulate  the  diameter 
of  the  illuminated  area  at  the  fundus  by  varying  the  dis- 
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tance  at  which  the  lens  is  held  from  the  eye.     The  ob- 
server looking  through  the  central  perforation  in  the  mir- 


found  favor  with  some  good  observers.     Other  inventors 
have  employed  a  very  small  electric  bulb  and  mirror,  both 


riG.  3653. 


ror,  directly  in  the  axis  of  the  illuminating  pencil,  is 
also  in  the  most  favorable  position  for  receiving  rays  from 
the  illuminated  area  at  the  fundus.* 


attached  to  the  handle  of  the  ophthalmoscope,  or  have 
suppressed  the  illuminating  mirror  altogether. 
A  minor  disadvantage  in  using  oil  or  gas  illumination 


FIG.  3654. 


Fig.  3055. 


We  have  thus  far,  for  simplicity  of  demonstration,  con- 
sidered the  source  of  light  as  a  luminous  point,  which  we 
have  taken  either  at  an  infinite  distance  (Pigs.  3643-3648), 
or  at  some  short  distance,  as  indicated  by  the  position  of 
the  small  electric  lamp  (Figs.  3649-3662).  In  practice, 
however,  we  ordinarily  make  use  of  an  oil  lamp  or  gas 
burner,  in  which  case  the  area 
of  illumination  at  the  fun- 
dus corresponds  to  the  in- 
verted image  of  the  flame 
(Fig.  3663).  The  maximum 
Intensity  of  illumination  is 
attained  when  the  illuminat- 
ing pencils  are  focussed  ex- 
actly in  the  retinal  image  and 
the  pupil  is  widely  dilated. 

The  lamp  ordinarily  used 
in  ophthalmoscopic  work  is 
an  Argand  oil  lamp  (the  so- 
called  student's  lamp — Figs.  3675-3677),  or  an  Argand 
gas  burner,  with  some  arrangement  for  adjusting  it  to 
the  height  of  the  patient's  head.  A  petroleum  lamp  with 
a  broad  flame,  or  a  bat-wing  gas  jet,  may  also  be  used. 
There  is  some  advantage  in  surrounding  the  flame  by  an 
opaque  screen,  of  metal  or  of  asbestos,  with  an  opening 


Fig.  3656. 


is  the  yellow  color  of  the  flame,  which  imparts  to  the 
whiter  portions  of  the  fundus  a  somewhat  unnatural  tint. 
)  The  true  color  of  the  fundus 
is  best  observed  by  indirect 
sunlight,  either  from  a  bright 
cloud  or  admitted  into  the 
darkened  room  through  a 
hole  in  the  window  shutter 
which  may  be  glazed  with  ground  glass 
or  covered  with  thin  white  paper.  Direct 
sunlight  is  by  far  too  intense  to  be  safely 
thrown  into  the  eye,  even  when  reflected 
from  an  unsilvered  glass  mirror;  the  light 
of  the  full  moon  is  insufficient,  unless  it 
be  concentrated  by  reflection  from  a  very 
large  concave  mirror. 

"The  size  of  the  bright  image  of  the 
flame  is  in  an  inverse  ratio  to  the  dis- 
tance (LO,  L'O,  L'O,  Fig.  3663)  of  the 
lamp  from  the  nodal  point  of  the  observed  eye,  or, 
when  the  plane  mirror  is  used,  to  the  distance  LE-\-EO 
(Figs.  3651-3653) ;  when  the  illuminating  pencils  are  im- 
perfectly focussed,  the  image  is  spread  out,  at  its  borders, 
in  a  width  equal  to  the  radius  of  the  circle  of  confusion 
in  which  any  single  pencil  is  cut  by  the  retina.     When  a 


Fig.  3657. 


of  3.5  or  3  cm.  diameter.  Many  attempts  have  been  made 
to  utilize  different  forms  of  electric  lamps  as  substitutes 
for  oil  or  gas  burners;  a  rather  powerful  incandescent 
lamp  with  the  bulb  of  ground  glass,  fitted  witli  a  special 
rheostat  for  controlling  the  intensity  of  the  light,   has 

*  The  Illumination  by  means  of  the  perforated  concave  mirror,  con- 
Joined  with  the  employment  of  the  convex  lens  to  form  an  Inverted 
image  of  the  fundus  at  or  near  its  anterior  focus  (Ruete,  1853),  con- 
stitutes an  invention  second  only  in  practical  Importance  to  that  of 
Helmholtz.  Figs.  36.59  to  3661  illustrate  a  development  ol  BrUcke's 
experiment,  by  Helmholtz  (1852;. 


concave  mirror  is  used,  and  the  distance  from  the  observed 
eye  is  large  (Figs.  3657  and  3658),  the  illuminated  area  is 
practically  the  image  of  the  mirror. 

The  extent  of  the  area  at  the  fundus,  which  falls  with- 
in the  field  of  view  of  the  observer  in  the  direct  method 
of  examination — i.e.,  without  the  interposition  of  the 
convex  lens — varies  dii'ectly  as  the  size  of  the  pupil  of 
the  observed  eye,  and  inversely  as  the  distance  from  the 
eye  at  which  the  observer  is  stationed ;  a  fairly  large  pu- 
pil and  a  near  point  of  observation  are  therefore  essential 
to  the  enjoyment  of  an  ample  field.    To  secure  a  near 
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point  of  observation,  we  hold  the  ophthalmoscopic  mir- 
ror as  near  as  possible  to  the  observed  eye,  and  to  prevent 
contraction  of  the  pupil  under  the  stimulus  of  the  light 
reflected  into  the  eye,  we  may  instil  a  drop  of  a  weak 


In  the  indirect  method  of  examination — i.e.,  by  tJie  use 
of  the  convex  lens  of  about  5  cm,  focus  held  at  about  its 
focal  distance  in  front  of  the  observed  eye — the  size  of 
the  pupil  plays  a  much  less  important  part  than  in  the 


FIG.  3658. 


mj'driatic  solution,  or  we  may  make  use  of  a  mirror 
which  reflects  light  of  the  minimum  intensity  compatible 
with  suificient  illumination.  If  we  employ  a  mydriatic 
we  choose,  by  preference,  a  solution  of  cocaine  (1  to  50),  of 


examination  by  the  direct  method,  and  in  certain  posi- 
tions of  the  lens  it  is  almost  completely  eliminated  as  a 
factor  in  determining  the  intensity  of  the  illumination 
and  the  amplitude  of  the  field  of  view.     This  is  practi- 


FIG.  3859. 


euphthalmin  (1  to  50),  or  of  cocaine  and  euphthalmin  (1  to 
100  each),  either  of  which  will  sufflciently  dilate  the  pupil 
in  the  course  of  from  ten  to  twenty  minutes,  without  sub- 
jecting the  patient  to  the  inconvenience  incident  to  the 


cally  the  case  whenever  both  the  focus  of  the  illuminating 
pencils  and  the  intersection,  within  the  eye,  of  the  lines 
which  defined  the  limits  of  the  field  of  view  lie  in  or  very 
near  the  plane  of  the  pupil  (Fig.  3662). 


FIG.  3B60. 


prolonged  mydriasis  which  follows  the  instillation  of  a 
strong  solution  of  atropine,  duboisine,  or  hyoscyamine. 
To  reflect  a  weak  light  into  the  eye,  we  may  use  a  perfo- 
rated plane  or  convex  miiTor  made  of  darkly  tinted  glass, 


Whenever  the  inverted  image  of  the  flame,  at  the 
fundus  of  the  observed  eye,  is  smaller  than  and  lies 
wholly  within  the  field  of  view  commanded  by  the 
eye  of  the  observer,   the  form  of  the  image  may  be 


FIG.  3661. 


or,  still  better,  the  original  form  of  mirror  devised  by 
Helmholtz,  which  is  made  up  of  three  or  more  plates  of 
thin,  unsilvered  glass.  This  compound  mirror  reflects 
more  light  than  a  single  plate  of  glass,  and  also  polarizes 


seen  more  or  less  distinctly  outlined,  according  as  it 
is  itself  sharply  defined  and  as  the  refractive  condition 
of  the  observed  eye  is  such  as  to  admit  of  the  efferent 
pencils  being  accui'ately  focussed   upon   the  retina  of 

L 


FIG.  3663. 


the  reflected  pencils;  by  its  action  as  an  analyzer,  it  also 
extinguishes  most  of  the  rays  reflected  from  the  surface 
of  the  cornea,  which  often  interfere  with  the  view  of  the 
parts  within  the  eye. 


the  observer.  Outside  of  the  limits  of  this  bright 
image,  the  fundus  appears  dark  by  contrast,  although 
in  fact  dimly  lighted  through  the  faint  general  illumi- 
nation of  the  interior  of  the  eye  by  the  bright  image 
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itself,  and  also  by  a  little  light  reflected  from  the  face 
of  the  observer. 

When  the  image  of  the  flame  is  larger  than,  and  in- 
cludes the  field  of  view,  the  entire  visible  area  of  the 
fundus  appears  strongly  illuminated. 

When  the  (plane)  mirror  is  slightly  rotated,  in  any  di- 
rection, the  inverted  image  of  tlie  flame  moves  across  the 


FIG.  3063. 

fundus  of  the  observed  eye  in  tlie  same  direction.  When 
the  observed  eye  is  hypermetropic,  or  is  focussed  for  a 
distance  greater  than  that  of  the  eye  of  the  observer,  the 
apparent  motion  of  the  image  is  in  the  same  direction  as 
its  real  motion ;  but  when  the  observed  eye  is  focussed 
for  a  distance  notably  less  than  that  of  the  eye  of  the  ob- 
server, the  image  appears  to  move  in  the  opposite  direc- 
tion. Upon  the  observation  of  the  direction  of  the  ap- 
parent motion  of  t)ie  illuminated  area  at  the  fundus,  is 


image,  and  indirectly,  in  the  inverted  image.  In  the  di- 
rect method  of  examination  the  eye  of  the  observer  is 
brought  very  near  to  the  observed  eye,  in  order  that  the 
field  of  view,  as  determined  by  the  area  of  the  pupil,  may 
be  as  large  as  possible  (Figs.  3651,  3653,  3654,  and  3656; 
cf.  Figs.  3653,  3655,  3657,  and  3658).  In  the  indirect 
method  the  observer  is  necessarily  stationed  at  a  much 

greater  distance,  say 
20  cm.  or  more,  beyond 
the  position  of  the  in- 
verted aerial  image 
(Figs.  3667-3678). 

In  the  direct  method 
of  examination  the  vis- 
ibility of  the  details  of 
the  fundus  is  affected 
in  different  ways  ac- 
cording as  the  refrac- 
tion of  the  observed  eye  is  normal  (emmetropic)  or  ab- 
normal (myopic  or  hypermetropic).  These  three  prin- 
cipal cases  must  be  considered  in  order,  the  observing 
eye  being  assumed  to  be  emmetropic. 

(a)  The  observed  eye  is  emmetropic,  and  with  relaxed 
accommodation  (Fig.  3664).  Let  a  and  h  represent  the 
origins  of  two  efferent  pencils,  at  two  points  within  the 
illuminated  area  at  the  fundus  of  the  observed  eye.  As 
both  eyes  are  assumed  to  be  emmetropic,  the  rays  com- 

J)' 


based  a  ready  and  very  useful  method  for  the  diagnosis 
and  measurement  of  ametropia  (see  Shadow-Test). 

In  the  living  human  eye  the  fundus  appears  ordinarily 
of  a  vivid  red  color,  which  is  the  expression  of  the  color 
of  the  blood  of  the  choroidal  circulation  showing  through 
and  more  or  less  modified  by  the  layer  of  hexagonal  pig- 
ment cells.*    This  color  is  most  intense  in  albinos,  very 
bright  in  persons  of  blond  complexion  and  light  blue 
eyes,  conspicuously  darker  in  brunettes  with  deeply  pig- 
mented eyes,  and  least 
intense   of   all   in   the 
black  races,  in  whom 
the  illumination  of  the 
fundus     is    often     so 
faint  as  to  give  off  but     °i~.,; 
little     light,      except       i 
from  the  white  disc  of      I 
the    optic    nerve    and 
from    the    blood-filled     m..—- 
vessels  of  the   retina. 
Under   normal    condi- 
tions the  red  color  is 
almost  wholly  due  to 
tlie    blood   circulating 

in  the  capillary  layer  of  the  choroid,  immediately  un- 
derlying the  layer  of  hexagonal  pigment  cells  and  hiding 
the  more  deeply  seated  choroidal  arteries  and  veins.  On 
this  red  background,  which  appears  of  a  finely  granu- 
lated texture,  the  retinal  arteries  and  veins  show  con- 
spicuously, branching  from  the  central  artery  and  vein 
on  the  nearly  white  optic  disc  (PI.  XL VII.). 

Under  favoring  conditions  of  refraction  in  the  observed 
and  in  the  observing  eye,  the  minuter  details  of  the  fun- 
dus are  distinctly   visible,  both   directly,  in  the  erect 


posing  these  pencils  become  parallel  after  refraction  at 
the  cornea  of  the  observed  eye  and,  entering  the  eye  of 
the  observer,  are  focussed  at  a'  and  b'  upon  its  retina, 
where  tliey  form  an  inverted  image  b'  a',  equal  in  size  to 
(I  b.  The  observer  looking  through  the  pupil  of  the  ob- 
served eye  sees  the  portion  a  *  of  its  illuminated  fundus 
in  the  erect  position,  and  magnified  as  indicated  by  the 
dotted  lines  drawn  toward  a"  and  b". 
(b)  The  observed  eye  is  myopic  (Fig.  3665).     Let  a  and 


y 


a' 
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*  After  death  the  red  color  ol  the  human  fundus  Is  lost. 


b  again  represent  the  origins  of  two  efferent  pencils.  As 
the  observed  eye  is  myopic,  the  rays  composing  these 
pencils  become  convergent  after  refraction  at  its  cornea 
and  would,  if  continued,  converge  to  foci  at  o  and  p. 
Entering  the  eye  of  the  observer  they  take  on  increased 
convergence,  to  cross  at  focal  points  in  the  vitreous, 
from  which  they  again  diverge  to  be  cut  by  the  retina  as 
circles  of  confusion,  thus  forming  a  blurred  image.  By 
the  interposition  of  the  concave  lens  C,  of  a  negative  fo- 
cal length  equal  to  the  distance  a  O,  the  convergent  pen- 
cils are  rendered  parallel  before  they  enter  the  observer's 
eye,  so  that  they  can  be  focussed  accurately  in  the  points 
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a'  and  V  at  its  retina  to  form  a  sharply  defined  image, 
somewhat  larger  than  the  object  a  b.  The  concave  lens 
C,  placed  at  the  anterior  focus  of  the  observed  eye — 
about  13  mm.  in  front  of  its  cornea— exactly  corrects  its 


remains  adjusted  for  parallel  rays,  we  may  interpose  the 
convex  lens  G,  of  a  focal  length  equal  to  the  distance  a 
C,  and  thus  render  the  divergent  rays  parallel  before  they 
reach  the  eye.     The  convex  lens  C,  placed  at  the  anterior 

,y 


Fig.  3866. 


myopia,  and  is,  therefore,  equal  to  the  concave  spectacle 
glass  needed  in  distant  vision.  If  the  lens  0  is  held  a 
centimetre  or  more  in  front  of  the  principal  anterior  fo- 
cus of  the  observed  eye,  as  is  generally  the  case  in  oph- 
thalmoscopic examinations,  the  negative  focal  length  of 
the  concave  lens  thus  selected  will  be  less  than  that  of 
the  required  spectacle  glass,  by  just  its  distance  from  the 
anterior  focus  of  the  eye.  In  low  grades  of  myopia  the 
error  arising  from  a  variation  of  3  or  3  cm.  in  the  distance 
of  the  concave  lens  is  inappreciable,  but  in  the  higher 
grades  (of  4  diop  tries  or  more)  the  distance  of  the  con- 
cave lens  from  the  anterior  focus  must  be  added  to  its 


focus  of  the  hypermetropic  observed  eye,  exactly  cor- 
rects its  hypermetropia ;  if  placed  at  a  greater  distance 
from  the  eye  than  its  anterior  focus,  this  excess  of  dis- 
tance must  be  subtracted  from  the  focal  length  of  the 
convex  lens.  In  low  grades  of  hypermetropia  small  va- 
riations in  the  distance  of  the  convex  lens  from  the  eye 
may  be  neglected.* 

The  details  of  the  fundus  of  the  hypermetropic  eye, 
viewed  through  a  convex  lens  placed  behind  the  ophthal- 
moscopic mirror,  are  seen  somewhat  less  magnified  than 
in  the  case  of  the  emmetropic  eye. 

In  viewing  the  details  of  the  fundus  in  the  erect  image 


FIG.  3667. 


(negative)  focal  length,  in  order  to  insure  the  highest  de- 
gree of  accuracy  of  which  this  method  of  examination  is 
capable.* 

The  details  of  the  fundus  of  the  myopic  eye,  viewed 
through  a  concave  lens  placed  behind  the  ophthalmo- 
scopic mirror,  are  seen  somewhat  more  magnified  than 
in  the  case  of  the  emmetropic  eye. 

(c)  The  observed  eye  is  hypermetropic,  and  with  re- 
laxed accommodation  (Fig.  3666).  Let  a  and  b  again 
represent  the  origins  of  two  efferent  pencils.  As  the  ob- 
served eye  is  hypermetropic,  the  rays  composing  these 
pencils  emerge  from  the  eye  divergent,  as  if  emanating 
from  points  a  and  ji  behind  the  eye,  and,  entering  the 
eye  of  the  observer,  are  rendered  convergent,  but  not 


the  cornea  and  lens  of  the  observed  eye  perform  the  func- 
tion of  a  simple  microscope.  If  we  adopt  the  conven- 
tional rule  of  referring  the  magnified  virtual  image  to  a 
distance  of  8  Paris  inches  (about  317  mm.),  the  enlarge- 
ment will  be  represented  very  nearly  by  the  ratio  317  :  15, 
or  about  14.5  diameters,  in  the  case  of  an  emmetropic  eye 
of  average  dimensions  (Helmholtz). 

Ametropia  in  the  eye  of  the  observer  plays  an  impor- 
tant part  in  affecting  the  distinctness  of  the  view  of  the 
fundus  in  the  erect  image.  Thus  a  myope  who,  with 
the  unaided  eye,  can  focus  only  divergent  rays  upon  his 
retina,  does  not  see  the  details  of  the  fundus  unless  the 
observed  eye  is  hypermetropic  to  a  degree  equivalent  to 
or  somewhat  in  excess  of  the  measure  of  his  own  myopia. 


sufficiently  to  focus  them  at  its  retina.  An  imperfectly 
defined  image  is  therefore  formed  at  b'  a'  of  somewhat 
smaller  size  than  the  object  a  b.  Here,  however,  the  ac- 
commodation of  the  observer's  eye  may  come  into  action, 
consciously  or  unconsciously,  to  focus  the  image  upon 
its  retina,  and  thus  a  distinct  view  of  the  fundus  at  a  J 
may  be  obtained.     Assuming  that  the  eye  of  the  observer 

*  The  use  of  a  concave  lens  behincl  the  mirror,  of  a  negative  power 
sufHcient  to  correct,  or  somewhat  to  overcorrect,  the  sum  of  the  my- 
opia of  the  observed  and  the  observing  eye.  Is  a  part  of  the  original 
invention  of  Helmholtz  (1851). 


A  hypermetrope,  on  the  other  hand,  can,  witli  relaxed 
accommodation,  obtain  a  clear  view  of  the  fundus  of  a 


*  The  principle  underlying  the  method  of  measuring  the  refractive 
condition  of  any  eye,  by  means  of  a  concave  or  convex  lens  placed  be- 
hind the  ophthalmoscopic  mirror,  is  clearly  set  forth  in  the  first  publi- 
cation.,of  Helmholtz  (1851),  but  the  practical  employment  of  the 
method'  On  an  extensive  scale  began  with  E.  Jaeger  (18.56).  It  was 
also  early  cultivated  by  Donders,  and  especially  by  Mauthner  (1867). 
Its  general  adoption,  as  a  part  of  the  daily  work  of  the  ophthalmic 
practiticmer,  dates  from  the  introduction,  by  Loring  (1869),  of  an  in- 
strument provided  with  a  series  of  especUny  selected  correcting  lenses 
arranged  to  admit  of  easy  and  rapid  changes. 


3T3 


Opbthalmoscope. 
Opbthalmoscope. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


myopic  eye  in  which  the  myopia  does  not  exceed  the 
measure  of  his  own  hypermetropia,  and,  by  exerting  his 
accommodation,  he  may  be  able  to  see  the  fundus  of  an 
emmetropic  or  even  of  a  liypermetropic  eye.     A  hyper- 


verted  real  image  13  a.  An  observer  stationed  at  K  about 
20  cm.  beyond  p  a,  may  accommodate  for  this  real  image, 
and  see  the  finest  details  of  the  fundus  sharply  defined 
and  magnified,  but  in  the  inverted  position.    The  prae- 


FiG.  3669. 


metropic  observer  enjoys,  therefore,  a  certain  advantage 
in  respect  of  the  facility  with  which  he  can  adjust  his  ac- 
commodation so  as  to  see  clearly  under  difflerent  refractive 
conditions  of  the  observed  eye,  but  he  labors  under  a  spe- 
cial disadvantage  when  he  attempts  to  measure  its  refrac- 
tion, and  tliis  for  the  reason  that  it  is  generally  impos- 
sible for  him  either  to  estimate  the  degree  to  which  he 
exerts  his  accommodation,  or  to  control  its  exercise  so 
perfectly  as  to  hold  it  with  even  approximate  accuracy 
at  the  point  required  to  make  him  virtually  emmetropic. 
To  obtain  trustworthy  measurements  of  the  refraction 
by  means  of  the  ophthalmoscope  by  the  direct  method, 
the  hypermetropic  observer  should  first  neutralize  his 
manifest  h3'permetropia  by  means  of  the  appropriate 
convex  glass,  or  else  should  subtract  a  quantity  equal  to 
the  measure  of  his  Hm  from  the  value  of  the  strongest 
convex  glass,  or  add  the  same  quantity  to  the  value  of 
the  weakest  concave  glass  through  which  he  is  able  to 
see  the  details  of  the  fundus  distinctly.  Similarly,  the 
myopic  observer  should  first  correct  his  myopia  by  means 
of  a  neutralizing  concave  glass,  or  else  should  subtract 


tical  application  of  this  method  is  greatly  restricted  by 
the  fact  that  it  is  adapted  only  to  cases  of  myopia  of 
high  grade,  and  that,  at  the  best,  the  field  of  view  is 
very  small.  Moreover,  the  image  is  seen  under  very  dif- 
ferent degrees  of  enlargement,  according  as  the  myopia 
is  of  a  lower  or  a  higher  grade. 

The  indirect  method  is  extended  to  the  examination  of 
all  eyes,  irrespective  of  the  state  of  the  refraction,  by 
making  both  the  illuminating  and  the  efEerent  pencils 
pass  through  a  strong  convex  lens,  placed  at  about  its 
principal  focal  distance  in  front  of  the  observed  eye 
(Pigs.  3668  to  3670;  cf.  Figs.  8659  to  3662).  The  effer- 
ent pencils,  whether  parallel  (Fig.  3668),  convergent 
(Fig.  3669),  or  divergent  (Fig.  3670),  are  focussed  by  the 
convex  lens  either  at  its  principal  focus  (in  emmetropia), 
a  little  within  the  principal  focus  (in  myopia),  or  a  little 
beyond  the  principal  focus  (in  hypermetropia).  An  in- 
verted image  is  thus  formed  at  or  near  the  principal  fo- 
cus of  the  convex  lens,  and  may  be  viewed  from  a  sta- 
tion S,  taken  at  a  distance  of  from  20  to  25  cm.  beyond 
the  position  of  the  principal  focus. 


FIG.  3670. 


a  quantity  equal  to  the  measure  of  his  myopia  from  the 
value  of  the  weakest  concave  glass,  or  add  the  same 
quantity  to  the  value  of  the  strongest  convex  glass, 
through  which  he  is  able  to  see  the  details  of  the  fundus. 
If  the  observer  is  astigmatic  in  any  notable  degree,  he 
will  see  the  fundus  in  the  erect  image  under  the  same  im- 
perfect definition  as  if  astigmatism  were  present  in  the 
observed  eye.  It  is,  therefore,  essential  to  the  highest 
accuracy,  in  measuring  the  refraction  by  this  method, 
that  the  observer  correct  any  astigmatism  that  may  exist 
in  his  own  eye  by  means  of  the  appropriate  cylindrical 
glass. 

In  the  indirect  method  of  examination  the  observer 
does  not  view  the  fundus  itself,  but  an  inverted  aerial 
image  of  the  fundus.  The  myopic  eye  forms  such  an 
image  at  its  far-point  (punctum  remotuaimum,  r).  Let  a 
and  b  (Fig.  8667)  represent  two  points  taken  within  the 
illuminated  area  of  a  strongly  myopic  eye,  and  within 
the  field  of  view  of  the  observing  eye  at  B.  Inasmuch 
as  the  points  a  and  b  lie  behind  the  principal  posterior 
focus  of  the  observed  eye,  the  pencils  originating  from 
these  points  emerge,  respectively,  from  the  eye  as  pencils 
of  convergent  rays,  to  be  focussed  at  the  distance  of  the 
far  point  r,  where  they  enter  into  the  formation  of  an  in- 


The  degree  of  enlargement  of  the  picture  of  the  fundus 
in  the  inverted  real  image,  when  the  convex  lens  is  placed 
at  exactly  its  principal  focal  length  in  front  of  the  nodal 
point  of  the  observed  eye,  is  found  by  dividing  the  focal 
length  of  the  lens  by  the  distance  of  the  nodal  point  of 
the  eye  from  its  retina  (  =  1.5  cm.  in  the  emmetropic 
eye).  With  a  lens  of  4  cm.  focus  the  amplification  is, 
therefore,  4:1.5  =  2.6;  with  a  lens  of  5  cm.  focus  it  is 
5: 1.5  =  3.3;  with  a  lens  of  6  cm.  focus  it  is  6: 1.5  =4;  and 
with  a  lens  of  8  cm.  focus  it  is  8:1.5  =  5.3.  Inametropia 
of  the  observed  eye  the  second  term  in  these  several  ra- 
tios is  either  greater  (in  myopia)  or  less  (in  hypermetro- 
pia) than  the  normal  measure  oT  1.5  cm.,  so  that  the  am- 
plification of  the  inverted  image  is  less  in  myopia,  and 
greater  in  hypermetropia,  than  it  is  in  emmetropia. 

In  very  high  grades  of  myopia,  in  which  an  Inverted 
image  of  its  fundus  is  formed  by  the  eye  at  a  very  short 
distance  in  front  of  its  cornea,  the  convex  lens  must  be 
held  very  near  the  observed  eye  in  order  that  it  may  take 
part  in  the  formation  of  the  image.  This  implies  the  use 
either  of  an  excessively  strong  lens,  in  which  case  the  de- 
tails of  the  fundus  will  appear  but  little  magnified  in  the 
inverted  image,  or  of  a  weaker  lens,  held  at  a  distance 
notably  less  than  Its  focal  length  from  the  observed  eye, 
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in  which  case  the  boundaries  of  the  field  of  view  will  be 
greatly  narrowed.  In  the  highest  grades  of  myopia  a 
modification  of  the  indirect  method  of  oxamination  is, 
therefore,  to  be  preferred. 

Fig.  3671  shows  a  greatly  elongated  eye,  representing 
a  myopia  of  about  35  dioptries,  and,  therefore,  forming 
an  inverted  image  of  its  fundus  at  a  distance  of  about  4 
<!m.  in  front  of  its  nodal  point.  A  convex  lens  of  about 
10  dioptries  power  ( =  10  cm.  focus)  is  held  at  about  its 
principal  focal  length  in  front  of  the  observed  eye,  and, 
therefore,  at  a  distance  greater  than  that  of  the  inverted 
image.  The  observer,  at  E,  views  the  image  /3  a  through 
the  convex  lens,  and  consequently  sees  it  magnified  by 


at  right  angles  to  this  meridian.  It  follows  that,  in 
moving  the  convex  lens  farther  from  the  eye,  the  size  of 
the  inverted  image  increases  in  the  direction  correspond- 
ing to  the  ocular  meridian  of  greatest  refraction,  and  di- 
minishes in  the  direction  of  the  meridian  of  least  refrac- 
tion, so,  that  the  optic  disc  is  seen  as  an  oval  of  progi-es- 
sively  varying  form.  In  simple  hypermetropic  astig- 
matism (Ah)  and  in  simple  myopic  astigmatism  (Am) 
the  change  in  the  form  of  the  inverted  image  of  the  disc 
is  the  same  as  in  mixed  astigmatism,  but  the  variation  is 
confined  to  the  direction  corresponding  to  the  ametropic 
meridian.  In  compound  hypermetropic  astigmatism 
(H  -f  Ah)  and  in  compound  myopic  astigmatism  (M  + 


the  lens.  In  this  position  of  the  convex  lens  neither  the 
intensity  of  the  illumination  nor  the  extent  of  the  field 
of  view  is  materially  influenced  by  the  size  of  the  pupil. 
A  convex  lens  of  a  focal  length  a  tew  centimetres  greater 
than  the  distance  of  the  image  from  the  nodal  point  of  the 
•observed  eye,  held  at  about  its  principal  focal  distance  in 
front  of  the  cornea,  gives  a  fairly  ample  field  of  view,  to- 
gether with  a  convenient  enlargement  of  the  inverted 
image.  If  the  lens  is  moved  nearer  to  the  observed  eye 
— i.e.,  nearer  to  the  place  of  the  image — the  field  of  view 
will  be  more  extensive  and  the  amplification  less ;  if,  on 
the  other  hand,  the  lens  is  moved  farther  from  the  eye, 
the  field  of  view  will  be  less  extensive  and  the  amplifica- 
tion greater. 

In  emmetropia  of  the  observed  eye  the  efferent  pencils, 
of  parallel  rays,  are  focussed  by  the  convex  lens  at  its 
principal  focus,  irrespective  of  the  distance  at  which  the 
tens  is  held  in  front  of  the  eye.  The  amplification  of  the 
image  remains,  therefore,  constant  for  any  particular 
lens,  whether  the  distance  of  the  lens  from  the  eye  be 
taken  greater  or  less  than  its  principal  focal  length.  Only 
the  size  of  the  illuminated  area  at  the  fundus  and  the  ex- 
tent of  the  field  of  view  are  affected  by  the  change  in  the 
position  of  the  lens. 

In  ametropia,  on  the  other  hand,  any  change  in  the  dis- 
tance of  the  convex  lens  from  the  observed  eye  is  attended, 
also,  with  some  change  both  in  the  distance  at  which  the 
inverted  image  is  formed  in  front  of  the  lens  and  in  the 
amplification  of  the  image.  In  hypermetropia,  if  we 
move  the  lens  farther  from  the  eye,  the  amplification  of 
the  image  will  be  somewhat  diminished.  Conversely,  in 
myopia,  any  increase  in  the  distance  of  the  convex  lens 
from  the  eye  is  attended  with  some  increase  in  the  ampli- 
fication of  the  image. 

This  change  in  the  size  of  the  inverted  image  in  ame- 
tropia gives  rise  to  a  characteristic  phenomenon  in  astig- 
matism, namely,  a  change  in  the  apparent  form  of  the 
•disc  of  the  optic  nerve,  according  as  the  convex  lens  is 


Am)  the  same  change  in  form  is  observed  as  a  result  of 
unequal  increase  or  decrease  in  the  two  principal  merid- 
ians. 

This  change  in  the  apparent  form  of  the  inverted  image 
of  the  optic  disc  in  astigmatism  is  necessarily  attended 
with  some  indistinctness  of  outline,  but  this  practically 
adds  to,  rather  than  detracts  from,  the  consplcuousness 
of  the  phenomenon.  In  the  case  of  the  retinal  vessels, 
the  definition  varies  according  as  they  happen  to  lie  ap- 
proximately in  the  direction  of  one  or  the  other  of  the 
principal  diameters  of  the  oval.  Both  the  distortion  of 
the  inverted  image  of  the  disc,  and  the  inequality  in  the 
definition  of  the  vessels  which  lie  in  the  direction  of  the 
two  principal  meridians,  may  be  made  to  disappear  by 
the  simple  expedient  of  rendering  the  convex  lens  itself 
astigmatic  by  holding  it  more  or  less  obliquely  to  the 
visual  axis,  according  to  the  grade  of  astigmatism  to  be 
overcome. 

The  ample  field  of  view,  conjoined  with  as  strong  an 
illumination  as  can  be  utilized,  the  convenient  degree  of 
enlargement  of  the  retinal  picture,  the  fact  that  the  con- 
ditions of  visibility  of  the  fundus  are  not  materially 
affected  by  hypermetropia,  or  by  any  but  the  highest 
grades  of  myopia,  and  the  facility  with  which  the  dis- 
turbing influence  of  astigmatism  may  be  annulled  by 
giving  an  oblique  position  to  the  lens,  all  combine  to 
render  the  indirect  method  particularly  available  when- 
ever we  wish  to  obtain  a  general  view  of  a  large  area  of 
the  fundus.  On  the  other  hand,  for  the  examination  of 
the  details  of  the  fundus  under  a  greater  magnifying 
power,  and  especially  for  measuring  the  refraction  of  the 
observed  eye,  the  direct  method  offers  advantages  which 
are  entirely  its  own.  The  two  methods  are,  therefore,  to 
be  cultivated  side  by  side,  each  supplementing  the  other; 
the  two  together  affording  the  means  of  studying  the 
fundus  with  a  thoroughness  not  so  perfectly  attainable 
by  the  use  of  either  method  alone. 

In  order  to  be  able  to  use  both  methods  equally  well. 


FIG. ; 


held  at  a  greater  or  less  distance  in  front  of  the  observed 
•eye.  In  mixed  astigmatism  (Ahm  or  Amh)  the  eye  is 
virtually  myopic  in  the  principal  meridian  of  greatest 
refraction,  and  hypermetropic  in  the  principal  meridian 


so  as  to  obtain  from  each  the  best  service  of  which  it  is 
capable,  it  is  of  the  first  importance  that  the  observer 
eliminate  any  sources  of  error  growing  out  of  the  uncon- 
trolled exercise  of  his  own  accommodation.     This  can  be 
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attained  only  by  the  observer  training  himself  to  make 
all  examinations,  as  well  by  the  indirect  as  by  the  direct 
method,  under  the  uniform  condition  of  complete  accom- 
modative relaxation.  And  here  the  learner  has,  first  of 
all,  to  suppress  an  instinctive  tendency  to  accommodate 
for  the  short  distance  at  which  he  knows  that  the  object, 


Fig.  3673. 


or  its  image,  actually  lies.  Hence,  in  practising  the  di- 
rect method,  the  learner  should  be  made  to  feel  that  he 
must  look  not  so  much  into  the  observed  eye  as  through 
it,  as  if  viewing  an  object  lying  far  away.  If  myopic, 
he  should  accustom  himself  always  to  use  the  weakest 
concave  correcting  glass,  or  if  hypermetropic,  to  use  the 
strongest  convex  correcting  glass  through  which  he  can 
obtain  a  distinct  view  of  the  details  of  the  fundus;  if  em- 
metropic, he  should  learn  to  observe  the  fundus  of  an 
emmetropic  eye  without  a  correcting  glass,  and,  in  ex- 
amining a  myopic  or  a  hypermetropic  eye,  to  find  and 
make  use  of  the  particular  concave  or  convex  correcting 
glass  which  exaclty  measures  its  myopia  or  hypermetro- 
pia.  In  practising  the  indirect  method  the  learner  should 
also  acquire  the  habit  of  viewing  the  inverted  image  with 
relaxed  accommodation,  which  he  will  accomplish,  if 
emmetropic,  by  looking  through  a  convex  lens  of  about 
5  dioptrics  power  (30  cm.  focus)  placed  immediately  be- 
hind the  hole  in  the  mirror;  or,  if  hypermetropic,  by 
substituting  for  this  lens  such  other  lens,  of  greater 
power,  as  shall,  in  addition,  correct  his  manifest  hyper- 
metropia;  if  myopic,  he  should  similarly  employ  the 
convex  or  concave  lens  which  accurately  adjusts  his  own 
far  point  (r)  for  the  distance  of  30  cm. ;  and  only  in  the 
particular  case  in  which  his  far  point  lies  at  this  distance 
(M  =3  5  dioptries)  should  he  practise  the  indirect  method 
without  a  correcting  glass. 

The  use  of  a  convex  correcting  glass  in  the  indirect 
method  of  examination  is  shown  in  Fig.  3673 ;  for  the  use 


aminations  in  a  completely  darkened  room  of  consider- 
able size,  and  preferably  with  walls  of  a  dark  color.  The 
general  darkness  of  the  room  is  favorable  to  the  dilatation 
of  the  pupils,  and  the  consciousness  that  he  is  in  a  room 
of  some  size  makes  it  easier  for  the  patient  to  relax  his- 
accommodation  when  he  is  asked  to  direct  his  gaze  tow- 
ard a  large  and  faintly  lighted  object 
upon  the  opposite  wall.  By  observing 
these  precautions  the  causes  which  in- 
cite to  contraction  of  the  pupils  are  in 
a  great  measure  eliminated,  with  the 
exception  of  the  direct  influence  of  the 
light  reflected  into  the  eye  by  the  mir- 
ror. The  light  of  a  student's  lamp,  re- 
flected from  the  concave  mirror  of  sil- 
vered glass  and  concentrated  upon  the 
region  of  the  optic  disc,  ordinarily  ex- 
cites but  little  pupillary  contraction, 
and,  in  fact,  most  of  the  routine  exam- 
inations by  the  direct  method  may  b& 
made  by  the  aid  of  this  mirror  without 
having  recourse  to  artificial  mydriasis. 
In  searching  for  minute  changes  in  the 
region  of  the  macula  lutea  it  is,  how- 
ever, not  infrequently  advisable  to  make  use  of  a  weak 
mydriatic,  such  as  cocaine  or  euphtlialmin.  If,  for  any 
reason,  it  is  judged  inexpedient  to  instil  a  mydriatic  so- 
lution into  the  eye,  the  plane  mirror  of  Helmholtz,  made 
up  of  several  layers  of  unsilvered  glass,  may  often  be 
made  to  render  excellent  service. 

In  order  to  permit  the  patient  to  direct  his  gaze  upon 
a  somewhat  distant  large  object,  it  is  important  that  his 
view,  with  the  eye  not  under  examination,  be  not  cut  off 
by  the  head  of  the  observer.  Hence  the  very  useful  rule, 
of  general  application,  that  the  observer  accustom  him- 
self always  to  use  his  right  eye  in  examining  the  right, 
and  his  left  in  examining  the  left  eye  (Figs.  3673  and 
8674). 

The  ophthalmoscopic  armamentarium,  in  its  simplest 
effective  form,  includes  (1)  a  perforated  concave  mirror, 
of  about  33  mm.  diameter  and  23  cm.  focus,  mounted  on 
a  handle  of  about  13  cm.  length,  and  fitted  with  a  rotat- 
ing disc  or  other  mechanism  by  which  any  required  con- 
cave or  convex  correcting  glass  may  be  easily  brought 
into  place  behind  the  hole  in  the  mirror ;  (3)  a  convex 
lens,  of  a  diameter  of  about  3.5  cm.  and  a  focal  length  of 
5  or  6  cm. ;  and  (3)  a  good  lamp,  which  should  be  so 
mounted  as  to  admit  of  the  easy  adjustment  of  the  flame- 
to  about  the  height  of  the  observed  and  of  the  observer's 
eye.  This  simple  apparatus,  used  in  a  well  darkened 
room,  affords  the  means  of  exploring  the  eye,  from  the 
anterior  epithelium  of  the  cornea  back  to  the  retina  and 
optic  disc. 


Fig.  3674. 


of  a  concave  or  convex  correcting  glass  in  the  direct 
method  of  examination  see  Figs.  3665  and  3666. 

A  fairly  large  pupil  is  always  desirable  in  ophthalmo- 
scopic examination,  and  in  employing  the  direct  method 
it  is  often  indispensable.  Nevertheless,  it  is  not  always 
either  necessary  or  advisable  to  make  use  of  a  mydriatic. 
As  the  pupils  contract  both  under  the  stimulus  of  strong 
light  and  in  connection  with  the  exercise  of  the  accom- 
modation, it  is  best  to  conduct  all  ophthalmoscopic  ex- 


If  we  place  the  lamp  a  little  in  front  of  the  plane  of  the 
patient's  face,  and  concentrate  a  cone  of  light  upon  the 
cornea  by  means  of  the  convex  lens  (Fig.  3675),  the  con- 
ditions of  illumination  are  very  favorable  to  the  detection 
and  observation  of  any  slight  irregularities  or  opacities 
in  the  cornea,  whether  superficial  or  more  deeply  seated, 
and  also  of  finely  punctate  deposits  such  as  often  oc- 
cur in  or  upon  the  lining  membrane  of  the  cornea  (mem- 
brane of  Descemet).     If  we  change  very  slightly  the- 
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Opbtlialmoscopec 
Opbtlialmeocope. 


position  of  the  lens,  so  that  the  cone  of  light  shall  fall 
Tipon  the  iris,  we  may  note  slight  changes  in  its  textuje, 
and  also  any  irregularities  in  the  contour  and 
pigmentation  of  the  pupillary  margin.  By 
concentrating  the  light  upon  the  region  of  the 
pupil,  we  may  similarly  detect  thin  deposits  of 
lymph  obscuring  the  anterior  capsule  of  the 
crystalline  lens  in  the  pupillary  field,  specks 
i)f  brown  pigment  detached  from  the  posterior 
surface  of  the  iris  and  adherent  to  the  lens  cap- 
sule, and  also  such 
opacities  as  have 
their  seat  in  the 
capsule  or  in  the 
anterior  layers  of 
the  crystalline.  If 
we  have  previ- 
ously brought  the 


Fig.  3675. 


eye  under  the  influence  of  a  mydriatic,  we  may  detect 
and   carefully  study  any  adhesions   (synechise)  which 
may  have  been  formed  between  any  part  of  the  pupil- 
lary border  and  the  lens  capsule,  whether  recent  or  of 
indefinitely  long  standing.     If  the  pupil  is  widely  di- 
lated, we  may  look  deeply  into  the  crystalline  lens  (c/. 
Fig.  3643)  and  thus  detect  and  observe  the  various  forms 
of  opacity  incident  to  different  types  of  cataract,  or  we 
may  even  look  through  the  crystalline  into  the  vitreous, 
and  obtain  glimpses  of  a  mass  of  effused  blood  or  lymph, 
or  of  a  very  prominent  tumor  growing  from   the  fun- 
dus.    In  many  cases  it  is  desirable  to  make 
use  of  a  magnifying  glass  in  connection  with 
this  lateral  or  oblique  focal  illumination,  for 
which  purpose  there  is  nothing  better  than 
an  ordinary  doublet  of  about  3.5  cm.  focal 
length.     By  the  method  of  lateral  illumina- 
tion all  objects  are  seen  by  the 
light  which   they  reflect    from 
their  surface,  and,  therefore,  in 
their  actual  color. 

In  using  the  mirror,  the  lamp 
is  placed  a  little  behind  the  plane 
of  the  patient's  face,  and,  pref- 
erably, on  the  same  side  as  the 
eye  to  be  examined.  Having 
placed  a  convex  glass  of  about 
5  dioptrics  (30  cm.  focus)  be- 
hind the  mirror,  we  throw  the 
light  upon  the  eye  from  a  dis- 
tance somewhat  less  than  the 
focal  length  of  the  lens.  Look- 
ing through  the  mirror,  we  see 
the  field  of  the  pupil  brightly 
iiliiminated,  and  of  a  vivid  red  color,  whenever  the 
media  are  of  unimpaired  transparency  and  the  fundus 
is  of  its  normal  hue.     In  the  presence  of  diffuse  cloud- 


ing of  the  cornea  or  crystalline  lens,  or  a  turbid  con- 
dition of  the  aqueous  or  vitreous  humor,  the  red  color  of 
the  pupil  may  appear  conspicuously  dulled,  or  may  not 
be  seen  at  all.  A  circumscribed  opacity,  on  the  other 
hand,  whether  in  the  cornea,  on  the 
anterior  lens  capsule,  or  in  the  sub- 
stance of  the  crystalline,  appears  black 
against  the  red  background  of  the 
fundus.  Motes  and  shreds  in  the  vit- 
reous appear,  also,  as  a  rule,  under 
the  aspect  of  black  specks  or  threads, 
intercepting  the  red  light  from  the 
fundus,  but  in  rare  instances,  as  in  the 
case  of  crystals  of  cholesterin,  they 
may  reflect  so  much  light  as  to  sparkle 
brilliantly  {syncliyds  seintillans).  If  a 
fixed  opacity  has  its  seat  at  or  very 
near  the  centre  of  rotation  of  the  eye- 
ball (about  13.5  mm.  behind  the  vertex 
of  tlie  cornea),  it  will  undergo  little  or 
no  change  of  position  when  the  ob- 
served eye  is  turned  in  different  direc- 
tions ;  if  in  front  of  this  centre,  it  will 
move  in  the  direction  in  which  the  eye 
is  turned ;  if  behind  the  centre,  it  will 
move  in  the  opposite  direction.  The- 
greater  the  distance  at  which  the  body 
lies  in  front  of  or  behind  the  centre  of 
rotation,  the  greater  will  be  the  range 
of  its  excursions.  Thus  a  spot  in  the 
cornea  will  move  through  a  larger  arc 
than  an  opacity  at  the  depth  of  the 
anterior  lens  capsule,  and  this  in  turn 
will  move  through  a  larger  arc  than 
one  situated  at  or  near  the  posterior 
capsule.  Inasmuch  as  the  pupil  and 
the  anterior  lens  capsule  lie  at  the  same 
depth  within  the  eye,  an  opacity  sit- 
uated at  the  front  of  the  lens  maintains  a  nearly  con- 
stant position  with  refer- 
ence to  the  bright  field 
of  the  pupil,  while  a  spot 
on  the  cornea,  or  in  the 
deeper  layers  of  the  lens. 


makes  conspicuous  excursions  across  this  field;  in  the 
one  case  the  movement  is  in  the  direction  in  which  the 
eye  is  turned,  in  the  other  case  in  the  opposite  direction. 
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Another  point  to  which  tlie  motion  of  a  visible  body 
within  tlje  eyeball  may  be  refeired  is  the  bright  image 
■of  the  Hanie  as  seen  reflected  at  the  front  of  the  cor- 
nea. This  bright  reflex  is  always  seen  at  the  point  on 
the  cornea  which  lies  nearest  to  the  eye  of  the  observer, 
.and  affords,  therefore,  an  approximately  ti.\ed  point  of 
reference. 

Still  holding  the  mirror  at  a  distance  of  about  20  cm. 
from  the  observed  eye,  it  may  happen  that  we  obtain  a 
distinct  view  of  the  details  of  some  part  of  its  fundus. 
This  can  occur  only  in  myopia  of  a  very  high  grade,  in 
which  the  observed  eye  forms  an  inverted  image  of  its 
fundus  at  some  iioint  within  a  few  inches  of  its  cornea, 
or  in  a  somewhat  high 
grade  of  hypermetropia. 
In  such  a  case  we  may 
make  a  slight  rotary 
movement  of  the  handle 
of  the  mirror,  and  so 
change  the  position  of  the 
image  of  the 
flame  at  t  li  c 
fundus ;  as  this 
image  i)asses 
across  the  field 
of  view  in  the 
direction  in 
which  the  mir- 
ror is  turned, 
its  inverted  im- 
.age,  in  front  of 
the  eye  (in  my- 
opia), will  move, 
across  the  pujiil, 
in  the  oppo.site 
direction ;  in  hy- 
permetropia the 
movement  of  the 
virtual  image  of  the  flame  will  be  in  tlie  direction  in 
which  the  mirror  is  rotated.  If,  while  looking  at  the  in- 
verted image,  we  bring  the  mirror  nearer  to  the  eye,  we 
presently  reach  a  point  at  which  the  details  of  the  picture 
are  lost.  We  next  advance  the  mirror  to  the  usual  posi- 
tion for  the  observation  of  the  fundus  in  the  erect  image, 
about  5  cm.  from  the  observed  eye  (Figs.  3673  and  3676). 
At  this  short  distance  the  field  of  view  is  much  enlarged 
(see  Figs.  36.")1,  3652,  and  3654;  cf.  Fig.  3653),  and  "the 
conditions  are  at  the  best  for  the  detection  and  observa- 
tion of  fixed  or  floating  opacities  lying  deep  in  the  vit- 
reous, as  well  as  for  the  observation  of  a  detached  reti- 
na, or  a  tumor  growing  from  the  fundus.  It  may  also 
happen  that  on  approaching  the  observed  eye  the  details 
■of  its  fundus  are  seen  sharply  defined,  indicating  the 
presence  of  hypermetropia  of  a  grade  in  excess  of  the 
power  of  the  convex  glass  behind  the  hole  in  the  mirror. 
In  such  a  case  we  may  at  onee  measure  the  degree  of  hy- 
permetropia, by  bringing  progressively  stronger  convex 
glasses  into  position  beliind  the  mirror.  If,  on  approach- 
ing the  eye,  the  details  of  the  fundus  are  not  seen,  or  are 
seen  but  indistinctly,  through  the  convex  glass  of  5  diop- 
trics, we  may  change  to  succe.ssivclj^  weaker  convex 
glasses,  or  to  concave  glasses  of  progressively  increasing 
power,  until,  by  noting  the  particular  glass  which  first 
affords  a  perfectly  distinct  view,  we  have  obtained  a  defi- 
nite measurement  of  the  refraction.  If,  in  the  course  of 
successive  observijtions  vvitli  glasses  of  different  power, 
we  at  first  get  a  distinct  view  of  only  such  of  the  retinal 
vessels  as  correspond  in  direction  to  one  of  the  ocular 
meridians,  and  with  some  other  glass'  we  obtain  an 
equally  distinct  view  of  the  vessels  corresponding  in  di- 
rection to  the  meridian  at  right  angles  to  the  former,  we 
have  both  established  the  presence  of  regular  astigma- 
tism and  obtained  the  data  for  the  determination  of  its 
type  and  the  measurement  of  its  grade.  If,  as  some- 
times happens,  we  see  the  same  vessels,  or  parts  of  ves- 
sels, under  different  degrees  of  definition,  according  as 
we  view  them  through  different  parts  of  the  cornea,  we 
have  to  do  with  a  case  of  irregular  refraction  (irregular 
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astigmatism)  dependent  probably  upon  some  irregulai'ity 
in  the  contour  of  the  cornea.  In  such  a  ca.se  the  bright 
reflex  from  the  cornea  may  show  variations  in  size  and 
in  shape,  dependent  on  differences  in  the  con- 
ffl  tour  of  the  reflecting  surface.  In  keratoconus 
(conical  cornea),  of  even  low  grades,  the  distor- 
tion of  the  retinal  picture  and  the  changes  in 
the  form  and  size  of  the  cornea!  re- 
flex are  especially  characteristic. 

\Ve  may  now   withdraw  the  mir- 
ror  to  a   distance   of  about  40  cm. 
from  the  observed   eye,  bringing  at 
the  same  time  the  convex  lens 
of    al)out    20   dioptrics   (5  cm. 
focus)  into  position  at  a  distance 
little   less  than    its   principal 
focal  length  in  front  of  the  cor- 
nea  (.see  Figs.   3672,   3674,  and 
3677).     At  this  stage  the  begin- 
ner ma^'  encoimter  an  obstruc- 
tion to  his  view  of  the  interior 
of  the  eye  aris- 
ing    from     the 
bright     reflex 
images    of    the 
flame  or   mirror 
formed    by  the 
two  surfaces  of 
the  convex  lens, 
the  one  virtual, 
behind  the  lens, 
the    other    real, 
in    front  of  the 
lens.     When  the 
lens  is  held  ex- 
actly concentric 
with,   and   at 
right  angles  to, 
observing  and  the 
lie  also  in  this  line, 
view  into  the  ej'e. 


a  line  connecting  the  pupils  of  the 
observed  eye,  the  two  reflex  images 
and  may  tlius  completely  cut  off  the 
Both  images  are,  liowever,  easily  got  out  of  the  way, 
either  bj'  moving  the  convex  lens  a  little  to  one  side, 
or  by  slightly  rotating  the  lens  so  as  to  displace  the 
two  images  in  opposite  directions.  The  strong  con- 
vex lens,  held  at  somewhat  less  than  its  focal  dis- 
tance in  front  of  the  eye,  considerably  magnifies  a 
spot  in  the  cornea,  or  in  the  field  of  the  pupil,  as  seen 
from  behind  the  hole  in  the  mirror,  and  the  conditions 
are  favorablej  generall}',  to  the  inspection  of  these  parts 
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of  the  eye.  We  may  next  turn  our  attention  to  the  de- 
tails of  the  fundus  as  seen  in  the  inverted  image,  at  about 
the  position  of  the  anterior  principal  focus  of  the  convex 
lens,  looking  at  it,  for  reasons  already  given,  through  the 
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convex  glass  of  about  5  dioptries  (30  cm.  focus),  placed 
behind  the  hole  in  the  mirror.  Having  got  rid  of  the  two 
reflex  images  formed  by  the  convex  lens,  either  by  mov- 
ing it  a  little  to  one  side  or  by  turning  it  a  little  obliquely 
to  the  line  of  sight, 
we  may  encounter 
a  further  obstacle 
in  the  reflex  im- 
age formed  by  the 
anterior  surface  of 
the  cornea.  This 
will,  however, 
give  no  serious 
trouble,  except  in 
the  particular  case 
in  which  the  ver- 
tex of  the  cornea 
of  the  observed 
eye  is  directed  ex- 
actly toward  the 
hole  in  the  mirror: 
a  slight  turning  of 
the  eye  in  any  di- 
rection sufficing 
to  displace  the 
bright  reflex  from 
the  central  region 
■of  the  pupil.  In- 
asmuch as  the  inspection  of  the 
region  of  the  macula  involves  the 
turning  of  the  observed  ej'e  ex- 
actly in  the  direction  of  the  eye 
of  the  observer,  the  indirect  meth- 
od is  not  favorable  to  obtaining  a 
^ood  view  of  this  part  of  the  fun- 
dus.    Nevertheless,  we  may  often 

succeed  in  eliminating  much  of  the  disturbance  from 
the  corneal  reflex  by  making  lateral  movements  of  the 
■convex  lens  in  different  directions.* 

It  happens  not  infrequently  that  in  moving  the  convex 
lens  in  a  lateral  direction  a  loop  of  a  retinal  blood-vessel 
appears  to  change  in  form.  This  is  an  effect  of  parallax, 
and  is  dependent  on  the  fact  that,  by  the  lateral  move- 
ment of  the  lens,  the  line  of  sight  is  considerably  de- 
flected, so  that  we  see  the  vessel  as  from  a  different  point 
of  view.  A  loop  of  a  retinal  artery  or  vein,  lying  in  a 
plane  perpendicular  to  tlie  general  surface  of  the  fundus, 
may  thus  appear  as  a  straight  line  when  viewed  directly 
from  in  front,  but  will  show  something  of  its  actual  cur- 
vature when  viewed  from  either  side;  the  amount  of  the 
apparent  curvature  depending  on  the  actual  height  df  the 
loop  and  the  extent  of  the  lateral  excursions  of  the  lens. 

For  the  inspection  of  the  fundus  generally,  in  the  in- 
verted image,  including  the  disc  of  the  optic  nerve,  the 
■conditions  are  altogether  favorable.  To  see  the  optic 
disc,  which  is  situated  to  the  nasal  side  of  and  a  little 
below  the  posterior  pole  of  the  eye,  the  patient  must 
turn  his  eye  in  the  same  direction,  which  he  will  most 
■easily  and  surely  accomplish  by  looking  a  little  to  the 
temporal  side  and  slightly  downward  with  the  eye  not 
under  examination.  To  obtain  a  view  of  the  peripheral 
regions  of  the  fundus,  the  patient  must  turn  his  eye  in 
the  direction  corresponding  to  the  part  to  be  examined, 
the  details  of  which,  as  seen  in  the  inverted  image,  will 
appear  to  move  in  the  same  direction. 

If  the  concave  ophthalmoscopic  mirror  is  taken  of  very 
long  focus  (about  75  cm.),  and  held  at  a  distance  from 
the  lamp  and  from  the  observed  eye  about  equal  to  its 
radius  of  curvature  (1.5  metres),  the  illuminating  flame 
and  the  observed  eye  will  be  nearly  at  conjugate  foci  of  the 
mirror,  and  the  pupil  of  the  latter  will  appear  strongly 
Illuminated.     If,  now,  the  observed  eye  is  myopic  in  any 

*  The  geometrical  axis  of  the  cornea  does  not  exactly  coincide  with 
the  line  of  sight,  the  latter  cutting  the  cornea  a  little  to  the  nasal  side 
of  its  vertex.  Hence  the  corneal  reflex  does  not,  as  a  rule,  exactly 
cover  the  image  of  the  fovea.  The  angle  which  the  axis  of  the  cornea 
makes  to  the  line  of  sight  is  known  as  the  angle  a  (Donders) :  It  is 
greatest  In  hypermetropic  eyes,  and  least,  sometimes  even  negative, 
in  myopic  eyes. 


FIG.  3679. 


degree  in  excess  of  one  dioptric,  it  will  form  an  inverted 
atrial  image  of  its  fundus  at  a  distance  of  1  metre  or  les^ 
and  some  details  of  this  image  will  be  visible  to  an  ob- 
server looking  throiigh  the  hole  in  tlie  mirror.     Inasmuch, 

as,   at    the    great 
X,  distance     of     the 

mirror,  tlie  visible 
portion  of  the  fun 
\  dus  is  very  small, 
\  the  patient  maj' 
'  have  to  turn  hia 
eye  slightly  in 
different  directions 
in  order  to  bring  one 
of  the  retinal  vessels 
into  view.  The  ob- 
server looking 
through  a  convex 
lens  of  5  dioptries 
(20  cm.  focus),  placed 
behind  the  hole  in 
the  mirror,  may  cal- 
culate pretty  accu- 
rately the  distance 
of  the  image  from 
the  observed  eye  by 
noting  the  distance 
at  which  he  sees  the 
blood-vessel  sharply 
defined.  In  simple 
myopic  astigmatism 
(Am)  and  in  mixed 
astigmatism  (Amh  or 
Ahm),  only  those  ret- 
inal vessels  whose 
direction  is  approxi- 
mately at  right  angles  to  the  principal  ocular  meridian 
of  greatest  refraction  are  visible  in  the  inverted  image ; 
in  hypermetropia  (H),  and  in  simple  or  compound  hy- 
permetropic astigmatism  (Ah  or  H  +  Ah),  the  image  is 
viitual,  and  the  method  is  inapplicable. ' 

A  plane  mirror,  at  the  distance  of  1  metre,  gives  but  a 
very  small  image  of  the 
flame  at  the  fundus,  and 
the  field  of  view  is  also 
very     small    (see    Fig. 
3653).      Neglecting    en- 
tirely the  details  of  the 
fundus,    and    regarding 
only  the  image  of   the 
flame,  the  distinction  be- 
t we e u    hypermetropia 
and    myopia     may    be 
made  by  simply  observ- 
ing    the     direction     in 
which  the  image  appears 
to  move  when  the  direc- 
tion of  the  illuminating 
beam     is    changed    by 
slightly     rotating     the 
mirror.     This  test  turns 
on  the  fact  that  in  hy- 
permetropia the    image 
which  we  see  is  virtual, 
and  is  situated   behind 
the  observed  eye,  while 
in  myopia  it  is  a  real 
image,  and  is  situated  in  front  of  the  ob- 
served eye.     Hence,  in  hypermetropia  the 
image  is  seen  to  move  into,  across,  and  out 
of  the  field  of  view  in  the  direction  in 
which   the  (plane)  mirror   is  rotated;  in 
myopia  the  apparent  movement  is  in  the 
opposite  direction.     As  the  details  of  the 
image  are  disregarded,  it  is  unnecessary  to 
use  a  correcting  glass  behind  the  mirror, 
unless  it  be  needed  to  correct  a  very  high 
grade  of  ametropia  in  the  eye  of  the  ob-      no.  3680. 
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server.  In  this  test  it  amounts  practically  to  the  same 
thing  whether  we  speak  of  the  movements  of  the  bright 
image,  or  of  the  border  of  the  unilluminated  area  sur- 
rounding it.  It  happens,  however,  that  the  writers 
who  have  especially  cultivated  this  method  have  di- 
rected attention  rather  to  the  dark  border  (shadow)  than 
to  the  image  of  the  flame;  hence  the  name,  sliadow-teit, 
by  which  this  method  is  commonly  designated  (see  Bhad- 
oio-Test). 

As  a  rule,  an  eye  under  ophthalmoscopic  examination 
relaxes  its  accommodation.  Hence  measurements  made 
with  the  ophthalmoscope  not  infrequently  show  a  some- 
what higher  grade  of  hypermetropia,  or  lower  grade  of 
myopia,  than  is  revealed  by  subjective  tests  made  with 
test  letters  without  the  resort  to  artificial  mydriasis.  In 
the  case  of  certain  careless  or  obstinate  patients,  of  some 
illiterate  persons,  and  especially  of  young  children,  the 
ophthalmoscope  is  indispensable  in  the  diagnosis  of  ame- 
tropia in  all  its  forms. 

Two  principal  types  of  the  ophthalmoscope  are  to  be 
distinguished,  namely,  those  adapted  to  the  examination 
of  the  fundus  by  the  direct  method,  and  those  in  which 
an  inverted  real  image  of  the  fundus  is  formed  by  the 
aid  of  a  convex  lens.  The  former  type  appears  in  a  prac- 
tically perfect  form,  in  the  original  invention  of  Helm- 
holtz  (1851);  the  latter  type  was  evolved  in  its  essen- 
tial features  by  Ruete,  in  the  course  of  the  following 
year.  The  invention  of  Helmholtz  consists  essentially 
in  the  discovery  of  the  fundamental  fact  that  the  fundus 
can  be  seen  by  looking  through  a  mirror  from  which 
light  is  reflected  into  the  eye ;  Ruete,  by  the  combination 
of  a  concave  mirror  and  a  convex  lens  or  lenses,  demon- 
strated the  practicability  of  viewing  the  fundus  in  a 
strongly  illuminated  real  image.  Helmholtz,  in  turn,  by 
a  development  of  the  experiment  of  Brilcke  (see  Figs. 
3659  to  3t)61),  showed  that  it  was  possible  to  see  the  de- 
tails of  the  fundus,  in  the  inverted  image,  by  direct  il- 
lumination, and  with  no  other  apparatus  than  a  screened 
lamp  or  candle  and  a  convex  lens.  The  subsequent  de- 
velopment of  the  ophthalmoscope  has  been  confined  es- 
sentially to  changes  in  details,  and  to  modifications  de- 
signed to  facilitate  certain  special  uses. 

It  is  entirely  practicable  to  illuminate  the  fundus  by 
direct  light,  and  view  its  reflected  image  in  the  mirror. 
Thus  in  the  arrangement  shown  in  Pig.  3651,  it  is  possi- 
ble, though  less  convenient,  to  place  the  lamp  at  L' ,  and 
to  view  the  image,  as  reflected  on  the  mirror,  from  L. 
With  the  lamp  (preferably  a  small  electric  incandescent 
bulb)  at  L  or  at  L' ,  it  is  possible  for  two  observers,  sta- 
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tioned  at  L'  and  L,  to  view  the  fundus  of  0  at  the  same 
time.  Demonstrating  ophthalmoscopes  for  two  obser- 
vers are  based  on  this  principle.* 

*  In  every  reflecting  ophthalmoscope  there  are  two  points  of  view  at 
which  the  eye  of  an  observer  may  be  stationed  so  as  to  receive  rays  of 
light  from  the  Illumlnatea  fundus,  namely,  the  usual  and  most  favor- 
able position  Immediately  behind  the  mirror,  and  a  less  favorable  posi- 
tion close  by  the  side  of  the  lamp.  The  use  of  an  electric  lamp  makes 
it  possible  to  see  the  details  of  the  fundus  from  a  station  in  its  im- 
mediate vicinity  whenever  the  efferent  rays  reflected  from  the  mirror 
are  parallel  or  divergent,  as  is  ordinarily  the  case  when  a  plane  or  a 
slightly  convex  mirror  Is  used.  With  a  concave  mirror  of  a  focal 
length  less  than  its  distance  from  the  place  of  the  inverted  image,  a 
twice  inverted  (i.e.,  erect)  Image  of  the  fundus  may  be  seen  at  some 
point  between  the  mirror  and  the  lamp.    A  third  point  of  view  may  be 


Again,  the  efferent  pencils  emanating  from  difTerent 
parts  of  the  illuminated  area  at  the  fundus  may  be 
severally  divided  behind  the  mirror,  so  that  each  half, 
after  two  reflections,  shall  enter  the  corresponding  eye  of 
the  observer.  The  binocular  ophthalmoscope,  like  the 
binocular  microscope,  gives  some  degree  of  stereoscopic 
effect.* 

Fixed  ophthalmoscopes,  as  distinguished  from  ophthal- 
moscopes in  which  the  mirror  and  the  convex  lens  are 
held  each  in  the  hand,  have  been  devised  in  considerable 
number ;  they  have  been  used  in  measuring  the  details  of 
the  fundus,  in  making  drawings  of  the  fundus  in  normal 
and  pathological  states,  and,  especially,  in  demonstrating 
the  ophthalmoscopic  picture  to  a  number  of  pei'sons  in 
succession,  f  Their  prototype  is  to  be  found  in  the  origi- 
nal ophthalmoscope  of  Ruete  (Fig.  3679).  The  camera 
lucida  may  be  used  with  any  fixed  ophthalmoscope. }: 

Ophthalmoscopes  have  also  been  constructed  with  a 
combination  of  mirrors,  by  means  of  which  an  observer 
may,  with  one  eye,  see  the  fundus  of  his  other  eye.  By 
a  different  arrangement  of  mirrors  an  image  of  the  optic 

obtained  by  deflecting  a  part  of  the  efferent  rays  at  some  point 
between  the  observed  eye  and  the  mirror.  This  is  effected  in  the 
"ghost"  ophtUalmoscope  of  Laurence  (" Klinische  Monatsbiatter fiir 
Augenheilkunde,"  S.  534,  1863)  by  interposing  a  sheet  of  polished 
transparent  glass,  set  at  an  angle  of  45°,  in  the  path  of  the  illu- 
minating and  the  efferent  rays ;  the  latter  are  in  part  transmitted  by 
the  sheet  of  glass,  and  In  part  reflected  at  right  angles  to  their  original 
course.  Some  of  the  rays  which  have  entered  Into  the  formation  of 
the  inverted  image  may  be  deflected  to  one  side  by  reflection  from  a 
small  plane  mirror  in  front  of  and  partially  covering  the  central  open- 
ing of  the  Illuminating  mirror;  or  some  part  of  the  same  rays  may  be 
similarly  deflected  by  a  small  reflector,  preferably  a  totally  reflectiiiif 
right  prism,  placed  just  behind  the  illuminating  mirror.  Demon- 
strating ophthalmoscopes  of  tills  construction  have|  been  devised  by  De 
Weckerand  Boger  ("  Bulletin  de  I'Acadtole  des  Sciences,"  1870),  and 
by  Sichel  file  (Annales  d'Ocnllstlque,  1872).  By  slightly  separating 
the  two  totally  reflecting  glass  rhombs  in  the  binocular  ophthalmo- 
scope of  Giraud-Teulon,  and  cutting  them  off  square  at  their  ends,  an 
ophthalmoscope  for  three  observers  has  been  constructed  (Monoyer : 
Eevue  medicale  de  Nancy,  1874) ;  a  fourth  observer  may  see  the  fundus 
reflected  on  the  Illuminating  mirror  in  the  direction  of  the  light. 

*  Cocclus  was  probably  the  first  to  construct  a  binocular  ophthalmo- 
scope ;  a  small  perforated  plane  mirror,  set,  at  an  angle  of  45°,  behind 
the  hole  in  the  illuminating  mirror,  deflected  a  part  of  the  efferent 
rays  in  a  direction  at  right  angles  to  the  line  of  sight,  and  a  second 
plane  mirror,  parallel  to  and  about  six  6  cm.  distant  from  the  other, 
reflected  these  rays  into  the  second  eye  of  the  observer.  The  two 
retinal  pictures  were  necessarily  of  unequal  size,  but  notwith- 
standing this  defect,  the  instrument  is  said  to  have  given  a  somewhat 
better  view  than  when  but  one  eye  was  used  (Snellen  und  Landolt ; 
Graefe-Saemisch,  "Handbuch  der  gesammten  Augenheilkunde,"  lii., 
i.,  S.  160).  The  flrst  binocular  ophthalmoscope  of  good  construction 
Is  that  of  Giraud-Teulon,  In  which  the  rays  which  have  traversed  the 
right  half  of  the  hole  in  the  mirror  are  reflected  to  the  right,  and  the 
other  half  to  the  left,  and  both  are  again  reflected,  at  right  angles,  to 
enter  the  two  eyes  of  the  observer.  All  this  is  very  simply  accom- 
plished by  total  reflection  at  the  two  obliquely  cut  ends  of  two  rhom- 
bohedra  of  glass  enclosed  within  a  small  metallic  box  behind  the 
mirror  (Annales  d'Oculistique,  xlv.,  1861).  By  a  slight  change  in  the 
construction  of  this  Instrument,  by  Laurence  and  Heisch,  it  is  made 
of  a  little  lighter  weight,  although  more  fragile  and  more  costly.  A 
further  modification,  by  Cocclus,  consists  in  the  application  of  the 
principle  of  the  common  opera-glass,  by  which  the  image  is  seen  con- 
siderably magnified  (Report  of  the  Fourth  International  Ophthalmo- 
logical  Congress,  London,  1873).  The  latest  change  In  this  ophthal- 
moscope is  by  its  inventor,  who  has  notched  the  proximal  ends  of  the 
two  rhombohedra  so  as  to  make  a  small  central  opening,  behind 
which  he  has  placed  a  very  small  electric  lamp,  thus  dispensing  with 
the  mirror  (Giraud-Teulon :  Annales  d'Ocultlstique,  xcvl.,  December, 
1886). 

tTh.  Ruete:  "Der  Augenspiegel  und  das  Optometer,"  GOttingen, 
1852.  The  Epkens-Donders  ophthalmoscope  (1853)  is  a  fixed  ophthal- 
moscope designed  for  the  measurement  of  the  details  of  the  fundus  as 
seen  in  the  erect  image.  TJIrlch  (Henle  und  Pfenfler's  Zeitschrift  fur 
rationelle  Medicln,  1853)  combined  the  mirror  and  object  lens  in  a 
short  metal  tube,  to  the  side  of  which  a  candle  was  attached.  Earner 
(Prager  Vierteljahrsschrift,  1855)  made  the  tube  longer  and  used  a 
separate  lamp.  E.  Liebrelch  (.Archiv  fiir  Ophthalmologle,  1855)  con- 
structed his  larger  ophthalmoscope  by  mounting  an  instrument  essen- 
tially like  Hasner's  upon  a  standard  and  fixing  the  bead  of  the  patient 
hy  means  of  a  special  rest.  With  this  ophthalmoscope  he  made  the 
elaborate  colored  representations  of  the  fundus  figured  in  his  "  Atlas 
der  Ophthalmoscopie  "  (Berlin,  1863).  Burke  ("Ophthalmoscope  re- 
fleoteur,"  Havre,  1871)  constructed  a  fixed  ophthalmoscope  in  which 
a  second  concave  mirror,  of  19  cm.  focus,  was  substituted  for  the 
usual  object  lens  In  examinations  by  the  indirect  method.  Carter 
(Report  of  the  Fourth  International  Ophthalmological  Congress,  Lon- 
don, 1873)  mounted  the  several  parts  of  the  ordinary  hand  ophthal- 
moscope, all  on  an  enlarged  scale  and  with  correspondingly  increased 
radii  of  curvature,  upon  separate  standards  resting  on  a  table  four 
feet  long. 

i  The  camera  lucida  was  used  with  the  Epkens-Donders  ophthalmo- 
scope and  with  the  large  ophthalmoscope  of  Liebrelch :  Noyes  (Trans- 
actions of  the  American  Ophthalmological  Society,  1873)  also  applied 
it  to  the  fixed  ophthalmoscope  of  Carter, 
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disc  is  formed  at  the  macula  of  tlie  same  eye.     These  arc 
curiosities  of  ophthalmoscopj'.* 

The  oplitliahnoseopes  which  have  won  a  permanent 
place  in  the  armamentarium  of  the  oiihtlmlmic  practi- 
tioner are  all   based  di- 
rectly upon   the  simple 
/K^''  '"^W  rellecting     ophthalnio- 

f  ^W^  scope  of  Ilelmholtz  and 

-     — -  «.  the  compound  ophthal- 

moscope  of    Ruetc.     A 
A  I   /  A        \  ,     few  typical  forms  must 

iff  '  I  ^        \         I       '^e  brfetiy  noticed. 

ill  'V  ^        I         ■  I         The     ophthalmoscope 

of  Helmholtz(1851),  per- 
fected in  soiue  of  its 
details  by  the  instrument 
maker  Ri'koss,  is  shown 
in  Fig.  3078.  The  two 
revolving  discs,  at  tlie 
back  of  the  mirror,  have 
each  five  openings,  in 
four  of  which  are  mounted  concave  glasses,  giving 
twenty  combinations  ranging  from  —  3  dioptrics  to  —  Vi 
dioptrics.  The  mirror,  made  up  of  three  layers  of  very 
thin  glass,  is  set  at  an  angle  of  56°  to  the  plane  of  the 
revolving  disc.  The  lamp  is  placed  a  little  behind  the 
plane  of  the  observer's  face,  necessitating  the  u.se  of  a 
screen,  to  shade  the  observed  eye  from  the  direct  light. 
The  purpose  of  tlie  concave  glasses,  in  the  two  discs,  is 
to  permit  the  details  of  the  fundus  to  be  distinguished 
notwithstanding  the  presence  of  myopia  of  the  observ- 
ing or  of  the  observed  eye,  and  also  to  neutralize  any 
disturbing  effect  arising  from  the  possible  exercise  of 
the  accommodation  in  citlicr  eye.'- 

The  ophthalmoscope  of  Ruete  (18o0)  consists  of  a  per- 
forated concave  mirror  and  two  vertical  standards  for 
holding  lenses,  all  mount- 
ed in  line  on  a  fixed  hori- 
zontal bar  (Pig.  3679). 
AVith  a  convex  lens  of  4 
cm.  focus,  mounted  on 
the  fii'st  standai'd  at  a 
distance  of  about  3  cm.  in 
front  of  the  cornea  of  the 
observed  eye,  an  inverted 
image  of  its  fundus,  mag- 
nified about  two  and  a 
half  diameters,  is  formed 
about  4  cm.  in  front  of 
the  lens,  and  is  viewed 
by  the  observer  looking 
through  the  hole  in  the 
concave  mirror.  A  sec- 
ond convex  lens,  mounted  on  the  second  standard  at  a 
distance  .somewhat  bejond  the  position  of  the  inverted 
image,  affords  the  means  of  viewing  this  image  under  an 
increased  amplification.  A  concave  lens,  mounted  on 
one  of  the  standards,  is  used  in  the  examination  by  the 
direct  method.* 

Coccius  (1853)  attached  a  convex  lens  to  a  plane  mirror 
in  such  a  position  that  the  illuminating  rays  pass  through 
the  lens  before  impinging  upon  the  mirror  (Fig.  3680). 
The  conjoined  effect  of  the  convex  lens  and  plane  miri-or 
is  essentially  that  of  a  concave  mirror.'' 

Ruete's 'fixed  ophthalmoscope  be(H)mes  an  ordinary 
hand  ophthalmoscope  when  the  mirror  and  the  convex 
lens  are  di.smountcd,  and  are  held  in  the  two  hands  of 
the  observer. 

*  Helmholtz  ("  Besclireibung  eines  Aiigen.spiej^ely,"  Beilin,  1H51) 
described  a  simple  method  by  which  an  ol)server  may,  by  looking  in  a 
mirror,  see  the  illuminated  pupil  of  one  of  his  own  eyes  with  the  other 
eye.  Coccius  ("Ueber  Glaukorn,  Entziindung  and  die  Autopsie  inlt 
dem  Augenspiegel,"  Leipzig,  IffiO)  devised  an  arrangement  of  light 
and  mirror  by  which  an  eye  may  receive  a  defined  picture  of  its  own 
optic  disc.  Heymann  ("Die  Autoskopie  des  Auges,"  Leipzig,  18(i3) 
combined  a  perforated  plane  mirror,  a  reflecting  prism,  and  three 
convex  lenses  in  such  a  manner  that  with  one  eye  a  view  is  obtained 
of  the  fundus  of  the  other  eye  in  a  twice-inverted  (i.e.,  erect)  picture. 
Similar  arrangements  have  been  devised  by  Giraud-Teulon  (Annates 
■d'Oculistiqiie,  xllx.,  18ti;i)  and  by  Coccius. 


I'lc.  ;«s:j. 


Zehender  (1854)  substituted  a  convex  mirror  of  10  cm. 
radius  of  curvature  for  the  plane  mirror  in  the  instru 
ment  of  Coccius,  thus  making  it  i)Ossible  to  obtain  from 
a  single  convex  mirror  the  eilcct  also  of  a  plane,  or  of  a 
concave,  mirnn-  (Fig.  3681).' 

A  convex  mirror  offers  a  slight  theoretical  advantage 
over  a  plane  mirror,  as  does  the  latter  over  a  concave 
mirror,  in  examinations  by  the  direct  method,  and  the 
instruments  of  Coccius  and  of  Zehender  have  been  espe- 
cial favorites  with  some  excellent  observers.  They  are, 
however,  more  difficult  to  manage  than  the  concave  mir- 
ror, and  are  at  present  but 
little  used.  In  practice 
the  perforated  concave 
mirror  of  33  cm.  focus 
suffices  for  most  examina- 
tions, whether  by  the  in- 
direct or  the  dii'ect  meth- 
od ;  in  a  few  special  cases 
the  polarizing  plane  mir- 
ror of  Helmholtz  main- 
tains its  superiority  over 
all  rival  inventions. 

The  ophthalmoscope  of 
Helndioltz,  with  the  two 
Ivckoss  discs,  includes  all 
that   is   required   for   the 
convenient    measurement 
of   the   refraction   by  the 
direct    method,   provided 
only   that   the    discs    are 
made  larger,  so  as  to  contain  a  few 
more  glasses,  and  that  the  selection 
of  the  glasses  is  made  with  refer- 
ence to   this  use.     This  seeminglj- 
obvious  development  was,  however, 
long   deferred.     IMeanwhile  a   few 
exceptionally  careful  observers  had 
ophthalmoscopes  made  with  a  large 
clip,  to  receive  any  one  of  the  series 
of  glasses  in  the  oculist's  trial  cast 
(Donders),'  or  with  two  such  clips, 
intended   to   hold  a   spherical  and 
a  cylindrical  glass  (Noyes)  ;■■  otlieis 
contented  themselves  with  a  smallci 
series  of  glasses,  fitted  to  a  cell  oi 
small  clip  at  the  back  of  the  mirroi 
(Jaeger).' 

Loring  (1869)  was  the  first  to  ht 
the  ophthalmoscope  with  revolving 
discs  containing  a  series  of  glasses 
suffleient  for  the  accurate  meas 
urement  of  the  refraction.'  Wads 
worth  (1876)  substituted  a  small 
mirror,  of  15  mm.  diameter,  for  the 
larger  concave  mirror  in  ordinal's 
use,  setting  it  at  a  fixed  angle  of 
20'  to  the  plane  of  the  lens-bearing 
disc,  and  mounting  it  in  such  a 
manner  as  to  admit  of  its  being 
turned  in  any  required  direction 
(Fig.  3682). I"  Following  out  this 
suggestion,  Loring  devised  two 
moditications  of  the  mirror,  one  in 
wdiich  a  segment  is  cut  off  from  ||{|||||||j|{| 
one  side  of  the  mirror,  which  is 
hinged  at  this  border  to  a  revoh 
ing  setting  (Fig.  3683) ;  the  othei 
the  so-called  tilting  mirror,  in  which 
a  segment  is  cut  off  from  each  side 
and  the  mirror  is  swung  on  pivots 
at  the  two  extremities  of  its  ver- 
tical diameter  (Fig.  3687)."  The  ophthalmoscope  of 
Loring,  as  perfected  by  its  inventor,  is  the  type  of  a 
thoroughlj'  good  instrument  for  all  practical  uses;  as 
made  under  his  direction,  by  Mr.  H.  W.  Hunter,  of  New 
York,  it  has  not  been  surpassed  as  a  model  of  good 
construction  and  tine  workmanship. 
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Fig.  3685. 


The  essential  points  in  the  oons.ti'uetion  of  a  good  oph 
thaliuosoope  are  tew  and  simple.     The  l)est  material  to 
the  concave  mirror  is  silvered  glass, 
■svhich  should  be  very  tliiu,  in  order 
that  the  margin  of   the  central   per- 
foration   may   encroach   as  little  as 
possible   upon   the   effective  ai'ea  of 
the  opening  when  the  mirror  is  turned 
cbliquelj'  to  the  line  of  sight;  any 
excess   of  thickness   above   0.3  mm. 
is   both   unnecessary  and    injurious. 
The  central  hole  should  be  about  3.5 
mm.  in  diameter,*  and  its  unpolished 
margin  should  he  coated  with  a  didl 
black  pigment;  the  alternative  expedient   of   removing 
the  silvering  from  a  small  central  area  of  the  mirror  is 
not  to  be  commended.     A  mir- 
ror made  of  polished  metal  is 
more  diHicult  to  keep  in  order, 
and,    rmless    ir.    very    perfect 
condition,    reflects    much   less 
li^lit  than  a  mirror  of  silvered 
-  lass.     The  focal  length  of  the 
ri  irror    should    be     about    23 
1  u. ;  this  is  a  convenient  focal 
length  for  examinations  by  the 
indirect   method,    and    in    the 
direct  method  the  effect  is  not 
very  different   from  that  of  a  plane  mirror  (c/. 
Figs.  3653  and  3()54).     The  mirror  should  be  so 
mounted  as  to  admit  of  its  being  inclined  about 
25°,  to  the  plane  of  the  correcting  glass,  and  it  is 
very  desirable  that  it  be  so  arranged  that  it  can 
be  turned  in  its  cell.     For  the  latter  reason,  and 
also  because  the  mirror,  when  lying  tiat  in  its 
cell,   is    in    closer    proximit}'  to  the  correcting 

glass,  the  writer 
p  r  e  f  e  r  s     the 
hinged  mirror  of  Loring 
I  Fig.  3683)  to  liis  tilting 
mirror  (Fig.  3687). 

The  co7-i-ecting  glasses 
should  be  so  mounted  as 
1.1  admit  of   their  auto- 
matic centratiou,  and  of 
I  he    easiest    possible 
I  hange   fi-om   one   glass 
'•I  another  without  inter- 
1  iipting  the  observation 
liy  removing  the  instru- 
ment from  the  eye.    The 
-;ries  of    lenses   should 
I'e   suflicientlj-   large  to 
include  the  entire  range 
•  f  hypermetropia  and  of 
myopia,    with   intervals 
as  small  as  can  be  taken 
note  of  by  the  observer:  aconunon 
interval  of  1  dioptric  will  suffice  for 
most    practilioners,    others    may  be 
able  to  utilize  an  interval  as  small 
as  0.5  dioptric.     A  combination  of 
a  larger  and  a  smaller  Kekoss  di.sc. 
or  of  a  full  disc  with  a  (juadrant  of 
another   disc,   is   sufficient   to  meet 
these  7-eqnirements;   the    glasses  in 
the    ]ninci))al     disc    should    be    of 
somewhat     greater    diameter    tliiin 
till'     hole     in     the     mirror    (about 
5  mm.);    those  in  the   second    disc 
oi-    (juadrant     should   .be     a     lilllc 
larger   (about     7    nmi.    in    diameter).     The     two    discs 
should   be   as   thin   as  the  cui'vature  of  the  glasses  will 
permit,  and  they  should  be  mounted  in   the  closest  ]ios- 

*H.Kiiapp  (Arr-liivHs  uf  ( lp|](t];ilmolo(ry  anil  fHolugy,  iv..  1.,  p.  41, 
1ST4)  made  cotuparativc  ti-ials  nf  a  iininiicrof  rnifroi'.s  with  lioles  vary- 
ing from  1  ti>  .5nini.;  "tlii'  ticst  llliiiniiiatinn  is  obtaiued  liy  an  opening 
In  the  niirrur  of  ;3..j  or  li.7.5  mm.  iij  diameter." 


sible  proximity  to  each  other  and  to  the  back  of  the 
mirroi-. 

Tlic  handle  of  the  oiihthalmoscope  should  be  not  less 
than  1-t  or  15  cm.  in  length,  measured  from  th<^  centre  of 
the  mirror,  and  it  should  be  lai'ge  enougij  to  admit  of  its 
being  easily  and  tirmly  grasjied  by  the  hand.  As,  with 
this  length  of  handle,  it  is  somewhat  dilficult  to  reach 
the  edge  of  the  principal  disc  with  the  finger,  a  rack-and- 
pinion  mechanism  (Cretes),  a  cog-wheel  (Loring),  a  train 
of  cog-wheels  (Noyes),  or  a  cog  and  cam  device  (Meyro- 
witz),  has  been  added;  a  very  full  series,  of  no  less  than 
seventy-four  glas.ses,  has  been  mounted,  after  the  manner 
of  an  endless  chain,  in  the  place  of  the  usual  revolving 
disc  (Couper);"  a  smaller  series,  similarly  mounted,  is 
used  in  the  ophthalmoscoiie  of  Morton. 

If  the  observer  is  simply  hypermetropic  or  myopic,  he 
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may  appl}'  his  personal  correction  to  the 
correcting  glass  found  by  observation  (see 
p.  374);  if  he  is  astigmatic,  it  may  be  nec- 
essary to  add  to  the  ophthalmoscope  such 
cylindrical  glass  or  glasses  as  may  be  re- 
quired to  correct  his  vision  in  either  eye  for 
infinite  distance.  The  glasses  for  this  per- 
sonal correction  should  be  a  little  larger 
than  those  in  the  second  disc  (about  9 
mm.  in  diameter)  and  should  be  mounted  immediately 
behind  it;  in  astigmatism,  of  even  as  low  a  grade  as  1 
diojitrie,  its  correction  adds  apjireeiably  both  to  the 
sharp  definition  of  the  picture  and  to  the  observer's 
(piickness  of  perception. 

Fig.  3684  sliows  the  back  of  an  ophthalmoscope  made 
for  the  writer,  in  1876,  by  Hunter.'^  It  is,  in  fact,  one 
of  Loring's  smaller  ophthalmoscopes,  with  the  addition 
of  a  second  smaller  disc— a  construction  adopted,  a  little 
later,  by  Badal,  in  France.  Substituting  -f- 13  and  —  13 
for  -\-  14  and  —  14,  the  order  in  which  the  glasses  are 
brought  into  use  becomes  precisely  the  same  as  in  the 
ophthalmoscope  of  Badal  and  in  tiie  later  ophthalmo- 
scopes of  I^oring;  with+0.5and  — O.oin  the  place  of  +7 
and  —  7,  as  figured,  an  interpolation  of  0.5  dioptric  may 
be  made  between  the  limits +6.5  and— G.5.  A  third 
disc,  with  two  glasses,  serving  also  as  a  cover  to  the 
smaller  disc  (Fig,  3685),  or  a  setting  of  the  form  shown 
in  Fig.  3686,  affords  the  means  of  applying  such  correc- 
tion as  an  astigmatic  observer  may  find  advantageous. 
The  ophthalmoscoiie  of  Loring,  with  the  tilting  mirror, 
in  the  construction  finallv  adopted  bv  its  author,  is  shown 
in  Figs.  3687  and  3688.'^  "  John  Oreen. 

Plate  XLVII.,  by  Jaeger,  .'ilioivs  the  fundus  of  a  normal  eye  as 
viewed  by  means  of  the  oplilhalmoseope. 

'  Coupcr :  Report  of  the  Fourth  Internatioual  Ophthalmologlcal  Con- 
gress, London,  1873. 
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^  Helmholtz:  Beschreibung  eines  Augenspiegels,  Berlin,  1851. 

s  Th.  Ruete :  Der  Augensplegel  und  das  Optometer,  GOttingen,  1852. 

•  A.  Coccius :  Ueber  die  Anwendung  des  Augenspiegels  nebst 
Angabe  eines  neuen  Instruraentes,  Leipzig,  1853. 

'  W.  Zehender :  Archlv  liir  Ophthalmologle,  I.,  1.,  18.54. 

•  F.  C.  Bonders :  On  the  Anomalies  of  Accommodation  and  Refrac- 
tion of  tbe  Eye.    Tbe  New  Sydenham  Society,  p.  106,  London,  1864. 

'  H.  D.  Noyes :  Transactions  of  tbe  American  Ophtlialmological 
Society,  1869. 

■  Ed.  Jaeger:  Oesterreieblsche  Zeitschrlft  filr  praotlscbe  Heilkunde, 
7.  Marz,  1856. 

'  E.  G.  Lorlng :  Transactions  of  tbe  American  Opbtbalmologlcal 
Society,  1869. 

">  0.  F.  Wadsworth :  Boston  Medical  and  Surgical  Journal,  January 
2oth,  1877. 

"  E.  G.  Lorlng:  Report  if  the  Filth  International  Ophthalmo- 
logical  Congress,  New  York,  IS."". 

li^Couper:  See  description  of  Couper's  new  Ophthalmoscope,  with 
illustration.  In  Juler's  Handbool;  of  Ophthalmic  Science  and  Practice, 
London,  1884. 

"  J.  Green :  Transactions  of  the  American  Opbtbalmologlcal  Soci- 
ety, 1878,  p.  476. 

"E.G.  Lorlng!  Transactions  of  the  American  Ophthalmologieal 
Society,  1878,  p.  489. 

OPIUM.— (U.  S.  P. ;  B.  P. ;  P.  G.)  Succm  Thehaicus. 
Lacliryma  Papaveris,  Extractum  thebaieum.  Meconium, 
Laudanum. 

Definition. — Officially  considered,  under  the  author- 
ity of  the  United  States  Pharmacopceia,  opium  is  "the 

concrete  milky 
exudation  ob- 
tained by  incis- 
ing the  unripe 
capsules  of  Fa- 
paver  somnife- 
rum  L.  (P.  offici- 
nale Gmel. ;  V. 
album  Mill., 
fam.  Papamra- 
cece),  and  yield- 
ing, in  its  nor- 
m  a  1  moist 
condition,  not 
less  than  nine 
per  cent,  of 
crystallized 
morphine"  wlien 
assayed  by  the 
United  States 
PharmacopoBia 
process.      This 


definition  is  to  be  read 
in  connection  with  the 
description  given  below, 
which  more  closely  de- 
limits the  article.  It  is 
also  to  be  considered  in 
connection  with  the  pro- 
visions for  Opii  Palvia 
(see  the  section  on  Prep- 
arations), which  has  a 
different  alkaloidal  standard,  and  with  those  for  the  alka- 
loidal  standardization  of  the  preparations  made  from  the 
latter. 


Fig.  3689.— The  Opium  Poppy  (var. 
nigrum).  Plant  much  reduced. 
(Baillon.) 


-White  Poppy.  Showing- 
the  incisions  made  in  the  green  cap- 
sule for  the  extraction  of  oplum.. 
(Balllon.) 


The  definitions  of  other  pharmacopa^ias  differ  consider- 
ably from  that  of  ours.  The  German  requires,  as  ours 
formerly  did,  that  opium  be  produced  in  Asia  Minor;  alsO' 
that  it  contain  from  ten 
to  twelve  per  cent,  of 
morphine  and  not  more 
than  eight  per  cent,  of 
moisture.  The  British 
Pharmacopoeia  requires 
different  amounts  of 
morphine  for  the  opiums 
used  in  the  dilTerent 
preparations ;  not  less 
than  seven  and  a  half 
per  cent,  for  the  tincture 
and  extract,  and  be- 
tween nine  and  a  half 
and  ten  and  a  half  per 
cent,  for  other  uses.  For 
diluting  a  higher  with 
a  lower  grade,  the  United 
States  Pharmacopoeia  re- 
quires that  the  morphine 
percentage  of  the  latter 
be  between  seven  and  a 
half  and  ten  per  cent. 
In  view  of  the  standard- 
ization of  the  prepara- 
tions, it  would  at  first 
thought  appear  super- 
fluous to  impose  rigid 
standards  for  the  drug, 
but  important  commer- 
cial and  tariff  considerations  are  involved,  aside  from 
the  fact  that  large  downward  variations  in  morphine  per- 
centages aie  liable  to  be  accompanied  by  important  up- 
ward variations  in  the  percentage  of  other,  perhaps  un- 
desirable, alkaloids. 

Origin. — All  opium  is  now  regarded  as  the  product  of" 
the  one  species  named  in  our  definition,  though  some  bot- 
anists liave  been  inclined  to  regard  its  varieties  as  dis- 
tinct species.  Although  the  plant  grows  abundantly  in 
a  wild  state  about  the  eastern  Mediterranean,  and  in  ad- 
jacent regions,  opium  is  wholly  the  product  of  cultivated 
plants.  Although  the  var.  glabrum,  having  red  flowers 
and  usually  dark  seeds,  is  preferred  and  more  largely 
grown  in  Turkey,  and  the  var.  album,  with  white  flow- 
ers, is  more  commonly  grown  in  Persia,  such  distinctions 
are  not  rigid,  since  flowers  of  all  intermediate  colors  may 
usually  be  seen  in  a  Turkish  plantation.  The  opium 
plant  here  figured  (Fig.  3689)  is  an  annual  herb,  nearly  a 
metre  (a  yard)  high,  somewhat  branched  above  and  bear- 
ing from  five  to  twenty  large  flowers  and  capsules  (see- 
Pig.  3690).  The  latter  is  about  as  large  as  a  small  apple, 
and  yields  the  opium  by  the  process  described  below. 
(See  section  on  Production.) 

Almost  every  country  possessing  a  suitable  climate  has 
yielded  opium  of  fair  to  good  quality,  including  Europe 
as  far  north  as  Sweden  and  North  America  as  far  north 
as  New  England,  though  most  of  these  operations  have 
been  purely  of  an  experimental  character.  Financial 
success  in  opium  production  requires  a  special  combina- 
tion of  conditions  affecting  soil,  climate,  population,  and 
cost  of  labor,  and  has  been  attained,  to  a  noteworthy  ex- 
tent, only  in  Turkey,  Persia,  India,  China,  and  Egypt. 
Of  these  products  that  only  of  Turkey  answers  perfectly 
to  the  olBcial  description,  and  it  supplies  practically  tlie 
entire  medical  demand,  except  for  purposes  of  mor- 
phine manufacture.  For  this,  any  product  rich  in  mor- 
phine and  easily  worked  is  selected,  the  most  of  it,  with 
the  exception  of  Turkish  opium,  being  Persian,  so  far  as 
United  States  manufacturers  are  concerned.  All  other- 
opium  is  consumed  in  the  vicious  practices  of  smoking 
and  chewing.  Of  this,  the  Egyptian  product  is  probably 
somewhat  greater  than  the  whole  of  the  Turkish  product, 
though  smaller  now  than  formerly.  That  of  India  is 
probably  from  ten  to  twenty  times  as  great  as  that  of 
Turkey,  and  that  of  China  at  least  double  that  of  the 
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rest  of  the  world,  including  even  the  Indian.  It  will 
thus  be  seen  that  the  vicious  use  of  opium  is  about  fifty 
times  as  great  as  its  medicinal  use,  in  connection  with 
which  it  must  be  remembered  that  probably  more  than 
half  of  that  usually  classed  as  medicinal  is  in  reality  vi- 
cious. 

.  Pivduction  and  Preparation. — The  best  climatic  condi- 
tions for  poppy  culture  are  those  which  prevail  in  the 
warmer  wheat-growing  sections — conditions  under  which 
it  is  practicable  to  sow  in  September,  to  trust  to  a  covering 
of  snow  for  the  protection  of  the  young  plants  through 
the  winter,  and  to  gather  in  the  crop  late  in  the  following 
summer.  More  precarious,  and  generally  less  successful, 
is  the  production  of  a  crop  during  the  summer  of  the 
same  year,  the  sowing  being  done  in  February  or  March. 
The  capsules  are  ready  for  incision  when  just  be- 
ginning to  turn  yellow,  at  which  time  the  dense  net- 
work of  milk  tubes  ramifying  through  the  entire  thick- 
ness of  the  pericarp  is  charged  with  a  thick  milky  juice. 
In  Turkey  the  incisions  ai'e  made  in  a  somewhat  obliquely 
or  spirally  transverse  direction  (Fig.  3690),  in  India  ver- 
tically. In  both  cases  the  knife  possesses  two  or  three 
blades  set  near  to  one  another,  and  the  incision  is  made 
as  deeply  as  possible,  care  being  taken  that  it  shall  not 
penetrate  the  central  cavity.  This  work  is  performed 
in  the  late  afternoon,  i.e.,  at  a  time  when  the  sun  will 
not  interfere  with  the  flow  of  juice.  In  the  morning,  the 
exudation  will  be  found  to  have  thickened  sufiiciently 
to  admit  of  its  collection.  It  is  considered  that  the 
quality  of  the  Indian  product  is  injuriously  affected 
by  the  prevalence  of  very  heavy  dews.  The  opium 
is  removed  by  a  blunt  scraping  instrument,  to  which 
it  is  prevented  from  adhering  in  a  troublesome  degree 
by  various  devices;  in  Turkey,  by  the  use  of  the  saliva 
of  the  collector,  in  Persia  by  the  application  of  a 
small  quantity  of  oil.  Owing  to  slight  differences  in  the 
use  of  the  scraper,  portions  of  the  epidermis  of  the  cap- 
sule may  or  may  not  be  removed  with  the  opium.  The 
collection  of  the  Smyrna  product  naturally  adds  from 
five  to  eight  per  cent,  to  the  weight  of  the  opium  from 
this  source,  and  this  amount  is  usually. very  largely 
added  to.  (See  section  on  Adulteration.)  As  gathered, 
the  opium  is  transferred  to  a  poppy  leaf  held  in  the  left 
hand,  and  the  mass,  when  of  convenient  size,  is  laid  away 
in  the  shade  for  a  day's  drying,  which,  if  it  has  not  ad- 
vanced too  far,  will  permit  of  the  moulding  of  the  product. 
When  sufficiently  dry  it  is  enwrapped  in  the  poppy  leaf, 
and  such  masses  may  then,  without  further  modification, 
be  packed  in  Rumex  capsules,  to  prevent  their  adhesion 
to  one  another,  and  mai'keted.  They  may,  on  the  other 
hand,  be  subjected  to  very  varied  processes  for  various 
purposes.  Considerable  of  the  Persian  opium  is  subjected 
to  a  long-continued  kneading  or  beating  process,  with 
exposure  to  the  atmosphere,  so  as  to  cause  it  to  assume  a 
resemblance  in  appearance  to  Constantinople  opium.  The 
latter  variety  is  said  to  be  similarly  beaten  up,  so  as  to 
make  it  of  a  more  homogeneous  and  finer  structure. 
Much  of  the  high-grade  Turkish  opium,  and  almost  all  of 
that  of  similar  grade  of  other  countries,  is  beaten  up  with 
that  of  lower  percentage,  to  increase  its  bulk  and  weight. 
It  is  even  said  that  some  medicinal  Turkish  opium  has  thus 
mixed  with  it  that  of  other  countries.  None  of  the  oper- 
ations above  considered,  though  designed  to  reduce  the 
morphine  strength,  can  be  regarded  as  acts  of  adulter- 
ation, so  long  as  they  do  not  result  in  reducing  the  mor- 
phine strength  below  official  standards.  Persian  and 
Indian  opium,  instead  of  being  wrapped  in  the  poppy 
leaf,  are  usually  wrapped  in  paper,  and,  since  they  are 
designed  chiefly  for  exportation  to  China,  they  fre- 
quently bear  inscriptions  in  Chinese  characters.  The 
masses  are  of  varied  forms,  being  in  squares,  cakes, 
cylindrical  sticks,  balls,  or  in  masses  similar  to  those  of 
the  Turkish  article.  Instead  of  being  packed,  like  the 
Turkish,  in  Rumex  capsules,  they  are  usually  packed  in 
"poppy-trash, "consisting  of  the  chopped,  dried  capsules 
and  other  parts  of  the  plants. 

Adulteration. — The  dilution  of  a  high-grade,  by  the 
addition  of  a  low-gx'ade  opium  has  been  already  eonsid  ■ 


ered.  That  by  the  addition  of  an  excessive  amount  of 
the  epidermis  of  the  capsule  or  of  the  chopped  capsules, 
or  possibly  of  other  parts  of  the  plant  similarly  chopped, 
sometimes  amounting  to  a  third  of  the  weight  of  the 
opium,  or  of  an  extract  of  the  capsules,  or  of  starchy 
substances,  all  of  which  are  in  themselves  practically  in- 
ert, may  be  considered,  when  they  do  not  reduce  the 
morphine  strength  below  the  official  standard,  as  on  the 
borderland  between  dilution  and  adulteration.  The  use 
of  an  extract  made  from  the  herbage  of  the  plant  is 
clearly  adulteration,  and  is  rather  common,  as  is  that  of 
various,  gummy  substances  of  an  extraneous  nature,  and 
of  earthy  substances,  some  of  them  effervescing  with 
acids.  The  use  of  such  heavy  bodies  as  stones,  nails,  and 
bullets,  now  less  common  than  formerly,  scarcely  re- 
quires mention.  The  custom  still  prevails,  to  a  greater 
or  less  extent,  of  diluting  opium,  after  arrival  in  this 
country,  so  that  it  barely  meets  the  official  requirement, 
the  product  being  known  as  Pudding  or  Boston  Opium. 

Description. — In  irregularly  globular,  usually  more' 
or  less  flattened  masses,  weighing  from  250  to  1,000  gm. 
a  to  3  lbs.),  the  surface  marked  with  the  impression  of  a 
poppy-leaf  used  for  wrapping,  and  frequently  bearing 
fragments  of  this,  with  some  rumex  fruits ;  of  a  chestnut- 
brown  or  reddish-brown,  changing  to  dark  or  blackish- 
brown  with  long  keeping;  plastic  and  rather  soft,  or 
gradually  hardening  from  without  inward,  with  age; 
fractured  surface  exhibiting  more  or  less  tissue  frag- 
ments, together  with  small  tear-shaped  particles  of 
opium  and,  under  the  microscope,  some  acicular  crys- 
tals, especially  visible  after  moistening  with  benzene ;  of 
a  heavy  narcotic  odor  and  taste,  the  latter  disagreeable 
and  bitter. 

The  required  morphine  percentage  has  been  stated  un- 
der Definition.  Although  the  official  definition  would 
permit  the  employment  of  the  higher  grades  of  opium 
from  any  country,  it  will  be  seen  that  the  description,  in 
view  of  what  has  been  said  concerning  the  different 
methods  of  wrapping  and  packing,  would  exclude  all 
but  the  Turkish  variety.  Persian  opium  is  light-colored 
and  characterized  externally  and  internally  by  an  oily 
appearance.  Egyptian  opium  is  packed  much  like  the 
Turkish,  but  is  dark-colored  and  is  almost  if  not  quite 
invariably  below  the  official  standard  in  morphine  yield. 
Indian  opium  is  also  dark-colored,  usually  possesses  a 
peculiar  odor,  said  to  be  due  to  fermentation  during  the 
long  process  of  curing  required  by  the  peculiar  condi- 
tions to  which  it  is  subject,  and  is  commonly  encased  in 
coverings  made  by  glueing  together  poppy  leaves  or 
petals  by  a  substance  made  partly  from  a  dark-colored 
exudation  from  the  curing  opium  and  partly  from  an  ex- 
tract of  the  plant.  Very  little  of  it  is  exported,  except 
to  China  (Provision  Opium),  and  this  small  quantity  is  re- 
stricted almost  wholly  to  the  Patna  product.  Chinese 
opium  is  mostly  of  very  low  grade,  though  of  late  some 
of  much  better  quality  has  been  produced.  It  is  not  of 
interest  in  materia  medica. 

Since  it  is  required  that  the  determination  of  the  mor 
phine  percentage  be  accomplished  by  the  official  method, 
it  is  important  that  this  process  be  here  given : 


Assay  of  Opium. 


10  srm. 
3.5  c.c. 


Opium,  in  any  condition  to  be  valued. . 

Ammonia  water 

Alcohol, 

Ether, 

Water of  each  a  sufficient  quantitj-. 

Introduce  the  opium  (which  if  fresh  should  be  in  very 
small  pieces,  and  if  dry,  in  very  fine  powder)  into  a  bot- 
tle having  a  capacity  of  about  300  c.c,  add  100  c.c.  of 
water,  cork  it  well,  and  agitate  frequently  during  twelve 
hours.  Then  pour  the  whole  as  evenly  as  possible  upon 
a  wetted  filter  having  a  diameter  of  12  cm.,  and,  when 
the  liquid  has  been  drained  off,  wash  the  residue  with 
water,  carefully  dropped  upon  the  edges  of  the  filter  and 
the  contents,  until  150  c.c.  of  filtrate  are  obtained.     Then 
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carefully  transfer  tlie  moist  opium  back  to  the  bottle  by 
means  of  a  spatula,  add  50  c.c.  of  water,  agitate  thor- 
oughly and  repeatedly  during  fifteen  minutes,  and  re- 
turn the  whole  to  the  filter.  "When  the  liquid  has 
drained  off,  wash  the  residue  as  before,  until  the  second 
filtrate  measures  150  c.c.  and  finally  collect  about  20  c.c. 
more  of  a  third  filtrate.  The  second  filtrate,  placed  in  a 
tared  capsule,  is  first  to  be  evaporated  until  it  represents 
only  a  small  volume ;  then  to  this  is  to  be  added  the  first  fil- 
trate ;  and,  finally,  after  rinsing  the  vessel  with  the  third 
filtrate,  the  evaporation  is  to  be  continued  until  the  residue 
weighs  14  gm.  Rotate  the  concentrated  solution  about 
in  the  capsule  until  the  rings  of  extract  are  redissolved, 
pour  the  liquid  into  a  tared  Erlenmeyer  flask  having  a 
capacity  of  about  100  c.c,  and  rinse  the  capsule  with  a 
few  drops  of  water  at  a  time,  until  the  entire  solution 
weighs  20  gm.  Then  add  10  gm.  (or  12.3  c.c.)  of  alco- 
hol, shake  well,  add  25  c.c.  of  ether,  and  shake  again. 
Now  add  the  ammonia  water  from  a  graduated  pipette 
or  burette,  stopper  the  flask  with  a  sound  cork,  shake  it 
thoroughly  during  ten  minutes,  and  then  set  it  aside,  in  a 
moderately  cool  place,  for  at  least  six  hours,  or  over  night. 

Remove  the  stopper  carefully,  and,  should  any  crys- 
tals adhere  to  it,  brush  them  into  the  flask.  Place  in  a 
small  funnel  two  rapidly  acting  filters,  of  a  diameter  of 
7  cm.,  plainly  folded,  one  within  the  other  (the  triple 
fold  of  the  inner  filter  being  laid  against  the  single  side 
of  the  outer  filter),  wet  them  well  with  ether,  and  decant 
the  ethereal  solution  as  completely  as  possible  upon  the 
inner  filter.  Add  10  c.c.  of  ether  to  the  contents  of  the 
flask,  rotate  it,  and  again  decant  the  ethereal  layer  upon 
the  inner  filter.  Repeat  this  operation  with  another  por- 
tion of  10  c.c.  of  ether.  Then  pour  into  the  filter  the 
liquid  in  the  flask,  in  portions,  in  such  a  way  as  to  trans- 
fer the  greater  portion  of  the  crystals  to  the  filter,  and, 
when  this  has  passed  through,  transfer  the  remaining 
crystals  to  the  filter  by  washing  the  flask  with  several 
portions  of  water,  using  not  more  than  about  10  c.c.  in 
all.  Allow  the  double  filter  to  drain,  then'  apply  water 
to  the  crystals,  drop  by  drop,  until  they  are  practically 
free  from  mother-water,  and  afterward  wash  them;  drop 
by  drop,  from  a  pipette,  with  alcohol  previously  satur- 
ated with  powdered  morphine.  When  this  has  passed 
through,  displace  the  remaining  alcohol  by  ether,  using 
about  10  c.c,  or  more  if  necessary.  Allow  the  filter  to 
dry  in  a  moderately  warm  place,  at  a  temperature  not 
exceeding  60°  C.  (140°  F.),  until  its  weight  remains  con- 
stant, then  carefully  transfer  the  crystals  to  a  tared 
watch-glass  and  weigh  them. 

The  weight  found,  multiplied  by  ten,  represents  the 
percentage  of  crystallized  morphine  obtained  from  the 
opium. 

Constituents. — Not  all  of  the  alkaloids  of  opium  here 
described  occur  in  all  the  varieties  of  opium,  the  presence 
or  amount  of  some  of  them  depending  upon  varying  con- 
ditions of  production  or  preparation.  Of  the  twenty  nat- 
urally occurring  alkaloids,  the  identity  of  which  has  been 
established,  morphine  and  codeine,  as  well  as  their  deriv- 
atives, apomorphine  and  apocodeine,  and  also  narcotine, 
are  considered  under  those  titles.  Although  several  of 
the  others  are  somewhat  used  in  medicine,  they  are  not 
sufficiently  employed  to  be  entitled  to  separate  consider- 
ation, and  fbey  are  briefly  discussed  here  and  in  the 
section  on  Properties  and  Uses.  Besides  these,  quite  a 
number  of  alkaloids  have  been  obtained  artificially  by 
treatment  of  the  others. 

Morphine  occurs  in  opium  of  different  kinds  and  grades 
in  amounts  varying  from  a  small  fraction  of  one  per  cent, 
up  to  nearly  twenty -five  per  cent.  Its  ordinary  percen- 
tage varies  from  six  or  seven  to  twelve  or  fourteen  per 
■cent.  In  the  medicinal  Turkish  opium,  probably  as  the 
result  of  manipulation  with  that  object  in  view,  it  occurs 
almost  uniformly  in  from  nine  and  a  half  to  ten  and  a  half 
per  cent.  It  occurs  in  the  drug  as  a  compound  with  sul- 
phuric acid  or  as  one  with  meconic  acid.  Codeine,  which 
exists  similarly,  rarely  if  ever  reaches  one  per  cent,  in 
amount  and  sometimes  does  not  exceed  one-fifth  of  one 
per  cent. 
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Narceine  (CjsHjgNOs -f- SH^O)  resembles  narcotine  in 
appearance,  though  the  crystals  are  finer  and  more  slen- 
der and  are  slightly  bitter.  It  melts  at  145.2°  C.  (291.6° 
P.),  is  insoluble  in  ether,  but  is  somewhat  soluble  in 
water  and  in  alcohol.  Nitric  acid  colors  it  yellow,  though 
the  color  is  evanescent;  iodine,  in  small  amount,  gives  it 
a  blue  color;  Erdmann's  reagent  produces  a  deep  yellow 
tint,  becoming  brownish,  then  orange;  finally,  Frohde's 
reagent  produces  a  brownish-green  color  which  first  turns 
yellow  and  then  red.  Like  narcotine,  narceine  is  but 
weakly  basic.  Its  salts  are  crystallizable  and  are  mostly 
incompatible  with  water,  being  precipitated  or  decom- 
posed by  it.  Its  hydrochloride  is  mostly  employed  and 
is  strongly  basic. 

Thebaine  ("  paramorphine,"  CiaHjiNOs)  usually  occurs 
in  strongly  lustrous  scales,  but  sometimes  in  prismatic 
crystals.  It  is  soluble  in  alcohol,  benzene,  and  chloro- 
form, and  to  a  considerable  extent  in  ether,  and  is  insolu- 
ble in  water.  Its  melting  point  is  193.4"  C.  Sulphuric 
acid  colors  it  blood  red,  changing  to  yellow,  nitric  acid 
colors  it  red,  Erdmann's  reagent  orange-red,  Frohde's 
orange-yellow,  slowly  disappearing.  It  is  decomposed 
quickly  by  diluted  acids,  with  a  production  of  the  two 
isomeric  uncrystallizable  alkaloids  thebenine,  and  ihe- 
baicine.     It  yields  readily  crystallizable  salts. 

Papa/Derine  (CjoHuNOi)  occurs  in  colorless  acicular  or 
prismatic  crystals,  soluble  in  hot  alcohol,  chloroform, 
and  benzene,  only  slightly  so  in  ether  and  cold  alcohol, 
and  insoluble  in  water.  Its  melting  point  is  147°  C. 
(296.6°  P.).  It  is  colored  purple  or  violet  by  warm 
sulphuric  acid,  violet-blue,  becoming  blue,  yellowish, 
and  colorless  by  Frohde's  reagent.  It  yields  salts  read- 
ily and  these  are  somewhat  soluble  in  water. 

The  remaining  alkaloids  occur  only  in  very  minute 
amounts,  and  are  merly  objects  of  curiosity  in  materia 
medica.     They  are : 

Coda/mine  (C20H26NO4),  CryptopineiCqi'H'iiNOi),  Gnos- 
copine  (C22H2SNO7),  Bydrocotarnine  (CuHibNOs),  Lan- 
thropine  (C23H26NO4),  Laudanine  (C20H25NO4),  Laudano- 
sine  (CsiHstNOi),  Meconodine  (CsiHjsNOi,)  OxynarcoUne 
(CjjHiiaNOB),  Protopine  (C20H19NO5),  PseudomorpMne 
(Cs4H8eN20a  "Phormine"  or  "  Oxydimorphine  "),  Bhoea- 
dine  (CaiHsiNOe),  Tritopine  (C42H64N207),  and  Xantha- 
line  (CstHsbNsOs). 

Next  to  the  alkaloids,  the  most  important  constituent 
of  opium  is  about  four  per  cent,  of  meconic  acid  (C7H4- 
O7),  occurring  free  and  in  the  alkaloidal  salts.  It  can  be 
extracted  by  the  addition  of  lime,  as  calcium  meconate. 
It  occurs  in  colorless  scales  or  prismatic  crystals,  soluble 
in  alcohol  and  in  hot  water.  It  is  colored  deep  red  by 
ferric  salts,  the  color  not  being  destroyed  by  hydrochlo- 
ric acid  or  by  chloride  of  mercury  or  gold.  It  is  tri- 
basic  and  is  decomposed,  by  boiling,  into  eomenic  and 
pyrocomenic  acids. 

A  variable  amount  of  lactic  acid  occurs  in  opium. 
Meeonin  and  Meconoisin  are  neutral  principles.  The 
former  ("  opianyl ")  is  in  colorless,  odorless,  shining,  bit- 
ter prismatic  crystals,  melting  in  the  air  at  110°  C.  (230° 
P.)  and  is  soluble  in  alcohol  and  ether,  slightly  in  water. 
It  gives  a  green  color  when  evaporated  with  sulphuric 
acid,  with  the  addition  of  a  little  water.  The  latter  has 
a  somewhat  higher  melting  point  and  yields  a  red,  chang- 
ing to  a  purple  color,  on  similar  treatment  with  sulphuric 
acid. 

Among  the  less  important  constituents  of  opium 
neither  starch  nor  tannin  occurs.  There  is  a  varying 
amount  of  resin,  a  caoutchouc-like  substance,  gum,  pec- 
tin, fixed  oil,  wax,  glucose,  coloring  matter,  and  a  volatile 
odorous  principle. 

Action  and  Uses. — A  consideration  of  the  actions  of 
the  more  important  constituents  must  precede  those  of 
opium.  Those  of  morphine,  codeine,  and  narcotine  have 
already  been  considered  under  these  titles.  Of  the  minor 
constituents,  the  odorous  principle  of  opium  is  often  ob- 
jectionable to  the  senses,  and  is  removed  in  the  Opium 
Deodoratum  or  Beodorized  Opium  {Opium  Denarcotisatum, 
United  States  Pharmacopoeia,  1880)  by  repeatedly  wash- 
ing with  ether,  and  adding  to  the  dried  residue  enough 
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sugar  of  milk  to  restore  the  product  to  its  original  weight. 
This  treatment  is  supposed  to  remove  also  the  narcotine, 
and  probably  most  of  the  thebaine,  the  latter  result 
greatly  affecting  its  physiological  action. 

Thebaine. — Tliis  alkaloid  is  to  be  regarded  as  the  prin- 
cipal constituent  antagonistic  to  morphine,  and  hence  to 
the  general  action  of  opium.  It  is  a  powerfully  poison- 
ous irritant  of  the  spinal  centres,  producing  convulsions. 
Therapeutical  uses  for  it  have  not  been  developed. 

Nareeine  acts  very  similarly  to  morphine,  but  is  much 
weaker ;  its  employment  is  vaguely  stated  to  be  free  from 
the  disagreeable  after-effects  of  the  latter  drug,  while 
others  regard  it  as  practically  inert.  Probably  much  of 
that  used  has  been  contaminated  with  morphine,  yet  the 
use  of  its  numerous  salts  with  organic  and'inorganic  acids, 
has  fully  demonstrated  that  it  does  possess  activity.  Its 
dose  is  about  the  same  as  that  of  codeine  0.025-0.05  gm. 
(gr.  \  to  gr.  f).  None  of  the  other  alkaloids  is  known  to 
be  of  importance  in  medicine. 

MeconicAcid,  though  of  no  importance  physiologically, 
has  been  considerably  employed  in  compounding  salts  of 
alkaloids,  under  the  impression  that  these,  being  the  nat- 
ural forms  of  occurrence  in  opium,  were  more  diffusible 
and  active  than  other  salts.  In  this  view,  it  was  long 
official  in  the  British  Pharmacopoeia,  but  the  idea  has 
now  been  abandoned  and  the  substance  is  little  used. 

Opium. — From  the  foregoing  it  would  appear  that  the 
action  of  opium  should  be  that  of  morphine,  except  for 
the  slight  modification  due  to  the  presence  of  its  thebaine. 
In  the  main,  this  is  true,  yet  practice  demonstrates  differ- 
ences which  cannot  thus,  nor  in  any  positive  way,  be  ac- 
counted for.  Doubtless  the  difference  is  partly  due  to 
the  substitution  of  primarj-  effects,  when  used  in  one 
form,  for  secondary  effects  when  used  in  the  othei'.  In 
opium,  as  in  most  nervines,  such  primary  and  secondarj' 
effects  are  more  or  less  antagonistic,  as  specially  exempli- 
fied in  its  effects  upon  intestinal  excretion,  where  a  dose, 
relatively  very  small  or  very  large,  in  consideration  of  the- 
condition  of  the  patient,  is  liable  to  increase  peristalsis 
and  discharge,  while  the  characteristic  effect  of  a  moder- 
ate dose  is  to  constipate.  That  opium  should  be  less 
promptly  hypnotic,  producing  more  of  a  preliminary  ex- 
citation of  the  spinal  and  lower  cerebral  centres,  com- 
monly with  irritable  pulse,  can  be  readily  charged  to  the 
action  of  its  thebaine.  It  is  difficult,  however,  thus  to 
explain  its  greater  Intestinal  astringency  or  constipating 
effect  or  its  peculiar  diaphoretic  properties. 

From  a  therapeutical  standpoint  opium  can  be  used  for 
all  the  purposes  for  which  morphine  is  employed,  though 
the  dose  should  be  relatively  somewhat  larger ;  that  is,  a 
dose  of  opium  should  contain  more  morphine  than  would 
be  employed  as  a  salt  for  the  same  purpose.  Even  with 
this  proviso  opium  is  not  to  be  selected  in  preference  to 
morphine  for  ordinary  somnifacient  purposes,  since  Its 
action  cannot  be  so  accurately  estimated,  nor  is  it  so 
prompt.  On  the  other  hand,  thei'e  are  cases  in  which  it 
is  to  be  preferred,  even  for  such  uses,  since  its  after- 
effects are  not  so  disagreeable  or  lasting  as  those  of  mor- 
phine. For  checking  intestinal  discharges,  opium  is 
greatly  to  be  preferred,  though  its  continued  use  is  not 
so  constipating  as  that  of  morphine;  often,  in  fact,  it 
tends  to  looseness  of  the  bowels.  When  it  is  necessary  to 
maintain  for  some  time  an  equable  analgesic  effect,  as  in 
relieving  abdominal  pain  in  peritonitis,  for  instance, 
opium  is  usually  to  be  preferred,  though  it  is  sometimes 
desirable  first  to  get  the  patient  under  its  influence  by 
the  use  of  morphine.  Subject  to  the  above  modifica- 
tions, the  specific  actions  and  uses  of  opium  should  be 
sought  under  Morphine. 

Special  Uses  and  Doses  of  the  Preparations. — (It  is  to  be 
remembered  that  the  doses  of  opium  and  its  preparations 
are  subject  to  the  same  enormous  special  variations  as  are 
those  of  morphine.)  Of  opium  itself  there  is  but  one  olfi- 
cial  preparation,  namely,  the  Opii  Pulvis  or  powdered 
opium,  from  which  all  the  other  preparations  are  made. 
This  discrimination  is  of  practical  importance,  since 
powdered  opium  must  contain  between  thirteen  and 
fifteen  per  cent,  of  morphine,  about  a  half  more  than  the 


lowest  allowable  (and  usual)  content  in  opium.  It  is 
specified  that  powdered  opium  of  too  high  a  percentage 
may  be  reduced  to  the  proper  strength  by  mixing  in  due 
proportion  with  that  of  a  lower  grade.  Whenever  th& 
dose  of  opium  is  stated,  it  is  powdered  opium,  which  is 
to  be  understood.  For  ordinary  purposes,  this  is  0.066 
gm.  (g)'.  i.).  The  substance  is  often  given  without 
change,  much  oftener  in  the  form  of  the  pills  {Pilulm 
Opii),  each  containing  the  above-mentioned  amount,  with 
a  little  soap,  or  in  the  deodorized  form,  mentioned  at  the 
beginning  of  our  paragraph  on  Actions  and  Uses,  its 
strength  and  dose  being  equal  to  those  of  powdered 
opiiim.  Crude,  undried  opium  is  occasionally  given  in 
pill  form  when  slow  solution  is  desired,  as  in  cases  of  re- 
laxed intestine,  diarrhoea  of  phthisis,  and  chronic  dysen- 
tery. Old  and  hard  pills  are  sometimes  written  for  (and 
many  apothecaries  keep  them  on  hand  for  the  purpose), 
in  the  hope  that  they  will  pass  the  stomach  undissolved 
and  exert  a  local  continuous  influence  upon  the  intestine. 
This  result  is,  however,  not  exactly  within  control,  and 
may  be  better  attained  by  coating  pills  with  keratin. 
More  often  still,  when  the  effect  of  solid  opium  is  desired, 
the  extract  (Mctracium  Opii)  is  given,  its  morphine 
strength  being  eighteen  per  cent.,  and  the  dose  from  half 
as  large  to  as  large  as  that  of  powdered  opium.  The 
above-named  are  favorite  forms  for  the  administration  of 
opium  when  it  is  desired  to  produce  a  constipating  effect, 
to  restrain  intestinal  peristalsijs  and  relieve  the  pain  de- 
pendent thereon,  to  relieve  irritation  dependent  upon  ex- 
treme purgation  and  irritant  poisoning,  and  to  stay  nearly 
all  forms  of  abdominal  inflammation.  In  these  cases  the 
grain  of  opium  is  often  combined  with  three  or  four 
grains  of  lead  acetate.  In  this  connection,  the  external 
employment  of  the  "  lead  and  opium  "  wash  must  not  be 
forgotten.  Its  effect  in  relieving  pain  and  averting  or 
reducing  inflammation  in  and  underneath  the  skin  are 
sometimes  magical.  It  is  made  by  dissolving  one  hun- 
dred and  twenty  grains  of  lead  acetate  in  about  ten 
ounces  of  water,  adding  one-half  a  fluidounce  of  tincture 
of  opium,  and  water  enough  to  make  sixteen  fluidounces. 
It  should  be  shaken  well  before  using. 

The  simple  liquid  preparations  are  the  tincture  {Tinc- 
tura  Opij),  or  laudanum,  the  deodorized  tinture(7'iraciMra 
Opii  Deodorata),  the  vinegar  {Acetum  Opii),  and  the  wine 
(Vinum  Opii),  all  containing  ten  per  cent,  of  powdered 
opium  and  between  1.3  per  cent,  and  1.5  per  cent,  of 
morphine,  and  exhibiting  no  important  difference  in 
physiological  action,  the  selection  being  based  chiefly  on 
the  basis  of  odor  and  flavor,  and  the  ordinary  dose  of 
each  being  ten  minims.  Laudanum  contains  its  opium 
in  a  mixture  of  equal  volumes  of  alcohol  and  water. 
The  deodorized  tincture  bears  the  same  relation  to  lauda- 
num that  deodorized  opium  does  to  powdered  opium.  It 
is  made  from  powdered  opium,  the  deodorizing  process 
being  part  of  its  manufacture.  The  vinegar  contains 
three  per  cent,  of  nutmeg  and  twenty  per  cent,  of  sugar 
in  dilute  acetic  acid.  The  wine  is  made  with  a  mixture 
of  white  wine  and  fifteen  per  cent,  of  alcohol,  and  con- 
tains one  per  cent,  each  of  cloves  and  cassia  cinnamon. 
The  action  and  uses  of  laudanum  may  be  taken  as  the 
type  of  those  of  this  group.  It  is  used  in  cases  similar  to 
those  in  which  opium  is  itself  employed,  but  where  a 
rnore  prompt  effect  is  desired.  It  is  a  favorite  prepara- 
tion for  relieving  the  convulsions  of  puerperal  eclamp- 
sia, as  much  as  a  fluiddrachm  being  often  given  and  re- 
peated once  or  twice  if  necessary.  In  some  forms  of 
hemorrhage  connected  with  pregnancy  or  delivery, 
large  doses  are  also  commonly  employed.  Laudanum 
constitutes  a  favorite  addition  to  poultices,  for  relieving 
superficial  pain,  and  it  is  frequently  rubbed  in  with  lini- 
ment or  applied  with  lime  liniment  to  relieve  pain  when 
not  deeply  seated.  In  spite  of  the  fact  that  absorption 
of  morphine  by  the  skin  is  slight,  such  treatment  is 
of  undoubted  value.  Laudanum  is  very  commonly  ap- 
plied' on  pledgets  of  cotton  to  aching  teeth  or  ears, 
though  the  latter  treatment  is  not  always  to  be  recom- 
mended. 

There  are  several  mixed  preparations  of  opium  which. 
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are  of  great  importance,  paregoric  (Tinctura  Opii  Cam- 
phorata)  being  perhaps  the  most  so.  This  preparation 
contains  only  0.4  per  cent,  of  opium,  with  the  same 
amount  each  of  benzoic  acid,  camphor,  and  oil  of  anise, 
together  with  four  per  cent,  of  glycerin  in  diluted  alco- 
hol. It  has  no  alkaloidal  standard.  Paregoric  consti- 
tutes a,  most  excellent  combination  of  a  carminative  with 
an  analgesic,  and  is  of  the  greatest  value  in  relieving 
abdominal  pains  which  present  such  indications.  It  is 
pre-eminently  the  form  of  opium  for  administration  to 
children ;  but  it  is  to  be  borne  in  mind  that  its  continued 
administration,  through  the  inattention  rather  than  the 
direction  of  the  physician,  has  frequently  been  the  means 
of  leading  to  the  formation  of  an  opium  habit.  The  dose 
of  paregoric  is  4-15  c.c.  (fl.  3  i.-iv.). 

The  brown  mixture  or  compound  mixture  of  liquorice 
(Mistura  OlyeerrhizcB  Oomposita)  contains  twelve  per  cent, 
of  the  camphorated  tincture  of  opium  with  six  per  cent, 
of  wine  of  antimony,  three  per  cent,  each  of  the  extract 
of  liquorice  and  the  spirit  of  nitrous  ether,  five  per  cent, 
of  syrup,  and  ten  per  cent,  of  mucilage  of  acacia.  The 
dose  is  about  16  c.c.  (fl.  §  ss.).  This  preparation  is  in  its 
nature  somewhat  similar  to  the  Dover's  powder,  being  a 
much  used  expectorant  and  diaphoretic,  with  distinct 
diuretic  properties  also. 

Dover's  powder  (Pulms  Ipeeacuanhm  et  Opii)  contains 
ten  per  cent,  each  of  powdered  ipecac  and  powdered 
opium  in  sugar  of  milk,  the  dose  being  0.66  gm.  (gr.  x.), 
and  the  corresponding  liquid,  often  spoken  of  as  liquid 
Dover's  powder  (Tinctura  Ipecacuanhce  et  Opii),  consists 
of  ten  parts  of  the  fluid  extract  of  ipecac  in  one  hundred 
parts  of  the  deodorized  tincture  of  opium  (corresponding 
to  ten  per  cent,  of  opium),  the  whole  reduced  by  evapor- 
ation to  one  hundred  parts ;  the  dose  is  ten  minims.  The 
last-mentioned  two  preparations  constitute  a  remarkably 
useful  combination  of  a  diaphoretic  with  an  analgesic  and 
somnifacient  action.  In  this  diaphoresis  both  elements 
play  their  own  peculiar  part.  An  approaching  "  cold  " 
can  frequently  be  averted  by  a  full  dose  of  either,  with 
a  few  hours'  rest.  An  irritable  cough,  preventing  rest, 
is  relieved  by  the  hypnotic  effect,  while  the  condition 
itself  is  benefited  by  the  diaphoresis.  The  troches  of 
liquorice  and  opium  (Trochisci  Glycyrrhizse  et  Opii)  each 
contain  0.15  gm.  (about  gr.  ij.)  of  extract  of  liquorice, 
0.005  gm.  (gr.  ^Jr)  of  powdered  opium,  with  sugar,  acacia, 
and  a  little  oil  of  anise  to  flavor.  They  are  very  useful  in 
allaying  throat  irritation  and  mildly  promote  expectora- 
tion. By  adding  a  little  ipecac  or  tartar  emetic  the  effect 
of  Dover's  powder  may  be  simulated  in  mild  degree. 

The  following  table  exhibits  the  preparations  of  our 
Pharmacopoeia  and  the  proportion  of  opium  in  each : 


a  clear  description  of  the  toxic  effects  of  a  "  drink  pre- 
pared from  the  tears  which  exude  from  poppy  heads." 
Dioscorides,  three  centuries  later,  refers  to  the  lethal 
effects  of  the  poppy,  and  describes  the  method  by  which 
opium  was  then  obtained,  a  method  which  does  not  sen- 
sibly differ  from  that  which  is  practised  at  present. 
Pliny  (a.d.  70)  speaks  of  the  toxic  powers  of  opium, 
and  cites  the  instance  of  Post.  Licinius  Cajcina,  who, 
disgusted  with  life,  terminated  his  existence  with  opium 
— an  instance  which  was  by  no  means  singular,  as  the 
narrative  concludes  with  "item  plerosque  alios." 

In  modern  times  (since  1600)  we  can  find  mention  of 
but  twelve  cases  of  homicidal  poisoning  by  opium  or  it.s 
preparations  or  derivatives,  of  which  two  were  by  lau- 
danum and  the  remainder  by  morphin.  Suicidal  and  ac- 
cidental poisonings  by  the  opiates  are  of  very  frequent 
occurrence.  Probably  thirty  to  forty  per  cent,  of  non- 
homicidal  poisonings  in  the  United  States  and  in  Great 
Britain  are  caused  by  these  poisons.  The  widespread 
use  of  "  soothing  syrups  "  and  other  similar  nostrums 
containing  opium  is  unquestionably  a  factor  in  the  high 
percentage  of  infant  mortality. 

Symptoms. — The  symptoms  produced  by  opium  and 
its  preparations,  and  by  morphin — acute  meconism — 
are  practically  the  same,  whatever  preparation  of  opium 
or  salt  of  morphin  may  have  been  used.  Other  things 
being  equal,  however,  morphin  and  its  salts  are  more 
rapid  in  their  action  than  opium  or  the  preparations 
made  from  the  crude  drug. 

The  time  at  which  symptoms  manifest  themselves  is 
usually  from  half  an  hour  to  one  hour  after  the  poison 
has  been  taken.  Frequently  this  period  is  much  short- 
ened. In  children  who  have  received  large  doses  the 
poison  sometimes  begins  to  piodnce  its  effects  within  a 
very  few  moments  or  almost  immediately.  When  the 
poison  has  been  introduced  by  hypodermic  injection,  it 
acts  more  rapidly  tlian  when  taken  by  the  stomach. 
Opium  in  solution  acts  more  promptly  than  the  same 
substance  in  the  solid  form,  and  the  salts  of  morphin 
are  more  rapid  in  action  than  the  alkaloid  itself.  Opi- 
ates administered  by  the  rectum  are  more  rapid  in  their 
action  than  when  given  by  the  stomach.  The  symptoms 
appear  earlier  when  the  poison  is  taken  while  fasting  than 
when  it  is  taken  upon  a  full  stomach.  In  exceptional 
cases  the  interval  between  the  taking  of  tlie  poison  and 
the  appearance  of  its  effects  is  very  much  shortened  even 
in  adults.  Thus,  45  c.c.  of  Liquor  opii  sedativus  has 
caused  total  insensibility  in  fifteen  minutes,  and  death  in 
an  hour  and  twenty  minutes.  Cases  have  also  occurred 
in  which  the  action  of  the  poison  has  been  much  retarded, 
although  taken  in  solution.     Thus,  instances  are  recorded 


Opium  (not  less  than  Nine  Per  Cent.  Morphine). 
I 


Powdered  opium  (thirteen  to  fifteen  per  cent,  morphine). 


Extract  of  opium  (eighteen  per  cent,  morphine). 


I 
Plaster  of 

opium 

(iSs  ex.  of 

opiura). 


Troches    of    liquorice 

and  opium 

(ex.  of  opium, 

A  gi'ain  each). 


I 
Deodorized 

opium 

(fourteen  per 

cent,  morphine). 


I 


Deodorized  Tinct- 
ure 
(A  P.  opium). 


Pills  of  opium 
(1  grain  in 
each). 


Tincture  of  Ipecac 

and  opium 
(A   deod.   tincture 

opium,  A  fluid  ex. 

Ipecac). 


Camphorated 

tincture. 
(tbIi!!  p.  opium, 
camphor,  etc.). 

Compound  mix- 
ture of  liquorice 
(^  camphor, 
tincture  opium, 
igi;  wine  anti- 
mony). 


I  I 

Tincture  of  opium  Wme  of  opmm 
(■{is  p.  opium) .        (A  P.  opium 
and  aromatlcs). 


I 
Vinegar  of 

opium 
(A  P.  opium 
and  nutmeg) . 


Powder  of  Ipecac 

and  opium 

(A  P.  opium, 

A  ipecac) . 


Henry  H.  Rusby. 


OPIUM  HABIT. 

Intoxication. 


See  Insanity :  Drug  Habituation  and 


OPIUM,  POISONING  BY.— The  poisonous  nature  of 
opium,  and  of  the  poppy,  was  known  to  the  ancients  as 
early  as  the  time  of  Nicander  (185-135  B.C.),  who  gives 


in  which  no  symptoms  were  produced  in  nine,  twelve, 
fourteen,  and  eighteen  hours  by  45,  15,  60,  and  45  c.c.  of 
laudanum. 

The  clinical  history  of  acute  morphin  or  opium  poi- 
soning may  be  divided  into  three  stages. 

The  first  period,  that  of  increased  nervous  excitability, 
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is  usually  of  short  duration  in  the  acute  form  of  poison- 
ing, although  cases  are  recorded  in  which  it  has  lasted 
fourteen  and  eighteen  hours.  It  is  frequently  entirely 
absent,  when  large  doses  have  been  taken.  This  stage  is 
marked  by  restlessness,  great  physical  activity,  loquac- 
ity, greatly  increased  imaginative  power,  frequently  to 
the  extent  of  hallucinations,  always  of  a  pleasing  char- 
acter, and  by  increased  cardiac  action.  In  adult  males 
priapism  sometimes  occurs  during  this  stage.  Vomiting 
is  also  of  occasional  occurrence,  and  greatly  improves  the 
patient's  chances  of  ultimate  recovery. 

The  condition  of  excitation  "passes,  sometimes  rather 
suddenly,  into  an  intertaediate  stage  of  diminished  eixcit- 
ability .  The  patient'  becomes  weary,'  incapable  of  physi- 
cal exertion,  dull,  and  dTowsy.''  He  complaiihs  of  a  sense 
of  weight  in  the  extremities  and  an  irresistible  desire  for 
sleep,  to  which  he  finally  yields  if  iiot 'kept  aw^ke.'  The 
sleep  is  at  first  seerhiiigly  normal,  thoilghprbfound.  '  The 
pulse  and  respiration  are  normal.  The  patient  may  be 
roused  and  sometiines- kept  awake  by  shaking 'him,  by 
the  infliction  of  pain,  or  by  loud  talking.  The  face  is 
pale,  the  lips  are  somewhat  livid,  the  surface  is  covered 
with  perspiration,  and  the  pupils  are  contracted.  Dur- 
ing this  period  the  patient  frequently  experiences  a  vio- 
lent itching  of  the  skin,  which  is  sometimes  followed  by 
the  appearance  of  ah  exainthem  which  may  be  papular, 
red,  bluish,  or  almost  colorless,  or  resembling  those  of 
urticaria  or  of  scarlatina. 

The  condition  of  somnolence  is  of  short  duration,  and 
passes  quickly  into  the  stage  of  narcosis.  The  patient 
can  no  longer  be  roused;  even  by  the  most  violent  means. 
He  lies  motionless  and  senseless,  with  eyelids  closed  or 
partly  closed.  The  surface  is  bathed  in  profuse  perspi- 
ration, which  exhales  the  odor  of  opium  in  opium  cases. 
The  face  is  pale,  the  lips  are  blue,  the  lower  jaw  is 
dropped,  and  the  muscles  are  completely  relaxed.  The 
pupils  are  insensible  to  light,  and  contracted  to  the  size 
of  pinheads  until  death  occurs,  when  they  dilate.  A  few 
cases  are,  however,  recorded  in  which  the  pupils  were 
said  to  be  dilated.  At  first  the  superficial  arteries,  tem- 
porals, and  carotids  are  seen  to  pulsate  fully,  strongly, 
and  rapidly,  while  the  respiration  is  slow  and  shallow 
(eighty  pulsations  in  the  minute  to  four  respiratory  move- 
ments have  been  observed).  Later,  the  pulse  becomes 
feeble,  slow,  irregular,  and  easily  compressible.  The 
respiration  becomes  slow,  shallow,  stertorous,  and  ac- 
companied by  mucous  rSles.  Retention  of  urine  occurs 
early  in  the  history,  and  continues  until  death  or  recov- 
ery. 

From  this  period,  if  the  case  do  not  yield  to  treatment, 
the  poisoning  usually  proceeds  rapidly  to  a  fatal  termi- 
nation. The  surface  of  the  body  and  even  the  expired  air 
become  cold.  The  skin  is  cyanosed  and  covered  with  a 
cold  clammy  perspiration.  The  pulse  becomes  slower, 
more  feeble,  and  gradually  imperceptible.  The  respira- 
tion is  more  shallow  and  feeble,  while  the  rftles  become 
more  pronounced.  Individual  muscles,  or  groups  of 
muscles,  are  agitated  by  short,  clonic  twitchings,  and 
occasionally  convulsions  and  tetanus  occur.  Later,  the 
muscles  become  completely  paralyzed,  the  respiratory 
movements  are  made  at  longer  intervals  and  finally  cease ; 
the  circulation  continues  after  the  cessation  of  respiration. 
Finally,  the  action  of  the  heart  is  arrested  and  the  patient 
dies  quietly.  Sometimes  epistaxis  and  other  hemorrhages 
occur  toward  the  end;  and  in  some  instances  death  results 
from  cerebral  hemorrhage. 

Should  recovery  follow  after  the  stage  of  narcosis,  the 
respiration  gradually  becomes  more  frequent  and  more 
natural,  the  pulse  becomes  first  perceptible  and  then 
gradually  passes  toward  the  normal,  while  the  condition 
of  coma  passes  into  one  of  deep  sleep,  which  may  con- 
tinue for  from  twenty-four  to  thirty-six  hours  longer, 
although  the  patient  can  be  roused. 

In  the  great  majority  of  cases  in  which  recovery  has 
progressed  so  far  that  the  patient  may  be  roused  it  will 
be  complete.  Nevertheless,  occasional  instances  are  re- 
corded in  which  the  victim  has  relapsed  into  a  deeply 
comatose  condition  and  has  finally  died. 


In  cases  of  recovery  the  patient,  on  awakening,  is 
weary,  giddy,  and  uncertain  in  his  movements.  He 
may  also  suffer  for  some  hours  from  nausea  and  head- 
ache, and  for  a  longer  time  from  loss  of  appetite  and  de- 
rangement of  digestion.  In  two  cases  Dr.  Edes  (British 
Medical  and  Surgical  Journal,  1881,  cv.,  251)  has  ob- 
served the  •  presence  of  casts  in  the  urine ;  in  one  case, 
accompanied  by  albumin. 

DuKATroN. — In  cases  of  fatal  poisoning  by  the  opiates 
death  usually  follows  in  from  twelve  to  eighteen  hours 
after  the  poison  has  been  taken.  Of  48  fatal  cases,  death 
followed  within  twenty -four  hours  in  43;  within  eigh- 
teen hours  in  39 ;  within  twelve  hours  in  36 ;  and  within 
nine  hours  in  20.  The  minimum  duration  of  the  poison- 
ing was  forty -five  minutes;  and  the  maximum,  fifty-six 
hours. 

Cases  are  recorded  in  which  the  symptoms  of  narcot- 
ism have  disappeared  and  the  patient  has  died  at  a 
greater  interval  of  time  than  the  above  maximum.  In 
such  cases,  although  the  death  may  have  been  acceler 
ated  by 'the  action  of  the  poison,  the  fatal  result  is  imme- 
diately due  to  other  causes.  Thus,  in  a  case  quoted  by 
Taylor,  a  patient  suffering  from  disease  of  the  heart  took, 
in  four  hours,  two  hundred  drops  of  laudanum,  and  was 
bled  to  the  extent  of  thirty  ounces.  On  the  sixth  day  he 
was  sufficiently  recovered  to  undertake  a  journey,  and 
died  on  the  eleventh  day.  In  this  case  the  cause  of  death 
was  failure  of  cardiac  action,  aggravated  at  least  as  much 
by  loss  of  blood  as  by  opium. 

In  cases  of  death  in  which  the  patient  has  suffered  from 
a  disease  whose  symptoms  resemble  those  of  opium  poi- 
soning, and  has  also  received  a  large  dose  of  an  opiate, 
the  question  of  duration  may  become  one  of  considerable 
medico-legal  importance.  In  a  case  which  came  under 
the  author's  observation  a  physician  had  given  a  child  of 
four  months  gtt.  x.  of  the  Tinct.  opii  deodorata  by  mis- 
take for  Tinct.  opii  camphorata.  The  patient  suffered 
from  well-marked  symptoms  of  opium  poisoning,  but 
under  immediate  treatment  improved,  and  in  forty-eight 
hours  had  apparently  recovered.  Death  followed,  how- 
ever, in  ninety  hours  from  acute  hydrocephalus. 

Obviously,  the  same  causes  which  influence  the  rapid- 
ity of  action  of  the  poison,  and  those  which  modify  the 
effects  of.  unusually  large  or  small  doses,  will  also  influ- 
ence the  duration  of  the  case,  whether  it  terminate  in 
death  or  in  recovery. 

Lethal  Dose. — As  the  action  of  the  opiates  is  much 
modified  by  conditions,  such  as  age,  habit,  state  of 
health,  form  of  administration,  and  idiosyncrasy,  it  is  im- 
possible to  fix  a  lethal  dose  applicable  to  all  conditions. 
It  may  be  said,  however,  that  0.065  gm.  or  gr.  i.,  of  mor- 
phin,  or  0.4  gm.  or  gr.  vi.  of  opium,  would  cause  symp- 
toms of  poisoning  in  an  adult  not  habituated  to  the 
drug,  and  possibly  would  cause  death.  Several  instances 
of  death  from  0.2  to  0.26  gm.  (gr.  iij.-iv.)  of  morphin 
(or  laudanum  equivalent)  are  reported.  In  other  cases 
death  has  followed  after  doses  as  small  as  0.032  (gr.  ss.), 
but  in  these  other  causes  were  also  operative  or  the  report 
is  unsatisfactory  (see  Witthaus  and  Becker,  "Medical 
Jurisprudence,"  iv.,  730). 

On  the  other  hand,  numerous  cases  are  on  record  of 
persons,  not  addicted  to  the  opium  habit,  who  have  re- 
covered from  very  large  doses.  The  largest  quantity  of 
morphin  certainly  thus  recovered  from  was  3.89  gm.  (gr. 
Ix.)  of  the  acetate  (Wood,  Boston  Med.  and  Surg.  Journal, 
1876,  82).  Although  the  relative  immunity  in  these 
cases  of  very  large  dose  may  be  ascribed  in  some  degree 
to  an  idiosyncrasy  of  the  patients,  their  escape  has  been 
probably  more  largely  due  either  to  non-absorption  of  the 
poison  or  to  rejection  of  the  major  portion  by  vomiting. 

Infants  and  children  are  peculiarly  susceptible  to  the 
poisonous  action  of  opiates,  even  in  very  minute  doses. 
Cases  of  death  from  small  doses  of  laudanum  are  cited 
as  follows:  Gtt.  iv.  (equivalent  to  gr.  \,  0.011  gm.,  of 
opium)  in  a  child  of  nine  months;  the  same  quantity 
in  a  child  of  five  weeks;  gtt.  v.  (=  gr.  ^,  0.013  gm.) 
per  rectum  in  a  child  of  eighteen  months;  gtt.  viij.,  dur- 
ing eighteen  hours,  in  four  doses  (=gr.  \,  0.022  gm.), 
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in  a  child  of  six  weeks;   gtt.  iij.  (=  gr.  i,  0.008  gm.) 
in  an  infant  of  two  weeks;  TUiss  (=  gr.  yij,  0.0065  gm.) 
in  an  infant  of  three  days;    gtt.  ij.  (=  gr.   ^,  0.0054 
gm.)  in  an  infant  of  five  days;  the  same  quantity  in  an- 
other of  four  days;  ill  i.  (=gr.  ^,  0.006  gm.)  in  an  in- 
fant of  seven  days;    and  gtt.  i.  (=  gr.  ^V.  0.0036  gm.) 
in  an  infant  of  six  days.     A  dose  of  gr.  iv.  pulv.  ipecac, 
et  opii  (=gr.  |,  0.036  gm.,  of  opium)  has  caused  the 
death  of  a  child  of  four  and  a  half  years.     Huseman  and 
Taylor  refer  to  a  case  (Edwards)  in  which  the  amount 
that  caused  the  death  of  a  four-weeks-old  child  was  as 
low  as  0.006  gm.  (=  gr.  ^)  of  opium,  taken  in  the  form 
of  the  camphorated  tincture. 

Even  during  this  early  period  of  life  occasional  in- 
stances of  recovery  from  relatively  large  doses  are  met 
with.     A  case  is  reported  by  Dr.  Corbet,  in  the  Lancet, 
August  39th,  1857,  p.  330,  in  which  an  infant  of  one  day 
received  rn,  xxx.  (=3.3  grains,  0.15  gm.  of  opium),  yet 
recovered  within  ten  hoxirs.     This  case  is  of  interest,  as 
the  age  of  the  infant  precludes  the  possibility  of  its  hav- 
ing become  accustomed  to  the  drug,  as  was  probably  the 
case  with  a  child  of  six  months  who  recovered  from  a 
dose  of  a  teaspoonful  of  laudanum  (=4.6  grains,  0.398 
;m.  of  opium)  (Simmonds),  although  treatment  was  de- 
ayed  for  an  hour ;  and  with  another  of  nine  months  who 
recovered  from  a  dose  of  two  teaspoonfuls  (=  9.3  grains, 
0.596  gm.)  of  the  same  tincture. 

The  dosing  of  infants  and  young  children  with  officinal 
or  proprietary  preparations  of  opium  by  mothers  and 
nurses  is  widely  practised.     One  of  the  results  of  the 
practice  is  the  large  percentage  of  deaths  from  opiates 
among  young  children.     A  tabulation  of  144  cases  of 
opium  poisoning,  taken  chiefly  from  English  and  Ameri- 
can journals,  gives  this  result: 

simply  a  question  of  quantity — a  quantity  necessarily 
varying  in  each  case, — and  instances  are  of  frequent  oc- 
currence in  which  the  opium-habitue  has  experienced  the 
symptoms  of  acute  poisoning,  and  has  even  died  from  the 
effects  of  an  overdose. 

The  tolerance  of  opiates  acquired  by  habit  is  not  con- 
fined to  adults ;  it  is  also  produced  in  quite  young  chil- 
dren. A  remarkable  case  in  point  was  published  by  Dr. 
J.  L.  Little  (American  Journal  of  Obstetrics,  1878,  xi.). 
A  male  infant,  suffering  from  acute  inflammation  of  the 
knee-joint,  followed  by  an  abscess,  began  at  three  weeks 
of  age  with  small  doses  of  paregoric,  gradually  increased 
to  a  teaspoonful.  Subsequently  Tinct.  opii  was  substi- 
tuted, and  then  Magendie's  solution  of  morphin,  in  doses 
gradually  increased,  until,  when  nearly  eight  months  of 
age,  the  child  took  in  one  day  two  fluidounces  of  Magen- 
die's solution  (equivalent  to  3.07  gm.,  gr.  xxxij.)  of  mor- 
phium  sulfate. 

Treatment. — The  treatment  in  cases  of  acute  opium 
poisoning  should  be  directed,  first,  to  removal  of 
unabsorbed  poison  from  the  stomach;  and,  second,  to 
prevention  of  death  by  coma  and  cessation  of  respiration, 
until  the  processes  of  elimination  have  removed  that  por- 
tion of  the  poison  which  has  been  absorbed. 

In  the  earlier  stages  of  the  poisoning,  emetics  are  of 
value — zinc  sulfate  or  ipecacuanha;  or,  if  the  patient 
be  an  obstinate  suicide,  apomorphin,  hypodermically. 
On  no  account  should  tartar  emetic,  or  any  antimonial, 
be  used  as  an  emetic  in  this  or  any  other  form  of  poison- 
ing. Stomach  lavage  is  to  be  preferred  to  the  exhibition 
of  an  emetic ;  particularly  in  the  later  stages,  when,  the 
patient  having  lost  the  power  of  swallowing,  a  hypoder- 
mic injection  of  apoinorphin  usually  fails  to  provoke 
emesis.  The  siphon  is  to  be  preferred  to  an  emetic,  not 
only  on  account  of  its  more  certain  and  rapid  action,  but 
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also  because  its  use  does  not  tend  to  increase  the  cerebral 
congestion  as  does  the  exhibition  of  the  emetics.  On  the 
other  hand,  in  some  exceptional  cases,  in  which  opium  in 
substance  has  been  taken,  an  emetic  may  be  necessary  to 
remove  masses  too  large  to  enter  the  pipe.  In  cases 
likely  to  lead  to  litigation,  the  material  removed  by  the 
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siphon  should  be  preserved.     The  stomach  having  been 

emptied  of  its  contents,  the  viscus  is  next  to  be  well 
washed  out,  preferably  with  a  solution  (1  to  1,000)  of  po- 
tassium permanganate,  about  500  c.c.  of  which  are  finally 
left  in  t  le  stomach.     This  procedure  is  to  be  followed 
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even  when  the  poison  has  been  taken  hypodermically,  as 
it  is  eliminated  by  the  stomach. 

If  the  case  be  seen  before  the  stage  of  sopor  has  been 
established,  it  should  be  prevented,  if  possible,  by  keep- 
ing the  patient  in  motion — walking  him  between  two 
sufficiently  robust  assistants,  preferably  in  the  open  air, 
if  location  and  weather  permit,  but  not  in  the  direct  sun- 
light. This  "ambulatory  treatment"  has  been  benefi- 
cially prolonged  in  some  cases  for  from  six  to  eighteen 
hours.  Under  its  influence  sometimes  the  action  of  an 
emetic  which  has  remained  inert  is  brought  about. 

If  the  patient  be  already  in  a  lethargic  condition,  he  is 
to  be  roused  without  delay.  This  is  best  accomplished 
by  cold  affusions  to  the  head,  the  body  being  kept  warm 
and  dry,  flagellation  to  the  palms  and  soles,  or  to  the 
back  with  damp  towels,  or  the  use  of  the  faradic  current. 
When  roused,  the  patient  is  to  be  kept  awake  as  above. 

Should  the  respiration  have  ceased  or  become  very 
slow,  it  may  frequently  be  stimulated  by  the  application 
of  the  induced  current,  the  positive  pole  being  applied 
to  the  root  of  the  neck  over  the  point  where  the  phrenic 
nerve  crosses  the  scalenus  ant  cus  muscle,  while  the 
negative  pole  is  carried  laterally  over  the  anterior  attach- 
ments of  the  diaphragm.  If  the  faradic  current  be  not 
obtainable,  or  if  it  fail,  artificial  respiration  is  to  be  per- 
formed. To  be  of  service  this  must  be  persisted  in,  in 
some  cases,  for  many  hours,  and  until  normal  respiration 
is  again  established.  Dr.  "W.  F.  Cheatham  has  published 
(Worth  Carolina  MedicalJournal,  1886,  30)  a  case  in  which 
this  was  the  sole  method  of  treatment.  The  respiration 
had  ceased  and  the  pulse  was  barely  perceptible.  Arti- 
ficial respiration  was  applied.     In  thirty-seven  minutes 
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the  patient  made  an  effort  of  respiration ;  in  an  hour  and 
forty  minutes  tlie  respiration  was  live  per  minute, 
thougli  stertorous.  In  nine  hours  consciousness  returned, 
and  recovery  followed. 

If  the  case  be  at  all  prolonged,  distention  of  the  blad- 
der and  possibility  of  reabsorption  are  to  be  prevented 
by  the  use  of  the  catheter.  If  this  be  done  in  a  case  in 
which  there  is  the  faintest  possibility  of  litigation,  the 
urine  so  removed  should  be  carefully  preserved. 

Little  can  be  said  in  favor  of  the  different  drugs  that 
have  been  used  as  so-called  physiological  antidotes. 
Atropiu,  which  is  so  frequently  administered  as  an  anti- 
dote to  opium  poisoning,  unquestionably  dilates  the  pu- 
pils, but  has  little,  if  any,  effect  upon  the  respiration. 
Cases  are  recorded  in  which,  although  atropin  has  been 
given  until  the  pupils  were  widely  dilated,  the  respira- 
tion has  ceased,  and  the  patient  has  subsequently  recov- 
ered by  means  of  artificial  respiration  (see  paper  of  Dr. 
Cheatham,  quoted  above). 

Tinctura  belladonnse,  sti'ong  infusion  of  coffee  by  the 
stomach  or  subcutaneously,  extract  of  coffee,  caffein, 
brandy,  digitalin,  chloral  hydrate,  veratrum  vlride,  and 
jaborandl  have  been  used  as  antidotes.  Tlie  last  named, 
or  pilocarpin,  may  be  of  value  to  increase  the  elimina- 
tion, and  thus  lessen  the  duration  of  the  poisoning. 

PosT-MoRTEM  Appearances. — The  autopsy  reveals  no 
lesions  which  are  characteristic  of  opium  poisoning,  ex- 
cept, possibly,  the  odor  of  the  drug.  Obviously,  if  mor- 
phin  have  been  the  substance  taken,  or  if  other  more 
powerfully  odorous  substances  be  present,  this  will  not 
be  observed.  The  surface  of  the  body  is  livid.  Rigor 
mortis  is  said  to  be  of  shorter  duration  than  usual,  al- 
though an  autopsy  is  reported  by  Tardieu  at  which  rigor 
mortis  was  well  marked  sixty-two  hours  after  death. 
Putrefaction  is  sajd  to  be  more  rapid  than  usual.  The 
blood  is  fluid  and  dark.  The  vessels  of  the  brain  and 
meninges  are  gorged  with  blood,  and  the  cut  surfaces  of 
the  brain  substance  present  numerous  dark  red  spots. 
The  veins  of  the  scalp  are  also  filled  with  blood.  Serous 
effusions  are  frequently  met  with  between  the  mem- 
branes, more  rarely  in  the  ventricles.  The  lungs  are 
usually  congested.  The  stomach  and  other  viscera  are 
normal,  so  far  as  the  action  of  the  jjoison  is  concerned. 
The  bladder  Is  generally  full  of  urine. 

The  congestion  of  the  cerebral  vessels  and  of  the  lungs 
are  the  most  noteworthy  appearances.  Yet,  as  they  may 
be  absent  in  opium  poisoning,  and  may  be  present  when 
death  has  resulted  from  other  causes,  they  are  only  of 
value  as  confirmatory  evidence  of  the  cause  of  death. 

Analysis. — To  detect  the  presence  of  morphin  in  the 
viscera  after  death,  or  in  articles  of  food,  it  is  necessary 
to  separate  that  alkaloid  in  a  condition  of  as  near  purity 
as  possible.  In  cases  of  opium  poisoning  it  is  further 
necessary  to  search  for  meconic  acid,  and,  if  possible,  for 
other  of  the  opium  alkaloids. 

If  the  facts  of  the  case  do  not  point  very  distinctly  to 
opium  or  morphin  as  the  poisonous  agent,  the  process 
of  Dragendorff  should  be  followed  for  the  separation  of 
the  alkaloids  (Dragendorff,  "Ermittl.  v.  Giften,"  4  Aufl., 
1895,  149-153). 

If  the  indications  of  opium  or  morphin  poisoning  be 
sufficiently  direct,  the  following  simplified  method  for 
the  separation  of  morphin  and  of  meconic  acid  may  be 
followed.  The  substances,  if  solid,  are  finely  hashed  and 
extracted  several  times  with  water  containing  one  per 
cent,  of  hydrochloric  acid  at  the  ordinary  temperature  (if 
the  materials  be  alkaline,  the  proportion  of  acid  is  to  be 
increased  to  such  an  extent  that  tlie  liquid,  when  in  con- 
tact with  it,  retains  its  acid  reaction).  The  aqueous  ex- 
tracts are  filtered  and  shaken  with  amyl  alcohol  throe  or 
four  times,  and  oftener  if  neces.sary,  until  the  amylic  al- 
cohol is  no  longer  colored,  and  tlie  alcoholic  layers  sepa- 
rated. If  the  substances  under  examination  be  liquid, 
they  are  to  be  rendered  acid  with  hydrochloric  acid,  fil- 
tered, and  the  filtrate  treated  with  amyl  alcohol.  The 
amylic  solution  now  contains  meconic  acid,  if  present  in 
the  objects  examined;  and  the  watery  solution,  the  alka- 
loids as  chlorids.     To  separate  meconic  acid,  the  amyl- 


alcohol  solution  is  shaken  with  successive  portions  of 
water,  which  are  separated,  until  the  water  is  no  longer 
colored.  The  alcohol  is  evaporated  over  the  water-bath ; 
the  residue  extracted  with  hot  water ;  the  solution  filtered 
hot;  the  water  evaporated  over  the  water-bath;  the  resi- 
due extracted  witli  alcohol ;  the  solution  filtered,  and  the 
alcohol  evaporated.  The  tests  for  meconic  acid  are  finally 
applied  to  a  portion  of  the  last  residue.  During  this  treat- 
ment a  small  portion  of  the  meconic  acid  is  converted  into 
comenic  acid,  which  does  not,  however,  interfere  with  the 
tests. 

To  separate  morphin  from  the  aqueous  liquid  above 
mentioned,  the  hydrochloric  acid  is  neutralized  com- 
pletely with  ammonia,  and  the  liquid  rendered  distinctly 
acid  with  acetic  acid,  and  evaporated  over  the  water-bath 
to  the  consistency  of  a  syrup.  The  residue  is  extracted 
with  four  or  five  volumes  of  ninety -per-cent.  alcohol  and 
filtered.  The  filtrate  is  freed  from  alcohol  by  distillation. 
The  residue,  diluted  with  a  small  quantity  of  water,  if 
thick,  is  heated  to  50°  to  60°  C,  an  equal  volume  of 
amyl  alcohol*  is  added  and  then  sufficient  ammonium- 
hydroxid  solution  to  render  the  solution  distinctly  alka- 
line. The  mixture  is  next  strongly  shaken  at  intervals 
for  half  an  hour,  the  amylic  alcohol  separated,  and  the 
extraction  of  the  aqueous  liquid  with  amylic  alcohol  re- 
peated three  times.  The  united  amylic  solutions  are 
evaporated  to  dryness;  the  residue  is  extracted  several 
times  with  warm  (not  hot)  water  slightly  acidulated  with 
sulfuric  acid,  and  the  solution  filtered.  Upon  the  acid 
filtrate  is  floated  a  mixture  of  ten  parts  absolute  ether  and 
one  part  (ninety -five-per-cent.)  alcohol;  ammonium-hy- 
droxid  solution  is  added  to  alkaline  reaction,  and  the 
whole  strongly  agitated.  The  ether-alcohol  layer  is 
separated ;  the  extraction  of  the,  now  alkaline,  aqueous 
liquid  is  similarly  repeated  several  times,  and  the  ether- 
alcohol  evaporated  in  a  number  of  small  watch  glasses. 
To  portions  of  the  residue  so  obtained,  either  dry  or  dis- 
solved in  a  few  drops  of  water,  as  the  nature  of  the  test 
may  require,  and  now  sufficiently  freed  from  coloring 
and  other  foreign  substances,  the  tests  for  morphin  are 
to  be  applied. 

Tests. — I.  Morphin.  1.  With  the  general  reagents 
for  the  alkaloids,  the  morpliium  salts  give  reactions  as 
follows,  the  fractions  indicating  the  maximum  of  dilu- 
tion in  which  the  alkaloid  is  capable  of  reacting :  With 
pliospliomolybdie  acid,  yellowish,  amorphous  precipitate, 
tttBtt;  with  iodin  in  potassium-iodid  solution,  red-brown, 
amorphous  precipitate,  Tinnr ;  with  potassium  and  bismuth 
iodid,  amorphous  precipitate,  subsequently  changing 
to  silky  needles,  ^^nr ;  with  auric  chlorid,  lemon-yellow 
precipitate,  becoming  darker ;  with  phospkotungstic  acid, 
floccplent  precipitate,  -^-^ ;  with  potassium  iodhydrargy- 
rate,  yellowish,  amorphous  precipitate,  xAtt!  with  pla- 
tinic  chlorid,  slowly,  yellow,  crystalhne  precipitate,  ■^\ 
with  picric  acid,  bright  yellow,  amorphous  precipitate, 
yJt^  ;  and  with  tannic  acid,  a  faint  cloudiness,  becoming 
somewhat  thicker  on  standing.  For  the  above  tests  the 
solutions  of  the  alkaloidal  residue  are  to  be  made  with 
very  dilute  sulfuric  acid,  and  the  Teagents  should  be  as 
nearly  neutral  as  their  natures  will  permit. 

3.  Morphin  dissolves  in  concentrated  nitric  acid  with 
an  orange-red  color,  which  gradually  changes  to  yellow. 
Addition  of  stannous  chlorid  solution  does  not  change  the 
color  of  the  yellow  solution  to  violet,  as  it  does  with  the 
similar  color  obtained  with  brucin.     Limit,  0.01  mgm. 

3.  Morphin  dissolves  in  concentrated  sulfuric  acid, 
forming  a  colorless  solution.  If  this  solution  be  heated 
over  the  water-bath  for  an  hour,  and  allowed  to  cool,  or, 
preferably,  if  it  be  allowed  to  stand  in  a  desiccator 
twenty-four  hours,  and  then  treated  with  a  trace  of  nitric 
acid  or  a  minute  granule  of  saltpetre,  a  beautiful  violet 
color  is  produced,  which  soon  changes  to  purple-red,  and 
then  gradually  fades.  Limit,  0.001  mgm.  (A.  Huse- 
mann). 

A  further  portion   of  the  sulfuric-acid    solution,   if 

*  It  is  absolutely  essential  that  the  nmylic  alcohol  used  should  be 
purined,  shortly  before  use,  by  repeated  redistillation,  until  a  portion, 
on  evaporation,  yields  no  residue  capable  ol  reducing  iodic  acid. 
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treated,  after  warming  and  subsequent  cooling  as  above, 
with  a  small  fragment  of  pfctassium  dicbromate,  assumes 
a  mahogany -brown  color  (J.  Otto). 

4.  A  fragment  of  solid  morphin  moistened  with  a  solu- 
tion of  ferric  chlorid,  as  neutral  as  possible  (best  obtained 
by  dissolving  the  chlorid  obtained  by  the  dry  method  in 
water),  assumes  a  brilliant  blue  color. 

For  the  success  of  tliis  test  it  is  essential  that  the  mor- 
phin salt  be  as  free  from  impurities  as  possible,, that  lit- 
tle or  no  free  acid  be  present,  and  that  but  a  small  quan- 
titj'  of  the  reagent  be  used.  The  color  gradually  changes 
to  green  and  brown  (Robiquet).     Limit,  0.1  mgm. 

5.  A  fragment  of  morphin  moistened  with  Frohde's 
reagent  (a  freshly  prepared  and  colorless  solution  of  5 
mgm.  sodium  or  ammonium  molybdate  in  1  c.c.  sul- 
furic acid)  colors  the  reagent  violet  in  a  short  time.  The 
•color  changes  to  blue,  and  tlien  to  dirty  green,  and, 
finally,  to  faint  reddish.  Addition  of  water  discharges 
the  color  instantly.     Limit,  0.005  mgm. 

6.  Dissolve  a  small  quantity  of  iodic  acid  in  a  few 
drops  of  water,  in  a  small  test  tube,  and  agitate  with  a 
few  drops  of  chloroform ;  the  latter  must  remain  color- 
less. Add  the  solution  to  be  tested,  and  again  agitate. 
The  chloroform,  which  settles  to  the  bottom,  has  a  violet 
tolor,  in  the  presence  of  morphin,  while  the  aqueous 
layer  is  yellowish.  Now  float  upon  the  surface  of  the 
liquid  dilute  ammonium  hydroxid,  with  as  little  mixing 
of  the  liquids  as  possible :  a  brown  band  is  formed  at  the 
junction  of  the  ammoniacal  and  aqueous  liquids  (Serul- 
ias,  Duflos,  Lefort).  Limits :  For  the  violet  color  of  the 
chloroform,  ^nrVir;  ^^  ^^^  dark  band  with  ammonium 
hydrate,  xirW- 

This  reaction  is  also  produced  by  reducing  agents  other 
than  morphin. 

7.  Dissolve  the  solid  in  warm,  concentrated  hydro- 
chloric acid  containing  a  little  concentrated  sulfuric  acid, 
and  heat  in  an  air  oven  at  110°  to  120°  C.  In  the  pres- 
ence of  morphin  a  purple  color  is  produced,  still  visible 
in  the  presence  of  the  accompanying  carbonized  matter. 
After  evaporation  of  the  hydrochloric  acid,  a  further 
quantity  of  the  dilute  acid  is  added,  and  the  mixture 
neutralized  with  sodium  bicarbonate  in  slight  excess ;  a 
cherry  red  color  is  produced,  whicli  changes  to  a  dirty- 
greenish  hue  as  the  point  of  neutrality  is  reached.  On 
addition  of  a  few  drops  of  a  dilute  alcoholic  solution  of 
iodin,  the  color  changes  to  green,  and  the  pigmentary 
substance  now  dissolves  in  ether  with  a  purple  color 
(Pellagri). 

The  reaction  is  due  to  the  formation  of  apomorphin, 
and  is  consequently  also  observed  with  codein.  • 

Many  other  tests  for  morpliin  are  in  use ;  the  above 
are,  however,  sufficient.  No  one  of  them  is  in  itself 
characteristic. 

II.  NareoUn.  The  reactions  of  the  alkaloids  of  opium 
other  than  morphin  are  at  present  of  but  little  toxico- 
logical  interest,  as  they  are  substances  which  are  not 
commonly  met  with,  and  hence  are  unlikely  to  cause 
poisoning.  For  the  purpose,  however,  of  distinguishing 
between  morphin  and  opium  poisoning  hy  analysis  (a 
distinction  which  may  be  of  medico-legal  importance), 
the  reactions  of  narcotin  and  of  meconic  acid  (see  below) 
are  taken  advantage  of.  Narcotin  is  chosen  from  among 
the  other  opium  alkaloids  for  this  purpose,  partly  because 
it  is  more  abundant  in  opium,  and  partly  because  of  the 
sharpness  of  its  reaction  with  sulfuric  acid. 

If  the  Dragendorff  method  have  been  followed,  narco- 
tin should  be  searched  for  in  the  residue  of  evaporation 
of  benzene  from  the  alkaline  solution. 

1.  Of  the  general  reagents  for  the  alkaloids,  phos- 
phomolybdic  acid,  potassium  iodhydrargyrate,  iodin  in 
potassium  iodid,  and  picric  acid  give  precipitates  in 
sohitions  of  ^^^  to  „Vt-  ,       ,^     .         .  ■■     ,  ,v 

2.  Moistened  with  concentrated  sulfuric  acid  at  the 
ordinary  temperature,  narcotin  produces  an  intensely 
yellow  solution,  which,  on  gradual  heating,  changes  to 
orange,  then,  beginning  at  the  borders,  blue-violet,  and, 
when  the  heat  has  been  raised  to  the  point  of  volatil- 
izing of  the  acid,  dark  red.    The  colors  are  presented 


more  slowly,  but  more  purely,  by  dissolving  the  resi- 
due in  dilute  sulfuric  acid  and  evaporating  quite 
slowly  (Couerbe,  Husemann).  Limits:  -j^tnT,  very  evi- 
dent ;  TnshwS'  faint  carmine  only. 

3.  Dissolve  in  concentrated  sulfuric  acid,  let  stand  an 
hour,  and  add  a  trace  of  nitric  acid ;  a  red  color,  which 
for  some  time  increases  in  intensity. 

III.  Meconic  Acid.  1.  Crystallizes  in  white,  glistening 
prisms,  either  single  and  large,  or  small  and  arranged  in 
bundles,  which  at  100°  C.  lose  their  water  of  crystalliza- 
tion and  become  opaque.  If  heat  have  been  applied  to 
the  solution  in  the  presence  of  acids,  the  shorter,  pris- 
matic crystals  of  comeuic  acid  will  be  also  observed. 

2.  Meconic  acid,  or  a  megionate  in  solution,  gives  white 
or  yellowish  precipitates  with  lead  acetate,  silver  nitrate, 
mercurous  nitrate,  and  mercuric  nitrate. 

3.  The  characteristic  reaction  of  mecohic  acid  is  tlie 
formation  of  an  intense  red  color  when  the  acid  or  one  of 
its  salts  is  moistened  with  a  solution  of  ferric  chlorid 
(Sertiirner).  The  color  does  not  disappear  either  on 
warming  or  on  the  addition  of  hydrochloric  acid,  or  of 
auric  chlorid,  or  of  mercuric  chlorid. 

Comenic  acid  gives  the  same  reaction.  It  can  only  be 
present  as  a  product  of  decomposition  of  meconic  acid. 
Acetic  and  thiocyanic  acids  and  their  salts  also  give  a  red 
color  with  ferric  chlorid.  The  former  may  be  present 
as  a  normal  food  constituent,  and  the  latter  is  present  in 
the  saliva  in  quantity  sufficient  to  give  the  reaction  with- 
out any  preliminary  purification.  The  red  color,  how- 
ever, produced  by  acetic  acid  is  discharged  by  heat  or 
by  the  addition  of  hydrochloric  acid,  and  that  due  to  the 
thiocyanate  disappears  instantly  on  addition  of  auric 
chlorid  or  of  meicuric  chlorid  solution. 

Failure  or  Dktbction. — As  morphin  is  oxidized  to 
oxydimorphin  in  the  body,  more  or  less  completely  ac- 
cording to  the  magnitude  of  the  dose,  it  is  usually  elimi- 
nated in  cases  of  poisoning  as  a  mixture  of  oxydimorphin 
and  morphin,  both  of  which  respond  to  the  reactions 
given  above.  This  elimination  is  principally  by  the  ali- 
mentary canal  and  only  in  traces  by  the  urine,  whatever 
may  have  been  the  channel  of  introduction.  Therefore 
the  stomach  and  intestinal  contents,  or  the  product  of 
stomach  lavage,  are  the  situations  in  which  the  poison 
will  most  probably  be  detected,  and  we  may  expect  to 
find  it  in  the  urine  only  when  very  large  doses  have  been 
taken.  It  has  also  been  detected  in  the  liver  and  kidneys 
in  several  instances,  but  very  rarely  in  the  brain.  The 
detection  of  morphin  is  by  no  means  certain,  and  care- 
fully conducted  analysis  may  fail  to  show  its  presence  in 
tlie  cadaver  after  undoubted  poisoning  by  it,  even  when 
the  stomach  has  not  been  washed  out  and  vomiting  has 
not  occurred. 

Although  morphin  is  more  subject  to  decomposition 
than  strychnin,  it  still  withstands  the  influence  of  putre- 
faction quite  well.  In  a  case  cited  by  Woodman  and 
Tidy  it  was  detected  four  months  after  death ;  and  Stas 
gives  an  account  of  a  case  in  which  he  detected  mor- 
phin in  all  the  organs  of  a  body  after  thirteen  months  of 
burial. 

In  cases  of  long  burial,  caution  is  required  that  pto- 
mains  be  not  mistaken  for  morphin,  as  occurred  in  an 
Italian  case,  in  which  Selmi  showed  that  what  a  careless 
analyst  had  taken  for  morphin  was  in  reality  a  ptomaln 
(Selmi,  "  Sulle  Ptomaine,"  1878).  Such  a  mistake  is  im- 
possible, if  the  tests  described  above  are  carefully  applied 
(see  Witthaus  and  Becker,  "Med.  Jur.,"  iv.,  760-769). 

Rudolph  A.  Wittlmns. 

OPTIC  NERVE.    Seelh/e. 

OPTOMETRY — from  ottt-,  root  of  oipo/icu,  fut.  of  opdu, 
to  see,  and  fthpov,  measure — signified,  in  its  older  use, 
the  measurement  of  the  range  of  vision  (die  QesichU- 
weite).  With  the  attainment  of  broader  and  more  accu- 
rate knowledge  of  the  physiology  and  pathology  of 
vision,  quantitative  methods  have  been  applied  to  the 
investigation  of  other  visual  functions,  and  we  now  rec- 
ognize, as  parts  of  one  general  subject,  the  measurement 
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(1)  of  the  acuteness  of  the  visual  perception  of  form 
(eidoptometry),'  (3)  of  the  perception  of  light  (phot- 
optometry), '  (3)  of  the  perception  of  colors  (chromat- 

optometry),'  (4)  of 
J    J,  the  extent  and  limi- 

~  tations  of  the  vis- 

ual field  (periop- 
tometry),' (5)  of 
the  accommodative 
and  refractive 
states  of  the  eye 
(dioptometry),'  and 
(6)  of  the  position 
^lS|jL,ii|^j|||^       ^jjjj  movements  of 

the  eyeballs  (oph- 
thalmostatometry 
and  ophthalmotrop- 
ometry). ' 

Mdoptometry — from  eMof,  form — deals  with  the  meas- 
urement of  the  acuteness  of  the  visual  perception  of  form 
— visus,  V. ;  German,  Sehschdrfe,  S.  Assuming  an  ade- 
quate illumination  and  a  sharply  defined  retinal  image, 
the  physiological  limit  of  the  acuteness  of  vision  is  de- 
termined by  the  fineness  of  the  mosaic  formed  by  the 
cones  of  the  retina  at  the  fovea  centralis.  Let  d  d  (Fig. 
3691,  B,  from  Helmholtz)  represent  the  mosaic  of  retinal 
cones  at  the  macula,  and  a,  b  and  c  the  images  of  three 
vertical  bars  of  a  grating  for  which  the  eye  is  accurately 
accommodated.  When  the  grating  is  removed  to  such  a 
distance  from  the  eye  that  the  image  of  each  bar  does 
not  much  exceed  the  diameter  of  one  of  the  retinal  cones 
the  several  images  appear  more  or  less  distorted  or  beaded, 
according  as  they  happen  to  fall  upon  one  or  another,  or 
perhaps  upon  two,  of  the  cones  lying  nearest  to  their 
tracks.  With  the  bars  and  interspaces  of  the  grating 
each  of  a  width  of  0.4167  mm.,  the  appearance  shown  at 
A  begins  to  be  manifest  when  the  grating  is  removed  to 
a  distance  of  1.1  to  1.3  metres  (Helmholtz).  This  corre- 
sponds to  a  width  of  about  0.005  mm.  in  the  retinal  image 
for  each  bar  of  the  grating,  and  to  a  visual  angle  of 
about  1.3';  it  also  indicates  a  very  close  approximation 
of  the  width  of  the  image  to  the  diameter  of  the  retinal 
cones  at  the  macula  (0.0045  to  0.0054  mm.).  Observa- 
tions on  the  smallest  angular  distance  at  which  two  fixed 
stars  of  lesser  magnitude  (Hoolje)  or  the  bars  of  a  grating 
(Helmholtz)  can  be  positively  distinguished  by  the  naked 
eye,  point  also  to  an  angle  of  about  1 '  as  the  normal 
limit  of  distinct  retinal  perception. 

The  first  serious  attempt  to  apply  a  system  of  exact 
measurement  to  the  clinical  determination  of  the  acute- 
ness of  vision  was  made  by  E.  Jaeger.  Jaeger's  Strich- 
scale'  consists  of  a  series  of  lines  diminishing  in  length 
and  in  width  from  No.  1,  with  a  width  of  0.4597  Vienna 
inch,  to  No.  80,  with  a  width  of  0.0037  inch;  the  meas- 
ure of  the  acuteness  of  visual  perception  is  the  narrowest 
line  which  can  be  positively  distinguished  at  the  distance 
at  which  the  observation  is  made.  Thus  a  normally 
acute  eye  sees  No.  5  at  100  feet;  No.  30  at  30  feet;  No. 
80  at  1  foot,  etc.  Unfortunately,  the  ratio  of  gradation 
adopted  by  Jaeger  is  such  that  the  numbers  do  not  indi- 
cate the  relation  of  individual  measurements  to  the  nor- 
mal. Moreover,  the  determination  turns  entirely  on  the 
unchecked  statement  of  the  person  examined,  that  he 
sees  the  lines  down  to  a  certain  place  in  the  scale.  The 
results  of  numerous  and  characteristically  careful  meas- 
urements made  by  Jaeger  with  this  scale  point  to  a  visual 
angle  of  about  1'  as  the  limit  of  distinct  recognition  of 
the  individual  lines  by  a  normal  eye. 

Snellen '  was  tlie  first  to  work  out  a  system  of  meas- 
urement adequate  to  the  needs  of  the  ophthalmic  practi- 
tioner. Assuming  a  visual  angle  of  1'  as  the  average 
limit  of  distinct  vision  in  the  normal  eye,  Snellen  con- 
structed, upon  this  basis,  a  number  of  capital  letters  of 
sizes  corresponding  to  seventeen  diflierent  distances, 
ranging  from  300  Paris  feet  (No.  CC.)  to  1  foot  (No.  I.). 
Each  square  letter,  viewed  from  its  appropriate  distance, 
subtends  a  visual  angle  of  5',  and  each  letter  is  made  up 
of  lines  subtending  each  an  angle  of  1'.     The  ultimate 


elements  from  which  the  several  square  letters  are  con- 
structed are  small  squares,  each  subtending  an  angle  of 
1' ;  and  twenty-five  of  these  smaller  squares  are  equal  in 
area  to  the  larger  square  in  which  the  letter  is  inscribed. 
Only  such  letters  are  used  as  can  be  drawn  approximately 
within  the  compass  of  a  square,  and  even  of  these  scarcely 
any  two  are  of  absolutely  equal  legibility;  still,  the  dif- 
ference is  not  so  great  as  to  impair  the  practical  useful- 
ness of  the  method,  and  the  recognition  of  only  a  part  of 
the  letters  in  any  line  affords  the  means  of  making  a  finer 
discrimination  than  if  only  the  more  easily  recognizable 
letters  of  the  alphabet  were  used.  Furthermore,  certain 
of  the  letters  often  appear  under  characteristically  modi- 
fied forms  when  viewed  by  an  astigmatic  eye ;  D  some- 
times looking  like  B,  O  like  the  numeral  8  or  like  S,  H 
like  N,  V  like  W,  etc.  The  test  of  perfect  recognition 
of  form  is  the  correct  naming  of  all  the  letters  at  the  dis- 
tance corresponding  to  the  number.  Representing  the 
greatest  distance  at  which  all  the  letters  in  any  given  line 
are  recognized  by  d,  and  the  greatest  distance  at  which 
the  same  letters  are  seen  by  a  normally  acute  eye  by  D, 
the  measure  of  the  acuteness  of  vision  in  any  particular 

case  is  expressed  in  the  fractional  form  =r.  The  adop- 
tion of  this  simple  and  very  convenient  sj'stem  was  im- 
mediate and  general ;  it  remains  the  only  method  suited 
to  the  daily  requirements  of  the  practitioner. 

The  system  of  Snellen  admits  of  but  little  further  de- 
velopment; simple  geometrical  figures'  and  representa- 
tions of  familiar  objects  of  characteristic  outlines'*  are  of 
use  in  examining  children  or  illiterate  persons.  The  sub- 
stitution of  a  scale  based  on  distances  taken  in  metres  in- 
stead of  in  Paris  feet  was  made  by  Snellen  in  1875.=  The 
simpler  form  of  letters  known  to  printers  and  sign  paint- 
ers by  the  inappropriate  name  of  "  Gothic  " "  has  been 
tried  instead  of  the  "block -letter"  used  by  Snellen,  and 
a  regular  ratio  of  gradation  in  geometrical  progression ' 
has  been  employed  in  the  place  of  his  somewhat  arbi- 
trarily selected  series  of  numbers*  (see  Plate  XLVIII.) ;  a 
notation  expressed  in  tenths  of  the  normal,  and  therefore 
capable  of  being  expressed  in  decimal  form,'  has  also 
been  somewhat  extensively  used. 

For  testing  the  perception  of  form  at  short  distances, 
printed  texts  are  in  general  use ;  such  texts  were  first 
published  by  Jaeger*  in  a  great  number  of  diiferent  lan- 
guages and  in  various  kinds  of  type.  Jaeger's  smallest 
type  (No.  1,  ="gem"  or  "brilliant"),  read  fluently  at  a 
distance  of  one  foot,  is  a  pretty  severe  test  of  normally 
acute  vision  conjoined  witn  good  power  of  accommoda- 
tion for  the  reading  di.stauce.  Jaeger's  numbers  have  no 
definite  significance,  beyond  the  fact  that  the  higher 
numbers  indicate  the  larger  sizes  of  letters;  still  it  is 
more  convenient  to  employ  even  an  arbitrary  standard 
than  to  use  the  somewhat  uncertain  nomenclature  of  the 
type-founders. 

Photoptometry—tvovci  ^uc,  light— is  comparatively  little 
employed  in  the  ordinary  routine  of  ophthalmic  practice, 
yet  it  is  not  without  positive  value  in  the  diagnosis  of 
impaired  function  of  the  retina.  Two  principal  types  of 
photoptometers  have  been  used,  each  of  which  has  its 
special  applications. 

A  rapidly  rotating  disc,  upon  which  a  smaller  or  larger 
sector  (Masson),'"  or  a  row  of  short  lines  arranged  along 
a  radius  (Donders),"  is  depicted  in  black  upon  a  white 
ground,  or  in  white  upon  a  black  ground,  presents  the 
appearance  of  a  shaded  surface,  or  of  a  number  of  con- 
centric shaded  rings  diminishing  in  intensity  toward  the 
periphery  of  the  disc.  Whenever  the  width  of  the  black 
line  is  less  than  ^tt  of  tlie  circumference  of  an  imaginary 

*  The  card  of  test-letters  shown  in  Plate  XLVHI.  is  constructed  on 
the  basis  of  a  constant  ratio  of  gradation,  V  2  =  1 26  •  the  Arabic 
and  Roman  numerals  denote,  respectively,  the  distances  in  metres 
and  iu  feet  at  which  the  letters  should  be  distinguished  by  a  normal 
eye.  For  convenience,  the  foot  has  been  taken  as  equal  to  one-third 
metre,  which  is  a  little  more  than  the  Paris  foot.  In  the  arrangement 
here  reproduced  only  a  single  letter  is  given  for  each  number  of  the 
scale.  The  construction  of  the  individual  letters  Is  slightly  altered 
from  that  adopted  by  Snellen,  with  a  view  to  somewhat  more  uniform 
legibility  of  the  different  letters.  umiorm 
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circle  dfawn  through  it,  the  shaded  ring  is  ordinarily  so 
faint  as  to  be  no  longer  perceived  by  a  normal  eye  in 
average  daylight  within doors(Helmholtz).i=  The  acute- 
ness  of  light  perception,  in  any  particular  case,  is  indi- 
cated by  the  number  of  the  concentric  rings  seen  when 
the  disc  is  rapidly  rotated. 

The  photoptometer  (Lichisinnmessm-)  of  F5rster  "  is  a 
closed  box  one  foot  long,  eight  inches  wide,  and  six  inches 
high;  at  one  end  are  two  openings  for  the  eyes,  and  a 
window,  about  two  inches  square,  covered  with  translu- 
cent white  paper.  Behind  this  paper  diaphragm  is  a 
small  lantern,  enclosing  a  candle  of  standard  illuminating 
power.  The  quantity  of  light  which  enters  the  box  is 
determined  by  the  area  of  the  paper  diaphragm,  and  this 
is^  regulated  by  means  of  two  notched  plates  of  metal 
sliding  over  each  other  so  as  always  to  leave  a  square 
opening  whose  area  may  be  read  off  from  a  graduated 
scale.  At  the  opposite  end  of  the  box  is  placed  the  test 
object,  a  card  showing  alternate  black  and  white  stripes 
of  from  1  to  3  cm.  in  width.  The  measure  of  the  acute- 
ness  of  the  perception  of  light  (L)  is  the  quotient  of  /«, 
the  smallest  area  of  the  window  required  for  the  recogni- 
tion of  the  stripes  by  a  normal  eye,  divided  by  H,  the 
smallest  area  which  sufBces  for  the  recognition  of  the 
same  stripes  by  the  eye  under  examination.  According 
to  Forster's  olDservations,  made  with  an  instrument  of 
the  construction  just  described,  h  =  2  sq.mm.,  giving 

the  vahie,  L  =  -gr^  =  --=. 

Chromatopiometry — from  xp<^l^";  color — as  applied  to 
the  diagnosis  of  defective  color  perception,  has  been  dis- 
cussed under  the  title  Color  Perception,  "Vol.  III.,  pp.  SOS- 
SI?.  Approximate  measurements  of  the  acuteness  of 
color  perception  may  be  made  with  Snellen's  test  letters, 
printed  in  vivid  colors  on  a  black  ground;  or  similar 
white  letters  on  a  black  ground  may  be  strongly  illumi- 
nated by  colored  light. 

The  principle  of  simultaneous  contrast  may  be  utilized 
as  a  qualitative  test  of  color  perception.  Thus  the 
shadow  cast  by  any  small  opaque  object  upon  a  white 
ground  appears  of  a  color  complementary  to  that  of  the 
light.  The  test  may  be  made  in  the  dark  room  appro- 
priated to  ophthalmoscopical  examinations,  by  placing  a 
sheet  of  colored  glass  in  front  of  the  lamp  and  directing 
the  attention  of  the  patient  to  the  color  of  the  shadow 
cast  by  a  pencil,  or  by  a  small  opaque  card,  upon  a 
white  screen. 

Perioptometry — from  Trept,  around — is  properly  the 
measurement  of  the  limits  of  the  visual  field  in  its  several 
dimensions ;  it  includes  also  the  detection  and  measure- 
ment of  defects  in  the  field  of  vision  (scotomata),  wher- 
ever they  may  be  situated.  The  simplest,  and  for  many 
purposes  the  best,  method  of  testing  the  central  portions 

of  the  field,  up 
to  a  distance  of 
about  45°  from 
the  point  of  fixa- 
tion, is  by  means 
of  a  blackboard 
or  a  large  sheet 
either  of  dark  or 
of  white  paper, 
upon  which  a 
central  point  of 
fixation  is 
marked  by  a 
small  cross,  +. 
The  patient  is 
placed  at  a 
measured  d  i  s- 
tance  from  the 
board  (usually 
one  foot),  and 
is  directed  to 
look  with  one  eye  (the  other  being  covered)  at  the  cen- 
tral cross.  A  bit  of  chalk  or  crayon,  fixed  to  the  end  of 
a  short  wand  of  the  same  color  as  the  board  or  paper,  is 
then  moved  from  the  periphery  toward  the  centre  of  the 
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field,  until  it  reaches  a  point  at  which  it  is  seen  by  the 
patient.  The  observation  is  repeated  for  other  ocular 
meridians  in  succession,  until  the  boundaries  of  the  field 
have  been  determined  at  a  number  of  points  sufficient  to 
admit  of  drawing  a  continuous  outline  through  them.  '■• 

For  mapping  the  periphery  of    the  field,   when  of 
nearly  normal  extent,  a  plane  surface  is  insufficient,  and 


FIG.  3693. 

for  all  distances  greater  than  45°  from  the  point  of  fix- 
ation the  distortion  of  the  peripheral  portions  of  the 
chart  becomes  excessive.  For  the  projection  of  the  en- 
tire field,  with  all  its  parts  in  due  proportion,  we  require 
a  hemispherical  background  instead  of  a  plane  surface ; 
to  this  end  we  make  use  of  the  perimeter, ^^  which  is 
merely  one-half  of  a  broad  blackened  hoop,  iipon  the  ili- 
side  of  which  the  angular  distance  of  any  point  of  the 
fundus,  lying  in  the  meridian  corresponding  to  the  di- 
rection of  the  hoop,  may  be  noted  (Fig.  3693).  By  turn- 
ing the  hoop  about  a  central  pivot  as  an  axis,  it  is  brought 
into  the  necessary  position  for  the  observation  of  the  ex- 
tent of  the  field  in  different  meridians ;  each  point,  as  de- 
termined, is  transferred  to  a  blank  chart  printed,  in  con- 
centric circles  (Fig.  8693). 

For  the  direct  mapping  of  the  visual  field  in  its  entire 
extent  the  perimeter  of  Scherk'*  has  been  devised;  it 
consists  of  a  hollow  hemisphere,  of  one  foot  radius, 
blackened  on  ■  the  inside.  The  eye  to  be  examined  is 
placed  at  the  centre  of  the  sphere,  and  the  limits  of  the 
field  are  marked  with  chalk  in  the  same  manner  as  when 
the  blackboard  is  used.  For  greater  convenience  the 
hemisphere  is  made  in  separable  halves,  and  the  mapping 
is  done  for  one-half  of  the  field  at  a  time. 

Most  of  the  perimeters,  as  found  in  the  shops,  have  an 
arrangement  of  cords  and  pulleys,  by  means  of  which  the 
test  object  is  moved  along  the  arc ;  this  is  a  complica- 
tion of  at  least  doubtful  advantage.  A  further  compli- 
cation consists  in  a  self -registering  apparatus,  analogous 
to  that  employed  in  the  "  conformateur  "  used  by  hatters 
to  prick  a  small  diagrammatic  outline  of  the  shape  of  the 
head.  For  practical  utility  the  arrangement  in  use  at 
the  Utrecht  clinic  is  to  be  commended ;  it  consists  of  a 
blackboard,  about  three  feet  square,  to  the  centre  of 
which  is  pivoted  a  removable  half-hoop  of  one  foot  ra- 
dius; the  blackboard  serves  for  the  direct  mapping  of 
limitations  of  the  field  within  the  limits  of  45°  from  the 
point  of  fixation,  and  the  arc  is  used  for  peripheral  meas- 
urements. The  divisions  of  the  arc  between  0  and  45° 
are  projected  upon  the  board  in  circles  whose  radii  are 
equal  to  the  tangents  of  the  respective  angles."    The 
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half-hoop  of  the  perimeter  is  usually  made  of  brass,  and 
is  rather  heavy ;  one-half  of  a  hoop  of  a  cheese-box,  stif- 
fened at  the  back  by  a  piece  of  thin  board  sawed  to  the 
proper  curve,  answers  every  purpose  in  practice;  the 
points  are  determined  by  moving  a  bit  of 
H     H       chalk  or  a  small  square  of  white  cardboard 

along  the  blackened  arc. 
Fig.  3694.  Instead  of  tlie  small  square  of  cardboard 

a  small  electric  lamp,  the  intensity  of  which 
may  be  regulated  at  will  by  means  of  a  rheostat  or  by 
varying  the  internal  resistance  of  the  battery,  may  be 
used  in  determining  the  limits  of  the  visual  field  in  cases 
of  cataract  or  other  obscuration  of  the  media ;  a  candle 
may  be  used  for  the  same  purpose. 

For  testing  the  limits  of  the  field  for  color  perception, 
small  pieces  of  colored  cardboard,  usually  1  cm.  square, 
are  used  instead  of  the  bit  of  chalk  or  square  of  white 
card.  A  small  convex  mirror  of  very  sliort  radius  of 
curvature,  such  as  the  bulb  of  a  thermometer,  may  also 
be  used  to  reflect  white  or  colored  light  from  a  lamp 
placed  a  little  above  and  behind  the  patient's  head. 

The  perception  of  form  in  the  peripheral  regions  of  the 
retina  is  tested  by  means  of  two  small  black  squares  on 
a  white  ground,  with  an  interspace  equal  to  one  of  the 
squares  (Fig.  3694).  These  squares,  of  sizes  correspond- 
ing to  the  thickness  of  the  limbs  of  Snellen's  test  letters 
(Nos.  XX.  to  C),  are  moved  along  the  arc  of  the  peri- 
meter toward  the  centre  of  the  field,  until  the  white  in- 
terval is  seen  between  the  two  black  squares. 

Dioptometry — from  Sia,  through — has  to  do  with  the  eye 
considered  as  an  optical  instrument,  with  especial  refer- 
ence to  the  detection  and  measurement  of  the  different 
anomalies  of  refraction  and  accommodation.  The  detec- 
tion, measurement,  and  correction  of  the  several  anom- 
alies of  refraction  and  accominodation  are  treated  in  this 
Handbook  under  the  titles,  Accom/modation  and  Sefrae- 
tion.  Astigmatism,  Hypermetropia,  Myopia,  and  Presbyopia. 
Dioptometry  is  either  objective  or  subjective,  according 
as  the  investigation  turns  upon  observations  made  by  the 
examiner  or  by  the  person  examined.  The  objective 
methods  are  of  the  wider  applicability,  inasmuch  as  they 
may  be  employed  in  cases  in  which  the  patient  is  inca- 
pable either  of  making  accurate  observations  or  of  accu- 
rately reporting  his  ob.servations ;  subjective  determina- 
tions have,  on  the  other  hand,  the  special  advantage  that 
they  are  the  actual  measurements  of  the  function  per- 
formed by  the  eye  under  examination.  Objective  exami- 
nation aliords,  in  many  cases,  the  readiest  means  of  dis- 
covering and  of  approximately  measuring  a  refractive 
anomaly,  and  is  often  of  service  as  a  guide  to  the  ex- 
aminer in  the  conduct  of  such  tests  as  require  the  active 
■co-operation  of  the  patient. 

In  objective  examinations  the  chief  dependence  is  upon 
the  ophthalmoscope  (see  Ophthalmoscope,  also  Shadow- 
Teat).  A  second  method,  based  upon  the  observation  of 
the  images  formed  by  reflection  at  the  anterior  surface  of 
the  cornea,  and  therefore  suited  to  the  detection  of  de- 
viations from  normal  curvature  of  the  first  and  most  im- 
portant of  the  refracting  surfaces  of  the  eye,  demands 

notice  in  so  far  as  it 
may  be  employed  in 
clinical  investigations. 
The  image  of  a  lu- 
minous point  or  small 
flame,  as  it  is  seen  mir- 
rored by  a  cornea  of 
irregular  curvature, 
undergoes  conspicuous 
changes  of  form  ac- 
FiG.  369.5.  cording  as  the  reflec- 

tion is  from  one  or 
another  part  of  the  corneal  surface.  This  is  especially 
noticeable  in  irregularity  of  contour  i-esulting  fi'om  the 
cicatrization  of  a  corneal  wound  or  ulcer,  or  from  dis- 
tention of  the  corneal  tissue  as  a  result  of  softening 
from  disease.  It  is  also  .very  characteristic  in  kerato- 
conus  (conical  cornea),  in  which  affection  the  principal 
image  remains  nearly  in  one  position,  at  the  rounded 


vertex  of  the  cone,  whatever  the  direction  from  which 
the  light  is  thrown  upon  it.  When  the  light  falls  upon 
the  cone  from  the  side,  two  images  are  often  seen,  the 
one  small  and  nearly  central,  corresponding  to  the  ver- 
tex of  the  cone,  the  otlier  lateral  and  distorted,  formed 
by  reflection  on  the  side  of  the  cone  nearest  the  light. 
In  regular  astigmatism,  in  which  asymmetry  of  the 
cornea  is  ordinarily  the  most  important  factor,  the  im- 
age of  the  point  of  light  appears  drawn  out  in  a  di- 
rection corre- 
sponding to  one 

of  the  two  prin-       z'         ^'-^  r 

cipal  meridians;      /  ^<— >.      \  "  , 

when  two  lights     [    U^)      I  \  ^t| 

are    used,    their     »    V    /      /  Iv  ^-<J 

images  will    be 
seen    to   be  ap- 
preciably nearer  fig.  3696. 
together     when 

they  lie  in  the  plane  of  the  corneal  meridian  of  great- 
est refraction  than  when  they  lie  in  the  plane  of  the 
meridian  of  least  refraction.  Inasmuch  as  the  distance 
which  separates  the  two  images  is  determined  by  the 
corneal  curvature  in  the  meridian  in  which  they  lie,  it  is 
possible,  by  measuring  this  distance,  to  obtain  the  neces- 
sary data  for  calculating  the  radius  of  curvature.  The 
ophthalmometer  of  Helmholtz, '  *  adapted  by  Donders  and' 
Middelburg  "  to  the  investigation  of  the  curvature  of  the 
cornea  in  its  different  meridians,  is  an  instrument  by  the 
aid  of  which  such  measurements  may  be  made  with  al- 
most the  accuracy  of  tn  astronomical  observation. 

If  a  rectangular  white  card  is  held  at  a  distance  of  a 
few  inches  in  front  of  an  eye,  the  image,  as  seen  reflected 
on  the  cornea,  will  appear  more  or  less  distorted  when- 
ever the  corneal  curvature  is  either  irregular  or  asym- 
metrical. The  most  striking  distortions  are  observed  in 
conical  cornea  and  in  astigmatism;  in  the  former  condi- 
tion the  four  straight  sides  of  the  card  appear  incurved 
in  the  direction  of  the  vertex  of  the  cone  (Fig.  3695) :  in 
the  latter  condition  a  square  card  is  reflected  as  a  parallel- 
ogram, and  a  circular  card  as  an 
oval. 

This  experiment  is  further  de- 
veloped in  the  keratoscopic  disc  of 
Placido,'"'  a  circular  card  or  metal 
disc,  about  28  cm.  in  diameter,  with 
concentric  rings  painted  in  black 
and  white  upon  the  side  turned 
toward  the  eye  to  be  examined. 
The  observer,  looking  through  a 
central  hole  in  the  disc,  sees  an 
image  formed  by  reflection  on  a 
large  central  area  of  the  cornea; 
the  effect  of  any  asymmetry  or  dis- 
tortion of  the  reflecting  surface  is  revealed 
by  a  characteristic  asymmetry  or  distortion 
of  the  image  (Fig.  3696). 

In  the  "  astigmometer  "  of  De  Wecker  and 
Masselon''"  a  square  black  card  with  a  white 
border  1.5  cm.  in  width  is  held  before  the 
eye  to  be  examined,  and  the  form  of  the 
image  of  the  white  border  noted,  as  shown 
in  Fig.  3695. 

The  ophthalmometer  of  Javal  and  Schl- 
6tz  '^*  is  a  simplification  of  the  Donders-Middelburg  modi- 
fication of  the  ophthalmometer  of  Helmholtz;  instead 
of  lights,  special  test  objects  {mires)  of  enamelled  metal 
are  used,  and  the  images  are  viewed  through  a  small 
telescoi^e  which  contains  a  doubly  refracting  prism,  by 
means  of  which  the  images  are  doubled  and  brought 
into  such  relation  to  each  other  that  their  mutual  dis- 
tance can  be  ascertained  at  a  glance.  The  several  parts 
of  the  instrument  are  so  proportioned  that  the  refrac- 
tion for  any  meridian  may  be  read  off  in  dioptrics  with- 
out the  trouble  of  making  calculations  (see  Ophthahnom- 
eter). 

In   the  ophthalmophakometer  of  Tscherning  (1900), 
small  adjustable  electric  lamps  are  carried  on  an  arc  like 


FIG.  3697. 
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Fig.  3698. 


that  of  the  Javal-Schi5tz  ophthalmometer.  By  means 
of  this  instr\iment  Tscheining  has  succeeded  in  measur- 
ing the  curvatures  of  the  posterior  siirface  of  the  cornea 
and  of  the  two  surfaces  of  the  crystalline  lens.     The  oph- 

thalmophakometer, 
like  the  ophthalmom- 
eter of  Helmholtz,  is 
adapted  rather  to  ac- 
curate research  work 
in  the  physiological 
laboratory  than  to 
clinical  use. 

The  arc  keratusco- 
pigue  of  De  Wecker 
and  Masselon  (Fig. 
3697)'Ms  a  simplifica- 
tion of  the  ophthalmometer  of  Javal  and  SchiOtz;  a 
number  of  small  white  discs,  arranged  at  equal  dis- 
tances upon  a  blackened  arc  like  the  arc  of  a  perimeter, 
give  reflections  in  which  the  interspaces  are  nearly  equal 
when  the  curvature  of  the  cornea  is  regular,  but  unequal 
when  the  curvature  changes  from  the  centre  toward  the 
periphery  (Figs.  3698  and  3699).  The  instrument  is  espe- 
cially adapted  to  the  detection  of  conical  cornea. 

In  subjective  dioptometry  we  distinguish  methods 
which  turn  upon  the  recognition  of  the  forms  of  test  ob- 
jects, such  as  the  test  letters  of  SnelleUj  and  methods  in 
which  the  accurate  recognition  of  form  is  not  required. 

In  any  case  iu  which  the  acuteness  of  vision  is  normal, 
the  detection  and  measurement  of  simple  ametropia  (H  or 
M)  may  be  made  by  means  of  trial  glasses  used  in  con- 
nection with  the  test  letters  of  Snellen.  Having  placed 
the  patient  at  a  measured  distance  of  5  metres  from  the 
card  of  test  letters,  we  note  the  smallest  line  of  letters 
which  he  is  able  to  read  correctly  with  the  unaided  eye. 
If  by  this  test  we  find  V.=  i,  the  presence  of  myopia  of 
any  grade  in  excess  of  0.03  dioptric  is  excluded,  and  the 
eye  is  either  practically  emmetropic  or  hypermetropic 
with  accommodative  power  in  excess  of  its  hypermetro- 
pia  (A  >  H).  To  decide  between  these  two  possible  con- 
ditions we  place  a  weak  convex  glass  before  the  eye  and 
note  whether  there  is  any  falling  off  in  the  acuteness  of 
vision  at  the  distance  of  the  test  card.  If  we  still  find 
■V=|,  the  presence  of  some  degree  of  hypermetropia  is 
established,  and  we  exchange  the  convex  glass  for  an- 
other of  greater  power,  until  we  have  hit  upon  the 
strongest  convex  glass  through  which  V  remains  at  the 
normal  standard  |.  The  value  of  this  convex  glass  in 
dioptries*  is  the  measure  of  the  manifest  hypermetropia. 
Whenever,  by  the  use  of  the  test  letters,  we  find  V  <  | 
we  suspect  the  presence  of  myopia,  and  proceed  at  once 
to  try  the  effect  of  a  weak  concave  glass.  If  V  is  im- 
proved by  this  glass  we  try  stronger  glasses  in  succes- 
sion, until  we  have  found  the  weakest  concave  glass 
through  which  V  =f.  The  value  of  this  concave  glass 
in  dioptries  t  is  the  measure  of  the  myopia  (M),  or  pos- 
sibly of  the  myopia  augmented  by  some  degree  of  abnor- 
mal tension  of  the  accommodation. 

In  order  to  measure  the  total  hypermetropia  (Ht),  and 
sometimes,  also,  to  obtain  the  true  measure  of  a  myopia, 
it  is  necessary  to  bring  the  eye  under  the  full  influence 
of  one  of  the  stronger  mydriatics,  and  to  repeat  the  ex- 
amination with  the  test-letters.  The  problem  is  so  far 
simplified  by  the  suppression  of  the  accommodation  that 
it  is  now  only  a  question  of  what  glass,  whether  convex 
or  concave,  raises  V  to  its  maximum  at  the  distance  of 
the  test  card. 

If  no  glass  suffices  to  raise  V  to  the  normal  standard  ot 
t,  and  especially  if  the  patient  is  in  doubt  as  to  which  of 
several  glasses  of  somewhat  different  power  gives  the 
best  visual  result,  we  may  suspect  the  presence  of  astig- 
matism. The  special  methods  used  for  the  detection  and 
measurement  of  astigmatism  have  been  described  under 
that  title  (see  Astigmatism). 
A  large  collection  of  trial  lenses  is  an  indispensable 


*  Less  0  2  dioptrie,  as  a  correction  for  the  distance  of  the  test  ob.1ect. 
+ Plus  oi2  dioptrie,  as  a  correction  for  the  distance  of  the  test  ohiect. 


part  of  the  armamentarium  of  the  ophthalmic  practi- 
titioner,  and  it  is  convenient  to  include  in  it  the  full  range 
of  numbers  as  found  in  commerce,  or  for  which  grinding 
tools  are  kept  by  the  working  opticians.  With  such  a 
series  of  spherical  lenses  (in  pairs),  ranging  (through 
zero)  from  -(-  30  to  —  20  dioptries,  and  a  full  series  of 
cylindrical  lenses  (in  pairs),  ranging  from  -|- 10  to  —  10 
dioptries,  it  is  possible  to  correct  almost  any  case  of  sim- 
ple hypermetropia,  myopia,  or  astigmatism  by  means  of 
a  single  glass  for  each  eye,  and,  similarly,  to  correct  any 
case  of  compound  or  of  mixed  astigmatism  by  means  of 
a  combination  of  two  glasses  for  each  eye.  The  lenses 
of  the  trial  case  should  be  accurately  centred,  and  set  in 
brass  cells  turned  with  a  thin  projecting  flange  (like  the 
wheels  of  a  railway  carriage)  so  that  any  two  may  be 
provisionally  mounted,  with  the  two  flanges  in  contact, 
in  a  trial  frame  made  with  a  single  groove.^*  In  the 
higher  numbers  of  each  series  the  lenses  should  be  of  the 
plano-convex  and  plano-concave  form,  and  they  should 
be  so  set  in  their  cells  as  to  bring  their  plane  surfaces 
very  nearly  in  contact  when  any  two  lenses  ai-e  used  in 
combination,  thus  making  it  possible  to  build  up  any  de- 
sired double  convex,  double  concave,  or  periscopic  lens, 
or  by  combining  a  piano-spherical  with  a  piano-cylindri- 
cal lens,  to  build  up  any  required  spherico-cylindrical 
lens  with  the  same  combination  of  surfaces  as  in  the  lens 
to  be  prescribed.* 

The  trial  frames  should  be  of  the  lightest  practicable 
weight  and  of  the  simplest  possible  construction.  For 
most  purposes  a  single  groove,  made  wide  enough  to  re- 
ceive the  thin  flanges  of  two  lenses,  is  sufiicient.  A  dozen 
or  two  of  such  frames,  of  different  widths  and  height  of 
bridge,  costs  no  more  than  one  or  two  of  the  complicated 
and  less  convenient  trial  frames  shown  in  almost  endless 
variety  in  the  catalogues  of  the  manufacturing  opticians. 
By  enlarging  the  series  of  test  letters  through  the  addi- 
tion of  a  few  numbers,  so  as  to  extend  its  range  to  say 
0.1  metre,  the  position  of  the  near-point  (p)  may  be  ap- 
proximately determined  by  direct  observation.  Oftener, 
however,  we  determine  the  position  of  p  after  having 
provisionally  corrected  the  eye  for  distant  vision  by 
means  of  glasses;  for  practical  purposes  it  is  generally 
sufiicient  to  measure  the  distance  (Ps)  of  the  binocular 
near-point  {pi)  from  the  anterior  nodal  point  of  the  eye 
(see  Accommodation  and  Refraction). 

It  Is  possible  to  use  the  card  of  test  letters  for  the  di- 
rect determination  of 
the  grade  of  myopia, 
by  noting  the  greatest 
distance  at  which  the 
letters  corresponding 
to  that  distance  are 
distinctly  recog 
nized.  In  the  lower 
grades  of  myopia 
good  measurements 
may  sometimes  be 
made  In  this  manner, 

but  in  the  higher  grades  the  convergence  of  the  visual 
axes  is  apt  to  be  attended  with  some  exercise  of  the 
accommodation,  so  that  the  measurements  are  often 
somewhat  in  excess  of  the  actual  myopia. 

*The  following  specification  of  a  series  ot  trial  lenses  has  been  found 

npScafierSeMf pairs:  .  2.0 D,  through  0.  to  -  2.0  D  with  a 
common  interval  of  0.125  D  (thirty-three  pairs) ;  -i-  and  -  2.25  D  to  + 
and -- 7.0  D,  with  a  common  interval  of  0.25  D  (forty  paire);  +  and  - 
7  s  T)  t/)  +  and  -  12  D,  with  a  common  mterval  of  0.5  D  (twenty 
pairs);  +  and  -  13.0  D  to  -f  and  -  20.0  D,  with  a  common  interval  of 
lOD  (sixteen  pairs);  +  and  -  22.0  D  (two  pairs):  +  and  -  24  D  (two 
pairs) :— total,  113  pairs  of  spherical  lenses. 

Cyliiidrical  lenses,  in  pairs ;  +  and  -  0.125.  D  to  ■^  and  -  2  0  D,  with 
a  common  interval  of  0.125  D  (thirty-two  pairs) :  +  and  -  2.25  D  to  -h 
and -7  0  D,  with  a  common  interval  of  0.25  D  (forty  pairs) :  +  and 
-7  5  D  to  +  and  -  10.0  D,  with  a  common  interval  of  0.5  D  (twelve 
nairs)  •  +  and  -  11  D  to  +  and  -  14  D,  with  a  common  interval  of 
lOD('eiBhtpairs):— total,  92pairs  of  cylindrical  lense.s.  . 

The  entire  collection  of  205  pairs  of  lenses,  together  with  a  series  of 
prims,  m  pairs  ranging  from  1°  to  12»  angle,. is  contained  m  a  box 
mSsurinff47  X  42  X  6.5  cm.;  for  convenience  m  keeping  the  case  free 
from  dust,  the  lenses  are  arranged  In  a  bottomless  tray  which  may 
be  lifted  out  of  the  box. 
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Optometers  for  the  measurement  of  the  refraction,  and 
also  of  the  range  of  accommodation,  at  some  short  dis- 
tance, say,  of  one  foot,  have  been  made  in  a  great  variety 
of  forms;  they  are,  hovirever,  of  much  less  value  than 
might  be  expected,  whether  as  regards  saving  of  time  in 
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observation  or  accuracy  of  results.  The  binocular  optom- 
eter of  Java!  (see  Vol.  I.,  p.  594),  especially  devised  for 
the  measurement  of  astigmatism,  probably  still  remains 
the  best  instrument  of  its  class. 

A  point  of  light,  such  as  the  flame  of  a  small  taper  or 
gas  jet,  viewed  from  a  distance  of  5  metres  or  more,  is 
seen  by  an  emmetropic  eye  as  a  bright  point,  with  some 
indication  of  bright  rays,  as  in  the  familiar  picture  of  a 
star  (see  Vol.  I.,  596).  The  same  distant  bright  point 
is  seen  by  a  m3'opic  eye,  or  by  a  hypermetropic  eye  in  a 
state  of  accommodative  relaxation,  as  a  bright  spot  (cir- 
cle of  confusion)  of  a  greater  or  less  diameter,  dependent 
on  the  grade  of  ametropia  and  the  size  of  the  pupil. 
When  the  pupil  is  fully  dilated  by  a  mydriatic,  the  size 
of  the  circle  of  confusion  is  approximately  proportionate 
to  the  degree  of  ametropia,  so  that  a  pretty  exact  meas- 
urement may  be  made  by  simply  noting  the  distance  at 
which  two  tapers  must  be  placed,  one  from  the  other,  in 
order  that  the  two  circles  of  confusion  may  touch  each 
other.  Thomson  '^  has  devised  as  apparatus  (Fig.  3700) 
in  which  two  small  gas  jets  are  so  arranged  as  to  admit 
both  of  varying  the  distance  between  the  two  lights  and 
of  altering  their  direction  to  correspond  to  different  ocu- 
lar meridians ;  the  degree  of  ametropia  is  read  off  from  a 
scale  which  forms  a  part  of  the  instrument. 

By  making  the  efEective  area  of  the  pupil  very  small, 
as  in  looking  through  a  pinhole  pricked  in  a  blackened 
card,  the  circles  of  confusion  may  be  so  reduced  in  size 
as  to  admit  of  tolerably  distinct  vision  even  in  high 
grades  of  ametropia.  If  two  pinholes  are  pricked  in  the 
card,  at  a  distance  of,  say,  4  mm.  from  each  other,  a 
pretty  distinct  image  will  be  formed  by  the  rays  passing 
through  each  of  the  pinholes,  but  the  two  bundles  of  rays 
will  fall  upon  different  parts  of  the  retina  whenever  the 
eye  is  adjusted  for  any  distance  other  than  that  of  the 
object  (Fig.  3701).  This  experiment,  first  described  by 
Scheiner,''  has  been  utilized  in  the  optometers  of  Porter- 
field"  and  Young,''  and  has  been  further  developed  in  a 
method  for  the  clinical  investigation  of  ametropia  by 
Thomson.  =9 

When  a  coloi-ed  test  object,  in  a  field  of  a  contrasting 
color,  is  viewed  by  an  eye  adjusted  for  some  distance 
other  than  that  of  the  object,  the  circles  of  confusion, 
representing  parts  of  the  object  and  of  the  field  adjacent 
to  the  line  of  demarcation  of  the  two  colors,  overlap  in 


the  retinal  image  and  form  the  combination  color  proper 
to  the  mixture.  The  experiment  succeeds  best  when  the 
test  object  and  the  contrasting  field  are  in  transparent 
colors  and  viewed  by  transmitted  light.  A  sheet  of 
ground  glass  coated  with  varnish  colored  blue  by  ultra- 
marine, with  a  small  central  area  similarly  painted  with 
carmine,  makes  an  excellent  test  object  for  this  purpose; 
the  two  transparent  colors  should  be  separated  by  a  thin 
black  border.  When  the  test  object  is  hung  in  a  window, 
and  is  viewed  from  the  opposite  side  of  the  room,  the 
central  (red)  spot  is  seen  in  its  actual  color  when  the  eye  is 
accurately  focussed  for  its  distance,  but  in  a  combination 
(purple)  tint  whenever  the  eye  is  focussed  for  some  other 
distance.  The  difference  between  the  carmine-red  and 
the  combination-purple  is  es- 
pecially striking  in  astigma- 
tism, when  the  test  object  is 
made  up  of  radiating  lines 
of  carmine,  on  a  blue  field  "* 
and  the  eye  is  corrected  for 
one  of  its  principal  meridians 
by  means  of  the  appropriate  spherical  glass. 

The  absence  of  the  usual  phenomena  of  chromatic 
aberration  in  ordinary  vision  is  not  due  to  an  achromatic 
correction,  as  in  our  perfected  dioptric  instruments,  but 
is  mainly  to  be  explained  as  an  effect  of  the  simultaneous 
impression  made  by  complementary  colors  upon  the  same 
retinal  elements.  If  we  look  at  a  distant  point  of  light, 
through  a  prism  of,  say,  60°  angle,  the  spectrum  of  the 
luminous  point  will  be  seen  under  the  form  of  a  triangle, 
whose  apex  will  be  either  in  the  red  or  in  the  violet,  ac- 
cording as  "  the  focus  of  the  eye  is  adapted  to  collect  the 
red  or  the  blue  rays  to  a  poin  t " ;  ^i  jn  other  words,  accord- 
ing as  the  eye  is  slightly  myopic  or  hypermetropic.  In 
emmetropia  the  spectrum  is  seen  under  the  form  of  a 
double  triangle  in  which  the  narrowest  part  lies  in  the 
very  strongly  luminous  yellow  region.  The  impression 
made  by  a  point  of  white  light  upon  any  single  cone  of 
the  retina  is,  therefore,  compounded  of  the  spectral  yel- 
low and  a  composite  yellow,  made  up  of  red  and  green. 
This  mixed  yellow,  superimposed  as  it  is,  upon  a  field  of 
diffused  violet,  is  further  modified  to  approach  white. 

The  chromatic  aberration  of  the  eye  reveals  itself  very 
plainly  in  looking  at  a  point  of  light  of  which  all  but  the 
blue  and  red  rays  have  been  extinguished  by  the  passage 
of  the  beam  through  a  sheet  of  cobalt-blue  glass.  ^'^  Look- 
ing through  such  a  glass  an  emmetropic  eye,  focussed  for 
the  distance  of  the  light,  sees  it  of  a  nearly  uniform  pur- 
plish-blue tint,  with  an  inconspicuous  halo  of  a  clearer 
blue ;  a  myopic  eye  sees  the  same  light  red,  with  a  blue 
halo;  and  a  h3^permetropic  eye,  uncorrected  by  accom- 
modation, sees  it  blue,  with  a  red  halo.  To  measure  the 
grade  of  the  ametropia  it  is  sufficient  to  find  the  spheri- 
cal (concave  or  convex)  glass  through  which  the  light 
appears  of  a  purplish-blue  bordered  by  a  clearer  blue. 

An  emmetrope,  looking  at  distant  red  and  green  lights, 
such  as  are  carried  by  vessels  and  used  as  railway  sig- 
nals, sees  the  two  lights  of  about  the  same  magnitude ;  a 
myope  sees  the  green  light  as  an  aggregation  of  circles 
of  confusion,  and  therefore  larger  than  the  image  of  the 
red  light ;  a  hypermetrope,  with  imperfect  accommoda- 
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tion,  sees  the  red  light  larger  than  the  green.  When  the 
vision  is  corrected  for  the  distance  of  the  lights  they  are 
seen  in  their  normal  relation  of  equality  in  size.^'* 

*  The  dllferenoe  in  the  size  and  deflnition  of  the  retinal  image  of  a 
red  and  of  a  p;reen  light  is  quite  sufficient  to  enable  a  hypermetropic 
or  slightly  myopic  pilot,  or  railway  employee,  to  utilize  this  difference 
as  an  aid  to  the  discrimination  of  lantern  signals,  even  though  he  be 
color-blind. 
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OpMhalmostatometry — from  bip-daTifidg,  eye,  and  ore-, 
root  of  laTTiiu,  to  stand — is  the  measurement  of  the  posi- 
tion of  the  eyes.  The  most  important  measm'ements  are 
those  which  have  to  do  with  the  two  eyes  in  respect  of 
their  mutual  distance  and  the  relative  direction  of  the 
visual  axes. 

The  distance  between  the  two  eyes  may  be  roughly 
measured  by  looking  the  patient  in  the  face  and  letting 
him  direct  his  gaze  alternately  upon  the  two  eyes  of  the 
observer,  who  in  turn  reads  ofE  the  position  of  the  fix- 
ing eye  with  his  fixed  eye  upon  a  graduated  rule  held  in 
the  hand  or  mounted  like  a  spectacle  frame.  The  right 
or  left  corneal  margins,  or  the  right  or  left  margins  of 
the  pupils,  may  be  taken  as  fixed  points  whose  mutual 
distance  is  an  approximate  measure  of  the  true  interocu- 
lar  distance.  An  inaccuracy  of  this,  as  of  other  objec- 
tive methods  of  measuring  the  interocular  distance,  arises 
from  the  fact  that  the  visual  axis  does  not  exactly  coin- 
cide with  the  geometrical  axis  of  the  eye,  but,  as  a  rule, 
cuts  the  cornea  a  little  to  the  inner  (nasal)  side  of  its  ver- 
tex. The  angle  which  the  visual  axis  makes  with  the 
axis  of  the  cornea  (angle  a  of  Donders)  '^*  averages  about 
five  degrees  in  the  emmetropic  eye;  it  is  somewhat 
greater  in  hypermetropic  and  less  in  myopic  eyes,  and  in 
very  high  grades  of  myopia  it  may  even  be  negative,  so 
that  the  visual  axis  may  cut  the  cornea  at,  or  a  little  to 
the  outer  (temporal)  side  of,  its  vertex.  Objective  meas- 
urements of  the  interocular  distance  are,  therefore,  ordi- 
narily a  little  too  large,  though  sufficiently  accurate  for 
most  practical  purposes. 

If  we  place  a  diaphragm,  with  a  central  perforation  of 
about  1  mm.  in  diameter,  in  each  of  the  two  clips  of  a 
trial  spectacle  frame,  and  adjust  the  distance  of  each 
from  the  median  line  of  the  nose  so  that  a  distant  verti- 
cal line  shall  be  seen  bisecting  the  small  circular  field  as 
defined  by  the  margins  of  the  perforation,  the  distance 
between  the  centres  of  the  two  perforations  will  be  the 
true  measure  of  the  distance  of  the  two  (parallel)  visual 
axes  from  each  other. '^ 

To  measure  any  deviation  of  the  optic  axes  from  paral- 
lelism, when  the  patient  fixes  his  gaze  upon  a  distant  ob- 
ject, a  lighted  candle  may  be  held  about  a  foot  in  front 
of  the  deviated  eye  and  moved  in  different  directions  un- 
til its  image,  as  seen  reflected  on  the  cornea,  occupies  a 
position  central  to  the  pupil  when  viewed  from  a  station 
just  behind  the  light.  The  angle  at  which  the  light 
must  be  held  to  one  side  of  a  line  drawn  from  the  ob- 
served eye  to  the  (distant)  point  fixed  by  the  other  eye 
is  the  measure  of  the  angular  displacement  of  the  devi- 
ated eye ;  it  may  be  conveniently  measured  upon  the  arc 
of  a  perimeter,  the  eye  whose  deviation  is  to  be  measured 
being  at  the  centre  of  curvature  of  the  arc  (Landolt). 

OphtMlmotropometry—ii-om  o(l>^a2.fi6c,  eye,  and  rpon^, 
turning— is  the  measurement  of  the  movements  of  the 
eyeballs.  Most  important,  from  a  clinical  standpoint,  is 
the  estimation  of  the  interrelation  of  the  recti  interni 
and  recti  externi  muscles. 

In  insufficiency  of  the  recti  interni,  not  amountmg  to 
strabismus  divergens,  the  phenomenon  of  double  vision 
(see  Diplopia)  does  not  ordinarily  manifest  itself  so  long 
as  it  is  possible  to  maintain  the  fusion  of  the  two  retmal 
images  through  the  forced  exercise  of  the  convergence ; 
if,  however,  we  displace  one  of  the  retinal  images  upward 
or  downward,  by  means  of  a  weak  prism,  any  insuffi- 
ciency of  the  interni  immediately  reveals  itself  hy  & 
■crossing  of  the  images,  which  then  assume  an  oblique  di- 
rection, one  to  the  other,  instead  of  the  vertical  direction 
proper'to  the  action  of  the  prism.  The  measure  of  the 
insufficiency  is  the  prism,  with  edge  turned  horizontally 
•outward  which  is  required  to  convert  the  oblique  into  a 
vertical  diplopia.  This  test,  which  may  be  applied  both 
at  a  long  range  and  at  shorter  distances,  reveals  the  state 
•of  the  convergence  as  related  to  tlie  degree  of  accommo- 
dation which  is  brought  into  play  at  the  particular  dis- 

^The  "  glass-rod  "  test  of  Maddox  (see  Vol.  III.,  p.  493), 
•especially  in  its  later  form  as  developed  by  its  inventor, 
Is  even  more  convenient  in  use,  and  is  of  wider  appn- 


cability  than  the  vertical  prism.  By  rotating  the  disc  of 
fluted  glass  in  front  of  one  of  the  eyes,  the  resultant 
bright  streak  may  be  given  any  desired  direction,  from 
the  vertical  to  the  horizontal,  thereby  revealing  a  devi- 
ation of  the  visual  axes  from  parallelism  in  any  direction. 
The  measure  of  the  deviation  is  the  prism,  or  sum  of 
two  prisms  before  the  two  eyes,  which  brings  the  streak 
through  the  flame. 

Insufficiency  of  the  recti  externi,  or  preponderance  of 
the  recti  interni,  is  tested,  mutatis  mutandis,  in  the  same 
manner  as  insufficiency  of  the  interni. 

Binocular  vision,  conditioned  on  the  simultaneous  per- 
ception and  comparison  of  the  two  retinal  images  of  the 
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Fig.  3703. 


Fig.  3704. 


Fig.  3705. 

object  upon  which  the  two  eyes  are  directed,  is  most 
easily  tested  by  means  of  the  stereoscope.  Rejecting  all 
representations  of  objects  in  which  solid  forms  are  sug- 
gested by  perspective,  as  is  almost  always  the  ease 
with  photographs  of  objects  in  nature,  we  make  use  of 
diagrams  of  the  simplest  possible  construction;  a  few 
examples  of  these  are  shown  in  Figs.   3703  to  3705.36 
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Viewed  in  the  stereoscope  Pig.  3703  is  seen  as  two  discs, 
the  one  vertically  above  the  other,  but  lying  in  two  dif- 
ferent planes  at  different  distances  from  the  observer ;  the 
more  distant  of  the  two  discs  appearing  also  to  be  the 
larger.  Inverting  the  slide  in  the  stereoscope,  the  rela- 
tive distances  and  sizes  of  the  discs  appear  reversed. 
Fig.  3703  shows  a  circle  and  an  ellipse,  which  may  be 
considered  as  two  different  perspective  views  of  another, 
larger  ellipse ;  when  the  two  images  are  combined  in  the 
stereoscope  a  horizontally  elongated  ellipse  is  seen  ro- 
tated about  its  vertical  diameter  as  an  axis;  inverting  the 
slide,  the  ellipse  is  seen  rotated  in  the  opposite  direction. 
In  Fig.  3704  the  ellipse  is  seen  to  tip  backward  or  for- 
ward, according  as  the  slide  is  placed  in  the  stereoscope 
in  the  position  shown  in  the  plate,  or  inverted.  Pig. 
3705  shows  a  combination  of  a  ring  with  a  white  centre 
and  a  black  disc  of  the  same  diameter ;  the  effect  is  that 
of  a  mirror  or  of  a  shining  surface  polished  with,  plum- 
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ORANGE,  SWEET  AND  BITTER.-(See  also  Citrus.) 
I.  Citrus  Aurantium  L.,  the  sweet  orange,  is  a  fa- 
miliar plant  in  all  warm  countries.  It  is  a  small,  rather 
slow-growing  tree,  with  hard  wood,  an  upright,  much- 
branched  trunk,  bearing  a  well-rounded,  rather  close 
head.  ■  Leaves  numerous,  thick,  evergreen,  smooth,  and 
shining,  oval;  the  blade  articulated  to  the  distinctly 
winged  petiole.  Flowers  axillary,  perfect,  regular, 
large,  fragrant,  white;  calyx  short;  petals  five,  long, 
fleshy,  spreading;  stamens  numerous;  ovary  free,  eight- 
or  more  celled,  several  ovules  in  each  cell.  The  leaves 
and  petals  are  fragrant,  and  show  by  transmitted  light 
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pellucid  spots  indicating  the  large  oil  reservoirs  in  their 
parenchyme. 

II.  C.  vulgaris  Risso,  the  source  of  the  bitter  or  Seville 
orange,  is  a  smaller  tree,  with  a  closer  head,  larger,  more 
fragrant  flowers,  and  a 
rougher,  darker,  sour, 
and  bitter  fruit.  This 
plant  is  also  rather 
more  spiny  than  the 
other,  and  propagates 
more  truly  from  seed. 

The  official  products 
and  preparations  are 
as  follows: 

Sweet  Orange  Peel. 
Aurantii  Dulcis  Cortex. 
"  The  rind  of  the  fresh 
fruit  of  Citrus  Auran- 
tium L."  The  prep- 
arations of  this  are  the 
flveper-cent.  syrup, 
used  wholly  as  a  vehi- 
cle and  for  flavoring,  and  the  twenty -per-cent.  tincture, 
chiefly  used  like  the  last,  but  a  stimulant  in  doses  of 
2-8  c.c.  (fl.  3  ss.-i.i.). 

Bitter  Orange  Peel.  Aurantii  Amarm  Cortex.  "The 
rind  of  the  fruit  of  Citrus  vulgaris  Risso. '' 

Preparations,  the  fluid  extract,  dose  3-4  c.c.  (fl.  3  ss.-i.) 
and  the  twenty-per-cent.  tincture,  dose  2-8  c.c.  (fl.  3  ss.~ 
ij.).  It  will  be  observed  that  this  peel  may  be  used  dry, 
while  that  of  the  sweet  orange  must  be  used  in  the  recent 
state.  The  bitter  principle  of  this  peel  makes  it  an  im- 
portant aromatic  bitter,  as  well  as  a  flajvoring  agent. 

Oil  of  Orajige  Peel.  Oleum  Aurantii  Corticis.  "A  vol- 
atile oil  obtained  by  expression  from  the  fresh  peel  of 
either  the  sweet  or  the  bitter  orange. "  This  is  purely  a 
diffusive  stimulant,  but  is  almost  wholly  used  for  flavor- 
ing. Its  preparations  are  the  flve-per-cent.  spirit  and  the 
twenty-per-cent.  compound  spirit,  made  with  five  per 
cent,  of  oil  of  lemon  and  two  per  cent,  of  oil  of  anise. 
This  latter  enters  into  the  aromatic  elixir. 

Oilof  Orange  Flowers.  Oilof  Neroli.  Oleum  Aurantii 
Florum.  A  volatile  oil  distilled  from  the  fresh  flowers 
of  the  bitter  orange.  (The  flowers  themselves  are  no 
longer  ofiicial.)  This  is  used  purely  as  a  perfuming  and 
flavoring  agent.  The  following  are  the  preparations: 
Stronger  Orange  Flower  Water  (Aqua  Aurantii  Floi'um 
Fortior)  is  obtained  as  a  by-product  in  the  distillation, 
being  the  water  so  used,  saturated  with  the  oil.  From 
this  is  made  the  Orange  Flower  Water  {Aqua  Aurantii 
Florum)  by  mixing  it  with  an  equal  volume  of  distilled 
water.  From  this,  in  turn,  is  made  the  syrup,  by  add- 
ing to  850  grams  of  sugar  enough  of  the  water  to  make 
1,000  c.c. 

Oil  of  Petit  Grains,  not  ofiicial,  is  distilled  from  the  un- 
ripe fruits  of  the  bitter  orange,  and  is  very  similar  to  oil 
of  orange  flowers,  but  much  less  agreeable. 

The  use  of  orange  fruit  is  like  that  of  other  laxative 
fruits,  with  the  special  effect  of  citric  acid.  It  is  to  be 
borne  in  mind  that,  while  a  moderate  use  of  oranges  is 
wholesome,  the  excessive  use  can  bring  on  very  stubborn 
and  severe  dyspepsia,  especially  in  tropical  countries. 

Henry  H.  Rushy. 

ORBIT,  DISEASES  AND  INJURIES  OF  THE.— These 
affections  have  great  interest  and  importance,  not  only 
with  reference  to  the  preservation  of  sight,  but  also  on 
account  of  the  close  topical  and  vascular  connection  of  the 
contents  of  this  cavity  with  other  parts,  particularly  the 
brain,  and  the  difl3cult  and  serious  problems  in  diagnosis 
and  prognosis  which  they  frequently  offer.  They  are, 
comparatively,  not  very  common.  The  one  most  fre- 
quently met  with  is 

Orbital  Cellulitis. —This  is  not  generally  difficult 
to  recognize.  It  is  usually  an  acute  disease,  and  often 
of  a  violent  inflammatory  character.  Pain,  which  is  a 
prominent  symptom,  is  in  proportion  to  the  degree  of 
swelling  and  consequent  pressure,  and,  when  this  is  ex- 
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cessive,  it  is  very  intense.  It  is  referred  to  the  ball  and 
orbit  and  to  the  parts  of  the  face  to  which  the  ramifications 
of  the  ophthalmic  branch  of  the  fifth  nerve  are  distrib- 
uted, and  is  always  increased  by  the  slightest  backward 
pressure  of  the  globe.  The  conjunctiva  is  congested  and 
soon  becomes  chemosed,  and  the  lids  are  swollen  and  oede- 
matous  and  have  an  erysipelatous  appearance. 

The  most  striking  symptom  is  the  exophthalmus,  which 
is  decided,  even  in  slight  cases  and  in  the  early  stages. 
The  diplopia  resulting  from  displacement  of  the  eyeball 
is  sometimes  among  the  first  symptoms,  and  may  even 
occur  before  the  exophthalmus  attracts  attention.  In 
severe  cases,  particularly  if  an  abscess  is  formed,  the 
protrusion  of  the  ball  may  be  so  great  that  the  lids  can 
no  longer  cover  the  cornea.  The  movements  of  the  eye 
are,  of  course,  restricted  and  painful,  or  it  may  be  com- 
pletely fixed  in  its  unnatural  position. 

More  or  less  constitutional  disturbance  is  to  be  expected, 
and  the  formation  of  pus  is  usually  announced  by  well- 
marked  rigors.  Suppuration  is  the  rule,  but  a  few  cases 
end  in  resolution,  a  result  said  to  be  much  more  fre- 
quent in  children  than  in  adults.  This  form  of  the  dis- 
ease is  sometimes  called  " oedema tous  cellulitis."  When 
an  abscess  is  evacuated  spontaneously,  the  pus  escapes 
through  the  skin  of  the  lids,  near  the  superior  or  inferior 
orbital  margin,  or  sometimes  behind  the  lids,  through  the 
palpebro-ocular  fold  of  the  conjunctiva.  In  the  latter 
case  the  disease  is  sometimes  mistaken  for  purulent  con- 
junctivitis. In  rare  cases  orbital  cellulitis  assumes  a 
chronic  form,  and  ends  by  the  escape  of  pus  only  after 
the  lapse  of  months  or  years.  There  may  be  little  or  no 
pain,  and  no  decided  symptom  except  the  exophthalmus. 
There  is  likely  to  be  periostitis  or  caries  in  such  cases. 

Etiology. — Idiopathic  cellulitis  is  so  rare  that  Pagen- 
stecher  is  disposed  to  deny  its  occurrence,  and  to  main- 
tain that  cases  described  as  such  have  been  due  to  the 
extension  of  inflammation  from  a  focus  which  had  es- 
caped the  attention  of  the  observer  {Arch,  of  Oph.,  vol. 
xiii.).  Primary  cellulitis  in  healthy  adults  must  be  con- 
sidered, to  say  the  least,  a  very  unusual  affection,  but  its 
occasional  occurrence  in  delicate  children  is  generally  ad- 
mitted. Perhaps  the  most  frequent  causes  are  direct  in- 
juries of  the  orbital  tissue  and  extension  of  local  inflam- 
mation from  neighboring  parts.  Operations  upon  the 
appendages  of  the  eye,  or  even  upon  the  ball  itself,  are 
sometimes  followed  by  this  complication.  Bull  {Jour. 
Med.  Set.,  July,  1878)  reports  a  case  following  excision 
of  a  prolapsed  iris,  and  one  after  iridectomy  for  glau- 
coma. The  most  frequent  cause  of  orbital  abscess  is  em- 
pyema of  the  accessory  cavities  of  the  nose  with  caries  of 
their  walls.  Phlegmonous  erysipelas  of  the  face  has  ex- 
tended to  the  orbital  tissue  in  a  number  of  cases.  Finally, 
orbital  abscess  may  be  the  result  of  a  metastatic  process 
in  puerperal  fever,  phlebitis,  typhus,  carbuncle,  etc. 
"While  thrombosis  of  the  orbital  vein  necessarily  occurs 
in  orbital  phlegmon,  and  may  extend  to  the  cavernous 
sinus,  orbital  cellulitis  may  have  its  origin  in  suppurative 
phlebitis  of  the  ophthalmic  vein.  It  is  well  known  that 
suppuration  may  be  communicated  to  the  ophthalmic 
vein  and  cavernous  sinus  from  abscesses  of  the  lids  or 
lips,  operations  about  the  face,  the  extraction  of  teeth, 
and  especially  from  facial  erysipelas.  In  a  fatal  case  of 
suppurative  phlebitis  of  the  ophthalmic  vein  and  cavern- 
ous sinus,  following  malignant  abscess  of  the  tonsil,  Pro- 
fessor Panas  {Arch.  d'Ophthal.,t.  v.)  thinks  that  the  dis- 
ease was  communicated  through  numerous  anastomoses 
which  have  been  shown  to  exist  between  these  vessels 
and  the  spheno-palatine  vein.  Cases  of  orbital  cellulitis 
following  diphtheria  are  reported  by  Knapp  and  Heyl 
(Nettleship,  "St.  Thomas'  Hospital  Reports,"  vol.  xi.). 
Knapp  {Arch,  of  Oph.,  xiii.)  has  shown  that  orbital  cellu- 
litis is  present  in  all  cases  in  which  blindness  results  from 
facial  erysipelas. 

Diagnosis. — The  conditions  with  which  orbjtal  cellu- 
litis is  most  likely  to  be  confounded  are  periostitis  of  the 
orbital  walls  and  new  growths  in  the  cavity.  In  perios- 
titis the  progress  of  the  disease  is  usually  less  rapid,  and 
the  pain,  though  perhaps  less  severe,  is  an  earlier  symp- 


tom and  may  even  be  the  first.  Except  in  cases  in  which 
only  the  deeper  parts  of  the  orbit  are  affected,  a  tender 
spot  can  frequently  be  detected  by  passing  the  finger  as 
far  back  as  possible  and  pressing  against  the  wall.  While 
in  cellulitis  the  eye  is  usually  protruded  directly  forward, 
and  its  motions  are  limited  equally  in  all  directions,  it  is 
likely  to  be  given  a  special  direction  by  the  more  local- 
ized swelling  of  periostitis.  These  two  lesions  may^ 
however,  sometimes  appear  together,  the  inflammation 
extending  from  the  periosteum  to  the  orbital  cushion. 
The  acute  course  of  cellulitis  will  usually  distinguish  it 
from  orbital  growths.  The  eye  is  rarely  protruded  di- 
rectly forward  by  a  tumor,  and  the  latter  may  often  be 
felt  with  the  finger.  The  diagnosis  is,  however,  some- 
times extremely  difficult,  and  may  prove  a  stumbling- 
block  to  the  most  skilful  and  careful  observer.  This  is 
well  illustrated  by  a  case  which  occurred  some  years  ago 
in  the  experience  of  no  less  an  authority  than  Professor 
Jaeger.  He  was  sent  by  the  Emperor  to  Milan  to  ex- 
amine Marshal  Radetzky,  who  had  been  suffering  for 
three  months  with  a  high  degree  of  exophthalmus  and 
its  accompanying  symptoms.  He  reported  that  the  pa- 
tient, who  declined  any  operative  interference,  was  af- 
fected with  scirrhus  of  the  soft  parts  of  the  orbit,  which 
would  probably  soon  end  his  life.  Not  long  afterward, 
under  homcEopathic  treatment,  there  was  a  copious  dis- 
charge of  pus,  and  the  eye  returned  to  its  normal  position 
{Annates  d' Oculist.,  xxiii.,  p.  14). 

Prognosis. — Though  a  large  proportion  of  cases  of  or- 
bital cellulitis  recover  without  serious  injury  to  the  eye,, 
the  disease  is  a  dangerous  one  and  places  not  only  sight 
but  sometimes  life  in  peril.  The  most  frequent  causes 
of  loss  of  sight  are  injury  to  the  optic  nerve  from  press- 
ure and  stretching,  and  interference  with  the  circulation 
in  the  central  vessels  of  the  retina.  The  tense  chemosis 
may  cause  the  cornea  to  slough,  or  panophthalmitis  may 
result  from  interference  with  the  circulation  of  the  cho- 
roid or  fi'om  direct  extension  of  the  inflammation  to  that 
membrane.  The  movements  of  the  ball  are  sometimes 
permanently  impeded  by  cicatricial  contractions  or  atro- 
phy of  the  external  muscles,  or  their  paralysis  from  in- 
jury to  the  nerves.  Life  is  threatened  by  direct  exten- 
sion of  inflammation  to  the  meninges,  through  the 
sphenoidal  fissure  or  optic  foramen,  by  flow  of  pus  into 
the  intracranial  cavity,  or  by  thrombosis  of  the  ophthal- 
mic vein.  According  to  Berlin  (Graefe-Saemisch,  vol. 
vi.),  fatal  pysemia  may  result  without  extension  of 
thrombosis  beyond  the  orbit,  or  the  thrombosis  may  ex- 
tend to  the  brain  sinuses.  He  thinks  that  the  latter  con- 
dition may  be  diagnosticated  positively  if  exophthalmus 
occurs  suddenly  in  the  other  eye.  Exophthalmus  fre- 
quently results  from  venous  obstruction  only,  with  little 
or  no  inflammation  of  the  orbital  tissue,  and  is  a  constant 
and  important  symptom  of  phlebitis  of  the  cavernous 
sinus. 

Treatment  will  necessarily  vary  with  the  violence  of  the 
local  inflammation  and  the  general  condition  of  the  pa- 
tient. In  traumatic  cases,  and  others  occurring  in  per- 
sons in  fair  health,  leeches  may  be  applied  to  the  temple 
in  the  early  stages  of  the  affection  before  suppuration  has 
commenced.  Even  this  kind  of  depletion,  however,  is  to 
be  condemned  in  the  large  proportion  of  cases  in  which 
the  inflammation  of  the  orbital  tissue  is  a  complication  of 
some  exhausting  disease.  Hot  stupes  will  promote  reso- 
lution while  there  is  hope  of  that  termination ;  but  warm 
fomentations  or  poultices  should  be  applied  when  it  is 
desirable  to  encourage  suppuration.  Extract  of  bella- 
donna applied  to  the  temples  and  brow  is  useful  in  re- 
lieving pain,  but  most  cases  will  require  the  liberal 
exhibition  of  anodynes.  When  suppuration  is  evident, 
there  is  no  question  about  the  propriety  and  urgency  of 
free  incision,  and  when  it  is  doubtful  it  is  often  prudent 
to  make  an  exploratory  puncture.  When  great  swelling 
inflicts  intense  pain  and  threatens  the  integrity  of  the 
eyeball  and  optic  nerve,  deep  and  free  incisions  should 
be  made  without  waiting  for  indications  of  suppuration, 
and  with  a  view  to  relieving  the  tension  of  the  parts.  A 
narrow,  straight  bistoury  or  a  long  Graefe  cataract  knife 
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is  entered  near  the  upper  or  lower  margin  of  the  orbit, 
and  its  point  kept  near  the  roof  or  floor,  while  it  is  passed 
toward  the  apex  of  the  orbit.  It  is  well  to  keep  the 
wound  open  by  a  tent  of  carbolized  or  borated  lint. 
Curetting  of  the  inner  wall  of  the  orbit  and  drainage 
through  the  nose  may  be  necessary  when  the  accessory 
sinuses  are  involved  (see  Transactions  of  the  American 
Ophthalmological  Society,  1900). 

Tenonitis. — The  capsule  of  Tenon  is  a  fibrous  envel- 
ope of  the  ball,  derived  from  the  dural  sheath  of  the 
optic  nerve,  and  lined  by  a  serous  membrane  which, 
according  to  some  authorities,  is  continuous  with  the 
arachnoid.  The  eyeball  moves  in  this  envelope  like  the 
head  of  a  bone  in  its  articular  capsule.  The  recti  mus- 
cles pass  through  this  capsule  at  the  equator  of  the  ball, 
where  it  is  intimately  connected  with  their  sheaths,  and 
in  the  neighborhood  of  the  corneal  margin  it  is  merged  in 
the  conjunctiva  and  subconjunctival  tissue.  While  it 
forms  a  barrier  to  the  extension,  within  the  eye,  of  inflam- 
matory processes  when  they  commence  in  the  orbital  tis- 
sue, its  direct  connection,  by  means  of  the  anterior  ciliary 
vessels  with  the  intra-ocular  circulation  makes  this  dan- 
ger greater  when  the  cansule  itself  is  inflamed.  On  the 
other  hand,  it  probably  rarely  entirely  escapes  participa- 
tion in  very  acute  and  intense  intra-ocular  inflammation, 
and  is  the  cause  of  the  protrusion  of  the  ball  in  panoph- 
thalmitis. In  enucleation  in  such  cases  the  extensive 
and  firm  adhesions  of  the  capsule  and  the  muscles  and 
connective  tissue  about  the  ball  often  considerably  com- 
plicate the  operation.  Tenonitis  is  said  to  occur  occa- 
sionally after  facial  erysipelas  or  as  a  rheumatic  affection, 
but  is  usually  the  result  of  extension  of  inflammation 
from  the  ball,  or  of  direct  injury.  It  has  sometimes  fol- 
lowed operations,  especially  those  upon  the  external 
muscles.  I  have  met  with  two  cases:  one  after  simple 
division  of  a  muscle  for  strabismus,  the  patient  recover- 
ing in  the  course  of  a  few  days,  without  injury  to  tiie 
eye ;  and  one  after  the  advancement  of  the  internal  rec- 
tus. In  the  latter  case  the  disease  ended  in  disorganiza- 
tion of  the  ball. 

The  symptoms  are  conjunctival  and  subconjunctival 
congestion,  sometimes  with  chemosis,  moderate  exoph 
thalmus,  restriction  of  the  movements  of  the  ball,  and 
pain,  greatly  increased  by  pressing  the  eye  backward. 
The  lids  are  less  affected  than  in  cellulitis,  and  if  pus 
forms  it  escapes  on  the  surface  of  the  ball. 

Treatmsnt  will,  of  course,  depend  upon  the  cause  and 
the  intensity  of  the  inflammation.  Rheumatic  cases  re- 
quire hot  stupes,  cotton  compresses,  anodyne  applica- 
tions, and  the  appropriate  internal  medication.  In  the 
early  stages  of  traumatic  tenonitis  leeching  at  the  tem- 
ple, the  local  application  of  ice,  and  calomel  internally 
may  be  needed. 

Pbriostitis  of  the  orbital  walls  is  sometimes  difficult 
to  distinguish  from  cellulitis,  and  indeed  the  two  condi- 
tions may  exist  together,  or  phlegmonous  inflammation 
of  the  orbital  connective  tissue  may  originate  in  periosti- 
tis. The  usual  seat  of  periostitis  of  the  orbit  is  near  the 
margin,  where  it  can  be  detected  by  pressure  with  the 
finger.  The  exophthalmus  is  not  directly  forward  as  in 
uncomplicated  cellulitis,  and  the  movements  of  the  ball 
are  limited  more  in  the  direction  of  the  seat  of  the  dis- 
ease than  in  other  directions.  When  the  disease  is  at  the 
apex,  paralysis  of  some  of  the  muscles  of  the  ball  is  likely 
to  ensue  from  involvement  of  the  nerves  at  their  entrance 
into  the  orbit.  Periostitis  usually,  though  not  invariably, 
ends  in  suppuration.  Sometimes  there  are  more  or  less 
permanent  localized  thickening  of  the  periosteum  and 
consolidation  of  the  neighboring  tissue,  which  closely 
simulate  a  tumor.  I  have  met  with  several  such  cases. 
In  one  there  was  a  distinctly  localized  hard  swelling  in 
the  upper  inner  wall  of  the  orbit,  extending  as  far  back 
as  the  finger  could  reach.  An  exploratory  incision  was 
made,  and  when  the  finger  was  introduced  into  the 
wound  it  was  found  that  the  swelling  was  much  less 
clearly  defined  than  it  had  appeared  to  be— in  fact,  that 
it  was  merely  a  localized  engorgement  of  the  periosteum 
and   neighboring  orbital  tissue.     The  part  was  freely 
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scarified  and  the  wound  was  kept  open  with  a  tent.  The 
case  soon  ended  in  complete  recovery  without  suppura- 
tion. In  another  case  there  was  such  a  decided  resem- 
blance to  a  tumor  in  the  region  of  the  lachrymal  gland 
that  extirpation  had  been  advised  by  two  experienced 
surgeons.  As  the  patient  was  known  to  have  been  un- 
der treatment  some  months  previously  with  an  aggra- 
vated attack  of  syphilitic  pharyngitis,  periostitis  was 
diagnosticated,  and  a  rapid  cure  followed  the  administra- 
tion of  heroic  doses  of  iodide  of  potassium. 

Prognosis. — A  large  proportion  of  cases  end  favorably. 
The  bone  may  become  involved  in  the  disease.  In  a  few 
cases  death  has  resulted  from  direct  extension  of  iuflam- 
mation  from  the  periosteum  to  the  meninges  of  the  brain, 
or  from  the  escape  of  pus  into  the  intracranial  cavity. 
The  danger  is,  of  course,  much  greater  when  the  deeper 
parts  of  the  orbit  are  affected.  In  the  chronic  form  the 
progress  of  the  disease  is  very  slow,  sometimes  extending 
over  months  or  even  years. 

The  cause  may  be  traumatic  or  rheumatic,  or  the  dis- 
ease may  be  due  to  an  extension  of  inflammation  from 
one  of  the  neighboring  cavities,  but  it  is  most  frequently 
syphilitic.  The  local  treatment  is  the  same  as  in  celluli- 
tis, and  when  suppuration  is  suspected  or  when  excessive 
swelling  endangers  the  eye  or  brain,  early  and  free  incis- 
ion should  not  be  neglected.  Iodides  and  tonics  are  gen- 
erally needed. 

Cabibs  and  Necrosis  of  the  orbital  walls  are  usually 
the  result  of  periostitis  when  not  due  to  disease  of  the  ac- 
cessory sinuses.  The  seat  of  the  disease  is,  fortunately, 
most  frequently  near  the  margin  of  the  orbit,  where  the 
danger  of  injury  to  the  eye  or  of  extension  to  the  brain  is 
much  less  than  when  the  deeper  parts  of  the  orbital  cav- 
ity are  involved.  The  adherent  cicatrix  of  the  skin, 
however,  which  invariably  forms,  is  likely  to  cause  seri- 
ous deformity  of  the  lids  by  its  excessive  contraction. 
This  cannot  be  prevented,  but  must  be  remedied  by 
operation,  as  best  it  may,  after  the  affection  of  the  bone 
has  run  its  course.  Abscesses  should  be  promptly  evac- 
uated and  a  free  opening  maintained.  When  they  dis- 
charge spontaneously  the  resulting  sinuses  will  fre- 
quently need  to  be  enlarged.  The  cavity  should  be 
frequently  syringed  with  antiseptic  solutions.  The  dan- 
ger of  reckless  probing  should  be  borne  ini  mind,  and  no 
forcible  attempts  to  remove  sequestra  should  be  made. 
Acute  cases,  which  are  often  mistaken  for  erysipelas  of 
the  lids  and  face,  may  need  local  treatment.  Iodide  of 
potassium  is  always  in  order,  and  should  be  given  in  large 
doses  if  syphilis  is  suspected.  Many  patients  require  a 
long  course  of  treatment  by  quinine  and  iron  and  cod- 
liver  oil,  and  careful  attention  to  diet  and  hygiene. 

Hemoerhage  in  the  Orbit  is  extremely  rare  from 
other  than  traumatic  causes.  It  has  occasionally  oc- 
curred in  scorbutic  subjects,  in  sudden  suppression  of 
the  menses,  and  from  violent  coughing  or  muscular 
straining.  Permanent  hsmatomata  have  been  formed  by 
repeated  hemorrhages. 

When  hemorrhage  occurs  in  the  orbit  after  serious 
injuries  of  the  head,  it  is  an  almost  certain  symptom  of 
fracture  of  the  walls  of  the  cavity ;  though  intracranial 
hemorrhage  may  find  its  way  into  the  orbit  without  fract- 
ure. In  a  few  cases  of  injuries  bleeding  has  resulted 
from  rupture  of  vessels  within  the  orbit.  The  symptoms 
are  exophthalmus  and  ecchymosis  of  the  lids  and  conjunc- 
tiva. The  ophthalmoscopic  appearances  are  those  result- 
ing from  sudden  pressure. 

Treateewi.— Iced-water  or  pounded  ice  should  be  ap- 
plied while  there  is  probability  of  further  hemorrhage, 
and  afterward  absorption  may  be  hastened  by  a  compres- 
sive bandage. 

Emphysema  of  the  orbit  is  still  more  rare  than  hemor- 
rhage. The  symptoms  are  exophthalmus  and  the  char- 
acteristic crepitation  on  pressure  upon  the  puffy  lids. 
The  causes  are  rupture  of  the  lachrymal  sac,  or 
communication  between  the  orbit  and  the  frontal  sinus- 
es, ethmoidal  cells,  or  nasal  cavity.  This  communica- 
tion with  neighboring  air  spaces  is  generally  traumatic, 
but  may  be  the  result  of  ulceration.    Rampoldi  reports 
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a  case  m  which  the  emphysema  developed,  without  in- 
jur}', from  chronic  coryza.  Exophthalmus,  with  diplo- 
pia, appeared  whenever  the  patient  sneezed  or  coughed, 
until  he  learned  to  prevent  it  by  supporting  the  eye  with 
his  hand.  The  story  is  told  of  a  convict  who  produced 
exophthalmus  by  introducing  a  pin  at  the  root  of  a  mo- 
lar tooth  and  forcing  in  air  from  the  mouth ;  and  malin- 
gerers are  said  to  have  produced  the  same  result  by  mak- 
ing a  puncture  beneath  the  eyeball  and  blowing  in  air 
through  a  tube.  French  jockeys  have  been  accused  of 
resorting  to  the  latter  expedient  to  give  a  youthful  ap- 
pearance to  old  horses  with  sunken  eyeballs.  No  treat- 
meiit  is  likely  to  be  of  much  use.  The  patient  should  be 
cautioned  against  blowing  his  nose  and  encouraged  to 
wait  for  the  rent  to  close. 

Exophthalmic  Goitre,  often  called  Graves'  disease  or 
Basedow's  disease,  is  a  complicated  affection  in  which,  in 
its  typical  form,  protrusion  of  the  eyeball  is  associated 
with  enlargement  of  the  thyroid  gland,  functional  dis- 
turbance of  the  heart,  and  marked  nervous  and  nutritive 
derangement.  Though  cases  presenting  this  association 
of  symptoms  had  previously  been  reported  by  Parry  and 
others,  the  first  systematic  description  of  the  disease  now 
known  as  exophthalmic  goitre  was  given  by  Graves  in 
1835,  and  his  name  is  associated  with  it  by  English, 
American,  and  some  French  authors ;  while  the  Germans 
claim  that  Basedow  was  the  first  to  describe  it  accurately 
(Casper's  Wochemchrifi)  in  1840,  and  they  always  speak 
of  it  as  Basedow 's  disease. 

The  exophthalmus  is  not  usually  so  excessive  as  that 
met  with  in  cases  of  abscess  or  tumor  of  the  orbit,  but  in 
a  few  instances  it  has  been  so  great  as  to  prevent  the  lids 
from  closing  over  the  coinea.     The  effect  of  the  protru- 
sion of  the  ball  is,  in  a  large  proportion  of  cases,  height- 
ened and  the  deformity  much  increased  by  an  associated 
■  ailection  of  the  lids,  a  symptom  to  which  attention  was 
first  called  by  von  Graefe.     The  upper  lid  does  not  follow 
the  movements  of  the  ball  as  its  axis  is  directed  upward 
or  downward,  but  remains  fixed  and  more  or  less  re- 
tracted, exposing  the  sclerotic  and  giving  a  staring  and 
startled  expression  to  the  patient.     This  is  due  to  con- 
traction of  the  small,  flat  muscular  fibres,  extending 
from  the  lid  back  into  the  orbit,  which  were  discovered 
by  Milller  and  are  known  by  his  name.     They  are  of  the 
unstriated  kind  and  are  under  the  control  of  the  sympa- 
thetic nerve.     Sometimes,  also,  reflex  contraction  of  the 
orbicularis  from  irritation  of  the  eye  is  diminished,  and 
winking  is  absent  or  incomplete.     These  lid  symptoms 
are  not  constant,  but  are  sometimes  found  when  the  dis- 
ease is  but  slightly  developed,  and  may  be  valuable  indi- 
cations in  doubtful  cases.     The  ball  can  be  forced  back 
nearly  or  quite  to  its  normal  position  by  pressure  with 
the  fingers,  but  it  projects  immediately  when  the  press- 
ure is  removed.     Vascular  bruit  has  been  detected  with 
the  stethoscope  by  Snellen.     Diplopia  from  displacement 
of  the  visual  axes  may  occur,  even  as  an  early  symptom, 
and,  in  some  advanced  cases,  continued  stretching  pro- 
duces paresis  of  the  external  muscles  of  the  ball.     There 
has  been  much  discussion  about  the  condition  of  the  pu- 
pil; some  cases  have  been  reported  in  which  it  was  di- 
lated, and  a  few  in  which  it  was  contracted,  but,  without 
doubt,  it  is  usually  unaltered.     Vision  is  not  generally 
impaired.     The  ophthalmoscope  has  occasionally  shown 
retinal  hemorrhages,  and  Becker  {Klin.  MonatMatt  fur 
Atigmilieilk.,  1880)  has  observed  pulsation  of  the  retinal 
arteries  in  some  cases,  but,  as  a  rule,  there  is  little  or  no 
change  in  the  fundus  beyond  a  dilatation  of  the  retinal 
veins,  and  even  this  is  not  constant.     Both  eyes  are  al- 
most invariably  affected.     Cases  have  been  reported  in 
which  one  only  was  involved,  but  this  is  so  rare  that  Eu- 
lenberg  thinks  that  some  suspicion  must  remain  in  respect 
to  the  diagnosis.     Slight  keratitis,  with  conjunctivitis,  is 
common  in  severe  cases,  but  blindness  from  ulceration  of 
the  cornea  is  a  rare  occurrence.     Some  authorities  attrib- 
ute this  ulceration  to  simple  exposure  of  the  cornea  from 
excessive  exophthalmus,  while  others  believe  it  to  be  an 
instance  of  so-called  neuroparalytic  keratitis,  due  to  a  dis- 
turbance of  nutrition  resulting  from  the  obscure  neurosis 
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that  lies  at  the  bottom  of  all  the  manifold  symptoms  of 
this  disease.  The  latter  is  the  view  taken  by  von  Graefe 
and  others,  who  consider  the  corneal  affection  a  result  of 
paralysis  of  the  "  trophic  "  fibres  of  the  ophthalmic  branch 
ot  the  fifth  nerve ;  the  corneal  sensibility  being  lost  or 
retained  according  as  all  the  fibres  of  the  nerve,  or  the 
ti-ophic  only,  are  involved.  Some  authors,  among  them 
Charcot,  are  disposed  to  think  that  the  corneal  inflamma- 
tion is  produced  by  irritation  of  the  nerve  (see  "  Neuro- 
paralytic- Keratitis,"  Harlan,  Am.  Jour,  of  the  Med  8ci 
April,  1874). 

In  nine  cases  out  of  ten  the  subjects  of  the  disease  are 
females,  usually  adults  under  thirty  years  of  age,  but  a 
few  instances  in  children  under  ten  have  been  recorded. 
Male  patients  are  generally  older  and  their  attacks  are 
likely  to  be  more  severe.  Most  cases  of  corneal  ulcer- 
ation have  occurred  in  males. 

The  exophthalmus  usually  disappears  entirely  after 
death,  and  no  constant  lesion  is  discovered  by  post-mor- 
tem examination  of  the  orbit.  Fatty  degeneration  of  the 
muscles,  from  disuse  and  stretching,  has  been  noted ;  and 
hypertrophy  of  the  orbital  fat  has  been  found  in  some 
cases,  but  it  maybe  considered  an  accidental  result  of  the 
vascular  engorgement  which  seems  to  be  the  cause  of  the 
protrusion  of  the  eyeball. 

Thepaihologi/,  tynvptomatology ,  and  treatment  ot  exoph- 
thalmic goitre  will  be  discussed  in  a  separate  article  in 
The  Appendix. 

Pt7LSATiNG  Exophthalmos,  a  comprehensive  term 
based  on  convenience  rather  than  on  scientific  accuracy, 
is  now  quite  generally  used  to  include  a  large  class  of 
cases  which  are  dependent  upon  different  pathological 
conditions,  and  which  in  the  present  state  of  our  knowl- 
edge it  is  always  difficult  and  generally  impossible  to  dis- 
tinguish positively  during  life. 

Symptoms. — There  is  protrusion  of  the  eyeball,  and 
pulsation  is  evident  to  the  touch  and  sight.  •  Above  the 
eye,  and  beneath  the  upper  and  inner  margin  of  the  or- 
bit, is  a  rather  firm,  elastic  tumor,  also  pulsating.  The 
patient  complains  of  a  puffing  or  whirring  noise  in  the 
head,  and  an  aneurismal  bruit  is  heard,  on  auscultation, 
over  the  eye  and  temple,  and  sometimes  over  the  whole 
side  of  the  head.  In  some  cases  this  sound  has  been  audi- 
ble at  a  distance  of  several  feet  from  the  patient.  'There 
are  usually  distention  and  pulsation  of  the  supra-orbital 
vein,  and  sometimes  of  thC' infra-orbital  also.  When  the 
carotid  is  compressed  in  the  neck  the  pulse  and  bruit  cease, 
the  tumor  becomes  soft,  and  the  eye  can  be  pushed  back 
into  the  orbit.  The  hollow  betvpeen  the  ball  and  the 
orbital  arch  is  obliterated.  The  con j  unctiva  is  congested, 
and  in  many  cases  a  tumor  is  formed  by  intense  chemosis 
of  its  lower  fold,  which  projects  beyond  the  lid.  There 
may  be  no  decided  ophthalmoscopic  changes,  but  the  ret- 
inal vessels  are  usually  congested,  and  the  disc  is  some- 
times found  swollen  as  a  result  of  pressure  upon  the 
optic  nerve  in  the  orbit.     Pain  may  be  slight  or  severe. 

Vision  is  not  generally  much  affected  in  recent  cases, 
but  the  eye  has  often  been  destroyed  by  long-continued 
and  excessive  pressure.  The  symptoms  usually  appear 
suddenly,  after  direct  injury  to  the  orbit  or  a  severe  blow 
upon  the  head  in  traumatic  cases;  or  during  violent 
effort,  as  in  childbirth,  in  cases  of  spontaneous  origin. 
They  have  not  been  noticed,  however,  in  a  number  of 
traumatic  cases  until  some  weeks  or  months  after  the  in- 
jury. 

In  several  spontaneous  cases  the  patients  have  been 
roused  from  sleep  by  a  loud  sound  like  the  report  of  a 
pistol. 

Progress  and  Termination. — The  deformity  and  incon- 
venience are  so  great,  and  the  danger  to  the  eye  and  to 
life  is  so  decided,  that  few  cases  have  been  allowed  to 
pursue  a  natural  course,  uninterrupted  by  more  or  less 
active  treatment.  As  a  rule,  the  character  of  the  affec- 
tion is  chronic,  and  some  cases  have*  undergone  little  or 
no  change  in  the  course  of  years.  In  others  the  eye  has 
been  destroyed  by  sloughing  of  the  cornea  and  general 
ophthalmia.  The  causes  of  death  include  erysipelas, 
complications  of  brain  and  heart,  and  hemorrhage.     Of 
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the  last  class,  in  the  cases  of  Hussey  and  Critchett  ("  Oph- 
thalmic Hospital  Reports,"  vol.  it.,  p.  137;  Med.  Times 
and  Qaz.,  December,  1854),  the  patients  died  of  hemor- 
rhage directly  from  the  orbit,  and  in  one  of  Nekton's 
cases  (Lancet,  1873),  profuse  epistaxis,  resulting  from 
fracture  of  the  body  of  the  sphenoid  bone  and  rupture 
of  the  carotid,  was  the  cause  of  death.  In  1876  (Trans. 
Internat.  Med.  Cong.)  I  reported  a  case  of  spontaneous 


Fig.  3707.— sc.  The  dilated  cavernous  sinus,  opened  from  above. 
Wltbln  this,  the  Internal  carotid  (ca),  which  Is  cut  open  above  to 
show  the  perforation  In  the  under  and  outer  side  of  Its  wall  (r) ;  /h, 
the  fracture  in  the  sphenoid  bone ;  pp,  detached  spicula  from  the 
point  of  the  petrous  tone ;  scB,  sinus  clrcularis  Ridley! ;  sps,  a  part 
of  the  dilated  superior  petrosal  sinus !  o«,  dilated  ophthalmic  vein ; 
/»,  vena  frontalis ;  oa,  ophthalmic  artery ;  ore,  optic  nerve.  (After 
Delens.) 

cure,  and  gave  abstracts  of  six  other  cases  recorded  in 
literature  up  to  that  time,  and  I  find  three  others  which 
have  been  reported  since : 

1.  Bitscli  {Klin.  Monatsbl.  f.  Augenlik.,  xvii.,  1879): 
Exophthalmus,  murmur,  pulsation.  Probable  sponta- 
neous rupture  of  carotid  in  cavernous  sinus.  Cure  by 
extra-  and  intraocular  inflammation. 

3.  Gauran  {Gazette  des  Sopitaux,  October,  1883): 
Aneurism  of  both  orbits,  caused  by  a  fall  upon  the  head, 
cured  spontaneously. 

3.  Glascott  {Brit.  Med.  Jour.,  November  35th,  1882): 
"  Arterio-venous  aneurism  of  orbit,"  lasting  two  years. 
Spontaneous  cure  in  the  course  of  phlegmonous  inflam- 
mation of  the  face  and  head. 

This  makes  a  total  of  ten  cases,  to  which  might  be 
added  several  others  in  which  the  effect  of  remedial 
measures  was  doubtful. 

Pathology. — The  typical  symptoms  of  "  pulsating  ex- 
ophthalmus" are  protrusion  of  the  eyeball,  pulsation, 
and  aneurismal  bruit,  and  all  cases  presenting  these 
symptoms  were  formerly  classed  as  "orbital  aneurism." 
Following  the  view  maintained  by  Travers,  in  his  report 
of  the  first  casein  1809  (Med. -Chirurg.  Trans.,  vol.  ii.), 
for  thirty  years  writers  generally  held  that  these  cases  of 
so-called  aneurism  of  the  orbit  were  all  of  the  anastomotic 
variety.  Then  Busk's  paper  {iUd.,  vol.  xxii.)  threw  a 
doubt  on  this,  and  most  authors  thought  that  they  were 
of  the  ordinary  spontaneous  or  traumatic  kinds,  affecting 
the  ophthalmic  artery,  until  Nunneley,  in  1864,  main- 
tained that  in  the  great  majority  of  such  cases  of  protru- 
sion of  the  eyeball  there  is  no  disease  whatever  in  the 


orbit,  but  that  the  symptoms  depend  on  obstruction  to 
the  return  of  blood  through  the  ophthalmic  vein. 
Though  there  is  no  positive  proof  that  such  a  thing  as  an 
aneurism  of  the  orbit  has  ever  existed,  it  is,  of  course, 
not  an  impossible  condition. 

A  review  of  the  now  very  extensive  literature  of  the 
subject  makes  it  seem  probable  that  pulsating  exophthal- 
mus may  be  produced  by  true  arterio-venous  or  anasto- 
motic aneurism  of  the  orbit;  by  aneurism  of  the  carotid 
artery,  or  of  the  ophthalmic  at  its  origin ;  by  aneurismal 
varix  between  the  carotid  and  the  cavernous  sinus;  by 
thrombosis  of  the  ophthalmic  vein  or  cavernous  sinus; 
by  dilatation  of  the  sinus ;  or  by  obstruction  of  the  return 
of  venous  blood  by  growths  at  the  bottom  of  the  .orbit  or 
behind  it.  The  protrusion  of  the  ball  is  the  result  of 
venous  engorgement;  while  the  pulsation  and  bruit  are 
communicated  from  the  carotid,  or  are  produced  by  the 
rush  of  blood  into  dilated  vessels  confined  in  a  bony  cav- 
ity and  with  obstructed  outlets,  or  are  symptoms  of  an 
aneurismal  varix  of  the  orbit  due  to  a  communication 
between  the  carotid  artery  and  the  cavernous  sinus. 
From  a  study  of  the  comparatively  few  post-mortem  rec- 
ords, and  the  histories  of  a  large  number  of  cases  in 
which  the  patients  have  survived,  I  am  convinced  that 
marked  pulsation  and  bruit  have  most  frequently  been 
produced  by  aneurismal  varix  of  the  orbital  veins.  In 
three  traumatic  cases  direct  communication  between  the 
carotid  artery  and  the  cavernous  sinus  was  found  after 
death ;  and  in  three  spontaneous  cases  post-mortem  ex- 
amination showed  that  there  had  been  rupture  of  diseased 
carotid  arteries  in  the  cavernous  sinus.  In  a  number  of 
cases  the  diagnosis  of  arterio-venous  communication  in 
the  cavernous  sinus  has  been  made,  with  more  or  less 
confidence,  during  life. 

In  a  traumatic  case,  i-eported  by  Knapp,  this  diagnosis 
was  subsequently  confirmed  as  positively  as  it  could  have  ' 
been  by  a  post-mortem  examination.  Ligature  of  the 
carotid  gave  partial  relief,  but,  nearly  two  years  after- 
ward, there  was  a  recurrence  of  the  orbital  disease,  with 
great  increase  of  the  pulsating  tumor,  enormous  protru- 
sion of  the  eye,  and  sloughing  of  the  cornea.  After  ex- 
tirpation of  the  eyeball,  the  orbit  was  found  to  be  filled 
with  an  irregular  pulsating  mass,  which  was  removed 
entire,  and  was  found  to  consist  chiefly  of  an  aneuiismal 
varix  {Arch.  Ophthal. ,  \o\.  xii.).  The  accompanying  il- 
lustration (Fig.  8707)  shows  the  condition  found,  post 
mortem  in  one  of  Nelaton's  cases  (Sattler,  Graefe  and 
Saemisch  "Handbuch,"  vol.  vi.,  p.  848).  There  was  a 
fracture  of  the  sphenoid  bone  and  of  the  petrous  portion 
of  the  temporal,  and  a  small  hole  in  the  carotid  com- 
municating with  the  cavernous  sinus.  The  sinus  and  the 
ophthalmic  vein  were  dilated  and  tortuous. 

It  must  be  confessed  that  serious  objections  can  be 
urged  against  the  use  of  the  terms  "  pulsating  exophthal- 
mus" and  "vascular  protrusion,"  and  perhaps  it  may  be 
well  to  discard  them  when  accurate  and  definite  diagno- 
sis is  possible.  It  is  quite  true  that,  as  Mr.  Curling  said 
in  opposing  the  introduction  of  these  terms,  "  to  class 
affections  of  very  different  character  under  one  common 
head,  taken  from  a  prominent  symptom,  is  not  calculated 
to  advance  surgical  pathology  and  practice  " ;  but  it  is 
equally  true  that  such  advance  is  not  promoted  by  feign- 
ing a  positive  knowledge  when  we  have  it  not,  and  giv- 
ing a  definite  name  to  indefinite  conditions.  Confession 
of  ignorance  is  an  essential  preliminary  to  the  acquisition 
of  accurate  information,  and  the  lesions  producing  the 
prominent  symptoms  of  protrusion  of  the  ball  and  pul- 
sation may  be  conveniently  and  profitably  classified  with 
reference  to  these  symptoms,  until  the  accumulation  and 
study  of  post-mortem  records  throw  more  light  upon  the 
subject. 

In  1875  (Trans.  Am.  Ophthal.  Soc.)  I  published  ab- 
stracts of  fifteen  cases,  including  the  imperfectly  reported 
one  of  Guthrie,  in  which  post-mortem  examinations  had 
been  made.  As  in  two  of  these  cases  (Lenoir's  and  Ham- 
ilton's) the  symptoms  had  been  produced  by  vascular 
malignant  growths  of  the  orbit,  this  number  should  be 
reduced  to  thirteen.    In  the  papers  since  published,  of 
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Rivington  (Med.-Chirurg.  Trans.,  vol.  Iviii.,  p.  282)  and 
Sattler  (Graefe-Saemisch,  vol.  vi.),  are  quoted  the  follow- 
ing two  cases  that  escaped  my  search : 

1.  Hlrschfeld  (6a2«We  des  Hopitaux,  1859,  p.  51;  Lan- 
cet, 1873):  Traumatic;  post  mortem,  a  blood -clot  found 
in  the  cavernous  sinus,  and  this  clot  covered  a  small  cir- 
cular hole  in  the  carotid,  which  looked  as  if  It  had  been 
punched  out  and  was  occupied  by  a  string  of  decolorized 
clot  about  two  inches  long  passing  into  the  mass  of  co- 
agulum. 

2.  Oettinger  (Sattler,  ibid.):  Spontaneous;  postmor- 
tem, no  change  in  the  arteries,  but  traces  of  inflammatory 
processes  In  the  retrobulbar  tissues,  and  obliteration  of 
the  ophthalmic  vein. 

I  can  find  only  the  three  following  reports  of  post-mor- 
tem examinations  recorded  since  1875 : 

1.  Blissig,  1876  (Sattler,  ibid.):  Traumatic;  postmor- 
tem, "decided  dilatation  of  the  internal  carotid  in  the 
cavernous  sinus."  As  the  common  carotid  was  tied  eight 
weeks  after  the  injury,  and  the  patient  lived  five  weeks 
after  the  operation,  Sattler  seems  to  think  that  the  cause 
of  the  dilatation  may  have  been  a  wound  in  the  artery 
that  had  closed. 

2.  Schlaefke,  1879  {Arch,  fur  OpWwX.):  Traumatic; 
post  mortem,  dilatation  of  the  cavernous  sinus  and  aneur- 
Ismal  enlargement  of  the  cavernous  portion  of  the  carotid 
artery;  all  the  orbital  veins  enormously  distended  and 
the  frontal  and  supra-orbital  dilated. 

3.  Coggin,  1883  {Arch,  of  Oph.):  Spontaneous;  post 
mortem,  marked  aneurismal  dilatation  of  the  cavern- 
ous portion  of  the  carotid  artery,  ophthalmic  vein  not 
much  enlarged.  In  this  case  the  pulsation  and  bruit 
seem  to  have  been  communicated  from  the  carotid  an- 
eurism. 

This  makes  a  total  of  eighteen  post-mortem  records,  an 
analysis  of  which  gives  the  following  result: 

True  aneurism  of  both  ophthalmic  arteries  in  the  orbits 
(doubtful),  1;  post-orbital  aneurism  of  ophthalmic  ar- 
tery, 1 ;  aneurism  of  carotid  in  cavernous  sinus,  1 ;  dila- 
tation of  carotid  in  cavernous  sinus,  4;  wound  of  carot- 
id in  cavernous  sinus,  3;  thrombosis  of  cavernous  sinus 
and  ophthalmic  vein,  5;  dilatation  of  cavernous  sinus 
and  ophthalmic  vein,  2 ;  pressure  on  cavernous  sinus  and 
ophthalmic  vein  by  new  growth,  1. 

The  case  considered  doubtful  is  that  recorded  by  Guth- 
rie ("  Operative  Surgery  of  the  Eye,"  p.  158,  1823).  The 
following  is  his  report :  "  I  have  seen  one  case  of  true 
aneurism  of  the  orbit  which  terminated  fatally.  The 
symptoms  were  similar  to  those  above  mentioned  (cases 
of  Travers  and  Dalrymple),  but  no  tumor  could  be  per- 
ceived ;  the  hissing  noise  in  the  head  could  be  distinctly 
heard.  On  the  death  of  the  patient  an  aneurism  of  the 
ophthalmic  artery  was  discovered  on  each  side,  about  the 
size  of  a  large  nut.  The  vena  ophthalmica  cerebralis 
was  greatly  enlarged  and  obstructed  where  it  passes 
through  the  foramen  lacerum,  in  consequence  of  a  great 
increase  in  size  which  the  four  recti  muscles  had  attained, 
accompanied  by  an  almost  cartilaginous  hardness,  which 
had  been  as  much  concerned  in  the  protrusion  of  the  eye 
as  the  enlargement  of  the  vessels."  The  description  is 
so  meagre  and  loose,  and  the  post-mortem  appearances 
reported  are  so  very  peculiar,  that  this  case  is  not  gener- 
ally regarded  as  affording  positive  proof  of  the  exist- 
ence of  true  orbital  aneurism. 

An  aneurism  of  the  ophthalmic,  the  size  of  a  hazelnut, 
just  at  the  entrance  of  the  artery  into  the  oibit,  was 
accidentally  discovered  in  a  cadaver  by  Carron  du  Vil- 
lards  (Sattler,  ibid.,  p.  846).  There  was  no  history  of 
the  case,  and  it  is  not  even  known  that  it  was  one  of 
pulsating  exophthalmus. 

Finally,  in  one  of  Nunneley's  spontaneous  cases  (Med. - 
Chir.  Trans.,  vol.  xlviii.,  p.  28)  a  circumscribed  aneu- 
rism of  the  ophthalmic  artery,  as  large  as  a  hazelnut  at 
its  origin  from  the  cai-otid,  was  discovered.  The  post- 
mortem was  made  nearly  five  years  after  a  successful 
ligation  of  the  carotid.  The  arteries  of  the  orbit  are  de- 
scribed as  tinusually  small.  These  three  cases  comprise 
all  the  post-mortem  evidence  of  any  connection  of"  the 


ophthalmic  artery  with  the  symptoms  of  pulsating  ex- 
ophthalmus. 

While  the  above  was  passing  thi-ough  the  press,  I  met 
at  last  with  a  report  of  what  seems  to  have  been  a  veri- 
table case  of  "orbital  aneurism,"  carefully  examined  and 
treated  during  life  and  verified  by  autopsy— the  only  one, 
so  far  as  I  know,  on  record.  The  report  was  read  at  the 
last  meeting  of  the  British  Medical  Assoeiation  by  Dr. 
Alexander  Dempsey,  of  Belfast,  and  may  be  found  in  the 
British  Medical  Journal  of  September  18th,  1886.  The 
symptoms,  which  first  appeared  a  few  hours  after  child- 
birth during  violent  vomiting,  differed  little  from  those 
observed  in  the  reported  cases  of  carotid  aneurism  which 
have  occurred  under  somewhat  similar  conditions.  The 
common  carotid  was  tied,  and  death  resulted  from  sec- 
ondary henicirrhage  from  the  wound  in  the  neck  and 
from  bleeding  from  the  aneurism  through  the  cornea. 
There  was  an  aneurism  of  the  internal  carotid  artery, 
at  the  point  of  origin  of  the  ophthalmic,  which  liad  no 
communication  with  the  cavernous  sinus.  Its  diameter 
at  its  widest  part  was  from  one-half  to  three-fourths  of 
an  inch.  The  orbital  aneurism  is  described  as  follows: 
"The  ophthalmic  artery,  from  its  origin,  was  also  very 
considerabl}'  dilated,  I  should  say  to  fully  four  times  the 
size  of  the  opposite  one,  and  on  tracing  it  into  the  orbit 
we  found  an  immense  sacculated  aneurism  developed  on 
its  superior  aspect.  The  sac  would  contain  easily  a  man- 
darin orange.  In  its  centre  theie  was  a  post-mortem 
clot,  but  around  its  circumference  there  was  a  firm,  lami- 
nated fibrous  ante-mortem  clot  which  was  a  complete  cast 
of  the  sac,  except  at  its  anterior  part,  where  it  was  open 
and  communicated  with  the  eyeball  by  a  large  opening 
at  the  upper,  back,  and  outer  part  of  the  globe.  The 
contents  of  the  globe  had  escaped,  when  hemorrhage  had 
taken  place,  through  the  cornea.  The  superior  petrosal 
sinus  of  the  opposite  side  was  distended,  but-  the  other 
sinuses  of  the  brain  appeared  normal.  The  arteries  of 
the  circle  of  Willis  were  dilated,  especially  the  anterior 
communicating.  The  veins  of  the  orbit  were  all  very 
much  enlarged,  especially  those  at  the  inner  angle  of  the 
eye. " 

While  it  would  seem  that  any  obstruction  to  the  return 
of  blood  by  the  ophthalmic  vein  may  produce  the  symp- 
toms of  pulsating  exophthalmus,  even  complete  obstruc- 
tion by  thrombosis  of  the  sinus  does  not,  by  any  means, 
always  do  so.  In  a  case  reported  by  Lloyd  (Oph.  Rev., 
vol.  iii.,  No.  37)  there  was  aneurism  of  both  the  basilar 
artery  and  the  internal  carotid,  and  the  cavernous  sinuses 
of  both  sides  were  blocked  with  firm  fibrinous  red  throm- 
bi ;  yet  there  had  been  but  slight  exophthalmus,  which 
lasted  only  a  few  days,  and  never  any  pulse  or  bruit. 
Lloyd  attributes  the  recession  of  the  globe  to  the  estab- 
lishment of  collateral  circulation;  and  Sattler  says  that 
when  an  intracranial  aneurism  is  formed  gradually  it 
may  completely  compress  the  ophthalmic  vein  and  cav- 
ernous sinus  without  producing  either  pulse  or  exoph- 
thalmus. 

Though  aneurism  by  anastomosis  was  formerly  the  fa- 
vorite diagnosis  in  cases  of  so-called  "orbital  aneurism," 
it  has  never  been  verified  by  post-mortem  observation, 
and  more  recently  its  occurrence  has  been  doubted.  The 
following  congenital  case  (Harlan,  Trans.  Am.  Ophthal. 
Soc.,  1875,  and  Internat.  Med.  Congress,  1876)  seems 
scarcely  to  admit  of  any  other  probable  view  than  that 
of  aneurism  by  anastomosis,  or  cirsoid  aneurism.  The 
patient  was  a  healthy  man,  twenty-five  years  of  age. 
The  left  eye  had  always  been  prominent  and  the  left  side 
of  the  head  larger  than  the  right.  From  his  eariiest  rec- 
ollection there  had  been  a  rushing  sound  in  his  eye  and 
head  The  left  eye  was  enormously  protruded  and  forced 
downward  and  outward.  No  useful  vision.  Whole  left 
side  of  face  hypertrophied.  Above  the  eyeball,  and  lymg 
more  to  the  nasal  side,  there  was  a  distinct  tumor  of  al- 
most cartilaginous  densitv.  Pulsation  was  strong  enough 
to  communicate  an  evident  motion  to  the  head  of  the  aus- 
cultator ;  and  a  loud  aneurismal  bruit  was  not  only  an 
annoyance  to  the  patient,  but  could  be  heard  by  others 
some  distanie   from   his  head.     There   was  a    doughy 
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swelling  of  the  soft  parts,  extending  about  an' inch  above 
tlie  orbit,  in  which  strong  pulsation  could  be  felt.  Press- 
ure upon  the, left  carotid  stopped  all  pulsation,  and  the 
tumor  became  soft  and  could  be  pressed  back  into  the 


FIG.  371 


-Congenital  Aneurism  by  Anastomosis  of  Oibit. 


orbit.  The  supra-orljital  and  frontal  arteries  were  much 
distended  and  pulsated  strongly,  and  this  aneurismal 
conditionextended  dowji  the  angular  branch  of  the  facial 
on  the  right  side.  A  vascular,  tumor,  formed  by  engorge- 
ment and  hypertrophy  of  the  inferior  conjunctival  fold, 
almost  concealed  the  cornea,  and  had  several  times  bled 
quite  freely;  this  was  removed  byiconstriction  with  silk 
ligatures.  Some  months  later,  the  patient  presented  him- 
self with  violent  acute  inflammation  of  the  contents  of 
the  orbit.  The  tumor  was  increased  to  twice  its  former 
size,  the  exophthalmus  was  enormous,  the  ej'e  could  no 
longer  be  covered  by  the  lids,  and  the  cornea  sloughed. 
In  a  few  weeks  the  tumor  had  completely  consolidated 
and  was  rapidly  dimini.ghing  in  size.  In  this  case  the 
congenital  origin,  the  hypertrophy  of  the  whole  side  of 
the  face,  the  involvement  of  the  external  vessels,  and  the 
evident  extension  of  the  disease  beyond  the  orbit  to  the 
subcutaneous  tissue  of  the  brow  point  to  aneurism  by 
anastomosis,  or  cii'soid  aneurism.  The  only  other  possi- 
ble supposition  is  a  rtipture  of  an  aneurism  of  the  carotid 
in  the  cavernous  sinus  and  consequent  aneurismal  varix 
of  the  orbit,  but  the  history  of  the  case  makes  this  more 
than  improbable. 

Vascular  malignant  growths  of  the  orbit  may  produce 
the  symptoms  of  pulsating  exophthalmus,  and  in  at  least 
two  such  cases  the  carotid  artery  has  been  tied  for  the 
cure  of  orbital  aneurism.  Tlie  bruit  in  these  cases  may 
be  very  decided,  but  is  not  likely  to  be  so  loud;  the  tu- 
mor shows  more  tendency  to  extend  toward  the  temporal 
side  of  the  orbit,  and  is  less  reducible  after  compression 
of  the  common  carotid  than  in  ca.ses  of  puLsating  exoph- 
thalmus dependent  U[)on  thi;  causes  that  we  have  been 
considering.  Of  course,  multiple  tumoi-s  and  other  indi- 
cations of  malignant  disease  should  be  carefully  looked 
for. 

Treatment. — The  long  continuance  of  some  cases  with- 
out material  change,  and  the  recovery  of  a  few  without 
interference,  or  with  only  hygienic  care  and  medical  treat- 


ment, should  discourage  resort  to  serious  surgical  pro- 
cedure when  there  is  no  immediate  danger  or  decided 
suffering  or  deformity,  though  these  conditions  may, 
perhaps,  be  considered  exceptional.  Milder  remedies 
should,  at  least,  be  given  a  trial  first. 

In  a  very  decided  traumatic  case  reported  by  Dr. 
Holmes,  of  Chicago  {Am.  Jour.  Med.  Sci.,  July,  1864), 
complete  cure  followed  the  exhibition  of  veratrum  viride 
and  extract  of  ergot  for  two  months ;  and  Dr.  Freeman, 
of  Canada  {ibid.,  1866),  reports  the  cure  of  a  spontaneous 
case,  in  a  few  weeks,  by  application  of  cold,  direct  press- 
ure on  the  swelling,  and  the  use  of  digitalis.  In  a  few 
cases,  digital  compression  of  the  carotid  artery  has  ef- 
fected a  cure. 

Compression  of  the  common  carotid  has  been  frequently 
tried.  In  my  own  traumatic  case  (Trans.  Am.  Oph. 
Soc,  1875)  the  patient  himself  kept  up  intermittent  com- 
pression for  several  hours  daily.  At  the  end  of  six  months 
there  was  decided  improvement,  in  two  years  all  promi- 
nence of  the  eye  had  disappeared,  and  some  months  later 
he  was  entirely  cured.  Of  course,  this  case  is  open  to 
the  suspicion  of  spontaneous  cure,  but  the  patient  always 
experienced  great  immediate  relief  from  the  compression, 
and  was  confident  that  it  was  the  cause  of  the  final  cure. 
It  is  almost  impossible  to  apply  instrumental  compres- 
sion effectually,  and  it  has  never  been  successful.  Ac- 
cording to  Sattler,  of  twentj'-nine  cases  treated  by 
compression,  continued  or  intermittent,  permanent  cure 
can  be  claimed  in  only  four,  though  more  or  less  im- 
provement followed  in  five  others. 

Galvano-puucture  has  been  tried  in  two  cases  unsuc- 
cessfully (Petrequin,  Gazette  Medicate,  1846,  and  Bour- 
guet,  ibid.,  1855).  In  Petrequin's  case  the  patient 
died. 

Acupressure,  with  hot  needles,  has  failed  in  one  case. 

Injection  of  ergotin  has  been  tried  once  without  suc- 
cess. 

Injection  of  coagulating  fluids  has  effected  a  cure  la 
three  cases  (Bourguet,  loe.  cit.;  De  Sormeaux,  quoted  by 
Rivington,  Med.-Chir.  Trans.,  vol.  Iviii.  ;  and  Brainerd, 
Lancet,  1853).  Bourguet  and  De  Sormeaux  used  tinct- 
ure of  the  chloride  of  iron,  and  Brainerd  used  the  lactate. 

Ligature  of  the  common  carotid  has  proved  by  far  the 
most  efficient  means  of  treatment,  and  a  number  of  bril- 
liant successes  have  been  reported.  It  must  be  remem- 
bered, however,  that  it  is  not  without  its  chances  of 
failure  and  its  dangers  of  a  fatal  issue.  Sixty-three  liga- 
tions of  the  common  carotid,  performed  on  61  patients, 
in  the  treatment  of  pulsating  exophthalmus,  have  bcea 
compiled  by  Sattler.  In  17  cases  (26.98  per  cent.)  the 
operation  had  little  or  no  permanent  effect;  in  8  (12.70 
per  cent.)  it  resulted  fatally;  and  in  38  (60.30  per  cent.) 
the  result  was  favorable. 

Extirpation  of  the  orbital  tumor  is  a  bold  procedure 
and  has  a  brief  but  favorable  record.  In  his  report  of  a 
successful  case  of  this  operation  Knapp  {Arch,  of  Oph., 
vol.  xii..  No.  2)  makes  the  following  reference  to  three 
others :  "  Among  the  different  methods  recommended  and 
practised,  I  chose  the  one,  extirpation,  which  I  find  men- 
tioned in  Sattler's  compilation  of  one  hundred  and  six 
cases  only  three  times,  namely :  (1)  Morton's  case  (Sattler, 
No.  70),  excision  of  the  whole  contents  of  the  orbit,  ex- 
cessive hemorrhage  arrested  by  glowing  iron  and  com- 
pression, recoveiy;  (2)  Frothingham's  case  (Sattler,  No. 
80),  ligation  of  conunon  carotid,  retardation  of  increase 
for  three  years,  then  rapid  growth,  extirpation  with  very 
considerable  hemorrhage ;  {'i)  Hanson's  case  (Sattler,  No. 
106),  ligation  of  common  carotid,  return  of  symptoms  as 
early  as  the  second  day,  three  weeks  later  extirpation  of 
the  tumor  with  preservation  of  the  globe,  profuse  hemor- 
rhage arrested  by  perchloride  of  iron." 

Vascui.ak  Pkotrusion,  without  Pulsation. — As 
has  already  been  stated,  in  thrombus  of  the  cavernous 
sinus,  though  more  or  less  exophthalmus  is  almost  in- 
variable, pulsation  and  bruit  may  be  absent ;  and  this  is, 
perhaps,  the  rule.  Cavernoiia  tumors  of  the  orbit  have 
been  met  with  in  a  few  cases.  A  typical  one  is  described 
by  von  Graefe  {Arch,  fiir  Ophthal.,  t.  vii.),  in  which  the 
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wliole  mass  was  removed  with  the  ej-eball.  Wecker 
("Maladies  des  Yeux")  extirpated  a  somewhat  similar 
tvmior  without  removing  the  ball.  In  each  of  these  cases 
the  tumor  consisted  of  spongj^  tissue  encysted  in  a  dense 
capsule.  There  has  never  been  pulsation  in  any  well- 
established  case  of  cavernous  angioma  of  the  orbit.  The 
only  remedy  is  extirpation.  The  exophtlialmus  in  goitre 
may  be  considered  of  the  nature  of  vascular  protrusion 
without  pulsation. 

Simple  Angioma  (Telangiectasis)  sometimes  extends 
into  the  orbit  from  the  skin  of  the  lids,  forming  a  soft, 
shghtly  compressible  tumor.  The  best  treatment  is  ex- 
tirpation or  electrolysis.  Simeon  Snell  has  lately  re- 
ported several  successful  cases  of  the  latter,  and  con- 
siders it  especially  applicable  when  the  disease  extends 
deeply  into  the  orbit  (Lancet,  July,  1886).  Frequent 
repetition  of  the  operation  is  usually  necessary, 

Encephalocele. — Though  encephaloccle,  or  meningo- 
cele, of  the  orbit  is  extremely  rare,  it  is  important  to  bear 
in  mind  the  possibility  of  its  occurrence.  This  is  well 
illustrated  by  a  case  described  by  Guersant  ("  Maladies 
des  Enfants,"  p.  246).  The  patient  was  examined  by  a 
number  of  the  fellows  of  the  Surgical  Society  of  Paris, 
who  all  agreed  in  considering  the  case  one  of  vascular 
tumor,  and  in  advising  treatment  by  setons.  The  pa- 
tient died  with  cerebral  symptoms,  and  a  post-mortem 
examination  showed  that  the  tumor  consisted  of  brain 
substance,  covered  by  membranes,  which  had  passed 
through  the  fronto-ethmoidal  suture.  It  may  be  ex- 
tremely difficult  to  distinguish  such  a  tumor  from  a  vas- 
cular swelling,  particularly  as,  if  of  considerable  size,  it 
would  be  likely  to  pulsate ;  and,  if  situated  behind  the 
ball,  it  would  cause  exophthalmus.  Its  congenital  char- 
acter should  excite  strong  suspicion;  it  woidd  be  in- 
creased in  size  by  forced  expiration  and  much  diminished 
by  pressure.  If  the  contained  fluid,  obtained  by  acu- 
puncture, is  found  to  be  not  coagulable,  it  is  probably 
cerebro-spinal.  Other  congenital  defects  would  be  likely 
to  occur  in  connection  with  it.  In  a  case  in  which  Oet- 
tingen  (Klin.  Monatsblatt,  February,  1874)  diagnosticated 
a  spheno-orbital  meningocele  associated  with  some  angio- 
matous tumor,  there  was  also  a  small  occipital  meningo- 
cele, which  bulged  out  when  the  orbital  tumor  was 
pressed  upon;  and  tapping  the  latter  with  the  finger 
communicated  an  impulse  to  the  former.  Even  here, 
however,  the  author  could  not  feel  quite  sure  of  his  diag- 
nosis, and  suggested  the  possibihty  of  a  vascular  tumor 
communicating  with  the  intracranial  cavity  by  means  of 
absorption  of  the  orbital  wall. 

Tumors  op  tub  Okbit.— The  remaining  tumors  of  the 
orbit  may  be  classed  as  cystic  and  solid.  The  most 
prominent  symptom,  and  one  that,  in  greater  or  less  de^- 
gree  is  necessarily  constant  when  the  tumor  is  situated 
behind  the  ball,  is  exophthalmus,  which  will  vary  in  ex- 
tent and  direction  with  the  size,  position,  and  character 
of  the  tumor.  If  the  latter  is  situated  outside  the  muscu- 
lar pyramid,  it  will  cause  the  ball  to  protrude  in  a  direc- 
tion opposite  to  its  own  position ;  if  within  the  pjTOimd, 
it  will  press  the  eve  more  directly  forward,  and  will  par- 
ticipate more  in  its  movements.  Diplopia  is  a  frequent 
and  sometimes  an  early  symptom.  The  motion  ot  the 
ball  is  not  necessarily  affected  by  a  small  tumor,  but  is 
limited  by  a  large  one ;  and,  if  this  is  outside  of  the  mus- 
cles the  limitation  will  be  chiefly  in  the  direction  of  its 
site  Complete  immobility  of  the  eye  sugge.sts  malig- 
nant growths,  as  their  well-known  tendency  is  to  involve 
and  include  the  neighboring  structures.  Paralysis  of  the 
orbital  muscles  often  causes  squint,  ptosis,  etc.,  and  com- 
pression or  stretching  of  the  optic  nerve  may  produce 
blindness  in  an  otherwise  sound  eye ;  or,  the  nerve  may 
be  involved  in  a  morbid  growth.  Injury  to  the  ciliary 
nerves  may  be  shown  by  dilatation  of  the  pupil,  or  may 
result  in  sloughing  of  the  cornea  from  neuroparalytic 
keratitis  Finally,  the  eye  may  be  destroyed  by  oph- 
thalmitis resulting  from  interference  with  its  nervous 
and  vascular  supply.  Pain  is  a  very  variable  symptom, 
beiuE  sometimes  severe  and  sometimes  absent.  It  is  in 
some  cases  referred  to  the  bottom  of  the  orbit,  m  some  it 


appears  as  frontal  or  ciliary  neuralgia,  ami  in  others  as 
general  headache.  The  ophthalmoscopic  appearances  are 
sometimes  negative,  but  often  show  some  signs  of  press- 
ure upon  the  optic  nerve,  such  as  venous  congestion  and 
arterial  contraction,  retinal  hemorrhage,  "choked  disc," 
or  optic  atrophy. 

Diagnosin  between  tumors  of  the  orbit  and  periostitis 
or  phlegmon,  vascuilar  protrusion  and  disease  of  the 
neighboring  cavities  often  presents  serious  difliculties. 
The  mode  of  onset  of  the  disease,  whether  sudden  or 
slow,  and  whether  accompanied  or  not  by  acute  inflamma- 
tory symptoms,  is  an  important  consideration,  but  will 
not  always  be  a  safe  guide  in  case  of  chronic  periostitis 
or  chronic  abscess  (p.  399).  Vascular  protrusion  may  gen- 
erally be  distinguished  by  the  fact  that  the  ball  can  be 
pressed  back,  by  the  efCect  of  compression  of  the  common 
carotid,  by  the  dilatation  of  vessels  beyond  the  margin 
of  the  orbit,  and  by  the  existence,  in  some  cases,  of  pulsa- 
tion and  bruit.  It  must  be  remembered  that  pulsation 
and  bruit  have  led  to  mistakes  in  cases  of  highly  vascular 
malignant  growths.  Careful  inquiry  should  be  made  as 
to  predisposition  to  syphilis  or  malignant  disease.  Valu- 
able information  is  obtained  by  careful  exploration  with 
the  finger  pressed  well  back  behind  the  ball.  Osseous 
growths  and  solid  tumors  attached  to  the  walls  of  the  or- 
bit, if  not  too  deep  in  the  cavity,  can  usually  be  distin- 
guished in  this  way  with  a  considerable  degree  of  cer- 
tainty, though  periostitis  will  sometimes  simulate  the 
latter  closely.  An  effort  should  be  made  to  decide,  by 
palpation,  whether  the  tumor  is  hard,  elastic,  or  fluctuat- 
ing, whether  fixed  or  movalile,  and  whether  situated  out- 
side of  or  within  the  muscular  pyramid.  Enlargements 
of  the  lachrymal  gland,  on  account  of  their  position,  can 
generally  be  recognized  with  comparative  ease.  It  may 
sometimes  be  necessary  to  determine  the  character  of  the 
contents  of  a  supposed  cyst  by  puncture.  The  nasal 
cavities  and  the  vault  of  tlie  pharynx  should  be  explored 
with  the  mirror. 

Cystic  Tumors. — The  most  common  true  retention 
cysts  found  in  this  locality  are  the  sebaceous.  They 
jirobably  arise  from  the  skin,  though  their  connection 
with  this  point  of  origin  may  not  always  be  traceable. 


FIG.  3709.— Consenital  Cyst  ol  the  Lower  Eyelid  with  Microphthalmos. 

Cysts  of  the  lachrymal  gland  ("dacryops")  are  rare. 
They  are  due  to  retention  of  the  tears  from  obstruction 
of  the  ducts.  The  swelling  enlarges  with  increased  se- 
cretion of  tears  and  its  character  is  not  usually  diflicult 
to  recognize. 
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Dkopsy  of  Tp^non's  Capsule  has  been  described  as  a 
form  of  exudation  cyst,  but  its  pathology  is  somewhat 
doubtful,  and  its  occnrrence  is,  to  say  the  least,  ex- 
tremely rare.     Sermin  cyst.t  have  been  attriliuted  to  dis- 


F[«.  H7 1(1.— Orbital  Siirroruii. 

ease  of  the  bur.sa  in  the  trochlea  of  the  superior  oblique 
muscle,  or  of  those  sometimes  foimd  on  the  levator  and 
superior  rectus ;  and  Wecker  considers  it  probable  that 
most  Serous  orbital  cysts  arise  in  this  way.  This  view  is 
probable,  but  lacks  proof  in  pathological  anatomy.  Con- 
genital dermoid  cysts  are  found  more  frc((uently  in  the 
orbit  than  elsewhere.  It  is  generally  stated  that  their 
usual  seat  is  near  the  external  angular  process  of  the 
frontal  bone,  but  of  51  cases  collected  by  Berlin  27  were 
on  the  nasal  side,  12  on  the  temporal,  8  below,  and  4 
above.  Their  walls  are  of  a  cutaneous  structure,  and 
contain  seljaceous  matter  and  sometimes  hair.  Teeth 
have  also  been  found  in  them.  Wecker  (te.  frt.  )says 
that  serous  cysts  may  form  voluminous  tiuuors,  which 
•enlarge  the  orbit  by  excessive  pressure,  and  extend 
through  foramina  into  the  cranial  cavity.  He,  however, 
gives  but  one  instance,  quoted  from  Delpech.  The  cyst 
was  prolonged  into  the  cranial  cavity  through  the  optic 
foramen,  which  was  sutticiently  enlarged  to  admit  the  in- 
dex finger.  Inflammation  of  the  sac,  induced  by  incision 
and  exploration,  extended  to  the  brain  and  resulted  in 
death.  It  was  found  that  a  diverticulum  of  the  cyst, 
three  inches  long,  had  encroached  upon  the  under  surface 
of  the  ci;rcl)ral  lobe,  and  had  contracted  firm  adhesions 
■with  the  meninges.  This  case,  which  is  also  quoted  by 
Mackenzie  as  one  of  hygroma,  Berlin  thinks  must  have 
been  a  meningocele.  If  serous  tumors  of  very  large  size 
have  ever  existed  in  the  orbit,  it  is  not  likely  that  they 
originated  in  disea.sed  bursEC,  which  are  never  known  to 
produce  such  tumors  elsewhere,  but  it  is  more  probable 
that  they  wei'e  cysts  of  tie]!)  formation,  similar  to  the  so- 
called  hydrocele  of  the  neck,  who.se  pathology  is  not 
well  known.  A  rare  form  of  cyst  is  usually  described  as 
"congenital  orbital  cyst  with  anophthalmos  or  microph- 
thalmos." In  a  fewr  cases  there  has  \w.v\\  entire  ab- 
sence of  the  eye,  but  generally  there  has  been  a  rudimen- 
tary ball.  In  the  latter  case  the  tumor  appears  beneath 
the  lower  lid  and  is  described  as  "lower-lid  cyst."  The 
lower  lid  is  bulged  forward  by  an  incompressible  but 
tensely  fluctuating  cy.st,  the  bluish  color  of  which  is  evi- 
dent through  the  thin  and   distended   skin.     Fig.  3709 


shows  a  typical  example.  Behind  the  cyst  was  a  rudi- 
mentary ball,  hardly  larger  than  a  pea  (Harlan,  Trans. 
Am.  Oph.  Society,  1893  and  1903).  Tlie  pathology  of 
these  cysts  is  obscure,  but  it  is  generally  believed  that 
they  are  formed  of  embryonic  elements  intended  for  the 
development  of  an  eye.  Hmmatoiaa  of  the  orbit  has  al- 
ready been  referred  to  in  discussing  hemorrhage.  Eclii- 
xococci  and  cysticevci  have  been  found  in  the  orbit. 
Though  some  of  the  text-books  refer  to  them  as  if  not 
very  infrequent,  they  are,  in  fact,  extremely  rare.  Ber- 
lin says  that,  with  an  experience  of  forty  thousand  eye 
patients,  he  has  not  met  with  a  single  case  of  either,  but 
that  thirty -nine  more  or  less  reliably  reported  cases  of  the 
former  are  to  be  found  in  literatui'e,  while  he  has  been  able 
to  tind  reports  of  only  three  rather  doubtful  cases  of  cys- 
ticcrci  in  the  orbit,  though  they  are  comparatively  fre- 
quent in  the  eyeball  and  its  appendages.  Furnaget  has 
collected  eight  cases.  {Archives  of  Ophthalmology,  xvi., 
p.  6.) 

Solid  Tumoks. — As  almost  ever}'  form  of  tissue  is  rep- 
resented in  the  orbital  cavity,  almost  all  kinds  of  tumors 
are  possible  there.  In  addition  to  the  vascular  and  cys- 
tic tumors  referred  to  above,  the  following  forms  of  more 
solid  growths  have  been  described  by  authors;  Lipoma, 
fibroma,  enchondroma,  carcinoma,  o.steoma,  neuroma, 
and  sarcoma.  A  discussion  of  the  histology  and  path- 
ology of  the.se  various  diseases  is,  of  course,  beyond  the 
scojie  of  the  present  article.  Epithelioma  maj'  extend 
into  the  orbit  from  the  skin  of  the  lids.  Enchondroma 
and  carcinoma  are  very  rare,  and  fibroma  and  neuroma 
not  much  less  so.  Lipoma  is  frequently  referred  to  in  a 
fseoeral  way,  but  only  a  few  cases  have  been  recorded. 
Osteoma  is,  comparatively  speaking,  not  very  uncom- 
mon. The  larger  proportion  of  solid  tumors  met  with  in 
the  orbit  belong  to  some  of  the  numerous  forms  of  sar- 
coma. Berlin  {loc.  cit.)  says:  "  When  we  perceive  in  any 
part  of  the  orbit  a  solid  tumor  with  a  nodulated  surface, 
which  does  not  fluctuate  or  pulsate,  is  not  compressible 
or  stone-hard,  is  not  in  probable  connection  with  the 
brain,  and  does  not  arise  from  the  lids,  the  ball,  the 
lachrymal  gland,  the  optic  nerve,  or  the  neighboring 
cavities,  we  may  decide  on  the  diagnosis  that  we  have  to 
do  with  a  sarcoma  of  the  orbit. " 

Some  of  the  most  extensive  growths  that  attack  the 
orbital  tissue  originate  in  the  ej-eball.  By  far  the  most 
common  intra-ocular  tumors  are  retinal  glioma  and  chor- 
oidal .sarcoma,  and  these,  when  they  have  once  passed  the 
fibrous  envelope  of  the  ball,  extend  rapidly  in  the  orbit. 
The  former  generally  ends  fatally  by  dii'ect  extension  to 
the  bi-ain,  or  by  metastasis  to  that  or  some  other  organ. 
Orbital  sarcomata  sometimes  grow  to  an  enormous  size 
and  make  terrible  ravages  upon  neighboring  parts.  Fig. 
3710  is  from  the  photograph  of  a  patient  nine  years  of 
age  at  the  Wills  Eye  Hospital.  (Harlan,  Trans.  Am. 
Oph.  Society,  1894.) 

Enlargements  of  the  lachrymal  gland  may  be  due  to 
acute  or  chronic  inflammation.  In  the  case  of  the  former 
there  are  redness  and  swelling  of  the  upper  lid,  congestion 
of  the  conjunctiva,  and  considerable  pain.  It  frequentl}- 
ends  in  suppuration,  which  is  sometimes  followed  by  fis- 
tula. In  the  chronic  form  llie  inflammation  is  usually 
indolent,  and  the  swelling  may  be  mistaken  for  a  neo- 
plasm. 

Simple  hypertrophy  of  the  lachrymal  gland  is  rare. 
It  is  said  to  result  from  repeated  attacks  of  inflammation, 
and  to  occur  sometimes  spontaneously  or  even  congen- 
itally.     Exact  observations  in  regard  to  it  are  wanting. 

Various  forms  of  degeneration  of  the  gland  have  been 
met  with,  the  most  frequent  of  which,  according  to  some 
authorities,  is  the  adenoid.  There  are  a  few  well-estab- 
lished cases  of  sarcoma  and  carcinoma.  I  exhibited  a 
sarcomatous  lacluymal  gland  as  large  as  a  hen's  egg,  at 
the  meeting  of  the  American  Ophthalmological  Society, 
in  1882,  and  Dr.  Knapp  referred  to  one  nearly  as  large, 
which  he  had  recently  removed.  There  were  no  adhe- 
sions in  either  case  and  the  tumors  were  easily  enucleated. 
The  prognosis  as  to  the  probability  of  a  return  of  the 
ilisease  is  favorable. 
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The  position  of  siicli  tumors  makes  tlieir  diagnosis  com- 
paratively easy.  Tlie  ball  is  usually  forced  downward, 
forward,  and  inward ;  but  in  the  case  referred  to  above 
its  direction  was  decidedly  outward.  This  exceptional 
symptom,  which  is  probably  unique,  may  be  accounted 
for  by  the  unusual  size  of  the  tumor  and  its  development 
toward  the  inner  side  of  the  orbit  (Fig.  3711).  The  ball 
resumed  its  normal  position  in  a  few  weeks  after  the 
opi'ration. 

Tiniiors  of  the  optic  nerve  have  been  reported  in  thirty 
odd  cases,  and  have  consisted  of  glioma,  myxoma,  sar- 
coma, endothelioma,  and  carcinoma.  (Knapp,  Trans. 
Internat.  Med.  Congress,  1876,  Berlin,  Graefe-Saemisch.) 
Graefe  reported  several  cases  and  gave  the  following 
symptoms  as  diagnostic;  Progressive  protrusion  of  the 
eyeball,  parallel  to  the  axis  of  the  orbit,  or  a  little  out- 
ward; preservation  of  the  mobility  of  the  eye;  preserva- 
tion of  a  layer  of  connective  tissue  between  the  eye  and 
the  tumor,  and  the  integrity  of  the  centre  of  rotation ; 
soft  consistence  of  the  tumor ;  absence  of  pain ;  absence 
of  subjective  luminous  sensations,  and  rapid  abolition  of 
vision.  In  some  cases  more  recently  reported  there  was 
more  loss  of  mobility  of  the  ball  than  von  Graefe  seems 
to  have  met  with,  and  in  sevci-al  there  was  severe  pain  in 
the  eye  and  orbit,  and  the  tumors  have  not  always  been 
of  soft  consistence.  Valuable  assistance  in  diagnosis  can 
be  obtained  by  palpation — pressing  the  finger  deep  into 
the  orbit  behind  the  ball. 

Osieomata  maj'  grow  immediately  from  the  diplog  of 
the  bone,  or  originate  in  intlummator}'  exudations  from 
the  periosteum.  In  the  former  case  they  are  likelj'  to 
extend  at  the  same  time  into  the  orbit  and  into  one  of  the 
neighboring  cavities.  The}'  varj'  in  size  from  a  mere 
nodule  to  a  mass  tilling  the  whole  orbit,  and  may  be  of 
cancellous  structure  or  of  ivory-like  den.sit}'.  The  latter 
is  much  the  more  common  form.  They  have,  in  a  few 
cases,  occurred  in  both  orbits  at  the  same  time.  The  eti- 
ology of  orbital  osteoma  is  very  obscure.  Syphilis,  which 
might  naturally  be  thought  a  frequent  cause,  is  an  ex- 
tremely rare  and  even  doubtful  one.  Bony  tumors  of 
the  orbit  are  of  slow  growth,  and  are  injurious  only  by 
their  mechanical  effects,  which,  however,  are  sometimes 
serious  enough.  A  few  cases  are  reported  in  which  a 
cure  resulted  from  necrosis  and  spontaneous  separation. 
(Lediard,  Trans.  Oph.  Soc.  United  Kingdom,  iii.,  p.  23.) 

In  the  removal  of  oi-hitiil  tumors  antiseptic  precautions 
should  be  carefully  carried  out.  If  there  is  useful  vis- 
ion, or  even  a  sound  ej'e,  the  ej'eball  should  be  preserved 
whenever  possible,  unless  its  retention  renders  imprac- 
ticable the  thorough  removal  of  tissues  involved  in  malig- 
nant disease.  It  will  usually  be  possible  to  retain  the 
ball  when  the  growth  is  outside  the  intramuscular  space, 
and  sometimes  even  when  it  is  within  it.  This  has  been 
done,  with  satisfactory  results,  in  the  case  of  tumors  of 
the  optic  nerve,  by  Knappandby  Gruning.  (Arch,  of  Opli- 
thal.,  iv.,  p.  333,  and  v.,  p.  508.)  To  avoid  the  deform- 
ity of  the  resulting  cicatrix,  it  is  usvially  better,  when 
practicable,  to  operate  through  the  c<jnjunctiva,  and  this 
will,  of  course,  be  necessary  in  the  case  of  tumors  with- 
in the  muscular  space.  To  gain  room,  the  external  can- 
thus  may  be  freely  incised,  the  upper  lid  may  be  dis- 
sected back,  or  the  external  wall  of  the  orbit  may  be 
temporarily  resected,  and  replaced  after  the  removal  of 
the  tumor,  by  the  method  devised  by  Kronlein.  (Knapp 
in  Norris  and  Oliver's  "System  of  Diseases  of  the  Eye," 
viii.,  p.  918.)  In  removing  tumors  situated  well  forward 
or  attached  to  the  orbital  wails,  or  of  large  size,  it  may 
be  necessary  to  make  the  incision  through  the  skin  of  the 
lid.  The  handle  of  the  knife  will  often  be  found  of  more 
use  than  its  edge  in  freeing  the  growth  from  its  attach- 
ments, and  much  of  the  operation  can  most  conveniently 
be  performed  with  a  strong  pair  of  blunt-pointed  scis- 
sors, curved  on  the  flat.  Extensive  malignant  disease 
sometimes  necessitates  the  removal  of  all  the  contents  of 
the  orbit,  and  the  application  of  the  chloride  of  zinc  paste 
to  its  bared  walls.  Though  such  cases  are  extremely  dis- 
couraging, in  a  few  that  were  apparently  desperate  the 
operation  has  succeeded  at  least  in  securing  some  years 


of  comfort  to  the  patient.  According  to  Bull,  surgical 
interference  in  malignant  orbital  tumors  is  almost  inva- 
riably followed  by  recurrence,  the  growth  of  the  second- 
ary tumor  is  more  rapid,  and  repeated  operations  shorten 
the  life  of  the  patient.  (Trans.  Am.  Oph.  Society,  1896.) 
It  may  be  neces.sary  to  resort  to  the  actual  cautery  to 
check  hemorrhage,  though  this  can  usually  be  accom- 
plished by  hot  water  and  compression.  When  extension 
of  the  disease  to  neighboring  cavities  renders  its  complete 
removal  impracticable,  the  operation  should  never  be 
undertaken.  Exostoses  may  be  removed  with  compar- 
ative safety  when  situated  on  the  floor  or  on  the  inner  wall 
of  the  orbit,  but  the  attempt  is  rarely  justifiable  when  the 
deeper  parts  of  the  roof  are  involved.  Of  sixteen  cases 
collected  by  Berlin,  in  which  exostoses  of  the  orbital  roof 
were  operated  on,  in  six  the  patients  died  of  meningitis. 
Knapp  reports  several  cases  in  which  osteomata  of  the 
roof,  situated  peripherally,  were  successfully  removed. 
(Trans,  Fifth  Internat.  Oph.  Congress.)  It  has  occa- 
sionall}'  been  found  possible  to  cut  these  bony  tumors 
with  the  pliers  or  to  wrench  them  from  their  bases  with 
the  forceps,  but  usually  the  chisel  and  mallet  will  be 
found  more  efficient.  The  use  of  the  dental  engine  has 
been  suggested  and  may  be  applicable  to  some  cases. 
The  attachment  of  the  base  to  the  orbital  wall  is  less  firm 
than  the  structure  of  the  tumor,  and  in  operating  this 
should  be  made  the  point  of  attack.  The  difficulties  of 
the  operation  are  greatly  increased  when  the  growth 
originates  in  the  diploe  and  extends  on  both  sides  of  the 
bone.  Knai)p  {Arch,  of  Oph.,  ix.,  p.  464)  describes  a 
method  of  shelling  out  such  tumors  within  their  perios- 
teal envelope,  by  cutting,  with  the  chisel,  the  orbital 
wall  euca.sing  them  and  removing  them  entire.  He 
thinks  the  operation  maybe  performed  with  success  even 
though  the  exostosis  project  into  the  cranial  cavity. 

In.turies  of  the  Orbit  derive  their  greatest  interest 
and  importance  from  the  fact  that  only  a  thin  plate  of 
bone  separates  this  cavity  from  the  brain.  Punctured 
wounds  of  the  roof  of  the  orbit  may  very  easily  pene- 
trate the  intracranial  cavity.  Such  injuries  were  for- 
merly sometimes  inflicted  by  the  sword,  while  in  more 
modern  times  the  umbrella-.stick  has  figured  most  promi- 


FrG.  :i711.— Siircoma  of  the  Lachrymal  Gland. 

nently  as  the  offending  instrument.  These,  of  course, 
are  very  fatal  woimds.  Out  of  fifty-two  cases  of  perfo- 
ration collected  by  BerUn  (Graefe-Saemisch,  vol.  vi.)  the 
patients  survived  in  only  eleven,  and  of  these  five  suffered 
from  sub.sequent  effects.     Great  caution  should  be  used 
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in  the  treatment  and  prognosis  of  sucli  cases,  as  the  sur- 
geon is  liable  to  be  misled  by  the  Innocent  appearance  of 
the  external  wound  and  the  absence  of  immediate  symp- 
toms of  an  alarming  character.  Mackenzie  relates  several 
cases  in  which  the  patients  walked  considerable  distances 
after  receiving  the  injury  and  then  fell  dead. 

The  result  of  a  gunshot  wound  of  the  orbit  will  depend 
upon  the  direction  that  the  ball  takes.  In  a  large  pro- 
portion of  cases  the  brain  is  injured  aJid  death  ensues; 
but  a  ball  passing  obliquely  through  the  temporal  region 
may  destroy  one  eye  only,  and  cases  are  reported  in 
which  sight  was  entirely  destroyed,  without  other  in- 
jury, by  balls  crashing  through  both  orbits  behind  the 
eyes.  I  met  with  one  such  case,  during  the  civil  war,  in 
which  very  little  deformity  resulted,  and  the  external 
appearance  of  the  eyes  was  not  affected. 

Fractures  of  the  base  of  the  cranium  frequently  extend 
into  the  walls  of  the  orbit,  generally  the  roof.  In  the 
post-mortem  examination  of  eighty -six  cases  of  fracture 
of  the  base,  von  Hblden  found  fracture  of  the  orbit  in 
seventy-nine.  (Berlin,  loc.  cit.)  Blindness  may  result 
immediately  from  rupture  of  the  optic  nerve,  or  from 
hemorrhage  in  its  sheath,  or  it  may  be  subsequently  in- 
duced by  neuritis.  Intracranial  hemorrhage  and  hemor- 
rhage and  emphysema  of  the  orbit,  as  results  of  fracture 
of  the  orbital  walls,  have  already  been  referred  to. 

It  Is  important  to  remember  that  foreign  todies,  even 
of  considerable  size,  may  easily  escape  detection  in  the 
orbit.  A  number  of  striking  instances  of  this  have  been 
recorded.  Mr.  Carter  has  reported  a  case  in  which  a  piece 
of  iron  hat-peg,  nearly  three  inches  and  a  half  long,  re- 
mained concealed  in  the  orbit  for  several  weeks,  without 
the  knowledge  of  the  patient.  It  was  removed,  and  the 
eye  remained  uninjured.  Hennen  found  a  flattened 
musket  ball  which  had  lodged  in  the  orbit,  without  in- 
jury to  the  eye.  Shot  from  fowling-pieces  and  chips  of 
iron  driven  with  force  by  the  hammer  or  lathe  sometimes 
pass  through  the  ball  and  lodge  in  the  orbit.  Shot  may 
become  encysted  and  cause  no  irritation,  and  even  larger 
and  rough  substances  may  give  little  indication  of  their 
presence.  A  man  presented  himself  at  the  Wills  Hospi- 
tal, in  Philadelphia,  with  a  wound  near  the  corneoscle- 
rotic  junction,  but  he  was  very  positive  that  the  foreign 
body  that  inflicted  it  had  rebounded.  The  eye  was  but 
slightly  inflamed,  and  the  patient  continued  to  improve 
and  would  have  been  discharged  if  a  little  sympathetic 
irritation  of  the  other  eye  had  not  been  noticed.  In  enu- 
cleating the  ball  great  diflBculty  was  experienced  in  cut- 
ting the  optic  nerve,  and  a  splinter  of  iron,  one  inch 
long,  was  found  lying  by  Its  side. 

a;-Ray  examination  may  be  made  useful  in  detecting 
the  presence  of  a  foreign  body  and  even  in  determining 
its  location. 

Cases  were  formerly  reported  in  which  impaired  vision 
was  attributed  to  injury  of  the  supra-orbital  or  infra- 
orbital nerve  by  blows  upon  the  edge  of  the  orbit,  but  it 
is  probable  that  the  ophthalmoscope  would  have  revealed 
some  intra-ocular  lesipp  produced  by  concussion,  or  that 
a  fracture  involving  the  apex  of  the  orbit  may  have  in- 
jured the  optic  nerve.  Contusion  of  these  nerves  is  not 
now  recognized  as  a  cause  of  amblyopia. 

Dislocation  of  the  cyAall  may  be  caused  by  a  foreign 
body  thrust  into  the  orbit  behind  it.  It  has  frequently 
been  produced  by  the  "  gouging  "  thumbs  of  brutal  fight- 
ers. The  ball  lies  upon  the  malar  bone  and  the  orbicu- 
laris muscle  contracts  behind  it,  retaining  it  beyond  the 
lids.  The  optic  nerve  is,  of  course,  violently  stretched, 
but  is  not  usually  permanently  injured  if  the  dislocation 
is  soon  reduced. 

In  the  treatment  of  injuries  of  the  orbit  it  is  important 
to  bear  in  mind  the  dangerous  character  of  its  anatomical 
relations,  and  the  serious  mischief  that  may  easily  be  in- 
flicted by  probing.  It  is  better  to  treat  many  trivial 
cases  with  unnecessary  caution  than  to  underestimate  the 
danger  of  one  that  may  have  a  serious  or  even  fatal 
termination.  Complete  rest,  cold  applications,  and  some- 
times leeching  will  be  required  in  the  early  stages,  and  if 
pus  forms  subsequently  it  should  be  allowed  prompt  and 


free  escape.  If  incisions  are  necessary  for  the  removal 
of  foreign  bodies,  they  should  be  made  through  the  con- 
junctiva rather  than  through  the  lids,  to  avoid  the  dan- 
ger of  ectropium  or  other  deformity  that  might  follow 
the  contraction  of  cicatrices.  In  reducing  dislocation  of 
the  eyeball,  the  upper  lid  should  be  stretched  and  drawn 
forward,  while  the  ball  is  gently  pressed  back.  It  may 
be  necessary  to  divide  the  external  commissure.  A  com- 
press bandage  will  be  required  to  retain  the  eye  in  posi- 
tion for  a  few  days. 

Diseases  op  the  Neighboring  Sinuses  may  seriously 
affect  the  orbit  by  pressure  upon  its  walls  or  by  extension 
into  its  cavity. 

The  frontal  sinus  is  sometimes  greatly  distended  by 
the  accumulation  of  retained  muco-purulent  secretion  in 
chronic  inflammation  of  its  lining  membrane.  The  up- 
per and  inner  wall  of  the  orbit  is  bulged  by  pressure,  and 
the  eyeball  is  forced  downward  and  outward.  These  ac- 
cumulations are  sometimes  very  extensive,  and  involve 
the  ethmoid  sinus  or  the  frontal  sinus  of  the  other  side 
by  destruction  of  the  intervening  walls.  Dr.  Bull 
(Trans.  Am.  Oph.  Soc,  1885)  reports  a  case  of  chronic 
abscess  involving  both  frontal  sinuses  and  the  ethmoid 
sinus  of  one  side,  the  result  of  an  injury  received  four- 
teen years  before.  The  disease  may  also  result  from  di- 
rect extension  of  inflammation  from  the  mucous  mem- 
brane of  the  nose.  The  pus  may  finally  escape  into  the 
nose,  into  the  orbit,  or  externally,  but  the  opening  that 
gives  it  exit  is  not  likely  to  be  free  enough  to  lead  to  a 
cure.  The  most  common  locality  for  spontaneous  dis- 
charge is  at  the  inner  canthus,  above  the  tendo  oculi,  and 
a  permanent  fistula  is  likely  to  result.  When  the  bone 
over  the  swelling  is  very  much  thinned  by  distention  and 
absorption  it  yields  to  pressure  by  the  finger  with  a  kind 
of  crackling  sensation,  which  has  been  well  compared  to 
that  produced  by  pressure  upon  the  lid  of  a  tin  box,  and 
which  will  distinguish  the  case  from  one  of  solid  growth. 
The  sinus  should  be  freely  opened  with  a  strong  knife, 
or,  if  necessary,  with  a  drill,  near  the  inner  canthus  or 
beneath  the  superciliary  arch,  and  a  silver  tube  inserted, 
through  which  the  cavity  can  be  washed  out  frequently 
with  disinfectant  and  stimulating  solutions.  It  may  be 
necessary  to  open  the  cells  through  the  inner  wall  of  the 
orbit,  remove  all  carious  bone,  and  establish  drainage 
through  the  nose. 

Similar  distention  of  the  maxillary  antrum  by  fluid  ac- 
cumulation forces  the  floor  of  the  orbit  upward.  It  may 
result  from  any  cause  that  produces  chronic  inflammation 
of  the  lining  membrane  of  the  cavity,  but  the  most  fre- 
quent cause  is  a  diseased  tooth.  Pus  may  escape  into  the 
nostril,  through  the  alveolus  at  the  canine  fossa,  or  into 
the  orbit.  When  it  enters  the  orbit  it  causes  an  infiltra- 
tion and  swelling  of  the  lower  eyelid,  and  finally  a  fis- 
tula. When  there  is  a  diseased  tooth,  the  best  plan  of 
treatment  is  to  extract  it  and  puncture  the  antrum 
through  its  socket;  or,  if  the  abscess  points  in  the  al- 
veolar process,  an  opening  may  be  made  behind  the  up- 
per lip.  In  either  case  a  tube  should  be  inserted  and 
injections  used. 

A  few  cases  of  retention  tumor  of  the  ethmoid  cells  have 
been  met  with.  Dr.  Knapp  (Trans.  Fifth  Internat.  Oph. 
Cong.)  reports  one  in  which  the  wall  felt  so  dense  that 
he  took  it  for  an  exostosis  and  proceeded  to  remove  it, 
when  the  chisel  pierced  a  bony  shell,  and  a  quantity  of 
muco-purulent  discharge  escaped.  And  a  similar  experi- 
ence occurred  in  my  own  practice  (Trans.  Am.  Oph.  Soc, 
1900). 

Cysts,  polypi,  or  solid  tumors  of  any  of  these  cavities, 
or  of  the  nares,  may  press  upon  the  walls  of  the  orbit  or 
destroy  them  and  extend  into  its  cavity.  A  discussion 
of  all  of  these  diseases  would  lead  into  too  wide  a  field 
for  the  limits  of  this  article,  and  the  reader  must  be  re- 
ferred to  works  on  general  surgery  and  to  the  elaborate 
chapter  on  this  subject  in  Mackenzie's  treatise  on  "Dis- 
eases of  the  Eye."  Intracranial  growths  sometimes  in- 
volve the  roof  of  the  orbit,  and  in  chronic  hydrocephalus 
its  cavity  is  narrowed  by  pressure,  and  the  eyeball  is 
pushed  forward.  Oeorge  C.  Ha/rlan. 
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OREXIN.  —  (Phcuyl-di-hydro-quinazoline  hydroclilo- 
rate.)  This  is  the  trade  name  applied  to  a  complex  deriv- 
ative of  qulnollne.  It  forms  In  bright,  colorless,  lanceo- 
late crystals,  without  odor,  containing  two  molecules  of 
water,  which  effloresce  on  exposure.  It  has  a  bitter,  pun- 
gent, and  almost  caustic  taste.  It  is  freely  soluble  In  hot 
water.  It  is  almost  free  from  toxic  effects,  as  two  grains 
per  pound  weight  were  insufficient  to  cause  death  in  a 
rabbit. 

Orexln  was  introduced  by  Professor  Penzoldt,  of  Er 
langen  (Therwp.  Monat.,  February,  1890),  as  a  stomachic, 
as  It  was  found  to  exert  a  tonic  influence  over  the  diges- 
tive organs,  and  a  stimulant  action  on  the  appetite.  It 
possesses  neither  antipyretic  nor  antiseptic  properties. 
Penzoldt  used  it  in  a  great  number  of  cases  of  anorexia 
In  healthy  Individuals,  as  well  as  in  others  suffering  from 
various  diseases  accompanied  by  loss  of  appetite.  Its 
use  is  contralndicated  when  there  are  gastralgia,  acute 
catarrh,  ulcers,  or  any  condition  In  which  there  is  hyper- 
sensibility  of  the  mucous  lining  of  the  stomach,  on  ac- 
count of  Its  local  Irritant  action.  The  class  of  cases  in 
which  it  proved  most  serviceable  were  those  in  which  the 
stomach  was  not  diseased,  but  In  which  the  loss  of  appe- 
tite was  due  to  some  general  condition,  such  as  ansemla, 
phthisis,  or  debility.  It  was  said  to  be  of  special  value 
in  commencing  pulmonary  tuberculosis,  its  employment 
being  followed  by  a  considerable  increase  in  body  weight. 
The  dose  is  from  three  to  seven  grains,  once  or  twice  a 
day.  Within  the  last  few  years  the  tannate  of  this  agent 
has  been  brought  forward  as  being  superior  to  the  hydro- 
chlorate.  It  is  a  yellowish-white,  odorless,  and  almost 
tasteless  powder,  soluble  In  water. 

Although  favorable  reports  of  its  use  appear  from  time 
to  time.  It  has  failed  to  gain  the  confidence  of  the  profes- 
sion and  is  rarely  employed.  Beaumont  Small. 

ORGANOTHERAPY.  —  (Synonyms :  Histotherapy— 
from  laTdg,  tissue ;  cytotherapy— from  kvtoq,  cell). 

HiSTOBT. — The  oldest  medical  manuscript  In  existence, 
the  "  Papyrus  Ebers, "  mentions  the  use  of  animal  extracts 
in  medicine.  Among  the  writers  of  antiquity  Homer, 
Democrltus  (450  B.C.),  Aretseus,  Dioscorides,  Galen  (600 
A.D.),  among  writers  of  the  Middle  Ages,  Guido  de  Chau- 
llac  (1300  A.D.),  John  Hunter,  Burton  (in  his  "  Anatomy  of 
Melancholy  ")  all  speak  of  the  treatment  of  disease  with 
various  animal  products.  It  is  interesting  to  note  some 
of  the  bizarre  preparations  that  were  recommended,  e.g. 
(Dr.  William  Salomon,  "New  London  Dispensatory," 
1677),  human  heart,  cor  hominis.  In  powder  for  epilepsy, 
human  skull  and  human  brain,  Unotura  cranii,  essentia 
cranii  hominis,  spiritus  cerebri  humani,  for  a  variety  of 
disorders,  chiefly  "debility."  ,     .      - 

Brown-Sequard,  in  1869,  advanced  the  hypothesis  of 
the  "Internal  secretion  "of  the  glands  and  tissues;  he 
held  that  all  the  cells  of  the  body  manufacture  specific 
soluble  products  which,  entering  the  blood,  exercise  an 
Important  If  not  necessary"  influence  on  other  cells. 
Insufficiency  of  this  function  in  certain  organs,  he  argued, 
produces  certain  definite  disorders  that  can  best  be  reme- 
died by  supplying  the  deficient  secretion.  The  extrava- 
gant and  sensational  claims  advanced  by  over-en thusiastic 
disciples  of  this  "  method  "  have  done  much  to  discredit 
organotherapy.  Of  recent  years,  however,  many  chnical 
and  experimental  data  have  accumulated  to  show  that 
certain  organs  actually  do  manufacture  Internal  secre- 
tions and  that  these  products  profoundly  influence  me- 
tabolism. The  postulates  of  Brown-Sequard  were  in 
part,  therefore,  correct  and  his  method  was  not  altogether 
irrational.  ,  .    ^.„ 

It  is  manifestly  a  precarious  and  an  unscientific  proce- 
dure to  introduce  substances  of  unknown  properties  into 
a  sick  organism  without  first  determining  their  effect  on 
the  healthy  body.  Before  organotherapy  could  be  raised 
above  the  level  of  crude  empiricism  and  could  attain  the 
dignity  of  a  rational  system  of  treatment,  the  power  of 
organ  extracts  to  influence  physiological  processes  had  to 
be  studied  This  problem  was  approached  In  two  ways, 
viz     on  the  one  hand,  different  animal  preparations  were 


administered  to  normal  animals  or  human  subjects  and 
the  effects  determined ;  on  the  other  hand,  dlfl'erent  or- 
gans (chiefly  ductless  glands)  were  removed  and  the  per- 
versions of  function  that  followed  established.  The 
knowledge,  moreover,  obtained  from  operative  ablation 
of  organs  was  in  many  instances  supplemented  by  clini- 
cal observations  on  human  subjects  in  whom  spontaneous 
degeneration  or  atrophy  of  these  organs  had  occurred. 
In  this  way  a  fund  of  knowledge  was  acquired  that  based 
organotherapy  on  a  rational  foundation,  and  furnished 
concise  indications  for  the  administration  of  definite  or- 
gan preparations  in  definite  diseased  states.  Organo- 
therapy was  finally  rendered  still  more  exact  by  the  dis- 
covery and  isolation  of  "  active  principles  "  that  possessed 
all  the  specific  properties  of  the  organs  from  which  they 
were  derived;  these,  it  was  shown,  could  be  advantage- 
ously administered  in  the  place  of  the  crude  extracts,  of 
indefinite  and  uncertain  composition,  that  were  formerly 
employed. 

I.  The  DocTiiEss  Glands. 

1.  Thyroid  Gland.— The  administration  of  thyroid 
gland  in  large  doses  accelerates  proteid  and  fat  metabo- 
lism, causes  Increased  elimination  of  nitrogen,  phospho- 
rus, and  chlorine,  and  leads  to  an  Increased  absorption  of 
oxygen.  Clinically,  polyuria,  polyphagia,  polydypsia, 
sweating,  tachycardia,  palpitation,  tremor,  emaciation, 
fever,  and  occasionally  glycosuria  are  observed.  This 
syndrome  Is  called  thyrmdism,  and  has  so  many  cardinal 
features  in  common  with  exophthalmic  goitre  (Basedow's, 
Graves'  disease)  that  this  affection  is  held  by  many  to  be 
due  to  excessive  activity  of  the  thyroid  gland,  seil.,  hy- 
perthyroidism. 

Removal  of  the  thyroid  gland  is  followed  in  a  few  days 
or  often  after  a  longer  time  (as  late  as  nine  months)  by 
ansemia  and  oligsemia  {caeliexia  thyreopriva,  if  the  nor- 
mal gland  is  removed,  cachexia  strumipriva  or  operative 
myxmdema  if  the  diseased  gland  is  removed);  there  Is 
often  an  initial  rise  of  temperature  usually  followed  by 
a  descent  to  subnormal ;  the  growth  of  the  bones  is  re- 
tarded in  young  animals,  and  various  trophic  disturb- 
ances develop;  the  rate  of  respiration  Increases;  a  va- 
riety of  nervous  phenomena  are  observed  that  may  be 
either  irritative  or  depressive  in  character,  viz. :  at  first 
fibrillary  twitchings  of  the  muscles  followed  later  by 
tetany  and  contractures,  or  again  paresis  and  diminished 
sensibility.     Other  symptoms  are  palpitation,  tachycar- 
dia, vomiting,  loss  of  mental  vigor,  irritability  followed 
by  languor  and  lassitude,  apathy,  and  finally  idiocy. 
'     A  similar  syndrome  is  presented  in  myxoedema  and 
cretinism    (synonyms:    infantile   or  festal   myxoedema, 
myxoedematous  Idiotism);   myxoedema  is  undoubtedly 
due  to  arrest  or  insufficiency  of  thyroid  function,  scil., 
athyroidism,.    We  witness  the  same  arrest  of  development 
of  bones  and  external  soft  parts,  the  impairment  of  psychic 
and  of  nearly  all  somatic  functions.     The  infantile  type 
is  maintained  throughout,  the  physiognomy  is  typical 
there  are  characteristic  disturbances  of  the  organs  of 
lense  and  of  the  intellect,  the  skin  is  bloated,  the  sweat 
glands  are  depressed,  the  heat  regulation  Is  disturbed. 
There  are  general  muscular  quiescence,  apathy,  and  idiot- 
ism    Exact  metabolic  studies  have  so  far  not  been  made. 
In  one  case  the  oxygen  absorption  was  found  subnormal 
and  the  nitrogen  excretion  reduced.     It  is  probable  that 
metabolism  becomes  retarded  after  ablation  or  atrophy 
of  the  thyroid  gland.  _ 

Tlie  function  of  the  thyroid  is  either  nutritive  or  anti- 
toxic i.e.,  it  either  supplies  something  to  the  blood  that 
is  necessary  to  normal  hfe  or  it  removes  something  that 
is  harmful.  The  most  plausible  theory  advanced  to  ex- 
plain hyperthyroidism  and  athyroidism  is  the  following: 
The  blood  normally  contains  certain  bodies  that  can  in- 
hibit metabolism;  the  origin  of  these  bodies  is  obscure; 
the  thyroid  secretion  possesses  the  power  of  neutralizing 
these  substances  and  rendering  them  inert.  Normally 
metabolism  is  regulated  in  this  way  Hyperthyroidism 
causes  complete  neutralization  of  these  inhibitory  sub- 
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stances  followed  by  acceleration  of  metabolism;  athy- 
roidism,  an  i)he  other  hand,  by  permitting  the  accumu- 
lation of  excessive  quantities  of  the  inhibitory  bodies, 
favors  retardaJtion  of  metabolism. 

T7w  aciive  principle  of  the  thyroid  gland  is  thyroidm 
•(iodothyrin),  a  proteid  body  containing  over  nine  per 
•cent,  of  iodine.  Removal  of  the  iodine  renders  this  sub- 
stance inert.  lodothyrin  administered  to  healthy  animals 
produces  the  same  effects  as  fre.sh  thyroid  gland  or  thy- 
roid extracts.  When  administered  immediately  after  ab- 
lation of  the  thyroid  it  is  capable  of  arresting  the  convul- 
sions that  frequently  follow  this  operation.  The  action 
■of  lodothyrin  is  cumulative,  but  only  of  short  duration. 
In  order  to  do  good  it  must  be  administered  continu- 
ously. When  iodothyrin  is  given  to  dethyroidized  ani- 
mals all  the  iodine  appears  in  the  urine  in  a  short  time  and 
is  wasted.  In  animals  with  a  thyroid  the  bulk  of  the  io- 
dine is  retained.  The  thyroid,  therefore,  seems  to  be  con- 
cerned in  arresting  and  preserving  the  valuable  iodine 
that  is  ingested  with  the  food  and  that  is  intended  to 
play  some  physiolKigical  r6Ie. 

It  appears,  from  experimental  investigation,  that  the 
iodine  body  of  the  thyroid  is  an  indispensable  regulator 
of  oxidation,  and  is  also  needed  to  preserve  the  normal 
function  of  the  brain  and  nervous  system  and  possibly  of 
other  organs.  The  "  colloid  substance  "  of  the  thyroid 
that  was  long  believed  to  be  the  active  ingredient  of  the 
gland  has  been  shown  to  contain  an  organic  iodine  com- 
pound, probably  iodothyrin. 

Various  preparatioiis  of  thyroid  gland  are  in  use  in  medi- 
cine. Bircher  in  1889  implanted  a  piece  of  thyroid  gland 
under  the  skin.  Later  different  extracts  were  prepared 
with  glycerin  alone,  or  with  glycerin  and  carbolic  acid 
or  thymol.  These  extracts  were  administered  hypoder- 
micaily.  The  French  favor  fluid  extracts  made  with 
carbolized  physiological  salt  solution  sterilized  under 
pressure  with  carbonic  acid  gas  and  pressed  through 
clay  candle  filters;  this  extract,  too,  is  used  for  hypoder- 
mic injections.  Vermehren  precipitates  the  glycerin  ex- 
tract of  thyroid  with  alcohol,  gathers  the  sediment,  des- 
iccates it,  and  administers  it  in  pill  form  (Vermehren's 
thyreoidinum).  Many  clinicians  give  the  fresh  gland 
raw  by  mouth;  some  boil  the  gland  to  make  it  more 
palatable,  and  claim  equally  good  results  as  from  the 
raw  organ. 

Still  others  give  clysmata  of  thyroid  gland.  The  most 
popular  prepa/ratioBS  nowadays  are  compressed  thyroid 
tablets  made  from  the  desiccated  gland.  These  are  less 
disagreeable  to  the  patient,  and  if  prepared  by  a  reliable 
house  enable  the  physician  accurately  to  determine  the 
■dose.  True,  very  little  is  known  of  the  amount  of  active 
principle  which  they  contain,  but  the  same  objection  ap- 
plies to  all  the  other  preparations.  As  it  is  essential  to 
individualize  in  thyroid  medication,  it  is  at  all  events  of 
advantage  to  know  that  the  qualitative  and  quantitative 
composition  of  the  tablets  is  approximately  uniform. 
For  the  many  methods  in  use  for  preparing  dry  thyroid 
extracts  and  tablets  we  refer  to  text-books  of  pharma- 
cology. 

The  dose  to  be  administered  naturally  depends  on  the 
preparation  employed.  Many  subjects  manifest  an  idio- 
syncrasy for  thyroid  products,  so  that  it  is'always  well 
to  begin  with  very  small  doses  and  carefully  to  watch 
for  symptoms  of  thyroidism  (see  above).  Dried  thyroid 
powders  frequently  contain  ptomalns  and  peptonized 
proteids  that  are  toxic ;  they  may  consequently  give  rise 
to  additional  untoward  symptoms.  The  best  guide  is 
the  pulse.  Quickening  of  the  heart  beat  and  palpitation 
should  lead  us  to  stop  the  administration  of  the  drug  un- 
til the  heart  action  becomes  normal.  Gastric  disturbances 
or  rapid  loss  of  flesh  should  also  put  us  on  our  guard. 
Occasionally  a  change  of  preparation  or  a  different  mode 
of  administration  will  enable  the  patient  to  tolerate  the 
drug,  but  it  is  usually  best  either  to  stop  its  exhibition, 
or  at  least  materially  to  diminish  the  dose. 

The  fresh  gland  furnishes  about  twenty-seven  per  cent, 
of  dry  powder,  so  that  each  unit  of  powder  corresponds 
to  about  four  times  its  equivalent  in  fresh  gland.     Manu- 


facturers of  thyroid  tablets  always  indicate  the  amount 
of  thyroid  powder  contained  in  each  tablet.  Beginning 
with  a  fraction  of  a  tablet  a  day  the  dose  may  be  grad- 
ually increased  to  seven  or  eigjjt  tablets  in  the  twenty- 
four  hours.  Of  the  raw  gland  one-eighth  to  two  may  be 
given  in  the  course  of  a  day.  The  common  dose  of  the 
desiccated  powder  is  from  one  to  five  grains  three  times 
a  day. 

2  herwpeutics. — Thyroid  preparations  are  employed 
most  successfully  in  all  those  diseases  which  are  due  to  in- 
sufficiency of  thyroid  function,  viz.,  infantile  niyxoedema 
{cretinism'),  operative  myxoedema  {cachexia  strumipriva), 
and  adult  {sporadic)  myXosdema.  Thyroid  treatment  in 
these  states  is  a  true  substitution  therapy. 

In  all  forms  of  myxoedema  thyroid  medication  as  a  rule 
produces  amelioration  of  all  the  symptoms;  in  a  minority 
of  the  cases  only  the  main  symptoms  are  relieved,  while 
the  minor  and  probably  secondary  manifestations  per- 
sist. In  adult  myxoedema,  for  example,  the  swelling 
may  recede  while  the  aneemia  persists.  In  cretinism  the 
results  are  particularly  brilliant.  The  skin  becomes  soft 
and  moist,  the  bloating  disappears,  the  physiognomy 
changes,  healthy  growth  of  the  bony  structures  and  of 
the  soft  tissues  is  stimulated,  normal  development  of  the 
teeth  sets  in,  and  the  mental  condition  improves. 

The  younger  the  subject  the  better  apparently  the  re- 
sult, although  all  ages  seem  to  react  favorably.  A  case 
is  on  record,  for  instance,  of  a  woman  of  seventy-two 
years  who  had  been  a  sufferer  from  mj'^xoedema  for 
twenty-six  years,  and  who  was  completely  cured  in  three 
months.  Some  authors  maintain  that  the  older  the  dis- 
ease the  more  rapidly  does  it  yield  to  thyroid  therapy. 
The  sex  of  the  patient  is  without  influence.  Each  indi- 
vidual seems  to  react  differently. 

In  a  very. small  proportion  of  cases  thyroid  treatment 
is  without  result,  and  one  or  two  cases  are  on  record  in 
which  the  disease  was  aggravated.  The  unsuccessful 
cases  constitute  not  quite  two  per  cent,  of  all  the  cases 
reported  in  the  literature.  As  it  is  not  excluded  that  in 
some  of  these  instances  the  thyroid  preparation  employed 
was  worthless,  this  is  a  remarkably  good  showing,  and 
one  that  warrants  the  use  of  thyroid,  with  the  precau- 
tions outlined  above,  in  all  cases  of  myxoedematous  dis- 
ease. 

Thyroid  preparations  have  also  been  employed  in  a 
large  number  of  other  diseases;  the  indications  for  the 
exhibition  of  thyroid  being  based  either  on  our  knowl- 
edge of  its  physiological  effect  or,  in  many  instances,  on 
pure  speculation.  In  some  diseased  states  the  results  ob- 
tained have  been  sufficiently  favorable  to  warrant  record- 
ing. 

As  trophic  disturbances  of  the  skin  are  common  in 
sporadic  and  operative  myxoBdema,  thyroid  preparations 
have  been  used  in  the  treatment  of  many  skin  diseases. 
The  best  results  have  been  obtained  in  psoriasis.  The 
sphere  of  usefulness  in  this  disease  is,  however,  limited, 
and  thyroid  should  be  employed  as  a  last  resort,  only 
after  all  other  standard  remedies  and  measures  have 
failed.  In  lupus,  cutaneous  tuberculosis,  leprosy,  ke- 
loid, alopecia,  eczema  vulgaris,  acne  rosacea,  ichthyosis, 
thyroid  has  also  been  tried  with  varying  effect.  The 
results  are  often  negative  and  uncertain  throughout. 
Scleroderma  does  not  yield  to  thyroid  therapy.  It  is 
probable  that  thyroid  gland  acts  favorably  in  some  cu- 
taneous affections  by  stimulating  the  circulation  of  the 
skin.  Improved  vascular  supply  leads  to  improved  nu- 
trition, increased  activity  of  the  cutaneous  glands,  and 
increased  vitality  of  the  epidermal  layer,  all  tendencies 
that  must  act  beneficially  in  correcting  the  trophic  per- 
versions that  form  the  basis  of  many  skin  lesions.  Thy- 
roid pi-eparations,  either  in  the  form  of  the  dry  powder 
or  as  an  ointment,  have  also  been  applied  locally  to  ser- 
piginous ulcers,  suppurating  buboes,  syphilitic  and  soft 
chancres.     Good  results  are  claimed  for  this  method. 

Loss  of  weight  is  a  common  result  of  thyroid  medica- 
tion. This  observation  has  led  to  the  employment  of 
thyroid  gland  for  the  reduction  of  obesity.  A  loss  of  fat 
undoubtedly  can  be  brought  about  in  the  majority  of 
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cases.  Patients  with  anaemic  obesity  are  more  suitable 
for  thyroid  therapy  than  patients  with  plethoric  obesity. 
In  the  latter  the  results  are  as  a  rule  indifferent;  in  the 
former  oxidation  is  increased,  as  shown  by  the  increased 
amount  of  oxj'gen  that  is  absorbed  and  the  greater 
amount  of  carbon  dioxide  that  is  eliminated.  Together 
with  the  fat  some  proteid  is,  however,  always  lost  in 
these  cases,  so  that  from  this  point  of  view  alone  thyroid 
medication  is  to  be  condemned  in  the  treatment  of  obesity. 
As  obesity,  moreover,  is  frequently  complicated  by  vari- 
ous cardiac  disoiders,  gout,  diabetes,  and  kidney  lesions 
(all  conditions  in  which  thyroid  preparations  may  do 
harm),  this  therapy  is  dangerous  also  on  these  grounds. 
It  must  further  be  remembered  that  as  soon  as  the 
administration  of  thyroid  gland  is  discontinued  the  fat 
returns;  consequently  the  drug  must  be  taken  contin- 
uously. This  leads  to  the  indiscriminate  use  of  thyroid 
preparations  by  the  laity,  a  procedure  that  is  mani- 
festly dangerous.  Finally,  the  exhibition  of  thyroid  is 
totally  unnecessary  in  obesity,  for  correct  dietetic  treat- 
ment produces  results  that  are  equally  favorable,  more 
constant,  more  permanent,  and  not  at  all  dangerous.  In 
carefully  selected  cases  which  are  rigorously  supervised 
by  the  physician  small  doses  of  thyroid,  together  with 
rational  dietary  regulations,  produce  satisfactory  results 
and  may  be  permitted. 

In  insanity  the  results  of  thyroid  therapy  are  not  con- 
stant ;  some  cases  are  strikingly  benefited,  others  are  not 
affected  at  all.  It  is  probable  that  in  many  sufferers 
from  melancholia,  recurrent  mania,  delusional  insanity, 
and  the  insanities  of  adolescence,  the  climacterium,  and 
the  puerperium  there  is  at  the  same  time  some  derange- 
ment of  thyroid  function,  and  that  these  cases  precisely, 
and  possibly  these  cases  alone,  derive  benefit  from  the 
use  of  thyroid  preparations.  The  insanities  of  myxosde- 
ma,  needless  to  say,  often  improve  under  thyroid  medica- 
tion. The  largest  statistics  on  the  subject  show  that  of 
1,033  such  cases  16.8  per  cent,  recovered,  34  per  cent, 
were  improved,  and  59.3  per  cent,  remained  unimproved. 
The  results,  therefore,  in  this  particular  form  of  mental 
derangement  are  fairly  good. 

Because  infantile  myxcedema  and  rachitis  are  both 
characterized  by  disturbances  of  the  bony  development 
thyroid  medication  has  been  employed  in  the  latter  dis- 
ease. The  relation  between  the  two  diseases  is,  however, 
purely  superficial  and  their  pathogenesis  radically  differ- 
ent, so  that  we  need  not  be  surprised  to  learn  that  thyroid 
therapy  has  led  to  absolutely  negative  results  in  rickets. 
There  is  a  superficial  resemblance  between  acromegaly 
and  myxcedema,  and  in  some  cases  of  acromegaly  the 
thyroid  has  been  found  degenerated  or  atrophied.  Some 
experiments  are  also  on  record  that  seem  to  show  that  the 
pituitary  body  hypertrophies  after  removal  of  the  tliy- 
roid  These  observations  have  led  to  the  employment  of 
thyroid  in  acromegaly.  The  results  of  this  treatment  are 
no!t  satisfactory.  A  few  isolated  cases  are  on  record, 
however,  in  which  thyroid  medication  seemed  to  do  good 
after  all  other  measures,  including  the  exhibition  of  pi- 
tuitary extract,  had  failed.  The  method  deserves  fur- 
ther trial.  . ,  id 

Sim-pie  goitre  often  yields  to  thyroid  treatment,  borne 
statisticians  report  improvement  in  two-thirds  of  the 
cases  Young  persons,  it  is  claimed,  are  more  benefited 
than  older  subjects.  It  is  necessary  to  continue  the  ad- 
ministration of  the  remedy  for  a  long  time,  as  otherwise 
the  goitre  is  liable  to  return.  The  swelling  rarely  if  ever 
disappears  completely.  The  treatment  must  be  consid- 
ered symptomatic  and  in  no  case  curative.  The  treat- 
ment is  useless  in  goitre  that  has  undergone  secondary 
degeneration  (colloid,  cystic).  The  simple  parenchyma- 
tous form  is  the  most  suitable  for  treatment  with  thyroid 
gland  Of  60  cases  of  the  latter  kind  14  were  cured,  29 
improved  and  19  not  benefited.  One  author  reports  im- 
provement in  all  of  a  series  of  79  cases,  another  one  im- 
provement in  93  per  cent,  of  a  large  series  of  cases. 

The  treatment  of  Basedow's  Disease  (exophthalmic  goi- 
tre) with  thyroid  preparations  seems  altogether  paradoxi- 
cal for  as  we  have  seen,  the  cardinal  symptoms  of  this 


disease  are  actually  produced  by  the  administration  of 
thyroid.  To  expect  a  cure  would  be  to  avow  faith  in  the 
homoeopathic  "  law  "  of  similars.  Nevertheless  the  rem- 
edy has  been  extensively  employed  in  this  disease  either 
empirically  or  from  ignorance  of  the  physiologic  action 
of  the  thyroid  extract,  and  finally  on  the  basis  of  various 
hypotheses  that  are  not  worth  recording.  The  consensus 
of  opinions,  as  was  to  be  expected,  is  that  thyroid  has  a 
tendency  to  do  harm  in  this  disease.  In  many  instances 
no  effect  was  noticed  when  small  doses  were  given.  A 
few  cases  of  improvement  are  also  reported,  chiefly  by 
American  and  French  authors,  but  the  case  reports  (which 
have  been  carefully  studied  by  the  author)  do  not  show 
that  the  amelioration  of  symptoms  could  in  any  way  be 
attributed  to  the  action  of  the  thyroid  preparations  given. 
In  exophtlialmic  goitre,  therefore,  the  use  of  thyroid 
should  be  discouraged  as  useless. 

A  more  rational  method  of  treating  Basedow's  disease 
has  recently  been  tried,  apparently  with  good  results. 
It  consists  in  injecting  the  serum  of  dogs  whose  thyroid 
has  been  removed.  This  method  is  at  least  based  on 
sound  physiologic  reasoning.  It  warrants  further  trial, 
for  of  the  nine  cases  treated  all  improved. 

Thyroid  preparations  have  at  one  time  or  another  been 
tried  in  nearly  every  known  disease.  Benefits  have  been 
claimed  in  tetany,  the  various  disorders  of  lactation 
(galactagogue  action),  certain  middle-ear  disorders,  mus- 
cular and  osseous  dystrophies,  hemorrhages  in  uterine 
diseases,  cancer  of  the  breast,  and  syphilis.  Very  little 
value,  however,  attaches  to  isolated  case  reports,  for  in 
the  majority  of  them  grave  sources  of  error  are  not  ex- 
cluded, and  no  conservative  judgment  in  regard  to  the 
therapeutic  value  of  the  thyroid  preparations  adminis- 
tered can  be  rendered. 

2.  The  SupraebnalGlands.— Injection  of  suprarenal 
extract  produces  a  very  marked  rise  of  blood  pressure. 
This  is  primarily  due  to  vaso-constrictor  action,  for  supra- 
renal extract  exercises  its  chief  effect  on  the  peripheral 
circulatory  apparatus.  This  is  made  manifest  after  sec- 
tion of  the  medulla  or  the  cord  (even  complete  removal 
of  the  cord),  section  of  the  vagi,  of  peripheral  nerves,  or 
paralysis  of  the  nervous  end  apparatus  with  atropine,  for 
all  these  operations  do  not  hinder  the  rise  in  blood  press- 
ure after  injection  of  suprarenal  extract.  Direct  appli- 
cation, moreover,  to  mucous  surfaces  causes  rapid  con- 
traction of  the  blood-vessels  of  the  part.  It  is  not 
established  whether  suprarenal  extract  acts  directly  on 
the  muscle  cells  of  the  arterial  muscularis  or  on  the  gan- 
glion apparatus  of  the  vessel  walls.  Suprarenal  extract 
also  acts  directly  on  the  heart,  causing  retardation  and 
strengthening  of  the  heart  beat,  and  in  this  way,  too,  a 
rise  in  blood  pressure.  It  seems  tliat  the  extract  directly 
stimulates  the  heart  muscle  and  at  the  same  time  irritates 
the  vagus  centre.  The  former  action  strengthens  the 
heart  beat,  the  latter  retards  it.  If  the  medulla  is  de- 
stroyed or  the  vagus  severed,  the  heart  beat  is  greatly 
accelerated  after  the  exhibition  of  suprarenal  extract, 
more  so  than  after  simple  section  of  the  vagi.  Apphed 
to  the  excised  heart  of  a  frog  suprarenal  extract  also 
causes  quicker  and  more  forcible  contractions.  The  di- 
rect effect  of  the  extract  on  the  heart  muscle  is  accelerat- 
ing, in  other  words,  excitory,  as  in  the  case  of  the  arterial 
muscularis.  .         .  , 

Other  effects  that  follow  the  in]ection  of  suprarenal 
extract  are:  (1)  The  excretion  of  dextrose  (suprarenal 
Klvcosuria);  (3)  local  pigmentation  around  the  point  of 
ihiection;  (3)  destruction  of  red  blood  corpuscles  and  de- 
posit of  hsemosiderin  in  the  spleen  and  lymph  glands;  (4) 
excretion  of  pigments  related  to  bile  pigment^ 

Remuml  of  the  suprarenal  glands,  a  very  dilBcult  oper- 
ation, is  invariably  followed  by  the  death  of  the  animal. 
If  one  gland  alone  is  removed  or  if  accessory  adrenals  are 
left  behind,  compensatory  hypertrophy_  of  the  remaining 
organ  occurs  and  the  animal  may  survive  for  months  or 

''^Th Jstetements  made  by  different  authors  in  regard  to 
the  effect  of  removal  of  the  adrenals  on  general  nutrition 
are  conrtadictory.     The  same  applies  to  the  effect  on  the 
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temperature ;  some  report  a  rise,  some  no  change,  some 
subnormal  temperatures.  The  effect  on  the  nervous  sys- 
tem is  marked.  All  authors  agree  that  degenerative 
changes  in  the  brain,  cord,  and  sympathetic  plexuses  fol- 
low removal  of  the  adrenals.  The  statements  in  regard  to 
the  clinical  nervous  phenomena  observed  are  not  uniform. 
There  is  always  great  muscular  asthenia.  The  digestion 
is  always  impaired ;  there  are  increased  peristalsis  and  diar- 
rhoea. The  blood  pressure  always  falls.  No  uniform 
changes  in  the  pulse  rate  or  the  respiration  have  been 
noted.  Occasionally,  when  the  animals  survived  for  a 
period  of  several  months,  abnormal  pigmentation  of  mu- 
cous and  cutaneous  surfaces  has  been  noted.  The  most 
marked  changes  occur  in  the  chemical  composition  of  the 
blood.  (The  statements  in  regard  to  changes  in  the  hamo- 
globin  content  and  the  number  of  red  blood  corpuscles 
are  absolutely  contradictory.)  The  blood  of  an  animal 
whose  adrenals  have  been  removed  becomes  very  poison- 
ous and  acts  like  curare  on  healthy  animals.  It  acceler- 
ates the  death  of  other  animals  whose  adrenals  have  been 
removed,  whereas  the  injection  of  normal  blood  into  such 
animals  improves  their  condition.  It  appears  that  after 
removal  of  the  adrenals  certain  substances  accumulate  in 
the  blood  that  paralyze  the  motor  endings  of  the  nerves 
and  maybe  the  muscles  themselves.  We  are  justified  in 
assuming,  therefore,  that  one  of  the  functions  of  the 
suprarenals  is  to  disintoxicate  the  blood.  There  is  much 
experimental  evidence  to  show  that  the  toxic  principle 
which  the  adrenals  normally  arrest  or  neutralize  is  a  fa- 
tigue product  of  muscle  and  nerve  activity. 

Our  knowledge  of  the  funetionof  the  suprarenal  glands 
is  supplemented  by  clinical  studies  in  Addison's  disease. 
Here  we  find  in  the  majority  of  cases  spontaneous  degen- 
eration of  the  adrenals  (usually  tuberculous)  and  a  symp- 
tom complex  which  corresponds  in  many  features  with 
some  of  the  symptoms  that  follow  removal  of  the  adre- 
nals, viz.,  asthenia,  cardiac  weakness.  In  other  features 
Addison's  disease  resembles  the  syndrome  following  in- 
jection of  adrenal  extract  (pigmentation,  glycosuria). 

This  observation  makes  it  probable  that  the  function 
of  the  suprarenals  is  twofold,  viz.,  that  on  the  one  hand 
they  supply  a  substance  that  stimulates  the  sympathetic 
ganglia  and  striped  and  unstriped  muscle  fibre ;  on  the 
other  hand,  that  they  arrest  or  disintoxicate  certain  poi- 
sonous principles  which  are  the  product  of  nervous  and 
muscular  activity.  The  latter  fatigue  products,  we 
must  imagine,  when  present  in  excess  produce  asthenia, 
blood  impoverishment,  and  occasionally  pigmentation 
and  glycosuria.  Only  on  this  duplex  basis  can  we  ex 
plain  how  insuificiency  of  suprarenal  function  or  absence 
of  the  glands  can  produce  the  whole  syndrome  of  Addi- 
son's disease. 

The  "  actiiie  principle  "  of  the  suprarenal  glands  has  re- 
cently been  isolated;  it  is  called  adrenalin.  Older  im- 
pure preparations  are  sphygmogenin  (a  syrupous  liquid), 
suprarenin,  and  epinephrin  (both  albuminoid  bodies). 
Other  substances  (lecithin,  jecorin,  pyrocatechin,  neurin, 
etc.)  that  have  been  isolated  from  adrenal  extracts,  do  not 
possess  the  specific  properties  of  the  fresh  glands.  With 
the  discovery  of  adrenalin  and  its  manufacture  on  a 
large  scale  all  the  other  preparations  have  been  super- 
seded with  the  exception  possibly  of  the  desiccated  and 
powdered  gland  itself. 

Dose  and  Administration. — In  one  case  of  Addison's 
disease  a  piece  of  fresh  gland  was  implanted  under  the 
skin  of  the  patient.  No  effects  were  observed  and  death 
occurred  in  three  days.  The  dry  powdered  extract  is 
given  by  mouth  in  capsules  or  in  compi-essed  tablets,  in 
doses  varying  from  twenty  to  forty  grains  a  day.  The 
gastric  juice  does  not  destroy  the  action  of  suprarenal 
preparations.  It  must  be  remembered,  however,  that 
the  drug  when  given  by  mouth  exercises  no  effect  on  the 
blood  pressure. 

For  hypodermic  use,  for  administration  by  mouth,  and 
for  local  application  adrenalin  is  the  most  convenient,  the 
most  accurate,  and  the  safest  preparation  at  our  disposal. 
It  IS  usually  dispensed  in  the  form  of  the  hydrochlorate 
(adrenalm  chloride)  as  a  white  crystalline  powder.     It  is 
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a  most  powerful  remedy.  One  part  to  ten  thousand 
blanches  the  conjunctiva  in  from  thirty  to  sixty  seconds; 
0.000008  of  a  grain,  injected  intravenously,  causes  3,  rise 
of  blood  pressure  that  is  equal  to  the  effect  of  0.005  gm. 
of  the  dry  powdered  extract;  0.0000014  gm.  per  kilo-, 
gram  of  body  weight  exercises  a  distinct  physiological 
effect.  It  is  the  most  powerful  haemostatic  and  astringent 
known,  and  the  strongest  stimulant  of  the  heart. 
The  preparation  is  non-irritating  and  non-cumulative. 
It  is  generally  employed  in  the  strength  of  1  to  1,000 
for  hypodermic  and  local  as  well  as  for  internal  use.  Hy- 
podermically  a  few  drops  (two  to  ten)  usually  suffice  to 
bring  about  the  desired  immediate  effect  (see  below).  By 
the  mouth,  from  five  to  ten  drops  should  be  given  every 
fifteen  to  thirty  minutes  for  two  or  three  times,  and  then 
every  three  hours,  as  needed. 

Ihera/peutim. — In  Addison's  disease  suprarenal  prepara- 
tions have  been  extensively  employed.  The  results  are 
not  altogether  unfavorable.  In  many  instances  improve- 
ment seemed  to  be  maintained  as  long  as  the  drug  was 
exhibited.  In  one  case  the  patient  improved  for  two 
years  under  adrenal  treatment.  As  soon  as  the  remedy  is 
stopped  in  these  cases  relapses  are  liable  to  occur;  they 
are  often  sudden  and  severe,  and  may  even  terminate  fa- 
tally. In  the  majority  of  cases  the  remedy  is  altogether 
without  effect.  In  a  few  cases  the  patient's  condition 
seemed  to  grow  worse.  No  case  of  a  complete  cure  is  on 
record. 

A  number  of  statistics  on  the  treatment  of  Addison's 
disease  with  suprarenal  preparations  have  been  published, 
but  they  are  essentially  without  value  because  the  stage 
of  the  disease,  the  time  during  which  the  cases  were  un- 
der observation,  the  quality  of  the  suprarenal  preparation 
are  not  included  in  the  tabulation.  In  many  instances 
the  diagnosis  is  not  even  positive.  One  series,  the  most 
accurate  one,  includes  48  cases.  Of  these  6  were  greatly 
improved,  23  slightly  improved,  16  were  not  affected, 
and  2  grew  worse.  "The  results  obtained  so  far  are  withal 
sufficiently  encouraging  to  stimulate  further  trial. 

Suprarenal  preparations  are  the  most  rapid  cardiac  tonic 
which  we  possess.  In  sudden  heart  failure  due  to  shock 
or  hemorrhage,  narcotics,  ana;sthetics,  etc.,  hypodermic 
injections  of  adrenalin  are  very  effective.  The  action  of 
adrenalin  is  very  transitor}',  however,  so  that  in  chronic 
heart  lesions  it  cannot  take  the  place  of  nitroglycerin, 
digitalis,  or  strychnine,  but  should  merely  be  employed 
as  an  adjuvant  to  these  remedies. 

As  rapid  and  powerful  vaso-constrietors  suprarenal  pre- 
parations have  a  large  sphere  of  usefulness.  They  can 
be  given  by  mouth  for  the  arrest  of  internal  hemon-hages 
of  all  kinds  (haemoptysis,  haemophilia,  etc.),  and  can  be 
applied  locally  as  hmmostatics  to  all  bleeding  surfaces.  In 
the  treatment  of  epistaxis  adrenalin  is  particularly  useful. 
In  inflammation  of  the  conjunctiva  depletion  of  the  en- 
gorged vessels  with  relief  of  pain  and  redness  is  rapidly 
brought  about  by  the  instillation  of  a  few  drops  of  adre- 
nalin solution  into  the  eye.  In  glaucoma,  episcleritis,  vas- 
cular keratitis,  and  kerato-conjunctivitis  suprarenal  gland 
is  a  valuable  adjuvant  to  other  treatment.  In  operations 
on  the  nose  or  other  mucous  surfaces  the  application  of  a 
spray  of  adrenal  extract  or  of  adrenalin  will  produce 
rapid  ischaemia  of  the  parts  and  consequently  render  sur- 
gical Interference  practically  bloodless.  Whenever  it  is 
desired  to  apply  cocaine  to  intensely  inflamed  surfaces 
suprarenal  extract  may  be  first  applied  with  profit,  as  it 
relieves  the  congestion  of  the  tissues  and  in  this  way 
renders  the  action  of  cocaine  more  powerful.  For  the 
details  of  the  employment  of  suprarenal  preparations  in 
ophthalmology,  in  intratympanic  surgery,  and  in  nose 
and  throat  work  we  refer  to  special  articles  on  these  sub- 
jects. 

Suprarenal  gland  has  been  used  in  the  treatment  of  dia- 
betes (this  use  being  based  on  the  view  that  certain  forms 
of  disturbed  carbohydrate  metabolism  are  due  to  "lack 
of  vaso-motor  tension  "),  but  the  results  of  this  treatment 
have  been  quite  unsatisfactory.  In  view  of  the  fact  that 
fluctuations  always  occur  in  the  condition  of  diabetic 
subjects,  the  reports  in  regard  to  temporary  amelioration, 
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following  the  use  of  suprarenal  extract,  must  be  judged 
with  caution.  -The  discovery  of  suprAWnal  glycosuria 
has  also  led  to  the  employment  of  adrenalin  in  diabetes, 
but  the  results  obtained  are  altogether  negative  so  far. 
In  a  few  cases  the  dextrose  excretion  was  even  increased 
for  a  short  time. 

In  aMhma  with  vaso-motor  ataxia  occurring  in  neurotic 
subjects  the  drug  apparently  has  a  certain  application, 
and  beneficial  results  from  its  administration  are  reported. 
In  the  asthenia  of  certain  nervous  diseases,  both  func- 
tional and  organic,  the  drug  may  do  good  as  a  muscle 
tonic.  It  is  said  to  cause  the  feeling  of  profound  fatigue 
so  frequently  complained  of  by  neurasthenics  to  disap- 
pear. It  also  acts  on  the  uterine  muscles,  and  has  been, 
successfully  employed  to  stimulate  uterine  contractions 
and  to  arrest  uterine  bleeding. 

Other  conditions  in  which  suprarenal  preparations  are 
reported  to  have  exercised  favorable  effects  are  acute 
maniacal  excitement  with  low  blood  pressure,  cyclic  albu- 
minuria, and  the  pain  of  cancer  of  the  breast  and  the 
cESophagus. 

3.  Thymus  Gland. — Remotal  of  the  thymus  m  amra^s 
in  which  it  persists  during  life  is  not  followed  by  any 
characteristic  perversions  of  function.  In  man  the  gland 
spontaneously  decreases  in  size  from  the  second  year, 
and  is  almost  totally  obliterated  in  adult  life.  The  organ 
is  therefore  not  essential  to  life,  nor  apparently  of  physi- 
ological importance  in  adult  man.  Of  its  function  we 
know  nothing. 

Injection  0/  thymus  extract  produces  a  fall  of  blood 
pressure,  acceleration  of  the  pulse  rate,  restlessness,  dysp- 
noea, and  in  large  doses  collapse  and  death. 

No  active  principle  has  been  isolated.  The  gland  con- 
tains iodine  in  smaller  quantity  than  the  thyroid.  Dogs 
who  are  fed  on  thymus  excrete  a  peculiar  purin  body, 
and  the  theory  has  consequently  been  advanced  tliat  the 
thymus  is  concerned  in  the  metabolism  of  nuulein  and 
the  genesis  from  nuclein  of  uric  acid  and  its  chemical 
congeners. 

The  dose  of  thymus  is  much  larger  than  the  safe  dose  of 
thyroid.  From  ten  grains  to  several  ounces  of  the  fresh 
gland  have  been  given  per  day.  Of  the  dry  extract  the 
common  dose  is  from  twenty-five  to  sixty  grains  a  day. 
No  thymus  preparation  is  used  hypodermically. 

27temjpeui»M.— Thymus  is  particularly  useful  in  simple 
goitre.  In  this  disease  it  acts  very  much  like  thyroid, 
only  not  so  energetically.  The  statistics  in  regard  to  the 
eflicacy  of  thymus  treatment  of  simple  goitre  vary  greatly. 
In  many  of  the  successful  cases  reported  other  treatment 
was  given  at  the  same  time ;  and  some  of  the  cases  were 
not  kept  under  observation  for  a  sufficiently  long  time  to 
justify  final  conclusions  in  regard  to  a  cure.  The  coii- 
sensus  of  opinions  is,  however,  very  favorable.  A  criti- 
cal review  of  the  whole  literature  of  the  subject  seems  to 
show  that  about  one-half  the  cases  of  simple  goitre  are 
much  benefited  by  thymus.  In  several  instances  thy- 
mus brought  improvement  after  thyroid  had  failed. 

In  exophthalmic  goitre  the  reports  are  very  much  at  va- 
riance. A  few  authors  report  aggravation  of  all  the 
symptoms ;  others  report  altogether  negative  and  indif- 
ferent results;  a  few  report  improvement.  One  author 
studied  twenty  cases  of  Basedow's  disease  treated  with 
thymus,  and  contrasted  with  them  twenty  cases  treated  JDy 
various  other  means.  The  balance  in  regard  to  the  retarda- 
tion of  the  pulse  rate,  the  decrease  of  the  thyroid  swelling 
and  of  the  exophthalmus  inclined  toward  treatment  with- 
out thymus.  The  statistics  as  a  whole  are  better  than  for 
thyroid  treatment,  but  not  as  good  as  for  other  standard 
methods  of  treating  exophthalmic  goitre. 

4  Pituitary  Gland.— iJ«»iomZ  of  the  pituitary  body 
constitutes  an  operative  inroad  of  such  magnitude  that 
only  very  few  statements  in  regard  to  the  effects  of  abla- 
tion of  this  organ  are  recorded  in  the  literature.  All  the 
symptoms  described,  moreover,  are  ambiguous,  and  niay 
be  ascribed  to  shock  or  to  injury  of  neighboring  vital 
parts  From  this  source,  then,  we  gain  no  reliable  intor- 
mation  Spontaneous  degeneration  consisting  in  hyper- 
trophy of  the  connective-tissue  portions,  cystic  degener- 


ation, sclerosis,  atrophy,  and  tumor  formation  on  the 
other  hand  is  almost  invariably  followed  by  the  syndrome 
of  acromegaly.  One  case  of  hypertrophy  of  the  pituitary 
body  is  on  record  in  which  acromegaly  was  absent,  and 
a  few  cases  of  acromegaly  are  reported  in  which  the 
gland  was  not  found  diseased.  The  connection  between 
disease  of  the  organ  and  acromegaly  is  nevertheless  suf- 
ficiently apparent  to  warrant  the  employment  of  pituitary 
preparations  in  the  treatment  of  this  disease.  In  two 
cases  of  adiposis  dolorosa  the  pituitary  is  also  reported 
enlarged. 

Injection  of  the  infundibular  portion  of  the  organ  pro- 
duces a  rise  of  blood  pressure.  Injection  of  the  hypoph- 
yseal portion  does  not  produce  such  a  rise,  but  merely 
retardation  of  the  pulse  beat  that  persists  to  a  certain  ex- 
tent, even  after  division  of  the  vagi.  A  substance  has 
also  been  isolated  from  the  gland  that  causes  contraction 
of  arterioles  and  augmentation  of  the  heart  beat. 

The  function  of  the  gland  is  not  understood.  Some 
authorities  claim  that  it  regulates  the  intracranial  blood 
pressure,  and  is  also  concerned  in  the  regulation  of  gen- 
eral metabolism.  It  is  finally  believed  to  exercise  some 
effect  on  the  growth  and  development  of  the  bony  struct- 
ures and  the  cutaneous  tissues  of  the  body. 

No  active  principle  has  been  isolated. 

The  gland  is  usually  administered  in  the  form  of  a  trit- 
uration or  desiccated  as  a  powder  ("  hypophysin  ").  The 
dose  varies  from  one  and  a  half  to  ten  grains  a  day. 

r/ieropeM^ic*.— Pituitary  gland  is  used  exclusively  in 
acromegaly.  It-  seems  to  exercise  no  effect  on  the  course 
of  the  disease,  but  does  seem  to  be  efficient  in  relieving 
some  of  the  most  distressing  symptoms,  as,  for  example, 
the  headache,  the  neuralgic  pains  in  the  limbs,  the  general 
lethargy,  and  the  loss  of  memory.  In  a  series  of  thirteen 
cases  seven  showed  relief  of  symptoms,  five  showed  no 
improvement,  and  one  case  grew  worse.  Some  authors 
claim  to  have  seen  marked  benefits  accrue  from  the  com- 
bined use  of  pituitary  gland  and  thyroid,  particularly  in 
regard  to  the  relief  of  headache;  hut  it  is  difficult  to  de- 
termine how  much  of  this  good  effect  must  be  attributed 
to  the  thyroid  (see  above)  and  how  much  to  the  pituitary 
gland.  It  is  best  in  the  present  state  of  our  knowledge 
to  give  suiTerers  from  acromegaly  the  benefit  of  the  com- 
bined use  of  thyroid  and  pituitary,  in  connection,  of 
course,  with  other  established  measures  for  the  relief  of 
symptoms. 

II.  The  Blood-Forming  Organs. 

The  r61e  which  the  spleen,  the  lymph  glands,  and  the 
bone  marrow  play  in  blood  formation  has  suggested  their 
employment  in  various  diseases  of  the  blood.  Extracts 
made  from  the  three  organs  are  used  rather  indiscrimi- 
nately, either  singly  or  in  combination.  Very  few  clini- 
cians in  administering  these  preparations  apparently  have 
clear  conceptions  in  regard  to  the  physiologic  function 
in  blood  formation  which  these  different  organs  perform. 
A  summary  of  our  present  knowledge  in  regard  to  the 
hematopoietic  function  of  the  spleen,  the  lymph  glands, 
and  the  bone  marrow  reads  as  follows:* 

The  spleen  plays  only  an  insignificant  part  m  blood 
formation.  It  is  not  at  all  concerned  in  the  formation  of 
red  blood  corpuscles  (in  man!)  nor  in  the  formation  of 
granular  mononuclear  and  polynuclear  leucocytes,  nor 
of  eosinophile  leucocytes.  It  appears  to  manufacture  a 
small  proportion  of  the  lymphocytes.  Its  chief  role  is 
to  arrest  the  fragments  of  red  and  white  corpuscles  that 
are  carried  to  it'in  the  blood  of  the  splenic  artery  (spodo- 
Eenic  tumor  of  the  spleen  in  infections). 

The  lymph  glands  manufacture  only  lymphocytes  and 
have  no  other  function  in  haBmatopoiesis.  The  lymph 
glands  are  closely  related  to  the  spleen;  both  contain 
lymphoid  tissue.  ,  ,  , 

The  hone  marrow  forms  the  granular  mononuclear  and 
polynuclear  leucocytes,  and  in  all  probability  the  red 

*  Thp  views  held  by  different  authors  are  prreatly  at  variance  in  some 
respects  Thave  in  the  main  followed  Ehrlich,  who  is  facile  prm- 
ccps  in  this  field. 
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blood  cells.  It  is  not  related  to  the  spleen  and  lymph 
glands  and  consists  largely  of  myeloid  tissue. 

There  are  then  two  types  of  leucocyte-forming  tissue— 
the  lymphoid  (spleen,  lymph  glands)  and  the  myeloid 
(bone  marrow).  Metaplastic  vicarious  transformation  of 
lymphoid  to  myeloid  tissue  may,  however,  occur.  In 
myelogenous  leukamia,  for  example,  large  quantities  of 
myeloid  tissue  are  found  in  the  lymph  glands  and  the 
spleen.  Under  these  conditions,  therefore,  the  spleen  may 
be  said  to  play  an  important  part  in  blood  formation. 

1.  The  Spleen. — Extirpation  of  the  spleen  is  invariaWy 
followed  by  vicarious  hypertrophy  of  numerous  lymph 
glands,  and  in  many  instances  by  enlargement  of  the 
thyroid.  A  colossal  lymphocytosis  develops  very  soon, 
but  no  increase  is  witnessed  in  the  number  of  mononu- 
clear and  polynuclear  granular  leucocytes.  If  the  animal 
survives  for  a  year  or  longer,  marked  eosinophilo  leuco- 
cytosis  develops. 

The  injection  of  splenic  extracts  produces  a  fall  of  blood 
pressure  followed  by  a  continuous  rise  and  often  by  ele- 
vation of  temperature.  Splenic  juice  is  irritating  and 
may  produce  abscesses  when  injected  hypodermically, 
and  inflammation  of  the  upper  digestive  tract  when 
given  by  the  mouth.  "Eurythrol"  is  a  salt-water  ex- 
tract of  spleen  that  is  given  in  the  dose  of  one  or  two 
teaspoonfuls  a  day,  and  is  said  to  be  non-irritating  and 
not  disagreeable  to  the  taste. 

Therapeutics. — On  physiological  grounds  splenic  ex- 
tract should  be  administered  only  to  increase  the  lym- 
phocytes. The  spleen,  however,  contains  much  nuclein, 
and  'it  is  well  known  that  this  substance  produces  a 
marked  general  leucocytosis.  From  this  point  of  view 
spleen  may  be  used  to  produce  general  leucocytosis,  but 
it  seems  much  more  simple  and  expedient  to  employ  pure 
nuclein  for  this  purpose. 

It  is  very  ditficult  to  render  conservative  judgment  in 
regard  to  the  eflBcacy  of  splenic  extracts  in  diseases  of 
the  blood.  Innumerable  reports  have  been  published, 
but  very  few  of  them  are  free  from  ambiguity. 

The  most  careful  and  exact  observers  report  very  little 
benefit.  In  the  majority  of  cases  other  preparations 
were  used  together  with  the  organ  extract,  so  that  no 
positive  conclusions  in  regard  to  the  latter  can  be  reached. 
How  splenic  extract  should  produce  an  increase  of  red 
blood  corpuscles,  as  some  writers  claim,  or  how,  e.g.,  red 
bone  marrow  should  cause, a  marked  lymphocytosis,  as 
others  relate,  it  is  difficult  to  understand  on  the  basis  of 
the  physiological  considerations  we  have  outlined  above. 

In  leulcmmia,  in.  which  disease  we  have  a  relative  de- 
crease of  lymphocytes,  and  also  often  a  decrease  of  poly- 
nuclear neutrophiles,  splenic  extract  might  be  expected  to 
act  beneficially.  Physiologically,  the  supplying  of  spleen 
would  raise  the  number  of  lymphocytes ;  chcmicallj-,  the 
presence  of  nuclein  would  raise  the  number  of  granular 
leucocytes.  What  effect,  however,  splenic  extract  would 
have  on  the  development  of  the  myelocytes  that  are  so 
colossally  increased  in  this  disease,  what  effect  finally  on 
the  primary  process,  it  is  hard  to  foresee.  Some  good  re- 
sults have  been  claimed  from  this  therapy,  notably  in  re- 
gard to  the  increase  of  polynuclears  (nuclein !)  and  the 
improvement  in  the  subjective  sensations  of  the  patient. 
It  does  not  appear  from  the  case  reports  that  the  course 
of  the  disease  is  appreciably  modified. 

In  otlier  blood  diseases  no  valid  reports  of  good  results 
are  on  record.  In  typhoid  fever  and  in  tuberculosis  splenic 
extract  has  been  given,  apparently  with  some  benefit. 
We  are  inclined  to  attribute  this  to  the  nuclein  leucocy- 
tosis. 

As  the  spleen  is  occasionally  found  enlarged  in  oper- 
ative and  sporadic  myxcedenm,  splenic  extract  has  been 
employed  in  this  condition.  It  seems  lo  improve  the 
general  condition  of  the  patient  and  to  ameliorate  the  dis- 
tressing mental  symptoms.  Combined  with  thyroid  it 
seems  also  to  enhance  the  eflicacy  of  the  latter.  In  this 
disease  spleen  has  been  given  in  the  form  of  the  dry  desic- 
cated organ  (four  hundred  to  six  hundred  grains  a  week) 
and  as  fresh  gland  (twenty  grains  per  dose  three  times 
daily  in  capsules). 


A  few  cases  of  exophthalmic  goitre  and  oipaludism  (ca- 
ehexie  paludienne)  are  on  record  in  which  great  benefits 
were  claimed  from  splenic  medication. 

3.  Lymph  Glands.— Toto^  e.vlirpation  of  all  the  lymph 
glands  is  manifestly  impossible.  In  many  clinical  cases, 
however,  the  lymph  glands  are  found  extensively  degen- 
erated or  involved  in  tumor  formation.  In  all  such  cases 
the  number  of  lymphocytes  is  greatly  reduced. 

What  has  been  said  in  regard  to  the  physiological  func- 
tion of  the  spleen  applies  with  equal  force  to  lymph 
glands;  they,  too,  may  possibly  increase  the  lympho- 
cytes, and  they,  too,  contain  much  nuclein  and  conse- 
quently can  produce  leucocytosis.  Theoretically,  there- 
fore, lymph  gland  extract  is  indicated  wherever  splenic 
extract  is  indicated  in  blood  diseases.  As  a  matter  of 
fact,  lymph-gland  preparations  have  not  been  exten- 
sively used.  All  the  case  reports  describe  the  adminis- 
tration of  lymph -gland  extract  in  combination  either 
with  spleen  or  with  bone  marrow. 

3.  Bone  Marbow. — Removal  of  all  tlie  bone  marrow  is; 
of  course  impossible.  Comparative  counts  of  corpuscles 
in  the  afferent  and  efferent  blood-vessels  of  the  marrow 
have  yielded  essentially  negative  results.  In  clinical 
cases  in  which  the  bone  marrow  was  largely  displaced 
by  other  tissues  (malignant  tumor  formation),  the  num- 
ber of  polynuclear  leucocytes  was  found  greatly  de- 
creased. In  the  bone  marrow  are  found  preliminary 
forms  of  red  blood  corpuscles,  and  after  great  loss  of 
blood  the  yellow  marrow  of  certain  bones  is  converted 
into  red  marrow,  showing  that  a  process  of  regeneration 
is  stimulated  here.  It  seems,  therefore,  that  bone  marrow 
should  be  employed  to  stimulate  the  formation  of  red  blood 
corpuscles  and  of  leucocytes  other  than  lymphocytes.  In 
addition  it  contains  iron  in  organic  combination,  and  many 
clinicians  recommend  its  use  on  these  grounds.  They 
argue  that  the  iron  in  the  form  found  in  bone  marrow  is. 
more  readily  assimilable  than  iron  in  other  combinations 
or  metallic  iron. 

These  claims  are  probably  exaggerated,  and  are  not 
based  on  experimental  or  clinical  evidence  of  value.  In 
fact,  the  majority  of  clinicians  obtain  equally  good  and 
equally  bad  results  with  the  standard  inorganic  prepara- 
tions of  iron. 

Bone  marrow  is  either  given  raw  in  doses  of  several 
ounces  a  day  or  in  the  form  of  glycerin  extracts.  As  the 
marrow  of  young  animals  is  more  active  in  blood  forma- 
tion than  the  marrow  of  adult  animals,  it  seems  advan- 
tageous to  employ  the  former  alone.  The  anterior  ex- 
tremities of  the  ribs  are  crushed  so  as  to  expose  the 
cancellous  tissue.  The  fragments  of  bone  are  then  ex- 
tracted with  glycerin  for  a  number  of  days,  the'  extmct 
is  filtered  off  and  given  in  teaspoonf ul  doses  from  three 
to  six  times  a  day. 

What  good  effects  have  been  claimed  from  bone  mar- 
row can  hardly  be  attributed  to  any  ingredient  that 
might  be  utilized  to  build  up  -corpuscles,  or,  as  we  have 
seen,  to  the  iron  which  it  contains.  We  must  hypotheti- 
cally  assume  the  presence  of  some  body  in  hone  marrow 
that  is  capable  of  stimulating  blood  formation. 

In  leucocythmmia  (leuksemia)  the  employment  of  bone 
marrow  is  altogether  irrational,  because  in  this  disease 
we  have  already  hypertrophy  and  overactivity  of  the 
bone  marrow. 

In  progressim  pernicious  anmmia  some  good  results  are 
claimed.  No  case  is  on  record,  however,  in  which  bone 
marrow  was  given  alone.  The  hest  that  can  be  said, 
therefore,  is  that  as  an  adjuvant  to  other  remedies  it  may 
be  tried.     It  certainly  cannot  replace  arsenic. 

In  chlorosis  and  in  secondary  ancemias  the  results  have 
been  more  favorable  than  in  the  primary  ansemias.  Here 
again  it  may  be  used  in  combination  with  iron,  but  can- 
not replace  the  latter. 

In  pseudolevkmmia  (Hodgkin's  disease)  the  best  results 
have  been  recorded.  The  exhibition  of  bone  marrow  is  a 
more  rational  procedure  in  this  disease  than  in  all  the  other 
diseases  of  the  blood,  for  here  the  spleen  and  the  lymph 
glands  are  extensively  diseased  and  the  bone  marrow,  we 
must  suppose,  vicariously  assumes  the  greater  portion  of 
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the  hfematopoietic  function.  Anything  that  can  stimu- 
late the  bone  marrow  to  increased  blood  formation  is  in- 
dicated. It  is  not  impossible  that  bone  marrow  does  this 
(see  above).  The  best  results  are  reported  from  the  com- 
bined use  of  bone  marrow,  thyroid,  and  arsenic. 

III.   The  Generative  Organs. 

The  use  of  orchitic  and  of  ovarian  extracts  is  of  his- 
torical interest.  Brown-Sequard,  when  an  old  man,  per- 
formed his  first  experiments  with  "»uo  testiculaire">  on 
himself,  and  claimed  to  experience  "a  return  of  vital 
energy  and  rejuvenescence  with  renewed  and  efficient 
peristalsis  and  control  over  the  bladder  and  sphincter." 
His  conclusion  was  that  the  testicles  secrete  into  the  blood 
a  substance  that  profoundly  influences  nervous  and  pos- 
sibly muscular  metabolism  and  increases  mental  vigor. 
There  can  be  no  doubt  that  the  ridiculous  claims  of  cliar- 
latanistic  advocates  of  this  particular  application  of  the 
"Brown-Sequard  method"  have  done  much  to  bring  or- 
ganotherapy into  disrepute.  Nevertheless,  the  use  of  tes- 
ticular and  ovarian  extracts,  if  we  carefully  weigh  all  the 
clinical  evidence,  cannot  be  absolutely  condemned  as  use- 
less. Favorable  symptomatic  results  at  least,  that  are 
not  due  to  suggestion,  are  obtained  without  question  in 
certain  conditions. 

1.  The  Testicles. — Removal  of  t?ie  testicles  in  children 
exercises  a  very  marked  eflect  on  growth  and  develop- 
ment. The  voice  remains  treble,  the  subjects  usually 
grow  obese,  show  lack  of  mental  vigor,  and  manifest 
psychic  perversions  of  various  kinds  (eunuchs).  The 
iiTJectioji,  of  testicular  extract  into  normal  subjects  pro- 
duces indifferent  results. 

Several  so-called  active  principles  have  been  manufac- 
tured from  testicles.  The  best  known  is  spermin.  There 
are  two  different  kinds  of  spermin.  The  one  can  be  con- 
verted into  its  polymer  piperazin  (dispermin),  the  other 
cannot.  Poehl  discovered  the  latter,  and  claims  the  most 
startling  effects  from  its  exhibition.  His  statements  are 
borne  out  by  many  Russian  and  some  French  authors, 
but  the  reports  are  not  convincing.  The  majority  of 
conservative  French  and  German  authorities  failed  to 
witness  any  physiological  effects  from  Poehl's  spermin 
and  report  negative  results  from  its  administration  in  all 
the  morbid  conditions  for  which  it  is  recommended. 
Brown-Sequard  states  that  spermin  is  not  the  active 
principle  of  testicular  extract.  Charcot's  crystals^ which 
are  found  in  testicle  juice  are  phosphate  of  spermin. 

Testicular  extract  is  best  made  from  tho  testicles  of 
young  animals  by  maceration  of  the  glands,  extrac- 
tion with  normal  physiological  salt  solution,  to  which 
may  be  added  a  little  carbolic  acid,  thymol,  or  glycerin. 
The  extract  is  sterilized  according  to  d'Arsonval,  under 
pressure  with  COa  and  filtered  through  a  clay  candle 
filter.  No  uniform  data  in  regard  to  the  concentration 
of  this  extract  nor  the  exact  dosage  are  given  by  the  dif- 
ferent authors  who  have  written  on  the  subject.  The 
best  results  are  claimed  from  hypodermic  injection,  and 
Brown-Sequard  states  that  testicular  extract  is  inactive 
when  given  by  mouth. 

The  most  interesting  results  are  claimed  in  the  treat- 
ment of  locomotor  ataxia.  The  destructive  sclerotic  le- 
sions of  the  spinal  cord  that  form  the  anatomic  basis  of 
tabes  cannot  of  course  in  any  way  he  influenced  by  the 
injection  of  testicular  fluid.  A  cure  is,  therefore,  a  prion 
out  of  the  question.  It  appears,  however,  that  many  of 
the  symptomatic  manifestations  of  the  disease  can  be 
ameliorated  by  orchitic  medication,  so  that  the  remedy 
may  be  tried.  The  statistics  published  are  altogether 
contradictory.  Brown-Sequard  and  d'Arsonval  have 
pubUshed  the  most  comprehensive  tabulation  of  results. 
Three  hundred  and  forty-two  cases  were  treated.  All 
improved,  and  some,  they  claim,  were  "cured"  (!). 
Other  French  authors  report  eighty -five  and  ninety  per 
cent,  of  successful  cases.  German  clinicians,  on  the 
other  hand,  claim  essentially  negative  results  throughout. 

In  neurasthenia,  hysteria,  hypochondriasis,  melan- 
cholia, and  kindred  pyschoses  transitory  improvement  is 


reported  by  many  writers,  but  the  element  of  suggestion 
can  hardly  be  excluded  in  cases  of  this  character. 

In  general  debility  from  wasting  disease  and  in  senility 
a  certain  tonic  effect  is  conceded  by  nearly  all  authorities. 
It  appears,  therefore,  that  the  chief  therapeutic  sphere, 
and  probably  the  only  sphere  of  testicular  extract  is  ta 
act  as  a  tonic  to  the  cerebrospinal  centres.  This  power, 
it  seems,  is  also  inherent  in  many  other  organs,  though 
possibly  not  to  such  a  marked  degree  as  in  the  testicles. 
Whether  the  latter  produce  a  specific  internal  secretion 
that  is  distributed  to  other  organs,  or  whether  all  organs 
secrete  such  a  tonic  principle,  cannot  be  determined. 

For  the  arrest  of  surface  hemorrliage  minced  testicle, 
locally  applied,  has  been  found  to  be  of  value. 

3.  The  Ovaries. — Removal  of  the  ovaries  before  the 
age  of  puberty  prevents  the  appearance  of  the  character- 
istic phenomena  of  puberty.  The  pelvis  does  not  en- 
large, menstruation  fails  to  appear,  the  mammae  and  the 
genital  organs  atrophy,  and  occasionally  certain  male  at- 
tributes develop.  In  adults,  aside  from  the  cessation  of 
menstruation  (a  few  cases  are  recorded  in  which  periodic 
uterine  bleeding  persisted  even  after  removal  of  the  ova- 
ries) and  atropliy  of  the  genital  organs,  a  variety  of  dis- 
tressing nervous  phenomena  and  in  many  patients  obesity 
are  apt  to  develop.  In  cows  removal  of  the  ovaries 
causes  the  milk  to  become  richer  in  fat. 

The  administration  of  ovarian  extract  to  healthy  ani- 
mals has  been  known  to  cause  deatli  from  hemorrhage 
into  the  spinal  cord.  Males  are  claimed  tq  be  more  sus- 
ceptible to  this  influence  than  females. 

No  active  principle  has  been  isolated. 

Ovary  is  administered  as  dry  powdered  gland  in  doses 
of  from  one  to  five  grains.  The  powder  is  conveniently 
dispensed  in  compressed  tablets.  Glycerin  extracts  have 
also  been  recommended  for  hypodermic  use. 

Therapeutics. — Ovarian  extract  is  a  useful  remedy  for 
all  the  symptoms  following  double  oophorectomy.  The 
nervous  and  vaso-motor  disturbances  (insomnia,  headache, 
psychoses,  flatulence,  lumbar  pains,  etc.),  of  the  climac- 
terium and  of  certain  uterine  disorders  also  often  yield  to 
ovarian  medication.  The  drug  is  not,  however,  reliable 
in  all  cases,  and  it  is  impossible  to  predict  in  any  given 
case  whether  or  not  ovary  will  do  good. 

Senile  debility  in  old  women  seems  to  be  counteracted 
by  the  use  of  ovary.  Of  sixty-four  old  women  treated  in 
one  of  the  Paris  hospitals  all,  we  are  told,  were  greatly 
benefited  and  rejuvenated. 

In  hysteria  good  results  are  also  related.  In  a  young 
child  hysterical  contractures  disappeared  after  a  few 
doses ;  "  mais  que  n'obtient-on  pas  dans  I'hysterie  !  " 

In  chlorosis  ovary  is  of  greater  benefit  than  spleen, 
lymph  glands,  or  bone  marrow.  It  is  believed  by  leading 
authorities  that  the  ovaries  secrete  a  substance  that  stimu- 
lates blood  formation,  and  that  in  chlorosis  this  function 
is  insufficient.  On  these  grounds  they  supply  ovary  and 
claim  very  favorable  results. 

Ovarian  extract  has  finally  been  given  with  success  as 
an  aphi'odisiac. 

IV.  The  Nervous  System. 

Brain  cortex,  cord,  and  nerve  tissue  have  been  em- 
ployed either  singly  or  in  combination  in  many  nervous 
or  mental  disorders.  The  most  common  preparation 
used  is  a  sterile  glycerin  extract  that  is  injected  hypo- 
dermically.  . 

All  nervous  tissues  contain  cholm  and  neunn,  two 
bodies  that  are  highly  toxic.  They  are  probably  cata- 
bolic  products  of  brain  and  nerve  activity,  for  m  nervous 
diseases  in  which  nerve  metabolism  is  increased  the  cere- 
brospinal fluid  contains  abnormally  large  quantities  of 
cholin  It  is  probably  due  to  the  action  of  the  latter 
substance  that  the  injection  of  nervous  extracts  often 
produces  a  rise  of  temperature,  leucocytosis,  increased 
absorption  of  oxygen,  and  increased  excretion  of  nitrogen. 
In  addition  to  this  toxic  action  nervous  tissue,  and  particu- 
larly brain  cortex,  seems  to  exercise  a  distinct  tonic  effect, 
i.e.,  in  healthy  subjects  a  feeling  of  exaltation  and  of  in- 
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creased  energy.  There  is  no  record  of  any  influence 
having  been  exerted  on  the  pulse  and  respiration. 

Therapeutics.— The  best  results,  it  is  claimed,  are  ob- 
tained in  neurastlienia,  but  suggestion  cannot  be  ex- 
cluded In  epilepsy  and  in  a  case  of  bulba/r  palsy  one  au- 
thority reports  excellent  effects.  In  mental  diseases  the 
psychopathic  disorders  seem  to  remain  unaffected,  where- 
as the  physical  condition  of  the  patients  improved  greatly 
Tinder  this  treatment.  Of  eleven  cases  of  toSe«  treated 
with  nervous  extracts  seven  are  reported  benefited. 

As  against  many  favorable  reports  we  find  an  equal  or 
even  greater  number  of  absolutely  negative  results. 
Nerve-tissue  extracts  probably  possess  tonic  properties 
for  the  nervous  system  and  merit  employment  iu  this 
sense.  Many  other  remedies  that  we  possess  are,  how- 
ever equally  efficacious,  so  that  nerve  extracts  are  by  no 
means  an  indispensable  adjuvant  to  our  therapeutic  arma- 
mentarium. Charlatans  in  and  out  of  the  profession  have 
utilized  these  preparations  extensively  to  impose  on  a 
credulous  laity,  so  that  their  employment  has  fallen  into 
considerable  disrepute  among  conservative  physicians. 

V.  The  Secbeting  Glands. 

Aside  from  their  external  secretion  some  of  the  glands 
of  the  body  seem  to  furnish  an  "  internal  secretion  "  that 
plays  an  important  part  in  intracellular  digestion.  In 
the  case  of  the  pancreas  and  the  kidneys  this  may  be 
practically  considered  established;  in  the  case  of  the 
liver,  the  intestinal  glands,  the  mammae,  and  the  salivary 
glands  it  is  highly  probable. 

1.  The  Pancreas. —Complete  extirpation  of  the  pan- 
creas is  invariably  followed  by  the  complete  syndrome  of 
diabetes  mellitus.  If  a  small  portion  of  the  gland  is  left 
behind,  or  if  a  piece  of  the  extirpated  pancreas  is  sub- 
sequentl}"-  grafted  under  the  skin,  diabetes  does  not  de- 
velop. Ligation  of  the  pancreatic  duct  does  not  cause 
diabetes.  There  are  numerous  theories  in  regard  to  the 
r61e  of  the  pancreas  in  carbohydrate  metabolism;  they 
cannot  all  be  discussed  in  this  place.  The  preponder- 
ance of  experimental  evidence  points  to  the  secretion  by 
the  pancreas  of  a  glycolytic,  i.e.,  dextrose-destroying 
ferment.  If  this  secretion  becomes  insufficient  or  is  ar- 
rested, the  blood  sugar  is  not  destroyed,  consequently  it 
accumulates.  This  leads  to  hyperglyceemia  and  glyco- 
suria. Diabetes  may  also  be  due  to  other  causes.  De- 
generation of  the  pancreas  in  man  may  and  may  not  pro- 
duce diabetes.  From  very  recent  investigations  it  appears 
that  iu  nearly  all  cases  of  diabetes  certain  cell  groups  in 
the  pancreas  (the  "  islands  of  Langerhans  ")  are  found  de- 
generated. These  cells  are  not  connected  with  the  effer- 
ent ducts  of  the  gland,  but  pour  their  secretion  into  the 
lymph  spaces.  It  is  probable  that  they  furnish  the  spe- 
cific internal  secretion.  Ligation  of  the  pancreatic  duct 
causes  atrophy  of  the  cells  furnishing  the  external  secre- 
tion, whereas  the  islands  of  Langerhans  remain  intact  for 
a  long  time.'  The  writer  is  at  present  engaged  in  study- 
ing the  effects  of  pancreas  prepared  in  this  way,  i.e.,  of 
"isolated"  islands  of  Langerhans  in  carbohydrate  me- 
tabolism, both  in  vitro  and  in  vivo.  It  is  expected  that 
these  researches  will  throw  light  on  the  nature  of  the  in- 
ternal pancreatic  secretion,  and  will  advance  the  organo- 
therapy of  diabetes.  For  the  present  this  method  of 
treatment,  although  so  clearly  indicated  on  theoretical 
grounds,  has  furnished  essentially  negative  results.  This 
may  be  due  to  the  fact  that  all  pancreatic  extracts  contain 
digestive  ferments  and  certain  nucleoproteids  that  are 
toxic  and  produce  local  necrosis  when  injected  hypoder- 
mically;  thromboses,  pyrexia,  tachycardia,  increased 
diuresis,  and  increased  N-excretion  when  administered 
intravenously.  The  administration  by  mouth  is  negative 
in  diabetes.  It  is  probable  that  the  trypsin  contained  in 
pancreas  extracts  destroys  the  "  internal  secretion  "  as  it 
destroys  the  fat-splitting  enzyme  that  we  know  to  be 
present.  An  extract  of  pancreas  containing  no  digestive 
ferments,  prepared  as  suggested  above,  may  act  more 
favorably. 
The  administration  of  pancreas  by  mouth  is  practised 


for  the  relief  of  steatm-rhcea  and  other  intestinal  dism-ders 
that  are  due  to  perversion  or  absence  of  the  external 
secretion  of  the  gland.  This  treatment  is  not,  however, 
organotherapy  proper,  and  will  therefore  be  discussed 
under  other  headings. 

3.  The  Kidneys.— Complete  anuria  may  persist  for 
many  days  without  causing  the  development  of  urasmic 
symptoms  {e.g.,  hysterical  anuria).  If  a  double  nephrec- 
tomy is  performed  in  a  dog  and  kidney  extract  is  injected 
intravenously,  the  life  of  the  animal  will  be  prolonged 
beyond  that  of  a  nephrectomized  control  animal  that  is 
not  treated  with  renal  extract.  The  onset  of  ursemic 
symptoms  can  be  delayed  in  this  way.  From  these  ob- 
servations the  conclusion  has  been  drawn  that  the  kid- 
neys furnish  an  internal  secretion  that  is  disintoxicating 
for  certain  urinary  bodies,  and  that  prevents  the  occur- 
rence of  uraemia.  It  has  also  been  shown  that  the  toxic- 
ity of  the  blood  of  ursemic  animals  is  greatly  reduced  by 
its  passage  through  healthy  kidneys.  Uraemia  is  not, 
therefore,  considered  to  be  due  to  the  retention  of  urinary 
bodies  alone,  but  also  to  insufficiency  of  the  internal  dis- 
intoxicating secretion  of  the  kidneys.  In  harmony  with 
this  theory  kidney  extract  has  been  employed  in  the  treat- 
ment of  a  considerable  number  of  ursemic  cases,  appar- 
ently with  good  results.  Kidney  therapy  is  too  modern, 
and  case  reports  are  too  scanty  to  warrant  extended 
analysis.  The  subject,  however,  seems  capable  of  fruit- 
ful development. 

3.  The  Livek.— Liver  extract  contains  many  sub- 
stances with  active  physiologic  and  toxic  properties, 
and  no  less  than  ten  well  characterized  ferments  besides. 
It  is  difficult  therefore  to  understand  how  those  who  em- 
ploy liver  extract  for  the  sake  of  an  hypothetical  internal 
secretion  of  the  hepatic  cells  can  exclude  the  action  of  all 
these  bodies.  It  has  been  claimed  that  the  virtues  of  cod- 
liver  oil  are  due  to  the  presence  in  this  product  of  an  in- 
ternal secretion.  A  few  good  results  are  reported  from 
the  use  of  hepatic  extract  (prepared  according  to  d'Ar- 
sonval's  method)  in  diabetes.  The, preparation  is  said  to 
stimulate  the  liver  cells  to  increased  activity  in  the  sense 
that  it  enables  them  to  store  more  glycogen.  A  great 
reduction  in  the  sugar  excretion  has  been  reported  by  re- 
liable clinicians.  Some  authors  have  also  used  liver  ex- 
tract symptomatically  for  "  hepatic  insufficiency  "  follow- 
ing alcoholic  cirrhosis,  and  report  improvement  of  many 
of  the  subjective  symptoms. 

4.  Mammary  Gland. — Mammary  gland  extracts  are 
believed  to  exercise  an  influence  on  the  female  generative 
organs.  Desiccated  sheep's  mamma  has  been  given  by 
mouth  in  twenty-grain  doses  for  uterine  hemorrKages.  It 
is  said  to  cause  contraction  of  the  uterine  muscles  and  to 
arrest  bleeding.  Good  results  are  also  claimed  from  this 
therapy  in  the  leucorrhoea  and  irregular  bleeding  of  sub- 
involution, and  in  benign  tumors  of  the  uterus  it  is  said 
to  relieve  many  of  the  reflex  symptoms,  to  control  the 
leucorrhoea  and  bleeding,  and  to  improve  the  general 
health  of  the  patient. 

5.  Intestine. — There  is  some  experimental  evidence  to 
show  that  the  intestinal  wall  neutralizes  many  of  the 
toxic  products  that  are  generated  in  the  bowel  lumen. 
Insufficiency  of  this  function  would  lead  to  autochtonous 
intestinal  intoxication.  It  has  also  been  shown  that  the 
injection  of  sterile  f  feces  does  not  produce  death  so  rapidly 
in  animals  which  have  been  treated  with  intestinal  extract 
as  in  animals  which  have  not.  The  disintoxicating  action 
of  the  cells  of  the  intestinal  wall  is  believed  to  be  carried 
out  with  the  aid  of  a  soluble  internal  secretion  which  they 
produce.  It  does  not  seem  improbable  that  the  violent 
systemic  disturbances  of  intestinal  strangulation,  volvu- 
lus, and  invagination  are  in  part  due  to  insufficiency  of 
this  function  and  the  resulting  self-intoxication.  The 
same  applies  to  certain  anfeniias,  psychoses,  etc.,  which 
may  be  attributed  to  auto-intoxication  from  the  bowel. 

Extract  of  intestine  has,  in  fact,  been  employed  with 
some  success  in  chlorosis,  and  in  several  cases  of  stercorse- 
mic  poisoning  following  strangulation  of  intestinal  her- 
nias. We  are  told  that  in  a  few  of  the  latter  cases  the 
general  condition  of  the  patients  improved  so  much  un- 
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der  this  treatment  that  operative  interference  was  ren- 
dered more  safe.  This  field  of  organotherapy  also  merits 
further  cultivation. 

6.  Pabotid  Gland.— The  parotid  gland  and  the  ova- 
ries appear  to  stand  in  some  sympathetic  relation  to  one 
another.  Parotid  extract  has  been  used  with  success  by 
eminent  clinicians  in  Germany  and  Scotland  for  the  relief 
of  certain  symptoms  due  to  ovarian  disorders,  notably 
the  pain  and  reflex  manifestations  of  ovaritis  in  cases 
in  which  the  glands  were  enlarged  and  prolapsed. 

VI.  Miscellaneous  Tissues. 

Nearly  every  tissue  of  the  body  has  at  some  time  been 
made  to  yield  an  extract.  No  exhaustive  experimental 
or  chnical  data  relating  to  their  employment  are,  how- 
ever, recorded  excepting  in  the  case  of  muscle  tissue, 
lung  tissue,  and  heart.  We  will  therefore  discuss  these 
three  alone. 

1.  Muscle  Tissue.— Muscle  extracts  contain  abundant 
quantities  of  potassium  salts  and  consequently  are  toxic 
when  given  hypodermically.  In  addition,  muscle  juice 
has  a  distinct  thermogenic  action  and  can  produce  sali- 
vation. Reliable  investigators  claim  that  small  quanti- 
ties of  muscle  extract  prepared  in  the  cold  and  sterilized 
under  CO2  pressure  act  as  distinct  muscle  tonics. 

Muscle  extract  has  been  employed  apparently  with 
some  success  in  all  primary  myopathies  in  which  there 
was  no  injury  to  the  anterior  horns  or  the  peripheral 
nerves.  A  leading  French  neurologist  recommends  its 
use  in  all  "  dystrophies  museulaires  progressives  "  with  le- 
sions of  the  fibrillse  of  the  muscle  and  connective  tissue. 

2.  Lung  Tissue. — Pulmonary  extract  has  been  success- 
fully employed  in  the  treatment  of  pulmonary  arthrop- 
athies. It  is  believed  that  destructive  lesions  of  the 
lungs,  in  addition  to  interfering  with  the  respiratory  in- 
terchange of  gases,  inhibit  the  formation  of  an  internal 
secretion  of  the  pulmonary  cells,  and  that  the  lack  of 
this  secretion  in  the  blood  leads  to  the  development  of 
the  osteo-arthritic  lesions  of  lung  disease.  Very  good 
results  are  reported  from  pulmonary  therapy  in  a  "case  of 
Marie's  disease  {osteo-arthropathie  hypertropMante  pneu- 
monigue).  The  arthritic  process  was  arrested,  the  dyna- 
mometric  pressure  rose  from  9  kgm.  to  19.5  kym.,  and 
the  generalhealth  of  the  patient  was  markedly  improved 
after  the  twenty-ninth  injection.  In  pleuro-pulmonary 
suppuration  with  osteo-arthritis  pulmonary  extract  is 
also  said  to  act  beneficially,  and  recently  "pulmozyme," 
a  pulmonary  preparation,  has  been  advised  for  the  treat- 
ment of  lesions  of  the  hings  themselves.  Case  reports 
are  scanty  and  results  not  uniform,  so  that  judgment 
cannot  as  yet  be  rendered  on  this  therapy. 

3.  Heart. — Heart  extract  was  extensively  used  a  few 
years  ago  in  the  treatment  of  a  large  variety  of  disorders. 
The  effects  claimed  from  the  injection  of  this  preparation 
were,  among  others,  an  increase  in  the  pulse  rate,  a  rise  of 
arterial  pressure,  increased  diuresis,  and  a  general  tonic 
effect.  The  extract  used  by  the  chief  advocate  of  cardio- 
therapy  unfortunately  contained  appreciable  quantities 
of  alcohol,  so  that  we  need  not  be  surprised  to  learn  that 
it  exercised  the  above  effects.  The  literature  on  cardio- 
therapy  is  large  and  many  cures  are  reported.  A  care- 
ful analysis  of  the  case  reports,  however,  reveals  the 
method  to  be  utterly  devoid  of  value  and  the  claims  of 
its  advocates  to  be  unfounded.  Cardiotherapy  is  men- 
tioned only  to  be  condemned.  Alfred  C.  Croftan. 

ORPHOL.    See  NapTitol-bismuth. 

ORRIS  HOOT.— (.RMzoma  Iridis,  Ph.  G. ;  Iris  de  Flor- 
ence, Codex  Med.)  The  peeled  rhizomes  of  three  or  more 
species  of  Iris  are  cultivated  for  this  object  in  the  south 
of  Europe,  especially  in  the  vicinity  of  Florence.  They, 
and  a  few  other  species  also,  are  familiar  garden  flowers 
both  there  and  in  this  country.  The  three  following  are 
recognized  as  the  sources  of  "Orris":  I.  florentina  L., 
with  very  sweet-scented,  white,  or  pale  slaty-blue  flowers ; 
1.  Qermaniea  L.,  with  dark,  violet  flowers;  and  /.  pallida 
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Lam.,  with  flowers  light  blue,  very  large,  and  fragrant. 
They  all  resemble  each  other  in  respect  to  the  more  im- 
portant particulars.  The  former  is  a  native  of  the  south- 
ern and  eastern  Black  Sea  regions,  the  others  of  Europe; 
all  have  been  cultivated  for  a  long  time. 

The  rhizomes  are  gathered  in  the  latter  part  of  sum- 
mer, trimmed  and  peeled,  and  then  dried  in  the  sun,  and 
afterward  separated  into  grades,  according  to  size,  sym- 
metry, and  appearance.  The  pieces  are  more  or  less 
long  and  flattened,  with  rounded  surfaces  and  ends,  often 
curved  or  twisted  in  drying,  of  a  nearly  white  color,  a 
hard  but  brittle  texture,  and  a  yellowish  fracture,  Pieces 
with  the  branches  attached  are  called  "hands";  the  de- 
tached brandies,  "fingers."  The  scars  where  the  roots 
have  been  cut  away  may  be  seen  on  the  lower  surface. 
Taste  bitterish,  aromatic,  and  sharp.  Odor,  for  which  it 
is  valued,  mild  and  pleasant,  recalling  that  of  violets. 
Orris  which  has  been  kept  for  one  or  two  years  is  more 
fragrant  than  that  just  dried.  This  product  has  been 
for  centuries  used  as  a  perfume,  and  less  generally  as  a 
medicine,  and  is  mentioned  by  most  of  the  classical  writ- 
ers npon  medicine.  It  yields,  upon  distillation,  about 
0.1  percent,  of  a  so-called  volatile  oil,  "orns  camphor," 
a  buttery-looking  substance.  This  consists  chiefly  of 
myristie  acid,  with  a  trace  of  irone,  a  liquid  with  a  violet- 
like odor.  Iridin  is  a  glucoside,  occurring  in  acicular 
crystals,  in  very  small  amount.  There  is  a  specific  ama- 
roid,  giving  the  bitter  taste.  Orris  contains  also  a  little 
resin  and  fixed  oil,  and  a  very  little  tannin.  Starch  is 
abundant. 

Action  and  Use.— Internally  given,  orris,  like  owt 
Blue  Flag  {Iris  versicolor  L.),  is  a  cathartic  and  occa- 
sional emetic,  but  it  is  almost  never  employed  in  this 
way.  It  is  a  common  ingredient  of  tooth  powders,  as 
well  as  of  sachet  powders  (violet),  and  is  otherwise  used 
as  a  perfume.  The  oil  is  also  used  in  tooth  washes. 
Large,  fine  pieces  are  now  and  then  given  to  teething 
children  to  chew  upon.  Henry  H.  Riisby. 

ORTHIN. — This  is  one  of  the  numerous  compounds  in- 
troduced for  its  antipyretic  properties.  It  is  a  combination 
of  hydrazin  and  para-oxybenzoic  acid ;  the  base  is  an  un- 
stable body,  but  the  hydrochlorate  is  a  stable  prepara- 
tion, and  is  the  salt  supplied  under  the  name  of  orthin. 
It  is  very  soluble  in  water.  The  solution  should  always 
be  freshly  prepared  and  preserved  from  the  light.  It  is 
recommended  as  an  antipyretic  in  typhoid  fever,  pneu- 
monia, rheumatism,  and  all  febrile  disorders.  Kobert, 
who  introduced  it  into  therapeutics  {Deutsche  med.  Wo- 
ehen.,  1890),  claimed  that  it  was  non-toxic  and  free  from 
all  ill  effects.  Its  use,  however,  has  been  accompanied 
by  sweating,  prostration,  and  other  symptoms  of  poison- 
ing. The  dose  advised  by  Kobert  is  from  five  to  eight 
grains.  Beaumont  Small. 

ORTHOFORM  — meta-amido-para-oxybenzoic  methyl 
ester  (CeHs.OH.NHj.COOCHs)- is  a  white  powder  with- 
out odor  or  taste,  and  permanent  in  the  air.  It  is  soluble 
in  alcohol,  ether,  chloroform,  and  some  of  the  oils,  but 
very  slightly  soluble  in  glycerin  or  water.  It  is  precipi- 
tated, but  not  rendered  inert,  by  formaldehyde  and  mer- 
curic bichloride  (Luxenburger),  produces  a  brown  color 
with  bismuth  subnitrate,  and  decomposes  silver  nitrate 
and  potassium  permanganate.  It  is  not  affected  by  zinc 
oxide,  iodofoiin,  salicylic  acid,  carbolic  acid,  lysol,  alu- 
minum acetate,  or  iodine,  and  may  be  safely  combined 
in  prescription  with  most  of  the  ordinary  antiseptics  and 
dusting  powders.  It  is  said  to  remove  most  of  the  odor 
of  an  equal  amount  of  iodoform. 

Acting  on  the  sensory  end-organs,  orthoform  produces 
a  local  anaesthesia,  which,  owing  to  the  insolubility  of 
the  drug,  is  mild  and  long  continued.  This  slow  action, 
together  with  a  distinctly  antiseptic  power,  makes  it  a 
valuable  dusting  powder  for  raw  surfaces.  It  is  there- 
fore applied  to  burns,  fissures,  painful  ulcers,  ulcerating 
hemorrhoids,  etc.  The  ansesthetic  effect  from  a  ten-per- 
cent, powder  or  ointment  lasts  for  from  two  to  forty -eight 
hours  (Kindler).    As  the  drug  has  no  penetrating  power, 
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it  is  of  little  use  on  unbroken  skin  or  mucous  membrane. 
Blondel  used  a  few  drops  of  a  saturated  solution  in  forty- 
per-cent.  alcohol  for  fissured  nipples.  In  zoster  or  herpes 
with  ruptured  vesicles  much  relief  is  obtained. 

In  throat  and  nose  work  its  use  is  chiefly  limilpd  to 
ulcerative  conditions,  though  Cheatham  reports  good 
results  in  rose  fever.  Garnaud's  formula  for  laryngeal 
tuberculosis  is:  Menthol  3.0  (gr.  xlv.),  cocaine  alkaloid 
0.5  (gr.  viij.),  orthoform  3.7  (gr.  xl.),  expressed  oil  of 
almonds,  100  ( ?  iij.  31].).  It  is  also  used  as  a  spray  in 
five-per-cent.  solution  in  albolene.  In  painful  cancer  and 
ulcer  of  the  stomach  it  has  been  administered  in  dose  of 
0.5  (gr.  viiss.)  several  times  a  day  with  relief  from  the 
pain  and  without  any  systemic  effect.  Suspended  in 
water  it  has  been  thrown  into  the  bladder  for  painful 
cystitis.  In  dentistry,  its  slow  anaesthesia  fits  it  for  allay- 
ing the  ache  of  an  exposed  nerve. 

Orthoform  is  used  in  five  to  twenty  per  cent,  powder, 
ointment,  collodion,  or  solution  in  oil.  Injected  hypo- 
dermically  in  alcoholic  solution  it  acts  like  cocaine,  but 
the  latter  drug  is  generally  preferred. 

Ruhemann,  H.  H.  Wilson,  Vogt,  Decker,  and  others 
who  have  extensively  employed  the  drug,  report  the  oc- 
casional occurrence,  from  its  use,  of  a  peculiar  vesicular 
dermatitis  resembling  that  from  poison  ivy  and  very  re- 
sistant to  treatment.  Brocq  observed  hyperaamia  and 
pruritus.  Miodowsky  had  a  moist  gangrene  following 
the  application  of  a  five-per-cent.  ointment,  and  Fried- 
lander  collected  fifty  cases  of  local  or  general  poisoning 
and  eczema.  W.  A.  Bastedo. 
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OSMIC  ACID. — In  medical  parlance  the  title  osmicacid 
is  given  to  the  body  osmic  tetraxide,  Os04.  True  osmic 
acid  (H2OSO4)  is  not  known  in  the  free  state.  Osmic  te- 
troxide  is  a  volatile  crystalline  substance,  softening  at  a 
moderate  heat  like  wax,  and  melting  at  a  lower  temper- 
ature than  does  that  body.  It  dissolves  slowly  but  com- 
pletely in  water,  forming  a  colorless  solution,  which, 
however,  on  exposure  to  light,  rapidly  darkens,  even  to 
blackness,  by  decomposition  of  the  tetroxide  with  forma- 
tion of  the  tetrahydroxide,  Os(OH)4.  Osmic  tetroxide  is 
a  powerful  oxidizer,  and,  to  living  tissues,  is  excessively 
irritant.  Its  odor  is  powerful  and  disagreeable,  and  its 
vapor  intolerably  pungent  and  poisonous,  with  a  peculiar 
faculty  for  exciting  irritation  of  the  conjunctiva.  In  the 
event  of  the  inhalation  of  fumes  of  osmic  tetroxide,  hy- 
drogen sulphide  ("  sulphureted  hydrogen  ")  has  been  rec- 
ommended as  a  chemical  antidote,  to  be  taken  by  inhala- 
tion;  but  since  in  this  case  the  remedy  is  itself  a  powerful 
poison,  the  greatest  care  would  be  required  in  its  employ- 
ment. 

Osmic  tetroxide  is  of  peculiar  service  to  the  histologist, 
by  reason  of  a  faculty  it  possesses  of  staining  nerve  tissue. 
As  a  medicine  it  has  been  used,  by  hypodermatic  injec- 
tion, for  the  relief  of  peripheral  neuralgias.  The  results 
have  been  quite  variable,  but  a  certain  amount  of  efficacy 
for  the  remedy  seems  to  have  been  demonstrated.  A  one- 
per-cent.  aqueous  solution  of  the  tetroxide  is  used,  and 
the  same  should  be  made  only  in  small  quantities  when 
wanted,  and  kept  in  the  dark.  Of  such  a  solution,  quan- 
tities from  0.20  to  1  gm.  (from  miij.  to  nixv.)  have  been 
injected  at  a  dose.  The  injections  are  made  as  near  as 
possible  to  the  painful  spot.  The  operation  is  often 
severely  painful,  is  occasionally  followed  by  temporary 
swelling  and  thickening  of  the  tissues  at  the  site  of  the 
puncture,  and,  practised  over  an  efferent  nerve,  has  in 
one  instance  been  followed  also  by  paralysis.  No  consti- 
tutional effects  have  followed  these  injections. 

Edwa/rd  Curtis. 

OSPEDALETTI,  ITALY,  a  town  of  one  thousand  inhabi- 
tants, with  nearly  a  mile  of  frontage  toward  the  sea,  is  sit- 
uated midway  between  Bordighera  and  San  Remo.  It  is 
a  quiet  Riviera  resort,  lying  under  the  spurs  of  the  Ligu- 
nan  Alps,  well  sheltered  from  the  winds  and  with  a  south- 
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em  exposure.  "There  is  no  doubt,"  says  Dr.  Wendt,  in 
an  article  upon  this  resort  in  the  previous  edition  of  the 
Handbook,  "that  little  Ospedaletti  is  more  effectually 
protected  from  winds  than  almost  any  other  resort  on  this 
coast.  Moreover,  it  gets  the  sun  eariy  and  keeps  it  late. 
There  is  less  blinding  calcareous  dust  there  than,  for  ex- 
ample, at  HySres,  Cannes,  or  Nice." 

"Ospedaletti  spreads  out  for  something  like  a  mile 
along  the  head  of  a  small  crescentic  bay.  The  eastern 
headland  of  this  bay  is  formed  by  Cape  Nero,  and  the 
western  extremity,  much  farther  from  the  village  than 
the  former,  by  Cape  Sant  Ampeglio.  Thickly  planted 
olive  hills  surround  the  place,  relieved  in  the  plain  by 
orange  and  lemon  trees,  and  the  usual  array  of  graceful 
palms.  Successive  girdles  of  mountains  protect  it  from 
the  icy  north  blasts,  but  less  in  a  northeasterly  than  in  a 
northwesterly  direction.  It  is  fully  exposed  only  to  the 
warm  westerly  marine  bi'eezes."  "Immediately  behind 
this  village  there  rises  a  hill  of  gentle  slope,  and  a  num- 
ber of  mountain  torrents  of  mild  proportions  trace  their 
undulating  course  seaward. "  "  The  place  is  so  hedged  in 
as  to  constitute  a  veritable  sun  trap."  "For  undergoing 
a  course  of  absolute  quiet  and  repose,"  continues  Wendt, 
"  in  a  sunny,  well  protected  situation,  no  more  suitable 
place  has  yet  come  to  my  notice  on  the  Riviera." 

The  hygienic  conditions  of  Ospedaletti  appear  to  be 
good;  the  town  is  spoken  of  by  Linn  as  having  a  particu- 
larly clean  and  neat  appearance.  The  drinking-water 
comes  from  the  same  mountain  source  as  that  which  sup- 
plies San  Remo,  and  is  "  soft,  sparkling,  and  pure. "  The 
mean  temperature  of  five  winters  is  given  by  Linn  ("The 
Health  Resorts  of  Europe,"  by  Thomas  Linn,  M.D.,  1901) 
as  follows:  January,  49.82°  F. ;  February,  51.62°  F. ; 
March,  53.42°  F.  The  mean  relative  humidity  is  62 
per  cent.,  and  the  number  of  rainy  days,  32. 

There  are  several  hotels  and  pensions  of  moderate  price, 
well  kept,  and  very  comfortable.  There  is  also  a  fine 
casino.  Medical  service  can  be  had  there.  A  short  dis- 
tance from  the  village  are  some  hot  sulphur  springs. 
"Gouty  and  rheumatic  elderly  people,"  says  Wendt, 
"should  do  particularly  well  at  Ospedaletti."  Linn 
states  that  this  place  is  rapidly  coming  into  favor  as  a 
resort,  and  it  seems  to  combine  very  many  favorable  con- 
ditions for  a  winter  health  station,  viz.,  its  fine  natural 
situation,  its  pleasant  surroundings,  its  excellent  protec- 
tion from  cold  winds,  the  large  amount  of  sunshine,  its 
near  proximity  to  San  Remo  and  Bordighera,  and  the 
quiet  and  repose  obtainable  there.  Moroevcr,  it  is  said 
to  be  two  degrees  warmer  than  its  neighbors,  Bordighera 
and  San  Remo.  Edward  O.  Otis. 

OSTEITIS,       OSTEOMYELITIS,      PERIOSTITIS.  — 

I.  Osteitis. — Inflammation  of  bone  may  be  induced  by 
simple  traumatism— as  a  fracture  or  stripping  away  the 
periosteum,  by  thrombosis  or  embolism  of  a,  nutrient  ar- 
tery, by  extension  from  a  periostitis,  by  extension  from 
arthritis,  by  exposure  to  cold  or  to  the  action  of  certain 
poisons — as  phosphorus  and  mercury,  by  syphilis,  by 
pressure— as  the  rarefying  osteitis  of  aneurism,  by  the 
eruptive  fevers,  and  especially  by  typhoid  fever.  While 
these  fevers  may  possibly  act  as  primary  causes,  it  is 
quite  certain  that  they  predispose  to  the  development  of 
an  osteitis.  Lastly,  certain  germs  play  an  important  part 
in  the  causation  of  an  osteitis.  They  are  either  intro- 
duced through  compoimd  injuries,  or  else  they  are  car- 
ried to  the  bones  by  way  of  the  circulation.  The  em- 
phasis which  should  be  laid  upon  this  last  factor  in  the 
causation  of  osteitis  cannot  be  exaggerated. 

It  is  of  little  clinical  value  to  classify  the  inflammations 
of  bone,  from  an  anatomical  standpoint,  into  osteitis,  os- 
teomyelitis, and  periostitis,  since  primary  periostitis, 
with  the  exception  of  the  traumatic  and  the  syphilitic 
varieties,  is  very  rarely  observed ;  and,  on  the  other  hand, 
every  case  of  myelitis  leads,  sooner  or  later,  either  rapidly 
or  slowly,  to  involvement  of  the  periosteum  in  the  in- 
flammatory process. 

Regarding  the  firm  bony  substance  itself,  when  com- 
pared with  the  marrow  and  the  periosteum,'  it  may  b& 
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truly  said  not  to  take  any  active  part  In  inflammation- 
and  therefore  osteitis,  in  a  narrower  sense  of  tlie  word 
as  compared  with  myelitis  and  periostitis,  is  unimpor- 
tant. The  firm  bone,  however,  is  passively  affected  as 
we  shall  subsequently  notice;  and  clinically  the  death  of 
the  bone,  or  of  a  part  of  it,  may  prove  to  be  an  affair  of 
the  greatest  gravity.  So  much  is  this  true  that  it  has 
been  customary  to  study  acute  osteitis  under  the  title  of 
one  of  its  most  frequent  results— necrosis— and  a  certain 
form  of  chronic  osteitis  under  the  heading  of  caries 

II.  Peeiostitis.— Periostitis,  like  osteomyelitis,  may 
originate  from  traumatism,  either  simple  or  compound 
and  in  character  may  be  simple  (that  is,  aseptic)  or  sepl 
tic  (from  the  presence  of  micro-organisms).  The  syphi- 
litic variety  of  the  disease  should  probably  be  classed 
under  tjiis  latter  heading,  although  we  cannot  to-day 
speak  with  certainty  as  to  its  germ  origin.  The  perios- 
teum is  first  affected  during  the  secondary  stage  of 
syphilis,  that  is,  the  stage  of  invasion  following  the  in- 
cubation of  the  syphilitic  virus  in  the  system.  Those 
bones  which  are  subcutaneous  seem  especially  liable  to 
periostitis— for  example,  the  tibia,  sternum,  and  ulna- 
but  the  others  are  not  exempt.  In  severe  cases  there 
sometimes  appears  to  be  a  simultaneous  involvement  of 
most  of  the  bony  sheaths  of  the  body,  with  consequent 
almost  unbearable  osteocopic  pains.  These  pains  are 
distinctly  worse  at  night,  and  seem  to  be  increased  by 
warmth;  but  I  am  inclined  to  think  that  suilerers  from 
osteitis  and  periostitis  of  other  than  syphilitic  origin  also 
complain  most  at  night. 

The  syphilitic  periosteum  is  quite  tender,  and  I  have 
many  times  noticed  pitting  on  pressure.  In  this  disease 
it  Is  rare  for  the  periosteum  to  become  separated  from  the 
bone  by  exudations;  and  consequently  necrosis,  from 
failm-e  of  the  superficial  blood  supply,  is  very  infrequent 
in  this  form  of  periostitis. 

In  the  later  or  "  tertiary "  stages  of  syphilis,  nodes, 
usually  flat,  and  of  sharply  defined  extent,  sometimes 
make  their  appearance.  They  are  caused  by  infiltration 
of  the  periosteum  with  small  round  cells,  and,  like  all 
gummata,  tend  to  soften  and  break  down.  Their  course, 
and  the  probability  of  bone  involvement,  seem  influenced 
for  the  worse  if  the  medical  attendant,  finding  fluctu- 
ation, use  the  knife  instead  of  rapidly  pushing  the 
iodides  or  other  appropriate  medicines. 

In  acute  periostitis,  when  accompanied  by  free  exu- 
dation of  fibrin,  serum,  and  pus,  the  cortical'  lamellae  of 
the  Haversian  systems  may  be  separated  from  their  vas- 
cular supply ;  and  unless  the  surgeon  promptly  realizes 
the  state  of  affairs,  and  makes  free  incisions  down 
through  the  dense,  unyielding  periosteum  to  the  bone,  a 
necrosis  of  more  or  less  superficial  character  may,  and 
often  does,  result. 

The  clinical  picture  of  acute  periostitis  is  best  studied, 
as  it  will  be  later,  together  with  osteomyelitis ;  for  these 
two  diseases  are  commonly  associated  together. 

A  rather  rare  concomitant  of  an  acute  osteomyelitis, 
usually  of  a  mild  type,  is  a  periostitis  with  exudation  of 
a  simple  serous  character  between  the  periosteal  sheath 
and  the  bone.  Because  of  the  abundance  of  albumin  in 
this  fluid.  Oilier  here  adopted  the  title  of  "  osteitis  albu- 
minosa. " 

Chronic,  non-infective  periostitis  may  be  either  fibrous 
or  ossifying  in  character.  In  the  former  there  is  much 
increase  in  the  amount  of  connective  tissue,  and  the 
thickened  membrane  adheres  unusually  closely  to  the 
bone.  In  the  latter  we  have  as  a  result  an  ossiflc  deposit, 
which  may  go  on  increasing  for  months  or  even  years, 
ultimately  producing  exostoses  or  osteophytes.  The 
new  bone  of  inflammatory  origin  is  not  deposited  in  a 
regular  system  of  lamellae,  probably  owing  to  faulty  nu- 
trition ;  and  it  is  sometimes  absorbed,  and  disappears,  the 
abnormal  activity  of  the  osteoblasts  ceasing.  This  va- 
riety— ossifying  periostitis — may  be  associated  with  either 
rarefying  or  condensing  osteitis. 

With  regard  to  tuberculous  periostitis  I  may  state 
that  it  is  especially  apt  to  appear  in  the  subjects  of  the 
so-called  scrofulous  diathesis,  and  In  the  poorly  nour-  | 


ished  and  to  be  accompanied  by  tuberculous  osteitis 
Ihe  discussion  of  its  symptoms,  course,  and  treatment 
need  not  be  dissociated  from  that  of  the  latter  disease. 

^".V.0^™°"'^'2'^i'"s.-The  terms  osteitis  and  osteo- 
myelitis will  here  be  considered  as  one.  Where  the  vas- 
cular changes  greatly  predominate,  where  pus  Bbrin 
and  serum  are  abundantly  produced,  where  the  brunt  of 
the  inflammation  is  felt  by  the  marrow  and  contents  of  the 
Haversian  spaces,  the  latter  term  may  be  applied  with  es- 
pecial propriety.  And,  on  the  other  hand,  those  cases 
in  which  changes  in  the  firm  bony  structure  itself  form 
the  prominent  feature,  may  property  be  designated  as 
cases  of  osteitis.  However,  the  two  go  hand-in-hand 
Changes  in  the  relative  density  of  tlie  bony  structure  can 
occur  only  through  cellular  activity  in  the  marrow 
spaces  and  vascular  canals.  These  changes  are  of  two 
kinds:  osteoporosis,  or  rarefying  osteitis,  and  osteoscle- 
rosis, or  condensing  osteitis.  In  the  former  the  character 
of  the  bone  changes  from  compact  to  cancellous,  and  if 
the  process  continue  the  bone  may  even  entirely  disap- 
pear, its  place  being  taken  by  a  mass  of  granulation  tis- 
sue. This  variety  of  osteitis  is  very  common.  It  is  one 
of  the  essential  phenomena  in  tuberculous  osteitis ;  it  is 
the  process  by  which  the  rough,  ossified  callus  following 
fractures  is  rounded  off;  and  when  a  bone  is  subjected 
to  pressure— as  by  a  growing  aneurism— it  is  a  rarefying 
osteitis  by  which  it  is  eroded. 

In  osteosclerosis,  on  the  other  hand,  the  bone  grows 
more  compact,  and  may  even— as  may  be  observed  in 
some  exostoses— become  as  dense  as  ivory. 

It  often  happens  that  both  osteoporosis  and  osteoscle- 
rosis are  going  on  at  one  and  the  same  time  in  different 
parts  of  the  same  bone:  an  osteoporosis  within,  for  ex- 
ample, and  an  ossifying,  even  condensing,  periostitis  ex- 
ternally ;  and  as  a  result  the  bone  may  become  widely 
expanded,  althougli  it  is  a  mere  shell  filled  with  granula- 
tions or  with  inflammatory  deposits.,-^"    " 

Or,  again,  following  an  osteoporosis,  the  opposite  proc- 
ess may  be  inaugurated,  and  the  cavities  caused  by  the 
former  morbid  process  may  become  filled  with  new  bony 
deposit,  perhaps  of  even  abnormal  density.  We  do  not 
yet  know  why  inflammation  of  bone  terminates  sometimes 
in  one  and  sometimes  in  the  other  of  these  conditions.  It 
is  supposable  that  in  condensing  osteitis  the  osteoblasts 
have  an  undue  activity.  In  rarefying  osteitis  the  absorp- 
tion of  bone  is  thought  by  some  pathologists  to  be  caused 
by  the  presence  of  certain  large,  multinucleated  cells — 
the  myeloplaxes  of  Robin ;  cells  which  are  also  by  rea- 
son of  the  power  which  they  are  supposed  to  possess, 
called  osteoclasts.  In  subacute  osteomyelitis  ragged 
holes,  opening  from  the  marrow  spaces  and  Haversian 
canals,  are  formed  in  the  solid  bone.  ,  These  cavities  are 
known  as  the  caverns  or  lacunae  of  Howship.  They  con- 
tain many  of  the  so-called  osteoclasts,  which,  if  not  the 
cause,  are  certainly  the  witnesses  of  the  osteoporosis. 

Other  pathologists  repudiate  the  idea  that  these  large 
cells  possess  any  such  power,  and  attribute  the  absorp- 
tion to  the  infiuence  of  the  new  granulation  tissue  which 
is  present  in  these  cases,  and  which  lies  in  contact  with 
the  bone.  In  agreement  with  Billroth  they  hold  that 
just  as  a  granulating  synovial  fringe  erodes  the  articular 
cartilage  against  which  it  rests,  "  like  ivy  climbing  over 
a  ruin,"  so  here  in  bone  the  granulations  possess  a  simi- 
lar disintegrating  power. 

In  acute  osteomyelitis  the  vascular  changes  are  of  the 
deepest  import,  since  obstruction  of  the  nutrient  arteries 
means  death  of  the  bone  en  masse.  Let  us  study  the  com- 
mon cases  of  apparently  spontaneous  origin.  Here  the 
marrow  tissue  is  at  first  of  a  deeper  red,  from  intense 
congestion.  Sometimes  it  is  mottled  with  hemorrhagic 
spots.  Later,  a  grayish  hue  appears,  due  to  the  presence 
of  great  numbers  of  pus  cells;  and  occasionally  little 
medullary  abscesses  develop.  In  bad  cases  not  only  does 
thrombosis  of  the  nutrient  vessels  occur,  but  gangrene 
of  the  marrow  and  of  the  contents  of  the  Haversian  ca- 
nals also  takes  place,  with  rapid  liquefaction.  The  bone 
cells  being  no  longer  nourished  die.  The  infection  may 
spread  rapidly,  involving  the  whole  length  of  the  bone. 
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or,  in  the  milder  cases,  it  may  remain  limited  to  a  com- 
paratively small  area. 

Usually  the  process  begins  in  the  bone,  and  extends 
thence  along  the  course  of  the  nutrient  vessels  to  the 
periosteum,  which  then  becomes  involved.  Some  sur- 
geons think  that  the  infection  spreads  also  through  the 
canaliculi,  from  bone  cell  to  bone  cell,  and  from  centre 
to  surface. 

Sometimes  the  reverse  is  the  case,  the  periosteum  being 
first  attacked.  Inflammatory  products— .pus,  fibrin,  and 
serum — rapidly  strip  the  swollen  and  cedematous  perios- 
teum from  the  bone,  inducing  the  most  frequent  form  of 
necrosis,  that  of  the  superficial  lamella;. 

The  pressure  caused  by  the  exudations  is  very  great ; 
so  much  so  that  fat  contained  in  the  medullary  tissues 
may  be  forced  out,  and  can  sometimes  be  seen  in  glob- 
ules upon  the  surface  of  the  pus  (Roser). 

The  pus  finally  breaks  through  the  periosteum  at  some 
point  of  softening  and  disintegration;  it  enters  the  inter- 
muscular connective  tissue,  and  may  finally  reach  the 
surface.  In  that  case  the  pus  can  sometimes  be  seen  to 
pulsate  from  its  contact  with  the  richly  vascular  medul- 
lary substance. 

When  the  osteomyelitis  is  near  a  joint,  the  articular 
lamella  may  become  involved  by  extension,  perforation 
through  the  cartilage  may  occur  at  some  point,  and  the 
most  dreadful  arthritis  ensue.  In  the  very  young,  sepa- 
ration of  the  epiphysis  from  the  shaft  may,  after  a  week 
or  two,  occur.  The  cartilaginous  epiphysis,  from  its 
comparative  lack  of  vascularity,  is  not  so  subject  to  at- 
tack as  is  the  adjacent  bone ;  yet  even  this  may  die. 

Those  parts  of  the  bone  which  are  cut  off  from  their 
blood  supply  die  in  consequence ;  and  this  necrosed  bone, 
upon  its  subsequent  separation,  is  called  a  sequestrum. 
Next  in  frequency  to  the  cortical  sequestrum  is  the  cen- 
tral sequestrum — that  composed  of  the  bone  surrounding 
the  main  medullary  canal.  In  extreme  cases  the  whole 
thickness  of  the  bone,  or  even  the  whole  bone,  may  die. 
This  separation  of  living  from  dead  bone  occurs,  how- 
ever, only  at  a  much  later  period.  On  an  average  from 
three  to  five  months  is  required  for  the  complete  sepa- 
ration in  the  case  of  a  young  adult.  The  length  of  this 
period  of  time  also  varies  according  to  the  extent  of  the 
involvement  and  the  degree  of  vascularity.  In  the  el- 
derly, the  same  separation  may  need,  perhaps,  as  long  a 
period  as  one  year  for  its  accomplishment. 

Along  the  line  of  demarcation  between  living  and  dead 
bone,  granulations  spring  up ;  they  start  from  the  blood- 
vessels. The  granulation  tissue  seems  to  possess  the 
power  to  erode  and  absorb  the  dead  bone  with  which  it 
is  in  contact,  until  at  last  the  sequestrum  lies  loose  upon 
a  bed  of  granulations  springing  from  the  sound  bone.  In 
the  process  of  solution  of  the  dead  osseous  substance, 
whereby  separation  is  effected,  certain  salts — such  as 
calcium  phosphate — which  are  not  soluble  in  an  alkaline 
medium,  are  dissolved  and  disappear.  Hence  it  is 
thought  that  the  granulations  evolve  an  acid.  Formerly 
it  was  believed  that  lactic  acid  was  the  solvent.  Till- 
manns'  later  researches  seem  to  show  that  it  is  the  active, 
nascent  carbonic  acid  contained  in  the  blood  which  dis- 
solves the  dead  bone  tissue ;  and  that,  in  the  accomplish- 
ment of  this,  aid  is  derived  from  the  activities  of  the 
osteoclasts. 

Unfortunately,  this  process  of  absorption  is  extremely 
slow,  so  that  we  can  hardly  hope  for  the  complete  disap- 
pearance of  even  a  moderate-sized  sequestrum.  Evi- 
dences that  a  certain  amount  of  absorption  has  already 
taken  place  are  found,  however,  upon  almost  all  loose 
pieces  of  dead  bone. 

When  a  sequestrum  lies  near  the  surface  of  the  body, 
nature  is  sometimes  able  to  extrude  it,  and  new  bone,  the 
involuenim,  is  formed  from  the  granulation  tissue,  and 
pushes  the  sequestrum  out.  More  commonly,  however, 
it  cannot  escape.  The  greatest  growth  of  involucrum 
springs  from  the  periosteum,  save  in  those  cases  in  which 
the  bone-forming  layer  of  the  periosteum  has  been  de- 
stroyed by  the  suppurative  process;  and  this  new  bone 
of  periosteal  origin,  while  it  strengthens  the  shaft  as  a 
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whole,  prevents  the  escape  of  the  sequestrum.  The  rea- 
son for  the  failure  of  a  central  sequestrum  to  be  ejected 
is  obvious. 

For  mechanical  reasons,  therefore,  nature  cannot,  as  a 
rule,  complete  a  cure  after  separation  of  the  sequestrum. 
Consequently,  if  the  surgeon  do  not  interfere,  there  will 
continue  to  be,  for  an  indefinite  length  of  time,  a  dis- 
charge of  pus  through  more  or  less  tortuous  openings, 
called  eloaem.  As  regards  the  kind  of  interference  which 
is  needed,  I  will  simply  state  briefly  that  the  surgeon 
must  chisel,  saw  or  drill  through  the  ensheathing  in- 
volucrum (involving  the  transverse  diameters  as  little  as 
may  be)  and  release  the  imprisoned  dead  bone.  It  is  very 
unwise  to  delay  interference  after  the  cast-off  bone  is 
found  to  be  loose  in  its  cavity,  since  the  patient  is  thereby 
subjected  to  serious  danger  from  exhausting  suppuration, 
from  amyloid  degeneration  of  the  viscera,  from  involve- 
ment of  the  neighboring  joints  in  the  inflammation,  and 
from  hemorrhage,  through  mechanical  erosion  of  some 
large  nutrient  vessel  by  the  jagged  sequestrum. 

Causation. — Although  we  have  discussed  to  some  ex- 
tent the  pathology  of  acute  suppurative  osteomyelitis, 
we  have  not  as  yet  dealt  with  its  true  cause.  The  ques- 
tion arises.  Have  we  not  here  to  deal  with  microbes? 
Numerous  accurate  investigations  of  the  pus  obtained 
either  directly  from  the  medullary  canal  or  from  the 
depth  of  the  tissues  immediately  in  contact  with  the 
bone,  and  subsequent  pure  cultivations,  have  settled  this 
question  definitely.  "  It  is  not  due  to  a  specific  poison, 
however,  as  was  believed  to  be  the  case  for  a  long  time, 
but  it  may  be  caused  by  any  kind  of  micro-organism  which 
excites  acute  inflammation  and  suppuration  "  (Tillmanns). 
Among  these  the  variety  most  frequently  found  in  cases 
of  this  nature  is  the  staphylococcus  pyogenes  aureus ;  less 
often  the  staphylococcus  albus  and  staphylococcus  ci- 
trous; and  rarely  the  pneumococcus,  the  bacillus  com- 
munis coli,  Eberth's  bacillus,  the  typhoid  bacillus,  the 
bacillus  pyogenes  foetidus  and  pyocyaneus,  and  the  mi- 
crococcus pyogenes  tenuis  and  tetragenus.  Although  I 
mention  the  pyogenic  streptococci  last,  they  are  far  from 
being  the  least  in  importance.  They  are  found  chiefly 
in  the  osteomyelitis  of  young  children,  and  this  type  of 
the  infection  is  very  apt  to  prove  promptly  fatal  from 
sepsis. 

How  are  we  to  explain  the  entrance  of  germs  into  the 
bone  without  an  apparent  traumatism  as  a  doorway? 
The  only  plausible  assumption  seems  to  be  that  they 
pass  into  the  blood  through  slight  abrasions  of  the  mu- 
cous or  other  tegumentary  surfaces  of  the  body  and 
eventually  find  lodgment  in  the  bone.  Clinical  facts 
support  the  theory  that,  preceding  osteomyelitis,  patients 
will  be  found  to  have  suffered  from  bronchitis,  enteritis, 
etc.  (Kocher). 

_  The  majority  of  cases  of  this  disease,  with  the  excep- 
tion of  suppurative  myelitis  in  connection  with  compound 
fracture,  occur  during  the  time  of  the  development 
of  the  skeleton — i.e.,  during  childhood  and  adoles- 
cence. One  is  inclined  to  think  that  the  physiological 
growth  of  the  bone  predisposes  to  inflammatory  processes. 
This  theory  finds  support  in  the  fact  that  in  most  cases 
of  acute  and  chronic  myelitis  the  disease  is  found  to  be 
near  the  epiphyseal  cartilage,  and  therefore  in  the  most 
newly  formed  bone.  It  furthermore  seems  to  appear 
with  greatest  frequency  in  that  end  of  a  long  bone  which 
furnishes  the  greatest  amount  of  growth,  and  in  which 
the  current  of  blood  is  least  active.  It  is  commonest  in 
the  upper  end  of  the  tibia  and  the  lower  end  of  the  fe- 
mur ;  and  in  the  upper  end  of  the  humerus  and  the  lower 
end  of  the  radius  and  ulna..  It  will  be  remembered  that 
the  nutrient  arteries  of  the  long  bones  of  the  lower 
extremity  run  away  from  the  knee ;  and  in  the  upper 
extremity  they  run  toward  the  elbow. 

The  selection  of  the  youngest  bone  tissue  as  the  favor- 
ite nidus  of  the  microbes  seems  dependent  upon  the  pe- 
culiar form  of  the  developing  blood-vessels.  It  will  be 
found  upon  investigation  that  the  sprouting  blood-ves- 
sels of  the  growing  long  bone  correspond  to  wide,  hollow 
spaces  close  to  the  epiphyseal  cartilage.    It  will  be  easily 
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seen  that  the  blood  current  grows  less  rapid  in  these  la- 
cunae, where  the  capillaries  enlarge,  thus  giving  the  cocci 
contained  in  the  blood  a  better  opportunity  to  adhere  and 
remain.  It  is  further  stated  (Hoyer,  Rindfleisch)  that  the 
blood  of  the  medullary  canals  flows  unenclosed  by  any 
tunic  in  these  spaces,  and  thereby  the  cocci  are  brought 
into  direct  contact  with  the  bone. 

Schiller  has  demonstrated  by  a  series  of  experiments 
that  coloring  matter  introduced  into  the  circulation  is 
retarded  in  its  course  and  deposited  in  the  blood-vessels 
of  the  youngest  bone  tissue ;  thus  showing,  as  Hueter 
says,  that  there  is  a  tendency  for  the  cocci  contained  in 
the  blood  to  be  left  at  this  point  as  a  sediment.  This 
being  so,  we  can  readily  understand  how  the  infection  of 
the  young  medullary  substance  occurs. 

Clinical  Picture. — Sometimes  exposure  to  cold,  a 
wrench  or  a  blow,  exhaustion  from  eruptive  fevers,  etc., 
may  act  as  predisposing  causes,  determining  either  the 
time  or  the  seat  of  the  attack,  or  both.  Or,  again,  no 
cause  whatever  may  be  discoverable.  In  any  case  of 
acute,  suppurative  osteomyelitis  the  actual  and  exciting 
cause  is  probably  always  bacterial. 

The  disease  usually  begins  with  one  or  more  chills, 
followed  by  fever,  which  is  often  very  high.  In  a  child 
delirium  is  common,  and  the  little  sufferer  may  not  be 
able  to  point  out  the  seat  of  pain,  which,  however,  rap- 
idly becomes  severe. 

With  the  intensity  and  mode  of  infection,  and  the  de- 
gree of  vital  resistance  possessed  by  the  patient,  the 
symptoms  vary.  He  may  even  die  within  a  day  or  two, 
overwhelmed  by  the  poison.  To  rather  less  severe  cases, 
from  a  resemblance  in  the  violence  of  their  onset  and 
symptoms,  Chassaignac  has  given  the  title  "  typhus  des 
membres."  Later,  and  in  more  insidious  cases,  typhoid 
fever  may  be  simulated.  There  may  be  some  slight  re- 
semblance to  a  cellular  erysipelas.  In  not  a  few  in- 
stances, owing  to  the  fact  that  the  constitutional  mani- 
festations alone  were  taken  into  account,  a  dozen  other 
diagnoses — some  of  them  quite  absurd — have  been  made. 
Repeated  rigors  and  pysemic  temperatures  may  point 
to  the  involvement  of  more  than  one  bone,  or  to  suppu- 
rating foci  elsewhere,  and  pysemia,  septicaemia,  ulcerative 
endocarditis,  etc.,  may  develop  in  the  worst  cases,  espe- 
cially in  the  absence  of  prompt  surgical  intervention. 

Diagnosis. — The  disease  with  which  that  under  consid- 
eration is  most  often  confounded  is  acute  articular  rheu- 
matism, and  this  mistake  is  especially  likely  to  occur 
when  more  than  one  long  bone  is  attacked.  The  local 
symptoms,  however,  will  soon  clear  up  the  diagnosis, 
unless,  owing  to  delirium  of  the  patient,  or  to  the  fact 
that  he  is  too  young  for  speech,  attention  is  not  called  to 
the  real  seat  of  suffering.  Rather  near  the  articular  end 
of  the  bone,  as  a  rule,  a  distinct  swelling  is  soon  observed. 
This  is  caused  first  by  the  great  congestion  and  oedema 
of  the  periosteum  and  adjacent  tissues,  and  later  by  the 
separation  of  the  periosteum  from  the  bone  by  inflamma- 
tory products.  While  the  tenderness  over  this  swelling 
is  very  marked,  it  does  not  extend  beyond  the  limits  of 
the  tumor.  Furthermore,  unlike  what  is  observed  in 
acute  rheumatism,  motion  of  the  neighboring  joint  is 
not  specially  painful.  The  skin  over  the  swelling  is  not 
reddened  at  this  time ;  it  may  even  be  paler  than  normal. 
Later,  when  the  pus  is  about  to  escape  through  some 
disintegrating  point  of  its  dense  sheath,  the  skin  becomes 
reddened,  softened,  and  gives  way. 

Acute  Epiphysitis. — Acute  epiphysitis  presents  prob- 
lems of  the  gravest  importance.  In  addition  to  the  risk 
of  a  suppurative  joint  trouble,  by  extension,  the  focus 
of  infection — whether  it  begins  in  the  shaft  or  in  the 
epiphysis — is  commonly  close  to  the  narrow  line  of  car- 
tilage which  connects  the  two.  The  importance  of  this 
lies  in  the  fact  that  if  the  cartilage  become  severely 
involved  in  the  inflammation  there  may  result  a  dias- 
tasis— i.e.,  a  separation  of  the  epiphysis  from  the  shaft, 
with  dislocation,  a  condition  which  demands  the  utmost 
care  and  the  most  skilful  splinting  to  prevent  a  final 
deformity  from  union  in  a  bad  position.  Even  when 
the  involvement  of  the  cartilage  is  somewhat  less  grave, 


if  the  normal  cellular  activity  in  the  vicinity  of  this 
narrow  line  of  cartilage  be  permanently  impaired  or  de- 
stroyed, growth  of  the  bone,  so  far  as  this  end  is  con- 
cerned, will  cease.  And  the  seriousness  of  this  cir- 
cumstance IS  still  further  enhanced  by  the  fact  that  the 
greater  portion  of  the  growth  of  the  long  bones  takes 
place  normally  from  that  end  which  is  most  subject  to 
attacks  of  acute  osteitis.  For  example,  in  the  case  of  the 
long  bones  of  the  extremities  the  ends  which  are  nearest 
the  knee,  and  fartliest  from  the  elbow,  supply  most  of 
the  growth,  and  are  also  more  subject  to  acute  osteitis 
than  are  the  opposite  ends.  And— to  mention  a  single 
instance  only— von  Bruns  has  collected  evidence  which 
shows  that  diastasis  of  the  femur  from  all  causes  occurs 
in  the  proportion  of  twenty -eight  cases  of  separation  of 
the  lower  epiphysis  to  one  of  the  upper.  And  according 
to  Olher,  the  development  in  length  of  the  thigh  bone  is 
about  two-thirds  from  the  epiphyseal  cartilage  of  the 
lower  end  and  one-third  from  that  of  the  upper  end 
When  it  occurs  in  a  little  child,  a  diastasis  of  the  lower 
end  of  the  femur,  even  though  the  separated  parts  are 
properly  replaced  and  adequately  sphnted  until  bony 
union  shall  have  taken  place,  may  result  in  a  shortening 
of  as  much  as  nine  inches;  whereas  if  the  diastasis  oc- 
curs at  the  upper  end,  the  records  show  that  only  about 
half  this  amount  of  final  deformity  results.  These  are 
facts,  therefore,  which  it  behooves  the  physician  in 
charge  to  know  in  order  that  he  may,  for  his  own  pro- 
tection, and  especially  in  view  of  the  possibility  of  a  suit 
for  malpractice,  give  timely  warning  to  the  parents. 

Treatment.— As  regards  the  treatment  of  acute  epi- 
physitis, prompt  surgical  intervention  and  careful  splint- 
ing to  prevent  diastasis  are  the  only  means  worth  men- 
tioning. On  the  other  hand,  the  proper  management  of 
the  sequelae  will  depend  upon  the  precise  character  of  the 
pathological  conditions  left  by  the  acute  disease.  A  prob- 
lem very  difficult  to  solve  is  that  which  is  presented 
when  the  epiphyseal  cartilage  of  only  one  of  the  two 
bones  (of  either  the  forearm  or  the  leg)  is  involved  by 
the  disease.  In  such  a  case  growth  will  be  entirely 
arrested  in  one  bone  while  it  will  continue  to  take  place 
in  the  other.  Under  such  conditions  the  ultimate  result 
— if  the  parts  are  left  to  themselves — can  scarcely  fail  to 
be  a  dwarfed  and  grotesquely  twisted  limb.  Surgical 
intervention  may  be  resorted  to  at  a  relatively  early 
period,  with  the  idea  .of  preventing  the  evil  to  which 
attention  has  just  been  called,  or  surgical  measures  may 
be  adopted  for  the  correction  of  the  deformity  after  it 
has  been  fully  established. 

In  the  former  case  the  surgeon,  having  to  do  with  a 
case  of  diastasis,,  should — after  all  suppuration  has  ceased 
— chisel  through  the  thin  plane  of  cartilage  of  the  neigh- 
boring or  sound  bone  of  the  same  extremity.  This  stops 
the  growth  of  that  bone,  and  results  in  a  straight  though 
shortened  limb.  On  the  other  hand,  if  interference  is 
postponed  until  the  deformity  shall  have  reached  its  full 
measure  of  development,  the  surgeon  will  have  to  tax 
his  ingenuity  by  the  employment  of  various  means  (chis- 
elling, aseptic  fracturing,  resection,  etc.),  to  overcome  in 
a  measure  the  extreme  deformity  so  commonly  found  at 
that  time. 

Something  further  needs  to  be  said  about  the  treatment 
of  acute  osteomyelitis  in  its  incipient  stages.  In  the  first 
place,  it  must  be  borne  in  mind  that  the  infiammation,  in 
a  case  of  this  nature,  has  already  produced,  or  is  soon  to 
produce,  pus,  and  that  this  pus  is  confined  beneath  dense, 
unyielding  tissues.  The  indication  is  therefore  plain ;  the 
knife  must  be  used,  and  that  too  with  as  little  delay  as 
possible.  A  free  cut  should  be  made  through  the  peri- 
osteum, clear  down  to  the  bone ;  and  with  a  dressing  for- 
ceps entered  closed  and  withdrawn  opened,  the  wound 
should  be  enlarged  for  free  drainage.  Then  it  should  be 
irrigated  with  some  antiseptic  solution — bichloride  of 
mercury  1  to  2,000,  for  example — and,  if  the  incision  has 
been  made  through  deep  tissues,  a  drainage  tube  is  to  be 
inserted  down  to  the  bone.  Otherwise  the  wound  may 
be  packed  loosely  with  wet  antiseptic  absorbent  gauze. 

When,  in  1854,  Chassaignac  and  other  French  surgeons 
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advocated  a  similar  free  incision,  tlieir  advice  was  fol- 
lowed bv^  disastrous  results;  generally  by  pyasmia  and 
death.  That  was  before  the  days  of  antisepsis.  To-day, 
any  surgeon  who  knows  what  surgical  cleanliness  means 
can  make  such  an  incision  without  threatening  the  life  of 
his  patient ;  and  it  is,  in  fact,  his  duty  to  employ  the 
knife.  Whether  this  incision  alone  will  be  of  much  value 
will  depend  upon  whether  the  infective  nidus  was  situ- 
ated in  the  periosteum,  or  whether  that  membrane  was 
only  secondarily  involved  by  extension  of  inflammation 
from  the  marrow.  The  latter  supposition  is  in  most  cases 
the  correct  one,  and  may  be  considered  almost  a  certainty 
if  drops  of  free  oil  be  observed  between  the  periosteum 
and  the  bone— it  evidently  having  been  forced  out  by  the 
tremendous  pressure  within  the  bone. 

It  is  well  to  wait  a  very  few  hours  after  cutting  down 
to  the  bone,  rather  than  to  penetrate  at  once  to  the  mar- 
row ;  unless  indeed  the  violence  of  the  onset  seems  to  the 
operator  disproportionate  to  the  amount  of  trouble  thus 
far  discovered,  in  which  case  delay  would  add  to  the 
peril.  If,  at  the  end  of  this  period  of  delay,  the  local 
and  general  symptoms  seem  aggravated,  or  at  least  not 
diminished  in  intensity,  showing  that  the  trouble  is 
within  the  bone,  and  not  mainly  periosteal,  then  the  tre- 
phine should  be  used,  or  the  burr  or  chisel,  and  the  mar- 
row should  be  exposed,  curetted  just  as  far  as  it  appears 
to  be  diseased,  irrigated,  and  freely  drained.  This  should 
be  done  at  several  places  if  the  disease  seems  to  be  ex- 
tensive; and  it  should  be  followed  by  continuous  irriga- 
tion with  solutions  of  bichloride  of  mercury,  or  of  ace- 
tate of  aluminum,  of  appropriate  strength — this  irrigation 
to  be  kept  up  until  the  more  severe  symptoms  shall  have 
subsided. 

Such  treatment  seems  radical,  but  is  really  conservative 
of  the  patient's  limb,  and  very  possibly  of  his  life. 

The  constitutional  treatment  consists  simply  of  meas- 
ures intended  fo  support  the  patient's  strength,  It  is, 
perhaps,  of  little  avail  to  give  antiseptics;  still,  the  safer 
ones — as  benzoa'te  or  salicylate  of  soda — may  be  em- 
ployed. It  may  also  be  well  to  use  free  inunctions  of 
rhe  Crede  liquid  silver  ointment.  The  writer's  experi- 
ence has  not  been  favorable  to  the  injection  of  antitoxin 
serums  in  such  cases. 

As  regards  those  cases  which  are  seen  at  a  later  stage 
and  in  which  the  disease  is  complicated  by  the  presence 
of  a  certain  extent  of  necrosis  of  the  bone  tissue,  the 
practical  questions  which  present  themselves  are  these : 
How  is  the  existence  of  such  a  bone  necrosis  to  be  ascer- 
tained? and,  What  steps  are  to  be  taken  for  the  relief  of 
the  condition  after  we  have  discovered  its  existence?  By 
the  intelligent  use  of  the  flexible  silver  probe — or,  in  cer- 
tain cases,  of  two  probes — the  surgeon  should  have  no 
difficulty  in  ascertaining  that  a  necrosis  exists,  and  also 
occasionally  in  determining  how  great  is  its  extent,  and 
whether  the  necrosed  portion  is  or  is  not  loose.  In  other 
instances,  however,  he  will  be  forced  to  resort  to  an  ex- 
plorative operation  in  order  to  determine  to  how  great 
an  extent  tlie  bone  is  necrosed,  and  whether  the  seques- 
trum has  become  sufliciently  detached  to  warrant  the 
adoption  of  radical  surgical  measures  for  the  removal  of 
the  dead  bone.  Pin  therraoi'e,  in  reaching  the  latter  de- 
cision he  will  have  to  weigh  very  carefully  the  question 
how  far  the  patient'.s  healtli  is  being  imdermined  by  the 
constant  discharge  of  pus  which  invariably  accompanies 
the  separation  of  the  dead  from  the  living  bone. 

The  late  Prof.  Thomas  M.  Markoe,  in  his  article  on 
"  Necrosis"  in  the  first  edition  of  the  Handbook,  expressed 
Iiimself  as  follows  in  regard  to  the  steps  which  should  be 
taken  in  the  presence  of  a  necrosed  condition  of  the  bone : 

"  Having  now  settled  the  question  as  to  the  propriety 
of  operation,  the  time  of  its  performance  may  be  con- 
sidered. As  a  general  rule,  it  is  better  to  remove  the  se- 
questrum just  as  soon  as  it  can  bo  ascertained  to  be  loose. 
But  if  the  patient  be  nuich  reduced  in  health,  if  the  season  . 
be  unfavorable,  and  if  the  discharges  and  the  sufferings 
from  the  local  disease  be  not  excessive  or  exhausting, 
then  it  is  quite  proper,  and  generally  quite  safe,  to  wait 
until,  by  careful  attention  to  nutrition,  by  fresh  air  and 


exercise,  perhaps  by  change  of  air  and  surroundings,  we 
secure  a  better  reparative  condition  of  the  system,  in  view 
of  the  often  serious  operation  which  is  contemplated.  If 
there  be  no  considerations  of  this  nature,  the  operation 
should  be  undertaken  without  unnecessary  delay. 

"  The  operation  itself  consists  in  releasing  the  seques- 
trum from  its  mechanical  confinement  within  the  tissues, 
and  removing  it.  The  operative  procedure  will  vary, 
therefore,  with  the  extent  and  solidity  of  the  tissues 
enclosing  the  sequestrum,  and  with  the  accessibility  of 
the  sequestrum  from  the  surface.  In  most  cases  of  su- 
perficial necrosis,  or  exfoliation,  it  is  only  necessary  to 
divide  the  soft  parts  covering  the  dead  piece  in  order  to 
remove  it  with  great  ease.  'This,  however,  is  not  always 
the  case  in  exfoliation,  for  it  sometimes  happens  that  the 
dead  plate  extends  on  the  sides  of  the  bone  far  from  the 
surface,  and  it  occasionally  occurs  that  a  thin  plate  of  su- 
perficial necrosis  surrounds  completely  certain  portions 
of  the  shaft  of  the  bone,  thus  producing  a  condition  of 
things  which  renders  operation  extremely  tedious  and 
severe,  and,  not  infrequently,  even  then  the  entire  re- 
moval of  the  deepest  portions  of  the  sequestrum  is  not 
accomplished. 

"To  take  a  typical  case  of  necrosis  of  the  shaft  of  the 
tibia,  where  the  diagnosis  is  clear,  the  involucrum  suffi- 
cient, and  the  sequestrum  entirely  separated,  the  steps  of 
the  operation  may  be  described  as  follows:  A  free  incis- 
ion is  made  on  the  anterior  surface  of  the  limb,  where  the 
bone  is  most  superficial,  and  this  incision  should  extend 
as  far  as  the  supposed  limits  of  the  necrotic  action,  and 
may  be  crossed  by  another  at  about  its  middle,  so  as  to 
give  easy  access  to  the  surface  of  the  involucrum.  The 
flap  then  being  dissected  up  clean  from  the  exposed  bony 
surface,  we  select  the  most  favorable  point  for  attacking 
the  bone  case  enclosing  the  sequestrum.  This  is  gener- 
ally to  be  found  at  one  of  the  larger  cloacae,  which,  being 
further  enlarged  b}"^  the  chisel  or  gouge,  soon  gives  us 
access  to  the  cavity  in  which  the  dead  bone  lies.  By 
means  of  this  first  exposure  of  the  cavity  we  learn  the 
size,  the  degi'ee  of  freedom,  and  the  extent  of  the  seques- 
trum, and  we  take  our  measures  accordingly.  If  the 
sequestrum  prove  to  be  very  long,  then  the  incision 
throvigh  the  involucrum  must  be  extended  so  as,  if  pos- 
sible, to  release  it  without  breaking  off  any  of  the  irregu- 
lar and  slender  processes  in  which  it  terminates.  About 
this  the  operator  should  be  extremely  careful,  as,  if  any 
of  these  fragments  are  left  in  the  bottom  of  the  wound, 
they  are  apt  to  give  trouble,  and  if  we  cannot  reach  and 
remove  them  with  slender  forceps  they  are  frequently  a 
long  time  in  making  their  way  to  the  surface,  during 
which  time,  of  course,  the  wound  will  not  heal.  In  ex- 
posing one  of  these  large  sequestra,  it  should  be  borne 
in  mind  that  restoration  of  the  involucral  bone  which  we 
are  cutting  away  takes  place  to  only  a  very  limited  ex- 
tent, particularly  in  those  who  have  passed  the  earlier 
periods  of  life.  It  must  be  remembered  that  nature  has 
already,  in  formingthe  involucrum,  accomplished  a  very 
elaborate  and  extensive  restoration  of  bone,  and  if  we 
destroy  this  new  formation  she  will  hesitate  about  re- 
peating the  process.  In  point  of  fact,  we  find  that  the 
cavity  left  after  these  operations  does  not,  except  in  very 
young  subjects,  fill  up  with  bone,  but  rather  with  a  firm, 
fibrous,  cicatricial  tissue,  which,  while  it  fills  up  the  gap 
left  in  the  bone,  contributes  very  little  to  its  strength. 
We  must  be  careful,  therefore,  not  to  weaken  the  bone 
by  any  unnecessary  cutting  in  its  transverse  diameter, 
though  in  the  longitudinal  direction  we  may  proceed 
with  more  freedom.  The  cutting  is  done  most  satisfac- 
torily, I  think,  with  a  gouge,  though  if  a  cloaca  is  not  in 
a  favorable  position  for  enlargement  a  small  trephine  an- 
swers a  good  purpose  in  making  the  first  opening  through 
the  involucrum.  The  gouge  and  the  rongeur,  however, 
will  be  all  that  in  most  instances  will  be  required.  After 
the  removal  of  the  sequestrum  a  careful  examination 
should  be  made  with  the  finger  and  the  probe,  to  make 
sure  that  no  fragments  remain,  and  that  no  cavities  are 
left  without  sufficient  openings  to  secure  drainage." 

By  way  of  supplementing  the  remarks  quoted  above  I 
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will  state  that  it  is  important,  after  laying  bare  the  bone, 
to  curette  away  the  entire  granulating  surface,  and  to 
sterilize  the  living  bone,  thus  laid  bare,  by  peroxide  of 
hydrogen  or  other  eflective  means.  Often  such  curetting 
lays  bare  the  entrance  to  more  than  one  chamber  contain- 
ing sequestra.  There  may  even  be  a  chain  of  such  run- 
ning along  the  marrow.  And  unless  the  operator  makes 
sure  by  probe  and  curette  that  this  is  not  the  case,  his 
work,  in  removing  the  first  sequestrum  exposed,  may 
prove  by  no  means  a  success ;  and  a  continuing  discharge 
of  pus  will  show  that  he  has  not  removed  the  whole 
cause.  Following  these  steps,  it  is  possible  by  at  least 
nine  different  ways  to  treat  the  bony  cavity  in  an  en- 
deavor to  hasten  its  healing.  (1)  The  old-fashioned  way 
of  simply  packing  with  gauze  to  compel  healing  from 
the  bottom.  (2)  Neuber's  plan  of  "deep  canalization." 
(3)  Schede's  healing  by  the  moist  blood  clot.  (4) 
Thiei-sch's  skin-grafting  directly  upon  bone.  (H)  Lucke 
and  Bier's  "osteoplastic  necrotomy."  (6)  Healing  by 
aid  of  decalcified  bone  chips.  (7)  Autogenetic  fresh  bone 
chips  (human).  (8)  Hetei'ogenetic  fresh  bone  chips  (rab- 
bit or  calf  or  lamb,  for  example,  have  been  used).  (9) 
Heteroplastic  fillings.  These  are  still  largely  in  the  ex- 
perimental stage ;  but  we  may  mention  sterilized  plaster- 
of-Paris,  bone  charcoal,  iodoform  starch,  dental  gutta 
percha,  and  Richter's  cement.  Upon  the  skull  the 
writer  has  successfully  used  a  specially  prepared  cellu- 
loid plate,  deprived  of  all  excess  of  nitric  acid,  and  sub- 
stituting in  its  composition  a  little  synthetical  urea  for 
the  more  irritating  camphor,  to  give  resiliency.  The 
lack  of  space  permits  us  to  discuss  briefly  only  two  or 
three  of  these  nine  methods. 

According  to  Neuber's  plan,  which  has  for  its  object 
a  material  shortening  of  the  tedious  healing  by  granula- 
tion, the  integument  and  subjacent  connective  tissue, 
for  a  short  distance  on  either  side  of  the  wound,  should 
be  stripped  up  in  the  form  of  flaps,  and  then  these  sliould 
be  stretched  in  such  a  manner  as  to  cover,  either  entirely 
or  at  least  to  a  large  extent,  the  excavation  left  in  the 
bone  by  the  removal  of  the  sequestrum.  They  may  be 
retained  in  place  by  nailing  them  to  the  bone.  The  deep 
trough-like  depression  in  the  skin  which  remains  after 
healing  takes  place  soon  grows  shallower  through  the 
development  of  connective  tissue  between  the  bone  and 
the  skin ;  and  eventually  this  connective  tissue  is  sup- 
planted to  a  greater  or  less  extent  by  newly  formed  bone. 

A  still  more  recent  method  is  that  for  which  Schede 
deserves  the  credit.  It  consists  in  allowing  the  wound, 
after  removal  of  the  sequestrum,  to  fill  entirely  with 
blood  clot.  This,  under  perfect  asepsis,  does  not  break 
down  or  putrefy,  but  undergoes  rapid  organization, 
blood-vessels  springing  into  and  permeating  it  from  all 
sides.  This  idea,  in  properly  selected  cases,  proves  an 
excellent  one.  It  is,  of  course,  unsafe  unless  accom- 
panied by  absolute  sterilization  of  the  cavity  and  by  pro- 
tection from  atmospheric  germs. 

Thiersch's  method  of  skin-grafting  directly  upon  the 
bone  is  f requentlv  successful  in  hastening  a  cure.  As 
with  Neuber's  plan,  nature,  in  the  course  of  time,  depos- 
its new  bone  beneath  tlie  skin,  and  to  a  large  extent  fills 
up  the  deep  depression  left  by  the  removal  of  the  se- 
questrum. 

Still  another  recent  plan  which  deserves  to  be  mentioned 
here  is  that  of  Liicke  and  Bier.  It  is  spoken  of  as  "  osteo- 
plastic necrotomy. "  In  the  execution  of  this  plan  the  long 
bone  is  sawn  transversely  with  the  wire  saw,  half-way 
through  at  two  points,  viz.,  just  above  and  just  below 
the  seat  of  the  necrosis.  These  transverse  lines  are  con- 
nected, on  one  side,  by  a  longitudinal  one,  and  along  this 
latter  line  the  chisel  is  used,  imtil  the  cavity  of  the  bone 
is  opened;  then,  by  depressing  the  handle  of  the  chisel, 
the  rectangular  flap  of  bone  and  superjacent  parts  is 
broken  loose  along  a  line  opposite  to  that  made  by  the 
chiselling,  and  is  temporarily  turned  back  like  the  lid  of 
a  box;  and,  finally,  as  a  last  step,  the  sequestrum  is 
to  be  extracted.  The  cavity  in  which  it  lay  must  next 
be  well  curetted  and  irrigated,  and  then,  after  provision 
has  been  made  at  the  most  dependent  point  for  free 


drainage,  the  lid-like  flap  mentioned  above  is  to  be  re- 
stored to  its  natural  position. 

There  are  certain  subacute  and  chronic  cases  of  osteo- 
myelitis, limited  in  extent  and  indicating  a  mild  degree 
of  bone  infection,  which  deserve  mention.  They  are  ac- 
companied by  more  or  less  pain  and  tenderness  of  the 
bone  over  a  small  area,  and  this  may  continue  for 
months  and  years  with  slight  or  no  constitutional  symp- 
toms. In  some  of  these  cases,  called  "Brodie's  abscess," 
the  pus  may  finally  reach  the  surface,  or  may  remain  per- 
manently surrounded  by  compact  bone ;  an  osteoporosis 
has  occurred,  sufficiently  great  to  hollow  out  a  pus  cav- 
ity, usually  lined  with  granulations;  but  commonly  no 
necrosis — no  death  en,  masne — takes  place.  It  may  be 
that  a  few  of  these  abscesses  represent  the  site  of  soft- 
ened and  bi'oken-down  gummata  of  late  syphihs. 

'The  treatment  is  self-evident.  By  means  of  the  tre- 
phine the  cavity  is  to  be  reached  and  drained.  Even 
supposing  the  diagnosis  to  be  erroneous;  supposing  the 
case  to  be  in  reality  that  uncommon  disease,  a  neuralgic 
osteitis— one  in  which  a  chronically  congested  vascular 
state  in  the  bone  seems  to  induce  nerve  dystrophia  and 
consequent  neuralgia, — experience  proves  that  penetra- 
tion of  the  bone  gives  the  surest  relief,  and  is  a  safe  oper- 
ation. 

RHErMATic  Osteitis  does  occur,  but  is  very  infre- 
quent, and  is  apt  to  be  secondary  to  rheumatic  periosti- 
tis. The  coexistence  of  rheumatism  elsewhere  in  the 
fibrous  framework  aids  the  diagnosis.  Heat,  counter- 
irritation,  and,  as  a  last  resource,  opening  the  bone,  give 
the  greatest  relief,  and  should  be  conjoined  with  the 
usual  purely  medicinal  and  hygienic  means  of  treatment. 

Syphilitic  Osteitis  presents  itself  chiefly  as  a  result 
of  gummatous  involvement  in  the  later  stages  of  the  dis- 
ease. It  is  also,  however,  to  be  noted  as  one  of  the  mani- 
festations of  inherited  syphilis.  The  osteochondritis  of 
infants,  first  described  by  Wegner,  is  a  fi'equent  mani- 
festation, as  is  also  dactylitis  syphilitica.  Regarding  the 
former,  Taylor  states  that  it  is  often  the  only  sign  of  this 
inheritance ;  and  that  at  other  times  its  presence  decides 
the  syphilitic  nature  of  coexisting  lesions.  It  involves 
chiefly  the  shafts  and  epiphyseal  junctions  of  the  long 
bones;  and  is  usually  found  at  birth  or  within  the  follow- 
ing month.  The  swellings  are  rather  distinctly  limited, 
as  a  rule,  and  the  baby  suffers  when  they  are  handled. 
In  bad  cases  separation  of  the  epiphyses,  suppurative 
osteomyelitis,  and  necrosis  may  develop. 

The  "dactylitis  when  present  affects  mainly  the  first 
phalanges.  It.  differs  from  the  tuberculous  variety  in 
this  regard,  as  also  in  the  fact  that  when  luetic  it  is  apt 
to  be  multiple,  and  to  appear  upon  both  hands. 

"  Parrot's  nodes, "  involving  the  two  halves  of  the  fron- 
tal bone  and  the  two  parietal  bones,  are  found  in  infancy, 
and  are  due  to  the  same  cause.  These  swellings,  upon 
all  sides  of  the  anteiior  fontanel,  are  very  characteris- 
tic, and  are  caused  by  both  a  periostitis  and  an  osteitis  of 
these  bones. 

In  later  childhood  and  in  adolescence  are  found  the 
bony  irregularities,  hypertrophies,  and  asymmetries 
which  often  are  so  characteristic  of  syphilis.  In  the 
face,  the  nasal  bones  are  those  which  suffer  most.  As  a 
result  of  necrosis  of  the  bony  support  the  nose  undergoes 
shortening,  the  lower  part  retreating  toward  the  upper 
part;  or  else  the  bridge  is  sunken.  Of  the  remaining 
parts  of  the  skeleton  the  tibia  presents  the  most  striking 
of  these  late  bony  inflammatory  changes  due  to  syphilis. 
It  may  be  greatly  thickened,  its  crest  being  no  longer  a 
mere  ridge,  but  broadened  and  swelling  forward,  so  that 
when  seen  from  one  side  the  tibia  presents  the  character- 
istic shape  of  a  sabre. 

For  a  fuller  study  of  the  bony  stigmata  of  this  disease, 
including  the  pathology  and  clinical  course  of  gumma 
of  bone,  the  reader  is  referred  to  the  article  upon  Sy2yh- 

Necrosis  of  the  Jaws  Dependent  i'pon  the  Ac- 
tion OF  Phosphokus.— This  is  a  condition  which  the 
surgeons  of  the  present  generation  rarely  have  the  op- 
portunity of  observing.     I  may  therefore  be  permitted 
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again  to  quote  from  Professor  Markoe's  article  on  "Ne- 
crosis "  in  the  first  edition  of  this  work. 

"These  cases  occur  almost  exclusively  among  the  oper- 
atives in  match  factories,  vrho  are  living  in  an  atmosphere 
containing  the  fumes  of  phosphorus  and  phosphorous 
acid.  The  workmen  most  liable  to  be  affected  are  those 
employed  in  the  dipping-room,  and  in  the  packing- 
rooms.  In  the  first  there  is  a  constant  prevalence  of  the 
fumes  of  the  volatilized  phosphorus,  and  the  air  in  the 
second  is  still  further  vitiated  by  phosphorous  acid  fi'om 
the  frequent  burning  of  the  matches  while  being  counted 
and  packed.  It  is  believed  that  these  phosphorous  ema- 
nations, which  are  quite  soluble  in  water,  are  dissolved 
in  the  saliva,  and  thus  come  in  contact  with  the  teeth  and 
gums,  \ipon  which  latter  the  poison  seems  to  exert  its 
primary  influence.  Why  these  particular  parts  are  se- 
lected by  the  poison  in  preference  to  the  rest  of  the  buc- 
cal and  to  the  Schneiderian  membrane,  which  are  equally, 
if  not  more,  exposed  to  its  action,  is  a  pathological  fact 
which  we  are  not  able  to  explain.  That  the  poisonous 
action  is  a  local,  not  a  general,  one  seems  further  proved 
by  the  fact  that  constitutional  cachexia  does  not  often 
appear  as  a  condition  preceding  the  local  outbreak;  and 
still  more  strongly  by  the  fact  that  if  the  teeth  be  sound, 
and  the  gums  unbroken,  the  disease  is  rarely  developed. 
On  the  other  hand,  it  ought  to  be  stated  that  there  are 
sometimes  evidences  of  slow  systemic  poisoning  by  phos- 
phorus, terminating  in  necrosis ;  and  also  that  it  is  rarely 
those  who  have  been  for  only  a  short  period  subjected  to 
the  poison  who  develop  necrosis,  but  rather  those  who 
have  been  some  years  in  the  occupation.  Again,  it  has 
been  recorded  that  the  prolonged  internal  use  of  phos- 
phorus may  lead  to  typical  necrosis  of  the  jaw,  as  in  a 
case  recently  reported  by  Mr.  Hutchinson.  It'  may, 
therefore,  in  the  light  of  our  present  knowledge,  be  as- 
sumed that  the  action  of  the  poison,  at  least  in  most 
cases,  is  purely  a  local  one,  though  the  system  is  prob- 
ably predisposed  to  the  local  outbreak  by  a  constitu- 
tional infection  from  the  poison  slowly  introduced  into 
the  blood,  either  by  inhalation  of  the  vapor  or  by  the  in- 
gestion of  the  drug  as  a  medicine.  It  acts  by  inflaming 
first  the  gums  and  the  linings  of  the  tooth  sockets,  from 
these  spreading  to  the  alveolar  processes  of  the  bone, 
and  finally,  by  extension  by  continuity,  involving  a  large 
part,  and  not  infrequently  the  whole,  of  the  bone.  This 
destruction  of  the  entire  bone  is  sometimes  found  in  the 
lower  jaw.  In  all  the  cases  I  have  seen  affecting  the 
upper  jaw,  the  ravages  of  the  disease  were  mainly  con- 
fined to  the  alveolar  arch. " 

(For  further  information  in  regard  to  this  subject  con- 
sult the  articles  on  Occupation,  Hygiene  of,  and  on  Plws- 
phorus,  Poisoning  by.) 

Osteitis  Dbpokmans. — This  essentially  chronic  condi- 
tion is,  though  recognized  and  studied  since  1876,  still 
illy  understood  as  to  its  etiology.  It  occurs  most  often 
in  middle  age,  and  involves  perhaps  more  frequently  the 
long  bones,  but  also  at  times  the  skull,  pelvis,  and  verte- 
brae. Hypertrophy  may  go  hand-in-hand  with  soften- 
ing, resulting  in  malformations  which  give  the  disease 
its  name.  Nevertjieless,  it  does  not  advance  to  the  ex- 
tent of  causing  fractures.  Some  authors— Tillmanns  for 
instance — differentiate  two  clinical  varieties,  the  painful 
and  the  painless.  The  former  is  the  more  frequent,  usu- 
ally involving  the  bones  of  the  lower  limbs.  The  pain- 
less is  believed  to  occur  more  often  in  the  upper  limbs, 
and  in  females  rather  than  in  males.  Generally  several 
bones  are  involved,  thus  indicating  a  systemic  rather 
than  a  local  cause.  Treatment  has  thus  far  proved  of  lit- 
tle avail;  and  since  we  cannot  definitely  ascertain  the 
real  cause  and  direct  our  treatment  to  that,  the  only 
course  which  remains  to  us  is  to  alleviate  pain  or  other 
symptoms. 

TuBEiicuLous  Osteitis.— Under  this  title  we  shall  dis- 
cuss that  inflammation  of  bone  which,  until  within  a  few 
years,  writers  have  studied  under  the  name  of  caries; 
paying  more  attention,  as  in  necrosis,  to  the  result  of  the 
process  than  to  the  causative  agent. 

This  is  a  chronic  malady,  affecting  mainly  the  red- 

424 


marrowed,  cancellous  bones,  such  as  the  bodies  of  the 
vertebrse  and  the  carpal  and  tarsal  bones.  It  is  essen- 
tially an  osteoporosis,  with  tuberculous  deposit  as  its 
cause  and  accompaniment,  and  it  results  in  molecular 
death  of  the  bone.  Sometimes,  by  extension,  the  com- 
pact tissues  are  involved,  but  here  the  bone  first  changes 
its  character,  becoming  cancellous  through  osteoporosis; 
and  later  even  the  remaining  bone  trabeculse  may  disin- 
tegrate, and  a  suppurating  cavity  be  left.  The  lime 
salts  are  dissolved,  and  the  remaining  membranous  or 
gelatinous  bone  breaks  down  under  the  devitalizing  in- 
fluence of  the  tubercles. 

It  may  be  objected  to  the  term  tuberculous  that  caries 
is  not  always  of  this  nature.  It  is  undoubtedly  true, 
however,  that  chronic,  granulating,  rarefying  osteitis  is 
commonly  so,  and  at  the  present  day  the  cases  of  caries 
in  which  careful  investigation  fails  to  find  the  bacillus 
tuberculosis  are  very  few,  and  are  becoming  fewer. 

The  bone  frequently  expands  in  one  or  both  of  its  di- 
ameters while  becoming  a  mere  shell  filled  with  pus,  bony 
detritus,  and  granulations.  Apparently  the  growing  mass 
of  granulation  tissue  forces  out  the  walls  of  bone  when 
they  become  thin  enough  to  permit  it.  A  rather  common 
example  of  this  condition  is  found  in  "spina  ventosa." 
Here  the  bone — a  metacarpal,  for  instance — may  gradu- 
ally assume  the  shape  of  a  spindle.  Syphilitic  dactylitis 
may  produce  the  same  distention ;  this  latter  inflamma- 
tion, which  is  usually  a  result  of  inherited  syphilis,  most 
often  involves  one  of  the  first  phalanges. 

The  deposit  of  tuberculous  material  in  bone  may  or 
may  not  present  all  the  ordinary  appearances  of  a  focus 
of  tuberculous  disease.  It  may  undergo  caseation,  or  it 
may,  as  it  usually  does,  soften  and  liquefy.  Some  sup- 
puration is  probably  always  present,  but  this  varies 
greatly  in  degree.  In  the  caries  of  children  it  is  almost 
always  a  feature.  Pott's  disease,  for  example,  is  accom- 
panied by  the  formation  of  so-called  "  cold  abscesses  "  of 
varying  size,  and  the  pus  starting  from  the  disintegrat- 
ing bone  follows  a  downward  course,  governed  by  grav- 
ity and  the  path  of  least  resistance,  and  may  finally  find 
an  exit  for  itself  upon  the  surface.  Or,  in  cases  with  less 
discharge,  the  pus  may  become  cheesy,  its  ensheathing 
connective-tissue  covering  may  undergo  a  change  into 
calcareous  material,  and  the  abscess  may  never  descend 
far  from  the  diseased  vertebral  bodies  which  gave  it  ori- 
gin. Such  an  abscess  may  be  discovered  only  at  the  au- 
topsy. 

In  elderly  individuals  the  formation  of  granulation  tis- 
sue and  a  slow  advance  of  the  disease,  with  but  slight 
discharge — a  "caries  sicca" — are  generally  to  be  ex- 
pected. 

Tuberculous  osteitis  may  occur  at  any  age,  but  it  de- 
velops more  commonly  ;n  early  childhood  than  at  any 
other  time.  Its  onset  is  usually  insidious.  The  patient 
may,  after  a  lime,  complain  of  a  little  tenderness  or  ach- 
ing after  exertion.  Later,  some  swelling  of  the  bone  may 
perhaps  be  noted.  The  skin  is  not  involved  at  first;  after 
several  weeks— possibly  months— it  becomes  distended, 
looks  inflamed,  breaks  down  at  one  or  several  points,  and 
gives  exit  to  pus.  This  pus  varies  in  consistency,  and  is 
sometimes  gritty  to  the  feel,  containing  minute  spicula 
of  bone.  A  probe  introduced  may — If  the  sinus  be  mod- 
erately straight— touch  bare  bone,  and  may  by  moderate 
pressure  be  made  to  fix  itself  firmly  in  the  cancellous  tis- 
sue ;  this  could  not  be  done  in  the  case  of  the  compact 
sequestrum  of  necrosis.  The  lips  of  the  sinuses  and 
their  walls  soon  become  lined  with  flabby,  inactive 
granulations,  in  which  the  bacilli  are  sometimes  to  be 
discovered.  Meanwhile  the  patient  may  be  subject  to 
more  or  less  fever,  night  sweats;  and  similar  signs  of  vi- 
tal depression. 

By  extension  a  caries  may  involve  an  adjacent  joint, 
with  resulting  "  white  swelling  "  and  all  the  manifesta- 
tions of  tuberculous  osteo-arthritis.  Or,  conversely,  a 
primary  joint  tuberculosis  may  lead  to  erosion  of  the  ar- 
ticular lamella  of  the  bone,  and  then  to  tuberculosis  of 
the  cancellous  tissue. 

Caries  commonly,  though  not  invariably,  makes  its  ap- 
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pearance  in  individuals  of  the  so-called  scrofulous  diathe- 
sis—«.e.,  those  who  are  especially  subject  to  affections  of 
the  glands,  skin,  and  mucous  surfaces.  Often  a  family  his- 
tory of  tuberculosis  may  be  obtained,  or  it  may  be.learned 
that  the_  parents  died  from  some  unnamed  lung  trouble. 
The  patient  is  apt  to  be  pale  and  ansemic  in  appearance^ 
although  this  is  not  always  the  case.  In  adults  the  bone 
disease  is  sometimes  a  reappearance  of  inflammation 
which  existed  there  for  a  time  during  childhood,  and 
then  remained  for  years  quiescent. 

At  any  stage  in  its  progress  the  disease  may  come  to 
an  end,  and  reparative  processes  of  varying  degree  begin. 
Caries  does  not  necessarily  go  on  to  the  complete  destruc- 
tion of  all  the  cancellous  bone  involved.  If  the  patient's 
general  condition  can  be  improved,  so  that  the  vitality  of 
the  bone  is  enabled  to  resist  the  encroachment  of  the  tu- 
berculous disease,  suppuration  may  cease,  fistulous  si- 
nuses close,  and  new  bone  form  to  some  extent.  This  is 
the  rule  in  Pott's  disease.  The  bodies  of  one,  two,  or 
sometimes  more  vertebrse  melt  away,  the  comparatively 
sound  bodies  above  and  below  come  in  contact,  and  if 
the  patient  continues  to  live,  as  he  commonly  does,  the 
disease  is  brought  to  an  end,  and  the  vertebral  bodies 
near  the  focus  of  the  disease,  but  which  have  escaped, 
unite  by  firm  bony  union.  In  some  bones— the  calca- 
neum  for  example — there  is  very  little  tendency  to  bony 
repair.  The  space  once  occupied  by  bone  becomes 
partly  filled  by  simple  connective  tissue. 

It  is  important  to  bear  in  mind  that  a  mere  local  bone 
tuberculosis  may  at  any  time  give  rise  to  a  general  tuber- 
culosis. Although  such  a  catastrophe  is  quite  exceptional, 
it  does  sometimes  occur.  Therefore,  when  it  is  possible 
to  remove  by  surgical  means  the  diseased  bone,  it  should 
be  done.  It  has  even  been  suggested,  of  late,  that  in 
spinal  caries  an  attempt  be  made  to  scoop  away  the  dis- 
eased tissue  and  thus  hasten  recovery ;  if  need  be,  resect- 
ing one  or  more  ribs  to  allow  thorough  work.  But 
whether  this  become  a  recognized  practice  or  not,  in  all 
readily  accessible  regions  the  proper  treatment  consists  in 
the  free  use  of  Volkmann's  sharp  spoon ;  the  most  thor- 
ough work  under  these  circumstances  being  always  the 
best.  As  with  suppurating  tuberculous  lymph  nodes, 
so  here  this  treatment  may  save  months  of  effort  on  the 
part  of  nature  to  remove  the  tuberculous  deposit. 

It  goes  without  saying  that  surgical  cleanliness  must 
be  strictly  observed  during  and  after  the  operation. 

It  is  to  be  expected  that,  in  many  instances,  one  such 
scraping  will  not  suffice  entirely  to  put  a  stop  to  the  dis- 
ease. Perhaps  the  step  may  have  to  be  repeated  a  num- 
ber of  times  before  all  the  affected  tissue  is  reached  and 
eliminated.  During  the  dressing  of  bones  or  of  sinuses 
which  have  been  operated  upon  for  caries,  iodine  should 
be  our  main  reliance.  In  irrigation  we  may  wisely  em- 
ploy a  one-  or  a  two-percent,  solution  of  the  compound 
tincture,  which  does  not  precipitate  as  does  the  simple 
tincture  upon  dilution  with  water.  This  strength  will 
stain  the  tissues  a  yellowish  hue. 

The  gauze  used  for  packing  and  drainage  should  be 
first  moistened,  and  then  well  rubbed  with  some  one  of 
the  numerous  powders  which  depend  for  their  value 
chiefly  upon  the  iodine  which  they  contain— such  as  (in 
order  of  strength)  iodoform,  iodol,  nosophen,  aristol,  and 
europhen.  The  author  rather  inclines  to  aristol,  and 
considers  it  practically  as  effective  as  iodoform  without 
the  objectionable  odor  of  the  latter. 

In  obstinate  cases  of  caries,  after  the  vigorous  use  of 
the  sharp  curette  or  gouge,  it  is  well  to  cauterize  also, 
before  beginning  the  iodine  treatment.  Perhaps  the  ap- 
plication first  of  pure  carbolic  acid  and  then  of  strong 
alcohol  is  as  effective  a  measure  as  any  that  can  be 
adopted.  The  severity  of  this  procedure  may  be  easily 
regulated  by  shortening  or  protracting  the  time  during 
which  the  pure  acid  is  allowed  to  remain  in  contact  with 
the  parts  before  the  neutralizing  action  of  the  alcohol  is 
brought  to  bear  upon  them. 

The  prognosis  in  children,  after  such  thorough  treat- 
ment, is  fairly  good.  In  adults  it  is  distinctly  more  diflTi- 
cult  to  eradicate  the  disease  completely.    In  the  tarsal 


bones,  for  example,  it  is  questionable  whether  in  adults 
It  IS  not  wiser  to  excise  entirely  the  affected  bone  or  bones 
m  order  to  prevent  a  relapse. 

When  despite  thorough  local  treatment  the  disease  ex- 
tends and  perhaps  involves  an  entire  extremity,  amputa- 
tion at  some  distance  above  may  be  our  only  remainins 
resource.  ^ 

Regarding  medicinal  treatment,  cod-liver  oil,  iron,  and 
good  nourishment  are  to  be  administered  in  the  hope  of 
improving  the  general  condition.  In  the  phlegmatic 
temperament  cold  bathing  daily  is  of  more  value  than 
theoil.  These  means,  however,  will  not  remove  the  ba- 
cilli from  the  bone  marrow.  They  are  merely  useful  ad- 
juvants to  the  proper  loqal  treatment. 

Sobert  E.  M.  Dawharn. 

OSTEO-ARTHROPATHY, HYPERTROPHIC  PULMO- 
NARY.   See  Acromegaly,  and  Eanda  ana  Fingers,  etc. 

OSTEOCHONDROMA.    See  Glwndroma. 

OSTEOMA.— An  osteoma  is  a  tumor  consisting  of  bone 
tissue. 

Not  every  bony  new  formation  is  an  osteoma.  The 
bones  occasionally  found  in  the  deltoid  muscles  of  infan- 
trymen, caused  by  the  pressure  of  the  rifles,  and  the 
"  riders'  bones  "  forming  at  the  attachment  of  the  adduc- 
tor longus  in  cavalrymen  are  not  true  tumors,  nor  is  the 
new  formation  of  bone  at  the  site  of  a  fracture  an  oste- 
oma, even  though  the  callus  formation  be  exuberant.  A 
true  osteoma  may,  however,  arise  from  a  callus.  Fur- 
thermore, inflammatory  new  growths  are  not  true  tu- 
mors. Thus  the  newly  formed  bone  around  a  seques- 
trum in  osteomyelitis,  and  the  osteophytes,  periostoses, 
and  hyperostoses  resulting  from  ossifying  periostitis  are 
inflammatory  new  growths  and  not  osteomata.  It  seems 
probable  that  the  so-called  "  osteomata  "  of  the  choroid 
and  vitreous  should  be  looked  upon  as  inflammatory  new 
growths.  The  absence  of  sufiicient,  evident  etiological 
factors  and  the  purposeless  character  of  the  new  growth 
are  to  be  emphasized  as  two  important  criteria  of  oste- 
omata. 

Osteomata  are  most  usually  found  in  connection  with 
bones.  Either  long  bones  or  fiat  bones  may  be  affected. 
In  the  long  bones  the  tumors  are  especially  apt  to  arise 
near  the  epiphyseal  lines.  As  a  rule  the  bony  tumor  is 
formed  from  a  connective-tissue  periosteum,  after  the 
manner  of  the  cranial  bones;  less  often  the  osteoma  is 
formed  by  the  transformation  of  cartilage,  while  osseous 
tumors  in  other  tissues  are  less  common,  being  found  oc- 
casionally in  the  membranes  of  the  brain  and  cord,  in  ten- 
don, ligament,  muscle,  in  the  mammary,  parotid,  adrenal, 
thyroid,  or  prostate  gland,  in  the  tracheal  mucosa,  pleura, 
or  lung,  and  rarely  in  the  skin.  Osteoma  in  the  corpora 
cavernosa  is  rare. 

In  addition  to  simple  osteomata,  bony  tissue  is  also 
found  in  the  mixed  tumors  of  the  parotid  and  testicle,  in 
osteosarcomata,  osteochondromata,  etc. 

Osteomata  may  be  single  or  multiple.  "  Cortical  oste- 
omata "  or  "  exostoses  "  are  bony  tumors  on  the  surface  of 
bone;  a  "  central  osteoma  "  or  "  enostosis  "  is  a  bony  tumor 
in  the  interior  of  bone.  A  "  continuous  osteoma  "  is  di- 
rectly continuous  with  bone ;  a  "  discontinuous  osteoma  " 
is  separate  from  adjacent  bone.  "Dental  osteomata" 
spring  from  the  cement  substance  of  the  teeth ;  "  subun- 
gual exostosis"  is  employed  to  designate  the  osteoma 
occurring  beneath  the  nail  of  the  great  toe. 

There  is  much  confusion  in  the  use  of  the  terms  "  ex- 
ostosis," "enostosis,"  or  " endostosis, "  "hyperostosis," 
"  periostosis, "  and  "  osteophyte. "  Although  it  is  custom- 
ary to  give  the  termination  "  oma  "  to  all  tumors,  the  use 
of  "exostosis"  and  "endostosis"  to  designate  certain 
osteomata  is  so  common  that  it  seems  necessary  to  con- 
tinue to  employ  these  terms.  The  terms  "osteophyte," 
"periostosis,"  and  "hyperostosis,"  however,  should  be 
applied  only  to  the  inflammatory  new  formations  of 
bone,  such  as  occur  in  ossifying  periostitis.  Since  cer- 
tain true  tumors  are  called  "exostoses"  and  "enostoses," 
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it  Tvnuld  be  well  if  these  terms  were  not  applied  to  other 
bony  growths,  but,  iu  addition  to  their  more  limited  sig- 
nificance, the  terms  are  generallj^  applied  to  almost  any 
irregularity  on  or  in  bone.  In  this  article,  "  exostosis  " 
signifies  an  osteoma  situated  on  the  surface  of  a  bone ; 
"  enostosis, "  an  osteoma  situated  in  the  interior  of  a  bone. 

Osteomata  have  in  the  main  the  structure  of  normal 
bone,  though  they  have  not  the  regular  architecture  of 
the  trabeculse,  nor  the  typical  arrangement  of  the  vascu- 
lar and  medullary  canals  and  bone  corpuscles. 

Virchow  classified  osteomata  according  to  their  struct- 
ure as  osteoma  eburneum,  osteoma  spongiosum,  and  os- 
teoma medullosum. 

"Osteoma  eburneum,"  or  "oburnate  osteoma,''  or 
^' ivory  exostosis"  is  a  tumor  consisting  altogether  or  for 
the  most  part  of  dense  osseous  tissue.  In  this  form  the 
tumor  is  made  up  of  nearly  parallel  or  concentric  branch- 
ing layers  of  compact  bone,  containing  possibly  a  few 
small  vessels,  and  covered  by  a  connective-tissue  perios- 
teum. The  number  of  bone  corpuscles  is  usually  not 
gi'eat. 

"Osteoma spongiosum," or  "spongy  osteoma,"  consists 
of  looser,  cancellous  bone.  In  the  spaces  between  the 
trabeculse  there  may  be  marrow. 

"Osteoma  medullosum,"  or  "medullary  osteoma,"  has 
an  outer  shell  of  compact  bone  covering  cancellous  bone 
and  a  central  marrow  cavity,  the  timior  having  the  struct- 
ure of  a  long  bone.  At  times  the  marrow  cavity  com- 
poses the  greater  part  of  the  tumor.  The  marrow  in  the 
osteomata  may  be  either  normal  red  or  white  marrow,  or 
a  my.vomatous  change  may  occur,  such  as  is  seen  in  oste- 
omalacia, etc. 

The  eburnate  osteomata  are  more  frequently  found  on 
the  bones  of  the  liead  than  elsewhere;  they  are  usually 
multiple,  rarely  attain  a  greater  diameter  than  1  or  2  cm. ; 
and  occur  as  small,  flat,  rounded  outgrowths  from  the 
bones.  The  eburnate  osteomata  of  the  orbit  and  frontal 
bone,  and  the  osteomata  occurring  near  the  epiphyses  of 
the  long  bones  niaj'  grow  to  the  size  of  a  man's  fist  or 
larger.  These  tumors  have  a  very  rough,  irregular  sur- 
face; thejr  may  be  very  firmly  or  loosely  attached  to  the 
bone.  The  m\iltiple  osteomata  of  the  dura  and  arachnoid 
are  small  and  very  rough  and  spiculated.  The  multiple 
osteomata  of  the  skin  are  the  smallest  medullated  oste- 
omata. They  occur  as  platelets  the  size  of  a  grain  of 
sand  in  the  cutis  or  subcutaneous  tissue.  Skin  osteomata 
are  more  common  in  old  people. 

It  is  at  times  impossible  to  tell  where  normal  bone  ends 
and  osteoma  begins ;  in  other  cases  a  slight  attachment 
gets  severed,  the  osteoma  becomes  necrotic,  and  is  dis- 
charged as  a  foreign  body.  This  has  happened  in  the 
■case  of  some  of  the  tumors  arising  in  the  diploiJ  of  the 
frontal  bone. 

The  tumor  formed  from  cartilage,  "osteoma  cartila- 
ginea,"  is  covered  by  a  more  or  less  incomplete  layer  of 
■cartilage.  These  tumors  are  found  on  the  long  bones,  es- 
pecially on  the  humerus,  tibia,  and  femur.  They  may 
be  progressive  and  form  tumors  as  large  as  a  man's  head. 
In  the  early  stages  they  are  usually  made  xip  of  compact 
bone;  later  they  may  be  spongy.  It  is  often  impossible 
to  distinguish  between  osteomata  of  cartilaginous  origin 
•and  ossifying  enchondromata. 

The  following  are  the  chief  etiological  factors: 

1.  Misplacement  of  embryonal  bone  elements.  Al- 
though formerly  it  was  consideied  the  most  important 
factor  in  the  etiology  of  tumors,  the  tendency  of  the  pres- 
■ent  day  is  to  attribute  importance  to  this  factor  only  in 
those  rare  cases  of  multiple  osteomata  which  are  present 
from  birth. 

2.  Post-natal  disturbances  of  development  are  sup- 
posed to  be  of  much  more  importance.  Under  this  head- 
ing rachitis  is  of  special  interest.  It  is  supposed  that,  as 
•a  result  of  the  irregular  growth  which  takes  place  in 
rachitis,  small  bits  of  cartilage  are  nipped  off  and  come 
to  lie  behind  the  growing  line  of  the  bone.  These  islands 
for  some  unknown  reason  develop  into  enchondromata  or 
osteomata.  Usually  osteomata  arising  in  this  manner  are 
multiple.     According  to  Otto  Mli'.ler,  this  post-natal  mis- 


placement of  cells  is  most  apt  to  occur  in  cases  of  recur- 
ring rachitis.  Mliller  traces  the  different  po.ssibilities 
which  may  result  from  misplacement  of  these  cartilagi- 
nous elements.  The  foous  may  disappear,  or  persist  un- 
altered, or  it  may  persist  as  a  tumor-like  centre  without 
sufHcient  vitality  to  cause  it  to  grow ;  the  focus  may  de- 
velop into  a  chondroma,  or  an  osteoma;  into  a  rapidly 
growing  myxo-enchondroma,  or  into  a  malignant  tumor 
(chondrosarcoma,  etc.). 

3.  Trauma  is  a  factor  in  the  production  of  some  oste- 
omata. 

4.  Heredity  has  been  observed  to  be  of  etiological  im- 
portance quite  often.  Reinecke  collected  from  the  liter- 
ature thirty-six  cases  of  multiple  osteomata  which  occurred 
in  families.  In  one  instance  the  condition  was  transmitted 
through  five  generations ;  in  two  instances  to  the  fourth 
generation;  in  fifteen  instances  to  the  third  generation; 
and  in  twelve  instances  to  the  second  generation.  It  has 
been  observed  that  the  inheritance  is  more  common 
among  the  male  members  of  a  family.  Inheritance  is  of 
importance  chiefly  in  connection  with  multiple  osteomata. 

5.  An  osteoma  may  arise  secondarily.  In  the  case  of 
some  of  the  osteomata  of  the  membranes  of  the  brain  and 
cord  it  appears  that  a  soft,  fibrous  tumor  of  the  arachnoid 
may  impinge  upon  the  periosteal  dura  mater,  and  a  new 
growth  of  bone  from  the  dura  may  then  replace  the 
fibrous  tumor. 

6.  The  opinion  which  prevails  at  the  present  time  is 
that  the  osteomata  arising  in  gland,  muscle,  lung,  tra- 
cheal mucosa,  etc.,  are  best  accounted  for  on  the  hypoth- 
esis that  they  arise  from  a  metaplasia  of  cells. 

7.  It  must  not  be  forgotten  that  hei-edity,  trauma,  dis- 
turbances of  development,  etc.,  are  of  themselves  not 
sufticient  to  account  for  the  presence  of  osteomata,  and 
in  every  case  there  is  some  unknown  influence  at  work, 
which  gives  the  decisive  impulse  to  tumor  formation. 

Diagnosis. — An  osteoma  is  a  painless,  benign,  slow- 
growing  tumor,  usually  small,  in  most  cases  arising  from 
bone,  appearing,  as  a  rule,  during  childhood  or  early 
youtli,  that  is,  during  the  developmental  period  of  bone. 
The  tumors  are  seldom  seen  in  very  j'oung  children,  and 
are  rare  after  the  third  decade.  Tumors  found  in  older 
people  have  their  origin  earlier  in  life.  The  growth  of 
osteomata  is  slow  and  ceases  after  middle  life.  The  ex- 
ostoses at  the  epiphyses  do  not  enlarge  after  the  growth 
of  the  skeleton  is  complete.  Osteomata  occur  more  fre- 
quentlj'  in  males  than  in  females.  The  tumors  are  some- 
times sj'mmetrical,  as  in  the  nasal  osteomata.  The  posi- 
tion, the  consistence,  and  the  features  that  have  been 
mentioned  will  usually  give  the  basis  for  a  diagnosis.  It 
is  often  diflScult  to  distinguish  between  "  dental  osteoma," 
which  arises  from  the  cement  substance  and  is  found  at 
the  root  of  the  tooth,  and  "odontoma,"  which  arises  from 
the  dentin  and  may  be  fouud  also  on  the  shaft  or  crown 
of  the  tooth. 

Pkognosts. — All  osteomata,  even  the  progressive  oste- 
omata, are  benign.  This  of  course  does  not  apply  to  the 
mixed  tumors  containing  bone.  No  osteoma  is  dangerous 
except  as  a  result  of  its  pressure  upon  neighboring  parts. 
The  frontal  or  orbital  osteomata  may  press  upon  the  brain 
or  eye;  an  osteoma  of  the  pelvis  may  obstruct  labor;  an 
osteoma  may  press  upon  vessels  or  nerves,  or  the  skin 
over  the  tumor  may  be  injured  and  a  chronic  ulcer  result. 

Unless  treatment  is  indicated  to  relieve  pressure,  the 
tumor  should  not  be  attacked. 

TiiEAT.MENT  is  altogether  operative.  Owing  to  the 
firm  attachment  and  dense  structure  of  some  osteomata, 
it  is  often  difficult  to  remove  them  without  injury  to  the 
adjacent  soft  parts.  Harry  T.  Marshall. 

OSTEOMALACIA.  — (Synonyms:  Mollifies  ossium; 
malacosteon;  halisteresis  ossium.) 

Pathology. — Under  this  name  is  recognized  a  disease 
in  which  an  unusual  softening  of  fully  formed,  hard  bone 
develops ;  this  softening  being  followed  by  great  deform- 
ity of  those  bones  upon  which  strain  is  placed,  either  by 
the  action  of  muscles  or  by  the  mere  weight  of  the  body. 
The  softening  is  caused  by  an  insufficient  amount  of  in- 
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organic  salts.  Whether  this  insufflciency  of  salts  is  due 
to  absorption  (deoalciflcation)  or  to  failure  of  calcification 
during  the  regeneration  of  the  bone,  has  not  been  fully 
determined.  Recent  investigations  seem  to  indicate  that 
both  processes  go  hand-in-liand.  By  the  absorption  of 
the  calcareous  matter  in  the  bones  the  medullary  sub- 
stance encroaches  upon  the  bone.  Two  forms  of  the  dis- 
ease have  been  distinguislied— viz.,  osteomalacia  cei-ea, 
or  waxy  osteomalacia,  in  which  the  whole  shaft  is  softened 
and  consequently  bends  like  wax ;  and  osteomalacia  fra- 
gilis,  or  brittle  osteomalacia,  in  which  the  inner  portion  of 
the  bone  is  affected,  and  there  remains  a  thin  bony  shell 
which  is  very  liable  to  fracture. 

In  the  spongy  parts  the  process  starts  in  the  medullary 
spaces,  and  in  compact  bone  from  the  periphery  of  the 
Haversian  canals;  in  the  latter  case  the  affected  area 
constitutes  a  margin  of  bone  in  which  the  calcareous 
salts  are  absent,  although  it  still  retains  its  connections 
with  the  calcified  portions.  The  limits  between  the  de- 
calcified and  the  normal  bone  may  be  quite  regular,  or 
they  may  present  an  irregular  or  even  a  zigzag  outline. 
The  affected  margin  of  bone  stains  red  in  Van  Gieson's 
mixture.  At  first,  when  the  salts  of  lime  begin  to  dis- 
appear, the  basement  substance  still  presents  a  finely 
flbrillated  or  a  homogeneous  appearance,  with  the  origi- 
nal lame  nation  still  preserved;  but  after  a  time  the  de- 
calcified tissue  ma)-  disintegrate  and  be  absorbed,  its 
place  being  occupied  by  new-formed  marrow  or  granu- 
lation tissue.  The  canals  either  disappear  or  persist  as 
small,  oval  vacuoles.  The  canaliculi  along  the  softening 
margin  become  irregularly  widened  and  enlarged,  and 
appear  like  "  latticework  "  spaces,  star-shaped  and  feath- 
ery. Large  and  small  smooth-walled  cysts  may  be 
found  in  decalcified  areas ;  they  are  filled  with  mucoid 
material,  resulting  from  the  enlargement  of  the  PJaver- 
sian  canals  and  spaces,  and  they  may  extend  into  the 
marrow  itself.  Canals  perforating  the  bone  trabeculfe 
also  appear  in  considerable  numbers,  but  osteoclasts  and 
Howship's  lacunar  are  not  present  any  more  numerously 
than  in  normal  growing  bone. 

The  marrow  is  variously  changed.  In  some  places  it 
is  yellowish  and  fatty,  in  others  it  contains  reddish 
lymphoid  tissue  with  giant  cells,  while  in  still  other 
places  there  are  gelatinous  areas.  It  maj'  also  contain 
cysts.  Constant  and  characteristic  changes  do  not  oc- 
cur; in  fact  the  marrow  may  even  become  quite  fibrous. 
Some  areas  are  very  anremic  while  others  are,  distinctly 
hyperoemic.  Pigment  and  hemorrhages  are  frequently 
found  in  the  marrow,  and  there  may  be  a  great  accumu- 
lation of  small  spheroidal  cells. 

The  periosteum  is  thickened  in  many  places  and  has  a 
fibroid  structure  with  few  nuclei.  When  it  is  stripped 
off,  the  underlying  bone  is  found  to  be  rough,  and  often 
is  perforated  by  openings  from  which  marrow  escapes. 
~  Simultaneously,  or  subsequently,  there  takes  place 
a  more  or  less  extensive  formation  of  new  osteoid  tissue, 
which  in  many  instances  is  excessive,  and  which  for  the 
time  being  may  remain  uncalcified.  This  new  tissue  is 
produced  by  the  osteoblasts,  and  may  be  quite  dense  and 
contain  only  fine  spaces;  it  may  present  a  lamellated  ap- 
pearance, or  more  frequently  an  interwoven,  fibrillated 
structure,  with  large  corpuscles.  This  new  tissue  is 
formed  most  extensively  at  points  of  flexion  and  of  fract- 
ure of  the  softened  bone ;  the  callus  formation  may  be 
prolific,  but  it  is  not  followed  by  perfect  calcification.  It 
also  forms  to  an  excessive  degree  at  the  points  where  the 
bone  is  exposed  to  mechanical  strain,  i.e.,  wherestrong 
muscles,  tendons,  and  ligaments  are  attached.  This  new- 
formed  osteoid  tissue  is  easily  distinguished  from  decal- 
cified old  bone,  as  it  contains  larger,  better  formed  cells. 

Owing  to  the  softness  and  pliability  of  the  bones  which 
are  acted  upon  by  the  superimposed  weight,  by  the  re- 
sistance of  ligaments,  and  by  the  traction  of  muscles, 
there  is  sure  to  be  produced  a  series  of  deformities. 
These  consist  of  curvatures  of  the  spine,  sternum,  ribs, 
and  long  bones,  of  partial  and  complete  fractures  of  va- 
rious bones,  and  of  contractions  and  alterations  of  shape 
of  the  pelvis.     Fractures  refuse  to  unite  properly  and 


false  joints  result;  or  if  they  do  unite,  angular  deformi- 
ties occur. 

The  chest  is  flattened  laterally,  its  antero-posterior  di- 
ameter increased,  and  the  ribs  and  sternum  are  much  dis- 
torted. Softening  ot  the  clavicle  allows  the  weight  of  the 
limb  to  rest  on  the  thorax,  and  a  corresponding  depression 
in  the  wall  of  the  chest  results.  The  bones  of  tlie  arm  are 
usually  fairly  free  from  marked  deformity,  owing  to  the 
absence  of  pressure.  The  lower  ribs  maj'  come  into  con- 
tact with  the  crests  of  the  ilia.  The  spine  is  variously 
altered.  The  normal  curves  may  be  accentuated,  or  new 
ones  produced.  In  some  cases  there  is  a  simple  curve  of 
the  column  backward,  a  condition  of  kyphosis;  or  this 
may  be  accompanied  by  a  compensating  curve  inward  in 
the  upper  part  of  the  column,  or  the  curves  may  be  ex- 
clusively lateral.  For  this  reason  the  stature  of  the  pa- 
tient is  much  decreased. 

The  abdomen  bulges  and  is  very  prominent.  The  de- 
formities in  the  pelvis  are  characteristic.  The  iliac  bones 
may  yield  when  pressed  together,  and  spring  back  when 
released.  The  pelvis  is  usually  very  fiat,  the  promontory 
being  on  the  same  plane  as  the  pubis  and  pressed  forward 
and  downward.  The  sacrum  is  strongly  curved  longi- 
tudinally, the  apex  being  turned  forward.  The  acetabu- 
la  are  pressed  inward  and  approximated,  the  ascending 
branch  of  the  pubis  being  bent  inward.  The  pillars 
forming  the  pubic  arch  are  also  pressed  inward  and  ap- 
proximated, so  that  the  symphysis  pubis  protrudes  for- 
ward in  a  beaked  form.  The  tuberosities  of  tlie  ilia  are 
brought  nearer  to  each  other,  and  may  even  come  in 
contact.  The  brim  of  the  pelvis  has  the  shape  of  the 
letter  Y.  In  some  cases,  in  consequence  of  these  de- 
formities, the  cavity  of  the  pelvis  may  be  I'educed  so  as 
scarcely  to  allow  the  passage  of  the  natural  evacuations 
through  it. 

The  early  deformity  of  the  bones  of  the  lower  extrem- 
ity consists  in  an  exaggeration  of  the  normal  curves  of 
the  bones,  but  in  the  later  stages  there  will  be  bends  and 
twists  which  are  due  to  the  traction  exerted  by  certain 
muscles.  Fractures  at  the  angles  are  frequent.  Imper- 
fectly healed  masses  of  callus  are  found  about  these 
points  of  fracture,  and  these  contribute  greatly  to  the 
deformity  of  the  bone.  In  the  femur,  as  a  rule,  the 
greatest  deformity  is  found  in  the  angle  of  the  bone  just 
beneath  the  great  trochanter.  The  pressure  of  the  body 
above  causes  the  bone  to  give  way  at  this  point,  so  that 
the  trochanters  may  be  higher  than  the  iiead  of  the  bone. 
It  is  characteristic  of  the  puerperal  form  that  the  bony 
changes  almost  always  begin  in  the  pelvis,  and  from  here 
advance  upward  upon  the  spinal  column ;  while  in  the 
other  form  of  the  disease,  which  occurs  in  both  men  and 
women — after  the  puerperal  period  in  the  latter, — the 
disease  usuallj^  begins  in  the  lower  extremities.  In  order 
of  fi-equency  the  various  bones  are  affected  as  follows: 
most  frequent  of  all  is  the  pelvis,  next  the  sternum,  then 
the  upper  extremities,  and  lastly  the  lower  extremities. 
While  the  proportion  ot  inorganic  to  organic  matter  in 
normal  bone  is  about  two  to  one,  this  is  reversed  in 
osteomalacic  bone  until  the  pi'oportion  is  as  one  to  two. 
The  nervous  system  is  found  post  mortem  to  be  free 
from  gross  lesions,  but  histo-pathological  examination 
has  revealed  in  the  cord  organic  changes  which  appear 
to  begin  in  the  cells  of  the  anterior  cornua.  These  are 
not  inflammatory  in  character,  and  clinical  evidence  shows 
that  they  are  capable  of  repair. 

The  weakened  muscles  show,  post  mortem,  fatty  de- 
generation, multiplication  of  nuclei,  and  other  changes 
similar  to  those  observed  in  progressive  muscular  atro- 
phy. The  chest  and  abdominal  organs  usually  aie  not 
altered. 

The  urine  presents  no  characteristic  changes  and  is  of 
little  importance  for  diagnostic  purposes.  The  presence 
of  lactic  acid  in  the  urine  cannot  be  regarded  as  proven. 
The  same  holds  true  of  albumose.  In  some  cases  the  ex- 
cretion of  lime  salts  has  been  very  great,  leading  to  the 
formation  of  gravel  and  small  calculi.  Albumin  has  been 
found  in  some  cases. 

The  microscopical  examination  of  the  blood  is  of  no 
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importance  in  the  matter  of  diagnosis.  Under  various 
conditions  there  may  be  a  slight  increase  in  the  eosino- 
phile  cells  in  the  blood,  but  variations  in  the  number  of 
these  are  not  an  uncommon  occurrence  in  normal  indi- 
viduals. 

The  ovaries  have  been  thought  to  have  an  mfluence  on 
the  disease.  In  some  cases  of  osteomalacia  they  v^ere 
found  in  a  hyaline  condition,  in  others  in  a  fibrous  or 
other  pathological  condition,  but  in  many  they  were  per- 
fectly normal.  Perhaps  the  ovarian  internal  secretion 
plays  a  part  of  some  importance  in  the  chemistry  of  the 
organism.  Removal  of  the  ovaries  has  seemed  in  a  num- 
ber of  cases  to  have  been  followed  by  a  surprisingly  bene- 
ficial result. 

Etiology. — The  real  cause  of  this  remarkable  affection 
is  unknown.  It  is  a  singular  fact  that  the  disease  is 
much  more  frequent  in  certain  regions  than  in  others.  It 
is  very  common  along  the  Rhine  and  in  Westphalia,  in 
Eastern  Flanders,  in  Schiltt  Island  in  the  Danube,  and  in 
Northern  Italy.  This  suggests  that  there  is  some  specific 
cause  for  the  disease,  endemic  in  certain  localities.  It  is 
in  addition  found  occasionally  in  almost  every  country  in 
Europe,  but  in  North  America  Dock  was  able  to  collect 
records  of  only  ten  cases.  It  is  mainly  a  disease  of 
adults,  occurring  between  the  thirtieth  and  the  fortieth 
years,  but  it  may  exceptionally  be  found  later  or  earlier 
in  life.  The  disease  attacks  females  almost  exclusively 
during  the  child-bearing  period.  Isolated  cases  have  been 
found  in  men,  but  are  extremely  rare.  Among  exciting 
causes,  child-bearing  is  certainly  the  most  important,  for 
both  the  first  signs  of  osteomalacia  and  also  fresh  exacer- 
bations of  the  disease  usually  date  from  a  pregnancy. 
It  has,  however,  been  found  in  women  who  have  never 
had  children,  and  it  may  begin  after  the  menopause. 
The  relations  of  osteomalacia  to  the  sexual  processes  are 
so  close  that  there  is  some  justification  for  the  supposi- 
tion that  osteomalacia  is  directly  dependent  for  its  de- 
velopment upon  disturbances  of  metabolism  in  the 
ovaries. 

Individuals  in  all  classes  of  society  may  be  affected,  but 
the  disease  appears  to  be  favored  by  damp  and  unsanitary 
surroundings.  Various  theories  have  been  put  forward  to 
account  for  the  disease,  but  none  of  them  is  satisfactory. 
Lactic  acid  has  been  found  in  the  bones,  and  the  solution 
of  the  lime  salts  in  the  bones  has  been  attributed  to  this 
substance.  It  has,  however,  been  conclusively  shown 
that  the  acid  may  be  in  excess  without  producing  the 
disease,  and  efforts  to  cause  the  malady  in  the  lower  ani- 
mals by  feeding  them  with  lactic  acid  have  signally 
failed.  Micro-organisms  again  have  been  carefullj' 
searched  for,  but  with  no  constant  result,  and  there  is  no 
ground  for  believing  that  bacteria  are  instrumental  in 
producing  this  condition.  Fehling's  theory  is  that  there 
is  a  trophoneurosis,  due  to  reflex  irritation  from  the  ova- 
ries, and  the  remarkable  results  of  castration  in  osteoma- 
lacia seem  to  confirm  this  theory ;  but  while  the  facts 
cannot  be  doubted,  there  is  a  growing  tendency  to  ques- 
tion the  theory.  In  some  cases  in  which  recovery  fol- 
lowed the  operation  of  castration,  no  abnormality  could 
be  discovered  in  the  uterus,  ovaries,  or  vessels.  The  dis- 
ease has  also  been  attributed  to  affections  of  the  nerve 
centres,  but  anatomical  observations  on  the  nerve  centres 
are  very  scanty  and  inconclusive.  Virchow  asserted  that 
the  disease  was  of  an  inflammatory  or  hypereemic  nature, 
but  study  of  the  bones  gives  rise  to  strong  doubts  about 
the  validity  of  this  theory. 

There  are  on  record  a  number  of  cases  in  which,  while 
the  symptoms  were  somewhat  similar  to  those  of  osteo- 
malacia, multiple  myeloid  tumors  were  found  in  the 
bones.  In  osteomalacia  the  bones  are  softened,  owing  to 
the  removal  of  the  earthy  salts  by  absorption.  In  mul- 
tiple myeloma  the  osseous  tissue  undergoes  atrophy  with- 
out at  the  same  time  being  changed  in  its  chemical 
composition.  The  atrophy,  in  this  case,  is  due  to  the 
development  of  a  new  growth  in  the  marrow  spaces  and 
to  its  spread  outward,  causing  absorption  of  the  hard 
parts  of  the  bone,  and  ultimately  leading  to  fractures 
and  deformities.    There  can  be  no  doubt  that  cases  of 
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multiple  myeloma  have  been  confounded  with  osteo- 
malacia, but  they  are  distinct  conditions,  and  not  depen- 
dent in  the  slightest  degree  on  each  other.  According 
to  Bradshaw,  the  cases  of  multiple  myeloma  may  be 
divided  into  those  with  and  those  without  albumosuria. 
Of  these  latter  there  are  seven  cases  in  the  literature. 
The  first  case  of  this  albumosuria  was  reported  by  Bence 
Jones  in  1847.  Most  of  these  cases  were  considered  to 
be  osteomalacia,  and  were  supposed  in  some  way  to  de- 
pend on  the  albumosuria ;  hence  the  origin  of  the  theory 
that  osteomalacia  was  due  to  an  albumosuria.  This  view, 
it  is  needless  to  say,  is  incorrect,  for  it  has  been  shown 
that  they  were  not  cases  of  true  osteomalacia  at  all,  but 
the  albumosuria  occurred  in  persons  affected  with  multi- 
ple myeloid  tumors  of  bone.  The  Bence  Jones  albumose 
has  never  yet  been  found  in  a  case  of  pure  osteomalacia. 
This  condition,  known  as  multiple  myeloma,  has  been 
variously  designated  in  the  literature,  some  calling  it 
sarcoma,  others  {e.g.,  Marchand)  calling  it  "general  mar- 
row hyperplasia  with  disappearance  of  the  bone  sub- 
stance." SchSnenberger  reports  a  case  of  osteomalacia 
in  which  there  were  found,  as  complications,  multiple 
giant-celled  sarcomata  and  multiple  fractures. 

Hirachberg  reports  a  similar  case,  as  does  also  von 
Recklinghausen.  The  publication  of  all  these  cases  seems 
to  render  improbable  the  theory  of  the  neoplastic  origin 
of  osteomalacia. 

Symptoms. — In  the  beginning  the  disease  is  obscure; 
it  starts  very  gradually,  in  most  cases,  with  an  ill- 
defined,  deep-seated  pain,  most  often  felt  in  the  sacral 
region  of  the  back,  in  the  pelvis,  and  down  the  thighs, 
and  at  times  even  in  the  legs.  Pressure  seems  to  increase 
the  pain.  This  pain  is  more  or  less  constant  and  per- 
sistent, is  increased  by  movements,  and  is  usually  diag- 
nosed as  rheumatic.  An  important  feature  of  the  pain  is 
that  it  usually  starts  in  the  latter  part  of  pregnancy, 
ceases  after  delivery,  and  recurs  with  subsequent  preg- 
nancies. While  the  pain  continues,  motion  becomes 
gradually  impaired,  and  there  is  more  and  more  difficulty 
in  walking,  partly  because  of  the  pain  and  partly  be- 
cause of  the  muscular  weakness.  This  weakness  in  the 
muscles  of  the  thigh  and  pelvis  may  be  present  before 
any  bony  deformity  Is  discoverable. 

Attacks  of  painful  spasm  are  often  present,  particu- 
larly in  the  adductors  of  the  thigh.  Owing  to  weakness 
of  the  ilio-psoas  muscle  as  well  as  to  deformity  of  the 
pelvis,  the  trunk  is  thrown  from  side  to  side  to  enable  the 
foot  to  clear  the  ground  in  walking,  and  thus  a  peculiar 
waddling  gait  I'esults.  In  other  cases  the  steps  are  short, 
slow,  uncertain,  and  almost  hobbling,  the  lower  limb 
and  pelvis  being  jerked  forward  as  if  they  were  one 
piece.  There  is  tremor  of  the  muscles,  the  knee  jerks 
are  increased,  and  ankle  clonus  often  is  present.  After 
a  longer  or  shorter  time  walking  becomes  absolutely  im- 
possible, and  the  patient  is  permanently  bedridden. 
Even  then  severe  pain  persists  in  most  cases,  often  spon- 
taneous in  character  and  much  increased  by  pressure  of 
bed  clothes,  etc. 

While  these  symptoms  are  going  on,  various  distor- 
tions of  the  body  occur,  sufficient  to  cause  a  decided 
alteration  in  the  appearance  of  the  Skeleton.  Deformity 
of  the  spinal  column  is  usually  the  first  to  be  noticed. 
As  a  rule,  there  is  kyphosis,  less  often  some  other  de- 
formity, and  the  head  generally  becomes  more  and  more 
bent  on  the  sternum,  resulting  in  the  patient  growing  de- 
cidedly shorter.  This  may  help  in  diagnosis  because  the 
patient  is  apt  to  remark  that  she  has  to  keep  shortening 
her  gown  in  front.  If  the  patient  becomes  bedridden 
early  in  the  disease  then  the  extremities  become  less  dis- 
torted and  are  less  often  fractured.  The  softened  bones 
are  usually  painful  when  pressed  upon,  and  they  may 
bend  under  pressure.  The  bones'  of  the  face  and  skull 
are  almost  never  involved.  The  thorax  becomes  barrel- 
shaped  and  pressed  together  laterally,  so  that  the  sternum 
has  an  almost  horizontal  position.  The  abdomen  be- 
comes very  prominent.  The  teeth  become  carious  or  are 
lost.  The  pelvis  is  deformed  as  described  above.  In  the 
muscles  several  observers  have  noticed  trembling  and 
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fibrillary  contractions,  also  paresis  and  sometimes  com- 
plete paralysis.  In  a  few  reported  cases  the  softness  of 
tlie  bones  of  the  extremities  was  so  extreme  that  one 
could  bend  the  limbs  at  will,  like  wax,  and  give  them 
the  most  extraordinary  positions. 

The  internal  organs  perform  their  functions  well  for  a 
long  time,  and  the  appetite  remains  good.  Fever  is  ob- 
served only  when  the  disease  is  undergoing  some  marked 
temporary  exacerbation.  With  regard  to  changes  in  the 
urine.  It  is  a  fact  that  a  great  many  statements  have 
been  made,  but  their  significance  is  extremely  doubtful. 
It  is  said,  for  example,  that  the  amount  of  phosphoric 
acid  excreted  is  diminished.  With  regard  to  the  amount 
of  lime,  no  definite  statement  can  be  made.  Lactic 
acid  has  beeii  repeatedly  detected  in  the  urine,  as  has  also 
albumin.  Concretions  of  lime  have  been  found  in  the 
bladder  and  the  kidneys.  Microscopical  examination  of 
the  blood  gives  no  aid  in  diagnosis.  Neusser  has  found 
myelocytes  and  an  increase  of  eosinophile  cells  in  the 
blood  in  some  cases ;  but  these  results  in  general  do  not 
seem  to  have  been  confirmed  by  other  observers.  Women 
aflected  by  the  disease  ai'e  said  to  be  more  fruitful  than 
others.  Eisenhart  found  the  average  number  of  children 
born  in  Germany  to  be  3.9,  whereas  it  was  6.4  In  the  suf- 
ferers from  this  disease ;  abortion  is  also  more  frequent. 

Prognosis.— The  course  of  the  disease  is  a  chronic  one, 
most  cases  lasting  for  years  and  undergoing  remissions 
and  exacerbations.  Pregnancy  has  a  very  deleterious 
effect,  always  lighting  up  a  fresh  attack.  The  progno- 
sis now  is  much  better  than  it  was  twenty -five  years  ago. 
We  know  that  the  disease  is  curable  in  some  cases,  and 
we  have  gained  considerable  control  over  it  by  medical 
and  surgical  means.  The  most  important  part  of  the 
treatment  depends  upon  the  possibility  of  preventing 
conception.  The  more  frequent  termination  of  the  dis- 
ease, however,  is  in  death,  after  a  duration  of  time  seldom 
less  than  two  or  three  years,  although  in  some  cases  this 
event  may  be  postponed  for  five,  ten,  or  even  a  greater 
number  of  years.  Death  results  either  from  general  de- 
bility, or,  more  often  still,  from  the  dyspnoea  caused  by 
the  compression  of  the  lungs,  or  by  some  such  disease  as 
lobular  pneumonia.  Death  sometimes  occurs  in  labor 
and  Is  then  due  to  the  rupture  of  the  uterus,  or  it  follows 
one  of  the  more  or  less  dangerous  operations  for  the  ex- 
traction of  the  child. 

Diagnosis. — This  is  somewhat  difficult  to  make  in  the 
sporadic  cases  in  the  early  stages.  It  is  almost  always 
called  rheumatism,  on  account  of  the  pains  which  are 
located  in  the  pelvis  and  lower  extremities,  and  which  are 
made  worse  by  bad  weather.  More  careful  examination 
and  a  rigid  inquiry  into  the  history  will  elicit  points— such 
as  sensitiveness  of  the  pelvic  bones  to  pressure,  increased 
knee  jerks,  and  muscular  weakness,  etc.— from  which  a 
diagnosis  may  be  made.  At  the  outset  the  symptoms 
may  suggest  incipient  disease  of  the  cord  or  of  the  verte- 
brse.  Strampell  mentions  the  fact  that  he  has  repeatedly 
seen  cases  in  which  women,  as  a  sequel  to  pregnancy  or 
even  apparently  spontaneously,  have  developed  paresis 
in  the  lower  extremities,  particularly  in  the  psoas  and 
iliacus  muscles,  associated  with  pain  and  exaggerated 
tendon  reflex,  and  in  which  diagnosis  at  first  was  very 
•difficult.  At  any  rate,  it  is  important  to  know  that  even 
before  there  are  demonstrable  changes  in  the  bones  there 
may  be  paralysis,  probably  due  to  an  early  involvement 
of  the  muscles  in  the  morbid  process.  As  soon  as  bone 
tenderness  and  deformity  arise,  the  diagnosis  is  rendered 
easier.  .  . 

From  peripheral  nervous  diseases  osteomalacia  is  dis- 
tinguished by  a  careful  examination  of  the  bones.  In 
the  latter  disease  the  tendon  knee  reflexes  are  increased, 
while  in  almost  all  peripheral  nervous  lesions  the  tendon 
Teflex  is  diminished  or  entirely  abolished. 

Not  very  infrequently  the  complaint  of  the  patient  at 
the  start  is  regarded  as  hysterical. 

As  the  disease  is  almost  entirely  confined  to  adults  we 
are  seldom  in  danger  of  confounding  it  with  rachitis.  In 
addition,  osteomalacia  does  not  produce  swellings  of  the 
epiphyses  or  changes  in  the  bones  of  the   skull.    Ex- 


aminations of  the  urine  and  blood  do  not  help  us  in  diag- 
nosis. 

There  may  be  difficulty  in  differentiating  the  disease 
from  malignant  tumors  of  the  bone— for  example,  from 
primary  sarcomata  and  especially  from  diffuse  carcino- 
matous infiltration  of  the  bones,  and  there  is  little  doubt 
that  the  older  writers  confounded  these  conditions  with 
osteomalacia.  According  to  KOhler,  who  carefully  in- 
vestigated cases  of  the  latter  type,  they  are  to  be  dis- 
tinguished from  cases  of  osteomalacia,  first,  by  the  fact 
that  the  growths  occur  only  in  the  bones  of  the  trunk, 
and  second,  by  the  absence  of  muscular  weakness  and  of 
any  unnatural  elasticity  of  the  bones.  In  multiple  mye- 
loma the  disease  mostly  occurs  in  men  in  the  latter  half 
of  life,  the  bones  of  the  thorax  are  those  chiefly  affected, 
the  patient  is  able  to  leave  his  bed  until  near  the  end, 
deformities  are  not  extreme,  and  fractures  are  common. 

Treatment. — If  the  case  be  seen  early  in  pregnancy, 
in  view  of  the  gravity  of  the  labor  and  the  bad  influence 
of  pregnancy  upon  the  disease,  abortion  should  be  pro- 
duced if  the  fcEtus  can  easily  be  removed  by  the  natural 
way. 

The  patient  should  then  occupy  a  dry,  sunny  house, 
and  should  be  put  on  a  very  substantial  diet,  of  which 
milk  should  form  a  large  part.  The  chief  remedial  agent 
is  phosphorus,  one-twentieth  to  one-fifteenth  of  a  grain 
three  times  a  day.  Extract  of  red  bone  marrow,  a  table- 
spoonful  three  times  a  day,  is  also  highly  recommended. 
Others  advise  the  administration  of  cod-liver  oil,  quinine, 
arsenic,  etc.  Above  all  things  subsequent  pregnancies 
must  be  avoided.  Phosphorus  seems  to  be  the  most  effi- 
cient drug  and  produces  at  times  strikingly  good  results. 

If  a  woman  becomes  affected  with  osteomalacia  during 
the  nursing  of  a  child,  this  must  be  at  once  stopped,  as 
it  is  found  to  exert  an  injurious  effect  upon  the  disease. 

If  in  spite  of  all  treatment,  diet,  etc.,  the  disease  pro- 
gresses, recourse  should  be  had  to  surgical  means — i.e., 
the  ovaries  should  be  removed,  or,  what  is  probably 
better,  a  Porro  operation — supravaginal  amputation  of 
the  uterus — may  be  performed.  Either  of  these  opera- 
tions fulfils  two  conditions,  viz.,  it  prevents  further  preg- 
nancies and  apparently  often  arrests  the  disease.  Im- 
provement sets  in  sometimes  surprisingly  early,  the  pains 
being  relieved  within  forty-eight  hours.  Many  from 
being  bedridden  recover  so  far  as  to  walk  and  perform 
their  ordinary  duties.  Of  44  gases  collected  by  Baumann 
in  which  Porro's  operation  was  performed,  18  died  and 
36  recovered.  Of  the  latter,  3  died  from  other  diseases, 
and  3  were  lost  sight  of.  Of  the  remaining  31  cases,  17 
were  cured  or  markedly  improved.  Finley  collected  the 
histories  of  40  cases,  and  the  after -histoiies  of  16  of  these 
were  traced ;  13  of  these  were  cured  and  4  improved. 

If  a  case  be  seen  late  in  pregnancy,  the  procedure  to 
be  adopted  will  then  depend  on  the  degree  of  the  deform- 
ity. If  this  be  slight,  then  premature  labor  may  be  in- 
duced. If,  however,  it  be  very  great,  Csesarean  section 
should  be  done.  If  the  patient  be  found  in  labor,  the 
procedure  will  likewise  depend  on  the  condition  which 
is  found  on  examination.  If  it  is  found  that  the  child 
will  be  able  to  pass  with  some  help,  we  may  use  forceps; 
or  if  it  may  pass  after  some  reduction  in  size  we  may  per- 
forate, crush  the  head,  and  extract  the  child.  Even  this 
latter  may  not  be  possible,  and  we  are  then  forced  to  per- 
form Cesarean  section.  In  case  this  is  done  the  ovaries 
should  be  removed,  or  hysterectomy  performed,  so  as  to 
prevent  future  pregnancies,  and  also  in  order  favorably 
to  influence  the  disease.  What  the  relation  between  the 
ovaries  and  the  disease  may  be  is  at  present  inexplicable. 
We  know  that  there  is  a  close  connection  between  the 
various  processes  of  nutrition  and  certain  organs  of  the 
body.  This  has  been  shown  in  the  case  of  the  pancreas, 
the  thyroid,  and  other  glands,  but  what  the  influence  is, 
or  how  much  is  exercised  by  the  ovaries,  is  entirely  con- 
jectural. Clarence  Arthur  McWilliams. 
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OSTEOMYXOMA.    See  Myxoma. 

OSTEOPOROSIS.    See  Atrophy. 

OSTEOPSATHYROSIS.— This  term  is  used  ina  general 
sense  to  designate  tlie  condition  of  excessive  brittleness 
of  tlie  bones,  and  is  practically  synonymous  with  fragil- 
itas  ossium.  It  may  occur  as  the  result  of  senile  or  ca- 
chectic atrophy,  prolonged  activity,  pressure  atrophy, 
neuropathic  atrophy  in  such  diseases  as  paralytic  de- 
mentia, locomotor  ataxia  and  syringomyelia,  and  in  syph- 
ilis, leprosy,  osteomalacia,  and  rachitis.  In  rare  cases  the 
condition  appears  in  an  idiopathic  form,  apparently  of 
congenital  origin,  and  may  he  inherited.  The  etiology 
and  pathology  of  this  form  are  unknown.  Senile  osteo- 
psathyrosis is  the  result  of  the  old-age  osteoporosis. 
The  skeleton  as  a  whole,  or  only  certain  portions,  may 
be  involved.  The  bones  usually  become  fragile  and  are 
easily  broken ;  but  in  other  cases  the  bones  lose  their  lime 
salts  to  such  an  extent  that  they  may  be  easily  bent  or 
may  be  cut  with  a  knife.  A  similar  condition  may  occur 
in  the  cachexia  of  various  chronic  diseases.  In  syphilitic 
infection  of  long  standing  and  associated  with  marked 
cachexia,  there  often  occurs  a  marked  osteopsathyrosis  of 
the  long  bones  and  also  the  bones  of  the  cranium.  In  the 
great  majority  of  syphilitics  there  is  an  increased  fragil- 
ity of  the  skeleton.  In  leprosy  there  is  found  in  a  certain 
class  of  cases  a  very  characteristic  osteopsathyrosis  (lep- 
rous osteomalacia)  affecting  chiefly  the  bones  of  the  hands 
and  toes.  The  phalanges,  one  after  another,  may  be  af- 
fected until  all  the  fingers  and  toes  are  destroyed,  or  they 
may  be  irregularly  involved.  (See  also  Boree*,  Osteomala- 
cia, Leprosy,  Syphilis,  Atrophy,  etc.) 

Aldred  Scott  Warthin. 

OSTEOSARCOMA.     See  Sarcoma. 

OTTAWA,  CANADA.— Ottawa,  the  capital  of  the  Do- 
minion of  Canada,  is  situated  upon  the  river  of  that  name, 
in  the  eastern  part  of  the  Province  of  Ontario,  about  one 
hundred  and  ten  miles  west  of  Montreal.  It  has  a  popu- 
lation of  about  fifty  thousand,  and  is  the  centre  of  a  large 
lumber  trafiao.  The  extensive  government  buildings  are 
noteworthy  for  their  architecture  and  material ;  and  in 
the  vicinity  are  various  points  of  scenic  interest — the 
Ohaudifere  and  Rideau  Falls,  and  the  Rideau  Canal  with 
its  series  of  locks.  A  journey  down  the  Ottawa  River  to 
Montreal  (ten  hours)  is  one  of  great  interest,  and  afEords 


constant  views  of  imposing  scenery.  The  climate  is  a 
cold  one,  comparable  with  that  of  northern  New  York 
and  New  England;  the  winters  are  long  and  there  i& 
much  snow. 

The  accompanying  chart  will  indicate  the  various 
climatic  features.  Edwa/rd  0.  Otis. 

OUABAIN.— This  name  has  been  applied  to  at  least 
three  distinct  glucosides,  by  different  chemists,  under  the 
impression  that  they  were  identical,  all  derived  from 
African  arrow  poisons,  or  from  the  substances  used  in 
their  manufacture.  The  name  was  derived  from  "  Oua- 
baio,"  "  Wabei,"  or  "  Wabajfe,"  in  relation  to  the  Indians 
who  used  the  aiTow  poison  referred  to.  Fraser,  in  order 
to  eliminate  this  indefiniteness,  proposed  for  one  of  these 
substances,  that  generally  employed,  the  name  Aeocan- 
t?ierin  (CaoHisOiaHjoO).  It  is  derived  from  a  species  of 
Acocantliera,  almost  certainly  A.  SchiTrvperi  (A.  DC.)  B. 
et  H.  (Carissa  8.,  A.  DC,  fam.  Apocynacece),  though  the 
present  article  of  commerce  is  believed  to  be  derived 
chiefly  from  a  species  of  SPropluinihus  ("  S.  gldber  "),  of 
the  same  family.  This  glucoside  occurs  in  colorless, 
transparent  plates,  if  crystallized  from  water,  or  in  fine 
tufted  acicular  crystals,  if  from  alcohol.  Nearly  one  per 
cent,  dissolves  in  water  and  nearly  two  and  a  half  per 
cent,  in  alcohol,  but  it  is  insoluble  in  ether  and  chloro- 
form. The  aqueous  solution  is  tasteless.  Sulphuric  acid 
turns  it  red,  afterward  becoming  green.  Its  primary 
effect  is  to  slow  and  strengthen  the  heart.  If  the  dose  is 
very  small,  there  is  little  effect  upon  blood  pressure ;  if 
large,  the  latter  is  greatly  increased,  apparently  through 
the  vaso-motor  effects.  It  powerfully  stimulates  un- 
striped  muscle.  In  toxic  doses  it  is  an  extremely  active 
poison,  5-10  mgm.  producing  death  in  animals  in  a 
very  short  time.  It  is  estimated  that  gr.  -^  introduced 
into  the  blood  of  man,  would  prove  fatal.  There  is  an 
early  rise  of  blood  pressure  accompanied  by  increased 
cardiac  action,  which  is  followed  by  weakened  contrac- 
tions of  the  heart,  rapid  pulse,  and  paralysis  of  the 
vaso-motors.  For  further  reference  to  the  physiological 
action  of  ouabain  see  Pharm.  Jour.,  1888,  163;  London 
Lamxt,  xi.,  1888,  393;  Ther.  Oaz.,  November,  1891;  Br. 
Med.  Jour.,  i.,  1893,37;  Virclww's Arch.,  Bd.  cxxxiv., 
1893;  Pharm.  Jour,  and  Trans..  July,  1895;  Berlin,  klin. 
Woch.,  Mar.  31,  1903. 

The  local  application  of  ouabain  produces  a  condition 
of  anaesthesia,  and  it  has  been  found  that  a  few  drops  of 
a  1  to  1,000  solution,  instilled  into  the  eye,  cause  an  insen- 
sibility of  the  conjunctiva  and  cornea.  This  lasts  for 
one  or  two  hours,  the  pupil  at  the  same  time  being  power- 
fully contracted  and  the  tension  of  the  eye  increased. 

The  medicinal  uses  of  ouabain  have  not  been  developed, 
though  they  would  undoubtedly  be  almost  identical  with 
those  of  strophanthin,  with  which  ouabain  was  for  some 
time  believed  to  be  identical.     The  dose  of  ouabain  is 
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Temperature,  Degrees  Fahr.— 

Average  or  normal 

Average  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  relative 

Precipitation- 
Average  in  inches  (rain  or  snow) 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  number  of  clear  days 

Average  number  fair  days 

Average  number  of  clear  and  fair  days 


10.6° 
18.3 
35.3 
17.0 
53.1 
-33.0 

88it 

3.81 

NW.& 

NE. 

8.1 

7.5 
10.2 

17.7 


16.5 
43.2 
26.7 
55.1 
-32.0 


3.02 

NW. 
7.5 

7.5 
9.2 
16.7 


64.9° 
19.8 
76.2 
56.4 
96.3 
34.7 

73^ 


W.,E. 
4.9 

10.7 
13.7 

34.4 


65.7" 
18.9 
79.9 
61.0 
98.5 
34.1 

77:« 

1.81 

W., 

NW. 

3.8 

13.3 
13.3 


45.0° 
18.5 
63.9 
44.4 
80.4 
17.0 


2.73 

NW.,E, 
5.1 

6.5 
9.7 
16.2 


38.3° 


W 
7.13 

NW.,E, 


37.0 
32.7 
59.7 


75!« 

5.79 

W.,E. 
4.3 

31.0 
41.0 
72.0 


43.9° 


82^ 

7.84 

W.,  NE. 
5.4 

18.7 
33.2 
51.9 


12.7° 


8.64 

NW. 
7.6 

17.9 
27.7 
45.6 


40.3° 


80^ 

29.40 

NW.& 
NE. 
6.0 

94.6 
134.6 
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commonly  given  at  from  gr.  „Vir  to  gr.  j^.  It  is  really 
probably  much  larger,  though  its  little  known  character 
requires  that  it  he  used  with  great  caution. 

Ouabain  has  been  employed  as  an  antispasmodic  in 
whooping-cough,  by  Dr.  William  Gemmell,  of  Glasgow 
{British  Medical  Journal,  April  26th,  1890).  He  reports 
the  treatment  of  forty-nine  cases,  of  which  twenty -five 
had  been  dismissed  cured,  four  had  died,  and  the  re- 
mainder were  under  treatment.  The  fatal  terminations 
were  due  to  diphtheria,  meningitis,  and  progressive 
emaciation.  From  his  observations,  he  arrives  at  the  fol- 
lowing general  conclusions:  1.  Ouabain  is  of  marked 
benefit  during  all  stages  of  whooping-cough,  and  if  care- 
fully used  produces  gratifying  results.  In  the  first  stage 
it  cuts  short  the  attack ;  in  the  second,  it  reduces  the  vio- 
lence and  frequency  of  the  cough,  and  diminishes  the 
number  of  whoops;  and  in  the  third,  it  hastens  conva- 
lescence in  a  remarkable  manner.  3.  Ouabain  is  a  drug 
which  does  not  appear  to  be  cumulative ;  its  administra- 
tion can  be  stopped  suddenly  without  any  ill  effect  be- 
yond an  exacerbation  of  the  whooping-cough;  it  can  be 
as  suddenly  resumed.  3.  It  should  be  given,  at  first  at 
any  rate,  in  a  dose  of  gr.  -^-^  every  three  hours  (gr.  ^tj 
daily).  4.  For  children  under  one  year  of  age  the  dose 
should  not  exceed  gr.  ^^rj  every  three  hours.  5.  In  chil- 
dren of  from  six  to  twelve  years  of  age,  if  the  cough  be 
very  violent  and  the  whoops  are  numerous,  gr.  -^ 
may  be  given  in  each  dose,  but  the  action  of  the  drug 
must  be  carefully  watched.  6.  Ouabain  may  be  given 
alone,  dissolved  in  water,  or  in  combination  with  potas- 
sium bromide,  or  with  chloral  hydrate.  The  simplest 
way  is  to  dissolve  one  grain  in  distilled  water,  so  that  each 
minim  of  the  solution  shall  be  equal  to  gr.  ytutt  ouabain, 
as:  If  Sol.  ouabain,  ttj,  xlviij. ;  syr.  aurantii,  3  iv. ;  aq.  ad 
I  vl.  M.  Sig. :  A  teaspoonful  every  three  hours.  7. 
Under  the  administration  of  ouabain,  it  is  found  that  the 
temperature,  pulse,  and  respiration  are,  in  uncomplicated 
cases,  slightly  below  normal.  When  the  drug  is  pushed, 
the  respirations  become  very  slow  indeed;  in  one  patient, 
aged  four,  they  were  often  as  low  as  sixteen  per  minute. 
It  is  from  this  that  danger  is  to  be  expected.  During  the 
administration  the  action  of  the  skin  is  promoted,  the 
amount  of  urine  is  increased,  and  the  movements  of  the 
bowels  become  more  regular.  Ouabain  has  also  been 
used  with  equally  satisfactory  results  by  Dr.  J.  Lindsay 
Porteous,  of  Yonkers,  N.  T.  (New  York  Medical  Journal, 
vol.  liv.,  345).  He  gave  it  in  three  cases,  one  adult  and 
two  children,  and  in  all  marked  improvement  was  imme- 
diately noticed.  To  a  child  of  fifteen  months  gr.  ^-^-^^  was 
given  every  three  hours ;  to  a  child  of  four  years,  gr.  r^^ 
every  four  hours,  and  to  the  adult,  gr.  -g^  every  three 
hours.  In  all  these  cases  the  patient  was  entirely  well  at 
the  end  of  a  week.  Beaumont  Small. 

OURAY  SPRINGS.— Ouray  County,  Colorado.  Post- 
Office. — Ouray.     Hotel  and  cottages. 

Access.— Via  Denver  and  Rio  Grande  Railroad  (narrow 
gauge)  from  Denver,  Colorado  Springs,  and  Pueblo. 

The  town  of  Ouray  is  situated  in  a  picturesque  amphi- 
theatre of  the  Rocky  Mountains,  389  miles  from  the  city 
of  Denver.  The  altitude  of  the  town  site  is  7,500  feet 
above  the  sea  level,  but  the  neighboring  mountain  peaks 
tower  several  thousand  feet  higher.  Mount  Snefflis, 
five  miles  west,  reaches  an  elevation  of  14,325  feet, 
while  Uncompahgre  Peak,  ten  miles  east  of  the  town, 
attains  the  superb  altitude  of  14,440  feet  above  tide 
water.  The  famous  and  beautiful  Bear  Creek  Falls  are 
two  miles  south  of  the  town,  and  near  them  is  the 
wonderful  piece  of  toll-road,  cut  in  walls  of  perpen- 
dicular quartzite.  All  about  the  neighborhood  are 
rich  mines  of  gold  and  silver.  There  are  also  many 
other  natural  features  of  interest,  including  caves,  water- 
falls, canons,  peaks,  lakes,  and  gorges,  reached  by  good 
roads  or  mountain  trails.  The  climatic  conditions  about 
Ouray  are  quite  unexceptionable,  sunshine  being  the 
rule,  with  warm  and  pleasant  days  during  the  summer, 
followed  by  cool,  refreshing  nights.  The  highest  sum- 
mer temperature  is  about  90°  F.,  and  the  lowest  winter 


minimum  5°  F. ;  but  owing  to  the  rarity  and  dryness  of 
the  atmosphere,  these  extremes  represent  much  less  va- 
riation than  in  most  localities  of  the  East.  The  number 
of  springs  in  the  town  limits  is  estimated  at  more  than 
one  hundred,  the  temperature  of  their  waters  ranging 
from  130°  to  140°  F.  No  analysis  has  been  made,  but 
we  are  informed  by  the  proprietor  of  a  number  of  the 
springs  that  the  waters  contain  lime,  soda,  manganese, 
and  iron,  and  some  of  them  sulphur.  Two  bath-houses 
have  been  fitted  up,  and  are  much  resorted  to  in  the 
treatment  of  rheumatic  affections.  It  is  said  that  the 
internal  use  of  the  waters  has  been  found  beneficial  in 
cases  of  dyspepsia,  indigestion,  constipation,  and  blood 
and  skin  disorders.  The  town  of  Ouray  has  about 
twenty -five  hundred  permanent  inhabitants,  and  is  well 
supplied  with  pure  and  wholesome  water  from  mountain 
springs  by  water  works  constructed  on  the  gravity  plan. 
The  city  possesses  a  complete  system  of  sewerage,  and 
is  always  in  a  clean  and  healthful  condition.  The  cli- 
mate is  said  to  be  very  beneficial  to  persons  suffering 
from  bronchial  and  pulmonary  troubles. 

James  K.  Crook. 

OVARIES,  DISEASES  OF.— The  ovaries  are  two  small 
ovoid  or  rounded  bodies,  one  of  which  is  attached  to  the 
posterior  surface  of  the  broad  ligament  just  internal  to 
and  below  the  fimbriated  extremity  of  each  Fallopian 
tube.  They  are  of  a  pinkish  color  and  vary  in  size  and 
shape,  even  in  health,  without  being  actually  malformed. 

The  average  measurements  are :  Length,  30-50  mm. ; 
breadth,  15-30  mm. ;  and  thickness,  about  12  mm.  Ova- 
ries greatly  exceeding  the  above  in  size  are  rarely  met 
with,  but  Altoukhov  reported  before  the  members  of  the 
Moscow  Obstetrical  and  Gynaecological  Society  the  case 
of  a  patient  whose  right  ovary  measured  35  X  IB  X  7  mm., 
and  the  left  one  80  X  14  X  6  mm. ,  and  at  the  same  time 
mentioned  a  patient  of  Nega's  in  whom  the  left  ovary  was 
54  and  the  right  108  mm.  in  length.  In  tjie  latter  case 
the  uterus  was  infantile  and  the  patient  a  pronounced 
nymphomaniac ;  but  whether  or  not  the  enlarged  ovary 
caused  the  nymphomania  it  is  very  hard  to  say.  Prob- 
ably excessive  irritation  of  the  vulva  caused  the  hyper- 
trophy of  the  ovary. 

The  function  of  the  ovaries  of  producing  and  discharg- 
ing ova  has  long  been  known,  but  of  late  they  have  been 
credited  with  producing  an  internal  secretion  which  al- 
leviates or  prevents  the  troubles  of  the  menopause. 

Absence  of  Ovabies. — One  or  both  ovaries  may  be 
congenitally  absent.  When  both  are  wanting  there  is 
usually  a  lack  of  development  of  the  mammae  and  other 
sexual  organs,  and  when  only  one  is  missing  the  corre- 
sponding side  of  the  uterus  is  poorly  developed.  When 
a  woman  has  absolute  amenorrhoea,  without  any  molim- 
ina,  and  sterility,  you  may  suspect  that  she  has  no 
ovaries ;  but  as  long  as  one  ovary  and  tube  are  present 
maternity  and  menstruation  will  likely  go  on  undis- 
turbed. The  only  way  to  make  sure  about  the  presence 
or  absence  of  both  sets  of  appendages  is  to  open  the  ab- 
domen and  explore  the  pelvic  cavity. 

Transplantation  of  Ovakies. — On  account  of  the 
serious  results,  matrimonially  and  otherwise,  of  the  ab- 
sence of  both  ovaries,  either  congenitally  or  as  a  result  of 
operation,  the  procedure  of  transplanting  ovaries  is  of 
considerable  interest.  J.  Lankashevitsch  interchanged 
ovaries  between  rabbits,  dogs,  etc.  The  operations  were 
carried  out  with  the  strictest  aseptic  precautions.  Each 
ovary  was  removed  along  with  its  mesentery,  the  cut  edge 
of  which  was  attached  to  the  broad  ligament  of  the  new 
host  near  the  spot  from  which  the  corresponding  ovary 
had  been  taken,  but  sufficiently  far  from  the  cornu  of  the 
uterus  to  avoid  compression.  In  a  few  instances,  how- 
ever, the  ovary  was  fastened  to  either  the  mesentery  or 
the  peritoneum  of  the  abdominal  wall ;  the  sutures  used 
were  fine  silk  and  were  placed  very  close  together. 

The  only  dog  used  was  killed  nine  months  after  oper- 
ation, and  the  transplanted  ovary  was  found  firmly  ad- 
herent in  its  new  situation,  and  to  be  but  slightly  dimin- 
ished in  size.     Capillaries  and  muscular  tissue  ran  from 
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the  ovary  to  the  subjacent  tissue.  Germinal  epithelium 
was  seen  in  places  and  a  few  normal  follicles  lay  in  the 
cortex  side  by  side  with  others  which  had  undergone 
atrophic  change.  Yellow  areas  of  degenerated  tissue 
were  scattered  here  and  there  throughout  the  organ. 
In  the  case  of  animals  which  were  killed  two  or  three  years 
after  operation,  the  large  ovaries  remained,  whereas  the 
smaller  ones  had  almost  entirely  disappeared ;  and  in  the 
latter  case  the  genitals  also  had  become  atrophied  if  the 
animal's  own  ovaries  had  been  removed.  Conversely,  it 
may  be  stated  that  the  transplantation  of  large  (i.e.,  from 
large  animals)  ovaries  exerts  an  inhibitory  action  upon 
the  atrophy  of  the  genitalia,  and  also  upon  the  deposit  of 
fat  in  the  pelvis  which  usually  accompanies  the  meno- 
pause. 

B.  A.  Katsch  has  also  investigated  this  subject,  and 
practically  obtained  similar  results  to  the  above. 

The  ages  of  the  animals  from  which  the  ovaries  are 
taken  have  an  important  bearing  upon  the  result  as  re- 
gards rapidity  of  regeneration  of  the  follicles,  etc.,  this 
rapidity  of  regeneration  being  inversely  proportional  to 
their  age.  When  the  ovaries  are  first  implanted  their  tis- 
sues tend  to  degenerate  to  some  extent  in  the  following 
order,  viz.,  connective  tissue,  germinative  tissue  and  its 
derivatives,  and  lastly,  the  medullary  layers,  the  Graafian 
follicles  undergoing  a  change  similar  to  that  which  occurs 
at  the  menopause.  Their  death  takes  place  centripetally, 
but  they  may  become  regenerated  from  the  germinal  epi 
thelium.  When  this  rejuvenescence  of  the  ovaries,  as  one 
might  call  it,  does  not  take  place,  the  genitals  atrophy. 

In  none  of  the  animals  operated  upon  did  pregnancy 
follow,  although  ample  opportunity  for  this  to  take  place 
was  given. 

The  conclusions  to  be  drawn  from  the  consideration  of 
the  above  facts  are :  (as)  Ovaries  can  be  transplanted  from 
one  animal  to  another ;  (J)  ovaries  from  the  carnivora  will 
take  the  place  of  those  of  herbivora  and  vice  versa/  and 
(c)  the  transplanted  organs  flourish  and  partially  func- 
tionate. These  reported  results  open  up  visions  of  the 
practicability  of  performing  the  same  operations  upon 
women,  but  the  field  of  feasibility  would  necessarily  be 
very  limited  by  the  difficulty  of  obtaining  absolutely 
healthy  ovaries  to  transplant,  as  well  as  for  other  reasons 
which  it  is  unnecessary  to  mention. 

R.  T.  Morris  adds  as  further  proof  of  the  possibilities 
of  this  operation  that  the  occurrence  of  pregnancy  after 
oophorectomy  is  due  in  many  cases  to  the  transplantation 
of  portions  of  the  ovary.  As  early  as  1895  Morris  began 
ovarian  grafting  in  the  human  being,  having  had  twelve 
cases  up  to  1901.  He  places  the  ovary  in  normal  saline 
solution  at  a  temperature  of  100°  P.  In  his  early  cases 
he  made  a  slit  in  the  fundus  of  the  uterus  and  placed  the 
ovary  in  it,  but  in  his  more  recent  ones  the  ovary  was  at- 
tached to  the  broad  ligament  as  near  the  seat  of  attach- 
ment of  the  patient's  own  ovary  as  possible.  'The  result 
thus  gained  is  the  avoidance  of  a  premature  menopause, 
thus  showing  that  the  ovarian  graft  has  retained  its  vital- 
ity. In  one  case  pregnancy  resulted,  but  an  early  abor- 
tion occurred. 

Accessory  or  Third  Ovaries. — These  have  been 
described,  but  were  probably  merely  pieces  of  an  ordi- 
nary ovary,  which  had  become  separated  from  the  rest 
of  the  organ  by  fissures.  It  is  significant  that  during  the 
thousands  of  coeliotomies  which  have  been  performed  of 
late  years,  no  competent  observer  has  definitely  reported 
a  case  in  which  more  than  two  ovaries  have  been  found 
in  any  one  patient. 

Displacements  of  the  Ovaet.— While  the  ovaries 
are  developed  in  the  abdomen  they  usually  descend  into 
the  pelvis,  but  now  and  then  one  or  both  fail  to  do  so  and 
remain  at  the  level  of  the  pelvic  brim.  This  malposition, 
however,  gives  rise  to  no  symptoms,  but  will  prevent  the 
physician  from  feeling  the  organ  during  an  ordinary  bi- 
manual examination.  It  may  be  diagnosed  by  not  dis- 
covering the  ovary  in  its  usual  place,  or  in  thin  subjects 
by  feeling  it  at  the  pelvic  brim  during  deep  abdominal 
palpation. 

Hernia.— A  more  important  form  of  displacement,  on 


account  of  the  discomfort  to  which  it  may  give  rise,  is 
hernia  of  the  ovary.  Here  it  descends  along  the  round 
ligament  and  lies  in  the  sac  of  an  ordinary  inguinal  her- 
nia, or  it  may  lie  in  one  of  the  labia  majora,  or  even  form 
part  of  a  femoral  or  obturator  hernia.  In  addition  to  the 
usual  symptoms  of  a  hernia,  one  gets  an  exacerbation  of 
pain  at  the  menstrual  period  and  also  an  increase  in  size 
and  tenderness  at  the  same  time.  Pressure  gives  rise  to 
a  peculiar  nauseating  pain,  which  is  almost  pathogno- 
monic of  pressure  on  either  an  ovary  or  a  testicle. 

Treatment. — If  in  a  position  in  which  it  is  subjected  to 
much  irritation  or  pressure,  the  ovary  may  be  protected 
by  a  cap  or  pad ;  but  if  these  fail,  it  may  be  removed  by 
an  ordinary  herniotomy  operation. 

Prolapses  of  the  Ovary. — In  health  the  ovary  lies 
to  one  side  of  the  uterus,  at  the  level  of  or  slightly  below 
the  fundus.  In  certain  conditions,  however,  it  falls  con- 
siderably below  that  level,  at  which  time  the  position 
may  be  considered  to  be  pathological.  It  is  due  to  a  re- 
troposition  of  the  fundus  dragging  it  out  of  place,  or  to 
adhesions  due  to  an  old  pelvic  peritonitis,  acting  in  a 
similar  manner.  A  general  want  of  tone  of  the  parts  or 
prolonged  ovarian  congestion  will  also  cause  the  ovary  to 
become  prolapsed.  Other  causes  of  this  condition  are 
sudden  sti'ains  or  any  enlargement  of  the  organ. 

The  symptoms  are  caused  by  the  congestion  consequent 
upon  the  displacement  of  the  organ  and  by  the  disturb- 
ance of  and  pressure  upon  it  by  the  distended  bladder  or 
rectum,  and  the  various  movements  of  the  pelvic  mus- 
cles. 'These  all  cause  a  dragging,  aching  pain  in  the  pel- 
vis, which  is  exaggerated  at  the  onset  of  the  menstrual 
congestion.  More  or  less  severe  paroxysms  of  pain  are 
caused  by  coitus  and  the  passage  of  hard  faecal  matter 
along  the  rectum. 

When  the  organ  is  not  embedded  in  adhesions,  the  diag- 
nosis of  a  prolapsed  ovary  is  comparatively  easy.  On 
making  a  vaginal  examination  a  tender  ovoid,  mobile 
body  is  to  be  felt,  either  low  down  behind  the  uterus  or 
in  one  or  other  lateral  region  of  the  pelvis. 

The  treatment  consists  in  finding  and  removing  the 
cause  wherever  possible.  If  the  uterus  is  prolapsed  or 
retroverted,  restore  it  to  its  normal  position,  and  keep  it 
there  by  tampons  or  a  pessary.  If  there  is  a  general 
want  of  tonicity  in  the  parts,  try  to  improve  the  condi- 
tion by  hot  douching,  local  counter-irritation  per  vagi- 
nam,  and  the  insertion  of  a  boroglyceride  or  glyceride  of 
tannic-acid  tampon,  as  well  as  by  the  local  use  of  elec- 
tricity, especially  faradic.  The  bowels  should  be  kept 
regular,  and  gentle  exercise  (walking)  be  encouraged. 
Some  writers  advocate  pelvic  massage  for  this  condition, 
and  claim  to  have  obtained  striking  results  from  this  line 
of  treatment.  It  is  questionable,  however,  if  the  doubt- 
ful good  obtained  is  not  entirely  eclipsed  by  the  ill  effects 
which  the  necessarily  prolonged  handling  of  the  genitals 
produces. 

When  the  ovary  is  adherent,  and  the  above  treatment 
fails  to  relieve  the  pain,  etc. ,  an  operation  will  be  re- 
quired. The  indication  will  then  be  to  separate  the  ad- 
hesions and  possibly  stitch  the  ovary  in  a  more  favorable 
position  on  the  broad  ligament.  In  order  to  prevent  the 
formation  of  fresh  adhesions  the  raw  surfaces  may  be 
covered  with  Cargile's  animal  membrane  or  with  a  small 
portion  of  omentum,  which  may  be  cut  off  and  carefully 
sutured  over  them.  The  abdominal  route  is  the  one  rec- 
ommended for  this  operation,  as  you  are  able  to  expose 
the  parts  thoroughly,  and  treat  any  small  pockets  of  pus 
which  are  so  apt  to  be  present  in  old  cases  of  pelvic  peri- 
tonitis. You  can  also  stitch  the  ovary  in  place  better  by 
the  abdominal  than  by  the  vaginal  route. 

Atrophic  DissvviBA.ncv.s.— Atrophy  of  the  ovary  m&y 
be  physiological  (as  when  it  follows  the  menopause)  or 
pathological.  Pathological  atrophy  is  apt  to  accompany 
excessive  obesity,  while  prolonged  pressure  by  adhesions 
or  tumor,  interference  with  the  vascular  supply  and  re- 
moval of  the  uterus,  are  also  causes  of  this  condition.  It 
is  also  said  to  follow  alcoholism,  acute  exanthemata, 
rheumatism,  etc.,  but  the  condition  then  is  not  one  of 
true  atrophy  but  of  cirrhosis. 


432 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Ovaries, 
Ovaries. 


In  cirrhosis  of  the  ovary  there  is  an  increase  in  the  fibrous 
tissue  of  the  organ  at  the  expense  of  the  glandular  and 
muscular  elements.  In  the  early  stages  the  ovary  is  of 
normal  size,  but  is  firmer  than  usual ;  while  later  it  is 
small  and  very  hard,  its  surface  is  glistening  white  and 
thrown  into  brain-like  convolutions  by  contraction  of 
the  fibrous  tissues. 

The  symptoms  are  pain,  sterility,  and  various  reflex 
neuroses,  the  patient  often  complaining  of  gastric  dis- 
turbance, visual  defects,  and  headache.  The  pain  is 
usually  related  to  menstruation,  or  is  of  a  peculiar  dull 
sickening  nature,  coming  on  from  ten  days  to  two  weeks 
before  the  onset  of  the  flow.  Local  examination  of  the 
pelvis  is  not  apt  to  reveal  very  much,  as  the  ovaries  are 
too  small  to  be  felt  except  in  particularly  favorable  cases 
when  they  are  felt  to  be  very  hard,  painful,  and  small. 

In  the  way  of  treatment,  not  much  can  be  done,  al- 
though in  the  earlier  stages  electricity  may  possibly 
check  the  condition.  When  fully  established,  however, 
oSphorectomy  is  indicated. 
The  etiology  of  the  condition  is  unknown. 
Hyperteophy.— This  is  caused  by  anything  which 
produces  chronic  congestion,  or  by  any  inflammatory 
process  which  stops  short  of  the  formation  of  pus.  As 
examples  of  those  causing  congestion  may  be  cited 
chronic  constipation,  prolapsus  ovarii,  too  frequent 
coitus,  etc.  Pure  hypertrophy,  however,  is  where  there 
is  an  increase  of  all  of  the  constituent  parts  of  the  ovary, 
and  is  extremely  rare,  the  above  conditions  being  much 
more  likely  to  be  followed  by  cystic  or  fibrous  enlarge- 
ment than  by  true  hypertrophy. 

The  symptoms  of  hypertrophy  of  the  ovary  per  se  are 
practically  nil,  but  will  be  those  of  the  condition  giving 
rise  to  it ;  consequently  no  treatment  is  necessary. 

Inflammation  of  the  Ovary. — In  the  ovary,  as  else- 
where, congestion  is  an  early  stage  of  infiammation.  Just 
as  in  other  regions,  it  has  its  own  symptoms  and  may  be 
checked  without  going  further. 
_  The  causes  of  congestion  are  exposure  to  cold,  espe- 
cially during  menstruation;  chronic  constipation,  in 
which  case  the  left  ovary  is  the  one  chiefly  affected, 
owing  to  its  proximity  to  the  rectum ;  excessive  sexual 
excitement,  prolapse  of  the  ovary,  inflammation  of  neigh- 
boring structures,  bacterial  toxins  or  germs  (invasion  by 
the  latter  rarely  stops  short  of  producing  pus),  and  twist- 
ing of  the  pedicle  of  the  ovary.  Sometimes  the  removal 
of  one  ovary  produces  an  hypertrophy  of  the  other, 
which,  as  a  rule,  is  transitory.  It  may,  however,  go  on 
to  chronic  inflammation  and  cystic  formation;  but  if 
promptly,  properly,  and  patiently  treated  by  rest,  hot 
douches,  and  boroglyceride  tampons,  the  congestion 
should  subside  in  a  few  months'  time.  One  can  readily 
understand  how  disappointed  a  patient  is  when  the  re- 
moval of  one  ovary  has  simply  resulted  in  the  transfer- 
ence of  her  pain  to  the  opposite  side.  She  will  often 
blame  the  operator  for  not  having  removed  both  ovaries, 
and  want  him  to  perform  a  second  oophorectomy ;  but  if 
he  is  firm  in  his  refusal  to  do  so  until  a  more  or  less  pro- 
longed course  of  local  treatment  has  been  tried,  both  he 
and  his  patient  will  time  and  again  be  rewarded  by  the 
return  of  the  diseased  ovary  to  health  and  usefulness. 

Besides  the  above  pathological  forms  of  congestion  a 
physiological  variety  occurs  during  menstruation,  preg- 
nancy, and  sexual  excitement,  but  this  does  not  require 
consideration  in  this  article. 

oophoritis,  or  inflammation  of  the  ovary,  maybe  either 
acute  or  chronic,  the  former  usually  passing  on  to  the 
chronic  variety  if  untreated,  and  if  the  infection  is  not 
sufficiently  acute  to  carry  off  the  patient  before  the  affec- 
tion reaches  the  chronic  stage. 

Acute  oophoritis  is  practically  always  caused  by  the 
presence  of  germs.  These  may  be  carried  to  the  organ 
by  the  blood  or  lymph  vessels  from  some  more  or  less 
remote  source  of  infection,  or  else  may  attack  it  by  a 
more  direct  route,  as  where  there  is  an  acute  infectious 
inflammation  of  the  Fallopian  tube,  or  where  the  ovary 
is  adherent  to  the  rectum,  appendix,  or  other  portion  of 
the  bowel,  and  the  germs  reach  it  from  thence. 
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The  two  most  common  forms  of  infection  are  gonor- 
rhoea and  puerperal  septicemia,  both  of  which  may 
cause  a  most  severe  disease.  In  addition  to  these  how- 
ever, acute  mflammation  may  be  set  up  by  iniury  bv 
poisons,  such  as  arsenic  and  phosphorus,  by  the  acute  ex- 
anthemata, mumps,  acute  rheumatism,  etc.  The  writer 
some  years  ago,  saw  a  woman  who  was  suffering  from 
an  ordinary  attack  of  typhoid  fever;  she  was  quite  sud- 
denly seized  by  a  sharp  pain  in  the  region  of  the  right 
ovary,  the  pulse  became  more  rapid  and  the  temperature 
rose.  Appendicitis  and  pei-foration  of  the  bowel  having 
been  excluded,  the  abdomen  was  opened  and  the  right 
ovary  was  found  to  be  enlarged  and  acutely  inflamed 
The  removal  of  the  organ  was  followed  by  relief  of  all 
pain,  with  ultimate  recovery  of  the  patient. 
_  Bymptoms.—The  patient  suffers  from  an  acute  agoniz- 
ing pain  in  one  or  other  ovarian  region,  the  pain  radi- 
ating up  toward  the  umbilicus  into  the  loin,  down  the 
leg,  etc.  More  or  less  nausea  is  present.  Defecation  and 
micturition  are  frequently  painful.  Examination  of  the 
lower  abdomen  reveals  great  tenderness  over  the  affected 
region,  and  the  same  will  be  found  per  vaginam,  by 
which  passage  also  one  can  feel  the  ovary  to  be  some- 
what enlarged  if  the  parts  are  not  too  tender. 

Treatment.  —Absolute  rest  in  bed  is  distinctly  indicated, 
as  is  also  the  application  of  ice,  or,  if  that  fails,  heat, 
over  the  lower  abdomen.  The  parts  may  be  too  tender 
to  allow  of  hot  douches  being  used,  but  they  usually  give 
great  relief.  The  water  ought  to  be  as  hot  as  the  patient 
can  possibly  stand  it,  and  at  least  one  gallon  should  be 
used.  The  force  of  the  water  may  be  regulated  by  the 
height  of  the  douche  pail  above  the  patient's  bed,  and 
ought  not  to  be  too  strong.  Lavage  of  the  rectum  is  often 
of  service,  especially  when  the  left  ovary  is  the  one  af- 
fected. Blistering  the  abdomen  over  the  diseased  area 
will  often  be  of  service. 

The  tincture  of  aconite,  given  in  doses  of  one  or  two 
drops  every  hour,  often  benefits  the  condition  by  quiet- 
ing the  circulation,  but  there  is  no  drug  which  has  any 
specific  action  upon  the  malady.  The  bowels  should  be 
well  emptied  early  in  the  attack  and  then  kept  at  rest. 
The  best  way  to  influence  them  is  by  sulphate  of  magne- 
sia in  drachm  doses  every  hour  for  five  or  six  hours;  the 
drug  being  dissolved  in  hot  water.  After  this  has  taken 
effect  keep  the  bowels  closed  by  tinctura  opli,  or  by  a  pill 
plumbi  cum  oplo.  As  regards  diet,  it  should  be  fluid, 
light,  and  non-stimulating,  consisting  principally  of  milk 
and  its  preparations. 

Prognosis. — If  the  patient  is  seen  in  time  and  if  the  in- 
fection is  not  too  virulent,  the  above  treatment  sufl5ces  to 
cure  the  vast  majority  of  cases.  But  the  disease  may  pass 
into  the  chronic  variety,  or  else  an  abscess  may  be  formed. 
This  abscess  if  not  interfered  with  may  either  resolve,  re- 
main quiescent,  or  rupture.  If  the  organ  has  become  ad- 
herent to  either  the  bladder  or  the  bowel,  it  may  rupture 
into  them  and  its  contents  be  discharged  externally.  Oth- 
erwise it  will  rupture  into  the  general  peritoneal  cavity, 
causing  acute  inflammation  of  its  lining  membrane  and 
the  death  of  the  patient.  After  the  escape  of  the  contents 
through  either  the  bladder  or  the  rectum  the  sac  may  refill, 
and  should  then  be  removed  by  the  surgeon ;  in  fact,  when 
an  abscess  of  the  ovary  exists  which  will  not  yield  to  mild- 
er measures,  the  surgeon  must  interfere.  It  is  better  if 
he  can  wait  until  the  virulence  of  the  germs  is  lessened,  as 
this  greatly  reduces  the  risk  of  the  operation  and  occurs 
within  a  few  weeks,  probably  not  more  than  five  oi-  six. 

Diagnosis. — This  is  sometimes  a  matter  of  great  diffi- 
culty and  importance.  The  conditions  with  which  it  is 
most  likely  to  be  confused  are :  (a)  appendicitis  (when 
the  right  ovary  is  attacked);  (*)  intussusception;  and  (c) 
pelvic  tumor  with  a  twisted  pedicle. 

In  appendicitis  the  pulse  and  temperature  are  more 
liable  to  be  interfered  with,  there  is  more  vomiting,  the 
tenderness  is  higher  in  the  abdomen,  and  it  is  more  than 
probable  that  a  vaginal  examination  will  give  a  negative 
result,  whereas  in  acute  oophoritis  the  examining  finger 
will  probably  feel  the  diseased  ovary. 

Intussusception  rarely  occurs  in  adults.     It  gives  rise 
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to-  a  sausage-shaped  tumor,  and  either  to  complete  con- 
stipation or  to  bloody  and  mucoid  stools. 

A  tumor  with  a  twisted  pedicle  makes  itself  evident 
either  to  sight  or  touch,  if  not  to  both.  An  ovary  en- 
larged by  an  abscess  would  give  a  more  chronic  history, 
i.e.,  it  would  not  give  rise  to  the  sudden  acute  pain  which 
torsion  of  a  pedicle  causes. 

Chronic  Ooplm-itis  is  much  more  common  than  the  acute 
form  which  it  may  follow.  It  frequently,  however,  comes 
on  quite  independently  of  the  acute  variety,  and  is  much 
more  insidious  in  its  onset.  Women  are  most  liable  to  it 
during  the  period  of  greatest  sexual  activity,  from  which 
statement  it  may  be  correctly  inferred  that  it  is  much  more 
common  among  married  than  among  single  women.  Ex- 
cessive sexual  excitement,  especially  without  gratification 
of  the  desires,  is  one  of  the  commonest  causes  of  this  con- 
dition. In  addition  to  this,  mumps,  masturbation,  oper- 
ations upon  the  cervix  ( ?),  and  prolonged  congestion  of 
the  ovary  are  prolific  causes. 

Pathology. — When  an  ovary  which  is  the  seat  of  chronic 
inflammation  is  examined,  it  is  found  to  be  somewhat  en- 
larged, and  to  contain  more  or  less  numerous  small  cysts. 
The  organ  is  firm,  and  its  peritoneal  covering  is  tough 
and  thickened.  There  is  also  an  increase  in  the  fibrous 
tissue. 

Symptoms. — Chronic  inflammation  of  the  ovary  pro- 
duces pain  in  one  or  both  sides  of  the  pelvis,  according 
as  to  whether  or  not  one  or  both  ovaries  are  affected. 
When  the  disease  is  unilateral,  the  left  is  the  one  usually 
the  seat  of  the  trouble  on  account  of  the  proximity  of  the 
rectum.  This  pain  may  radiate  down  the  thighs,  across 
the  abdomen,  or  up  toward  the  umbilicus,  and  is  aggra- 
vated by  defecation,  by  any  sudden  movement,  as  on 
taking  a  jump  or  misstep,  by  jolting,  coitus,  etc.  It  also 
becomes  more  marked  a  week  or  ten  days  before  the 
menstrual  flow  appears,  being  relieved  by  the  local  de- 
pletion which  is  thus  caused,  in  proportion  to  the  amount 
of  blood  lost.  A  sharp  pain  in  either  one  or  both 
breasts,  and  especially  in  the  left,  is  often  experienced. 
Pressure  through  the  abdomen  over  the  diseased  organ 
causes  pain,  as  does  also  coitus.  On  making  a  local 
vaginal,  or,  better,  rectal  examination  of  the  pelvis,  the 
ovary  is  felt  to  be  enlarged,  tender,  and  often  more  or 
less  prolapsed. 

The  diagnosis  is  not  difficult  as  a  rule.  The  location,  in 
the  ovarian  region,  of  a  pain  which  becomes  more  severe 
several  days  before  menstruation ;  the  reflex  mammary 
pain ;  painful  defecation  and  the  presence  of  an  ovoid 
tender  mass  in  the  region  usually  occupied  by  the  ovary, 
will  point  strongly  to  chronic  inflammation  of  the  ovary. 
Of  course  the  inflamed  organ  may  be  plastered  against 
the  pelvic  wall  by  adhesions,  in  which  case  you  will  have 
to  be  guided  by  symptoms  alone. 

Treatmsnt. — This  consists  in  finding  and  removing  the 
cause  wherever  this  is  possible.  Regulate  the  bowels  and 
diet  and  limit  the  patient's  exercise.  This  may  require  to 
be  entirely  prohibited  in  obstinate  cases,  the  patient  being 
confined  to  bed.  Stop  excesses  of  all  kinds,  whether 
bacchanalian,  gastronomic,  or  sexual.  The  domestic 
duty  most  likely  to  aggravate,  or  at  all  events  keep  up 
the  trouble,  is  working  the  treadle  of  the  sewing-machine, 
which  should  be  strictly  forbidden.  Depletion  of  the 
pelvis  may  be  efl:ected  by  accelerating  the  action  of  the 
bowels  by  means  of  sulphate  of  magnesia  or  one  of  the 
many  aperient  waters,  by  hot  douching,  by  hip  baths,  by 
medicated  tampons,  or  by  vaginal  cones  or  bougies.  For 
the  douchings  plain  boiled  water  cannot  be  improved 
upon,  but  it  must  be  used  in  quantities  of  not  less  than 
a  gallon,  and  must  be  as  hot  as  the  patient  can  possibly 
bear  it.  The  vagina,  not  being  a  very  sensitive  organ, 
can  tolerate  a  much  higher  temperature  than  the  skin  of 
the  perineum  and  vulva,  but  these  parts  may  be  protected 
by  a  towel  wrung  out  of  warm  water.  The  tampons  are 
better  if  they  are  made  small,  about  the  size  of  a  large  wal- 
nut, using  two  or  more  if  necessary.  They  will  thus  fit 
more  snugly  and  cause  the  patient  less  discomfort  than 
if  a  single  large  one  is  used.  While  tampons  saturated 
with  boroglyceride  or  pure  glycerin  are  useful,  the  em- 


ployment of  a  ten-percent,  solution  of  ichthyol  in  gly- 
cerin, or  a  combination  of  ichthyol,  tincture  of  iodine,  gly- 
cerite  of  hydrastis,  and  boroglyceride  is  to  be  preferred. 
Courrter-irritation  through  the  skin  of  the  abdomen,  or 
per  vaginam,  is  a  valuable  adjunct  to  the  above  course 
of  treatment.  The  first  may  be  carried  out  by  painting 
the  skin  of  the  abdomen  with  the  tincture  of  iodine,  or 
blisters  may  be  employed.  When  these  are  used  a  small 
blister  should  be  placed  over  the  centre  of  the  painful 
area.  When  this  one  heals  a  second  is  to  be  placed  at  its 
side,  and  so  on  until  the  first  one  has  been  completely  sur- 
rounded ;  each  one  being  allowed  to  heal  before  applying 
the  next.  The  counter-irritation  per  vaginam  is  best  ef- 
fected by  painting  the  lateral  fornices  with  a  mixture  of 
equal  parts  of  the  liniment  and  tincture  of  iodine. 

Little  can  be  done  in  the  way  of  internal  medication  for 
this  condition.  The  bromides,  especially  a  combination 
of  those  of  ammonium  and  sodium,  have  been  highly 
commended  and  may  be  of  some  use  in  quieting  the  cir- 
culation and  pain.  The  chlorides  of  gold  and  sodium 
have  also  been  employed  with  benefit.  Temporary  ex- 
acerbations of  pain  must  be  combated  by  the  local  appli- 
cation of  heat  and  the  administration,  by  the  medical 
attendant  himself,  of  morphine.  Alcohol  should  be 
absolutely  forbidden  as  it  only  aggravates  the  condition 
eventually,  although  it  may  relieve  the  pain  for  the  time 
being. 

The  above  line  of  treatment  ought  to  be  conscientiously 
persisted  in  for  many  months  before  abandoning  it  as 
useless — that  is  to  say,  when  the  woman  can  give  up  the 
time  for  it.  When  she  cannot  do  this,  and  it  is  necessary 
to  cure  her  quickly  so  that  she  may  return  to  her  ordi- 
nary sphere  of  usefulness  in  a  comparatively  short  time, 
as  also  in  those  cases  in  which  all  non-operative  means 
have  failed,  removal  of  the  offending  organ  is  the  only 
resource  left.  This  may  be  done  per  viam  abdominalem 
or  per  vaginam,  but  tliis  operation  will  be  fully  described 
in  another  article.     (Cf.  Ovariotomy.) 

Hmmatomaof  the  Ovary. — During  the  course  of  acute 
fevers,  as  a  result  of  injury  or  pressure  upon  or  torsion 
of  the  broad  ligament  containing  the  ovarian  vessels,  one 
of  the  capillaries  within  the  stroma  of  the  ovary  or  wall 
of  a  Graafian  follicle  may  rupture  and  give  rise  to  a  col- 
lection of  blood,  which  is  called  anliseraatoma  ovarii.  It 
may  also  be  caused  by  the  impregnation  and  rupture  of 
an  ovum  in  the  ovary,  the  possibility  of  the  occurrence 
of  which  has  been  but  recently  demonstrated.  Hsemato- 
ma  of  the  ovary  is  not  at  all  uncommon,  but  is  rarely  of 
any  clinical  significance.  On  inspection  the  ovary  is  seen 
to  have  a  larger  or  smaller  bluish-red  mass  projecting 
from  its  surface,  which  mass  is  semifluctuating.  Micro- 
scopic examination  reveals  a  mass  of  blood  clot  lying 
within  a  more  or  less  well-formed  capsule. 

Ovarian  hsematoma  rarely  gives  rise  to  any  symptoms 
or  calls  for  any  treatment.  If  symptoms  are  present  they 
are  usually  those  of  chronic  ovaritis  and  call  for  the  same 
treatment,  except  that  where  operation  is  indicated  noth- 
ing should  be  removed  but  the  diseased  portion  of  the 
ovary. 

Ov.\RiAN  Pkegnancy.— In  CliflEord  Allbutt's  "System 
of  Medicine,"  published  as  recently  as  in  1896,  the  writer 
on  "Diseases  of  the  Ovaries"  says:  "It  is  extraordinary 
that  belief  in  the  occurrence  of  ovarian  pregnancy  should 
have  obtained  currency,"  and  that  "until  some  specimen 
is  forthcoming  in  which  an  early  embryo  in  its  mem- 
branes can  be  demonstrated  in  a  sao  inside  the  ovary,  we 
need  not  trouble  ourselves  to  discuss  ovarian  pregnancy." 
Only  three  years  later  Croft  and  van  Tussenbroch  each 
reported  an  undoubted  case,  and  since  then  at  least  three 
other  cases  have  come  to  light,  viz. ,  those  of  Anning  and 
Littlewood  in  1901,  Mayo  Robson  in  1902,  and  Thompson 
in  1902.  It  is  a  curious  fact  that  of  the  five  cases  no  less 
than  three  occurred  in  Leeds,  England. 

Symptoms. — Ovarian  pregnancy  gives  rise  to  very  much 
the  same  symptoms  as  those  of  ordinary  tubal  gestation, 
except  that,  as  a  rule,  rupture  is  not  preceded  by  the  dull 
aching  pain  in  the  side,  to  which  the  latter  gives  rise. 
The  absence  of  this  pain  may  be  ascribed  to  earlier  rup- 


434 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Ovaricti, 
Ovaries, 


ture  and  to  there  being  no  firm  muscular  fibrous  tube 
wall  to  distend. 

The  patient  passes  her  time  by  a  week  or  ten  days,  or 
else  her  last  period  has  been  replaced  by  a  dribbling  of 
blood  which  has  persisted.  This  is  followed  by  a  sudden 
sharp  pain  in  one  ovarian  region,  accompanied  by  faint- 
ness,  with  possibly  actual  loss  of  consciousness,  by  sigh- 
ing respirations,  pallor,  a  cold  clammy  sweat,  and  rapid 
thready  pulse.  Although  the  temperature  is  usually 
subnormal,  some  elevation  of  it  is  quite  compatible  with 
the  condition,  as  was  recently  seen  in  a  case  which  the 
writer  had  under  his  care  in  the  Montreal  General  Hos- 
pital. 

On  examining  the  patient  the  surgeon  will  find  some 
tenderness  over  the  affected  organ,  slight  dulness  in  the 
flanks,  and  the  seat  of  the  efEused  blood  will  be  warmer 
than  the  rest  of  the  abdomen.  Attention  was  first  drawn 
to  this  sign  by  Grandin,  and  while  it  cannot  be  always  dis- 
tinguished, the  writer  has  seen  it  in  at  least  one  case  since 
the  publication  of  Grandin's  paper.  Vaginal  examina- 
tion will  reveal  an  oozing  of  blood  from  the  vagina,  a 
softened  velvety  cervix,  normal  uterus,  and  a  rather 
vague  mass  in  one  fornix. 

The  etiology  is  still  subjudice.  As  shown  by  the  fact 
of  only  five  undoubted  cases  having  been  reported,  preg- 
nancy occurring  in  the  ovary  is  extremely  rare;  but  it  is 
quite  possible  that  many  of  the  cases  of  htematoma  of  the 
ovary  which  have  been  reported  have  really  been  cases  of 
ovarian  pregnancy,  it  being  probable  that  villi  and  other 
signs  of  gestation  would  have  been  observed  if  they  had 
been  carefully  searched  for.  On  the  other  hand,  it  is  al- 
most cei'tain  that  many  of  the  older  cases  of  reported 
ovarian  gestation  have  really  been  nothing  more  than 
hasmatomata,  as  proved  by  microscopic  examination.  In 
order  to  be  certain  that  the  gestation  is  ovarian,  it  must 
be  shown  that  the  original  attachment  is  inside  the  ovisac, 
and  that  the  ovum  derives  its  nourishment  from  thence. 
This  can  be  done  with  certainty  only  in  the  very  earliest 
weeks  of  pregnancy,  as  the  ovarian  tissue  is  liable  to  be- 
come so  displaced  in  cases  of  tubo-ovarian  pregnancy  as 
to  appear  to  have  been  the  original  seat  of  implantation 
of  the  ovum.  In  a  true  ovarian  gestation  the  ovum  im- 
mediately upon  Impregnation  attaches  itself  to  the  wall 
of  the  ovisac ;  villi  are  thrust  into  this  wall,  and  by  this 
means  the  ovum  is  nourished.  In  the  majority  of  cases 
the  ovum  continues  to  grow  until  between  the  fifth  and 
sixth  week,  at  which  time  it  ruptures  into  the  peritoneal 
cavity.  This  is  followed  by  severe  intraperitoneal  hemor- 
rhage, although,  judging  from  the  small  numbers  and 
size  of  the  vessels,  one  would  not  expect  such  a  result. 
In  at  least  two  of  the  fully  reported  cases  the  abdomen 
was  found  to  be  filled  with  blood  at  the  time  of  oper- 
ation. 

Treatinent. — This  will  vary  according  as  to  whether  or 
not  hemorrhage  has  ceased  and  the  patient  can  be  kept 
under  observation  and  constant  readiness  for  operation, 
and  also  whether  or  not  the  clot  is  undergoing  absorption. 
If  seen  some  time  after  rupture  has  taken  place  and 
if  the  patient  can  be  kept  under  close  observation,  tem- 
porizing measures  may  be  adopted.  In  such  a  case  one 
of  the  most  important  "points  to  be  remembered  is  that  all 
cardiac  stimulants  are  absolutely  contraindicated,  as  their 
exhibition  is  very  liable  so  to  increase  the  force  of  the 
heart's  action  that  the  clots,  which  are  plugging  the 
mouths  of  the  ruptured  vessels,  will  be  forced  out  and  a 
fresh  hemorrhage  take  place.  The  very  best  way  to  im- 
prove the  patient's  condition  is  to  use  decinormal  saline 
solution,  either  per  rectum,  or  subcutaneously,  or  intra- 
venously, according  to  the  acuteness  of  the  symptoms. 
It  is  only  in  the  most  urgent  cases  that  the  latter  method 
is  required,  as  the  solution  is  very  quickly  absorbed  from 
either  the  bowel  or  the  submammary  region.  Absolute 
quiet  and  rest  In  bed  are  strongly  indicated,  and  the  cir- 
culation and  pain  may  be  calmed  by  the  subcutaneous 
injection  of  morphine.  Ice  should  be  applied  to  the  ab- 
domen over  the  point  of  rupture,  and  hot  vaginal  douches 
may  be  begun  some  days  after  cessation  of  the  bleeding. 
The   diet    sliould    be    nutritious    but    non-stimulating. 


Where  under  this  treatment  the  clot  does  not  become 
absorbed  within  a  I'easonable  time,  it  may  be  cleared  out 
by  means  of  an  incision  through  (lie  posterior  vaginal 
wall.  ° 

When  the  patient  is  seen  soon  alter  rupture,  or  wlien 
she  cannot  be  kept  under  obfcrvatiou,  the  quicker  the 
abdomen  is  entered,  the  bleeding  controlled,  and  the  ges- 
tation removed,  the  better  it  will  be  for  the  patient,  shock 
or  no  shock.  This  condition  of  sliock  is  to  a  very  great 
extent  due  to  loss  of  blood,  and  will  not  be  lessened  by 
allowing  this  to  proceed.  While  some  few  of  these  pa- 
tients will  recover  without  operation,  a  much  larger  per- 
centage of  recoveries  will  take  place  if  the  knife  is  used 
early,  energetically,  and  judiciously. 

Tuberculosis  of  the  Ovaky.— Tuberculosis  of  the 
ovary  is  extremely  rare,  the  ovary  being  only  the  third  in 
order  of  frequency  of  the  female  genitals  to  be  affected. 
In  fact  so  rare  is  the  disease  that  the  oldei'  Avriters  did  not 
deem  it  worthy  of  consideration  in  their  works.  The 
rarity  and  almost  impossibility  of  occurrence  of  primary 
ovarian  tuberculosis  can  be  readily  understood  when  one 
realizes  that  in  order  to  have  such  a  condition  the  bacilli 
would  require  to  enter  the  body  from  the  exterior  and 
then  traverse  a  more  or  less  complicated  system  of  blood- 
vessels or  lymphatics  before  entering  the  ovary.  No  case 
of  primary  tuberculosis  of  the  ovary  in  the  human  sub- 
ject has  yet  been  reported.  Although  Acconi  experi- 
mentally produced  it  in  animals,  Spaeth,  Blebs,  Oppen- 
heimer,  Sippel,  and  others  have  recorded  cases  in  which 
the  ovary  was  the  only  genital  organ  to  show  the  disease 
in  patients  who  were  otherwise  tuberculous.  In  the 
majority  of  cases  it  was  the  superficial  part  of  the  oi-gan 
which  was  the  seat  of  the  disease,  the  presence  of  which 
in  the  deeper  layers  was  frequently  unsuspected  until  the 
ovary  was  examined  under  the  microscope. 

The  form  of  tuberculosis  present  is  the  miliary  form, 
and  it  may  affect  either  the  superficial  or  the  deep  layers. 
When  the  latter  part  is  affected,  the  disease  is  apt  to  pro- 
ceed until  an  abscess  is  formed,  and  this  may  rupture 
into  the  peritoneal  cavity.  The  germs  may  reach  the 
ovary  either  through  the  blood  or  the  lymph  current  by 
direct  continuity,  as  in  the  case  of  tuberculosis  of  the  peri- 
toneum or  tubes,  or  by  bacilli  working  their  way  through 
a  weak  spot  in  the  bowel  wall  and  falling  upon  and  in- 
fecting the  ovary. 

No  age  is  exempt  from  this  disease,  but  those  under 
fifty  are  the  most  liable  to  be  attacked.  Out  of  17  cases 
reported  by  Griffith  5  were  under  fourteen,  8  were  be- 
tween fourteen  and  twenty-five,  3  between  twenty-five 
and  forty-five,  and  1  was  fifty-five  years  of  age. 

•The  clinical  history  is  very  vague  and  tliere  is  no  symp- 
tom or  series  of  symptoms  which  can  be  considered  to  be 
at  all  pathognomonic  of  this  condition.  There  may  be 
absolutely  no  symptoms  or  else  those  described  as  occur- 
ring in  chronic  oophoritis  may  be  present.  Where  such 
is  the  case  and  you  have  a  semifluctuating,  rounded, 
non-sensitive  mass  occupying  the  region  of  the  ovary, 
together  with  an  evening  rise  of  temperature,  in  a  young 
woman  who  is  otherwise  fairly  healthy,  and  who  has  not 
been  exposed  to  the  two  common  causes  of  pelvic  ab- 
scess, viz.,  gonorrhcEa  and  sepsis,  you  may  suspect  the 
presence  of  a  tuberculous  abscess  of  the  ovary.  Any- 
thing short  of  abscess  formation  cannot  be  definitely 
diagnosed  previous  to  operation,  as  both  physical  signs 
and  symptoms  are  too  indefinite.  Menstruation  may  or 
may  not  be  afliected,  but  when  it  is  interfered  with 
amenorrhcea  is  the  form  usually  taken,  and  is  more  the 
result  of  the  general  than  it  is  of  the  local  condition. 

Once  diagnosed  the  only  treatment  to  be  adopted  is  re- 
moval, but  this  can  be  advocated  only  in  the  absence  of 
extensive  disease  of  other  organs. 

Tumors  of  tub  Ovary.— The  ovary  itself  may  be  di- 
vided into  the  oOphoron  which  contains  the  ova,  and  the 
parao6phoron  or  part  nearest  the  ovary.  Although  this 
latter  is  anatomically  quite  distinct,  it  might  be  consid- 
ered clinically  to  be  part  of  the  ovary.  Of  these  three 
parts,  the  oophoron  is  the  most  active  as  far  as  the  for- 
mation of  tumors  is  concerned.     Fiom  it  are  derived :  1. 
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Fibromata;  2.  Myomata;  8.  Sarcomata;  4.  Carcinomata; 
5.  Cysts;  6.  Adenomata;  7.  Dermoids. 

The  paraoSphoron  gives  rise  to  papillomatous  cysts, 
and  from  the  parovarium  are  developed  unilocular,  thin- 
walled  cysts.  Of  the  above  tumors  cystomata  form  about 
ninety -five  per  cent,  the  multilocular  cysts  being  the 
Commonest. 

1.  Fibromata.— Ih&se.  are  the  rarest  of  all  ovarian  tu- 
mors, muscular  tissue  being  found  along  with  fibrous  in 
most  benign  solid  ovarian  tumors.  When  pure,  these 
tumors  consist  of  many  bands  of  white  fibrous  tissue 
which  interlace  and  include  In  spaces  round  cells,  and 
here  and  there  among  the  fibres  a  few  small  spindle  cells 
are  seen.  No  blood-vessels  or  nerves  are  found  in  the 
substance  of  the  growth.  Fairbairn  divides  them  into 
three  groups:  (1)  Where  the  whole  ovarian  stroma  is  re- 
placed; (2)  where  part  of  the  stroma  only  is  affected; 
and  (3)  where  a  pedunculated  fibroid  springs  from  the 
surface  of  the  ovary. 

Fibroids  of  the  ovary  are  more  likely  to  develop  in 
women  who  have  passed  the  menopause  than  are  fibroids 
of  the  uterus,  and  they  occur  twice  as  often  in  married  as 
in  single  women. 

Herbert  Spencer  found  the  tumor  to  originate  in  the 
fibrous  capsule  of  the  Graafian  follicle  in  three  cases. 
Peter  Horrocks  asserted  that  when  carcinomatous  and 
sarcomatous  tumors  are  bisected  the  cut  surface  remains 
flat,  whereas  in  fibroids  it  becomes  concave,  owing  to  the 
elasticity  of  the  fibres.  But  this  diagnostic  sign  is  un- 
trustworthy. The  disease  is  usually  unilateral,  but  Clee- 
man  recently  reported  before  the  Philadelphia  Obstetri- 
cal Society  a  case  in  which  a  pure  fibroma  of  each  ovary 
was  found  in  a  patient.     Ascites  was  also  present. 

Symptoms  are  often  absent  until  the  tumor  has  been 
present  for  a  long  time.  The  patient  may,  however, 
complain  of  dysuria,  dragging  pain  in  the  pelvis,  dys- 
menorrhoea,  and  enlargement  of  one  side  of  the  lower 
abdomen.  Ascites  is  frequentl3'  present,  but  it  does  not 
form  a  constant  sign.  Local  examination  reveals  an  ex- 
tremely hard,  firm  tumor  of  ovoid  shape,  situated  to  one 
side  of  the  uterus;  it  is  non-sensitive  and  usually  mobile. 

The  only  treatment  is  removal,  and  this  ought  to  be 
effected  as  soon  as  the  tumor  is  discovered,  on  account  of 
the  difficulty  of  diagnosis  between  it  and  sarcoma. 

The  prognosis  is  unfavorable  If  the  fibroids  are  not  re- 
moved, as,  unlike  uterine  fibroids,  they  are  liable  to  take 
on  active  growth  at  any  period  of  the  patient's  life. 

2.  Myomata. — Tumors  of  the  ovary  composed  wholly 
of  muscular  tissue  are  almost  as  rare  as  pure  fibromata. 
They  usually  develop  from  near  where  the  ovarian  liga- 
ment joins  the  ovary,  as  this  ligament  contains  an  abun- 
dance of  muscular  tissue.  .  In  1896  Gessner  found  a  small 
fibroid  tumor  on  the  ovarian  ligament,  situated  at  an  equal 
distance  from  both  the  ovary  and  the  uterus,  and  he  in- 
ferred from  this  "  that  a  myoma  of  the  ovarian  ligament 
miglit  invade  a  healthy  ovary  and  convert  it  into  a  mj'o- 
ma  of  the  ovary. "  Baldy,  in  "American  Gynaecology," 
reports  a  case  which  occurred  in  a  married  woman,  thirty- 
six  years  of  age.  Operation  revealed  multiple  uterine 
fibroids,  and  that  the  riglit  ovary  was  replaced  by  a 
fibroid  mass  of  the  sliape  and  size  of  a  lemon.  This  mass 
was  attached  to  the  posterior  layer  of  the  broad  ligament 
and  had  the  Fallopian  tube  running  over  its  upper  sur- 
face. The  fimbriated  extremity  of  the  tube  ended  on  the 
external  surface  of  the  capsule  of  the  tumor.  This  latter 
itself  was  composed  of  smooth  muscular  fibres  and  a  lit- 
tle connective  tissue.  A  band  composed  of  connective 
tissue  and  large  blood  spaces  separated  it  from  the  true 
ovarian  tissue  which  was  apparently  normal. 

3.  SarBomata.—The  ovary  is  not  infrequently  affected 
by  tumors  of  a  sarcomatous  nature.  Apart  from  regular 
sarcomata,  masses  of  tissue  indistinguishable  from  sarco- 
ma sometimes  occur  in  dermoids,  the  removal  of  which 
in  these  cases  may  be  followed  by  malignant  disease  of 
the  pelvis.  When  the  ovaries  are  affected  by  these 
growths  the  disease  is  frequently  bilateral,  here  differing 
from  what  takes  place  in  other  parts  of  the  body  where 
the  affection  is  usually  unilateral. 


The  ovary  may  be  invaded  by  either  the  round-  or  the 
spindle-celled  variety.  The  former  is  usually  found 
when  both  sides  are  affected  and  in  young  patients.  At 
the  Wiirzburg  Frauenklinik,  out  of  295  cases  of  ovarian 
tumors  20  were  sarcomatous;  the  ages  of  the  patients 
ranged  from  twelve  to  sixty-three,  7  being  over  fifty 
years  old.  Out  of  4  which  occurred  in  females  under 
twenty,  3  were  of  the  round-celled  variety.  Seven  died 
after  operation,  3  within  the  first  four  days  and  4  before 
six  months  had  elapsed. 

Cohn  states  that  their  occurrence  in  relation  to  ovarian 
cystomata  is  as  1  to  100,  and  that  they  form  ten  per  cent, 
of  all  malignant  tumors  of  the  ovary.  In  400  cases  of 
ovarian  tumors  of  all  kinds,  including  endothelioma,  he 
found  5.38  per  cent,  to  be  sarcomata. 

The  tumors  may  grow  either  rapidly  or  slowly,  and 
often  attain  a  weight  of  from  twenty  to  thirty  pounds. 
Their  consistence  varies,  some  being  hard  (the  spindle- 
celled  variety),  and  others  (the  round-celled)  soft  and 
brain-like.  They  are  surrounded  by  an  outer  wall,  which 
sometimes  is  very  soft  and  friable.  The  pedicle  is  usu- 
ally short,  and  it  is  but  seldom  that  adhesions  to  neigh- 
boring organs  are  formed,  but  ascites  is  usually  present. 

On  section  the  surface  may  be  yellowish-white  or  pink- 
ish-gray, this  depending  upon  the  number  of  blood-ves- 
sels present  as  well  as  on  the  structure.  Small  cysts  are 
often  seen,  and  are  due  either  to  hemorrhage  into  the 
tissue  with  subsequent  softening  or  else  to  fatty  degene- 
ration of  the  tumor  cells. 

Of  the  two  varieties,  the  small  round-celled  is  the  most 
malignant ;  the  greater  thejamount  of  fibrous  tissue  pres- 
ent, the  less  danger  is  there  of  any  secondary  trouble. 
This  secondary  infection  attacks  structures  in  the  follow- 
ing order:  viz.,  peritoneum,  omentum,  stomach,  pleura, 
lungs,  uterus,  liver,  diaphragm,  and  kidneys.  The  tumor 
may  undergo  degeneration,  the  commonest  being  fatty 
and  myxomatous. 

The  symptoms  are  few  at  first,  but  ascites  may  develop 
early,  and  this  forms  one  means  of  difl'erentiating  sarco- 
mata from  fibromata  or  myomata  of  the  ovary.  Pain_ 
and  disturbance  of  menstruation  are  also  more  frequent 
than  in  benign  solid  ovarian  tumors.  Physical  examina- 
tion yields  similar  results  in  both  fibroma  and  sarcoma 
ovarii.  Metastases  are  indicated  by  ascites,  oedema,  en- 
larged abdomen,  and  rapid  decline  in  the  patient's  health. 

'The  only  treatment  is  prompt  and  thorough  removal  of 
the  affected  organ,  and  it  is  also  wise  to  remove  the  ovary 
of  the  opposite  side,  as  it  may  be  affected  without  show- 
ing it  macroscopically. 

Post-operative  prognosis  as  regards  recurrence  is  not 
good,  but  is  better  than  when  the  ovar3'  is  the  seat  of 
cancer.  When  both  ovaries  are  diseased  or  when  the 
round-celled  variety  is  found,  the  prognosis  is  decidedly 
more  grave  than  when  one  side  only  is  affected  or  when 
the  growth  is  composed  of  spindle  cells. 

Endotlieliomata. — These  are  malignant  tumors  which 
begin  by  a  proliferation  of  the  endothelial  lining  of  the 
blood  or  lymph  vessels  of  the  ovary.  They  may  be  said 
to  occupy  a  place  midway  between  carcinoma  and  sar- 
coma, differing  from  them  in  structure  but  possessing 
similar  clinical  features.  Billroth  regarded  them  as  be- 
ing as  malignant  as  carcinomata. 

Endotlieliomata  were  thus  named  on  account  of  their 
origin,  by  Marchand,  who  first  described  them  in  1879. 
They  are  usually  solid,  but  may  contain  spaces.  The 
surface  is  smooth,  but  may  present  tuberosities,  com- 
posed of  tissue  which  is  of  a  brain-like  or  spongy  consis- 
tence. They  occur  mostly  at  middle  age,  although  Leo- 
pold has  seen  one  in  a  girl  of  eight,  and  Olshausenone  in 
a  girl  aged  seventeen.  In  size  they  vary  from  that  of  a 
closed  fist  to  that  of  a  foetal  head.  Usually  they  are  uni- 
lateral and  rounded,  but  may  be  bilateral  and  lobulated. 
The  pedicle  is  short  and  the  tumor  prone  to  form  adhe- 
sions. 

On  section,  the  cut  surface  may  be  either  gray,  or  yel- 
low, or  white,  the  tissue  being  soft  and  friable  and  easily 
torn  by  the  fingers. 

Pick  differentiates  endotlieliomata  into  three  types,  of 
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which  the  first  is  of  a  rosary  lil^e  form,  consisting  of 
chains  of  cells  in  rows  lying  in  narrow  clefts  of  fibrous 
tissue.  The  borders  of  the  rows  are  parallel  and  fre- 
quently anastomose.  In  the  second  form  the  structure 
resembles  glands  and  it  is  difficult  to  distinguish  it  mi- 
croscopically from  adenocarcinoma,  the  spaces  being  en- 
croached upon  by  several  layers  of  polymorphous  cells. 
In  the  third  variety  the  cells  are  grouped  as  in  alveolar 
sarcoma.     All  three  forms  may  occur  in  the  same  tumor. 

Bndotheliomata  may  occur  in  connection  with  other 
tumors,  Pfannenstiel  reporting  a  case  in  which  an  endo- 
thelioma and  epithelial  cyst-adenoma  were  present  in  the 
same  patient.  These  tumors  may  degenerate,  the  usual 
form  of  degeneration  being  either  hyaline  or  myxoma- 
tous, but  colloid  and  fatty  h.ave  been  seen  to  take  place. 

Carcinoma. — Cancer  of  the  ovary  may  be  either  pri- 
mary or  secondary.  The  latter  usually  accompanies 
malignant  disease  of  the  uterus,  but  it  may  complicate 
an  afEection  of  the  stomach  or  mammary  glands.  It  may 
originate  in  either  the  Graafian  follicle  or  the  germinal 
epithelium.  It  is  convenient  to  divide  cancer  of  the 
ovary  into  medullary  carcinoma  and  adenocarcinoma. 

I.  Medullary  Carcinomata.  These  are  solid  tumors 
which  are  usually  oval  or  rounded,  but  are  also  often 
nodular.  They  vary  in  size,  but  are  rarely  larger  than 
the  head  of  a  full -term  fcetus.  There  is  usually  a  pedi- 
cle which  is  short  and  thick,  but  at  times  they  are  intra- 
ligamentous.    Both  ovaries  are  but  seldom  affected. 

Medullary  cancers  have  a  dense,  well-defined,  fibrous 
capsule,  and  on  section  the  cut  surface  is  seen  to  be  more 
or  less  homogeneous,  of  a  yellowish  or  grayish-white 
color.  At  times  extravasations  of  blood  into  the  sub- 
stance of  the  tumor  produce  a  mottled  appearance.  De- 
generations, especially  caseous  or  fatty,  are  common, 
resulting  in  the  formation  of  cyst-like  cavities  with  irreg- 
ular walls  and  turbid  or  yellowish  contents. 

Histologically  the  growth  consists  of  carcinomatous 
cells  infiltrating  a  fibrous  stroma,  which  may  predomi- 
nate and  form  alveoli  filled  with  cancer  cells,  but  usually 
the  cellular  elements  predominate. 

II.  Adeno-carcinomata.  Adeno-carcinomata  are  tu- 
mors which  closely  resemble  ordinary  serous  cysts  of  the 
ovary.  They  are  oval  or  rounded,  and  rarely  exceed  an 
adult  head  in  size.  They  usually  have  a  short  pedicle, 
but  may  develop  between  the  layers  of  the  broad  liga- 
ment and  often  form  adhesions  to  neighboring  structures. 
Although  they  may  appear  to  be  unilocular,  they  are 
usually  multilocular.     The  disease  is  generally  bilateral. 

In  about  half  of  the  cases  examined,  Pfannenstiel  has 
seen  papillae  on  the  surface.  The  cyst  wall  is  composed 
of  connective  tissue  which  is  quite  friable.  This  wall 
may  be  thickened  in  spots,  owing  to  the  development 
of  carcinomatous  nodules.  Papillary  and  cauliflower 
growths  may  spring  from  the  internal  surface  of  the  cyst 
wall  and  may  nearly  fill  the  cavity.  The  cyst  contents 
may  be  clear,  turbid  from  cellular  elements,  or  blood- 
stained from  hemorrhages  into  the  cyst. 

Cystic  carcinoma  of  the  ovary  is  usually  papillary, 
the  papillfB  usually  resembling  ordinary  paplUomata,  but 
on  section  the  microscope  reveals  the  presence  of  cancer 
cells  and  the  carcinomatous  structure  may  at  times  even 
be  observed  by  the  naked  eye.  Any  Individual  tumor 
may  contain  masses  which  vary  greatly  in  structure  from 
one  another.  One  form  consists  of  a  diffuse  infiltration 
of  a  medullary  character.  More  often  the  masses  are 
composed  of  papillaa  and  glandular  structures  with  their 
lumen  still  apparent.  An  atypical  prohferation  of  epi- 
thelial cells  is  everywhere  seen  and  the  papillary  growths 
are  covered  with  several  layers  of  cells  asymmetrically 
arranged  A  similar  arrangement  of  the  epithelium  is 
seen  in  the  glandular  forms  of  the  disease,  this  giving 
rise  to  their  alveolar  appearance.  Lime  salts  become 
deposited  in  the  tumors,  especially  those  of  a  papillary 
nature,  and  give  rise  to  psammomata. 

It  is  almost  impossible  to  tell  when  an  adenomatous 
tumor  of  the  ovary  is  benign  and  when  malignant,  as  the 
gradation  from  an  ordinary  cyst-adenoma  to  primary  car- 
cinoma is  so  gradual.     Ziegler  holds  that  no  clear  line  of 


demarcation  between  the  two  can  be  drawn,  and  Pfan- 
nenstiel estimates  that  one-half  of  ovarian  papillomata 
are  carcinomatous.  He,  however,  is  rather  an  extremist, 
claiming  that  tumors  which  become  carcinomatous  should 
he  classified  as  primary  carcinomata,  whereas  most  writ- 
ers would  consider  these  to  be  merely  cases  of  carci- 
nomatous degeneration  of  benign  growths.  Metastases 
frequently  occur,  affecting,  in  the  following  order,  the 
peritoneum,  omentum,  liver,  stomach,'  intestine,  the 
ovary  of  the  opposite  side,  and,  but  rarely,  the  pleura. 

Dijferential  Diagnosis  of  Solid  Ovarian  Tumors. — Dur- 
ing the  following  brief  consideration  of  this  subject,  it 
must  be  remembered  that  it  will  often  be  quite  impossi- 
ble to  differentiate  between  a  solid  ovarian  tumor  and  a 
solid  subserous  tumor  of  the  uterus  with  a  long  pedicle, 
as,  even  where  this  is  felt  on  palpation,  the  pedicle  may 
be  mistaken  for  the  Fallopian  tube,  unless  it  be  thicker 
than  is  commonly  seen  in  the  case  of  a  long  pedicle.  A 
kidney  may  be  prolapsed  into  the  pelvis  and  give  rise  to 
some  difiiculty  in  the  diagnosis,  but  it  can  usually  be  re- 
placed. 

First,  these  solid  ovarian  growths  have  to  be  distin- 
guished from  tumors  of  other  organs;  and  secondly, 
from  one  another.  The  tumor  is  one  of  the  ovary  be- 
cause (1st)  it  is  situated  in  one  side  of  the  pelvis  or  lower 
abdomen ;  (3d)  it  is  unconnected  with  any  other  abdomi- 
nal organ,  as  ascertained  by  palpation  and  percussion ; 
and  (3d)  uterine  movements  are  not  influenced  by  those 
of  the  tumor. 

AJiiroid  is  the  hardest,  slowest- growing,  and  least  lia- 
ble to  produce  other  than  pressure  symptoms  of  any  tu- 
mor of  the  ovary.  It  is  more  liable  to  appear  after  the 
menopause  than  a  fibroid  of  the  uterus. 

Sarcomata  are  firm,  and  may  be  quite  hard,  but  they 
grow  rapidly,  occur  at  an  early  age,  and  produce  ascites, 
emaciation,  secondary  deposits,  etc.  They  usually  also 
have  longer  pedicles  than  the  next  variety. 

The  malignant  solid  ovarian  tumors  are  more  apt  to 
be  nodular  than  the  above  and  produce  the  other  signs  of 
malignancy  (ascites,  emaciation,  etc.)  more  quickly. 

Otabian  Cysts.— Cystomata  of  the  ovaries  may  arise 
from  infolding  and  downward  prolongations  of  the  ger- 
minal epithelium,  or  else  by  enlargement  of  follicles 
which  have  failed  to  rupture,  this  failure  frequently  be- 
ing due  to  inflammatory  thickening  of  the  outer  coat  of 
the  ovary.  Herman  says  that  this  latter  "  is  such  a  simple 
and  natural  way  of  explaining  the  development  of  ova- 
rian tumors  that  one  would  think  that  any  other  must 
only  apply  to  exceptional  cases,"  and  there  is  much  wis- 
dom in  this  statement.  Why  these  follicles  develop  into 
large  cysts  in  some  cases  and  not  in  others  is  not  really 
known,  although  various  theories  have  been  advanced. 
They  may  occur  at  all  ages  and  in  every  condition,  but 
are  more  often  seen  in  women  who  have  borne  few  chil- 
dren than  in  those  who  have  large  families. 

Hydrops  folliculi  is  a  condition  in  which  one  or  more  fol- 
licles become  distended  by  fluid  to  the  size  perhaps  of  a 
cherry,  retaining  their  globular  form.  One  variety  of 
this  afl;ection  has  been  called  Rokitansky's  tumor,  which 
consists  of  many  distended  follicles  which  have  become 
pedunculated  in  some  cases  or  compressed  laterally  m 
others.  They  contain  a  thin  serous  fluid  and  sometimes 
ova     This  variety  of  tumor  is  both  bilateral  and  rare.  _ 

Neoplastic  Gi/sts.— Most  ovarian  cysts  are  of  the  prolif- 
erating variety,  which  Waldeyer  divided  into  the  prolife- 
rating glandular  and  the  proHferating  papillary  cysts; 
but  this  is  merely  a  clinical  division.  A  more  scientific 
classification  is  that  of  Pfannenstiel.  He  found  that  the 
contents  of  the  two  varieties  differed  from  each  other. 
In  one  there  is  a  clear,  thin,  serous  fluid,  while  in  the 
other  class  the  fluid  is  dark  and  turbid  and  contains  a 
substance  called  pseudo-mucin.  Using  this  fact  as  a 
basis,  he  named  the  two  groups  pseudo-mucmous  and 

aprons 

The  pseudo-mucinous  are  the  most  numerous  of  all  ova- 
rian cysts  They  are  usually  unilateral  and  the  size  may 
vary  from  that  of  a  hen's  egg  to  a  tumor  weighing  two 
hundred  and  forty  pounds;  but  one  rarely  now  sees  an 
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ovarian  cyst  weighing  over  thirty  or  forty  pounds,  as 
they  are  usually  removed  as  soon  as  discovered.  No  age 
beyond  puberty  is  exempt  from  these  growths,  but  they 
are  more  liable  to  attack  women  between  the  ages  of  thirty 
and  forty-five,  especially  if  they  are  sterile  or  unmarried. 
The  shape  is  usually  ovoid  and  the  surface  may  be  either 
even  or  lobulated,  the  latter  being  most  often  seen  in  the 
case  of  the  smaller  tumors  due  to  the  presence  of  daugh- 
ter cysts.  The  color  is  usually  bluish  or  purplish-white 
and  glistening,  with  here  and  there  blood-vessels  running 
over  the  surface.  At  times  bands  of  unstriped  muscle 
are  also  seen  upon  the  surface,  on  which  portions  of  ova- 
rian tissue  may  become  flattened  out. 

When  opened  up,  the  tumor  may  consist  of  one  large 
sac  witli  its  contents,  but  if  the  interior  is  carefully  ex- 
amined bands  of  tissue,  the  remains  of  the  walls  of  pre- 
viously existing  loculi,  will  usually  be  seen.  More  fre- 
quently many  smaller  cysts  with  tlieiv  walls  agglutinated 
together  are  discovered  making  up  the  large  tumor. 
The  contents  of  these  numerous  loculi  may  vary  from 
a  thin  serous  fluid  to  that  of  a  jelly-like  consistency. 
The  inner  surface  of  the  cyst  wall  is  usually  smooth,  es- 
pecially if  the  tumor  is  of  "large  size,  this  pressure  caus- 
ing atrophy  of  the  epithelium ;  but  in  the  small  cysts, 
small  papillae  and  other  excrescences  are  often  seen. 
This  lining  is  composed  of  a  single  layer  of  cylindrical 
mucous-like  cells,  which  stain  very  readily  with  eosin 
and  hasmatoxylin.  These  cells  are  implanted  upon  a 
layer  of  connective  tissue  and  at  times  ovarian  or  un- 
striped muscular  tissues.  Outside  this  again  is  a  layer 
composed  of  germinal  epithelium. 

The  serous  cysts  are  much  less  common  than  the  above, 
nor  are  they  so  large,  rarely  exceeding  the  size  of  a  preg- 
nant uterus  at  term  and  usually  being  much  smaller. 
Externally  they  resemble  the  pseudomucinous,  but  have 
a  greater  tendency  to  adhere  to  the  surrounding  organs 
by  means  of  bands.  They  are  usually  multilocular,  but 
contain  fewer  divisions  than  do  the  pseudo-mucinous 
cysts.  They  contain  a  clear,  thin,  yellowish  or  greenish 
fluid,  in  which  albumin  is  present  to  a  large  extent.  This 
fluid  is  produced  partly  from  the  blood-vessels  and  partly 
by  secretion  by  the  glands  in  the  lining  membrane.  The 
composition  of  the  cyst  wall  is  the  same  as  that  of  the 
pseudo-mucinous;  the  cells  of  the  epithelium  are  colum- 
nar and  ciliated. 

Symptoms  of  Ovarian  Cysts. — ^The  patient  may  merely 
Tiave  a  vague  sense  of  fulness  of  the  abdomen  or  of  weight 
in  the  pelvis,  or  else  she  may  experience  no  sensations 
whatever  until  she  accidentally  discovers  a  lump  in  the 
lower  abdomen.  There  may  be  no  interference  with 
menstruation,  so  that  when  it  ceases  suddenly  one  should 
always  be  on  guard  lest  pregnancy  has  occurred.  At 
times  the  flow  is  increased,  in  which  case  an  endometritis 
may  be  found  to  exist. 

The  physical  signs  will  vary  according  to  the  size  of 
the  tumor.  Where  this  is  small  and  confined  to  the  pel- 
vis, a  bimanual  examination  will  reveal  an  ovoid,  tense 
cystic  swelling  to  one  side  of  the  uterus.  Rarely  it  may 
occupy  the  middle  line,  as  occurred  in  a  case  of  the  writ- 
er's, the  tumor  lying  in  front  of  the  uterus,  where  it 
was  held  by  an  adhesion  on  one  side  and  the  Fallopian 
tube  on  the  other.  A  tumor  of  this  size  would  cause  a 
downward  bulging  of  the  vaginal  fornix  and  could  be 
easily  felt  by  the  finger  in  the  vagina,  as  would  also  be 
the  case  when  the  contents  of  a  large  tumor  were  very 
fluid  or  the  cyst  was  unilocular.  When,  however,  the 
tumor  has  risen  out  of  the  pelvis  it  rests  upon  the  brim, 
and  the  only  sign  of  its  presence  to  be  made  out  by  the 
examining  finger  is  the  depression  of  the  uterus.  On  in- 
specting the  abdomen,  an  enlargement  is  to  be  seen  of 
the  lower  part  and  usually  to  one  side,  this  enlargement 
being  either  regular  or  uneven.  Upon  palpation  the 
mass  will  usually  be  felt  to  be  tense,  but  fluctuating, 
though  when  the  contents  are  gelatinous  the  sensation 
may  be  similar  to  that  caused  by  a  soft  myoma.  When 
the  tumor  is  unilocular,  or  one  loculus  is  especially  large 
with  very  fluid  contents,  a  thrill  may  be  obtained  by 
flicking  the  mass  with  the  finger  on  one  side,  while  the 


other  hand  is  placed  on  the  opposite  side.  This  may  be 
intensified  by  requiring  an  assistant  to  exert  pressure  on 
the  mass  by  means  of  the  outer  edge  of  his  hand  placed 
mesial  ly  on  the  abdomen.  Percussion  will  show  that  the 
intestines  are  pushed  into  the  upper  part  of  the  abdomen 
and  to  the  sides,  and  turning  the  patient  on  one  side  pro- 
duces no  change  in  the  areas  of  dulness,  an  ovarian  cyst 
differing  in  these  two  points  from  free  abdominal  ascites 
in  which  the  percussion  note  is  clear  in  whatever  part  of 
the  abdomen  happens  to  be  uppermost  at  the  time. 

Diagnosis  of  small  ovarian  tumors  (i.e.,  while  they  lie 
wholly  in  the  pelvis)  is  not  as  a  rule  difficult.  The  pe- 
culiar tense,  semifluctuating  sensation  imparted  to  the 
examining  finger  by  an  ovarian  cjst  is  felt  in  practically 
no  other  conditions  than  hydro-  and  hsemato-salpinx  and 
encysted  peritonitis.  In  the  two  former  conditions  the 
mass  is  elongated  or  sausage-shaped  instead  of  ovoid  as 
in  the  case  of  a  cyst.  Encysted  peritonitis  Is  fixed  and 
has  not  the  clearly  defined  margin  of  the  ovarian  tumor. 
When  the  cyst  is  adherent  the  diagnosis  is  more  difficult, 
but  space  forbids  further  consideration  of  the  subject. 
Of  course,  a  parovarian  C3'st  ma}'  be  mistaken  for  an  ova- 
rian growth,  but  the  treatment  is  the  same  and  a  definite 
diagnosis  can  be  made  only  by  opening  the  abdomen. 

When  the  tumor  has  risen  out  of  the  pelvis  it  may  be 
mistaken  for  ascites,  a  distended  bladder,  a  tumor  of  the 
uterus  (fibroma,  myoma,  or  fibro-cyst),  cyst  of  the  mes- 
entery, ovarian  dermoid,  renal  cysts,  hydronephrosis, 
phantom  tumors,  cyst  of  the  parovarium,  and  pregnancy 
with  hydramnios. 

In  ascites,  unless  encysted,  the  flanks  bulge  and  the 
enlargement  does  not  stand  up  prominently,  as  in  the 
case  of  an  ovarian  cyst.  Percussion  will  give  a  clear 
note  over  the  highest  point  in  the  abdomen.  That  is  to 
say,  with  the  patient  on  her  back  a  tympanitic  note  will 
be  heard  in  the  region  of  the  umbilicus,  while  the  note 
in  the  flanks  will  be  dull ;  whereas  if  she  is  turned  on 
her  side,  the  flank  which  is  uppermost  will  yield  a  clear 
note.  Exceptions  to  this  rule,  however,  occur  now  and 
then,  as  was  well  illustrated  in  a  case  which  came  under 
the  writer's  observation  some  years  ago.  An  immigrant 
woman  was  brought  into  hospital  and  found  to  have  a 
swelling  of  the  abdomen  which  progressed  rapidly.  The 
fluid  impact  wave  was  readily  obtained  and  percussion 
gave  a  dull  note  all  over  the  abdomen,  except  just  below 
the  sternum.  Posture  made  no  change  in  this  note. 
The  uterus  and  vaginal  fornices  were  depressed.  The 
heart,  liver,  and  kidneys  were  healthy,  and  a  diagnosis 
of  a  rapidly  growing  parovarian  cyst  was  made.  On 
opening  the  abdomen  for  its  removal  a  large  quantity  of 
fluid  was  removed  from  the  general  peritoneal  cavity  and 
the  pelvic  organs  were  found  to  be  healthy.  Shortness 
of  the  mesentery  preventing  the  intestines  from  floating 
to  the  surface  and  the  excessive  quantity  of  fluid  present 
accounted  for  the  absence  of  the  clear  percussion  note 
from  its  usual  situation. 

A  distended  bladder  occupies  the  median  line  of  the 
lower  abdomen  and  appears  as  a  tense  pyramidal  mass 
above  the  pubes.  There  is  generally  dribbling  of  urine, 
and  careful  catheterization  of  the  bladder  will  clear  up 
the  diagnosis.  For  this  little  operation  a  male  metallic 
instrument  is  the  best,  as  something  may  be  pressed 
against  the  bladder  diagonally,  thus  cutting  off  the  part 
into  which  the  ureter  of  one  side  opens.  A  rubber  catheter 
will  coil  up  in  the  free  part  of  the  bladder,  and  this  also 
will  be  the  only  part  of  the  organ  which  can  be  emptied 
by  the  ordinary  short  glass  catheter,  while  the  long  me- 
tallic instrument  can  be  cautiously  guided  past  the  ob- 
struction into  the  dilated  portion. 

Myoma ta  and  fibromata  of  the  uterus  are  hard,  and  pal- 
pation fails  to  elicit  any  fluctuation.  They  move  wjth 
the  uterus,  the  cavity  of  which  is  enlarged.  If  they  are 
interstitial  or  submucous,  menstruation  is  increased. 

A.  fibro-cyst  of  the  uterus  gives  fluctuation,  but  moves 
with  and  is  evidently  attached  to  the  uterus.  It  is  a  very 
rare  form  of  neoplasm,  and  if  it  is  punctured  and  if  the 
fluid  is  allowed  to  stand  spontaneous  coagulation  quickly 
supervenes. 
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CysU  of  the  mesentery  have  a  clear  percussion  note  all 
around  them,  if  they  are  not  large  enough  to  fill  the 
whole  abdomen,  in  which  case  a  history  of  the  growth 
iaving  proceeded  from  above  downward  and  not  vice 
versa,  as  is  the  case  of  ovarian  affections,  can  usually  be 
obtained. 

A  dermoid  of  the  ovary  is  of  slow  growth  and  may  oc- 
cur in  a  very  young  girl. 

Renal  cystic  tumors  and  hydronephrosis  give  a  history 
of  progressive  enlargement  from  above  downward  and 
can  usually  be  separated  from  the  pelvic  organs.  In  the 
case  of  a  hydronephrosis  ureteral  catheterization  will 
usually  clear  up  the  diagnosis. 

Phantom  tumors  disappear  when  the  patient  is  anaes- 
thetized. 

Pregnancy  with  liydramnios  may  be  diagnosed  by  ob- 
serving the  rhythmical  uterine  contractions,  by  ausculta- 
tion, and  by  the  softening  of  the  cervix  and  the  changes 
in  the  breast  coexistent  with  pregnancy.  There  will 
also  be  the  history  of  amenorrhoeu,  and  when  all  else 
Jails  time  will  clear  up  the  diagnosis. 

A  cyst  of  the  parovarium  grows  quickly,  is  never  nodu- 
lar, and,  owing  to  its  being  unilocular  and  containing 
very  limpid  fluid,  gives  the  wave  impact  very  distinctly. 

Complications  of  Ovarian  Cysts. — Any  organ  or  struct- 
ure in  the  body  may  become  diseased  contemporaneousl}'' 
with  tumor  formation  in  the  ovary,  but  the  most  com- 
mon complications  are  albuminui'ia,  ascites,  adhesions, 
pregnancy,  rupture  of  the  tumor,  and  torsion  of  the 
pedicle. 

The  coexistence  of  pregnancy  and  ovarian  cyst  is  grave 
and  requires  care  before,  during,  and  after  labor.  If  the 
cyst  is  large  an  abortion  is  very  apt  to  result.  The  tu- 
mor is  very  liable  to  rotate,  causing  torsion  of  its  pedicle 
after  labor,  owing  to  the  change  in  the  intra-abdominal 
pressure.  Infection  and  consequent  suppuration  of  the 
cyst  are  also  apt  to  occur.  When  pregnancy  goes  to  full 
tenn  the  foetal  and  maternal  mortality  is  high.  In  271 
cases  of  ovarian  tumor  complicating  labor,  there  was  a 
maternal  mortality  of  25  per  cent,  and  a  foetal  of  75  per- 
cent., while  Zitter  and  Litzmann  place  the  maternal  death 
rate  at  30  and  43  per  cent,  respectively. 

Torsion  of  the  pedicle  is  a  not  infrequent  complication 
of  ovarian  cysts ;  dermoids,  probably  on  account  of  the 
difference  in  consistence  and  weight  of  various  sections 
of  the  growth,  being  the  variety  most  often  affected. 
Its  onset  may  be  either  acute  or  gradual,  the  former  be- 
ing naturally  the  more  grave. 

The  symptoms  of  a  twisted  pedicle  are  a  sudden,  acute 
pain,  followed  by  rapid  enlargement  of  the  tumor.  The 
abdomen  becomes  tender  and  the  patient  may  show  evi- 
dences of  most  profound  shock,  the  respirations  becom- 
ing rapid,  the  pulse  small,  thready,  and  rapid,  with  later 
on  a  rise  of  temperature. 

"When  the  onset  is  more  gradual  there  may  be  few  or 
no  special  symptoms.  There  may  be  an  increase  of  the 
previous  pain  and  some  enlargement  of  the  tumor.  The 
rapid  increase  in  size  of  the  tumor  is  due  to  congestion, 
which  may  be  so  great  as  to  cause  hemorrhgae  into  the 
tumor  substance  or  even  into  the  peritoneal  cavity. 

The  only  treatment  is  to  operate  without  delay.' 

Ascites  may  accompany  an  ovarian  tumor,  especially  if 
it  be  malignant.  Its  chief  importance  lies  in  the  proba- 
bility of  there  being  disease  of  the  heart,  kidneys,  or 
liver,  and  in  its  rendering  the  diagnosis  difficult. 

Albuminuria  should  be  looked  for  and  cured  if  possi- 
ble before  any  operative  interference  is,  carried  out.  It 
may  be  caused  by  pressure  of  the  tumor  on  the  ureters, 
in  which  case  it  will  disappear  after  removal  of  the 
growth  and  no  casts  will  be  found  in  the  urine. 

Adhesion  of  the  tumor  to  neighboring  organs  forms  a 
serious  complication  when  an  operation  is  called  for. 
These  adhesions  may  be  so  intimate  as  to  offer  sulficient 
nourishment  to  the  tumor  even  after  it  has  been  freed 
from  its  usual  attachment,  as  sometimes  occurs  in  torsion 
•of  the  pedicle.  They  also  complicate  the  diagnosis,  as, 
for  instance,  when  the  tumor  becomes  adherent  to  and 
moves  with  the  uterus. 


Rupture  of  the  cyst  may  occur  and  may  be  followed  by 
permanent  disappearance  of  the  growth,  or  this  may 
refill.  When  the  contents  are  either  irritating,  as  in  the 
case  of  a  dermoid,  or  malignant,  a  general  peritonitis  or 
secondary  infection  of  the  peritoneal  cavity  will  follow. 
In  some  cases  a  blood-vessel  will  be  torn  through  and  a 
more  or  less  severe  hemorrhage  into  the  peritoneal  cavity 
may  take  place. 

ProgiTiosM.— If  left  alone  ovarian  cysts  ai-e  apt  to  in- 
crease in  size  until  they  prove  fatal  tlirough  interference 
with  the  alimentary,  cardiac,  digestive,  and  respiratory 
systems. 

Treatment.— Removed  of  the  cyst  by  either  the  abdom- 
nal  or  the  vaginal  route  is  the  only  treatment  indicated. 
Formeriy  frequent  tapping  of  the  tumor  and  withdrawal 
of  the  contents  were  practised,  but  ovariotomy  is  now  so 
safe  a  measure  as  to  have  no  rival  in  the  treatment  of  this 
condition.  Tapping  is  not  only  useless,  but  is  distinctly 
dangerous,  as  it  sets  up  adhesions  and  may  allow  leak- 
age into  the  peritoneal  cavity,  is  liable  to  cause  sepsis, 
and  puncture  of  bowel  or  blood-vessels  may  occur,  and 
the  fluid  tends  to  accumulate  more  rapidly  afterward. 
Even  when  the  tumor  has  ruptured  spontaneously  oper- 
ation may  be  indicated  by  peritonitis  or  by  hemorrhage. 
In  a  case  of  the  writer's,  rupture  took  place  half  an  hour 
before  the  time  appointed  for  operation,  and  on  opening 
the  abdomen  the  cavity  was  found  to  contain  a  large 
quantity  of  fluid  blood  which  had  escaped  from  a  vessel 
that  had  been  torn  across. 

OvAKiANDEEMoros. — In  women  dermoid  tumors  have 
never  been  found  growing  from  any  other  organ  in  the 
abdominal  cavity  than  the  ovaries.  They  are  compara- 
tively rare,  only  between  three  and  four  per  cent,  of  all 
ovarian  tumors  being  of  this  nature.  They  may  occur  at 
any  age,  but  are  more  liable  to  occur  before  puberty  than 
any  other  form  of  ovarian  tumor.  Usually  only  one 
ovary  is  affected,  but  now  and  then  the  disease  attacks 
both. 

Until  recently  it  was  maintained  that  they  were  due  to 
inclusion,  in  the  developing  ovary,  of  cells  from  the  other 
layers,  but  Wilms  has  lately  suggested  the  probability 
of  their  being  caused  by  some  eccentric  development  of 
ova,  and  he  supports  this  theory  by  the  facts  of  their  being 
found  occasionally  in  the  foetus,  and  of  the  tumor  con- 
taining traces  sometimes  of  nearly  every  organ  in  the 
body,  which  is  not  the  case  with  dermoids  situated  else- 
where. 

Ovarian  dermoids  are  not  large  tumors,  rarely  being 
seen  larger  than  a  man's  head.  They  contain  a  cheesy 
material,  in  which  may  be  found  almost  any  organ  of 
the  body,  sometimes  in  a  very  rudimentary  state.  One 
of  the  commonest  structures  found  is  hair,  which  may 
measure  five  feet  in  length  but  which  is  usually  short. 
In  addition  to  these  substances,  teeth  are  often  found 
embedded  in  the  cyst  wall,  where  also  rudimentary  mam- 
mae may  be  seen.  A  heart  with  a  mitral  valve  and  chordae 
tendinesB  has  once  been  described  as  having  been  found 
in  a  dermoid  of  the  ovary.  The  more  fluid  contents  are 
extremely  irritating  to  the  peritoneum,  and  if  they  escape 
into  the  peritoneal  cavity  they  are  almost  sure  to  set  up 
a  most  intense  inflammation  of  its  lining. 

An  ovarian  dermoid  gives  rise  to  the  symptoms  of  an 
ordinary  ovarian  cyst,  from  which  it  may  be  diagnosed 
by  its  slow  growth  and  the  peculiar  want  of  elasticity 
which  it  imparts  to  the  examining  hand.  An  ovarian 
tumor  seen  in  a  girl  before  puberty  is  much  more  likely 
to  be  a  dermoid  than  one  of  any  other  variety. 

The  proper  treatment  is  to  remove  the  tumor. 

Papillomatous  Tumors  of  the  Ovary.— This  varie- 
ty of  ovarian  cyst  is  of  sufficient  importance  to  warrant 
some  special  consideration,  and  is  divided  into  two 
groups,  according  as  to  whether  the  papillomata  occur 
inside  the  cyst  or  on  the  outside  of  its  wall. 

1,  Papillomatous  cystoma  of  the  ovary  may  be  shortly 
described  as  a  cystic  tumor  of  the  ovary  containing 
masses  of  papillae ;  from  the  tendency  to  form  secondary 
growths,  it  may  be  looked  upon  as  malignant. 

Olshausen,  in  1877,  noted  the  difference  between  sim- 
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pie  cysts  and  those  containing  papillary  projections. 
Inspection  of  the  tumor  with  the  naked  eye  reveals 
numerous  papillsB  on  the  inner  surface  of  the  cyst  wall. 
These  may  be  few  in  number  or  else  so  numerous  as 
completely  to  fill  the  cavity  of  the  cyst  and  even  at  times 
cause  its  rupture.  The  papillae  are  pedunculated  and 
vary  from  a  simple  projection  to  a  most  complicated 
branching  structure.  Not  only  does  this  shape  vary,  but 
the  color  may  range  from  almost  white  to  a  pinkish  hue, 
this  depending  on  the  supply  of  blood  going  to  the  pa- 
pillse  and  also  on  their  consistence.  They  are  usually 
soft,  but  may  contain  sand-like  bodies  which  cause  the 
growths  to  feel  gritty.  After  perforation  of  the  cyst 
wall  the  peritoneum  and  other  organs  may  become  in- 
fected.    , 

These  cysts  usually  contain  a  clear,  thin,  watery  fluid 
of  a  yellow  color  and  alkaline  reaction.  It  has  a  specific 
gravity  of  from  1.005  to  1.040,  and  does  not  coagulate  on 
standing.  It  responds  to  the  tests  for  albumin.  On  ex- 
amining the  fluid  with  the  microscope,  it  may  be  seen  to 
contain  epithelial  elements,  compound  granular  bodies, 
and  sometimes  cholesterin  and  hsematoidin  crystals.  In- 
stead of  the  fluid  being  clear,  however,  it  may  be  dark 
and  turbid  or  even  grumous,  the  character  varying  at 
times  even  in  different  parts  of  the  same  tumor. 

Microscopical  Appearances. — In  a  pedunculated  cyst 
the  wall  has  an  outer  layer  which  is  thin  and  dense.  It 
is  composed  of  laminated  tissue,  a  few  cells,  and  occa- 
sionally non-striped  muscular  tissue  may  be  seen.  The 
next  layer  is  thicker  and  more  cellular.  Both  contain 
blood-vessels.  Internal  to  this  second  is  a  third  layer, 
composed  of  epithelium  which  sometimes  rests  upon  a 
thin  homogeneous  basement  membrane.  The  epithelial 
cells  may  be  cuboidal,  cylindrical,  or,  in  fact,  almost  any 
shape.  Cilia  may  or  may  not  be  present,  and  even  in  the 
same  tumor  some  cells  may  bear  cilia  while  their  neigh- 
bors do  not,  their  absence  or  presence  being  purely  acci- 
dental and  having  no  bearing  upon  the  case  (J.  W.  Wil- 
liams). These  cells  may  be  in  one  layer  or  in  several,  and 
in  small  cysts  they  are  not  usually  so  high  as  where  they 
simply  cover  papillae,  the  low  merging  gradually  into 
the  high.  In  the  smaller  cysts  also,  'part  of  the  outer 
wall  may  be  replaced  by  true  ovarian  tissue.  The  stro- 
ma of  the  cyst  wall,  which  maybe  dense  and  well  formed, 
or  else  somewhat  myxomatous,  continues  up  through  the 
pedicle  into  the  papillae,  and  is  usually  well  supplied 
with  blood-vessels,  which  are  thus  enabled  to  pour  out  a 
portion  of  their  serum  and  so  contribute  their  quota 
toward  the  fluid  contents  of  the  cyst. 

The  sand-like  bodies,  above  referred  to,  are  called 
psammomata,  and  consist  of  particles  of  carbonate  and 
phosphate  of  calcium  arranged  in  concentric  rings. 

Papillomata  may  extend  from  their  primary  site  by 
three  methods.  They  may  do  so  by  direct  extension  to 
contiguous  structures,  by  the  attachment  of  small  broken- 
ofE  fragments  of  the  growth  to  the  peritoneum,  and  lastly 
by  true  metastatic  formation. 

In  the  early  stage  no  diagnosis  of  the  exact  nature  of 
the  pathological  process  is  possible.  This  is  clear  only 
when  the  ascites  can  be  made  out,  when  the  psammomata 
can  be  felt  per  vaginam,  or  when  papillomatous  masses 
burst  into  the  bladder  or  rectum.  Freund  considers  that 
the  simultaneous  appearance  of  ascites  and  hydrothorax 
favors  the  diagnosis  of  papilloma  ovarii. 

These  cysts  are  apt  to  burrow  between  the  layers  of 
the  broad  ligament,  both  toward  its  base  and  laterally 
toward  the  uterus.  They  occur  most  frequently  between 
the  ages  of  twenty -five  and  fifty. 

2.  Superficial  papillomata  of  the  ovary  are  more  rare 
than  intracy Stic  growths,  and  like  them  are  nearly  always 
bilateral.  They  are  formed  of  branched,  usually  pedun- 
culated masses,  springing  from  the  surface  of  the  ovary. 
Their  histological  structure  resembles  that  of  the  intra- 
cystic  form  of  the  disease,  the  epithelium  being  continu- 
ous with  the  germinal  epithelium,  as  is  also  the  case  in 
some  mtracystic  growths,  although  the  etiology  of  the 
latter  is  uncertain. 

The  treatment  of  papillomatous  disease  of  the  ovary  is 
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prompt  and  thorough  removal  of  the  diseased  structures, 
and  this  is  usually  followed  by  permanent  relief. 

F.  A.  L.  Lockhart. 

OVARIOTOMY.— Ovariotomy  (from  the  Latin  ova- 
rium, ovary,  and  Greek  tou^,  cutting)  is  to  be  classed 
among  the  unsatisfactory  terms  which  unfortunately  are 
too  common  in  medical  nomenclature.  Leaving  out  of 
consideration  its  hybrid  formation,  the  word  by  no  means 
expresses  the  removal  of  the  ovary.  In  this  sense  oopho- 
rectomy {a6(popov,  ovary,  ektoju^,  excision)  is  far  more  ap- 
propriate; and  if  the  Fallopian  tube  be  also  removed, 
salpingo-oophoreetomy  should  be  employed. 

Under  the  heading  "  ovariotomy "  most  text-books 
consider  the  operation  for  tumor  formations  alone  of 
the  ovary,  ignoring  the  inflammatory  and  other  con- 
ditions for  which  identically  the  same  procedure  is  more 
frequently  undertaken.  In  accordance  with  custom, 
however,  the  first  class  of  cases  will  be  dealt  with 
here. 

HrsTORT. — The  history  of  this  procedure  is  of  consid- 
erable interest.  The  kings  of  ancient  Lydia  arc  said  to 
have  had  it  performed  upon  women  either  for  the  pur- 
pose of  preserving  their  youthful  characteristics,  or  in 
order  that  they  might  be  employed  in  the  place  of  eu- 
nuchs. The  actual  nature  of  the  operation,  however,  is 
somewhat  doubtful,  as  in  some  instances  in  all  probabil- 
ity only  the  clitoris  was  removed,  although  from  the 
scanty  details  procurable  it  may  be  inferred  that  at  least 
some  genuine  ovariotomies  were  performed.  During  the 
seventeenth  century  a  Hungarian  sow-gelder  is  said  to 
have  removed  the  ovaries  from  his  daughter  as  a  punish- 
ment for  her  frequent  lapses  from  virtue.  In  the  eigh- 
teenth century,  although  suggested  much  earlier  by  con- 
tinental sui'geons,  the  possibility  of  the  operation  was 
seriously  discussed,  more  particularly  by  John  Hunter  In 
England  and  John  Bell  of  Edinburgh,  although,  owing 
to  the  high  mortality  of  all  intra-abdominal  operations, 
these  men  lacked  the  courage  of  their  convictions  and 
were  unwilling  themselves  to  undertake  a  hitherto  un- 
tried procedure.  Their  teachings,  however,  bore  fruit, 
and  the  first  prearranged  and  successful  ovariotomy  was 
accomplished  in  1809  by  Ephraim  McDowell,  of  Ken- 
tucky, who  had  been  one  of  Bell's  students  in  Edin- 
burgh. It  must  of  course  be  conceded  that  the  ovaries 
had  been  removed  by  operation  previous  to  this  time,  but 
in  the  majority  of  such  cases,  if  not  in  all,  the  real  nature 
of  the  procedure  had  not  been  recognized  until  later. 
Moreover,  in  several  other  Instances  ovarian  cysts  had 
been  tapped  through  an  abdominal  incision,  and  portions 
of  the  sac  walls  had  been  resected.  Nevertheless,  it  is  im- 
portant to  recognize  the  fact  that  all  such  operations  had 
lacked  the  careful  pre-arrangement  or  the  successful  issUe 
of  McDowell's  case. 

In  the  United  States  the  operation  was  repeated  by  the 
originator  twice  before  1817.  Nathan  Smith,  of  Connec- 
ticut, unaware  of  McDowell's  cases,  performed  it  in  1821; 
Rogers,  of  New  York,  in  1829;  Billinger  in  1835;  and  in 
1843  Dunlap,  of  Ohio,  and  the  Atlee  brothers,  of  Pennsyl- 
vania, obtained  favorable  results.  Fi-om  this  time  on,  the 
operation  gained  in  favoi-  in  America,  and  the  excellent 
work  of  W.  L.  Atlee  and  of  Peaslee  did  much  to  popular- 
ize it. 

In  Great  Britain  Lizars,  of  Edinburgh,  performed  the 
operation  four  times  in  1825,  but  no  other  attempts  were 
made  in  Scotland  until  1845.  In  1833  Jeaffreson,  of  Fram- 
lingham,  obtained  the  first  suecessful  result  in  England, 
although  Granville  had  had  two  failures  in  1836  and 
1827.  Interest  in  the  procedure  was  revived  in  1842  by 
Clay,  of  Manchester,  who  soon  became  noted  for  his  work. 
Spencer  Wells  from  1858  to  1871  performed  the  operation 
440  times,  and  his  total  number  of  ovariotomies  reached 
nearly  2,000.  His  successors,  Keith  and  Tait,  also  ob- 
tained splendid  results.  The  first  successful  operation  in 
Europe  was  performed  by  the  German  surgeon  Chrys- 
mar  in  1820,  a  similar  case  in  the  previous  year  having 
terminated  fatally.  In  Germany,  until  1850,  only  23 
ovariotomies  with  7  successes  had  been  done,  and  until 
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1870  there  had  been  only  180  with  a  mortality  of  105, 
or  over  58  per  cent. 

It  -was  not  until  1844  that  Woyerkowsky  scored  the 
first  success  in  France,  but  here  as  in  Germany  the  pro- 
fession were  so  opposed  to  the  operation  that  it  made  but 
little  headway,  and  was  not  recognized  until  long  after 
it  had  been  established  in  America  and  England. 

Following  the  introduction  of  the  principles  of  antisep- 
sis and  asepsis  the  mortality  was  reduced  to  a  remarkable 
degree  until,  instead  of  being  regarded,  as  it  was  by  many 
leading  surgeons  of  fifty  years  ago,  as  almost  the  equiva- 
lent of  murder,  the  procedure  is  now  looked  upon  in  un- 
complicated cases  and  in  the  hands  of  a  skilful  operator, 
employing  a  rigid  aseptic  technique,  as  one  of  the  sim- 
plest of  abdominal  operations.  The  gradual  developmen  t 
of  ovariotomy  is  very  fully  presented  by  Peaslee  ("  Ova- 
rian Tumors,"  1872). 

Indications. — Internal  medication  and  local  treatment 
are  futile  in  cases  of  ovarian  tumor,  and  the  days  of  sim- 
ply tapping  cysts  are  now  past.  So  soon  as  the  diagno- 
sis is  made,  operative  measures  should  be  instituted. 
Some  operators  prefer  the  vaginal  route,  wherever 
possible,  and  in  suitable  cases  this  answers  the  purpose 
admirably.  The  relative  merits  of  the  two  methods  can- 
not be  discussed  here,  but  to-day,  as  a  rule,  the  abdominal 
incision  is  chosen ;  since  by  its  employment  the  tumois 
can  be  rendered  plainly  visible  and  accessible  to  close  ex- 
amination, and  the  question  of  complete  or  partial  re- 
moval of  one  or  both  ovaries  is  consequently  more  easily 
decided. 

It  is  true  that  in  many  instances  an  ovarian  tumor  may 
exist  throughout  a  patient's  lifetime,  without  detriment 
to  her  health,  or  without  producing  any  symptoms  what- 
ever, so  that  its  discovery  is  often  more  or  less  accidental. 
But  despite  this  well-recognized  fact  we  must  always 
take  into  consideration  the  comparative  frequency  of 
malignancy  in  these  tumors,  and  the  liability  to  the  occur- 
rence of  secondary  implantations  and  metastases,  even  at 
a  period  when  the  main  growth  is  caiising  no  unpleasant 
manifestations.  Moreover,  the  possibility  of  certain  ac- 
cidents, as  torsion  of  the  pedicle,  or  rupture  of  a  cyst  with 
perhaps  a  resulting  hemorrhage  or  peritonitis,  is  worthy 
of  consideration.  Infection  of  the  cyst  contents  from  an 
adherent  bowel  may  also  occur  and  greatly  increase  the 
danger.  Adhesions  are  likely  to  form,  rendering  oper- 
ation at  a  later  date  more  difficult,  and  secondary  changes 
in  other  organs  may  begin  insidiously  and  make  consid- 
erable and  rapid  progress. 

Age  as  a  rule  seems  to  make  but  little  difference.  Gen- 
erally speaking,  elderly  women  bear  the  operation  very 
well.  In  children  we  must  always  bear  in  mind  the  rela- 
tive frequency  of  sarcomatous  tumors. 

The  coexistence  of  pregnancy  does  not  modify  to  any 
extent  the  indications  for  operation,  inasmuch  as  statis- 
tics show  that  fatalities  to  the  mother  and  fa>tus  are 
much  more  likely  to  occur  when  the  ovarian  tumor  is 
allowed  to  remain  undisturbed  than  when  it  is  removed 
even  during  the  pregnancy.  In  the  case  of  a  malignant 
tumor  the  dangers  incident  to  expectant  treatment  are 
even  greater  than  in  the  non-pregnant  state,  since  the 
physiological  congestion  tends  to  promote  rapid  growth. 
The  liability  to  torsion  of  the  pedicle  is  naturally  in- 
creased as  the  enlarging  uterus  crowds  the  tumor,  often 
rotating  it,  in  its  attempts  to  occupy  the  narrowing 
space  to  the  best  advantage.  Thus  in  one  series  of 
one  hundred  and  nine  cases  of  ovarian  tumor  with 
pregnancy  torsion  occurred  ten  times.  Large  tumors 
in  the  presence  of  the  additional  bulk  of  the  uterus  may 
lead  to  pressure  symptoms,  sufficiently  severe  to  en- 
danger the  life  of  the  mother,  and  growths  of  relatively 
small  size  have  been  known  to  cause  the  death  of  the 
foetus.  Smaller  tumors,  especially  if  solid,  may  become 
impacted  in  the  pelvis  below  the  growing  uterus,  the 
accident  either  leading  to  abortion  or  giving  rise  to  an 
impassable  obstacle  to  delivery  at  term,  thus  necessitat- 
ing a  Csesarean  section  or  other  radical  measures.  The 
pregnant  uterus  may  also  be  crowded  backward  under 
the  promontory  of  the  sacrum,  so  that  its  development  is 


hindered,  and  abortion  is  very  likely  to  occur.  Adhe- 
sions of  the  ovarian  tumor  to  the  uterus  may  prevent  the 
symmetrical  enlargement  of  the  latter,  leading  to  abor- 
tion or  sometimes  to  a  malposition  of  the  fcetus.  The 
adhesions  may  be  torn  apart  by  the  traction  exerted  by 
the  uterus,  sometimes  in  conjunction  with  a  sudden  trau- 
ma. In  such  cases  alarming  or  even  fatal  hemorrhage 
has  been  known  to  take  place.  Rupture  of  an  ovarian 
cyst  is  also  liable  to  occur  from  pressure  or  trauma,  in 
the  latter  case  because  there  is  less  room  for  the  move- 
ment of  the  tumor,  so  that  even  a  slight  blow  might  suf- 
fice to  cause  such  an  accident. 

The  question  of  the  advisability  of  operation  during 
pregnancy  is  very  apt  to  present  itself,  since  a  tumor 
that  has  existed  unknown  to  the  patient  may  attract  her 
attention  as  soon  as  it  is  displaced  upward,  into  the  ab- 
domen, by  the  growing  uterus.  The  physician  may  also 
discover  it  during  an  examination  in  a  case  of  apparently 
normal  pregnancy. 

If  the  tumor  be  discovered  only  in  the  later  months,  es- 
pecially if  it  be  small  and  cause  no  trouble,  and  if  after 
it  has  been  carefully  watched  for  some  time  it  shows  no 
signs  of  enlarging,  operation  may  be  deferred  until  after 
delivery  has  taken  place.  All  the  various  factors,  how- 
ever, in  the  individual  case  must  receive  careful  consider- 
ation. If  a  cyst  causes  disturbances  only  during  the  last 
four  weeks  of  pregnancy,  or  after  the  onset  of  labor,  tap- 
ping may  become  necessary,  and  the  short  respite  thus 
obtained  may  tide  the  patient  over  until  a  more  favor- 
able time  for  a  radical  operation.  There  is  also  the  pos- 
sibility that  the  cyst  may  not  refill.  In  the  earlier 
months,  inasmuch  as  pregnancy  is  less  liable  to  be  inter- 
rupted by  operation,  interference  is  clearly  indicated. 
The  operation  should  be  done  as  rapidly  as  is  consistent 
with  proper  precautions,  and  during  all  the  various 
manipulations  the  pregnant  uterus  should  be  protected 
from  trauma,  and  the  pedicle  carefully  ligated.  In  view 
of  the  stretching  that  may  be  exercised  by  the  enlarging 
uterus,  the  tissues  should  not  be  too  tightly  bunched ;  it 
is  far  preferable  to  employ  several  ligatures,  each  includ- 
ing a  small  portion  of  the  pedicle.  The  case  should  be 
treated  afterward  as  if  abortion  were  imminent,  and  opi- 
ates should  be  administered  it  necessary. 

The  only  absolute  contraindication  to  the  operation 
may  be  the  enfeebled  physical  condition  of  the  patient. 
Thus  in  torsion  of  a  pedicle  with  resulting  collapse  it  will 
sometimes  be  very  difficult  to  decide  whether  a  postpone- 
ment is  not  justifiable  in  the  hope  that  the  patient  can  be 
tided  over  the  acute  attack,  and  not  submitted  to  oper- 
ation until  some  days  later  when  her  condition  is  im- 
proved. Many  unfavorable  symptoms  apparently  con- 
traindicating  operation  may  be  due  entirely  to  the  tumor, 
and  disappear  after  its  removal.  Among  the  most 
important  of  these  are  ascites,  circulatory  and  even  re- 
spiratory changes  induced  by  pressure,  albuminuria,  and 
in  some  cases  glycosuria.  In  several  instances  sugar, 
which  had  been  present  in  the  urine  of  patients  suffering 
from  ovarian  cysts,  disappeared  entirely  after  removal  of 
the  tumor. 

Even  in  apparently  hopeless  cases  unexpected  results 
are  sometimes  obtained,  and  records  are  found  of  cases  of 
widespread  papillary  adenocystomata  and  endotheliomata 
with  peritoneal  metastases,  in  which  these  latter  caused 
no  further  trouble  after  the  main  tumor  had  been  re- 
moved. Moreover,  in  densely  adherent  cases  which  at 
first  seem  to  defy  even  an  expert  operator,  by  patience  and 
careful  work  the  tumor  may  probably  be  freed  and  then 
removed.  At  times  in  almost  moribund  patients  radi- 
cal measures  may  be  indicated,  and  unless  the  condition 
be  due  to  cachexia  brought  about  by  a  malignant  tumor, 
after  prompt  and  active  stimulation  and  infusion  or  intra- 
venous transfusion  of  decinorraal  salt  solution,  operation 
will  sometimes  save.  More  particularly  is  this  true  in 
cases  of  torsion  or  rupture  of  a  cyst  or  when  the  symp- 
toms are  due  to  pressure.  _ 

In  brief,  then,  the  indications  for  treatment  m  cases  ot 
ovarian  tumors  may  be  summed  up  as  follows:  Operate 
as  soon  as  you  are  satisfied  of  the  presence  of  such  a  tu- 
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mor  unless  there  is  good  reason  for  believing  tliat  the 
physical  resistance  of  the  patient  may  be  materially  im- 
proved by. waiting  a  few  days. 

Technique.— T:oo  much  stress  cannot  be  laid  upon  a 
rigid  technique.  In  view  of  our  present  knowledge  it  is 
absolutely  criminal  knowingly  to  transgress  its  well-rec- 
ognized principles.  The  whole  subject  is  dealt  with  in 
detail  elsewhere.  Suffice  it  to  say  here  that  we  must 
bear  in  mind  that  asepsis  not  only  regards  our  actions  in 
the  operating-room  and  our  surroundings  there,  but  also 
includes  the  careful  preparation  of  the  patient  as  con- 
cerns the  field  of  operation,  the  evacuation  of  the  bowels 
and  all  other  details  the  proper  conduct  of  which  will  put 
her  in  the  best  condition  possible  for  the  operation.  In 
the  room  itself  everything  should  be  as  clean  as  possible, 
and  all  materials  coming  in  contact  with  the  field  of  oper- 
.ation  should  be  sterile.  Especially  does  this  apply  to  the 
hands  which,  although  they  cannot  be  rendered  abso- 
lutely aseptic,  can  at  least  be  made  innocuous  by  means 
■of  diligent  scrubbing,  by  the  employment  of  antiseptic 
solutions,  and  by  the  additional  precaution  of  using  rub- 
ber gloves.  Instruments  should  be  boiled  in  soda  solu- 
tion, all  dressings,  towels,  etc. ,  should  be  sterilized  with 
■steam,  preferably  in  the  autoclave.  Sea  sponges,  owing 
to  the  difficulty  of  satisfactorily  disinfecting  them,  had 
^letter  be  discarded.  Frequent  rinsing  of  the  hands  in  a 
"basin  of  sterile  water  during  the  course  of  the  operation 
is  to  be  recommended,  for  by  so  doing  we  are  less  liable 
to  transfer  infection  from  one  part  of  the  field  of  oper- 
ation to  another,  as  for  instance  if  the  hand  has  become 
•contaminated  by  the  contents  of  a  cyst  during  evacu- 
ation. 

Instruments. — For  an  ovariotomy  the  instruments  used 
an  an  ordinary  abdominal  section  are  required,  and  in 
.addition  several  others  devised  more  especially  for  this 
operation.  The  choice  of  instruments  is  largely  an  indi- 
■vidual  matter,  and  in  simple  cases  one  can  manage  with 
Tjut  very  few.  Nevertheless  it  is  always  best  to  be  pre- 
ipared  for  every  contingency  and  the  routine  sterilization 
of  a  few  extra  instruments,  even  if  they  are  only  occa- 
sionally required,  will  sometimes  save  no  little  vexation. 
The  following  list  of  instruments  will  suffice : 

Scalpels 2 

-Dissecting  (orceps,  toothed 2 

Dissecting  forceps,  toothed,  long 1 

Artery  forceps,  small 12 

-Artery  forceps,  long 6 

Retractors 3 

Transflxion  needles 1 

Needleholder 1 

Needles  (assorted  sizes) 6 

■Scissors,  straight 1 

Scissors,  curved  on  the  flat 1 

Museux  forceps 3 

SpBnge  holders 4 

Ligatures  and  sutures,  trocar  with  rubber  tubing. 

Cyst  forceps 2 

Catheter. 

Syringes,  dressings,  drainage  gauze,  cautery,  portable  electric 
light  and  other  accessories  of  an  operating-room. 

The  above  instruments  are  all  well  known  and  need 
not  be  described  here ;  the  pattern  is  immaterial  so  long 
as  each  is  satisfactory  to  the  individual  surgeon.  The 
long  dressing  forceps  will  be  found  useful  in  repairing 
injuries  deep  down  in  the  pelvis.  The  needles,  liga- 
tures, and  suture  material  will  vary  with  the  predilec- 
tions of  the  operator.  The  writer  prefers  full-curved 
sharp  needles  of  three  sizes  for  suturing  everything,  ex- 
cept the  bowel,  for  which  full-curved  round  "needles  are 
used.  I  generally  employ  Chinese  silk  twist  for  the 
pedicles  and  close  the  abdomen  in  layers,  using  a  con- 
tinuous catgut  suture  for  the  peritoneum,  mattress  su- 
tures of  silver  wire  for  the  fascia,  and  a  subcuticular 
catgut  suture  for  the  skin.  The  Museux  forceps  proves 
of  value  when  traction  has  to  be  made  on  a  solid  tumor, 
and  the  cyst  forceps  serves  a  similar  purpose  if  the 
growth  is  cystic.  The  trocar  and  rubber  tubing  should 
be  of  rather  large  calibre,  since  the  cyst  fluid  is  often 
thick  and  tenacious  and  is  liable  to  clog  a  narrow  lumen. 
Sponges  are  preferably  made  of  gauze,  and  must  be  care- 
fully counted  before  and  after  the  operation,  to  guard 
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against  the  possibility  of  leaving  one  in  the  abdominal 
cavity.  The  cautery  is  used  in  searing  the  pedicle,  to 
lessen  the  chance  of  the  formation  of  adhesions ;  more- 
over, its  employment  will  often  control  oozing  from 
denuded  surfaces  where  it  may  be  impossible  to  pass 
sutures. 

AncBstlietie. — The  relative  merits  of  ether  and  chloro- 
form as  an  ansesthetic,  and  the  cases  most  suitable  for 
each,  cannot  be  discussed  here.  The  main  point  is  that 
the  patient  remain  deeply  narcotized  throughout  the 
operation,  and  that  there  be  a  condition  of  complete 
muscular  relaxation.  It  is  very  disturbing  to  have  the 
patient  vomiting  or  straining  during  an  abdominal  oper- 
ation, and  the  ansEsthetizer  should  have  served  a  thor- 
ough apprenticeship  in  giving  ansesthetlcs  for  minor 
procedures  before  being  entrusted  with  this  duty  in  ab- 
dominal sections.  The  administration  of  nitrous  oxide 
gas  with  oxygen  until  the  patient  is  completely  uncon- 
scious and  then  continuing  with  other  is  a  very  satisfac- 
tory plan.  With  the  former  the  muscular  relaxation  is 
not  so  complete  as  with  ether  or  chloroform,  and  as  yet 
we  have  not  sufficient  data  to  warrant  its  use  alone  for 
ovariotomy,  although  in  certain  cases  ansesthesia  has  been 
prolonged  for  several  hours.  Local  ansesthesia  with  co- 
caine has  also  been  used  for  abdominal  sections,  but  is 
applicable  only  to  exceptional  cases,  and  general  anses- 
tiiesia  is  almost  always  preferable. 

Incision. — Everything  being  ready  for  the  surgeon,  so 
that  he  may  proceed  with  the  operation,  the  patient 
should  be  put  in  the  Trendelenburg  position,  which  fa- 
cilitates the  exposure  of  the  pelvic  organs.  The  abdomi- 
nal incision  should  be  in  the  median  line  and  should  be 
short  at  first;  if  it  be  necessary  to  enlarge  it  later,  this 
can  be  very  easily  done,  while  in  many  cases  of  large 
ovarian  cysts  it  may  be  possible  to  remove  the  sac,  after 
evacuation  of  the  contents,  through  a  very  small  open- 
ing. Before  the  incision  is  made  the  bladder  should 
be  catheterized,  and  it  is  a  good  rule  to  pass  a  sound  in 
all  cases  of  pelvic  tumor  in  order  to  determine  whether 
the  viscus  has  been  carried  upward.  Not  infrequently 
the  bladder  has  been  opened  in  making  the  abdominal 
incision  through  neglect  of  this  simple  precaution.  The 
skin  and  subcutaneous  fat  are  divided  and  the  bleeding, 
which  is  usually  slight,  is  controlled  by  haemostatic  for- 
ceps. The  fascia  is  then  divided  in  the  median  line.  In 
doing  this  very  frequently  the  sheath  of  one  rectus  will 
be  opened,  but  this  is  a  mattei-  of  no  great  moment. 
The  adipose  and  areolar  tissue  having  been  separated 
down  to  the  peritoneum,  the  latter  is  carefully  picked 
up  between  two  pairs  of  dissecting  forceps  and  a  small 
nick  made  in  it.  Through  this  the  air  enters,  allow- 
ing the  intestines  to  fall  away,  after  which  the  opening 
can  be  enlarged  as  much  as  necessary.  When  the 
parietal  peritoneum  is  adherent  to  the  tumor,  the  in- 
testines, or  the  omentum,  great  care  must  be  exercised 
in  opening  it  in  order  not  to  injure  the  structures  lying 
beneath.  It  is  important  to  see  that  the  peritoneum  is 
actually  opened  before  attempting  to  separate  the  adhe- 
sions, as  a  mistake  may  lead  to  a  widespread  separation 
of  the  peritoneum  from  its  attachment  to  the  abdominal 
wall.  Occasionally  it  will  be  found  possible  to  get  in 
above  the  adherent  area  through  an  opening  made  a  little 
higher  up.  During  the  progress  of  the  operation  the 
incision  may  be  enlarged  as  much  as  is  found  neces- 
sary, it  being  borne  in  mind  that  when  we  meet  with 
a  cyst,  a  small  opening  may  suffice,  while  even  solid 
tumors  with  a  little  judicious  manipulation  may  often 
be  delivered  through  a  relatively  small  incision.  The 
operator  must  not,  however,  handicap  his  efforts  by  try- 
ing to  work  through  too  small  an  aperture.  Two  fin- 
gers are  now  introduced,  or  if  need  be  the  whole  hand, 
and  the  nature  of  the  tumor,  its  location,  the  presence  or 
absence  of  adhesions  and  their  extent,  are  then  deter- 
mined. If  it  be  a  cystic  growth  the  question  of  evacu- 
ating the  fluid  will  have  to  be  considered. 

Emptying  a  Oysi.—\i  the  cyst  be  small  enough  to  allow 
readily  of  removal  through  the  incision,  puncture  is  not 
necessary.    If,  however,  it  be  large  and  free  from  ad- 
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liesions,  it  had  bettor  be  emptied.  Ou  the  otlicr  hand,  if 
it  be  adherent  it  may  be  easier  tiist  to  separate  the  adhe- 
sions, as  the  contour  and  relations  of  the  tumor  are  then 
more  easily  recognized  than  wlien  it  is  collapsed.  Usu- 
ally it  is  best  to  empty  it  at  once,  otherwise  it  is  liable 
to  rupture  during  manipulation.  In  the  case  of  a  large 
cyst  there  will  also  be  more  room  for  working,  and  the 
site  of  the  adhesions  can  be  more  readily  exposed  if  it  is 
first  emptied.  It  is  important  to  avoid  contaminating 
the  abdominal  cavity  with  the  cyst  fluid,  inasmuch  as  we 
can  never  be  sure  that  the  contents  ai-e  innocuous.  Thus 
in  the  case  of  a  papillary  adenocarcinoma,  the  escape  of 
the  cyst  contents  into  the  abdomen  would  be  very  likely 
to  cause  secondary  implantations.  Or,  again,  the  contents 
may  be  the  greasy  pi'oduct  of  a  dei-moid  cyst  which  may 
possibly  be  infectious  in  character,  and  at  any  rate  will 
be  extremely  difHcult  to  remove  if  once  they  become  dis- 
tributed in  the  abdominal  cavity.  To  guard  against  such 
accidents  gauze  sponges  are  carefully  packed  around  the 
presenting  tumor  to  wall  off  the  peritoneal  cavity  and  to 
protect  the  edges  of  the  incision.  The  patient  is  turned 
«lightly  on  one  side  so  that  the  escaping  fluid  may  be 
more  readily  prevented  from  soiling  the  field  of  oper- 
ation, and  a  cyst  trocar  with  rubber  tubing  attached  is 
then  plunged  into  the  tumor.  If  the  tumor  wall  be  too 
resistant,  a  small  nick  with  a  scalpel  may  greatly  facili- 
tate matters.  In  making  the  puncture  the  large  vessels, 
which  can  be  plainly  seen  coursing  over  the  cy.st  wall, 
should  always  be  avoided.  As  the  sac  wall  collapses  it 
is  gradually  drawn  out  with  the  liand  or  with  a  pair  of 
cyst  forceps,  and  the  remaining  part  squeezed;  or  press- 
ure is  made  upon  the  abdominal  walls  in  such  a  manner 
as  to  get  rid  of  as  much  of  the  fluid  as  possible.  A  lat- 
eral position  of  the  patient  is  also  of  advantage  in  this 
connection.  Any  compartments  in  a  multilocular  cyst 
are  usually  broken  down  with  ease.  As  soon  as  the  sac 
has  been  emptied  as  far  as  is  possible,  the  trocar  is  re- 
moved and  the  opening  closed  by  grasping  the  edges  in 
a  pair  of  haemostatic  forceps,  or  by  tying  a  ligature  se- 
curely around  it.  The  surrounding  part  of  the  wall 
should  be  carefully  cleansed  and  the  whole  enveloped  in 
a  piece  of  gauze  which  has  been  saturated  with  sterile 
hot  salt  solution. 

Adhesions. — Ovarian  tumors  that  are  not  adherent  or 
that  have  not  grown  downward  between  the  layers  of  the 
broad  ligament  can  usually  be  removed  without  much  dif- 
ficulty. The  tendency  of  the  growth  at  first  is  to  drop 
down  into  the  cul-de-sac,  or  later,  if  there  be  much  en- 
largement, to  ascend  out  of  the  pelvis  into  the  upper  ab- 
dominal cavity,  where  there  is  more  space  for  it.  Either 
of  these  displacements  tends  to  produce  an  elongation  of 
the  broad  ligament,  to  the  posterior  fold  of  which  the 
ovary  is  attached,  and  also  of  the  infundibulo-pelvic  and 
ovarian  ligaments,  at  the  outer  and  inner  poles  of  the 
ovary  respectively.  In  this  way  a  pedicle  is  formed 
which  allows  the  tumor  to  be  delivered  through  the  ab- 
dominal incision,  and  which  can  be  ligated  and  then 
severed. 

True  ovarian  tumors  rarely  extend  between  the  folds 
of  the  broad  ligament,  such  growths  being  usually  of 
parovarian  origin.  If  there  be  no  inflammatory  action 
tumors  of  the  latter  class,  as  a  rule,  can  be  shelled  out 
from  between  the  folds  by  splitting  the  peritoneal  cover- 
ing and  stripping  back  the  two  layers  of  the  ligament. 
After  the  growth  has  been  removed  the  two  edges  may 
be  sutured  with  catgut.  Hemorrhage  is  rarely  severe, 
but  anj'  excessive  bleeding  can  be  controlled  by  clamping 
or  ligating  the  ovarian  vessels  in  the  infundibulo-pelvic 
ligament,  and  the  communicating  branches  from  the 
uterine  vessels  at  the  cornu  of  the  uterus.  On  the  other 
hand,  if  chronic  inflammatory  changes  exist,  the  removal 
of  the  uterus  together  with  the  tumor  may  be  necessary. 
In  these  cases  it  is  well  to  begin  with  a  supravaginal 
hysterectomy  on  the  side  opposite  the  growth.  The 
uterine  vessels  on  the  affected  side  are  ligated  and  di- 
vided and  the  tumor  is  attacked  from  below.  Removal, 
even  in  this  manner,  may  at  times  appear  too  risky,  in 
which  case  an  incomplete  operation  must  be  done.     For- 
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tunately,  however,  in  such  instances  drainage  per  vaei- 
nam  is  usually  a  feasible  procedure. 

Adhesions  to  the  surrounding  viscera  form  the  most 
frequent  complication  of  ovarian  tumors.     These  varv 
from  a  few  spider-web-like  strands  to  masses  of  dense 
organized  connective  tissue,  requiring  division  with  the 
scalpel  or  scissors.     The  method  of  dealing  with  these  ad- 
hesions vanes.     If  they  are  of  recent  origin  they  may  be 
separated  with  the  fingers,  or  pushed  apart  with  a  gauze 
sponge.     If  they  are  more  resistant,  the  handle  or  blade ' 
of  the  scalpel  may  be  required  to  divide  them.    Whenever' 
possible,  the  separation  should  be  done  under  the  eve  of 
the  operator.    By  dragging  the  collapsed  cyst  well  out  of 
the  incision  with  a  pair  of  cyst  forceps,  or  with  the  fin- 
gers covered  with  a  gauze  sponge  to  prevent  slipping 
or  by  making  traction  on  a  solid  growth  with  a  Museux 
forceps,  the  adherent  structures  can  usually  be  drawn  up 
also  and  separated  in  plain  view.     On  the  other  hand 
when  the  adherent  viscera  are  fixed,  it  is  sometimes  im- 
possible to  expose  the  site  of  the  adhesions  satisfactorily 
even  with  the  aid  of  retractors  and  by  packing  aside  the 
intestines  with  gauze.     This  complication  is  likely  to  oc- 
cur when  a  large  solid  tumor  is  adherent  posteriorly.     In 
such  cases  it  is  necessary  to  deal  with  the  adhesions  by 
the  aid  of  the  sense  of  touch,  and  the  knowledge  of  the 
anatomical  relations.     The  site  from  which  the  tumor 
has  been  separated  should  be  examined  at  the  earliest 
possible  moment  to  ascertain  if  there  has  been  any  dam- 
age done,  in  order  that  instant  repair  may  be  instituted. 
Adhesions  to  the  parietal  wall,  which  have  been  men- 
tioned already,  occur  only  in  connection  with  tumors  of 
considerable  size. 

Omental  adhesions  are  rarely  troublesome  since,  if  need 
be,  this  tissue  can  always  be  sacrificed.  It  can  usually 
be  peeled  off  from  the  surface  of  the  growth,  but  when 
more  resistant  it  can  be  ligated  and  cut  away.  Even  small 
omental  vessels,  if  left  unligated,  are  apt  to  continue  to 
bleed ;  hence  the  omentum  should  be  examined  carefully 
for  any  hemorrhage  before  closing  the  abdomen. 

Bowel  adhesions  represent  the  most  serious  complica- 
tions, and  great  care  must  be  exercised  in  dealing  with 
them.  In  cases  of  inflammation  of  recent  origin  no 
trouble  is  apt  to  be  found,  as  the  adherent  bowel  may  be 
gently  peeled  back  with  the  finger  or  a  sponge.  If  the 
adhesions  be  older  and  firmer,  an  occasional  touch  with 
the  scalpel  may  be  required,  and  if  no  line  of  cleavage  be 
apparent,  part  of  the  tumor  tissue  may  be  left  adhering 
to  the  bowel.  In  carrying  out  this  manipulation  a  cyst, 
which  has  not  been  previously  emptied,  is  liable  to  rup- 
ture at  the  weakened  spot,  and  the  operator  must  be  pre- 
pared for  this  accident.  If  the  intestinal  wall  be  injured 
it  must  be  immediately  repaired,  a  round-pointed  needle 
being  employed  for  this  purpose,  and  care  being  taken 
that  no  undue  narrowing  of  the  lumen  of  the  bowel  be 
produced.  Free  oozing  from  the  outer  surface  of  the 
bowel  may  continue  for  a  short  time,  but  unless  the  mus- 
cularis  itself  or  the  mesentery  be  injured  it  will  soon 
stop.  If  the  bleeding  persists,  however,  measures  must 
be  taken  to  control  it.  When  the  injury  has  been  severe 
and  there  is  doubt  as  to  the  success  of  the  repair,  the 
question  of  drainage  comes  up.  This  will  be  discussed 
later. 

The  bladder  is  seldom  apt  to  be  injured,  as  it  is  less 
likel}'  to  be  drawn  up  out  of  the  pelvis  than  is  the  case 
in  uterine  tumors.  The  necessity  of  obtaining  a  positive 
assurance  on  this  point  has  already  been  mentioned.  The 
same  rules,  as  to  the  separation  of  adhesions  and  repair 
of  injuries,  apply  to  this  as  to  other  important  organs. 

The  ureters  are  rarely  involved  unless  the  growth  be 
intraligamentary.  If  they  be  liable  to  injury,  their  rela- 
tions must  be  established  either  by  following  their  course 
down  from  the  pelvic  brim  over  the  pelvic  floor,  or  by 
means  of  catheterization  through  the  bladder. 

Adhesions  in  the  cul-de-sac,  and  posterior  to  the  broad 
ligament,  are  often  very  troublesome.  They  are  sepa- 
rated most  easily  by  getting  the  fingers  below  the  tumor 
and  working  upward.  By  following  the  posterior  sur- 
face of  the  uterus  downward  from  the  fundus  and  then 
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separating  the  adherent  surfaces  laterally,  this  can  often 
be  quite  readily  accomplished.  Hemorrhage  may  be  pro- 
fuse and  may  require  the  placing  of  clamps  or  ligatures 
on  the  ovarian  vessels  and  at  the  cornu.  If  progress  be 
not  satisfactory  at  any  one  place  another  point  of  attack 
should  be  selected. 

Ligating  the  Pedicle. — As  soon  as  all  adhesions  have 
been  divided,  the  operation  has  been  much  simplified. 
If  the  pedicle  be  long  enough  the  mass  is  novsr  delivered 
through  the  abdominal  incision ;  otherwise  the  ligatures 
are  passed  through  the  pedicle  within  the  abdomen.  If 
there  be  oozing  from  the  raw  surfaces  of  the  viscera  or 
pelvic  walls,  sponges  wrung  out  of  hot  salt  solution 
may  be  packed  against  them  while  the  tumor  is  being 
removed.  Silk  is  generally  considered  to  be  the  most 
suitable  ligature  material.  If  properly  boiled  it  is 
sterile,  does  not  slip  or  swell  like  catgut,  and  very  rarely 
causes  any  trouble.  The  broad  ligament  is  transfixed  in 
the  thin  area  below  the  vessels,  and  a  double  ligature  is 
carried  through.  Without  being  interlocked,  one  is  tied 
externally  over  the  infundibulo-pelvic  ligament,  while 
the  other  comes  close  to  the  uterine  cornu.  When  the 
pedicle  is  large  and  thick  more  ligatures  may  be  required 
and  the  tissues  tied  in  three  or  four  divisions.  The  liga- 
tures having  been  secured,  the  pedicle  is  severed  at  least 
1  cm.  outside  them,  as  the  stump  is  apt  to  retract  through 
the  grasp  of  the  ligatures,  an  accident  which  has  often 
been  followed  by  serious  or  even  fatal  hemorrhage.  The 
stump  may  be  seared  with  the  Paquelin  cautery  to  lessen 
the  liability  of  adhesions  forming  to  it,  or  the  peritoneal 
edges  may  be  approximated  with  catgut.  Silk  ligatures 
for  the  pedicle  have  proven  so  satisfactory  that  the  use 
of  the  angiotribe  or  electric  cauterization  does  not  seem 
necessary. 

Incomplete  Oiiariotomy. — After  opening  the  abdomen 
and  carefully  examining  the  conditions  present  we  may 
find  it  utterly  impossible  or  inadvisable  to  remove  the 
tumors  completely.  The  ditBculty  may  be  due  either  to 
the  character  and  the  extent  of  the  disease  or  to  the  dense 
adhesions  binding  the  growth  to  important  viscera.  Pap- 
illary malignant  disease  may  be  so  far  advanced  that 
the  removal  even  of  the  main  mass  is  evidently  impossi- 
ble, or  an  attempt  to  do  this  may  be  attended  by  profuse 
hemorrhage,  even  after  the  preliminary  ligation  of  the 
main  vessels,  so  that  it  only  remains  to  pack  tightly  vrith 
gauze  and  not  proceed  further.  In  these  malignant  cases 
the  marked  cachexia,  which  is  often  present,  may  con- 
traindicate  a  radical  operation.  Even  if  removal  of  the 
main  tumor  be  accomplished,  it  is  impossible  to  deal  with 
the  metastases  upon  the  peritoneum,  which,  although  oc- 
casionally disappearing,  as  a  rule  cause  death.  Where 
there  have  been  inflammatory  complications,  and  espe- 
cially when  chronic  suppuration  has  occurred,  the  adhe- 
sions may  be  so  firm  that  the  time  wasted  in  separating 
them  and  the  attendant  hemorrhage  may  injure  the  pa- 
tient far  more  than  the  adoption  of  one  of  the  alterna- 
tives at  our  disposal.  Attempts  to  release  a  gi-owth 
densely  adherent  to  intestines,  bladder,  ureters,  or  ves- 
sels is  liable  to  cause  damage  that  may  be  irreparable  or 
that  may  necessitate  a  prolongation  of  the  operation 
which  may  prove  fatal  in  the  case  of  a  patient  whose 
vital  energies  are  already  exhausted. 

When  complete  ovariotomy  is  impossible,  various  ex- 
pedients come  under  consideration.  In  the  case  of  a 
cyst  we  can  resect  as  much  of  the  walls  as  possible,  and 
suture  them  to  those  of  the  abdominal  incision.  The  in- 
terior of  the  cyst  is  then  packed  with  gauze  which  acts 
as  a  drain  and  tends  to  destroy  the  epithelial  lining  of 
the  walls  and  thus  favors  the  formation  of  granulation 
tissue.  In  course  of  time  this  process  leads  to  a  union  of 
the  surfaces  which  thus  effects  a  cure.  A  similar  proce- 
dure may  be  carried  out  from  the  vagina.  If  the  cyst 
walls  cannot  be  brought  up  to  the  abdominal  incision  or 
down  to  the  vaginal  vault,  the  fluid  should  be  evacuated, 
and  an  attempt  made  to  destroy  the  lining  epithelium  by 
the  application  of  carbolic  acid,  searing  with  the  cautery, 
or  even  curetting  lightly.  A  gauze  drain  is  then  inserted, 
the  end  being  brought  out  through  the  abdominal  incis- 


ion or  into  the  vagina.  The  principal  indication  in  these 
incomplete  operations  is  to  see  that  all  hemorrhage  is 
controlled,  and  for  this  purpose  gauze  packing  is  often 
required.  In  the  case  of  solid  tumors  that  have  to  be 
left  or  can  only  partially  be  removed,  if  there  be  no  ooz- 
ing, the  abdomen  can  usually  be  closed. 

Not  infrequently  the  question  of  conservatism  arises, 
especially  in  the  case  of  yoimg  women.  In  malignant 
conditions,  it  is  best  to  remove  both  ovaries  as  the  disease 
is  often  bilateral,  although  but  one  ovary  may  present 
gross  pathological  appearances.  In  retention  cysts,  fol- 
licular hypertrophy,  corpus  luteum  cysts,  as  well  as  in 
some  dermoid  tumors,  it  is  often  possible  to  save  a  por- 
tion of  the  affected  ovary.  If  the  other  one  be  normal, 
there  is  no  absolute  necessity  for  this ;  but  in  bilateral  dis- 
ease a  small  portion  of  ovarian  tissue  should  be  saved  if 
possible,  for  the  reason  that  even  if  pregnancy  does  not 
occur,  a  young  woman  may  avoid  a  stormy  menopause, 
not  to  mention  the  mental  suffering  that  may  be  engen- 
dered by  the  knowledge  of  her  condition.  The  Fallopian 
tube,  if  not  seriously  diseased,  should  also  be  saved.  At 
times  by  resecting  the  diseased  portion,  enough  of  the 
healthy  tube  may  be  left  to  permit  of  a  future  concep- 
tion. 

Drainage.— In  this  respect  the  progress  in  surgical 
technique  has  been  somewhat  revolutionary.  Whereas 
formerly  drainage  was  regarded  as  indispensable  in  al- 
most all  ccpliotomies,  at  the  present  day  it  is  employed 
very  much  less,  and  very  seldom  in  cases  of  ovarian  tu- 
mor. By  drainage  we  leave  an  avenue  for  infection 
which  may  cause  the  contamination  of  a  sterile  abdomen, 
and  moreover  drains  partially  or  wholly  fail  to  accom- 
plish our  object.  That  this  is  often  the  case  is  proved 
by  the  rush  of  fluid  that  not  infrequently  follows  the  re- 
removal  of  the  drain.  Besides  the  fact  that  such  devices 
may  be  more  dangerous  than  useful,  their  removal  causes 
shock  and  pain  to  the  patient,  and  their  employment 
sometimes  not  only  produces  an  elevation  of  temperature, 
nausea,  and  other  unpleasant  symptoms,  but  also  tends  to 
retard  convalescence.  Moreover,  if  a  drain  be  employed, 
it  is  impossible  to  make  use  of  the  "  peritoneal  bath,"  by 
which  is  meant  the  leaving  of  500  c.c.  of  sterile  salt  solu- 
tion in  the  abdominal  cavity  before  closing  the  incision. 

Nevertheless,  drainage  is  occasionally  required  in  cer- 
tain cases  complicated  by  the  presence  of  pus,  which 
cannot  be  entirely  removed,  in  persistent  and  dangerous 
oozing  to  meet  which  we  are  obliged  to  keep  up  compres- 
sion for  a  certain  length  of  time,  after  severe  injuries  to 
the  bowel  and  in  incomplete  ovariotomy. 

Fortunately,  pus  is  encountered  only  in  rare  cases  of 
ovarian  tumor,  and  when  present,  as  a  rule,  it  is  of  slight 
virulence.  Drainage  may  be  considered  necessary  if  it 
has  been  impossible  to  protect  the  general  peritonal  cav- 
ity from  contamination  by  packing  gauze  around  the 
pus  focus  before  evacuating  it.  If,  however,  the  pus  as 
it  escapes  be  caught  on  sponges,  and  if  the  pelvis  or  the 
site  of  the  abscess  be  flushed  out  with  salt  solution  and 
then  sponged  dry,  by  omitting  drainage  we  have  the  ad- 
ditional safeguard  of  filling  the  abdomen  with  decinormal 
salt  solution,  to  dilute  any  contaminated  material  that 
may  remain,  and  to  assist  in  its  absorption.  If  the  pus  be 
considered  virulent,  as  for  instance  when  cover  slips  ex- 
amined at  the  time  of  operation  show  streptococci,  or 
when  there  is  a  communication  with  the  bowel,  drainage 
is  usually  indicated.  A  diffuse  general  peritonitis  will 
often  require  similar  measures.  In  the  writer's  experi- 
ence the  presence  of  gonococci  in  the  pus  has  not  proven 
an  indication  for  employing  the  drain. 

Persistent  oozing  from  raw  surfaces  left  after  separat- 
ing adliesions  rarely  requires  drainage,  but  when  it  can- 
not be  controlled  by  ligating  the  individual  bleeding 
points,  or  by  approximating  the  edges  of  torn  areas,  by 
the  employment  of  mattress  sutures  and  by  tightly  pack- 
ing in  sponges  wrung  out  of  very  hot  water,  by  touching 
the  bleeding  area  with  the  actual  cautery  or  by  using 
some  astringent  iron  solution,  then  a  gauze  drain  applied 
to  the  bleeding  area  may  give  excellent  results. 

Injuries  to  the  bowel  wall  sustained  during  the  sepa- 
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ration  of  dense  adhesions  should  be  repaired  as  soon  as 
recognized.  In  these  cases  tlie  tissues  are  apt  to  be  so 
infiltrated  and  friable  that  sutures  will  not  hold  unless 
so  much  tissue  is  included  as  dangerously  to  narrow  the 
lumen  of  the  bowel.  In  such  cases,  when  subsequent 
rupture  of  the  coats  of  the  intestine  is  to  be  feared,  a 
drain  should  be  inserted.  In  injuries  to  the  sigmoid  flex- 
ure and  to  the  lower  rectum,  which  are  frequently  impli- 
cated, vaginal  drainage  is  most  suitable. 

When  incomplete  ovariotomy  has  been  performed, 
drainage  may  be  required  to  permit  the  escape  of  the 
fluids  or  the  breaking-down  tissues.  The  gauze  thus  ap- 
plied facilitates  the  obliteration  of  the  cavities  of  the 
cysts,  which  cannot  be  removed.  For  the  same  reason,  if 
suppuration  has  occurred,  and  the  abscess  wall  cannot 
be  removed  completely,  a  drain  may  be  required. 

In  instituting  drainage  we  have  the  choice  of  two 
routes,  the  abdominal  and  the  vaginal.  The  latter  is 
usually  to  be  preferred,  since  it  provides  an  exit  at  the 
most  dependent  point  of  the  pelvis.  The  abdominal  si- 
nus which  is  left  after  removing  the  gauze,  even  with 
the  greatest  care  and  the  best  technique,  is  very  liable  to 
become  infected,  and  as  a  result  a  track  is  left  which 
must  close  slowly  from  the  bottom.  The  drain  inserted 
through  the  abdominal  incision  requires  to  be  removed 
mucli  earlier  than  one  used  through  the  vagina.  The 
mental  effect  upon  the  patient  is  not  unimportant,  and 
the  old  saying,  "  Out  of  sight,  out  of  mind  "  is  not  with- 
out weight  here. 

As  regards  the  form  of  drain  used,  experience  goes  to 
show  that  glass  tubes  should  be  discarded.  Gauze  either 
in  the  form  of  strips  or  a  "  Mikulicz  drain  "  answers  very 
well.  If  strips  be  used,  they  may  be  tied  end  to  end, 
forming  one  long  continuous  wick ;  but  if  left  separate, 
the  end  of  each  should  reach  the  external  opening  and 
the  first  to  be  removed  should  be  identified  in  some  way, 
as  by  tying  a  piece  of  silk  around  the  end  or  by  knotting 
the  gauze  itself. 

Toilet  of  the  Peritonetim.— Having  removed  the  tumor, 
the  surgeon's  next  duty  is  to  inspect  the  field  of  oper- 
ation very  carefully,  to  see  that  everything  is  in  order. 
After  first  satisfying  himself  that  no  hemorrhage  is  in 
progress,  he  should  examine  the  pedicle,  and  then 
inspect  the  broad  ligaments,  the  pelvic  walls,  and  any 
other  situation  where  he  has  had  occasion  to  separate  ad- 
hesions. If  there  be  any  oozing,  measures  to  control  it 
must  at  once  be  instituted.  The  bowel  must  also  be 
examined,  more  especially  the  rectum  and  the  sigmoid 
flexure,  as  these  are  the  parts  most  likely  to  be  injured. 
The  omentum  is  drawn  out  of  the  incision  and  laid  upon 
a  gauze  sponge,  when  any  bleeding  points  will  be  indi- 
cated by  the  staining  of  the  material,  and  can  readily  be 
secured.  Any  holes  in  the  omentum  should  be  sutured 
and  any  ragged  ends  should  be  ligated  and  removed. 
Owing  to  the  occasional  implication  of  the  vermiform  ap- 
pendix in  pelvic  disease,  it  should  be  examined  as  a  mat- 
ter of  routine  and,  if  necessary,  removed.  All  bleeding 
having  ceased,  the  abdomen  is  to  be  thoroughly  flushed 
out  with  decinormal  salt  solution,  and  then  sponged 
dry  This  can  be  done  by  holding  the  uterus  forward 
and  the  intestine  back,  while  an  assistant  pours  the  ster- 
ile salt  solution  down  into  the  cul-de-sac.  Occasionally 
the  employment  of  a  funnel  and  rubber  tube  will  prove 
more  convenient.  All  clots  or  fluid  having  been  removed 
by  this  procedure,  the  sponges  and  instruments  should  be 
counted  to  prevent  the  possibility  of  any  being  left  m  the 
abdomen.  If  drainage  be  indicated,  the  gauze  is  now 
inserted;  otherwise  the  abdomen  is  filled  with  decinor- 
mal salt  solution  and  the  incision  closed  by  the  method 
in  favor  with  the  operator. 

Dressing.— The  incision  having  been  closed,  the  sur- 
rounding skin  is  sponged  with  a  bichloride  solution 
(1  to  1  000)  and  afterward  with  alcohol.  A  small  amount 
of  sterile  iodoform  or  boric-acid  powder  may  be  dusted 
along  the  line  of  the  suture.  Several  layers  of  fine  gauze 
are  then  placed  over  the  wound,  and  above  this  a  liberal 
amount  of  absorbent  cotton.  To  retain  the  dressing  in 
place  wide  strips  of  adhesive  plaster  are  used,  reaching 


well  around  on  the  sides  of  the  abdomen,  and  extending 
from  the  pubes  for  some  distance  above  the  umbilicus. 
Over  this  is  placed  a  scultetus  bandage  reaching  from 
just  below  the  trochanters  up  to  the  costal  angle,  and 
held  down  snugly  in  place  by  means  of  two  strips  pass- 
ing around  the  inside  of  the  thighs.  The  scultetus  band- 
age may  be  changed  daily,  or  as  frequently  as  it  is  soiled. 
Unless  the  skin  show  considerable  irritation  from  the  ad- 
hesive plaster,  the  latter  may  be  left  undisturbed  for  ten 
days.  By  this  time  the  skin  incision  will  be  well  united 
and  the  subcuticular  catgut  suture  absorbed.  If,  how- 
ever, there  be  a  rise  of  temperature,  and  pain  along  the 
incision  be  complained  of,  the  whole  dressing  should  be 
removed,  in  order  to  ascertain  if  there  be  suppuration  in 
the  wound. 

With  an  abdominal  dressing  firmly  applied  in  the 
above  manner,  there  is  less  danger  of  the  sutures  tearing 
out  during  the  vomiting.  Distention  also  seems  to  be 
lessened  by  it,  and  there  is  no  danger  in  turning  the  pa- 
tient on  her  side,  as  soon  as  the  nausea  has  diminished. 
The  change  of  posture  is  one  of  the  most  welcome  privi- 
leges allowed  to  a  patient  after  a  coeliotomy.  Care  must 
be  taken  that  the  dressing  does  not  become  drawn  away 
from  the  pubes,  as  the  lower  end  of  the  incision  is  not  far 
above  this  point  and  exposure  of  it  may  lead  to  suppu- 
ration and  the  breaking  down  of  the  wound.  After  the 
first  ten  days  a  small  strip  of  gauze  held  in  place  by  two 
strips  of  adhesive  plaster  is  a  sufficient  protection. 

Affer-Treatment. — The  after-treatment  is  that  usually 
carried  out  after  any  abdominal  section,  and  the  details 
will  vary  with  different  operators.  It  is  a  very  good 
plan  to  have  a  definite  scheme  of  procedure  written  down, 
to  be  given  to  the  nurse  in  charge  of  the  patient.  This 
may  be  suited  to  a  moderately  severe  case,  but  can  be 
modified  as  desired.  Even  if  the  operation  has  been  a 
simple  one  and  the  shock  slight,  the  patient  will  not  suf- 
fer from  the  extra  precautions  taken. 

Before  the  patient  leaves  the  operating-room  the  stom- 
ach may  be  washed  out,  and  it  is  a  good  plan  to  adminis- 
ter a  stimulating  enema  composed  of  an  ounce  of  brandy, 
five  grains  of  ammonium  carbonate,  and  one-twentieth 
of  a  grain  of  strychnine  sulphate  in  a  pint  of  decinormal 
salt  solution.    This  is  rapidly  absorbed,  and  while  greatly 
diminishing  the  thirst,  also  promotes  diuresis,  diluting 
the  urine  which  otherwise  is  apt  to  irritate  the  bladder 
from  its  concentration.     On  reaching  her  room  the  pa- 
tient is  put  into  a  warm  bed,  and  hot-water  bottles  are 
placed  around  her  to  counteract  any  shock.     These  must 
be  carefully  protected  so  as  not  to  burn  her.     The  foot  of 
the  bed  is  elevated  fourteen  inches  to  facilitate  the  ab- 
sorption of  the  salt  solution  which  has  been  left  in  the 
abdomen.     With  the  head  low,  as  in  this  position,  the 
nausea  probably  will  be  less.     An  attendant  must  re- 
main at  the  bedside  until  the  patient  is  perfectly  con- 
scious, as  she  is  very  apt  to  try  to  get  out  of  bed  when 
coming  out  from  the  aniEsthetic.     Shock  must  be  com- 
bated by  the  use  of  stimulants,  and  of  these  strychnine 
is  the  most  satisfactory;  one -thirtieth  of  a  grain  may 
be  given  hypodermically  as  soon  as  the  patient  reaches 
her  room.     If  the  pulse  remain  over  130  to  the  minute, 
this  had  better  be  repeated  every  hour  for  four  or  five 
times-  otherwise  every  two  hours  for  three  or  four  doses 
is  sufficient,  and  after  this  every  four  to  six  hours,  ac- 
cording to  the  character  and  rate  of  the  pulse.     It  is 
probable  that  the  work  now  being  done  on  the  determi- 
nation of  the  blood  pressure  will  ultimately  give  us  more 
definite  data  for  the  employment  of  stimulating  drugs 
under    these   circumstances.     For   the  nausea   nothing 
much  can  be  done;  drugs  as  a  rule  are  useless,  and  sips 
of  hot  or  cold  water  only  aggravate  it.     A  hot  turpen- 
tine stupe  or  a  small  hot -water  bag  applied  to  the  epigas- 
trium above  the  level  of  the'dressmg,  often  affords  some 
relief.     Gastric  lavage  at  the  time  of  operation  acts  as  a 
preventive,  and  may  also  be  employed  after  the  first 
twentv-four  hours  in  persistent  cases.     As  soon  as  con_ 
sciousness  returns  the  first  complaint  will  be  probably  of 
thirst  but  beyond  moistening  the  lips  and  wiping  out 
the  mouth  with  a  moist  piece  of  gauze  nothing  much  can 
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be  done  for  some  hours.  When,  however,  the  nausea 
has  subsided,  water  in  small  quantities  may  be  given 
ever}'  few  minutes.  Hot  water  is  preferable  to  cold,  and 
the  quantity  may  gradually  be  increased  if  no  ill  effects 
are  seen.  As  has  been  said  before,  the  administration  of 
the  enema  and  leaving  500  c.c.  of  salt  solution  in  the  ab- 
domen will  lessen  the  thirst  very  considerably.  For  the 
pain,  if  severe,  a  small  dose  of  morphine  or  codeine  may 
be  given  hypodermically.  It  is  much  better  to  avoid 
opiates  whenever  possible,  and  their  routine  use  is  to  be 
condemned.  Besides  augmenting  the  nausea,  in  many 
patients  they  are  apt  to  retard  the  opening  of  the  bowels. 
Rubbing  with  chloroform  liniment  will  often  relieve  the 
severe  backache,  and  a  change  of  position  is  always 
grateful.  With  the  abdominal  dressing  described  above 
there  is  no  risk  in  moving  the  patient  from  one  side  to 
the  other. 

It  is  advisable  to  have  the  patient  urinate  naturally, 
and  unless  there  is  some  contraindication,  such  as  trauma 
to  the  bladder  wall  during  the  operation,  from  eight  to  ten 
hours  may  be  allowed  to  pass  without  an  evacuation  of 
urine.  After  this  time,  if  her  efforts  to  void  naturally 
have  failed,  she  should  be  catheterized  with  the  usual 
aseptic  precautions.  This  should  not  be  repeated  unless 
it  is  absolutely  necessary.  If  she  have  mucli  distress 
referable  to  the  bladder,  it  may  be  emptied  earlier. 

Most  of  the  discomfort  incident  to  abdominal  oper- 
ations is  due  to  the  tympanites,  which  is  usually  worse 
in  those  cases  in  which  the  structures  have  been  adher- 
ent, and  in  which  there  has  been  much  handling  of  the 
bowels.  It  is  also  frequently  due  to  neglect  in  properly 
emptying  them  before  the  operation.  This  complication 
can  be  relieved  very  often  by  passing  the  long  rectal  tube 
and  applying  heat  to  the  epigastrium.  Tincture  of  cap- 
sicum in  three-minim  doses  may  be  administered  after 
the  cessation  of  the  nausea.  In  neurotic  women  a  good 
deal  of  discomfort  is  usually  the  rule. 

The  patient  generally  feels  much  easier  as  soon  as  the 
bowels  have  been  well  moved.  Eighteen  or  twenty 
hours  after  the  operation  two  gi-ains  of  calomel  may  be 
given.  Eight  or  ten  hours  later  a  turpentine  enema  will 
often  produce  a  satisfactory  evacuation ;  if  ineffectual  it 
may  be  repeated  in  four  hours,  or  a  glycerin  enema  may 
be  given  instead.  If  there  be  still  no  results  small  doses 
of  magnesium  sulphate  may  be  given. 

The  temperature,  pulse  rate,  and  number  of  respirations 
should  be  taken  every  three  hours  at  flrst,  and  later  every 
four  or  six  hours,  according  to  the  progress  made  by  the 
patient.  A  careful  chart  should  be  kept  so  that  her  con- 
dition from  time  to  time  may  be  readily  ascertained. 

In  the  matter  of  diet  nothing  but  water  had  better  be 
given  by  mouth  until  the  bowels  have  been  moved,  but 
nutrient  enemata  consisting  of  peptonized  milk,  witli  the 
whites  of  two  eggs  and  twenty  grains  of  table  salt,  may 
be  administered  every  three  hours.  As  soon  as  the 
bowels  have  moved  satisfactorily  milk  with  lime  water 
or  carbonated  water,  albumin  water  or  broth  may  be  re- 
tained if  given  in  small  quantities  at  first.  After  the 
first  three  or  four  days,  if  satisfactory  progress  is  being 
made,  the  patient  may  take  soft  food,  and  after  about 
two  weeks  an  ordinary  light  diet  may  be  ordered. 

Where  there  is  no  suspicion  that  suppuration  is  occur- 
ring in  the  abdominal  wound,  the  dressing  need  not  b(^ 
disturbed  for  ten  days;  but  if  through-and-througli  su- 
tures have  been  used  for  the  abdominal  incision,  as  in 
cases  in  which  speed  in  closing  the  wound  has  been  neces- 
sary, or  if  unabsorbable  sutures  have  been  employed  for 
the  skin  alone,  an  earlier  examination  is  advisable,  and 
if  any  redness  be  found  around  the  suture  the  offender 
had  better  be  removed.  All  of  them  can  be  taken  out  as 
a  rule  on  the  seventh  day.  If  the  incision  be  firmly 
united,  a  small  pad  of  gauze  over  it  will  be  sufficient; 
transverse  strips  of  plaster  may  be  used  to  hold  this  in 
place,  and  at  the  same  time  prevent  any  stretching  of  the 
newly  formed  scar  tissue.  The  scultetus  bandage  is  worn 
until  the  patient  is  out  of  bed,  after  which  a  special  elas- 
tic abdominal  supporter  should  be  provided.  If  no  com- 
plications occur,  the  patient  may  sit  up  in  bed  on  the 


si.xteentli  or  eighteenth  day  after  the  operation,  and  get- 
out  of  bed  on  the  nineteenth  or  twenty-first  day.  Un- 
doubtedly in  many  cases  a  shorter  time  than  this  is  suffi- 
cient, but  it  is  far  better  to  be  on  the  safe  side. 

Mortality. — The  mortality  depends  upon  a  number  of 
factors,  such  as  the  skill  and  experience  of  the  operator, 
his  facilities  for  carrying  out  an  aseptic  technique,  and 
also  the  care  of  the  patient  after  the  operation.  Granted 
that  these  have  been  all  that  could  be  desired  and  that 
the  eases  are  uncomplicated,  the  percentage  of  deaths 
from  the  operation  should  be  almost  nothing.  It  is  very 
difficult  to  determine  the  real  mortality  since  statistics 
are  notoriously  misleading. 

The  results  are  steadily  improving.  A  few  references 
to  the  mortality  in  the  early  days  of  the  operation  have 
already  been  made,  and  half  a  century  ago  it  was  over 
fifty  per  cent.  Owing  to  an  aseptic  technique,  and  to  our 
knowledge  gained  by  experience,  the  average  mortality 
in  cases  subjected  to  operation  for  ovarian  tumors  at 
the  present  day  is  below  ten  per  cent.  Individual  op- 
erators will  have  far  better  results  than  this.  Law- 
son  Tait  a  number  of  years  ago  reported  a  series  of  13& 
ovariotomies  without  a  death,  and  the  results  to-day  are 
better  than  at  that  time.  Even  in  cceliotomies  for  all 
sorts  of  pelvic  diseases,  including  pelvic  abscess,  ectopic 
gestation,  etc.,  records  of  series  of  over  100  consecutive 
cases  without  a  death  have  been  reported.  The  author 
has  recently  had  two  such  series,  one  of  108,  the  other  of 
114  consecutive  successful  operations  in  a  hospital  prac- 
tice, in  which  all  conditions,  including  pus  cases  in  a 
large  proportion,  were  encountered. 

The  average  skilful  operator,  taking  cases  as  they  come, 
and  having  every  facility  for  good  work,  should  have  a 
mortality  of  not  over  three  to  four  per  cent,  in  ovari- 
otomy. Hunter  Bobb. 

OVARY  (ANATOMICAL).     See Sex-iial  Organs.  Female. 

OVULATION.    See  yfenstniation. 

OVUM. — (Greek  i>6v,  Latin  otmin,  an  egg.) 
The  ovum,  or  egg  proper,  is  a  cell  capable  under  cer- 
tain conditions  of  giving  rise  by  subsequent  cell  divisions 
to  a  complete  multicellular  organism.     This  definition 
applies  to  the  female  germ  cells  of  plants  as  well  as  to 


e^.l 


Fig.  3712,— DiaKrammatic  Section  of  an  Unincubated  Hen's  Egg.  61.. 
Blastoderm;  u'.i/.,  white  yolk;  y.y.,  yellow  yolk;  v.t.,  vitelline 
membrane ;  M',  albumen ;  ch.;.,chalaza;  (i.c?i.,  air  chamber ;  Is.m., 
inner  shell  membrane;  s.m.,  outer  shell  membrane;  s,  shell. 
(From  Balfour,  modified  from  Allen  Thomson.) 

those  of  animals.  Frequently  the  terms  ovum  and  egg  are 
used  loosely,  however,  not  only  to  include  the  envelopes 
suri-ounding  the  egg  proper,  but  even  to  designate  the 
embryo  and  its  foetal  membranes. 
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Historical. — Although  a  hen's  egg  has  been  probably 
one  of  the  most  familiar  of  objects  since  long  before  man 


Fig.  3713.— Babbit's  Ovum,  from  a  Graafian  Follicle  measuring  2  mm. 
a.  Discus  proligerus ;  b,  zona  radiata ;  c  nucleus ;  d,  nucleolus ;  e, 
yolk-granule  in  the  cytoplasm.  Highly  magnifled.  (From  Wal- 
deyer.) 

ever  thought  of  domesticating  wild  animals,  it  remained 
for  the  anatomists  of  the  nineteenth  century  to  discover 
its  true  nature ;  and  although  investigators  of  this  sub- 
ject vcere  never  before  so  active  as  during  the  last  decade, 
and  have  carried  on  their  work  with  a  refinement  of 
technique  not  dreamed  of  in  earlier  years,  there  is  still  a 
great  deal  to  be  learned. 

Modern  embryological  observations  may  be  said  to  have 
begun  with  William  Harvey,  who  published  his  results 
in  1651.  The  best  microscope  that  he  could  obtain  was  a 
simple  lens,  and  with  this  he  was  able  to  make  out  the 
general  outline  of  a  chick  embryo  during  the  second  day 
of  incubation.  His  view  of  the  ovum  was  that  it  con- 
sisted of  a  fluid 
matrix  in  which 
the  embryo  ap- 
peared by  a 
process  of  spon- 
taneous genera- 
tion. The  fe- 
male sexual 
product  was 
supposed  at  that 
time  to  be  a  fluid 
secreted  by  the 
"  testes  mulie- 
bres,"  the  term 
"  ovarium  "  not 
having  been  in- 
vented by  Sten- 
son  until  some 
years  later. 

Regnier  de 
Graaf  published 
in  1677  a  de- 
scription of  the 
follicles,  which 
have  since  borne 
his  name.  He 
found  that  they  contained  a  fluid  which  was  capable  of 
being  coagulated  by  heat  into  a  firm,  white  substance. 
He  discovered  also  that  in  the  Fallopian  tubes  of  a  rabbit 
killed  seventy-two  hours  after  coitus  there  were  to  be 


Fig.  3714.— Graafian  Follicle  and  Ovum  trom 
the  Ovary  of  a  Babbit  Four  Weeks  Old.  On 
the  left  of  the  egg  nucleus  is  the  attraction 
sphere  containing  two  centrosomes  and  below 
is  a  small  yolk  nucleus.  Highly  magnified. 
(After  Winiwarter.) 


found  a  number  of  eggs  which  were  vesicles  and  con- 
tained a  fluid  that  could  be  coagulated  by  heat,  like  the 
wliite  of  egg,  and,  moreover,  these  corresponded  in  num- 
ber to  the  empty  follicles  found  in  the  ovaries  of  the  same- 
subject.  He  concluded,  therefore,  that  the  Graafian  fol- 
licles were  ova.  But  the  chain  of  evidence  was  not  com- 
plete because  all  trace  of  the  eggs  was  lost  between  the 
time  of  coitus  and  the  end  of  the  third  day,  and,  more- 


FIG.  3715.- Cross  Section  of  an  Embryo  Dogfish  2.75  mm.  Long. 
A-B,  Blastodermic  rim  containing  all  the  germ  cells ;  En,  endo- 
derm.     X  38.     (Alter  Woods.) 

over,  the  blastoderms  in  the  Fallopian  tubes  were  not  so 
large  as  the  empty  follicles.  During  the  same  year, 
1677,  Leeuwenhoek  announced  the  discovery  of  sperma- 
tozoa, and  there  followed  a  long  dispute  as  to  whether 
the  spermatozoon  is  the  true  germ  and  the  egg  a  matrix 


Fig.  3716.— Cross  Section  of  an   Embryo  Dogfish,  3.5  mm.  Long.. 
B«,  Endoderm;  Ur,  germ  cells.    X  38.    (After  Woods.) 

for  its  nutrition,  or  whether  the  germ  dwells  originally  in 
the  egg  itself  (see  article  Evolution). 

It  was  not  until  1827  that  Carl  Ernst  vonBaer  was  able 
to  show  that  tlie  Graafian  follicle  is  not  the  ovum;  but 
that  the  ovum  is  a  minute  body  em- 
bedded in  the  follicular  epithelium. 
And  it  was  not  until  1838  that 
Schwann  was  able  to  declare  the  egg 
to  be  a  cell  with  the  same  fundamen- 
tal structure  as  the  other  cells  of  the 
body. 

Morphology. — The  ovum  is  usually 
a  more  or  less  spherical  body,  but 
may  be  flattened  or  elongated,  as  is 
the  case  with  most  insect  eggs. 

The  protoplasmic  contents  of  the 
egg  consist  of  a  nucleus  and  a  mass 
of  cytoplasm,  as  in  all  cells,  and,  in 
addition,  the  cytoplasm  usually  con- 
tains a  greater  or  less  amount  of  yolk, 
or  deutoplasm. 

The  cytoplasm  of  the  eggs'  of  echi- 
noderms  and  other  invertebrates  has  been  shown  to  have 
a  distinctly  vesicular,  or  foam-like,  structure,  and  it  is 
probable  that  all  eggs  will  show  a  similar  structure.  It 
is  within  the  vesicles  of  the  foam  that  the  deutoplasm  is 
deijosited,  sometimes  in  the  form  of  clear  oil  globules,  as 
in  some  worms  and  fishes,  more  often  as  more  or  less 
opaque  j'olk  granules.  In  the  hen's  egg  there  are  two 
principal  kinds  of  yolk  granules,  the  yellow  and  the 
white.  The  white  granules  are  gathered  together  in  the 
form  of  a  small  flask-shaped  body,  extending  from  the 
centre  of  the  ovum  to  the  upper  pole,  and  the  yellow- 
yolk  forms  concentric  layers  surrounding  this  and  al- 
ternating with  thinner  layers  of  white  yolk  (Fig.  3712). 
These  may  be  seen  in  a  carefully  made  section  of  a  hard- 
boiled  egg.  Where  the  white  yolk  approaches  the  sur- 
face there  is  in  the  unfertilized  egg  a  portion  of  the 
cytoplasm  comparatively  free  from  yolk  and  containing 
the  nucleus. 


Fig.  3717.— Cross  Sec- 
tion of  an  Embryo 
Dogfish,  5  mm. 
long.  En,  Bndo- 
derm ;  Z7»-,  germ 
cells.  X38.  (After 
Woods.) 
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The  size  of  the  egg,  the  position  of  the  nucleus,  and 
the  subsequent  course  of  development,  especially  in  the 
early  stages,  depend  to  a  large  extent  upon  the  presence 
or  absence  of  a  burden  of  food  yolk  within  the  cytoplasm 
of  the  ovum.  For  example,  the  eggs  of 
reptiles  and  birds  are  heavily  charged 
with  yolk  and  are  very  large,  while  all 
mammals,  except  the  Monotremes,  have 
eggs  almost  free  from  yolk,  and  they  are 
very  minute,  measuring  about  0.3  mm.  in 
diameter. 

Eggs  are  classified  according  to  the  ab- 
sence, presence,  and  position  of  the  yolk, 
into  three  groups :  (1)  Alecithal  eggs,  hav- 
ing very  little  or  no  yolk;  (2)  telolecithal 
eggs,  in  which  there  is  a  large  accumu- 
lation of  yolk  at  one  pole;  and  (3)  centra- 
leeithal  eggs,  in  which  the  accumulation 
of  yolk  is  at  the  centre  and  is  surrounded 
on  all  sides  by  a  purely  protoplasmic  layer. 
Eggs  of  this  type  are  especially  charac- 
teristic of  the  arthropods.  In  telolecithal 
eggs  the  pole  that  is  the  richer  in  yolk  is 
called  the  vegetatim  pole.  The  nucleus 
lies  nearer  the  opposite,  or  animal  pole, 
and  the  purely  protoplasmic  portion  surrounding  the 
nucleus  may  be  confined  to  a  very  small  area,  the  germ- 
inal disc,  near  the  surface,  as  in  the  hen's  egg. 

The  nucleus  is  usually  a  spherical  body  surrounded  by  a 
delicate  nuclear  membrane,  and  is  still  frequently  called 
by  the  old  name,  germinal  vesicle,  although  it  presents  all 
tl\e  ordinary  features  of  a  cell  nucleus  (Fig.  3714),  includ- 
ing linin  network,  chromatin  granules,  and  nucleolus, 
the  latter  is  called  in  the  older  books  the  germinal  spot 
(see  article  Cel^.  The  condition  usually  described  is  but 
one  stage  of  a  pretty  definite  series  of  changes  which  the 
chromatin  and  nucleolus  undergo  during  the  course  of 
development  of  the  ovum,  and  which  will  be  referred  to 
later. 

In  many  eggs  there  may  be  seen  near  the  nucleus  an 
"attraction  sphere  "of  finely  granular  protoplasm  sur- 
rounding a  very  minute,  jjarkly  staining  spot,  the  cen- 
trosome.  The  eggs  of  many  animals  of  various  groups 
contain  also  another  body,  often  somewhat  resembling 
a  nucleus  and  hence  called  the  polk  nucleus  (Fig.  3714). 


Fig.  3718.— Section  ot  the  Ventral 
Portion  of  an  Embryo  Dogflsb, 
15  mm.  Long.  En,  Enfloderm; 
Ur,  germ  cells.  X  38.  (Atter 
Woods.) 


I^iG.  3719.— Part  of  a  Sagittal  Section  of  an  Ovary  of  a  New-born 
Child,  o,  Ovarian  epithelium ;  b,  commencement  of  one  ot  Pflilger's 
cords ;  c,  c,  "  primitive  ova  "  lu  the  epithelium ;  d,  d,  and  e,  e,  ger- 
minal Involutions  with  developing  ova  and  young  follicles ;  /,  young 
follicle ;  g,  y,  blood-vessels.    Magnified.    (From  Waldeyer.) 

It  is  also  called,  after  the  author  who  first  described  one 
of  these  bodies,  the  corpuscle  of  Balbiani.  It  is  probable 
that  the  bodies  classed  together  under  this  name  are  far 


from  all  having  the  same   morphological  or  the  same 
physiological  significance. 

The  Envelopes. — The  most  primitive  type  of  egg  to  be 
met  with  anywhere  in  the  animal  kingdom  is  that  char- 
acteristic of  the  sponges  and  hydroids. 
In  these  groups  we  meet  with  eggs  that 
are  not  only  wholly  naked,  but  also  show 
the  power,  at  least  within  the  maternal 
body,  of  active  amoeboid  movement.  Na- 
ked eggs  are  found  in  representatives  of 
other  groups  of  coelenterates ;  and  the  eggs 
of  some  echinoderms,  at  least,  are  without 
envelopes  when  discharged  from  the  ovi- 
duct, although  an  envelope  is  formed  im- 
mediately after  the  entrance  of  the  sper- 
matozoon. 

In  all  the  higher  groups  of  animals  the 
egg  is  provided  with  one  or  more  cover- 
ings. These  are  divided  into  three  prin- 
cipal classes.  First  we  have  the  primary 
envelope  or  mtelline  msmbrane,  which  is 
essentially  a  cell  wall  formed  by  the  cyto- 
plasm of  the  egg.  This  is  found  in  rep- 
resentatives of  all  groups  of  the  animal 
kingdom.  It  is  generally  thin  and  struc- 
tureless, but  it  may  consist  of  several  layers  or  be  pierced 
by  radial  pores  forming  a  zona  radiata  (J,  Fig.  3713). 
Sometimes  the  vitelline  membrane  is  incomplete  at  the 
point  where  the  egg  is  attached  to  the  wall  of  the  ovary, 
leaving  an  opening,  the  microphyle,  which  serves  as  a 
passageway  for  nutrient  material  during  the  ovarian  life  • 
of  the  egg  and  later  for  the 
entrance  of  the  spermato- 
zoon. 

The  secondary  envelope  is 
found  only  in  eggs  that  are 
surrounded  in  the  ovary  by  a 
follicular  epithelium,  which 
gives  rise  to  this  envelope; 
and  it  is  especially  character- 
istic of  the  eggs  of  insects 
and  mollusks.  In  these  forms 
it  is  called  a  chorion,  a  term 
used  also  to  designate  a  very 
different  foetal  membrane  of 
mammalia. 

After  leaving  the  ovary  the 
egg  may  receive  one  or  more 
tertiary  envelopes,  which  are 
secreted  by  the  walls  of  the 
oviduct  or  by  glands  con- 
nected with  it.  These  enve- 
lopes may  be  protective  or 
nutritive  in  function  or  both. 
For  example,  in  the  hen's  egg 
(Fig.  3712),  the  ovum,  com- 
monly known  as  the  "  yolk, " 
covered  by  a  thin  vitelline 
membrane,  lies  embedded  in 
a  mass  of  albumen  that 
serves  as  food  for  the  em- 
bryo chick.  But  at  opposite 
poles  of  the  ovum  there  are 
attached  much  denser  strands 
of  albumen,  the  chalazce,  that 
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undoubtedly  serve  also  as  a 
sort  of  packing  to  prevent 
the  ovum  from  coming  into 
too  close  contact  with  the 
ends  of  the  shell.  Outside  of 
the  albumen  are  two  shell 
membranes  and  then  the  hard 
calcareous  shell.  The  egg 
when  it  emerges  from  the  ovary  is  provided  with  only  a 
vitelline  membrane.  The  albumen,  shell  membranes,  and 
shell  are  tertiary  envelopes  and  are  secreted  in  succes- 
sion by  the  wall  of  the  oviduct  as  the  egg  passes  out- 
ward. 


FIG.  3730.  —  Diagram  of  the 
Derivatives  of  the  Germinal 
Epithelium  in  Mammalia.  1, 
Medullary  cord;  2,  germinal 
involution  containing  ova  and 
follicle  cells;  3,  invaginated 
epitheUum  (Pflilger's  cord) 
and  covering  epithelium. 
(After  Winiwarter.) 
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The  outer  coverings  of  the  eggs  of  the  different  groups 
of  animals  show  much  diversity  of  form  and  structure, 
and  many  of  tliem  present  wonderful  adaptive  modifica- 
tions. But  to  treat  of  this  fascinating  branch  of  the  sub- 
ject would  carry  one  far  beyond  the  possible  limits  of  the 
present  article. 

Early  Detelopment. — In  the  sponges,  some  ccclenterates, 
and  some  of  the  lower  worms  the  development  of  eggs 
is  apparently  not  localized,  but  ma}'  occur  in  various 
parts  of  the  body.  In 
the  higher  forms,  on  the 
contrary,  the  germ  cells 
always  undergo  their 
development  in  certain 
well-defined  regions  or 
organs  known  in  the  fe- 
male as  the  ovaries  ;  and 
in  all  animals  possessing 
a  di.stiuct  body  cavity, 
or  calom,  the  cells  of 
the  ovary  are  originally 
continuous  with  the 
peritoneal  epithelium. 
In  vertebrates  the  por- 
tion of  peritoneum  con- 
taining the  primitive 
germ  cells,  the  germinal 
epithelium,  is  in  the  dor- 
sal part  of  the  body 
cavity,  usually  on  the 
inner  side  of  the  Wolf- 
fian body  near  the  mes 
entery.  In  the  devel- 
opment of  the  ovary  the 
germinal  epithelium 
thickens,  and  the  con- 
nective tissue  beneath 
it  also  grows  outward 
into  the  body  cavity,  so 
that  the  two  together 
form  an  elevation  upon 
the  Wolffian  body  known 
as  the  genital  ridge. 
From  this  the  definitive 
ovarj'  is  formed. 

We    have    called    at- 
tention elsewhere  to  the 
very  early  appearance  of 
distinct!}'  germ  cells  in 
the   worm    Ascaris  (see 
&T:t\c\e  Heredity).     It  has 
been  shown  recently  that 
in    vertebrates    the 
germ  cells  may  ap- 
pear at  a  consider- 
ably   earlier    stage 
than    had   been 
thought  possible. 

Minotin  1894  and 
Rabl  in  1896  had 
shown  that  what 
appeared  to  be 
germ  cells,  or  prim- 
itive ova,  may  be  seen  in  early  stages  of  the  eml)ryo  ly- 
ing in  positions  far  distant  from  the  genital  ridge.  More 
recently  (in  1903)  Woods  has  published  the  results  of  his 
studies  upon  the  embryos  of  the  common  marine  dogfish, 
Squeilus  accinthias,  in  which  he  has  been  able  to  trace 
the  history  of  the  germ  cells  back  to  a  mass  of  seemingly 
indifferent  cells  forming  the  rim  of  the  blastoderm  (see 
article  Area  Embryonalis).  At  first  these  cells  are  all 
alike,  but  in  an  embryo  of  2.75  mm.  length  they  have 
become  differentiated  into  somatic  cells  and  so-called 
primitive  ova,  that  is,  primitive  germ  cells  which  may 
become  finally  either  ova  or  spermatozoa  (Pig.  3715). 
The  germ  cells  retain  their  primitive  embryonic  charac- 
ter, while  the  somatic  cells  begin  to  change  into  forms 
characteristic  of  epithelium,  mesenchyma,  and  the  like. 
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Fig.  3731.— Part  ol  a  Section  of  the  Ovary  of  a  Rabbit  Half  a  pay  after  Birth.  (7, 
Covering  epithelium;  h,  protobroehal  nuclei  of  oogonla  aud  follicle  cells:  c,  dc^uto- 
brochal  nuclei ;  d,  leptotEenian  nuclei;  c,  synapsis  stage;  ?)i,  oogonla  in  mitosis;  /r, 
nuclei  undergoing  degeneration  ;  e.m.,  medullary  cord  ;  cm. p.,  medullary  connective 
tissue.     X  4otJ.     (After  Winiwarter.) 


At  a  little  later  stage  when  the  embryo  is  Ijeginning  to 
fold  olf  from  the  blastoderm,  the  germ  cells  are  found 
ill  a  com]iaet  mass  in  the  mesoderm  near  where  it  joins 
the  endoderm  (  Ur,  Figs.  3710  and  3717). 

Pi-om  this  point  the  germ  cells  begin  to  migrate,  appar- 
ently by  their  own  amceboid  movements,  toward  the  re- 
gion of  the  future  genital  ridge.  When  the  embryo  is 
between  6  and  8  mm.  long  the  unsegmented  mesoderm 
divides  into  two  sJieets  with  the  body  cavity  between. 

After  this  the  germ  cells 
are  practically  all  found 
in  the  inner  sheet,  or 
splaiichnopleure,  which 
forms  the  mesoder- 
"^-  mal  portion  of  the 
wall  of  the  gut  and 
the  mesentery.  In  an 
embryo  of  15  mm.  (Fig. 
3718)  germ  cells  are  still 
to  be  found  in  the 
splanchnic  peritoneum, 
but  by  the  time  the 
embryo  has  reached  a 
length  of  19  mm.  these 
cells  have  very  nearly 
all  congregated  in  the 
genital  region.  While 
at  present  this  is  the 
only  case  on  record  of 
such  a  migration  in  a 
vertebrate,  it  is  probable 
that  more  extended  re- 
search will  reveal  many 
similar  cases  among  this 
group. 

Derelopment  of  the 
Ovary. — As  has  been  in- 
dicated, the  ovary  is 
formed  by  the  enlarge- 
ment and  further  differ- 
entiation of  the  genital 
ridge.  Init  we  may  dis- 
tinguish two  principal 
parts — the  cortical  layer 
and  the  meiluUary  por- 
tion. The  corte.x  is  de- 
rived from  the  primitive 
germinal  epithelium, 
and  from  it  are  formeil 
the  peritoneal,  or  epi- 
thelial, covering  of  the 
ovary,  the  Graafian  fol- 
licles, and  the  definitive 
ova.  The  medul- 
■''^'  lary  portion  is  de- 
rived f  r  o  m  the 
imderlyiiig  mesen- 
chyme cells,  which 
form  the  connec- 
tive -  tissue  stroma 
and  the  blood-ves- 
sels of  the  ovary, 
and  within  it  are 
embedded  the  nerve  fibres  that  supply  these  vessels. 
In  the  mammalia  the  mediillaiy  portion  contains  also 
during  the  early  stages  a  large  number  of  strands  of 
cells  of  a  more  or  less  ejiithelial  character,  forming 
what  are  called  the  riudiillnrij  enrds,  and  these  have 
given  rise  to  a  considerable  amount  of  discus.sion.  For 
it  has  been  seen  that  in  the  embryo  these  medullary 
cords  may  sometimes  be  found  in  contact  -with  the 
glomerukc  of  the  Wolffian  body,  and  it  has  been  sup- 
posed that  they  were  formed  by  outgrowths  from  the 
renal  tissue  into  the  ovary.  Moreover,  there  are  indi- 
cations that  ova  may  be  developed  in  the  medullar}' 
cords,  and,  if  this  were  generally  true  and  the  cord's 
have  the  origin  supposed,  the  ova  of  mammals  would 
have  an  entirely  different  origin  from  those  of  other  ver- 
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tebrates — from  the  renal  epithelium  iiislead  of  from  the 
lining  of  the  body  oavitj'.  Tiiis  diffleiilty  seems  to  have 
been  cleared  up  very  satisfaetorily  by  the  I'eeent  work  of 


-ii.:,;.-*'      \   >^  -^ 

•.vt..»- 


Fig.  3722.— Nuclei  from  the  Ovary  of  a  HumaTi  F<etus  of  iihout  Seven  Montlis.  7?, 
Two  ooKonia  with  protolirocbal  niiiiei ;  (',  nucleus  of  an  oiicvte  of  tiie  Ilrst  order 
in  the  deutobroclial  stage ;  )i,  nucleolus.     X  ITIX).    (After  Winiwarter.) 


von  Winiwarter  (1900).  In  liis  study  of  embryo  rabbits 
he  finds  that  the  medullary  cords  are  not  formed  as  out- 
growths of  the  glomerular,  but  arc  the  first  ingrowths 
of  the  germinal  epithelium.  'J'liey  i^enetrate  first  the 
stroma  of  the  ovary  and  then  push  through  the  hilum  into 
the  Wolffian  body,  where  they  may  come  into  contact  sec- 
ondarily with  the  glomerula'. 

In  the  ovary  of  an  embryo  rabbit  taken  from  the  uterus 
twenty-three  days  aftei-  coitus,  von  Winiwarter  distin- 
guishes two  principal  parts  in  the  primitive  cortex.  The 
outer  one  is  the  germinal  envelope,  which  is  continuous 
over  the  whole  suifaee  of  the  ovaiy  and  may  be  subdi- 
vided into  a  superficial  distinctly  epithelial  layer  and  a 
deeper  germinal  layer.  The  inner  pait  of  the  cortex  is 
made  up  of  the  germinal  involutions  {hoifrm.vgerminutifn), 
which  aie  simply  thickenings  of  the  germinal  layer  sepa- 
rated fi-om  one  another  by  strands  of  the  connective- 
tissue  stroma  of  the  medullary  portion  of  the  ovary.  In 
their  deepest  parts  the  involutions  are  not  yet  sharply 


thelium,  until  in  a  new  born  child  or  a  rabbit  five  weeks 
after  birth  the  involutions  are  connected  with  the  epithe- 
lium only  b}'  narrow  cords  of  cells,  the  so-called  egg  tubes 
of  PflLiger(Fig.  Zn9)(Pflufjerschen  Schlauche). 
Von  Winiwarter's  conception  of  the  relations 
of  these  structures  of  the  ovarian  cortex  is 
shown  diagrammatically  in  Fig.  8730. 

DeKloprneiit  of  the  Definitit'e  Ota. — The 
development  of  the  ova  in  the  later  embry- 
onic and  early  post-natal  stages  of  mammalia 
(rabbit  and  man)  has  been  described  with 
great  detail  by  von  Winiwarter,  and  we  will 
follow  his  account,  except  so  far  as  it  may 
be  necessary  to  supplement  it  by  reference  to 
other  forms  in  order  to  complete  our  general 
description  of  the  later  stages. 

During  its  development  the  ovary  is  cov 
cred  by  a  layer  of  epithelial  cells  with  nuclei 
elongated  at  right  angles  to  the  surface. 
These  nuclei  (a,  Fig.  3721)  have  a  finely  retic- 
ular structure  with  a  few  irregularly" placed 
ma.sscs  of  chromatin.  In  an  embryo  rabbit  of  tweutv- 
three  days  practically  the  whole  cortex  is  conipo.sed  of 
similar  cells.  Those  beneath  the  epithelium  differ  only  in 
having  nuclei  a  little  more  rounded  and  moi-e  coarselv 
reticular  (//,  Fig.  3721   and   B.  Fig.   3722).    This  is   the 


protohi-oclml  (npuTnc,  first,  and  Bpoxof, 
development  of   the  nuclei  and  the 


mesh)  stage  in  the 
cells  are    obgonin. 


Fir,.  8, 2.i.— Nuclei  from  the  Ovarv  of  a  Human  Fiptus  of  about  Seven 
Month.M.  Consecutive  stages  in  the  development  of  the  oocyte-  1) 
leptotaenian  ;  K,  synapsis;  ;<;  pachyt:eiiKUi ;  f,',  diploticnian  :  n 
nucleolus.    ,-:  ]7(lll.    (After  Winiwarter.) 

separated  from  the  medullary  cords,  with  which  they 
were  originally  continuous,  "in  the  subsequent  stages, 
by  the  combined  ingrowth  of  the  germinal  layer  and  out 
groAvth  of  the  conin/ctive  tissue,  the  involutions  become 
more  separated  from  one  another  and  from  the  outer  e])i- 
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,;■  "  , '^  ww^ ,  o<-  ui  ,,iic  riisi,  uiuec  at  uie  rsegninmg  oi  the  Second 
Period,  from  a  Young  Rabbit.  The  follicle  cells  are  few  and  much 
flattened.     ,\],(KJ.     {After  Winiwarter.) 

That  they  are  in  ])rocess  of  rapid  multiplication  is  shown 
by  the  presence  of  niuuerous  mitotic  figures  among  them 
("»,  Fig.  3721).  A  large  number  of  the  protobrochal 
nuclei  remain  unchanged  and  the  cells  finally  form  the 
Graafian  follicles  (Fig.  3714).  Others  which"  are  at  first 
apparently  exactly  like  them  belong  to  the  true  oogonia, 
which  finally  cea.se  dividing  and  begin  to  enlarge.  They 
then  become  the  oiiciiUs  of  the  first  order. 

The  ovarian  history  of  the  oocytes  mav  be  divided  into 
two  stages:  first,  befoi'e  the  formation"of  the  Graafian 
tollicles;  and,  second,  after  that  event.  During  the  first 
stage  the  nucleus  of  the  oocyte  undergoes  a  euiious  series 
of  transfoi'inations. 

The  nuclei  gradually  enlarge  and  become  globular  in 
slmjie.  At  the  same  time  the  chromatin  becomes  more 
coai-sely  reticiilar,  forming  the  dciitolirodial  stage  (dfirfpnc, 
seeoiul),  and  one  or  two  nucleoli  appear  within  the  nu- 
cleus (c.  Fig.  3731  and  C,  Fig.  3733),  In  the  next 
stage  {d,  Fig.  3731  and  1),  Fig,  3723),  the  chromatin 
eea.ses  to  have  a  reticular  appearance  and  is  in  the 
form  of  slender  threads  distributed  evenly  through- 
out the  nucleus  in  more  or  less  parallel  pa"irs,  Fi-om 
this  the  nucleus  iiasses  gradually  into  the  synapsis  stage 
(ftcc«7rr«,  to  reunite,  to  condense),  in  which  the  chromatin 
threads  are  Avithdrawn  from  the  greater  part  of  the 
nucleus  and  are  condensed  into  a  tangled  mass  senerallv 
iiear  one  side  of  the   nucleus  (c,  Fi"-    y7'n  and  /•'  Fi<^ 
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S72S).  Wlien  the  tangle  is  unravelled,  the  chromatin 
■emerges  as  a  thick,  beaded  cord  without  any  appearance 
of  doubling  {F,  Fig.  3723).  Whether  this  is  really  a  sin- 
gle filament  or  is  composed  of  several,  is  difficult  to  de- 
termine, lu  the  next  stage,  however,  the  chromatin  Is 
distinctly  divided  into  segments  which  are  double, 
often  forming  rings  or  figure  eights  {O,  Fig.  g 
3728).  Finally,  when  the  o6cyte  becomes  sur- 
rounded by  the  follicle  cells,  the  nucleus  re- 
sinnes  a  coarsely  reticular  structure  (Fig. 
3724).  It  will  be  noticed  that  during  « 
these  stages  the  nucleus  has  increased 
very  much  in  size  (compare 
3722  and  3724). 

In  the  embryo  rabbit  of  twenty- 
three  days  there  are  already  a 
considerable  number  of  oocytes 
in  the  deutobrochal  stage  lying 
in  the  deep  parts  of  the  genital 
involutions.  In  the  newly  born 
rabbit  the  oocytes  are  much  more 
numerous,  and  those  in  the  deep- 
est parts  of  the  ovarian  cortex 
have  reached  the  synapsis  stage 
(e.  Fig.  3731).  The  earlier  stages 
(c,  d.  Fig.  3721)  may  be  seen 
lying  nearer  to  the  periphery. 
The  Graafian  follicles  begin  to 
be  formed  in  a  rabbit  when  about 
ten  days. old;  but  they  are  al- 
ready present  in  a  human  foetus 
of  seven  months. 

The  egg  follicle  has  a  different 
structure  in  each  group  of  vertebrates.  In  mammalia  it 
is  at  first  a  single  layer  of  flattened  cells  (Fig.  3724). 
But  these  cells  soon  increase  in  number  until  they  form 
several  layers  surrounding  the  oocyte.  Then  a  fissure 
appears  filled  with  fluid  which  incompletely  separates 
the  follicular  cells  into  an  outer  and  an  inner  sphere. 
The  outer  one  is  the  so-called  tunica  granulosa,  and  the 
inner  one,  which  surrounds  the  egg,  is  the  discus  pro- 
ligcrus  and  is  continuous  with  the  granulosa  on  one 
side,  usually  the  side  toward  the  centre  of  the  ovary 
<Pig.  3726).  This  is  now  a  typical  Graafian  follicle. 
In  the  mean  time  the  connective-tissue  stroma  has  so  in- 


canals  through  which  there  is  supposed  to  be  protoplasmic 
connection  between  the  oOcyte  and  the  surrounding  fol- 


TiG.  3725.— Section  of  the  Ovary  of  a  Cat.  1,  Outer  coverinf?  and  free 
border  of  the  ovary;  1',  attached  border,  or  hilum ;  2,  the  central 
ovarian  stroma,  presenting  a  fibrous  and  vascular  structure ;  3,  pe- 
ripheral stroma ;  4,  blood-vessels ;  5,  small  ttraaflan  follicles  lying 
near  the  surface ;  6,  7,  8,  more  advanced  follicles,  which  are  em- 
bedded more  deeply  in  the  stroma;  9,  an  almost  mature  follicle, 
containing  the  ovum  in  its  deepest  part ;  9',  a  follicle  from  which 
the  ovum  has  accidently  escaped ;  10,  corpus  luteum.  X  6.  (After 
Quain,  from  Schron.) 

vaded  the  germinal  involutions  as  to  isolate  the  folli- 
cles and  form  a  connective-tissue  capsule,  the  theca  folli- 
ouli,  around  each  one. 

At  the  time  of  the  first  appearance  of  the  follicle  cells  the 
outline  of  the  obcyte  appears  to  be  clearly  defined,  prob- 
ably by  a  thin  cell  wall.  When  the  discus  proligerus  is 
established  the  oocyte  is  seen  to  be  surrounded  by  a  clear 
membrane,  apparently  containing  extremely  fine  radial 


Fig.  3726.— Portion  of  the  Section  of  the  Cat's  Ovary,  represented  in  the  preceding  figure,  more 
highly  magnified.  1,  Epithelium  and  outer  covering  of  the  ovary ;  2,  2',  fibrous  stroma ;  3,  3',  less 
fibrous,  more  superficial  stroma:  4,  blood-vessels ;  5,  small  Graafian  follicles  near  the  surface ;  6, 
one  or  two  more  deeply  placed ;  7,  one  further  developed,  enclosed  by  a  prolongation  of  the  fibrous 
stroma ;  8,  a  follicle  further  advanced  ;  8',  another,  which  is  Irregularly  compressed ;  9,  part  of 
the  largest  follicle ;  a,  tunica  granulosa ;  b,  discus  proligerus ;  c,  ovum ;  d,  germinal  vesicle ; 
c,  germinal  spot.     (From  SchrOn,  in  Quain's  Anatomy.) 


licular  cells.  This  membrane  is  the  zona  radiata,  or  mein- 
hrana  pellucida.  Whether  it  is  a  true  viteUine  membrane 
formed  by  the  oocyte  or  a  secondary  envelope  formed  by 
the  follicular  cells  is  still  a  matter  of  dispute. 

After  the  follicle  is  developed  the  egg  not  only  contin- 
ues to  increase  in  size,  but  also  begins  to  acquire  yolk 
material  or  deutoplasm.  This  is  small  in  amount  in  man 
and  other  mammals,  but  in  most  other  vertebrates  a  com- 
paratively large  amount  of  yolk  is  formed. 

The  final  discharge  of  the  egg  from  the  ovary  in  mam- 
mals is  brought  about  by  the  bursting  of  the  Graafian 
follicle.  This  allows  the  egg  with  the  surrounding  fluid 
to  escape  into  the  bod}'  cavity  whence  it  enters  the  Fal- 
lopian tube.  For  the  de- 
tails of  this  process  see 
article  Menstruatwn. 

Before  the  egg  can  be 
fertilized,  however,  it 
must  pass  through  two 
cell  divisions  of  a  pe- 
culiar character,  which 
constitute  the  process  of 
maturation.  During  the 
period  of  growth  the  egg 
is  an  "  o5cyte  of  the  first 
order."  At  about  the 
time  the  egg  is  dis- 
charged it  undergoes  a 
very  unequal  cell  divis- 
ion, forming  the  first  po- 
lar body  and  the  "  oocyte 
of  the  second  order." 
The  latter  soon  under- 
goes another  division 
into  the  second  polar  body,  and  the  definitive,  or  ripe  ovum. 
The  details  of  the  process  of  maturation  will  be  considered 
in  connection  with  a  similar  process  in  spermatogenesis 
under  the  title  Reduction  Division. 

Robert  Payne  Bigelow. 
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polar  body.  Magnified.  (After  Hert 
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OWENS  LAKE.— Inyo  County,  California.  Tliis  sec- 
ond dead  sea  in  California  is  located  at  the  southern  end 
of  Owens  Valley  in  Inyo  County.  It  is  eighteen  miles 
long  and  ten  miles  wide.  Its  surface  embraces  one  hun- 
dred square  miles.  The  waters  are  remarkably  rich  in 
saline  and  alkaline  ingredients.  The  following  analysis 
was  made  by  Professor  Phillips,  of  London,  in  1883:  One 
United  States  gallon  contains:  Sodium  chloride,  gr. 
2,450.81 ;  sodium  carbonate,  gr.  797.01 ;  sodium  sulphate, 
gr.  3,437.69;  potassium  sulphate,  gr.  39.77;  potassium 
silicate,  gr.  116.33;  organic  matter,  gr.  14.11.  Total, 
5,835.62  grains. 

We  are  informed  by  Dr.  I.  J.  Woodin,  of  Indepen- 
dence, Cal.,  that  numerous  fresh-water  springs  are  found 
along  the  shores  of  the  lake,  some  of  which  are  cold  and 
others  boiling  hot.  At  the  southwest  end  of  the  lake 
there  is  a  valuable  white  sulphur  spring  which  has  not 
so  far  been  improved.  At  a  short  distance  from  this 
spring  is  a  mountain  formed  in  great  part  of  sulphur,  of 
which  Dr.  Woodin  sends  us  a  handsome  specimen,  com- 
posed probably  almost  entirely  of  the  pure  element. 
The  aspect  of  the  country  is  mountainous,  the  elevation 
of  the  lake  being  three  thousand  feet  above  the  Pacific. 
The  region  offers  many  attractions  as  a  health  resort, 
and  it  will  no  doubt  soon  be  developed. 

James  K.  Orook. 

OWOSSO  SPRING.— Shiawassee  County,  Michigan. 
I  Post-Ofpicb. — Owosso. 

Access. — Owosso  is  a  station  on  the  Detroit  and  Mil- 
waukee Railroad,  seventy-nine  miles  northwest  from 
Detroit. 

The  following  analysis  was  made  by  a  chemist  whose 
name  has  been  lost :  One  United  States  gallon  contains : 
Calcium  bicarbonate,  gr.  35.67;  magnesium  bicarbonate, 
gr.  19.09;  iron  bicarbonate,  gr.  15.93;  sodium  chloride 
and  potassium  chloride,  gr.  3.10;  alumina  and  silica,  gr. 
0.63.     Total,  63.40  grains. 

This  water,  as  shown  by  the  analysis,  is  very  heavily 
impregnated  with  iron.  As  the  name  of  the  analyst  is 
not  known,  the  analysis  is  not  reliable. 

James  K.  Crook. 

OXALIC  ACID. — Oxalic  acid,  having  no  medicinal  vir- 
tues, is  not  official  in  the  United  States  Pharmacopceia. 
Its  importance  depends  entirely  upon  its  toxicological 
relations.  E.  C. 

OXALIC  ACID,  POISONING  BY.— The  salt  obtained 
by  evaporation  of  the  juice  of  Oxalis  aeetosella,  and  now 
known  as  Mnoxalate  of  potoDli,  salt  of  sorrel,  or  salt  of 
lemon,  was  known  at  least  as  early  as  the  middle  of  the 
seventeenth  century,  as  Duclos  makes  mention  of  it  in 
the  "Memoirs  of  the  Academy  for  1668."  A  centuiy 
later  (in  1773)  oxalic  acid  was  obtained  from  this  salt  by 
Savary.  Subsequently  Scheele  showed  the  oxalic  acid 
obtained  from  sorrel  to  be  identical  with  the  acidof  siirjar 
obtained  by  Bergman,  in  1776,  by  the  action  of  nitric  acid 
upon  sugar. 

The  iirst  case  of  poisoning  by  oxalic  acid,  of  which  we 
find  record,  occurred  in  England  in  1814  (Land.  Med. 
Bepository,  i.,  383).  In  this  case  the  acid  was  taken  in 
mistake  for  Epsom  salt,  a  mistake  which  has  subsequently 
become  the  most  frequent  cause  of  oxalic-acid  poisoning. 

Attempts  at  homicide  by  oxalic  acid  are  of  rare  occur- 
rence, owing  to  the  diflSculty  of  disguising  the  taste. 
Christison  mentions  one  as  having  occurred  in  England 
in  1837,  and  others  have  been  subsequently  reported 
from  the  same  country,  the  acid  having  been  mixed  with 
gin,  coffee,  sugar,  tea,  or  buttermilk. 
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Notwithstanding  the  very  extensive  use  of  oxalic  acid 
and  the  oxalates  in  the  arts  of  dyeing,  calico-printing, 
etc.,  they  are  as  yet  innocent  of  industrial  poisoning. 

As  many  articles  of  vegetable  diet— beet,  spinach,  rhu- 
barb, sorrel,  etc.— contain  oxalates,  their  use  in  excessive 
quantity  has  been  supposed  by  some  to  be  attended  with 
some  danger  of  poisoning.  As,  however,  the  amount  of 
hydropotassic  oxalate  present  is  only  0.75  per  cent.  (=  3 
grains  per  ounce)  in  fresh  sorrel  (Mitscherlieh),  and 
much  less  in  the  other  vegetables,  their  use  in  any  rea- 
sonable quantity  may  be  regarded  as  unattended  with 
danger. 

A  more  probable  cause  of  poisoning  is  to  be  found  in 
the  adulteration  of  citric  acid  with  oxalic  acid,  and  the 
use  of  the  adulterated  product  in  the  manufacture  of 
medicinal  effervescent  drinks  or  of  cheap  "lemonade." 

Poisoning  by  oxalic  acid  and  the  oxalates  is  of  very 
rare  occurrence  in  France,  while  in  England,  Germany, 
and  the  United  States  several  cases  occur  annually.  The 
reason  for  the  greater  frequency  of  oxalic  poisoning  in 
the  last-named  countries  is  to  be  found  in  the  very  exten- 
sive use  in  them  of  oxalic  acid  and  salt  of  lemon  for  house- 
hold purposes,  to  clean  metallic  vessels  and  to  remove 
ink  and  fruit  stains  from  fabrics,  as  well  as  in  the  popu- 
lar habit  of  "  taking  a  dose  of  salts  "  at  certain  times  of 
the  year.  Oxalic  acid  and  magnesium  sulfate  resemble 
each  other  very  closely  in  appearance,  and  hence  the 
former  is  frequently  taken  by  mistake  for  the  latter. 

Symptoms.  — Oxalic  acid  is  both  a  corrosive  and  a  true 
poison,  one  or  the  other  action  predominating  according 
to  the  size  of  the  dose  and  the  degree  of  concentration  of 
the  solution.  If  it  be  taken  in  the  solid  form  or  in  con- 
centrated solution,  as  is  usually  the  case,  the  symptoms 
of  corrosion  are  the  first  to  appear  and  maj^  be  the  only 
ones  observed.  But  if  the  poison  be  taken  in  dilute  solu- 
tion the  symptoms  of  corrosion  may  be  entirely  absent. 

In  a  typical  case  of  oxalic-acid  poisoning,  the  dose 
being  in  the  neighborhood  of  15  gm.  ( 1  ss.),  taken  in 
concentrated  solution,  the  patient  experiences  the  first 
effects  of  the  poison  either  immediately,  during  the  act 
of  swallowing,  or  within  a  few  moments.  In  exceptional 
cases  the  first  appearance  of  symptoms  has  been  delaj-ed 
ten  or  twenty  minutes,  although  larger  doses  were  taken. 

The  strongly  acid  taste  is  observed  and  is  followed  by 
a  sense  of  heat  in  the  mouth,  throat,  and  stomach.  This 
rapidly  increases  in  intensity  until  it  becomes  an  intense, 
burning  pain.  In  some  cases  the  pain  is  accompanied  by 
a  sense  of  constriction  of  the  throat  and  of  impending 
suffocation.  The  act  of  swallowing  is  performed  with 
difficulty,  and  later  the  voice  becomes  fainter  and 
husky,  and  sometimes  completely  extinguished.  With- 
in ten  or  fifteen  minutes  violent  and  persistent  vomiting 
begins  in  almost  every  case.  The  vomited  matters  are 
most  frequently  of  a  "  coffee-ground "  character,  and 
separate  on  standing  into  two  layers :  the  upper  a  clear, 
yellowish,  and  strongly  acid  liquid ;  the  lower  a  thick, 
red-brown  sediment  of  altered  blood.  Occasionally  true 
haematemesis  is  observed.  In  cases  in  which  the  poison 
has  been  taken  in  small  quantity  and  in  dilute  solution, 
the  vomited  matters  may  be  free  from  blood.  In  some 
cases  persistent  vomiting  and  pain,  and  later  persistent 
purging  of  a  bloody  material  are  the  only  symptoms,  and 
they  may  continue,  with  or  without  intermission,  for  five, 
six,  or  seven  days.  Death  finally  occurs  from  exhaustion 
in  from  five  to  ten  days. 

When  very  large  doses  have  been  taken  (30-60  gm.  = 
li.-ij.),  the  patient,  after  vomiting,  may  go  into  a 
state  of  collapse  and  die  within  five  minutes. 

The  lips,  mouth,  and  fauces  are,  shortly  after  the  poi- 
son has  been  taken  in  solution,  reddened,  swollen,  and 
painful.  Later  they  become  paler,  and  finally,  some- 
tiiues  within  an  hour,  of  a  dirty,  ash«n-white  hue,  either 
throughout  or  in  patches.  The  tonsils  and  uvula  are 
much  swollen.     There  is  severe  thirst. 

Soon  the  symptoms  due  to  the  true  poisonous  action  of 
the  acid  are  added  to  those  caused  by  its  immediate  cor- 
rosive action  upon  the  alimentary  canal.  The  counte- 
nance is  pale,  anxious,  and  haggard,  the  upper  lip  trem- 
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bling,  the  lower  jaw  relaxed.  The  surface  is  bathed  in  a 
cold,  clammy  perspiration.  The  fingers  are  semiflexed 
and  rigid,  and  the  nails  blue.  The  eyes  are  glazed  and 
the  pupils  contracted.  There  is  sometimes  persistent 
hiccough.  The  pulse  is  small  and  thready,  sometimes 
intermittent  or  imperceptible.  There  are  general  numb- 
ness and  a  sense  of  tingling  or  cramps  in  the  upper  and 
lower  extremities.  Abdominal  pain  is  no  longer  com- 
plained of,  although  the  abdomen  may  remain  tender  to 
pressure;  but  the  patient  suffers  violent  lumbar  pains, 
shooting  down  into  the  lower  extremities.  The  respi- 
ration is  quick  and  labored.  The  skin  in  some  cases  is 
marked  with  an  exanthem  resembling  that  of  roseola. 
The  urine  is  frequently  retained,  and  that  removed  by, 
the  catheter  contains  albumin  in  large  quantity,  epithe- 
lium, granular  or  hyaline  casts,  and  crystals  of  calcium 
oxalate.  Sometimes,  in  cases  of  recovery,  the  urine  re- 
mains purulent  for  several  weeks. 

Sometimes  there  are  violent  spasms  of  a  tetanic  char- 
acter; more  rarely  delirium.  In  cases  of  recovery,  spas- 
modic twitchings  may  continue  for  a  month. 

In  exceptional  cases  (usually,  though  not  always,  cases 
in  which  a  small  dose  has  been  taken)  the  patient  rapidly 
becomes  stupid,  somnolent,  and  unconscious.  This  con- 
dition has  been  .known  to  pass  into  one  of  coma,  terminat- 
ing in  death  (Tidy:  Lancet,  1872,  ii.,  41). 

Like  the  mineral  acids  and  alkalies,  oxalic  acid  may 
cause  death  secondarily,  after  partial  recovery,  by  star- 
vation, due  to  extensive  destruction  of  gastric  and  intes- 
tinal mucous  membrane.  This  was  observed  in  an  early 
case  by  Eraser  (Edinb.  Med.  Joxirn.,  xiv.,  1818,  p.  607), 
in  which  death  by  inanition  followed  in  fourteen  days 
from  the  effects  of  a  dose  of  |  ss.  (15.5  gm.)  of  the  acid. 

The  immediate  cause  of  death  in  oxalic-acid  poisoning 
may  be,  therefore,  either  collapse,  or  paralysis  of  the 
heart,  or  inanition. 

Duration. — The  duration  of  a  case  of  oxalic  poisoning 
is  usually  short  if  it  terminate  in  death;  but  if  the  patient 
recover  the  illness  is  generally  protracted,through  several 
days.  Of  33  cases  ending  in  death,  9  died  within  half  an 
hour,  3  in  from  one  to  twelve  hours,  3  in  from  twelve  to 
twenty-four  hours,  and  7  in  from  two  to  fourteen  days. 
Of  14  cases  terminating  in  recovery,  in  which  the  time 
of  discharge  is  mentioned,  3  recovered  within  one  day,  4 
in  from  one  to  five  days,  4  in  from  five  to  ten  days,  and 
3  in  from  ten  days  to  three  months.  The  shortest  re- 
corded duration  of  a  fatal  case  is  three  minutes,  the  long- 
est fourteen  days. 

Lethal  Dosb. — The  following  tabulation  of  51  cases 
will  illustrate  the  difficulty  of  fixing  this  quantity  defi- 
nitely : 


Quantity  of  Oxalic  Acid  Taten. 


Undetermined 

4.00  gm.  =  (3i.) .. 

7.T5  gm.  =  (  3  i1.)  . 
11.66  gm.  =  (3iii.). 
15.50  gm.  =  (  3  iv.) . 
23.33  gm.  =  (3vi.)  . 
27.22  gm.  =  (  3  vij.) 
31.00  gm.  =  (5i.)  .. 
38.85  gm.=  (!i!4). 
46.65  gm.  =  (5iss.) 
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Recovery. 

Beam. 

Cases. 

Cases. 

5 

11 

1 

1 

3 

1 

1 

1 

6 

2 

0 

2 

0 

1 

7 

7 

1 

0 

1 

0 

From  this  it  will  be  seen  that  one-half  of  those  who  have 
taken  over  4  gm.  (  3  i.)  have  died ;  and  that  the  deaths  and 
recoveries  are  nearly  evenly  balanced  with  all  doses  below 
30  gm.  ( I  i.). 

Treatment. — The  first  indication,  and  one  which  ad- 
mits of  little  delay,  is  the  neutralization  of  the  acid  in 
■such  a  manner  as  to  bring  about  the  formation  of  an  in- 
soluble oxalate,  and  thus  prevent  further  corrosion  and 
absorption.  For  this  purpose  the  alkaline  carbonates  are 
useless,  because,  although  they  neutralize  the  acid  and 
thus  prevent  further  corrosion,  the  salts  formed  are  solu- 
ble and  as  poisonous  as  tlie  acid  itself.     The  old  direction 


to  "scrape  the  wall"  and  administer  the  scrapings,  was 
well  enough  so  long  as  whitewashed  walls  were  in  vogue; 
but  to  administer  the  scrapings  of  a  modern  plastered 
wall  is  of  no  benefit,  as  the  calcium  sulfate  so  given  is 
incapable  of  neutralizing  oxalic  acid,  or  of  converting  it 
into  an  insoluble  salt.  The  best  antidote  is  syrup  of 
lime,  or  a  similar  preparation  of  magnesia.  Precipitated 
chalk  is  more  frequently  available  and  may  be  given,  as 
the  corrosion  is  not  sufficiently  extensive  to  render  the 
generation  of  gas  dangerous.  For  the  same  reason  the 
introduction  of  the  stomach  tube  and  lavage  arc  not  at- 
tended with  the  same  degree  of  risk  of  perforation  as  ex- 
ists in  corrosion  by  the  mineral  acids.  Emetics  are  rarely 
called  for,  as  persistent  vomiting  is  one  of  the  most  char- 
acteristic effects  of  the  poison.  In  the  rare  cases,  how- 
ever, in  which  vomiting  does  not  occur  as  a  result  of  the 
poisoning,  emetics  may  be  given,  but  only  after  early 
neutralization  of  the  acid.  In  no  case  should  warm 
water  be  given  with  a  view  to  producing  emesis ;  and, 
until  the  acid  has  been  neutralized,  the  amoimt  of  liquid 
of  any  kind  taken  by  the  patient  should  be  as  small  as 
possible.  Opium  may  be  given  to  allay  pain,  and  stimu- 
lants in  the  stage  of  collapse. 

PosT-MOKTEM  APPEARANCES.  —  The  lips,  tongue, 
mouth,  and  oesophagus  are  of  an  opaque,  yellowish- 
white  color,  sometimes  marked  with  patches  of  a  reddish 
hue.  The  stomach  is  contracted,  and  in  many  cases  con- 
tains a  thick,  gelatinous,  reddish-brown  and  acid  liquid, 
somewhat  similar  to  the  "  coffee-ground  "  material  vom- 
ited during  life.  The  peritoneal  surface  of  the  organ,  as 
w511  as  the  mesentery  and  the  greater  portion  of  the  peri- 
toneal surface  of  the  intestines,  is  marked  by  blood-ves- 
sels filled  with  dark,  fluid  blood.  The  mucous  surface  of 
the  stomach  is  strongly  corrugated,  and  in  most  cases 
presents  a  uniform,  bright  red  color  in  the  elevations  and 
depressions,  except  in  so  far  as  it  may  have  been  changed 
to  brown,  or  even  black,  by  post-mortem  action.  In 
some  cases  the  mucous  surface  is,  either  in  part  or  in 
whole,  pale,  opaque,  or  translucent,  and  marked  with  a 
coarse,  ramiform  vascularity  of  the  submucous  tissue. 
The  mucous  membrane,  where  it  remains,  is  soft,  pulpy, 
and  easily  detached.  Although  perforation  has  been  ob- 
served, it  is  of  rare  occurrence.  Crystals  of  oxalic  acid, 
or  of  hydropotassic  oxalate  are  not  frequently  found  in 
the  stomach,  although  Lesser  figures  a  case  ("Atlas," 
t.  viii.,  Fig.  1),  in  which  the  patient  died  within  ten  min- 
utes; and  the  almost  uniformly  pale  and  much  con- 
tracted stomach  was  found  plentifully  lined  with  crystals 
of  hydropotassic  oxalate.  Microscopic  crystals  of  cal- 
cium oxalate  are,  however,  found  in  many  cases  in  the 
stomach  and  intestines,  particularly  in  cases  in  which 
death  has  followed,  not  within  a  few  moments,  but  in 
the  course  of  from  three  to  six  hours.  A  microscopic  ex- 
amination of  a  section  of  kidney  reveals  the  presence  of 
amorphous  and  crystalline  oxalate  in  the  tubules,  even 
in  rapidly  fatal  cases  (Lesser,  loc.  cit.,  PI.  vii.,  Fig.  3). 

Analysis. — The  parts  to  be  examined  are  the  stomach 
and  intestines  and  their  contents,  the  liver,  kidneys,  and 
urine ,  also  vomited  matters. 

The  contents  of  the  stomach  and  the  vomited  matters 
are  strongly  acid  in  reaction,  unless  antidotes  have  been 
administered,  in  which  case  they  may  be  neutral,  or  even 
alkaline. 

In  a  systematic  analysis  the  acid,  or  its  salts,  are  to  be 
found  in  the  residue  of  the  portion  examined  for  prussic 
acid  and  other  volatile  poisons,  or  in  the  aqueous  liquid 
which  has  been  treated  with  solvents  for  the  separation 
of  glucosids  and  alkaloids.  If  oxalic  acid  or  oxalates 
alone  are  to  be  sought  for,  the  materials  are  to  be  treated 
directly  as  below. 

It  must  be  remembered  that  the  acid  sought  may  be 
present  either  in  the  free  state,  in  combination  as  a  solu- 
ble oxalate,  or,  in  consequence  of  the  administration  of 
antidotes,  as  the  insoluble  calcium  oxalate,  or  the  very 
sparingly  soluble  magnesium  oxalate. 

The  substance  under  examination,  if  acid,  is  to  be  first 
extracted  with  water,  the  solution  filtered,  the  filtrate 
evaporated  over  the  water-bath,  the  residue  extracted 
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with  alcohol,  the  filtered  alcoliolic  solution  evaporated, 
and  the  residue  redissolved  in  a  small  quantity  of  water. 
The  solution  so  obtained  (No.  l)wiU  contain  any  free  ox- 
alic acid  which  may  have  been  present.  The  material 
left  undissolved  by  alcohol  in  the  preparation  of  solution 
No.  1  is  next  to  be  extracted  with  alcohol,  acidulated 
with  hydrochloric  acid,  the  solution  filtered  and  evapor- 
ated, and  the  residue  redissolved  in  a  small  quantity  of 
water.  This  solution  (No.  2)  will  contain  any  oxalic  acid 
which  may  have  been  present  in  the  form  of  a  soluble  ox- 
alate. Lastly,  the  substance  left  undissolved  by  water 
in  the  preparation  of  solution  No.  1  is  to  be  treated  with 
a  suflBcient  amount  of  solution  of  potassium  carbonate 
(not  hydroxid)  to  render  it  distinctly  alkaline,  and  boiled 
for  two  hours.  The  solution  is  filtered  and  evaporated, 
the  residue  extracted  with  alcohol  acidulated  with  hydro- 
cliloric  acid,  the  solution  filtered  and  evaporated,  and  the 
residue  redissolved  in  water.  This  solution  (No.  3)  will 
contain  oxalic  acid,  if  it  were  present  in  the  form  of  an 
insoluble  oxalate. 

The  tests  for  oxalic  acid  are  then  to  be  applied  to  the 
three  solutions. 

The  urine,  contents  of  stomach,  and  vomited  matters 
should  also  be  examined  microscopically  for  crystals  of 
calcium  oxalate. 

The  detection  of  a  mere  trace  of  oxalic  acid  can  only  be 
of  value  as  corroborative  evidence  in  a  case  of  suspected 
poisoning  by  that  substance,  owing  to  the  normal  pres- 
ence of  oxalates  in  articles  of  food  and  in  the  human 
economy. 

Tests. — 1.  A  solution  of  a  calcium  salt  produces,  in 
neutral  or  alkaline  solutions,  a  white  precipitate  which 
redissolves  in  hydrochloric  acid. 

3.  Argentic  nitrate  solution  produces  a  white  precipi- 
tate which  dissolves  in  ammonium  hydroxid  solution  and 
also  in  nitric  acid.  If  the  liquid  containing  the  precipi- 
tate be  boiled,  the  latter  does  not  darken.  If  the  precipi- 
tate be  collected,  dried,  and  heated  upon  a  strip  of  plati- 
num foil,  it  explodes. 

3.  Lead  acetate  solution,  in  solutions  of  oxalates  which 
are  not  too  dilute,  produces  a  white  precipitate  which  is 
soluble  in  nitric  acid,  but  insoluble  in  acetic  acid. 

Rudolph  A.  Witthavs. 

OXAPHOR.     See  Oxycamplwr. 

OXFORD  MINERAL  SPRING.— New  Haven  County, 
Connecticut.     Post-Officb.  — Oxford. 

Good  hotel  within  one-half  mile.  This  spring  has  been 
well  known  to  residents  of  the  neighborhood  for  many 
years,  but  it  has  only  recently  been  brought  to  the  atten- 
tion of  the  public.  Its  medicinal  properties  are  supposed 
to  have  been  known  to  the  Indians,  as  arrow  heads  and 
other  evidences  of  aboriginal  life  are  frequently  found 
near  it.  The  spring  yields  about  one  and  a  half  gallons 
of  pure,  sparkling  water  per  minute.  An  analysis  by 
Prof.  George  F.  Barker,  of  the  Sheflield  Scientific  School, 
in  1873,  resulted  as  follows:  One  United  States  gallon 
contains:  Sodium  chloride,  gr.  0.85;  sodium  sulphate, 
gr.  0.49;  potassium  sulphate,  a  trace;  lithium  sulphate, 
a  trace;  magnesium  sulphate,  gr.  0,63;  calcium  sulphate, 
gr.  1.61;  iron  carbonate,  gr.  0.91;  silica  and  insoluble 
matter,  gr.  1.33;  organic  matter,  gr.  1.33;  loss  in  analy- 
sis, gr.  0.10.     Total,  6.18  grains. 

The  path  of  the  stream  can  be  easily  traced  by  the 
abundant  bright  yellow  deposit  of  hydrate  of  iron.  In 
tlie  short  time  since  this  water  was  brought  before  the 
public  it  has  risen  high  in  popular  favor  as  an  invigorant 
and  general  tonic.  It  is  useful  in  conditions  of  debility 
and  ansemia,  and  in  stomach,  liver,  and  renal  disorders, 
etc.  The  water  is  used  commercially,  and  is  said  to  be 
acquiring  an  extensive  sale.  James  K.  Crook. 

OXYCAMPHOR  — (CJI,4.C0.CH0H),  a  product  of 
the  oxidation  of  camphor— is  prepared  by  reducing  cam- 
phor ortlioquinone  with  zinc  powder  and  acetic,  sul- 
phuric, or  hydrochloric  acid.  It  is  a  white  crystalline 
powder  of  bitterish,  peppery  taste,  and  without  odor. 
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It  fuses  at  304°  C.  (400°  F.),  and  is  soluble  in  fifty  parts 
of  cold  water  and  freely  in  hot  water,  alcohol,  ether, 
chloroform,  and  the  oils.  Its  two-per-cent.  solution  co- 
agulates albumin,  reduces  haemoglobin,  and  is  strong!}' 
bactericidal. 

To  this  drug  is  attributed  the  special  power  to  over- 
come dyspnoea  by  diminishing  the  excitability  of  the  re- 
spiratory centre  in  the  medulla.  Physiological  experi- 
ments with  0,5-per-cent.  solutions  and  clinical  usage  by 
Ruttner,  Ehrlich,  Marlier,  and  others  have  demonstrated 
that  oxycamphor  tends  to  lessen  the  frequency  of  the 
respirations,  to  increase  their  depth,  to  slow  the  pulse, 
and  slightly  to  increase  the  blood  pressure.  It  improved 
the  breathing  in  cases  of  tuberculosis,  bronchitis,  emphy- 
sema, Bright's  disease,  anajmia,  and  heart  disease. 

Exposed  to  light  and  moisture  the  powder  becomes  a 
soft,  slimy,  sticky,  yellowish  mass.  It  keeps  fairly  well, 
however,  in  tablet  triturates  made  with  sugar  of  milk, 
and  is  stable  in  fifty-per-cent.  alcoholic  solution.  This 
solution,  known  as  oxaplior,  is  given  with  much  water  in 
dose  of  0.5-1.0  c.c.  (TUviij.-xv.).  \V.  A.  Bastedo. 

OXYGEN.— Oxygen  is  not  recognized  in  the  United 
States  Pharmacopoeia  as  a  drug,  but  yet  is  used  in  medi- 
cine to  a  certain  extent,  generally  by  inhalation,  either  of 
the  pure  gas,  or  of  the  same  mingled  with  from  one  to 
four  volumes  of  atmospheric  air  or  of  nitrogen  monoxide 
(nitrous  oxide  gas).  Oxygen  is  a  colorless,  odorless,  and 
tasteless  gas,  and  is,  when  pure,  distinctly  irritant  to 
sensitive  parts.  Its  main  medical  interest  centres  upon 
the  phenomena  which  follow  the  Inhalation  of  the  gas  in 
greater  concentration  than  is  the  case  in  the  atmosphere. 
Continuously  inhaled,  pure,  the  irritant  effects  of  oxygen 
are  considerable ;  mice  immersed  in  an  atmosphere  of  pure 
oxygen  die  after  three  days  with  congested  and  inflamed 
lungs.  With  inhalations  too  short  to  excite  local  mis- 
chief, the  question  naturally  arises  whether  an  atmos- 
phere abnormally  rich  in  oxygen  does  or  does  not  tend 
to  determine  abnormal  absorption  of  the  gas  into  the 
blood,  and  so  a  quickening  of  the  oxidations  concerned 
in  vital  processes.  Opposite  opinions  have  been  held  on 
this  question.  The  one  view  (Regnault  and  others)  is  that 
with  healthy  lungs  the  blood  normally  takes  from  the 
ordinary  atmosphere  all  the  oxygen  that  it  is  physiolog- 
ically capable  of  absorbing,  so  that  the  presentment  to  it 
of  an  air  containing  an  increased  proportion  of  the  gas 
can  have  no  effect  on  the  absorption  rate.  But  a  con- 
siderable number  of  experiments  and  observations  of  va- 
rious kinds  seem  to  oppose  this  view,  and  lead  to  the  be- 
lief that  crowding  the  lungs  with  oxygen  does  also  crowd 
the  blood  with  the  gas.  Thus,  during  oxygen  inhala- 
tions granulation  tissue  has  been  observed  to  grow 
quickly  ruddier  in  hue  (Demarquay),  expired  carbon  di- 
oxide to  double  in  amount  (Allen  and  Pepys,  Limousin), 
and  excreted  uric  acid  to  lessen  in  quantity,  presumably 
by  undergoing  oxidation  within  the  system  (Kollman). 
Whichever  answer  to  the  question  be  the  true  one,  no 
marked  symptom  pointing  to  any  serious  derangement 
of  physiological  processes  occurs  when  a  moderate  inha- 
lation is  practised  by  one  in  health.  The  gas,  even  when 
pure,  is  pleasantly  respirable,  and  from  fifteen  to  thirty 
litres  (from  four  to  eight  gallons,  about)  can  be  inhaled 
with  little  other  obvious  effect  than  a  feeling  of  general 
warmth  and  nervous  exhilaration,  with  occasionally  a 
little  giddiness  and  quickening  of  the  pulse  rate.  But 
while  the  effects  in  health  are  comparatively  negative,  it 
is  far  otherwise  when  an  oxygen  Inhalation  is  undertaken 
by  one  suffering  for  want  of  a  sufficiency  of  oxygen  be- 
cause of  some  impediment  to  the  full  exercise  of  the  re- 
spiratory function,  such  as  may  be  caused  by  asthma,  em- 
physema, cardiac  disease,  croup,  diphtheria,  etc.  In 
such  case  the  distress,  because  of  the  insufQciency  of  the 
air  supply,  tends  to  be  compensated  by  the  higher  oxy- 
genation of  the  same,  and  the  dyspna;a  may  be  greatly 
abated,  or  even,  for  the  time,  wholly  abrogated.  And 
the  relief  may  persist,  of  course  in  keeping  with  the  char- 
acter of  the  case,  for  a  longer  or  shorter  time  after  discon- 
tinuance of  the  inhalation.     Similar  relief  by  respiration 
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of  oxygen  is  afforded  in  cases  of  aspliyxia  from  irrespir- 
able  or  noxious  gases,  such  as  carbon  monoxide  or  the 
poisoned  air  of  sewers. 

The  therapeutic  applications  of  oxygen  are,  first  in  im- 
portance, tlie  administration  of  the  gas  by  inhalation  for 
the  relief  of  dj'spnrea  or  asphyxia  in  the  circumstances 
above  described.  Inhalations  have  also  been  practised 
with  the  view  of  quickening  the  processes  of  physiologi- 
cal chemistry  and  so  determining  better  nutrition  in 
chronic  cachectic  states,  such  as  ana?niia,  chlorosis,  tu- 
berculosis, etc.  The  results  of  this  latter  therapeusis, 
however,  liave  not  been  very  striking.  Under  any  cir- 
cumstances the  existence  of  ulceration  or  active  inflam- 
mation within  the  air  passages  had  bettor  be  accepted  as 
contraindicating  oxygen  inhalation,  unless  the  gas  be 
well  diluted.  In  appropriate  cases,  from  four  to  six- 
teen litres  (one  to  four  gallons,  about)  may  be  inhaled  at 
a  sitting,  two  or  three  times  a  day,  pure  or  diluted  with 
air,  from  one  to  four  volumes,  according  to  the  urgency 
of  the  case.  The  gas  must  be  known  to  be  pure,  in  the 
chemical  sense  of  the  word,  and  is  best  administered  by 
means  of  the  bags  devised  for  the  giving  of  nitrous  oxide 
gas.  But  whether  the  gas  be  drawn  from  a  bag  or  from 
a  gasometer,  the  inhalation  should  be  by  means  of  a 
mouthpiece  so  fitted  with  valves  that  the  products  of  ex- 
piration shall  not  pass  into  the  apparatus  to  mingle  with 
the  gases  to  be  respired.  In  order  to  obtain  dilution 
with  air  the  simplest  expedient  is  to  leave  the  nostrils 
open  to  inhale  the  atmosphere,  while  the  mouth  inhales 
oxygen. 

Oxygen  has  been  administered  also  by  passing  the  gas 
into  the  stomach  or  the  rectum,  and  with  reported  prompt 
relief  of  dyspnoea,  the  same  as  when  given  by  inhalation. 
Pour  rectal  injections  of  five  litres  each  are  said  to  have 
■been  absorbed  in  an  hour.  Oxygen  has  also  been  used 
locally  for  the  vivifying  of  tissues  disposed  to  ulceration 
or  gangrene,  with  reported  benefit.  The  practice  is  cer- 
tainly not  a  common  one  in  the  United  States.  The  gas 
is  applied  in  jet  upon  the  affected  parts. 

Oxygen  is  supplied  for  medical  use  in  iron  cylinders, 
generally  condensed  so  that  a  cylinder  holding  from  one 
hundred  to  two  hundred  gallons  is  of  a  size  easily  han- 
dled and  stored.  From  such  reservoirs  a  bag  or  gasome- 
ter is  charged  for  the  Individual  inhalations.  Wheie 
these  cylinders  are  not  procurable,  oxygen  may  be  ob- 
tained by  the  usual  procedure  of  heating  potassium  chlo- 
rate with  admixture  of  a  little  manganese  dioxide — this 
addition  in  some  way  determining  the  decomposition  of 
the  chlorate  at  a  lower  temperature  than  would  other- 
wise be  required.  The  manganese  compound  must  be 
free  from  adulteration  with  carbon  (such  as  occurs  in 
some  commercial  samples  by  the  accidental  or  intentional 
addition  of  pounded  coal),  else  a  dangerous  explosion 
may  result.  It  is  best,  therefore,  to  test  an  untried  sam- 
ple by  heating  a  little  of  it  with  a  little  potassium  chlo- 
rate in  a  test  tube,  where  the  small  scale  of  a  possible 
explosion  will  do  no  serious  mischief.  For  the  making, 
the  mixed  substances  are  heated  in  a  closed  retort  or 
flask,  from  which  a  tube  leads  through  an  intervening 
wash  bottle,  containing  caustic  soda  solution,  to  a  gasom- 
eter or  jar  filled  with  water  and  inverted  in  a  pneuma- 
tic trough,  or  to  the  bag  from  which  the  inhalatjons  are 
made.  The  first  portions  of  gas  that  come  over  should 
be  allowed  to  escape  before  connection  is  made  with  the 
wash  bottle.  And  this  wash  bottle  is  an  all-important 
feature  of  the  apparatus,  the  passage  of  the  oxygen 
through  soda  being  necessary  to  free  the  gas  from  con- 
tamination with  carbon  dioxide  and  chlorine.  The  con- 
necting tube  of  the  apparatus  should  be  of  good  size, 
since  the  gas,  when  once  it  begins  to  disengage,  comes 
over  in  great  volume.  For  the  same  reason  the  heat 
should  carefully  be  watched  and  regulated  during  the 
operation,  to  avoid  too  furious  action.  For  each  litre 
(about  one  quart)  of  oxygen  required,  3.46  gm.  (about 
gr.  liiiss.)  of  potassium  chlorate  will  be  needed.  The 
salt  must  be  well  powdered,  and  mixed  with  one-eighth 
of  its  weight,  or  thereabouts,  of  powdered  and  pure  black 
oxide  of  manganese.  Edward  Curtis. 


OXYQUINASEPTOL.— (Diaphtherin— C«H4[H0C„IIe- 
NHOJaSOa)  —  a  registered  compound  introduced  as  a 
powerful  antiseptic  for  surgical  purposes,  but  which  has 
not  been  much  employed.  It  was  reported  upon  by  Prof. 
R.  Emmerich,  of  Munich,  at  the  Eleventh  Congress  for 
Internal  Medicine,  held  at  Leipsic  in  1893. 

It  forms  in  amber-yellow  transparent  hexagonal  crys- 
tals, which,  when  powdered,  are  soluble  in  one  part  of 
water,  also  soluble  in  dilute  alcohol,  very  sparingly  solu- 
ble in  absolute  alcohol.  It  melts  at  185°  P.  without  de- 
composition, but  is  n«t  altered  chemically  at  313°  F. 

It  is  recommended  as  an  antiseptic  dressing  in  surgical 
practice,  and  for  the  treatment  of  ulcers,  wounds,  etc. 
A  solution  of  one-half  to  one  per  cent,  is  said  to  be  suffi- 
ciently strong  for  a  lotion  or  to  saturate  dressings.  Lo- 
cally it  has  been  employed  in  solutions  as  strong  as  fifty 
per  cent,  without  any  injurious  effect. 

The  sole  drawbacks  are  said  to  be  a  tendency  to  act  on 
instruments,  causing  a  black  deposit,  and  a  tendency  to 
discolor  the  skin  and  clothing.  Beaumant  Small. 

OXYURIS  VERMICULARIS.    See  Nematoda. 

OZ^NA.  See  Nasal  Cavities,  Diseases  of:  Chronic 
Inflammation. 

PACHYAKRIA.     See  Acromegaly. 

PACIFIC  CONGRESS  SPRINGS.— Santa  Clara  County, 
California. 

Post-Office. — Saratoga.     Hotel  and  cottages. 

Access. — Stages  connect  at  Los  Gatos  with  Southern 
Pacific  trains  leaving  San  Francisco  morning  and  even- 
ing.    Time,  three  hours  and  fifteen  minutes. 

These  springs  obtain  their  name  from  their  resem- 
blance to  the  well-known  Congress  Spring  at  Saratoga, 
N.  Y.  The  Santa  Clara  Valley  is  celebrated  for  its 
excellent  climate  and  dry,  pure,  and  invigorating  air.  A 
large  and  commodious  hotel  and  several  cottages  have 
been  established  at  an  elevation  of  735  feet  above  the 
sea  level.  The  springs  are  located  about  one  hundred 
feet  farther  up  the  mountainside.  The  drives  about 
these  springs  are  among  the  finest  in  the  State.  There 
are  on  the  premises  several  springs  which  flow  in  great 
profusion.  The  waters  belong  to  the  alkaline-chalybeate 
class.  They  are  valuable  for  table  purposes.  The  fol- 
lowing analysis  was  made  by  Anderson  in  1888: 

OxE  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  chloride 115.76 

Sodium  carbonate " 120.43 

Sodium  sulphate 13.95 

Potassium  carbonate 3.06 

Magnesium  carbonate 26.34 

Magnesium  sulphate 14.17 

Calcium  carbonate 16.03 

Calcium  sulphate 14.19 

Ferrous  carbonate 13.87 

Alumina 4.50 

Silica 3.98 

Organic  matter Trace. 

Total 344.27 

Free  carbonic  aoid  gas  44.17  cubic  inches.  Temperature  of  water, 
50°  F. 

It  will  be  observed  that  this  water  is  much  less  densely 
mineralized  than  is  that  of  its  New  York  namesake. 
The  Saratoga  Congress  Spring  contains  over  700  grains 
of  solid  ingredients  to  the  United  States  gallon  and  over 
393  cubic  inches  of  carbonic-acid  gas.  The  California 
Congress  waters  are,  however,  much  more  strongly  chaly- 
beate than  are  those  of  Saratoga.  Their  action  is  de- 
cidedly tonic,  owing  to  this  large  infusion  of  iron.  They 
are  also  mildly  aperient  (from  the  presence  of  Glauber's 
and  Epsom  salts;,  diuretic,  and  anti-acid  (from  the  pres- 
ence of  alkaline  carbonates).  The  springs  have  gained 
considerable  celebrity  in  the  treatment  of  ansemia,  dys- 
pepsia, liver  and  kidney  troubles,  irritability  of  the  blad- 
der, rheumatism,  gout,  and  cutaneous  affections.  The 
waters  are  shipped  to  all  parts  of  the  coast. 

James  K.  Crook. 
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PACINIAN  CORPUSCLE.    See  Mid-Organs,  Nervous. 

PACINIAN  CORPUSCLES,  PATHOLOGY  OF.— Very 

few  observations  have  been  made  upon  the  occurrence  of 
pathological  changes  in  the  Pacinian  corpuscles. 

Virchow  noted  the  possibility  of  the  development  of 
the  so-called  lamellated  fibroma  from  Pacinian  corpus- 
cles, but  regarded  such  origin  as  being  of  the  nature  of  a 
pathological  curiosity. 

Osier  (Proceedings  of  the  Pathological  Society  of  Phila- 
delphia, 1886)  reported  a  case  of  hemorrhagic  pancrea- 
titis in  which  the  Pacinian  corpuscles  were  enormously 
swollen  and  OBdematous  and  the  neighboring  tissue  was 
infiltrated. 

Przewoski  (Arch.f.  path.  Anat.  u.  Phys.,  Bd.  68)  de- 
scribes five  cases  of  oedema  of  the  Pacinian  corpuscles 
which  occurred  in  mitral  insufficiency,  in  chronic  nephri- 
tis, in  emphysema,  and  in  two  oases  of  chronic  pulmonary 
tuberculosis.  In  the  first  two  cases  general  oadema  was 
present,  but  not  in  the  other  three.  He  claims  to  have 
been  the  first  to  observe  this  condition. 

Rattone  {Archimo  per  le  science  mediclie,  Torino,  vol. 
ix.)  also  describes  a  case  of  local  oedema  of  the  Pacinian 
corpuscles.  In  a  case  of  scoliosis,  in  which  no  other 
pathological  changes  of  note  were  found,  the  Pacinian 
corpuscles  about  the  pancreas  showed  an  extreme  grade 
of  oedema.  He,  as  did  Przewoski,  at  first  took  the  cyst- 
like bodies  to  be  cysticercus  cysts,  but  microscopic  ex- 
amination showed  them  to  be  Pacinian  corpuscles.  In  a 
case  of  fibroma  of  the  mamma,  occurring  in  a  young 
male,  he  found  a  much  compressed  Pacinian  body.  The 
chief  symptom  of  the  case  had  been  agonizing  neuralgic 
pain,  and  Rattone  believes  that  this  was  caused  by  the 
changes  produced  in  the  Pacinian  corpuscle  through 
pressure.  There  were  no  evidences  of  inflammation  in 
or  about  the  corpuscle. 

The  most  extensive  observations  yet  made  upon  the 
pathology  of  the  Pacinian  corpuscle  are  those  reported  by 
the  writer  (Phil.  Monthly  Med.  Jour. ,  February,  1899).  In 
nine  cases  pathological  changes  were  found  in  Pacinian 
corpuscles  embracing  the  following  conditions:  conges- 
tion, oedema,  hemorrhage,  changes  in  vessel  walls,  acute 
and  chronic  inflammatory  processes,  mucous  and  colloid 
degeneration,  hyaline  deposit,  calcification,  and  necrosis. 

In  one  case  of  pulmonary  gangrene  great  numbers  of 
hyaline  or  cystic  bodies,  varying  in  size  from  a  pinhead 
to  a  small  cherrj'-,  were  found  in  the  mesentery,  particu- 
larly in  the  neighborhood  of  the  pancreas  and  semilunar 
ganglia.  The  majority  were  transparent,  jelly-like,  and 
fluctuating,  suggesting  parasitic  cysts.  Microscopical 
examination  showed  these  to  be  Pacinian  corpuscles  in 
various  stages  of  cystic  change.  The  interstitial  tissue 
of  the  lamellae  contained  large  cyst-like  spaces  in  which 
a  mucin-  or  pseudomucin-like  substance  was  present. 
These  changes  were  confined  to  the  corpuscles,  and  were 
apparently  primary.  In  some  of  the  corpuscles  the 
presence  of  congestion,  small  hemorrhages,  and  small- 
celled  infiltration  would  appear  to  justify  the  diagnosis 
of  a  primary  inflammation  (Pacinitis)  of  the  Pacinian 
corpuscle. 

In  a  case  of  chronic  parenchymatous  nephritis,  mitral 
insufficiency,  and  general  oedema,  a  similar  condition  of 
oedema  and  cystic  change  was  found,  which  was  re- 
garded as  secondary  to  the  general  oedema. 

In  four  cases  hyaline  change  of  the  Pacinian  corpuscles 
was  found :  in  two  cases  in  the  peritoneum  and  mesen- 
tery, in  the  other  two  in  the  region  of  the  prostatic 
plexus.  The  hyaline  bodies  showed  transition  stages  to 
an  appearance  similar  to  the  lamellated  fibroma,  as  de- 
scribed in  the  literature.  In  two  other  cases  similar 
hyaline  bodies  were  found,  but  they  were  so  changed 
that  their  genesis  could  not  be  determined. 

In  a  case  of  femoral  thrombosis  chronic  inflammatory 
changes  were  found  in  and  about  the  Pacinian  corpus- 
cles present  in  the  vessel  sheath.  The  process  was  re- 
garded as  an  extension  from  a  chronic  inflammatory  proc- 
ess involving  the  sheath  of  the  vessels  and  the  vessels 
themselves. 
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In  a  case  of  hemorrhagic  pancreatitis  necrosis,  oedema, 
and  hemorrhage  were  found  in  the  Pacinian  corpuscles  in 
the  neighborhood  of  the  pancreas.  These  changes  were 
regarded  as  secondary  to  the  pancreatic  disease,  the 
marked  liquefaction  necrosis  of  the  nerve  structure  being 
due  to  the  action  of  pancreatic  ferments.  The  involve- 
ment of  the  Pacinian  corpuscles  and  nerve  trunks  may 
be  the  immediate  cause  of  death,  as  suggested  by  Osier. 
Since  the  report  of  these  cases  the  writer  has  observed 
four  other  cases  in  which  pathological  conditions  of  Pa- 
cinian corpuscles  were  found.  (Edema  and  cystic  de- 
generation were  observed  in  the  corpuscles  in  the  neigh- 
borhood of  the  pancreas,  in  a  case  of  valvular  disease  of 
the  heart  with  general  oedema,  and  in  a  case  of  colitis 
without  general  oedema.  In  a  scirrhous  carcinoma  of  the 
mammary  gland  a  much  compressed  Pacinian  corpuscle 
was  found,  completely  surrounded  by  carcinoma  tissue. 
In  contrast  to  the  case  observed  by  Rattone  this  patient 
had  never  suffered  pain.  In  a  second  tumor  of  the  mam- 
mary gland,  a  cystadenofibroma,  a  much  compressed 
Pacinian  corpuscle  was  found  extending  across  a  large 
cyst  filled  with  serous  fluid.  Though  surrounded  on  all 
sides  by  fluid,  the  corpuscle  showed  no  change  beyond 
that  of  compression.  The  tumor  in  this  case  was  pain- 
ful. 

It  would  appear  from  the  above  cases  that  oedema  or 
cystic  change  is  the  most  common  primary,  as  well  as 
secondary,  pathological  condition  of  the  Pacinian  corpus- 
cles. The  exact  significance  of  this  condition  cannot  at 
present  be  stated ;  nor  in  the  primary  cases  is  the  genesis 
of  the  condition  clear.  In  these  cases  the  oedema  is  prob- 
ably to  be  referred  to  some  local  circulatory  changes, 
probably  to  changes  in  the  blood-vessels  of  a  sclerotic  or 
inflammatory  nature.  In  the  other  cases  the  secondary 
nature  of  the  afiiection  is  clear. 

Inasmuch  as  the  physiology  of  the  Pacinian  corpuscles 
is  still  in  doubt,  the  clinical  significance  of  these  changes 
cannot  at  present  be  known.  The  presence  of  large  num- 
bers of  the  corpuscles  about  the  pancreas  would  indicate 
that  they  serve  some  important  sensory  function,  probably 
relating  to  intra-abdominal  pressure;  and  we  are  justified 
in  assuming  that  any  extensive  disease  of  these  bodies 
would  produce  important  disturbances  and  give  rise  to 
clinical  symptoms.  The  intense  abdominal  pain  occurring 
in  acute  pancreatitis  may  be  explained  by  the  Involvement 
of  the  Pacinian  corpuscles  and  the  nerve  trunks  in  the 
vicinity  of  the  pancreas.  As  Osier  has  suggested,  death 
in  these  cases  may  result  from  shock-caused  by  such  in- 
volvement. That  compression  of  the  Pacinian  corpuscle 
does  not  always  give  rise  to  severe  pain  is  shown  by  the 
case  of  scirrhous  carcinoma  of  the  mamma.  This  case 
may,  however,  be  explained  by  the  assumption  that  the 
nerve  trunks  had  been  destroyed  by  carcinomatous  infil- 
tration, the  more  resistant  corpuscle  remaining  preserved. 
The  paucity  of  observations  and  our  lack  of  knowledge 
regarding  these  structures  make  desirable  more  careful 
investigations  as  to  their  physiology  and  pathology. 

Aldred  Scott  Warthin. 

P/EONY.     See  Ranunculacem. 

PAGET'S  DISEASE  OF  THE  NIPPLE.  See  Cancer. 
{Olinical.) 

PAGOSA  SPRINGS.— Archuleta  County,  Colorado. 

Post-Opfice.— Pagosa  Springs.  Hotel  and  boarding- 
houses. 

Access.— Via  Denver  and  Rio  Grande  Railroad  to 
Amargo,  N.  M.,  thence  twenty-eight  miles  by  daily 
stage  over  a  good  road  to  the  springs. 

This  resort  is  located  in  a  picturesque,  heavily  wooded 
mountain  region,  at  an  altitude  of  about  seven  thousand 
feet  above  the  sea  level.  Bear,  elk,  deer,  and  wild  tur- 
keys abound  in  the  neighboring  mountains,  and  it  is  said 
that  a  basket  of  trout  may  be  taken  at  any  time  without 
going  beyond  the  village  limits.  The  country  is  new 
but  IS  fast  being  developed,  and  hundreds  of  people  from 
different  parts  of  the  United  States  camp  out  in  the 
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neighborhood  every  summer  in  order  to  avail  themselves 
of  the  salubrious  climate  and  many  other  attractions  to 
be  found  here.  There  is  considerable  snow  in  January, 
February,  and  March,  but  during  the  remainder  of  the 
year  the  weather  is  clear  and  beautiful.  The  summer 
temperature  reaches  90°  F.  at  times,  but  owing  to  the 
bracing  atmosphere  no  discomfort  is  felt.  The  nights 
are  always  cool.  There  is  but  one  mineral  spring  at 
Pagosa.  It  is  situated  on  a  small  elevation  and  from  it 
the  water  issues  through  crevices  in  various  directions. 
The  water  supply  is  quite  inexhaustible,  as  it  is  esti- 
mated that  the  combined  currents  from  the  spring  would 
form  a  stream  three  feet  deep  and  six  feet  wide.  Dr.  H. 
G.  Haxley,  of  the  springs,  furnishes  us  the  following 
analysis,  supposed  to  have  been  made  under  the  auspices 
of  the  United  States  Government  when  it  maintained 
a  fort  at  this  point : 

Pagosa  Hot  Springs. 

One  United  States  Gallon*  Contains: 

Solids.  Grains. 

Sodium  cbloride 61 .81 

Sodium  carbonate 83.27 

Sodium  sulpbate 150.21 

Calcium  carbonate 41.76 

Magnesium  carbonate 6.65 

Lithium  carbonate 3.28 

Potassium  carbonate 2.80 

Iron  protoxide 16 

Manganese  protoxide 11 

Calcium  fluoride ,30 

Calcium  pbospbide' 03 

Silica 71 

Total 351.09 

Temperature  of  water,  155°  F.    Elevation,  7,000  leet. 
*  Conyerted  from  grams  per  litre. 

The  waters  are  said  to  possess  valuable  properties  in 
the  treatment  of  rheumatism,  gout,  syphilis,  and  anaemic 
conditions.  Dr.  Haxley  informs  us  that  he  has  seen  ob- 
stinate cases  of  chronic  rheumatism  cured  or  greatly  bene- 
fited by  a  two  weeks'  course  of  the  hot  baths. 

James  K.  Crook. 

PAIN.— From  a  restricted  philosophical  view  pain  may 
be  regarded  as  a  reaction  of  the  organism,  in  part  or  as 
a  whole,  to  harmful  influences ;  giving  a  warning  in  con- 
sciousness that  some  activity  prejudicial  to  the  health  of 
the  tissues  is  operative. 

The  movements  of  expansion  and  contraction  in  proto- 
plasm, the  biologists  say,  are  primordial  expressions  of 
the  pleasure-pain  sense ;  expanding  in  response  to  pleas- 
ure-giving (healthful)  and  contracing  in  reaction  to  pain- 
giving  (harmful)  impulses.  These  reactions  are  con- 
sidered the  germ  of  the  idea  which  by  numerous 
multiplications,  complications,  and  added  phenomena 
have  come  to  malse  the  many-sided  figure  of  the  human 
pleasure-pain  sense. 

The  pain  of  trauma,  in  a  bruised  bone,  or  the  discom- 
fort of  a  mechanical  process,  as  the  pressure  of  an  exu- 
date or  transudate,  the  irritation  of  an  inorganic  or  organic 
toxic  agent,  the  pain  of  ulceration  or  of  necrosis — these 
are  of  the  types  of  painful  sensations,  viewed  in  a  nar- 
row sense,  which  the  physician  most  often  is  called 
upon  to  treat.  But  there  may  be  pain  in  consciousness 
connected  with  more  complex  processes  than  those  just 
mentioned.  The  pain  of  fear,  of  anxiety,  of  dread,  of 
anger,  even  the  peculiar  pain  of  the  "sick  soul"  and  the 
ecstatic  states,  and  of  other  and  various  emotional  condi- 
tions, are  no  less  real  pain  than  those  of  an  irritated  or 
injured  sensory  nerve.  Even  these  manifold  and  com- 
plexly intricate  emotional  states,  however,  are  posited 
by  the  terms  of  some  descriptive  psychologists  as  the 
results  of  organic  visceral  reactions,  mostly  represented 
in  the  sympathetic  nervous  plexuses  and  in  the  extra- 
cortical  or  subliminal  mental  activities. 

Of  the  intricacies  and  the  extraordinary  width,  breadth, 
and  depth  of  the  pleasure-pain  sense  only  a  most  exten- 


sive study  of  the  ancient  and  current  literature  of  an- 
thropology, neurology,  psychology,  and  sociology  can 
give  an  adequate  idea,  and  the  present  discussion  is 
limited  in  scope  to  the  narrow  field  of  that  which  may 
be  termed  pain  in  the  common-sense  view  of  the  term— 
the  reaction  of  the  sensory  ucrvous  system  to  a  prejudi- 
cial activity.  It  will  be  limited  to  the  painful  sensations 
of  the  periphery  (the  epiblastic  substances— the  skin  and 
external  mucous  membranes),  of  those  organs  and  sur- 
faces which  are  formed  by  involution  of  the  primary  epi- 
dermal structures— as  the  intestinal  canal,  the  bladder, 
the  pleurae ;  further,  to  those  pains  which  occur  in  the 
mesoblastic  structures— the  muscles,  the  bones,  the  vis- 
cera, etc. 

Vakibtibs  of  Pain.— From  simple  discomfort  to 
agony  the  gradations  of  pain  are  many,  but  a  few  types 
seem  to  be  associated  with  recognizable  types  of  lesion. 
Two  types  of  pain  may  be  distinguished  at  the  outset — 
acute  and  chronic  —  indicating  in  a  general  way,  first, 
the  more  violent  reaction  of  the  sensory  nervous  system 
to  an  irritant ;  and,  secondly,  that  of  the  more  prolonged 
and  habitual  protest  of  natui-e  against  the  harmful  influ- 
ences of  a  chronic  process.  Acute  pains  usually  call  for 
immediate  diagnosis,  if  not  immediate  treatment;  chronic 
pains,  as  a  rule,  demand  a  study  of  the  more  involved 
and  intricate  processes  of  nature. 

Pain,  again,  is  spoken  of  as  periodic,  recurrent,  alternat- 
ing, or  continuous. 

As  to  character,  acute  darting  pains  are  characteristic 
of  the  neuralgias,  myalgias,  and  neuritides — such  pains 
are  frequently  paroxysmal  or  remitting  in  type,  coming 
and  going  with  great  suddenness  and  leaving  no  trace 
of  their  presence,  save  at  times  a  certain  sense  of  soreness 
after  frequent  attacks.  Such  pains,  moreover,  are  dis- 
tributed usually  in  definite  anatomical  areas,  which  fact 
is  of  the  utmost  importance  in  their  diagnosis  and  treat- 
ment. In  many  instances  this  type  of  pain  is  recognized 
as  shifting  in  its  distribution.  At  one  time  ,the  nerve 
distribution  in  the  foot  is  aJIected ;  again,  the  same  nerve 
area  of  the  thigh,  then  the  leg  representation ;  again,  the 
painful  sensations  may  be  distributed  over  a  definite  seg- 
ment area ;  on  one  side  or  on  opposite  sides  of  the  body. 

Colicky  Pains  are  characteristic  of  affections  of  the 
hollow  viscera.  The  stomach  colic  of  poisoning  and  of 
cholera  morbus,  the^  abdominal  colic  of  flatulency,  of 
distention  and  obstruction  of  the  intestine,  the  tenesmus 
and  pain  in  the  ureter  and  bladder  from  urethritis, 
pyelitis,  cystitis,  etc.,  are  the  results  of  the  cramp-like 
muscular  activities  of  these  organs,  usually  engaged  in  the 
process  of  ejecting,  or  trying  to  eject,  a  harmful  occupant. 
In  the  diagnosis  of  these  pains  the  sense  of  muscular 
effort  is  often  present  in  the  patient's  consciousness  and 
is  a  useful  guide.  Careful  questioning  of  a  discriminat- 
ing patient  will  often  reveal  much.  In  the  treatment  of 
these  conditions  the  carrying  out  of  nature's  indications 
is  rational.  Thus,  at  the  present  time,  catharsis  and 
enteroclysis  are  more  frequently  employed  for  the  initial 
stages  of  cholera  morbus,  diarrheas,  and  dysenteries  than 
are  narcosis  and  muscle  paralysis  by  opium  and  similar 
drugs. 

Boring  or  growing  pains  are  deep-seated,  illy  defined 
pains  frequently  found  in  visceral  disease.  The  bones, 
the  muscles,  the  meninges,  the  spinal  column,  the  liver, 
or  other  deep-seated  viscus  may  be  involved.  Aneurisms, 
new  growths,  and  other  lesions  in  these  more  remote 
localities  are  often  the  cause  of  didl  pains.  It  is  usually 
advisable  to  regard  them  at  their  worst  if  regrets  of  faulty 
diagnosis  are  to  be  avoided.  Many  of  the  brilliant  diag- 
noses of  the  specialist  may  be  anticipated  by  the  family 
practitioner,  if  sufiBcient  consideration  is  given  to  all  dull 
pains  of  a  persistent  chronic  or  remittent  nature.  The 
so-called  growing  pains  may  be  classed  in  this  category 
and  too  frequently  prove  to  be  precursors  of  acute  or 
chronic  joint  lesions,  which  on  development  entail  much 
misery  and  suffering  on  the  young.  Movement  pains  are 
those  which  are  increased  by  motion  of  the  joints  or  of 
the  muscles  and  are  indicative  of  some  lesion  in  these 
structures. 
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Pain  Appreciation.— If  pain  be  regarded  as  a  reaction, 
evidently  two  factors,  at  least,  are  involved  in  its  ap- 
preciation. The  character  or  intensity  of  the  inducing 
agency  and  the  individual's  susceptibility.  Since  each 
individual's  own  experience  is  the  only  guide  to  the 
physician's  estimation  of  the  intensity  of  the  painful  feel- 
ing, much  judgment  and  sympathy  are  needed  correctly 
to  gauge  the  patient's  susceptibility.  Pain  to  many  is 
but  an  incident.  They  are  either  anesthetic  or  stoical, 
either  really  feeling  little  or  able  to  control  their  expres- 
sions of  pain;  others,  again,  are  hyperfesthetic  or  exag- 
gerational ;  either  they  really  are  extremely  susceptible 
or  they  possess  little  or  no  control  over  their  feelings. 
At  all  events  the  grade  of  the  patient's  own  feeling  is 
the  true  measure  of  the  pain  for  themselves,  but  it  may 
not  be  a  useful  guide  in  the  diagnosis  of  a  disease  proc- 
ess. 

It  has  become  popular,  since  the  studies  of  Lombroso 
and  his  school,  to  generalize  regarding  pain  susceptibili- 
ties among  individuals  in  certain  occupations  or  profes- 
sions, or  among  the  peoples  of  a  country.  Thus  the 
Teutons  are  reputed  to  be  relatively  non -susceptible; 
that  thieves,  prostitutes,  and  the  like  are  anassthetic. 
Such  generalizations  are  founded  on  the  most  flimsy  evi- 
dence and  are  based  purely  on  half-truths  at  best.  More- 
over, the  question  of  control  over  one's  expressions  of 
pain  is  rarely  taken  into  account  by  many  of  these  stu- 
dents. 

Pain  that  is  acute  and  severe  in  character  usually 
causes  a  well-known  picture  of  contracted  muscles, 
dilated  pupils,  cold  wet  hands  and  feet,  a  picture  closely 
resembling  and  indeed  inducing  at  times  the  well-known 
act  of  fainting. 

Pain  Location. — For  the  most  part  the  feeling  of  pain 
is  referred  to  the  diseased  area,  and  when  lesions  are 
found  to  be  superficial  and  within  reach  it  is  easy  at 
once  to  distinguish  their  true  nature  and  to  locate  them 
correctly,  and  then  to  apply  the  proper  treatment.  When 
no  superficial  lesion  is  found,  the  question  arises  whether 
the  pain  sensation  is  in, direct  relation  to  an  adjacent 
organ  or  whether  it  is  a  referred  sensation  from  a  more 
remote  viscus. 

Of  the  facts  which  help  to  a  correct  judgment  the  grade 
of  pain  intensity  is  one  of  the  most  important.  Those 
pains  which  are  less  intense  and  more  illy  defined  are 
more  liable  to  be  referred  pains  from  a  more  remote  area. 

By  the  researches  of  Dana  and  Head*  the  mapping  of 
areas  of  referred  sensations  has  become  an  almost  definite 
matter.  Head  has  shown  that  a  diseased  viscus  very 
frequently,  if  not  always,  sends  sensory  impulses  to  the 
spinal  cord,  which  impulses  are  felt  as  irregular  pains, 
usually  dull,  at  times  very  acute,  in  the  skin  area  sup- 
plied by  the  sensory  nerve  of  the  spinal-cord  segment 
related  to  the  viscus  segment.  By  means  of  the  work  of 
this  author  and  others  many  of  the  earlier  charts  illus- 
trating referred  pains  are  being  revised,  and  more  definite 
conclusions  are  now  possible,  although  as  yet  many  of 
the  ascertained  facts  have  more  importance  in  neurologi- 
cal than  in  general  diagnosis,  f  Smith  Ely  Jelliffe. 

PALISADE  WORMS.    See  Nematoda. 

PALM  BEACH,  FLORIDA.— This  popular  and  fashion- 
able winter  resort  is  situated  in  Southei'n  Florida  on  the 
east  coast,  in  latitude  26°  57',  about  two  hundred  and 
eighty  miles  south  of  Jacksonville.  It  lies  upon  a  nar- 
row strip  of  land  between  Lake  Worth  and  the  Atlantic 
Ocean.  The  vegetation  at  this  latitude  is  naturally  tropi- 
cal and  luxuriant,  and  art  has  added  to  the  natural  beauty 
by  parks,  gardens,  and  paths  running  through  groves  of 
palms  and  tropical  trees.  Flowers  abound,  and  such 
tropical  fruits  as  the  banana,  pineapple,  guava,  tama- 
rind, and  mango  are  found  here.  Indeed,  nature  and  art 
have  combined  to  render  this  spot  peculiarly  attractive 
and  fascinating.     The  accommodations  are  luxurious  and 

♦Head  and  Campbell,  "Brain,"  vol.  23, 1900,  p.  353. 

+  Pain :  James  Mackenzie,  M.D.,  "Brain,"  Autumn,  1903,  p.  368. 


consequently  expensive.  There  are  two  large  hotels  af- 
fording every  comfort,  and  several  smaller  and  less  ex- 
pensive ones.  There  are  also  numerous  fine  private  resi- 
dences. Many  means  of  recreation  are  offered  the  visitor  :• 
bicycling  through  the  many  beautiful   paths;  fishing,. 


Fig.  3728. 

rowing,  sailing,  shooting,  surf  bathing,  swimming  in. 
a  large  salt-water  pool,  and  golf  upon  the  fine  and  exten- 
sive links.  Hot  salt-water  baths  are  to  be  had  in  some  of 
the  hotels.  Palm  Beach  is  easily  and  comfortably  reached 
direct  by  railway  from  Jacksonville.  One  is  referred  tO' 
the  article  upon  Florida  in  this  Handbook  for  an  extended 
consideration  of  the  climate  of  Florida,  including  this  re- 
gion. In  this  article  will  be  found  the  climatic  data  for.- 
Jupiter,  which  is  only  seventeen  miles  north  of  Palm 
Beach,  and  which  therefore  has  essentially  the  same  cli- 
mate as  that  of  Palm  Beach.  The  average  mean  temper- 
ature (Fahrenheit)  for  the  months  of  December  to  Marchi 
inclusive  is:  December,  67.2°;  January,  63.4° ;  February, 
66.7° ;  March,  68.8°.  The  maximum  temperature  for  the- 
same  months  is :  December,  82° ;  January,  80° ;  February, 
84.7° ;  March,  85.5°.  Minimum,  December,  41° ;  January, 
38.5° ;  February,  39.8° ;  March,  44.8°.  The  average  rela- 
tive humidity  is  83  per  cent.  The  average  number  of" 
clear  and  fair  days  is:  December,  23.9;  January,  24; 
February,  22.1;  March,  27.1.  The  average  preclpitationi 
is:  December,  2.88  inches;  January,  S.43;  February, 
3.72;  March,  2.59. 

The  distinguishing  characteristics  of  the  winter  cli- 
mate of  Palm  Beach  are  warmth,  sunshine,  equability,, 
and  moisture.  It  is  a  warm,  moist,  marine  climate. 
Such  a  climate  is  well  suited  for  elderly  and  feeble  per- 
sons, convalescents  of  a  certain  kind ;  for  persons  affected' 
with  neurasthenia  or  with  chronic  bronchitis,  and  for  the- 
valetudinarian  in  general,  but  not  for  those  who  are  af- 
fected with  pulmonary  tuberculosis.  For  one  who  de- 
sires to  escape  the  inclemency  and  strain  of  a  northern! 
winter  and  live  an  outdoor  existence  in  the  midst  of  at- 
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tractive  surroundings,  and'who,  moreover,  is  able  to  pay 
for  luxurious  accommodations.  Palm  Beach  can  unquali- 
fiedly be  recommended.  Further,  it  is  easily  and  com- 
fortably reached  from  the  North.  Good  medical  service 
is  at  hand,  which  is  a  matter  of  the  first  importance  in  a 
health  resort.  The  season  extends  from  December  to 
March. 

Sixty-seven  miles  south  of  Palm  Beach  is  Miami,  the 
terminus  of  the  East  Coast  Railway  and  the  port  of  de- 
parture for  Nassau,  Havana,  and  Key  West.  It  is  a 
town  of  about  three  thousand  inhabitants.  "  The  Royal 
Palm,"  a  large  and  luxurious  hotel,  is  situated  here  in 
the  midst  of  a  large  tropical  park.  The  climate  is  essen- 
tially the  same  as  at  Palm  Beach,  and  much  the  same  sort 
of  outdoor  life  and  amusements  are  afforded  the  visitor 
here  as  at  the  former  place.  Edward  0.  Otis. 

PALMYRA  MINERAL  SPRINGS.— Jefferson  County, 
Wisconsin. 

Post-Officb. — Palmyra  Springs.  Hotels  and  sani- 
tarium. 

Access. — VIS  Chicago,  Milwaukee  and  St.  Paul  Rail- 
road to  Palmyra,  118  miles  north  of  Chicago  and  20  miles 
west  of  Waukesha.     The  sanitarium  stage  meets  trains. 

Palmyra  is  a  pretty  little  town  of  1,000  inhabitants, 
nestling  in  the  foothills  of  the  famous  Kettle  Range  of 
Wisconsin.  The  location  is  850  feet  above  tide-water, 
and  it  combines  many  of  the  features  sought  after  by  the 
summer  seeker  for  health  or  recreation.  This  entire  sec- 
tion is  favored  with  a  salubrious  climate,  and  is  altogether 
free  from  malaria.  The  soil  is  dry,  sandy,  and  porous, 
overlying  glacial  deposits  of  gravel,  which  affords  the 
best  natural  facilities  for  through  drainage.  The  scen- 
ery here  is  noted  for  its  tranquil  beauty  and  loveliness. 
In  his  attractive  brochure  on  "  Summer  in  the  North- 
west "  Mr.  W.  J.  Anderson  informs  us  that  the  beautiful 
little  Spring  Lake,  or  Palmyra  Lake,  as  it  is  generally 
called,  "  may  be  classed  as  one  of  the  gems  of  Wisconsin. 
Its  bottom  is  covered  with  mosses,  ferns,  and  other  aquatic 
plants,  which  in  mid-summer  bloom  and  blossom  as  a 
garden.  It  is  fed  by  numerous  mineral  springs  in  the 
vicinity,  and  affords  an  enticing  prospect  for  the  angler  or 
the  lover  of  boating."  Seven  miles  distant  is  the  Scup- 
pernong  trout  pond,  which  is  said  to  contain  millions 
of  trout  of  all  varieties  and  sizes.  Many  other  beautiful 
lakes  are  within  easy  driving  distance,  over  excellent 
roads.  The  Palmyra  Springs  Sanitarium  is  delight- 
fully situated  on  the  margin  of  Palmyra  Lake,  of  which 
it  commands  a  charming  view.  This  is  a  substantially 
built  brick  structure,  four  stories  in  height,  containing 
spacious  halls,  wide  verandas,  and  all  the  modern  acces- 
sories for  the  health  and  comfort  of  its  occupants.  There 
are  facilities  for  the  administration  of  electricity  in  its 
various  forms,  massage,  etc.  The  baths  embrace  salt, 
shower,  shampoo,  Turkish,  Russian,  and  natural  mineral- 
water  baths,  the  rooms  being  spacious  and  luxuriously 
furnished.  All  kinds  of  facilities  for  indoor  and  outdoor 
diversions  are  at  the  option  of  the  guests.  Directly  op- 
posite the  sanitariiim  is  a  forty -acre  forest  of  native  oaks — 
the  "  Sanitarium  Grove. "  Its  winding  walks  and  shaded 
nooks  add  no  little  to  the  attractiveness  of  the  place.  At 
a  distance  of  one  mile  and  a  half  from  the  sanitarium  is 
the  great  Geyser  Spiing.  It  is  thirty-eight  feet  in  depth 
and  fifty  feet  across  the  surface,  and  supplies  ten  mil- 
lion gallons  of  water  per  day.  The  water  is  soft,  pure, 
and  palatable,  and  is  believed  to  possess  remedial  value. 
The  mineral  springs  at  Palmyra  are  very  numerous.  A 
cluster  of  half  a  dozen  in  the  spring  park,  which  could 
all  be  covered  by  a  canvas  forty  feet  square,  are  quite 
dissimilar  in  taste,  of  varying  temperature,  and  of  differ- 
ent analysis.  One-  spring  is  slightly  thermal,  having  a 
temperature  of  72°  P. ;  another,  ten  feet  distant,  is  a  little 
cooler  (62.5°  F.);  while  others  vary  in  temperature  from 
50°  to  52°  F.  Back  of  the  sanitarium,  and  four  hundred 
feet  from  it,  is  another  group,  known  as  Magnesian 
Springs.  They  are  remarkably  pure  and  free  from 
organic  matter.  Following  are  analyses  of  three  of  the 
springs,  No.  1   being  by  Prof.  W.  S.  Haines,  of  Rush 


Medical  College,  Chicago,  and  Nos.  2  and  3  by  Prof. 
Bode,  of  Milwaukee : 

Spring  No.  i.— One  United  States  gallon  contains;  So- 
dium sulphate,  gr.  0.94;  potassium  sulphate,  gr.  0.23; 
calcium  bicarbonate,  gr.  15,70;  magnesium  bicarbonate, 
gr.  10.94;  magnesium  chloride,  gr.  0.18;  iron  bicarbo- 
nate, gr.  0.5;  calcium  phosphate,  a  trace;  alumina,  a 
trace;  silica,  gr.  0.70;  organic  matter,  a  trace.  Total, 
28.74  grains. 

Spring  No.  2. — One  United  States  gallon  contains: 
Sodium  chloride,  gr.  0.21;  sodium  sulphate,  gr.  0.64; 
sodium  bicarbonate,  gr.  0.16;  calcium  sulphate,  gr. 
0.30;  calcium  bicarbonate,  gr.  9.86;  magnesium  bicar- 
bonate, gr.  7.91;  iron  bicarbonate,  gr.  0.6;  alumina, 
gr.  0.19;  silica,  gr.  0.61 ;  organic  matter,  gr.  0.35.  Total,. 
30.29  grains. 

Spring  No.  S. — One  United  States  gallon  contains: 
Sodium  chloride,  gr.  0.43;  sodium  sulphate,  gr.  0.40; 
sodium  bicarbonate,  gr.  0.18;  calcium  sulphate,  gr.  0.80; 
calcium  bicarbonate,  gr.  12.84;  magnesium  bicarbonate, 
gr.  10.14;  alumina,  gr.  0.23;  silica,  gr.  0.90.  Total, 
35.91  grains. 

These  waters  all  possess  mild  diuretic  and  antacid 
properties.  The  water  of  Spring  No.  3,  being  entirely 
free  from  organic  matter,  is  well  adapted  for  earbonating 
and  bottling.  The  numerous  topographical,  climatic, 
and  other  advantages  of  Palmyra  render  it  a  suitable 
resort  for  a  large  variety  of  ills  and  ailments.  The  spring 
waters  exert  a  beneficial  influence,  especially  in  rheuma- 
tism and  dyspepsia,  although  their  use  is  also  extended  to- 
functional  hepatic  disorders,  the  early  stages  of  Bright's 
disease,  and  to  eczema,  pityriasis,  and  other  skin  troubles. 

James  K.  Crook. 

PANACEA  SPRINGS.— Halifax  County,  North  Caro- 
lina. 

Post-Officb. — Littleton. 

Access. — These  springs  are  situated  three  and  a  half 
miles  from  the  town  of  Littleton,  at  an  altitude  of  380 
feet  above  the  sea-level. 

The  location  is  in  a  beautiful  valley  surrounded  by 
picturesque  hills  covered  with  rocks  of  immense  size, 
and  still  clothed  in  their  primeval  forest  growth  of 
gigantic  oaks.  The  meteorological  conditions  which 
prevail  here  are  of  a  salutary  character,  there  being 
neither  long  droughts  nor  excessive  rains.  The  springs- 
are  fifteen  or  twenty  in  number  and  flow  about  five  hun- 
dred gallons  of  water  per  hour.  The  following  analysis 
was  made  some  years  ago  by  Dr.  H.  B.  Battle,  of  the 
State  Experiment  Station.  The  bases  and  acids  only  are 
given:  One  United  States  gallon  contains :  Iron,  gr.  2.18; 
alumina,  gr.  0.32;  calcium,  gr.  1.11;  magnesium,  gr. 
0.20;  manganese,  gr.  0.01;  potassium,  gr.  0.70;  sodium, 
gr.  2.23;  hydrochloric  acid,  gr.  0.83;  suphuric  acid,  gr. 
0.42;  phosphoric  acid,  gr.  0.53;  silica,  gr.  1.18.  Total, 
9,70  grains.  (Carbonic  acid,  large  amount;  not  deter- 
mined.) 

It  is  evident  that  the  acids  and  bases  would  unite  in  the- 
form  of  carbonates,  chlorides,  sulphates,  and  phosphates.*" 
The  waters  are  very  useful  in  chronic  diarrhoea  and  the 
debility  which  usually  accompanies  the  disease.  They 
are  highly  recommended  in  the  debilitated  states  attend- 
ing uterine  and  ovarian  diseases  and  in  restoring  anaemic- 
and  puny  children.  James  K.  Oroolc.  ^ 

PANARITIUM  ANALGICUM.     See  Mormn's  Disease. 

PANCREAS,  ANATOMY  AND    PHYSIOLOGY  OF.— 

1.  Gboss  Anatomy.— The  pancreas  is  an  elongated  gland 
of  a  reddish-yellow  color.  The  size  is  somewhat  vari- 
able in  different  individuals,  but  the  gland  is  usually  from 

*  According  to  E.  E.  Smith,  M.D.,  Pli.D.,  of  New  York,  to  whom  we 
have  submitted  this  analysis,  the  combinations  would  result  as  fol- 
lows. In  one  United  States  gallon  there  would  be :  Sodium  chloride, 
gr.  1.31 :  sodium  sulphate,  gr.  0.68 ;  sodium  bicarbonate,  gr.  0.93 ;. 
potassium  bicarbonate,  gr.  1.02 ;  calcium  bicarbonate,  gr.  4.85 ;  mag- 
nesium bicarbonate,  gr.  1.21 ;  manganesium  bicarbonate,  gr.  0.03 ; 
iron  bicarbonate,  gr.  3.98 ;  iron  phosphate,  gr.  0.82 ;  alumina,  gr.  0.31 ; 
silica,  gr.  1.18.    Total,  gr.  16.32. 


459- 


Pancreas. 
Pancreas. 


REFERENCE   IIANDBOOK   OF   THE   MEDICAL   SCIENCES. 


five  to  six  inelies  in  lengtli,  from  lialf  au  inch  to  an  inoli 
in  tliickness,  and  weiglis  from  two  and  a  lialf  to  tliree 
and  a  lialf  ounces  (CO  to  90  gm.). 

The  pancreas,  lilve  tire  livei-,  is  moulded  in  shape  bj^ 
the  organs  witlj  which  it  is  in  relationship,  so  that  it  is 
ii-regularly  ]irismatic  in  shape,  especially  in  its  middle 
portion  or  hod_y. 

The  pancreas  lies  in  the  loop  of  the  duodenum  and  is 
hence  deeplj^  placed  in  the  abdomen,  stretching  across 
the  posterior  abdominal  wall  nearljr  transvei'sely  at  the 
level  of  the  ti]st  and  second  lumbar  vertebras,  and  is 
almost  concealed  by  the  stomach  which  lies  in  front  of 
it.  Regionally  the  pancreas  lies  almost  com]iletely  in 
the  epigastrium,  but  the  tip  of  the  free  end  or  tail,  which 
comes  into  contact  with  the  inner  surface  of  the  spleen, 
lies  in  the  left  hypochondrium. 

For  the  description  of  relationships,  it  is  usual  to  con- 
sider the  gland  as  consisting  of  head,  neck,  body,  and 
tail,  although  these  parts  are  not  very  clearly  marked 
off  naturally  from  one  another. 

The  larger  rounded  right  extremity  of  the  gland  forms 
the  head,  which  accurately'  fits  into  and  fills  "the  concave 
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Fig.  3729.— Diagrammatic  Picture  Showing  the  Relations  ot  the 
Pancreas  to  the  Stomach,  Duodenum,  and  Blood-vessels.  (After 
Koerte.)  a.ft.,  Arteria  hepatica  ;  F.p.,  vena  porta; ;  d.c/i.,  ductus 
choledochus ;  a.L,  splenic  artery  (art.  lienalis) ;  VI.,  splenic  vein ; 
F.m..s.,  superior  mesenteric  vein;  A.m.H.,  superior  mesenteric 
artery;  G.BL,  gall-bladder :  i(;?je)-,  liver ;  Jliageii,  stomach;  MHz, 
spleen. 

side  of  the  sharp  curve  formed  by  the  second  and  suc- 
ceeding parts  of  the  duodenum.  The  neck  is  a  portion 
about  au  inch  in  length  which  curves  upward,  forward, 
and  to  the  left,  from  the  anterior  portion  of  the  head,  to 
unite  it  to  the  body  and  tail  at  about  a  right  angle.  In 
this  angle  are  placed  the  superior  mesenteric  vessels, 
which  lie  in  front  of  the  head  and  are  covered,  as  they 
pass  upward  toward  the  cceliae  axis  and  portal  vein,  by 
the  neck,  which  lies  in  front  of  these  main  trunks.  The 
body  and  tail,  which  together  measure  from  four  to  five 
inches,  cannot  really  be  differentiated  fi'om  each  other, 
tlie  tail  being  merely  the  extremity  of  the  body  which 
turns  upwai-d  toward  the  spleen. 

The  inferior  vena  cava,  left  renal  vein,  and  aorta  lie  be- 
hind the  head  of  the  gland,  and  the  origin  of  the  superior 
mesenteilc  artery,  the  crura  of  the  diaphragm,  the  splenic 
vem,  left  kidney,  and  suprarenal  gland  are  the  chief 
posterior  relations  of  the  body.  In  front,  the  pancreas 
i.s  separated  from  the  overlying  pylorus  and  strtmaeh  by 
the  lesser  omental  sac,  and  the  lower  portion  of  tlie  head 
of  the  gland  is  crossed  by  the  tiunsverse  colon  and  its 
mesocolon.  The  transverse  mesocolon  is  attached  pos- 
teriorly to  the  lower  border  of  the  gland  and  splits  here 
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into  two  layers,  one  being  reflected  upward,  over  what 
is  known  as  the  anterior  surface  of  the  body  of  the  pan- 
creas, while  the  other  passes  back  over  the  narrow  in- 
ferior surface  and  is  then  reflected  downward,  so  leaving 
the  posterior  surface  of  the  body  free  from  peritoneal 
investment. 

The  pancreas  is  richly  supplied  with  blood  from  three 
different  sources,  which  freely  anastomose  with  one 
another,  viz. :  1.  By  the  superior  'pancreatico-duodenal 
artery,  a  branch  of  tlie  gastro-duodenal  and  hence  of  the 
liepaUc  artery,  wliieh  curves  round  between  the  head  of 
the  pancreas  and  the  duodenum.  2.  By  the  inferior 
pancreatico-duodenal,  a  branch  of  the  nuperior  mesenteric, 
which  courses  round  the  head  of  the  pancreas  in  the 
direction  opposite  to  that  of  the  superior  pancreatico- 
duodenal and  finally  communicates  with  it.  8.  B}'  the 
tipliniic  artery,  which  in  its  wavy  and  tortuous  course  tow- 
ard the  spleen,  grooving  the  upper  border  of  the  pan- 
creas, gives  off  to  that  gland  many  small  twigs  called  the 
pancreaticmpiarDm,  in  addition  to  a  larger  branch  near  its 
termination,  the  pancreatica  magna,  which  penetrates  the 
gland  and  pa.sses  back  from  left  to  right  ijarallel  and 
chjse  to  the  chief  pancreatic  duct. 

Tlie  main  pancreatic  duct  or  canal  of  Wirsvng  runs 
deeply  embedded  in  the  substance  of  the  gland,  some- 
wdiat  nearer  the  lower  than  the  upper  border,  from  left 
to  right  throughout  the  length  of  the  gland.  It  is 
easily  di.stinguished  by  its  white  glistening  appearance, 
and  the  best  guide  for  finding  it  is  the  artery  which,  as 
above  described,  runs  parallel  and  close  to  it.  It  com- 
mences by  the  union  of  many  small  ducts  from  the 
lobules  of  the  tail,  and,  being  joined  by  ducts  from  the 
lobules  on  all  sides,  increases  in  size  until  near  its  termi- 
nation at  the  duodenum,  where  it  measures  about  one- 
tentli  of  an  inch.  It  follows  the  course  of  the  gland 
described  above,  bending  downward,  backward,  and  to 
the  right,  as  it  courses  through  the  neck,  and  passing 
toward  the  posterior  part  of  the  head  where  it  enters, 
in  common  with  the  bile  duct,  into  the  second  part  of 
the  duodenum,  between  three  and  four  inches  belo^v  the 
pylorus,  upon  a  slightly  raised  papilla. 

A  second  duct,  called  the  acce,ssory  duct  or  duct  of  San- 
torhii,  is  found  in  the  majority  of  bodies.  This  duet  is 
usually  much  smaller  and  runs  from  near  the  orifice  of 
the  main  duct  to  open  separatel3'  about  an  inch  nearer 
the  pylorus;  but  in  exceptional  cases  it  may  be  lai'ge 
and  take  on  the  functionsof  a  main  duct,  the  extremity  of 
Wirsung's  duct  being  then  much  smaller  than  usual. 
The  presence  of  two  ducts  arises  from  the  development 
of  the  gland  as  two  separate  outgrowths  from  the 
duodenum. 

The  smaller  of  these  two  outgrowths  arises  close  to 
the  common  bile  duct,  and  its  original  duet  forms  at  a 
later  period  the  proximal  end  of  AVirsung's  canal.  The 
other  larger  growth  arises  nearer  the  pylorus,  and  the 
accessory  duct  of  Santorini  is  formed  from  the  proximal 
end  of  its  duct.  At  about  the  sixth  week  of  develop- 
ment the  two  ducts  fuse,  and,  the  upper  duct  afterward 
developing  less  rapidly,  the  main  pancreatic  duct  comes 
to  be  formed  of  the  central  end  of  the  lower  duct  and 
the  peripheral  parts  of  liotli  the  others. 

3.  JMiNUTE  Anatov[y.— The  pancreas  is  a  compound 
racemose  gland  which,  in  its  general  arrangement  and  in 
the  appearance  of  its  cells,  closely  resembles  a  serous  sali- 
vary gland.  It  may  be  distinguished,  however,  by  the 
longer,  tuliular,  and  somewhat  convoluted  alveoli,  which 
are  often  cut  in  obliipie  or  longitudinal  section  and  then 
present  the  appearance  of  lorTg  columns  of  cells  lining 
the  central  ducts.  This  appearance  is  never  evident  in 
salivary  gland  seel  ions,  because  their  alveoli  are  not 
elongated.  The  ducts  also  serve  to  diflferentiate  the 
l)anci-eas  from  the  salivary  glands,  for  they  are  much 
less  numerous  in  the  former  and  the  cells  lining  them  do 
not  show  any  of  that  longitudinal  striation  which  is 
present  in  the  cells  of  the  ducts  of  the  .salivary  glands. 

The  ultimate  branches  of  the  ducts  wdiich  pass  to  the 
individual  alveoli  are  very  narrow  and  are  lined  by  flat- 
tened cells. 
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The  alveoli  in  the  loaded  condition  of  the  gland  are 
compactly  filled  by  the  charged  cells  so  that  no  distinct 
lumen  is  visible,  but  after  active  secretion  the  cells 
shrink  considerably  in  size  and  the  lumen  becomes  ob- 
vious. 

By  special  methods  of  treatment,  such  as  injection 
under  pressure  backward  from  the  main  duct,  or  per- 
haps better  by  the  Golgi  method  of  staining  with  silver 
chromate,  it  can  be  shown  that  intercellular  canaliculi 
exist  which  branch  off  from  the  lumen  of  the  alveolus 
and  pass  between  the  constituent  cells.  The  Golgi 
method,  when  the  result  is  good,  further  demonstrates 
intracellular  canaliculi  which  penetrate  into  the  cells 
themselves  and  drain  off  the  secretion  from  their  interior. 
The  secreting  cells  present  characteristically  different 
appearances  according  to  whether  the  gland  has  been 
resting  and  has  hence  become  charged  with  secretion,  or 
whether  it  has  been  recently  active  and  as  a  result  is  ex- 
hausted of  those  materials  which  contribute  the  solids  of 
the  secretion.  These  materials  are  deposited  in  a  gran- 
ular form  during  the  period  of  rest,  and  are  hence  visible 
under  the  microscope,  and  give  by  their  amount  an  in- 
dication of  the  condition  of  the  gland. 

Even  in  the  fully  charged  condition  of  the  gland 
the  granular  deposit  never  quite  fills  the  cell,  a  clear 
finely  striated  outer  zone  always  being  left,  which  takes 
stain  readily  and  hence  appears  deeply  colored  in  pre- 
pared sections  as  compared  with  the  central  granular 
zone. 

In  the  fully  charged  cell  about  three -fourths  of  the 
cell  substance  lying  toward  the  lumen  is  completely 
obscured  by  a  thick  granular  deposit  which  hides  the 
nucleus  and  the  outlines  of  the  cells  so  that  the  lines  of 
division  are  invisible  in  fresh  sections. 

The  first  effect  of  secretion  is  an  increase  in  volume  of 
the  cells,  probably  due  to  water  and  salts  being  taken  up 
from  the  surrounding  lymph ;  but  this  is  quickly  fol- 
lowed by  a  diminution  in  size,  accompanying  which 
there  is  a  rapid  diminution  in  the  amount  of  granular 
deposit  present  in  the  cells.  The  granules  become  fewer 
in  number  in  the  central  part  of  the  cells  toward  the 
lumen,  where  they  are  still  present,  and  the  outer  gran- 
ule-free zone  becomes  greatly  increased  in  width  and 
comes  to  occupy  nearly  the  whole  cell.  These  changes 
are  shown  in  hardened  and  stained  sections  by  the  greater 
amount  of  cell  which  becomes  deeply  stained. 

As  a  result  of  the  gradual  clearance  of  the  granules 
from  the  protoplasm  the  cell  nucleus  and  its  outlines 
become  more  clearly  visible.  These  granules  seen  in  the 
cells  do  not  consist  of  deposits  of  the  enzymes  found  in 
the  secretion  of  the  glands,  which  are  described  below, 
but  probably  of  other  substances  which  form  precursors 
of  these,  the  so-called  zymogens. 

The  zymogens  are  inactive  until  they  have  been 
changed  into  the  free  enzymes,  as  is  shown  by  the  fact 
that  neutral  extracts  of  the  fresh  gland  are  almost  inac- 
tive, but  become  active  when  treated  by  dilute  acetic 
acid  (one  per  cent.),  or  a  dilute  solution  of  sodium  car- 
bonate (tvFO  per  cent.)  in  presence  of  oxygen. 

Recent  research  has  further  demonstrated  that  the 
fresh  pancreatic  juice  as  it  flows  from  the  gland  duct 
contains  a  large  percentage  of  its  zymolytic  material  in 
the  inactive  form  of  zymogens  and  that  it  is  only  in  the 
intestine  itself  that  the  change  into  active  enzyme  is 
completed  (wde  infra).  In  addition  to  the  nucleus  a 
body  called  the pwi-amieleus  can  be  demonstrated  histolog- 
ically in  the  pancreatic  cells.  This  structure  surrounds 
the  nucleus  of  the  cell  and  is  shown  by  its  property  of 
staining  more  readily  than  the  rest  of  the  cell  proto- 
plasm. It  is  supposed  to  arise  from  the  nucleus  by  a 
process  of  extrusion,  and  the  view  has  been  advanced 
that  the  zymogen  granules  are  manufactured  in  this  part 
of  the  cell. 

3.  Secretion. — The  rate  of  secretion  of  the  pancreatic 
juice  varies  with  the  state  of  digestion,  being  most  rapid 
during  the  earlier  periods  after  a  heavy  meal  and  then 
gradually  diminishing.  During  prolonged  inanition  the 
flow  practically  ceases.    It  commences  toward  the  end 


of  the  next  following  meal  and  attains  a  maximum  rate 
within  the  first  two  hours;  it  then  falls  oil  rapidly  up  to 
the  end  of  the  fifth  hour.  A  secondary  increase  in  the 
rate  then  occurs  which  attains  its  maximum  at  about  the 
tenth  hour,  but  is  never  so  high  as  the  first  maximum ; 
after  this  the  flow  once  more  falls  off  and  practically 
comes  to  a  standstill  in  the  eighteenth  hour  after  the 
meal.  The  richness  of  the  secretion  in  ferments  is  in- 
versely proportional  to  the  rate  of  flow,  the  more  rapidly 
secreted  fluid  being  more  diluted  with  water. 

These  variations  in  the  rate  of  secretion  are  probably 
in  part  under  the  reflex  control  of  the  nervous  system 
and  in  part  are  due  to  chemical  stimulation  of  the  pan- 
creatic cells,  by  a  substance  secreted  by  the  cells  of  the 
duodenal  mucous  membance  and  carried  in  the  blood  to 
the  pancreas. 

Regarding  the  reflex  nervous  influence  upon  the  secre- 
tion, it  is  probable  that  the  afferent  channels  are  con- 
nected up  to  the  medulla  from  the  mucous  membrane  of 
the  stomach  and  duodenum;  at  any  rate  it  is  an  experi- 
mental fact  that  chemical  or  electrical  stimulation  of 
these  surfaces  causes  a  flow  of  pancreatic  juice.  The 
chief  afferent  nerve  affecting  the  pancreatic  secretion  is 
the  vagus. 

This  fact  is  rendered  somewhat  difficult  to  demon- 
strate, in  the  first  place  by  the  important  disturbances  of 
the  cardiac  mechanism,  and  other  organs,  which  follow 
stimulation  of  the  vagus,  and  secondly  by  the  fact  that 
the  vagus  contains  both  excitatory  and  inhibitory  fibres 
for  the  pancreas,  and  hence  the  net  effect  of  stimulating 
the  nerve  upon  the  pancreas  varies  according  to  the  rela- 
tive excitability  of  the  two  kinds  of  fibres.  At  times  a 
stoppage  of  secretion  results  and  at  other  times  an  in- 
crease in  the  rate  of  flow.  Until  this  had  been  demon- 
strated many  contradictory  experimental  results  regard- 
ing the  action  of  the  vagus  in  this  respect  had  been 
published  by  different  observers. 

Pawlow  and  his  pupils  first  clearly  demonstrated  that 
the  vagus  can  act  as  an  excitatory  nerve  for  the  pan- 
creatic secretion.  These  observers  got  rid  of  the  disturb- 
ing influence  upon  the  heart  by  severing  the  vagus  three 
or  four  days  before  placing  the  cannula  in  the  duct  of 
the  pancreas  to  observe  the  rate  of  secretion  and  stimu- 
lating the  peripheral  end  of  the  vagus.  The  cardiac 
fibres  are  the  first  to  degenerate  and  become  completely 
inexcitable  at  a  period  when  the  excitatory  fibres  of  the 
pancreas  are  still  active.  Apparently  the  inhibitory 
fibres  to  the  gland  cells  also  suffer  early  degeneration, 
for  in  all  cases  a  positive  result  of  increased  secretion 
was  obtained.  Similar  results  were  obtained  by  stimula- 
tion of  the  thoracic  vagus  below  the  place  of  exit  of  the 
cardiac  fibres  from  that  nerve.  Popielski  later  discov- 
ered that  the  action  of  the  vagus  depended  upon  the  rate 
of  secretion  which  was  already  going  on  at  the  moment 
when  the  vagus  was  called  into  activity.  This  observer 
utilized  the  discovery  of  Dolinski,  that  application  of 
acid  solutions  to  the  duodenal  mucous  membrane  causes 
a  copious  flow  of  pancreatic  juices  {vicle  infra],  to  study 
the  effects  of  stimulation  of  the  peripheral  end  of  the 
vagus  during  active  secretion,  and  found  that  a  stoppage 
of  secretion  was  the  invariable  result. 

It  is  probable,  then,  from  these  experiments  that  the 
vagus  contains  secreto-inhibitory  fibres  for  the  pancreas, 
in  addition  to  secreto-motor  fibres  as  shown  by  Pawlow. 

The  action  of  injection  of  fluids  of  acid  reaction  into 
the  duodenum  in  provoking  an  outflow  of  pancreatic 
juice  is  a  subject  which  at  the  present  time  is  exciting 
a  good  deal  of  attention,  and  although  the  matter  is  still 
sub  judice,  many  interesting  results  have  already  been 
obtained. 

Popielski  found  that  the  effect  was  still  obtained  even 
when  both  vagi  and  sympathetics  were  divided.  He 
further  found  that  the  effect  was  obtained  when  the  stom- 
ach was  separated  from  the  intestine  above  the  level  of 
the  pylorus,  but  not  when  the  section  of  stomach  from 
intestine  was  carried  out  below  the  pylorus,  and  from 
these  experiments  he  came  to  the  conclusion  that  the 
action  was  due  to  a  local  nervous  mechanism,  the  nerve 
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cells  for  which  lay  in  the  intestinal  wall  close  to  the 
pylorus. 

More  recently  still  Bayliss  and  Starling  have  discov- 
ered that  an  exceedingly  copious  flow  of  pancreatic  juice 
is  evoked  when  an  extract  of  mucous  membrane  of  the 
duodenum  is  made  with  a  dilute  acid,  and  then  neu- 
tralized, filtered,  and  intravenously  rejected.  This  effect 
follows,  according  to  these  observers,  even  when  all 
nerves  to  the  pancreas  have  been  carefully  severed.  The 
result  is  obtained  only  by  using  extracts  of  the  mucous 
membrane  of  the  duodenum  or  of  the  upper  end  of  the 
jejunum  and  is  not  given  by  exactly  similar  extracts 
from  other  parts  of  the  intestine.  The  substance  giving 
this  effect  is  not  an  enzyme  or  a  proteid  body,  since  it  is 
not  destroyed  by  boiling  in  acid  solution.  The  name  of 
secretin  has  been  given  to  the  body  by  its  discoverers, 
but  it  has  not  yet  been  isolated. 

From  the  foregoing  description  it  is  obvious  that  secre- 
iin  is  quite  distinct  from  the  peculiar  enzyme  termed 
enterokinase,  which  has  recently  been  shown  by  Dele- 
zenne,  to  exist  in  extracts  of  intestinal  mucous  membrane 
or  in  the  succus  entericus.  This  enzyme  can  be  obtained 
from  any  part  of  the  intestinal  mucous  membrane,  and, 
like  all  enzymes,  can  be  destroyed  hy  boiling  solutions 
containing  it. 

It  acts  upon  the  pro-ferments  present  in  the  pancreatic 
juice,  and  converts  them  into  the  active  ferments.  Fresh 
pancreatic  juice  collected  by  means  of  a  cannula  inserted 
into  the  pancreatic  duct  is  practically  inert  when  tested 
by  its  action  upon  fibrin;  but  when  a  solution  of  en- 
terokinase, or,  in  other  words,  succus  entericus,  or  an  ex- 
tract of  intestinal  mucous  membrane,  is  also  added  to 
the  mixture  the  fibrin  is  then  rapid  Ij^  attacked  and  dis- 
solved. 

Bayliss  and  Starling  regard  the  secmtion  elicited  by  the 
action  of  acid  upon  the  mucous  membrane  of  the  duo- 
denum as  being  due  to  a  chemical  stimulation  of  the 
pancreatic  cells  by  secretin  taken  up  by  the  blood  from 
the  columnar  cells,  of  the  duodenum  and  carried  to  the 
pancreatic  cells,  and  not  to  any  nervous  action  either 
central  or  local.  According  to  these  authors  the  main 
regulation  of  pancreatic  secretion  takes  place  by  chemi- 
cal means  through  the  medium  of  the  blood  stream, 
which  acts  as  a  carrier  of  the  stimulating  chemical  prod- 
ucts. 

Thus,  upon  this  view,  the  cells  of  the  mucous  mem- 
brane of  the  duodenum  during  a  period  of  rest,  corre- 
sponding to  the  period  when  the  stomach  is  empty,  store 
up  a  precursor  of  secretin  which  may  be  termed  pro- 
secretin. On  the  passage  of  acid  chyme  from  the  stom- 
ach into  the  duodenum,  the  cells  discharge  secretin  into 
the  blood  stream,  and  this  body  being  carried  to  the 
pancreatic  cells  induces  secretion  of  alkaline  pancreatic 
juice. 

The  pancreatic  juice  so  secreted  is  almost  inert,  so  far 
as  action  upon  proteid  is  concerned,  until  it  has  become 
mixed  wjth  the  succus  entericus  in  tlie  intestine.  Here 
the  action  of  Delezenne's  enterokinase  plays  a  comple- 
mental  part,  changing  the  pro-ferment  into  active  fer- 
ment, for  Bayliss  and  Starling  find  that  the  activity  of 
the  secretion  produced  by  the  injection  of  solutions  of 
secretin  into  the  blood  stream  is  greatly  increased  by  the 
addition  of  extracts  of  intestinal  mucous  membrane. 

It  is  obvious  that  the  amount  of  pancreatic  flow  can 
thus  be  nicely  regulated  to  the  amount  of  digestion  per- 
formed, for  the  stimulus  to  secretion  will  be  proportion- 
ate to  the  quantity  of  acid  gastric  chyme  thrown  into  the 
duodenum  to  cause  evolution  of  secretin  from  the  duo- 
denal cells,  and  again  the  stimulus  to  secretion  will  be 
automatically  removed  when  the  quantity  of  alkaline 
pancreatic  juice  secreted  is  sufficient  to  neutralize  the 
acid  which  gives  the  stimulus, 

It  is  a  discovery  of  high  importance  to  our  knowledge 
of  pancreatic  secretion  that  a  material  can  be  extracted 
trom  the  diiodenal  mucous  membrane,  and  peculiar  to  it 
alone,  which  is  capable  of  evoking  a  copious  flow  of  pan- 
creatic juice,  but  a  few  words  may  judiciously  be  offered 
m  criticism  of  the  view  of  the  authors  that  the  process  is 
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a  purely  chemical  one,  and  that  this  method  is  the  most 
important  and  naturally  occurring  one  by  which  pancre- 
atic secretion  is  regulated. 

In  the  first  place,  the  experiments  of  Pawlow  and  Po- 
pielski,  quoted  above,  undoubtedly  prove  that  the  pan- 
creas possesses  a  nervous  mechanism  which  is  capable  of 
regulating  its  secretion  both  in  the  direction  of  excitation 
and  in  that  of  inhibition,  and  this  even  while  a  strong  ap- 
plication of  acid  is  being  made  to  the  duodenum.  It  is 
also  obvious  that  no  such  treatment  of  the  cells  of  the  duo- 
denal mucous  membrane  with  acids  can  normally  occur 
in  the  process  of  digestion  as  takes  place  when  they  are 
extracted  in  a  test  tube  with  acid.  In  fact,  at  the  height 
of  pancreatic  secretion,  the  reaction  of  the  contents  of 
the  duodenum  is  normally  alkaline,  or  they  possess  an 
acidity  due  to  dissolved  carbonic  acid  only,  for  the  acid 
of  the  gastric  juice  is  neutralized  at  once  by  the  mixture 
of  pancreatic  juice  and  bile  into  which  it  is  received. 
Hence  there  never  can  be  any  free  acid  in  the  duodenal 
cells,  which  must  be  still  less  acid  than  the  contents  of 
the  intestine,  so  that  any  flow  of  secretin  from  these  cells 
into  the  blood  which  may  occur  cannot  be  caused  by  an 
acid  reaction. 

Again,  it  is  exceedingly  difficult  to  prove  that  secretin 
acts  directly  on  the  gland  cells  and  not  through  the  cen- 
tral nervous  system,  even  admitting  that  this  substance 
is  normally  secreted  into  the  blood  stream.  For  It  is  ex- 
perimentally impossible  to  prove  that  all  the  non-medul- 
lated  nerves  passing  to  the  pancreas  have  been  severed ; 
a  convincing  proof  of  the  peripheral  action  of  secretin 
can  in  fact  be  given  only  by  showing  a  secretory  efi'ect 
of  this  substance  when  perfused  through  an  excised  pan- 
creas, and  this  has  not  yet  been  given. 

In  whatever  way  this  peculiar  substance  found  in  the 
cells  of  the  duodenal  mucous  membrane  may  eventuallj^ 
be  shown  to  act,  there  is  no  doubt,  however,  that  its  dis- 
covery has  awakened  a  new  line  of  thought  as  to  the 
mode  of  secretion  of  pancreatic  juice  and  probably  of 
other  secretions,  for  there  is  no  reason  why  the  pancreas 
should  be  peculiar  in  this  respect.  We  have  also  here 
another  beautiful  example  of  that  interdependence  of  one 
organ  in  the  body'upon  another,  and  of  the  usefulness  of 
the  products  of  the  metabolism  of  one  cell  for  the  life 
work  of  another,  situated  in  a  different  part  of  the  bod}', 
and  apparently  not  even  remotely  connected  with  it. 

4.  Chemistry  op  the  Panokeatio  Juice. — It  is  im- 
possible in  the  present  state  of  development  of  the  ex- 
perimental technique  for  obtaining  pancreatic  juice  to 
give  any  reliable  figures  as  to  the  quantita,tive  composi- 
tion of  that  fluid.  The  irritation  set  up  by  the  necessary 
operations  for  the  collection  of  the  secretion  causes  the 
flow,  within  a  few  hours,  of  a  paralytic  secretion,  which  is 
many  times  more  diluted  and  consequently  poorer  in  or- 
ganic constituents  than  that  which  flows  within  the  first 
few  hours.  For  this  reason  it  is  also  impossible  to  obtain 
any  information  experimentally  as  to  the  average  quan- 
tity secreted  in  the  twenty -four  hours,  and  as  the  tables 
of  total  quantities  and  quantitative  composition  are  quite 
illusory  they  are  not  here  quoted.*  The  secretion  ob- 
tained immediately  after  the  production  of  a  temporary 
fistula  of  the  pancreatic  duct  is  a  clear,  viscid  fluid  of 
strongly  alkaline  reaction,  equivalent  to  0.2-0.4  per  cent, 
of  NaOH,  due  to  the  presence  of  carbonates  and  phos- 
phates of  sodium.  It  undergoes  spontaneous  coagu- 
lation in  the  cold,  and  being  very  rich  in  coagulable 
proteids  (eight  to  ten  per  cent.),  which  cannot  be  distin- 
guished from  serum  globulin  and  serum  albumin,  it 
undergoes  heat  coagulation  and  sets  to  a  solid  white 
mass  when  heated  to  75°  C.  If  kept  in  a  water  bath  at  a 
temperature  of  40°  C. ,  its  own  coagulable  proteids  un- 
dergo digestion  by  the  trypsin  present  {iiide  infra)  into 
albumoses  and  peptones,  and  the  secretion  is  then  no 
longer  coagulable  by  heat.  Alcohol  precipitates  both 
the  proteid  and  the  enzymes. 

The  inorganic  salts  present  are  practically  identical 
with  those  of  blood  serum. 


*  See  Schater :  "  Textbook  of  Physiology,"  vol.  i.,  p.  366  ef  seq. 
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White  blood  corpuscles  showing  sluggish  amcEboid 
movements  are  present  in  the  fresh  secretion. 

Traces  of  leucin  have  been  detected  in  the  fresh  se- 
-cretion,  but  tyrosin  is  absent.  The  most  important 
•constituents  of  the  pancreatic  juice  from  the  point  of 
view  of_  the  phjrsiological  chemist  are  the  enzymes  to 
-which  it  owes  its  powerful  digestive  action  upon  all 
three  classes  of  foodstuffs. 

There  are  four  enzymes  known  to  be  present.  These 
possess  in  each  case  all  the  general  reactions  which  are 
■characteristic  of  this  class  of  bodies,  and  hence  need  not 
here  be  detailed  (see  article  on  Enzymes),  and  accordingly 
■only  the  peculiarities  of  each  will  be  recorded. 

No  complete  separation  of  these  enzymes  has  as  yet 
been  accomplished,  that  is  to  say,  no  one  has  succeeded 
in  obtaining  from  the  mixture  present  in  the  pancreatic 
juice  solutions  which  contain  one  enz3'nie  only.  Hence 
the  belief  that  each  specific  action  of  the  pancreatic  juice 
upon  a  foodstuff  is  due  to  a  separate  enzyme  rests  upon 
the  partial  proofs,  first,  that  there  is  no  known  example 
■of  a  single  enzyme  which  acts  upon  two  different  va- 
rieties of  foodstuff,  and,  secondly,  that  in  certain  cases, 
according  to  the  rnethod  of  extraction  used,  extracts  can 
be  prepared  from  the  gland  which  are  relatively  rich  in 
one  enzyme  and  poor  in  another,  although  tliis  lias  not 
been  done  for  all  four.  For  example,  from  the  pancre- 
atic tissue,  after  completely  drying  bj'  alcohol,  the  dias- 
tatic  enzyme  can  be  extracted  by  anhydrous  glycerin, 
-while  the  proteolytic  enzyme  does  not  pass  into  solution. 

It  is  hence  extremely  probable  that  four  distinct  sub- 
stances or  their  precursors  are  present  in  the  gland  cells 
and  secretion  which  have  been  named  as  follows:  (1) 
Amylopsin,  a  diastatic  enzyme ;  (3)  steapsin,  or  pialyn,  a 
steatolytic  or  fat-splitting  enzyme ;  (3)  trypsin,  a  proteo- 
lytic enzyme ;  and  (4)  an  unnamed  enzyme  which  has 
the  property  of  curdling  milk. 

It  has  been  clearly  demonstrated  that  trypsin  is  pres- 
ent in  the  gland  cells,  and  also  to  a  large  extent  in  the 
fresh  secretion  before  it  is  acted  upon  by  the  suceus  en- 
tericus  in  an  inactive  form,  which  is  known  as  ti'ypsino- 
gen.  It  is  at  present  unsettled  whether  steapsin  and 
amylopsin  possess  similar  precursors. 

There  are  two  views  as  to  the  action  of  the  comple- 
mentary enzyme  called  enterokinu/ie  of  tlie  succiis  enter - 
•ieus.  One  view  is  that  this  first  attaches  itself  to  the 
proteid,  and  renders  it  in  a  catalytic  fashion  more  easily 
attackable  by  the  panci'eatic  enzyme.  The  other  and 
more  probable  view  is  that  the  enterokinase  acts  upon 
the  trypsinogen  and  sets  free  trj'psin  whicli  then  attacks 
the  proteid. 

Amylopsin. — This  can  be  extracted  from  the  fresh 
gland  by  most  extractives,  such  as  chloroform  water, 
twenty -flve-per-cent.  alcohol,  to  which  a  trace  of  acetic 
acid  has  been  added,  fifty-per-cent.  glycerin,  saturated 
solution  of  sodium  chloride,  saturated  boric-acid  solution. 

Its  action  upon  starches  is  verj'  rapid,  and  closely  re- 
sembles that  of  other  diastatic  enzymes.  The  action  is 
hydrolytic,  and  leads  to  the  formation  of  a  mixture  of 
achro5dextrins  and  maltose.  One  part  of  amylopsin  (im- 
pure) is  capable  of  hydrolyzing  over  forty  thousand  times 
its  weight  of  starch  (see  article  on  Digestion). 

The  action  is  at  a  maximum  at  a  temperature  of  30°- 
45°  C. ,  decreasing  gradually  as  the  temperature  is  lowered 
down  to  10°  C,  at  which  it  is  stopped,  as  long  as  the 
temperature  is  kept  at  that  level,  but  recommences  on 
warming.  The  temperature  of  destruction  is  about  60° 
to  70°  C. 

Amylopsin  acts  best  with  a  neutral  reaction  or  in  pres- 
ence of  an  excessively  minute  trace  of  acid,  the  optimum 
according  to  Melzer coinciding  with  0.01  percent,  of  hy- 
drochloric acid.  By  greater  amounts  of  acid  than  this, 
not  only  is  the  activity  lessened,  but  the  ferment  is  itself 
rapidly  destroyed ;  it  is  less  susceptible  to  the  fixed  alka- 
lies withstanding  the  action  of  one  per  cent,  of  sodium 
carbonate,  but  is  rapidly  destroyed  by  free  alkalies. 

Steapsin. — This  enzyme  is  exceedingly  unstable,  and 
hence  great  care  is  required  in  obtaining  active  extracts 
from  the  gland  substance.     In  any  case,  a  good  deal  of 


the  enzyme  is  lost  in  the  process  of  extraction,  and  hence, 
as  shown  by  Rachford,  the  fresh  pancreatic  juice  is  al- 
ways more  active  than  any  extract  of  the  gland,  and 
should  be  used  in  experimenting  upon  the  action  of  this 
enzyme.  It  was  formeriy  believed  that  this  ferment  acted 
only  upon  a  small  fraction  of  the  fat  of  the  food,  because 
the  action  of  extracts  of  pancreas  upon  fats  was  so  slow 
and  incomplete ;  but  this  arises  from  the  great  loss  of  ac- 
tivity in  the  process  of  extraction,  and  it  is  now  known 
that  the  steapsin  has  sufficient  power  to  split  up  the  en- 
tire fats  (Rachford),  and  it  is  probable  that  fats  are  taken 
up  in  solution  (see  article  on  Digestion). 

That  the  action  is  truly  enzymic  is  shown,  first,  by  its 
stoppage  on  boiling;  and,  secondly,  by  its  taking  place 
when  bacteria  are  excluded  by  the  presence  of  antiseptics, 

If  extracts  of  the  gland  containing  steapsin  are  desired, 
the  fresh  gland  must  be  taken  and  extracted  with  a  very 
dilute  (1  to  1,000)  solution  of  sodium  carbonate,  or  a 
ninety-per-cent.  solution  of  glycerin,  containing  1  per 
mille  of  sodium  carbonate. 

Such  solutions,  or  the  fresh  pancreatic  juice,  act  upon 
neutral  fats,  hydrolyzing  them,  and  forming  free  fatty 
acids  and  glycerin.  A  similar  hydrolyzing  action  has 
been  noted  upon  other  synthetically  prepared  esters. 

The  action  is  increased  by  the  presence  of  bile  (Rach- 
ford). The  effect  here  is  probably  a  physical  one,  the 
bile  salts  or  bile  acids  dissolving  the  fatty  acids  which 
are  a  product  of  the  hydrolysis,  and  so  allowing  fresh 
portions  of  neutral  fat  to  be  attacked. 

The  optimum  temperature  is  38°  C,  and  at  this  tem- 
perature the  action  is  twice  as  rapid  as  it  is  at  18°  C. 

Trypsin. — This  enzyme  acts  upon  proteids  more  pow- 
erfully and  completely  than  any  other  known  to  iis, 
forming  in  succession  alkali-albumin,  deutero-albumose, 
peptone,  and  a  large  number  of  amido-acids.  Primary 
albumoses  do  not  seem  to  be  formed,  or,  if  they  are  formed, 
they  at  once  pass  into  more  completely  hydrolyzed  forms, 
and  the  action  is  both  more  rapid  and  complete  than  is 
that  of  pepsin.  The  ferment  can  be  extracted  by  any  of 
the  usual  extractives  from  the  gland.  Tt  is  insoluble  in 
strong  alcohol  or  glycerin,  and  the  latter  of  these  two 
reagents  has  been  utilized  for  its  differentiation  from 
amylopsin. 

According  to  Sir  William  Roberts  its  activity  goes  on 
increasing  with  the  temperature  up  to  60°  C,  and  it  is 
destroyed  at  a  temperature  of  75°  to  80°  C.  These  fig- 
ures do  not  agree  with  those  of  Biernacki,  who  found  it 
to  be  destroyed  at  a  temperature  of  50°  C.  when  in  solu- 
tion in  five-tenths  per  cent,  sodium  carbonate,  and  when 
in  neutral  solution  at  a  temperature  of  45°  C. 

Trypsin  acts  best  in  an  alkaline  medium,  the  usual 
optimum  given  being  that  of  a  one-per-cent.  solution  of 
sodium  carbonate.  It,  however,  can  act  in  a  neutral 
solution  or  even  in  the  pre  ance  of  a  faintly  acid  reac- 
tion, provided  no  free  inorganic  acid  is  present.  A  small 
amount  of  hydrochloric  acid,  combined  with  proteid,  does 
not  stop  its  action,  but  much  acid,  even  when  combined 
with  proteid,  has  a  destructive  effect. 

Tlie  Milk-Gurdling  Ferment. — The  presence  of  a  milk- 
curdling  enzyme  in  the  pancreas  was  first  discovered  by 
Kilhne,  and  has  since  been  confirmed  by  other  observers. 

More  recently  the  subject  has  been  re-investigated  by 
Halliburton  and  Brodie,  who  found  that  the  coagulum 
produced  by  this  enzyme  differs  considerably  from  that 
obtained  by  the  action  of  the  rennin  of  the  gastric  juice. 
Thus,  instead  of  a  jelly-like  coagulum  which  is  obtained 
in  the  water  bath  at  a  temperature  of  35°-40°  C,  a  finely 
granular  precipitate  is  obtained  by  the  action  of  pancre- 
atic juice  or  pancreatic  extracts,  which  does  not  at  this 
temperature  interfere  with  the  fluidity  of  the  mixture. 
But  on  cooling  to  the  temperature  of  the  room  a  coherent 
curd  is  formed ;  if  this  be  now  heated  to  body  temperature 
it  again  becomes  fluid,  and  on  cooling  a  second  time  it 
again  sets  to  a  clot,  and  this  process  can  be  repeated  in- 
definitely. Further,  the  coagulation  by  means  of  the 
pancreatic  enzyme  differs  from  that  by  rennin  in  that  it 
is  not  prevented  by  excess  of  ammonium  oxalate,  and 
hence  does  not  require  the  presence  of  calcium  salts. 
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The  use  of  this  pancreatic  enzyme  is  difficult  to  under- 
stand, since  any  milli  talien  by  the  mouth  would  be  co- 
agulated in  the  stomach  by  the  rennin  there  present.  A 
similar  difficulty  exists  regarding  the  purpose  of  rennin 
in  the  gastric  secretion  of  fishes  and  other  animals  from 
whose  food  milk  is  absent,  as  also  regarding  the  presence 
of  milli-curdling  ferments  in  the  juices  of  certain  plants. 
A  possible  explanation  is  that  such  ferments  may  have  a 
less  obvious  action  upon  other  forms  of  proteid,  a  fact 
which  yet  remains  to  be  discovered.     Benjamin  Moore. 

PANCREAS,  DISEASES  OF  THE.— The  great  impor- 
tance of  diseases  of  the  pancreas  was  not  generally  recog- 
nized by  the  medical  profession  until  within  compara- 
tively recent  times,  but  that  pathological  alterations  of 
the  organ  not  uncommonly  exist  was  known  to  all  of  the 
older  pathologists.  That  changes  in  the  pancreas  some- 
times occur  in  individuals  who  have  diabetes  mellitus 
was  first  recognized  by  Cowley  in  1788,  but  prominence 
was  not  given  to  the  matter  until  1877  when  Lancereaux's 
work  was  published,  and  the  relation  between  the  two  con- 
ditions has  been  recently  definitely  proven  by  the  experi- 
mental work  of  von  Mering  and  Minkowski.  Spiess  in 
1866  recognized  hemorrhage  into  the  pancreas  as  being  a 
frequent  cause  of  sudden  death,  and  Zenker  some  years 
later  accentuated  this  relation;  but  its  great  Importance 
was  first  fully  recognized  by  Draper,  who  particularly 
directed  attention  to  it  in  1886.  In  1889  Draper's  fellow- 
townsman,  Pitz,  in  a  most  admirable  paper,  opened  up  a 
new  field  to  the  clinician  in  bringing  together  a  great 
mass  of  isolated  facts  concerning  pancreatitis,  and  co- 
ordinating them  in  such  a  masterly  manner  that  since 
this  time  inflammations  of  the  organ  have  been  brought 
within  the  list  of  those  diseases  which  may  be  diagnosti- 
cated. Several  years  before  the  appearance  of  the  article 
by  Fitz,  Senn,  of  Chicago,  very  thoroughly  reviewed  the 
subject  of  pancreatic  cysts.  In  the  article  that  follows 
the  writer  wishes  particularly  to  express  his  indebtedness 
to  the  various  papers  upon  this  subject  written  by  Fitz, 
to  the  chapter  on  these  diseases  in  Osier's  "  Practice  of 
Medicine,"  and  to  the  recent  monograph  upon  the  sub- 
ject by  Koerte. 

Fatty  and  Hyaline  Changes  in  the  Pancreas,  and 
Amyloid  Infiltration. 

Fatty  Changes. — The  fatty  alterations  that  occur  in 
the  pancreas  may  be  divided  into  {a)  fatty  degeneration, 
and  (S)  fatty  infiltration. 

(a)  In  many  acute  diseases,  especially  in  those  accom- 
panied by  high  temperature,  fatty  degeneration  occurs 
in  the  pancreatic  cells.  Happily,  the  condition  is  one 
that  passes  away  with  its  cause,  and  is  not  generally 
supposed  to  give  rise  to  serious  or  permanent  change 
in  the  organ.  There  is  no  symptomatology  of  the  con- 
dition. 

(b)  Fatty  Infiltration. — This  condition  is  frequently  ob- 
served in  obese  individuals,  and  is  not  generally  believed 
to  produce  any  serious  interference  with  the  functions  of 
the  organ,  though  cases  of  diabetes  have  been  reported 
in  which  this  lesion  was  present  in  the  pancreatic  tissues 
to  a  marked  degree.  In  these  instances  it  is  likely,  as 
in  a  case  recently  observed  by  tlie  writer,  that  the  fatty 
changes  were  secondary  to  interstitial  pancreatitis  and 
that  they  were  not  responsible  for  the  diabetic  condi- 
tion. 

Hyaline  Degeneration. — In  a  very  interesting  paper 
Opiehas  recently  called  attention  to  the  fact  that  diabetes 
sometimes  occurs  in  which  the  only  alteration  found  post 
mortem  is  hyaline  degeneration  of  the  islands  of  Langer- 
hans  in  the  pancreas.  Whether  or  not  there  is  any  con- 
nection between  the  two  conditions  cannot  as  yet  be 
stated  with  certainty. 

Amyloid  Infiltration.— Amyloid  infiltration  of  the 
coats  of  the  blood-vessels  of  the  pancreas  occurs  in  those 
conditions  in  which  this  material  is  being  produced  in  the 
body.  So  far  as  is  known  it  does  not  give  rise  to  any 
serious  alterations  of  the  pancreatic  functions. 


Pancreatic  He.morrhagb. 

Pancreatic  hemorrhage  is  a  condition  that  occurs  to  a 
slight  degree  in  quite  a  number  of  different  affections, 
but  the  term  is  here  limited  to  those  sudden  and  profuse 
extravasations  of  blood  into  the  organ  that  are  commonly 
known  as  pancreatic  apoplexy. 

Etiology. — In  the  vast  majority  of  instances  those  suf- 
fering from  severe  pancreatic  hemorrhage  have  passed 
middle  life,  and  the  disease  appears  particularly  to  affect 
corpulent  individuals.  In  many  instances  those  who 
have  had  the  disease  have  been  addicted  to  the  contin- 
uous use  of  alcohol.  It  commonly  occurs  also  in  those 
who  have  previously  suffered  more  or  less  with  "  indiges- 
tion," and  in  many  cases  there  appear  to  have  been  pre- 
vious mild  attacks.  It  is  more  common  in  males  than  in 
females.  In  some  instances  it  has  followed  inj  ury.  As 
to  the  exact  nature  of  the  condition  of  the  blood-vessels 
that  predisposes  to  this  disease  we  are  still  in  great  ignor- 
ance, careful  microscopic  studies  being  much  needed  to 
elucidate  this  rather  obscure  morbid  state.  It  has  been 
assumed  by  some  that  syphilitic  disease  of  the  blood-ves- 
sels is  the  most  common  cause  of  the  malady,  but  ade- 
quate proof  of  this  has  not  as  yet  been  brought  forward. 
'That  minute  hemorrhages  occasionally  occur  in  the  pan- 
creas as  the  result  of  chronic  induration  of  the  organ 
there  can  be  no  question,  and  extravasations  of  a  similar 
kind  are  occasionally  found  in  connection  with  obstruc- 
tive diseases  of  the  circulation — such  as  are  produced  by 
organic  heart  lesions,  emphysema,  and  tumors  pressing 
upon  the  inferior  vena  cava.  Recently  Chiari  has  shown 
that  minute  hemorrhages  are  sometimes  produced  in  the 
pancreas  by  what  appears  to  be  post-mortem  digestion 
of  portions  of  the  organ. 

Morbid  Avxitomy. — In  cases  of  severe  hemorrhage  into 
the  pancreas  the  entire  organ  may  be  blood-stained,  and 
be  either  of  an  almost  black,  dark  purple,  or  brownish- 
red  hue.  In  by  no  means  all  instances,  however,  does 
the  gland  as  a  whole  present  this  appearance,  as  all  de- 
grees of  hemorrhage  are  met  with  from  the  complete  in- 
filtration of  the  organ  to  single,  minute  ecchymotic  spots 
situated  in  some  part  of  the  substance  of  the  gland.  In 
the  affected  region  the  pancreas  is  usually  distinctly  in- 
creased in  size,  though  in  some  instances  it  appears  to  be 
normal  in  bulk.  The  organ  may  be  of  normal  consist- 
ence, distinctly  softened,  or  quite  friable.  It  is  of  inter- 
est to  note  that  in  no  instance  has  any  one  succeeded 
in  finding  the  blood-vessel  from  which  the  hemorrhage 
came.  Under  the  microscope  the  tissues  of  the  pancreas 
may  present  a  practically  normal  appearance,  though, 
especially  in  obese  individuals,  more  or  less  fatty  infiltra- 
tion is  generally  present.  Blood  in  various  stages  of  dis- 
integration is  found  both  within  the  interstitial  tissues 
of  the  organ,  and  within  its  parenchyma  in  the  diseased 
regions.  In  some  instances  the  tissues  of  the  pancreas 
present  evidences  of  extensive  necrotic  change,  as  was 
observed  by  the  writer  in  one  instance  in  which  the  nuclei 
of  all  of  the  cells  in  the  affected  areas  entirely  failed  to 
take  basic  stains.  It  not  uncommonly  happens  that  the 
hemorrhage  does  not  remain  confined  to  the  pancreas, 
but  extends  into  the  surrounding  retroperitoneal  tissues, 
even  so  far  as  the  left  kidney,  and  it  occasionally  forces 
its  way  into  the  fat  of  the  ornentum  and  mesocolon. 

Si/mptoins.  — Tlie  disease  comes  on  in  almost  all  instances 
witli  extraordinary  suddenness,  the  individual  having 
usually  been  in  perfect  health  previously,  though  in  rare 
cases  the  condition  is  preceded  by  slight  prodromal  pains 
in  the  upper  part  of  the  abdomen.  In  most  instances  the 
pains  are  confined  to  the  region  of  the  pancreas,  but  in 
some  cases  they  may  be  diffused  throughout  the  abdo- 
men, and  have  been  sometimes  mistaken  for  colic  in  the 
beginning.  Following  the  pain  there  are  usually  nausea 
and  vomiting  of  a  most  persistent  kind,  and  occasionally 
there  is  an  urgent  desire  to  defecate.  Along  with  these 
symptoms  a  profound  depression  of  the  vital  powers  in- 
variably occurs;  the  pulse  is  small,  feeble,  and  exceed- 
ingly rapid.  There  is  pronounced  and  oftentimes  urgent 
dyspnoea,  the  patient  tosses  from  one  side  of  the  bed  to 
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the  other,  is  bathed  in  cold  perspiration,  the  countenance 
exhibits  great  anxiety,  and  tliere  is  every  symptom  of 
impending  dissolution.  In  a  comparatively  short  time 
tlie  abdomen  not  uncommonly  becomes  svpollen,  and  ten- 
derness develops  in  the  epigastric  region.  The  temper- 
ature is  either  normal  or  subnormal.  Constipation  is 
quite  frequent.  If  the  hemorrhage  is  at  all  extensive 
the  patient  rapidly  grows  worse,  and  death  usually  oc- 
curs within  a  few  hours.  There  cim  be  no  question  that 
recovery  sometimes  follows  the  milder  forms  of  the  dis- 
ease. 

Diagnosis. — Pancreatic  apoplexy  is  distinguished  by 
the  sudden  onset,  with  excruciating  pains  in  the  epigas- 
tric region,  nausea  and  vomiting,  and  rapid  collapse.  It 
is  diHereutiated  from  intestinal  obstruction  by  the  sudden 
onset,  and  by  the  extreme  urgency  of  the  symptoms.  In 
biliary  colic  the  history,  the  absence  of  excessive  vomit- 
ing, and  symptoms  of  collapse  serve  to  distinguish  be- 
tween the  two  conditions.  In  gastric  and  duodenal  ulcer 
perforation  is  preceded  by  frequent  attacks  of  severe  pain 
in  the  epigastric  region,  tenderness  over  the  site  of  the 
ulcer,  and  the  vomiting  of  blood.  Moreover,  ulcer  gen- 
erally occurs  in  ansemic  young  women. 

Prognosis. — In  all  cases  of  severe  hemorrhage  death 
follows  in  a  very  short  time,  the  patient  not,  as  a  rule, 
surviving  longer  than  two  or  three  hours.  On  the  other 
hand,  when  the  amount  of  blood  effused  is  small,  recov- 
ery may  occur,  though  in  these  cases  the  condition  very 
quickly  becomes  one  of  jDancreatitis.  Patients  have  sur- 
vived even  very  severe  hemorrhages,  as  is  conclusively 
shown  by  the  fact  that  recovery  has  occurred  in  several 
instances  in  which  the  diagnosis  was  made  by  an  explor- 
atory incision. 

Treatment. — The  nature  of  the  legions  in  this  disease 
makes  it,  of  course,  impossible  for  drugs  in  any  way  to 
influence  the  local  condition,  and  the  treatment  is  there- 
fore necessarily  entirely  of  a  symptomatic  kind.  Mor- 
phine should  be  given  to  relieve  the  pain,  and  the  col- 
lapse should  be  treated  in  the  usual  way  by  the  applica- 
tion of  warmth,  and  by  the  hypodermatic  injection  of 
strychnine  and  atropine.  For  the  reason  that  death  in 
this  condition  cannot  be  produced  merely  by  the  loss  of 
blood,  but  is  brought  about  by  the  pressure  exerted  upon 
the  surrounding  nerve  structures,  it  has  been  suggested 
that  free  incisions  around  the  pancreas  might  relieve  this 
condition,  and  thus  be  the  means  of  saving  the  patient's 
life. 

Acute  Pancreatitis. 

There  are  at  least  three  more  or  less  separate  and  dis- 
tinct varieties  of  acute  inflammation  of  the  pancreas:  (a) 
the  acute  hemorrhagic,  (b)  the  acute  suppurative,  and  (c) 
gangrenous  pancreatitis,  each  of  which  demands  sepa- 
rate consideration. 

(a)  Acute  Hemokkhagic  Pancreatitis. — By  the  term 
acute  hemorrhagic  pancreatitis  is  meant  that  condition  of 
the  pancreas  in  which  the  hemorrhagic  lesion  is  accom- 
panied by  evidences  of  so-called  inflammation.  This 
condition  cannot  be  clearly  separated  from  that  of  sim- 
ple pancreatic  hemorrhage,  the  latter  merging  insensibly 
into  the  former. 

Etiology.— This,  disease  is  much  more  commonly  ob- 
served in  persons  past  middle  life  than  in  the  young,  but 
instances  have  been  reported  in  which  the  malady  oc- 
curred in  children,  the  sufferer  in  one  instance  being  only 
nine  months  old.  It  is  more  common  in  males  than  in 
females,  though  the  number  of  recorded  instances  of  the 
disease  is  not  as  yet  sufficiently  great  to  determine  its 
relative  frequency  in  the  two  sexes  with  certainty.  It 
occurs  more  commonly  in  obese  individuals  than  in  those 
who  are  lean.  In  quite  a  large  percentage  of  the  recorded 
cases  the  subjects  have  been  alcoholics.  Like  pancreatic 
apoplexy  this  condition  has  been  frequently  observed  to 
occur  in  individuals  who  had  previously  suffered  for  a 
greater  or  less  length  of  time  with  derangements  of  the 
digestion,  and  in  some  cases  there  has  been  a  clear  history 
of  previous  attacks  of  the  malady.  It  is  also  noteworthy 
that  many  of  those  who  have  had  the  disease  had  pre- 
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viously  suffered  for  a  period  of  years  with  unmistakable 
symptoms  of  gall-stones  and  inflammatory  states  of  the 
gall-bladder.  In  view  of  the  fact  that  in  conditions  of 
this  kind  bacteria  are  always  present  in  the  gall-bladder 
and  ducts,  the  investigations  of  Hlava,  Williams,  and 
Flexner,  who  produced  experimental  inflammations  of 
the  pancreas  by  the  injection  of  various  bacteria,  seem 
to  be  of  special  significance. 

Morbid  Anatomy. — In  acute  hemorrhagic  pancreatis 
the  pancreas  presents  much  the  same  macroscopic  ap- 
pearances that  it  exhibits  in  pancreatic  apoplexy.  The 
organ,  wholly  or  in  part,  is  almost  black,  of  a  purple 
hue,  or  of  a  dark  red  color,  and  in  the  affected  regions  is 
considerably  swollen.  The  tissues  of  the  gland  are  in 
some  instances  softened  and  quite  friable.  The  amount 
of  hemorrhage  varies  in  different  instances.  It  may  be 
confined  to  the  head,  body,  or  tail  of  the  organ,  or  may 
be  diflEused  throughout  its  entire  extent.  Not  uncom- 
monly the  hemorrhage  extends  into  the  retroperitoneal 
tissues,  and  is  frequently  found  present  in  the  omentum, 
mesentery,  and  mesocolon.  The  spleen  may  be  enlarged. 
Within  the  pancreas  itself  there  are  not  uncommonly 
found  small  areas  of  a  dull  whitish  opaque  appearance 
that  are  made  up  of  fat  which  has  undergone  a  peculiar 
chemical  alteration.  This  change  in  the  fat  is  known 
&&fat  necrosis,  and  is  dependent  upon  the  fat-splitting 
ferments  elaborated  in  the  gland.  Williams  describes 
the  appearance  as  follows:  "Frozen  sections  of  the 
white  necrotic  nodules' showed  them  to  be  made  up 
of  coarse  granules  and  masses,  globules  and  crystals, 
and  a  small  amount  of  masses  of  brown  pigment.  Many 
of  the  opaque  masses  were  about  the  size  and  shape 
of  fat  cells,  and  evidently  represented  altered  fat  cells. 
The  surrounding  tissues  were  mildly  congested ;  a  few 
small  extravasations  were  noted;  the  fat  cells  appeared 
normal.  Sections  of  the  same  embedded  in  celloidin, 
and  stained  with  hismatoxylin  or  carmine,  give  similar 
results."  It  is  notewothy  that  tetroxide  of  osmium  is 
not  reduced  by  tlie  structures  composing  these  necrotic 
tissues.  It  has  been  shown  by  Langerhans  that  the 
areas  of  fat  necrosis  are  made  up  of  a  substance  that 
results  from  the  combination  of  lime  with  certain  fatty 
acids.  Osier  speaks  of  a  case  in  which  death  was  the 
result  of  Blight's  disease,  and  in  which  the  lobules  of 
the  pancreas  were  entirely  isolated  by  areas  of  fat  necro- 
sis with  extensive  deposition  of  lime  salts.  In  hem- 
orrhagic pancreatitis  it  very  frequently  happens  that 
areas  of  fat  necrosis  are  found  in  the  fatty  tissues  of  the 
omentum,  mesentery  and  mesocolon,  and  in  the  adipose 
tissues  situated  behind  the  gland.  It  should  be  remarked, 
however,  that  minute  areas  of  fat  necrosis  are  sometimes 
found  in  the  living  human  being  wliere  there  is  no  disease 
of  the  organ,  and  Chiari  has  shown  that  post  mortem 
there  are  often  found  in  the  pancreatic  tissues  minute 
alterations  that  appear  to  be  the  result  of  auto-digestion 
—alterations  which  bear  a  close  relation  to  the  necrosis 
that  occurs  in  the  fatty  structures.  Balser,  who  first  ac- 
curately described  the  condition  in  man,  has  also  shown 
that  it  not  uncommonly  occurs  in  the  fatty  tissues  around 
the  pancreas  in  healthy  swine.  This  observation  has  been 
recently  confirmed  in  this  country  by  Williams,  who  has 
also  shown  that  it  occasionally^  occurs  in  the  abdominal 
adipose  tissues  of  the  cat.  It  is  very  interesting  to  note 
that  experimental  fat  necrosis  in  connection  with  hemor- 
rhage into  the  pancreas  has  been  produced  artificially  by 
a  large  number  of  investigators,  among  whom  are  to  be 
especially  mentioned  Hlava,  Langerhans,  Hilderbrand, 
Dettmer,  Williams,  Flexner,  Rosenbach,  and  Opie. 
These  investigators  have  shown  that  the  condition  may 
be  induced  in  dogs  and  other  animals  by  the  injection, 
into  the  pancreas  or  its  ducts,  of  bacteria,  acids  or  alka- 
lies, by  ligation  of  the  organ,  by  simply  injuring  it  or 
by  injuring  it  and  at  the  same  time  infecting  it  with 
bacteria,  and  by  the  introduction  of  sections  of  fresh 
pancreas  into  adipose  tissue. 

Symptoms.— The  initial  symptoms  that  usher  in  an 
attack  of  acute  hemorrhagic  pancreatitis  are  those  of 
pancreatic  hemorrhage.    There  is  a  sudden  onset  with  ex- 
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cruciating  pain  in  tlie  upper  part  of  the  abdomen,  vomit- 
ing, and  all  indications  of  collapse.  However,  in  some 
instances  the  disease  does  not  begin  with  such  violent 
•symptoms,  there  being  a  period  of  days  or  even  weeks 
during  which  there  are  slight,  oftentimes  colicky  pains 
in  the  abdomen,  combined  with  a  certain  amount  of  ten- 
derness; constipation  is,  as  a  rule,  present.  The  tem- 
perature, which  in  the  beginning  may  be  normal  or  sub- 
normal, becomes  somewhat  elevated  as  the  so-called 
inflammatory  phenomena  develop  in  tlie  diseased  organ ; 
but,  as  a  rule,  the  fever  does  not  go  above  103°  F.  About 
the  time  that  the  fever  begins,  chilly  sensations  are  not 
uncommonly  complained  of,  and  even  pronounced  chills 
are  occasionally  encountered.  The  pulse  is  always  rapid, 
and  as  a  fatal  termination  is  approached,  it  becomes 
weaker  and  weaker,  and  finally  uncountable.  The  respi- 
'  ration  is  almost  in  all  instances  shallow  and  decidedly 
hurried.  In  most  cases  after  tlie  disease  has  existed  for  a 
short  time  the  abdomen  becomes  distinctly  swollen,  and 
is  exceedingly  tender  in  the  epigastric  region.  In  some 
instances  it  has  been  possible  to  feel  the  swollen  pancreas 
through  the  abdominal  walls,  though  this  cannot,  as  a 
rule,  be  accomplished. 

Diagnosis. — Although  this  disease  was  always  over- 
looked until  a  comparatively  short  time  ago,  the  diagno- 
sis, thanks  to  the  brilliant  work  of  Fitz,  has  been  recently 
made  in  a  large  number  of  cases.  Where  a  previously 
healthy  person  is  suddenly  seized  with  intense  pain  in  tlie 
upper  part  of  the  abdomen,  with  nausea  and  vomiting, 
and  with  pronounced  symptoms  of  collapse,  this  disease 
should  be  always  suspected.  Of  all  the  conditions  simu- 
lating acute  hemorrhagic  pancreatitis,  acute  intestinal 
obstruction  is  perhaps  the  one  that  may  be  most  readily 
mistaken  for  it;  but  the  former  malady  may  be  distin- 
guished by  the  suddenness  of  the  seizure,  by  the  pro- 
nounced symptoms  of  collapse,  and  by  the  absence  of 
distention  of  the  intestine  in  the  early  stages.  The 
further  fact  is  of  importance  that  obstruction  of  the 
small  intestine  in  the  region  of  the  pancreas  is  very  Infre- 
quent, and  the  patency  of  the  large  intestine  can  be  al- 
ways readily  determined  by  inflation.  Biliary  colic  may 
also  be  mistaken  for  pancreatitis,  but  may  be  generally 
distinguished  from  it  by  the  history  of  previous  attacks, 
by  the  situation  of  the  pain,  and  by  the  absence  of  pro- 
nounced symptoms  of  collapse.  It  should,  however,  be 
remembered  that  .several  instances  of  pancreatitis  have 
been  recorded  in  which  the  patient  had  previously  suf- 
fered from  biliary  colic.  In  the  later  stages  of  acute  hemor- 
rhagic pancreatitis  inflammatory  exudates  collect  in  the 
lesser  omentum  to  such  an  extent  that  the  condition  some- 
what resembles  that  of  pancreatic  cyst,  but  the  history 
of  the  case  and  the  pronounced  septicemic  state  that  often 
occurs  in  connection  with  it  will  serve  to  make  the  diag- 
nosis clear.  In  case  of  doubt  the  physician  may  resort 
to  aspiration,  which  will  determine  the  true  nature  of  the 
condition  with  certainty.  The  symptoms  that  occur  in 
connection  with  perforation  of  the  stomach  or  duodenum, 
resulting  from  ulcer,  somewhat  resemble  those  which  are 
found  in  this  disease ;  but  generally  the  two  may  easily  be 
distinguished  by  the  history  of  severe  pain  following  the 
taking  of  food,  the  vomiting  of  blood,  and  the  increased 
secretion  of  hydrochloric  acid  that  are  so  characteristic  of 
the  former  conditions.  Irritant  poisons  might  give  rise 
to  some  of  the  symptoms  usually  observed  in  pancreati- 
tis, but  the  history  of  the  case  and  the  absence  of  the 
evidences  of  corrosive  action  in  the  mouth  and  throat  and 
the  character  of  the  vomit,  will  generally  serve  to  make 
clear  the  true  nature  of  the  condition. 

Prognosis.— Mfhongh  acute  pancreatitis  is  a  very  fatal 
disease,  there  are  numerous  instances  on  record  in'which 
recovery  occurred  even  from  the  severer  forms  of  the 
malady.  If  the  patient  survive  the  first  few  days  of  the 
disease  there  is  always  hope  for  ultimate  recovery,  though 
even  in  these  cases  a  death  from  septicKraia  anil  exhaus- 
tion generally  occurs  in  from  two  months  to  a  year.  In 
the  latter  stages  abscesses  in  and  around  the  pancreas  not 
uncommonly  occur,  and  inHammatory  exudates  often 
collect  in  the  lesser  omentum  to  a  considerable  extent. 
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In  these  instances  laparotomy  and  the  establishment  of 
proper  drainage  are  absolutely  essential  to  the  preserva- 
tion of  the  patient's  life,  and  as  we  learn  to  make  the 
diagnosis  with  more  certainty  there  can  be  no  doubt  that 
fatal  terminations  will  become  less  and  less  frequent. 
Cases  have  been  recorded  in  which  diabetes  followed  the 
disease. 

(J)  Acute  Suppukativb  Pancreatitis.— Acute  sup- 
purative pancreatitis  is  a  condition  that  fortunately  is 
rarely  obsei-ved,  it  being  much  less  frequent  than  the 
hemorrhagic  form.  Pus  may  be  diffused  throughout  the 
organ,  or  it  may  be  localized.  Not  uncommonly  the  neigh- 
boring viscera  are  secondarily  affected,  and  the  abscess 
may  perforate  into  the  stomach,  into  the  small  intestine, 
or  into  the  peritoneal  cavity.  Secondary  abscesses  in  the 
lesser  omentum  have  in  a  number  of  instances  been  pro- 
duced, and  thrombosis  of  the  portal  vein  has  been  noted. 
The  spleen  is  often  enlarged.  This  disease  has  in  some 
instances  followed  injury ;  but  in  quite  a  number  of  cases, 
further  than  that  the  patient  had  previously  suffered  with 
disturbances  of  the  digestion,  the  origin  of  the  affection 
was  not  apparent.  It  should  also  be  remembered  that 
this  condition  may  be  encountered  as  a  sequel  to  the 
acute  hemorrhagic  form  of  the  malady. 

The  symptoms  of  this  disease  are  by  no  means  so  char- 
acteristic as  those  that  are  encountered  in  the  hemor- 
rhagic form  of  the  affection;  although  there  is  always 
more  or  less  pain  localized  in  the  region  of  the  organ.  It 
is  never  so  intense,  and  does  not  come  on  with  such  sud- 
denness as  in  the  hemorrhagic  form;  and  vomiting,  al- 
though quite  common,  is  not  so  persistent.  Intense  pain 
in  the  sciatic  nerves  may  occur.  Patients  suffering  with 
this  disease  very  quickly  develop  the  s3mptoms  of  sa- 
prsemia  or  septicaemia,  usually  having  irregular  rises  and 
falls  in  temperature,  profuse  sweats,  and  chills,  and  they 
present  the  profound  depression  of  the  general  system 
that  is  so  characteristic  of  blood  poisoning.  In  a  num- 
ber of  cases  it  has  been  possible  by  palpation  to  discover, 
in  the  region  of  the  pancreas,  the  presence  of  a  tumor; 
and  this  discovery,  whenever  it  can  be  made,  is  of  the 
utmost  importance  from  a  diagnostic  standpoint.  Jaun- 
dice and  sugar  in  the  urine  have  been  noted  in  some 
instances. 

(c)  Gangrenous  Pancreatitis. — Gangrenous  pan- 
creatitis usually  follows  the  acute  hemorrhagic  form  of 
the  disease,  and  may  be  partial  or  complete ;  it  has  been 
known  also  to  follow  the  suppurative  variety  of  the  affec- 
tion, and  has  in  some  instances  resulted  from  injury. 

Under  these  circumstances  the  pancreas  becomes  to- 
tally or  in  part  necrotic,  and  the  diseased  parts  are 
soft,  have  a  foul  odor,  and  present  a  dark,  slaty  appear- 
ance. In  many  instances  the  diseased  tissues  have  com- 
pletely sloughed  away  from  the  remains  of  the  organ ; 
they  then  commonly  lie  along  with  masses  of  pus  and 
broken-down  tissue  in  the  cavity  of  the  omentum.  Not- 
withstanding the  extremely  dangerous  situation  in  which 
a  patient  must,  under  these  circumstances,  be  placed, 
instances  of  recovery  after  operation  are  not  wanting; 
and  Trafoyer  and  Chiari  have  reported  cases  in  which 
sloughs  of  the  pancreas  made  their  way  into  the  cavity 
of  the  intestines,  and  were  discharged  from  the  bowels. 

As  this  condition  is  usually  secondary  to  acute  hemor- 
rhagic pancreatitis,  its  early  symptoms  are  those  of  this 
disease.  After  the  necrosis  in  the  tissues  occurs  there 
follow  septicemic  symptoms,  in  combination  with  ten- 
derness in  the  upper  part  of  the  abdomen  and  evidences 
of  a  tumor-like  mass  in  the  same  situation. 

I'reatiJx'iit. — The  treatment  of  acute  hemorrhagic  pan- 
creatitis in  the  beginning  is  that  of  pancreatic  apoplexy. 
The  agonizing  pain  requires  the  exhibition  of  full  doses 
of  morphine  hypodermatically,  and  the  symptoms  of 
collapse  should  be  treated  by  the  subcutaneous  injection 
of  strychnine,  atropine,  and  whiskey,  and  by  the  appli- 
cation of  external  warmth  to  the  body.  Following  this 
the  treatment  should  be  entirely  symptomatic.  The  diet 
should  be  relatively  free  from  fat.  The  administration 
of  portions  of  raw  pancreas,  with  the  food,  has  been  rec- 
ommended by  some,  as  the  food  is  in  this  way  brought 
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more  or  less  in  contact  with  the  pancreatic  juices  which 
are  so  necessary  for  proper  digestion.  Diastases  are  also 
useful  if  they  be  administered  immediately  after  food  is 
taken,  as  they  take  the  place  of  the  pancreatic  juices  in 
a  measure.  In  the  suppurative  and  gangrenous  forms 
of  the  affection  laparotomy  offers  the  best  hope  for  the 
ultimate  recovery  of  the  sufferer.  In  the  latter  stages  of 
all  forms  of  the  disease  the  patient  requires  a  supporting, 
nourishing  diet,  with  the  administration  of  stimulants  and 
tonics. 

Chronic  Pancreatitis. 

By  the  term  chronic  pancreatitis  is  meant  the  gradual 
increase  of  the  fibrous  and  elastic  tissues  that  are  nor- 
mally found  in  the  pancreas,  this  change  resulting  in  the 
compression  and  ultimate  destruction  of  a  greater  or  less 
amount  of  the  glandular  structure  of  the  organ.  Such  a 
chronic  inflammation  is  a  matter  of  very  great  import- 
ance, inasmuch  as  it  is  very  commonly  associated  with 
diabetes  mellitus. 

Etiology. — Birch-Hirsohfeld  showed,  a  number  of  years 
ago,  that  chronic  fibroid  thickening  of  the  pancreas  not 
uncommonly  results  from  congenital  syphilis,  and  his 
conclusions  have  been  recently  confirmed  in  a  most  ad- 
mirable article  by  Schlesinger.  It  has  been  also  assumed 
by  some  that  acquired  syphilis  is  likewise  capable  of  in- 
ducing chronic  induration  of  the  organ,  but  its  causal  re- 
lation to  the  present  disease  has  not  as  yet  been  conclu- 
sively shown.  Quite  a  number  of  cases  have  occurred 
in  those  who  have  been  addicted  to  alcohol,  and  the  in- 
ference therefore  seems  justifiable  that  this  habit  may  in 
some  way  predispose  to  this  morbid  state.  There  seems 
good  reason  to  believe  that  catarrhal  conditions  of  the 
duodenum,  leading  to  changes  of  a  similar  kind  in  the 
common  and  pancreatic  ducts,  give  rise  in  some  instances 
to  this  affection,  and  we  have  abundant  proof  that  clos- 
ure of  either  of  these  ducts  by  means  of  gall-stones,  pan- 
creatic calculi,  or  in  other  ways,  results  in  chronic  indur- 
ative change  in  the  oi-gan.  Experiments  on  animals  have 
also  shown  that  ligation  of  the  duct  of  Wirsung  is  fol- 
lowed by  an  increase  in  the  fibrous  structures  of  the 
gland.  "Fibrous  thickening  of  the  pancreas  is  even  as- 
sociated with  ulcer  of  the  stomach  or  duodenum,  tumors 
of  the  stomach  or  suprarenal  capsule,  aneurism  of  the 
aorta  or  cwliac  axis,  or  with  disease  of  the  spine  "  (Fitz). 
Dilatation  and  obstruction  of  the  pancreatic  duct  is  not 
uncommonly  the  result  of  chronic  induration  of  the  organ. 
The  writer  has  recently  recorded  a  case  in  which  diabetes 
quickly  followed  mumps,  and  the  theory  was  suggested 
that  an  acute  pancreatitis  was  in  this  case  produced  by 
the  poison  of  this  disease,  and  that  subsequently  chronic 
changes  occurred,  giving  rise  to  glycosuria. 

Morbid  Anatomy. — Fibroid  thickening  of  the  pancreas 
is  most  frequent  in  the  head  of  the  gland,  but  the  disease 
may  be  limited  to  other  parts  of  the  organ,  or  may  in- 
volve it  throughout.  Opie  has  recently  written  a  num- 
ber of  interesting  articles  upon  the  subject  of  chronic  in- 
duration of  the  pancreas,  and  he  recognizes  two  different 
varieties  of  the  disease:  (1)  Interlobular  pancreatitis,  char- 
acterized by  the  proliferation  of  fibrous  tissue  between 
the  lobules  which  are  invaded  from  the  periphery ;  and 
(2)  interacinar  pancreatitis,  where  the  newly  formed 
fibrous  tissue  is  more  diffusely  distributed  between  the 
lobules  and  individual  acini.  This  writer  asserts  that 
the  interlobular  form  of  the  disease  is  that  variety  which 
follows  occlusions  of  the  pancreatic  duct,  and,  although 
tlie  parenchyma  of  the  gland  is  in  a  large  measure  re- 
placed by  fibrous  tissue,  tlie  islands  of  Langerhans  are 
for  the  most  part  unaffected,  and  diabetes  is  but  rarely 
observed.  In  the  interacinar  form  of  the  malady  the 
areas  of  Langerhans  are  on  the  other  hand  quickly  de- 
stroyed, and  in  these  instances  diabetes  always  occurs. 
It  was  suggested  many  years  ago  by  Laguesse,  and  later 
by  Schaefer  and  Diamare,  that  Langerhans'  bodies  exert 
the  important  function  of  controlling  carbohydrate  me- 
tabolism, and  Ssobolew  has  recently  brought  forward  as 
experimental  proof  of  this  the  fact  that  after  feeding 
animals  with  carbohydrates  in  considerable   quantities 


the  cells  of  the  islands  becar  more  granular  than  usual. 
There  is  therefore  some  experimental  evidence  that  Lan- 
gerhans' islands  are  in  some  way  associated  with  the  as- 
similation of  carbohydrates.  There  is  even  stronger  path- 
ological proof  of  this  relation  in  the  human  being.  The 
experiments  of  von  Mering  and  Minkowski,  by  which 
the  close  relation  of  diabetes  mellitus  to  alterations  of  the 
pancreas  was  so  clearly  shown,  are  so  well  known,  and 
have  been  so  frequently  cited,  that  it  does  not  appear  nec- 
essary to  consider  the  matter  at  length  in  this  article.  In 
all  cases  in  which  the  fibrous  change  has  advanced  to  any 
great  extent  the  pancreas  is  found  distinctly  diminished 
in  size,  and  its  surface  is  more  or  less  roughened  and 
nodular;  on  the  other  hand,  where  the  changes  are  not 
so  pronounced  the  organ  may  be  but  little  smaller  than 
normal,  and  its  surface  may  be  comparatively  smooth. 
On  section  its  consistence  is  found  to  be  considerably  in- 
creased, and  its  tissues  are,  as  a  rule,  even  paler  than 
normal.  The  subperitoneal  tissues  surrounding  the  pan- 
creas are  in  some  instances  likewise  thickened.  Fatty 
changes  are  oftentimes  extreme,  and,  as  in  a  case  recently 
observed  by  the  writer,  the  entire  organ  may  present  the 
macroscopic  appearance  of  a  mass  of  ordinary  fat,  though 
on  microscopic  examination  the  fibrous  tissues  are  found 
to  be  greatly  increased.  In  some  instances  these  fatty 
alterations  are  not  so  extreme,  there  being  merely  small 
yellowish  spots  scattered  throughout  the  organ.  In 
some  cases  hsematoidin  crystals,  crystals  of  fatty  acids, 
and  calcareous  granules  are  found  scattered  throughout 
the  substance  of  the  gland. 

The  fibrous  changes  not  uncommonly  result  in  constric- 
tion of  the  pancreatic  ducts  at  various  points,  causing 
them  to  appear  dilated  and  tortuous,  though  this  does 
not  always  occur. 

Symptoms. — Progressive  loss  of  flesh  and  strength  and 
the  various  indications  of  alteration  in  the  digestion  are 
the  symptoms  that  are  most  commonly  observed  in 
chronic  pancreatitis.  There  are  usually  loss  of  appetite, 
belching,  pyrosis,  nausea,  and  a  sense  of  weight  and  ful- 
ness in  the  epigastrium,  and  occasional  vomiting.  Diar- 
rhcEa  very  commonly  exists,  and  the  faeces  are  frequently 
fatty,  and  may  be  colorless  even  when  no  jaundice  exists. 
The  sclerotic  changes  have  in  some  instances  compressed 
the  common  duct,  in  which  case  jaundice,  of  course,  su- 
pervened. In  connection  witli  the  influence  of  the  pan- 
creatic secretion  on  the  chemical  changes  occurring  in 
the  fatty  foods  ingested  the  observations  of  Mueller  are 
very  interesting.  He  has  shown  in  three  cases  of  pan- 
creatic disease  that  the  fat  contained  in  the  faeces  was  by 
no  means  decomposed  to  such  an  extent  as  is  the  case  in 
health.  He  found  that  normally  84.3  per  cent,  of  the  fat 
contained  in  the  stools  is  split  up,  forming  free  fatty 
acids  and  soaps;  and  in  a. number  of  instances  this  per- 
centage was  practically  that  found  in  the  discharges  of 
individuals  suffering  from  other  diseases  than  those  of  the 
pancreas.  On  the  other  hand,  in  instances  in  which  the 
pancreatic  secretion  does  not  reach  the  intestine  he  found  ■ 
that  on  an  average  only  39.8  per  cent,  of  the  fat  occurred 
as  fatty  acids  and  soaps.  It  is,  of  course,  obvious  that 
such  a  pronounced  variation  from  the  normal  must  occur 
only  in  those  instances  in  which  there  is  suppression  of 
the  greater  part,  or  all,  of  the  pancreatic  secretion,  and 
that  in  cases  in  which  the  stenosis  of  the  pancreatic  duct 
is  only  partial,  the  proportion  of  altered  fat  in  the  fteces 
will  be  considerably  greater.  It  is  therefore  clear  we 
cannot  assume  that  the  greater  part  of  the  fat  will  ap- 
pear as  such  in  the  stools  in  all  cases  of  pancreatic  dis- 
ease. Notwithstanding  this,  an  analysis  of  the  discharges 
will  probably  be  found  of  value  in  obscure  cases.  The 
examination"  is  conducted  as  follows:  The  fseces  are 
heated  at  a  temperature  of  100°  C.  until  thoroughly  dried, 
and  then  finally  are  pulverized.  This  powder  is  then 
treated  with  alcohol,  acidulated  with  hydrochloric  acid, 
and  boiled.  This  causes  the  soaps  to  become  again  free 
fatty  acids,  the  neutral  fats  remaining  unaltered.  The 
mass  is  then  thoroughly  dried,  and  is  treated  with  ether 
for  three  days  in  a  Sohxlet  apparatus.  The  ethereal  ex- 
tract is  then  filtered  and  evaporated,  dissolved  in  abso- 
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lute  ether,  again  Altered,  dried,  and  weighed.  This  de- 
termines the  amount  of  neutral  fat,  and  hoth  the  free 
fatty  acids  and  those  that  were  in  combination  forming 
soaps.  A  weighed  portion  of  this  mass  is  then  dissolved 
in  warm  alcohol  containing  a  small  amount  of  ether,  and 
a  few  drops  of  an  alcohol  solution  of  phenolphthalein  are 
then  added,  and  the  solution  is  titrated  with  caustic  potash 
in  alcohol.  From  the  results  of  this  titration  we  estimate 
the  amount  of  free  fatty  acids  present  in  the  entire  res- 
idue, and  this,  subtracted  from  the  total  weight  of  the 
mass,  gives  the  amount  of  neutral  fat. 

Since  the  time  of  Cowley  it  has  been  known  that  dia- 
betes mellitus  is  not  uncommonly  associated  with  alter- 
ations in  the  pancreas,  and  a  large  number  of  observa- 
tions made  within  recent  times  show  beyond  question 
that  the  relation  is  not  an  accidental  one,  and  that  dia- 
betes is  in  many  cases  the  result  of  disease  of  tliis  organ, 
interstitial  pancreatitis  being  the  lesion  most  commonl.y 
found.  The  brilliant  investigations  of  von  Mering  and 
Minkowski  have  shown  experimentally  that  diabetes 
may  be  produced  in  the  dog  and  other  animals  by  the 
extirpation  of  the  pancreas,  and  instances  are  not  want- 
ing where  the  removal  of  the  organ  in  man  has  resulted 
in  severe  glycos\u-ia.  The  theory  has  been  suggested  by 
Minkowski  that  the  pancreas  elaborates  "a  glycolytic 
ferment  "  by  means  of  which  the  sugars  are  chemically 
changed  in  the  body,  and  that  when  the  pancreas  is  re- 
moved or  destroyed,  this  ferment  being  no  longer  pres- 
ent, glycosuria  results.  It  has  been  thought  l)y  others 
that  this  experimental  diabetes  is  the  result  of  disturbed 
tissue-metamorphosis  produced  by  the  absence  from  the 
intestine  of  the  pancreatic  juices — a  view  supported  by 
the  fact  that  diabetes  may  follow  ligature  of  the  duct  of 
Wirsung.  Despite  the  fact  that  diabetes  frequently  fol- 
lows organic  alterations  in  the  pancreas,  it  is  but  proper 
to  state  that  this  condition  by  no  means  always  results ; 
and,  further,  that  there  are  on  record  many  instances  of  di- 
abetes in  which  no  changes  could  be  found  in  this  organ. 
It  is  of  interest  to  note  that  Picenti  and  Gerhardi  have 
claimed  that  the  percentage  of  indican  in  the  urine  is 
much  lowered  in  diseases  of  the  pancreas. 

Diagnosis. — The  diagnosis  of  this  disease  is  exceedingly 
difficult,  for  it  never  gives  rise  to  symptomS  that  are  in 
any  way  characteristic.  The  condition  may,  however, 
be  suspected  when  the  patient  is  found  to  suffer  from 
long-continued  derangements  of  the  digestion,  loss  of 
strength  and  flesh,  in  combination  with  the  presence,  in 
the  fseces,  of  an  increased  amount  of  fat,  which,  accord- 
ing to  Mueller,  exists  in  a  state  of  free  neutral  fat,  and 
not  broken  up  into  fatty  acids.  In  conjunction  with 
these  glycosuria,  when  present,  is  of  course  of  great  im- 
portance in  deciding  the  true  nature  of  the  disease, 
though  it  should  never  be  forgotten  that  this  condition 
may  occur  when  the  pancreas  is  in  no  way  affected.  For 
the  reason  that  salol  is  not  decomposed  in  the  intestine  in 
the  absence  of  the  pancreatic  juice,  the  failure  of  carbolic 
acid  to  appear  in  the  urine  after  the  administration  of 
full  doses  of  this  drug  would  be  strong  presumptive  evi- 
dence of  either  the  total  destruction  of  the  secreting 
structure  of  the  organ  or  of  the  occlusion  of  its  duct. 

Prognosis. — As  regards  recovery  the  prognosis  is,  of 
course,  hopeless,  for  we  are  acquainted  with  no  means 
by  which  the  process  in  the  pancreas  may  be  cured  or 
even  stayed.  However,  on  account  of  the  fact  that  the 
disease  progresses  very  slowly,  and  that  great  destruction 
of  the  parenchyma  of  the  organ  is  necessary  before  pro- 
nounced symptoms  are  produced,  those  STiHering  with 
the  affection  generally  survive  for  a  considerable  period 
of  time. 

Treatment.— The  treatment  of  chronic  pancreatitis  nec- 
essarily resolves  itself  into  seeing  that  the  patient  lives 
under  proper  hygienic  conditions,  takes  a  sufficient 
amount  of  outdoor  exercise,  and  gives  the  necessary  at- 
tention to  the  diet.  Inasmuch  as  fal  s  and  starches  are 
digested  by  the  secretion  from  tliis  organ,  it  is  of  much 
importance  that  these  articles  be  eliminated  in  a  large 
measure  from  the  diet  of  the  suffei-er,  and  the  necessity 
for  a  precaution  of  this  kind  is  often  accentuated  by  the 
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coexistence  of  glycosuria.  It  is  practically  impossible 
entirely  to  withdraw  carbohydrates  from  the  dietary. 
The  administration  of  some  diastatie  ferment  with  the 
food  is  of  decided  value,  or  small  pieces  of  raw  pancreas 
may  be  substituted,  inasmuch  as  it  has  been  shown  that 
the  digestion  of  foods  and  starches  is  greatly  promoted 
by  its  use  under  these  circumstances.  Other  symptoms 
have  to  be  treated  as  they  arise. 

Pancreatic  Calculi. 

Calculi  are  occasionally  formed  in  the  pancreatic  ducts 
where  theymay  remain,  or  from  whicli  they  may  be  dis- 
charged through  the  duct  of  Wirsung  and  common  duct 
into  the  duodenum.  ^ 

Etiology. — Pancreatic  calculi  are  occasionally  encoun- 
tered post  mortem,  and  there  are  several  instances  in 
which  the  passage  of  the  stones  through  the  ducts  into  the 
duodenum  has  been  diagnosticated  in  life.  The  condi- 
tion, however,  is  one  which  is  rarely  encountered,  being 
much  less  frequent  than  cholelithiasis.  Concerning  tlie 
causation  of  this  affection  it  is  generally  assumed  that 
catarrhal  changes  in  the  ducts  most  frequently  give  rise 
to  it,  but  in  all  probability  it  maybe  also  associated  with 
the  lithsemic  diathesis. 

Morbid  Anatomy.' — ^The  calculi  are  usually  quite  small, 
being,  as  a  rule,  not  larger  than  a  grain  of  sand,  though 
instances  have  been  recorded  in  which  stones  of  this  kind 
were  more  than  an  inch  in  diameter.  There  may  be 
only  a  single  calculus  or  there  may  be  large  numbers, 
more  than  one  hundred  having  been  found  in  a  single  in- 
stance. They  are  usually  rounded  or  oblong,  but  they 
may  be  quite  irregular  in  form.  In  many  instances  their 
surfaces  are  smooth,  though  they  may  be  decidedly 
roughened.  They  are  usually  of  a  light  color,  and  con- 
sist generally  of  carbonate  of  lime,  though  they  may  be 
composed  of  phosphate  of  lime,  or  a  stone  may  consist  of 
a  combination  of  the  two.  In  some  instances  they  con- 
sist of  organic  material. 

In  cases  in  which  the  calculi  become  impacted  either  in 
the  duct  of  Wirsung  or  in  the  common  duct,  great  dila- 
tationof  these  canals  results,  and  these  distentions  may 
be  so  increased  in  size  that  they  present  the  appearance 
of  being  cysts.  As  a  result  of  the  stoppage  of  the  pan- 
creatic duct  chronic  interlobular  pancreatitis  is  sooner  or 
later  produced,  and  in  rare  instances  suppuration  of  the 
organ  occurs.  Fistulous  openings  have  sometimes  re- 
sulted, the  dilated  ducts  communicating  with  the  stom- 
ach, duodenum,  or  peritoneal  cavity.  The  irritation 
produced  by  these  stones  is  supposed  by  some  to  lead  to 
the  development  of  cancer. 

Symptoms. — In  the  few  instances  in  which  the  passage 
of  pancreatic  calculi  has  been  diagnosticated  during  life, 
the  symptoms  came  on  somewhat  suddenly  with  severe 
pain  in  the  epigastric  region,  somewhat  to  the  inner  side 
of  the  left  mammary  line.  Prom  this  point  the  pain 
generally  extended  around  the  border  of  the  ribs  on  the 
left  side  to  the  spine,  and  later  radiated  into  the  left 
shoulder.  During  the  height  of  the  attacks  vomiting 
has  been  noted,  and  in  the  case  of  Cipriani  there  were 
salivation,  polydipsia,  glycosuria,  fatty  diarrhoea,  fever, 
and  great  weakness.  Following  the  attacks  thirst  and 
hunger  have  generally  been  pronounced.  In  the  case 
just  referred  to,  there  were  repeated  attacks,  and  the 
diagnosis  was  confirmed  by  the  finding  of  a  stone  in  the 
faeces.  In  the  case  reported  by  Poliakoff  the  patient 
complained  of  severe  pain  in  the  abdomen  for  two  and  a 
half  months,  the  pain  being  sometimes  accompanied  by 
vomiting.  The  sufferer  developed  hunger  and  thirst, 
and  sugar  was  found  in  the  urine.  The  symptoms  are 
not,  however,  in  all  instances  so  characteristic,  for  in  the 
case  recorded  by  Minnich  tlie  patient  could  not  distin- 
guish between  attacks  of  pancreatic  and  those  of  biliary 
colic,  he  having  previously  repeatedly  suffered  from  the 
latter  affection. 

In  those  instances  in  which  the  calculi  lodged  in  the 
duct  of  Wirsung,  causing  retention  of  the  pancreatic  se- 
cretion and  secondary  changes  in  the  organ,  the  symptoms 
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that  followed  resembled  those  which  occur  in  chronic 
pancreatitis.  There  are  similar  digestive  distxirbances, 
siccompanied  by  loss  of  flesh  and  weight,  and  diabetes 
occasionally  develops.  The  fat  in  the  faeces  is  generally 
increased,  and  is  not  split  up  into  fatty  acids  to  the  same 
extent  as  in  health.  Microscopic  examination  of  the 
fsEces  will  frequently  show  the  presence  of  much  undi- 
gested food,  unaltered  muscle  fibres  being  especially 
numerous.  In  those  instances  in  which  the  ducts  become 
greatly  dilated  a  tumor  may  be  occasionally  felt  in  the 
region  of  the  pancreas,  and  when  this  can  be  done  the 
presence  of  such  a  tumor  may  be  considered  of  the  ut- 
most diagnostic  importance. 

Diagnosis. — The  diagnosis  of  pancreatic  colic  is  made 
by  noting  that  the  patient  is  suddenly  seized  with  severe 
pain  in  the  left  epigastric  region,  the  pain  radiating 
around  tlie  lower  border  of  the  ribs  to  the  spine  on  the 
left  side,  and  oftentimes  passing  up  into  the  left  shouldei'. 
Vomiting  and  glycosuria  in  some  instances  have  accom- 
panied the  passage  of  the  stone.  After  about  two  hours 
the  pain  usually  ceases  suddenly,  and  the  patient  develops 
marked  hunger  and  thirst.  From  biliary  colic  the  condi- 
tion may  be  usually  distinguished  by  the  facts  that  in  the 
former  condition  there  is  tenderness  in  the  region  of  the 
gall-bladder,  and  that  the  pain  is  not  confined  in  such  a 
pronounced  way  to  the  left  side  of  the  body.  It  cannot 
be  questioned,  however,  that  a  diagnosis  between  the 
two  cannot  always  be  made  with  certainty.  From  acute 
pancreatitis  it  is  distinguished  by  the  facts  that  the  vomit- 
ing is  not  so  severe,  that  the  symptoms  of  collapse  are 
not  so  pronounced,  and  that  the  pain  ceases  in  the  course 
of  a  comparatively  short  time. 

In  those  instances  in  which  the  excretory  duct  of  the 
pancreas  is  occluded,  the  symptoms  will  resemble  those 
of  chronic  interstitial  pancreatitis,  though  the  relation  of 
a  calculus  to  the  condition  may  be  inferred  when  there  is 
a  previous  history  of  possible  pancreatic  colic. 

Prognosis. — In  pancreatic  colic  the  prognosis  is  good, 
as  under  proper  exercise  and  diet  the  condition  that  lies 
at  the  bottom  of  the.  attacks  may  usually  be  entirely  re- 
lieved. 

In  those  instances  in  which  the  concretions  have  lodged 
in  the  excretory  duct  of  the  organ,  the  prognosis  is  much 
more  unfavorable,  as  sooner  or  later  chronic  interstitial 
pancreatitis  develops.  In  some  cases,  however,  recovery 
has  followed  as  a  result  of  the  establishment  of  fistulous 
communications  with  the  neighboring  viscera  and  the 
consequent  discharge  of  the  stone. 

Treatment. — For  the  relief  of  the  intense  pain  that  ac- 
companies the  passage  of  a  calculus,  morphine  should  be 
freely  administered  subcutaneously ;  and,  if  necessary, 
ether  or  chloroform  may  be  given.  The  application  of 
heat  to  the  abdominal  wall  may  be  also  of  considerable 
service.  In  the  case  of  Cipriani  the  patient  recovered 
under  the  internal  administration  of  hydrochloric  acid, 
a  vegetable  diet,  baths,  and  gymnastics.  It  has  also 
been  asserted  that  the  hypodermatic  injection  of  1  c.c.  of 
a  one-per-cent.  solution  of  pilocarpine  three  times  a  week 
has  resulted  in  the  disappearance  of  attacks  of  pancreatic 
colic.  After  the  stone  has  lodged  in  the  excretory  duct 
of  the  organ  medical  treatment  is,  of  course,  no  longer 
of  avail ;  but  it  seems  highly  probable  that  recovery  in 
these  instances  would  frequently  follow  intelligent  surgi- 
cal intervention.  _  _ 

The  treatment  of  chronic  interstitial  pancreatitis  re- 
sulting from  the  stoppage  of  the  excretory  duct  of  the 
gland  is  entirely  symptomatic,  and  is  in  every  way  simi- 
lar to  that  already  recommended  for  a  pancreas  which  is 
chronically  indurated  as  a  result  of  any  cause  whatever. 

Pancbbatic  Cysts. 

By  the  term  pancreatic  cysts  is  meant  the  presence  In 
the  organ  of  collections  of  fluids  due  to  a  variety  of  dif- 
ferent causes.  Fitz  thinks  that  many  reported  cysts  of 
the  pancreas  were  circumscribed  collections  of  fluid 
wholly  outside  of  the  organ. 

~  ■  '         -Pancreatic  cysts  occur  with  about  equal  fre- 


quency in  the  two  sexes,  as  of  121  cases  of  the  disease 
operated  upon  by  surgeons,  Koerte  found  that  61  were 
males,  56  females,  and  in  5  the  sex  was  not  mentioned. 
The  aflection  is  rather  more  common  after  middle  life 
than  before,  though  instances  have  been  reported  in  which 
the  disease  occurred  in  an  infant  six  months  old.  As 
several  cases  have  been  reported  in  very  young  children, 
it  is  highly  probable  that  pancreatic  cysts  are  occasion- 
ally congenital,  though  the  more  frequent  cause  is  be- 
yond doubt  the  obstruction  of  the  excretory  duct  of  the 
gland.  Trauma  is  also  recognized  as  a  frequent  etiologi- 
cal factor  in  the  production  of  cysts  of  the  pancreas,  as 
out  of  131  cases  collected  by  Koerte,  in  83  instances  the 
lesions  had  followed  blows  or  injuries.  Retention  cysts 
which  have  developed  from  the  smaller  ducts  of  the 
gland — through  their  becoming  occluded  either  by  a  con- 
striction or  by  the  pressure  exerted  by  a  calculus  or  by  a 
tumor  of  some  kind — are  sometimes  encountered.  In  a 
remarkable  case  reported  by  Durante  a  c.yst  resulted  from 
the  obstruction  of  the  duct  of  Wirsung  |jy  a  round  worm. 
Parasitic  cysts  are  sometimes  likewise  found.  It  is 
highly  probable  that  in  many  of  those  instances  in  which 
pancreatic  cysts  are  supposed  to  have  followed  injury 
the  condition  is  really  one  of  inflammation  of  the  tissues 
surrounding  the  organ,  with  the  accumulation  of  inflam- 
matory products. 

Morbid  Anatomy. — Cysts  may  occur  in  any  part  of  the 
pancreatic  tissues,  though  they  are  most  commonly  en- 
countered in  the  body  and  tail  of  the  organ.  They  vary 
in  size  from  those  that  are  merely  microscopic  to  enor- 
mous collections  of  liquid,  an  instance  having  been  re- 
corded in  which  the  tumor  contained  fourteen  quarts  of 
fluid.  The  cysts  may  be  single  or  multiple.  Their  walls 
are,  as  a  rule,  smooth,  but  in  some  instances  papillary 
new  formations  spring  from  them.  The  inner  walls  of 
the  cysts  are  lined  by  cylindrical  epithelium.  The  fluid 
is  usually  of  a  clear  grayish  hue,  .and  is  slightly  opaque, 
though  not  uncommonly  it  is  clear  and  of  a  straw  color; 
in  a  few  cases,  however,  and  particularly  in  those  of  a 
traumatic  nature,  it  may  be  blood-stained.  The  reaction 
of  the  liquid  is  alkaline,  the  specific  gravity  varying  from 
1.010  to  1.024.  In  many  instances  the  fluid  will  emulsify 
fat,  convert  starch  into  glucose,  and  digest  albuminous 
substances,  though  not  uncommonly,  especially  in  older 
cysts,  these  properties  are  entirely  wanting.  Under  the 
microscope  the  fluid  is  found  to  contain  leucocytes,  epi- 
thelial cells,  cholesterin,  and  small  drops  of  fat.  _ 

In  many  cases  the  tumors  gradually  increase  in  size  at 
the  expense  of  the  parenchyma  of  the  pancreatic  struct- 
ures, and  this  is  sometimes  so  extreme  that  the  gland 
may  be  practically  destroyed.  As  the  cyst  enlarges  it 
usually  pushes  the  stomach  upward  and  the  transverse 
colon  downward,  though  the  latter  viscus  may  lie  di- 
rectly in  front  of  it.  In  rare  instances  the  cyst  lies  above 
the  lesser  curvature  of  the  stomach  and  pushes  the  or- 
gan downward ;  and  in  other  cases  it  develops  below  both 
the  stomach  and  the  transverse  colon.  In  some  instances 
the  walls  of  the  cysts  are  firmly  attached  by  adhesion 
to  neighboring  viscera.  The  cysts  may  rupture  into 
the  peritoneal  cavity,  into  the  stomach,  or  into  the  in- 

Symptoms. — In  quite  a  number  of  instances  the  first 
evidence  of  the  existence  of  a  pancreatic  cyst  has  been 
the  detection  of  a  tumor-like  mass  in  the  abdominal  cav- 
ity, although,  as  a  rule,  before  these  cysts  reach  a 
noticeable  size  other  symptoms  manifest  themselves  and 
first  direct  attention  to  them.  In  the  traumatic  cases 
there  are  usually  in  the  beginning  inflammatory  symp- 
toms, consisting  of  pain,  vomiting,  and  more  or  less 
pronounced  collapse.  In  all  varieties  of  these  cysts  usu- 
ally the  most  pronounced  symptom  is  pain,  which  may 
occur  in  attacks  lasting  only  a  short  time,  or  may  be 
persistent  and  continued  for  weeks,  months,  or  even 
years.  The  pains  are  present  in  the  region  of  the  pan- 
creas, and,  as  in  other  affections  of  this  organ,  they  have 
a  tendency  to  radiate  toward  the  left  side,  and  into  the 
left  shoulder.  Not  uncommonly  these  painful  paroxysms 
are  accompanied  by  symptoms  of  deranged  digestion,  and 
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as  the  disease  progresses  the  patient  loses  in  weight  and 
strength.  As  the  cysts  enlarge  they  appear  as  localized 
prominences  in  the  upper  portion  of  the  abdomen,  usu- 
ally in  the  left  hypochondriac  region,  though  they  may 
he  present  below  the  navel.  The  tumors  are  globular 
in  shape,  smooth,  and  offer  considerable  resistance.  In 
most  instances  they  are  but  slightly  movable,  and  are 
not,  as  a  rule,  affected  to  any  great  extent  by  the  respira- 
tory act,  but  instances  have  been  recorded  in  which  they 
were  pedunculated  and  could  be  moved  into  almost  all 
parts  of  the  abdominal  cavity.  The  cysts  are,  of  course, 
dull  on  percussion  when  not  covered  by  the  stomach  or 
intestine.  The  pulsation  of  the  abdominal  aorta  is  not 
uncommonly  transmitted,  though  the  cysts  are  never  ex- 
pansile. On  auscultation  a  systolic  soufile  may  be  dis- 
tinctly heard  in  some  instances.  The  tumor  by  its 
pressure  may  seriously  interfere  with  the  functions  of 
neighboring  organs  in  addition  to  its  destructive  action 
on  the  pancreas  itself.  The  pressure  in  some  instances 
has  been  so  extreme  that  symptoms  of  intestinal  obstruc- 
tion have  occurred,  and  jaundice  in  some  cases  has  been 
produced.  Sometimes  tlie  cyst  diminishes  in  size,  as  in 
a  case  reported  by  Halsted,  in  which  the  girth  of  the  ab- 
domen decreased  to  the  extent  of  twelve  inches  in  ten 
days.  If  the  entire  gland  be  destroyed,  or  if  its  duct  be 
so  compressed  that  the  pancreatic  juices  cannot  be  dis- 
charged, the  faeces  may  contain  considerable  quantities 
of  fat,  glycosuria  may  be  present,  and  the  amount  of 
indican  in  the  urine  may  be  decreased.  Salivation,  as  in 
other  diseases  of  the  pancreas,  is  sometimes  noted. 

Diagnosis. — Cysts  of  the  pancreas  should  be  suspected 
in  all  cases  in  which  successive  attacks  of  severe  pain  oc- 
cur in  the  epigastric  region,  especially  if  they  be  accom- 
panied by  pronounced  symptoms  of  collapse.  The  diag- 
nosis, however,  must  always  remain  problematical  until 
a  tumor  is  discovered  in  the  aflected  region,  in  which 
case,  conjoined  with  the  symptoms  just  referred  to,  the 
probability  of  pancreatic  cyst  should  always  be  consid- 
ered. Should  doubt  exist,  aspiration  maybe  resorted  to, 
and  the  fluid  obtained  tested  for  pancreatic  ferments ;  but 
it  should  always  be  remembered  that  in  quite  a  propor- 
tion of  cases  the  fluids  that  occur  in  these  possess  no 
digestive  properties,  and  on  the  other  hand  tliat  other 
liquids  sometimes  do.  From  aneurism  the  cysts  may  be 
differentiated  by  the  fact  that  even  when  they  show  pul- 
sation it  is  non-expansile,  and  that  in  the  knee-elbow 
position  it  entirely  disappears.  Collections  of  fluids  in 
the  pancreas  maybe  mistaken  for  ovarian  cysts,  but  may 
be  generally  diagnosed  by  the  facts  that  in  the  latter  con- 
dition the  increase  in  the  abdomen  is  from  below  upward, 
and  that  on  aspiration  the  contents  of  the  tumors  are 
rarely  blood-stained,  do  not  emulsify  fat,  and  contain  no 
digestive  ferments.  Cysts  of  the  gall-bladder  differ  in 
that  they  are  continuous  with  the  liver,  and  that  on 
puncture  the  fluid  found  corresponds  to  bile  rather  than 
to  the  juices  elaborated  by  the  pancreas.  Solid  tu- 
mors may  be  distinguished  by  the  fact  that  they  contain 
no  liquids.  Cysts  of  the  lesser  peritoneum,  or  mesen- 
tery, are  differentiated  with  great  difficulty  from  like 
collections  of  fluid  occurring  in  the  pancreas,  but  the 
absence  of  digestive  properties  in  the  liquids  removed 
from  these  situations,  and  the  lack  of  symptoms  indi- 
cating interference  with  the  proper  performance  of  the 
functions  of  tlie  pancreas  may  serve  to  make  the  diag- 
nosis clear. 

Prognosis. —Cysts  of  the  pancreas  not  uncommonly  ex- 
ist for  long  periods  of  time  without  producing  any  serious 
results,  but  they  may  cause  marked  disturbances  by  press- 
ing upon  the  neighboring  organs.  Diabetes  is  sometimes 
produced  by  them,  though  this  is  comparatively  rare. 
The  particular  danger  is  rupture  of  the  cyst  into  the 
neighboring  cavities. 

Treatment.— Oi  one  hundred  and  one  cases  collected  by 
Koerte,  which  were  opened  and  drained,  four  deaths  fol- 
lowed as  a  direct  result  of  the  operation,  and  one  case 
ultimately  ended  fatally  from  infection  of  a  fistulous  tract 
resulting.  In  fourteen  cases  the  cysts  were  extirpated 
with  twelve  recoveries. 
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Tumors  of  the  pancreas  are  exceedingly  rare,  but  the- 
neoplasms  that  occur  in  the  organ  are  in  most  instances, 
malignant.  Of  the  tumors  that  develop  in  the  gland 
carcinoma  is  the  most  common,  but  sarcoma,  adenoma, 
lymphoma,  gumma,  and  tubercle  are  occasionally  en- 
countered. For  the  reason  that  most  of  the  tumors  that, 
occur  in  the  organ  belong  to  the  group  of  carcinomata, 
and  inasmuch  as  the  symptoms  of  other  tumors  of  mo- 
ment are  practically  identical  with  those  occurring  in 
this  form  of  the  disease,  cancer  will  be  alone  considered. 

Carcinoma  of  the  Pancreas. — Notwithstanding  the 
great  amount  of  work  that  has  been  recently  done  upon 
the  subject  of  the  etiology  of  cancer,  there  is  as  yet  no 
satisfactory  explanation  of  its  causation,  and  we  shall 
therefore  have  to  be  contented  with  pointing  out  that 
carcinoma  of  the  pancreas  usually  occurs  between  the 
ages  of  thirty  and  fifty,  and  that  it  appears  to  be  rather 
more  frequent  in  men  than  in  women.  The  rarity  of  the 
condition  is  evident  by  the  fact  that  in  36,541  post-mor- 
tems the  disease  was  found  in  only  174  instances. 

Morbid  Anatomy. — Carcinoma  of  the  pancreas  may  oc- 
cur in  any  part  of  the  organ,  but  its  most  frequent  site  is 
in  the  head  of  the  gland.  The  tumor  may  be  very  soft, 
or,  when  containing  much  fibrous  tissue,  of  almost  car- 
tilaginous consistency.  In  some  instances  the  neoplasm 
is  circumscribed  and  remains  confined  to  one  part  of  the 
organ ;  but  in  other  cases  it  is  diffused  throughout  the 
entire  substance  of  the  gland.  It  may  be  very  small  or 
quite  large,  sometimes  attaining  the  size  of  a  cocoanut. 
The  disease  does  not  remain  confined  to  the  pancreas, 
but  is  prone  to  extend  into  the  surrounding  tissues,  no- 
tably into  the  walls  of  the  duodenum.  The  lymph  nodes 
in  the  vicinity  are  sooner  or  later  involved,  and  second- 
ary nodules  may  occur  in  the  spleen  or  liver. 

Symptoms. — Until  the  tumor  reaches  such  a  size  that  it 
can  be  palpated,  the  diagnosis  of  cancer  of  the  pancreas 
is  exceedingly  difficult,  and  is  Indeed  generally  impossi- 
ble, as  the  symptomatology  of  the  disease  in  its  incip- 
iency  is  apt  to  be  vague  and  misleading.  In  most  cases 
the  first  manifestations  of  the  affection  are  disorders  of 
the  digestive  functions,  which  in  the  course  of  weeks  or 
months  are  followed  by  paroxysms  of  epigastric  pain,  not 
uncommonly  accompanied  by  nausea  and  vomiting.  As 
the  tumor  increases  in  size  the  common  duct  is  in  most  • 
instances  compressed,  with  the  result  that  jaundice  of  an 
intense  and  persistent  kind  is  induced,  and  on  account 
of  the  retention  of  the  bile  the  gall-bladder  is  generally 
greatly  dilated.  Jaundice  sometimes  develops  slowly, 
and  in  other  instances  with  suddenness.  On  account  of 
the  absence  of  the  pancreatic  and  biliary  secretions  the 
faeces  are  apt  to  be  white,  and  in  rare  instances  to  con- 
tain an  increased  amount  of  fat.  The  faces  when  ex- 
amined microscopically  are  apt  to  exhibit  many  undigest- 
ed muscle  fibres,  even  in  instances  in  which  constipation 
exists.  In  some  cases  the  urine  is  found  to  contain  sugar, 
and  indican  is  said  by  some  to  be  considerably  diminished 
in  amount.  As  the  tumor  increases  in  size  it  sometimes 
causes  obstruction  of  the  duodenum,  with  the  result  that 
the  stomach  and  upper  part  of  this  viscus  become  con- 
siderably dilated.  If  it  be  very  large  it  may  impede  the 
portal  circulation  with  the  production  of  ascites,  or  by 
pressure  upon  the  inferior  vena  cava  dropsy  in  the  lower 
extremities  may  be  developed.  In  rare  cases  hydrone- 
phrcsis  has  been  produced  in  the  left  kidney  as  a  result  of 
the  compression  of  the  left  ureter.  After  the  tumor  be- 
comes quite  large  it  may  be  felt,  especially  if  perfect  re- 
laxation of  the  abdominal  muscles  be  brought  about  by 
the  means  of  general  anaesthesia.  It  should,  however, 
be  remembered  that  the  tumor  must  be  quite  large  in  or- 
der that  this  may  be  accomplished,  for  it  has  not  been 
palpated  in  more  than  ten  per  cent,  of  all  cases  in  which 
the  disease  was  undoubtedly  present.  If  carcinoma  ex- 
ist the  tumor  is  deeply  seated,  and  is  but  slightly  mov- 
able. It  may  or  may  not  be  tender.  In  some  instances- 
the  neoplasm  causes  hemorrhage  into  the  peritoneal  cav- 
ity or  into  the  intestine,  and  this  may  be  so  profuse  as  to- 
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cause  death.  In  the  beginning  the  appetite  and  general 
health  may  be  but  little  changed,  and,  indeed,  increased 
hunger  and  thirst  may  occur,  especially  if  diabetes  exist. 
As  the  disease  progresses  the  patient,  as  is  usual  in  all 
forms  of  carcinoma,  becomes  anaemic  and  loses  flesh, 
which  condition  may  be  extreme  in  the  latter  stages  of 
the  afl:'ection.  The  temperature  is  apt  to  be  somewhat 
below  the  normal. 

Diagnosis. — Carcinoma  of  the  pancreas  is  most  likely 
to  be  mistaken  for  carcinoma  of  one  of  the  neighboring 
viscera — the  liver,  the  transverse  colon,  the  pyloric  end 
of  the  stomach,  or  the  duodenum.  From  carcinoma  of 
the  liver  it  is  distinguished  by  the  facts  that  in  the  for- 
mer condition  the  disease  is  in  almost  all  instances  sec- 
ondary to  cancer  of  some  of  the  other  abdominal  viscera, 
that  it  is  often  associated  with  enlargement  of  the  liver, 
and  that  an  ascites  freqxiently  exists.  The  tumor  in  can- 
cer of  the  liver  is  situated  somewhat  higher  up  than  are 
those  of  the  pancreas,  and  it  is,  as  a  rule,  more  easily 
movable.  In  both  diseases  jaundice  occurs,  but  is  much 
more  common  in  cancer  of  the  pancreas.  In  cancer  of 
the  transverse  colon  obstinate  constipation  as  a  result  of 
the  obstruction  usually  exists,  and  this  is  generally  asso- 
ciated with  the  production  of  a  large  amount  of  indican, 
quantities  of  which  appear  in  the  urine.  In  these  cases 
the  tumor  is  more  superficial,  and  is  more  frequently 
movable,  and  the  disease  is  not  accompanied  by  jaundice. 
In  cancer  of  the  pyloric  end  of  the  stomach  there  is  com- 
monly a  history  of  intense  pain  developing  an  hour  or  so 
after  taking  food,  and  examination  usually  reveals  the 
fact  that  the  stomach  is  greatly  dilated,  contains  much 
lactic  acid,  and  but  little  hydrocliloric  acid.  Not  un- 
commonly it  will  be  found  that  the  patient  suffering  with 
this  malady  has  vomited  blood  freeiy,  and  jaundice  is  not 
so  apt  to  be  present.  From  cancer  of  the  duodenum  it 
is  practically  impossible  to  distinguish  carcinoma  of  the 
pancreas,  as  the  two  conditions  commonly  give  rise  to 
symptoms  in  every  way  similar.  Cancer  arising  in  cither 
of  these  situations  is,  moreover,  very  apt  to  extend  to  the 
other.  The  symptoms  of  cancer  «f  the  pancreas  that  are 
of  greatest  diagnostic  importance  aae  the  presence  of  a 
deeply  seated  but  slightly  movable  tumor  in  the  situation 
normally  occupied  by  the  head  of  the  gland,  the  exist- 
ence of  intense  and  persistent  jaundice,  pain  in  the  af- 
fected region,  rapid  emaciation  and  loss  of  strength,  di- 
minished excretion  of  indican  in  tlie  urine,  and  especially 
the  presence  of  sugar  in  this  excretion.  The  absence  of 
the  pancreatic  juice  in  the  intestine,  according  to  Mueller, 
results  in  the  diminished  splitting  up  of  the  fats  ingested, 
and  this,  if  true,  in  all  probability  will  prove  of  much 
value  in  enabling  us  to  make  the  diagnosis  in  obscure 
cases.  For  the  reason  that  salol,  when  taken  by  the  stoni- 
ach,  is  decomposed  only  in  the  presence  of  the  pancreatic 
secretion,  the  absence  of  carbolic  acid  in  the  urine  after 
the  administration  of  full  doses  of  this  drug  points  to 
obstructive  lesions  of  the  excretory  ducts — a  condition 
which  is  usually  present  in  carcinoma  of  the  organ. 

Prognosis. — When  surgical  interference  is  not  invoked, 
death  in  practically  all  instances  results  from  carcinoma 
of  the  pancreas,  but  the  practicability  of  removing  tu- 
mors from  this  organ  has  been  recently  clearly  shown; 
and  in  cases  in  which  the  diagnosis  can  be  made  early 
enough,  the  operation  would  offer  some  hope  for  the  life 
of  the  patient. 

Treatment.— As  we  have  no  drugs  that  act  specifically 
on  carcinomatous  processes,  treatment  is  to  be  entirely 
of  a  symptomatic  kind.  Diastases  and  small  pieces  of 
raw  pancreas  may  be  administered  with  the  food  with 
advantage,  but  the  onl}'  effect  that  can  follow  this  is  an 
improvement  in  the  digestive  functions.  In  the  early 
stages  an  operation  may  be  the  means  of  saving  the  pa- 
tient's life,  as,  according  to  Koerte,  recovery  has  followed 
in  several  cases  of  this  kind  after  the  removal  of  the 
tumor.  Henry  Fauntleroy  Harris. 
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PANCREAS.  (SURGICAL.)— Anatomical  Considek- 
ATioNs. — The  pancreas  lies  transversely  across  the  upper 
part  of  the  abdominal  cavity,  behind  the  stomach,  on  a 
level  with  the  first  and  second  lumbar  vertebrae,  and 
three  inches  above  the  umbilicus.  The  head  is  contained 
in  the  loop  of  the  duodenum,  the  body  lies  on  the  crura, 
of  the  diaphragm.  To  the  left  the  posterior  surface  is 
in  contact  with  the  left  kidney  and  suprarenal  capsule. 
The  tail  touches  the  lower  part  of  the  inner  surface  of 
the  spleen.  Its  average  length  is  from  five  to  six  inches, 
and  it  weighs  from  two  and  a  half  to  three  and  a  half 
ounces. 

The  blood  supply  is  from  the  splenic  artery  and  from- 
the  inferior  mesenteric  and  hepatic  by  the  inferior  and. 
superior  pancreatico-duodenal  arteries.  The  blood  is  re- 
turned into  the  portal  vein  by  means  of  the  splenic  and: 
superior  mesenteric  veins. 

The  lymphatics  terminate  in  two  glands  which  lie  od- 
the  superior  mesenteric  artery.  The  nerves  are  branches 
of  the  solar  plexus  which  accompany  the  arteries  enter- 
ing the  gland. 

The  pancreas  is  a  compound  racemose  gland,  soft  in. 
texture,  and  of  a  pinkish-cream  color  (Morris '). 

The  secretion  of  the  pancreas  is  carried  by  short  canals 
or  ducts  to  the  main  duct,  the  duct  of  Wirsung,  which 
they  join  at  nearly  right  angles.  The  duct  of  Wirsung 
turns  down  through  the  head  of  the  pancreas  and  opens 
into  the  second  portion  of  the  duodenum,  together  with 
the  common  bile  duct.  The  lesser  duct,  or  duct  of  San- 
torini,  collects  the  secretion  from  a  portion  of  the  neck 
and  head  of  the  pancreas,  and  opens  into  the  duodenum 
3.5  to  3.0  cm.  nearer  the  stomach.  Brewer' states  that 
the  older  anatomists  were  wrong  in  teaching  that  the 
duct  of  Santorini,  or  smaller  duct,  usually  atrophied; 
according  to  him  it  is  practically  always  present  in  the 
human  subject. 

The  pancreas  is  developed  between  the  two  layers  of 
the  posterior  mesentery  from  two  offshoots  from  the  in- 
testinal tube  just  below  the  gastric  dilatation.  Brewer^ 
calls  especial  attention  to  the  fact  that  the  paaci'eas  is  at 
this  time  completely  invested  by  peritoneum,  "and  only 
becomes  a  retroperitoneal  organ  by  the  absorption  and 
conversion,  into  areolar  tissue  and  fat,  of  the  several  layers 
of  the  posterior  mesentery. "  He  then  draws  attention  to 
the  fact  that  the  areolar  tissue  surrounding  the  pancreas 
is  continuous  with  that  surrounding  the  left  kidney  and 
the  areolar  tissue  lying  behind  the  colon  on  the  left  side. 

Accessory  Pancreas.— Tieken  states  that  fourteen 
cases  of  accessory  pancreas  have  been  reported.  This 
results  from  lack  of  fusion  of  the  separate  diverticu- 
lums. These  accessory  glands  may  be  found  in  the 
walls  of  the  stomach  or  duodenum,  or  in  the  mesen- 
tery. It  has  been  suggested  that  these  accessory  glands, 
may  cause  diverticulums  of  the  intestine.     They  have 
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been  found  at  the  tips  of  such  processes.  Tlie  "pan- 
creas minus "  is  merel}'  an  accessory  pancreatic  lobule 
springing  from  the  head  of  the  main  gland  and  it  iisu- 
allj'  extends  along  the  wall  of  the  duodenum.     Hyatt 
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Fig.  3730.— Shows  the  ^ollnal  Relations  of  the  PaDcreas  to  the 
Stomach,  Colon  and  Peritoneum,  as  they  Appear  in  a  Lonfjitudinal 
Antero-Posterior  Section  ol  the  Trunk.  (From  Kehr.)  n,  Liver;  b, 
stomach  ;  c,  transverse  colon ;  /,  foramen  of  Wlnslow ;  I,  omentum ; 
Hi,  omentum  minus  ;  )i,  pancreas  ;  u,  bursa  omentalis ;  jj,  duodenum. 

speaks  of  a  partial  division  of  the  gland  lj_y  the  mes- 
enteric vessels  during  development.  The  most  impor- 
tant surgical  anomaly  is  described  by  Tielicn  as  follows: 
The  neck  was  of  normal  size,  the  head  somewhat 
enlarged.  "From  the  lieail  two  bauds  of  glandular 
substance  extend  forward  in  such  a  manner  as  to  sur- 
round the  lower  part  of  the  descending  duodenum,  form- 
ing a  complete  ring  about  its  circumference.  ,  .  ,  The 
duodenum  is  greatly  constricted  at  this  portion,  and  ad- 
mits tlie  tip  of  the  index  finger  with  difficulty.  .  .  .  The 
duodenum  above  the  constriction  is  greatly  dilated,  form- 
ing a  sacculation  nearly  one-lialf  the  size  of  the  stomacli. " 
Similar  cases  have  been  rejiorted  by  Ecker,'"  Auberg," 
Symington, '■•'  and  Genersicli.''' 

"Tlie  anatomical  relations  of  the  common  bile  duct  and 
the  duet  of  Wirsung  are  well  known.  The  common  bile 
duct  descends  toward  tlie  duodenum  alongside  tlie  head 
of  tlie  pancreas,  occasionally  embedded  in  its  substance, 
and  comes  in  contact  witli  the  duct  of  Wirsung,  beside 
which  it  lies  for  a  short  but  variable  distance  before  en- 
tering the  wall  of  the  hitestine.  The  two  ducts  pene- 
trate, side  by  side,  the  coats  of  the  duodenum,  and  after 
passing  obliquely  a  distance  of  aliout  3  cm.  and  causing 
a  pa|)i'la-]ike  elevation  of  the  mucous  membrane,  unite 
to  fonii  a  short  cavity — the  diverticulum  of  Vater.  Near 
its  termination  at  ap(jintwhere  tlie  two  ducts  arc  in  eon- 
tact,  the  common  duct  becomes  constricted,  and  it  is  licre 
that  a  foreign  body  passing  downward,  tends  to  lodge" 
(Opic'). 

Both  ducts  may  enter  the  duodenum  independcmtly  of 
eacli  other  and  the  heiiatic  duet.  In  one  case  the  duct 
of  Santorini  entered  the  stomach. 

Tiic  iiancreas  is  a  fixed  organ  and  does  not  descend 
during  forced  inspiration.  Nevertheless,  it  has  been 
found  in  diaphragmatic  hernias,  in  congenital  umbilical 
lieruias,  and  in  Band's-"  case  the  duodenum,  pancreas, 
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and  a  portion  of  the  ileum  and  colon  were  invaginated 
into  the  descending  colon. 

Total  extirpation  of  the  pancreas  in  animals  is  usually 
followed  by  true  diabetes,  and  partial  extirpation  by 
temporary  or  alimentary  diabetes. 

Persistence  of  fat  in  the  stools  in  the  absence  of  jaun- 
dice and  diarrliQ'a  is  an  indication  of  disease  of  the  pan- 
creas, particularly  when  accompanied  by  great  emacia- 
tion. 

TjiAUJt.\TiSM. — The  pancreas,  from  its  position,  is  sel- 
dom injuied  alone.  The  liver,  stomach,  and  transverse 
colon  lie  in  front,  and  if  the  liver  .should  happen  to  be  en- 
larged and  if  the  stomacli  and  colon  .should  be  full  at  the 
time  when  the  inj  uiy  occurred,  the  pancreas  could  hardly 
escape  a  frontal  attack.  It  might  possibly  be  injured 
from  behind  from  a  penetrating  wound  or  from  a  frac- 
tured vertebra.  On  the  other  hand,  the  pancreas,  as 
mentioned  by  Rob.son,*  is  soft  in  consistence  and  easily 
bruised.  The  lobules  are  not  well  supported  as  in  the 
parotid.  Blows  upon  the  abdomen  or  a  kick  or  a  fall 
against  a  hard  object  ma_y,  under  certain  circumstances, 
injure  the  pancreas.  Robson  i-elates  the  case  of  a  butler 
who  slipped  and  fell  against  a  knife  board  projecting 
from  the  end  of  a  table  at  which  he  was  working.  The 
blow  was  not  severe,  the  man  did  not  even  fall  to  the 
ground,  but  acute  hemorrhagic  pancreatitis  followed  and 
the  patient  died.  An  exploration  for  peritonitis  followed 
by  an  autopsy,  revealed  the  true  cause  of  death.  Gener- 
ally the  neighboring  organs,  the  stomach,  colon,  liver, 
spleen,  and  lungs  are  injured  at  the  same  time. 

The  diagnosis  of  injury  to  the  pancreas  alone  is  impos- 
sible. It  can  onl}^  be  inferred  from  the  nature  of  the 
accident  and  from  symptoms  of  shock  and  hemorrhage. 
After  the  abdomen  is  opened,  injuries  to  neighboring  or- 
gans will  probably  be  found  in  addition  to  that  of  the 
pancreas.  If  the  pancreas  is  torn,  an  attempt  should  be 
made  to  close  the  rent  by  stitches.  Hemorrhage  may  be 
controlled  b_v  gauze  packing.  It  is  obviously  inadvis- 
able to  ligature  the  superior  mesenteric  artery.  Repair 
may  take  place  ;  cysts  may  subsequently  develop.  Gan- 
grene of  the  pancreas  has  followed  injuiy  to  the  paren- 
chyma. 

Perforating  wounds  of  the  pancreas  are  not  common. 
Koerte  has  collected  six  cases.  They  generally  result 
from  gunshot  or  stab  wounds,  and  are  nearly  always  fa- 
tal from  the  complications,  such  as  injuries  to  the  stom- 
ach, spleen,  hings,  or  liver.  A  definite  diagno.sis  can 
be  made  only  by  an  exploratory  incision.     If  the  compli- 
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eating  injuries  and  the  condition  of  the  patient  permit, 
the  wound  in  the  pancreas  might  bo  closed.  The  most 
perfect  asepsis  should  be  attained. 

Prolapse  of  the  pancreas  is  difficult  to  understand,  but 
cases  are  reported  by  Kehr.^  The  tail  is  the  most  mov- 
able part  of  the  organ.     It  may  bo  replaced  and  main- 
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■tained  in  position,  until  adhesions  have  formed,  by  ster- 
ilized gauze  packing. 

As  hemorrhage  of  the  pancreas  (or  pancreatic  apo- 
plexy), acute  hemorrhagic  pancreatitis,  and  fat  necrosis, 
are  affections  which  belong  to  the  domain  of  the  physi- 
cian rather  than  to  that  of  the  surgeon,  the  reader  is  re- 
ferred, for  information  with  regard  to  them,  to  the  article 
immediately  preceding  this. 

Necrosis  of  the  Pancrb.\s. — Necrosis  or  gangrene 
of  the  pancreas  may  result  from  different  causes.  Tlio 
whole  gland  may  necrose,  but  more  frequently  the  ne- 
crosis involves  only  a  portion.  The  tail  and  body  arc 
■often  involved  in  this  process.  In  other  cases  the  affected 
areas  are  numerous  and  small.  The  necrotic  area  may 
be  infolded  by  peritoneum  and  ultimately  an  abscess 
may  form  at  this  point.  In  two  cases  reported  by  Chiari 
recovery  ensued  after  a  portion  of  the  pancreas  had  been 
passed  per  rectum.  "  In  other  cases  the  pancreas  is  con- 
verted into  a  dark,  slaty-colored  mass  lying  nearly  free  in 
the  omental  cavity  or  attached  by  a  few  shreds  "  (Osier). 

The  causes  of  necrosis  are  to  be  found  in  inflammatory 
suppuration  and  hemorrhagic  conditions  of  the  pancreas 
itself.  It  may  arise  from  infections  entering  from  the  in- 
testine or  through  a  perforating  ulcer  of  the  stomach,  as 
in  a  case  reported  by  Chiari."'  Syphilitic  disease  of  the 
blood-vessels  and  arteriosclerosis  are  also  assigned  as 
causes.  Fitz  and  Koerte  have  reported  about  forty  cases. 
A  fatal  ending  is  common. 

Symptoms. — Many  pathological  lesions  of  the  upper 
abdominal  region  are  closely  simulated  by  necrosis  or 
gangrene  of  the  pancreas.  A  very  careful  study  of  the 
clinical  history  may  throw  light  on  the  case.  Perforat- 
ing ulcer  of  the  stomach,  gall-stone  colic,  or  perforation 
of  the  bile  passages  may  give  rise  to  similar  symptoms. 
A  diagnosis  of  intestinal  obstruction  has  been  made  on 
several  occasions  and  laparotomies  have  been  performed 
without,  of  course,  revealing  any  obstruction.  Pain, 
tenderness,  vomiting,  and  collapse  are  present  in  severe 
cases,  and  later,  with  the  formation  of  pus  around  the 
necrotic  area,  there  will  probably  be  an  intermittent  tem- 
perature, a  dry  tongue,  and  a  feeble  pulse.  If  the  patient 
survives  there  may  develop  such  complications  as  perito- 
nitis, pulmonary  embolism,  metastatic  pleurisy,  pericar- 
ditis, leptomeningitis,  and  pyaemia.  The  different  courses 
taken  by  the  pus  after  abscess  for  mation  will  be  referred 
to  under  Suppurative  Pancreatitis. 

Diagnosis. — A  definite  diagnosis  is  possible  only  after 
a  portion  of  the  necrotic  pancreas  has  been  passed  per 
rectum  or  found  by  exploratory  incision.  Kidney  lesions 
might  be  excluded  by  an  examination  of  the  urine. 

Treatment.— Dvamg  t\i6  acute  stage  but  little  can  be 
done  except  to  relieve  pain ;  and,  if  collapse  is  present, 
stimulants  may  be  administered  judiciously.  After  en- 
capsulation and  pus  formation  have  taken  place,  surgical 
interference  may  be  indicated.  The  abscess  may  be  ap- 
proached from  behind,  through  the  loin  or  through  the 
pleura,  or  by  an  anterior  incision  through  the  abdominal 
wall.  Some  patients  remain  well,  but  diabetes  has  occa- 
sionally developed  a  year  or  two  afterward. 

Acute  Suppurative  Pancreatitis. — In  1688  Blan- 
card  reported  finding  small  abscesses  in  the  pancreas  of 
a  child  that  had  died  of  variola,  and  cases  have  been  de- 
scribed in  increasing  number  during  recent  years.  Os- 
ier '*  has  analyzed  46  cases ;  of  these  28  were  men  and  11 
were  women.  The  age  was  given  in  30  cases.  The 
greatest  number  occurred  between  the  ages  of  twenty 
and  fifty,  the  largest  number,  11,  between  twenty-one 
and  thirty.  There  may  be  one  or  innumerable  abscesses. 
Several  small  ones  may  coalesce  and  form  one  large  ab- 
scess. In  24  cases  there  was  a  single  abscess  and  in  14 
numerous  small  ones  (Osier). 

The  causes  are  divided,  by  Dieckhoff,  into  three  groups. 
In  the  first  the  infection  is  brought  to  the  pancreas  by  the 
Wood  stream;  in  the  second,  the  infection  comes  from 
some  adjacent  focus,  as,  for  example,  the  base  of  a  stom- 
ach ulcer  which  has  become  adherent  to  the  pancreas  be- 
fore perforating ;  in  the  third,  the  infection  passes  in  from 
the  duodenum  through  the  ducts  of  Wirsung  or  Santorini. 


It  is  now  quite  generally  thought  that  the  cause  is  an  in- 
fection. The  colon  bacillus,  first  found  by  Welch  in  the 
pancreatic  ducts,  and  many  varieties  of  micro-organisms, 
are  now  known  to  be  present  in  the  pus.  In  some  cases 
there  is  a  history  of  gastroduodeual  derangements  and  of 
pancreatic  and  of  biliary  calculi.  Thrombosis  of  the  por- 
tal and  splenic  veins  with  abscess  formation  in  the  liver 
and  spleen  are  not  uncommon.  The  spleen  may  not  be 
enlarged  even  when  the  splenic  vein  is  obliterated.  In- 
flammation of  the  peritoneum  in  the  immediate  neigh- 
borhood is  common,  that  of  the  peritoneum  below  the 
transverse  colon  rare.  When  that  covering  the  diaphragm 
is  involved  the  inflammation  may  extend  to  the  pleura 
and  pericardium  (Fitz). 

The  abscess  formation  is  seldom  confined  to  within  the 
capsule  of  the  pancreas.  Outside  the  pancreas  the  pus 
may  collect  between  the  layers  of  the  mesentery  or  omen- 
tum, or  in  the  lesser  peritoneal  cavity  (the  foramen  of 
Winslow  being  closed),  or  it  may  extend  back  into  the 
loins.  Sometimes  it  burrows  down  behind  the  descend- 
ing colon  to  the  pelvis  (Koerte).  Fat  necrosis  is  rare  in 
suppurative  pancreatitis  (Fitz). 

Symptoms. — The  onset  is  generally  sudden  and  charac- 
terized by  severe  pain  in  the  epigastrium.  The  pain  and 
tenderness  may  be  referred  to  one  or  the  other  side  of  the 
median  line  if  the  lesion  is  limited  to  the  tail  or  head  of 
the  organ.  In  some  cases  there  is  no  pain.  Vomiting 
is  usually  present.  There  may  be  constipation  or  diar- 
rhoea, sometimes  colliquative.  The  temperature  varies. 
Absence  of  fever  is  rare.  Chills  are  frequently  present. 
According  to  Fitz  more  or  less  jaundice  is  present  in 
one-fourth  of  the  cases.  Albumin  and  sugar  in  the  urine 
are  sometimes  found,  but  fat  in  the  stools  seldom. 

Koerte  in  four  of  his  cases  observed  a  grayish-brown 
discoloration  of  the  skin.  In  one  case  Bloodgood^'^  ob- 
served a  leucocytosis  of  19,000,  tumor  formation,  blood 
and  pus  in  the  stools. 

Diagnosis. — The  diagnosis  of  an  abscess  confined  within 
the  pancreas  is  impossible.  The  symptoms  are  not  dis- 
tinctive. The  discovery  of  a  tumor  in  the  pancreatic  re- 
gion is  suggestive.  If  by  inflating  the  stomach  and 
transverse  colon  it  can  be  demonstrated  that  the  tumor 
lies  between  them  and  is  free  from  either,  it  would  be 
evidence  of  pancreatic  origin.  The  absence  of  any  clini- 
cal history  of  gastric  or  duodenal  ulcer  and  the  presence 
of  a  history  of  gall-stones  would  be  suggestive.  Fluc- 
tuation is  seldom  to  be  directly  made  out.  If  there  is 
bulging  in  one  loin  and  an  examination  of  the  urine  gives 
no  evidence  of  kidney  lesion,  Koerte  thinks  it  might  be 
justifiable  to  use  an  exploratory  needle.  _  The  diagnosis 
is  generally  made  by  an  exploratory  incision. 

Kehr'^  states  that  in  the  great  majority  of  cases  the 
course  is  chronic.  Cases  are  reported  which  have  run  a 
course  of  nearly  a  year.  On  the  other  hand,  some  cases 
are  very  acute  and  end  fatally  within  a  few  days.  Abscess 
may  be  said  to  be  always  fatal  unless  the  pus  escapes 
spontaneously  into  the  stomach  or  intestine,  or  is  evacu- 
ated by  the  surgeon.  Koerte  "  emptied  these  abscesses 
through  an  incision  in  the  loin  and  in  other  instances  by 
anterior  incision.  The  lumbar  incision  is  to  be  chosen 
when  there  are  indications  that  the  pus  is  near  the  kidney. 
The  anterior  incision  should  generally  be  made  in  the 
middle  line.  If,  however,  a  palpable  tumor  lies  to  one 
side,  the  incision  is  best  made  over  the  prominence.  If 
the  anterior  wall  of  the  sac  is  adherent  to  the  anterior  ab- 
dominal wall  the  cavity  may  be  washed  out  and  packed 
with  gauze ;  otherwise  great  care  should  be  taken  to  pre- 
vent the  spread  of  infection  by  careful  packing  with  steri- 
lized gauze  pads.  If  possible  the  wall  should  be  sutured 
to  the  abdominal  incision.  If  this  is  not  feasible  careful 
packing  with  gauze  around  a  large  drainage  tube,  or  the 
building  of  a  drainage  canal  from  omentum,  is  the  only 
resource.  The  operations  are  very  simple.  If,  however, 
the  abscess  is  confined  within  the  capsule  of  the  pancreas, 
the  operation,  as  remarked  by  Boeckel,"  is  more  delicate, 
laborious,  and  restrained ;  delicate,  because  the  pancreas  is 
deeply  situated  and  is  surrounded  by  numerous  important 
vessels  the  wounding  or  ligaturing  of  which  might  prove 
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fatal  (superior  mesentericus) ;  and  restricted,  because 
ODly  a  small  portion  of  the  pancreas  can  be  removed  with 
safety  and  freedom  from  the  danger  of  a  fatal  diabetes. 

Chronic  Pancheatitis.— Although  suppurative  pan- 
creatitis may  run  a  slow  and  chronic  course,  the  term 
chronic  pancreatitis  is  used  to  designate  a  hardening  of 
the  pancreas,  with  enlargement  or  shrinking.  Perhaps 
the  terms  hypertrophic  cirrhosis  and  atrophic  cirrhosis 
would  be  appropriate.  A  part  or  the  whole  of  the  gland 
may  be  involved.  Opie '"'  recognizes  two  varieties.  In  the 
interlobular  form  the  inflammatory  process  is  localized 
chiefly  at  the  periphery  of  the  lobule ;  in  the  interacinar  the 
process  is  difluse,  involving  the  lobules  and  separating  in- 
dividual acini.  Of  great  interest  is  the  relation  of  chronic 
pancreatitis  to  the  islands  of  Langerhans  and  the  occur- 
rence of  diabetes.  The  islands  of  Langerhans,  as  defined 
by  Opie,  are  composed  of  cells  having  the  same  origin  as 
those  of  glandular  acini,  but  forming  structures  which 
are  independent  of  the  secreting  apparatus,  and  in  inti- 
mate relation  with  the  vessels.  In  the  splenic  end  of  the 
cat's  pancreas  they  have  a  definite  position  within  the 
lobule,  each  of  which  contains  one  of  those  structures. 
In  the  human  pancreas  they  are  more  numerous  in  the 
splenic  extremity  than  elsewhere.  Opie  claims  that  pro- 
longed stimulation  of  the  gland  does  not,  as  claimed  by 
Lewaschen,  transform  groups  of  acini  into  islands  of 
Langerhans. 

In  the  interlobular  variety  of  chronic  pancreatitis  the 
Islands  of  Langerhans  do  not  usually  suffer,  nor  do  they 
when  the  infective  agents  come  by  way  of  the  ducts  with 
which  they  are  not  connected.  In  the  intralobular  or  in- 
teracinar variety  they  may  atrophy  as  the  result  of  press- 
ure. In  this  way  the  presence  or  absence  of  sugar  in 
the  urine  in  diseases  of  the  pancreas  may  perhaps  be  ex- 
plained. 

JStiology. — The  causes  of  chronic  pancreatitis  are  not 
satisfactorily  determined.  They  are  probably  varied. 
Undoubtedlj'  localized  indurations  may  arise  from  lesions 
of  the  neighboring  organs,  such  as  ulcer  of  the  stomach 
or  duodenum.  A  general  involvement  of  the  gland  may 
result  from  haimatogenous  infection,  from  a  mild  form 
of  acute  pancreatitis,  from  diseases  of  the  blood-vessels, 
or  from  obliterating  endarteritis.  Opie'^  reports  two 
instances  of  congenital  syphilitic  pancreatitis  in  which  the 
patients  died  respectively  three  and  four  hours  after  birth. 
In  one  of  the  cases  it  was  believed  that  the  disease  repre- 
sented an  active  stage  of  a  chronic  inflammatory  proc- 
ess; in  the  other  the  process  was  more  advanced  and 
was  no  longer  active.  The  islands  of  Langerhans  were 
surrounded  by  newly  formed  stroma,  but  in  neither  case 
were  they  invaded  by  it. 

Clinical  experience  would  seem  to  indicate  that  in  the 
majority  of  cases  the  condition  arises  from  an  infection 
entering  through  the  ducts,  secondary  to  a  gastroduode- 
nal  catarrh  and  a  complete  or  partial  stasis  of  the  flow  of 
the  pancreatic  secretion.  Numerous  operating  surgeons 
have  noticed  the  frequent  association  of  pancreatitis  with 
cholelithiasis.  The  pancreatic  duct  may  be  completely  or 
partially  obstructed  by  a  gall  stone  or  a  pancreatic  stone ; 
the  result  may  be  either  a  narrowing  or  an  obstructive 
dilatation.  The  enlargement  and  hardness  found  at  the 
operating  table  have  often  given  rise  to  a  diagnosis  of 
malignant  disease.  Alcohol  has  been  thought  to  be  a 
cause.  The  disease  seldom  occurs  in  drunkards,  and 
when  it  does  it  is  probably  secondary  to  a  gastroduodenal 
catarrh.     It  may  follow  mild  traumatism. 

Pailwlogical  Anatomy. — The  characteristic  picture  is 
the  fibrous  thickening  of  the  connective  tissue  genei'ally 
throughout  the  gland  or  only  in  limited  areas.  The  head 
of  the  pancreas  may  be  much  enlarged  and  of  stony  hard- 
ness. In  other  instances  the  gland  is  diminished  in  size 
from  contraction  of  the  interstitial  tissue.  The  surface  is 
sometimes  smooth  and  sometimes  nodular  and  of  a  gray 
color.  There  may  be  an  associated  condition  of  fatty  or 
calcareous  degeneration.  The  duct  of  Wirsung  may  be 
dilated,  tortuous,  or  of  normal  appearance. 

Synvptoms.—ThQ.Yn  are  no  pathognomonic  symptoms  of 
chronic  pancreatitis.     Its  presence  has  usually  been  dis- 


covered during  operations  or  in  the  autopsy  room.  Dis- 
orders of  digestion,  pyrosis,  vomiting,  pain  and  tender- 
ness in  the  epigastrium,  constipation  or  diarrhoea,  and 
emaciation  are  the  symptoms  usually  present  and  they 
are  certainly  not  distinctive.  There  may  or  may  not  be 
some  elevation  of  temperature.  Icterus  may  be  present 
if  the  common  bile  duct  is  pressed  upon.  Sugar  may  be 
present  in  the  urine.  Fat  in  the  stools  is  rare  and  llpuria 
still  more  rare.  Walker  has  shown  "  that  the  absence  of 
pancreatic  secretion  from  the  intestine,  although  bile  were 
present  in  the  intestinal  canal,  led  to  pale-colored  stools. " 
Mr.  Cammidge  has  found  "thatif  the  urine  of  patients  suf- 
fering from  pancreatic  disease  be  boiled  for  a  short  time 
with  an  oxidizing  agent  and  then  the  phenyl  hydrazin  test 
performed,  an  abundant  crop  of  delicate  yellow  needles 
arranged  in  sheaves  and  rosettes  was  produced  "  (Rob- 
son*).  A  histological  examination  of  the  blood  may 
show  marked  diminution  in  the  number  of  blood  plates. 
The  presence  of  a  hard,  palpable,  immovable  tumor  in 
the  region  of  the  pancreas  would  be  a  very  important 
symptom. 

Prognosis. — The  prognosis  is  grave.  Many  patients,, 
however,  known  to  be  the  subjects  of  chronic  pancrea- 
titis, live  for  years  in  good  health,  and  the  same  remsirk 
is  true  of  patients  who  have  lost  a  part  of  their  pancreas 
through  suppuration  and  necrosis.  Experiments  upon 
animals  harmonize  with  clinical  experience ;  some  animals- 
can  live  with  one-tenth  of  their  pancreas.  The  associa- 
tion of  syphilis,  arteriosclerosis,  or  obstructive  heart  le- 
sions would  render  the  prognosis  less  favorable. 

Treatment. — "  The  treatment  of  chronic  pancreatitis  is 
by  abdominal  section  and  drainage ;  but  in  this  case  the 
drainage  is  indirect  and  is  obtained  by  draining  the  gall- 
bladder by  cholecystotomy,  cholecystenterostomy,  or 
duodenocholedochotomy.  The  exact  line  of  treatment 
cannot  be  determined  until  the  abdomen  is  opened,  and 
for  this  purpose  I  prefer,  as  in  all  my  gall-bladder  oper- 
ations, a  vertical  incision  through  the  upper  part  of  the 
right  rectus,  splitting  that  muscle  to  whatever  extent  ia 
necessary  in  order  to  obtain  a  good  view  of  the  diseased 
region,  and  to  afEord  plenty  of  room  for  manipulation. 

"  If  merely  cholecystotomy  on  a  distended  gall-bladder 
is  necessary,  an  incision  of  one  or  two  inches  will  suffice ; 
but  if  the  gall-bladder  be  contracted  or  if  the  ducts  have 
to  be  attacked,  an  incision  of  from  four  to  six  inches  will 
be  required ;  and  if  the  several  layers  of  the  abdominal  wall 
are  sutured  separately,  there  is  no  fear  of  subsequent 
hernia.  This  I  can  affirm  by  ample  experience.  It  saves 
much  unnecessary  dragging  on  the  parts  when  operating 
on  the  common  duct  or  duodenum  to  have  a  free  incision, 
and  there  is  no  retractor  equal  to  the  hand  of  a  skilled 
assistant,  who  with  a  flat  sponge  interposed  between  the 
spread-out  fingers  of  his  left  hand  and  the  viscera,  will 
at  the  same  time  afEord  the  operator  a  good  view  of  the 
field  of  operation,  and  with  his  right  hand  help  in  the 
further  steps  of  the  operation. 

"  If  the  right  costal  margin  or  the  edge  of  the  liver  be 
obstructing  the  view,  another  assistant  maj'  with  advan- 
tage retract  it  either  by  digital  manipulation  or  by  means 
of  a  wide  retractor  with  a  long  handle,  so  that  he  can 
stand  back  a  little  and  avoid  embarrassing  the  operator. 

"  As  a  matter  of  experience  I  seldom  find  a  second  assist- 
ant necessary.  A  sponge  in  the  pouch  to  the  right  of 
the  common  duct,  and  one  pushed  down  over  the  right 
kidney,  help  to  catch  all  escaping  fluids  and  to  keep  the 
peritoneum  clean.  When  the  ducts  or  the  duodenum  are 
opened,  sterilized  gauze  pads  are  employed  to  mop  up 
the  fluid  as  it  escapes,  but  none  of  these  is  allowed  to  re- 
main even  temporarily  in  the  abdomen.  When  there  are 
gall-stones  present  they  sliould  be  removed,  unless  the 
patient  is  too  ill  to  permit  of  the  complete  operation ;  but 
in  every  case  drainage  must  be  secured,  if  possible  by 
cholecystotomy,  as  in  nearly  all  my  successful  cases. 
Moreover,  the  drainage  must  not  be  stopped  before  the 
bile  has  become  healthy,  and  not  before  the  greater 
amount  of  bile  is  being  passed  by  the  bowel,  which  will 
be  certain  to  occur  as  soon  as  the  swollen  pancreas  has 
subsided,  if  the  duct  be  otherwise  clear  of  obstruction. 
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"  It  might  be  thought  that  cholecystenterostomy  would 
be  the  ideal  operation  in  these  cases,  but  experience  says 
that  it  is  not ;  for  instance,  in  one  of  my  cases  the  oper- 
ation brouglit  so  much  relief  that  a  cure  was  being  an- 
ticipated, yet  in  the  third  month  relapse  occurred  and 
death  ensued,  apparently  simply  owing  to  closure  of  the 
new  opening  between  the  gall-bladder  and  duodeniim.  In 
one  of  Mr.  Barling's  cases  in  which  the  gall-bladder  was 
joined  to  the  duodenum,  he  states  '  that  although  the 
symptoms  were  relieved,  enlargement  of  the  pancreas 
persisted.' 

"Possibly  in  some  cases  the  manipulations  of  the  in- 
durated tumor  may  have  detached  calculi  impacted  in 
the  pancreatic  duct,  and  thus  led  to  a  subsidence  of  the 
pancreatitis,  then  to  an  opening  of  the  common  duct  by 
the  relief  of  tension,  and  so  to  a  cure  of  the  patient.  The 
simulation  of  malignant  disease  of  the  head  of  the  pan- 
creas by  chronic  interstitial  pancreatitis  would  make  one 
hesitate  to  decline  operation  in  any  case  of  distended 
gall-bladder,  where  the  patient  is  in  a  condition  to  bear 
it,  or  even  in  any  case  of  chronic  jaundice  without  dis- 
tention of  the  gall-bladder,  where  the  general  strength  is 
deteriorating  as,  though  it  should  be  recognized  that  if 
the  disease  be  really  malignant,  very  little  good  will  be 
done,  and  life  may  even  be  shortened  or  only  prolonged 
for  a  short  time ;  yet  if  the  disease  prove  to  be  chronic 
pancreatitis,  a  real  and  permanent  cure  may  be  brought 
about.  If  a  calculus  be  felt  embedded  in  the  head  of  the 
pancreas  or  impacted  in  the  pancreatic  duct,  it  may  be 
reached  through  the  second  part  of  the  duodenum  by 
laying  open  the  papilla  and  exploring  the  duct,  or  by  di- 
viding the  peritoneum  passing  between  the  duodenum 
and  hepatic  flexure  of  the  colon,  and  then  cutting 
through  the  overlying  pancreas  on  to  the  concretion.  If 
the  papilla  common  to  the  bile  and  pancreatic  ducts  be 
incised  in  the  duodenum,  it  does  not  require  suture ;  and 
in  the  cases  in  which  I  have  explored  the  ducts  by  the 
duodenal  route  there  has  been  no  serious  hemorrhage. 
The  anterior  duodenal  opening  only  requires  closing  by 
a  mucous  and  serous  suture.  Drainage  of  the  right  kid- 
ney pouch  for  from  twenty-four  to  forty-eight  hours  is 
advisable,  though  not  always  necessary,  and  this  is  best 
done  by  a  stab  wound  at  the  most  dependent  part. 

"  The  result  of  treatment  in  this  class  of  cases  has  been 
most  encouraging,  as  out  of  twenty-two  cases  operated 
on  only  one  died  directly  from  the  operation,  and  in  that 
case  the  patient's  life  was  only  very  slightly  shortened, 
since  he  was  reduced  to  the  last  stage  of  exhaustion  be- 
fore surgical  operation  was  sought.  Of  those  recovering 
from  operation,  with  the  exception  of  two  who  died  a 
few  months  later,  complete  and  perfect  recovery  ensued. 
These  results  contrast  very  markedly  with  the  surgical 
treatment  of  cancer  of  the  pancreas,  where  nearly  half 
of  the  cases  operated  on  have  died  directly  as  the  result 
of  the  operation,  and  in  those  who  have  survived  life  has 
only  been  prolonged  for  a  comparatively  short  time." 

The  above  is  from  Mayo  Robson's  address  before  the 
American  Surgical  Association  in  1901. 

Another  very  important  point  has  been  raised  by  Mr. 
Robson,  and  that  is  the  tendency  to  troublesome  hernor- 
rhage  during  operation  in  cases  of  chronic  pancreatitis, 
particularly  when  associated  with  jaundice.  This  was 
at  one  time  thought  to  be  due  to  the  cholsemia.  The 
suggestion  that  it  is  due  to  the  glycerin  set  free  in  fat 
necrosis  is  not  generally  accepted.  He  has  found  the  ex- 
hibition of  chloride  of  calcium  most  useful  as  a  prophy- 
lactic. He  administers  calcium  chloride  in  thirty-  to 
sixty-grain  doses,  thrice  daily,  for  from  twenty-four  to 
forty -eight  hours  previous  to  operation ;  and  by  enema 
in  sixty-grain  doses,  thrice  daily  for  forty-eight  hours 
afterward.  This  he  nearly  always  finds  successful  in 
correcting  the  hemorrhagic  tendency. 

The  close  association  of  pancreatitis  and  angiocholitis 
is  confirmed  by  Ferguson,  of  Edinburgh,  who  observed 
in  cases  of  death  that  he  could  express  a  few  drops  of 
pus  from  the  duct  of  Wirsung.  It  would  seem  that  the 
indirect  drainage  of  the  pancreatic  ducts  was  as  rational 
and  successful  as  drainage  of  the  bile  pasages  in  infective 


conditions.  Kehr  has  suggested  an  anastomosis  between 
the  intestine  and  the  duct  of  Wirsung.  The  technique 
would  be  very  difficult. 

Cystic  Tumoks  op  the  Pakcheas.— Cysts  of  the  pan- 
creas are  rare ;  their  nature  and  origin  are  obscure.  It 
may  be  said  that  probably  the  majority  are  retention 
cysts.  The  most  common  cause  is  generally  thought  to 
be  chronic  indurative  pancreatitis.  The  connective  tis- 
sue in  some  part  of  the  gland  so  presses  upon  or  so  dis- 
torts the  excretory  duct  that  the  outflow  from  a  part  of 
the  gland  is  arrested.  Senn  thinks  that  in  addition  there 
is  an  alteration  in  the  character  of  the  secretion  whereby 
it  becomes  no  longer  absorbable.  Another  cause  may  be 
the  obstruction  of  the  duct  of  Wirsung  from  pressure  of 
neighboring  organs,  as  for  instance  from  a  stone  in  the 
common  bile  duct,  or  from  an  obstructive  swelling  of  the 
duodenum  at  the  point  where  the  duct  enters.  A  catarrhal 
inflammation  of  the  duct  of  Wirsung  may  cause  obstruc- 
tion. A  new  growth  in  the  head  of  the  pancreas  may 
act  similarly. 

Minier  suggests  that  cystic  degeneration  may  occur  in 
the  pancreas  in  much  the  same  way  that  it  does  in  the 
kidne}',  testicle,  and  mammary  gland.  That  cysts  may 
result  from  hemorrhages  into  the  pancreas  is  not  yet 
proven.  The  frequent  finding  of  blood  in  the  cyst  con- 
tents has  suggested  this  cause.  It  is  probable  that  small 
hemorrhages  may  be  entirely  absorbed,  leaving  only  a  pig- 
mented stain  (Orth).  On  the  other  hand,  it  is  quite  prob- 
able that  hemorrhages  may  occur  into  cystic  tumors,  and 
it  is  generally  thought  that  most  bloody  cystic  tumors  of 
the  pancreas  are  in  origin  retention  cysts.  Trauma  is  also 
assigned  as  a  cause.  Cysts  are  more  frequent  in  the  tail 
than  in  the  body  or  head  of  the  pancreas.  In  an  analysis 
of  134  cases  Osier  '^  found  in  90  cases  that  the  situation 
was  not  given;  in  14  that  the  whole  pancreas  was  in- 
volved; in  15  the  tail;  in  11  the  head;  in  4  the  body. 
Koerte "  states  that  of  121  cases  operated  upon  by  sur- 
geons, 60  were  in  males  and  56  in  females ;  in  5  the  sex 
was  not  given.  Sixty-six  of  the  cases  occurred  in  the 
fourth  decade. 

There  may  be  multiple  cysts.  This  should  be  borne 
in  mind  when  considering  the  prognosis  and  possibility 
of  recurrence.  Pancreatic  cysts  vary  greatly  in  size. 
Those  found  in  autopsy  rooms  are  usually  comparatively 
small.  Surgeons  report,  however,  that  some  of  the  cysts 
contain  from  1  to  30  litres.  The  fluid  is  generally  of  a 
light-brown  coffee  or  reddish-brown  color,  seldom  clear 
(Osier).  Gussenbauer  found  in  the  fluid  altered  red  and 
white  blood  cells  and  pigment.  Fresh  blood  has  also 
been  found.  The  chemical  reaction  as  a  rule  is  alkaline, 
but  may  be  neutral  or  acid,  with  a  specific  gravity  of 
1.007-1.028. 

The  lining  of  the  cyst  wall  may  be  smooth  or  saccu- 
lated ;  it  is  generally  surrounded  by  blood-vessels.  In 
developing  the  cyst  may  assume  very  variable  relations 
to  adjacent  organs,  particularly  the  liver,  stomach,  and 
transverse  colon.  It  may  lie  behind  and  push  forward 
the  stomach;  it  may  project  between  the  stomach  and 
liver ;  it  may  appear  between  the  stomach  and  transverse 
colon,  or  lie  behind  the  colon.  The  displacement  of  these 
organs  is  sometimes  very  great.  In  one  instance  the 
transverse  colon  was  pushed  down  behind  the  symphysis 
pubis.  Besides  the  displacement  and  dragging  of  the 
viscera  mentioned,  other  serious  complications  may  arise 
from  the  pressure  of  the  tumor.  The  common  bile  duct 
may  be  so  pressed  upon  that  jaundice  results.  Pressure 
may  cause  obstruction  of  the  duodenum  or  ureter,  and 
cases  are  reported  of  pressure  resulting  in  ascites. 

There  are  no  symptoms  which  can  be  called  character- 
istic of  cystic  tumor  of  the  pancreas  so  long  as  it  remains 
small  and  not  palpable.  As  might  be  expected,  from 
what  is  known  of  its  etiology,  there  is  generally  a  history 
of  indigestion,  of  indiscretion  in  eating  and  drinking,  and 
occasionally  of  trauma.  Pain  in  the  epigastric  region  is 
common,  its  severity  depending  on  the  situation  of  the 
tumor  and  its  rate  of  growth.  There  may  be  nausea  and 
vomiting.  The  vomitus  may  contain  blood  if  it  occurs 
subsequently  to  rupture  of  a  cyst  into  the  stomach.    If 
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nipturo  into  the  intesliue  oceui's,  blood  may  appear  in  the 
stools.  There  is  sometimes  very  great  and  rapid  loss  of 
weight.  Pancreatic  salivation  (increased  flow  of  saliva) 
is  rare.     Sugar  in  the  urine  would  indicate  very  extensive 


Fi«.  a733.— Showiiiff  the  Aiipi-aniiices  wliicli  were  Presented,  in  a 
Ciise  of  Large  Pancreatic  Cyst,  when  the  Abdomen  was  Opened  and 
its  Contents  ]?reely  Exposed  to  View.  The  cyst,  in  its  growth,  had 
forced  its  way  forward  between  the  stomach  and  the  colon,  and  was 
putting  the  ligamentum  gastrocolicum  upon  the  stretch.  (After 
H.  Kehr.) 

eirr)to.sis  of  the  gland.  Fat  in  the  stools  is  seldom  found. 
Icterus  may  result  from  pressui-e.  The  development  of 
a  palpable  tumor  is  the  most  suggestive  symptom.  The 
discovery  of  ferments  in  the  sac  contents  is  noted. 

Diagnosis.— Clea.rly  a  cyst  of  the  pancreas  can  be  rec- 
ognized only  after  it  has  reached  a  size  that  can  be  pal- 
pated. A  palpable  cyst  is  the  most  easily  diagnosed  of 
all  the  diseases  of  this  deeply  situated  gland.  The  pres- 
ence of  a  fixed  fluctuating  tumor  in  the  median  line 
above  or  below  the  umbilicus  should  certainly  suggest 
panci'catic  cy.st. 

The  first  fact  to  be  clearly  established  is  the  relation 
of  the  tumor  to  the  adjoining  viscera,  especially  to  the 
stomach,  colon,  and  intestines.  The  inflation  of  the 
stomach  and  colon  with  air  or  gas  will  give  great  assis- 
tance in  the  determination  of  this  relationship.  If  the 
cyst  has  passed  forward  between  the  stomach  and  colon, 
pushing  befoie  it  the  gastrocolic  omentum,  a  clear  per- 
cussion note  should  be  heard  above  and  below  the  tumor 
if  it  is  a  large  one ;  and  if  it  is  small,  the  distended  stomach 
and  colon  may  meet  together  in  front  of  it.  If  the  tumor 
projects  forward  below  the  liver  and  above  the  stomach, 
the  dull  percussion  note  of  the  liver  may  be  continuous 
with  that  of  the  tumor.  The  difficulty  of  diffei'eutiating 
a  panci-eatic  cyst  thus  placed  from  a  distended  gall-blad- 
der or  an  echinococcus  cyst,  or. other  fluid  collection 
connected  with  the  liver,  would  be  very  great,  and  prob- 
ably could  be  accomplished  only  by  examination  of  the 
contents  removed  by  a  Pravaz  syj-inge.  Possibly  by  ex- 
aniitiiiig  the  patient  in  the  ei-ect  position,  a  line  of  tym- 
pany could  be  found  between  the  liver  and  cyst.  A 
paiici'eatie  cyst  would  not  move  during  inspiration  or 
expiration. 

,  If  the  tumor  projected  forward  below  the  colon,  the 
dull  note  of  the  tumor  should  be  easily  elicited  between 
the  tympany  of  the  colon  above  and  tliat  of  the  small  in- 
testines below. 

It  may  grow  behind  and  push  forward  tlu^  stomach 
or  It  may  pass  forwai-d  between  the  layei's  of  the  meso- 
coloii,  m  which  ease  tlie  stomttch  or  colon  would  lie  im- 
mediately m  front  of  the  tumor.  When  so  situated  it  is 
generally  possible,  after  inflation,  to  establish  the  mobility 
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and  freedom  of  the  stomach  or  colon  from  involvement 
in  the  body  of  the  tumor. 

The  differential  diagnosis  between  a  cystic  tumor  of 
the  pancreas  and  a  solid  tumor  of  the  spleen  should  not 
be  diihcult.  To  differentiate  a  cyst  springing  from  the 
tail  of  the  pancreas  from  an  echinococcus  cyst  of  the 
spleen — the  onl}'  cystic  growth  involving  the  spleen — ■ 
may  be  very  dilHcillt,  and  perhaps  impos.sible  except  by 
an  examination  of  the  cyst  contents. 

Great  difficulty  may  be  found  in  differentiating  between 
a  pancreatic  cyst  and  hydronephrosis.  In  hydronephro- 
sis the  bulging  is  generally  in  the  lumbar  region.  There 
may  also  be  a  history  of  renal  colic,  of  the  passage  of  a 
renal  calculus  or  blood,  or  other  urinary  derangement. 
An  exainin.'ition  of  the  urine  may  throw'  light  on  the 
case.  A  cystoscopic  examination  of  the  bladder  might 
show  that  no  urine  was  entering  from  that  side. 

From  large  ovarian  cysts  the  history  should  show  that 
the  growth  began  low  down  and  laterally.  Cysts  of  the 
ine.senter}^  are  movable.  Aneurisms  of  the  aorta  or  its 
branches  ai'e  pul.sating  and  expansile. 

The  aspiration  of  cysts  for  diagnostic  purposes  is  a 
questionable  procedure.  There  is  alwa_vs  a  danger  of 
punetui-ing  a  flattened-out  overlying  viscus,  of  wound- 
ing some  alinormallj'  placed  vessel — and  the  walls  of  a 
pancreatic  cyst  are  sometimes  very  vascular, — or  of  per- 
mitting the  escape  of  infective  contents, — as,  for  instance, 
booklets  in  the  case  of  echinococcus  cysts, — or  of  patho- 
genic organisms.  An  exploratory  incision  is  now  so  safe 
that  it  is  to  be  recommended  as  an  almost  universal  rule 
in  place  of  puncture.  When  the  fluid  is  obtained,  its  ex- 
amination may  be  far  from  satisfactorj'.  The  ferments 
may  be  present,  but  diastatic  and  fat-emulsifying  fer- 
ments occur  in  various  other  exudates.  The  only  posi- 
tive sign  would  be  the  presence  of  the  ferment  which 
digests  fibrin  and  albumin,  and  it  is  often  absent.  The 
presence  of  blood  would  be  very  suggestive.  It  occurs, 
however,  in  ovarian  cysts  with  a  twisted  pedicle.  Kils- 
ter  thinks  the  presence  of  fat  globules  is  characteristic  of 


FIG.  373.!.— Shows  the  Relations  which  the  Pancreatic  Cyst  Bears  to 
tlie  Neighboring  Organs  in  the  Majority  of  Cases.  (From  Kehr  )  a 
ijiver ;  b,  stomach ;  c,  transverse  colon ;  ri,  pancreatic  cyst.  ' 

pancreatic  cyst.  "A  remarkable  feature  often  noticed 
has  been  the  transitory  disappearance  of  the  cyst  In 
Halsted's  case  the  girth  of  the  abdomen  decreased  from 
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forty-three  to  tbirty-oue  inches  in  ten  days,  with  profuse 
diarrhcea.  Sometimes  the  disappearance  has  followed 
blows"  (Osier). 

Prognosis. — The  rapidity  of  the  growth  of  pancreatic 
cysts  is  difficult  to  ascertain,  because  the  dat,e  of  their 
commencement  can  seldom  be  determined.     Tliey  are 


Fig.  3734.— Shows  the  Relations  which  the  Pancreatic  Cyst  Bears  to 
the  Nelghhoring  Organs  in  a  Smaller  Group  ot  Cases.  (From  Kehr.) 
a,  Liver ;  6,  stomach ;  c,  transverse  colon ;  (J,  pancreatic  cyst. 

probably  of  slow  growth  as  a  rule.  When  following 
trauma  or  acute  inflammatory  processes,  however,  they 
may  develop  into  palpable  tumors  in  two  or  three  weeks. 
Their  duration  is  also  uncertain  ;  instances  of  their  being 
present  for  thirty  or  forty  years  are  reported.  They 
sometimes  rupture  spontaneously  into  the  stomach  or  in- 
testine, as  evidenced  by  the  vomiting,  or  passage  by  rec- 
tum, of  a  quantity  of  bloody  fluid.  Their  occasional  dis- 
appearance and  reappearance  may  possibly  be  explained 
by  the  assumption  that  in  this  way  they  periodically 
empty  themselves  into  the  stomach  or  intestine.  Ecbi- 
nococcus  cyst  of  the  spleen  is  very  rare.  One  case  is 
reported  by  Heller.  Rupture  of  a  pancreatic  cyst  may 
occur  into  the  peritoneal  cavity. 

Treat  merit. —^leAic&X  treatment  is  useless.  Preventive 
treatment  can  influence  only  the  most  common  cause  of 
cyst  development,  viz.,  chronic  indurative  pancreatitis. 
The  surgical  methods  which  have  been  adopted  are, 
puncture,  application  of  caustics  to  the  cystic  cavity, 
emptying  of  the  cyst  and  stitching  of  the  cyst  wall  to 
the  aijdominal  incision  at  one  or  two  operations,  opening 
and  drainage  of  the  cyst  through  a  lumbar  incision,  and 
excision  of  the  cyst  wall,  partially  or  wholly. 

Puncture  of  the  sac  is  to  be  condemned  for  the  reasons 
given  in  the  paragraph  on  diagnosis,  and  because  it  is 
insufflcient. 

The  application  of  caustic  to  the  interior  of  the  sac 
wall  in  the  case  reported  proved  fatal. 

The  method  which  has  been  employed  in  the  greatest 
number  of  cases  is  that  first  adopted  by  Gussenbauer, 
viz.,  the  opening  and  emptying  of  the  sac  followed  by 
immediate  suture  to  the  edges  of  the  abdominal  incision 
and  drainage  by  means  of  gauze  or  drainage  tube,  or 
both.  The  incision  is  best  made  over  the  most  prominent 
part  of  the  tumor.  The  cyst  wall  should  be  very  care- 
fully uncovered,  as  far  as  possible,  by  blunt  dissection. 


Great  care  should  be  exercised  in  the  ligatui'e  of  overly- 
ing vessels,  that  none  essential  to  the  blood  supply  of 
the  colon  are  interfered  with.  The  wall  of  the  sac  is 
sometimes  very  thin  and  must  be  handled  gently. 

After  carefully  protecting  the  peritoneum  by  the  place- 
ment of  sterile  gauze  pads,  the  cyst  may  be  incised  or 
punctured  with  a  trocar  having  a  tube  attached  to  con- 
vey the  fluid  into  a  receptacle.  After  the  cyst  wall  is 
stitched  to  the  abdominal  incision  the  cavity  should  be 
packed  with  strips  of  plain  sterilized  gauze;  iodoform 
gauze  is  to  be  avoided,  as  there  is  a  possibility  of  iodo- 
form intoxication.  The  fluid  that  escapes  tends  to  irri- 
tate and  digest  the  skin.  This  should  be  iirevented  by  a 
liberal  use  of  zinc  ointment.  Boeekel''  reports  ninety- 
nine  cases  treated  hj  this  method,  with  ninety-two  re- 
coveries and  seven  deaths. 

The  subsequent  history  of  these  cases  in  some  respects 
is  satis factorjr.  The  nutrition  improves  wonderfully  and 
quickly,  although  pancreatic  juice  may  continue  to  flow 
from  tiie  wound.  There  is  sometimes  great  dilhculty  in 
getting  the  fistula  to  close.  If  it  docs  not  close  in  five  or 
six  weeks  it  may  remain  open  for  years.  When  the  open- 
ing persists,  closure  may  be  effected  b}'  the  application  of 
nitrate  of  silver  or  chloride  of  zinc. 

The  above  method  carried  out  in  two  stages  has  not 
been  adopted  in  as  many  cases,  but  the  results  have  been 
very  good.  Boeckel"  reports  sixteen  cases  and  sixteen 
cures. 

Drainage  through  a  lumbar  incision  is  indicated  only  in 
those  eases  in  which  the  cyst  lies  far  back  in  the  loin.  Aq 
anterior  exploratory  incision  may  show  this  to  be  the 
best  route  by  which  to  approach  the  tumor. 

Complete  excision  of  the  sac  wall,  while  perhaps  the 
ideal  method,  is  possible  only  when  the  sac  wall  is  well 


.      ft 


Fig  3735  — Eepresents  a  i  Jse  in  winch  the  Tancreatic  Cyst  has 
Developed  hetween  the  LamuicC  of  the  Mesocolon,  coming  Forward 
between  the  Transverse  Colon  and  the  Small  Intestines.  (From 
Kehr.)    a.  Liver  ;  h,  stomach  ;  c,  transverse  colon  ;    cl,  pancreatic 

cyst. 

defined  and  not  too  closely  united  by  adhesions  to  the 
neighboring  organs.  If  the  cyst  is  pedunculated,  its 
total  extirpation  might  be  indicated.  The  difliculty 
arises  in  dealing  with  the  adhesions,  the  blood-vessels, 
and  the  point  of  origin  from  the  pancreas.  The  vessels 
are  generally  numerous  and  large.     Another  great  dirti- 
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culty  is  to  avoid  injuriDg  or  tearing  vessels  essential  to 
the  nourishment  of  the  colon.  Koerte  has  collected  21 
cases  with  6  deaths.  In  7  cases  the  difficulties  were  so 
great  that  the  operation  could  not  be  completed ;  of  these, 
4  died.  Boeckel  reports  25  cases  of  total  or  partial  ex- 
cision, with  21  cured  and  4  deaths.  If  the  sac  is  excised, 
the  space  from  which  it  has  ham  removed  should  be 
packed  with  gauze  and  drained  tljrough  the  aljdomiual 


Fig.  3736.— Shows  the  Cyit  Dp\  eloped  Bntneen  the  Lainiiiaj  of  the 
Transverse  Mesocolon.  The  colon  lies  directly  in  front  of  the  cyst' 
(From  Kehr.)  o,  Liver;  b,  stomach;  c,  transverse  colon  ;  d  pan- 
creatic cyst. 

inci.sion,  or  through  a  stab  wound  in  the  loin.  It  may 
be  said  that  excision  should  be  undertaken  in  favorable 
cases  only,  when  adhe.sions  are  absent  or  are  easily  sep- 
arated by  blunt  dissection,  and  when  the  blood-vessels 
involved  in  the  sac  wall  are  small  and  unimportant.  It 
is  certainly  a  much  more  grave  operation  than  the  simple 
incision  and  drainage  of  tlie  sac. 

Tumors  op  TiiE  Panc:reas.— Tubercle,  gumma,  lym- 
phoma, and  sarcoma  may  occur  in  the  pancreas,  but  they 
are  very  i-are.  Primary  carcinoma  of  the  pancreas  is 
stated  by  Willigk  and  Lebert  to  occur  in  about  six  per 
cent,  of  all  cases.  It  is  more  freipiently  found  in  the 
head  than  in  the  tail  or  body  of  the  gland.  The  most 
common  varietj^  is  scirrhus. 

The  symptoms  are  at  first  exceedingly  indefinite. 
Later,  fatty  diarrhwa  and  vomiting  occur,  with  tender- 
ness on  pressure  over  the  gland.  Jaundice  is  an  eariy 
symptom,  and  is  more  persistent  and  less  variable  froiii 
day  to  day  than  when  due  to  stone.  The  stools  are  per- 
sistently clay  colored.  In  obslructicm  from  .stoiic  the 
color  may  vary.  Diabetes  is  seldom  jireseiit.  An  im- 
portant diagiifistic  point,  according  to  C^ourvoisiiT  and 
Ecklin,  is  the  conditiim  of  the  gall-liladder.  In  stone 
the  gall-bladder  is  usually  small  and  shrunken,  while  in 
carcinoma  It  maybe  very  mueh  dislended  and  palpable 

as  a  tumor.     When  stone  and  earei, la  exist  together 

the  difficulties  in  diagnosis  are  very  gical .  An  examina- 
tion under  an  ana-stlietie  should  N,  ,.f  great  assistance 
±.maeiation  is  raj.id  and  extreme.  A  j)alpable  tumor  is 
seldom  found  until  the  di3(.ase  and  its  attendant  emaci- 
ation are  well  advanced.  The  examiualion  of  |1„.  stom- 
ach contents,  together  with  tlie  eomparativel v  ilo,«l 
tuneti.mutmg  po\ver  of  th.at  organ,  should  enable  ,>ne  to 
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exclude  carcinoma  of  the  stomach.  The  tumor  some- 
times becomes  adherent  to  the  stomach,  and  in  some  cases 
the  disease  has  perforated  the  stomach  wall.  Htematem- 
esis  might  give  evidence  of  this  complication. 

Treatment. — The  treatment  of  carcinoma  is  most  diffi- 
cult and  unsatisfactory.  In  the  primary  course  of  the 
di.sease  the  diagnosis  is  wellnigh  impossible.  If  the  dis- 
ease is  localized  in  the  tail,  its  removal  may  iu  favorable 
ca.ses  be  feasible;  but  extirpation  of  the  whole  gland, 
even  if  the  patient  recovered  from  the  operation,  would 
be  followed  by  a  fatal  diabetes.  Extirpation  of  the  head 
of  the  gland  presents  technical  difficulties  that  are  almost 
insurmountable.  There  is  the  ilanger  of  injuring  the 
vessels  necessary  for  the  nourishment  of  the  colon,  duo- 
denum, and  spleen,  and  if  both  of  the  pancreatic  ducts 
are  tied,  diabetes  and  atrophy  of  the  remaining  gland  tis- 
sue follow.  There  is  also  the  difficulty  of  dealing  with 
Ihe  common  bile  duct.  Cholecystotomj'  may  give  relief 
fi'om  the  icterus;  aud  if  there  is  great  pressure  on  the 
duodenum,  a  gastro-enterostomy  would  relieve  the  ob- 
structive symptoms,  vomiting  and  inanition.  Koerte  re- 
poi-ts  ten  cases  of  operation  ou  solid  tumors  of  the  pan- 
creas with  six  recoveries. 

Pancue.\tic  Calculi. — Pancreatic  calculi  maj'  be 
single  or  multi]de.  They  are  compo.sed  of  carbonate  of 
lime  and  phosphates.  In  shape  the_v  may  be  round, 
oval,  or  angular,  and  in  color  an  opacjuc  wliite.  Osier 
states  that  in  one  thousand  autop.sies  at  the  Johns  Hop- 
kins Llospital  there  were  two  cases.  In  1885  Johnston 
collected  thirty-five  cases  in  the  literature.  They  had 
been  found  iu  the  pancreatic  ducts  and  iu  pancreatic 
cysts  aud  ab.scesses. 

As  to  their  etkiUjgy  but  little  is  known.  They  may 
result  from  inspi.ssation  of  the  secretion  or  from  "an  ob- 
struction in  the  ducts,  or  be  due  to  some  undetermined 
action  of  bacteria.  Probably,  as  in  the  liver,  both  slow- 
ing or  obstruction  in  the  outflow  of  the  secretion  and 
bacterial  infection  are  etiological  factors. 

The  results  are  found  in  "the  gland  itself.  They  are: 
inflammatory  indurations,  cyst  aud  abscess  formation,  a 
predisposition  to  the  develo"pment  of  malignant  disease, 
and  obstruction  to  the  common  bile  duct  from  pressure 
upon,  or  the  blocking  of,  the  ampulla  of  Vater  at  the 
duodenal  opening. 

A  definite  dingnosis  is  seldom  possible.  The  pain 
could  not  be  differentiated  from  gall-stone  colic.  Pain 
iu  the  left  hypochondrium  is  tluiught  to  be  suggestive 
of  pancreatic  calculus.  Pain,  vomiting,  fatty  stools, 
diabetes,  and  the  passage  of  carbonate'" of  linie  stones 
woulcl  render  the  diagnosis  probable.  Carbonate  of  lime 
calculi,  however,  arc  sometimes  formed  in  the  intestines. 

A  stone  might  be  removed  from  a  cvst  or  abscess  or 
from  a  dilated  duet.  If  jaundice  is  present  aud  the  ob- 
struction cannot  !)e  fouud  and  removed,  cholecystotoiuy 
would  be  iudieatcd.  Georrjc  E.  Ariiistroiig. 
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PANCREATIN.— Pancrbatinum.  "A  mixture  of  the 
enzymes  naturally  existing  in  the  pancreas  of  warm- 
blooded animals,  usually  obtained  from  the  fresh  pan- 
creas of  the  liog  (Sus  scrofa  Linne;  class,  Mammalia; 
order,  Pachydermata).  A  yellowish,  yellowish-white,  or 
grayish  amorphous  powder,  odorless,  or  having  a  faint, 
peculiar,  not  unpleasant  odor,  and  a  somewhat  meat-like 
taste. 

"Slowly  and  almost  completely  soluble  in  water,  in- 
:  soluble  in  alcohol. 

"  Pancreatin  digests  albuminoids,  and  converts  starch 
into  sugar;  prolonged  contact  with  mineral  acids  renders 
it  inert. 

"If  there  be  added  to  100  c.c.  of  tepid  water  contained 
in  a  flask,  0.28  gm.  of  pancreatin  and  1.5  gm.  of  sodium 
bicarbonate,  and  afterward  400  c.c.  of  fresh  cow's  milk 
previously  heated  to  38°  C.  (100.4"  F.),  and  if  this  mix- 
ture be  maintained  at  the  same  tempei'ature  for  thirty 
minutes,  the  milk  should  be  so  completely  peptonized 
that  if  a  small  portion  of  it  be  transferred  to  a  test  tube 
and  mixed  with  some  nitric  acid,  no  coagulation  should 
occur. 

"Peptonized  milk,  prepared  in  the  manner  just  de- 
scribed, or  even  when  the  process  is  allowed  to  go  on  to 
the  development  of  a  very  distinct  bitter  flavor,  should 
not  have  an  odor  suggestive  of  rancidity." 

The  pancreas  contains  four  distinct  enzymes  which  are 
known  by  their  action:    the  proteolytic — trypsin;   the 
diastasic — amylopsin  or  diastase ;  the  milk-curdling ;  and 
the  fat-splitting.     No  one  of  these  ferments  has  been  iso- 
lated.    The  proteolytic  enzyme  converts  proteids  with 
■equal  or  greater  facility  than  pepsin,  but  it  differs  from 
pepsin  in  respect  to  the  media  in  which  it  exerts  its 
;activity,  and  also  in  respect  to  the  final  products  of  its 
action.     Trypsin  bears  no  relation  to  an  alkaline  medium 
which  corresponds  to  the  dependence  of  pepsin  upon 
;acid ;  it  acts  with  equal  facility  in  a  neutral  or  a  faintly 
:alkaline  medium.     Alkalies,  more  particularly  sodium 
carbonate  or  bicarbonate,  up  to  one  per  cent,  of  the  di- 
gesting mass,  are  generally  stated  to  be  most  favorable 
to  the  action  of  trypsin;  the  writer,  however,  has  not 
found  in  digestion  in  vitro  that  sodium  bicarbonate  in 
0.1  per  cent,  to  1  per  cent,  has  given  better  results  than 
parallel  tests  in  which  the  alkali  was  omitted,  while  more 
than  traces  of  free  alkali  were  found  unfavorable.     Tryp- 
sin in  antiseptic  solutions  (with  thymol)  containing  as 
small  an  amount  as  0.1  per  cent,  anhydrous  sodium  car- 
bonate, has  been  found  to  undergo  rapid  deterioration 
at  ordinary  room  temperature.     While  the  pancreas  juice 
obtained  from  living  animals  is  alkaline,  the  pancreas 
gland,  as  soon  as  it  may  be  conveniently  treated  upon 
removal  from  the  recently  killed  animal,  will  be  found  to 
give  an  acid  reaction.     Aqueous  infusions,  glycerin  or 
hydro-alcoholic  extract,  from  such  gland  are  invariably 
acid  to  litmus,  and  the  acid  present  in  these  solutions 
does  not  in  the  slightest  degree  interfere  with  the  pan- 
creas enzymes  in  vitro ;  this  acidity  is  reasonably  to  be 
attributed  to  nucleic  acid,  and  undoubtedly  the  proteid 
is  bound  up  in  the  cell  with  acid.     The  ash  is  invariably 
acid,  containing  phosphoric  acid  and  pota.sh,  presumably 
acid  phosphate.     Minute  percentages  of  mineral  (0.03 
per  cent.  HCl)  and  organic  (0.35  per  cent,  acetic)  acids 
■do  not  interfere  with  the  action  of  trypsin,  but  have  been 
■observed  slightly  to  enhance  it.     Furthermore,  the  latent 
mother  ferment,  trypsinogen,  is  developed  by  the  influ- 
ence of  the  acid  constituents  of  the  gastric  juice,  and 
probably  likewise  of  foodstuffs,  for  in  the  treatment  of 
the  gland  itself  it  is  found  that  the  addition  of  minute 
^.mounts  of  organic  acids  yields  the  ferment  in  an  active 
form  from  the  trypsinogen.     Trypsin,  however,  is  very 
sensitive  to  more  than  traces  of  free  mineral  acid,  0.1  per 
eent.  to  0.15  per  cent.  HCl  destroying  it  immediately,  and 
subsequent  neutralization  failing  to  revive  it.     So  far, 
therefore,  as  may  be  gathered  from  these  facts  there  is  no 
evidence  in  support  of  the  impression  which  has  gained  so 
much  credence— that  pancreatin  depends  upon  an  alkali 
lor  activity  or  in  any  way  bears  such  a  relation  to  an 
alkali  as  pepsin  does  to  acid. 


Trypsin  converts  native  proteids  into  soluble  and  dif- 
fusible forms  of  albumoses  and  peptones  which  differ  in 
no  known  way  from  those  derived  from  peptic  action,  and 
causes  by  prolonged  digestion  a  further  cleavage  of  these 
proteids  into  simpler  nitrogenous  bodies — the  amido-acids, 
leucin,  tyrosin,  etc.,  and  hexone  bases,  ammonia,  etc. 
Recent  researches  have  led  to  the  opinion  that  the  devel- 
opment of  these  proteids  into  these  crystalline  bodies  is 
essential  to  their  complete  utilization  in  nutrition. 

Trypsin  exhibits  a  special  affinity  for  the  digestion  of 
certain  native  forms  of  proteids — fibrin,  muscular  tissue, 
both  raw  and  cooked ;  these  are  promptly  digested  by 
the  trypsin,  whereas  its  action  upon  coagulated  egg  al- 
bumen is  very  slow  in  comparison  with  that  of  pepsin. 

The  products  of  peptic  digestion  (those  intermediary 
between  raw  proteid  and  true  peptone,  syntonin  and  al- 
bumoses) are  likewise,  after  neutralization,  quickly  con- 
verted into  peptone  by  trypsin.  Rapidity  of  action 
seems  to  be  the  natural  function  of  trypsin.  It  exhibits 
a  peculiar  affinity  for  the  casein  of  milk,  as  natively  ex- 
isting in  milk,  peptonizing  this  proteid  with  great  celer- 
ity without  the  intervention  of  an  alkali. 

Certain  differences  in  the  physical  phenomena  observed 
in  tryptic  and  peptic  digestion  have  led  some  to  suppose 
that  trypsin  exerts  a  peculiar  erosive  action.  The  swell- 
ing of  tissue,  the  gelatinous  character  which  fibrin  almost 
instantly  assumes  under  pepsin  acid  digestion,  is  not  to 
be  accounted  for  by  any  peculiar  action  of  the  pepsin 
itself ;  it  is  due  to  the  influence  of  the  hydrochloric  acid 
which  combines  with  raw  proteins  to  form  syntonin — 
this  being  very  penetrable  by  the  enzyme.  In  fact,  one 
is  struck  with  the  similarity  in  adaptation  to  digestion, 
between  gelatinous  starch  and  this  swollen,  gelatinous 
fibrin.  Boiled  albumen  presents  no  visible  difference  in 
its  digestion  with  trypsin  or  with  pepsin,  for  the  acid  does 
not  swell  the  coagulated  albumen.  Trypsin  (like  pepsin) 
acts  only  by  effecting  the  solution  of  the  surface  exposed 
— by  conversion  into  more  soluble  forms. 

A  peculiar  effect  of  trypsin  upon  milk  is  the  conver- 
sion of  casein  into  a  form  which  becomes  coagulable  at 
the  boiling  point.  This  partially  peptonized  casein  has 
been  termed  "  metacasein, "  which,  upon  more  complete 
conversion,  loses  its  coagulability.  This  behavior  of 
milk  has  been  suggested  (Roberts)  as  a  convenient  means 
of  testing  the  activity  of  pancreatin,  simply  by  ascer- 
taining under  certain  conditions  the  time  at  which  this 
"  onset "  point  of  conversion  occurs.  This  is  an  extremely 
interesting  reaction,  and  significant  of  the  peculiar  nature 
of  casein,  which,  unlike  other  forms  of  native  proteid,  is 
not  coagulable  by  heat,  probably  owing  to  its  peculiar 
combination  with  inorganic  constituents,  losing  this  char- 
acteristic, after  a  certain  amount  of  digestion  and  again 
becoming  non -coagulable  like  other  peptonized  proteids. 
By  rendering  milk  slightly  alkaline  by  the  addition  of 
sodium  bicarbonate  or  potassium  bicarbonate,  this  meta- 
casein reaction  is  prevented,  and  the  milk  then  at  any 
period  of  peptonization  may  be  heated  to  the  boiling 
point  without  curdling. 

The  starch-converting  ferment  of  pancreatin,  commonly 
known  both  as  amylopsin  and  as  diastase,  very  rapidly 
liquefies  starch  paste,  converting  starch  into  maltose. 
Raw  or  uncooked  starch  is  similarly  converted,  though 
less  rapidly,  the  action  being  proportionate  to  the  diffu- 
sion of  the  starch,  to  the  surface  presented  to  the  diges- 
tive ferment,  completely  cooked  gelatinous  starch  being 
with  great  facility  brought  into  complete  contact. 

The  products  of  pancreas  digestion  of  starch  are  ap- 
parently identical  with  those  of  diastase  from  other 
sources— the  achroo-dextrins,  dextrins,  and  maltose. 
Amylopsin  is  extremely  susceptible  to  the  influence  of 
chemical  reagents.  Its  action  is  not  enhanced  in  the 
slightest  degree  in  alkaline  media;  indeed,  it  is  greatly 
enfeebled  by  free  alkali;  it  is  also  weakened  by  acids 
(mineral  and  organic)  beyond  a  very  slight  percentage. 
Acids  which  tend  to  promote  the  development  of  trypsin 
exhibit  no  corresponding  behavior  on  amylopsin.  In 
vitro  in  neutral  media,  or  as  found  in  its  normal  associa 
tion  with  the  acids  of  the  pancreas  gland  or  in  extracts  or 
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infusions  therefrom,  amylopsin  exerts  enormous  energy 
in  the  conversion  of  starch.  It  no  doubt  exists  preformed 
in  the  pancreas  gland,  and  there  is  ground  for  the  belief 
that  it  differs  in  its  constitution  from  the  proteolytic 
enzymes. 

The  fat-splitting  and  emulsifying  agent  of  pancreatm 
(steapsin;  or  lipase)  is  the  most  delicate  of  the  enzymes ; 
it  is  rapidly  destroyed  by  all  acids,  except  the  fatty,  and 
by  strong  alcohol.  Steapsin  rapidly  liberated  the  fatty 
acids,  and  this  can  be  very  readily  observed  by  the  addi- 
tion of  a  few  drops  of  a  neutral  solution  of  pancreatin  to 
a  neutral  solution  of  butter  in  ether,  to  which  a  little 
litmus  has  been  added.  The  nature  of  the  ferment,  its 
susceptibility,  and  the  so  far  insuperable  difficulty  of 
separating  it  in  any  degree  from  the  other  ferments  of 
the  gland,  complicate  its  study  and  have  precluded  the 
establishment  of  accurate,  conclusive  data  concerning  it. 

The  coagulating  ferment  behaves  in  a  manner  similar 
to  that  of  the  rennet.  "When  added  in  a  sufficient  quan- 
tity to  pure  milk  at  a  temperature  of  100°  F.,  the  charac- 
teristic milk  curd  is  almost  instantly  formed.  This  casein 
curd,  however,  is  not  permanent,  and  cannot  be  sepa- 
rated so  freely  as  that  obtained  by  the  action  of  rennet ; 
if  the  milk  be  maintained  at  an  ordinary  temperature  the 
trypsin  will  rapidly  attack  the  casein,  and  by  stirring 
the  mass,  solution  can  be  readily  effected. 

The  milk -curdling  ferment  often  escapes  detection  ow- 
ing to  the  rapid  peptonizing  action  of  trypsin  upon  the 
casein. 

Although  pancreatin  is  officially  defined  as  "a  mixture 
of  the  enzymes  naturally  existing  in  the  pancreas,"  no 
official  test  is  given  for  other  than  the  proteolytic  fer- 
ment, and  this  is  determined  by  its  action  on  milk  under 
conditions  which  are  approximate  to  those  commonly 
employed  in  the  preparation  of  peptonized  milk.  The 
provision  against  the  development  of  rancidity  in  pep- 
tonized milk  is  especially  important,  for  pancreatin, 
which  produces  this  result,  is  distinctly  objectionable, — 
it  yields  a  milk  which  is  unfit  for  food,  especially  for  the 
sick. 

The  term  "  pancreatine  "  in  the  past  has  heen  applied 
to  indefinite  preparations  of  the  pancreas  and  more  often 
identified  with  the  emulsifying  ferment — the  function  of 
the  gland  which  was  first  observed  and  thought  to  be 
its  chief  and  important  characteristic.  The  official  adop- 
tion of  this  title,  however,  now  makes  it  applicable  only 
to  a  product  which  contains  all  the  pancreas  enzymes. 
This  of  course  is  in  distinct  opposition  to  scientific  nomen- 
clature of  the  enzymes,  for  the  term  might  best  be  applied 
to  some  one  particular  ferment,  in  conformity  with  the 
use  of  pepsin  for  the  proteolytic  ferment  of  the  stomach. 

"  Pancreatine "  was  originally  applied  to  the  starch- 
converting  agent  of  the  pancreas  juice  by  Bouchardat 
and  Sandras,  to  the  ferment  obtained  by  them  from  infu- 
sion of  pancreas  with  water  and  precipitated  with  alcohol. 

The  pancreatic  enzymes,  certainly  the  proteolytic, 
amylolytic,  and  curdling,  are  freely  soluble  in  water,  and 
are  readily  extracted  from  the  gland  by  infusion,  by  di- 
lute glycerin,  by  hydro-alcoholic  menstrua.  It  is  not 
possible,  however,  to  prepare  a  liquid  extract  of  the 
gland  which  will  retain  for  any  lengthy  period  all  the 
several,  chief  enzymic  properties  of  the  pancreas.  What- 
ever the  reaction  of  the  mingled  ferment  solution  may 
be,  whether  due  to  the  fresh  gland  acid  constituents  or 
to  added  acid  or  alkali,  the  diastase  especially  loses  its 
activity.  This  will  either  be  due  to  unfavorable  reaction 
or  to  the  influence  of  the  trypsin,  should  the  conditions 
be  favorable  for  its  action.  The  pancreatic  liquors  (orig- 
inally suggested  by  Roberts)  have  not  been  found  by 
any  means  so  effective  and  agreeable  and  convenient  for 
general  purposes,  especially  for  the  peptonization  of 
food,  as  the  extract  in  a  dry  form.  The  activity  of  pan- 
creatin, whether  in  a  dry  or  a  liquid  form,  simple  or  in 
combination  with  other  agents,  is  readily  tested  by  ap- 
plymg  it  to  the  digestion  of  proteids  in  an  alkaline  medium 
(a  procedure  which  differentiates  tryptic  action  from  that 
of  pepsm) ;  and  its  effect  upon  starch  may  be  tested  by  the 
very  simple  method  which  establishes  the  presence  of  di- 
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astase, — by  its  action  on  starch  mucilage  at  100°  F.  The 
proteolytic  ferment  may  be  tested  upon  fibrin  or  milk, 
using  the  United  States  Pharmacopoeia  test.  Negative  re- 
action in  any  respect  with  these  tests  is  absolute  evidence  of 
the  absence  of  the  ferment  which  is  thus  to  be  indicated. 

Pancreatin  is  so  susceptible  to  change  and  enfeeble- 
ment  that  it  should  not  be  prescribed  in  solution  with, 
soluble  chemical  agents— mineral  acids  or  alkalies.  Pep- 
sin-acid solutions  are  particularly  Incompatible  with  pan- 
creatin; even  that  degree  of  acid  which  is  suitable  for  the 
preservation  of  the  pepsin  weakens  the  activity  of  the  pan- 
creatin, and  this  is  increased  by  the  influence  of  the  pepsin, 
under  the  commercial  conditions  to  which  a  pharmaceu- 
tical product  must  be  submitted,  and  for  which  it  must  be 
suitable  by  a  reasonable  degree  of  permanency.  Alkaline 
agents  are  indicated  and  freely  prescribed  with  pancre- 
atin, and  this  is  best  accomplished  in  dry  mixtures — tab- 
lets, capsules,  powders,  etc.  While  in  certain  conditions, 
for  instance,  in  the  peptonizing  process,  the  salts  of  the 
alkalies  (sodium  bicarbonate,  etc.)  fulfil  a  useful  purpose, 
alkaline  solutions  of  pancreatin  do  not  retain  their  activ- 
ity at  ordinary  temperature ;  they  are  suitable  only  for 
immediate  use. 

The  liquid  preparations  of  the  pancreas  gland,  there- 
fore, should  as  a  rule  be  prescribed  alone,  separate  from 
the  remedies  to  be  used  in  association.  In  the  dry  form, 
however,  complete  freedom  of  combination  of  any  rem- 
edy indicated  is  afforded,  for  the  dry  enzymes  are  very 
stable. 

The  whole  relation  of  the  enzymes  of  the  different 
digestive  glands  mixed  in  artificial  solutions  may  perhaps 
best  be  summed  up  by  this  fact:  that  the  ferment  for 
which  the  reaction  of  the  solution  is  most  favorable  will 
exert  an  injurious  action  upon  the  other  enzymes;  in 
other  words,  the  active  enzyme-proteid  will  convert  the 
other  enzyme-proteids  which  are  in  the  unfavorable  envi- 
ronment. 

Therefore,  from  a  pharmaceutical  standpoint,  we  have 
to  keep  strictly  to  the  ascertainment  of  conditions  which 
are  favorable  to  the  extraction  and  production  of  these 
enzymes  in  a  form  of  reasonable  stability,  and  to  the 
avoidance  of  incompatibles,  these  being  simply  agents 
which  are  positively  known  to  injure  the  ferment  in 
vitro ;  and  to  the  adoption  of  certain  definite  standards 
of  activity,  and  the  development  of  proper  methods  for 
utilizing  their  digestive  properties  either  in  laboratory 
operations  or  in  the  artificial  digestion  of  peptonized 
food  for  the  sick.  It  must  be  ever  considered  that  these 
data  do  not  by  any  means  offer  a  clear  picture  of,  or 
arbitrary  conclusion  as  to,  the  relation  of  the  enzymes  in 
the  whole  digestive  scheme,  where  the  enzymes  in  natu- 
ral association  are  mingled  under  exceedingly  complex 
conditions;  first  as  to  the  influence  of  the  constituents  of 
the  juices  on  the  several  enzymes  thereof;  secondly  as  to 
the  influence  of  each  secretion  in  its  entirety  upon  the 
other,  and  as  to  the  influence  of  the  food  constituents  in 
their  native  form  and  as  converted  by  gradual  and  suc- 
cessive digestive  changes. 

The  study  of  the  enzymes  in  vitro  and  of  the  entire 
digestive  secretions  warrants  the  conclusion  that  the  fer- 
ments bear  a  different  relation  to,  and  influence  upon, 
each  other  when  mixed  together  simply  with  water  and 
with  reactions  obtained  by  acids  or  alkalies,  than  they  do 
in  their  physiological  interaction.  For  instance,  pancre- 
atin will  continue  to  act  in  an  alkaline  medium  in  the  pres- 
ence of  food,  and  pepsin  will  continue  to  act  for  a  long 
time  in  the  presence  of  acid  albumin,  while  aqueous  solu- 
tions of  these  ferments  of  the  same  degree  respectively  of 
alkalinity  and  acidity  by  simple  exposure  to  ordinary 
conditions  of  temperature  are  rapidly  deteriorated. 

Pawlow,  after  his  recent  elaborate  and  original  stud- 
ies of  the  digestive  secretions,  calls  especial  attention  to 
the  importance  of  his  experiments  concerning  the  "in- 
teraction of  the  digestive  juices."  He  says:  "Hence  the 
chemical  agencies  of  digestion  form  an  alliance  of  a 
complicated  nature  in  which  the  individual  members  are 
linked  together  mutually  to  relieve  and  support  each 
other  " ;  and  he  insists  that  it  is  indispensable  in  physio- 
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logical  inquiry  to  bring  into  view  the  "  whole  train  of 
normal  occurrences  " ;  that  "  to  constantly  remember  that 
all  parts  of  the  organism  work  together  sheds  a  bright 
light  over  the  special  field  under  review." 

No  official  method  is  given  for  pancreatin.  It  is  com- 
monly obtained  by  mechanical  and  chemical  means — by 
the  precipitation  of  an  infusion,  or  a  mixture  of  the  pan- 
creas gland  with  water  freed  as  much  as  possible  from 
the  fat  and  connective  tissue  by  mechanical  means,  this 
mixed  with  alcohol  in  excess,  and  the  precipitate  col- 
lected, expressed,  and  dried.  Pancreatin  is  also  prepared 
from  the  animal  pancreas  by  freeing  the  gland  in  so  far 
as  possible  from  connective  tissue  and  fat  by  careful  trim- 
ming, reducing  to  pulp,  passing  through  a  sieve,  desic- 
cating and  powdering,  and  further  purifying  by  extrac- 
tion with  suitable  solvents  of  fat,  coloring  matter,  etc. 

A  liquid  diastasic  extract  of  the  gland  may  be  obtained 
by  treating  the  pancreas  as  soon  as  possible  after  removal 
from  the  animal,  the  gland  meanwhile  kept  refrigerated, 
in  which  state  the  trypsinogen  remains  unchanged ;  rapid 
extraction  and  clarification  yield  the  amylopsin  in  an 
exceedingly  active  form,  and  by  repeated  filtration  an 
agreeable,  efficient  pharmaceutical  product  is  finally  ob- 
tained. 

Pancreatin  as  a  remedy  in  intestinal  indigestion  is  usu- 
ally administered  in  two-  to  five-grain  doses,  about  three 
and  a  half  hours  after  meals  and  at  bedtime,  in  capsules 
or  tablet  form.  It  is  also  given  with  soda  bicarbonate 
(ten  grains)  an  hour  or  so  before  breakfast  or  at  bedtime, 
taken  in  a  glassful  of  water  as  hot  as  can  be  conveniently 
sipped,  say,  115°-130°  F.,  this  particularly  in  catarrhal 
conditions  and  in  biliousness.  Pancreatic  extract  with 
oxgall,  ipecac,  and  bismuth  has  gained  repute  in  disor- 
ders of  intestinal  digestion.  The  elixir  or  essence  of  amyl- 
opsin is  much  used  as  a  remedy  in  salivary  or  intestinal 
indigestion;  in  the  former  case  it  is  given  immediately 
before  food,  or  mixed  at  table  with  farinaceous  food. 
Inasmuch  as  the  full  pitch  of  gastric  acidity  does  not  ap- 
pear until  about  half  an  hour  after  eating,  this  diastase 
certainly  has  the  same  physiological  conditions  for  its 
activity  as  that  normally  mingled  with  the  food  in  the 
saliva.  The  diastasic  essence  is  given  at  the  completion 
of  stomach  digestion  to  promote  intestinal  starch  diges- 
tion. 

In  the  artificial  reinforcement  by  pancreatic  ferments, 
the  essential  consideration  is  obviously  to  protect  them 
from  action  in  gastro ;  and  clinical  experience,  with  the 
various  expedients  used,  has  shown  that  the  pancreatic 
ferments  exert  distinctly  beneficial  action. 

The  pancreatic  ferments  are  peculiarly  and  happily 
fitted  for  the  preparation  of  partially  or  completely  di- 
gested foods  for  the  sick ;  under  their  influence  and  by 
very  simple  means  and  methods,  the  chief  and  complete 
foods  of  almost  every  variety  are  readily  peptonized  in  the 
household.  These  foods  may  be  so  prepared  as  to  con- 
vey the  ferments  in  an  active  form,  thus  promoting  fur- 
ther digestion,  or  the  digestive  agent  may  be  destroyed 
at  any  desired  stage  by  raising  the  temperature  of  the  food 
to  160°  F.,  or,  more  simply,  to  the  boiling  point. 

Special  products  and  devices,  such  as  peptomzmg 
tubes,  are  much  used;  milk,  either  cold  or  by  the  warm 
process,  is  thus  adapted  to  the  varying  requirements. 
The  peptonized  milk  gruel  deserves  more  extensive  use, 
as  the  simultaneously  converted  farinaceous  foods- 
wheat,  arrowroot,  etc.— increase  the  nutritive  value  and 
convey  a  very  agreeable  taste,  masking  that  of  the  milk. 
Porridge  of  oatmeal,  wheat,  etc.,  is  easily  made  more 
digestible  by  adding,  at  the  proper  temperature,  a  small 
quantity  of  the  diastasic  essence  to  a  portion  as  served  at 
the  table;  for  the  aged  and  for  infants  this  is  an  efficient 
method.    (See  also  article  on  Dietetics.) 

Trypsin  as  a  surgical  solvent  is  peculiarly  serviceable 
in  cases  in  which  acid  is  undesirable  or  alkali  necessary ; 
in  such  situations,  and  where  fluid  cannot  readily  be  kept 
in  contact,  the  trypsin  powder  is  preferable,  adhering  as 
it  does  to  moist  surfaces,  and  being  thus  exceedmgly  ac- 
tive; in  nasal  diseases,  in  diseases  of  the  throat,  urethra, 
etc.,  the  trypsin  powder  is  successfully  applied.    By  its 
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use  in  diphtheria,  great  relief  is  often  afforded  to  the 
distressing  local  manifestations,  in  addition  of  course  to 
the  specific  constitutional  treatment.  The  pancreatic  ex- 
tract has  been  used  with  marked  success  as  a  solvent  in 
abscess  cavities  of  the  liver,  hipjoint  disease,  etc. 

Trypsin  is  used  as  the  essential  agent  in  the  prepara- 
tion of  an  artificial  human  or  humanized  milk  from  cow's 
milk,  for  the  reason  that  cow's  milk  proteids,  under  the 
regulated  influence  of  the  enzyme,  become  practically 
identical  in  solubility  with  the  proteids  of  human  milk ; 
in  consequence  of  this  change  a  cow's  milk  mixture  with 
percentage  composition  adjusted  to  the  standard  of  hu- 
man milk  becomes  notably  thinner,  of  a  grayish-yellow 
color,  and  acquires  a  marked  resemblance  to  human  milk 
in  physical  and  physiological  characteristics  and  deport- 
ment with  all  reagents.  This  milk  so  converted  by  tryp- 
sin gives  minute,  diffusible  coagula  with  gastric  juice, 
and  with  acid  of  normal  gastric  percentage ;  it  corresponds 
in  digestibility  in  vitro  to  human  milk  with  pepsin  and 
acid,  and  is  not  coagulated  by  rennet.  The  enzyme 
itself,  as  the  physiological  factor  in  the  process,  is  in- 
stantly destroyed  by  simply  heating  the  milk  to  160°  F. 
or  by  boiling  it  after  the  enzymic  action  has  been  util- 
ized ;  the  enzyme  thus  becomes  so  much  inert  proteid, 
so  minute  in  amount  as  to  be  a  negligible  quantity  in  the 
food  and  quite  incapable  of  in  any  way  influencing  the 
digestibility  of  the  milk. 

This  use  of  the  enzyme  in  infant  feeding  is  based  on 
the  unquestionable  postulate,  confirmed  by  all  data, 
chemical,  physiological,  and  clinical,  that  the  radical 
difference  in  digestibility  and  deportment  between  cow's 
and  human  is  milk  attributable  to  the  nature  of  their  re- 
spective proteids — largely  casein  in  cow's  milk,  and  solu- 
ble, non-coagulable  peptone-like  proteids  in  human  milk ; 
it  is  also  based  upon  comparative  analyses  and  observa- 
tions of  this  humanized  milk  and  many  specimens  of 
average,  normal  human  milk.  Theoretical  objections 
based  upon  presumed  defects  in  this  method,  as  present- 
ing a  food  unnaturally  digestible  or  conveying  a  diges- 
tive agent,  are  obviously  erroneous  in  view  of  the  fore- 
going facts.  The  enzyme  may,  however,  be  so  used  as 
to  secure  a  degree  of  digestibility  beyond  the  normal 
where  this  is  required,  by  simply  prolonging  the  subjec- 
tion of  the  casein  to  the  proteolytic  agent  or  the  enzyme 
administered  in  the  food,  by  chilling  the  milk  instead  of 
pasteurizing  or  sterilizing  it  when  the  desired  degree  of 
digestion  is  accomplished.  In  fact,  this  is  like  the  use 
of  the  enzyme  as  a  means  of  aiding  the  digestion  of 
mother's  milk  itself  by  giving  pancreatin  in  a  few  one- 
grain  doses  immediately  after  nursing. 

Benjamin  T.  Fairchild. 

PANCREON  is  a  combination  of  pancreatin  with  tan- 
nic acid,  said  by  Gockel  to  possess  the  tryptic,  amylo- 
lytio,  and  emulsifying  powers  of  pancreatin,  but  to  be 
unaffected  by  the  gastric  juice.  Out  of  100  gm.  of  al- 
bumin subjected  to  the  action  of  1  gm.  of  pancreon  for 
fifteen  minutes  at  40°  C.  (104°  F.)  in  a  weak  alkaline  me- 
dium, 85  gm.  were  digested.  The  dose  of  pancreon  is 
0.3-0.5  gm.  (gr.  v.-viij.)  three  times  a  day. 

^       ^  W.  A.  Bastedo. 

PAPAW  iM\C£.— Papaya.  Carica.  The  milk  juice 
obtained  from  the  nearly  ripe  fruit  of  Carica  Papaya  L. 
(fam.  Papayacem). 

This  interesting  plant  is  the  well-known  melon  tree  of 
tropical  America,  now  widely  introduced  into  other 
tropical  countries.  All  of  its  parts  contain  a  latex  or  milk 
juice,  which  is  more  abundant  and  more  milky  in  the 
nearly  ripe  fruit  than  elsewhere.  This  milk  juice  pos- 
sesses a  bitterish  and  very  acrid  taste,  is  irritant  to  mu- 
cous membrane  or  to  the  abraded  skin,  and  has  consid- 
erable detergent  power.  It  possesses  the  property  of 
peptonizing  albuminous  substances,  after  the  manner  of 
trypsin,  and  of  softening  an  additional  portion  which  is 
not  truly  peptonized.  By  reason  of  its  possessing  this 
property,  it  has  been  largely  used  in  its  own  home  for 
application  to  tough  meat  to  render  it  more  palatable  and 
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digestible,  a  fact  wliioli  has  led  to  its  examination  by 
chemists  and  physicians  with  a  view  of  determining  its 
availability  for  use  as  a  digestant.  Its  digestant  principle 
lias  eluded  isolation,  as  have  all  similar  substances.  It  lias 
been  found  possible,  however,  to  concentrate  the  activity 
in  a  peculiar  extract  called  caricin  (Moncorvo),  papain 
(Wurtz),  or  papayotin  (Peckolt),  which  is  extracted  with 
water,  the  solution  filtered  and  the  filtrate  precipitated 
with  alcohol,  and  perhaps  again  dissolved  and  reprecipi- 
tated  for  somewhat  further  concentration.  Tlie  fresh 
juice,  whicli  consists  largely  of  water,  yields  also  con- 
siderable resin,  divisible  into  two  portions,  nearly  five 
per  cent,  of  a  kind  of  caoutchouc,  a  little  fat,  malic  acid, 
leucin,  tyrosin,  and  other  ummportant  matters.  The 
leaves,  from  which  the  papain  can  also  be  obtained, 
yield  the  'crystalline  alkaloid  carpaine  (CmHjsNOj), 
which  is  most  abundant  in  the  young  leaves,  constitut- 
ing about  one-fourth  of  one  per  cent,  of  their  weight 
when  dried.  The  seeds,  which  are  pungent  and  which 
are  used  for  their  ttenicidal  properties,  contain  a  resin 
which  shares  the  pungency,  though  the  latter  is  said  to 
be  due  to  a  volatile  principle  aUied  to  the  volatile  oil  of 
mustard. 

Action  and  Uses. — Since  about  the  year  1880,  great 
attention  has  been  given  in  Europe  and  America  to  at- 
tempts to  employ  papain  as  a  digestant.  Reports  as  to 
the  energy,  and  even  as  to  the  manner  of  its  action,  vary 
most  widely,  even  when  presented  by  careful  experiment- 
ers, and  the  conviction  is  forced  that  the  market  prepara- 
tions employed  by  them  must  have  differed  in  character. 
It  appears  very  likely  that  some  of  these  preparations 
were  mixtures  of  different  digestive  ferments,  the  results 
being  such  as  might  be  expected  from  an  admixture  to 
"the  papain  of  pancreatin  or  pepsin.  Much  of  the  infor- 
mation which  has  been  supplied  to  physicians,  and  which 
has  found  its  way  into  professional  journals  and  books, 
has  been  smuggled  under  the  guise  of  scientific  literature 
from  interested  commercial  sources. 

It  has  been  definitely  established  that  as  a  digestant 
papaya  is  wholly  proteolytic.  It  disintegrates,  softens, 
and  liquefies  albumen  in  the  form  of  white  of  egg,  nius- 
culin,  fibrin,  and  casein,  and  considerable  of  the  product 
is  peptonized.  This  action  takes  place  in  an  alkaline  or 
neutral  medium.  Davis  (1893)  and  Hobcin  (1894)  have 
shown  that  it  is  inactive  in  an  acid  .medium,  the  papain 
employed  by  the  second-named  authority  having  been 
prepared  by  himself  from  papaya.  Pairchild,  using 
specimens  the  identity  and  purity  of  which  were  authen- 
ticated by  himself,  has  fully  confirmed  this  conclusion. 
Nevertheless,  some  eminent  authorities  claim  that  there 
is  a  slight  activity  in  acid  media.  Dr.  Lafayette  B. 
Mendel,  who  takes  this  view  and  who  has  made  special 
researches  in  this  direction,  has  furnished  us  with  the 
following  account  of  tlie  products  of  papain  digestion : 

"  The  products  of  the  reaction  of  papain  with  proteids 
consist  in  large  part  of  proteoses.  Peptones — i.e.,  com- 
pounds not  precipitable  with  ammonium  sulphate,  but 
still  giving  the  biuret  reaction — are  also  formed.  The 
papain  proteoses  resemble  the  related  products  obtained 
by  gastric  digestion.  Regarding  the  occurrence  of  fur- 
ther products  of  proteolysis,  such  as  leucin,  tyrosin, 
tryptophan,  and  other  characteristic  derivatives  of 
tryptic  digestion  the  evidence  is  somewhat  uncertain. 
TJnderhill  and  the  writer  have  usually  failed  to  find  leu- 
cin, tyrosin,  and  tryptophan  in  appreciable  quantities,  at 
least  under  conditions  in  which  they  are  readily  formed 
in  large  quantities  by  other  tryptic  enzymes.  Emmer- 
ling  has  succeeded  in  isolating  small  quantities  of  these 
substances  from  the  products  formed  after  very  pro- 
longed digestion,  although  even  under  such  conditions 
proteoses  predominate.  Papain  accordingly  resembles 
trypsin  in  dissolving  proteids  in  media  of  various  reac- 
tions, thus  differing  from  pepsin ;  its  resemblance  to  the 
latter  lies  in  the  similarity  of  the  products  formed  by  the 
two  enzymes.  Harlay  has  made  comparable  observa- 
tions with  the  enzyme  of  the  related  Canca  hastifolut. 
Iturajeff  has  found  that  commercial  preparations  of  pa- 
pain induce  the  formation  of  peculiar  proteid  precipitates 

482 


in  solutions  of  proteoses  such  as  the  widely  used  '  Wjtte- 
pepton. '  The  reaction  corresponds  with  that  described 
for  rennin  as  '  plastein  formation, '  by  Danilewski  and 
his  co-workers.  The  importance  of  this  proteid-clotting 
or  precipitating  function  of  enzymes  can  only  be  conjec- 
tured at  present.  Thus  it  may  play  a  role  in  proteid 
synthesis  and  regeneration ;  and  the  significance  of  such 
an  enzyme  in  plants  at  once  becomes  apparent.  On 
milk  papain  preparations  exercise  a  clotting  or  curdling 
action.  Whether  these  properties  are  all  due  to  the  same 
enzyme,  or  whether  more  than  one  unorganized  ferment 
is  present  in  the  plant,  are  questions  which  have  not  yet 
been  settled." 

Riedel,  who  in  1894  made  a  very  elaborate  series  of  ex- 
periments to  determine  the  most  favorable  conditions  for 
the  activity  of  papain,  concluded  that  the  most  favorable 
temperature  was  about  that  of  the  body;  that  one  part 
of  papain  to  one  hundred  of  albumin  was  the  most  favor- 
able proportion ;  that  the  more  concentrated  the  papain 
solution  the  greater  the  activity,  and  that  the  capacitj' 
of  papain  for  digesting  egg  albumen  was  about  one  liun- 
dred  times  its  own  weight.  The  answer  to  the  last  ques- 
tion depends  naturally  upon  the  degree  of  concentration 
of  the  papain ;  yet  it  has  been  found  impossible  to  carry 
this  concentration  more  than  a  little  way.  The  activity 
of  a  definite  portion  of  the  dried  papaw  juice  itself  is 
much  greater  than  that  of  the  papain  extracted  from  it ; 
a  single  instance  is  recorded  in  which  such  a  juice,  very 
carefully  prepared,  digested  one  thousand  times  its  own 
weight.  The  difficulty  is  that  this  action  is  extremely 
variable;  so  much  so  that  it  is  not  at  all  probable  that 
commercial  dried  papaw  juice  could  ever  be  brought  to 
a  uniform  standard  of  strength. 

As  a  general  statement,  it  may  be  said  that  a  good 
average  sample  of  papain  is  capable  of  digesting  from 
fifty  to  one  hundred  times  its  own  weight  of  albumen, 
under  favorable  conditions.  It  is  also  very  noteworthy 
that  it  loses  its  power  rapidly  upon  being  kept.  If  kept 
with  ordinary  care  in  well-stoppered  vials  it  will  ordi- 
narily have  but  little  value  at  the  end  of  a  year. 

As  to  whether  papain  possesses  any  diastasic  action  in 
the  conversion  of  starch,  we  have  also  discordant  reports, 
but  are  obliged  to  conclude  that  it  has  none.  As  to  its 
milk-curdling  power,  it  certainly  possesses  a  small  and 
variable  degree ;  but  this  is  of  a  peculiar  character,  the 
process  and  the  coagulum  differing  distinctly  from  those 
resulting  from  the  use  of  rennet. 

Papaya  is  a  powerful  irritant  to  denuded  tissues  and 
to  mucous  membrane.  So  powerful  is  this  action  that 
if  a  large  amount  be  taken  into  the  stomach  in  concen- 
trated form  it  acts  as  an  Irritant,  or  even  as  a  caustic 
emetico-cathartic  poison.  Applied  to  a  raw  surface  it 
acts  as  an  escharotic,  and  is  very  apt  to  be  followed  by 
putrefactive  processes.  Papain,  prepared  as  above  de- 
scribed, is  less  active  in  this  direction,  though  still  irri- 
tant. Desjardins  states  that  the  irritant  property  is 
almost  completely  destroyed  by  boiling,  which  also 
produces  a  new  substance,  having  a  powerful  lumbricidal 
action,  similar  to  that  of  the  seeds. 

The  principal  native  use  of  papaya  has  been  stated 
above.  Owing  to  its  locally  stimulant  action,  it  has  also 
been  used  as  a  cosmetic,  to  remove  pimples  and  similar 
roughnesses  from  the  skin,  and  to  produce  a  smooth, 
healthy  surface.  Its  irritant  properties  have  been  uti- 
lized in  the  form  of  caustic  applications  to  cancerous  and 
other  morbid  tissues,  but  the  practice  cannot  be  consid- 
ered good.  Its  dissolving  action  upon  albuminous  sub- 
stances has  been  utilized  by  applying  it  to  diphtheritic 
membranes.  For  this  purpose  a  five-per-cent.  solution, 
preferably  made  alkaline  with  0.5  per  cent,  of  bicarbonate 
of  soda  or  potash,  is  applied  at  short  intervals  with  a 
brush,  or  in  the  form  of  a  spray.  The  results  appear  to 
be  highly  irregular  and  uncertain.  A  similar  solution, 
but  twice  as  strong,  is  applied  to  warts,  corns,  and  other 
cutaneous  indurations.  Almost  its  entire  use  in  Europe 
and  America  is  for  internal  administration  as  a  digestant 
cither  alone  orconibined  with  other  ferments.  Owing  to 
its  irritant  effect  it  should  be  administered  when  the 
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Stomach  is  full  of  food,  and  dilution  with  milk-sugav 
or  other  neutral  substance  is  desirable.  Opinions  differ 
widely  as  to  the  dose,  but  the  best  evidence  is  iu  favor  of 
the  use  of  a  considerably  larger  dose  than  that  of  official 
pepsin.  Where  there  is  an  irritable  condition  of  stomach 
or  bowels,  the  dose  should  be  reduced,  and  the  drug 
should  not  be  used  in  case  of  an  ulcerated  condition  of 
those  organs. 

Allied  Drugs. — The  juice  of  the  fruit  and  leaves  of 
the  pineapple  has  similar  properties  and  uses,  already 
referred  to  under  Bromeliacea.  Henry  11.  Rmhy. 

PARA -ACET-AMIDO- PHENOL  ETHYL  CARBON- 
ATE, a  tasteless,  wliite,  crystalline  powder,  insoluble  in 
water  and  readily  soluble  iu  alcohol,  is  administered  in 
dosage  of  0.5  gm.  (gr.  viij.)  as  an  antipyretic,  analgesic, 
and  hypnotic.  W.  A.  Basiedo. 

PARA-CHLORALOSE.    See  Ohloralose. 

PARACHOLIA.— The  term  used  by  Pick  to  designate 
the  hypothetical  secretion-anomaly  by  which  the  bile 
leaves  its  accustomed  channels  and  passes  into  tlie  blood, 
giving  rise  to  icterus.  By  a  number  of  recent  writers 
icterus  is  regarded  as  due  to  a  diseased  condition  of  the 
liver  cells,  the  process  being  analogous  to  the  secretion 
of  albumin  in  diseased  conditions  of  the  kidney  cells. 
Normal  liver  cells  should  secrete  bile  into  the  bile  vessels, 
and  urea  and  sugar  into  the  blood  capillaries.  According 
to  Minkowski  it  is,  therefore,  not  without  analogy  that 
the  liver  cells  in  diseased  conditions  should  give  off  the 
bile  into  the  blood-vessels.  Such  a  process  is  designated 
by  him  as  parapedesis.  Liebermeister  and  Pick  also  ex- 
pla,in  many  forms  of  icterus  as  due  to  functional  disturb- 
ances of  the  liver  cells,  either  with  or  without  evident 
anatomical  changes,  the  former  designating  such  a  dis- 
turbance as  diffudon  or  akatliectic  icterus,  the  latter  as 
paracJwHa.  Pick  believes  that  the  pathogenesis  of  the 
obscure  forms  of  icterus  may  be  explained  by  this  hypoth- 
esis. He  accordingly  distinguishes  three  classes:  ner- 
mus  paracTwUa,  toxic  paraeliolia ,  and  infectious  parcteholia 
{Wiener  klin.WocUn.,19,Q'L).        Aldred  Scott  Warthin. 

PARADISE  SPRING.— Cumberland  County,  Maine. 
Post-Officb. — Brunswick.     Hotels  and  inns. 

Tills  spring  is  located  about  one  mile  from  the  centre 
of  the  village  of  Brunswick  and  live  hundred  feet  from 
the  Androscoggin  River.  It  is  reached  by  way  of  the 
Maine  Central  Railroad  to  Brunswick,  and  thence  by  Jor- 
dan Avenue.  The  country  about  the  place  is  level— a 
sandy  plain,  covered  by  pines  extending  to  beautiful 
Casco  Bay,  three  miles  distant.  Concerning  the  meteoro- 
logical conditions  prevailing  about  Brunswick,  we  are 
indebted  to  Prof.  Leslie  A.  Lee,  of  Bowdoin  College,  for 
the  following  description :  "  The  climate  of  Brunswick  is 
peculiarly  agreeable.  Fair  weather  predominates,  the 
annual  number  of  cloudy  days  averaging  not  more  than 
eighty-six  in  a  long  period  of  years.  The  prevailing 
winds  are  from  the  southwest  during  the  summer  and 
from  the  northwest  during  the  winter.  On  this  account 
the  air  is  much  drier  than  would  be  expected  from  the 
proximity  of  the  village  to  the  sea,  and  fogs  rarely 
occur."  . 

Scattered  throughout  the  town  are  large  areas  of  pme 
forests,  which  give  a  resinous  and  balmy  quality  to  the 
air.  The  average  annual  temperature  is  44.40°  F. ,  rismg 
to  an  average  of  65.11°  F.  in  the  summer,  and  falling  to 
a  mean  of  23.63°  F.  in  the  winter.  The  temperature  of 
the  spring  water  is  about  45°  in  summer  and  43°  F.  in  win- 
ter. The  outflow  of  water  is  abundant,  being  estimated 
at  twelve  thousand  gallons  per  day.  The  following  analy- 
sis was  made  by  Prof.  Henry  Carmichael,  of  Bowdom 
College:  Reaction  neutral.  One  United  States  gallon 
contains:  Silica,  gr.  0.38;  iron  oxide,  a  marked  trace; 
calcium  sulphate,  gr.  0.06;  calcium  carbonate,  gr.  0.07; 
magnesium  carbonate,  gr.  0,06;  sodium  chloride,  gr. 
0.03:  sodium  carbonate,  gr.  0.36;  potassium  chloride, 
gr.  0.04.  Total,  0,99  grain. 
A  more  recent  analysis  by  State  Assayer  Franklm  C, 


Robinson  shows  a  somewhat  larger  proportion  of  solids, 
viz,,  1,05  grains  per  United  States  gallon  of  inorganic 
salts.  The  water  is  remarkably  free  from  organic  mat- 
ter, containing,  according  to  Robinson's  analysis,  but 
0.07  of  a  grain  per  United  States  gallon.  This  organic 
matter  was  found  by  examination  to  be  of  vegetable  ori- 
gin, only  a  minute  trace  of  nitrogenous  material  being 
detected.  The  water  is  excellent  for  table  use,  and  has 
been  supplied  to  tlie  students  of  Bowdoin  College  for 
some  time  past.     It  is  used  commercially. 

James  K.  Crook. 

PARAFFIN  INJECTIONS.    S,a(i  Reparative  Surgery. 

PARAFFIN-XYLOL  is  a  solution  of  1  gm,  of  paraffin 
in  10  c,c.  of  xylol,  and  is  used  as  an  antiseptic  var- 
nish for  the  liands  in  surgical  operations. 

W.  A.  Bastedo. 

PARAFORM — paraformaldehyde,  triformol,  trioxy- 
methylene  (HC0H)3 — is  a  polymer  of  formaldehyde  oc- 
curring as  a  white,  insoluble,  crystalhne  powder.  It 
tends  to  decompose  slowly  with  the  production  of  for- 
maldehyde gas,  and,  when  acted  upon  by  heat,  as  in 
some  of  the  formaldehyde  generators,  may  evolve  the 
gas  rapidly  and  in  large  quantities.  On  account  of  its 
slow  and  steady  evolution  of  formaldehyde,  it  is  used  by 
physicians  as  an  intestinal  antiseptic  and  by  dentists  for 
disinfecting  cavities.  The  dose  is  0.5-1  gm,  (gr.  viij.- 
XV.).  Unna  prescribes:  IJ  Paraform  3  gm.  (gr.  xxx.), 
ether  3  c.c.  (nxxx.),  and  flexible  collodion  15  c.c. 
( I  ss.)  as  the  best  application  for  pityriasis  versicolor, 
erythrasma,  and  other  saprophytic  skin  diseases.  Mense 
uses  a  three-per-cent.  paraform  collodion  as  a  slow  caus- 
tic for  warts  and  other  small  cutaneous  growths. 

Paraform  enters  into  the  composition  of  eka-iodoform. 

W.  A.  Bastedo. 

PARAISO  HOT  SPRINGS.— Monterey  Coimty,  Califor- 
nia.    Post-Opfice.— Paraiso  Springs.     New  Cottages. 

Access.— Take  8:15  a.m.  Southern  Pacific  train  from 
the  corner  of  Third  and  Townsend  streets,  San  Francis- 
co, reaching  Soledad  station  at  1:43  p.m.  Thence  by 
stage  a  drive  of  one  hour  and  a  half  to  the  springs. 

"Paraiso  Springs,"  says  Mr.  E.  S.  Harrison  in  his  his- 
tory of  Monterey  County,  "were  the  property  of  the 
Mission  Soledad,  which  lies  about  five  miles  northeast  of 
the  springs.  The  title  of  the  present  owner  was  obtained 
from  the  Church  of  Rome,  to  which  a  patent  was  granted 
by  the  Mexican  Government  in  1778.  In  the  records  of 
the  Mission  Soledad  the  healing  and  invigorating  quali- 
ties of  these  waters  are  duly  set  forth.  The  springs  are 
situated  in  a  picturesque  alcove  of  the  Santa  Lucia  Moun- 
tains on  the  western  border  of  the  Salinas  Valley,  about 
one  hundred  and  fifty  miles  south  of  San  Francisco.  The 
altitude  of  the  location,  being  nearly  one  thousand  feet 
above  the  valley,  renders  the  atmosphere  dry,  bracing, 
and  invigorating.  Below  the  resort,  and  for  miles  be- 
yond, the  eye  scans  the  fertile  valley,  traversed  by  the 
grand  Salinas  River  and  Arroyo  Seco,  and  the  far-away 
Gabilan  Mountains,  forming  a  picture  of  great  charm 
and  glory.  The  commodious  hotel  and  cottages  com- 
bine all  the  luxury  and  comforts  that  can  be  found 
anywhere.  On  the  premises  are  several  valuable  springs 
flowing  about  two  thousand  gallons  of  water  per  hour, 
and  consisting  of  sulphur,  soda,  and  iron  waters.  The 
temperature  of  the  springs  varies  from  100°  to  118  F. 
We  give  below  the  analyses  of  the  waters  of  the  two 
principal  springs,  the  Paraiso  Sulphur  Spring  and  the 
Great  Paraiso  Hot  Soda  Spring, 

The  Paraiso  Sul-plmr  Sprinff.—Accovdmg  to  the  analysis 
made  by  Dr.  Anderson  in  1889,  one  United  States  gallon 
contains:  Sodium  chloride,  gr.  3,76;  sodium  carbonate, 
gr  115-  sodium  sulphate,  gr.  37.10;  potassium  sul- 
phate gr  0.83;  magnesium  carbonate,  gr.  6.09;  magne- 
sium'sulphate,  gr.  3.19;'  calcium  carbonate,  gr.  0.89; 
calcium  sulphate,  gr.  4.40;  ferrous  oxide,  gr.  0  73 ;  sil- 
ica "r  3  55;  organic  matter,  gr.  7.35,  Total,  66.04 
grains.     Gases:    carbonic-acid  gas,   2.04  cubic    inches; 
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sulphureted    hydrogen,    9,25  cubic  inches.     Tempera- 
ture, 114°  F. 

This  is  said  to  be  one  of  the  best  bathing  waters  on  the 
coast! 

The  Oreat  Paraiso  Hot  Soda  Spring. — One  United  States 
gallon  contains :  Sodium  chloride,  gr.  8.37;  sodium  car- 
bonate, gr.  5.06;  sodium  sulphate,  gr.  34.60;  potassium 
chloride,  gr.  0.33;  potassium  sulpliate,  a  trace;  magne- 
sium carbonate,  gr.  0.75;  magnesium  sulphate,  gr.  1.10; 
calcium  carbonate,  gr.  1.30;  calcium  sulphate,  gr.  6.45; 
ferrous  carbonate,  gr.  0.89;  alumina,  gr.  0.56;  silica,  gr. 
3.90;  organic  matter,  gr.  4.15.  Total,  61.45  grains. 
Free  carbonic-acid  gas,  3.95  cubiclnches.  Temperature 
of  water,  118°  F. 

Qualitatively  this  water  closely  resembles  the  famous 
Carlsbad  Sprudel  water,  but  is  less  highly  mineralized. 
Thousands  of  visitors,  invalids,  and  pleasure-seekers  visit 
Paraiso  Springs  yearly,  and  the  excellence  of  the  mineral 
waters,  the  salubrity  of  the  climate,  and  the  picturesque- 
ness  of  the  location  bid  fair  to  make  Paraiso  one  of  the 
most  prominent  health  resorts  in  California. 

Jmnes  K.  Crook. 

PARAKERATOSIS.    See  Oornijication. 

PARALDEHYDE.  —  Parethylaldehyde :  3  (C2H4O)  = 
CeHijOa.  Paraldehyde  is  a  polymeride  of  common  ethy- 
lic  aldehyde,  producible  by  the  action  of  a  considerable 
number  of  substances  upon  such  aldehyde.  Paraldehyde 
is,  at  ordinary  temperatures,  a  liquid,  colorless,  of  a  burn- 
ing taste  and  powerful  and  penetrating  ethereal  odor.  It 
dissolves  in  8.5  parts  of  cold  water  and  in  16.5  parts  of 
boiling  water.  It  mixes  in  all  proportions  with  alcohol, 
ether,  and  fixed  or  volatile  oils.  At  0°  C.  (33°  F.)  paral- 
dehyde solidifies  to  an  ice-like  crystalline  mass,  or  may 
crystallize  in  distinct  prisms.  It  should  be  kept  in  well- 
stoppered,  dark  amber-colored  bottles,  in  a  cool  place. 
Paraldehyde  is  peculiar  among  ethereal  bodies  for  pos- 
session of  the  property  of  determining  sleep,  with  a  mini- 
mum of  by-effects.  The  sleep  produced  by  the  medicine 
seems  a  quite  perfect  imitation  of  natural  slumber,  since 
the  subject  under  the  influence  of  the  hypnotic  is  as 
easily  awakened  as  from  ordinary  sleep.  No  worse  de- 
rangements occur  from  the  medicine  than  a  little  dryness 
of  the  throat  and  thirst,  and  a  trifling  reduction  of  pulse 
rate  and  arterial  tension.  The  most  disagreeable  circum- 
stance attending  the  use  of  paraldehyde  is  a  persistence 
of  the  taste  of  the  drug  upon  the  palate,  and  of  the  odor 
m  the  breath,  often  for  a  number  of  hours  after  the  tak- 
ing. Also  it  may  disorder  the  stomach.  The  sleep  pro- 
duced by  a  perfectly  legitimate  dose  of  paraldehyde  may 
begm  withm  fifteen  minutes  after  the  swallowing  and 
last  five,  SIX,  or  seven  hours.  The  medicine  is  used  ex- 
clusively for  the  procurement  of  sleep,  and  is  applicable 
without  special  contraindication,  for  any  case  in  which 
that  therapeusis  is  proper.  A  quantity  of  from  2  to  4  gm 
(from  Til  XXX.  to  Ix.)  is  the  average  dose,  and  the  same  is 
best  given  dissolved  in  80  gm.  (fl.  |  i.)  of  an  aromatic 
water,  sweetened.  Edward  Curtis. 

PARALYSIS.— The  term  paralysis,  in  its  more  limited 
sense,  denotes  complete  or  very  pronounced  loss  of  mus- 
cular power  The  term  paresis  is  sometimes  employed 
to  designate  lesser  degrees  of  loss  of  power.  Paralysis  is 
the  resu  tof  functional  or  organic  changes  in  the  nervous 
system  (central  or  peripheral),  but  in  a  comparativelv 
rare  group  of  diseases  it  is  due  to  primary  changes  in  the 
forS  (pseudohypertrophic  paralysis  tnd  allied 

Loss  of  muscular  power  may  vary  widely  in  its  distri- 
bution When  confined  to  a  single  limb  or  part  of  a 
«XkJV  u™?^.''?^  monoplegia:  when  it  involves  one 
side  of  the  body  it  is  called  hemiplegia.     If  the  heminle- 

lla  Is'  SserV° ^  """f^  ^''^'  °'  *^  ^°dy>  tte  term  dl^t 
fusual  fnrm^  ^f^"^}^^'^  '^  paralysis  of  both  lower  limbs 
(usual  iorm),  of  both  upper  limbs,  or  of  all  the  limbs 

of  th.TJ  ^'°'°S  ^^^  existence  of  paralysis  of  any  part 
of  the  body,  we  must  not  be  satisfied  with  merely  noting 
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the  absence  or  diminution  of  motion  in  the  suspected 
part.  We  must  also  make  sure  that  there  is  no  mechani- 
cal obstruction  to  motion,  such  as  ankylosis,  fracture  or 
dislocation,  and  that  it  is  not  inhibited  by  pain.  Fur- 
thermore, the  patient  must  be  in  a  condition  to  un- 
derstand our  directions.  Even  when  the  patient  is 
profoundly  comatose,  we  may  usually  diagnose  the  exist- 
ence of  paralysis  by  noting  the  increased  resolution  and 
flaccidity  of  the  parts  when  compared  with  the  corre- 
sponding ones  on  the  opposite  side  of  the  body. 

Various  instruments,  called  dynamometers,  have  been 
devised  to  test  the  amount  of  muscular  power,  but  they 
are  unnecessary  for  practical  purposes  and  for  the  most 
part  unreliable.  If  the  paralysis  is  very  marked,  the 
loss  of  function  is  forthwith  noticeable.  If  the  loss  of 
power  is  not  so  pronounced,  the  patient  is  directed  to 
overcome  the  resistance  to  various  movements  offered  by 
the  physician.  For  example,  in  order  to  test  the  power 
of  the  quadriceps  femoris  the  patient  is  directed  to  flex 
the  thigh  on  the  abdomen,  against  the  resistance  offered 
by  the  physician.  This  is  then  compared  with  the  re- 
sistance offered  on  the  healthy  side  (it  must  not  be  for- 
gotten that  the  right  limbs  are  usually  somewhat  stronger 
than  the  left).  In  cases  of  paraplegia  we  must  rely  upon 
our  knowledge  of  the  degree  of  resistance  which  should 
be  offered  normally,  taking  into  consideration  the  mus- 
cular build  and  habitus  of  the  patient,  his  general  nutri- 
tion, intelligence,  etc. 

We  must  always  be  on  our  guard  against  mistaking 
paralysis  for  the  immobihty  due  to  painful  affections. 
For  example,  a  case  of  acute  articular  rheumatism  in  a 
child  was  sent  to  us  with  the  diagnosis  of  paraplegia, 
the  apparent  paralysis  being  due  merely  to  the  pain  in 
the  joints. 

We  must  next  determine  whether  the  paralysis  is  func- 
tional or  organic.  Functional  paralysis  is  usually  hys- 
terical and  the  general  condition  of  the  patient  exhibits 
the  evidences  of  that  neurosis.  Hysterical  paralysis 
rarely  affects  individual  nerves.  It  generally  involves 
muscles  in  functional  groups,  not  according  to  strict  ana- 
tomical distribution.  Some  symptoms  are  usually  found 
which  point  directly  to  a  non-organic  origin.  For  exam- 
ple, in  the  recumbent  posture  the  paralyzed  legs  may  be 
capable  of  certain  voluntary  movements,  or  they  may  be 
moved  involuntarily  during  excitement,  while  on  at- 
tempting to  walk  the  loss  of  power  may  appear  absolute. 
Furthermore,  hysterical  paralysis  is  often  preceded  by 
undoubted  hysterical  seizures,  and  it  may  change  very 
rapidly  in  degree.  Sensory  disorders  are  very  common 
and,  like  the  loss  of  motion,  are  not  confined  strictly  to 
the  anatomical  distribution  of  individual  nerves.  They 
consist  very  often  of  hemiansesthesia,  accompanied  by 
concentric  narrowing  of  both  fields  of  vision. 

The  differentiation  of  peripheral  from  central  paralyses 
IS  usually  not  a  difiicult  matter.  The  muscles  affected  in 
the  peripheral  forms  are  supplied  by  one  or  more  nerves 
and  a  knowledge  of  the  functions  of  the  muscles  will 
enable  us  to  recognize  these  nerves.  As  the  majority  of 
the  motor  nerves  are  mixed  in  character,  the  distribution 
ot  the  attendant  sensory  disturbances  will  aid  still  further 
in  locahzing  the  lesion.  In  mild  cases  there  may  be  no 
change  m  the  electrical  reactions  of  the  muscles-  in  se- 
verer cases  there  may  be  all  possible  gradations  between 
simple  diminution  of  electrical  irritability  and  complete 
degeneration  reaction.  The  latter  is  also  observed  how- 
ever, in  certain  forms  of  spinal-cord  disease. 
_  Atrophy  of  the  muscles  is  common  in  peripheral  paraly- 
sis, but  extremely  rare  in  cerebral  paralyses;  it  is  a  con- 
stant symptom  of  diseases  of  the  anterior  horns  of  the 
spinal  cord. 

Paralysis  of  spinal  origin  usually  takes  the  form  of 
paraplegia,  and  is  attended  not  infrequently  by  interfer- 
ence with  micturition,  defecation,  and  the  sexual  function 
Ihe  limbs  may  or  may  not  undergo  atrophy  and  they 
exhibit  the  degeneration  reaction,  according  as  the  ante- 
rior horns  are  implicated  or  not.  The  patella  reflexes  may 
be  lost,  but  if  the  lesion  is  situated  high  up  in  the  cord 
the  tendon  reflexes  as  well  as  the  cutaneous  reflexes  may 


REFERENCE   HANDBOOK   OP  THE   MEDICAL  SCIENCES. 


Parakeratosis. 
Paralysis  Aijitaus. 


be  greatlj'  exaggerated.  Contractures  are  apt  to  develop, 
and  are  perhaps  more  pronounced  than  in  any  other  forms 
of  disease. 

Cerebral  paralysis  is  usually  hemiplegic  in  character, 
and  its  onset  is  generally  attended  by  symptoms  of  apo- 
plexy ;  sensory  symptoms  are  subsidiary.  Hemiantfs- 
thesia  is  sometimes  present  at  the  beginning  of  the  seiz- 
ure, but  usually  disappears  in  a  few  days.  The  paralyzed 
muscles  rarely  undergo  atrophy  and  the  electrical  reac- 
tions are  unchanged.  Contracture  of  the  muscles  de- 
velops after  a  while  and,  like  the  paralysis,  is  moi'e 
marked  in  the  upper  limb. 

In  the  majority  of  cases  the  diagnostic  features  de- 
scribed above  will  enable  us  to  locate  the  lesion  which 
has  produced  the  paralysis,  but  in  exceptional  cases  a 
probable  diagnosis  alone  can  be  made,  after  giving  due 
weight  to  the  attendant  symptoms,  etiology,  etc. 

The  prognosis  and  treatment  of  paralysis  will  depend 
upon  the  primary  disease,  and  will  be  considered  in  the 
various  special  articles.  Leopold  Piitzd. 

PARALYSIS  AGITANS.— (Synonyms;  Shaking  palsy, 
Parkinson's  disease.) 

Etiology. — Paralysis  agitans  is  one  of  the  diseases  of 
advancing  years,  and  the  large  majority  of  cases  develop 
after  the  age  of  forty  to  forty -five  years.  It  is  a  mistaken 
idea,  however,  to  regard  it  as  an  indication  of  senility. 
In  a  few  exceptional  instances  the  disease  has  begun  at  a 
much  earlier  period,  and  cases  have  been  reported  at  the 
age  of  tweut}-,  seventeen,  twelve,  and  even  three  years. 
It  is  very  often  difficult  to  determine  the  exact  period  at 
which  it  begins,  because  the  inception  is  usually  very 
gradual  and  is  often  unnoticed  by  tlie  patient. 

Unlike  other  neuroses,  heredit_y  plays  a  very  shght 
part  in  this  affection.  Onlv  a  few  cases  have  "been  re- 
ported in  which  other  members  of  the  patient's  familj' 
suffered  from  this  or  some  other  form  of  nervous  di.sease. 

Paralysis  agitans  is  a  rare  disease.  Among  4,600  pa- 
tients under  mj'  observation,  during  a  period  of  eleven 
years,  at  the  Clinic  for  Nervous  Diseases  in  the  Bellevue 
"Outdoor  Department,  there  were  30  examples  of  paraly- 
sis agitans,  19  of  which  occurred  in  males,  11  in  fe- 
males. 

It  has  been  said  that  the  Anglo-Saxon  race  is  especially 
predisposed  to  the  disease.  At  all  events  there  can  be 
no  doubt  that  reports  of  cases  are  comparatively  rare  in 
the  otherwise  very  prolific  German  literature  on  nervous 
afEections.  We  may  also  state,  with  regard  to  New 
York,  that  the  disease  is  frequently  mistaken  here  for 
senile  tremor  or  multiple  cerebrospinal  sclerosis. 

Prominent  among  the  exciting  causes  stands  emotional 
excitement,  usuall}'  of  a  depressing  nature,  such  as  fright 
and  anger.  Several  cases  of  this  kind  were  observed 
among  the  inhabitants  of  Metz  and  Strasburg  during  the 
sieges  experienced  in  the  Franco-Prussian  war.  Lorain 
(A)-cli.  deMed.,  vol.  i.,  187.5,  p.  314)  reports  the  following 
striking  example:  A  girl,  aged  seventeen,  was  frightened 
by  the  bursting  of  a  shell  in  the  cellar  in  which  she  had 
taken  refuge  during  the  siege  of  Paris.  This  was  fol- 
lowed immediately  bj^  tremor  of  the  right  arm,  which 
soon  extended  to  the  rest  of  the  body.  At  the  end  of 
five  years  she  was  still  suffering  from  paralj'sis  agitans. 

Long-continued  worrj'  and  grief  appear  to  act  in  the 
same  way  as  sudden  emotions. 

Living  in  damp  rooms,  or  protracted  exposure  to  wet 
and  cold,  is  also  said  to  give  rise  to  the  disease,  and  in 
our  experience  this  has  seemed  to  be  the  most  efficient  of 
all  the  etiological  factors.  Some  patients  inform  us  that 
the  tremor  began  immediately  or  shortly  after  catching 
cold,  from  a  single  exposure  to  wet  or  cold,  but  it  is 
doubtful  whether  there  is  any  real  connection  between 
the  two  events. 

A  number  of  cases  have  been  reported  in  which  the 
disease  had  a  local  origin  in  an  injury  to  the  arm  or  leg 
(sometimes,  perhaps,  as  the  result  of  a  peripheral  neuri- 
tis). In  such  cases  the  tremor  begins  usually  in  the  in- 
jured part,  but  then  spreads  to  the  rest  of  the  body  and 
pursues  the  ordinary  course  of  paralysis  agitans. 


Ball  claims  that  paralysis  agitans  and  insanity  are  as- 
sociated more  frequently  than  is  commonly  believed. 
The  insanity,  according  to  this  writer,  is  always  of  a  de- 
pressive character,  generally  melancholia,  with  suicidal 
impulses  and  numerous  hallucinations.  In  .some  cases  a 
condition  of  dementia  and  of  "demi-stupor "  predomi- 
nates. 

Clinical  History.— When  the  disease  begins  slowly, 
as  usually  happens,  it  is  sometimes  preceded  by  pro- 
dromes.    These  consist  of  wandering  pains  in  dillerent 
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— Poiitiun  ot  the  Body  in  Paralvsi.i  Agitans.    (From  Stiffen 
"Dlagnostik  u.  Therapie  d.  Nervenkrankheiten.") 


parts  of  the  body,  occasional  formication,  or  a  feeling  of 
weakness  in  the  parts  that  are  attacked  at  a  later  period 
by  the  tremor.  In  some  instances  the  tremor  does  not 
remain  constant  after  its  first  appearance,  but  subsides  at 
times  until  again  provoked  by  some  exciting  cause.  In 
rare  cases  the  disease  begins  suddenly,  as  we  have  seen  in 
the  section  on  etiologj-,  and  may  spread  quite  rapidly  to 
the  entire  body. 

In  the  majority  of  cases  tremor  lirst  appears  in  an  arm 
or  leg  (usually  the  former),  and  then  extends  to  the  other 
limb  on  t)ie  same  side.  After  a  longer  or  shorter  time 
(sometimes  several  )'ears)  it  spreads  to  the  other  side  of 
the  body,  generally  attacking  the  latter  in  the  same  or- 
der. The  head  and  trunk  may  also  become  involved. 
CUiarcot  claimed  that  the  apparent  tremor  of  the  head 
was  always  the  result  of  the  transmission  of  the  move- 
ments of  the  trunk  and  limbs.  This  has  been  disprovcn 
by  numerous  cases,  and  several  instances  have  fallen  im- 
der  our  own  observation.  In  rare  cases  the  tremor  first 
attacks  the  arm  of  one  side  and  the  leg  of  the  opposite 
side,  or  it  assumes  a  paraplegic  form,  involving  both 
lower  limbs.  But  sooner  or  later  it  extends  to  the  rest 
of  the  body. 

Coiucidentlj'  with  the  tremor  (in  some  cases  even  pre- 
ceding it)  the  muscles  of  the  body  acquire  a  certain  de- 
gree of  rigidity,  and  the  body  assumes  a  peculiar,  almost 
pathognomonic,  position,  as  shown  in  Fig.  3737. 

The  motor  power  of  the  limbs  remains  comparatively 
unchanged  for  a  long  time,  even  for  many  years,  but  in 
the  last  stages  general  paralysis  sets  in.  Sensation  is  un- 
affected throughout  the  entire  course  of  the  disease.     The 
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reflexes  are  unchanged.  Unless  life  Is  terminated  by 
some  intercurrent  disease,  the  patient  finally  lapses  into 
a  condition  of  mental  hebetude,  becomes  bedridden,  and 
loses  power  over  his  limbs;  then  the  functions  of  the 
bladder  become  impaired,  bedsores  develop,  and  finally 
death  ensues. 

We  will  now  enter  into  a  more  detailed  examination  of 
the  various  symptoms. 

The  tremor,  which  is  one  of  the  most  striking  features 
of  the  disease,  and  the  one  from  which,  in  fact,  it  derives 
its  name,  consists  of  very  quick,  uniform,  and  limited 
excursions  of  the  affected  parts  during  repose.  There 
are  usually  four  or  five  oscillations  in  a  second.  In  the 
first  stages  the  patient  is  able  to  control  the  tremor  for  a 
time  by  an  effort  of  the  will,  or  by  executing  a  voluntary 
movement  of  the  parts.  But,  as  the  disease  advances,  this 
power  is  diminished,  and,  finally,  while  the  patient  may, 
for  a  very  biief  interval,  moderate  the  severity  of  the 
tremor,  a  voluntary  effort  is  soon  followed  by  increased 
violence  of  the  movements.  The  tremor  subsides  during 
sleep,  but  the  patients  are  very  restless  at  night  and  do 
not  remain  long  in  one  position.  The  cessation  on  vol- 
untary effort  was  regarded  by  Charcot  as  a  pathogno- 
monic differential  sign,  distinguishing  the  disease  from 
the  tremor  of  multiple  sclerosis.  ,'But  Westphal  has  re- 
ported a  case  in  which  the  tremor  of  sclerosis  presented 
the  same  characteristics  as  that  of  paralysis  agitans ;  and 
a  similar  case,  in  which  an  autopsy  was  obtained,  has 
come  under  my  own  obsei'vation.  Magnan  has  also  re- 
ported a  case  of  paralysis  agitans,  in  which  the  move- 
ments did  not  occur  unless  the  patient  performed  some 
voluntary  act  which  required  a  certain  degree  of  atten- 
tion on  his  part.  As  a  rule,  the  fingers  and  forearm  are 
the  parts  most  affected;  next  follow  the  foot  and  leg. 
In  the  large  majority  of  cases  the  head  also  presents 
rhythmical  movements,  but  these  are  generally  conveyed 
from  the  trunk  and  limbs.  In  not  a  few  cases,  however, 
certain  of  the  facial  muscles,  particularly  of  the  lips  and 
chin,  present  tremulous  movements  similar  to  those  of 
other  parts.  In  still  rarer  cases  the  tongue,  when  pro- 
truded, also  presents  oscillatory  movements,  but  these 
are  never  so  pronounced  as  in  other  muscles. 

Rosenberg  has  reported  a  rare  case  of  tremor  of  the 
velum  palati  and  epiglottis.  The  laryngoscope  showed 
that  the  vocal  cords  came  together  promptly  on  phona- 
tion,  but  the  tension  of  their  edges  changed,  the  gap  be- 
tween them  being  sometimes  linear,  sometimes  a  broad 
ellipse.  The  body  of  the  vocal  cords  showed  twitching 
movements,  which  had  the  same  rapidity  as  the  general 
tremor.  When  the  patient  was  directed  to  hold  a  note  as 
long  as  possible,  a  rhythmical  change  from  high  to  low 
pitch  became  noticeable. 

The  appearance  of  the  body,  when  the  disease  is  fully 
developed,  is  highly  characteristic,  and,  indeed,  almost 
pathognomonic. 

The  face  has  a  peculiarly  stolid,  rigid  appearance. 
The  eyes  have  a  dull,  lack-lustre  look,  and  their  move- 
ments are  slow,  as  if  the  muscles  were  rigid  like  those  of 
the  face  and  rest  of  the  bod}'.  Two  cases  have  been  re- 
ported in  which  so-called  ocular  lateropulsion  was  ob- 
served. The  patients,  while  reading,  experienced  a  cer- 
tain amount  of  diffic\ilty  in  directing  the  gaze  from  the 
end  of  one  line  to  the  beginning  of  the  next  line.  This 
is  most  noticeable  if  the  reading  matter  is  arranged  in 
columns.  When  they  have  arrived  at  the  end  of  a  line, 
the  eyes  involuntarily  seek  the  corresponding  line  in  the 
next  column,  because  tlic  ocular  muscles  cannot  be 
moved  with  the  normal  rapidity. 

The  facial  muscles  have  lost  their  emotional  play  al- 
most entirely,  and  the  face  therefore  looks  as  if  covered 
viith  a  mask.  At  times  the  muscles  of  the  mouth  and 
chin  present  tremulous  movements  similar  to  those  ob- 
served in  the  extremities.  The  mouth  is  sometimes  kept 
slightly  open,  and  the  saliva  may  dribble  constantly  in 
advanced  cases.  Speech  is  slow,  labored,  and  extremely 
monotonous.  It  sounds  as  if  the  muscles  of  speech  had 
to  overcome  some  unusual  icsistance  before  the  words 
can  be  enunciated.     The  speech  is  unchanged  by  emo- 
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tional  excitement,  and,  if  we  may  use  the  expression,  ap- 
pears to  be  covered  by  a  veil.  According  to  Buzzard, 
the  piping  voice  of  old  age  is  really  a  symptom  of  paraly- 
sis agitans,  and  not  of  senility.  In  certain  cases  the 
words  sound  as  if  they  were  jolted  out  of  the  patient's 
mouth,  like  the  conversation  of  an  unskilful  rider  while 
on  horseback. 

The  head  is  held  forward,  and  the  chin  may  even  be 
closely  approximated  to  the  sternum.  The  muscles  of 
the  neck  are  usually  rigid  and  offer  considerable  resis- 
tance to  passive  motion.  Three  cases,  I  believe,  have 
been  reported  in  which  the  head  was  drawn  backward 
instead  of  forward.  A  fourth  one  has  come  under  my 
observation.  In  some  cases  the  muscles  of  the  neck  pre- 
sent independent  tremor,  but  their  movements  are  usually 
conveyed  from  the  trunk.  In  the  latter  event  the  head 
will  remain  quiet  if  the  movements  of  the  body  are  forc- 
ibly restrained.  The  trunk  is  generally  in  a  condition  of 
anteroflexion,  as  sliown  in  Fig.  3737.  The  arms  are  usu- 
ally drawn  slightly  forward,  and  the  elbows  are  slightly 
separated  from  the  side  of  the  chest.  The  forearms  are 
strongly  flexed,  partly  pronated,  and  they  ordinarily  lie 
across  the  abdomen.  These  parts  are  in  a  state  of  constant 
tremor,  though  this  is  not  so  vigorous  as  in  the  hands. 
The  fingers  are  usually  flexed,  the  thumb  isadducted,  and 
also  very  slightly  flexed.  The  thumb  and  index  finger 
are  continually  moving  to  and  from  one  another,  as  in  the 
act  of  writing,  or  making  pills;  the  other  fingers  are  iu  a 
condition  of  constant  fine  tremor.  In  other  cases  the 
position  of  the  fingers  resembles  that  of  arthritis  defor- 
mans, but  the  joints  are  not  swollen  as  in  the  latter 
disease. 

The  lower  limbs  are  moderately  flexed  at  the  thighs 
and  knees,  and  the  latter  are  drawn  inward.  The  feet 
are  in  the  position  of  equino-varus.  The  toes  are  ex- 
tended at  the  first  phalangeal  joint  and  flexed  at  the 
other  phalangeal  joints. 

The  patient's  gait  is  also  very  characteristic.  Upon 
attempting  to  rise  from  a  chair  a  certain  amount  of  diffi- 
culty is  experienced,  as  if  he  were  compelled  to  overcome 
some  resistance.  He  stands  still  for  a  moment,  as  if  to 
steady  himself,  and  then  makes  short,  shufliing  steps. 
The  gait  gradually  increases  in  rapidity,  and  may  soon 
pass  into  a  sort  of  slow  dog-trot.  In  many  cases  the 
patient  loses  his  balance  and  falls,  unless  supported. 
Others  measure  with  the  eye  the  distance  between  the 
starting-point  and  their  objective  point,  and  learn  to 
regulate  their  muscular  effort  in  such  a  way  as  barely  to 
reach  their  destination  in  safety.  This  so-called  fcstinat- 
ing  gait  has  been  attributed  by  most  writers  to  the  for- 
ward displacement  of  the  centre  of  gravity  of  the  body, 
so  that  the  bod}'  is,  as  it  were,  hurried  along  in  order  to 
catch  the  centre  of  gravitj'.  This  explanation  is  insuffl- 
cient,  as  is  shown  by  the  phenomena  of  propulsion  and 
retropulsion.  In  some  cases,  if,  while  the  patient  is 
standing  still,  slight  traction  in  a  forward  direction  is  ex- 
ercised upon  his  clothes,  he  will  be  irresistibly  impelled 
to  move  forward  in  the  peculiar  manner  described  above 
(propulsion).  In  rare  cases,  if  the  traction  is  exercised 
backward,  the  patient  will  move  in  this  direction  in  a 
similar  manner  (retropulsion).  In  still  rarer  cases,  the 
patient  exhibits  a  tendency  to  move  to  the  side  (latero- 
pulsion). In  retropulsion,  indeed,  he  is  moving  in  a 
direction  opposite  to  that  of  the  action  of  the  centre  of 
gravity.  Retropulsion  and  propulsion  have  also  been  re- 
garded as  forced  movements,  like  those  produced  by  irri- 
tation of  the  cerebral  peduncles. 

The  muscular  power  of  the  patient  is  not  much  dimin- 
ished until  lie  becomes  bedridden,  but  he  is  very  easily 
tired  by  muscular  exertion.  Furthermore,  an  unusually 
long  time  elapses  before  the  patient  is  able  to  execute 
any  voluntary  movement,  and  when  this  has  been  begun 
it  cannot  be  discontinued  as  abruptly  as  in  health.  This 
may  be  readily  detected  by  directing  the  patient  to 
squeeze  one  hand  firmly  and  rapidly,  and  comparing  this 
action  with  that  of  a  healthy  individual.  Although  the 
difference  is  often  quite  decided,  the  dynamometer  may 
fail  to  reveal  any  real  loss  of  power. 
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Many  patients  suffer  constantly  from  a  feeling  of 
heat  in  the  skin,  or  from  sudden  flashes  of  heat.  In 
addition,  they  complain  of  an  indefinable  internal  rest- 
lessness which  impels  them  to  change  position  very  fre- 
quently. This  is  often  very  distressing  at  night,  since 
many  of  the  patients  are  unable  to  ttiru  voluntarily  from 
side  to  side  on  account  of  the  rigidity  of  the  muscles  of 
the  trunk. 

The  cutaneous  and  tendon  reflexes  and  sensation  are 
unaffected,  but  in  a  few  cases  increase  of  the  knee-:jerk 
has  been  reported.  The  sufferer  may  complain  occasion- 
ally of  pains  in  the  limbs,  but  the  pains  are  fult  chiefly  in 
the  back.  As  the  disease  advances,  the  muscular  power 
of  the  patient  is  gradually  impaired,  and  finally  he  is  com- 
pelled to  remain  in  bed.  Then  bedsores  ma}-  develop,  the 
sphincters  of  the  bladder  and  rectum  become  paralyzed, 
and  the  patient  dies  of  exhaustion.  In  these  cases  the 
mental  powers  are  also  apt  to  undergo  very  marked  de- 
terioration. 

Probably  in  the  majority  of  cases,  however,  death  is 
the  result  of  intercurrent  diseases,  among  which  pneu- 
monia seems  to  play  an  important  part. 

In  rare  cases  paralysis  agitans  runs  its  course  with- 
out tremor.  Such  patients  present  all  the  other  evi- 
dences of  the  disease — muscular  rigidity,  characteristic 
position  of  the  body,  festinating  gait,  speech  disturb- 
ances, the  sensation  of  superficial  heat,  etc. — buttlie  tre- 
mor is  entirely  absent,  or  is  observed  only  at  times  to  a 
mild  degree. 

Within  the  last  few  years  a  few  autopsies  have  been 
made  with  the  aid  of  the  mo.st  approved  methods  of  ex- 
amination. Kelscher  found  that  the  ganglion  cells 
of  the  cord  were  strongly  pigmented,  with  granular 
degeneration  in  places;  degeneration  of  the  nerve 
fibres,  particularly  in  the  posterior  columns  and  in  the 
peripheral  nerves;  in  places  the  muscular  fibres  ex- 
hibited atrophy  and  fatty  or  hyaline  degeneration.  The 
interstitial  tissue  in  the  cord,  the  peripheral  nerves,  and 
the  muscles  was  increased;  the  glia  of  the  spinal  cord, 
especially  in  the  cortical  layer  and  around  the  vessels, 
was  thickened,  particularly  in  the  posterior  and  lateral 
columns.  The  walls  of  the  vessels  showed  thickening, 
in  places  miliary  aneurisms  and  hemorrhages. 

Sander  found,  in  addition  to  glia  proliferation  in  the 
white  substance,  a  similar  condition  in  the  gray  matter 
throughout  the  cord ;  this  was  most  pronounced  in  the 
anterior  horns  and  in  Clarke's  columns.  There  were 
marked  arteriosclerotic  changes  in  the  finest  vessels,  with 
periarteritic  and  endarteritic  processes.  In  the  parts  most 
severely  affected  there  was  distinct  degeneration  of  the 
medullary  sheaths  of  the  nerve  fibres. 

Dana  found  connective-tissue  proliferation  in  the  re- 
gion of  the  oculomotor  nucleus,  very  marked  atrophy  of 
the  cells  of  the  nuclei  of  the  ninth,  tenth,  and  eleventh 
nerves,  and  slight  atrophy  in  the  facial  nucleus;  also 
thickening  of  the  spinal  pia  mater,  dilatation  and  thick- 
ening of  the  walls  of  the  vessels,  especially  in  the  anterior 
horns  of  the  cord,  with  atrophic  changes  in  the  ganglion 
cgIIs. 

It  is  very  probable  that  all  of  the  changes  found  in 
these  autopsies  are  non-specific  in  character.  They  are 
similar  to  the  senile  changes  which  are  commonly  found 
in  the  central  nervous  system,  and  which  have  also  been 
observed  in  chronic  alcoholism. 

Nor  must  it  be  forgotten  that  not  a  few  carefully 
observed  cases  have  shown  entirely  negative  findings. 
Hence  the  disease  must  still  be  regarded  as  a  functional 
neurosis. 

Diagnosis.— When  the  disease  is  fully  developed  the 
diagnosis  is  extremely  easy.  But  in  its  early  stages  it 
may  be  mistaken  for  multiple  cerebrospinal  sclerosis, 
senile  tremor,  or  toxic  tremor,  especially  after  mercurial 
poisoning. 

Multiple  sclerosis  is  distinguished  by  the  following 
symptoms:  The  tremor  is  coarser  and  not  so  rhythmical 
as  that  of  paralysis  agitans.  and,  with  the  exception  of 
very  rare  cases,  it  occurs  only  during  the  performance  of 
voluntary  movements.     The   characteristic   position  of 


the  body  and  the  peculiar  appearance  of  the  face  ai'e 
wanting,  while  nystagmus,  diplopia,  and  various  other 
cei'ebral  symptoms  of  serious  import  are  present. 

Senile  tremor  may  be  as  uniform  and  fine  as  that  of 
paralysis  agitans,  but  it  generally  begins  in  the  muscles 
of  the  head  and  neck,  and  is  uninfluenced  by  repose  or 
motion.  The  head  may  be  bent  forward,  but  rather  as 
the  result  of  bowing  of  the  back.  The  patient  does  not 
suffer  from  the  peculiai'  restlessness  of  paralysis  agitans, 
and  the  muscular  rigidity  incident  to  the  latter  is  want- 
ing. There  are  also  other  evidences  of  senility  in  the 
general  condition. 

In  mercurial  tremor,  examination  will  always  show 
that  the  affection  has  been  preceded  by  the  buccal  symp- 
toms of  mercurial  poisoning.  The  disease  is  also  attended 
bj'  greater  impairment  of  muscular  power  and  general 
prostration.  The  tremor  is  much  more  marked  dui-ing 
action  than  during  repose.  In  severe  cases  it  is  said  to 
be  attended  at  times  with  profound  deterioration  of  the 
mental  faculties.  flThis  affection  appears  to  be  extremely 
rare  in  New  York,  and  the  very  few  cases  which  have 
come  under  my  observation  have  occurred  in  looking- 
glass  makers. 

Post-hemiplegic  chorea  sometimes  appears  as  a  fine 
muscular  ti'emor,  and  at  first  sight  may  be  mistaken  for 
paralysis  agitans,  especially  in  view  of  the  fact  that 
there  is  considerable  restoration  of  muscular  power  in  the 
paralyzed  side  before  the  tremor  begins.  In  addition, 
there  is  always  rigidity  of  the  affected  parts.  But  the 
clinical  history  shows  that  the  disease  began  with  an 
apoplectic  attack,  and,  in  addition,  the  tendon  reflexes 
are  always  exaggerated.  Finally,  the  subjective  symp- 
toms of  paralysis  agitans  are  wanting. 

Pkognosis. — No  authentic  case  of  recovery  from  this 
disease  has  been  heretofore  reported.  Indeed,  recovei-y 
might  be  looked  upon  as  convincing  proof  of  an  error  in 
diagnosis. 

During  the  first  stages  of  the  disease  temporary  remis- 
sions sometimes  occur,  but  after  a  time  it  shows  slow  but 
uninterrupted  progress. 

The  patients  usually  die  of  an  intercurrent  disease,  and 
in  many  eases  life  does  not  appear  to  be  shortened  by  the 
malady.  Cases  have  been  reported  in  which  it  continued 
for  more  than  thirty  years. 

Tkeatment. — The  most  that  can  be  hoped  for  from 
treatment  is  to  produce  a  certain  degree  of  palliation  of 
the  symptoms.  In  our  own  hands  slight  benefit  has  been 
derived,  in  a  few  cases,  from  the  use  of  galvanism,  nitrate 
of  silver,  hyoscyamine,  and  prolonged  rest  in  bed.  Elec- 
tricity has  "been  employed  by  me  in  the  form  of  the  con- 
stant current  of  moderate  strength,  one  electrode  being 
placed  on  the  upper  cervical  spine,  the  other  on  the  lower 
dorsal  region ;  sittings  three  times  a  week,  each  one  of 
from  five  to  ten  minutes'  duration.  This  plan  of  treat- 
ment must  be  continued  for  a  long  time  in  order  to  pro- 
duce any  good  results  whatever.  Nitrate  of  silver  may 
be  given  in  pill  form  for  a  year  or  more  consecutively, 
but  it  is  well  to  intermit  its  administration  from  time  to 
time.     The  dose  may  vary  from  gr.  |  to  gr.  {-  t.i.d. 

Hyoscyamine  sometimes  produces  very  rapid  and  bril- 
liant temporary  results  in  diminishing  the  tremor.  Even 
when  the  tremor  is  very  violent  and  widespread,  it  may 
subside  almost  completely  in  a  few  days.  The  initial 
dose  should  not  exceed  gr.  ^--^j,,  but  this  may  be  gradually 
increased  until  the  physiological  effects  are  produced. 
But  unfortunately  the  good  effects  of  this  remedy  cease 
as  soon  as  it  is  discontinued,  and  it  does  not  seem  to  us 
to  be  entirely  safe  to  give  it  continuously  in  suflicient 
doses  for  any  length  of  time. 

Absolute  rest  in  bed  may  also  exert  a  favorable  influ- 
ence, but  it  is  very  dilficult,  on  account  of  the  great  rest- 
lessness of  the  patient,  to  secure  his  consent  to  prolonged 
treatment  in  this  way.  Suspension  has  been  employed 
in  treatment,  but  its  effects  appear  to  be  very  fleeting, 
and  in  some  cases  it  produced  harmful  results.  In  the 
majority  of  cases  we  are  finally  compelled  to  resort  to 
morphine  in  order  to  relieve,  in  a  measure,  the  sufferings 
of  the  patient.  Leopold  Puizel. 
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PARALYSIS,  ARSENICAL.— Paralysis  due  to  arsenical 
poisoning  is  not  very  rare.  The  larger  number  of  cases 
have  the  appearance,  and  are,  doubtless,  mere  instances 
of  multiple  neuritis.  Most  text-books  do  not  allude  to 
arsenical  paralysis  otherwise  than  by  simply  mentioning 
arsenic  as  one  of  the  causes  of  multiple  neuritis. 

Etiology.— Usually  the  paralysis  results  from  acute 
arsenical  poisoning,  the  poison  being  taken  either  de- 
signedly or  by  accident.  The  paralysis  corresponds  in 
some  measure  to  the  intensity  of  the  general  poisoning. 
Not  infrequently  the  paralysis  follows  the  repeated  ad- 
ministration of  the  drug.  It  has  been  observed  after  the 
ordinary  medicinal  doses :  for  instance,  after  taking  from 
three  to  ten  drops  of  Fowler's  solution  three  times  a  day 
for  a  number  of  weeks.  In  these  instances  the  paralysis 
is  usually  of  a  mild  grade.  A  few  years  ago  there  was 
quite  an  epidemic  of  arsenical  paralysis  in  some  British 
towns,  Liverpool,  Manchester,  and  other  places,  which 
occurred  in  drinkers  of  beer,  the  examination  of  which 
revealed  the  presence  of  arsenic.  In  these  instances  the 
alcohol  may  also  have  played  a  part  in  producing  the 
paralysis,  but  the  sufferers  were  mostly  moderate  drink- 
ers, and  the  pain  attending  the  paralysis  was  more  severe 
than  that  usually  found  with  alcoholic  neuritis. 

Paralysis  occurs,  but  less  frequently,  from  the  external 
use  of  arsenic  (salves,  baths,  etc.),  and  from  contact  with 
fabrics  (wall  paper,  carpets,  and  artificial  flowers)  which 
contain  arsenic .  Barton  reports  two  cases,  in  husband  and 
wife,  with  paralysis  following  acute  poisoning,  the  man 
having  for  some  years  been  rubbing  a  mixture  of  four 
parts  of  arsenic  and  three  parts  of  plaster-of-Paris  into 
the  skins  of  animals  and  birds,  while  his  wife  cleaned  the 
room  twice  a  week.  Similar  cases,  from  dealin  g  in  stuffed 
birds,  working  with  arsenical  draperies,  or  living  in  rooms 
where  there  were  draperies  or  wall  paper  containing  ar- 
senic, have  been  reported. 

Symptomatology. — In  cases  of  acute  poisoning  the 
paralytic  manifestations  appear  shortly  after  the  disap- 
pearance of  the  severe  gastro-intestinal  disturbance.  Pa- 
ralysis of  twenty-four  hours'  duration  immediately  after 
the  ingestion  of  the  arsenic  has  been  spoken  of,  but  must 
be  rare  or  must  escape  detection.  The  onset  of  the  pa- 
ralysis occurs  usually  from  several  days  to  several  weeks 
after  the  poison  has  been  taken.  It  is  commonly  pre- 
ceded by  sensory  symptoms,  tingling,  numbness,  intense 
pains,  etc.  The  paralysis  itself  begins  more  or  less  grad- 
ually. Not  uncommonly  its  onset  is  not  observed,  but 
when  the  acute  symptoms  have  subsided  and  the  patient 
attempts  to  get  out  of  bed,  it  is  found  that  he  cannot 
walk  or  cannot  hold  anything  in  his  hands.  Occasion- 
ally the  paralysis  is  complete,  or  at  least  no  longer  pro- 
gressive, at  an  early  period,  but  usually  some  weeks 
elapse  before  it  reaches  its  greatest  intensity.  Almost 
always,  when  observed  from  the  beginning,  it  has  been 
found  to  commence  at  the  distal  ends  of  the  extremities, 
the  fingers  and  toes,  usually  first  in  the  lower  extremi- 
ties, and  thence  extend  upward.  The  parts  below  the 
knees  and  elbows  are  most  profoundly  paralyzed.  In 
bad  cases  the  muscles  of  the  thigh  are  also  paralyzed, 
and  not  infrequently  the  trunk  is  more  or  less  paretic. 
The  extensor  muscles — the  radial  group  in  the  upper  and 
the  anterior  tibial  group  in  the  lower  extremities — are,  as 
a  rule,  most  profoundly  affected.  When  the  paralysis  is 
complete  the  paralyzed  muscles  are  quite  flaccid,  and  we 
find  wrist-drop,  foot-drop,  etc.  At  a  later  period  there 
are  very  frequently  contractures,  more  or  less  strong, 
affecting  particularlj;  the  least  paralyzed  muscles.  Tre- 
mor, often  fibrillary  in  character,  is  not  infrequently  ob- 
served in  the  affected  muscles.  The  paralysis  just 
described,  affecting  the  four  extremities,  the  lower  more 
than  the  upper,  is  that  usually  found.  In  rare  instances 
It  is  otherwise  distributed ;  sometimes  in  hemiplegic,  and 
more  rarely  in  monoplegic  form.  In  almost  all  instances 
we  find  great  loss  of  flesh  and  a  general  wasting,  in  ad- 
dition to  pronounced  atrophy  of  the  paralyzed  muscles. 
Ihe  electrical  reactions  are  those  of  peripheral  paralysis, 
ihe  reaction  of  degeneration  becomes  more  or  less  pro- 
nounced a  few  days,  or  a  few  weeks,  after  the  occurrence 
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of  the  paralysis.  At  a  later  period,  if  the  paralysis  be 
profound,  all  electrical  reactions  may  cease.  In  some 
instances  slight  changes  in  the  electrical  reactions  may  be 
observed  before  there  is  any  manifest  paralysis,  particu- 
larly in  so  far  that  it  requires  a  stronger  faradic  cur- 
rent than  usual  to  produce  muscular  contractions.  In 
lighter  cases  such  electrical  responses,  especially  in  the 
anterior  tibial  group  of  "muscles,  may  be  the  only  indica- 
tion of  incipient  paralysis. 

The  sensory  symptoms  are  at  times  even  more  pro- 
nounced than  the  motor  paralysis.  These  symptoms  are 
pariBsthesise  of  various  kinds,  tingling,  numbness,  cold- 
ness, etc. ;  pains,  tenderness,  and  ansesthesiae.  As  a  rule 
the  tingling  and  numbness,  and  very  frequently  the  pains, 
precede  the  paralysis.  The  pains  are  often  intense  and 
constitute  the  most  distressing  symp.tom  of  the  disease. 
They  are  usually  described  as  burning,  cutting,  boring, 
etc. ,  and  are  often  accompanied  by  sudden  starts,  cramps, 
or  spasmodic  movements  of  many  muscles  of  the  body. 
They  are  usually  more  or  less  paroxysmal,  and  are 
likely  to  be  worse  at  night  and  to  keep  the  patient 
awake.  They  occur  most  frequently  in  the  feet  and 
hands,  sometimes  appear  to  be  in  the  joints  or  bones,  and 
occasionally  are  in  the  course  of  the  nerves.  Tenderness 
of  the  affected  muscles  is  also  a  common  and  prominent 
symptom.  The  tenderness  may  be  so  great  as  to  make 
the  handling  of  the  patient  extremely  painful.  In  some 
instances  the  tenderness  is  observed  to  be  in  the  course  of 
the  nerves,  but  generally  it  is  so  diffused  that  it  is  hard 
to  state  that  it  is  especially  over  the  nerve  tracts.  Often 
hypereesthesia  or  hyperalgesia  is  observed,  although  this 
may  be  only  an  expression  of  the  great  tenderness.  Loss 
of  or  impaired  sensation,  anaesthesia,  is  also  a  common 
symptom.  It  is  found  most  frequently  in  the  feet  and 
hands,  and  especially  in  the  finger  tips  and  toes  or  soles  of 
the  feet,  although  it  corresponds  somewhat  to  the  extent 
of  the  motor  paralysis.  Rarely  it  occurs  only  in  the  dis- 
tribution of  certain  nerves.  Anaesthesia  is  found  in  all 
bad  cases  of  paralysis,  and  not  infrequently  in  mild  cases. 
Loss  of  tactile  sensation  is  most  common ;  the  loss  of  the 
senses  of  temperature  and  of  pain  is  also  common ;  and 
muscular  sense  is  not  infrequently  impaired.  The  knee- 
j  erks  are  usually  abolished.  This  is  often  true  even  when 
the  paralysis  is  slight.  Vasomotor  and  trophic  symp- 
toms, such  as  oedema,  particularly  in  the  feet,  profuse 
perspiration,  loss  of  nails  and  hair,  pigmentation  of  the 
skin,  herpes,  and  muscular  atrophy,  are  common. 

On  the  other  hand,  the  cranial  nerves  and  bladder  are 
very  rarely  affected.  In  some  instances  the  pulse  is  more 
rapid  than  seems  consistent  with  the  patient's  general 
condition ;  a  fact  which  may  be  due  to  an  affection  of  the 
vagus  or  of  the  cardiac  ganglia. 

As  has  already  been  stated,  usually  several  days  or 
several  weeks  elapse  before  the  disease  reaches  its  acme. 
Then  after  an  interval,  which  may  be  of  only  a  few  days' 
duration,  but  which  sometimes  runs  into  months,  the  pa- 
tient begins  to  improve.  The  anaesthesia  begins  to  dis- 
appear before  the  motor  paralysis.  It  disappears  in  the 
reverse  order  of  its  appearance :  first  from  the  trunk  and 
the  upper  part  of  the  extremities,  remaining  longest  in 
the  fingers  and  toes.  The  motor  paralysis  disappears  in 
the  same  manner :  first  in  the  upper  part  of  the  extremi- 
ties, then  in  the  muscles  below  the  knees  and  elbows. 
The  flexors  usually  improve  more  rapidly  than  the  ex- 
tensors, until  finally  the  only  motor  symptoms  which  re- 
main, in  the  mild  cases,  are  paralyses  of  the  extensors  of 
the  feet  and  toes,  and  of  the  extensors  and  small  muscles 
of  the  hand.  At  a  late  period  there  are  liable  to  be  con- 
tractures in  the  still  paralyzed  parts.  The  pains  also  be- 
come modified  in  intensity  after  the  lapse  of  some  time, 
but  unfortunately  they  are  likely  to  persist  with  a  greater 
or  less  degree  of  severity  throughout  the  whole  course 
of  the  disease.  The  vaso-motor  and  trophic  symptoms 
(oedema,  pigmentation  of  the  skin,  etc.),  usually  disap- 
pear at  a  comparatively  early  period.  The  whole  dura- 
tion of  the  disease  is  extremely  variable.  Alexander  puts 
it  as  from  eight  days  to  a  number  of  years.  It  may  be 
stated  in  general  that  mild  cases  usually  get  well  within 
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six  months,  possibly  in  an  even  shorter  time,  whereas  in 
severe  cases  one  or  two  years  elapse  before  there  is  com- 
plete recovery,  or,  in  those  cases  in  which  a  cure  remains 
incomplete,  before  there  is  a  definite  cessation  of  im- 
provement. 

In  some  cases  of  arsenical  paralysis  muscular  inco- 
ordination, ataxia,  is  a  more  prominent  symptom  than 
paralysis,  and  to  this  group  of  cases  the  term  pseu- 
dotabes has  been  applied.  The  pains,  anaesthesia,  ab- 
.sence  of  knee-jerks,  together  with  the  ataxia,  make  that 
term  seem  very  appropriate. 

The  disease  so  far  described  is  that  following  acute 
.arsenical  poisoning.  In  some  cases  following  chronic 
poisoning  the  symptoms  are  much  the  same,  only  the 
onset  is  likely  to  be  less  sudden  and  the  symptoms  less 
-severe.  In  other  chronic  cases  the  symptoms  are  very 
slow  in  appearing,  and  may  have  been  in  part  masked 
by  those  of  gastric  irritation.  The  pains  are  likely  to 
be  proportionately  greater,  and  the  paralysis  slight  in 
<legree.  But,  even  when  the  paralysis  is  slight,  the 
■changes  in  the  electrical  reactions  are  likely  to  be  found. 
In  such  instances  the  motor  manifestations  may  be  rather 
like  those  of  ataxia  than  of  paralysis.  Sometimes  a  sense 
■of  profound  prostration  is  the  only  indication  of  motor 
impairment. 

There  is  another  class  of  cases  in  which  the  poisoning 
appears  to  have  been  exceedingly  slow  and  insidious. 
The  symptoms  in  these  cases  are  usually  very  obscure, 
and  the  cause  is  commonly  to  be  found  in  arsenical  wall 
papers  or  the  like.  Among  the  symptoms  are,  gastro- 
intestinal irritation,  neuralgia,  headache,  insomnia,  gen- 
eral prostration,  mental  depression,  impairment  of  mem- 
ory and  mental  endurance,  and  epileptiform  convulsions. 
As  this  article  is  devoted  tothe  subject  of  arsenical  pa- 
ralysis no  further  attention  will  be  given  to  this  class  of 
cases. 

Pathology. — In  the  larger  number  of  cases  examined 
only  neuritis  was  found.  In  a  few  instances  disease 
has  been  found  in  the  central  nervous  system,  in  the 
spinal  ganglia,  in  the  cord,  and  even  in  the  brain.  Ex- 
periments have  been  made  on  various  animals,  but  the 
results  are  not  all  in  accord.  In  some  instances  neuritis 
■only,  in  others,  inflammation  in  the  spinal  ganglia,  in  the 
interior  cornua  of  the  cord,  and  in  other  parts  of  the  cen- 
tral nervous  system  was  found.  The  probability  is  that 
the  peripheral  neuritis  and  the  affection  of  the  central 
nervous  system,  when  present,  occur  at  the  same  time, 
but  that  neuritis  is  the  more  frequent  and  of  a  higher 
grade  of  intensity.  The  clinical  picture  indicates  that 
the  characteristic  condition  in  most  instances  is  multiple 
neuritis,  and  if  further  pathological  changes  are  present 
Ihey  do  not  contribute  to  the  symptoms  presented. 

In  those  rare  instances  of  incontinence  of  urine,  etc. , 
and  those  with  profound  and  lasting  paralysis,  the  symp- 
toms are  probably  due  to  central  disease. 

Diagnosis. — When  it  is  known  that  the  patient  has 
Taeen  poisoned  with  arsenic,  as  is  usual  in  acute  cases,  the 
•cause  of  the  resulting  paralysis  is  apparent.  When 
there  is  no  such  knowledge,  the  history  of  severe  acute 
^astro-intestinal  disturbance  preceding  the  kind  of  paral- 
ysis just  depicted  should  be  almost  enough  to  make  the 
•diagnosis  certain.  The  picture  of  the  paralysis  is  fairly 
characteristic.  The  four  extremities  are  usually  affected, 
the  lower  ones  being  more  often  and  more  extensively 
involved  than  the  upper  ones.  The  paralysis  is  always 
greatest  in  the  digital  extremities  and  is  attended  by  atro- 
phy and  altered  electrical  reactions.  In  addition  there  are 
the  intense  pain  and  extreme  tenderness,  and  the  absence 
of  knee-jerks,  of  bladder  symptoms,  and  of  bed  sores. 

When  the  paralysis  is  less  marked,  and  the  whole  array 
of  symptoms  less  conclusive,  the  greater  prominence  of 
the  sensory  symptoms  and  the  presence  of  altered  elec- 
trical reactions  in  the  slightly  paralyzed  muscles  (in  this 
instance  it  requires  a  very  careful  examination  to  reveal 
such  reactions)  may  arouse  a  suspicion  of  the  true  con- 
dition. 

The  cases  with  ataxic  gait  may  suggest  locomotor 
ataxia  as  the  correct  diagnosis,  and  Seeligmueller  men- 


tions a  case  of  his  own  which  was  falsely  looked  upon  as 
one  of  locomotor  ataxia.  The  severe  pains  and  lost  knee 
jerks  heighten  the  resemblances  of  the  two  diseases.  But 
with  careful  examination  such  errors  will  rarely  occur,  for 
it  will  usually  be  found  that  the  difficult  gait  is  rather 
paretic  than  ataxic ;  and,  furthermore,  symptoms  on  the 
part  of  the  bladder  and  the  eyes  (such  common  and  early 
manifestations  in  locomotor  ataxia)  are  absent. 

In  cases  of  chronic  poisoning  the  detection  of  arsenic 
in  the  urine  may  assist  materially  in  the  diagnosis.  In 
acute  cases  the  arsenic  has  usually  been  eliminated  before 
or  soon  after  the  paralysis  appeared. 

Prognosis. — Mild  cases  may  get  well  in  a  few  months, 
though  rarely  in  less  than  six ;  but  when  there  has  been 
profound  paralysis,  recovery  cannot  be  expected  in  less 
than  one  or  two  years. 

In  not  a  small  proportion,  possibly  in  one-flfth,  of  the 
cases  of  extensive  paralysis,  complete  recovery  does  not 
take  place. 

_  Treatment. — The  treatment  is  that  of  multiple  neu- 
ritis. Philip  Zenner. 

PARALYSIS,  DIPHTHERITIC. —  This  is  paralysis 
which  occurs  during  or  after  diphtheria,  and  is  due  to 
changes  in  the  nerves  or  muscle  fibres. 

The  statistical  frequency  of  diphtheritic  paralysis  has 
varied  greatly  according  to  different  writers.  The 
American  Pediatric  Society's  collective  investigation' 
showed  that  it  occurred  in  9,7  per  cent,  of  all  cases  of 
diphtheria.  This  is  rather  low,  some  figures  running  as 
high  as  twenty -five  per  cent,  or  even  higher.  It  is  prob- 
able that  at  least  ten  per  cent,  of  all  cases  of  diphtheria 
in  private  practice,  properly  treated,  may  be  expected  to 
show  this  complication. 

Etiology.  ^ — ^That  the  pathological  lesions  upon  which 
the  symptoms  of  diphtheritic  paralysis  depend  are  due 
to  the  action  of  the  poisons  of  the  disease  on  certain  of 
the  tissiies  there  can  be  no  question,  since  both  the  le- 
sions and  the  symptoms  have  been  produced  experimen- 
tally in  animals  by  the  injection  of  the  toxins.'-"  Para- 
lytic symptoms  may  follow  diphtheria  of  all  degrees  of 
severity,  and  instances  in  which  it  has  complicated  cases  so 
mild  that  the  causative  sore  throat  has  been  unnoticed  or 
forgotten  by  the  patient  are  sometimes  seen  in  large  clin- 
ics. ■  As  to  whether  it  is  more  common  after  the  severe 
cases  than  after  the  mild  ones  there  is  a  difference  of 
opinion.  Gowers^  and  Henoch"  believe  that  its  fre- 
quency does  not  depend  upon  the  severity  of  the  original 
,  disease.  GoodalP  and  De  Gassicourt  believe  that  it 
does.  The  former  reports  a  series  of  cases  which  seem 
to  show  that  its  frequency  is  greatest  in  the  cases  show- 
ing the  most  extensive  membrane. 

The  influence  of  the  antitoxin  treatment  upon  the  fre- 
quency of  the  paralysis  is  also  a  matter  of  doubt.  Cer- 
tain statistics  have  shown  that  the  use  of  this  remedy  has 
been  followed  by  an  increased  number  of  cases  of  paraly- 
sis ;  but  such  studies  are  misleading,  since  under  the  use 
of  this  method  there  are  many  severe  cases  of  diphtheria 
which  recover  and  have  paralysis, — cases  that  would 
otherwise  die  before  the  time  at  which  the  palsy  generally 
begins.  It  is  said  that  the  condition  is  comparatively  rare 
among  cases  in  which  the  larynx  is  the  part  mainly  af- 
fected by  the  diphtheria.  Males  appear  to  be  slightly 
more  susceptible  than  females.  As  to  age,  Gowers' 
agrees  with  Landouzy  that  adults  are  much  more  fre- 
quently affected.  Goodall^  and  Ross'^  find  that  it  is 
relatively  more  common  in  children. 

Pathology.— Lesions  are  found  in  the  central  nervous 
system,  in  the  peripheral  nerves,  and  in  the  muscles,  but 
there  is  no  doubt  that  the  dominant  lesion— the  one  upon 
which  the  clinical  picture,  at  least  so  far  as  the  peripheral 
palsy  is  concerned,  mainly  depends— is  degeneration  of 
the  lower  motor  neurones,  i.e.,  peripheral  neuritis.  Ac- 
cording to  J.  J.  Thomas  and  others  who  have  made 
careful  studies  of  the  nervous  system,  using  modern  his- 
tological methods,  the  process  is  one  of  fatty  degenera- 
tion, which  begins  in  the  myelin  sheaths.  The  axones 
afterward  become  beaded,  break  up  and  disappear.    Both 
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motor  and  sensoiy  nerves  are  affected.  These  changes 
would  appear  to  be  much  more  frequent  than  the  palsy, 
since  they  are  very  generally  found  at  autopsy,  even 
though  no  paralysis  has  been  noted  before  death.  In  all 
of  Thomas'  cases  the  vagus  nerve  showed  more  or  less 
marked  degeneration.  Others  have  observed  the  same 
tiling,  as  well  as  similar  changes  in  the  cardiac  plexus, 
the  fifth  cranial  nerve,  the  nerves  supplying  the  larynx, 
and  elsewhere. 

The  effect  of  the  toxic  substances  is  not  confined  to  the 
peripheral  nerves,  as  there  is  a  diffuse  parenchymatous 
degeneration  of  the  nerve  fibres  of  the  spinal  cord  and 
brain.  Several  observers,  notably  Bikeles,  have  found 
that  these  changes  were  most  marked  in  the  posterior 
columns  and  in  the  posterior  nerve  roots,  a  fact  of  inter- 
est in  connection  with  those  cases  which  show  ataxia  as 
a  symptom.  As  to  the  effects  on  the  nerve  cells  opinions 
differ,  some  authorities  even  considering  that  the  charac- 
teristic symptoms  are  due  to  primary  degeneration  of  the 
motor  nerve  cells  in  the  anterior  horns,  rather  than  to 
changes  which  are  primary  in  the  peripheral  nerves. 
The  weight  of  evidence  is  strongly  against  this  view, 
however,  and  the  changes  in  the  nerve  cells  are  probably 
of  relatively  slight  importance  and  degree.  The  brain 
and  cord  often  show  hypersemia,  and  in  rare  cases  mye- 
litis or  hemorrhages,  the  latter  sometimes  being  severe. 
But  the  symptoms  in  most  cases  depend  on  changes  in 
the  peripheral  nerves  rather  than  in  the  central  nervous 
system. 

Of  the  muscles,  the  one  in  which  the  changes  are  of 
the  greatest  clinical  significance  and  in  which  they  have 
been  most  carefully  studied  is  the  heart.  According  to 
Councilman,  Mallory,  and  Pearce'  degeneration  in  the 
myocardium  is  one  of  the  most  common  conditions  found 
in  diphtheria.  The  simplest  form  is  fatty  degeneration, 
which  is  found  in  the  majority  of  all  cases,  and  which 
seems  to  precede  the  more  advanced  forms  of  degener- 
ation which  lead  to  complete  destruction  of  the  muscle 
fibres.  In  these  there  is  destruction  of  the  sarcous  ele- 
ments, which  become  swollen,  broken  up,  and  converted 
into  hyaline  masses.  The  degeneration  may  become  so 
extensive  as  to  account  fully  for  the  impairment  of  the 
heart's  action.  Acute  interstitial  lesions  are  also  found, 
and  occasionally  cardiac  thromboses  and  less  important 
vascular  lesions. 

Changes  are  also  observed  in  the  skeletal  muscles.  It 
is  probable  that,  as  Baginsky  ^  believes,  the  paralysis  of 
the  palatal  muscles  represents  a  myositis  due  to  the  direct 
effects  of  the  membrane  in  their  close  proximity,  rather 
than  a  neuritis.  But  we  must  also  remember  that  the 
vagus  nerve,  which  supplies  these  muscles,  is  almost  al- 
ways involved.  Councilman,  Mallory,  and  Pearce*  ob- 
served marked  fatty  degeneration  of  the  tongue,  dia- 
phragm, and  various  muscles  of  the  extremities,  and  they 
conclude:  "It  seems  probable  that  in  all  cases  where 
fatty  degeneration  of  the  heart  and  nervous  system  has 
occurred,  a  similar  change  will  be  found  in  the  skeletal 
muscles. " 

The  changes  produced  in  the  nervous  system  by  diph- 
theria are  thus  summed  up  by  Thomas:''  "(1)  A  marked 
parenchymatous  degefleration  of  the  peripheral  nerves, 
sometimes  accompanied  by  an  interstitial  process,  and 
hypercBmiaand  hemorrhages.  (2)  Acute,  diffuse,  paren- 
chymatous degenerations  of  the  nei-ve  fibres  of  the  cord 
and  brain.  (3)  No  changes,  or  but  slight  ones,  in  the 
nerve  cells.  (4)  Acute  parenchymatoiis  and  interstitial 
changes  in  the  muscles,  especially  the  heart  muscle.  (5) 
Occasional  hyperajmia,  or  infiltration,  or  hemorrhage  in 
the  brain  or  cord ;  in  i-are  cases  severe  enough  to  produce 
permanent  troubles,  such  as  the  cases  of  multiple  sclero- 
sis and  of  hemiplegia  which  have  been  observed.  Fi- 
nally, the  probability  that  the  cases  of  sudden  death  from 
heart  failure  in  diphtheria  during  the  disease  or  conva- 
lescence are  due  to  the  effects  of  the  toxic  substances  pro- 
duced ^_in  the  disease  upon  the  nerve  structures  of  the 
heart.  'The  changes  produced  in  the  nervous  system, 
then,  involve  chiefly  the  lower  (spino-muscular)  segment 
ot  the  motor  path. 
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The  SYMPTOMS  in  the  ordinary  peripheral  form  of'  pa- 
ralysis may  begin  as  early  as  the  fourth  day,  while  the- 
patient  is  still  ill  and  while  the  membrane  is  still  present, 
or  they  may  be  delayed  for  many  weeks.  The  usual  time 
is  from  one  to  three  weeks  after  the  disappearance  of  the- 
membrane. 

The  distribution  of  the  paralysis  maybe  judged  from 
the  following  figures  of  the  American  Pediatric  Society's ' 
189  collected  cases:  Throat,  124;  extremities,  22;  eyes, 
11;  respiratory  muscles,  5;. heart,  32;  neck,  1;  general, 
8.  •  Ross  '■*  collects  171  cases,  distributed  as  follows:  Pal- 
ate, 138;  eyes,  77,  of  which  54  involved  the  muscles  of ' 
accommo'dation ;  legs,  113;  arm.s,  60;  trunk  or  neck,  58;. 
respiratory  muscles,  33.  In  Goodall's^  125  cases  the 
palatal  muscles  were  involved  102  times,  the  ciliary  mus- 
cles 56  times,  the  legs  52  times,  the  external  ocular  mus- 
cles 26  times,  the  arms  21  times,  and  the  pharyngeal 
muscles  11  times.  Obviously  the  throat  is  the  region 
most  often  affected  and  the  eyes  and  extremities  next. 
When  the  extremities  ai'e  involved  the  disease  is  charac- 
teristically more  common  in  the  legs  than  in  the  arms, 
which,  in  severe  cases,  are  involved  later. 

The  symptoms  begin  gradually,  and  usually  a  number 
of  different  partsare  involved  successively,  improvement 
taking  place  in  one  while  the  disease  advances  in  another. 
It  most  commonly  begins  in  the  throat,  and  the  palate 
may  be  the  only  part  affected.  As  a  result  of  the  in- 
volvement of  the  palate  the  nasal  cavity  is  not  shut  off' 
from  the  nasopharynx  in  swallowing  or  in  speaking. 
The  child  is  observed  to  regurgitate  its  food,  a  symptom 
which  may  become  so  severe  that  deglutition  is  impos- 
sible. The  voice  becomes  nasal  in  character.  Extension 
to  other  muscles  of  the  throat  and  mouth  may  lead  to 
inability  to  blow,  whistle,  suck,  or  gargle.,  The  muscles 
are  bilaterally  or  rarely  unilaterally  involved.  Paralysis, 
of  the  constrictors  of  the  oesophagus  is  evidenced  by  the 
entrance  of  food  into  the  glottis.  Cough,  hoarseness, 
aphonia,  and  paroxysms  of  dyspnoea  are  seen  when 
the  larynx  is  involved.  There  may  bo  difficulty  in  ar- 
ticulation or  in  protruding  the  tongue.  Facial  par- 
alysis is  rare,  as  is  also  paralysis  of  the  tongue  or  oesoph- 
agus. 

When  the  eyes  are  involved  dimness  of  vision  for  near 
objects  is  noted,  and  is  due  to  loss  of  the  power  of  ac- 
commodation from  paralysis  of  the  ciliary  muscles.  The 
patient  usually  first  complains  of  dimness  of  vision.  The 
failure  of  accommodation  reaches  its  height  in  a  few  days- 
and  generally  lasts  two  or  three  weeks.  The  pupil  may 
be  dilated.  Ophthalmoplegia  externa — squint  or  double 
vision— and  ptosis  are  rarer.  Sometimes  most  or  even 
all  of  the  .muscles  of  the  eyes  become  paralyzed.  In- 
volvement of  the  hearing,  taste,  and  smell  are  recorded, 
but  are  rare. 

When  the  extremities  are  involved  there  is  gradual  loss 
of  power,  beginning  almost  always  in  the  legs,  afterward 
extending  to  the  arms  in  severe  cases  or  even  to  the  trunk 
and  neck,  so  that  in  the  worst  cases  the  patient  becomes 
a  helpless  mass.  But  such  cases  are  rare,  and  the  loss  of 
power  is  seldom  absolute.  The  distribution  is  usuallv 
symmetrical.  In  contrast  to  the  alcoholic  form  of  neii- 
ritis  subjective  sensory  symptoms  are  ordinarily  slight. 
There  may  be  numbness,  tingling,  hypera?sthesia,  or  an- 
esthesia; but  in  most  cases  these  svmptoms  cause  little 
distress.  According  to  Gowers^  anasthesia  is  always- 
most  severe  toward  the  extremities  of  the  limbs,  and  he 
mentions  cases  in  which  sensation  was  lost  only  in  the 
finger-tips.  As  in  all  forms  of  degeneration  of  the  lower 
motor  neurone,  the  muscles  become  flabby  and  atrophy 
occurs.  The  knee-jerks  are  commonly  lost,  and  lost  re- 
flexes are  sometimes  the  only  evidence"  that  the  nerves  of 
the  extremities  are  involved.  It  is  said  that  in  some 
cases  they  are  retained.  During  convalescence  there  hiay 
be  increased  knee-jerks  and  ankle  clonus. 

The  electrical  reactions  are  variable;  according  to 
Northrup  so  much  sotliat  they  are  of  little  value  in  diag- 
nosis or  prognosis.  As  a  rule  they  are  altered,  the  mus- 
cles showing  decreased  reaction  to  faradism  with  the 
reaction  of  degeneration,  and  the  nerve  trunl<s  showing- 
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decreased  irritability  to  botli  currents.'    Tlio   bladder 
and  rectum  are  rarely  involved. 

Reference  has  already  been  made  to  the  occurrence  of 
ataxic  symptoms  in  diphtheritic  paralysis,  and  to  the  view 
of  Bikeles,  which  explains  them  as  due  to  degeneration 
of  the  posterior  columns  of  the  cord.  These  symptoms 
are  clumsiness  in  the  use  of  the  limbs  and  unsteadiness 
in  walking.  The  gait  is  seldom  so  markedly  ataxic  as  in 
true  tabes.  The  Romberg  symptom  is  prominent.  Lack 
of  knee-jerks  and  sluggish  pvipillary  reactions  complete 
the  picture,  which,  however,  is  often  masked  by  themus- 
cular  weakness. 

One  of  the  most  serious  complications  of  diphtheritic 
paralysis  is  extension  to  the  muscles  of  respiration.  It 
occurred  in  83  of  Ross'  171  cases, '^  and  21  times  in  275 
cases  reported  by  Meyers. "  Either  the  diaphragm  or  the 
intercostals  may  be  involved.  The  average  time  of  onset 
in  Meyer's  cases  was  the  thirty-seventh  day,  but  it  oc- 
curred as  early  as  the  eleventh  and  as  late  as  the  fiftieth. 
Dyspnoea  is  a  marked  symptom,  and  is  seen  in  the  form 
of  asLhma-like  paroxysms  or  in  spasmodic  attacks  due  to 
the  accumulation  of  mucus.  There  are  anxiety  and  men- 
tal distress  wi  th  a  sense  of  impending  suffocation.  When 
the  diaphragm  is  involved  abdominal  breathing  is  re- 
versed, the  abdomen  sinking  in  on  inspiration,  and  mce 
versa. 

The  symptoms  of  cardiac  paralysis  occurring  in  diph- 
theria are  of  the  greatest  importance,  owing  to  their  fre- 
quency, seriousness,  and  bearing  upon  questions  of  treat- 
ment. Their  exact  cause  is  a  matter  of  doubt.  Changes 
are  found  at  autopsy  both  in  the  myocardium  and  in  the 
nerves  controlling  the  heart.  As  has  already  been  said, 
the  myocardium  may  show  degeneration  suificient  to  ac- 
count in  full  for  all  the  symptoms.  Some,  however,  be- 
lieve that  the  nerve  changes  are  primary.  Thomas  and 
Hibbard,'"  in  an  exhaustive  investigation  of  the  subject 
of  heart  failure  in  diphtheria,  favor  Hesse's  view,'*  that 
heart  failure  results  directly  from  the  effects  of  the  poi- 
sons of  the  disease  rather  than  from  the  degenerative  proc- 
esses which  they  cause  in  the  tissues;  but  they  consider 
that  these  toxins  act  through  the  nervous  mechanism.  It 
seems  probable  that  the  origin  of  the  heart  symptoms  may 
be  due  either  to  changes  in  the  myocardium  or  to  changes 
in  the  nerves  controlling  the  heart,  or  to  the  effects  of 
toxins  on  the  nerve  centres.  In  any  given  case  the  ex- 
act cause  of  heart  failure  can  be  stated  only  after  death, 
but  it  seems  fair  to  suppose  that  those  due  to  the  direct 
effect  of  the  diphtheritic  poisons  will  oCcur  early  in  the 
disease,  just  as  they  do  in  other  acute  conditions,  while 
those  due  to  organic  degenerations  may  occur  later. 

Cardiac  symptoms  are  observed  in  diphtheria  at  a  rela- 
tively early  date  as  compared  with  the  other  palsies ;  ac- 
cording to  Woodhead,'^  mostly  between  the  fifth  and 
tenth  days.  The  average  in  Meyer's  cases"  was  the 
seventh.  But  sometimes  they  arise  late  in  convales- 
cence. Occasionally  they  are  overlooked,  and  sudden 
death  after  slight  over-exertion  takes  place  in  a  case  ap- 
parently well.  As  a  rule,  some  abnormal  condition  of 
the  pulse  first  calls  attention  to  the  heart.  It  is  unusu- 
ally rapid  or  unusually  slow,  or  oftener  it  is  irregular  or 
intermittent.  The  heart,  when  mapped  out  by  percus- 
sion, generally  shows  some  enlargement.  Systolic  mur- 
murs, most  of  which  are  temporary,  may  be  heard. 
Pallor,  cold  extremities,  dyspnoea,  and  cardiac  distress 
are  noted.  Vomiting  is  an  important  symptorn,  whose 
occurrence,  unless  otherwise  explained,  in  diphtheria 
should  always  call  attention  to  the  heart.  Its  associa- 
tion with  cardiac  failure  is  supposed  to  depend  upon 
the  common  relationship  of  the  vagus  nerve  to  both  the 
heart  and  the  stomach.  Death  may  occur  within  twenty- 
four  hours  after  the  onset  of  cardiac  symptoms,  or,  as 
has  already  been  said,  it  may  take  place  suddenly  with- 
out warning.  In  most  of  the  heart  cases  there  is  evidence 
of  paralysis  elsewhere. 

Brodie,"  as  a  result  of  animal  experimentation,  and 
Biernacki 'ii'  from  clinical  observation,  consider  that  the 
fall  of  blood-pressure  occurring  in  diphtheria  is  a  result 
of  paralysis  of  the  muscular  walls  of  the  vessels.     It  is  a 


question,  however,  whethei-  the  action  is  local  or  central, 
and  to  what  extent  impairment  of  the  heart's  action  is 
responsible  for  the  phenomena  noted. 

There  are  other  forms  of  paralysis  which  are  sometimes 
associated  with  diphtheria,  but  they  occur  more  rarely 
and  they  need  but  brief  mention.  One  is  sudden  cere- 
bral hemiplegia,  due  generally  to  embolism,  more  rarely 
to  hemorrhage  or  thrombosis.  Meningitis  is  sometimes  a 
sequel  of  diphtheria,  and  cases  of  nmltiple  sclerosis  have 
been  reported  by  ScliSnfeldt.  The  paralytic  symptoms 
which  they  cause  could  hardly  be  mistaken  for  the  com- 
mon form. 

Diagnosis. — This  depends  on  the  recognition,  during 
an  attack  of  diphtheria  or  in  convalescence  from  the 
same,  of  a  peripheral  neuritis  or,  in  some  cases,  of  a  myo- 
sitis. The  most  significant  peculiarities  of  the  diphthe- 
ritic form  of  neuritis  are  the  frequency  of  involvement  of 
the  throat  and  eyes,  the  process  often  beginning  in  the 
former,  the  symmetrical  distribution,  the  tendency  to 
involve  the  legs  befoi-e  the  arms,  the  slightness  of  sen- 
sory symptoms,  and  the  frequency  of  cardiac  mani- 
festations. 

In  making  the  differential  diagnosis  other  forms  of 
peripheral  neuritis  must  be  excluded,  especially  in  cases 
in  which  the  causative  diphtheritic  infection  has  escaped 
recognition,  in  which  more  tlian  one  cause  is  present,  or 
in  which  the  palate  and  eye  symptoms  have  been  slight 
or  lacking.  The  chief  forms  of  neuritis  to  consider  are 
those  due  to  alcohol  and  to  lead.  Alcoholic  neuritis  is 
rare  in  children,  does  not  involve  the  throat,  and  has 
more  prominent  sensory  symptoms.  Other  evidences  of 
alcohol  are  usually  present.  Lead  palsy  begins  gener- 
ally in  the  arms,  involving  the  extensors  and  giving  the 
characteristic  wrist-drop.  It  is  usually  associated  with 
other  evidences  of  lead  poisoning,  such  as  the  blue  line 
on  the  gums,  the  cachexia,  colic,  traces  of  lead  in  the 
urine,  and  granular  degeneration  of  the  red  corpuscles 
of  the  blood.  Other  forms  of  neuritis  may  be  ruled  out 
on  similar  lines.  Mixed  forms  occur,  but  in  such  cases, 
apart  from  questions  of  prophylaxis,  the  cause  is  rather 
of  academic  than  of  practical  importance.  Cases  of 
diphtheritic  paralysis  showing  marked  ataxia  may  be 
mistaken  for  tabes  dorsalis.  "The  post-diphtheritic  dis- 
ease, however,  develops  more  rapidly ;  true  lightning-like 
pains  are  not  experienced ;  and  the  loss  of  motor  power 
with  atrophied  and  flabby  muscles  is  absent  in  true  tabes. 
Acute  poliomyelitis  is  also  of  importance.  Here  the  on- 
set is  more  acute,  paralysis  is  not  symmetrical,  and  the 
sensory  symptoms  are  lacking.  Hysterical  palsy  seldom 
involves  the  palate,  as  diphtheritic  paralysis  almost  al- 
ways does.  In  hysteria  the  knee-jerk  is  retained.  The 
greatest  difficulty  arises  in  cases  in  which  a  true  diphthe- 
ritic paralysis  is  combined  with  hysteria. 

Prognosis. — This  will  depend  upon  the  site  of  the 
paralysis,  the  severity  of  the  case,  and  the  previous  con- 
dition of  the  patient.  Of  Goodall's  125  patients  17  died: 
4  in  the  acute  stage  of  diphtheria ;  6  fatal  cases  were  car- 
diac, 4  respiratory,  2  vomiting  and  cardiac,  1  convul- 
sions. »  Of  Ross'  171  patients  45  died :  8  from  intercurrent 
diseases,  8  from  sudden  syncope,  10  from  heart  failure, 
14  from  respiratory  paralysis,  and  2  from  the  aspiration 
of  food  into  the  trachea.'''  According  to  Gowers,'  the 
sooner  the  paralysis  begins  after  the  diphtheria  the 
greater  the 'danger  to  life. 

Paralysis  of  the  extremities  of  itself  causes  little  dan- 
ger to  hfe,  and  recovery  may  be  predicted,  even  though 
it  may  be  months  before  power  is  completely  restored. 
The  duration  is  often  from  six  to  eight  weeks.  The 
loss  of  knee-jerks  is  generally  the  last  sign  to  disappear. 
In  the  throat  cases  there  are  two  sources  of  danger.  The 
first  is  that  arising  from  the  frequency  with  which  pala- 
tal involvement  is  associated  with  heart  symptoms.  The 
second  danger  arises  from  the  difficulty  of  deglutition, 
patients  dying  from  inanition  on  this  account,  or  from 
the  aspiration  of  food  into  the  trachea  with  resulting  as- 
phyxia or  bronchopneumonia.  In  respiratory  cases  the 
outlook  is  always  more  dubious.  Meyers"  reports  21 
patients  affected  with  diaphragmatic  palsy,  of  whom  11 
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died,  this  being  13.7  per  cent,  of  all  deaths  from  diph- 
theritic paralysis  in  his  series. 

Cardiac  paralysis  is  even  more  fatal.  Statistics  are  of 
little  value,  as  different  observers  vary  so  greatly  In  the 
criteria  upon  which  they  base  their  diagnoses.  All  32 
cases  collected  by  the  American  Pediatric  Society  ■"  vpere 
fatal.  Hibbard"  reports  47  per  cent,  of  deaths  in  cases 
with  irregular  pulse.  Vomiting  during  convalescence 
from  diphtheria  generally  means  heart  failure,  is  an  un- 
favorable sign,  and  occurred  in  over  half  of  Hibbard's 
fatal  cases.  According  to  Burrows  "  it  is  especially  to 
be  feared  when  it  occurs  in  a  patient  whose  heart  is 
irregular,  or  who  presents  other  evidences  of  nerve  de- 
generation. A  very  slow  pulse  is  also  unfavorable,  espe- 
cially in  children.  The  patients  may  die  within  twenty- 
four  hours  of  the  onset  of  cardiac  symptoms,  or  later 
during  an  exacerbation.  Sudden  death  from  heart 
failure  without  previous  symptoms  may  occur  in  the 
acute  stage,  or  it  may  suddenly  and  unexpectedly  ter- 
minate a  case  after  convalescence  has  appeared  to  be 
completed. 

Tkeatment. — The  varying  results  of  statistical  studies 
as  to  the  effect  of  antitoxin  have  already  been  mentioned 
in  connection  with  the  subject  of  etiology.  It  seems 
probable  that  the  early  and  vigorous  use  of  antitoxin  in 
any  given  case  will  decrease  the  likelihood  that  this  com- 
plication will  occur,  but  only  in  so  far  as  it  lessens  the 
severity  and  duration  of  the  causative  disease.  That 
this  view  is  correct  is  proven  on  the  experimental  side 
by  the  work  of  Ransom,'  who  shows  that  doses  of  the 
toxin  capable  of  producing  paralysis  in  animals  are  neu- 
tralized in  this  respect  by  antitoxin  injected  simulta- 
neously and  modified,  though  not  prevented,  by  large 
enough  doses  given  from  fifteen  to  twenty-two  hours  after 
those  of  the  toxin.  On  the  clinical  side  the  report  of  the 
London  Clinical' Society ''  shows  that  the  frequency  of 
paralysis  as  a  complication  of  diphtheria  is  less  when 
antitoxin  is  used  on  the  first  two  days  of  the  disease  than 
when  its  use  is  delayed.  After  the  injury  to  the  nerves 
or  muscles  has  been  done,  it  is  not  probable  that  antitoxin 
will  have  any  effect  in  restoring  them  to  the  normal  con- 
dition. The  same  conclusions  probably  hold  in  regard 
to  the  heart  manifestations.  In  other  words,  antitoxin, 
given  early  and  in  large  doses,  has  some  value  as  a  pro- 
phylactic in  preventing  the  paralytic  complications  of 
diphtheria. 

On  the  peripheral  neuritis  no  form  of  treatment  has 
much  effect.  The  case  should  be  managed  like  a  neu- 
ritis from  any  other  cause.  Rest,  careful  nursing,  lib- 
eral diet,  tonics,  massage,  and  electricity  are  of  some 
value.  Strychnine  is  much  used,  but  its  influence  in  re- 
storing the  degenerated  nerves  and  muscles  to  their  nor- 
mal condition  is  at  least  questionable.  In  palatal,  and 
especially  in  pharyngeal  and  laryngeal  cases,  great  care 
should  be  taken  in  feeding  the  patient  to  prevent  the 
entrance  of  food  into  the  larynx.  The  oesophageal  or 
nasal  tube  may  be  used  if  needed,  great  care  being  taken 
to  avoid  introducing  it  into  the  larynx  and  to  get  the  end 
well  below  the  glottis.  In  some  cases  it  will  be  better 
to  feed  by  the  rectum.  Forced  feeding  had  better  not  be 
delayed  in  hope  that  the  child  will  begin  to  eat,  especially 
in  cases  in  which  the  patient  is  much  debilitated  by  a  se- 
vere attack  of  diphtheria.  Proper  and  sufficient  nourish- 
ment is  of  importance  both  in  the  treatment  of  the  general 
depressed  condition  and  in  that  of  the  paralysis. 

One  precaution  should  be  insisted  upon.  Every  case 
of  diphtheria  should  be  watched  closely  for  the  occur- 
rence of  cardiac  or  respiratory  symptoms,  especially 
when  evidences  of  palatal  paralysis  are  present. 
Thomas  and  Hibbard  ">  advise  that  every  case  of  diph- 
theria, however  mild,  should  be  kept  in  bed  till  the 
throat  is  clear,  and,  if  there  has  been  any  prostration,  for 
at  least  two  weeks  more.  After  four  weeks  with  no 
heart  symptoms  there  is  little  danger.  If  heart  symp- 
toms arise,  the  greatest  care  must  be  taken  to  keep  the 
patient  quiet,  morphine  being  used  for  this  purpose  if 
needed.  Careful  feeding  is  of  importance.  Medicines 
are  of  value  only  in  meeting  special  symptoms.     Alco- 


hol, digitalis,  and  strychnine  may  be  of  service.  In  the 
respii-atory  cases  strychnine  is  the  most  valuable  remedy. 
Electricity  may  also  be  used.  Ralph  G.  La/irabee. 

Eeperences. 

■  Ransom :  Journal  of  Pathology  and  Bacteriology,  1900,  vol.  vl.,  p. 
435. 

''  Welch  and  Flexner :  Bulletin  ol  the  Johns  Hopkins  Hospital,  1891, 
vol.  ii. 

'  Gowers :  Diseases  of  the  Nervous  System,  second  edition,  vol.  ii., 
p.  903. 

4  Thomas :  Boston  City  Hospital  Medical  and  Surgical  Reports, 
ninth  series,  1898,  p.  52. 

s  Baginsky :  Nothnagel's  Specielle  Pathologic  und  Therapie,  Bd.  ii. 

'  Councilman,  Mallory,  and  Pearce :  "Diphtheria,"  1901. 

'  American  Pediatric  Society,  Collective  Investigation:  Transactions, 
1896 

8  Goodall :  Brain,  1895. 

"  Northrup :  Nothnagel's  System  of  Practical  Medicine,  American 
edition. 

1"  Thomas  and  Hibbard :  Boston  City  Hospital  Medical  and  Surgical 
Reports,  eleventh  series,  1900. 

11  Hibbard :  Boston  City  Hospital  Medical  and  Surgical  Reports, 
ninth  series,  1898. 

"  Burrov^s:  American  Journal  of  the  Medical  Sciences,  February, 
1901. 

"  Henoch ;  Lectures  on  Children's  Diseases,  vol.  ii.,  1889,  p.  300. 

'■i  Ross:  Medical  Chronicle,  1890. 

16  Woodhead :  British  Medical  Journal,  September  3d,  1898. 

i«  Trevelyan:  Lancet,  1900,  ii.,  p.  14S2. 

»'  Meyers :  Lancet,  1900,  II.,  p.  8B9. 

'8  Hesse :  Jahrbuch  fiir  Kinderheilkunde,  1893,  Bd.  xxxvi.,  S.  19. 

"  Brodle :  British  Medical  Journal,  November  4th,  1899. 

2"  Biemackl :  British  Medical  Journal,  December  30th,  1899. 

^'  London  Clinical  Society :  Report  on  Antitoxin,  1898. 

(For  further  bibliography  consult  the  articles  of  Northrup,  Ross,  and 
Thomas.) 

PARALYSIS,  FACIAL.     Bee  Facial  Paralysis. 

PARAMUCIN. — Mitjukoff  has  obtained  from  the  mu- 
coid contents  of  ovarian  cysts  a  mucin-like  substance, 
which  differs  from  pseudomucin  and  mucin,  chiefly  in  the 
fact  that  without  previous  boiling  with  dilute  mineral 
acids  it  will  reduce  an  alkaline  solution  of  copper. 
("UeberdasParamucin,"  Arch.f.  Oyn.,  Bd.  49,  1895.) 

Aldred  Scott  Warthin. 

PARAMYOCLONUS  MULTIPLEX.— (Synonyms:  Myo- 
clonus multiplex.  Myoclonia,  Polyclonia.)  Originally 
described  by  Friedreich '  in  1881,  this  disorder  has  been 
recognized  by  clinicians  in  Germany,  France,  Italy,  Eng- 
land, and  America.  Its  existence  as  a  disease  has  been 
questioned,  some  asserting  it  to  be  a  variety  of  hysteria, 
others  of  chorea.  Still  others  cut  the  Gordian  knot  by 
claiming  that  both  a  true  form  and  a  hysterical  form  of 
the  disease  exist.  However,  the  preponderance  of  au- 
thority as  well  as  of  evidence  at  the  present  day  appears 
to  favor  its  validity  as  a  clinical  entity. 

It  is  a  rare  disease.  Gowers'  states  that  he  was  able  to 
collect  but  fifty -two  cases  in  the  literature  up  to  July, 
1895,  of  which  only  thirteen  were  considered  by  him 
true  examples. 

One  of  the  best  accounts  of  the  disease  accessible  to 
American  readers  is  that  of  Starr,'  which  is  also  accom- 
panied by  a  bibliography. 

The  disease  is  characterized  by  paroxysms  of  clonic 
muscular  contractions,  shock-like,  bilateral,  and  symmet- 
rical as  regards  the  two  sides  of  the  body.  The  individ- 
ual contractions  are  frequent,  varying  in  rate  from  thirty 
to  one  hundred  or  more  per  minute.  The  duration  of 
the  paroxysms  may  vary  between  five  or  ten  minutes 
and  some  hours.  Likewise  the  frequency  of  paroxysms 
in  a  day  may  vary  from  one  or  two  to  twenty  or  more. 
The  muscles  affected  in  typical  cases  are  the  intrinsic 
truncal  muscles  and  those  connecting  the  trunk  and  ex- 
tremities ;  those  moving  the  face,  hands,  and  feet  being 
seldom,  if  ever,  affected  (see  Fig.  3738).  In  one  case  ob- 
served by  the  writer,*  the  diaphragm  and  laryngeal  mus- 
cles were  involved  at  times,  causing  short,  sharp,  invol- 
untary exclamatory  sounds. 

Negative  characteristics  are:  consciousness  is  not  af- 
fected ;  mental  defects  are  absent  as  a  rule,  but,  if  pres- 
ent, are  transient;  voluntary  movements  of  the  face, 
hands,  and  feet  are  not  abolished,  even  during  a  parox- 
ysm, though  the  muscular  power  is  much  reduced ;  elec- 
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trical  changes  of  degenerative  significance  are  absent,  as 
is  fibrillary  twitching.  Sensation  is  not  diminished  or 
lost,  but  a  decided  hypersensibility  to  sound  and  touch 
has  been  observed  by  the  writer  in  one  case.  ^  A  profound 
sense  of  fatigue  was  also  noted  in  that  case.  The  con- 
vulsive movements  cease  during  sleep,  and  are  brought 
on,  or,  if  present,  increased  in  violence,  by  emotional  ex- 
citement, by  irritation 
of  the  skin,  by  cold, 
etc.,  and  by  manipula- 
tive procedures  gener- 
ally. 

Oppenheim  *  recog^ 
nized  a  hysterical  type 
as  distinguished  from 
the  true  form,  but  ad- 
mits the  difliculty  of 
separation. 

Unverricht,  Weiss, 
Kreiver,  and  Sepilli 
(quoted  by  Oppen- 
heim) describe  cases 
of  a  familial  type  and 
associated  with  epi- 
lepsy {loc.  eit.). 

Causation.  —The 
patients  are  usually 
neurasthenic.  A  ma- 
jority of  cases  reported 
were  of  the  male  sex. 
The  ages  of  patients 
have  varied  between 
thirteen  and  forty- 
eight.  Mental  worry, 
fright,  injury,  and 
physical  strain  are  ac- 
credited causes.  Of 
two  cases  reported  by 
the  writer  one  was  at- 
tributable to  mental 
worry  combined  with 
la  grippe.  The  other 
was  distinctly  due  to 
fright.  A  third  case, 
observed  by  the  writer 
through  the  kindness 
of  Sir  William  Growers, 
followed  a  fall  from  a 
considerable  height 
without  palpable  in- 
jury., Fry's  case*  was 
due  to  overexertion, 
Starr's^  to  strain  in 
lifting.  Removal  of 
the  thyroid  in  dogs  is 
said  sometimes  to  cause 
symptoms  of  this  dis- 
ease. 

The    PATHOLOGY    is 

unknown.  Autopsy 
in  one  case  (Schultze) 
revealed  no  nervous  changes.  Friedreich,  who  was  the 
first  to  describe  the  disease,  believed  it  to  be  based  on 
overexcitability  of  the  spinal  motor  elements.  Some 
have  surmised  that  the  cause  of  the  faulty  action  lies 
in  the  muscles  themselves  or  in  an  abnormal  state  of 
the  nerve  endings.  To  the  writer  its  psychic  anteced- 
ents, marked  hemiplegic  preponderance  at  times  (in  one 
case);  its  aggravation  by  mental  and  emotional  states; 
the  marked,  though  transient,  mental  changes  in  two 
cases;  and  the  heightened  muscle  reflexes,  would  all 
suggest  that  the  disease  is  to  be  viewed  as  the  visible 
expression  of  a  state  of  "inhibitory  insufficiency,"  prob- 
ably cortical  in  seat. 

Diagnosis. — This  is  to  be  based  on  "the  sudden  shock- 
like character  of  the  muscular  contractions,  their  bilateral 
symmetry,  and  the  comparative  freedom  of  the  extremi- 
ties."    (Gowers.')     This  view  is  also  concurred  in  by 


Walton*  m  a  recent  paper  on  the  myospasms  in  general, 
aysteria  is  ruled  out  by  the  absence  of  the  stigmata  and 
ot  the  characteristic  emotional  state.  There  appears  to 
be  no  tendency  to  simulation  or  desire  for  sympathy  in 
paramyoclonus.  Chorea  is  excluded  by  the  non-involve- 
ment of  the  face  and  hands.  Dubini's  "  electrical  chorea  " 
a  disease  endemic  in  a  certain  locality  in  Italy,  is  to 


jl.— Front  View.  B.— Bear  View. 

riG.  3738.— A  and  B,  Paramyoclonus  Multiplex.    Distribution  of  myoclonic  spasm  Inaicated  by  plus  marks. 


be  separated  by  its  unilateral  beginning,  nerve  and  mus- 
cle degeneration,  and  a  fatal  termination  in  a  few  months. 

The  PROGNOSIS  is  variable,  according  to  different  au- 
thors. Friedreich  reported  that  some  of  his  patients  re- 
covered. Oppenheim  considers  the  prognosis  grave. 
In  all  the  American  cases  reported  to  date  the  patients 
have  recovered.  Relapse  may  occur,  but  does  not  pre- 
clude ultimate  recovery. 

The  duration  may  vary  from  three  or  four  months  to  a 
year  or  more.  In  one  of  -the  writer's  cases  the  convul- 
sions ceased  on  the  one  hundred  and  second  day,  but  re- 
curred in  twenty -four  hours,  to  disappear  again  in  eight 
days.  There  has  been  no  recurrence  to  date  (four 
months).  In  the  case  reported  by  Starr  (loc.  cit.)  the  pa- 
tient recovered  in  about  a  year,  as  did  also  the  patient  in 
the  first  case  reported  by  the  writer.  * 

Tbeatment. — The  drug  treatment  followed  has  been 
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so  diverse  as  to  suggest  that  it  lias  liad  little  to  do  with 
the  recovery.  Chloral,  bromides,  hyoscine  and  other 
sedatives,  arsenic,  quinine,  thyroids,  and  galvanism  have 
all  heen.  followed  by  improvement  and  recovery.  The 
factors  of  rest,  feeding,  and  time  would  appear  to  be  the 
important  ones.  Sedatives  may  be  used  to  mitigate  the 
severity  of  the  spasms  and  promote  the  patient's  comfort. 
Nutrient  medication,  in  the  form  of  glycerinophos- 
phates,  iron  preparations  when  indicated,  and  support- 
ing measures  generally,  are  advisable. 

F.  W.  Langdon. 
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PARAPHlMOSfS.  See  Sexual  Organs,  Male,  Diseanes 
of. 

PARAPLEGIA. — The  term  paraplegia  specifies  a  symp- 
tom, not  a  disease.  It  indicates,  in  the  first  place,  an 
impairment  of  motility,  namely,  akinesis  or  paralysis, 
and  secondly,  paralysis  of  a  certain  distribution.  Thus, 
it  is  customary  to  indicate  a  paralysis  involving  one  of 
the  extremities  by  the  term  monoplegia,  a  paralysis  of 
both  extremities  on  one  side  of  tlie  body,  that  is  to  say, 
of  longitudinal  or  unilateral  distribution,  by  the  term 
Jiemiplegia,  while  a  transverse  distribution  or  symmetri- 
cally bilateral  paralysis  of  the  body  is  classified  as  a 
paraplegia  (para,  Gr.  irapa,  side  by  side).  Usually,  the 
lower  extremities  and  the  caudal  portion  of  the  body  are 
the  parts  involved.  The  term  is  not  restricted,  however, 
to  paralysis  of  these  parts  alone,  but  may  be  applied  to 
the  involvement  of  any  transverse  section  of  the  body. 
When  the  upper  extremities  are  involved,  the  term 
cermcal  paraplegia  is  applied.  In  this  condition,  usually, 
though  not  always,  paralysis  extends  to  all  parts  below 
— caudad.  The  term  liemi-paraplegia  refers  to  paralysis 
of  one  lower  extremity,  accompanied  by  anassthesia  of 
the  opposite  member.  It  is,  strictly  speaking,  a  crural 
monoplegia.  The  term  double  hemiplegia  is  synony- 
mous with  cerebral  paraplegia,  both  indicating  a  para- 
plegia of  intracranial  origin,  involving  t.he  cerebral  motor 
tracts.  The  term  ocular  paraplegia  has  been  used, 
rarely,  to  indicate  paralysis,  in  both  eyes,  of  symmetri- 
cal ocular  muscles.  The  term  diplegia  is  to  be  preferred 
in  cases  in  which  a  single  pair  of  nerves  on  each  side  is 
paralyzed ;  as  facial  diplegia,  instead  of  facial  paraplegia. 
Jaccoud  introduced  the  adjective  paraplegiform  to  indi- 
cate bilateral  disturbances  of  motility  other  than  true 
paresis  or  paralysis,  but  which  resemble  the  latter  in 
disturbance  of  locomotion;  as,  for  example,  that  pro- 
duced by  incoordination,  and  spastic  conditions. 

In  paraplegia  (it  being  defined  as  paralysis  of  a  certain 
distribution)  we  have  an  important  symptom  of  various 
pathological  conditions,  forming  by  its  association  with 
other  symptoms  some  of  the  most  striking  clinical  pict- 
ures of  disease.  Its  proper  study  involves  the  considera- 
tion of  the  localization  of  function,  the  impairment  of 
which  produces  paraplegia;  the  nature  of  the  pathologi- 
cal process  causing  such  impairment;  the  variations  in 
disturbance  of  function  due  to  involvement  of  different 
segments  of  the  body ;  the  other  symptoms  which  may 
accompany  it ;  and  the  diagnostic  and  prognostic  signifi- 
cance of  the  grouping  of  i^uch  symptoms,  together  with 
indications  tor  remedial  measures. 

From  this  standpoint  paraplegia  forms  a  convenient 
centre  trom  which  may  be  analyzed  a  great  number  of 

494 


diseases  of  the  nervous  system,  mostly  of  spinal  origin, 
but  also  including  some  cerebral  and  peripheral  nervous 
affections.  As  we  have  a  motor  impairment  to  consider, 
the  motor  tracts  of  the  nervous  system  must  be  called  to 
mind.  From  their  periphery  in  the  motor  end-plates 
they  pass  through  the  mixed  peripheral  nerves,  the  ante- 
rior roots  of  the  spinal  cord,  the  root  zones  in  the  anterior 
columns,  to  the  anterior  cornua  of  the  cord,  where  the 
motor  nerve  fibres  are  supposed  to  terminate  in  cells 
arranged  in  groups  or  scattered  through  the  gray  matter 
of  this  portion,  and  by  means  of  which  they  form  reflex 
connections  with  sensory  nerve  tracts,  commissural  con- 
nections with 
the  motor  tracts 
of  the  opposite 
half  of  the  cord, 
and  with  differ- 
ent levels  of  the 
cord  above  and 
below ;  and,  in 
addition,  c  o  n- 
nection  with  the 
motor  tracts  in 
the  lateral  col- 
umns of  the  cord 
known  as  the 
crossed  pyrami- 
dal, cerebral,  or 
voluntary  tracts, 
and  the  direct 
pyramidal  tracts 
in  the  anterior 
columns.  After 
decussation  of 
the  crossed  pyr- 
amidal tracts  in 

the    medulla, 

both  crossed  and 

direct  tracts  pass 

through  the  an- 
terior    (ventral) 

portion    of    the 

pons,     continue 

through   the 

crura       cerebri, 

then    upward, 

forming  a   part 

of   the    internal 

capsule,  and  on 

to   the  so-called 

cortical      motor 

areas.       Associ- 
ated     tracts 

through   the 

cerebellum,    the 

cerebral  gan- 
glia,    and      the 

nuclei     of     the 

cranial       motor 

nerves  complete 

the  system.     In 

order  to  produce 

paraplegia,    not 

only  must  some 

part  of  this  mo- 
tor   system    be 

affected,  but  the 

lesion    must   be 

symmetrically 

bilatei-iil,     must 

involve  both 

halves    of    this 

duplex    system. 

The  general  di- 
vision   may    be 

made,  therefore   into  peripheral,  spinal,  and  intracranial 

(cerebral)  paraplegia.     The  divergence  of  the  right  and 

left  motor  tracts  in  their  peripheral  and  cerebral  por- 


FiG.  3739.-Diagram  Showing  the  Relations  of 
the  Spinous  Processes  to  the  Bodies  of  the 
Vertebrae,  and  of  these  to  the  Points  of  Origin 
of  the  Spinal  Nerves.    (From  Gowers  ) 
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tioiis,  and  tlieir  approximatiiui  in  the  K|iinal  curd,  me- 
dulla, and  pons,  admit  of  their  frequent  bilateral  involve- 
ment from  lesions  in  the  latter  regions,  and  but  I'arely 
in  the  first-named  divisions.  Consenuentlj',  llie  lesion 
producing  paraplegia  is  usually  a  spinal 
cord  lesion.  Yet  it  is  possilile  to  lia\e  a 
tumor  develop  in  the  longitudinal  fissure 
between  the  hemispheres,  which  will  in- 
volve the  motor  areas  for  the  legs  in  each 
hemisphere,  thereby  producing  a  sym- 
metrical and  bilateral  paralysis  of  the 
lower  extremities,  namely,  a  cerebral  para- 
plegia. On  the  other  baud,  it  is  now  well 
known  that  a  peripheral  paraplegia  may 
be  produced  by  a  multiple  neuritis  in 
volving  the  peripheral  nerves  of  both 
lower  extremities  in  such  a  sj-nimetrical 
manner  as  closely  to  resemble  spinal-cord 
lesions.  Compression  within  the  spinal 
cord  of  the  bundle  of  peripheral  nerves 
known  as  the  cauda  equina  may  also  give 
rise  to  paraplegia.  In  the  latter  case,  and 
also  in  multiple  neuritis,  wo  have  the 
phenomena  which  attend  irritation  or  de- 
struction of  a  mixed  nerve,  namely,  motoi-, 
sensory,  and  trophic  disturbances  in  the 
parts  supplied  by  the  nerves  involved. 
But  motor,  seusorj^  and  trophic  disturb- 
ances may  also  occur  when  the  lesion  is 
in  the  spinal  cord,  provided  it  be  exten- 
sive enough  to  involve  both  motor  and 
sensory  tracts,  and  at  a  level  from  which 
the  upper  or  lower  extremities  receive  their  motor  in- 
nervation, namely,  the  anterior  cornua  in  the  cervical 
and  lumbar  enlargements.  Lesions  between  these  en- 
largements, or  above  the  former  or  below  the  latter,  do 
not  produce  the  trophic  disturbances  which  result  in  de- 
generation of  peripheral  motor  nerves  of  the  extremities, 
and  the  consequent  atrophy  of  the  muscles  which  they 
supply;  although  voluntary  power  and  sensation  may 
be  lost  through  interruption  of  the  cerebral  motor  and 
sensory  conducting  tracts  traversing  the  section  of  the 
cord  involved  by  disease. 

Myelitis  affecting  the  entire  transverse  area  of  the 
cord,  but  limited  in  its  longitudinal  extent  to  some  por- 
tion between  the  cervical  and  lumbar  enlargements,  com- 
monly known  as  transverse  dorsal  myelitis,  furnishes  an 
example  of  this  form;  while  involvement  of  the  lumbar 
enlargement  will  serve  as  a  type  in  which  motor  degen- 
eration and  atrophy  are  added.  Similar  results  may  fol- 
low a  meningitis,'  or  meningo-myelitis  involving  the 
sensory  and  motor  nerve  roots  or  root  zones  at  the  level 
of  the'lumbar  enlargement.  Paraplegia,  unaccompanied 
by  loss  of  sensation,  may  be  conceived  of  in  case  the 
meningitic  or  myelitic  process  remains  limited  to  the  an- 
terior periphery  of  the  cord,  or  to  the  anterior  horns  of  the 
lumbar  enlargement,  by  which  the  motor  tract  would  be 
involved  and  the  sensory  tracts  escape  implication. 

A  similar  process  affecting  the  cord  at  its  cervical 
enlargement  alone  might  produce  bilateral  paralysis  of 
the  upper  extremities  without  involving  the  lower  ex- 
tremities, as  long  as  the  myelitic  process  did  not  extend 
deeply  enough  to  invade  the  pyramidal  tracts  in  the 
lateral  columns.  Should  it  so  extend,  however,  the 
lower  extremities  would  exhibit  paraplegia  without  loss 
of  sensation  and  without  muscular  atrophy;  while  with 
a  complete  transverse  lesion  at  the  cervical  enlargement 
loss  of  sensation  in  all  parts  below  the  upper  extremities 
would  be  added,  but  still  without  degenerative  atrophy 
in  the  lower  part.  The  meningitic  process  might  be 
extensive  enough  to  involve  both  cervical  and  lumbar 
enlargements,  affecting  chiefly  the  anterior  peripliery  of 
the  cord,  producing  a  paraplegia  involving  both  upper 
and  lower  extremities  with  muscular  atrophy  in  both, 
and  even  a  transitory  loss  of  sensation;  or  the  gray 
matter  of  the  anterior  horns  may  be  involved  through- 
out the  cord  on  both  sides,  as  in  poliomyelitis  an- 
terior, with  similar  results.     Finally,  we  may  have  in- 


volvement of  the  cerebral  (pyramidal)  motor  tracts  in 
tJie  lateral  columns  of  the  cord  at  any  height,  cutting 
off  voluntary  innervation  to  all  parts  supplied  below 
the  lesion,  but  without  producing  trophic  disturbance. 


Jm/A 


Fig.  ;S740.— Diagram  of  a  Section  of  the  Spinal  Cord  in  the  Cervical  Region.  A.C, 
Anterior  commissure;  P.C,  posterior  commissure;  I.y.s.,  Intermediate  gray  sub- 
stance; P.cor.,  posterior  cornu  ;  c.c.p.,  caput  comu  posterioris ;  L,.  L.  L.,  lateral 
liuiiting  layer;  A.-L.  A.  T.,  antero-lateral  ascending  tract,  which  extends  along 
the  periphery  ol  the  cord.     ( From  Gowers.) 


These  examples  show  the  necessity  of  keeping  before 
us  a  mental  picture  of  the  topographical  anatomy  of  the 
nervous  system,  and  a  recollection  of  the  functions  of 
the  different  tracts  to  the  extent  known,  in  all  our 
attempts  to  localize  a  lesion  from  the  symptoms  found. 
The  disturbances  which  accompany  the  bilateral  i^a- 
ralysis  constituting  paraplegia  will  vary  (1)  according  to 
the  lecd  of  the  lesion  through  interference  with  the  vis- 
ceral, vaso-motor,  sensory,  and  reflex  functions  of  the 
segment  involved ;  (2)  according  to  the  extent  of  the  lesion 
transversely  in  the  cord,  through  involvement  of  different 
functional  tracts  and  centres ;  and  (3)  according  to  the 
predominance  of  an  irritative,  or  of  a  destructive  pathologi- 
cal process  constituting  the  lesion,  producing  increase, 
diminution,  or  perversion  of  function.  The  first  and 
second  factors  concern  the  localization  of  the  lesion,  the 
third  its  nature  and  course.  To  aid  in  the  considera- 
tion of  the  former,  diagrams  and  tables  are  given,  and  a 
brief  resume  of  certain  anatomical  and  physiological 
data. 

The  spinal  canal  is  longer  than  the  cord,  the  latter 
terminating  in  man  at  the  upper  border  of  the  second 
lumbar  vertebra.  The  exits  of  the  several  spinal  nerves 
do  not,  therefore,  correspond  to  their  levels  of  origin  in 
the  cord,  nor  do  the  bodies  of  the  vertebrfe  correspond  to 
their  spines.  Gowers'  diagram  (Fig.  3739),  showing  the 
relations  of  tlie  segments,  nerves,  and  bodies  of  the 
vertebra'  to  the  spinous  processes,  together  with  the 
table  (Fig.  3741)  showing  the  functions  of  the  different 
segments,  are  valuable  aids  to  diagnosis.  The  cervical 
enlargement  corresponds  to  the  lower  five  cervical  spines ; 
the  lumbar  enlargement  to  the  tenth,  eleventh,  and 
twelfth  dorsal,  and  first  lumbar  spines. 

The  ascending  tracts  of  the  spinal  cord  are  (1)  the  an- 
tero-lateral  ascending  tract  of  Gowers,  supposed  by  him 
to  conduct  painful  sensations;  (2)  the  direct  cerebellar 
tract,  whose  function  is  unknown ;  and  (3)  the  posterior 
columns,  which  conduct  tactile  and  muscular  sensations. 
Fibres  serving  the  latter  function,  it  is  thought,  occupy 
part  of  the  median  division  of  the  posterior  columns 
(columns  of  GoU),  and  do  not  decussate,  while  other  sen- 
sory fibres  do.  The  external  columns  (columns  of  Bur- 
dach)  include  the  posterior  root  zones  and  fibres  having 
a  short  course  up  and  down  the  cord,  probably  decussat- 
ing at  higher  levels,  or  connecting  difierent  levels  of  the 
cord.     The  ascending  tracts  degenerate  upward  from  the 
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level  of  a  destructive  lesion.  The  descending  tracts  are 
the  direct  and  crossed  pyramidal  tracts,  concerned  in  the 
transmission  of  cerebral  impressions  downward  to  the 
motor  centres  in  the  anterior  horns.  They  diminish  in 
size  downward,  going  chiefly  to  the  cervical  and  lumbar 
enlargement;  the  direct  tract  mostly  to  the  former. 
The  remaining  parts  of  the  anterior  column  and  the 
lateral  limiting  tract  are  supposed  to  contain  commis- 
sural conductors  of  motor  impulses  between  different 
levels  of  the  cord  on  the  same  side.  The  anterior  roots 
originate  in  the  gray  matter  of  the  anterior  cornua  as 
already  described,  traverse  the  anterior  columns  (anterior 
root  zones),  and  go  to  the  muscles.  In  connection  with 
the  sensory  roots  through  the  gray  matter,  they  consti- 
tute the  "reflex  arcs,"  interruption  of  either  the  motor 
or  sensory  division  of  which  abolishes  reflex  action  in 
that  segment.  Destruction  of  any  portion  of  the  motor 
division  from  the  muscles  to  the  cells  of  the  anterior 
cornua,  including  the  latter,  besides  producing  paralysis 
and  abolition  of  reflex  action,  also  causes  atrophy  in  the 
muscles  and  the  corresponding  motor  tracts  up  to  the 
J  point  of  lesion,  which  is  characterized  by  the  electrical 
reaction  of  degeneration.  This  does  not  follow  a  lesion 
of  any  other  part.  Destruction  of  the  pyramidal  tracts 
causes  a  degeneration  of  the  column  downward  from  the 
point  of  lesion,  but  this  does  not  usually  go  beyond  the 
connections  of  these  tracts  with  the  cells  of  the  anterior 
horns.  Atrophy,  and  the  reaction  of  degeneration  are 
absent.  The  reflex  arc  is  not  only  preserved,  but  reflex  ex- 
citability is  increased.  Impairment  of  voluntary  power, 
and  exaggerated  motor  reflexes  frequently  amounting 
to  clonic  or  tonic  spasm,  characterize  lesions  of  these 
tracts.  Lesions  of  the  cervical  region  may  be  accom- 
panied by  disturbances  of  respiration,  of  the  cardiac 
functions,  of  the  cilio-spinal  centre  (radiating  fibres  of 
iris),  and  by  vaso-motor  phenomena,  showing  either  in- 
creased or  diminished  functional  activity,  as  the  lesion  is 
irritative  or  destructive.  Lesions  in  the  lower  segments 
of  the  cord  interfere  with  certain  functions  of  the  blad- 
der, the  rectum,  the  sexual,  and  the  vaso-motor  appara- 
tus in  a  similar  manner,  serving  as  aids  to  localization. 

As  disturbances  of  the  bladder  and  rectum  are  usually 
important  features  in  the  paraplegic  state,  their  complex 
functions  should  be  referred  to.  Each  of  these  organs 
has  two  sets  of  muscles,  which  are  opposed  to  each  other 
in  action — the  detrusors,  which  expel  the  excretions,  and 
the  sphincters,  which  oppose  expulsion.  Besides  the 
local  nervous  apparatus  which  are  found  in  the  walls  of 
all  hollow  muscular  organs,  and  which  probably  consti- 
tute a  reflex  apparatus  between  the  mucous  membrane 
and  the  subjacent  muscular,  vascular,  and  glandular 
apparatuses,  in  a  manner  not  fully  known,  these  organs 
have  their  opposed  muscular  movements  represented  in 
the  cord  by  motor  centres  situated  somewhere  between 
the  origins  of  the  second  and  fifth  sacral  nerves,  and  a 
reflex  arc  is  established  through  sensory  fibres  from 
their  mucous  membrane  and  muscles.  In  addition  to 
this  there  are  sensory  connections  (posterior  columns) 
with  the  brain,  and  voluntary  paths  from  the  brain 
(pyramidal  tracts),  by  which  a  certain  amount  of  control 
is  obtained  over  the  sphincters  and  detrusors,  the  mech- 
anism of  which  is  but  imperfectly  understood.  The  im- 
portant facts  for  pathology  are  that,  as  in  the  involve- 
ment of  other  motor  organs,  lesions  above  the  motor 
centres  in  the  cord  simply  cut  off  the  sensory  impres- 
sions from  these  organs  to  the  brain  when  the  ascending 
tracts  are  destroyed,  and  interrupt  voluntary  impressions 
to  them  when  the  pyramidal  tracts  are  destroyed.  In 
the  former  case,  there  is  no  consciousness  of  the  neces- 
sity of  micturition  or  evacuation,  and  therefore  no 
attempt  to  restrain  it.  In  the  latter,  there  is  conscious- 
ness of  the  necessity,  but  inability  to  resist  the  expulsion. 
When  both  paths  are  cut  off  there  is  neither  desire  nor 
power  to  expel  the  excretions— involuntary  and  uncon- 
scious evacuations  take  place  through  the  reflex  mechan- 
ism in  the  cord ;  but  when  the  lesion  destroys  the  motor 
centres  of  the  bladder  and  rectum,  expulsive  power  and 
the  power  of  the  sphincters  are  lost,  and  the  retention  of 
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excretions  results,  except  evacuation  due  to  the  mechani- 
cal expulsion  of  liquid  faeces  and  the  dribbling  of  urine. 
In  most  of  the  examples  given  to  illustrate  the  ques- 
tion of  localization  of  the  lesion,  destructive  lesions  have 
been  assumed — that  is  to  say,  abolition  or  diminution  of 
function,  rather  than  the  intensified  activity  of  an  irrita- 
tive lesion.  It  should  be  borne  in  mind,  however,  that 
in  most  cases,  before  a  pathological  process  becomes 
destructive,  an  irritative  stage  has  existed ;  and  that  the 
irritative  and  destructive  stages  may  so  vary  in  their 
course  and  duration  that  both  processes  go  on  at  the 
same  time  in  different  areas  involved  by  the  lesion. 
Thus  paralysis  may  be  preceded  by  clonic  or  tonic 
spasm;  anaesthesia,  by  pain  and  by  paraesthesia ;  aboli- 
tion of  reflex  action,  by  an  exaltation  of  the  refleies;. 
vaso-motor  paresis  and  failure  in  nutritive  processes,  by 
functional  exaltation.  Or,  as  instanced  in  paraplegia. 
from  transverse  myelitis,  between  the  focus  of  disease, 
in  which  function  is  lost,  and  the  healthy  portion,  there 
is  usually  a  region  of  increased  activity — an  irritated 
zone.  The  balance  between  these  opposite  conditions, 
which  shade  into  each  other,  and  the  degree  and  extent- 
of  each,  will  vary  with  the  nature  and  rapidity  of  th& 
pathological  process  producing  it. 
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Fig.  3741.— Table  Showing  the  Approximate  Relation  of  the  Various 
Motor,  Sensory,  and  Keflex  Functions  of  the  Spinal  Cord  to  the 
Spinal  Nerves. 

Concerning  the  nature  of  the  pathological  process,  the 
common  division  into  structural  and  functional  will 
serve  our  purpose ;  meaning,  by  the  latter,  that  in  which 
no  perceptible  change  exists— abnormal  variations  in 
those  molecular  movements  which  constitute  functional 
activity,  and  which  are,  therefore,  dynamic  rather  than 
static  in  character.  This  class  comprises  many  of  the 
defects  due   to  unstable  molecular  conditions,   partly 
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inherited,  partly  acquired,  and  frequently  dependent 
upon  imperfect  nutritive  processes  in  the  neural  tissues, 
either  assimilative  or  excretory.  From  this  extreme,  we 
have  a  gradation  into  coarser  forms  of  molecular  derange- 
ment, and,  finally,  into  those  in  vyhich  the  microscope, 
or  the  eye  alone,  distinguishes  derangement  in  structure. 
Taking  the  latter  first,  as  being  more  tangible,  we  find 
that  nearly  all  structural  neural  disease  begins  in  non- 
neural  tissues.  True,  we  may  have  direct  traumatisms, 
as  cutting,  crushing,  and  compression  of  neural  tissues ; 
and  there  may  be  degenerative  processes  originating  pri- 
marily in  nerve  fibres  and  cells,  and  direct  toxic  effects 
from  organic  or  inorganic  poisons  conveyed  by  the 
nutrient  fluids ;  but  there  is  a  larger  group  of  disorders 
which  are  secondary  to  inflammation,  acute  or  chronic, 
in  the  connective-tissue  structure  which  forms  the  frame- 
work or  support  of  the  neural  elements,  or  to  vascular 
disease,  such  as  hemorrhages,  thrombosis,  embolism,  or 
proliferative  occlusion. 

Leaving  the  consideration  of  these  elementarjf  propo- 
sitions, we  pass  on  to  consider  the  actual  clinical  forms 
of  disease  which  result  in  producing  paraplegia. 

Taking  the  disease  which  most  frequentlj"^  produces 
paraplegia,  myelitis,  as  a  type,  let  us  study  its  most 
common  form — namely,  transverse  dorsal  myelitis.  This 
name  implies  that  the  entire  transverse  area  of  the  section 
is  more  or  less  involved  in  the  inflammatory  process,  and 
does  not  include  the  more  limited  centres  of  myelitis, 
termed  focul  lesions,  which  may  be  located  in  one-half 
of  the  cord,  and  rarely  produce  paraplegia ;  though  this 
may  result  when  independent  foci  involve  motor  tracts 
of  the  anterior  horns  or  root  zones,  at  the  same  level,  or 
the  pyramidal  tracts  even  at  different  levels.  Where 
several  myelitic  foci  exist,  the  term  disseminated  focal 
myelitis  is  used.  While  the  term  "  transverse  "  implies 
that  the  longitudinal  extent  of  the  lesion  is  limited,  this 
is  not  construed  in  a  narrow  sense,  and  may  be  properly 
applied  when  the  lesion  invades  both  the  lumbar  enlarge- 
ment and  the  dorsal  segments.  "When  the  entire  length 
of  the  cord  is  involved,  the  term  diffuse  myelitis  is  ap- 
plied; this  may  be  general— «.e.,  involving  both  white 
and  gray  matter — or  may  be  limited  to  the  latter,  when 
the  term  diffuse  poliomyelitis  Cmyelitis  of  gray  matter) 
is  used.  The  term  poliomyelitis  anterior  indicates  that 
the  anterior  cornua  alone  are  invaded;  while  the  term 
central  myelitis,  or  diffuse  central  myelitis  (according  as 
it  is  local  or  general),  is  applied  to  poliomyelitis  origi- 
nating about  the  central  canal  and  invading  any  portion 
of  the  remaining  gray  matter.  Other  adjectives  are  in 
use — such  as  hemorrhagic  myelitis,  when  secondary  to  a 
hemoiThage  within  the  cord ;  compression  myelitis,  when 
secondary  to  compression  of  the  cord,  as  from  tumors, 
inflammatory  exudations,  and  fractures  or  dislocations 
of  the  vertebrae;  meningomyelitis,  when  the  inflamma- 
tory process  invades  the  membranes  and  cord.  The 
terms  acute,  subacute,  and  chronic  prefixed  to  these 
various  terms,  specify  whether  the  onset  has  been  sud- 
den, gradual,  or  slow. 

1.  Acute  Tbansvbhsb  Doksal  Myelitis  (involve- 
ment of  any  segment  of  the  cord  between  the  cervical 
and  lumbar  enlargements). 

%TOp*om«.— Paraplegia  resulting  from  this  disease  is 
usually  characterized  by  the  rapid  onset  of  motor  weak- 
ness of  the  lower  extremities,  preceded  by  numbness  and 
painful  tingling  in  the  extremities;  formication  and 
other  parsesthesise,  moderate  or  severe ;  pain  in  the  back 
and  limbs,  of  a  boring,  tearing  character;  irregular 
twitching  of  muscular  fasciculi;  painful  tonic  spasm 
(cramps),  and  tremor  of  some  of  the  muscles  of  the  ex- 
tremities ;  besides,  in  many  cases,  general  febrile  symp- 
toms, usually  of  a  moderate  grade,  and  in  rare  cases 
eclampsia,  particularly  in  young  subjects.  The  motor 
weakness  may  be  hours  or  days  in  reaching  its  highest 
degree,  and  this  may  be  gradual,  or  by  a  succession  of 
sudden  accessions  with  intervals  of  partial  recovery. 
Before  it  becomes  complete  the  gait  is  similar  to  that 
of  double  hemiplegia  of  cerebral  origin,  for  it  is  due  to 
involvement  of  the  pyramidal  tracts.  The  superficial 
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(skin)  and  deep  (tendon)  reflexes  of  the  extremities  are 
preserved,  and  the  paralyzed  muscles  respond  to  such 
reflex  excitation  and  also  to  electrical  stimulation ;  the 
reaction  of  degeneration  is  absent,  and  the  muscles  of 
the  extremities  do  not  undergo  atrophy  except  from 
disuse.  Later,  the  reflexes  become  increased,  often  to  a 
high  degree.  Spastic  conditions  and  contractures  may 
follow,  and  frequently  become  permanent.  The  lower 
trunk  _  muscles  may  be  involved  and  flaccid,  showing 
diminished  response  to  faradic  excitation ;  there  is  reten- 
tion of  urine  at  first,  followed  by  incontinence  from  re- 
flex action.  The  sphincter  ani  is  also  cut  ofl  from  cere- 
bral control. 

The  pulse  is  usually  rapid.  Sensation  is  rapidly  lost; 
anaesthesia  takes  the  places  of  the  painful  parsesthesia, 
though  frequently  a  condition  of  hypersesthesia  exists, 
particularly  in  the  distribution  of  the  nerve  coming  from 
the  limit  of  the  lesion,  where  it  may  form  a  zone  produc- 
ing the  sensation  of  constriction  about  the  trunk.  The 
dorsal  spines  may  also  be  sensitive  to  pressure  at  this 
level,  but  the  pain  and  hypersesthesia  are  not  increased 
by  active  or  passive  movement.  All  sensation  in  the 
parts  supplied  from  below  the  upper  margin  of  the  lesion 
may  be  cut  off.  If  recovery  takes  place,  sensation  is 
usually  regained  before  motion.  Death  may  result  from 
general  exhaustion,  though  myelitis  limited  to  the  dor- 
sal region  is  the  most  favorable  form  for  recovery.  If  it 
extends  to  the  cervical  region,  respiratory  failure  may 
follow;  or  if  it  invades  the  lumbar  enlargement,  bed- 
sores, cystitis,  and  nephritis  may  hasten  death.  The 
course  and  duration,  as  well  the  acuteness  of  onset,  are 
very  variable.  Months  may  elapse  before  recovery  takes 
place ;  or  sensation  may  be  partially  recovei'ed,  and  there 
may  be  some  return  of  power,  but  with  spastic  condi- 
tions which  may  persist  for  years.  But  some  patients  re- 
cover so  completely  and  rapidly  that  after  a  few  months 
no  trace  remains,  except  an  increased  patellar  tendon  re- 
flex. 

When  the  myelitic  process  involves  the  lumbar  enlarge- 
ment, either  primarily  or  by  the  extension  from  the  dor- 
sal region,  we  have — 

3.  Acute  Tkansveksb  Dokso-Lumbab  Myelitis. — 
Here  additional  phenomena  are  present,  due  to  the  de- 
struction of  the  motor  and  reflex  connections  for  the 
muscles  of  the  lower  extremities,  and  for  the  bladder, 
rectum,  and  sexual  apparatus.  In  place  of  increased  re- 
flexes we  have  both  skin  and  tendon  reflexes  abolished. 
The  reflex  functions  of  the  bladder  and  rectum  are 
lost,  as  already  described.  Alkalinity  of  the  urine,  cys- 
titis, and  suppurative  nephritis  may  follow.  The  mus- 
cles of  the  extremities  are  flaccid,  undergo  atrophy,  and 
after  a  time  the  reaction  of  degeneration  is  found  (fre- 
quently not  before  a  week  or  two  after  paralysis). 

Trophic  disturbances  in  the  skin  and  subcutaneous  tis- 
sues, in  the  form  of  bedsores,  frequently  occur  over  the 
sacrum  and  the  buttocks,  and  sometimes  suppuration  in 
the  pelvic  cellular  tissue.  The  skin  of  the  extremities  is 
often  oedematous,  livid,  and,  in  late  stages,  subnormal  in 
temperature,  although  at  the  onset  it  may  be  supernor- 
mal— it  may  be  dry  or  moist. 

3.  Acute  Tkansvekse  Cervical  Myelitis.- In  this 
form  the  lower  extremities  and  pelvic  viscera  are  affected 
as  in  the  dorsal  variety ;  and,  in  addition,  changes  occur 
in  the  upper  extremities  similar  to  those  described  in  the 
dorso-lumbar  variety  for  the  lower  extremities— namely, 
trophic  changes  in  the  muscles  and  nerves,  and  in  the 
electrical  reaction  and  the  reflexes;  besides,  vaso-motor, 
pupillary,  cardiac,  and  respiratory  disturbances  occur; 
painful  rigidity  of  the  cervical  muscles,  pallor  or  flushing 
of  the  face  and  neck,  contraction  or  dilatation  of  the  pu- 
pils, and  slowness  or  rapidity  of  the  pulse,  according  to 
whether  the  irritative  or  destructive  stage  prevails.  Op- 
tic neuritis  has  been  found  associated.  Priapism  is  a 
more  frequent  condition  in  this  than  in  the  dorso-lumbar 
variety.  The  upper  extremities  are  paralyzed  flrst.  If 
the  process  remains  strictly  a  central  myelitis,  the  lateral 
column  will  not  be  invaded  and  the  lower  extremities 
will  not  be  involved.  Should  the  section  involved  lie 
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above  the  cervical  enlargement,  the  upper  extremities 
would  be  affected  like  the  lower  ones— namely,  preserved 
and  exalted  reflexes,  and  absence  of  trophic  changes  in 
the  muscles.  Respiration,  deglutition,  articulation,  and 
the  diaphragmatic  functions  (origin  of  phrenic  nerve) 
may  exhibit  great  disturbance,  death  usually  resulting 
from  respiratory  failure. 

The  morbid  anatomical  changes  which  constitute  the 
basis  of  these  symptoms  arc  the  result  of  irritative  and 
destructive  inflammatory  processes  in  the  cord ;  the  irri- 
tative stage  being  represented  by  hyperismia,  exudation 
from  the  vessels,  proliferation  of  lymphoid  elements, 
minute  capillary  extravasation,  and  frequently  by  hem- 
orrhage from  small  arteries.  Later,  the  myelin  of  the 
medu'llated  libres  undergoes  swelling,  granular  degener- 
ation, and  disorganization.  The  axis  cylinders  and  nerve 
cells  may  become  swollen,  opaque,  or  granular,  some  un- 
dergoing complete  disorganization— this  representing  the 
stage  of  destruction.  Tlie  latter  process  may  continue 
until  complete  softening  occurs,  showing,  on  section,  a 
softened  or  liquefied  state,  and,  under  the  microscope, 
the  debris  of  nerve  cells,  broken  cell  processes,  myelin 
drops,  lymphoid  bodies,  red  blood  cells,  and  the  so-called 
granule  cells — bodies  many  times  the  size  of  lymphoid 
elements,  filled  with  highly  refractive  granules.  When 
the  process  stops  short  of  complete  disorganization  and 
a  more  chronic  stage  is  reached,  and  also  in  the  earlier 
stages  of  chronic  myelitis,  the  neuroglia  proliferates, 
forming  more  numerous  and  thicker  bands;  the  walls  of 
the  vessels  are  thickened ;  lymph  spaces  may  be  obliter- 
ated or  choked  with  lymphoid  cells ;  so-called  spider  cells 
(Deiter's  cells),  larger  connective-tissue  cells,  with  larger 
and  numerous  processes,  are  scattered  through  the  tis- 
sues, and  the  so-called  corpora  amylacea  are  numerous. 

This  condition  is  known  as  sclerosis.  It  presents  a 
grayer  appearance  in  unstained  sections;  deeperred  with 
carmine,  and  a  paler  color  with  the  Weigert  process,  than 
the  normal  tissue.  The  naked-eye  appearance,  where  the 
cord  has  undergone  softening,  has  been  divided  into  red, 
yellow,  and  white  softening,  representing  successive 
stages  during  which  the  extravasated  red  blood  cells  are 
being  absorbed.  The  more  vascular  parts  of  the  cord  are 
usually  the  first  to  \mdergo  softening.  These  are  on 
either  side  of  the  central  canal  in  the  gray  matter,  the 
process  usually  extending  outward  to  the  white  columns, 
freciuently  along  blood-vessels  or  connective-tissue  trabec- 
ulip.  The  appearances  of  softening  or  sclerosis  on  sec- 
tion are  often  quite  iri-egular,  particularly  in  the  white 
matter. 

Simple  Softening  of  the  Cord  is  met  with,  prob- 
ably due  to  occlusion  of  the  vessels  from  arteritis,  embol- 
ism, or  thrombosis.  There  are  fewer  signs  of  an  active 
inflammatory  process,  white  or  yellow  softening  being 
foiuid.  It  is  characterized  by  the  absence  of  marked 
irritative  symptoms,  which  precede  the  destructive  stage 
of  the  inflammatory  variety. 

Hf-jiorrhagic  Myelitis  is  characterized  by  a  more 
sudden  onset  of  the  paraplegia  than  occurs  in  the  in- 
flammatory form,  fi'equently  becoming  complete  in  a 
few  minutes.  The  occurrence  of  traumatic  conditions, 
as  concussion,  injuries  to  the  vertebrae,  etc.,  will  fre- 
quently lend  suppoi't  to  this  diagnosis.  The  later 
changes  are  similar  to  the  forms  already  described.  A 
hemorrhage  may  be  so  small  and  so  located  as  to  produce 
only  unilateral  paralysis  at  first,  as  in  the  anterior  cor- 
nua,  ]iarapl('gia  recurring  later  from  a  more  general 
myelitis,  secondary  to  the  hemoi'rhage. 

Compression  Myi':litis  presents  the  usual  features  of 
a  transverse  myelitis,  except  that  paraplegia  may  be  pre- 
ceded for  a  longer  time  by  irritative  symptoms  than  in 
the  common  inflammatory  form,  as  compression  is  usu- 
ally slow,  being  due  to  tumors  in  the  membranes,  or  to 
vertebral  disease.  In  its  common  form  it  is  known  as  the 
paraplegia  of  Putt's  dineiine.  The  paraplegic  symptoms 
are  those  due  to  irritation  of  the  sensory  and  motor 
nerves  at  their  exit  from  the  membranes,  which  may  pre- 
sent pachymeningitis,  or  from  the  vertebral  foramina, 
giving  rise,  chiefly,  to  bilateral  pains  in  the  trunk  or  upper 


extremities,  in  the  course  of  the  sensory  nerves  involved, 
and  being  frequently  accompanied  by  hyperfesthetic  or 
anaesthetic  areas.  Herpes  zoster  sometimes  occurs.  The 
reflexes  and  the  functions  of  the  sympathetic  may  be  dis- 
turbed (pupillary,  vaso-motor,  sweating),  and  even  mus- 
cular paresis  and  atrophy  of  the  upper  extremities  fol- 
low, from  this  cause.  The  chief  diagnostic  features  are 
evidence  of  localized  bone  disease,  curvature,  spinal  ten- 
derness on  movement,  and  reflex  muscular  spasm  at  the 
region  involved  on  flexure  of  the  spiual  column.  Para- 
plegia, when  it  does  develop,  may  appear  suddenly. 
The  distribution  of  the  paralysis  is  usually  that  of  the 
dorsal  or  cervical  varieties,  and  presents  tlie  variations  in 
localization  of  lesion  described  for  these  conditions. 

It  is  considered  one  of  the  most  favorable  forms  of 
myelitis  as  regards  a  partial  recovery. 

In  Compression  by  Tumors  pain  is  such  a  prominent 
feature  that  Cruveilhier  was  led  to  characterize  the  pa- 
ralysis which  it  produces  asimraplegia  dolorosa.  The  pain 
is  lancinating,  at  first  intermittent,  but  finally  becoming 
constant,  and  increased  by  movement.  It  is  of  a  more 
severe  character  than  the  pain  of  vertebral  caries.  All 
varieties  of  localization  may  be  presented,  and  all  possi- 
ble variations  in  mode  of  onset,  and  in  slowness  or  rapid- 
ity of  course,  depending  on  the  location,  size,  and  rapid- 
ity of  growth  of  the  neoplasm,  various  symptoms 
becoming  prominent  according  as  different  functional 
tracts  are  chiefly  involved.  Sarcomata  (including  glio- 
mata)  are  the  most  frequent ;  gummata  and  tubercle  are 
about  equally  common,  while  carcinomata  and  hydatids 
are  among  the  neoplasms  occasionally  found. 

Mbningo-myelitis  may  result  from  an  extension  of 
the  myelitic  process  outward  to  the  membranes,  or  of  a 
meningitic  process  into  the  cord. 

Meningitis,  both  acute  and  chronic,  may  produce 
paraplegia  by  involving  the  anterior  roots.  When  the 
entire  circumference  of  the  cord  Is  involved,  the  sensory 
roots  being  also  affected,  we  have  a  condition  similar  to 
involvement  of  a  mixed  peripheral  nerve. 

The  lancinating  pains,  constrictive  bands,  muscular 
rigidity,  and  convulsive  twitching  are  greater  than  in 
simple  myelitis,  and  usually  serve  to  distinguish  one 
from  the  other.  In  cervical  meningitis  the  paraplegia 
will  be  confined  to  the  upper  extremities,  as  the  pyrami- 
dal tracts  will  be  free  unless  there  develop  a  meningo- 
myelltis,  when  these  tracts  may  be  involved. 

As  numerous  examples  have  already  been  given,  it  will 
be  unnecessary  to  review  all  the  possibilities  that  may  fol- 
low, or  to  consider  all  the  varieties  of  meningitis.  With 
a  clear  appreciation  of  the  anatomical  relations  and  func- 
tions, the  extent  ami  location  of  the  lesion  may  be  con- 
cluded from  the  symptoms,  or  tice  versa.  Traumatisms 
may  also  be  left  out  of  consideration,  after  what  has  been 
said  on  compression  mj'elitis. 

Poliomyelitis  Anterior  (infantile  and  adult  spinal 
paralysis)  may  produce  a  paraplegia ;  usuallj',  however, 
the  lesion  in  this  case  being  limited  to  the  anterior  cornua 
and  their  neighborhood  in  the  anterior  columns,  certain 
cell  groups  succumb,  while  others  survive,  leaving  an 
irregular  distribution,  not  symmetrically  bilateral,  and 
therefore  not  paraplegic.  The  anterior  group  of  one  leg 
is  most  frequently  involved.  Nearly  one-half  the  cases 
are  monoplegic,  and  when  bilateral  the  paralysis  is  fre- 
quently not  symmetrical.  It  should  be  stated,  however,, 
tliat  often  during  the  fii'st  hours,  and  sometimes  days,  of 
this  sudden  jiaralysis,  there  is  complete  paraplegia,  the 
trunk  and  all  four  extremities  being  involved ;  but  it  is 
distinguished  from  transverse  myelitis  by  the  absence  of 
marked  sensory  or  vesical  symptoms,  and  by  abolished 
leflexes.  The  statement  concerning  the  unsymmetrical 
distribution  of  the  paralysis  also  applies  to  the  subacute 
form  of  this  disease,  and  in  fact  to  chronic  degeneration 
of  the  anterior  cornual  cells,  which  produces  progressive 
muscular  atrophy. 

The  condition  known  as  Landry's  acute  ascending  pa- 
ralysis, and  also  the  lateral  amyotrophic  paralysis  of 
Charcot,  which  may  produce  paraplegia,  are  so  rare  as 
to  warrant  no  more  than  their  mention. 
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The  paraplegiform  affection  due  to  the  ataxia  of  tabes 
dorsalls  may  give  place  to  a  true  paraplegia  by  an  exten- 
sion of  the  degenerative  process  to  the  anterior  cornua, 
producing  muscular  atrophy,  or,  in  the  form  combined 
with  sclerosis,  by  involving  the  pyramidal  tracts,  it  may 
develop  spastic  and  ataxic  paraplegia. 

Spastic  Pahapleqia  results,  as  we  have  seen,  from  the 
symmetrical  involvement  of  the  pyramidal  tracts  in  any 
part  of  their  course,  and  is  usually  secondary  to  a  trans- 
verse myelitis,  or  to  a  transverse  lesion  of  the  pyramidal 
tracts  in  their  intracranial  portion,  or,  particularly  in  in- 
fants, to  arrested  development  of  the  cortical  motor  areas. 
In  both  hemispheres.  It  is  sometimes  termed  double 
hemiplegia.  It  may  affect  chiefly  the  arms,  or  the  legs, 
and  has  the  usual  characteristics,  namely,  spastic  move- 
ments, exaggerated  reflexes,  and  absence  of  sensory  and 
trophic  changes.  Primary  sclerosis  of  the  pyramidal 
tracts  in  the  cord  is  a  rare  condition,  if  it  occurs  at  all. 

Intracranial  tumors,  by  pressiire  upon  the  crura  and 
pyramidal  tracts  in  the  pons  and  medulla,  or  in  the  cere- 
bellum, may  produce  paraplegia  or  paraplegiform  symp- 
toms, in  sorhe  cases  being  ataxic  rather  than  paretic,  or  a 
combination  of  both. 

Paraplegia  feom  Multiple  Neuritis  is  character- 
ized by  both  motor  and  sensory  impairment  involving  all 
the  extremities,  and  ascending"  the  members  from  periph- 
ery to  trunk,  also  by  pain,  hyperaBsthesia,  tenderness  of 
the  nerve  trunks  to  pressure,  trophic  changes  in  the  mus- 
cles, the  reaction  of  degeneration,  ojdema  of  the  extremi- 
ties, the  absence  of  visceral  disturbances  (bladder  and 
rectum),  and  the  absence  of  a  constriction  band.  It  is 
most  common  in  those  addicted  to  alcohol,  but  is  also  a 
manifestation  of  certain  endemic  diseases,  such  as  beri- 
beri or  kakki. 

PsEUDO-HYPERTROPinc  PARALYSIS  produccs  a  form  of 
paraplegia  somewhat  similar  to  poliomyelitis  anterior, 
and  is  considered  by  some  to  be  a  form  of  that  affection, 
by  others  to  be  a  connective-tissue  disease  of  the  mus- 
cles. The  increase  in  size  of  the  muscle  (usually  the 
calves)  and  its  hardness,  serve  to  distinguish  it  from  or- 
dinary poliomyelitis  anterior. 

There  are  several  forms  of  paraplegia  usually  classified 
under  functional  disorders  of  the  nervous  system,  namely, 
hysterical  paraplegia,  paraplegia  depending  upon  idea, 
reflex  paraplegia,  malarial  paraplegia,  anfemic  paraple- 
gia, alcoholic  paraplegia,  and  toxic  paraplegia. 

Hysterical  Paraplegia  is  a  less  frequent  form  of 
hysterical  paralysis  than  that  of  hemiplegic  or  monople- 
gic  distribution.  It  is  less  apt  to  be  confounded  with 
paralysis  of  organic  origin  than  the  other  varieties,  for 
the  reason  that  hysterical  paralysis  resembles  in  its  symp- 
toms a  lesion  of  cerebral  motor  tracts  in  the  brain  and 
cord,  rather  than  one  in  the  remaining  portion  of  the  mo- 
tor tract  in  the  cord  and  peripheral  nerves.  The  reaction 
of  degeneration  is  absent  in  hysterical  paralysis.  Atro- 
phy may  be  present,  but  it  is  that  form  which  is  depend- 
ent upon  disuse.  The  volume  of  the  muscles  may  be  re- 
duced in  such  cases,  and  may  give  a  feeble  reaction  to 
electrical  excitation ;  but,  what  is  of  the  utmost  impoi-- 
tance,  faradic  excitability  is  preserved,  and  tlie  coniraetions 
fire  quick.  The  skin  and  muscles  may  be  cold,  livid,  and 
flabby,  resembling  paralysis  from  peripheral  or  cornual 
disease,  and  contractures  may  form  as  in  degeneration  of 
the  pyramidal  tracts,  though  in  many  cases  the  muscles 
and  skin  appear  normal,  except  that  voluntary  control  is 
lost.  The  tendon  reflexes  are  rarely  lost ;  usually  they 
are  increased,  sometimes  excessively  so.  The  bladder  and 
rectum  are  not  usually  affected,  though  voluntary  control 
over  these  organs  may  be  lost.  Thus,  paraplegia  from 
transverse  myelitis  of  the  lumbar  enlargement  would  not 
be  confounded  with  hysterical  paraplegia  on  account  of 
the  absence  in  the  latter  of  trophic  and  electrical  changes 
in  the  muscles  and  nerves,  bedsores,  and  atrophic  changes 
in  the  bladder;  but  the  latter  might  closely  resemble 
paraplegia  from  transverse  dorsal  myelitis  in  which  these 
signs  are  absent.  The  presence  of  a  constriction  band  at 
the  level  of  the  segment  involved,  and  the  sensory,  mo- 
tor, or  reflex  disturbances  in  this  zone  would  exclude 


hysterical  paraplegia.  Hysterical  paralysis  of  all  the 
extremities  might  simulate  cervical  paraplegia  of  mye- 
htic  origin,  but  would  be  differentiated  from  it  by  the 
presence  of  trophic  changes  in  the  muscles  of  the  upper  ex- 
tremities, and  by  the  vaso-motor  and  visceral  symptoms 
which  accompany  organic  lesions  of  this  region.  Again, 
the  onset  and  course  of  the  two  classes  of  disease  are  usu- 
ally suflicient  to  distinguish  one  from  the  other.  The  ir- 
ritative stage  of  most  acute  or  subacute  organic  diseases  of 
the  cord,  in  which  pain,  hyperassthesia,  and  slight  motor 
irritation  precede  the  paretic  and  anaesthetic  period,  is  not 
usually  present  in  hysterical  paraplegia.  In  the  latter, 
sudden  development  of  the  paraplegia,  and  sudden  va- 
riations in  its  distribution  and  intensity,  often  serve  to 
indicate  it.  Anajsthesia  and  analgesia  may  have  a  dis- 
tribution inconsistent  with  the  lesions  producing  para- 
plegia of  structural  origin. 

It  must  not  be  forgotten  that  hysteria  may  accompany 
organic  lesions,  and  should  not,  therefore,  be  taken  as 
proof  of  the  hysterical  nature  of  the  paralysis,  unless  or- 
ganic lesions  can  be  excluded. 

Paraplegia  Dependent  upon  Idea  is  a  form  de- 
scribed by  Dr.  J.  Russell  Reynolds.  Though  closely 
allied  to  hysterical  paralysis,  it  may  be  independent  of 
hysteria,  hypochondriasis,  and  simulation,  though  fre- 
quently associated  with  functional  debility,  anxiety,  and 
a  morbid  imagination.  "  Many  cases  of  paraplegia  fol- 
lowing railroad  accidents,"  says  Reynolds,  "may  be 
classed  under  this  head;  the  attention  of  the  victim 
being  influenced  in  the  most  unfortunate  manner  by  the 
stories  of  friends,  inquiries  of  his  physician,  the  talk  of 
his  attorney,  and  the  sober  face  of  the  company's  phy- 
sician." Pain,  distributed  in  a  manner  inconsistent  with 
the  anatomical  relations,  on  the  supposition  of  an  organic 
lesion;  spasm,  which,  however,  is  sometimes  relaxed  in 
a  remarkable  way  when  the  patient's  attention  is  directed 
elsewhere ;  and  paralysis,  which  is  rarely  complete,  and 
almost  identical  with  a  voluntary  attempt  not  to  move 
the  parts,  or  to  move  them  with  care,  as  in  simulation, 
are  the  chief  features  of  the  affection.  The  removal  of 
the  morbid  idea,  i.e.,  that  the  patient  is  paralyzed,  or  has 
a  severe  disease,  results  in  improvement  or  cure.  An 
award  for  damages  has  also  frequently  proven  a  valuable 
therapeutic  agent  in  such  cases. 

Reflex  Paraplegia,  termed  by  older  writers  urinary 
paraplegia,  was  shown  by  Brown-Sequard  to  follow  irri- 
tation not  only  of  the  genito-urinary  tract,  but  also  of  the 
intestines  and  other  viscei'a  in  animals.  He  attributed  it 
to  an  anasmia  of  the  cord,  due  to  contraction  of  the  blood- 
vessels, while  Charcot  considered  the  motor  weakness 
due  to  inhibitory  action  of  the  sensory  irritation.  While 
we  must  admit  the  possibility  of  this  form  of  paraplegia, 
it  should  not  be  forgotten  that  organic  lesions  may  have 
been  lost  sight  of,  or  might  be  sufficiently  slight  to  be 
transitory.  The  positive  evidence  of  some  form  of  per- 
ipheral irritation,  the  removal  of  which  has  been  followed 
by  recovery,  is  the  only  basis  on  which  it  should  be  ad- 
mitted, and  then  only  in  the  absence  of  indications  of  or- 
ganic disease. 

Malarial  or  Intermittent  Paraplegia  is  a  curious 
form  of  poliomyelitis  anterior,  which  recurs  with  the 
periodicity  of  intermittent  fever.  Alcoholic  paraplegia, 
when  not  due  to  multiple  neuritis,  is  a  temporary  affair, 
following  an  alcoholic  debauch. 

An.«;mic  Paraplegia  follows  iscliEemia  of  the  cord, 
from  pressure  on  the  abdominal  aorta,  and  from  pressure 
or  occlusion  of  the  iliac  arteries  within  the  pelvis,  or 
ischsemia  of  muscles;  rare  conditions 

The  indications  for  treatment,  where  paraplegia  ex- 
ists, are  those  adapted  to  the  correction  of  the  various 
pathological  processes  concernsd  in  the  diseases  which  we 
have  considered.  More  than  a  brief  resume  would  carry  us 
beyond  the  proper  limits  of  this  work.  In  the  irritative 
stage  of  acute  meningitic  and  myelitic  processes,  rest  is 
the  first  essential.  The  reduction  of  hypersemia,  by 
means  of  agents  supposed  to  cause  vaso-motor  contraction, 
such  as  ergot  and  belladonna,  and  the  relief  of  pain  h\ 
means  of  cutaneous  irritation  (the  actual  cautery,  blis- 
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ters,  sinapisms,  cupping,  etc.),  and  also  by  morphine, 
may  be  attempted.  The  use  of  cold  to  reduce  inflam- 
mation in  spinal-cord  disease  is  an  uncertain  proced- 
ure, concerning  the  real  efEects  of  which  we  know  but 
little. 

In  the  destructive  stage  of  these  conditions,  when  par- 
alytic and  anEesthetic  phenomena  are  present,  rest  may 
still  be  an  important  factor.  The  use  of  mercury,  and 
of  potassium  iodide,  may  be  of  service  in  this  period  to 
promote  the  absorption  of  exudations. 

In  later  stages  and  in  chronic  cases  the  use  of  tonics,  of 
iron,  strychnine,  arsenic,  etc.,  is  called  for.  Nitrate  of 
silver  may  be  indicated.  Electricity  Is  usually  to  be 
avoided  in  the  irritative  stage  of  an  acute  affection;  or, 
if  used,  as  for  the  relief  of  pain,  it  should  be  in  the  form 
of  a  gradually  increased  galvanic  current,  avoiding  inter- 
ruption. For  the  paralysis,  the  interrupted  -galvanic  and 
the  faradic  currents,  to  produce  muscular  contractions, 
and  spinal  applications  of  the  uninterrupted  galvanic 
current,  are  of  value,  as  are  also  massage  and  passive 
movements.  For  anaesthesia,  the  faradic  brush  is  often 
serviceable. 

Extreme  care  and  cleanliness  are  essential  in  all  cases 
of  paraplegia,  and  the  avoidance  of  pressure  and  irrita- 
tion over  the  buttocks  and  sacrum,  on  account  of  the 
danger  and  frequency  of  bedsores.  Attention  must  be 
paid  to  the  bladder  and  rectum.  Catheterization,  con- 
ducted with  extreme  cleanliness,  may  be  necessary,  and 
also  antiseptic  irrigation  of  the  bladder.  Constipation 
must  be  prevented  by  cathartics,  enemas,  etc.  Compres- 
sion myelitis  from  caries,  dislocations,  fractures,  and  other 
traumatisms  requires  appropriate  surgical  treatment. 

W.  B.  Birdsall. 

PARASITES. — A  parasite  is  an  organism  which  lives, 
temporarily  or  permanently,  within  the  body  or  on  the  sur- 
face of  some  other  living  thing  upon  which  it  feeds.  Evi- 
dently, then,  not  only  may  there  be  both  phytoparasites 
and  zooparasites,  but  also  that  form  which  is  parasitized 
upon  and  is  known  as  the  host  may  be  equally  either 
plant  or  animal.  Among  forms  which  find  in  man  at  some 
,time  or  in  some  region  a  subject  for  attack,  the  phyto- 
parasites include  the  prominent  group  of  bacteria  which 
have  received  attention  elsewhere,  and  a  few  fungi 
of  etiological  importance,  in  dermal  affections  chiefly, 
which  have  also  been  discussed.  Here  will  be  given  a 
brief  discussion  of  the  animal  parasites  of  man,  with 
especial  reference  to  their  biological  and  etiological  rela- 
tions. 

It  -is  important  to  notice  first  the  wide  range  in  degree 
of  parasitism  exhibited  and  the  manner  in  which  the  va- 
rious grades  merge  into  one  another,  producing  a  scale  of 
dependence  in  which  almost  every  stage  is  represented. 
Most  independent  of  all  are  the  temporary  parasites,  like 
the  mosquito,  bedbug,  or  leech,  which  stay  by  the  indi- 
vidual host  only  long  enough  to  secure  a  single  meal,  and 
which  present  clearly  the  structure  and  habits  of  free 
living  organisms.  Some  leeches  suggest  most  plainly 
the  close  relation  between  the  carnivorous  and  the  para- 
sitic habit  since  they  often  devour  bodily  small  aquatic 
forms,  but  when  favored  by  opportunity  extract  the 
blood  of  larger  animals.  More  dependent  are  such  forms 
as  the  fleas  which  can  change  their  host  and  often  do  so, 
and  yet  their  structure  has  been  highly  modified  in  the 
loss  of  wings  which  are  generally  characteristic  of  insects 
and  by  the  development  of  powerful  leaping  and  grasp- 
ing organs.  Somewhat  further  modified  in  the  direction 
of  parasitism  are  the  lice,  which,  moreover,  lack  special 
means  for  effecting  a  change  of  host,  and  may  be  in- 
cluded among  the  list  of  stationary  parasites— i.e.,  those 
that  remain  with  a  single  host  constantly,  or  at  least  for 
considerable  periods  of  time. 

All^  of  the  forms  thus  far  noted  are  parasitic  upon  the 
exterior  of  the  host,  and  consequently  are  denominated 
Epizoa  or  ectoparasites.  All  human  ectoparasites  belong 
to  the  group  of  Arthropoda,  and  include  both  mites  {of. 
Aracknida)  and  true  insects  (c/.  Insects).  Among  the 
water-living  animals,  however,  soft-bodied  forms,  such 


as  flat  worms  (Trematoda)  and  unicellular  animals  (Pro- 
tozoa) occur  as  Epizoa.  With  the  gradual  assumption 
of  an  aerial  or  terrestrial  existence  on  the  part  of  the  host 
such  parasites  were  necessitated,  if  they  had  not  already 
sought  more  sheltered  regions,  now  at  least  to  abandon 
the  external  surface  and  to  colonize  internal  organs, 
where  thin  mucous  membranes  afforded  facilities  for  ex- 
tracting nourishment  similar  to  those  which  existed  on  the 
thin  outer  skin  of  the  aquicolous  animal.  The  ehoanae, 
pharynx,  gills,  lungs,  alimentary  canal,  and  even  the 
bladder  were  thus  invaded  by  forms  whose  kinship  to 
the  ectoparasitic  species  on  these  lower  animals  is  too 
plain  to  fail  of  recognition. 

The  Entozoa  or  endoparasites  of  man,  however,  do  not 
even  belong  to  the  same  branch  of  the  animal  kingdom 
as  the  forms  ectoparasitic  upon  him,  with  the  single 
exception  of  the  rare  and  aberrant  Linguatulids,  now 
usually  regarded  as  highly  degenerate  arachnids  (g.v.), 
though  formerly  classed  with  the  Cestoda.  The  human 
Entozoa  include  Protozoa,  Trematoda,  Cestoda,  and 
Nematoda,  and  many  of  them  are  highly  modified  in 
adaptation  to  the  parasitic  mode  of  existence,  as  com- 
pared to  the  related  free  living  forms  which,  however, 
are  entirely  wanting  in  the  second  and  third  groups 
listed. 

The  term  helminthology  has  been  used  as  synonymous 
with  animal  parasitology,  and  yet  this  is  a  considerable 
extension  of  its  original  meaning.  The  Helminthes  or 
intestinal  worms  included  the  pre-eminently  parasitic 
groups,  such  as  Trematoda,  Cestoda,  and  Nematoda, 
while  the  Protozoa,  Arthropoda,  and  even  the  few  para- 
sitic Terbellaria,  which  are  In  fact  closely  related  to  Tre- 
matoda, were  omitted.  The  term  became  thus  one  of 
convenience  rather  than  of  scientific  accuracy. 

It  is  necessary  to  emphasize  the  fact  that  neither  Hel- 
minthes nor  parasites  constitute  a  group  of  systematic 
value.  At  most  the  forms  are  related  in  a  biologic 
sense  and  not  structurally,  for  they  are  comprehended  in 
several  distinct  branches  of  the  animal  kingdom,  and  a 
given  form  is  often  more  closely  related  to  free  living 
species  than  to  other  parasitic  forms.  Even  the  narrower 
term  Helminthes  embraced  forms  of  little  similarity  to 
each  other  and  rightly  to  be  distributed  with  their  re- 
lated free  living  species  into  several  distinct  groups, 
namely,  the  Linguatulida  to  the  Arachnida,  the  Tremato- 
da and  Cestoda  to  the  Plathelminthes,  and  the  Nematoda 
to  tlie  Nemathelminthes. 

Location. — While  the  majority  of  endoparasites  inhabit 
the  alimentary  canal  and  its  adnexa,  there  is  no  organ 
which  is  immune  to  them.  The  following  list  of  human 
parasites  arranged  according  to  the  organ  inhabited  will 
serve  to  indicate  the  extent  of  the  parasitic  habit,  and 
will  assist  in  the  identification  of  a  given  form.  The 
records  given  apply  only  to  the  human  host.  Parasites 
are  entered  under  the  normal  location  of  the  species,  and 
in  the  most  frequent  erratic  location  only ;  a  few  forms 
of  doubtful  standing,  as  human  parasites  or  of  uncertain 
location  in  this  host,  are  omitted. 


Ee- 

Parasite. 

Stage. 

Type  of 

Normal 

corded 

parasitism. 

babitat. 

in 
U.S.A. 

Skin  and  subdermal  tissue. 

Leptodera  Nlellyl 

Larva .. 

Accidental. 

Europe 

No. 

Gnathostoma  slamense . . 

Adult. . 

Occasional. 

Slam 

No. 

Fllarla  medlnensls 

Adult. . 

Normal.... 

Africa 

Yes. 

(?) 

Cosmopoli- 
tan. 

Eye. 

Filarla  loa 

Adult 

Yes 

Fllaria  lentis 

Adult. . 
Adult. . 

(?) . . 

(?) 

No 

Filarla  conjunctivae 

Occasional. 

Europe 

No. 

Oystlcercus  cellulosss 

Larva.. 

Erratic 

Europe  

No. 

Echlnococcus     polymor- 

Larva.. 

Erratic .... 

Europe 

Yes. 

phus. 

Brain  and  membranes. 

Oystlcercus   racemosus= 

Larva .. 

Erratic 

Europe  

Yes. 

cellulosse. 

Cysticercus  acanthotrlas. 

Larva.. 

Erratic  (?). 

U.  S.  A  . . . . 

Yes. 

Echlnococcus     polymor- 

Larva.. 

Erratic .... 

Europe... 

Yes. 

phus. 
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Parasites. 
Parasites. 


Parasite. 


Brain  and  membranes. 

Paragonlmus    Wester 
mannl. 
Oonnectlve  tissue. 

Fasciola  hepatloa 

Botbrlocephalus  Mausoni 

Cysticercus  cellulosas. . . . 

Cysticercus  acantbotrias., 

Echinococcus     polymor- 
phus. 

Filarlaloa 

Paragonlmus    Wester- 
manni. 
Muscles. 

Cysticercus  cellulosse. . , . 

Cysticercus  acantbotrias.. 

Tricbinella  spiralis 

Beart. 

Fllaria  Magalbaesi 

Cysticercus  cellulosse. . . . 

Ecblnococcus      polymer- 
pbus. 
Blood-vessels. 

Fasciola  bepatica 

Schistosoma        haemato- 
bium. 

Ecbinoccus  polymorphus, 

Filaila  immltis  (?) 

Fllaria  embryos  (see  key 
under  Nematoda) . 
iLymph  vessels. 

Fllaria  Bancroft! 

HIaria  volvulus 

Fllaria  lympbatica 

ILungs. 

Fasciola  angusta 

Paragonlmus    Wester- 
manni. 

Cysticercus  cellulosse 

Ecblnococcus     polymor- 
phus. 

Strongylus  aprl 

liver. 

Fasciola  bepatica 

Oplsthorchls  fellneus 

Oplsthorcbis  sinensis .... 

Oplsthorchls  noverca .... 

Distoma  Rathoulsi 

Bicrocoellum  lanceatum. 

Cysticercus  cellulosse 

Echinococcus     polymor- 
phus. 

Paiagonimus    Wester- 
manni. 
Small  intestines. 

Fasciolopsls  Buski 

Oplsthorchls  feltneus .... 

Oplsthorchls  sinensis .... 

Heterophyes  heterophyes 

Dibothriocephalus  latus.. 

Dibothriocephalus  oorda^ 
tus. 

Diplogonoporus  grandis . 

Dipylldium  caninum 

Hymenolepis  nana 

Hymenolepls  diminuta  . . 

Hymenolepis  lanceolata . 

Davainea  madagasearen- 


TEenla  solium  .. 
Taenia  saginata. 


Taenia  africana 

Taenia  confusa 

Strongyloides  stercoralis. 
Trich&ella  spiralis 


■Strongylus  subtilis 

TIncinaria  duodenal^  . . . 

TTneinaria  americana .... 
Physaloptera  caucasica. . 
Ascaris  lumbricoides 


Ascarls  canis ., 

.Ascaris  maritima 

Oxyuris  vermioularis 

Gigantorhynchus  gigas. . 

Gigantorhynchus  monlli- 
tormis. 


Stage. 


Adult. 


Adult. 
Larva . 
Larva. 
Larva. 
Larva. 

Adult. 
Adult. 


Larva. 
Larva. 
Larva. 

Adult. 
Larva . 
Larva. 


Adult. 
Adult. 


Larva . 
Adult. 


Adult. 
Adult. 
Adult. 

Adult. 
Adult. 

Larva. 
Larva. 

Adult. 

Adult. 
Adult. 
Adult. 
Adult. 
Adult. 
Adult. 
Larva . 
Larva. 

Adult. 


Adult. 
Adult. 
Adult. 
Adult. 
Adult. 
Adult- 
Adult. 
Adult. 
Adult. 
Adult. 
Adult. 
Adult. 

Adult. 

Adult. 

Adult. 
Adult. 
Adult. 
Adult. , 

Adult. , 
Adult. , 

Adult. , 
Adult., 
A<lult. , 

Adult.. 
Adult. , 
Adult. . 

Adult.. 

Adult. . 


Type  of 
parasitism. 


Erratic . . . 


Erratic . . . 
Occasional 
Normal. . . 
Normal. . . 
Normal. . . 

Normal. . . 
Erratic . . . 


Normal. . . 
Normal. . . 
Normal... 


(?) 

Erratic . . . 
Erratic , . . 


Erratic ... 
Normal 

Normal. . . 
Occasional 
Normal. . . 


Normal... 
Normal. . . 
Occasional 

Erratic 

Normal. 

Normal.... 
Normal. . . . 

Occasional. 

Occasional. 
Normal. . . 
Normal... 
Normal. . . . 
Occasional? 
Normal. 
Normal. . . . 
Normal... 

Erratic . . . 


Normal 

Erratic . . . 
Erratic ... 

Normal 

Normal. . . 
Occasional 

Occasional. 
Occasional, 
Normal  (?) 
Occasional, 
Occasional, 
Occasional 

m. 

Normal.... 

Normal..., 

Normal..., 
Normal  (?), 
Normal.... 
Normal.... 

Normal. . . . 
Normal 

Normal 

(?) 

Normal.... 


Occasional. 
Occasional. 
Normal.... 

Occasional. 

Occasional. 


Normal 
habitat. 


Asia. 


Europe ... 
Cblna .... 
Europe . . . 
U.S.A... 
Europe . . . 


Africa. 
Asia. . . 


Europe . . . 
tr.  S.  A  . . . 
Cosmop  0 1 

Itan. 
So.  Amer. 
Europe . . . 
Europe . . . 


Europe . 
Africa.. 


Europe . . 
Europe . . 


Tropics. 
Africa . . 
Europe . 

Africa... 
Asia. . . . 


Europe . . . , 
Europe . . . , 

Europe 

Europe . . . , 
Russia  . . . . 

Asia 

Asia 

Asia 

Europe  . . . . 

Europe 

Europe . . . . 

Asia 

Asia 

Russia 

Asia 

Africa 

Europe 

Greenland. 

Japan  

Europe . . . . 
Europe . . . . 
Europe  . . . . 
Europe . . . . 
Africa 

Cosmopoli- 
tan. 

Cosmopoli- 
tan. 

Africa 

U.S.A.... 

Asia 

Cosmopo- 
litan. 

Africa 

Cosmopoli- 
tan. 

America  .. 

Caucasus.. . 

Cosmopoli- 
tan. 

Europe . . . . 

Greenland. 

Cosmopoli- 
tan. 

Cosmopoli- 
tan. 

Cosmopoli- 
tan. 


Re- 
corded 

in 
U.  S.  A. 


No. 
Yes. 
Yes. 

Yes. 

Yes. 


No. 
Tes. 
Yes. 

No. 
No. 
Yes. 


Yes. 

Yes. 

* 

Yes. 


Yes. 
No. 
No. 

No. 


No. 
Yes. 


No. 
Yes. 

No. 
No. 

* 

No. 
Yes. 


No. 
No. 
No. 
No. 
Yes. 
No. 

No. 
Yes. 
Yes. 
Yes. 

No. 

No. 

Yes. 


No. 
Yes. 
Yes. 
Yes. 

No. 
Yes. 

Yes. 
No. 
Yes. 

* 

No. 
Yes. 

No. 

No. 


*  Present  in  the  United  States  of  America  in  some  other  host,  hence 
easily  possible  In  man,  although  no  record  of  its  occurrence  in  the  hu- 
man host  was  found. 


Parasite. 

Stage. 

Type  of 
parasitism. 

Normal 
habitat. 

Re- 
corded 

in 
U.  S.  A. 

Large  intestine. 
Gastrodlsous  homluis. . . . 

Trichocephalus  trichiurus 

Oxyuris  vermicularls 

Kidney. 

Echinococcus  polymor- 
phus. 

Dioctophyme  renale 

Bladder. 

Leptodera  pellio 

Adult.. 
Adult.. 
Female. 

Larva .. 

Adult. . 

Adult. . 
Adult. . 

Occasional 

(f). 
Normal 

.Normal 

Normal 

Occasional. 

Accidental. 
Accidental. 

India 

Cosmopoli- 
tan. 

Cosmopoli- 
tan. 

Europe 

Europe 

Europe 

U.  S.  A  . . . . 

Yes. 

No. 
Yes. 

Yes. 

* 

No. 
Yes. 

Anguillula  acetl 

SPDTnM— EGGS. 


Parasite. 


Fasciola  angusta 

Fasciola  bepatica I 

Fasciola  magna,  etc f 

Paragonlmus    Wester- 

mannl. 
Strongylus  aprl 


Frequence. 


Size  in  microns.   Plate  E. 


Recorded  once. 
Not    observed, 

but  possible. 
Frequent 


Few  cases  . 


143-151  X  82-88. 
Given  below  un- 
der Faeces. 
88-103  X  53-68. 

50-100  X  39-72. 


Fig.  a. 


SPUinM— Embrtos. 
Fllaria,  many  species  possible  (see  key  under  Nematoda). 
Urine— EGGS. 


Parasite. 

Frequence. 

Size  in  microns. 

Plate  E. 

Fasciola  hepatica j. 

Fasciola  magna,  etc 1 

Schistosoma  haematobium 
Fllaria  Bancroft! 

Not    observed, 
but  possible. 

Frequent 

Recorded  once. 

Few  cases 

Common 

Given  below  un- 
der Faeces. 
135-160  X  55-66. 
25-28  X  15     (or 
35?). 

64r-68  X  40-49. 
50-54  X  20-27. 

Fig.  u. 

Dioctophyme  renale 

Oxyuris  vermicularist 

Fig.  b,  b'. 

Fig.  d,  d', 

d",  d'". 

Urine— Embryos. 

Fllaria,  many  species  possible  (see  key  under  Nematoda) . 

The  eggs  of  the  other  kidney  parasites  will  not  hatch  as  long  as  kept 

in  urine. 
Adult  forms,  like  accidental  parasites  of  the  Nematode  type,  are  so 

small  as  to  be  easily  taken  for  embryos  (see  AnguUlula  acetl,  etc., 

under  Nematoda). 

FiEOES— Eggs. 


Parasite. 

Frequence. 

Size  in  microns. 

Plate  E. 

Gastrodlsous  homlnls 

Fasciola  hepatica 

Recorded  once. 
Several  cases  . . 
Not  recorded  . . 
Recorded  once. 
Recorded  once. 
Several  cases  . . 
Several  cases  . . 
Recorded  once. 
Several  cases . . 
Several  cases . . 

Frequent 

Frequent 

Frequent 

Reported  once. 

Few  cases 

Few  cases 

Frequent 

Several  cases  . . 

Recorded  once. 

Frequent 

Common 

Recorded  once. 

Two  cases 

Frequent 

Common 

150  X  72. 
130-172  X  72-80. 
109-168  X  75-96. 
143-151 X  82-88. 
150  X  80. 
120-126  X  77. 
26-30  X  11-15. 

34X21. 
27-30  X  15-17. 
40-15  X  22-30. 
26-30  X  15-17. 
88-103  X  53-68. 

68-71  X  45 
75-80  X  50. 

63  X  48-50. 
43-50,    embryo 

39,  or  43  X  31. 
70-86,    embryo 
36X28. 
50X35. 
30-35,  embryo  20 
(Yolk    m  e  m- 
brane  70)  30-40 
X  20-33. 
31-34  round,  or 
34X39. 
80X39. 
67  X  37. 
60-54  X  21-23. 

Fig.e. 

Fasciola  angusta 

Distoma  Rathoulsi 

Fasciolopsls  Buski 

Oplsthorchls  f elineus 

Oplsthorchls  noverca 

Oplsthorchls  sinensis 

DicrocoeUum  lanceatum. . 
Heterophyes  heterophyes. 
Paragonlmus    Wester- 

mannl. 
Dibotbriocephalua  latus. . 
Dibothriocephalus   corda- 

tus. 
Diplogonoporus  grandis .. 
Dipylldium  caninum 

Hymenolepis  nana 

Hymenolepis  diminuta .. . 

Hymenolepis  lanceolata. . 
Tffinia  solium 

Fig./. 
Fig.#. 

Fig.  i. 
Fig.  o. 

Figs.ft,fc'. 

Fig.  I. 
Fig.  m. 

Fig.  n. 
Figs.  0,  o'. 

Figs.p,p'. 

Figs,  g,  q'. 

Kg.  r. 

Fig.  8. 

Strongyloides  stercoralis. . 
Trichocephalus  trichiurus. 

Fig.t. 
Figs.  «,m'. 

*  Present  in  the  United  States  of  America  in  some  other  host,  hence 
easily  possible  In  man,  although  no  record  of  its  occurrence  in  the  hu- 
man host  was  found. 

tOnly  in  female  through  infection  of  vagina  from  rectum. 
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Vjec^s— 'Egos.— Continued. 


Parasite. 

Strongylus  subtilis 

Strongylus  apri 

Uncinaria  duodenalis  . . . . 
Uncinaria  americana 

Pbysaloptera  caucasica. . . 
Ascaris  lumbricoidea 

Ascaris  cams  .,.••.••■. 

Oxyuris  vermioularis 

Gigantorhynchus  gigas. . . 
Gigantorhynchus  monili- 
formis. 


Frequence. 

Several  cases . 

Few  cases 

Frequent 

Frequent 

Reported  once 
Common 

Few  cases 

Common. 

Few  cases. 
Few  cases. 


Size  in  microns. 


63-80  X  38-41. 
50-100  X  39-72. 
55-65  X  32^5. 
64^72  X  36-40. 

57X39. 
50-75  X   40-50, 

fertilized. 
63-98    X    31-77 

unfertilized. 
72-68,  spherical. 

50  X  16-20. 

80-100  long,  oval 
85  X  40. 


Plate  E. 


Fig.  ■u. 

Fig.  w. 

x",x"'. 

Fig.  y  v". 

Fig.  y'. 

Fig.  z. 
Figs,  d.6', 
a",  &'". 
Fig.  &a. 


F^CES-EMBRYOS. 

Parasite. 

Frequence. 

Size  in  microns. 

Plate. 

Fllaria.* 

Strongyloides  stercoraUs. . 

Trichinella  spiralis 

Common 

Rare 

200-400  long. 
90-100  X  6. 

*  Many  species  possible  (see  key  under  'Sematoda) . 

One  may  recognize  among  these  parasites  those  which 
occur  in  their  normal  host  but  in  an  unusual  location, 
like  the  brain  cysticerci  or  a  liver  fluke  in  a  subcutaneous 
cyst;  there  are  also  many  of  tlie  species  listed  which  can- 
not be  regarded  in  any  way  as  characteristic  of  the  hu- 
man host.  Such  are  the  occasional  parasites  which  are 
species  of  true  parasitic  habit  and  can  attain  normal  de- 
velopment in  the  human  host,  but  ordinarily  do  not  find 
conditions  favorable  for  their  introduction.  As  an  in- 
stance of  such  species  may  be  mentioned  Fasciola  liepat- 
ica,  the  common  liver  fluke  of  the  sheep,  which  In  many 
regions  of  the  world  is  extraordinarily  abundant.  That 
it  can  thrive  in  the  human  system  is  demonstrated  by  the 
score  or  more  of  cases  of  its  occurrence  tliere  definitely 
recorded ;  but  its  infrequence  is  equal  evidence  of  a  gen- 
eral immunity  on  the  part  of  man,  lacking  in  these  par- 
ticular cases,  or  of  special  features  in  its  life  history 
which  make  the  infection  of  the  human  host  difficult. 
That  the  latter  is  the  probable  explanation  may  be  in- 
ferred from  the  fact  that  the  cercaria  larva,  liberated 
from  the  intermediate  host,  encysts  on  grass,  and  hence 
could  reach  the  human  alimentary  canal  only  under  un- 
usual circumstances.  Similar  examples  may  be  taken 
from  other  groups  of  parasitic  forms,  such  as  the  rare 
occurrence  in  man  of  Strongylus  apri,  one  of  the  com- 
monest parasites  of  the  pig  in  Europe,  or  of  Dipylidium 
caninum,  the  cosmopolitan  tapeworm  of  both  dog  and 
cat,  which  has  been  reported  only  rarely  from  man. 

Such  occasional  parasites  often  occur  under  abnormal 
conditions;  thus  a  flsh  nematode,  Ascaris  clataia,  was 
discovered  once  in  the  hollow  tooth  of  a  man.  Here  the 
position  was  probably  accidental,  but  in  other  cases  it  is 
the  result  of  the  action  of  the  parasite  itself.  So  the 
"red  spiders,"  or  "jigger"  mites  of  the  Central  States 
bury  themselves  in  the  skin  of  man,  although  such  a 
position  is  so  clearly  abnormal  that  in  fact  it  destroys 
the  chance  of  further  development  and  costs  the  parasite 
its  life.  A  small  leech,  Limnotis  nilotica,  common  in  the 
Circummediterranean  area,  is  often  drawn  into  the  throat 
of  men  and  other  animals  drinking  at  wayside  pools.  It 
usually  retains  its  position,  causing  serious  difficulty, 
until  removed  by  operative  interference ;  hence  it  has  be- 
come an  occasional  parasite  of  man  rather  than,  as  in  the 
case  of  most  leeches,  a  temporary  parasite ;  or  one  may  re- 
gard it  as  falling  in  the  next  following  group  of  acci- 
dental parasites.  This  example  shows  most  clearly  the 
naiTow  and  somewhat  artificial  limits  which  separate  these 
groups  of  parasites  from  one  another.  Of  the  mites  also, 
which  have  been  reported  a  few  times  as  obtained  living 
from  stomach,  bladder,  and  rectum,  it  is  difficult  to  say 
whether  they  are  occasional  or  accidental  parasites  of  man. 
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There  are  also  rarely  forms  which  commonly  occur  free 
living,  but  which  by  chance  are  introduced  into  some  or- 
gan in  which  conditions  are  such  that  they  can  thrive. 
They  become  thus  accidental  parasites,  a  group  difficult 
practically  to  distinguish  from  the  last,  the  occa,S]ona] 
parasites,  and  yet  presenting  somewhat  different  biologi- 
cal conditions.  The  recent  discovery  by  Stiles  and 
Frankland,  as  well  as  others,  of  the  vinegar  eel,  Anguil- 
lula  aceti,  as  an  apparently  successful  coloniz£r  of  the 
bladder  in  a  female  patient  illustrates  the  type  under 
consideration.  There  is  little  doubt  that  this  parasite 
was  introduced  through  the  use  of  vinegar  in  vaginal 
douches  and  effected  a  successf nl  colonization,  possibly 
by  virtue  of  the  trace  of  albumin  present  in  the  urin& 
which  furnished  it  with  nourishment.  Equally  striking- 
is  the  case  of  Scheiber,  who  discovered  Leptodera  pellio  in 
the  urine  of  a  female  patient  in  Hungary.  This  typical 
slime-inhabiting  nematode  gained  entrance,  B.&  doubt, 
through  the  application  of  mud  poultices,  which  are 
commonly  employed  by  peasants  in  that  region.  It 
should  be  noticed  that  such  accidental  parasites  are  nec- 
essarily confined  to  those  groups  of  animals  which  have 
free-living  forms.  Such  are  Protozoa,  Nematoda,  and 
perhaps  Insecta  in  the  larval  condition,  while  Cestoda 
and  Trematoda,  which  live  only  as  parasitic  forms  in 
some  host,  would  become  rather  occasional  parasites  of 
man  should  they  stray  into  the  human  system  in  some 
chance  manner  and  find  favorable  conditions  for  exist- 
ence. 

Quite  distinct  from  the  types  j  ust  considered  are  pseu- 
do-parasites, which  rank  high  in  clinical  importance. 
Among  them  one  may  recognize  several  very  distinct, 
classes.  First,  those  which  are  actually  free-living  ani- 
mals, introduced  by  accident,  usually  in  food  or  drink, 
into  the  human  alimentary  canal,  exciting  there  abnormal 
conditions  which  induce  their  more  or  less  immediate  and 
forcible  expulsion.  Thus  Botkin  found  in  the  vomit  of 
a  Russian  numbers  of  a  small  nematode  which  he  wrongly 
believed  to  be  a  human  parasite.  In  fact  it  lives  nor- 
mally in  the  onion,  and  its  introduction  into  the  stomach 
with  this  food  excited  the  untoward  symptoms  noted. 
Similarly  Blanchard  records  a  case  in  which  coleopterous 
larvae  were  found  in  the  vomit  of  a  child. 

That  such  may  be  the  result  of  Introducing  a  true 
parasite  from  some  other  host  is  indicated  by  several 
cases,  like  that  of  Ascai'is  ma/fitima,  which  Leuckart  de- 
scribed from  a  single  specimen  vomited  by  a  child  in 
Greenland,  and  which  this  author  noted  was  very  similar 
to  A.  transfvga  of  the  brown  bear.  In  all  probability  it 
was  ingested  with  the  viscera  of  some  animal  (seal?), 
though  it  may  have  been  a  species  which  had  strayed  into 
this  unusual  host,  only  to  make  its  appearance  under  the 
circumstances  noted. 

Of  similar  import  are  the  cases  of  Oordius,  the  hair 
snake,  which  have  been  reported  from  man.  In  the  adult 
condition  this  is  normally  a  free-living  species,  but  about 
a  dozen  specimens  have  been  taken  from  man  after  a  sup- 
posed sojourn  of  from  a  few  hours  to  fourteen  days. 
Some  of  these  have  been  vomited  and  others  passed  per 
anum.  This  form  has  often  been  passed  off  upon  the 
physician  as  a  true  parasite,  and  in  one  celebrated  case  at 
least  as  the  Guinea-worm. 

In  the  same  way  one  may  find  the  explanation  for  other 
isolated  cases  of  parasitism,  even  when  the  parasite  is  re- 
ported to  have  been  passed  from  the  alimentary  canal. 
Thus  Cobbold  reported  that  larvte  of  Blaps  mortisaga,  the 
English  churchyard  beetle,  were  found  in  fecal  dis- 
charges, and  many  authors  have  recorded  the  presence 
of  dipterous  larvoe  in  the  alimentary  canal. 

The  majority  of  such  observers  have  inclined  to  regard 
these  larvaj  as  temporary  endoparasites,  and  to  consider 
that  they  have  accommodated  themselves  to  the  condi- 
tions present  in  the  human  host.  The  cases  seem  to  show 
that  these  larvffi  live  for  some  time  in  the  canal,  and  they 
often  appear  to  evoke  serious  or  even  fatal  disturbances; 
and  yet  the  conclusions  are  open  to  grave  doubt,  for  Ca- 
landruccio  experimented  extensively  on  two  families  of 
flies  to  which  many  of  the  supposed  accidental  parasites 
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belong,  and. found  that  the  ingested  larvae  were  regularly 
and  promptly  evacuated,  dead  or  dying,  and  in  no  case 
did  they  secure  a  footing  in  the  canal. 

Among  the  myriapods  about  forty  recorded  cases  of 
pseudoparasitism  have  been  brought  together  and  dis- 
cussed by  Blanchard.  In  the  large  majority  the  animal 
was  taken  from  the  nasal  fossa,  though  in  a  smaller 
number  it  was  actually  obtained  living  from  the  alimen- 
tary canal,  where  it  undoubtedly  can  exist  for  a  brief 
time  in  spite  of  the  untoward  environment.  The  inges- 
tion of  such  forms  is  purely  accidental,  the  symptoms  are 
those  of  helminthiasis  in  general,  and  their  stay  at  most  is 
very  limited.  They  never  show  any  evidence  of  adapta- 
tion tp  the  new  environment. 

In  some  such  accidental  fashion  other  forms  are  some- 
times introduced  into  various  organs  not  connected  with 
the  alimentary  system.  Tims  Trouessart  reported  the 
occurrence  of  a  species  of  detricolous  Sarcoptids  in  the 
human  testicle  where  tlie  mites  formed  an  old  colony  in 
a  painless  cystic  tumor. 

lu  contrast  with  the  living  animals  of  the  types  noted, 
the  second  class  of  pseudoparasites  includes  a  large  num- 
ber of  other  structures  which  have  been  described  as 
parasites.  These  may  be  considered  conveniently  in  a 
few  groups,  the  first  of  which  includes  bodies  which  are 
parts  of  the  so-called  host  animal  itself.  Thus  fragments 
of  the  arteria  hyaloidea  have  been  described  as  eye  worms 
{Filaria  lentis,  F.  oeuU  humani,  etc.),  the  organisms  of 
whooping-cough  are  nothing  more  nor  less  than  cihated 
tracheal  cells  torn  from  the  wall  and  found  in  the  sputum 
in  distorted  form,  while  groups  of  small  axillary  and  in- 
guinal glands,  hydatid  moles,  and  Pacchionian  bodies 
from  the  arachnoid  have  been  frequently  put  on  record 
as  hydatid  cysts. 

Parts  of  substances  used  as  food,  both  of  plant  and  of 
animal  origin,  which  have  not  been  destroyed  by  the  ac- 
tion of  digestive  juices  are  also  among  the  pseudopara- 
sites of  man.  The  raduloe  of  the  common  limpet  have 
been  reported  several  times  from  stools ;  the  seeds  of  the 
mulberry  were  duly  baptized  as  parasitic  worms;  and 
plant  vessels  and  other  similar  undigested  structures  of 
peculiar  appearance  appear  periodically  as  new  lielmin- 
thes.  That  a  differentiation  of  such  structui-es  is  not 
simple  appears  from  the  account  given  by  Stiles  of  the 
partially  digested  banana  fibres  which  closely  simulate 
minute  tapeworms.  Some  years  ago  Leuckart  entrapped 
a  group  of  research  students  in  helminthology  with  the 
pulp  vesicles  of  an  orange  which  were  found  in  a  fecal 
examination. 

In  all  of  the  cases  considered  above  it  should  be  kept 
in  mind  that  the  animals  or  these  other  structures  actually 
came  from  within  the  human  body.  There  is,  however, 
another  class  of  objects  of  which  this  cannot  be  said. 

In  determining  the  nature  of  unusual  forms  reported 
from  man  it  should  always  be  kept  in  mind  that  in  the 
absence  of  positive  personal  evidence,  suspicicm  In  case 
of  neurasthenia  at  least  favors  the  deceitful  introduction 
of  doubtful  bodies.  In  many  cases  on  record  such  things 
as  earthworms,  chicken  entrails,  etc.,  have  been  forcibly 
introduced  into  the  rectum  or  vagina,  and  have  been  sub- 
sequently reported  by  the  attending  physician  as  un- 
doubted human  entozoa  of  a  remarkable  character! 
Here  as  elsewhere  the  appearance  of  unusual  structures 
should  at  once  arouse  the  suspicion  of  the  physician  and 
call  forth  a  most  searching  examination  of  the  case  in  all 
its  factors,  that  any  deceit  be  disclosed,  or  that  in  the 
event  of  the  discovery  of  some  rare  parasite  all  conditions 
connected  with  its  appearance  be  put  on  record  for  future 
use.  The  large  number  of  parasites  in  other  animals 
which  some  imusual  combination  of  circumstances  may 
bring  into  the  human  system  makes  it  imperative  also 
that  any  supposedly  new  species  be  submitted  to  the 
judgment  of  a  specialist  before  it  is  described  as  such. 
Only  in  this  way  can  the  discoverer  avoid  adding  to  the 
long  list  of  synonyms,  which  already  burden  the  liter- 
ature of  this  subject,  and  render  it  so  difficult  for  the  in- 
vestigator not  a  specialist  in  this  particular  line  to  find 
his  way  aright.     Furthermore,  it  is  important  to  preserve 


the  fullest  data  in  regard  to  any  substances  associated 
with  the  supposed  parasite,  as  well  as  the  food  of  f,Iie 
patient,  whether  usual  or  imusual,  since  in  this  way  some 
hint  as  to  its  introduction  may  be  found. 

Effect  vpan  the  Iiost.~ln  the  belief  of  the  medical  pro- 
fession two  hundred  years  ago  there  was  no  disease,  real- 
or  imaginary,  which  was  not  due  to  the  presence  and  ef- 
fect of  some  kind  of  parasite.  Each  ailment  had  its  par- 
ticular "woi'm"  in  its  characteristic  location.  This  was 
a  direct  result  of  the  endeavor  to  reduce  every  malady  to 
.some  definite  cause,  and  of  the  joining  of  the  unkntWn 
sickness  with  the  parasites  of  which  they  knew  as  little. 
Under  the  influence  of  study  and  of  increasing  knowledge 
regarding  the  pai-asites  such  a  theory  was  seen  to  be  un- 
tenable, and  the  movement  in  the  opposite  direction  be- 
gan, a  tendency  which  may  be  said  by  this  time  to  have 
passed  its  height. 

It  is  true  that  internal  parasites  are  very  widely  dis- 
tributed, and  that  scarcely  any  individual  is  entirely  free 
from  them.  They  are,  however,  usually  present  in  lim- 
ited numbers,  and  are  believed  to  be  harmless  if  infre- 
quent or  of  small  size.  This  does  not  seem  to  be  sti-ictly 
correct,  for  while  it  is  doubtless  true  that  the  effect  of  a 
single  parasite,  or  even  of  a  considerable  number  of  mi- 
nute size,  is  small  and  difficult  to  measure  or  estimate,  it 
is  equally  clear  that  even  this  is  a  certain  drain  on  the 
host.  Furthermore,  the  tax  on  the  host  is  in  proportion 
not  only  to  the  number  and  size,  but  also  to  the  habits  of 
the  parasites  present.  Thus  there  is  a  great  difference 
whether  the  parasite  is  active  and  growing  in  the  alimen- 
tary canal  or  some  other  cavity  in  the  body  of  the  host, 
or  passively  resting  in  the  midst  of  the  tissue  of  some 
organ. 

While  encysted  parasites  exercise  a  continued  and 
sometimes  serious  pressure  on  adjacent  tissue,  yet  the 
draft  on  the  host  by  free  parasites  is  much  the  greatest, 
and  manifests  itself  in  three  ways.  The  parasite  re- 
quires a  certain  amount  of  food  for  its  support ;  this  it 
takes  directly  from  the  host,  either  from  that  which  the 
latter  has  digested  for  its  own  use,  if  the  parasite  be  in 
the  alimentary  canal,  or  from  material  which  the  host  has 
formed  to  perform  certain  work,  as  in  the  case  of  blood 
parasites,  or  from  the  tissue  of  the  host,  as  in  the  case  of 
some  intestinal  worms  which  feed  on  the  cells  composing 
the  wall  of  the  intestine.  In  any  case  the  host  expends 
at  least  the  extra  energy  necessary  to  procure  and  digest 
the  food  taken  by  the  parasite,  and  this  extra  labor  will  be 
directly  in  proportion  to  the  amount  of  food  taken,  or  in 
general  to  the  size  of  the  parasite  and  to  its  fertility. 

In  the  second  place  the  parasite  occupies  a  certain 
amount  of  space,  and  correspondingly  reduces  the  calibre 
of  the  tube  in  which  it  lives.  Unless  a  considerable  num- 
ber are  present  this  is  hardly  a  practical  stoppage  for  the 
alimentary  canal,  although  in  several  recorded  cases  death 
has  followed  occlusion  of  the  canal  by  a  mass  of  ascarids, 
and  in  the  case  of  the  blood  system  a  vessel  maybe  closed 
or  a  clot  formed  by  the  presence  of  even  a  very  few  para- 
sites. 

In  the  third  place  active  parasites  will,  by  their  move- 
ments, give  rise  to  a  certain  amount  of  irritation  and  in- 
tlaramation  of  the  membranes  over  which  they  move. 
This  is  in  some  ways,  perhaps,  the  most  serious  trouble 
which  a  few  parasites  can  cause,  and  it  is  much  increased 
if  in  the  special  case  the  parasite  obtains  its  food  at  the 
expense  of  the  tissues  of  the  host,  that  is,  if  it  tears  or 
consumes  the  walls  of  the  cavity  in  which  it  lives.  A 
secondary,  though  possible,  result  of  this  manner  of  liv- 
ing is  the  liability  of  rupturing  some  blood-vessel,  with 
consequent  serious  results,  sis  in  the  case  of  certain  lung 
flukes  which  may  chance  upon  some  large  blood-vessel 
and  in  this  way  produce  even  fatal  hemorrhage.  In  the 
alimentary  canal  a  single  ascaris  may  perforate  the  wall 
and  induce  fatal  peritonitis,  as  has  been  observed  several 
times  in  recent  years.  It  is  evident,  then,  that  no  more 
than  a  single  active  parasite  may  be  dangerous,  and  that 
it  is  always  some  tax- on  the  domestic  economy  of  its 
host.  Of  course,  the  effect  of  a  microscopic  worm  in  the 
alimentary  canal  of  an  elephant  will  be  so  small  that  it 
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could  hardly  be  calculated  in  any  way ;  but  this  reason- 
ing should  not  be  extended  too  far.  The  disturbance 
produced  in  the  human  system  by  a  single  tapeworm  is 
sufficient  to  call  for  prompt  measures  to  remove  it. 

Recent  studies  have  demonstrated  the  presence  of  h£e- 
moglobin  in  the  alimentary  canal  of  many  nematode 
parasites,  the  pathological  effects  of  whose  activities 
must  be  counted  much  more  important  than  heretofore 
estimated  by  reason  of  this  blood-sucking  habit.  Thus 
in  cases  of  uncinariasis  the  amount  of  blood  lost  from 
myriads  of  minute  hemorrhages  imparts  a  characteristic 
reddish-brown  color  to  the  fasces,  the  intestinal  wall  be- 
comes seriously  affected  and  affords  places  of  easy  attack 
for  any  pathogenic  germs  which  may  be  present.  This 
indirect  damage  may  be  very  serious  in  the  individual 
instance,  and  may  include  primarily  or  secondarily  unde- 
sirable retrogressive  or  progressive  histological  changes, 
inflammatory  processes,  and  disturbances  in  the  circula- 
tion. 

Another  source  of  danger  from  parasites  is  one  which 
has  long  been  surmised  but  only  recently  demonstrated. 
A  number  of  investigators  have  shown  that  various  Ces- 
toda,  Acanthocephala,  and  Eunematoda  contain  definite 
poisons  (toxins)  which  when  extracted  and  employed  ex- 
perimentally affect  particularly  the  nervous  system  and 
the  formation  of  blood.  The  continued  formation  and 
giving  off  of  such  a  substance  would  explain  the  appar- 
ently excessive  results  of  parasitism  in  some  instances, 
results  which  are  shown  prominently  in  reflex  nervous 
sj'mptoms  sucii  as  have  been  noted  under  Argas  (AracJt- 
nida),  and  Taenia  (Gestoda).  In  a  certain  proportion  of 
cases  pernicious  anaemia  is  the  result  of  this  toxic  effect, 
and  is  accompanied  by  a  mortality  of  seventeen  per  cent., 
according  to  one  report  regarding  Bothriocephalus. 
Whether  the  poison  is  elaborated  by  the  parasite  or  is 
produced  by  pathological  processes  in  the  worm  or  by 
its  death,  as  well  as  the  ground  for  the  variability  in  the 
toxic  action  of  different  specimens,  are  questions  as  yet 
undecided.  It  has  been  shown,  however,  that  extracts 
from  different  species  of  helminthes  vary  considerably  in 
toxic  power.  Vaullegrard  has  isolated  two  toxic  princi- 
ples, one  of  which  acts  upon  nerve  centres  and  the  other 
upon  muscles,  and  many  symptoms  produced  experi- 
mentally by  the  injection  of  these  substances  are  analo- 
gous to  those  manifested  in  parasitic  disease.  According 
to  this  chemical  theory,  the  troubles  caused  by  parasites 
are  due  to  the  formation  of  toxic  substances  more  rapidly 
than  their  elimination  by  the  host,  and  their  consequent 
accumulation  in  the  system. 

It  is  noteworthy  that  eosinophilia  has  been  recorded  as 
a  frequent  if  not  universal  symptom  in  parasitic  infec- 
tions. From  15  to  50  per  cent,  of  eosinophiles  in  trichi- 
nosis, 10  per  cent,  in  uncinariasis,  15  per  cent,  in  oxyuris 
infection,  and  30  per  cent,  in  ascarid  infection  are  aver- 
age figures.  The  percentage  varies  greatly  and  does  not 
appear  to  be  constant,  while  it  is  present  in  other  path- 
ological conditions  as  well. 

Life  History. — Normal  parasitism  is  related  to  the  life 
history  of  the  parasite  with  peculiar  intimacy.  Among 
accidental  parasites  the  animal  seems  to  continue  the 
usual  method  of  multiplication  under  the  changed  condi- 
tions. Thus  Oerley  was  able  to  colonize  Leptodera  pellio 
in  the  vagina  of  mice  where  they  reproduced  normally. 
But  in  case  of  the  well-known  Rhabdonema  nigrovenosum 
of  the  frog  the  parasitic  generation  alternates  with  a  free 
living  generation,  and  the  two  are  distinguished  only 
slightly  in  structure  but  radically  in  method  of  repro- 
duction, since  the  one  is  dioecious  and  the  other  herma- 
phroditic. In  the  case  of  the  parasite  of  Cochin  China 
dysentery  also,  Strongyloides  stercoi-alis,there  is  a  herma- 
phroditic parasitic  generation  and  a  dioecious  free-living 
generation,  in  which  the  individuals  differ  noticeably 
from  the  first.  Alternation  of  generation  is  not  infre- 
quent among  true  parasites,  but  it  usually  bears  a  differ- 
ent relation  to  the  life  history,  and  one  which  will  be 
clear  afterthe  examination  of  the  simpler  cases. 

In Jtie  simplest  ease  which  is  exemplified  by  many  of 
the  Nematoda  parasitic  in  the  alimentary  canal  the  eggs 

504 


reach  the  exterior  with  the  faeces  of  the  host,  and  in  them 
or  in  water  undergo  development  until  after  a  brief  pe- 
riod of  growth,  either  still  enclosed  in  the  protecting  egg 
membranes,  as  is  the  case  in  Asearis  Iwmbricoidea,  the 
common  stomach  worm,  or  as  a  free-living  form  in  the 
water,  the  larva  is  ready  to  be  reintroduced  into  the  hu- 
man alimentary  canal.  Then  it  undergoes  its  transfor- 
mation into  the  adult,  which  is  usually  only  growth,  and 
the  formation  of  the  reproductive  organs  which  are  pres- 
ent in  the  larva  in  the  form  of  a  single  cell  or  group  of 
cells  near  the  centre  of  the  body,  often  so  insignificant  in 
the  undeveloped  condition  as  to  escape  observation.  This 
type  of  development  may  be  somewhat  complicated  by 
the  sojourn  of  the  parasite  in  one  region  of  the  canal, 
where  it  passes  through  the  earlier  stages  of  develop- 
ment and  becomes  sexually  mature  before  seeking  its 
definitive  location.  Such  is  the  case  in  the  pinwOrm, 
Oxyuris  vermicularis,  which  grows  to  sexual  maturity  in 
the  ileum,  while  the  pregnant  females  migrate  to  the  rec- 
tum in  order  to  make  periodic  excursions  to  the  perineum 
for  oviposition. 

A  more  complicated  development  is  illustrated  by  the 
Guinea- worm,  Fila/ria  medinensis,  in  which  the  embryos 
set  free  into  the  water  seek  out  a  new  host  and  enter  its 
body  in  order  to  pass  through  the  early  stages  of  develop- 
ment there.  After  having  attained  a  certain  stage  of 
growth  in  this  host  the  larval  parasite  is  ready  for  intro- 
duction into  the  final  host,  in  which  it  reaches  sexual 
maturity,  and  this  change  is  effected  probably  by  chance. 
The  host  in  which  the  sexually  mature  parasite  occurs  is 
known  as  the  primary,  while  the  secondary  is  that  in 
which  the  larva  is  found. 

In  the  extreme  case  the  life  history  is  so  modified  that 
the  parasite  never  reaches  the  external  world,  but  passes 
from  one  host  to  another  directly.  Here  the  ultimate  ex- 
treme of  the  parasitic  habit  has  been  attained.  As  illus- 
trations of  this  several  species  of  Filaria  and  Tricliinella 
may  be  instanced.  In  Filaria  Bancrofti  the  adult  is 
parasitic  in  lymph  glands  and  the  embryos  are  set  free  in 
the  blood  stream.  Prom  this  they  are  sucked  out  into 
the  body  of  a  mosquito  and  there  undergo  early  develop- 
ment, only  to  be  reintroduced  at  a  later  stage  into  the 
body  of  a  new  host  where  the  mosquito  is  biting.  In 
TriehineMa  spiralis  the  encysted  larvae  in  flesh  are  set  free 
in  the  stomach  bj'  processes  of  digestion.  They  wander 
into  the  duodenum,  and  after  attaining  sexual  maturity 
the^  female  penetrates  a  villus  and  sets  free  the  embryos 
which,  reaching  the  muscle  tissue  through  the  agency  of 
the  blood  current,  encyst  there  and  await  transference  to 
a  new  host.  Thus  in  both  cases  no  part  of  the  life  his- 
tory takes  place  in  the  external  world,  and  the  transfer 
of  the  parasite  is  dependent  upon  the  carnivorous  or 
blood-sucking  habit  of  the  animal  which  functions  in 
the  one  case  as  secondary  host  and  in  the  other  alter- 
nately as  primary  and  secondary  host,  but  in  different 
organs. 

A  still  more  complicated  relation  is  found  in  the  ma- 
jority of  Trematoda  and  in  some  Cestoda  when  the  change 
of  host  is  associated  also  with  an  alternation  of  a  sexual 
with  an  asexual  generation.  In  most  Cestoda  the  eggs 
develop  into  an  embryo  which  in  the  secondary  host 
gives  rise  by  metamorphosis  to  a  peculiar  larva,  the 
bladder  worm ;  and  this  after  its  transfer  to  the  primary 
host  develops  into  the  adult  tapeworm.  The  relation  be- 
tween primary  and  secondary  host  here  is  generally  that 
of  food  and  feeder.  Thus  the  bladder  worms  of  the  two 
most  common  human  cestodes  are  found  in  the  flesh  of 
cattle  and  hogs  respectively  and  develop  when  intro- 
duced Into  the  alimentary  canal  of  man  into  the  adult- 
tapeworm.  Though  somewhat  comphcated  by  radical 
changes  in  form,  the  process  is  generally  regarded  merely 
as  a  metamorphosis.  The  case  is  somewhat  different  in 
those  forms,  as,  for  instance,  Tainia  ecUnocoeeus,  in  which 
the  bladder  worm  proliferates,  forming  not  a  single  head 
merely,  but  several  or  many,  from  each  of  which  when 
introduced  into  the  proper  host  there  may  develop  an 
adult  cestode.  Here  the  larva  in  the  secondary  host 
multiples  asexually,  while  the  adult  in  the  primary  host 
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reproduces  sexually.     The  change  of  hosts  is  accom- 
panied by  an  alternation  of  generations  or  metagenesis. 

In  the  Trematoda  one  finds  the  same  alternation  of 
generations  coupled  with  change  of  hosts,  only  that  the 
asexual  generation  may  be  repeated  and  the  life  history 
further  complicated  by  the  introduction  of  a  new  host, 
the  tertiary,  in  which  a  stage  of  the  development  is 
passed.  Among  those  forms  of  which  the  life  history 
has  been  ascertained  great  difference  obtains  in  detail;  of 
the  species  parasitic  in  man  the  development  is  as  yet 
known  only  in  part  so  that  the  general  statement  may 
suffice  and  reference  be  made  for  details  to  the  special  ac- 
count of  the  group  given  elsewhere. 

Mode  of  Introduction. — The  life  history  often  gives  a 
clew  to  the  means  by  which  the  parasite  gains  introduc- 
tion into  the  human  host.  Thus  the  discovery  of  blad- 
der worms  or  of  larval  TricMnellce  in  pork  suggested  at 
once  the  manner  of  infection,  namely,  by  eating  the  flesh 
containing  these  larval  stages  without  the  flesh  having 
been  subjected  during  preparation  to  conditions  such  as 
to  kill  the  larvffi.  This  method  of  infection,  namely,  the 
introduction  of  encysted  larvaB,  is  characteristic  for  the 
Cestoda.  Those  species  most  common  as  adults  in  man 
among  civilized  nations  are  obtained  directly  from  arti- 
cles of  food,  as  Tcenia  saginatairora  beef,  Sibothriocepha- 
luslatus  from  fish;  other  less  frequent  species  as  Eyineno- 
lepis  diminuta,  Bavainea  madagascarensis,  and  others  of 
which  the  larval  stages  are  found  in  insects  (cockroach, 
beetle,  meal  worm)  owe  their  introduction  perhaps  to  the 
chance  inclusion  of  suchmfected  insects  in  bread,  pud- 
dings, or  other  similar  articles  of  food. 

Disregard  of  personal  cleanliness  on  the  part  of  the  in- 
dividual, the  habit  of  biting  the  finger-nails,  and  among 
children  the  practice  of  sucking  fingers  or  toes  serve  to 
infect  such  with  the  eggs  or  embryos  of  many  parasites 
or  to  increase  an  infection  already  acquired.  In  this  way 
there  is  introduced  the  larva  of  Dipylidium  caninvm 
which  lives  in  the  dog  and  cat  fleas,  the  eggs  of  Asearis 
canis,  the  dog  and  cat  round  worm,  eggs  of  Oxyims  ver- 
mieularis  which  are  deposited  upon  the  perineum  of  the 
host,  eggs  of  Cysticercus  cellulom  when  the  adult  is  pres- 
ent in  the  same  host,  and  many  other  species.  Contami- 
nation of  hands  with  eggs  from  dirt  and  consequent 
infection  of  the  individual  is  common  in  children  and 
field  laborers,  and  may  introduce  any  form  of  which  the 
eggs  are  capable  of  causing  the  direct  infection ;  these 
forms  are  Asearis  lumbricoides,  TrichocepTialus  triclduris, 
and  other  Nematoda. 

The  introduction  of  eggs  and  embryos  takes  place  m 
the  majority  of  cases,  no  doubt,  through  the  contamina- 
tion of  the  water  supply.  Almost  all  the  eggs  of  the 
helminthes  develop  in  standing  water,  and  primitive 
methods  of  obtaming  drinking-water  from  pools  afford 
the  best  means  of  disseminating  the  species.  Salads  and 
other  foods  eaten  uncooked  serve  as  further  means  of  in- 
fection, especially  in  those  regions  where  it  is  customary 
to  use  human  excrement  to  enrich  the  soil,  or  where  the 
water  supply  of  the  village  is  dependent  upon  infected 
sources. 

Among  the  important  parasites  which  reach  the  human 
system  as  eggs  in  water  or  on  uncooked  vegetable  food 
are  of  the  Cestoda:  Cysticercus  cellulosai,  the  larva  of  2a- 
nia  solium,  Ecliinocoeeus  polymorphus,  the  larva  of  Tcema 
ecMnococcus;  of  the  Nematoda :  Asearis  lumh-icoides,  A. 
canis,  Oxyuris  mrmicularis,  Triclweeplialus  trichiuns;  ot 
the  Linguatulida:  Pentastoma  denticulatum,  Poo-ocephalus 

Of  those  which  aS  larvse  attain  the  human  host  in  the 
same  manner  one  may  list  all  the  Trematoda  parasitic  in 
man,  and  of  Nematoda  Strongyloides  stercorahs  and  possi- 
bly Uncina/ria  duodenalis,  though  according  to  the  studies 
of  Looss  the  latter  seems  to  bore  its  own  way  actively 
into  the  body  of  the  host.  *  . 

The  part  played  by  chance  in  the  introduction  ot  para- 
sites is  very  large.  Grubs,  hairworms,  maggots,  and 
even  tapeworms  have  been  taken  from  wells  and  from 
running  water.  The  same  forms  occur  frequently  m  ya- 
rious  kinds  of  fruit ;  others  in  old  or  carelessly  handled 


meat,  also  mites  in  cheese  and  fruit;  and  any  or  all  of 
these  may  at  times  reach  the  human  alimentary  canal, 
where  according  to  their  adaptability  they  become  occa- 
sional, accidental,  or  pseudoparasites.  Their  presence 
may  be  made  known  at  once  by  adverse  conditions,  or 
they  may  remain  long  undetected  so  that  their  source  is 
fully  unknown.  They  may  reach  peculiar  locations,  as 
is  shown  by  the  flesh  fly  maggot  taken  from  an  abscess 
in  the  middle  ear,  which  it  had  in  all  probability  reached 
by  active  migration  through  the  Eustachian  tube,  having 
been  introduced  into  the  throat  with  a  piece  of  meat. 

Factors  Controlling  the  Abundance  of  Parasites. — The 
life  of  man  in  communities  led  at  first  to  a  large  increase 
in  the  number  of  parasites  and  to  frequent  epidemics ; 
and  both  of  these  results  were  due  to  conditions  resulting 
from  the  communal  life.  Of  primary  importance  is  the 
impure  water  supply  which  semicivilized  communities 
are  wont  to  draw  from  the  nearest  pool.  The  minute, 
well-protected  eggs  of  parasites  distributed  in  fecal  mat- 
ter everywhere  (for  such  communities  are  not  exacting  in 
their  demands  for  the  disposition  of  waste)  are  carried  by 
rain  water  and  distributed  over  large  areas  contiguous  to 
the  settlements  and  contaminate  generally  the  surface 
water  of  the  district.  In  case  the  parasite  develops  di- 
rectly, the  human  host  becomes  infected  by  the  use  of 
this  surface  water ;  and  if  it  is  a  form  requiring  a  second- 
ary host,  the  same  conditions  give  it  easy  access  to  the 
forms  which  serve  as  such,  since  these  are  largely  domes- 
tic animals.  The  close  relation  of  the  abundance  of 
parasites  to  the  water  supply  is  well  illustrated  by  the 
case  of  Bothrioceplialus  latus.  This  form  is  very  common 
in  a  few  regions  in  Europe,  all  of  which  are  proximate  to 
bodies  of  water.  The  intermediate  host  is  a  fish,  and  the 
very  means  adopted  by  civilized  communities  for  remov- 
ing danger  of  contamination  from  waste,  namely,  the 
sewage  system,  became  the  medium  through  which  the 
eggs  and  embryos  were  carried  into  the  lake.  There  they 
found  suitable  secondary  hosts  in  the  fish  which  subse- 
quently reached  the  city  markets  further  to  infect  the 
populace.  The  life  cycle  was  complete  within  narrow 
geographical  limits,  and  the  element  of  chance  which 
plays  a  large  part  in  limiting  the  numbers  of  parasitic 
animals  was  reduced  to  lowest  terms. 

The  dangers  of  parasitic  infection  in  communal  life, 
which  pays  little  attention  to  the  amount  and  character 
of  surrounding  surface  water,  is  also  illustrated  by  the 
spread  of  malaria,  elephantiasis,  and  yellow  fever,  wliioh 
depend  upon  the  abundance  of  mosquitoes  bred  in  this 
casual  water.  It  has  been  abundantly  shown  that  crimi- 
nal carelessness  on  the  part  both  of  individual  and  com- 
munity has  multiplied  breeding  places  and  contributed 
materially  to  the  spread  of  these  diseases.  Even  the  in- 
vention of  protective  screens  has  not  been  able  to  cope 
with  these  aggravating  carriers  of  disease. 

The  habit  of  the  isolated  individual  is  also  that  of  the 
community,  even  such  as  may  be  well  advanced  in  the 
social  scale,  namely,  to  deposit  human  excrement  indis- 
criminately. This  method,  which  even  to-day  is  practised 
in  some  parts  of  the  United  States,  is  well  calculated  to 
give  to  eggs  of  parasites  a  maximum  opportunity  for  de- 
velopment. The  same  opportunity  is  afforded  when  the 
Chinese  gardener  employs  for  the  enrichment  of  his  gar- 
den patch  human  excrement  from  the  neighboring  vil- 

The  same  massing  of  individuals  which  has  made  the 
community  more  liable  to  parasitic  infection  plays  its 
part  in  the  infection  of  the  secondary  hosts,  especially 
those  which  are  domesticated  animals.  If  the  ground  on 
which  cattle  are  grazing  becomes  infected  by  tapeworm 
eggs  the  entire  herd  may  receive  bladder  worms.  The 
infection  of  a  single  hog  with  trichinee  means  the  con- 
tamination of  the  entire  group  if  the  pernicious  habit  is 
followed  of  feeding  to  others  the  remnants  of  a  slaugh- 
tered animal.  Just  here  is  the  chief  reason  for  the  strong 
condemnation  which  has  been  visited  upon  local  slaugh- 
ter-houses. They  regularly  feed  the  offal  to  hogs,  and 
by  so  doing  further  the  spread  of  such  parasites.  In  the 
large  packing  establishments  the  requirements  of  modern 
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industrial  success  are  met  by  regulations  which  cure  the 
evils  referred  to.  All  remnants  are  used  and  are  sub- 
jected to  processes  which  destroy  whatever  parasites 
may  be  included.  Under  these  conditions  one  may 
safely  predict  the  gradual  disappearance  of  parasites,  es- 
pecially with  the  co-operation  of  certain  factors  not  yet 
mentioned. 

In  addition  to  municipal  features  as  noted,  personal 
habits  play  an  important  part.  Cleanliness  of  person 
and  hands,  coupled  with  careful  ablution  not  only  of  the 
person  but  also  of  the  various  articles  of  food,  reduces 
the  percentage  of  parasitic  infection.  A  simple  infec- 
tion of  Trieliooeplialus  becomes  manyfold  greater  by  the 
accidental  transfer  of  eggs  from  the  skin  near  the  anus, 
where  they  are  deposited,  to  the  mouth.  The  reality  of 
such  supposed  auto-infection  is  proved  by  the  high  de- 
gree of  infection  among  insane  and  defective  classes 
which  are  known  to  exercise  little  care  over  personal 
cleanliness.  No  doubt  maxiy  eggs  of  parasites  are  intro- 
duced on  salads  and  other  uncooked  foods  which  are 
eaten  without  sufficiently  careful  cleansing  previously. 

The  employment  of  footgear  and  hand  coverings  is  in- 
fluential also,  because  it  reduces  directly  the  likelihood  of 
infection  fi-om  eggs  of  parasites  contained  in  earth,  etc., 
which  with  uncovered  hands  become  temporarily  im- 
prisoned beneath  the  finger  nails  of  the  field  laborer. 
These  coverings  may  also  play  a  considerable  part  in 
preventing  infection  with  Uncinaria  if  the  observations 
of  Looss  are  confirmed  that  the  larvae  enter  the  body  by 
an  active  migration  through  the  skin,  chiefly  of  the 
hands  and  feet,  with  which  they  come  in  contact  in  the 
ease  of  field  laborers. 

Another  factor  which  has  tended  to  reduce  the  percen- 
tage of  parasitic  infection  is  the  less  intimate  association 
of  the  more  highly  civilized  individuals  with  domestic 
animals,  especially  dogs.  The  parasites  of  these  ani- 
mals, and  in  particular  one  species,  Tmnia  ecldnococcva, 
possess  great  clinical  importance  for  man.  Not  only  is 
it  apparently  less  frequent  than  previously,  but  also  its 
frequence  is  certainly  greatest  now  in  those  regions  in 
which  the  inhabitants  live  most  familiarly  with  their 
dogs.  It  should  be  noted  also  that  the  initial  infection 
of  the  dog  is  prevented  by  keeping  from  it  the  offal  from 
slaughtered  cattle  and  sheep. 

Probably  more  influential  than  any  other  factor  in  de- 
termining the  reduction  in  degree  of  parasitism  is  the  xise 
of  cooked  food.  A  large  part  of  the  flesh  food  of  semi- 
civilized  man  is  eaten  raw  or  only  partially  cooked,  in 
which  condition  the  larval  parasites  are  capable  of  de- 
velopment to  the  adult  on  reaching  the  alimentary  canal 
of  the  new  host.  Were  all  animal  food  eaten  only  when 
thoroughly  cooked,  the  common  tapeworms  and  the 
dreaded  TricMnella  would  cease  to  have  clinical  impor- 
tance. The  abundance  of  Tmnia  saginaia,  the  beef  tape- 
worm, where  beef  is  eaten  raw,  of  T.  solium,  the  pork 
tapeworm,  where  raw  ham  is  a  delicacy,  and  of  Bibothri- 
ocepJialus  latus,  the  broad  tapeworm,  where  partly  cured 
fish  is  eaten  uncooked,  furnishes  the  demonstration  of  the 
proposition  advanced.  And  so  long  as  pork  is  eaten  un- 
cooked cases  of  trichinosis  will  occur,  whatever  means 
may  be  taken  to  reduce  the  danger  by  meat  inspection. 

That  factor  which  is  about  to  be  considered  is  destined 
to  play  the  greatest  r61e  in  the  limitation  of  parasitism ; 
it  is  the  intellectual,  and  by  it  is  brought  about  the  deter- 
mination of  a  rational  hygiene  and  its  application  by  the 
individual.  National  prejudice  or  established  custom 
can  oppose  its  introduction  only  temporarily,  and  it  must 
ultimately  succeed  in  reducing  to  lowest  terms  the  para- 
sitic infections  of  man  and  the  important  food  animals. 
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PARATHYROIDS.  (NORMAL  AND  PATHOLOGICAL 
ANATOMY.)— In  1880  Sandstrom  discovered  the  pres- 
ence of  sraall  glandular  organs  on  the  posterior  surfaces 
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of  the  lateral  lobes  of  the  thyroid.  He  found  these  to  be 
of  constant  occurrence,  and  from  their  structure  regarded 
them  as  embryonic  thyroid  tissue ;  he  accordingly  named 
them  glandulw  parathyroidem.  A  year  later,  the  same 
organs  were  independently  discovered  by  Stieda  in  em- 
bryos of  the  pig,  and  by  Baber  in  different  animals.  The 
former  regarded  them  as  carotid  glands,  the  latter  as  em- 
bryonic thyroid  tissue.  But  little  attention  was  paid  to 
these  glands  until  1891,  when  Gley  asserted  their  impor- 
tance. In  the  few  years  immediately  following,  his  state- 
ments were  supported  by  numerous  observers.  In  1895 
the  first  careful  study  of  the  minute  anatomy  of  the  para- 
thyroid was  given  by  Schaper.  Numerous  experimental 
investigations  followed,  both  in  normal  and  thyroidecto- 
mized  animals,  showing  the  physiological  importance 
of  these  structures.  Various  names  have  been  proposed 
for  them:  " epithelial  bodies,"  " accesnory  glands,"  ^'acces- 
sory thyroids,"  '^ glandules  thymiques,"  etc.;  the  original 
designation  parathyroid  has  the  advantage,  however,  that 
the  organs  are  not  thereby  confused  with  the  accessory 
glands  having  the  true  thyroid  structure. 

As  to  the  physiology  of  the  parathyroids  and  their 
function  no  absolute  knowledge  has  yet  been  obtained. 
It  was  first  believed  that  they  had  a  direct  connection 
with  the  thyroid,  and  could  compensate  for  it.  Later 
experimental  investigations  in  transplantation  and  extir- 
pation, as  well  as  in  feeding  with  gland  substance,  have 
shown  that  the  parathyroids  have  a  function  distinct 
from  that  of  tlie  thyroid.  The  loss  of  the  thyroid  leads 
to  a  chronic  disease,  that  of  the  parathyroids  to  an  acutely 
fatal  disease.  Feeding  with  gland  substance  is  effective 
only  in  case  of  the  administration  of  the  same  gland  sub- 
stance as  that  of  the  organ  affected ;  thusrthyroid  feediug 
is  of  value  only  in  case  of  the  loss  of  the  thyroid,  and 
parathyroid  feeding  only  in  case  of  loss  of  the  parathy- 
roids. In  transplantation,  both  thyroid  and  parathyroid 
preserve  their  characteristic  structure. 

The  various  investigators  are  not  yet  agreed  as  to  the 
embryology  of  these  glands,  but  it  ma}-  be  regarded  as 
proved  that  the  parathyroid  bodies  lying  outside  of  the 
thyroid  have  an  independent  Anlage  in  the  fourth  gill 
pouch.  In  some  animals  there  occurs  constantly  an  epi- 
thelial body  included  in  thyroid  tissue,  which  probably 
arises  from  the  third  gill  pouch.  This  internal  epithelial 
body  occurs  so  rarely  in  man  that  its  presence  may  be 
regarded  as  a  probable  anomaly  of  development.  Fur- 
ther, the  parathyroids  arise  from  single  symmetrical  An- 
lagen,  and  their  occasional  multiplicity  is  to  be  ascribed 
to  a  secondary  snaring  ofif. 

The  parathyroids  occur  usually  in  pairs;  sometimes 
one  on  each  side,  or  two  on  one  side  and  one  on  the  other. 
The  writer  has  also  found  three  upon  one  side.  The  to- 
tal number  observed  has  never  been  greater  than  four. 

In  size  they  vary  greatly,  but  they  are  usually  very 
small ;  the  average,  as  found  by  the  writer,  being  about  Y 
mm.  long,  2-3  mm.  broad,  and  1.5  mm.  thick.  The  aver- 
age weight  is  about  0.3-0.3  gm.  They  are  often  almond- 
shaped,  having  one  end  recurved ;  but  the  shape  not  infre- 
quently suggests  the  spleen.  At  other  times  they  may 
be  flat,  cylindrical,  or  round.  Their  color  is  usually  pale 
brown,  but  may  be  brownish-red  or  bluish,  so  that  they 
are  easily  mistaken  for  hnemolymph  glands.  They  usu- 
ally lie  behind  the  lower  poles"of  the  lateral  lobes  of  the 
thyroid,  separated  from  the  thyroid  tissue  by  connective 
tissue,  their  convex  surfaces  lying  in  slight  depressions, 
on  the  under  surface  of  the  lobes.  Not  infrequently  they 
are  found  below  the  thyroid,  even  as  low  as  the  level  of 
the  clavicle.  It  is  often  very  difficult  to  recognize  the 
parathyroids  at  the  autopsy ;  therefore  all  of  the  glandu- 
lar structures  in  this  region  should  be  removed  for  mi- 
croscopical examination.  It  is  of  advantage,  in  case  the 
organs  are  not  easily  found,  to  take  out  the  neck  organs. 
in  toto  and  fix  them  in  formalin.  After  fixation  the  dis- 
section of  the  region  behind  and  below  the  thyroids  usu- 
ally results  in  the  determination  of  the  exact  location  and 
relations  of  the  parathyroids,  their  brown  color  becoming 
more  prominent  in  contrast  to  the  white  adipose  tissue 
about  them.    By  following  up  the  branches  given  off  from 
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the  inferior  thyroid  artery,  just  before  the  vessel  passes 
into  the  thyroid,  the  parathyroids  are  usually  easily  dis- 
covered. They  derive  their  blood  supply  from  these 
branches.  Their  veins  empty  into  the  veins  on  the  sur- 
face of  the  thyroid,  or  directly  into  the  inferior  thyroid 
vein.  But  little  is  known  of  "the  nerve  supply.  Sacer- 
dotti  and  Anderson  have  traced  nerve  fibres  along  the 
vessels  and  between  the  epithelial  cells. 

The  microscopical  appearances  are  those  of  a  gland 
having  a  delicate  capsule,  from  which  thin  connective- 
tissue  septa  pass  in,  supporting  the  larger  blood-vessels, 
and  separating  the  imperfectly  developed  lobules.  The 
general  appearance  of  the  gland  may  vary  greatly. 
Often  it  appears  as  a  single  mass  of  closely  placed  cells, 
between  which  run  numerous  delicate  capillaries,  form- 
ing a  network  in  the  meshes  of  which  lie  the  cell  groups 
or  alveoli.  No  connective  tissue  accompanies  the  capil- 
laries. In  other  cases  the  lobular  arrangement  is  much 
more  marked,  the  cells  showing  a  more  decided  cord-like 
or  alveolar  arrangement.  The  anastomosing  columns 
may  consist  of  a  single  row  or  of  several  rows  of  cells, 
arranged  upon  the  capillaries.  In  other  specimens  the 
cells  may  be  grouped  into  round  follicles.  Not  infre- 
quently all  three  types  are  found  in  one  gland. 

The  cells  vary  in  appearance,  so  that  three  chief  va- 
rieties may  be  distinguished.  The  majority  are  some- 
what larger  than  those  of  the  thyroid ;  the  nucleus  stains 
deeply,  the  protoplasm  but  slightly.  The  boundaries  of 
these  cells  are  visible  as  fine  lines.  Besides  these,  there 
are  large  polygonal  cells  with  deeply  staining  nucleus, 
very  granular  protoplasm  which  stains  deeply,  and  with 
sharp  cell  outlines.  The  third  type  of  cell  is  low,  colum- 
nar, and  is  arranged  upon  a  basement  membrane  in  such 
a  way  that  the  cells  radiate  toward  the  centre  of  the 
group,  giving  it  the  appearance  of  a  follicle.  In  the 
centre  of  this  a  definite  lumen  may  often  be  made  out. 
It  usually  contains  a  finely  granular  substance,  but  may 
contain  a  colloid-like  material.  Occasionally  the  follicles 
are  cystic.  Between  these  three  types  of  cells  there  are 
all  possible  transition  forms. 

Many  of  the  large  polygonal  cells  stain  heavily  with 
eosin,  resembling  closely  the  acidophile  cells  of  the  liy- 
pophysis.  In  others  fine  fat  droplets  are  often  present. 
The  follicular  arrangement  of  the  cells  is  always  more 
marked  when  the  lumen-like  opening,  containing  gran- 
ules or  colloid-like  material,  is  present.  The  different  ap- 
pearances presented  by  the  cell  indicate  most  probably 
different  stages  of  functional  activity. 

The  circulation  of  the  gland  is  sinusoidal  in  character, 
the  epithelial  cells  being  separated  from  the  blood  by  en- 
dothelium only,  connective  tissue  as  a  rule  not  accom- 
panying the  capillaries.  The  secretion  of  the  gland,  as 
clearly  shown  in  a  hypertrophic  parathyroid  obtained  by 
the  writer  in  a  case  of  acromegaly,  is  into  the  lymph 
vessels. 

According  to  Benjamins  colloid  is  constantly  present. 
The  writer  has  not 'found  this  to  be  the  case,  but  has 
found  constantly  in  the  open  follicles  a  finely  granular 
substance.  He  agrees  with  Benjamins  that  tlie  parathy- 
roids are  individual  and  constant  organs,  differing  m 
structure  and  function  from  both  the  fo3tal  and  the  ma- 
ture thyroid;  and  that  the  differences  in  size,  form,  and 
staining  reactions  represent  different  stages  of  functional 
activity. 

Pathology.— Variations  in  size,  shape,  and  number  ot 
the  glands  occur.  Cysts  lined  with  columnar  or  flattened 
epithelium  may  be  found  near  or  in  connection  with  the 
parathyroids,  as  congenital  "rests"  of  the  gill  pouch  or 
of  a  diverticulum  of  the  same.  Benjamins  suggests  that 
this  is  an  analogue  of  the  dixtiis  thyreoc/losms,  and  should 
be  designated  as  the  dmtus  parathyroideus.  The  writer 
has  observed  in  one  case  in  man  a  blind  duct,  lined  with 
low  columnar  cells,  passing  into  the  parathyroid,  its  epi- 
thelium being  directly  continuous  with  that  of  the  glaiid. 
Near  the  entrance  of  the  duct  into  the  parathyroid  there 
were  several  large  cystic  follicles  containing  coUoid-hke 
material. 

(Jirciihitory  Disittrbances.—ln  genei-al  venous  conges- 


tion the  capillaries  of  the  parathj-roids  are  dilated ;  in 
general  ansemic  conditions  they  are  collapsed  and  contain 
but  little  blood.  Local  aua;mia  may  be  caused  by  pix'ss- 
ure  of  strumous  tliyroids.  Hemorrhage,  oedema,  and  in- 
flammation may  also  be  caused  by  struma. 

Betrogreasive  Changes.  ^Prenmre  atrophy  maybe  caused 
by  struma  of  the  thyroid.  Fatty  atrophy  occurs  in  old 
age  and  in  cachexias.  Benjamins  has  observed  hydropic 
degeneration  in  groups  of  cells,  occurring  in  two  cases  in 
which  the  organ  was  hyperremic.  The  writer  lias  ob- 
tained a  reaction  for  mucin  in  the  cysts  found  in  one 
case.  He  further  regards  the  presence  of  colloid  material 
in  such  cysts  as  being  of  the  nature  of  a  degeneration. 

Hypertrophy. — In  a  case  of  acromegaly  with  adenoma- 
tous tumor  of  the  hypophysis  the  writer  found  great 
enlai'gement  of  the  parathyroids,  the  right  parathyroid 
weighing  1.5  gm.,  the  left  1.7  gm. ;  the  right  one  being 
nearly  3  cm.  long.  Both  were  deep  bluish-red.  The 
microscopical  examination  showed  the  follicles  to  be  for 
the  greater  part  cystic,  and  containing  finely  granular 
material  staining  deeply  with  eosin.  No  colloid  was 
found.  All  transition  stages  could  be  observed,  from  the 
closed  follicle  to  the  cystic  ones.  The  dilated  cystic  fol- 
licles could  be  seen  to  possess  direct  communication  with 
the  lymph  vessels.  The  thyroid  in  this  case  showed  in- 
terstitial increase  of  connective  tissue. 

Benjamins  has  seen  an  interstitial  hyperplasia  of  the 
connective  tissue  of  the  parathyroids  in  a  case  of  Base- 
dow's disease  associated  with  cirrhosis  of  the  liver. 

In  struma  ot  the  thyroid,  according  to  Benjamins, 
there  is  no  increase  of  size  in  the  parathyroids;  on  the 
contrary,  they  are  often  smaller,  and  are  either  normal 
or  show  retrogressive  changes  rather  than  progressive. 
These  changes  are  to  be  referred  to  the  pressure  of  the 
enlarged  thyroid. 

With  the  exception  of  the  one  case  mentioned  above, 
Benjamins  found  no  changes  in  the  parathyroids  in  Base- 
dow's disease. 

Benjamins  describes  a  tumor  attached  to  the  right  lobe 
of  the  thyroid,  which  in  structure  he  regards  as  closely 
resembling  that  of  the  parathyroid,  and  regards  its  origin 
from  the  latter  as  possible. 

Functional  Relation  betioeen  Thyroid  and  Parathyroid. 
—The  evidence  at  present  is  against  the  existence  of  any 
close  functional  relationship  between  these  organs.  In 
conditions  of  extensive  thyroid  disease  the  parathyroids 
are  normal  or  only  secondarily  affected.  In  a  case  of 
cretinism  with  total  defect  of  the  thyroid,  reported  by 
Maresh  and  Peucker,  tlie  parathyroids  were  normal. 
Other  disturbances  of  development  of  the  thyroid  occur, 
in  which  cases  the  parathyroids  are  found  to  be  normally 
developed.  In  a  case  of  pigment  atrophy  of  the  thyroid 
Benjamins  found  the  parathyroids  normal.  According 
to  Vassali  and  Ge'nerali,  if  the  parathyroids  be  removed 
at  the  same  time  with  tlie  thyroid  tetany  results.  If  the 
parathyroid  on  one  side  alone  be  removed,  the  tetany  is 
transitory.  If  the  parathyroids  are  not  removed,  ca- 
chexia strumipriva  or  myxoedema  follows. 

Whether  the  case  of  hypertrophy  of  the  parathyroids 
in  acromegaly  is  to  be  regarded  as  a  compensatory  hy- 
pertrophy on  the  part  of  these  organs  for  the  hypophy- 
sis or  is  to  be  explained  as  a  part  of  the  general  hyper- 
trophy occurring  in  the  disease,  the  writer  is  not  able  to 
decide  The  evidences  of  excessive  secretory  activity 
would  favor  the  former  view.  (See  Benjamins,  "Ueber 
die  Glandule  parathyroids!,"  Beitrdgeeur  pathologiaehen 
Anatomic,  31,  1902.)  Aldred  Scott  Warthtn. 

PARATYPHOID  FEVER.— Up  to  the  time  when  the 
Gruber-Durham-Widal  reaction  came  to  be  used  as  a 
routine  method  in  the  diagnosis  of  typhoid  fever  no  hesi- 
tation was  felt  in  classing  all  the  cases  presenting  certain 
svmptoms  as  typhoid  fever;  but  with  the  use  of  this 
method  it  has  been  recently  discovered  that  in  some  cases 
the  characteristic  serum  reaction  fails.  In  these  it  has 
been  found  possible  to  isolate  from  ffeces,  urine,  blood, 
and  various  other  situations,  organisms  which  have  been 
carefully  deswibed  by  a  number  of  workers,  and  which 
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agree  in  morphological  and  cultural  characteristics  closely- 
enough  to  be  at  least  classed  in  one  group,  if  not  actually 
identified  with  one  another.  Such  organisms  have  been 
spoken  of  as  "typhoid-like  bacilli"  or  "paratyphoid  ba- 
cilli," and  the  clinical  phenomena  in  such  infections  may 
perhaps,  from  their  resemblance  to  typhoid  fever,  be 
suitably  spoken  of  as  paratyphoid  fever. 

The  disease  has  occurred,  sometimes  in  small  epidem- 
ics, in  several  places  in  Europe,  notably  in  Paris,  Bremen, 
etc.,  and  has  also  been  observed  in  American  cities.  _  It 
seems  to  attack  persons  of  any  age,  but  the  average  in  a 
number  of  cases  was  about  twenty-seven  years.  The 
symptoms  resemble  very  closely  those  of  typhoid  fever- 
indeed,  one  cannot  point  out  any  symptom  of  pathogno- 
monic importance,  so  far  as  our  knowledge  yet  extends. 
The  onset  is,  as  a  rule,  with  headache  and  general  malaise, 
with  some  stupor.  There  is  a  continuous,  if  irregular, 
high  temperature  lasting  throughout  the  illness  and  ter- 
minating gradually  by  lysis,  after  a  duration  generally 
of  about  four  weeks.  The  spleen  is,  as  a  rule,  not  mark- 
edly swollen,  and  often  is  not  at  all  palpable.  In- 
testinal symptoms  are  not  characteristic — there  may  be 
diarrhoea,  or  constipation  may  persist  throughout  the 
course  of  the  illness ;  in  some  cases  there  has  been  intes- 
tinal hemorrhage.  The  blood  shows  no  typical  changes 
— the  leucocytes  are,  as  a  rule,  not  increased.  Rose  spots 
are  very  often — indeed  generally' — present.  Various 
complications,  such  as  bronchitis,  abscesses  in  various 
localities,  slight  hemorrhages,  etc.,  have  occurred,  and  in 
one  case  (that  of  Gushing)  there  was  a  costo-chondral 
osteomyelitis  from  which  the  organism  was  isolated. 

The  prognosis  on  the  whole  seems  very  good,  as  of 
twenty-six  or  more  reported  cases  only  a  small  number 
were  fatal  and  two  or  three  autopsy  records  only  are  at 
our  command.  Most  of  the  cases  have  terminated  by 
lysis — convalescence  progressing  much  as  after  typhoid 
fever,  while  in  one  or  two  described  by  Kurth  a  sort  of 
crisis  occurred. 

At  autopsy  it  is  found  in  these  cases  that  there  is  no 
intestinal  lesion  whatever;  the  Peyer's  patches  and  soli- 
tary follicles  are  not  swollen  and  show  microscopically 
no  lesion.  The  spleen  is  somewhat  enlarged  and  soft, 
and  on  section  has  a  dull,  opaque,  grayish-pink  color. 
Microscopically  there  is  no  great  proliferation  of  the  en- 
dothelial cells,  and  no  red-corpuscle-carrying  cells  are 
seen,  although  the  lymphoid  cells  of  the  splenic  pulp  are 
more  abundant  than  normal.  In  one  case  focal  necroses 
have  been  described  in  the  liver. 

Little  characteristic  as  the  symptoms  and  pathological 
lesions  are,  the  bacteriological  findings  are  fairly  definite 
and  serve  well  to  outline  this  group  of  cases.  There 
have  been  isolated  by  various  workers  (Gwyn,'  Gushing,'' 
SchottmuUer,"  Kurth,''  Johnston,"  Hewlett,*  Longcope,' 
and  others)  bacilli  designated  under  various  names  and 
still  closely  enough  related  to  be  classed,  with  some  ap- 
proach to  unanimity,  as  a  group  standing  half-way  in  its 
properties  between  the  Bacillus  typhosus  and  the  B.  coli, 
and  very  closely  related  indeed  to  the  so-called  group  of 
Gartner,  the  type  of  which  is  the  B.  enteritidis,  a  form 
associated  with  the  epidemics  following  meat  poisoning. 
Morphologically  these  paratyphoid  bacilli  cannot  be  dis- 
tinguished from  the  typhoid.  On  the  ordinary  culture 
media,  such  as  agar,  gelatin,  bouillon,  etc. ,  their  growth 
is  practically  identical  with  tliat  of  typhoid.  In  litmus 
milk  they  produce,  as  a  rule,  acid  at  first  with  terminal 
alkalinity  if  exposed  to  the  air  and  they  do  not  clot  the 
milk.  Unlike  the  B.  typhosus  they  ferment  glucose  with 
the  production  of  acid  and  gas,  while  with  lactose  media 
they  produce  no  gas.  In  these  latter  respects  they  most 
closely  resemble  the  group  of  B.  enteritidis.  The  produc- 
tioh  of  indol  is  very  slight  and  even  somewhat  doubtful. 

Par  more  definite,  however,  than  the  results  of  these 
cultural  methods  of  differentiation  are  the  serum  reac- 
tions. It  is  found  that  the  serum  of  such  a  patient  will 
never  agglutinate  the  typhoid  bacilli ;  it  will,  however, 
in  great  dilutions,  agglutinate  the  bacilli  isolated  from 
the  patient's  blood,  and  sometimes  even  the  bacilli  from 
other  cases.     Some  of  the  organisms  described,  however, 
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such  as  those  of  Gwyn  and  Gushing,  practically  identi- 
cal as  they  are  culturally,  refuse  to  be  agglutinated  by 
one  another's  sera.  Similarly,  while  it  is  possible  to  im- 
munize laboratory  animals  from  each  of  these  bacilli,  so 
that  their  serum  in  the  greatest  dilution  will  agglutinate 
the  bacilli  used,  it  is  often  found  that  the  bacilli  from 
another  epidemic  or  from  another  case  will  not  be  agglu- 
tinated by  this  serum.  Nevertheless,  it  seems  justifiable 
to  consider  these  organisms  extremely  closely  related,  if 
not  quite  identical,  and  even  if,  as  has  been  suggested, 
they  are  merely  the  results  of  altered  environment  on  tj'- 
phoid  or  colon  bacilli,  they  have  acquired  such  characters 
as  to  secure  them  a  specific  value. 

To  resume,  therefore,  we  have  in  this  recently  described 
group  of  cases  a  disease  clinically  in  every  respect  resem- 
bling a  mild  typhoid  fever,  but  in  which  the  general 
septicaemia  is  not  as  in  typhoid  associated,  so  far  as  we 
know,  with  such  definite,  localized  pathological  lesions. 
The  serum  reaction  fails  with  the  typhoid  bacilli,  but  is 
positive  in  great  dilution  with  the  characteristic  bacilli 
which  can  generally  be  isolated  from  the  blood  and  faeces, 
and  which  morphologically  and  culturally  are  closely  re- 
lated to  the  group  of  B.  enteritidis  and  to  the  B.  typho- 
sus, and  from  this  relation  are  designated  paratyphoid 
bacilli.  William  G.  MacCallum. 
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PAREIRA  BRAVA.— Pamra,U.  S.  P.;  Pareirm  radix, 
B.  P.  The  root  of  Oliondrodendron  tomentoaum  Ruiz  et 
Pavon  (fam.  Menispermacece). 

This  drug  is  derived  from  a  tall  woody  twiner  of  Brazil 
and  adjacent  parts  of  tropical  South  America.  It  was 
first  introduced  to  the  notice  of  physicians  in  Europe 
about  two  hundred  years  ago,  and  after  a  period  of  neg- 
lect was  again  brought  forward  in  the  early  part  of  this 
century.  It  is  very  little  used  at  present — at  least  in  this 
country.  During  this  period  several  other  closely  re- 
lated products  from  allied  genera  have  been  imported  as 
pareira  brava,  adding  much  to  the  botanical  confusion 
in  regard  to  its  source.  The  "false  pareiras"  appear  to 
have  about  the  same  slight  degree  of  usefulness  as  the 
genuine. 

Pareira  occurs  in  subcylindrical,  knotty,  and  some- 
what tortuous,  hard,  heavy,  and  tough  pieces,  of  indef- 
inite length  and  1-6  cm.  (J  to  2^  in.)  thick;  externally 
dark  brown  or  blackish,  longitudinally  wrinkled  and 
bearing  transverselj'  elongated  protuberances  or  incom- 
plete annular  ridges,  as  well  as  constrictions,  or  occa- 
sionally fine  fissures ;  the  dried  transverse  surfaces  exhibit 
several  equilaterally  concentric  circles  of  interrupted, 
porous  wood  wedges,  projecting  beyond  the  markedly  re- 
tracted intervening  tissue  of  the  rather  large  medullary 
rays;  internally  pale  brown  or  yellowish-brown,  when 
freshly  cut  having  a  waxy  lustre ;  inodorous  and  bitter. 

Of  the  several  spurious  pareiras,  all  have  a  gray  or 
grayish-brown  surface  instead  of  the  blackish  color  of  the 
genuine,  and  are  less,  or  not  at  all,  knotty  and  roughened. 
None  cuts  with  its  waxy  lustre,  and  all  are  lighter  in 
weight  and  less  solid. 

Pareira  contains  from  three-fourths  to  one  per  cent, 
of  an  alkaloid  which  is  probably  pelosine,  similar  to,  if 
not  identical  with,  buxine  of  box,  and  biberine  of  green- 
heart  bark.  A  little  tannin  also  exists,  together  with 
starch,  gum,  and  about  eight  per  cent,  of  ether-soluble 
fat. 

Action  and  Uses.— "What  we  know  of  the  constituents 
of  pareira  and  their  actions  does  not  support  the  thera- 
peutical ideas  upon  which  its  use  is  based.  It  is  known 
to  be  a  fairly  good  bitter  tonic,  and  slight  anti-periodic 
properties  may  be  reasonably  assumed.  Its  use,  how- 
ever, is  chiefly  as  a  diuretic,  and  in  inflammatory  diseases 
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of  the  genito-urinary  organs,  more  especially  in  orchitis. 
While  it  does  appear  to  have  a  slight  diuretic  action,  the 
idea  of  its  use  in  this  way  probably  depends  upon  admin- 
istering it  in  decoction  well  diluted  with  water.  Cer- 
tainly, the  idea  of  its  having  the  great  diuretic  value  once 
ascribed  to  it  has  been  completely  abandoned.  There  is 
good  clinical  evidence  of  a  moderate  degree  of  usefulness 
in  the  other  directions  named,  although  such  action  is  by 
no  means  certain  or  uniform. 

The  Pharmacopoeia  provides  a  fluid  extract  made  with 
ten  per  cent,  of  glycerin,  of  which  the  dose  is  a  flui- 
drachm.  For  its  diuretic  eilects,  the  five-percent,  decoc- 
tion is  best  employed. 

Allied  Dbug. — The  drug  wliich  is,  in  the  United 
States  and  England,  regarded  as  the  principal  adulterant 
or  substitute  of  pareira  is  that  wholly  or  partly  specified 
in  some  pharmacopoeias,  namely,  the  root  of  Cissampelos 
Pareira  L.,  a  plant  of  similar  habit  and  growing  in  the 
same  region,  though  much  more  widely  distributed,  and 
believed  also  to  grow  In  India.  The  root  is  generally 
smaller  than  pareira  and  is  of  a  brown  or  gray-brown 
color;  longitudinally  much  grooved  and  transversely 
fissured,  and  readily  losing  its  bark  when  kept  in  stock. 

The  alkaloid  of  this  drug  has  been  proven  to  be  pelo- 
sine.  Cissampelos  is  believed  to  act  much  like  pareira, 
though  it  is  more  generally  used  as  a  tonic. 

A  number  of  other  tropical  American  drugs  are  locally 
known  as  "pareira,"  but  they  bear  no  resemblance  to  the 
genuine  article.  Henry  H.  Rushy. 

PARIS  CHALYBEATE  SPRINGS.— Lawrence  County, 
Missouri.  Post-Officb. — Paris  Springs.  Hotel  and 
cottages. 

AccKss.— Via  Kansas  City,  Fort  Scott,  and  Gulf  Rail- 
road to  Ash  Grove,  thence  two  miles  by  stage  to  springs. 

The  springs  are  delightfully  located  in  the  Ozark 
Mountains,  the  surrounding  country  being  interspersed 
with  beautiful  glens,  green  meadows,  dense  forests,  and 
orchards.  The  elevation  (1,500  feet  above  the  sea  level) 
is  sufficient  to  assure  freedom  from  depressing  heat  in  the 
summer  time.  The  spring  yields  about  one  hundred  and 
twenty  gallons  of  water  per  hour,  having  a  temperature 
of  53°  F.  A  qualitative  examination  showed  the  pres- 
ence of  oxide  of  iron  in  solution,  besides  the  carbonates 
of  lime  and  magnesia,  the  chlorides  of  sodium,  potas- 
sium, and  iodine.  A  complete  qualitative  analysis  is  de- 
sirable. Patients  suffering  from  disorders  of  liver,  kid- 
neys, stomach,  skin,  and  nervous  system  have  found 
great  benefit  from  a  sojourn  at  the  springs.  The  tonic 
properties  of  the  water  have  been  well  shown  in  the 
debility  of  anremia  and  in  various  disorders  of  the  female 
sexual  system.  James  K.  Crook. 

PARIS,  PARISETTE.— A  European  plant,  Paris  quadr- 
rifoUa  Linn.,  belonging  to  the  order  Liliacece,  and  closely 
allied  to  the  Trillium,  which  is  so  common  as  an  Ameri- 
can wild  flower.  Experiments  with  an  extract  prepared 
from  the  entire  plant  show  that  it  exercises  a  direct  action 
upon  the  medullary  centres.  It  at  first  produces  a  short 
period  of  excitation  which  is  followed  by  a  dimmution 
of  sensibility  and  reflex  action,  and  a  slowing  and  weak- 
ening of  the  respiration  and  heart  beats. 

It  was  suggested  that  it  might  prove  of  value  as  a 
substitute  for  aconite,  but  it  has  failed  to  obtain  any  rec- 
ognition as  a  therapeutic  agent.  Beaumont  Small. 

PARKER  MINERAL  SPRING.— McKean  County,  Penii- 
sylvania.  Post-Officb.— Gardeau.  Hotel  and  sani- 
tarium. TTT     i  TVT 

Access.— Gardeau  is  a  station  on  the  Western  New, 
York  and  Pennsylvania  Railroad,  four  passenger  trams 
daily  stopping  at  this  point.  . 

This  resort  is  located  in  the  Alleghany  Mountams,  on 
the  headwaters  of  a  branch  of  the  Susquehanna  River. 
The  elevation  here  is  about  3, 000  feet  above  the  sea  level. 
The  country  in  this  part  of  Pennsylvania  is  still  wild  and 
sparsely  settled.  Dense  forests  of  hemlocks  are  frequent, 
and  bear  and  deer  may  yet  be  found  to  reward  the 


hunter's  pursuit.  Mountain  trout  streams  abound.  It 
is  scarcely  necessary  to  add  that  the  climate  in  this  wild 
and  rugged  region  is  bracing  and  salutary.  In  1865  the 
present  mineral  well  was  drilled  on  the  site  of  an  oil 
spring.  At  650  feet  a  vein  of  water  was  struck  that 
flows  from  the  top  of  the  well  in  an  unvarying  current 
of  about  seventy  gallons  per  hour.  After  some  delay  a 
bathhouse,  sanitarium  and  hotel  were  built,  and  the 
place  has  developed  into  a  very  comfortable  and  attrac- 
tive resort.  An  analysis  of  the  water  by  Henry  Trimble, 
analytical  chemist  of  Philadelphia,  resulted  as  follows: 
One  United  States  gallon  contains:  Magnesium  chloride, 
gr.  109.84;  calcium  carbonate,  gr.  11.95;  calcium  chlor- 
ide, gr.  321.92;  sodium  chloride,  gr.  382.55;  potassium 
chloride,  traces;  silica,  gr.  1,33.  Total,  637.59  grains. 
Temperature  of  water  at  spring,  50°  F. 

This  is  a  richly  impregnated  saline  water  of  the  mag- 
nesic-sodic-calcic  variety.  When  used  under  proper  med- 
ical supervision  it  ought  to  exert  a  very  beneficial  influ- 
ence in  a  variety  of  disordered  states  of  the  physical 
economy.  It  should  always  be  taken  at  first  in  small 
quantities.  The  water  has  been  found  to  possess  active 
cathartic  and  diuretic  properties.  It  is  also  a  stimulant 
to  the  gastric  mucous  membrane,  promoting  the  flow  of 
gastric  juice  and  aiding  the  process  of  digestion.  The 
best  effects  of  the  water  will  be  observed  in  atonic  dys- 
pepsia, torpor  of  the  liver,  abdominal  venosity,  constipa- 
tion, in  nephritis  with  scanty,  highly  colored  urine,  and 
in  irritable  states  of  the  bladder.  At  the  resort  it  is  also 
used  in  the  form  of  baths  in  a  variety  of  conditions.  The 
water  is  bottled  and  shipped  to  any  desired  point. 

Jame^  K.  Crook. 

PARK'S  SPRINGS.— Caswell  County,  North  Carolina. 
Post-Officb. — Pelham. 

These  springs  are  located  six  miles  east  of  Pelham,  but 
they  do  not  seem  to  be  used  much  as  a  resort.  The 
waters,  however,  are  used  commercially,  and  are  highly 
recommended  by  physicians  of  North  Carolina  and  the 
neighboring  States  in  chronic  constipation,  dyspepsia, 
and  portal  congestion.  The  following  analysis  was  made 
not  long  ago  by  Prof.  Albert  R.  Ledoux,  Ph.D.,  of  the 
State  Agricultural  Experiment  Station  at  Chapel  Hill: 
One  United  States  gallon  contains  Magnesium  sulphate, 
gr.  1.50;  sodium  sulphate,  gr.  1.48;  iron  oxide,  gr.  3.50; 
alumina,  gr.  3.50;  uncombined  sulphur,  gr.  0.15;  cal- 
cium carbonate,  gr.  4.80;  silica,  a  trace ;  sodium  chloride, 
a  trace.     Total,  14.93  grains. 

In  its  chemical  constitution  the  water  bears  some  slight 
resemblance  to  the  well-known  Hunyadi-Janos  water  of 
Hungary.  It  is  a  valuable  chalybeate,  but  must  be  taken 
in  considerable  quantities  to  secure  a  purgative  action. 

James  K.  Crook. 

PARONYCHIA.    See  Bands  and  Fingers,  etc. 

PAROTID  GLAND,  DISEASES  AND    INJURIES    OF, 

—I.  INJUKIBS.— The  parotid  gland  may  be  injured  from 
the  outside  through  the  cheek  or  from  the  inside  through 
the  mouth  or  pharynx.  The  more  common  injuries  in 
the  reported  cases  have  been  the  result  of  blows  and 
sword  thrusts  and  have  proved  of  little  importance. 
However,  occasionally  hemorrhage,  venous  or  arterial, 
may  be  alarming,  and  if  it  cannot  be  controlled  by  press- 
ure one  or  more  vessels  will  have  to  be  ligated.  The 
internal  and  external  carotid  and  the  vertebral  arteries 
have  been  severed  in  such  wounds ;  when  this  occurs,  if 
it  is  found  impossible  to  ligate  the  arteries  in  the  wound, 
the  common  carotid  should  be  at  once  exposed  and  tied. 
Hemorrhage  may  always  be  temporarily  controlled  by 
pressure.  Associated  injury  to  the  facial  nerve  may 
cause  a  more  or  less  complete  unilateral  facial  paralysis 
with  areas  of  ansesthesia,  and  in  such  a  case  an  attempt 
should  at  once  be  made  to  suture  the  ends  of  the  divided 

DGrVG 

An  injury  to  the  gland  substance  is  usually  demon- 
strated by  the  flow  of  saliva  from  the  wound  after  the 
hemorrhage  has  been  controlled.    The  escape  of  the  fluid 
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secreted  is  usually  augmented,  in  such  a  case,  b}^  the 
movements  of  the  jaws  in  mastication  and  by  the  reflex 
stimulation  caused  by  the  ingestion  of  food. 

Injuries  to  Stenson's  duct  are  important  on  account  of 
the  conditions  to  which  they  give  rise  and  of  the  difflcul- 
ties  which  stand  in  the  way  of  successful  treatment. 
The  duct  is  more  often  divided  or  lacerated  on  the  mas- 
seter,  where  it  is  more  fixed,  than  on  the  buccinator, 
where  it  is  moderately  movable.  The  fact  of  its  having 
been  divided  is  made  evident  by  the  flow  of  salivafrom 
the  wound.  Occasionally  spontaneous  healing  occurs, 
but  the  results  to  be  feared  are  either  the  formation  of  a 
fistula,  the  common  termination,  or  the  obliteration  of 
the  duct,  a  sequel  of  more  rare  occurrence.  Stenosis  of 
the  duct  may  lead  to  the  formation  of  a  cyst  and  event- 
ually, as  stated  by  some  authorities,  to  complete  atrojjhy 
of  the  gland. 

The  treatment  of  injuries  to  the  parotid  and  its  duct 
demands  first  of  all  the  control  of  hemorrhage.  Ligation 
of  a  vessel  in  the  wound  is  difficult  if  it  is  large,  and, 
if  it  is  not  possible  to  ligate  the  internal  and  external  car- 
otids singly,  the  common  carotid  should  be  tied.  The 
vertebral  artery  has  been  ligated  in  its  first  part  and  also 
in  the  vertebral  canal  after  removal  of  a  transverse  proc- 
ess. If  hemorrhage  from  collaterals  persists,  pressure 
and  cold  applications  will  be  found  sufficient  to  control 
it.  The  possibility  of  the  formation  of  a  fistula  and  tlie 
danger  of  secondary  infection  of  the  gland  afford  us  two 
special  reasons  for  seeking  primary  union  in  wounds  of 
this  locality. 

Immobility  of  the  head  and  jaw  should  be  secured  with 
starch  or  plaster  splints,  and  for  a  few  days  fluid  food 
only  should  be  administered  through  a  tube.  Talking 
■should  be  forbidden. 

II.  Pakotid  Fistul.\. — Parotid  fistula  is  a  condition  in 
which  the  normal  secretions  of  the  gland  escape  through 
an  abnormal  opening  on  the  side  of  the  face  or  into  the 
mouth;  in  the  latter  case  the  lesion  is  of  no  pathological 
importance.  Among  the  causes  may  be  mentioned 
wounds  involving  the  gland  or  Stenson's  duct,  either 
accidental  or  made  during  the  removal  of  diseased  lym- 
phatic glands  or  tumors,  abscess  formation  and  ulceration 
following  calculus  or  necx'osis  of  the  jaw,  and  involve- 
ment of  the  gland  or  duct  in  a  tuberculous  or  syphilitic 
process. 

In  a  case  of  fistula  there  are  usually,  on  the  outside  of 
the  cheek,  a  small  opening  surrounded  by  a  few  granu- 
lations and  a  circumscribed  area  of  reddened  and  irri- 
tated skin.  If  there  is  no  obstruction  in  the  duct  the 
fistula  often  heals  spontaneously ;  but  at  times  the  fistu- 
lous condition  is  very  persistent  and  obstinately  resists 
treatment. 

Slight  weeping  of  the  gland  from  injury  to  the  glan- 
dular substance  heals  spontaneously  in  a  few  days. 

Treatment. — This  consists  primarily  in  removal  of  the 
cause  of  the  abscess  or  ulceration  by  local  and  constitu- 
tional measures,  and  the  reduction  of  the  lesion  to  a  sim- 
ple fistula.  If  the  patient  is  seen  soon  after  the  injury 
has  been  inflicted  a  small  silver  probe  may  be  passed 
through  the  orifice  of  the  duct  in  the  mouth  and  into  the 
proximal  portion  of  the  severed  duct,  and  an  attempt  be 
then  made  to  suture  the  ends  of  the  duct  with  fine  catgut 
sutures,  this  material  being  more  easily  absorbed  and  less 
liable  to  become  infected  than  silk.  The  sutures  should 
not  enter  the  lumen  of  the  duct.  The  external  wound 
should  then  be  carefully  closed. 

If  the  fistula  has  existed  for  some  time  the  edges  of 
the  artificial  opening  maybe  freshened  and  closed,  in  the 
hope  of  forcing  the  saliva  into  its  normal  channel. 

Another  method  is  to  pass  a  stout  thread  soaked  in  bal- 
sam of  Peru  through  the  fistula  into  the  mouth,  bringing 
it  out  at  the  angle  of  the  mouth  and  tying  the  ends  on 
the  cheek.  After  the  lumen  is  by  this  means  well  rees- 
tablished, the  duct  and  external  wound  may  be  closed 
as  above.  Homer's  method  is  to  make  a  hole  with  a 
punch  through  the  cheek  into  the  mouth,  this  hole  in- 
cludmg  the  orifice  of  the  fistula.  After  this  the  external 
wound  IS  closed. 
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III.  New  Growths.— There  are  a  certain  number  of 
growths  which,  while  they  do  not  involve  the  substance 
of  the  parotid  gland,  lie  in  close  proximity  to  it,  and 
should  not  therefore  be  passed  unnoticed  in  a  considera- 
tion of  tumors  of  this  region.  These,  as  a  rule,  He  with- 
out the  capsular  limits  of  the  gland ;  but  at  times,  partic- 
ularly when  they  are  of  vascular  origin,  they  penetrate 
the  gland  substance.  These  penetrating  tumors  are  seba- 
ceous cysts,  dermoids,  enlarged  lymph  nodes,  lipomata, 
nsevi,  angiomata,  and  lymphangiomata.  They  do  not 
differ  from  similar  growths  in  other  regions.  The  writer 
has  recently  seen,  in  a  case  of  multiple  venous  angiomata, 
an  angioma  occupying  the  site  of  the  right  parotid  gland. 
When  the  patient  was  in  the  recumbent  position  the 
tumor  was  the  size  of  a  goose  egg  and  of  a  deep  purplish 
hue ;  but  with  the  patient  in  the  erect  position  the  con- 
tents were  discharged,  the  tumor  entirely  disappearing 
and  the  skin  regaining  its  normal  hue.  The  left  parotid 
was  not  similarly  affected.  These  vascular  tumors  may 
be  removed  by  pressure,  by  ligation  of  the  vessels,  or  by 
extirpation,  the  others  by  extirpation. 

Neoplasms  of  the  parotid  are  very  rarely  of  a  single 
type.  Mixed  tumors  are  more  common  here  than  in  any 
other  part  of  the  body  excepting  the  ovary.  "  It  is  not 
unusual,"  says  Sutton,  "in  sections  from  parotid  sarcoma 
to  meet  with  spindle  cells,  cartilage,  myxomatous  tissue, 
and  glandular  acini  in  an  area  two  centimetres  square. " 
It  will  be  convenient,  however,  to  group  these  growths 
according  to  the  tissue  which  is  jDredominant  in  each  vari- 
ety and  to  outline  the  general  characters  of  each.  The 
neoplasms  vary  greatly  as  to  their  malignancy,  but  in 
general  it  may  be  stated  that  the  mixed  tumors  grow 
rapidly,  attain  a  large  size,  and  tend  to  infiltrate  the  ad- 
jacent tissues,  involving  both  blood-vessels  and  lym- 
phatics, thus  producing  secondary  deposits  in  other  parts, 
and  more  particularly  in  the  lungs.  The  growths  when 
small  are  usually  painless ;  they  become  painful  only  when 
in  consequence  of  their  size  the  pressure  on  the  nerves  is 
considerable,  or  when  the  nerve  sheath  is  involved  in  the 
process  of  infiltration.  Involvement  of  the  skin  with 
ulceration  is  characteristic  of  the  later  stages  of  the  more 
malignant  varieties.  Pressure  may  cause  a  facial  palsy, 
occlusion  of  Stenson's  duct,  interference  with  the  blood 
supply  of  the  parts  dependent  on  the  carotids,  and,  when 
growing  deep  into  the  neck,  obstruction  of  the  oesopha- 
gus and  difficulty  of  deglutition.  Facial  palsy  is  more 
often  the  result  of  infiltration  than  of  pressure,  and  is 
accordingly  more  common  in  malignant  growths. 

Enchondromata. — Cartilage  enters  into  the  formation  of 
nearly  all  parotid  neoplasms.  Enchondromata  are  en- 
countered in  two  forms :  those  composed  of  pure  hyaline 
cartilage,  and  those  in  which  the  cartilage  is  associated 
with  other  tissues.  Enchondromata  of  the  first  variety 
are  of  slow  growth,  attaining  the  size  of  a  walnut  in  the 
course  of  several  years.  It  is  only  in  rare  cases  that  they 
exceed  an  egg  in  size.  The  tumor  is  firm  in  consistence 
with  a  surface  smooth  or  nodular,  at  times  adherent  to 
surrounding  tissues.  It  is  benign,  and  does  not  return 
when  removed.  Extirpation  is  usually  not  difficult. 
The  other  variety  consists  of  small  masses  of  cartilage 
associated  with  connective,  mucous,  adenomatous,  or  car- 
cinomatous tissues.  It  assumes  the  character  of  a  mixed 
tumor,  is  more  malignant  than  the  first  variety,  grows 
more  rapidly,  and  tends  to  recurrence  after  removal. 

Adenomata  of  the  parotid  are  rare ;  they  are  encoun- 
tered during  the  period  from  fifteen  to  thirty  years  of 
age.  They  have  a  distinct  capsule,  and  may  appear  in 
any  part  of  the  gland.  They  are  usually  small,  painless 
tumors,  easily  shelled  out.  If  large  they  are  movable 
and  loosely  connected  with  the  parotid  tissue.  The  sur- 
face is  irregular  and  nodular,  hard  in  places,  but  often 
elastic  or  fluctuating  on  account  of  the  presence  of  asso- 
ciated cysts. 

Sarcomata  found  in  this  region  may  be  spindle-celled, 
solid,  or  cystic.  They  are  rarely  pure,  and  are  mixed 
with  cartilaginous,  myxomatous,  or  fibrous  growths. 
They  are  more  common  than  the  carcinomata,  and  come 
next  to  these  in  malignancy.     The  soft  varieties  occur 
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more  commonlj'  in  .youth,  the  harder  types  in  middle  life. 
They  infiltrate  all  "the  surrounding  structures,  growing- 
deep  into  the  neck,  inward  behind  the  pharynx,  and 
backward  behind  the  ear,  and  involving  the  sheaths  of 
the  blood-vessels.  The  rapidly  advancing  ones  involve 
the  skin  which  subsequentlj''  ulcerates.  A  fatal  issue 
follows  dysphagia,  implication  of  the  pharynx,  ulcera- 
tion into  some  large  vessel,  or  secondary  growths  (due  to 
emboli)  in  more  distant  organs.  They  are  removed  with 
considerable  difficulty  and  tend  to  rapid  recurrence. 

Melanosarcoinata  occur  very  rarely.  They  are  rapidly 
growing  neoplasms,  early  involving  the  entire  parotid 
gland,  and  invading  the  neighboring  lymphatics  and 
overlying  skin,  which  latter  is  prone  to  ulcerate. 

Myxomata,  when  they  occvir  in  the  parotid,  are  usually 
associated  with  sarcomatous  tissue  and  cartilage.  They 
contain  a  thick  transparent  fluid,  and  may  be  definitely 
circumscribed  or  they  may  merge  gradually  into  the  sur- 
rounding structures.  They  are  soft,  gelatinous,  and 
fluctuating. 

Carciiioiiiata  of  this  region  are  rare.  They  belong  to 
the  period  of  advancing  years.  Their  growth  is  at  first 
slow,  but  later  very  rapid.  Usually  they  have  no  cap- 
sule and  infiltrate  surrounding  structures  in  very  much 
the  same  manner  as  do  the  rapidly  growing  sarcomata. 
Secondary  infection  usually  occurs  by  way  of  the  lym- 
phatics. Carcinomata  are  the  most  malignant  tumors 
found  in  the  gland,  and  they  almost  invariably  recur 
after  extirpation. 

Mndotheliomata  are  also  rare.  They  are  derived  from 
a  multiplication  of  the  endothelial  cells  hning  the  lym- 
phatics and  blood-vessels.  Some  of  these  endothelial 
overgrowths  are  succeeded  by  fibrous  tissue,  while  in 
others  mucoid  degeneration  takes  place. 

Fibromata  are  usually  associated  with  other  neoplastic 
tissues,  but  have  been  met  with  as  pure  fibrous  growths. 
Many  of  them  contain  cysts.  They  are  hard  resistant 
tumors,  usually  nodular.  They  should  be  excised,  and 
when  purely  fibrous  they  do  not  tend  to  recur. 

Lipomatd  raxeXy  occur  as  pure  growths  in  this  region, 
hut  areas  of  lipomatous  tissue  are  not  infrequently  found 
in  the  mixed  tumors. 

Bhabdomyomata.—PrnMQn  has  reported  a  case  of  rhab- 
domyoma of  the  parotid.  The  tumor  was  composed  of 
muscle  fibres,  without  sarcolemma,  irregularly  arranged. 
In  this  same  tumor  there  were  lobules  of  small  spheroidal 
or  polyhedral  cells  in  a  well-marked  reticulum  of  an  un- 
usual character. 

Treatment.— ^yicision  constitutes  the  proper  treatment 
of  parotid  neoplasms.  The  gravity  and  difficulty  of  the 
•operation  vary  with  the  size  and  mobility  of  the  growth, 
the  extent  of  infiltration  of  the  surrounding  tissues,  the 
age  and  general  condition  of  the  patient.  Removal  of 
the  whole  gland  is  a  formidable  operation.  It  was  first 
performed  by  Warren  of  Boston  in  1798.  The  removal 
of  a  tumor  should  be  undertaken  at  the  earliest  possible 
moment,  as  this  offers  the  greatest  hope  of  a  permanent 
■cure.  It  should  not  be  forgotten,  however,  that  some 
tumore,  especially  the  melanosarcomata,  are  often  dis- 
seminated by  operative  procedure.  In  the  case  of  a 
tumor  which  is  already  advanced  in  growth  the  possibil- 
ity of  temporary  relief  from  the  dangers  and  discomforts 
of  ulceration  and  pressure  may  justify  a  partial  or  total 
removal  of  the  growth.  The  production  of  a  salivary 
fistula  and  the  occurrence  of  facial  palsy  are  complica- 
tions which  may  attend  the  least  of  these  operations,  and 
of  this  possibility  the  patient  should  be  warned  in  advance. 
Cysts.— Cysts  of  the  parotid  usually  occur  in  associa- 
tion with  other  tumors,  and,  according  to  their  extent  in 
relation  to  the  other  tissues,  they  modify  the  consistence 
of  the  tumor.  . 

Less  rarely  single  salivary  cysts  are  met  with.  Ihese 
grow  slowly,  at  times  attaining  the  size  of  a  hen's  egg, 
fluctuating,  elastic,  slightly  movable,  and  not  adherent 
to  the  skin.  They  result  from  the  obstruction  of  bten- 
rson's  duct  by  a  calculus  or  by  a  stenosis,  and  they  usually 
represent  a  dilatation  of  one  of  the  branches  of  this  duct. 
They  are  lined  with  cylindrical  epithelium  which  in  time 


becomes  tessellated.  The  salivary  cysts  are  filled  with 
clear,  amber-colored,  slightly  viscid  saliva;  the  contents 
of  the  simple  cysts  are  more  watery.  The  diagnosis,  if 
doubtful,  may  be  settled  by  means  of  an  aspirating  needle. 

Treatment  consists  in  opening  the  tumor  and  destroying 
the  lining  membrane  with  zinc  chloride  (forty  grains  to 
the  ounce)  or  with  pure  carbolic  acid.  Cysts  may  be 
dissected  out,  but  there  is  danger  of  injuring  the  facial 
nerve.  The  calculus  or  other  obstruction  to  the  duct 
should  of  course  be  removed. 

Cysts  due  to  the  dilatation  of  Stenson's  duct  have  been 
met  with  in  glass-blowers.  These  are  best  left  un- 
treated. 

Echinococeus  of  the  parotid  is  exceedingly  rare.  Schuh 
reports  a  case  in  a  woman  eighty-three  years  of  age. 
The  tumor  increased  to  the  size  of  a  hen's  egg,  attaining 
these  dimensions  in  about  one  year.  The  tumor  is  cystic, 
and  the  diagnosis  from  other  cysts  can  be  made  only  by 
a  microscopical  examination  of  the  contents  of  the  tumor. 
Treatment  consists  in  opening  the  tumor  and  destroying 
the  walls  of  the  cysts  with  the  curette. 

IV.  Calculi. — A  few  cases  of  calculi  of  the  parotid 
have  been  reported.  They  are  less  common  than  concre- 
tions in  the  submaxillary  glands.  They  are  the  result  of 
a  change  in  the  constitution  of  the  salivary  secretion 
which  tends  to  precipitate  the  carbonates  ordinarily  held 
in  solution.  The  calculi  vary  greatly  in  size ;  they  may 
be  as  small  as  a  grape  seed,  while  one  case  has  been  re- 
ported in  which  the  concretion  weighed  18.6  gm.  The 
chief  constituent  is  calcium  carbonate  associated  with 
organic  substances,  variable  in  amount,  which  remain 
after  treating  the  concretions  with  hydrochloric  acid. 
The  calculus  may  be  located  in  the  gland  proper  or  in 
the  duct  where  it  may  be  felt  with  a  probe  passed  up  the 
lumen.  It  occurs  as  a  nodule  of  variable  size  and  exceed- 
ingly hard.  Sometimes  it  obstructs  the  flow  of  sahva 
from  the  affected  side,  and  may  thus  produce  a  cyst,  or 
it  may,  by  the  irritation  which  its  presence  causes,  set  up 
a  chronic  parotitis.  Calculi  of  this  kind  should  be  re- 
moved by  an  incision,  to  be  made  from  the  inside  of  the 
mouth  whenever  this  is  practicable. 

V.  Pakotitis. — Mumps,  or  acute  infectious  parotiiis, 
has  been  discussed  in  another  portion  of  this  work.  (See 
article  on  Mumps. )  Other  inflammatory  conditions  of  the 
parotid  gland  include  chronic  idiopathic  parotitis,  toxic 
parotitis,  and  secondary  parotitis. 

Ohronie  Idiopathic  Parotitis,  or  sialodochitis  fibrinosa, 
is  an  affection  of  unknown  cause.  It  is  sometimes  associ- 
ated with  xerostomia,  and  rarely  it  complicates  gout.  It 
usually  commences  with  a  catarrhal  inflammation  of 
Stenson's  duct,  which  becomes  plugged  with  mucus,  and 
later  develops  into  a  chronic  interstitial  productive  in- 
flammation of  the  gland,  the  connective  tissue  replacing 
to  a  greater  or  lesser  degree  the  secretory  cells.  The 
lesion  is  bilateral.  The  glands  of  both  sides  are  swollen, 
firm,  slightly  elastic,  painless,  and  not  tender.  The 
course  is  very  chronic.  The  supply  of  saliva  is  much 
diminished  so  that  the  mouth  may  become  dry  and 
parched,  and  as.  a  result  swallowing  and  chewing  may 
become  difficult. 

Treatment  is  very  unsatisfactory,  but  the  ducts  should 
be  kept  open  by  frequent  expression  of  the  mucous 
plugs,  and  every  effort  should  be  made  to  stimulate  the 
secretory  function  of  the  glands  by  the  use  of  galvanism 
and  the  administration  of  pilocarpine  and  similar  drugs. 

Raymond  Johnson  has  described  five  cases  of  indura- 
tion and  swelling  of  the  parotids,  coming  on  during  a 
meal  due  to  a  collection  of  saliva  and  obstruction  of 
Stenson's  duct.  There  was  considerable  pain  during 
mastication.  In  one  case  there  were  several  relapses,  in 
another  suppuration  ensued.  Massage  sometimes  caused 
evacuation  of  the  plug. 

Toxic  Paroto'ia's.— Hypertrophy  and  inflammation  ot 
the  parotid  have  been  reported  in  a  number  of  toxic  con- 
ditions such  as  lead,  copper,  and  mercury  poisoning,  and 
in  urajmic  states.  Comby  reports  the  occurrence,  m  a 
case  of  lead  poisoning,  of  a  symmetrical  enlargement  of 
the  parotids,  soft,  painless,  and  persistent,  and  running 
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a  very  chronic  course.  In  mercurial  poisoning  tlie  parot- 
ids and  submaxillary  glands  become  enlarged  and  tender 
and  the  flow  of  saliva  is  excessive.  Bilateral  enlargement 
of  the  parotids  following  the  administration  of  potas- 
sium iodide  has  been  reported  by  Comby,  Miss  Bradley, 
Bequier,  and  Villar.  In  these  cases  there  were  also 
oedema  of  the  eyelids,  coryza,  lachrymation,  and  saliva- 
tion. 

After  the  withdrawal  of  the  poison  the  affected  glands 
usually  recover  their  natural  size  and  function. 

Secondary  Parotitis. — Next  to  mumps  this  is  the  most 
common  form  of  inflammation  of  the  parotid.  It  is  as- 
sociated with  many  local  and  general  infections,  such  as 
maxillary  osteitis,  inflammation  of  the  temporo-maxillary 
joint,  abscesses,  erysipelas,  typhoid  fever,  typhus  fever, 
cholera,  diphtheria,  smallpox,  bubonic  plague,  yellow 
fever,  cerebrospinal  fever,  relapsing  fever,  pneumonia, 
syphilis,  influenza,  and  gout.  Paget  has  collected  101 
cases  of  parotitis  complicating  various  infectious  and 
functional  disturbances  of  the  peritoneal  and  pelvic  or- 
gans. Of  these,  50  occurred  in  cases  of  injury,  disease,  or 
temporary  derangement  of  the  generative  organs,  with- 
out suppuration.  In  this  list  were  included  cases  of 
pregnancy,  childbirth,  abortion,  pelvic  cellulitis,  hsema- 
tocele,  and  operations  on  the  vagina  and  uterus.  In  10 
instances  the  disease  developed  after  the  introduction  of 
catheters  and  sounds  in  male  patients  and  after  hlows  on 
the  testicle;  in  18  the  disease  was  associated  with  injury 
or  disease  of  the  alimentary  tract,  involving  the  stomach, 
pancreas,  etc. ;  and,  finally,  in  23  there  was  disease  or  in- 
jury of  the  abdominal  wall.  In  these  cases  the  course 
was,  as  a  rule,  rapid  and  suppuration  occurred  on  the 
fourth  or  fifth  day.  Donkin  has  reported  three  cases  of 
unilateral  parotitis  complicating  gastric  ulcer,  and  Pep- 
per has  also  reported  a  similar  case.  Debout  d'Estrees 
has  collected  the  reports  of  twelve  cases  of  parotitis  in 
gouty  subjects. 

The  route  of  infection  is  in  many  cases  obscure,  but  it 
is  probable  that  in  some  cases,  as  in  typhoid  fever,  it  is 
through  Steuson's  duct,  while  in  others  the  metastasis 
takes  place  through  the  blood-vessels  and  lymphatics. 
Hanau  studied  the  genesis  of  five  cases  of  suppurative 
parotitis  which  occurred  as  a  secondary  process  in  septic 
infections.  In  all  these  instances  the  organisms  present 
were  staphylococci;  they  were  always  found  in  the  ab- 
scesses and  ducts,  while  the  blood-vessels  and  lymphatics 
were  free.  In  one  fatal  case  Dietrich  found  the  staphy- 
lococcus pyogenes  aureus  in  the  ducts,  but  not  in  the 
blood-vessels.  The  mouth  is,  without  doubt,  frequently 
the  direct  source  of  the  infection,  for  in  many  diseases  it 
offers  conditions  peculiarly  favorable  to  bacterial  multi- 
plication. 

In  typhoid  fever  parotitis  occurs  in  a  variable  per- 
centage of  cases.  Osier  reports  the  complication  as  oc- 
curring 45  times  in  3,000  cases  in  Munich;  of  2,000  pa- 
tients with  typhoid  fever  in  the  London  Fever  Hospital, 
13  had  parotitis ;  at  Basle,  of  1,600  cases  of  typhoid  fever 
there  were  16  complicated  by  suppurative  parotitis.  In- 
fection is  usually  through  Stenson's  duct,  and  when  aris- 
ing in  this  manner  it  is  probably  not  so  serious  a  form  as 
when  it  occurs  as  a  metastatic  process  (Osier).  Keen  has 
reported  two  cases  in  which  Eberth's  bacillus  was  recov- 
eredfrom  the  pus  in  the  glands;  in  one  case  there  was 
a  mixture  of  staphylococci.  This  complication  gener- 
ally begins  during  the  third  or  fourth  week ;  one  case  is 
reported  as  appearing  on  the  tenth  day.  It  is  usually 
unilateral,  but  sometimes  both  glands  become  infected, 
coincidently  or  successively.  Suppuration  almost  in- 
variably ensues. 

As  a  rule,  parotitis  is  seen  only  in  severe  cases  of  ty- 
phoid fever;  it  is  in  itself  a  serious  comphcation,  the 
mortality  being  placed  at  about  thirty  per  cent.  Seven 
of  the  Basle  cases  ended  fatally.  The  complication  is 
said  to  be  less  common  since  the  introduction  of  antipy- 
retic treatment,  but  it  seems  to  the  writer  that  the  atten- 
tion which  has  been  paid  to  the  care  of  the  mouth  in 
recent  years  may  be  the  more  important  prophylactic 
measure.  r    r  j 
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In  typhus  fever  parotitis  occurs  in  many  epidernics 
to  the  extent  of  even  twenty  per  cent,  of  the  cases,  being 
a  more  frequent  and  more  dangerous  complication  in  this 
disease  than  in  typhoid  fever.  Both  glands  may  be  af- 
fected, but  the  disease  is  more  commonly  unilateral. 
Suppuration  is  usual,  and  the  gland  breaks  down  and  is 
discharged  in  small  necrosed  fragments.  Extensive  in- 
filtration and  burrowing  have  caused  fatal  exhaustion. 
Pepper  has  seen  death  from  parotitis  after  all  danger 
from  the  original  attack  of  fever  seemed  over. 

Finkler  reports  13  cases  of  parotitis  in  55,263  cases  of 
influenza.  He  thinks  that  in  these  cases  there  is  probably 
mixed  infection. 

Pneumonia  is  occasionally  complicated  by  parotitis, 
which  is  then  usually  suppurative.  Pneumococci  have 
been  found  in  the  resulting  exudate  by  Testi  and  by  Fitz. 
It  is  a  dangerous  complication,  and  the  prognosis  in  those 
cases  is  bad. 

Parotitis  is  a  rare  sequel  of  relapsing  fever,  clwlera, 
bubonic  plague,  yellow  fever,  and  epidemic  cerebrospinal 
meningitis. 

The  symptoms  of  secondary  parotitis  are  often  masked 
by  those  of  the  primary  disease.  The  parotid  region  at 
first  becomes  hard  and  swollen ;  associated  with  this  there 
is  pain  on  moving  the  jaw  and  in  swallowing.  The  area 
then  becomes  (Edematous,  later  softening  somewhat,  and 
the  surface  becomes  red.  At  the  end  of  three  or  four 
daj's  there  is  an  elastic  non-fluctuating  tumor.  At  this 
point  the  swelling  may  begin  to  subside,  but  more  often 
it  goes  on  to  suppuration.  The  inflammation  may  be 
limited  to  the  gland  or  it  may  spread  to  the  surrounding 
tissues,  involving  the  muscles  and  the  periosteum.  The 
pus  burrows  beneath  the  strong  fascia  for  some  distance 
before  it  points  at  the  skin.  The  pus  may  pass  down- 
ward into  the  chest,  backward  along  the  pharyngeal 
wall,  upward  along  the  sheath  of  the  blood-vessels  to 
the  meninges,  to  the  articulation  of  the  jaw,  or  backward 
,iuto  the  middle  ear.  The  blood-vessels  may  be  injured 
by  ulceration,  and  the  facial  and  jugular  veins  or  the 
cavernous  sinus  may  become  thrombosed.  There  may 
be  a  neuritis  with  or  without  destruction  of  the  facial 
nerve.  Rarely  the  process  terminates  in  gangrene.  The 
pus  may  discharge  spontaneously  through  the  cheek, 
mouth,  or  external  auditory  meatus,  more  rarely  into  the 
oesophagus  or  anterior  mediastinum. 

The  prognosis  depends  largely  upon  the  condition  of 
the  patient  at  the  onset  of  the  complication.  In  cases  in 
which  the  patient  is  much  reduced,  as  in  the  third  week 
of  typhoid  fever,  a  superimposed  parotitis  is  an  exceed- 
ingly grave  matter ;  in  a  series  of  collected  cases  of  this 
nature  the  mortality  was  thirty  per  cent.  If  the  disease 
develops  after  convalescence  has  been  well  established, 
the  prognosis  is  much  less  grave.  Early  recognition  and 
evacuation  of  pus  may  obviate  extensive  infiltration  and 
burrowing  and  distinctly  lessen  the  gravity  of  the  situa- 
tion. Common  sequelaj  are  induration  and  enlargement 
of  the  glands ;  less  frequently  there  remains  a  facial  palsy. 
Death  results  from  general  exhaustion,  septicaemia,  men- 
ingitis, or  cerebral  thrombosis. 

_  The  p7-ophylactia  treatment  of  secondary  parotitis  con- 
sists in  diminishing  the  danger  of  infection  through 
Stenson's  duct.  In  typhus,  typhoid,  and  other  infec- 
tious diseases  care  should  be  taken  in  keeping  the  mouth 
clean  and  as  free  as  possible  from  bacterial  growths. 
When  infection  of  the  gland  has  occurred,  an  attempt 
should  be  made  to  obtain  resolution  or  prevent  suppura- 
tion by  the  application  of  ice,  leeches,  iodine,  or  mercu- 
rial ointment.  One  should  be  on  the  outlook  for  the 
formation  of  pus  at  all  times,  and  as  soon  as  its  presence 
is  recognized  it  should  be  evacuated.  The  gland  should 
be  drawn  forward  and  an  incision  made  parallel  with  the 
main  branches  of  the  facial  nerve ;  the  incision  should  be 
made  well  forward  so  as  to  avoid  injury  to  the  carotid 
vessels.  An  efiicient  drain  should  be  kept  in  place  so 
that  the  abscess  may  heal  from  the  bottom. 

VI.  Xerostomia,  or  dryness  of  the  mouth,  is  caused 
by  a  deficient  secretion  of  saliva.  It  may  be  physiologi- 
cal in  infancy.    It  occurs  in  neurotic  individuals,  partic- 
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ularly  in  -women  suffering  from  hysteria  or  hypoclion- 
driasis.  Sometimes  a  fright  may  appear  to  be  the  main 
etiological  factor,  and  frequently  the  cause  is  entirely 
unknown.  Excessive  loss  of  water  by  the  kidneys,  as 
in  diabetes  and  chronic  nephritis,  rapid  evaporation  in 
mouth-breathers,  and  febrile  diseases  often  cause  a  simi- 
lar condition.  It  is  not  infrequent  in  the  aged.  Chronic 
inflammation  of  the  salivary  glands  and  obstruction  of 
their  ducts  may  result  in  an  insuificient  supply  of  saliva 
and  consequent  xerostomia.  The  mouth  becomes  dry  and 
glazed,  and  it  presents  the  color  of  raw  beef.  The  tongue 
may  be  parched  and  deeply  fissured,  and  speaking,  mas- 
tication, and  deglutition  become  difficult. 

In  cases  due  to  obstruction  of  the  ducts,  relief  may  be 
obtained  by  expressing  the  tenacious  plugs  of  mucus.  In 
the  neurotic  cases  pilocarpine  and  the  galvanic  current 
hav<3  been  found  helpful;  in  these  cases  also  general  tonic 
treatment  is  always  of  importance,  and  any  causes  of 
reflex  nervous  iriitation  should  be  looked  for  and  re- 
moved. Temporary  relief  may  be  obtained  by  moisten- 
ing the  mouth  with  hot  water  or  with  a  solution  of  albo- 
lene.  Cabot  has  found  that  the  eating  of  small  pieces  of 
oatmeal  cracker  gives  considerable  temporary  relief  in 
some  cases  of  xerostomia  complicating  diabetes. 

VII.  Pttalism.— (Synonyms:  Salivation,  Sialorrhosa.) 
Ptyahsm  may  be  defined  as  a  pathological  increase  in  the 
secretion  of  saliva. 

In  the  adult  the  normal  amount  of  saliva  secreted  in 
twenty-four  hours  is  from  two  to  three  pints.  Patholog- 
ically the  amount  may  be  increased  to  ten  pints  in  the 
twenty -four  hours.  Such  saliva  is  viscid  and  glairy ;  its 
specific  gravity  varies  from  1.000 to  1.059;  it  contains  ht- 
tle  sulphocyanide  of  potassium  and  less  ptyalin  tlian  nor- 
mally. 

Physiologically,  the  secretion  of  saliva  is  increased  by 
the  reflex  stimulation  caused  by  the  taking  of  food  and, 
in  children,  during  dentition. 

Ptyalism  is  caused  by  a  pathological  reflex  stimulation 
of  the  secretory  fibres  of  the  nerves  supplying  tlie  sali- 
vary glands.  It  is  met  with  in  women  during  pregnancy 
and  at  the  menstrual  period;  in  psychic  disturbances 
such  as  hysteria  and  insanity;  in  infectious  diseases,  par- 
ticularly in  rabies  and  smallpox;  in  lesions  of  the  medulla 
and  pons.  It  follows  the  ingestion  of  certain  drugs,  such 
as  mercury,  gold,  silver,  copper,  arsenic,  lead,  pilocar- 
pine, jaborandi,  muscarine,  potassium  iodide,  and  to- 
bacco. Bohn  describes  instances,  in  children,  in  which 
the  excessive  flow  of  saliva  occurred  only  in  the  daytime 
and  ceased  at  night;  the  cause  was  unknown,  but  he 
believed  the  ptyalism  to  be  a  form  of  neurosis.  Sialor- 
Thoea  has  been  met  with  in  affections  of  the  liver,  spleen, 
pancreas,  and  genital  organs ;  it  is  believed  to  be  due  to 
reflex  irritation  from  these  parts. 

The  excessive  secretion  of  saliva  necessitates  constant 
swallowing  and  may  interfere  with  speech,  or  the  fluid 
may  flow  from  the  mouth.  In  pregnancy  it  may  persist 
until  delivery  has  occurred.  In  mercurial  poisoning  the 
patient  becomes  emaciated,  tlie  bowels  sire  constipated, 
and  the  amount  of  urine  is  diminished ;  the  parotid  and 
salivary  glands  are  enlarged  and  tender.  The  ptyalism 
may  persist  for  from  one  to  three  weeks  after  the  removal 
of  the  drug. 

Diagnosis  is  difficult  only  when  a  paralysis  exists  which 
interferes  with  swallowing  and  thus  simulates  ptyalism ; 
actual  measurement  of  the  amount  of  saliva  will  defi- 
nitely settle  the  question. 

The  prognosis  depends  upon  the  cause  and  the  possi- 
bility of  its  removal. 

Treatment  consists  in  the  removal  of  the  underlying 
cause,  the  use  of  an  astringent  mouth  wash  containing 
alum,  gallic  acid,  or  tincture  of  myrrh,  and  the  adminis- 
tration of  atropine,  one-sixtieth  of  a  grain  every  four 
hours  until  there  is  a  sensation  of  dryness  of  the  throat. 
In  cases  of  nephritis,  the  administration  of  mercurials  is 
especially  liable  to  cause  sialorrhoea.  During  the  admin- 
istration of  mercury  salivation  can  be  prevented  in  many 
cases  by  keeping  the  mouth  and  teeth  carefully  cleansed ; 
if  soreness  and  tenderness  of  the  gums,  tenderness  of  the 
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teeth  on  striking,  or  the  "  mercurial  foetor  "  of  the  breatli 
arises,  the  administration  of  mercury  sliould  be  stopped 
at  once.  y.  Utiiart  Uart. 
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PAROVARIUM.    (ANATOMICAL.)    S(;e  .Sexual  Organs, 


PAROVARIUM,  DISEASES  OF— Tlie  term  parova- 
rium is  applied  to  a  series  of  from  six  to  eight  closed  tu- 
bules which  lie  between  the  two  layers  of  the  broad  liga- 
ment. They  radiate  out  from  the  ovary  toward  tlie 
Fallopian  tube,  terminating  in  a  large  tubule  which  runs 
parallel  to  and  beneath  the  Fallopian  tube. 

The  pathological  clianges  to  which  it  is  liable  consist 
practically  of  only  two  varieties,  viz. :  cystic  disease  and 
carcinoma,  the  latter  being  secondary  to  similar  disease 
elsewhere,  and  so  rare  as  not  to  merit  consideration  in  so 
short  an  article  as  this. 

Pakovabian  Cysts. — These  arise  from  dilatation  of 
one  of  tlie  tubules  of  the  parovarium,  and  are  therefore 
intraligamentous.  Frequently  they  remain  so,  in  whicli 
case  their  removal  is  an  exceedingly  grave  proceeding, 
but  at  times  they  stretch  the  ligament  to  such  an  extent 
that  they  become  abdominal  with  a  well-formed  pedicle. 
In  the  latter  case  they  are  freely  movable  and  ovoid  in 
shape,  while  in  the  former  they  are  fixed  in  the  pelvis 
and  have  often  an  irregular  outline.  When  peduncu- 
lated tliese  cysts  have  a  complete  covering  of  perito- 
neum ;  while  at  the  point  where  they  split  the  layers  of 
the  broad  ligament  only  the  u^jper  surface  is  covered  by 
this  membrane.  Tliis  peritoneum  is  smooth  and  glisten- 
ing, and  the  blood-vessels  may  be  seen  beneath  it.  These 
cysts  are  nearly  always  unilocular  and  contain,  as  a  gen- 
eral thing,  a  very  thin  and  limpid  fluid ;  but  in  the  case 
of  older  cysts  this  fluid  may  be  thicker  and  turbid,  espe- 
cially if  any  hemorrhage  has  taken  place  into  the  cyst. 

The  inner  surface  of  the  cyst  is  lined  by  ciliated  colum- 
nar epithelium  which  may  be  accompanied  by  some  cells 
of  the  cylindrical  variety.  Next  comes  a  layer  of  con- 
nective tissue  and  unstriped  muscular  fibres,  and  lastly 
comes  the  peritoneal  coat. 

Symptoms  may  be  absent  in  the  pedunculated  variety 
until  the  cysts  become  sufficiently  large  to  interfere  with 
the  heart  and  respiration,  when  dyspnoea  and  palpitation, 
as  well  as  the  swelling  of  the  abdomen,  will  be  complained 
of.  "When  the  cyst  is  sessile,  however,  one  early  gets 
pelvic  discomfoi't  or  even  pain,  and  the  action  of  both 
bladder  and  bowels  will  be  interfered  with. 

An  abdomino-pelvic  examination  of  tlie  patient,  in  a 
case  in  which  the  tumor  is  pedunculated,  will  give  the 
signs  of  an  ordinary  unilocular  ovarian  tumor,  except 
that  the  fluidity  of  the  contents  will  not  be  so  evident  in 
the  latter.  When  the  tumor  is  sessile,  however,  a  fixed 
and  fluctuating  mass  is  felt  to  one  side  of  the  uterus, 
which  is  displaced  to  the  opposite  side  of  the  pelvis.  No 
hard  nodules  are  to  be  felt  in  this  mass. 

The  tumor  may  rupture,  and  this  may  be  followed  by 
refilling  and  repeated  rupture,  by  cure,  by  hemorrhage, 
or  by  sepsis  and  death. 

The  treatment  is  removal.  In  the  case  of  the  cyst  with 
a  pedicle  this  is  very  simple,  but  when  the  broad  liga- 
ment has  been  split  up  and  the  tumor  has  reached  the 
pelvic  floor,  the  treatment  is  a  difficult  matter.  Here 
there  is  such  risk  of  hemorrhage  when  one  tries  to  remove 
the  tumor  by  itself  that  a  clean  sweep  of  the  pelvis  is  ad- 
vocated by  most  operators.    Hall  taps  the  cyst  after  hav- 
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ing  opened  the  abdominal  cavity;  lie  then  ligates  the 
ovarian  arteries— that  of  the  affected  side  to  the  outer 
side  of  the  tumor,  and  that  of  the  opposite  side  on  the 
uterine  side  of  the  ovary  if  that  is  to  be  left,  to  its  outer 
side  if  it  is  to  be  removed.  The  peritoneum  is  divided 
across  the  top  of  the  bladder,  which  is  separated  from 
the  uterus.  The  uterine  artery  on  the  healthy  side  is 
tied  and  divided,  after  vi-hich  the  cervix  is  divided  across. 
The  other  uterine  artery  is  then  clamped,  ligated,  and 
cut.  The  tumor  capsule  is  incised  in  front  and  behind, 
and  the  tumor  is  then  shelled  out  and  removed  with 
the  uterus.  The  peritoneal  flaps  are  united  by  a  con- 
tinuous catgut  suture.  F.  A.  L.  Lockliart. 

PAROVARIUM,  TUMORS  OF,  See  Ova/ries,  Diseases 
of. 

PARTHENOGENESIS— (Gr.  napBhoi,  a  virgin,  and 
yhwiQ,  production.)  Parthenogenesis  is  reproduction  by 
means  of  unfertilized  eggs. 

Octurrence. — This  means  of  perpetuating  the  species 
occurs  normally  in  several  widely  separated  groups  of  ani- 
mals and  in  a  few  plants.  It  was  really  discovered  first 
in  the  plant  lice,  aphids,  by  Bonnet  through  a  series  of 
experiments  begun  in  1740 ;  although  Albrecht  had  re- 
corded a  single  case  of  parthenogenesis  in  the  silk-moth 
as  early  as  1701.  In  the  Aphidse  the  eggs  which  have 
lasted  through  the  winter  hatch  in  the  spring,  giving  rise 
to  parthenogenic  females,  which  in  many  species  are 
winged,  and  in  others  are  without  wings.  These  are 
viviparous,  the  eggs  developing  within  the  oviduct. 
After  a  number  of  parthenogenic  generations  sexual  indi- 
viduals are  produced,  the  males  being  winged,  the  females 
^  always  without  wings.  After  copulation  the  females  lay 
fertilized  eggs,  which  remain  dormant  during  the  winter 
and  hatch  into  asexual  individuals  in  the  spring.  In  this 
group  parthenogenesis  is  thus  combined  with  an  alterna- 
tion of  generations.  But  sometimes  some  of  the  par- 
thenogenic individuals  live  through  the  winter,  thus  pro- 
ducing two  parallel  cycles  of  development.  In  some  of 
the  aphids  the  life  history  is  complicated  by  the  fact  that 
the  sexual  and  asexual  generations  inhabit  different  host 
plants. 

Parthenogenesis  occurs  normally  also  among  the  worms 
— in  the  liver  flukes,  larvse  of  Distomum  hepaticwm,  and 
in  the  rotifers.  In  the  Crustacea  it  is  found  in  certain 
genera  of  the  Entomostraca,  namely,  Cypris,  Daphnia, 
Polyphemus,  Artemia,  Apus,  Lepidurus,  and  Limnadia. 
.  The  phenomenon  is  widely  distributed  among  the  insects, 
being  especially  characteristic  of  the  Hymenoptera — ^saw- 
flies,  gall-flies,  ants,  bees,  and  wasps;  the  Thysanoptera ; 
and  the  Aphidae  and  CoccidiE, — plant  lice  and  scale  bugs. 
It  is  found  rarely  among  the  moths,  as  in  the  genera 
Apteronia,  Psilura,  and  Solenobia ;  and  in  one  genus  of 
gnats,  Chironomus. 

Among  plants  parthenogenesis  is  described  as  occur- 
ring in  Oliara  nitida,  Thalictrutn  fendleri  and  purpuras- 
cens,  and  some  fungi,  as  Saprolegnia. 

Olassification. — The  forms  of  parthenogenesis  have 
been  classified  bj'  Geddes  and  Thompson,  and  later  by 
Delage  according  to  their  mode  of  occurrence  into  sev- 
eral groups.  .  Of  these  the  most  important  are :  (1)  Occa- 
sional  parthenogenesis,  of  which  the  only  authentic  ex- 
ample appears  to  be  the  silk-moth.  It  has  been  known 
for  a  long  time  that  once  in  a  while  a  female  silk-moth 
may  be  found  capable  of  laying  eggs,  some  of  which  will 
develop  without  fertilization.  Geddes  and  Thompson 
include  in  this  group  a  form  of  parthenogenesis  that  they 
also  call  pa/rtial  and  that  Delage  distinguishes  as  (^)  facul- 
tative. This  form  is  characteristic  of  the  bees,  ants,  and 
wasps.  The  queen  bee,  for  example,  as  was  first  shown 
by  Dzierzon,  appears  to  be  able  at  will  either  to  fertilize 
the  eggs  as  they  are  laid  by  means  of  spermatozoa  stored 
in  the  sperm  sac  or  else  to  withhold  fertilization.  The 
eggs  develop  equally  well  in  either  case,  but  fertilized 
eggs  always  develop  into  workers  or  queens,  while  the 
unfertilized  eggs  invariably  give  rise  to  drones.  This  is 
proved  partially  by  the  fact,  noted  by  Ilensen,  that  when 
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a  queen  bee  has  been  impregnated  by  a  drone  of  another 
variety,  the  female  offspring,  workers  and  queens,  will 
all  be  hybrids,  while  the  young  drones  will  show  purely 
the  characters  of  the  maternal  race.  Moreover,  queens 
that  have  been  prevented  from  receiving  the  male,  old 
queens  whose  sperm  sacs  have  become  exhausted,  and 
the  workers  that  occasionally  can  produce  eggs  but  have 
no  copulatory  organs,  all  produce  male  offspring  only. 
Finally,  von  Siebold  was  unable  to  find  any  spermatozoa 
in  eggs  from  drone  cells. 

(3)  Seasonal  parthenogensis  accompanied  by  an  alter- 
nation of  generations  is  common  with  the  Entomostraca 
and  AphidsB.  In  the  Aphidie  the  parthenogenic  young 
are  born  alive  as  already  described.  That  this  process  is 
dependent  upon  seasonal  conditions  is  shown  by  the  ex- 
periment of  R§aumur  and  Kyber,  who,  by  maintaining 
artificially  summer  conditions  in  a  glass  case,  were  able 
to  obtain  fifty  continuous  parthenogenic  generations  ex- 
tending through  four  years.  In  the  Entomostraca  the 
summer  eggs  which  develop  parthenogenetically  are 
smaller,  have  less  yolk,  and  thinner  shells  than  the  fer- 
tilized winter  eggs,  which  are  well  provided  with  food 
yolk  and  covering  to  withstand  drying  and  cold.  This 
form  of  parthenogenesis  is  also  characteristic  of  the  gall 
flies,  but  in  most  of  these  there  is  but  a  single  partheno- 
genetic  generation  between  two  sexual  ones. 

(4)  Juvenile  parthenogenesis  has  been  taken  to  include 
the  summer  reproduction  of  the  aphids.  But  that  view 
no  longer  prevails,  for  the  parthenogenetic  females  appear 
to  differ  from  the  perfect  forms  chiefly  in  the  absence  of 
certain  accessory  reproductive  organs.  So  the  only  real 
case  seems  to  be  that  of  a  species  of  the  gnat,  Chironomus, 
in  which  the  pupa  produces  parthenogenetic  eggs.  In  a 
closely  related  group,  the  gall-midges,  Cicidomya,  there 
is  a  form  of  psedogenesis  that  appears  to  be  distinct  from 
parthenogenesis.  While  the  larvae  may  contain  rudi- 
mentary ovaries  or  testes,  the  offspring  are  produced 
from  clumps  of  cells  formed  in  connection  with  the  fat 
body.     This  appears  to  be  a  sort  of  internal  budding. 

Finally,  we  have  (5)  total,  or  exclusive,  parthenogene- 
sis. That  is,  in  many  rotifers,  some  of  the  Entomostraca, 
and  a  few  insects,  no  males  have  ever  been  found,  and  it 
is  inferred  that  in  these  cases  there  is  perpetual  repro- 
duction by  unfertilized  eggs  only. 

(6)  Artificial  parthenogenesis,  which  may  be  quite  a 
different  thing  from  the  normal  process,  will  be  discussed 
in  another  paragraph  below. 

Another  classification  of  the  phenomena  of  partheno- 
genesis is  that  of  Taschenberg,  who  distinguishes  three 
divisions :  (1)  Tlielyotoky,  when  the  unfertilized  eggs  give 
rise  to  females  only,  as  in  the  summer  generations  of  the 
aphids;  (2)  Ai-rhenotoky ,  when  males  only  are  produced, 
as  in  the  case  of  the  queen  bee.;  and  (3)  Deuterotoky,  when 
the  offspring  are  of  both  sexes,  as  with  the  gall-flies. 

Cytology.— It  was  first  suggested  in  1877  by  Minot  on 
theoretical  grounds  that  parthenogenesis  might  be  due 
to  a  failure  of  the  egg  to  produce  polar  bodies  (see  arti- 
cles Ovum  and  Seduction  Division).  Balfour  in  1880  and 
later  Van  Beneden  maintained  that  the  extrusion  of  the 
polar  bodies  in  eggs  destined  for  fertilization  is  a  special 
provision  to  prevent  parthenogenesis.  Theory  also  led 
Weismann  to  investigate  the  question  of  parthenogene- 
sis, and  he  observed  in  1885  that  in  the  parthenogenetic 
eggs  of  Polyphemus,  one  of  the  Daphnidse,  but  one  polar 
body  is  formed.  In  1888  Blochmann  made  the  important 
discovery  that  in  the  plant-lice,  aphids,  parthenogenetic 
eggs  produce  but  one  polar  body,  while  the  fertilized 
eggs  produce  two.  Weismann  subsequently  found  this 
to  be  true  of  the  eggs  of  ostracodes  and  rotifers,  and  was 
led  to  infer  that  the  differences  observed  in  these  forms 
is  one  that  distinguishes  all  parthenogenetic  eggs  from 
those  destined  for  fertilization.  But  doubt  was  thrown 
upon  this  view  by  the  observations  of  Blochmann  (1888- 
89)  and  Platner  (1889),  who  discovered  that  in  the  honey- 
bee and  in  the  moth  Psilura  (Liparis)  the  parthenogenetic 
eggs  produce  two  polar  bodies.  The  difficulty  has  been 
met  by  Brauer's  brilliant  research,  in  which  he  discov- 
ered that  there  are  two  types  of  parthenogenesis.    Both 
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tyi>es  occur  in  the  eggs  of  Artemia.  In  oacli  case  t.lie 
first  maturation  spindle  contains  eighty-four  cliromo- 
somes  in  the  form  of  typical  tetrads  (Fig.  3743),  whiclx 

divide  so  that  eighty-four 
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dyads  are  removed  in  the 
first  polar  body  and  eiglity- 
■^  four  remain  in  the  egg  (Fig. 
3743).  There  are  indica- 
tions of  an  attempt  to  form 
a  second  polar  spindle,  but 
no  division  takes  place,  and 
the  eighty-four  dyads  give 
rise  to  a  reticular  cleavage 
nucleus  (Fig.  3744). 

In  tlie  second  type,  which 
is  less  freq\ieut,  a  second 
polar  spindle  is  formed  and 
the  eighty-four  dyads  di- 
vide, producing  two  groups 

each  containing   eighty-four  single   cliromosomes  (Fig. 

3747).     Ordinarily  these  remain  in   the  egg,  producing 

two  small  reticidar  nuclei  (Fii  ~ 

division  two  centrosoraes 


Fig.  3742.— First  Maturation 
Spindle  in  Partheiuigenetic  Effg 
of  Arldiiia  salina.  X  100(1. 
(After  Brauer.) 
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Fifi.  37-43. —Extrusion  of  the  First 
Polar  Body  of  the  Same.  X  1000. 
(After  Brauer.) 


appear,  wliether  b}^  the 
division-  of  a  single  one 
or  not  is  not  known. 
But,  at  any  rate,  they 
form  a  single  spindle  in 
which  the  one  hundred 
and  sixty-eiglit  chromo- 
somes arrange  them- 
selves in  two  distinct 
equatorial  plates  (Figs. 
3749  and  3750).  In  rare 
cases,  however,  Brauer 
observed  that  the  sec- 
ond polar  body  is  actual!}'  extruded,  and  then  its  nucleus 
returns  into  tlie  egg  and  presumably  undergoes  the 
changes  just  desci'ibed.  This  furnishes  an  explanaticjn 
of  the  appearances  observed  in  the 
bee  and  Psilura,  suggesting  that  fur- 
ther investigation  will  show  that  the 
nucleus  of  the  second  polar  body  re- 
unites with  the  egg  nucleus  to  form 
the  cleavage  nucleus  in  a  manner 
similar  to  the  union  of  the  sperm  nu- 
cleus with  the  egg  nucleus  (see  liii- 
preffnation).  If  tliis  be  true,  it  will 
be  established  as  a  general  fact  that 


Fig.  3744.— Egg  Nu- 
cleus Derived  from 
Half  of  the  First 
Spindle  Remaining 
in  the  Egg.  The 
centrosome  has  di- 
vided. X490.  (Aft- 
er Brauer.) 


same  amount  of  chromatin  as  the 
ordinar}'  egg  does  after  union  with 
the  speimatozoon.  The  formation  of 
the  second  polar  bod}'  appears  to  re- 
duce the  amount  of  chromatin  to  a 
point  wheie  under  ordinary  condi- 
tions the  egg  is  unable  to  undergo  further  division.  But 
if  the  amount  of  chromatin  be  restored  by  the  entrance 


Fig.  3745.— Egg  Nucleus  of  the  First  Type  at  the  Beginning  of  tlie 
Formation  of  the  Cleavage  Spindle.     X  490.     (After  Brauer.) 

of  the  spermatozoon  or  by  the  return  of  the  second  polar 
nucleus,  then  the  egg  may  start  upon  its  new  cycle  of 
development. 

Brauer  made  the  further  observation,  which  is  of  con- 
siderable importance  for  the  theory  of  the  individuality 
of  the  chromosomes  (see  Chromusoines),  that  so  far  as  he 


was  able  to  trace  them  through  the  first  few  cleavages, 
the  cliromosomes  reappear  in  subsequent  cell  divi.sionsin 
the  same  number  that  was  present  in  the  first  cleavage 
nucleus.    That  is. 
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374(j. — Cleavage 
Type.    X  490. 


Spindle   of   the    First 
(After  Brauer.) 


lie  found  eighty- 
tour  when  no  sec- 
ond polar  nucleus 
had  been  formed 
and  one  hundred 
and  sixty-eight  of 
half  size  when  a 
second  polar  nu- 
cleus had  been 
formed  (rf.  Figs. 
3745  and  3749). 

Very  recently 
(1903)  Petrunke  witscli  luis  studied  llie  maturation  of  the 
winter  eggs  of  Artemia,  and  he  failed  to  find  Brauer's 
second  type,  but  further  investigation  is  necessary  Ur 
throw  serious  doubt  on  the  positive  results  of  Brauer's 
very  careful  work. 
Ileredili/. — We  are  indebted  to  Dr.  Ernest  Warren  foi- 

the  only  observations 
made  so  far  upon  lier- 
edity  in  parthenogene.sis. 
The  forms  that  he  stud- 
ied are  Daphnia  (1900) 
and  an  aphid,  Ilyiilop- 
terus  trirhodiis  (1902). 
From  33  individuals  of 
Daphnia  he  obtained  96 
young,  and  from  (iO 
aphidshe  reared  455  olf- 
spriiig.  Measurements 
were  made  of  parents 
and  offspring  of  both 
species,  and  the  eoetli- 
cients  of  heredity  were  calculated  by  the  methods  de- 
scribed in  another  place  (see  article  Heredity). 

The  results  of  clirect  inheritance  were  found  not  lo 
differ  very  much  from  those  obtained  in  sexual  repro- 
duction ;  taking  the  mean  of  Daphnia  and  the  aphid,  the 
coefficient  for  parental  inheritance 
was  found  to  be  0.41,  and  for 
grand-parental  0.34.  But  in  col- 
lateral inheritance  there  seems  to 
be  considerable  difference.  The 
mean  fraternal  correlation  for  the 
two  species  is  0.66,  considerably 
iiigher  than  the  average  for  sex- 
ual reproduction,  wdiich  Pearson 
places  at  0.49  oi-  0.50.  It  is  gen- 
erally supposed  that  sexual  repro- 
duction tends  to  increase  tlie  vari- 
bility  of  the  race,  but  Warren 
found  no  significant  difference  in 
that  particular  between  these 
species   and   sexual    f(.)rms.     But 

the  whole  subject  of  heredity  and  variation  of  asexual 
forms  needs  much  more  investigation  before  generaliza- 
tions of  importance  can  be  made  in  regard  to  the  differ- 
ent effects  of  sexual  and  asexual  reproduction. 
Artifwial  Parthenogenesis.— li  has  been  known   for  a 

long  time  that 


Ki(;.  3747.— Second  Maturation  Spin- 
dle of  the  Same.  X  1000.  (After 
Brauer.) 


Fig.  3748.— Two  Egg  Nu- 
clei Derived  from  Halves 
of  the  First  and  Second 
Spindles.  X  490.  (After 
Brauer.) 
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the  ova  of  ani- 
mals that  re- 
produce by  the 
sexual  method 
only  will  some- 
times undergo 
an  irregular 
segmentation. 
R .  B  o  m  e  t 
(1900)  has  giv- 
en an  exhaust- 
ive review  of 
these  phenomena  as  observed  in  vertebrates,  and  con- 
cludes   they   are    pathological   in  character.     The   seg- 


FiG.  3749.— Egg  Nucleus  of  the  Second  Type  at  the 
Beginning  of  the  Formation  of  the  Cleavage 
Spindle.     X  490.     (After  Brauei.) 
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nitntatioa  observed  is  a  fragmentation  of  the  cell  lead- 
ini?  to  dissolution.  He  places  in  this  category  the  early 
experiments  of  Dewitz  (1887),  who  found  that  frogs'  eggs 
ti-eated  with  corrosive  sublimate  would  undergo  segmen- 
tation. Similarly  TiehomirofE  (1886)  was  able  to  induce 
the  development  of  unfertilized  eggs  of  the  silk-moth  by 

treating  them  for  a  few 
^ — ;:''       ^-     ^^  minutes  with  sulphuric 

/  '  iieid,  but  this  is  a  spe- 

cies in  which  occasional 
part  h  e  n  o  g  c  n  e  s  i  s  i  s 
known  to  occur. 

In  189!),  however, 
'Loeb  made  the  remark- 
able discover}'  that  by 
the  u.se  of  a  solution  of 
magnesium  chloride  of 
a  certain  strength  (a 
mixture  of  ^^"-n  JlgCU 
and  sea-water  in  eijual 
4'K)      (Aft'     P^i'ts  for  two  hours)  he 
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nv,.  37.")0.— Cleavajre  Spindle  of  the 
Sccund    Type. 
Briiuer.) 


could  induce  develop 
ment  in  the  luifertilized 
eggs  of  a  sea-iucliin  (Arbacea),  a  group  in  which  normal 
parthenogenesis  is  unknown,  so  that  the  egg  not  onlj' 
divided  but  continued  through  tlie  blastula  and  gastrula 
stages,  and  eventually  formed  normal  pluteus  larvae 
(Fig.  37.51).  At  tirst  he  attributed  this  result  to  the  spe- 
cific effect  of  the  magnesium  ions.  But  later  researches 
showed  (1900)  that  other  salts  and  such  organic  sub- 
stances as  urea  and  cane-sugar  could  produce  tlie  same 
result.  Loeb  tiien  concluded  that  the  cause  of  develop- 
ment w.iis  not  the  s]iecitic  effect  of  certain  ions,  but  that 
it  was  due  to  an  increase  of  osmotic  pressure.  Espe- 
ciall}'  he  noted  that  the  reagents  used  seemed  to  cause 
a  li(iuefaction  of  the  nuclear  membrane,  and  he  regarded 
that  as  a  prerequisite  for  cell  division. 

This  idea  was  taken  up  bj'  Mathews  (1900).  and  he 
found  that  various  agents  that  caused  the  liquefaction  of 
l)rotop]asm,  such  as  lack  of  oxygen,  slight  increase  of 
temperature  (from  82°  to  33'  C'.  for  two  to  four  minutes), 
ether,  chloroform,  and  alcohol  would  all  induce  segmen- 
tation in  sea-urchin  eggs.  Later  Mathews  (1901)  found 
that  the  eggs  of  a  starfish,  Axteriiis  forbenU,  could  be 
(■aused  to  develop  by  shaking  or  by  simple  removal  from 
one  dish  to  another  by  means  of  a  pipette,  provided  the 
eggs  are  taken  at  the  right  time,  namely,  from  two  to  four 
hours  after  tliey  have  been  shed,  when  "both  polar  glob- 
ules have  been  extruded  and  tiio  female  pronucleus  has 
re-formed  and  readied  a  considerable  size."  From  eggs 
treated  in  this  way  he  was  able  to  rear  some  larvaj  to  the 
late  gastrula  and  earlj'  bipinnarian  stages.  Loeb  (1901)  has 
been  able  to  obtain  artificial  parthenogenesis  also  in  an 
annelid,  Chatopterus.  By  treating  the  unfertilized  eggs 
with  solutions  of  sodium,  magnesium,  and  calcium  chlor- 
ides and  with  cane  sugar  he  olitaiiied  development  into 
swimming  trochopliore  larv;e.  Fischer  (1903)  lias  obtained 
swimming  larvic  from  unfertilized  eggs  of  two  other  an- 
nelids, Amphitrite  and  Nereis.  Fi'om  the  former  by  treat- 
ment witli  calcium  nitrate,  and  from  the  latter  by  using 
solutions  of  potassium  chloride  having  considerably 
higlicr  osmotic  pressiiie  tlian  the  sea-water. 

By  extracting  the  spermatozoa  of  sea-urchins  Gies 
(1901)  tried  to  obtain  an  enz3'me  that  would  cause  the 
eggs  to  develop.  But  his  i-esults  were  negative.  And 
he  was  led  to  criticise  tin;  positive  results  previously  ob- 
tained by  Fieri,  which  he  attributes  to  carelessness  in 
tlie  non-removal  of  s]ierniatozoa ;  and  the  results  of 
Winkle)-,  wljicli  Ik;  icgards  as  due  to  osmosis. 

After  all,  the  jihysidlogists  have  done  little  more  than 
to  establish  the  fact  of  artificial  parthenogenesis.  So  far 
they  have  been  unable  lo  formuhite  any  clear  general 
statement  as  to  tlu;  cause  of  the  phenomenon,  and  they 
have  told  us  next  to  nothing  in  I'egard  to  the  internal 
conditi()ns  of  the  egg  during  this  process. 

The  first  one  to  approach  this  problem  from  the  inside, 
as  it  were,  was  R.  Hertwig  (1896),  who  found  that  in  un- 
fei'tilizcdeggsof  sea-urchiu.s,  Echinus  and  Spluerechinus, 


treated  with  dilute  solutions  of  strychnine,  the  nucleus 
might  give  rise  to  a  bipolar  mitotic  figure.  Sometimes 
the  chromosomes  would  divide,  and  sometimes  two  com- 
plete nuclei  would  be  formed,  and  in  a  few  cases  irreg- 
ular or  incomplete  cleavage  stages  were  observed.  Using 
mainly  unfertilized  eggs  of  Arbacea,  T.  H.  Morgan  has 
made  a  series  of  studies  (1896,  1899,  1900)  upon  the  ef- 
fects of  .solutions  of  sodium  and  magnesium  chlorides 
and  also  dilute  strychnine  upon  the  cj-toplasm,  his  "prin- 
cipal discovery  being  that  the  eggs  become  filled  with 
'artificial  astrospheres '  (asters)  containing  deeply  stain- 
ing centrosome-like  bodies,  which  may  become  connected 
with  the  nucleus  and  'seem  to  act  as  anchors  for  the 
chromosomes  and  move  out  into  the  egg  with  the  chromo- 
somes attached  to  them.'  " 

Our  principal  knowledge  of  the  internal  phenomena 
of  artificial  parthenogenesis  is  due  to  the  beautiful  work 
of  E.  B.  Wilson  (1901),  begun  soon  after  the  publication 
of  Loeb's  first  paper.  He  completelj'  confirmed  Loeb's 
general  result,  finding  that  "unfertilized  eggs  of  Toxo- 
pneustes  (a  sea-urchin),  when  treated  with  a  mixture  of 
equal  volumes  of  sea-water  and  twelve  per  cent.  MgCl2 
and  then  replaced  in  pure  sea-water,  may  segment,  give 
rise  to  active!}'  swimming  blastuUe  and  gastrula',  and  in 
many  cases  to  plutei."  The  different  stages,  however, 
showed  a  large  number  of  abnormalities  and  monstrous 
forms,  and  even  the  most  perfect  specimens  were  not  ex- 
actly like  those  produced  from  fertilized  eggs. 

As  to  the  internal  changes  observed  in  these  eggs,  we 
have  space  liere  for  only  the  briefest  possible  summary 
of  the  most  important  results.  The  first  change  noticed 
in  the  eggs  was  the  appearance  of  a  vague  primary  radi- 
ation centring  in  the  nucleus.  In  many  eggs  a  varying 
number  of  secondary  centres  of  radiation  (cy  tasters)  were 
formed  at  various  points  in  the  cytoplasm.  Then  after 
a  reduction  of  the  rays  almost  to  the  vanishing  point  and 
their  reappearance  nuclear  division  proceeds  as  in  ferti- 
lized eggs;  but  the  division  of  the  cytoplasm  may  be 
dela3'ed  until  several  nuclei  are  formed.  Serial  sections 
showed  that  no  sperm  nuclei  were  present.  The  internal 
changes,  while  showing  an  interesting  parallel  to  those 
occurring  in  fertilized  eggs,  were  unmistakably  differ- 
ent from  the  latter.  During  cleavage  many  of  these  eggs 
show  but  une-luilf  the  normal  number  of  chromosomes, 
namely,  eighteen  instead  of  thirty -six,  and  most  of  the 


in.  .3i. 51. —Normal  Plutei  Reared  from  Unfertilized  Eggs;  treated 
with  equal  parts  of  a  "in  MgClj  solution  and  sea  water.  Maffnifled. 
(After  Loeh.) 

eggs  failed  to  form  any  trace  of  a  vitelline  membrane, 
which  in  fertilized  eggs  is  formed  after  the  entrance  of 
the  spermatozoon.  Both  the  primary  and  secondary 
asters  are  formed  de  novo  and  subsequently  multiply  by 
division;  and  both  may  act  as  centres  of  cytoplasmic 
division.     But,  as  a  rule,  complete  division  does  not  take 
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place  except  when  the  asters  are  connected  with  chromo- 
somes. Even  in  enucleated  fragments  of  eggs,  produced 
by  shaking,  asters  may  be  formed  in  the  magnesium  solu- 
tion, and  these,  like  the  others,  may  contain  at  their  cen- 
tres deeply  staining  bodies  resembling  centrosomes. 

Delage  (1901)  has  also  investigated  the  internal  phenom- 
ena of  artifioial  parthenogenesis,  using  eggs  of  species  of 
sea-urchins  and  starfish.  He  obtained  development  in 
the  former  after  both  polar  bodies  had  been  formed,  and 
in  the  latter  after  only  one  polar  body  had  been  formed 
as  is  the  ease  in  normal  parthenogenesis.  He  claims  also 
that  the  number  of  chromosomes  present  is  the  same  as 
in  fertilized  eggs.  But  Boveri  (1903)  has  shown  this  to 
be  an  error,  the  number  of  chromosomes  found  by  Delage 
in  the  sea-urchin  being  really  half  the  normal  number, 
thus  confirming  Wilson. 

Robert  Payne  Bigelow. 
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PARTURITION.     See  Lahor  and  Gestation. 

PASSION  FLOWER.— Pfflsm;^Y(.  The  rhizome  of 
Passiflora  incarnata  L.  or  of  P.  luiea  L.  (fam.  Passiflo- 
raeem). 

The  herbage  is  also  sometimes  employed. 

These  are  soft  woody  vines,  climbing  high  over  shrub- 
bery and  trees  in  the  Southeastern  United  States,  where 
the  edible  fruit  of  the  first-named  is  considerably  used 
under  the  name  May-pop. 

The  elongated  rhizome,  usually  known  commercially 
as  "Passion  flower  root,"  quite  closely  resembles  meni- 
spermum  in  appearance,  being  elongated  and  cylindrical. 
It  rarely  reaches  a  fourth  of  an  inch  in  thickness  and  the 
nodes  are  rather  obscure.  It  is  yellowish  or  light  brown, 
often  with  a  greenish  tinge,  and  finely  striated.  It  has 
a  small  hollow  centre  surrounded  by  a  greenish  or  yel- 
lowish, finely  radiated  wood  zone,  and  a  moderately 
thick,  purplish  bark  section.  Both  odor  and  taste  are 
slight  and  indefinite,  the  latter  somewhat  fatty  and  dis- 
agreeable. The  constituents  have  not  been  examined 
with  any  care.     A  trace  of  alkaloid  has  been  reported. 

Passionflower  has  been  exploited  by  commercial  inter- 
ests, and  most  of  its  literature  has  been  compiled  with  a 
view  of  creating  a  demand  for  it.     P.  incarnata  has  been 


considerably  employed  in  eclectic  and  homceopathic  prac- 
tice. These  authorities  attribute  to  it  mild  sedative  and 
even  hypnotic  powers,  while  larger  doses  are  said  to  be 
emetic.  Its  use  by  these  practitioners  in  numerous  grave 
conditions,  as  well  as  their  minute  doses,  involve  obvious 
absurdities.  Whatever  benefit  may  be  derived  from  its 
use  may  result  from  the  administration  of  from  3  to  4  c.c. 
(fl.  3  ss.-i.)  of  the  fluid  extract.  Henry  H.^Biisby. 

PATCHOULI,  OIL  OF.— Oleum  FoUorum  Patelmdi.— 
A  volatile  oil  distilled  from  either  the  fresh  or  the  dried 
leaves  of  Pogostemon  Ileyneanus  Benth.  (P.  PatcJiouli 
Pell. ;  P.  sua-ois  Tenore.     Fam.  Labiates). 

The  Patchouli  plant  is  native  and  cultivated  in  the 
East  Indies,  especially  in  the  Straits  Settlements,  and  the 
drug  or  the  oil  distilled  from  it  is  mostly  exported  from 
Singapore.  The  oil  ranges  from  pale  yellow  to  brown- 
ish, usually  with  a  greenish  tinge,  and  is  occasionally  of 
a  deep  brown  color.  .Its  specific  gravity  varies  from  0.97 
to  0.99,  even  when  pure.  With  ninetj'-per-cent.  alcohol, 
it  yields  a  clear  solution  which  usually  remains  clear 
upon  the  addition  of  more  alcohol  (Gildemeister  and 
Hoffman).  The  oil  has  a  characteristic  and  very  intense 
and  persistent  odor.  Its  composition  is  not  well  known, 
though  it  yields  a  peculiar  camphor  known  as  Patchouli 
camphor.  This  oil  is  little,  if  at  all,  used  medicinallj', 
though  it  has  the  ordinary  aromatic  stimulant  properties 
of  its  class.     It  has  very  importaut  uses  in  perfumery. 

Henry  H.  Riisby. 

PATELLA,  AFFECTIONS  AND  INJURIES  OF.— The 

patella  is  a  sesamoid  bone  developed  in  the  quadriceps 
tendon,  and  is  therefore  a  part  of  the  extensor  apparatus 
of  the  knee.  Some  anatomists  have  considered  the  pa- 
tella homologous  with  the  olecranon  process  of  the  ulna; 
but  there  are  serious  objections  to  tliis  view,  and  it  is  not 
indorsed  by  Poirier  and  Charpy  in  their  recent  work. 

The  first  rudiments  of  the  patella  appear  about  the 
tenth  week  of  foetal  life,  and  ossification  usually  begins 
from  one  centi-e  about  three  years  after  birth ;  but  the 
.-c-ray  often  fails  to  cast  a  shadow  until  the  sixth  year. 
The  principal  functions  of  the  patella  are  to  increase  the 
leverage  of  the  quadriceps  muscle  and  to  protect  the 
knee-joint  anteriorly.  It  seems  to  be,  however,  a  luxury 
rather  than  a  necessity,  since  its  congenital  absence  may 
produce  little  or  no  disturbance  of  function.  The  kan- 
garoo, which  has  no  bony  patella,  is  noted  for  its  power- 
ful posterior  limbs. 

Fractures  and  traumatic  dislocations  of  the  patella, 
and  prepatellar  bursitis  are  discussed  in  other  sections  of 
this  work;  there  remain  the  congenital  and  developmen- 
tal anomalies,  and  certain  diseases,  deformities,  and  pain- 
ful affections  which  follow. 

Absence  and  Retarded  Development  of  the  Patella  isa  not 
nnfrequent  accompaniment  of  congenital  deformities 
involving  the  knee,  especially  of  absence  or  imperfect 
development  of  one  or  more  bones  of  the  leg,_  and  of 
congenital  flexion,  hyperextension,  and  ankylosis  of  the 
knee.  Of  these  conditions  the  one  which  has  attracted 
most  attention  is  the  so-called  congenital  dislocation  of 
the  knee,  where  the  child  is  born  with  one  or  both  knees 
in  hyperextension,  and  the  tibia  luxated  forward.  In  a 
large  proportion  of  these  cases  no  patella  is  discoverable 
in  infancy ;  but  in  many,  if  not  most,  it  develops  later, 
and  may  reach  normal  proportions.  Such  a  case,  ob- 
served by  the  writer,'  had  no  patellae  at  seven  months  of 
age;  but  they  could  be  felt  as  very  small  nodules  six 
months  later,  and  at  three  years  of  age  were  well  de- 
veloped. At  thirteen  years  this  boy  was  active,  and  had 
good  functional  use  of  the  knees  and  perfectly  developed 


Many  of  the  cases  in  the  literature  are  reported  too 
young  to  determine  the  fact  of  permanent  absence. 
Rectification  of  the  deformity  and  orthopedic  treatment 
seem  to  exert  a  favorable  effect  on  the  development  of 
the  patella  in  these  young  cases.  Potel '  has  collected  78 
cases  of  congenital  knee  luxation,  of  which  about  half 
were  bilateral ;  in  50  of  these  cases  the  condition  of  the 
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patella  is  noted,  of  which  18  were  normal ;  in  16  the  pa- 
tella was  absent,  in  10  atrophied,  and  in  2  anomalous. 
Potel  reports  in  addition  20  cases  of  absent  or  rudimen- 
tary patella  accompanying  other  deformities  of  the 
knee.  Little  ^  reports  42  cases  of  absent  or  rudimentary 
■  patella,  not  including  a  remarkable  group  of  18  cases  in 
four  generations  of  one  family,  who  had  no  patellse  and 
no  thumb  nails.  Other  family  groups  have  been  reported 
by  Wirth  ^  and  Wolf.  Many  of  Little's  cases  are  on  Po- 
tel's  list  and  on  the  later  list  of  Thorndike.  =  Some  of  the 
individuals  in  whom  the  patella  never  develops  are  never- 
theless active  and  even  athletic,  and  unconscious  of  any 
defect,  "While  extremely  rare,  cases  of  complete  absence 
of  the  patellse,  due  to  developmental  defect,  and  uncom- 
plicated by  other  anomalies,  do  exist.  JoachimsthaP 
proved  by  a-ray  examination  that  Wirth's  case  was  in- 
disputable. As  absence  of  the  patella  is  usually  a  syn- 
drome rather  than  a  pathological  entity,  the  treatment 
is  that  of  the  primary  affection,  and  in  the  case  of  con- 
genital luxation  and  some  other  deformities  it  is  usually 
effectual.  The  following  advice,  given  in  a  recent  work 
of  reference,' is  erroneous:  "  When  the  patella  is  absent 
it  is  usually  necessary  to  produce  an  artificial  ankylosis 
between  the  femur  and  tibia. "  On  the  contrary,  it  is 
rarely  if  ever  necessary  to  have  recourse  to  this  operation 
for  this  reason. 

Split  Patella. — Very  rare  are  the  cases  of  congenital 
split  patella.  Grllber  *  reports  a  case  in  which  both  pa- 
tellEB  were  divided  into  a  small  superior  external  and  a 
large  inferior  internal  segment  separated  by  a  groove. 
Joachimsthal '  reports  a  case  of  horizontal  and  another 
of  vertical  fissure  in  which  fracture  was  excluded. 

Congenital  Dislocations  of  the  Patella. — While  this  con- 
dition is'uncommon  there  is'a  considerable  literature  on 
the  subject.  Steindler'  reports  sixty-one  cases  of  out- 
ward and  two  of  upward  dislocation.  This  deformity  is 
frequently  combined  with  genu  valgum,  but  such  com- 
binations are  not  always  congenital ;  moreover,  tliere  are 
many  cases  of  congenital  dislocation  in  which  no  genu  val- 
gum is  present.  The  affection  seems  to  be  usually  due 
to  imperfect  development  of  the  anterior  part  of  the  ex- 
ternal condyle.  Alsberg '  °  reports  three  cases  in  one  fam- 
ily, father,  son,  and  daughter,  in  which  the  displacement 
was  outward  and  bilateral.  In  two  of  these  cases  there 
was  practically.no  disability. 

Cases  of  congenital  dislocation  are  also  reported  by 
Potel,'  Bergmann,"  Elliott,'^  Drehmann,'^  Gallet,'" 
Cayre,!'  and  McLaren."  The  so-called  congenital  dislo- 
cation upward  is  rather  an  elevation  than  a  luxation  of 
the  patella,  as  has  been  pointed  out  by  Blencke." 

Patliological  Displacennents  of  the  Patella. — The  com- 
monest of  these  is  displacement  upward  from  elongation 
of  the  ligamentum  patellse;  this  is  rarely  congenital, 
though  a  certain  congenital  laxity  of  the  ligaments  may 
predispose  to  this  affection.  Shaffer'*  has  pointed  out 
that  elongation  of  the  patellar  ligament  and  displacement 
of  the  patella  upward  may  be  an  imi^ortant  factor  in  the 
production  of  certain  knee  disabilities,  and  has  recently  " 
indicated  its  connection  with  slipping  patella  and  dis- 
placement of  the  semilunar  cartilages.  Shaffer  states 
that  with  the  knee  flexed  at  ninety  degrees  and  the 
quadriceps  tense,  the  distance  from  the  apex  of  the  tibial 
tubercle  to  the  lower  edge  of  the  patella  in  an  adult  is 
normally  not  over  two  inches,  and  is  often  less.  In  his 
cases  of  upward  displacement  the  patellar  ligament  was 
often  three  inclies  or  more  long. 

In  rupture  of  the  ligament  the  patella  is  drawn  upward 
by  the  quadriceps,  and  in  rupture  of  the  quadriceps  at 
its  insertion  the  patella  drops  downward.  Schulthess'" 
has  shown  that  in  congenital  spastic  paraplegia  tlie  liga- 
mentum patellffi  is  elongated,  and  the  patella  displaced 
upward,  probably  from  the  continued  traction  of  the 
spastic  quadriceps.  With  the  knee  flexed  at  ninety  de- 
grees, the  inferior  border  of  the  patella  makes  a  sharp 
projection  in  front  of  the  knee  in  these  cases. 

According  to  a  recent  investigation  of  Peltesohn'^'  tlip 
patella  was  elevated  in  eleven  out  of  fourteen  congenital 
spastic  cases. 


The  posterior  surface  of  the  patella  is  concave  owing 
to  its  abnormal  relation  to  the  end  of  the  femur. 

Slipping  Patella  ;  Intermittent  Dislocation  of  the  Patella. 
—In  this  affection,  either  from  congenital  defect,  laxity 
of  the  ligaments,  trauma  or  genu  valgum,  the  patella  be- 
comes displaced  outward,  and  the  malposition  tends  to 
recur  more  and  more  frequently  in  spite  of  reduction ;  it 
finally  may  become  permanent.  Shaffer  believes  that 
this  condition  is  often  associated  with  elongation  of  the 
ligamentum  patellEe,  and  that  this  is  an  important  factor 
in  the  affection.  In  several  cases  he  found  an  exostosis 
in  the  intercondylar  groove,  due,  as  he  supposes,  to  the 
absence  of  the  patella  from  its  normal  position.  Wie- 
muth''  reports  66  cases,  of  which  32  were  of  congenital 
origin,  14  traumatic,  and  20  pathological.  Schanz,-^ 
Friedlander,"  and  others  report  cases. 

In  the  milder  cases  various  knee-caps  and  appliances 
may  be  used  to  hold  the  patella  in  place,  or  to  prevent 
abnormal  movement  at  the  knee,  but  in  inveterate  cases 
one  or  more  of  the  following  operative  procedures  may 
be  necessary: 

1.  Genu  valgum,  if  present,  should  be  corrected, 
though  this  will  not  always  prevent  the  displacement. 

3.  The  tibial  tubercle  with  the  ligamentum  patellse 
may  be  detached  with  a  chisel,  and  sutured  or  nailed  at 
a  point  farther  inward  oh  the  tibia. 

3.  The  intercondylar  groove  may  be  deepened,  and  ap 
exostosis,  if  present,  removed. 

4.  The  capsular  ligament  on  the  inner  side  of  the  pa- 
tella may  be  folded  and  sutured  (Le  Dentu). 

5.  Artificial  bow  leg  may  be  produced  after  a  supra- 
condylar osteotomy  (Chiene). 

6.  The  patella  may  be  excised  (R.  Fowler). 
Ankylosis  of  the  Patella. — After  inflammation  of  the 

knee-joint  involving  the  contiguous  articular  surfaces  of 
the  patella  and  femur,  the  patella  may  become  adherent. 
This  of  course  prevents  voluntary  motion  at  the  knee. 
AVhere  the  joint  surfaces  between  the  femur  and  tibia 
are  good,  or  where  it  is  necessary  to  do  so  in  order  to 
correct  the  position  of  the  knee,  the  patella  may  be  sepa- 
rated by  the  fingers,  mallet,  or  chisel  (see  papers  by  Hiib- 
scher  ^^  and  Cramer  2*). 

Atrophy  of  tlie  Patella. — The  patella  follows  the  usual 
law  of  l)one  growth,  increasing  in  size  and  density  ac- 
cording to  the  work  put  upon  it ;  active  muscular  indi- 
viduals have  large  and  strong  patellse.  The  patella  also 
adjusts  itself  to  the  shape  and  pressure  of  adjacent  struct- 
ures; hence  its  size  and  shape  are  altered  in  various 
pathological  conditions.  If  the  function  of  the  leg  is  in- 
terfered with,  the  development  of  the  patella  is  retarded 
or  checked,  and  later  atrophy  may  set  in.  Individuals 
with  clubfoot,  congenital  dislocation  of  the  hip,  and 
other  affections  which  limit  the  use  of  the  limb,  show  less 
development  of  bone  as  well  as  of  muscle  on  the  affected 
side.  In  infantile  paralysis  the  effect  on  function  and  on 
bone  growth  is  much  more  marked,  and  has  been  thought 
to  be  largely  due  to  interference  with  trophic  centres  in 
the  cord.  It  is  well  known  that  chronic  joint  disease  has 
a  profound  effect  on  bone  growth.  In  osteitis  of  the  knee 
and  hip  all  the  bones  of  the  affected  limb  are  shortened, 
thinned,  and  narrowed,  and  this  is  due  to  atrophy  as  well 
as  to  letardation  of  growth.  In  a  series  of  hip  and 
knee  cases  measured  by  the  writer,".  "^^  the  patella  was 
found  to  be  from  one-eighth  to  one-half  inch  narrower 
on  the  affected  side  within  two  years  of  the  onset  of 
the  affection.  The  bone  was  markedly  diminished  in 
bulk,  in  many  instances  being  less  than  half  the  size  of 
its  mate. 

Riders'  Painful  Patella. — Rosenberger"  has  recently 
described  a  painful  affection  of  the  patella  observed  in 
cavalry  and  mounted  oiBcers,  who  have  worn  tight,  stiff 
breeches  and  have  been  continuously  in  the  saddle.  The 
inner  border  of  the  patella,  which  has  little  adipose  pad- 
ding, and  which  is  most  exposed  to  pressure  in  riding,  is 
the  most  painful  part.  There  is  at  first  more  or  less 
disability,  which  together  with  the  pain  soon  passes  off 
on  rest  and  relief  of  the  pressure.  No  other  symptoms 
were  observed  by  him,  but  according  to  Diims  ^^  there 
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Fig.  3752.— Tuberculous 
CaTlties  in  Patella. 
(From  Volkmann.) 


may  be  inflammatory  swelling  of  the  quadriceps  tendon 
■vvith  crepitus. 

Diseases  of  the  Patella :  Primary  Tuberculosis. — Fibrous, 
fatty,  sarcomatous,  and  otlier  tumors  of  the  patella  or 
of  parts  adjacent  to  it  have  been  reported,  and  syphilitic 
and  staphylococcic  infections  raa,y 
occur,  but  the  most  common  and 
important  disease  of  the  patella  is 
tuberculosis.  Secondary  infections, 
especially  of  the  articular  surface 
proceeding  from  tuberculous  or 
other  inflammation  of  the  knee- 
joint,  are  not  infrequent,  and  are  a 
common  cause  of  adherent  or  anky- 
losed  patella.  Infection  may  also 
occur  from  disease  of  the  prepatel- 
lar bursa.  Primary  tuberculosis  of 
the  patella  has  been  described  by 
Volkmann  and  others,  and  has  lately 
attracted  considerable  attention. 
Gross  ^'  in  an  excellent  paper  re- 
ports 36  cases,  including  4  of  his 
own.  In  33  the  age  was  known,  of 
which  13  were  under  and  20  over 
the  age  of  twenty.  There  is  spon- 
taneous pain  in  the  patella  in  the 
daytime  and  often  at  night,  with 
extreme  tenderness  on  pressure ;  the 
subcutaneous  surface  of  the  patella 
may  be  uneven  to  the  touch ;  dur- 
ing the  earl 3'-  stages  the  functions  of 
the  knee  are  but  little  interfered 
with.  The  knee  is  usually  held  in 
extension  or  nearly  so.  The  most 
significant  symptom  is  cold,  prepa- 
tellar abscess  of  slow  formation. 
Such  an  abscess  is  much  less  mov- 
able than  a  bursal  swelling,  and  puncture  or  exploration 
should  clear  up  doubtful  cases.  Later  on,  sinuses  may 
form,  leading  to  cavities  in  the  cancellous  tissue.  Volk- 
mann ^i'  depicts  (Fig.  3752)  such  a  case  in  section.  If  it 
is  overlooked  or  neglected  extensive  disease  of  the  knee- 
joint  usually  results.  The  treatment  consists  in  the  re- 
moval of  diseased  tissue,  by  evidement  of  the  focus,  and 
when  necessary  by  excision  of  diseased  sypovial  mem- 
brane. In  the  late  cases,  in  which  the  joint  is  seriously 
infected,  the  latter  will  require  appropriate  treatment. 

Gross'  conclusions  are  that  primaiy  tuberculosis  of  the 
patella  is  more  frequent  than  is  usually  supposed;  that 
treatment  is  usually  too  long  postponed;  that  it  is  a  se- 
rious affection  rapidly  perforating  into  the  joint;  that 
with  an  early  diagnosis  a  relatively  simple  operation  will 
cure  it;  the  procedures  ordinarily  employed  are  evide- 
ment  of  the  focus,  and  in  the  later  cases  subperiosteal  or 
total  ablation  of  the  patella,  with  synovectomy  or  arthrec- 
tomy  when  necessary.  Absence  of  the  patella  inter- 
feres but  little  with  function,  and  it  may  be  reproduced 
after  total  subperiosteal  ablation.  He  remarks  that :  "  If 
one  bears  the  possibility  of  tuberculosis  of  the  patella  in 
mind  many  knees  will  be  saved." 

Other  papers  on  primary  tuberculosis  of  the  p"atella  by 
Franpois, '2 Forget, 3*  Menard, ^'^  Ribas,'*  Schlilter,"  Kum- 
mer,^*  and  Kocher^'  may  be  consulted. 

Henry  Ling  Taylor. 
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PAU. — The  city  of  Pau,  chief  town  of  the  Department 
of  the  Basses-Pyren§es,  France,  stands  upon  the  north 
or  right  bank  of  the  river  called  the  Gave  de  Pau,  at  the 
height  of  130  feet  above  the  river-bed,  and  620  feet  above 
sea  level.  The  latitude  of  Pau  is  43°  17'  N. ;  its  longi- 
tude is  0°  23'  W.  The  population  of  the  town  is  about 
thirty-three  thousand.  Its  situation,  on  the  edge  of  a 
plateau  immediately  above  the  river-bed,  and  the  loca- 
tion, at  the  brink,  as  it  were,  of  this  plateau,  of  the  old 
castle  with  its  terrace,  of  the  Place  Royale,  the  Boule- 
vard du  Midi,  and  the  Pare  (containing  thirtj-  acres  of 
ground  and  beautifully  planted  with  shade  trees)  render 
the  town  a  decidedly  picturesque  place  in  appearance, 
while  the  view  of  the  Pyrenees  Mountains,  which  may  be 
had  from  all  the  points  just  mentioned,  is  remarkably 
line,  and  is  said  by  Murray  to  be  similar  to,  although  in- 
ferior to,  the  famous  distant  view  of  the  Alps  which  is 
obtained  from  the  platform  at  Berne. 

The  reputation  of  Pau  as  a  winter  health  resort  is  no- 
toriously great,  and  its  hotels  are  excellent,  especially 
such  as  lie  in  that  part  of  the  city  which  is  nearest  the 
edge  of  the  plateau,  and  from  which  the  view  just  men- 
tioned is  obtained.  This  portion  of  the  city,  at  least,  is 
well  drained ;  of  the  rest  I  cannot  speak  positively.  The 
soil  at  Pau  is  sandy. 

The  mean  temperature  of  each  of  the  five  months, 
November  to  March,  is  given  by  Dr.  Julius  Hann  as  fol- 
lows: November,  47.84°  F. ;  December,  43.34°  F. ;  Janu- 
ary, 42.26°  F.;  JVbruary,  44.42°  F. ;  March,  48.30°  F.  I 
have  no  data  at  hand  to  illustrate  either  the  extreme  or 
the  average  daily  maximum  and  minimum  temperatures ; 
but  the  average  monthly  range  during  the  season  in  ques- 
tion is  36.5°  F.  (Hann's  "Handbuch  der  Klimatologie. ") 

Dr.  Yeo  tells  us  that  "frost  and  snow  and  cold  nights 
are  not  uncommon  in  winter  "  ;  and  it  is  evident  that  the 
climate  of  Pau  at  this  season  cannot  be  pronounced  a  very 
warm  one.  In  "Murray's  Guide-book"  we  read  that 
"  though  the  climate  is  mild  the  variations  in  temper- 
ature are  often  sudden."  On  the  other  hand.  Dr.  A. 
Rotureau  (in  the  "  Dictionnaire  Encyclopedique  des 
Sciences  Medicates  "),  although  giving  for  the  monthly 
means  of  November,  December,  and  January  figures 
which  are  lower  than  those  of  Dr.  Hann,  and  although 
admitting  that  the  temperature  quite  frequently  falls 
below  the  freezing  point,  nevertheless  appears  to  regard 
the  winter  climate  of  Pau  as  one  characterized  rather  by 
equability  than  by  variability  of  temperature,  and  Dr. 
Weber  tells  us  that  the  nycthemeral  range  of  temper- 
ature seldom  exceeds  16°  F. 

The  mean  annual  rainfall  is  42.7  inches,  of  which  11.3 
inches  falls  in  winter  (Rotureau),  and  during  the  six 
months  from  November  to  April  the  average  number  of 
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days  on  -which  rain  falls  is  between  eighty  and  ninety 
(Weber).  As  to  the  manner  in  which  rain  habitually 
falls,  we  are  told  by  Dr.  Rotureau  that,  although  falls 
of  rain  are  frequent,  they  are  not  usually  of  long  dur- 
ation, and  commonly  occur  in  the  early  part  or  toward 
the  close  of  the  day.  The  relative  humidity  of  the  at- 
mosphere at  Pau  is  considerable;  according  to  Dr. 
Weber,  it  is  on  the  average  from  80  to  85  per  cent.  Dr. 
Hann's  figures  for  the  five  months,  November  to  March, 
derived  from  observations  taken  only  twice  a  day  (viz., 
at  7  A.M.  and  at  3  p.m.),  are  as  follows:  November,  75 
percent. ;  December,  76  per  cent. ;  January,  74  per  cent. ; 
February,  73  per  cent. ;  March,  70  per  cent. 

The  leading  characteristic  in  the  climate  of  Pau,  and 
the  feature  to  which  it  largely,  and  no  doubt  deservedly, 
owes  its  popularity  as  a  winter  resort,  is  the  prevailing 
stillness  of  the  atmosphere.  The  great  chain  of  the 
Pyrenees  Mountains,  distant  only  fifteen  or  twenty  miles, 
acts  as  a  barrier  to  protect  the  region  about  Pau  against 
southerly  winds ;  while  we  are  told  by  Dr.  Yeo  that  "  a 
series  of  plateaux  rising  behind  the  town  "  afEord  a  good 
degree  of  protection  from  northerly  winds.  The  west 
and  the  east  are  the  quarters  in  which  least  protection 
against  wind  is  afforded ;  but  Dr.  Rotureau  claims  that 
the  hills  known  as  the  Coteaux  de  Juran<;on  and  the  trees 
of  the  Pare  serve  in  some  degree  to  break  the  force  of  the 
westerly  winds,  and  that  the  easterly  winds  are  modified 
in  character  by  being  obliged  to  pass  over  a  district  of 
relatively  considerable  elevation  before  reaching  the  town 
(sont  mitiges  par  les  hauteurs  du  terrain  sur  lesquelles 
ils  doivent  passer  avant  d'atteindre  la  ville).  He  also  tells 
us  that  the  east  wind  at  Pau  is  a  fair-weather  wind  and  a 
dry  one.  The  "mistral"  of  Provence  and  the  Riviera 
does  not  exist  at  Pau,  although  the  northwest  wind  is  a 
bringer  of  cold  and  dry  weather.  The  westerly  wind  is 
damp  and  warm.  In  Dr.  Rotureau's  article  will  be 
found  other  interesting  facts  concerning  the  winds  of 
Pau,  and  concerning  the  comparative  windlessness  of  its 
climate.  Suffice  it  to  say,  in  this  place,  that,  while  oc- 
casional wind-storms  of  considerable  severity  are  there 
experienced,  the  climate  is  nevertheless  one  properly  to 
be  regarded  as  exceptionally  free  from  winds. 

Huntington  Bicliards. 

[The  diseases  for  which  the  climate  of  Pau  is  regarded 
as  beneficial  are  the  various  catarrhal  conditions  of  the 
respiratory  passages :  dry  bronchitis  witli  irritable  cough, 
emphysema,  and  nervous  complaints  of  an  erethistic  na- 
ture. Formerly  Pau  enjoyed  a  wide  reputation  as  a  win- 
ter resort  for  cases  of  pulmonary  tuberculosis,  but  at  the 
present  time  it  is  considered  too  moist  for  the  successful 
climatic  treatment  of  this  disease.  There  is,  however,  in 
the  neighborhood  of  Pau  a  small  sanatorium  (The  Tres- 
poey  Sanatorium)  six  liundred  and  ninety-five  feet  high, 
for  the  treatment  of  pulmonary  tuberculosis ;  it  is  open 
from  the  middle  of  October  to  the  middle  of  May.  One 
can  find  at  Pau  good  facilities  for  golf,  polo,  tennis,  and 
cross-country  racing.  There  are  four  English  churches 
and  a  Scotch  one.  There  has  recently  been  opened  a 
winter  palace  of  much  magnificence,  where  operas,  etc., 
are  given.  English  physicians  are  also  to  be  found 
here.— 7i?.  0.  0.] 

PAVILION  SPRING.— Berks  County,  Pennsylvania. 
Post-Office.— Wernersville.    Sanatorium. 

Access.— Viii  Bound  Brook  route.  Central  Railroad  of 
New  Jersey,  Lebanon  Valley  Railroad,  or  Philadelphia 
and  Reading  Railroad  to  Wernersville ;  thence  one  and 
three-quarter  miles  by  private  conveyance  to  spring. 

The  Pavilion  Spring  is  not  itself  a  resort,  but  its  wa- 
ters are  used  commercially,  and  locally  it  is  used  to  sup- 
ply the  Grand  View  Sanatorium.  It  is  located  on  the 
grounds  of  the  .sanatorium,  near  Wernersville,  and  nine 
miles  from  the  city  of  Reading.  The  situation  of  the 
sanatorium  is  on  the  South  Mountains,  about  one  thou- 
sand feet  above  tide  water,  in  the  midst  of  charming  and 
picturesque  surroundings.  This  institution  is  an  old  and 
well-known  health   resort,  having   been  established  in 
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1847.  The  buildings  have  been  greatly  enlarged  and  im- 
proved recently,  and  the  resort  is  now  fitted  up  withall 
kinds  of  appliances  and  conveniences  for  combating- 
morbid  conditions.  The  Pavilion  Spring  was  analyzed 
in  1885  by  Prof.  Otto  Luthy,  analytical  chemist,  of 
Philadelphia,  with  the  following  results : 

Reaction  neutral.  One  United  States  gallon  contains: 
Potassium  sulphate,  gr.  0.18;  sodium  sulphate,  gr.  0.03; 
sodium  chloride,  gr.  0.06;  sodium  carbonate,  gr.  0.33; 
calcium  carbonate,  gr.  0.33;  magnesium  carbonate,  gr. 
0.13;  iron  oxide  and  alumina,  a  trace;  silica,  gr.  0.94; 
organic  and  volatile  matter,  gr.  0.10.     Total,  gr.  1.98. 

This  water  is  very  lightly  mineralized,  containing,  in- 
deed, fewer  solid  ingredients  than  that  supplied  to  many 
of  our  larger  cities.  It  is  remarkably  pure,  however, 
and  well  adapted  for  table  purposes.  The  water  con- 
tains a  considerable  amount  of  carbonic  acid  gas  and  at- 
mospheric air.  James  K.  Crook. 

PEDICULOSIS.    See  Insects,  Parasitic. 

PELIOSIS  RHEUMATICA.  See  Morbus  Maeulosus 
WerUwfii,  and  Purpura. 

PELLAGRA. — (Synonyms:  Lombardian  leprosy;  ery- 
thema endemicum ;  Maidismus ;  Mai  de  misire  [Frencli] ; 
Mailandisclie  Hose  [German] ;  Mai  roxo  [Spanish] ;  Mlxl 
rosso;  Seorbuto  Alpirio  [Italian]). 

Definition. — An  affection,  limited  to  certain  countries 
of  the  temperate  zone,  which  has  been  most  prevalent 
where  maize  or  Indian  corn  is  the  principal  article  of  diet. 
It  is  tliought  to  be  a  trophoneurotic  disease  of  toxic  ori- 
gin, affecting  mainly  the  digestive  tract,  cerebrospinal 
centres,  and  the  skin. 

The  disease  was  first  observed  in  Spain  in  1735,  and  it 
still  exists  to  a  limited  extent  in  that  country,  although 
it  is  mainly  encountered  in  Northern  Italy,  in  the  country 
about  Rome,  in  Southern  Austria,  in  the  Tyrol,  and  in 
Roumania,  while  Manson  reports  the  disease  as  prevalent 
in  Egypt.  No  cases  have  appeared  in  this  countrj-,  al- 
though it  is  sometimes  imported  with  immigrants  coming 
from  countries  where  the  disease  prevails.' 

Symptoms.— The  disease  occurs  in  both  men  and  wom- 
en, and  it  has  usually  been  observed  in  adults,  although 
children  are  by  no  means  exempt.  It  first  makes  its  ap- 
pearance in  the  spring  or  early  summer ;  continues  dur- 
ing the  summer  months,  and  then  subsides  as  winter  ap- 
proaches. The  first  symptoms  refer  to  the  digestive  tract 
and  consist  mainly  of  loss  of  appetite,  thirst,  vomiting, 
together  with  intestinal  disturbances  which  give  rise  to 
diarrhcEa;  or,  more  rarely,  constipation  may  be  at  first 
complained  of,  but  this  is  usually  followed  by  obstinate 
diarrhosa.  As  might  be  expected  in  this  condition  the 
tongue  is  furred,  and  epigastric  pain  is  not  infrequently 
complained  of.  In  addition,  there  are  lassitude,  some- 
times dizziness,  noises  in  the  ears,  headache,  and  sleep- 
lessness. These  symptoms  are  soon  followed  by  aneemia, 
palpitation  on  slight  exertion,  and  sometimes  03dema. 
Pains  occurring  either  in  the  joints  or  in  the  lower  part 
of  the  spine  may  likewise  be  complained  of.  In  the  course 
of  a  few  months,  or  it  may  be  not  until  the  summer  fol- 
lowing, the  skin  shows  signs  of  being  implicated  in  the 
disease.  At  first  there  may  be  a  general  pallor,  or  even 
jaundice,  which  is  soon  followed  by  an  erythema.  The 
erythema  often  develops  somewhat  suddenly,  although 
less  abruptly  than  is  usually  the  case  with  simple  ery- 
thema, and  its  duration  is  more  prolonged.  The  parts  ex- 
posed to  the  sun's  rays  are  at  first,  and  throughout  the 
whole  course  of  the  disease,  the  regions  mainly  involved. 
The  changes  consist  of  an  erythematous  blush  which  may 
be  uniformly  distributed  over  the  area  involved,  or  the 
eruption  may  appear  in  the  form  of  patches  of  various 
shapes  and  sizes.  These  are  generally  first  noticed  on 
the  backs  of  the  hands,  the  face,  neck,  and  forearms  in 
laborers  who  are  accustomed  to  go  in  the  sun  bare-anned. 
The  same  may  be  observed  on  the  feet  and  legs  of 
children  who  are  wont  to  go  barefooted;  and  it  has 
been  observed  by  Raymond ''  to  recur  in  parts  once  af- 
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fected,  although  subsequently  protected  from  the  direct 
rays  of  the  sun.  The  eruption  at  first  bears  some  resem- 
blance to  an  ordinary  sunburn.  In  unusually  severe 
cases  the  cutaneous  eruption  is  often  of  a  livid  red  color 
which  disappears  on  pressure,  and  in  some  instances 
hemorrhagic  petechias  are  encountered  ;  bulhu  liave  like- 
wise been  observed,  and  marked  oedema  of  the  parts  af- 
fected is  not  an  uncommon  symptom.  The  subjective 
symptoms  complained  of  in  the  skin  are  slight  burning 
or  itching,  although  the  latter  symptom  is  usually  de- 
scribed by  the  patient  as  merely  prickling  or  tingling, 
)-ather  than  the  well-defined  itching  experienced  in  ecze- 
ma. These  constitute  what  may  be  called  the  first  stage 
in  the  cutaneous  manifestations. 

Toward  the  last  of  the  summer,  however,  the  skin  as- 
sumes a  dark,  sometimes  muddy,  color ;  it  becomes  rough, 
the  epidermis  being  thickened  and  slightly  scaly,  and 
not  infrequently  excoriated  patches  are  encountered. 
Tliese  are  occasioned  by  the  rubbing  and  scratching  in- 
dulged in  by  the  patient.  The  duration  of  the  eruption 
is  variable. 

Usually  the  active  cutaneous  symptoms  begin  to  sub- 
side within  a  few  weeks,  or  soon  after  midsummer,  when 
the  patient  apparently  recovers,  and  as  cold  weather  ap- 
proaches no  vestige  of  the  disease  may  be  apparent.  In 
this  case  the  patient  remains  free  from  the  disease  un- 
til the  following  spring  when  the  symptoms  return  usu- 
ally with  greater  severity  than  characterized  those  of 
the  preceding  year.  More  frequently,  however,  the 
symptoms  do  not  wholly  subside  upon  the  approach  of 
winter.  With  the  recurrence  in  the  severity  of  the  erup- 
tion the  skin  soon  becomes  thickened  and  fissures  occur 
about  the  small  joints;  this  is  accompanied  by  marked 
exfoliation  and  constitutes  the  second  stage  of  the  erup- 
tion. The  severity  of  the  disease  varies  in  different  sea- 
sons and  In  different  individuals,  but  it  is  usually  com- 
mensurate with  the  privations  to  which  the  patient  is 
exposed.  Year  after  year  the  erythema  returns  and 
finally  there  takes  place  marked  atrophy  of  the  derma, 
the  skin  becomes  shrivelled,  and  the  fingers  assume  a 
semiflexed  position,  constituting  the  third  stage  of  the 
cutaneous  lesions. 

During  the  second  year  the  nervous  system  shows  more 
unmistakable  signs  of  implication.  At  this  time  changes 
in  the  reflexes  are  seldom  wholly  absent.  In  165  cases 
examined  by  Sandwith,^  the  knee  jerk  was  found  to  be 
normal  in  only  3,  in  45  it  was  slightly  exaggerated,  in 
70  very  brisk,  in  15  feeble,  and  absent  in  23.  In  addi- 
tion to  this  the  patient  complains  of  pain  and  tenderness 
in  the  dorsal  region,  the  pain  sometimes  radiating  to  the 
extremities.  According  to  Crocker*  the  third  nerve  is 
frequently  paralyzed,  and  changes  have  been  observed  in 
the  fundus  oculi.  These  symptoms  are  followed  by  de- 
lirium, and  after  many  years  by  melancholia,  mania,  and 
a  tendency  to  suicide,  while  insanity  is  not  infi-equently 
the  final  sequence.  It  is  estimated  that  about  ten  per 
cent,  of  the  patients  finally  drift  into  the  lunatic  asylums 
of  Italy  (Billed).  In  young  people  bodily  defects  are 
sometimes  attributed  to  this  disease,  especially  defective 
development  of  the  organs  of  generation,  while  it  is  said 
that  the  mental  powers  may  be  unnaturally  precocious. 
Other  symptoms  noted  late  in  the  course  of  the  disease 
are  paralyses  of  various  parts  of  the  body,  those  most 
frequently  reported  involving  the  legs  and  arms ;  while 
atrophy  of  various  internal  organs  is  often  observed  post 
mortem. 

Pathology. — According  to  Lombroso*  the  principal 
factor  in  the  causation  of  pellagra  is  undoubtedly  some 
toxic  effect  on  the  sympathetic  system  and  the  vagus 
nerve.  The  first  change  observed  in  the  skin  is  hyperse- 
mia,  which  goes  on  to  exudation  and  consequent  hyper- 
trophy. Similar  changes  have  been  best  observed  in  the 
meninges  of  the  brain,  as  well  as  in  the  liver,  spleen, 
kidneys,  and  lungs.  When,  as  is  usually  the  case,  death 
occurs  iate  in  the  course  of  the  disease,  atrophic  changes 
have  been  for  the  most  part  observed.  The  most  con- 
stant post-mortem  changes  are,  therefore,  general  ema- 
ciation, atrophy  of  the  skin,  which  presents  a  shrivelled. 


sometimes  furrowed  appearance,  together  with  marked 
atrophy  of  the  liver  and  spleen.  In  some  instances  these 
changes  have  been  noted  iu  the  kidneys.  Symmetrical 
sclerosis  has  been  observed  by  Tuczek  in  the  posterior 
colunms  of  the  cord  and  in  the  pyramidal  tract ;  while  in 
some  cases  latty  degeneration  of  various  internal  viscera 
is  the  most  conspicuous  feature.  In  one  hundred  and 
thirteen  autopsies  Lombroso  found  exudation  into  the 
liver,  kidneys,  spleen,  and  tlie  meninges  of  the  cord. 
He  likewise  found  atrophy  of  viscera  supplied  by  the 
vagus,  fatty  degeneration  of  the  liver  and  kidneys,  and 
pigment  changes  in  the  cells  of  the  brain  and  cord. 
_  Etiology.— It  was  formerly  supposed  that  the  exclu- 
sive use  of  unwholesome  maize  as  an  article  of  diet  was 
the  cause  of  pellagra.  There  can  be  no  question,  how- 
evei-,  that  bad  hygienic  surroundings  together  with  ex- 
posure to  the  sun  are  the  most  important  factors  in  the 
etiology  of  the  disease.  According  to  Lombroso  (loc. 
cit.),  the  immediate  cause  of  pellagra  is  a  toxic  influence 
analogous  to  ergotism,  and  further  that  maize  when  de- 
composed gives  rise  to  a  fatty  oil  or  extractive  which 
has  been  denominated  pellagrozein.  In  experiments 
made  -with  this  oil  on  both  men  and  animals  it  has  been 
shown  that  symptoms  somewhat  analogous  to  pellagra 
have  followed  its  administration.  On  the  other  hand, 
many  cases  of  pellagra  are  reported  in  which  the  inges- 
tion of  maize  has  played  no  part.  Thus  Hardy, « 
Schreiber,'  and  othei-s  have  reported  cases  of  pellagra  in 
which  maize  had  not  entered  into  the  dietary.  Alcohol 
and  syphilis  have  likevifiso  been  looked  upon  as  etiologi- 
cal factors.  While  it  nmst  be  acknowledged  that  they 
may  be  contributory  in  producing  the  debilitated  state 
essential  iu  its  causation,  there  is  no  positi\-e  ground  for 
believing  that  they  ever  give  rise  to  the  disease  perse. 
It  is  well  known  that  maize  as  an  article  of  diet  is  per- 
fectly wholesome  when  sound  and  properly  cured;  but, 
like  rye,  maize  may  become  affected,  giving  rise  to  a  po- 
tent toxic  poison  analogous  to  ergot.  Dr.  Zampa,*medi- 
cal  oflicer  of  health  in  the  province  of  Rome,  claims  to 
have  ti-aced  a  direct  connection  between  the  disease  and 
certain  tojiographical  conditions,  although  malaria  seems 
to  have  no  part  in  its  causation.  The  disease  is  most 
commonly  met  with  am.-jng  the  agricultural  class,  al- 
though in  rural  distiicts  it  does  not  spare  the  artisan  or 
those  engaged  in  other  pursuits.  According  to  Zampa, 
damp,  dirty,  ill-ventilated  habitations,  scarcity  of  pui-e 
drinking-water,  and  a  large  consumption  of  "  polenta  "  (a 
porridge  made  of  maize  seasoned  with  a  little  salt)  as  the 
chief  article  of  diet,  are  tlie  chief  causes  of  pellagra. 
Crocker  very  aptly  summarizes  the  cause  of  pellagra 
into  "peasant  life,  poverty,  and  polenta."  The  disease 
is  not  contagious  nor  is  it  inherited.  The  age  at  which 
the  disease  is  most  commonly  met  with  ranges  between 
thirty  and  fifty  years. 

Di.VGNOsis. — Like  many  infectious  diseases  the  diag- 
nosis of  pellagra  is  not  difficult  when  it  is  encountered  in 
connection  with  other  cases  of  the  same  nature,  in  com- 
munities where  pellagra  is  known  to  be  endemic,  or  in 
those  known  to  have  suffered  from  previous  attacks  of 
the  disease.  On  the  other  hand,  in  sporadic  cases  or  in 
countries  where  the  disease  is  seldom  encountered,  its 
recognition  may  be  somewhat  difficult.  The  first  point 
to  be  considered  is  the  nutrition  of  the  patient,  for  malnu 
trition  is  essential  to  the  development  of  the  afliection. 
Gastro-intestinal  disturbances,  together  with  erythema 
appearing  on  the  backs  of  the  hands,  on  the  face,  more 
rarely  on  the  forearms  and  dorsal  surfaces  of  the  feet  as 
warm  weather  comes  on,  might  be  mistaken  for  ordinary 
sunburn.  The  association  of  gastro-intestinal  distui-b- 
ances,  however,  should  put  one  on  guard,  while  the  per- 
sistence of  the  eruption  would  soon  lead  to  a  more 
thorough  investigation,  when  the  association  of  other 
symptoms  or  the  history  of  previous  attacks  would  enable 
the  physician  to  make  a  positive  diagnosis.  Later  in  the 
course  of  the  disease  the  occurrence  of  nervous  symptoms 
would  be  conclusive  to  one  familiar  with  the  salient  feat- 
ures of  pellagra.  Finally,  with  the  continuation  of  the 
eruption  year  after  year,  together  with  great  debility. 
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despondency,  an  inclination  to  melancholia,  and  aberra- 
tion of  reflexes,  an  error  in  diagnosis  need  not  occur. 

Prognosis.— The  prognosis  will  depend  upon  the 
severity  of  the  disease  and  the  extent  to  which  it  has 
advanced.  During  the  first  attack  the  prognosis  may  be 
said  to  be  favorable,  provided  the  patient  can  obtain 
suitable  nourishment,  and  provided  the  impairment  of 
the  digestive  functions  be  not  sufBciently  grave  to  inter- 
fere with  normal  nutrition.  On  the  other  hand,  after  the 
disease  has  existed  one  or  more  years  and  general  impair- 
ment of  nutrition  becomes  more  marked,  together  with 
involvement  of  the  nerve  centres,  the  prognosis  is  always 
extremely  grave.  When  the  disease  goes  unchecked  the 
final  fatal  termination  may  be  expected  in  from  three  to 
twelve  years,  the  average  being  about  five.  In  all  cases 
the  prognosis  will  depend  upon  the  ability  of  the  patient 
to  place  himself  under  the  most  favorable  conditions  for 
recovery. 

Tkeatment. — Tlicre  are  no  drug  specifics  in  the  treat- 
ment of  pellagra,  and  regulation  of  the  diet  should  be  the 
first  consideration.  In  conjunction  with  this,  proper  at- 
tention should  be  paid  to  the  digestive  tract,  which  may- 
require  sedatives  or  soothing  medicines,  such  as  olive  oil 
or  albolene,  together  with  opium,  bismuth,  etc.  The 
food  selected  should  be  light  and  easy  of  digestion,  and 
it  should  be  given  in  small  quantities  at  frequent  inter- 
vals according  to  the  strength  and  general  condition  of 
the  patient.  Milk,  eggs,  and  meat  broth  are  usually  in- 
dicated in  severe  cases,  and  as  the  strength  increases  a 
meat  diet  with  vegetables  and  bread  obtained  from  well- 
ripened  grain  should  be  given.  Next  in  importance  to 
the  diet  are  the  hygienic  surroundings  of  the.  patient. 
As  has  been  shown,  most  cases  occur  among  those  who 
have  been  subjected  to  the  vilest  hygienic  conditions; 
therefore  .it  should  be  seen  that  the  room  occupied  by 
the  patient  be  sufiiciently  large  to  insure  pure  air  to- 
gether with  free  ventilation ;  dampness  should  be  avoided 
by  selecting  a  room  to  which  the  sun  gains  access  at  least 
during  some  portion  of  the  day.  Massage  and  rubbing 
with  salt  may  be  of  benefit.  By  way  of  further  medi- 
cation, after  the  more  pressing  symptoms  have  been  al- 
layed, tonics  and  vegetable  bitters,  such  as  quinine  and 
iron,  together  with  cod-liver  o'il,  should  be  prescribed. 
In  some  cases  the  administration  of  arsenic  is  followed 
by  marked  improvement.  The  cases  in  which  this  rem- 
edy is  most  liable  to  prove  beneficial  ai'e  those  which 
have  extended  over  several  years  and  in  which  the  dis- 
ease has  assumed  a  chronic  stage.  To  quiet  the  appre- 
hension of  the  patient,  especially  when  the  nervous  mani- 
festations assume  a  serious  aspect,  opium  may  be  given. 

Willimn  Tliomaa  Corlett. 
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PELLITORY.— P^re!!Ar!(m,  U.  S.  P. ;  Pyretliri  radix, 
Br.  P. ;  Spanish  Pellitory ;  Bpanidi  Gliamomile.  The 
dried  root  of  Anacychis  Pyrethrum  (L.)  DC  {Antliemin 
P.  [L.]  fam.  ComposiUe.) 

The  pellitory  plant  is  a  pretty  little  perennial  herb, 
which  somewliat  resembles  the  chamomile,  whence  one 
of  its  common  names.  It  is  a  native  of  the  Mediterra- 
nean basin,  where  it  is  cultivated  not  only  as  a  drug,  but 
also  as  a  garden  flower. 

Prom  5  to  12  cm.  (2  to  5  in.)  long  and  1  to  2  cm.  (|-*  in.) 
thick,  nearly  straight  and  unbranched,  cylindraceous, 
tapering  or  slightly  fusiform,  bearing  a  few  tough,  hair- 
like, yellowish  rootlets  and  in  the  centre  of  the  crown 
usually  a  tuft  of  cottony  or  silky,  whitish,  fibrous  tissue; 
externally  deep  brown,  or  slightly  grayish-brown,  incon- 
spicuously annular  near  the  crown,  ver>-  roughly  wrinkled 
and  pitted,  harsh  to  the  touch ;  fractui'e  short  and  sharp ; 
bark  thick,  the  inner  layer  brown,  containing  about  thiee 
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circles  of  dark  red  resin  cells,  the  outer  layer  ciarlc  brown; 
wood  yellow-brown,  finely  radiate,  containing  four  or 
more  circles  of  resin  cells;  inodorous,  pungent,  and  acrid, 
producing  a  prompt  and  strong  sialagogue  effect.  . 

The  acridity  of  pellitory  is  due  to  a  number  of  constit- 
uents, or  possibly  to  some  one  which  is  carried  in  the 
former.  These  are  a  resin  and  two  fixed  oils,  all  present 
in  large  amount,  as  well  as  the  alkaloid  pyrethrine.  The 
latter  is  readily  decomposed  into  a  derivative  alkaloid, 
believed  to  be  piperidine,  and  piperic  acid.  The  resin 
contains  a  small  amount  of  the  alcohol-soluble  bodj',  pel- 
litorin.  The  substance  which  has  been  sold  as  "  pyre- 
tlirin  "  is  merely  a  fatty  and  resinous  extract.  Tannin 
and  volatile  oil  are  present  in  small,  and  inulin  in  large 
amount. 

Action  and  Use. — These  have  been  but  little  investi- 
gated, notwithstanding  that  the  powerfully  active  prop- 
erties of  the  drug  warrant  a  thorough  experimental 
study.  It  is  one  of  tlie  most  powerful  of  sialagogues,  a 
property  which  we  have  not  yet  learned  to  utilize,  in 
spite  of  the  important  digestive  functions  of  the  saliva. 
It  is  at  least  possible  that  so  powerful  an  action  upon 
the  salivary  glands  is  associated  with  a  similar  action 
upon  the  pancreas,  but  no  observations  are  recorded 
upon  this  point.  The  most  general  application  of  the 
drug  is  as  a  dental  anaesthetic  and  counter-irritant,  and 
it  enters  into  numerous  "  toothache  drops "  which  have 
themselves  largely  gone  out  of  use.  There  is  a  twenty- 
per-cent.  oflicial  tincture,  made  with  alcohol,  the  dose  of 
which  is  a  fluidrachm. 

Allied  Drug. — Oerman  pellitory  or  pyreihrum  is  the 
root  of  A.  officinarutn  Hayne,  the  nativity  of  which  is 
not  certainly  known,  but  which  is  a  product  of  cultiva- 
tion. The  root  is  very  much  more  slender  and  elongated 
than  the  other,  and  usually  comes  to  market  with  long 
portions  of  the  stem  attached.  It  has  a  circle  of  large 
resin  cells  in  the  bark,  but  there  are  none  in  the  medul- 
lary rays.  Its  constituents  and  action  are  practically 
identical  with  those  of  the  oflicial  variety. 

Henry  H.  Rusby. 

PELVES,  DEFORMED.— Any  marked  deviation  in  size 
or  symmetry  from  tlie  normal  pelvis  may  be  regarded  as 
constituting  a  deformity  of  the  pelvis,  whether  the  effect 
on  the  course  of  labor  be  serious  or  not. 

A  deformed  pelvis  may  be  due  to  an  error  in  develop- 
ment, to  local  disease,  injury,  or  new  growth,  or  indi- 
rectly to  injuiy,  disease,  or  maldevelopment  of  the  ad- 
joining skeleton.  Thus  from  errors  in  development 
there  are  the  abnormally  large  pelves,  called  justo-ma- 
jor;  the  justo-minor,  or  disproportionally  small,  some- 
times of  a  persisting  infantile  type ;  and  the  pelves  of 
the  masculine  type,  large  and  thick-boned,  but  with  a 
narrowed  pubic  arch  and  pelvic  outlet. 

Prom  local  errors  in  development  there  are  the  rare 
varieties,  where  one  or  both  of  the  sacral  alse  are  lacking, 
giving  the  Naegele  (oblique)  or  Robert  (transversely 
contracted)  pelves.  The  split  pelvis  is  one  in  which 
there  is  failure  of  meeting  of  the  pubic  bones  at  the 
symphysis. 

Prom  constitutional  disease  or  errors  of  nutrition  caus- 
ing softening  of  the  bones,  there  result  the  pelves  de- 
formed by  rachitis  and  osteomalacia.  Prom  local  disease 
there  may  be  caries  of  some  of  the  pelvic  joints,  with  ar- 
rest of  development  and  later  ankylosis.  The  sacro-iliac 
joints,  if  diseased  in  early  life,  may  cause  extreme  deform- 
ity. PoUowing  injuries  there  may  be  pelvic  fracture 
with  formation  of  callus.  Now  growths  may  limit  or 
obliterate  the  pelvic  cavity— a  primary  sarcoma  or  sec- 
ondary carcinoma,  or  some  form  of  enchondroma  or  ex- 
ostosis. 

Any  injury  or  maldevelopment  of  parts  of  the  skeleton 
adjoining  the  pelvis,  especially  during  early  life,  may 
have  an  important  bearing  upon  the  subsequent  develop- 
ments of  the  pelvis,  and  leave  indirectly  its  stamp  on  the 
general  contour  of  tlie  latter.  Thus,  for  example,  polio- 
myelitis, causing  a  paralysis  and  subsequent  atrophy  of 
one  limb,  leaves  tlie  pel\is  on  that  side  comparatively 
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undeveloped.  As  a  further  result  of  the  shortening  of 
the  limb  there  must  be  compensatory  scoliosis,  with  its 
effect  upon  pelvic  growth. 

Other  forms  of  paralysis  of  the  lower  extremities,  or 
joint  diseases  of  hip,  knee,  or  ankle,  mayafEect  the  pelvis 
in  the  same  way.    A  congenital  hip-joint  dislocation  may 

seriously  affect  the 
normal  growth  of  the 
pelvis.  Other  results 
of  skeletal  deformity 
upon  the  pelvis  are 
not  infrequently  seen 
from  defects  in  the 
spinal  column,  such 
as  simple,  compen- 
satory, or  ■  rachitic 
scoliosis,  caries  of 
the  vei'tebriE,  and, 
rarel}',  the  anterior 
dislocation  of  the 
bodies  of  the  lumbar 
vertebree,  known  as 
spondylolisthesis. 
Senile  changes  in  the 
pelvis  before  the  end 
of  the  child-bearing 
period  sometimes 
cause  obstruction 
by  ankylosis  of  the 
coccyx  with  the  sa- 
crum. 
Habits  of  living- 
must  always  be  counted  upon  as  etiological  factors. 
The  poorly  nourished  and  poorly  housed  are  the  ones 
who  present  pelves  deformed  from  rachitis  and  tuber- 
•culosis.  For  this  reason  the  percentage  of  deformities  is 
small  among  our  native  country  classes,  large  among  the 
dwellers  in  cities,  especially  of  the  slums,  and  greatest 
among  the  immigrant  population.  Abroad,  where  the 
sanitary  conditions  of  life  are  worse,  still  higher  pro- 
portions of  deformity  are  found,  and  osteomalacia  is  oc- 
casionally met  with. 

There  are  racial  peculiarities  in  the  shapes  of  the  pelvic 
brim.  The  Caucasian  normal  type  is  one  which  is  wide 
'transversely;  the  outline  of  the  Australian  pelvic  brim 
is  almost  circular ;  while  the  African  pelvic  brim  is  one 
which  is  relatively  constricted  transversely,  and  has  a 
long  antero-posterior  diameter.  This  type  of  pelvis,  if  af- 
fected by  the  unsanitary  conditions  in  which  the  negroes 
-commonly  live  in  this  country  in  cities,  supplies  a  large 
proportion  of  bad  pelvic  deformities.-  Thus  one  author 
lias  reported  seven  per  cent,  of  deformed  pelves  in  whites 
in  a  city  hospital  service,  as  against  twenty-one  per  cent, 
in  blacks. 

The  recognition  of  the  deformity  is  important.  One 
"must  learn  pelvimetry  if  he  is  to  do  intelligent  obstet- 
rics." Much  can  be  ascertained  by  inspection  of  the 
patient.  The  facial  appearance,  form,  carriage,  height, 
^ait,  or  obvious  deformities  of  spine  or  lower  extremities 
may  lead  to  suspicions  and  put  one  on  the  track  of  a  pel- 
vic defect.  A  careful  questioning  may  elicit  a  history 
•of  diseases  such  as  rachitis  or  tuberculous  bone  disease, 
■or  bring  out  information  concerning  previous  difflcult 
labors. 

But  the  history  may  be  lacking,  and  all  external  ap- 
pearance of  deformity  absent.  Moreover,  in  all  cases, 
Tio  matter  how  obvious  the  deformity,  its  true  extent  and 
its  obstetric  significance  can  be  ascertained  only  by  care- 
ful pelvimetry,  through  palpatio:!,  vaginal  examination, 
and  instrumental  pelvic  measurements.  External  meas- 
urements, except  in  some  cases  of  great  obesity,  are  of  a 
■certain  value  in  determining  the  types  of  deviation  from 
the  normal.  Of  greater  importance  is  the  exploration  by 
vaginal  examination  of  the  pelvic  cavity. 

For  external  measurements  there  have  been  chosen  cer- 
tain easily  recognized  bony  landmarks.  The  distance  be- 
tween these  points  is  taken  by  a  form  of  caliper  called  the 
pelvimeter.     Of  the  commoner  types  perhaps  those  of 


Baudelocque  and  Breisky  are  best  known.  The  essen- 
tials of  a  good  pelvimeter  are  compact  size  and  an  accu- 
rate and  legible  scale,  preferably  in  centimeti'es. 

The  first  measurement  usually  taken  is  the  distance 
between  the  anterior  superior  spines.  For  this  measure- 
ment the  patient  should  be  flat  on  the  back,  with  all  but 
the  thinnest  clothing  removed  from  about  the  hips  and 
lower  abdomen.  The  thumb  and  forefinger  should 
steady  each  tip  of  the  pelvimeter.  The  thumb  should 
now  be  allowed  to  rest  in  the  notch  below  the  spines  and 
the  tips  of  the  pelvimeter  be  lightly  pressed  against  their 
outer  side  and  the  reading  made.  Taken  in  this  way  the 
measurements  will  be  fairly  constant  when  made  by  dif- 
ferent individuals.  The  average  interspinal  diameter  is 
34  cm. 

The  next  measurement  should  be  the  distance  between 
the  crests  of  the  ilia,  this  measurement  being  made  be- 
tween the  points  which  are  most  widely  separated,  The 
patient  lying  in  the  same  position,  the  tips  of  the  pel- 
vimeter are  slipped  back  along  the  outside  edge  of  the 
crests,  and  the  widest  points  of  divergence  noted  and 
measured.  This  is  called  the  intercristal  measurement. 
It  should  average  about  28  cm.  These  two  distances 
furnish  an  indication  of  the  transverse  diameter  of  the 
jjelvic  brim,  especially  if  taken  in  consideration  with  the 
so-called  extei'nal  oblique  measurements. 

The  ratio  of  the  interspinal  measurements  to  the  inter- 
cristal has  a  distinct  value  in  the  study  of  certain  types 
of  deformity,  especially  the  rachitic. 

The  external  oblique  measurements  are  those  taken 
from  one  posteiior  superior  spine  to  the  opposite  anterior 
superior  spine.  To  take  the  left  oblique  measurement 
the  doctor  stands  on  the  right  of  the  patient,  who  lies  on 
her  left  side.  The  distance  from  the  left  posterior  supe- 
rior spine  to  the  tip  of  the  right  anterior  superior  spine  is 
measured.  The  posterior  spines  are  not  very  prominent, 
but  are  usually  indicated  by  the  presence  of  a  dimple  on 
either  side  of  the  sacrum  from  one  and  one-half  to  two 
inches  from  the  median  line.  The  patient  now  lies  on 
the  right  side,  and  the  right  oblique  measurement  is 
taken.  The  average  length  of  these  measurements  is  22 
cm.  The  right  oblique  is  commonly  0.5  cm.  larger  than 
the  left.  The  obliques  furnish  a  fair  idea  of  the  oblique 
diameters  of  the  pelvic  brim.  Any  marked  deviation  of 
their  normal  relation  to  each  other  is  a  good  index  to  ob- 
lique pelvic  contraction. 

For  estimation  of  the  antero-posterior  diameter,  or  so- 
called  conjugate  of  the  pelvic  brim,  a  measurement  is 
taken  which  is  called  the 
external  conjugate.  This 
is  the  distance  from  the 
tip  of  the  last  lumbar 
spine  to  a  point  about 
one-quarter  of  an  inch 
below  the  upper  edge  of 
the  pubic  symphysis  in 
the  median  line.  Some 
authorities  give  the  de- 
pression just  below  the 
last  lumbar  spine  as  the 
posterior  landmark,  but 
this  gives  less  constant 
and  exact  measurements. 
The  last  lumbar  spine  is 
usually  the  most  promi- 
nent spine  in  that  region. 
It  is  found  about  2  cm. 
above  the  level  of  a  line 
drawn  through  the  two 
posterior  superior  spines. 
This  measurement  calls 
attention  to  contractions 
in  the  antero-posterior  di- 
ameter of  the  pelvis.  In 
the  normal  pelvis  it  measures  from  20  to  21  cm.  Any 
pelvis  measuring  less  than  18  cm.,  even  if  justo-minor, 
should  be  regarded  as  flat.  There  are,  however,  possi- 
bilities of  error  in  this  measurement.     Occasionally  a 
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pelvis  which  has  an  external  conjugate  of   large  size 
will  show  flattening  upon  internal  pelvimetry. 

One  other  external  measurement  is  sometimes  of  im- 
portance; that  is,  in  the  type  of  pelvis  where  there  is 
obstruction  at  the  pelvic  outlet  due  to  a  narrowing  of  the 
pubic  arch  and  an  approximation  of  the  tuberosities  of 
the  ischia.  This  is  called  the  bi-ischiatic  diameter.  It 
is  easily  taken,  while  the  patient  is  in  the  lithotomy  posi- 
tion. The  tuberosities  may  be  readily  felt,  and  the  dis- 
tance between  them  taken  by  tape  measure  or  pelvime- 
ter. If  the  distance  be  below  9  cm.  the  narrowing  is 
dangerous. 

The  most  valuable  information  is  furnished  the  phy- 
sician by  vaginal  examination.  After  he  has  acquired 
some  experience  he  will  be  able  to  make  out  variations  in 
the  size  of  the  cavity  of  the  pelvis.  If  he  can  readily  with 
the  finger  touch  the  sacral  promontory,  flattening  is  cer- 
tain. Fairly  accurately  to  estimate  the  internal  conju- 
gate, the  first  and  second  fingers  of  the  right  hand  are  in- 
troduced until  the  middle  finger  rests  against  the  prom- 
ontory. At  the  point  where  the  index  finger  intersects 
the  symphysis  a  mark  is  made  by  the  finger  nail  of  the 
left  forefinger.  The  Internal  oblique  conjugate  is  the 
distance  between  this  mark  and  the  tip  of  the  middle 
finger.  Subject  to  slight  variations  the  true  internal 
conjugate  may  be  estimated  by  the  subtraction  of  1.5 
cm.  from  these  figures.  The  normal  internal  conjugate 
is  11  cm.  Any  conjugate  below  10  cm.  indicates  a  dan- 
gerously flattened  pelvis. 

Of  the  various  types  of  deformities  which  are  perhaps 
most  commonly  seen  are  the  pelves  of  normal  sj^mmetry 
but  of  extremes  of  size.  The  justo-major  pelves  are  those 
of  exaggerated  size.  They  occur  usually  in  women  of 
robust  type,  who  have  an  otherwise  large  frame.  These 
women  are  often  tall,  but  they  may  be  of  normal  stature. 
The  effect  of  such  a  pelvis  upon  labor  is  slight.  Certain 
authors  suggest  that  from  the  lack  of  bony  resistance 
there  is  a  tendency  to  precipitate  labors  and  resulting 
lacerations.  There  may  be  an  increased  proportion  of 
uterine  displacements  from  lack  of  bony  support.  The 
practical  obstetrician  may  disregard  this  deformity.  The 
diagnosis  of  this  condition  may  be  made  in  those  cases 
in  which  the  oblique  diameters  measure  34  cm.  or  more. 

The  justo-minor  or  equally  contracted  pelvis  is  of 
more  serious  moment.  It  is  usually  found  in  smaller 
women,  but  may  occur  in  women  of  otherwise  normal  de- 
velopment. It  may  be  classified  as  one  of  symmetrical 
shape,  but  with  external  obliques  measuring  20  cm.  or 
less.  The  etiology  of  this  condition  cannot  always  be 
explained.  It  is  of  great  frequency  in  the  African  race. 
In  this  class,  however,  the  deeper  conjugate  acts  some- 
what in  compensation.  In  some  cases  the  justo-minor 
pelvis  is  only  a  part  of  a  dwarfed  general  system.  In 
some  cases  it  seems  to  go  with  under-developed  pelvic  or- 
gans, a  retention  of  the  juvenile  type.  Unfavorable  sur- 
roundings in  childhood  or  during  intra-uterine  life  may 
have  affected  development  imfavorably.  The  effect 
upon  labor  depends  necessarily  upon  the  degree  of  the 
deformity  and  the  size  of  the  child's  head.  In  those  pa- 
tients who  are  naturally  small  the  child  will  be  in  pro- 
portion, except  where  the  father  is  of  large  size  or  where 
pregnancy  has  been  prolonged  beyond  the  normal  time. 
In  these  cases  the  only  safety  for  the  child  depends  on 
strong  uterine  contractions  and  a  capacity  for  extreme 
moulding  of  the  fojtal  head.  In  the  African  race,  as  the 
foetal  cranial  bones  are  notably  soft,  and  the  uterine 
pains  usually  very  effective,  the  head  moulds  extremely 
well.  The  justo-minor  pelvis,  therefore,  in  the  negress 
has  little  significance  except  in  those  cases  in  which  some 
other  kind  of  deformity  is  added  to  the  general  contrac- 
tion. In  the  Caucasian  the  larger  and  firmer  head  of  the 
foetus  causes  trouble,  and  may  necessitate  very  active 
mterference. 

.  The  mechanism  of  the  labor  in  the  justo-minor  pelves 
IS  as  follows:  The  head,  unable  to  engage  by  moderate 
flexion,  becomes  more  and  more  flexed  until  the  occipital 
bone  presents.  The  external  occipital  protuberance  may 
be  felt.     Engaging  in  one  oblique  the  head  gradually  de- 
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scends,  under  the  influence  of  strong  pains.  The  over- 
lapping of  bone  at  the  lambdoidal  sutures  is  an  index  of 
the  amount  of  moulding  accomplished.  If  the  obstruc- 
tion is  so  moderate  that  the  pains  can  accomplish  the 
delivery,  after  a  rather  protracted  second  stage  the  head 
reaches  the  pelvic  outlet.  Obstruction  occurs  until  the 
head  is  well  past  the  mid-pelvis.  During  this  time  the- 
suffering  from  the  pressure  against  the  pelvic  bones  may 
be  very  severe.  At  the  time  of  the  uterine  contraction 
the  patient  cries  out  as  if  suffering  intensely.  Between 
the  pains  there  is  aching  discomfort  from  the  continued 
pressure  of  the  impacted  head.  Rarely,  after  the  heail 
has  safely  passed  the  pelvic  brim,  the  shoulders  may  fur- 
nish some  obstruction. 

If  the  pains  are  not  effectual  in  advancing  tie  head, 
and  artificial  assistance  be  not  forthcoming,  the  muscu- 
lar force  may  diminish.  Weaker  and  infrequent  contrac- 
tions may  cause  labor  to  linger  along  until  the  patient 
suffers  from  extreme  prostration;  or  the  pains  may  be  so 
severe  as  soon  to  develop  a  tonic  uterus,  with  retraction 
and  migration  of  the  muscular  fibres  to  the  fundus  and  a 
thinning  of  the  lower  uterine  segment.  The  end  result 
of  such  a  case  may  be  spontaneous  rupture  of  the  uterus. 
Should  the  breech  present  in  a  patient  with  a  justo-minor 
pelvis,  the  complication  for  the  child  is  apt  to  be  fatal; 
for  while  the  body  moulds  easily  into  the  pelvis,  the  de- 
scent of  the  head  can  be  accomplished  only  by  moulding, 
which  is  impossible  in  the  short  space  of  time  that  safety 
permits  for  the  extraction  of  the  after-coming  heath 
There  are  cases  on  record  in  which  the  force  necessary-  to 
deliver  the  head  through  a  justo-minor  ])elvis  has  caused 
a  diastasis  of  one  or  more  of  the  pelvic  joints. 

The  masculine  type  of  •pelcU  is  most  often  found  in 
women  with  large  muscular  frames.  The  external  meas- 
urements may  be  even  justo-major.  The  bones  are  un- 
usually thick.  The  peculiar  deformity  in  this  type  of 
case  is  in  the  narrowing  of  the  pubic  arch.  The  pelvis 
may  be  shallow  or  deep.  In  the  latter  case  it  is  best  de- 
scribed as  funnel-shaped.  The  true  funnel  pelves,  how- 
ever, are  more  extreme  cases  than  those  of  the  masculine 
type,  and  usually  occur  in  connection  with  some  spinal 
deformity,  especially  kyphosis. 

The  diagnosis  is  an  easy  one  to  be  overlooked,  becausc- 
of  the  otherwise  large  development  of  the  patient.  In- 
deed, in  many  instances  the  case  is  allowed  to  go  on  until 
the  obstruction  during  the  second  stage  of  labor  calls  at- 
tention to  the  deformity.  It  is  upon  the  vaginal  exam- 
ination that  the  diagnosis  must  be  based.  The  pelvic 
walls  are  felt  to  be  drawing  nearer  together  as  the  outlet 
is  approached.  At  the  outlet  the  approximation  of  the 
ischial  spines  and  tuberosities  to  each  other  should  be 
recognized,  and  also  the  sharper  angle  of  the  pubic  arch. 
In  the  masculine  pelvis  labor  progresses  normally,  even 
to  the  time  of  the  appearance  of  the  caput  in  some  cases. 
And  then  as  the  head  encounters  the  bony  obstruction 
all  progress  ceases,  or  very  slowly  and  by  increased  ex- 
pulsive effort  the  head  is  moulded  past  the  outlet.  The 
narrowed  arch  forces  the  head  posteriorly,  and,  thus  in- 
creasing the  tension  upon  the  perineum,  causes  a  liabil- 
ity to  extensive  lacerations.  These  lacerations  may  in- 
volve not  only  the  perineum,  but  sometimes  run  up  on 
either  side  of  the  vulva,  along  the  line  of  the  pubic  rami. 
Where  they  extend  into  the  venous  plexuses  of  the  ves- 
tibule, hemorrhage  may  be  very  persistent.  From  thc- 
prolonged  pressure  various  necroses  of  the  vagina  or  the 
cervix,  or  a  trauma  to  the  bladder,  may  be  caused. 

The  pelvic  narrowing  sometimes  causes  faulty  flexion 
of  the  head.  The  occiput  may  be  forced  to  rotate  pos- 
teriorly. Sometimes  rotation  is  so  interfered  with  that 
the  head  is  born  obliquely  or  even  transversely. 

The  treatment  is  usually  by  assistance  with  low  for- 
ceps. If  this  is  not  sufficient,  symphyseotomy  may  be 
of  especial  value  in  this  deformity.  But  the  fact  that 
the  prolonged  pressure  in  the  second  stage  may  have  in- 
jured the  child  beyond  hope  of  recovery  must  be  taken 
into  consideration  before  any  major  surgical  operation 
on  the  mother  is  undertaken. 

The  simple  flat  pelvis  is  a  fairly  common  type  of  de- 
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formity,  and  one  which  may  have  a  serious  effect  on  la- 
bor. It  occurs  usually  in  pelves  with  measurements 
otherwise  normal.  If  this  deformity  be  engrafted  on  a 
justo-minor  pelvis,  the  consequences  are  most  serious. 
The  cause  of  this  condition  is  not  always  plain.  A  slight 
degree  of  rachitis,  the  carrying  of  heavy  burdens,  exces- 
sive standing  on  the  feet,  prolonged  illness  in  bed  in 
early  life  may  all  have  some  effect.  This  flattening  is 
most  often  met  with  in  the  lower  classes  and  the  foreign 
born. 

The  deformity  may  be  anything  from  a  simple  iutting 
forward  of  the  promontory  to  a  marked  approximation 
,  of  sacrum  to  symphysis,  changing  the  cordiform  outline 
of  the  brim  to  a  shape  more  reniform.     There  is  a  com- 
pensatory slight  widening  of    the  pelvic   brim  trans- 


FiG.  3755.— Position  Assumed  by  the  Head  In  a  Flat  Pelvis.    (Alter 
Simpson.) 

versely.  Nothing  about  the  general  appearance  of  the 
individual  in  most  cases  would  lead  one  to  suspect  the 
difficulty.  The  external  conjugate  in  some  cases  shows 
no  shortening.  The  internal  measurement  is  tlierefore  of 
greatest  importance.  The  flattening,  if  of  much  signifi- 
cance, will  allow  the  promontory  to  be  easily  reached  by 
the  examining  finger.  The  extent  of  the  deformity  may 
be  ]-eadily  ascertained  by  the  method  suggested  above. 

If  the  narrowing  be  of  slight  extent,  normal  sponta- 
neous delivery  is  possible,  but  there  is  a  tendency  to  dry 
labors  and  a  slight  modification  of  the  mechanism.  The 
head  engages  transversely,  poorly  flexed,  but  slightly  in- 
clined laterally,  so  that  the  anterior  parietal  bone  pre- 
sents. Occupying  the  direction  of  least  resistance  the 
occiput  slips.to  one  side,  thereby  causing  the  bitemporal 
diameter  to. engage  the  conjugate  rather  than  the  bipa- 
rietal.  During  the  time  of  moulding  the  woman  suffers 
severely  from  the  pressure  of  the  head  against  the  sa- 
crum. 

As  soon  as  the  widest  part  of  the  head  has  passed  the 
constriction  advance  may  be  rapid.  Because  of  the  poor 
flexion  of  the  head  rotation  of  the  occiput  to  the  front 
occurs  late  if  at  all.  The  head  is  often  born  obliquely, 
sometimes  even  transversely,  or  with  the  occiput  still 
posterior.  The  shoulders  and  hips  are  apt  to  be  born 
transversely.  If  much  moulding  has  been  necessary,  the 
posterior  parietal  bone  may  show  a  grooving  parallel 
with  the  coronal  suture,  caused  by  the  pressure  of  the 
head  against  the  promontory.  The  posterior  parietal 
bone  is  overlapped  by  the  anterior. 

The  effects  of  the  flat  pelvis  upon  labor  may  be  only 
those  mentioned  above.  If  the  child  be  small,  attention 
may  not  be  drawn  to  the  deformity.  The  well-known 
tendency  of  women  to  have  larger  children  in  succeeding 
pregnancies,  however,  often  brings  the  first  manifestation 
of  a  flat  pelvis  in  a  later  pregnancy  in  a  woman  who  has 
already  had  several  normal  deliveries. 

If  the  deformity  be  more  serious  the  head  engages,  but 
cannot  mould  sufficiently  to  pass  the  brim.  After  a  rea- 
sonable length  of  time  artificial  assistance  must  be  em- 
ployed. In  the  cases  of  greater  flattening  no  engage- 
ment occurs  and  exhaustion  soon  supervenes  from  the 
futile  efforts  of  the  uterus  at  expulsion.  The  head  rides 
high  above  the  pelvic  brim.  The  uterus  tends  to  fall  for- 
ward, causing  a  pendulous  abdomen,  which  makes  the 
efforts  at  engagement  of  the  head  still  more  ineffectual. 


The  flattening,  preventing  the  fitting  of  the  head  in 
the  pelvic  basin,  may  cause  malpresentations.  The  lack 
of  adjustment  between  head  and  pelvic  brim  may  cause 
a  prolapse  of  the  cord.  In  the  earlier  months  of  preg- 
nancy the  projecting  promontory  may  force  the  uterus 
into  retroflexion  and  ultimate  incarceration  in  the  hollow 
of  the  sacrum.  Where  the  head  cannot  engage  or  descend 
into  the  pelvis  the  dilatation  of  the  cervix  is  incomplete 
because  the  presenting  part  does  not  reach  it  to  cause 
pressure  against  it.  Instead  of  the  usual  meniscus- 
shaped  bag  of  membranes  a  cylindrical-shaped  bag  forms 
which  is  ineffectual  as  a  dilator  and  very  prone  to  early 
rupture. 

The  flat  pelvis  may  be  the  cause  of  a  breech  presenta- 
tion, and  when  this  condition  occurs  in  a  pelvis  which  by 
measurements  other  than  the  conjugate  is  shown  to  be 
ample,  the  breech  labor  seems  to  be  the  safest.  The  rea- 
son for  this  is  that  the  after-coming  head  enters  the  pelvic 
canal,  with  the  smallest  part  of  the  wedge  first.  The 
larger  part  adjusts  itself  to  the  most  roomy  part  of  the 
pelvis.  The  occiput  slips  toward  one  side  of  the  pelvis, 
and  in  so  doing  causes  the  bitemporal  diameter  to  engage 
the  conjugate,  instead  of  the  biparietal,  as  is  usual  in  ver- 
tex oases.  The  bitemporal  diameter  has  the  advantage  of 
being  at  least  1  cm.  smaller  than  the  biparietal.  The 
force  which  must  now  be  applied  from  below,  by  trac- 
tion on  the  child,  will  complete  the  necessary  moulding 
in  the  safest  possible  way. 

It  is  for  this  reason  that  the  method  of  delivery  by 
version  and  breech  extraction  is  often  considered  and 
safely  employed  in  a  labor  case  with  a  flat  pelvis. 

A  kind  of  pelvis  wliich  always  shows  flattening  and 
yet  is  quite  distinctive  in  type  occurs  in  those  women 
who  have  suffered  from  rachitis  in  infancy  or  childhood. 
The  rachitic  pelvis  shows  the  effect  of  various  pulling 
and  pressure  forces  upon  the  dift'erent  bones. 

The  extent  of  the  deformity  varies  with  the  severity  of 
the  disease  and  depends  somewhat  upon  the  position  oc- 
cupied by  the  jsatient  during  the  course  of  the  disease, 
i.e.,  whether  lying  in  bed,  sitting  up,  or  walking  about. 
One  other  factor  is  the  arrested  general  development 
which  occurs  at  that-time. 

The  weight  of  the  pelvic  viscera  combined  with  mus- 
cular traction  tends  to  flatten  the  ilia  and  to  prevent  the 
inward  curvature  of  the  crests  to  the  anterior  superior 
spines.  In  this  way  the  spines  are  thrown  outward.  In 
severe  cases  the  ilia  flare  to  the  spines.  The  intercristal 
diameter  is  thus  smaller  than,  or  of  the  same  width  as,  the 
interspinal.  About  two-thirds  of  the  way  to  the  posterior 
spines  on  the  crests  there  is  frequently  a  sharp  angle 
where  the  crests  turn  in  toward  the  spines. 

The  brim  of  the  pelvis  is  diminished  in  the  conjugate 
by  the  pressure  of  the  weight  of  the  trunk  transmitted 
along  the  spine  to  the  sacrum,  and  forcing  it  down  and 
forward  on  its  transverse  diameter.  The  lower  half  of 
the  sacrum  tends  to  be  thrown  backward,  but  the  tip  is 
pulled  forward  in  compensation,  in  sharp  flexion,  by  the 
sacro-sciatic  ligaments.  The  sacrum  is  further  changed, 
so  that  its  anterior  surface  instead  of  presenting  a  con- 
cavity from  side  to  side  is  convex  or  flat.  Sometimes 
there  is  a  sharp  bending  backward  of  the  lower  part  of 
the  sacrum  at  the  juncture  of  the  first  and  second  sacral 
vertebraj,  causing  the  second  vertebra  to  form  a  false 
promontory,  which  in  estimating  the  internal  conjugate 
must  be  accepted  as  the  working  promontory. 

There  is  a  widening  of  the  pubic  arch  from  muscular 
traction  on  the  ischial  tuberosities.  If  the  patient  be  al- 
lowed to  walk  during  the  disease,  there  may  be  some  con- 
striction of  the  pelvis  transversely  by  pressure  over  the 
acetabula.  In  general  the  size  of  the  pelvis  is  restricted. 
The  flattening  is  the  worst  feature.  The  pelvic  brim 
presents  a  reniform  outline,  with  a  slightly  increased 
transverse  diameter.  The  pelvic  cavity  is  usually  ample 
and  the  outlet  wide.  The  symphysis  forms  a  wider 
angle  with  the  plane  of  the  sacrum.  All  degrees  of  de- 
formity are  met  with. 

The  diagnosis  of  the  extreme  cases  is  easy.  In  slighter 
deformities  the  history  of  the  patient  is  of  some  help — 
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late  walking,  late  dentition,  unhygienic  surroundings. 
There  may  be  evident  the  squai-e  forehead,  rickety 
chest,  bowlegs,  or  any  of  the  rachitic  skeletal  changes 
apart  from    the    pelvis.      Locally,   there    is   found    the 

changed  ratio  of  the 
interspinal  to  the 
intercristal  meas- 
urements; the  eas- 
ily f  el  t  promontory, 
with  pei'haps  a  false 
promontorjr  at  the 
junction  of  tlie  first 
and  second  lumbar 
vertebras ;  the  sa- 
crum convex  from 
side  to  side ;  and  the 
wide  pubic  ai'ch. 

The  etfect  of 
racMtis  on  labor 
depends  on  the  ex- 
tent of  the  deform- 
ity. Even  in  cases 
of  slight  deformity 
the  eifective  work- 
ing space  of  tlje 
bony  passages  is 
circumscribed.  In 
lesser  cases  the 
mechanism  may  re- 
semble that  of  a 
simple  fiat  pelvis. 
In  worse  cases  a 
spontaneous  deliv- 
ery or  even  engage- 
ment of  the  nead  is 
impossible. 

Osteomalacia,  or 
malacosteon,  is  a  dis- 
ease which  causes 
a  softening  of  the 
pelvic  bones  by  the 
absorption  of  the 
lime  salts.  It  de- 
velops during  preg- 
nane}' or  lactation ; 
more  usually  the 
latter.  The  condi- 
tion is  rarely  met  with  in  this  country.  Nothing  is 
known  of  its  etiology  other  than  that  it  is  a  disease  of 
nutrition.  The  softening  of  the  bones,  however,  is  the 
occasion  for  an  extreme  collap.se  of  the  pelvic  basin. 
The  sacrum  and  the  regions  of  tiieacetabula  are  crowded 
in  so  that  the  pelvic  brim  is  triradiate  in  shape.  This 
collapse  leaves  the  symphysis  projecting  like  a  beak, 
giving  the  pelvis  the  name  of  the  "rostrate  pelvis." 
The  pubic  arch  i.s  much  narrowed.  Severe  cases  of 
rachitis  show  a  similar  deformity.  For  differentiation, 
in  the  cases  of  osteomalacia  the  ilia  are  curved  hke 
scoops  and  the  crests  are  more  sharply  curved,  while  in 
rachitis  the  ilia  fiare  and  the  spines  are  widely  separated. 
The  history  of  cases  of  osteomalacia  is  characteristic. 
Tlie  trouble  develops  during  tlie  child-bearing  period. 
There  are  dull  aching  pains  in  the  extremities  and  lum- 
bar region,  with  difflcidty  in  walking  and  rotation  of  the 
body  as  one  foot  is  advanced  in  fron't  of  the  other.  The 
stature  is  appreciably  diminished  during  the  course  of 
the  disease.  There  may  be  tenderness  over  I  he  anterior 
pelvic  wall.  E.xamination  reveals  the  beaked  i)elvis,  the 
narrow  pubic  arch,  and,  if  the  finger  can  reach  so  high, 
the  triradiate  pelvic  brim.  Such  a  pelvis,  unless  in  the 
earlier  stages  and  quite  soft,  will  not  allow  any  form  of 
conservative  operative  delivery  jx!?-  mas  natur ales.  The 
Cesarean  openition  with  extirpation  of  the  uterus  fur- 
nishes the  best  solution  of  the  dillli^ulty. 

Kyphosis  <leveloping  in  early  life  from  caries  of  the 
vertebrae,  p(jssilily  from  laehitis,  leaves  its  stamp  upon 
the  pelvis,  iirodueing  the  type  known  as  the  Ijnihotlc 
" '^'  Qrst   described   by  Breisky  in'   lHrj,5. 


Fig.  3756.— RacMtic  Negress  Deliyered  hy 
CEesareaa  Section  at  the  Sloane  Mater- 
nity Hospital,  New  York  City.  (Service 
of  Dr.  Edwin  B.  Cragln.) 
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The  difference  in  the  direction  of  the  pressure,  trans- 
mitted through  the  spinal  column  on  the  sacrum,  is  de- 
pendent upon  the  location  of  the  kyphos.  The  deformity 
is  most  marked  when  the  kyi^hos  is  low  down.  In  the 
upper  dorsal  region  spinal  deformity  will  affect  but 
slightly  pelvic  development. 

The  characteristic  kyphotic  pelvis  has  a  displacement 
of  the  upper  end  of  the  sacrum  backward.  This  give.s 
an  imusually  deep  conjugate.  The  lower  end  of  the  sa- 
crum is  thrown  forward.  There  is  an  approximation  of 
the  posterior  superior  spines  and  of  the  ischial  tuberosi- 
ties. There  is  a  narrow  pubic  arch.  The  sacrum  is 
long,  narrow,  and  straight.  This  pelvis  presents  there- 
fore the  funnel  type.  The  pelvic  brim  is  deep  and  am- 
ple, but  the  outlet  is  much  narrowed.  Combined  with 
kyphosis  there  is  usually  some  scoliosis,  causing  some 
pelvic  obliquity.  Some  of  these  individuals  have 
smaller  measurements  in  general,  due  to  arrested  de- 
velopment. 

A  kyphotic  pelvis  does  not  affect  the  cour.se  of  the 
laljor  to  the  extent  that  would  be  anticipated  from  the 
examination  and  inspection  of  the  patient.  The  success- 
ful outcome  of  labor  in  the.se  dwarfed  women  is  often  a 
surprise  to  even  the  experienced. 

There  is  alwa3's  a  pendulous  abdomen  with  anteflexed 
uterus  and  a  tendency  to  malpresentation,  which  is  usu- 
ally corrected  by  the  onset  of  pains.  Engagement  of  the 
head  in  the  first  stage  may  be  delayed.  As  soon,  how- 
ever, as  the  head  is  engaged  progress  is  normal  until  the 
outlet  is  reached.  Here  the  bony  obstruction  may  be 
such  that  prolonged  moulding  or  assistance  by  forceps 
becomes  necessary  for 
tlie  extraction  of  the 
head.  The  narrowing 
may  pi-event  the  for- 
ward rotation  of  an  oc- 
ciput posterior,  or  even 
eau.se  an  anterior  posi- 
tion of  the  occiput  to 
turn  into  a  posterior. 
Four  per  cent,  of  cases 
are  reported  to  present 
by  the  face.  In  this  de- 
formity the  bi-ischiatic 
measurement  is  of  im- 
portance in  prognosis. 
If  it  is  below  8.. 5  cm. 
there  is  probability  of 
serious  difflcultj^. 

Oblique  deformities  nf 
the  pelvis  of  the  extreme 
type  are  due  to  failure 
of  growth  of  one  of  the 
sacral  ala;.  To  this  de- 
formity the  name  of 
Naegele,  who  first  de- 
scribed it,  has  been  giv- 
en. The  oblique  meas- 
urements vary  widely. 
The  short  oblique  is 
that  of  the  normal  side. 
The  sacrum,  which  is 
narrowed,  faces  from 
the  small  side.  The  pu- 
bic arch  is  asymmetrical. 
The  saeruiu  is  narrowed. 
V  a  g  i  n  a  1  examination 
shows  the  front  of  the 
sacrum  and  promontory 
facing  toward  the  dis- 
eased side.  The  ischial 
tuberosity  is   higher  on 

that  side  and  the  corresponding  posterior  superior  spine 
is  higher,  lying  closer  to  the  sacrum.  The  subpubic 
angle  i.s  asymmetrical  and  looks  toward  the  diseased 
siile. 

The  failure  in  growth  may  be  due  to  a  congenital  de- 
velopmental defect  or  to  disease.     It  it  is  due  to  a  con- 
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Fig.    37,57.  —  side    View    of    Same 
Showinf?  Pendulous  Abdomen. 
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genital  defect,  the  defoi-niity  is  not  evident  nntil  after 
walking  has  occurred.  Pressure  tlien  causes  tlie  crowd- 
ing up,  in,  and  back  of  the  innominate  bone  on  the  dis- 
eased side,  and  the 
rest  of  the  asymme- 
try noted  above.  If 
it  is  due  to  disease  of 
the  sacro-iliac  joint, 
tuberculosis,  or  some 
acute  arthritis  sec- 
ondary to  the  general 
disease,  must  in  early 
life  have  been  sutii- 
ciently  extensive  to 
destroy  the  bony  nu- 
clei of  the  ala  of  the 
sacrum  on  tliat  side. 
Ankylosis  of  that 
joint  is  the  usual  ac- 
companiment of  the 
deformity,  but  is  not 
the  absolute  rule. 

The  diagnosis  is 
easily  made  by  means 
of  tlie  pelvimeter  and 
the  vaginal  examina- 
tion. If  disease  bo 
an  etiological  factor 
the  presence  of  a 
scar  or  sinus  over  the 
affected  iliac  joint 
aids  in  the  diagnosis. 
The  effect  pro- 
duced by  this  de- 
formity upon  labor 
in  the  less  extreme 
cases  may  not  be 
serious.  But  usually 
the  distortion  is  so 
extreme  tliat  the  nat- 
ural delivery  is  im- 
possible. The  deliv- 
ery, if  possible,  is 
accomplislied  b}'  ex- 
treme flexion  and 
moulding  of  the 
head,  as  in  the  gen- 
erally contracted  pelvis.  Abnormalitiesof  rotation  and 
flexion  are  apt  to  occur  in  the  lower  pelvis. 

The  forceps  may  be  tried,  and  if  these  fail  craniotomy 
or  the  Cesarean  section  may  be  performed.  Symphyse- 
otomy is  contraindicated  on  account  of  the  probable  an- 
kylosis of  the  sacro-iliac  synchondrosis  on  the  affected 
side. 

Where  both  sacral  alfe  have  failed  of  development 
that  rare  deformity,  the  double  obliquely  contnieted  pelns, 
is  found.  In  1842  this  type  of  pelvis  was  described  by 
Robert,  and  has  since  been  known  as  the  Robert  type. 
Very  few  cases  of  this  type  have  been  reported.  From 
the  same  causes  as  in  the  Naegele  pelvis,  the  sacral  alte 
are  both  absent  or  only  partly  developed.  Thcie  results 
the  extreme  type  of  transversely  contracted  pelvis.  The 
pelvic  brim  presents  the  outline  of  a  long  narrow  ellipse. 
The  conjugate  is  of  normal  or  only  slightly  lessened  size, 
the  obliques  are  much  shortened,  and  the  transverse 
diameter  excessively  narrow.  The  sacrum  is  long,  nar- 
row, and  oblong  rather  than  triangular.  Both  saero-ihac 
joints  are  usually  ankylosed.  The  posterior  superior 
spines  are  very  close  to  each  other.  The  pubic  arch  is 
narrowed.  Unequal  development,  due  to  partial  growth 
of  one  ala,  may  cause  a  slight  degree  of  obliquity. 

The  effect  of  such  extreme  contraction  must  be  com- 
plete obstruction  to  the  passage  of  a  viable  child.  ^ 

Another  rare  type  of  developmental  deformity  is  that 

in  which  the  pubic  rami  have  not  developed  sufhciently 

to  meet  at  the  symphysis.     This  is  called  the  split  pelns. 

It  furnishes  no  obstruction  to  delivery. 

The  lesser  degrees  of  obliquity,  which  rarely  have  much 


Fig.  3758. —  High  Dorsal  Kyphosis. 
(Service  of  Dr.  Edwin  B.  CraRln, 
Sloane  Maternity  Hospital.) 


effect  on  the  mechanism  of  lal)or,  are  due  to  scoliosis;  to 
injuiies  or  disease  of  hip,  knee,  or  ankle-joint;  to  failure 
in  development  of  one  limb  fi'om  some  kind  of  paral3'sis, 
usually  poliomj^elitis;  or  to  club-foot. 

In  cases  of  scoliosis  ex  tra  pressure  is  transmitted  through 
the  lower  acetabulum  and  there  is  consequent  shorten- 
ing of  that  obliqvie.  Simple  scoliosis  is  common,  but  it 
often  accompanies  rachitis  or  vertebral  caries.  If  there 
is  rachitis,  there  are  the  other  rachitic  effects  on  the  pel- 
vis and  a  greater  obliquity.  If  scoliosis  is  combined  with 
Pott's  disease,  there  is  merely  slight  obliquity  added  to 
the  typical  kyphotic  pelvis.  This  is  the  so-called  kijpho- 
seoliutic  peleis.  The  sliglit  obliquity  caused  by  such  sini- 
l)le  scoliosis  is  of  no  .signiticaiiee,  but  the  shortening  of 
the  spinal  column  may  cause  a  pendulous  abdomen, 
Nvhicli  will  give  trouble  in  the  engagement  of  the  head 
at  term. 

Any  cause  which  acts  so  as  to  limit  or  do  away  with 
the  use,  in  early  life,  of  one  of  the  lower  extremities,  reacts 
upon  the  pelvis  bj'  throwing  greater  pressure  upon  the 
well  side.  Tuberculous  disease  of  the  hip,  knee,  or  an- 
kle-joint is  the  most  common  disease  affecting  the  lower 
extremities.  Local  deformity  of  the  pelvis  has  been  en- 
countered from  erosion  of  the  acetabulum  and  dis])lace- 
ment  of  the  head  of  the  femur  through  into  the  pelvic 
cavity.  Aulivlosis  of  one  or  both  femora  in  adduction 
may  cause  an  obstruction  to  delivery. 

A  congenital  hip  dislocation  causes  the  pelvis  to  de- 
velop with  one  short  oblique  from  pressure  on  the 
healthy  side.  An  anterioi'  displacement  of  the  femur 
may  drive  in  the  anterior  wall  of  the  pelvis.  The  head 
of  the  femur  may  project  over  the  ramus  into  the  pelvic 
outlet.     If  both  femora  are  dorsally  displaced  there  is 

a  shallow  pelvis  with  

wide  outlet. 

A  rare  deformitj-, 
but  a  most  serious  one 
from  an  obstetrical 
standpoint,  is  that 
known  as  spoiulylolis- 
thesis  of  the  lumbar 
vertebrte.  It  was  de- 
scribed by  Rokitansky 
in  1859,  and  later  liy 
Neugebauer.  The 
bodies  of  the  vertebric 
are  dislocated  forward. 
There  is  some  lumbo- 
sacral dislocation  per- 
mitting a  slipping  of 
the  body  of  the  last 
lumbar  vertebra  in 
front  of  the  sacrum. 
Here  it  becomes  ank}-- 
losed.  Then  exagger 
ated  lordosis  occurs, 
and  possibly  there  is  a 
descent  of  "the  fourth 
and  third  lumbar  verte- 
bne,  so  that  they  pro- 
ject over  the  pelvic 
i)rim.  The  sacrum  is 
p  u  s  h  e  d  down  and 
back.  In  compensa- 
tion the  s  y  m  p  h  y  si  s 
rises,  lessening  the  in- 
clination of  the  brim. 
There  is  narrowing  of 
the  brim,  with  antero- 
posterior limitation, 
which  will  pievent  the 
passage  of  the  head. 

This  deformity  may 
be  started  by  disease, 
especially  lumbar  ca- 
ries, or  by  injuries,  or 
perhaps  it  may  date  from  intra-uterine  life.  For  diag- 
nosis w'C  mustdepend  upon  the  history  of  the  case — the 
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Fig.  .3759.— Low  Dorsal  Kj-phosls. 
(Service  of  Dr.  Edwin  B.  Cragin, 
Sloane  Maternity  Hospital.) 
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story  of  injury  from  a  fall  or  accident,  or  of  spinal  dis- 
ease;  jierliaps  the  fact  of  carr3'ing  heavy  weights. 

Tliere  are  extreme  shortening  and  a  pendulous  abdo- 
inen.  Examination  shows  the  ribs  Ij'ing  close  to  the  ilia. 
The  shoulders  are  carried  well  back,  as  the  patient  stands 
in  lordosis.  There  may  be  lumbar  crepitus,  felt  while 
walking.  The  vulvar  opening,  due  to  the  change  in  pel- 
vic inclination,  presents  anteriorly  as  the  patient  is  stand- 
ing or  sitting.  By  vaginal  examination  the  bodies  of  the 
projecting  vertebra;  maybe  easily  felt  and  the  contracted 
outlet  also  noted.  The  limitation  at  the  ])clvic  brim  pre- 
cludes any  possibility  of  a  normal  fecial  head  engaging. 

J'iiinoi;i  of  the  pdrin  niny  be  of  large  size  and  may  al- 
most obliterate  the  pelvic  cavity,  or  they  maj'  be  merely 
bony  excrescences  springing  from  the  region  of  the  pel- 
vic brim.  They  may  grow  from  the  inner  surface  of  the 
sj'mphysis,  from  the  sacro-iliac  joints,  (u-  from  the  ileo- 
pectiueal  line.  If  sharp  they  form  what  is  known  as  the 
pelvis  spiuosa.  The  projecting  bits  of  bone  may  cau.se 
dangerous  circumscribed  pressure  on  the  child's  head. 
The  larger  tumors  may  be  enchondromata,  sarcomata,  or 
carcinomata.  They  necessitate  embryotomy  or  Ca^sarean 
section.  Fractures  of  the  pelvis  rarely  may  cause  de- 
formity from  the  growth  of  callus. 

Aiilylosis  of  the  sacro-cvccygeal  joint,  which  normally 
occurs  after  the  menopause,  may  happen  prematurelj- 
and  furnish  some  resistance  to  the  passage  of  the  child's 
head.  The  uterine  contractions  are  usually  of  sufficient 
force  to  fracture  the  bone.  Sometimes  the  head  is  held 
by  this  deformity  until  the  bone  is  artificial  ly  fractured 
or  the  forceps  is  applied.     With  the  fracture   a   snap   is 

sometimes  plainly 
heard  and  the  head 
thereafter  advances 
readil)'.  The  fract- 
ure of  the  bone 
should  be  accom- 
pli.shed  under  chlor- 
(jform,  the  thumb 
and  forefinger  of  tlie 
accoucheur  grasping 
the  coccj'x. 

The  consideration 
of  pelvic  deformities 
is  incomplete  with- 
out a  word  concern- 
ing firopliyliixis.  The 
possibility  of  the  re- 
sults of  rachitis  upon 
the  pelvis  should 
make  the  mother 
careful  about  the 
feeding  of  the  infant, 
its  general  h3-giene, 
and  especially  about 
its  allowance  of  fresh 
air.  Earljr  attempts 
at  walking  should  be 
forliidden,  especially 
if  the  infant  is  heavy. 
The  effect  of  disease 
or  deformity  of  the 
skeleton  of  the  fe- 
male child  upon  tlie 
pelvis  is  an  argu- 
ment fur  early  con- 
sultation with  the 
ortho])cdic  siu-geon 
and  the  early  ccnice- 
tion,  if  possibh',  of 
I'iG.  37ti0.— Lumbar  Kyphosis.  iServioR  existing  deformities 
of  Dr.  Edwin   B.  Cnigln,  Sloiine  Ma-  WllrVl    th,.   (Ir.forTn 

ternity  Hospital.)  \v  ill  n   i.ucuiioim- 

ity  existsin  the  child- 
bearing  woman  the 
obstetrician  nuist  be  able  l,o  recognize  the  deformity,  and 
by  trained  judgment  del  eriniiie  it  siirobahleetfectou'labor. 
The  que.stion  may  arise  whether  the  patient  is  warranted 
in  entertaining  the  hope  of  having  children  at  all,  or,  if 


she  be  in  earlier  pregnancy,  whether  the  deformity  calls 
for  an  induction  of  premature  labor.  Should  the  patient 
be  in  labor,  other  conditions  must  be  taken  into  account. 
These  are:  the  ex- 
tent of  obstruction 
presented  by  the 
soft  parts,  the  rel- 
ative size  of  the 
child's  head  and  its 
capacitj'  fur  mould- 
ing, the  force  of  the 
labor  pains,  and 
lastly,  the  abilitj' 
of  both  mother  and 
child  to  withstaud 
the  strain  of  deliv- 
ery. The  history  of 
previous  labors  is  of 
value,  but  it  nuist 
lie  remembered  that 
the  size  of  the  child 
tends  to  increase  u|) 
to  the  fifth  or  sixth 
pregnane}'. 

lif  the  child  is 
small  or  premature, 
slight  pelvic  de- 
formity ma,y  have 
no  significance ;  and 
yet  with  a  child 
above  normal  size 
this  defect  mav 
eonstitute  a  serious 
obstruction.  Such 
cases  of  overgrowth 
of  the  child  are  oc- 
casion a  1 1  y  met 
with,  and  are  the 
result  of  a  large 
father,  overnutri- 
tion  of  the  fa>tus 
from  the  mother, 
and  sometimes  of 
the  prolongation  of 
pregnane}'  one  or 
moie  weeks  beyond 
normal. 

Those  cases  of  slight  obstruction,  in  which  delay  oc- 
curs in  the  second  stage,  justify  a  waiting  policy. 
Nature  with  time  will  accomplish  sufficient  moulding  in 
a  safer  way  than  if  forceps  were  used.  Good  judgment 
reipiires  that  one  know  how  long  it  is  safe  to  allow  this 
moulding  to  continue.  Too  long  compression  of  the 
head  gives  danger  of  intracranial  hemorrhage.  Too  long- 
continued   pains  expose  the  mother  to  exhaustion  and 

shock,  and  ulti- 
mately to  a  tonic 
uterus  with  possi- 
ble rupture,  or  an 
exhausted  uterus 
with  resulting  post- 
p  a  r  t  u  111  h  e  m  o  r- 
rhagcs.  On  the 
other  hand,  early 
interference  before 
the  head  has  had 
time  to  mould  will 
expose  both  mother 
and  child  to  need- 
less trauma.  Ac- 
c  o  u  n  t  must  be 
taken  of  the  force 
and  fretpiencv  of 
the  pains;  tlie  maternal  pulse,  and  evident  amount  of 
sulTeriiig  caused  by  the  pains;  the  rate  and  force  of  the 
fietal  heart;  and  the  amount  of  moulding,  as  shown  by 
the  caput  and  overlapping  suture,  and  by  the  advance 
of  the  child's  head. 


Fi«.  3761.— Kypliosi.s  so  Extreme  as  to 
Necessitate  Csesarean  Section.  (Service 
of  Dr.  Edwin  B.  t'raglu,  Sloane  Mater- 
nity Hospital.) 


:ir(i2.~(lhliqiiely    Contra^ 
(.After  Duncan.) 
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Fii;.    37113.— Robert's    or    Donble-Ohliqiiely 
Contracted  Pelvis.     (After  Dunean.) 


In  some  cases  tlie  severity  of  the  pains  or  tlie  poor  con- 
dition of  mother  or  cliild  may  necessitate  operative  deliv- 
ery before  tlie  patient  lias  been  in  the  second  stage  an  hour. 
In  other  cases  in  which  the  uterine  contractions  have 
laeen  of  poor  quality  some  good  may  be  accomplished  by 
a  delay  of  several 
hours.  Uterine  ac- 
tion may  be  stiiiiu- 
latetl  meanwhile  by 
tonics,  such  as 
strychnine  or  qui- 
nine. The  erect  pos- 
ture increases  the 
force  of  the  pains. 
In  cases  with  a  flat 
pelvis  some  in- 
crease in  the  con- 
jugate, from  0.5  to 
1  cm.,  ma}r  be  ac- 
complished by  the 
AValcher  position. 
The  patient  lies  in 
the  dorsal  position 
with  the  thighs  extended  over  the  end  of  the  table,  and 
the  feet  barelj'  touching  the  floor.  If  there  is  some  ad- 
vance of  the  head,  pressure  on  the  fundus,  during  the 
pains,  may  be  tried. 

For  the  more  extreme  degret'S  of  dj'stocia,  due  to  de- 
formity, there  may  be  used  the  foiceps,  ])odalic  version, 
usually  condiined  with  breech  extraction,  the  induction 
of  premature  labor,  sympliyseotomy  witli  forceps,  the 
Ciesarean  section,  craniotomy,  or,  in  the  eases  of  extreme 

(■"iiti'action,  crani- 
otdiuy  with  evis- 
ceration. 

The  low  forceps 
operatifin  for  de- 
formities of  the 
jielvis  is  usually 
necessary  in  those 
cases  of  limitation 
of  the  pelvic  out- 
let, as  in  the  k}-- 
]iliotic  cases  or 
tliose  of  the  mas- 
culine tj-pe.  In 
I  he  worst  kypho- 
tic cases  symphy- 
seotoni}-  may  be 
ne(•essar)^  T  h  e 
medium  forceps 
operation  is  more 
common  in  the 
g  e  n  e  r  a  1 1  y  con- 
tracted  jielvis. 
For  the  flat  and 
generally  con- 
tracted p  e  1  V  e  s 
high  forceps  may 
))e  needed.  In 
justo-minor  pel- 
ves, the  only  pos- 
sibility of  .safe 
delivery  by  the 
natural  route  lies 
in  extreme  mould- 
ing of  a  well- 
flexed  vertex. 

In  the  flat  pel- 
vis the  indication 
for  high  forceps 
is  not  always  so 
plain.  The  head 
in  these  cases  com- 
ing Qown  in  the  transverse  diameter  must  often  be 
grasped  by  the  forceps  with  one  blade  applied  to  the 
occiput  aiid  one  blade  to  the  face.  The  efl:'ect  of  trac- 
tion then  is  partly  to  mould  the  head  so  that  the  bi- 
VoL.  VI."— 34 


Tin.  376,5.  —  Obliquely  Contracted  Pelvi.s, 
Following  Coxitis.  (Service  of  Dr.  Edwin 
B.  Cragin,  Sloane  Maternity  Hospital.) 


parietal  diameter  tends  to  widen.  As  has  been  described 
tibove,  the  after-coming  head  in  a  breech  extraction  ac- 
commodates itself  in   such   a  way  that   the  bitemporal 

diameter  engages 
the  narrowed  con- 
jugate. For  this 
reason  version  and 
breech  extraction 
are  frequently  re- 
sorted to,  in  cases 
of  flattening,  with 
good  result. 

If  the  head,  in 
case  of  a  flat  pelvis, 
is  engaging  well, 
forceps  may  be 
tried  gently.  If 
the  head  persists  in 
not  engaging,  ver- 
sion is  preferable 
provided  there  is  a 
reasonable  possibil- 
ity of  bringing  the 
head  through.  If  in  the  case  with  the  head  engaged 
the  forceps  fail  to  aecompli,sb  advance,  the  head  may  be 
disengaged  and  version  tried.  It  must  be  remembered 
that  the  version  is  of  value  only  in  the  simple  flat  pelvis 
which  is  ample  in  other  measurements.  In  a  flat  justo- 
minor  pelvis  version  is  worse  than  useless. 

Where  the  conjugate  is  quite  short,  the  head  may  be 
prevented  by  the  deformity  from  descending  far  enough 
to  dilate  tlie  cervix.     In  such  a  case,  before  any  operative 


Fif  U  -I  IMS  111  wimh  the  Puble 
Rum  till  ti  Milt  at  the  symphysis. 
(Si  biuti  ) 


Fiu.    37156.  -Simple   Scoliosis.       Patient   delivered  by  low    forceps. 
(Service  of  Dr.  Edwin  B.  Cragin,  Sloane  Maternity  Hospital.) 

delivery  is  attempted,  the  cervix  should  be  carried  to  full 
dilattition  by  means  of  the  hydraulic  bags  or  by  digital 
stretching. 

The  iiuhtctinn  of  premature  labor  in  selected  cases  is 
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an  operation  wliicU  lias  a  most  important  field  of  useful- 
ness. If  the  pelvis  is  small  and  the  head  seems  to  be  rid- 
ing high,  or  if  a  woman  habitually  has  larger  children 
than  cin  safely  be  born   it  is  proper  cirefiiUy  to  watch 

the  patient 
during  the  last 
two  months  of 
testation  and 
to  terminate 
pregnancy  at 
my  time  when 
the  c  h  i  1  d's 
head  seems, 
lelatively  to 
the  pelvis,  a 
close  fit.  Once 
Bsaai  ^    wcik    the   patient 

^'♦^^^^f^^^fewj^^^^'  should  be  examined, 

..tKa..a^S'  9KiSia6«.»i»fi»^  ^^^  1^.^  jj^^  bimanual 

method  the  ratio  be- 
tween the  size  of  the 
head  and  the  diameter  of  the  pelvis  care- 
fully estimated.  There  will  be  a  cer- 
tain proportion  of  disappointments,  but 
what  might  be  otherwise  fatal  dystocia 
will  be  avoided,  and  in  many  cases  a 
health}^  child  secured. 

As  a  rule  any  child  of  over  eiglit 
montlis'  gestation  will  do  well  with 
proper  care,  and  sometimes  one  even 
younger  will  thrive.  The  success  de- 
pends on  the  judgment  of  the  ]ihysi- 
cian,  who  should  allow  to  the  infant  every  week  of  intra- 
uterine life  that  is  possible.  An  error  either  way  is  bad. 
If  the  operation  is  delayed  too  long,  the  premature  infant 
will  resist  very  poorly  the  manipulation  necessary  for 
an  operative  delivery.  If  labor  is  induced  too  early,  the 
child  is  robbed  of  just  so  much  vitality. 

The  operation  of  symphyseotomy  has  lost  favor  in  the 
last  few  years  because  of  the  risk  of  infecting  the  mother, 
or  of  leaving  her  permanently  crippled  from  failure  of 
union  of  the  sjauphysis,  and  because  of  its  uncertain  re- 
sults as  compared  with  the  good  results  of  a  properly 
performed  CjEsarean  section.  It  must  be  restricted  to 
cases  in  which  the  possible  separation  of  the  pubic  bones 
of  7.5  cm.  will  enlarge  the  pelvic  canal  sutHciently  to  al- 
low the  head  to  pass.  It  is  of  no  value  in  those  cases  in 
which  the  sacro-iliac  synchondroses  are  ankylosed.  The 
tedious  convalescence  of  the  mother  is  a  serious  matter. 


Fig.  3767.— Spondyl- 
olisthesis. (Neu- 
gebauei.) 


Fig.  :37tiS.— Enclionarom!!  of  the  Saf-niiii  of  such  a  size  as  to  T)iiiiinisli 
very  greatly  the  Caijarity  of  th(!  Pelvic  Cavity.     {BehiiD 

Coinpared  with  the  ('icsarean  section,  it  is  lh(^  more  dan 
gcrous,  more  uncertain  of  the   two.   and   of  greatly   iv- 
stricted  range  of  ap|ilication. 

_  The  Cii'xiirean  siHijni  nnist  be  employed  in  those  cases 
m  which  there  is  no  other  possible  luet'hod  of  deliverv  of 
the  child,  living  or  dead  (the  absolute  iii.licatioii)  i\\-  it 
may   be   employed    (the   relative   indieati.m)  in   cases   in 


which  delivery  of  a  living  child  is  possible  only  bj'  lapa- 
rotomy. The  indication  has  been  extended,  by  some, 
even  to  those  cases  in  which  delivery  of  a  living  child  is. 
improbable  except  by  laparotomy. 

This  operation  in  properljr  experienced  hands  seems  tO' 
promise  great  usefulness.  livery  year  the  indications  for 
this  operation  are  enlarged.  Whereas  a  few  3'ears  ago, 
on  account  of  the  great  mortality  of  the  Cassarean  section, 
oidy  the  absolute  indication  for  the  operation  was  con- 
sidered valid,  now,  granted  good  surgical  facilities,  the- 
question  of  a  conservative  laparotomy  in  the  interest  of. 
both  mother  and  child  may  be  decided  in  the  affirmative 
in  cases  of  obstructed  labor.  If  the  deformity  is  so  great 
that  a  successful  induction  of  premature  labor  in  a  later 
pregnancy  is  improbable,  the  uterus  should  be  reino\ed 
at  the  time  of  operation. 

The  mutilating  operation  on  the  child,  commonly 
known  as  cnndntoray,  is  indicated  where  the  obstruction 
is  absohite  and  the  child  dead,  or  where  the  cr)ndition  of 
the  mother,  or  the  lack  of  facilities  for  opei'ating,  pro- 
hibits surgical  interference.  The  cru.shing  followed  by 
traction  on  the  head  is  usually  sufficient  to  effect  deliv- 
ery without  much  additional  shock.  Rarelj',  if  the  child 
is  of  large  size,  evisceration  or  further  mutilation  of  the 
child  must  be  resorted  to.  Franklin  A.  Uormaii. 

PELVIC  CELLULITIS.— Defixition-.— Pelvic  celluli- 
tis is  an  inflammation  of  the  pelvic  cellular  ti.ssne  which 
may  or  may  not  go  on  to  abscess  formation.  The  same 
condition  is  also  described  sometimes  as  parametritis, 
perimetritis,  pelvic  abscess,  etc. 

Anato.my. — Before  describing  pelvic  cellulitis,  a  few 
woi-ds  as  to  the  anatomy  of  the  pelvis  will  be  necessaiy. 
Roslhoi-n  deflnes  the  functions  of  the  pelvic  cellular  tissue 
as  follows :  1.  It  .serves  as  a  material  to  fill  in  emptj'  spaces 
between  the  organs.  2.  It  serves  to  connect  the  peiito- 
neuni  to  the  underlying  organs.  3.  It  serves  as  a  sheath  • 
for  the  blood  and  lymphatic  vessels.  4.  It  serves  as  lig- 
aments, holding  the  various  organs  one  to  the  other  and 
to  the  surrounding  bony  structures.  "We  can  see,  there- 
fore, that  the  connective  tissue  is  freely  distributed 
through  the  pelvis  and  forms  the  loose  framework  in 
which  lie  the  organs.  The  densencss  of  this  tissue  va- 
ries according  to  its  function  and  position.  In  places 
there  is  a  distinct  thickening,  forming,  if  we  may  call 
it  so,  a  species  of  curtain,  which  divides  one  portion  of 
the  pelvis  from  another  and  tends  to  localize  infection  to 
one  part  of  the  pelvis,  though  when  an  abscess  forms 
it  may  be  easily  imagined  as  breaking  through  the  septa. 
These  septa  or  curtains  are  difficult  to  demonstrate  bv  dis- 
section, and  the  most  striking  way  of  showing  their  re- 
lations is  by  the  injection  of  "mateVial  which  will  harden 
ill  situ.  By  this  method  three  main  regions  are  found  to 
occupy  each  side  of  the  pelvis.  (1)  The  anterior  resion 
compiises  the  cellular  tissue  around  the  bladder  'and 
that  lying  anteiior  to  the  cervix,  there  being  a  connec- 
tion between  these  regions  on  the  two  sides  thnmuh 
the  cellular  tissue  bintling  the  ]iosterior  surfaces  of  the 
bladder  to  the  anterior  portion  of  the  cervix  and  uterus. 
(2)  The  next  region  is  bounded  anlcriorlvby  the  above- 
described  partition,  po.steriorly  by  a  secoiiil  ciirtain  which 
extends  from  the  uterus  outward  along  the  infundibulo- 
pelvic  ligament,  giving  to  this  area  a  rough  triangular 
shape  with  the  base  directed  toward  the  pelvic  walTand 
the  apex  toward  the  uterus,  and  including  practically  all 
of  the  C(mnective  tissue  lying  inthe  fold  of  thebroad  I'iga- 
inent  and  continuous  with  the  cellular  tissue  tilling  tile 
iliac  fossa,  (li)  The  third,  or  posterior  area,  surrounds 
the  rectum  and  is  continuous  with  the  cellular  tissue  of 
the  retroperitoneal  area. 

Besides  the.se  three  main  divisions,  anatomists  describe 
several  less  well-marked  areas  where  an  infection  niav  be 
localized. 

Etiology.— Infection  of  the  cellular  tissue  is  always 
due  to  the  attack  of  one  of  tlie  pathogenic  bacteria,  and, 
according  to  whether  the  bacteria  gain  entrance  directly 
to  the  ci'llular  tissue  through  a  wound  or  by  lymphatic 
inlection,  or  whether  the  infection  follows  by  direct  ex- 
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tension  from  inflammation  of  the  tube  or  other  pelvic 
structures,  we  divide  the  cellulitis  into  the  primary  and 
the  secondary  forms. 

In  the  primary  forms  the  cellular  tissue  is  invaded 
directly  by  the  disease-producing  bacteria,  generally 
through  a  tear  or  wound  in  the  cervix  or  uterus,  or  by 
direct  lymphatic  extension. 

Ir.  the  secondary  form  the  seat  of  infection  primarily 
is  the  tube,  ovary,  bladder  wall,  or  rectum,  the  cellular 
tissue  being  invaded  by  contiguity.  The  primary  cellu- 
litis is  the  rarer  of  the  two,  and  for  some  years  its  possi- 
ble occurrence  was  denied. 

Wounds  of  the  cervix  are  not  frequent  in  any  eondition 
save  that  of  childbirth,  and  this  is  by  far  the  most  fre- 
quent etiological  factor  in  primary  cellulitis,  the  bacteria 
being  introduced  by  the  unclean  finger  and  advancing 
directly  into  the  tissues.  In  an  occasional  case  the  infec- 
tion also  results  from  a  wound  of  the  cervix  from  careless 
dilatation,  or  from  the  use  of  the  uterine  sound  or  other 
instrument  in  such  a  manner  as  to  cause  a  puncture 
through  the  vaginal  wall  of  the  cervix  or  the  uterine  wall. 

Secondary  cellulitis  of  some  part  of  the  pelvic  tissue 
accompanies  almost  every  case  of  distinct  inflammation 
in  any  of  the  pelvic  organs.  Most  frequently  the  condi- 
tion follows  salpingitis  or  pyosalpinx,  the  tube  being  the 
most  frequent  site  of  inflammation  in  the  female  pelvis. 

MoKBiD  Anatomy. — The  pathological  picture  pre- 
sented in  this  disease  varies  according  to  the  type  and  the 
degree  of  virulence  of  the  infecting  organism.  Most  of 
the  cases  of  primary  cellulitis  are  due  to  invasion  of  the 
tissue  by  the  streptococcus,  and  naturally  the  picture  of  a 
virulent  infection  is  given.  If  the  tissues  be  examined 
early  enough  all  that  will  be  noticed  is  a  brawny  infiltra- 
tion of  the  loose  tissue,  which  on  minute  examination  is 
found  to  be  due  to  a  rapid  proliferation  of  round  cells  and 
to  the  effusion  into  the  tissues  of  serum  and  leucocytes. 
Later,  we  find  distinct  small  abscesses  scattered  through 
the  tissues,  the  size  of  the  abscesses  varying  from  the  point 
to  the  head  of  a  pin.  Still  later,  if  the  infection  continues 
and  the  patient  lives,  we  find  that  the  numerous  small 
abscesses  have  become  conglomerate,  and  that  a  distinct 
abscess  has  been  formed.  Not  infrequently,  however,  an 
abscess  does  not  form,  but,  instead,  the  tissues  appear  to 
gain  a  certain  amount  of  resistance  against  further  break- 
ing down,  and  in  place  of  the  conglomerate  abscess  a  slow 
absorption  of  the  minute  abscesses  present  and  a  gradual 
healing  take  place.  In  the  secondary  infections  we  are 
less  apt  to  find  abscess  formation,  especially  if  the  infec- 
tion is  due  to  a  not  extremely  virulent  species  of  micro- 
organism (the  gonococcus,  for  example).  Naturally ,  when 
the  tubal  or  ovarian  disease  is  due  to  infection  by  the  more 
virulent  organisms,  we  find  more  frequent  abscess  for- 
mation, generally  in  the  folds  of  the  broad  ligament.  As 
already  stated,  in  the  primary  forms  the  streptococcus, 
either  alone  or  in  company  with  one  or  more  of  the  other 
organisms,  is  the  cause  of  infection.  In  the  secondary 
cellulitis  the  gonococcus,  the  staphylococcus  pyogenes 
albus  and  aureus,  the  typhoid  bacillus  (rarely),  the  pro- 
tens  and  certain  other  rarer  forms,  have  been  isolated 
from  the  tube  or  ovary  and  evidently  would  be  found 
in  the  focus  of  secondary  infection. 

Symptomatolooy. — Primary  Cellulitis. — In  this  form 
the  symptoms  are  usually  quite  well  marked.  Generally 
three  or  four  days  after  a  labor  in  which  careful  asepsis 
has  not  been  observed,  or  in  which  there  has  been  much 
handling,  the  patient  will  have  a  distinct  chill,  the  tem- 
perature rising  to  102°  or  103°  F.  She  will  complain  of 
general  malaise,  violent  headache,  possibly  nausea,  and 
of  acute  pain  in  the  lower  abdomen,  generally  located  in 
one  side  or  the  other.  On  examining  such  a  patient  the 
lower  abdomen  will  be  found  somewhat  full,  and  pal- 
pation will  be  impossible  from  the  amount  of  muscular 
spasm  present.  In  making  a  vaginal  examination  a  sense 
of  resistance  will  be  found  at  the  base  of  one  of  the  broad 
ligaments,  the  uterus  will  also  be  found  to  be  somewhat 
more  mobile  than  it  should  be,  and  the  patient  will  com- 
plain of  extreme  pain  when  we  attempt  to  move  the 
uterus  or  make  pressure  upon  the  lateral  fornices.    After 


a  day  or  two  a  distinct  induration  will  be  felt  through  the 
vagina,  and  on  bimanual  palpation  a  moderately-sized 
mass  will  be  felt  lying  in  the  broad  ligament;  in  some 
cases  this  indurated  mass  can  be  easily  felt  above  Pou- 
part's  ligament  as  a  dense  hard  tumor. 

Secondary  Celhditis. — The  symptoms  of  this  form  are 
commonly  masked  by  the  primary  disease,  and  it  is  prac- 
tically always  the  primary  disease  that  we  are  called 
upon  to  treat,  for,  unless  an  abscess  of  the  cellular  tissue 
be  present,  the  curing  or  the  removal  of  the  primary  point 
of  infection  will  be  followed  by  a  slow  amelioration  or  dis- 
appearance of  the  cellular  inflammation. 

Diagnosis. — The  diagnosis  of  the  primary  form  is 
based  partly  on  a  study  of  the  symptoms,  but  chiefly  on 
the  results  of  the  abdominal,  the  vaginal,  and  the  biman- 
ual examinations.  For  if  we  find  on  abdominal  examina- 
tion an  indurated  mass  extending  up  along  the  anterior 
abdominal  wall ;  if  on  vaginal  examination  the  lateral 
fornix  of  the  same  side  is  found  to  be  hard,  dense,  and 
brawny,  or  possibly  depressed  toward  the  outlet ;  and  if 
on  bimanual  examination  we  can  outline  a  distinct  mass 
between  our  hands,  separate  from  the  uterus  or  enclosing 
the  uterus  in  its  outlines,  we  may  feel  reasonably  sure 
that  whatever  else  is  present  we  have  an  inflammation 
and  probably  an  abscess  in  the  pelvic  cellular  tissue. 

The  diagnosis  of  the  secondary  form  is  not  of  so  much 
importance  if  the  diagnosis  of  the  primary  focus  be  made, 
as  we  may  be  sure  that  with  pyosalpinx,  ovarian  abscess, 
or  any  collection  of  pus  in  the  peritoneum,  there  will  be 
more  or  less  involvement  of  the  contiguous  cellular  tissue. 

Treatment. — Primary  Cellulitis. — In  this  affection 
we  must  be  governed  by  the  inflexible  surgical  rule  that, 
if  pus  be  present,  it  must  be  evacuated  by  the  shortest 
available  route,  and  it  only  remains  for  us  to  decide  which 
would  be  the  shortest  route  for  Its  evacuation.  In  many 
cases  it  is  difficult  to  be  absolutely  certain  as  to  whether 
pus  is  present  or  whether  the  tissues  are  merely  densely 
infiltrated,  and  fortunately  this  need  not  greatly  bother 
us,  as  the  best  results  are  gotten  by  breaking  down  and 
draining  such  an  exudation.  Hence  in  every  case  of  pri- 
mary cellulitis,  whether  the  exudation  has  broken  down 
and  pus  has  formed,  or  whether  merely  a  dense  indurated 
mass  is  present,  the  indication  is  clearly  to  provide  effec- 
tive drainage. 

There  are  two  paths  by  which  we  may  get  at  such 
a  mass  and  drain  it :  first,  through  a  vaginal  incision ; 
second,  through  an  abdominal  Incision.  The  best  drain- 
age is  undoubtedly  gotten  through  the  vagina,  as  it  is 
the  most  dependent  part,  and  this  avenue  of  attack  is  se- 
lected in  those  cases  in  which  the  abscess  or  the  indurated 
mass  is  distinctly  palpable  through  the  vaginal  vault,  or 
in  which  the  abscess  is  distinctly  pointing  in  this  direction. 
The  abdominal  route  is  selected  in  the  cases  in  which  it 
may  be  difficult  or  dangerous  to  make  the  vaginal  punct- 
ure, or  when  the  mass  is  distinctly  pointing  above  Pou- 
part's  ligament.  To  make  the  vaginal  puncture  the  pa- 
tient, after  being  anesthetized  and  after  the  vagina  and 
surrounding  parts  have  been  made  surgically  clean,  is 
brought  to  the  edge  of  the  table  with  the  buttocks  protrud- 
ing slightly  over  it  and  the  thighs  flexed  on  the  abdomen, 
where  they  are  held  by  an  assistant  or  by  one  of  the  many 
leg-holders.  A  final  careful  examination  is  then  made  to 
outline  again  the  pelvic  mass.  A  Simon's  speculum  is  in- 
troduced into  the  vagina,  the  posterior  lip  of  the  cervix  is 
grasped  with  the  tenaculum,  and  the  posterior  vaginal  for- 
nix put  on  the  stretch.  Then  with  the  knife  or  scissors  a 
little  incision  is  made  in  the  vaginal  vault  through  the 
vaginal  mucous  membrane  just  back  of  the  cervix.  The 
specuUun  then  having  been  withdrawn,  the  forefinger  of 
the  left  hand  should  be  introduced  into  the  rectum,  and  the 
thumb  of  the  same  hand  into  the  vagina,  the  tip  of  the 
thumb  resting  against  the  incision  made  in  the  vaginal 
vault.  Then  a  sharp-pointed  pair  of  scissors  should  be  car- 
ried into  the  vagina,  and  under  the  guidance  of  the  thumb 
the  pointed  end  of  the  closed  scissors  should  be  placed  in 
the  small  incision  in  the  vault  and  at  the  proper  moment 
plunged  boldly  into  the  pelvic  mass.  The  presence  of 
the  forefinger  in  the  rectum  serves  not  only  to  indicate 
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the  exact  position  of  tliis  organ,  but  also  to  guard  it 
against  possible  damage.  If  an  abscess  be  punctured 
by  this  mancEUvre,  there  will  be  a  gush  of  pus  into  the 
vagina  and  the  scissors  can  be  withdrawn.  Then  the 
opening  into  the  abscess  may  be  widened  by  careful  cut- 
ting or  by  tearing  with  a  pair  of  Goodell  dilators,  and 
after  this  the  cavity  should  be  explored  with  the  finger 
to  estimate  its  size  and  position,  and  to  make  sure  that 
no  more  unopened  abscesses  remain  behind.  If  no  pus 
follows  the  puncture  by  the  scissors  this  instrument  is  to 
be  withdrawn  and  the  finger  is  to  be  carried  into  the  track 
of  the  puncture.  By  this  manoeuvre  one  may  oftentimes 
succeed  in  finding  an  abscess  which  was  not  opened  by  the 
scissors.  If  no  abscess  be  present  the  brawny  indurated 
tissues  are  broken  down  with  the  finger  so  that  a  moder- 
ately large  cavity  remains  where  the  indurated  mass  was 
before.  The  opening  into  this  cavity  must  also  be  widely 
dilated  so  as  to  prevent  undue  narrowing  before  complete 
healing  has  taken  place.  Then  either  the  abscess  or  the 
artificially  made  hole  in  the  indurated  tissues  is  to  be 
firmly  packed  with  iodoform  or  subiodide  of  bismuth 
gauze,  and  this  gauze  is  allowed  to  remain  in  place  for 
some  days  unless  untoward  symptoms  appear.  After  the 
lapse  of  five  or  six  days  the  gauze  is  slowly  removed,  a 
little  bit  being  taken  out  each  day  until  the  whole  shall 
have  been  removed.  In  some  cases  it  may  be  necessary 
after  this  to  pack  again. 

If  the  path  through  the  abdomen  is  chosen,  the  abscess 
or  the  mass  of  indurated  tissue  must  be  reached  and 
drained  in  precisely  the  same  manner  as  would  be  adopt- 
ed in  the  case  of  any  other  collection  of  pus  in  the  ab- 
dominal cavity.  The  incision  is  generally  made  parallel 
to  and  just  above  Poupart's  ligament,  care  being  taken 
to  avoid  the  deep  epigastric  artery  which  runs  directly 
under  the  incision.  When  the  abscess  is  reached  the  pus 
escapes  through  the  opening  thus  estabfislied.  Then 
either  a  glass  or  a  rubber  drainage  tube  should  be  carried 
down  to  the  bottom  and  gauze  packed  around  it.  On 
the  other  hand,  if  simply  a  mass  of  indurated  tissues  is 
found,  then  this  is  to  be  broken  down  in  the  same  way 
as  through  the  vaginal  incision. 

In  some  cases  it  is  desirable  to  combine  the  two  meth- 
ods of  procedure ;  that  is  to  say,  we  may  establish  drain- 
age both  through  the  vagina  and  through  the  abdomen. 
Such  double  drainage  is  usually  followed  by  a  more 
rapid  healing  of  the  abscess  cavity,  but  it  leaves  an  un- 
sightly scar  on  the  abdominal  wall,  and  the  sinus  will 
sometimes  remain  open  for  some  months  before  final  heal- 
ing takes  place. 

The  treatment  of  the  secondary  cellulitis  resolves  itself 
into  the  treatment  of  the  associated  primary  condition, 
and  needs  no  special  notice. 

Pkognosis. — ^The  prognosis  of  pelvic  cellulitis  will 
necessarily  vary  according  to  the  virulence  of  the  infecting 
organism.  In  any  event,  however,  the  prognosis,  in  a 
case  of  the  primary  form,  must  always  be  very  guarded,  as 
the  patient  may  linger  along  for  weeks  and  finally  die  of 
exhaustion  even  though  the  abscess  has  been  thoroughly 
opened  and  apparently  good  drainage  obtained.  At  the 
same  time,  if  the  patient  survives  the  formation  of  an 
abscess,  we  may  rightly  expect  that  the  free  incision  and 
the  establishment  of  drainage,  in  combination  with  care- 
ful general  treatment,  will  be  followed  by  a  final  recov- 
ery. Otto  O.  Ramsay. 

PELVIC  PERITONITIS.— Depinition.— Pelvic  peri- 
tonitis is  an  inflammation  of  the  visceral  or  parietal  pel- 
vic peritoneum,  and  either  remains  confined  to  this  por- 
tion or  extends  upward  into  the  general  peritoneal  cavity. 
Pelvic  peritonitis  should  not  properly  be  described  as  a 
separate  and  distinct  disease,  for  it  is  due  to  the  same 
causes  as  those  which  excite  an  inflammation  of  the  gen- 
eral peritoneal  cavity,  and  the  effects  which  are  produced 
are  also  essentially  the  same.  Because,  however,  of  the 
situation  and  pecuhar  anatomical  relations,  inflammation 
here  is  much  more  commonly  localized  than  is  inflamma- 
tion in  other  parts  of  the  peritoneum,  and  for  this  reason 
we  are  justified  in  describing  it  separately. 
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Stnonyms.  — (Pelveo-peritonitis ;     parametritis ; 
salpingitis,  etc.) 

Vakibties.— There  are  three  varieties  of  pelvic  perito- 
nitis, viz.,  (1)  acute  or  fresh  pelvic  peritonitis,  (2)  chronic 
exudative  peritonitis,  and  (3)  chronic  adhesive  peritoni- 
tis. Except  in  those  cases  in  which  there  is  tuberculous 
disease,  we  rarely  see  the  chronic  form  except  as  the  out- 
come of  a  preceding  acute  inflammation.  The  converse 
is  not  necessarily  true,  viz. ,  that  the  acute  form  of  inflam- 
mation is  always  followed  by  chronic  manifestations ;  at 
the  same  time  it  is  not  common  to  have  an  acute  pelvic 
peritonitis  clear  up  entirely  without  leaving  some  few 
slight  adhesions,  or  a  certain  amount  of  roughening  and 
thickening  of  the  pelvic  peritoneum. 

EtioTjOGt. — Acute  pelvic  peritonitis  is  alwa3's  the  re- 
sult of  bacterial  infection,  and  practically  always  second- 
ary to  some  acute  inflammation  elsewhere,  as  in  the  tube, 
the  ovary,  the  uterus,  the  bladder,  or  the  rectum ;  or  pos- 
sibly it  may  develop  from  an  appendicitis. 

The  most  frequent  causative  micro-organism  is  un- 
doubtedly the  gonococcus,  which,  so  far  as  danger  to  life 
is  concerned,  may  rightly  be  considered  the  least  malig- 
nant. The  streptococcus  pyogenes  is  another  organism 
which  causes  pelvic  peritonitis.  Owing  to  its  greater 
malignancy,  however,  this  micro-organism  gives  rise  to 
an  inflammation  which  rarely  remains  localized  in  the 
lesser  cavity,  but  extends  upward  to  the  general  peiito- 
neum.  Pelvic  peritonitis  has  also  sometimes  been  due 
to  the  presence  of  the  staphylococci,  of  the  colon  bacilli, 
or  of  some  of  the  micro-organisms  which  in  exceptional 
cases  play  a  part  in  exciting  tubal  inflammation.  As 
other  possible  sources  of  infection  may  be  mentioned  an 
ovarian  abscess,  or  a  focus  of  infection  located  in  the 
cellular  tissue  or  in  the  network  of  lymphatic  vessels. 

Morbid  Anatomy. — The  reaction  of  the  pelvic  peri- 
toneum to  irritation  is  exactly  the  same  as  that  which 
takes  place  in  any  serous  membrane.  The  only  features 
to  which,  in  the  limited  amount  of  space  at  my  command, 
I  need  to  call  attention,  are  the  following:  There  is  a  de- 
cided tendency,  in  an  inflammation  of  this  character,  to 
the  throwing  out  of  plastic  lymph  upon  the  free  peri- 
toneal surface,  and,  at  the  points  where  this  occurs,  adlie- 
sion  between  the  contiguous  parts  is  almost  sure  to  fol- 
low. In  a  few  cases,  however,  the  exuded  lymph  may 
undergo  absorption,  and  the  affected  serous  surfaces  may 
eventually  return  to  a  normal  state.  In  the  majority  of 
instances  the  pelvic  peritonitis,  after  the  subsidence  of  the 
more  acute  manifestations,  assumes  the  characteristics  of 
either  a  chronic  exudative  or  a  chronic  adhesive  peritoni- 
tis. The  chronic  exudative  form  is  characterized  by  the 
exudation  of  serous  fluid,  which,  as  a  rule,  is  found  in  a 
sort  of  cul-de-sac  that  is  walled  off  from  the  general  cavity 
by  a  roof  of  adherent  intestines.  This  sac,  in  the  early 
stages,  contains  a  clear  serous  fluid,  but  sooner  or  later  ■ 
this  fluid  becomes  purulent  in  character,  by  reason  of  the 
wandei-ing  in  of  leucocytes.  In  the  chronic  adhesive 
form,  instead  of  a  serous  exudation,  there  is  thrown  out, 
as  already  stated,  a  more  plastic  lymph  which  glues 
together  all  the  pelvic  structures.  This  is  the  form  of 
the  disease  which  is  most  frequently  observed  and  in 
which  the  adhesions  may  be  so  numerous  that  the  tube, 
ovaries,  and  uterus  are  bound  together  in  one  indistin- 
guishable mass. 

Symptoms, — Acute  peritonitis  gives  rise  to  well- 
marked  symptoms.  The  patient  complains  of  acute  pain 
localized  in  the  lower  abdomen,  and  with  the  pain  there 
is  a  distinct  rigidity  of  the  lower  portion  of  the  abdomen 
and  probably  some  abdominal  distention.  The  tempera- 
ture is  found  elevated,  sometimes  reaching  103°  or  104° 
F. ;  the  pulse  is  rapid ;  and  there  may  be  nausea  with 
vomiting.  On  examining  such  a  patient  we  are  almost 
sure  to  find  that  acute  tenderness  is  present  over  the 
lower  abdominal  zone;  and  a  vaginal  examination,  al- 
though it  may  fail  to  reveal  anything  very  distinctive,  is 
sure  to  cause  acute  pain  when  pressure  "is  made  on  the 
forniccs,  or  when  any  attempt  is  made  to  move  the  ute- 
rus. The  patient,  it  will  also  be  noticed,  lies  perfectly 
quiet  on  her  back  with  the  legs  drawn  up,  as  any  move- 
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ment  causes  greatly  increased  pain.  Generally,  after  the 
lapse  of  three  to  four  days,  the  symptoms  decrease  in 
severity,  the  abdominal  distention  and  muscle  spasm  dis- 
appear, and  the  temperature  falls.  In  those  cases  in 
■which  the  disease  assumes  a  chronic  character  it  is  as- 
tonishing to  note  in  how  many  instances  the  severity  of 
the  symptoms  is  out  of  all  proportion  to  the  small  extent 
and  slight  degree  of  chronic  inflammation  present. 
These  patients,  as  a  rule,  complain  of  much  menstrual 
distress;  backache  is  very  common,  and  pain  is  often 
complained  of  in  one  or  the  other  ovarian  region.  These 
patients  are  also  apt  to  complain  of  headache  or  of  some 
form  of  nervous,  gastric,  or  intestinal  disorder. 

The  chronic  exudative  form  of  peritonitis  is  character- 
ized by  the  presence  of  an  exudate,  and  with  this  may 
be  associated  the  symptoms  of  a  pelvic  abscess.  In  cases 
of  the  latter  nature  acute  local  pain  is  present  in  the  ear- 
lier stages ;  there  are  also  decided  abdominal  tenderness, 
rapid  pulse,  and  fever,  and  yet  it  is  to  be  noted  that,  in 
the  later  stages,  fever  is  not  necessarily  present.  We 
find  on  local  examination  a  fluctuating  mass  which 
pushes  the  uterus  forward  and  which  is  very  tender  on 
pressure.  It  will  also  be  observed  that  the  more  dense 
and  indurated  the  walls  of  this  mass  are,  the  more  apt 
are  we  to  find  a  collection  of  pus  rather  than  one  of 
serum. 

Diagnosis. — The  diagnosis  of  an  acute  pelvic  peritonitis 
is  not  diflicult,  and  is  based  on  the  acute  pain,  the  spasm 
of  the  muscles,  the  rise  of  temperature,  and  the  local  find- 
ings. In  the  chronic  form  which  is  characterized  by  ad- 
hesive inflammation,  the  diagnosis  rests  on  the  lessened 
mobility  of  the  organs,  on  their  abnormal  positions,  and 
on  the  fact  that  we  can  actually  feel  the  presence  of 
more  or  less  distinct  bands  of  adhesions. 

In  the  chronic  form  which  is  characterized  by  the 
presence  of  an  exudation,  the  differential  diagnosis  may 
have  to  be  made  between  it  and  a  pelvic  hsmatocele. 
This,  however,  is  usually  an  easy  matter,  as  the  histories 
of  the  two  affections  are  very  different,  and  besides,  on 
examination,  we  can  satisfy  ourselves,  in  the  case  of  the 
hasmatocele,  that  we  are  handling  a  solid  tumor,  which 
often,  under  the  pressure  of  the  finger,  yields  a  crackling 
sensation,  owing  to  the  breaking  down  of  the  clot. 

Treatment. — In  the  treatment  of  acute  pelvic  peri- 
tonitis two  very  important  objects  should  be  kept  in 
view:  First,  that  life  may  be  saved;  and  second,  that  the 
local  changes  resulting  from  the  disease  may  be  dimin- 
ished as  much  as  possible  both  as  regards  their  extent 
and  as  regards  the  seriousness  of  their  character.  The 
therapeutic  measures  to  be  adopted  must  vary  according 
to  the  nature  of  the  infection.  Inasmuch  as  most  of  the 
cases  of  acute  pelvic  peritonitis  are  gonorrhoeal  in  origin, 
this  fact  will  be  one  of  the  first  to  be  thought  of  when 
the  questions  of  etiology  and  prognosis  are  taken  up  for 
consideration.  In  these  cases,  as  a  rule,  life  is  not  in  ex- 
treme danger,  because  the  tendency  of  gonorrhoeal  peri- 
tonitis is  to  remain  localized  in  the  pelvic  cavity. 

A  patient  who  is  suffering  with  an  attack  of  this  char- 
acter should  be  put  to  bed  and  advised  to  remain  as 
quietly  as  possible  on  her  back.  The  object  of  this  ad- 
vice is  to  prevent  any  sudden  movement  which  might 
cause  a  breaking  down  of  adhesions  between  the  end  of 
the  tube  and  the  surrounding  structures,  and  so  prevent 
the  outflow  of  bacteria-containing  secretion  from  the 
freshly  opened  end.  The  inflammation  is  also  to  be  com- 
bated by  the  free  use  of  salines  such  as  Rochelle  salts, 
or  by  frequently  repeated  doses  of  Carlsbad  salts.  The 
pain  may  be  relieved  by  the  use  of  hot  moist  applica- 
tions, or,  if  the  attack  is  seen  in  the  very  early  stage, 
cold  applications  may  give  more  relief,  and  may  possibly 
abort  the  attack.  Opiates  are  dangerous  remedies,  and  are 
not  to  be  used  unless  the  pain  becomes  extreme,  in  which 
case  good  results  may  be  obtained  by  the  use  of  supposi- 
tories containing  extract  of  opium  and  extract  of  bella- 
donna. Hot  vaginal  douches  are  also  of  value,  if  they 
can  be  given  without  causing  the  patient  great  discom- 
fort. The  patient  should  be  put  upon  an  extremely 
light  bland  diet,  and  she  should  also  be  allowed  the  free 


use  of  liquids.  Such  a  patient  should  be  kept  quietly  in 
bed  for  at  least  a  week  after  all  acute  symptoms  have 
disappeared.  This  precaution  will  be  found  to  be  a 
great  help  in  preventing  a  recurrence  of  inflammation. 

Operative  interference,  during  an  acute  attack,  is  in- 
dicated only  when  the  symptoms  are  somewhat  urgent. 
The  abdominal  cavity  should  then  be  opened  from  above, 
in  the  usual  manner,  and  free  drainage  established,  or  an 
opening  may  be  made  into  the  cul-de-sac  from  below,  by 
way  of  the  vagina. 

In  chronic  exudative  pelvic  peritonitis,  the  exudate 
lies  in  the  cul-de-sac,  and  can  be  most  easily  reached 
through  the  posterior  vaginal  fornix,  as  it  generally 
points  most  distinctly  in  this  locality.  Before  the  oper- 
ation is  begun,  the  vulval  area  and  the  vagina  should  be 
thoroughly  scrubbed  and  disinfected.  The  patient's  legs- 
being  flexed  on  the  abdomen  and  held  in  this  position  by 
a  leg-holder  or  by  assistants,  the  surgeon  should  intro- 
duce the  forefinger  of  the  left  hand  into  the  rectum,  and 
the  thumb  into  the  vagina,  the  tip  of  the  latter  being 
kept  pressed  against  the  fluctuating  swelling  in  the  cul- 
de-sac.  Then  the  pointed  end  of  a  closed  pair  of  sharp- 
pointed  scissors  should  be  plunged  into  the  mass  under 
the  guidance  of  the  thumb,  the  forefinger  in  the  rectum 
acting  both  as  a  guide  and  as  a  means  of  preventing 
puncture  of  the  rectum.  The  insertion  of  the  sharp- 
pointed  instrument  into  the  cavity  is  followed  by  a  gush 
of  clear  or  purulent  fluid.  The  blades  of  the  scissors  are 
separated  and  withdrawn  from  the  cavity,  and  the  open- 
ing thus  established  should  then  be  made  still  larger  by 
stretching  and  tearing  its  sides  with  the  Goodell  dilator. 
Finally,  the  cavity  should  be  washed  out  and  packed 
with  gauze,  and  the  latter  should  be  allowed  to  remain 
in  for  five  or  six  days  or  even  longer  unless  there  be 
symptoms  indicating  that  it  should  be  removed  sooner. 

In  the  treatment  of  chronic  adhesive  peritonitis  the 
use  of  frequent  hot  douches,  in  conjunction  with  the  ap- 
plication of  the  tincture  of  iodine  to  the  f  ornices,  and  with 
the  introduction  of  cotton  or  lambs'  wool  tampons  soaked 
in  glycerin,  often  proves  very  helpful.  Besides  these 
local  measures  pelvic  massage,  regular  exercise,  and  a 
general  tonic  treatment  will  sometimes  be  followed  by  an 
apparent  cure,  though  such  patients  are  very  apt  to  have 
a  recurrence  of  the  disease  after  any  imprudence. 

The  question  whether  an  operation  should  be  advised, 
or  whether  better  results  may  not  be  obtained  from  the 
employment  of  the  palliative  methods  of  treatment,  is 
always  diflicult  to  answer ;  the  proper  answer  will  depend 
on  circumstances.  In  the  first  place,  it  must  be  remem- 
bered that  the  operation  is  always  attended  with  a  cer- 
tain amount  of  danger,  and  that  this  danger  must  be  in- 
curred not  for  the  saving  of  life,  but  simply  for  the  relief 
of  symptoms.  On  the  other  hand,  if  the  patient  has  to 
work  for  her  living,  the  surgeon  cannot  rightly  refuse  to 
place  her  under  the  best  possible  conditions  for  success- 
ful work.  For  this  reason  he  is  scarcely  justified  in  ad- 
vising a  patient  whose  family  is  dependent  on  her  exer- 
tions for  their  support,  to  undergo  the  long-continued 
applications,  etc.,  which  are  required  under  the  palliative 
method  of  treatment.  On  the  other  hand,  in  the  case  of 
a  woman  who  can  command  everything  necessary,  paUia- 
tive  measures  may  be  followed  by  splendid  results. 

On  the  whole,  the  results  of  operations  in  the  pelvic 
cavity  have  thus  far  been  very  satisfactory. 

Prognosis. — The  prognosis  of  acute  pelvic  peritonitis, 
so  far  as  life  is  concerned,  is  generally  good,  but  caution 
should  always  be  observed  in  promising  a  complete  re- 
turn to  normal  health. 

In  the  chronic  exudative  pelvic  peritonitis,  the  progno- 
sis, after  the  cavity  has  been  opened  and  drained,  is  fairly 
good.  In  most  cases  the  patient  will  regain  health,  and, 
If  the  tubes  have  not  been  completely  destroyed,  she  may 
in  course  of  time  bear  children.  In  the  adhesive  form  a 
complete  cure  must  not  often  be  looked  for  as  the  result 
of  simple  palliative  treatment ;  and  even  when  an  oper- 
ation is  resorted  to,  the  degree  of  completeness  of  the 
cure  will  depend  on  the  condition  of  the  pelvic  struct- 
ures. 0**"  ^-  RcLfnso.y. 
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PELVIS. — (Latin,  derived  from  the  Greek  veXi;,  a  ba- 
sin, the  same  root  as  Eng.,  pail;  Fr.,  haaain ;  Ger., 
Becken ;  It.,  baci-no.  The  appropriateness  of  the  appel- 
lation will  be  evident  on  placing  a  human  pelvis  on  a 
table  in  a  horizontal  position,  when  it  will  be  seen  to  re- 
semble a  somewhat  deep  washbasin,  with  the  rim  broken 
away  in  front  and  behind.)  In  a  restricted  sense,  the 
bony  and  ligamentous  skeleton  of  that  portion  of  the 
trunk  to  which  are  attached  the  abdominal  limbs.  To- 
pographically the  term  is  used  to  designate  the  whole 
region  for  which  the  bony  pelvis  serves  as  a  framework, 
■comprising,  in  this  sense,  the  whole  of  the  pudendal, 
perineal,  sacral,  subinguinal,  coxal,  trochanteric,  and 
gluteal  regions,  and  a  part  of  the  pubic  and  Inguinal 
legions. 

The  importance  of  the  skeletal  framework  is  great  and 
twofold.  First,  because  it  is  through  it  that  the  weight 
of  the  body  is  supported,  and  from  it  that  arise  the 
powerful  muscles  that  move  the  posterior  limbs;  second, 
because  it  forms  a  bony  canal  which  contains  an  impor- 
tant portion  of  the  genito-urinarj^  apparatus,  and  through 
whicli  the  matured  foetus  must  pass  to  reach  the  outer 
world.  The  first  of  these  considerations  is  architectural, 
the  second  obstetrical,  while  both  have  important  surgi- 
cal bearings. 

Boundaries. — This  portion  of  the  trunk  is  defined  on 
the  surface  of  tlie  body  by  certain  landmarks  and  fur- 
rows. Above,  there  may  be  noted,  in  well-nourished  in- 
dividuals, crossing  the  median  line  in  front,  a  shallow 
depression,  concave  upward,  separating  the  pubic  emi- 
nence (mons  pubis,  mons  veneris)  from  the  general  super- 
ficies of  the  abdomen.  This  may  be  called  the  pubic 
furrow  and  extends  from  groin  to  groin.  From  either 
end  of  this  the  shallow  but  well-marked  inguinal  furrow 
(sulcus  or  plica  inguinalis)  may  be  followed  upward  and 
outward  to  the  anterior  superior  iliac  spine.  The  crest 
of  the  ilium  may  then  be  easily  traced  along  the  flank 
backward  as  far  as  the  depression  which  marks  the  pos- 
terior superior  iliac  spine.  From  this  a  line  should  be 
drawn  to  the  spinous  process  of  the  fifth  lumbar  verte- 
bra, which  for  topographical  purposes  is  usually  in- 
cluded in  the  pelvic  region,  and  is  characterized  by  a 
well-marked  depression.  This  boundary,  drawn  on  each 
side,  will  mark  the  limits  of  the  pelvis  above. 

Below,  it  is  best  defined  behind  by  the  well-marked 
gluteal  fold  (sulcus  gluteus)  that  indicates  the  lower  bor- 
der of  the  nates  or  rump.  An  arbitrary  line  drawn  hori- 
zontally outward  from  the  outer  end  of  this  fold,  around 
the  thigh  to  the  inguinal  furrow,  will  roughly  include 
somewhat  more  than  may  properly  belong  to  the  pelvis, 
as  it  takes  in  the  upper  part  of  the  femur  with  the  great 
trochanter,  usually  regarded  as  belonging  to  the  crural 
region. 

Surface  Markings.— "Witlun  the  area  thus  delimited 
there  is  in  front  the  pubic  eminence,  covered  with  hair  in 
the  adult  and  resting  upon  the  pubic  bone.  It  is  more 
prominent  in  the  female.  On  either  side  of  this  the  in- 
guinal furrow  follows  the  course  of  Poupart's  ligament 
from  the  anterior  superior  spine  of  the  ilium  to  the  spine 
of  the  pubis.  It  is  maintained  by  fibres  passing  from  this 
ligament  to  the  skin,  resembling  in  this  respect  the  axil- 
lary fossa.  Shallow  and  broad  when  the  subject  is  stand- 
ing erect,  it  is  deep  when  the  thigh  is  flexed.  Above,  it 
is  continuous  with  the  iliac  furrow ;  below,  it  ends  in  the 
genito-femoral  furrow.  In  females  and  well-nourished 
persons  a  second  furrow  is  usually  seen,  corresponding 
more  nearly  to  the  flexion  of  the  thigh.  This  terminates 
before  reaching  Ifie  anterior  superior  iliac  spine  at  a  de- 
pression corresponding  to  the  separation  between  the  sar- 
torms  and  the  tensor  of  the  fascia  lata.  Below,  it  runs 
mto  the  inguinal  furrow. 

In  muscular  persons,  not  too  fat,  the  outer  edge  of  the 
rectus  abdominis,  well  defined  upon  the  abdomen,  may 
be  traced  down  to  the  inguinal  furrow,  which  it  cuts  at 
an  acute  angle.  It  is  at  this  point  (the  inguinal  trigone 
01  uenke),  immediately  above  and  external  to  the  spine  of 
the  pubis,  that  is  found  the  external  or  superficial  ab- 
dominal ring  from  which  the  spermatic  cord  in  the  male 
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and  the  round  ligament  in  the  female  may  be  easily 
traced  to  the  scrotum  and  the  labium  majus  respectively. 
The  internal  or  deep  abdominal  ring  is  a  little  more  than 
half  an  inch  (15  mm.)  above  Poupart's  ligament,  and 
midway  between  the  anterior  superior  iliac  spine  and  the 
symphysifs  pubis. 

The  spine  of  the  pubis  (tuberculum  pubicum)  lying,  as 
it  does,  between  the  course  of  an  inguinal  and  that  of  a 
femoral  hernia,  becomes  an  important  point  to  determine. 
In  fat  persons  it  cannot  be  felt  with  ease  except  by  push- 
ing up  the  skin  of  the  scrotum  or  labium,  but  may  always 
be  found  by  tracing  up  the  tendon  of  the  adductor  longus 
muscle,  made  tense  by  adducting  the  thigh.  The  spine 
is  nearly  on  a  level  with  the  top  of  the  great  trochanter, 
and  this  enables  us  to  determine  its  position  when  it  is 
desired  to  avoid  external  manipulation.  Between  the 
spine  and  the  symphysis  pubis  the  pubic  crest  may  be 
made  out. 

Another  Important  point  is  the  anterior  superior  iliac 
spine,  always  easily  felt.  It  i.s  used  as  a  point  of  refer- 
ence in  judging  of  deformities  and  injuries  to  the  pelvis, 
and  in  measuring  the  relative  length  of  the  two  limbs. 
Although  situated  much  farther  from  the  median  line 
than  is  the  spine  of  the  jjubis,  it  will  be  seen,  when  the 
pelvis  is  viewed  laterally  in  its  normal  position,  to  be  in 
the  same  frontal  plane.  A  line  connecting  the  anterior 
superior  spines  of  opposite  sides  passes  just  above  the 
level  of  the  promontory  of  the  sacrum.  In  females  it  is, 
when  the  pelvis  is  normally  placed,  at  the  same  height  as 
the  middle  of  the  third  sacral  vertebra,  and  very  nearly 
on  a  level  with  the  upper  edge  of  the  great  sciatic  notch. 
In  males  it  is  1  or  3  cm.  higher. 

Below  the  pubic  eminence  appear  the  external  organs 
of  generation,  separated  from  the  thigh  by  a  deep 
groove,  the  genito-femoral  furrow,  more  fully  seen  on  the 
perineal  aspect.  The  angle  of  the  pubis,  where  the  two 
pubic  bones  unite  at  the  median  line,  may  be  obscurely 
felt  from  without.  In  the  female  it  is  much  more  obtuse 
than  in  the  male,  and  is  easily  accessible  by  vaginal  ex- 
amination. In  the  normal  position  of  the  pelvis  its  ver- 
tex is  on  a  level  with  the  lower  bony  edge  of  the  obtu- 
rator foramen  and  with  the  middle  of  the  posterior  surface 
of  the  tuberosity  of  the  ischium. 

If  the  pelvis  be  looked  at  from  the  side,  it  is  seen  to 
be  limited  above  by  the  crest  of  the  ilium,  whose  general 
situation  is  indicated  by  a  slight  superficial  depression, 
the  iliac  furrow  (sulcus  coxae).  This  does  not,  however, 
exactly  correspond  with  the  underlying  crest,  the  differ- 
ence depending  on  the  varying  length  of  the  aponeurotic 
fibres  of  the  external  oblique  muscle  of  the  abdomen, 
which  is  inserted  on  the  outer  lip  of  the  crest.  The  mid- 
axillary  line  produced  passes  through  the  highest  point 
of  the  crest  (punctum  coxale),  the  most  prominent  part 
of  the  great  trochanter  and  the  lower  part  of  the  tuber- 
osity of  the  ischium  (punctum  ischiadicum),  and  bisects 
a  line  connecting  the  anterior  and  posterior  iliac  spines. 
When  the  arm  is  extended  at  right  angles  in  front,  the 
scapula  is  so  rotated  as  to  bring  its  inferior  angle  into 
this  vertical.  The  level  of  the  crest  of  the  ilium  is  usu- 
ally a  little  lower  than  the  umbilicus,  corresponding  to 
the  disc  between  the  fourth  and  fifth  lumbar  vertebree, 
though  it  may  reach  as  high  as  the  body  of  the  fourth. 

On  this  aspect  the  situation  of  the  great  trochanter 
should  be  noted.  Usually  a  distinct  prominence,  more 
in  relief  than  the  crest  of  the  ilium,  in  fat  persons,  owing 
to  the  tendinous  insertion  of  the  gluteus  maxi'mus,  it 
may  be  marked  by  a  depression.  Its  top  is  on  a  level 
with  the  middle  of  the  acetabulum,  and  when  the  thigh 
is  at  rest,  with  the  muscles  relaxed,  it  just  touches  a  line 
drawn  from  the  anterior  superior  spine  of  the  ilium  down- 
ward and  backward  to  the  tuberosity  of  the  ischium 
(Nelaton's  hne).  It  may  rise  somewhat  above  this  line 
when  the  thigh  is  fully  abducted  (Sheild). 

The  most  prominent  featuresof  the  pelvic  region,  when 
viewed  from  the  rear,  are  the  rounded  masses  forming  the 
buttocks  or  nates.  While  the  main  body  of  these  pro- 
tuberances is  formed  by  muscles  they  owe  their  rounded 
outlines  to  a  thick  layer  of  fat.     For  this  reason  they  are 
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better  developed  in  well-no urished  persons,  in  the  young, 
and  in  women,  than  in  athletes,  and  are  frequently  the 
seat  of  lipomatous  tumors.  In  some  African  tribes  the 
deposit  of  large  quantities  of  fat  in  this  region  seems  to 
be  normal,  especially  among  the  females,  and  it  forms  a 
large  projecting  mass  (steatopygy).  The  underlying 
masses  that  influence  surface  form  are  the  gluteus  maxi- 
mus  nearest  the  median  line  and  the  gluteus  medius 
laterally.  In  muscular  individuals  in  good  training  the 
separation  between  these  two  nmscles  is  usually  observ- 
able on  the  surface.  Tliey  are  especially  important  for 
keeping  the  trunk  upright;  and  since  man  is  the  only 
.animal  that  habitually  walks  erect,  the  prominence  of  the 
nates  is  peculiar  to  him. 

The  nates  are  separated  from  each  other  by  a  well- 
marked  cleft,  the  intergluteal  furrow  (crena  ani),  usually 
quite  deep.  At  its  bottom  is  found  the  tip  of  the  coccyx, 
■a  little  lower  than  the  horizontal  line  drawn  through  the 
top  of  the  symphysis  pubis,  and  about  a  finger's  breadth 
farther  forward  is  the  margin  of  the  anus,  hidden  from 
.sight  except  in  emaciated  persons.  Here  the  furrow 
•ends  in  the  male ;  in  the  female  it  becomes  continuous 
with  the  beginning  of  the  genital  cleft. 

Below,  the  nates  are  limited  by  a  sharp  crease,  the  glu- 
teal fold  (fold  of  the  nates,  gluteo-f enioral  fold,  sulcus  glu- 
teus), caused  by  the  attachment  of  the  integument  to  the 
■deep  fascia  by  means  of  fibrous  bands,  which  prevent  the 
fat  of  the  buttock  from  sliding  down  into  the  thigh  when 
tlie  sitting  posture  is  assumed,  thus  making  of  it  a  verit- 
able cushion.  This  fold  does  not  correspond  to  the  edge 
of  the  gluteus  maximus,  which  runs  obliquely  down- 
ward and  outward  to  its  femoral  insertion,  but  is  nearly 
or  quite  horizontal  when  the  subject  is  standing  erect. 
When  he  is  resting  on  one  leg  only  and  allowing  the  glu- 
teus maximus  of  the  free  member  to  become  stretched, 
the  fold  assumes  more  nearly  the  direction  of  the  muscle. 
Externally  each  natis  is  defined  by  a  broad,  shallow  de- 
pression (lateral  gluteal  furrow),  due  to  change  from 
muscle  fibres  to  aponeurosis  of  insertion. 

The  nates  are  bounded  above  by  the  crest  of  the  ilium, 
which  terminates  toward  the  middle  line  in  the  posterior 
superior  spine,  on  a  level  with  the  spine  of  the  second 
sacral  vertebra,  and  at  a  point  coixesponding  to  the  mid- 
dle of  the  sacro-iliac  synchondrosis.  Immediately  above 
the  spine  is  a  small  area  of  bone  quite  free  from  muscle 
fibres,  and  therefore  marked  externally  by  a  depression, 
especially  noticeable  in  females.  Below  this  the  converg- 
ing masses  of  nates  leave  between  them  a  flattened  tri- 
angular area  which  extends  down  as  far  as  the  fourth  or 
fifth  sacral  vertebra.  This  flattening  extends  upward  as 
far  as  a  depression  just  below  the  spine  of  the  fifth  lum- 
bar vertebra,  and  taken  altogether  the  area  constitutes  a 
rhomboidal  field  (sacral  rhomboid,  Kreuzraute  of  Wal- 
deyer)  of  which  the  two  upper  sides  are  much  shorter 
than  the  two  lower  ones.  In  females  the  upper  angle  is 
3-4  cm.  higher  than  the  line  connecting  the  posterior  su- 
perior spines.  Through  the  middle  of  this  there  extend 
from  above  downward  on  the  median  line  the  coalesced 
spines  of  the  sacral  vertebrae  (sacral  crest,  crista  sacralis 
media),  the  most  prominent  part  of  which  is  the  third 
sacral  spine. 

The  general  direction  of  the  gluteus  maximus  is  indi- 
cated by  a  line  drawn  from  the  posterior  superior  iliac 
spine  to  the  most  prominent  part  of  the  great  trochanter. 
The  juncture  of  the  first  and  second  thirds  of  this  line  is 
at  the  level  of  the  great  sciatic  notch,  where  the  gluteal 
artery  emerges  from  the  pelvis. 

The  tuberosity  of  the  ischium,  on  which  the  body  rests 
when  sitting,  is  readily  felt  beneath  the  gluteal  fold.  It 
is  situated  in  the  same  frontal  plane  as  the  transverse 
process  of  the  fifth  lumbar  vertebra,  and  its  middle  is 
nearly  the  same  horizontal  distance  behind  the  centre  of 
the  acetabulum  that  the  anterior  superior  spine  of  the 
ilium  and  the  spine  of  the  pubis  are  in  front.  _  A  line 
drawn  from  the  posterior  superior  spine  of  the  ilium  to 
the  outer  part  of  the  tuberosity  of  the  ischium  crosses  the 
posterior  inferior  spine  at  4  cm.  and  the  spine  of  the  is- 
chium at  10  cm.  distance,  and  the  sciatic  and  internal  pudic 


arteries  make  their  exit  from  the  pelvis  at  the  juncture 
of  its  middle  and  lower  thirds.  The  tuberosity  is  well 
padded  with  fat  contained  in  small  loculi  formed  by 
fibrous  bands  that  pass  between  it  and  the  skin.  Several 
small  bursse  are  frequent  near  it,  one,  under  the  tendon 
of  the  biceps  and  semitendinosus,  being  quite  constant. 

There  is,  besides,  another  aspect  of  the  pelvis  almost 
wholly  concealed  when  the  subject  is  standing  erect  with 
the  thighs  approximated,  being  then  reduced  to  a  mere 
furrow.  This  is  the  inferior  or  perineal  aspect,  corre- 
sponding to  the  outlet  of  the  pelvis.  To  examine  it  the 
thighs  should  be  flexed  and  abducted  when  there  will  be 
displayed  a  rhomboidal  space  known  as  the  perineal  re- 
gion, lying  between  the  thighs,  having  its  angles  at  the 
angle  of  the  pubis  in  front,  the  tip  of  the  coccyx  behind, 
and  the  ischial  tuberosities  on  either  side.  Its  sides  are 
formed  in  front  by  the  ischio-pubic  rami,  behind  by  the 
great  sciatic  ligaments,  which  may  in  this  position  be 
felt  in  thin  subjects  on  deep  pressure  along  the  edge  of 
the  gluteus  maximus. 

It  will  be  seen  that  the  gluteal  fold  encircles  on  each 
side  the  inner  aspect  of  the  thigh  and  ends  in  the  genito- 
femoral furrow.  Frequently  an  accessory  furrow  is 
found  running  parallel  to  it.  From  the  rounded  protu- 
berance of  the  nates  a  pointed  process  extends  forward, 
bounded  laterally  by  the  gluteal  fold  on  the  outer  side, 
mesially  by  a  furrow  (gluteo-perineal  furrow)  that  sep- 
arates it  from  the  external  genitals  and  ends  in  front  by 
uniting  with  the  genito-femoral  furrow. 

In  both  sexes  the  external  genital  organs  impinge  upon 
the  anterior  part  of  this  space,  the  area  occupied  by  them 
being  known  as  the  pudendal  region.  The  remaining 
space  is  usually  divided  for  topographic  purposes  by  a 
line  drawn  arbitrarily  between  the  anterior  part  of  the 
tuberosities  of  the  ischium  (interischiadic  line).  It  has 
been  pointed  out  by  Waldeyer  and  others  that  a  more 
suitable  line,  from  a  morphological  point  of  view,  is 
formed  by  curving  somewhat  forward  to  where  the  uro- 
genital trigone,  or  triangular  ligament,  meets  the  pelvic 
diaphragm  (line  of  the  perineal  septum).  This  separates 
a  urogenital  region  through  which  the  urogenital  orifices 
pass,  from  an  anal  (isohio-rectal)  one  through  which  the 
alimentary  canal  discharges. 

In  this  region  there  may  be  noted,  in  the  median  line, 
the  tip  of  the  coccyx,  often  marked  by  a  slight  depres- 
sion ;  the  anus,  its  centre  about  3-4  cm.  in  front  of  the 
coccyx  in  the  male  and  a  little  farther  in  the  female; 
then  the  median  raphe  of  the  perineum,  extending  in 
the  male  from  the  anus  to  the  scrotum,  in  the  female 
lost  almost  at  once  in  the  genital  cleft.  The  point  where 
the  raphe  crosses  the  line  of  the  perineal  septum  is  called 
the  tendinous  centre  of  the  perineum  (centrum  perineale), 
where  the  two  layers  of  deep  fascia  and  the  triangular 
ligament  meet.  It  affords  a  point  of  origin  for  several 
muscles.  A  slight  swelling  in  front  of  this  marks  in  the 
male  the  underlying  bulb  of  the  urethra,  situated  1-1.5 
cm.  from  the  anterior  edge  of  the  anus. 

The  Osseous  Pelvis.— Of  the  bones  composing  the 
pelvis  two,  the  sacrum  and  the  coccj'x,  belong  to  the 
spinal  column ;  and  two  others,  the  so-called  ossa  inno- 
minata,  or  hip  bones,  bfelong  to  the  limbs  and  constitute 
the  pelvic  girdle,  which  differs  remarkably  from  the  tho- 
racic girdle  in  that  it  is  articulated  firmly  with  the  sa- 
crum, thus  affording  a  firm  basis  of  support. 

The  Sacrum.— This  bone  is  said  to  owe  its  name  to  the 
use  made  of  it  by  nations  who  offered  human  sacrifices, 
it  being  held  to  be  particularly  sacred  to  the  gods,  be- 
cause it  was  used  as  an  offering  representing  the  entire 
victim,  it  being  evident  that  the  subject  must  be  dead  if 
the  sacrum  was  offered.  It  is  reputed  to  be  found  en- 
tirely uninjured  when  other  portions  of  the  skeleton  have 
decayed,  and  a  rabbinical  tradition  holds  that  it  is  the 
essential  or  sacred  part  of  man,  which  is  to  be  preserved, 
and  from  which  the  entire  body  is  to  sprout  at  the  judg- 
ment day.  Hyrtl,  whose  authority  on  such  matters  is 
entitled  to  weight,  considers,  however,  that  these  are 
mere  etymological  fantasies,  and  that  in  the  phrase  os 
sacrum  the  adjective  is  used  in  the  sense  of  great  or  im- 
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portiUit,  because  it  is  tlie  largest  l)oiie  of  tlie  spinal  col- 
umu. 

The  bone  presents  the  appearance  of  an  irregular  pyra- 
mid, the  axis  of  whicli  has  been  curved  so  that  the 
concavity  looks  downward  and  forward,  the  base  pre- 
senting upward,  jointing  with  the  last  lumbar  vertebi'a, 
the  apex  downward,  jointing  with  the  coccyx.  Laterally 
it  articulates  with  the  innominate  bones.  Even  a  super- 
ficial examination  shows  it  to  be  composed  of  coalesced 
vertebrae.,  normally  five  in  number,  six  or  four  being  oc- 
casionally found ;  but  this  is  usually  accompanied  by  a 
corresponding  increase  or  decrease  of  the  vertebral  ele 
ments  of  contiguous  regions  of  the  spinal  column.  Ac- 
cordingly the  main  descriptive  features  of  the  sacrum 
depend  upon  its  composite  character.  There  are,  on  the 
anterior  surface,  transverse  lines  showing  the  original 
divisions ;  on  the  posterior,  vestiges  of  the  spinous  and 
articular  processes,  and  of  the  laminoe;  on  both  surfaces 


Fig.  37159.— Antero-Superlor  Aspect  of  the  Pelvis.  (From  Testut.) 
1,  Sacrum;  2,  coccyx;  3,  sacral  canal;  4,  internal  iliac  fossa;  .5, 
anterior  superior  spine  of  the  ilium  ;  6.  synipliysis  pubis ;  7,  sacro- 
iliac articulation ;  8,  acetabulum ;  9,  spine  of  the  ischium  ;  HI,  ob- 
turator foramen. 

The  dotted  lines  Indicate  the  diameters  of  the  superior  strait. 
A, A',  conjugate  diameter;  T,  I",  transverse  diameter;  0,0', 
oblique  diameter. 

foramina  for  the  exit  of  nerves  from  an  axial  canal,  a 
continuation  of  the  spinal  canal  of  the  lumbar  region. 
Anteriorly,  obliquely  cut  grooves  lead  from  the  sacral 
foramina  outward,  affording,  to  the  sacral  nerves  that  lie 
in  them,  some  protection  from  sliding  pressure. 

The  non-articular  vertebra  diminish  rapidly  in  size, 
their  characters  are  more  obliterated,  and  they  curve  for- 
ward much  more  than  the  others.  The  suiumit  of  the 
curve  formed  by  the  sacrum  is  therefore  in  the  third  sa- 
cral vt^itebra,  the  spine  of  which  projects  in  the  median 
line.  The  prominence  of  the  spine  is  not,  however,  a 
good  guide  to  the  convexity  of  the  curve,  which  varies 
much  in  different  individuals.  The  depth  of  the  curve 
from  a  line  subtending  the  arc  averages  18.8  mm.,  hav- 
ing a  maximum  of  44  mm.  and  a  minimum  of  4  mm. 
The  curve  is  developed  during  intra-uterine  life,  being 
probably  due  to  an  adaptation  of  the  spinal  column  to  the 
pelvic  viscera.  Cunningham  found  it  in  a  fcetus  46  miu. 
long  (about  ten  weeks).     It  is  also  seen  in  anthropoids. 

Meyer  calls  that  part  of  the  sacnun  which  articulates 
with  the  ilium  the  pelvic  portion,  the  remainder  the  peri- 
neal portion.  Broca  has  pointed  out  tliat,  in  cfjnsidering 
the  question  of  the  nnnilter  of  bones  that  form  the  tjiij  of 
a  vertebrate  animal,  we  should  not  make  Ihe  divi.sion  at 
the  sacrococcygeal  joint,  as  that  is  a  character  which  may 
be  considered  mei'ely  a  matter  of  special  arrangement  for 
each  animal,  but  should  i-ather  begin  to  count  at  the  non- 
articular  portion  of  the  sacnuu.  Viewed  in  this  manner 
the  articulating  vertebra'  would  form  a  true  sacrum,  and 
tliose  \yhich  follow  would  belong  to  the  tail,  and  be  di- 
vided into  Inm  caudal,  having  a  spinal  canal,  and  f((Ue 
ciiudul,  reduced  to  centra  only.  According  to  this  v'icAV, 
almost  all  the  lower  apes  have  three  sacral  vertebra',  as 
has  man ;  and  man  has  a  tail  formed  of  from  six  to  eight 


pieces,  resembling  in  this  respect  the  anthropoid  apes, 
they  varying  mei'ely  in  the  unimportant  circumstance  of 
having  a  few  .segments  more  or  less. 

The  rectum  reaches  the  spinal  column  at  the  third  sa- 
cral vertebra  and  thence  continues  along  it.  Rose  there- 
fore designates  the  portion  of  the  spinal  column  thus  re- 
lated as  the  rectal  cover  {Mastdarmdechel).  As  it  maybe 
necessary  to  remove  some  of  these  vertebrae  in  operations 
for  tumors,  it  becomes  important  to  know  bow  high  it  is 
safe  to  go.  While  the  spinal  cord  terminates  far  above 
this,  its  envelopes  continue  down  within  the  sacral  canal, 
and  the  sac  containing  the  cerebro-spinal  fluid  may  reach 
as  low  as  the  third  sacral  vertebra.  It  is  therefore  allow- 
able to  remove  the  fourth  and  fifth  sacral  vertebrae;  and, 
since  the  .sac  is  pointed,  to  encroach  laterally  upon  the 
third.  In  children  the  sac  is  lower  than  in  adults.  The 
width  of  the  sacrum  at  the  upper  limit  of  surgical  inter- 
ference (between  the  second  and  third  sacral  vertebrae)  is 
8-11  cm.  (3-J-4J-  in.).  In  the  last  two  vertebra?  the  arch 
becomes  deficient  behind,  leaving  the  sacral  canal  covered 
by  membrane.  This  is,  therefore,  a  weak  point,  and 
sloughing  bed.sores  may  here  invade  the  canal  and  induce 
a  meningitis.  At  the  sides  of  the  coalesced  vertebroB 
fused  costal  elements  form  strong  bars  known  as  the  lat- 
eral masses  of  the  .sacrum. 

As  eimipared  with  other  animals  the  sacrum  of  man  is 
broad  in  proportion  to  its  length.  The  same  holds  when 
the  sacra  of  Europeans  are  compared  with  those  of  the 
lower  races  of  man.  In  order  to  express  this  Sir  "Wilham 
Turner  has  devised  the  sacral  inde:r,  obtained  by  multi- 
plying the  breadth  of  the  sacrum  l\y  100  and  dividing  by 
the  length.  The  following  are  the  average  results  of 
many  measurements:  European,  female,  110;  European, 
male,  113;  negro,  106;  Australian,  99;  Andaman  Islander, 
94;  Orang,  87;  Gorilla,  73. 

Sacra  having  an  index  above  106  are  termed  platy- 
hieric;  those  between  100  and  106,  siibplatyhieric  ;  those 
below  100,  dolichohieric.  The  variations  in  width  ap- 
pear to  depend  mainly  upon  variations  in  the  lateral 
masses. 

Tlie  Coccyx. — This  is  also  an  assemblage  of  from  four 
to  five  coalesced  vertebra?,  and  corresponds  to  the  tail  of 
lower  mammals;  and  in  very  rare  instances  it  may,  like 
that,  be  enclosed  in  a  fold  of  skin.  The  vertebral  char- 
acters of  its  elements  are  ver}'  much  reduced,  there  being 
but  little  more  than  the  centra  or  bodies,  with  two  vestig- 
ial articular  processes  called  the  cornua,  which  articu- 
late with  the  sacrum.  It  is  triangular  in  form  and 
continues  forward  the  curve  of  the  sacnmi,  making  to- 
gether with  it  an  almost  complete  ciuadrant,  so  that  the 
apex  points  directl}'  forward.  It  may  be  readily  felt  in 
rectal  or  vaginal  examination. 

The  number  of  vertebra?  in  the  coccyx  is  subject  to 
considerable  variation;  five  is  considered  the  normal 
number  in  the  male,  four  or  five  in  the  femtrle,  while  six 
are  sometimes  found.  In  vertebrate  animals  the  number 
of  caudal  vertebra;  varies  greatly,  from  two  huntlrcd  and 
seventy  in  .some  sharks  to 
two  in  the  gibbon  and  fruit- 
bat. 

Tlie  Innominate  Bone. — 
This  is  a  complex  of  three 
originally  distinct  elements, 
the  ilium,  the  ischium,  and 
the  pubis.  AVhen  comjilete 
it  resembles  in  shape  two 
of  the  twisted  lilades  of  a 
propeller  extending  radially 
on  opposite  sides  of  an  axial 
depression,  the  acetabulum, 
which  receives  the  head  of 
the  fianur.  The  upper 
expanded  and  somewliat 
longer  blade  is  the  ilium; 
the  lower  one,  which  has  a 
large  fenestration  called  the 

obturator  or  thyroid  foramen,  is  formed  by  the  combined 
ischium  and  pubis,  the  pubis  forming  the  anterior  por- 


FiG.  3770.— Innominate  Bone  of 
Alligator,  showing  the  Rod-like 
Character  of  the  Separate  Ele- 
ments. 
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tiou,  tlie  ischium  extending  bailvwanl  and  <lo\vnward  to 
afford  support  wliile  sitting.  Tlie  narrowest  part  of  tlie 
bone  (the  isthmus  coxas  of  Walde.yer)  is  j\ist  above  the 
acetabulum,  lying  between  the  svealer  iliac  notch  oC 
Henle  (from  the  anterior  inferior  iliac  spine  to  the  syni 
physis  pubis)  and  the  great  sciatic  notch. 

A  study  of  the  characters  of  the  bone  throughout  the 
vertebrate  series  shows  that  its  components  weie  oiigi- 
nally  rod-like  in  form.  This  is  shown  in  a  striking  man- 
ner in  the  alligator  (Fig.  o770),  and  is  also  indicated  by 
the  course  of  ossification  in  the  human  bone,  for  accessory 
points  form  at  the  crest  of  the  ilium,  the  symphysis  pu- 
bis, the  tuberosity  of  the  ischium  and  within  the  acetab- 
ulum, that  is  to  say,  exactly  wliere  terminal  epiphyses 
would  form  at  the  extremities  of  long  bones.  E^■en  in 
the  higher  mammalia  the  rod-like  character  of  the  bones 
is  still  apparent  (Fig.  3771).  ^Vhen  the  upright  position 
begins  to  be  assumed,  lateral  expansions  becomes  neces 
sary  to  support  the  weiglit  of  the  viscera.  A  ti'ansition 
form  is  seen  in  the  pelvis  of  the  gorilla  (Fig.  3772). 

The  thickness  and  strength  of  the  different  parts  of  the 
innominate  bone  vary  according  to  the  weight  and  strain 
to  which  they  are  subjected.     While  a  person  is  standing. 


Fir.  3TT1.— Pelvis  of  the  Horse. 

the  weight  of  the  body  is  supported  by  the  upper  lip  of 
the  acetabulum,  whence  it  is  transmitted  to  the  symphysis 
pubis  on  the  one  side  and  the  sacro-iliac  joint  on  the  other. 
Hence  a  strong  bar  of  bone  extends  from  the  symphysis 
along  the  upper  edge  of  the  acetabulum  and  the  ilio-pec- 
tineal  line  to  the  posterior  superior  spine  of  the  ilium, 
where  it  ends  in  a  protuberance  called  by  Waldeyer  the 
tuber  glutaaum  posterius.  This  bar  may  be  called  the 
pubic  trabeculum.  While  an  individual  is  sitting,  the 
greater  portion  of  the  v\  eight  is  borne  by  the  tuberosity  of 
the  ischium,  and  is  transmitted  through  the  thick  strong 
body  of  the  ischium  (superior  ramus  of  many  autliors) 
and  the  posterior  edge  of  the  acetabulum,  directly  up- 
ward to  a  thickened  portion  of  the  crest  of  the  ilium  (tuber 
glutajum  auterius  of  Waldeyer).  This  also  is  a  thickened 
bar,  and  may  be  called  the  ischial  trabeculum.  These 
bars  cross  each  other  at  about  right  angles  near  the  axis 
of  motion  of  the  hip-joint. 

The  upper  edge  or  cre.st  of  the  ilium  is  sinuous  and 
thick,  and  gives  attachment  in  front  to  the  great,  sheet- 
hke  muscles  that  form  the  parietes  of  the  abdomen,  and 
behind  to  the  muscles  of  the  back.  Below^  the  crest  is  a 
comparatively  thin  portion  caused  by  the  hollowing  out 
of  the  substance  of  the  bone  within,  for  the  attachment 
of  the  iliacus  muscle,  forming  the  internal  iliac  fossa, 
and  without,  for  the  attachment  of  the  glutei  muscles, 
forming  what  is  sometimes  called  the  external  iliac  fossa 
(ala  ossis  Ilium).  The  internal  iliac  fossa  supports  the 
weight  of  the  intestines  laterally  and  forms  in  the  articu- 
lated pelvis  the  lateral  portion  of  what  is  known  as  the 
false  pelvis,  separated  from  the  true  pelvis  by  a  ridge 
(ilio-pectineal  line,  hnea  terminahs)  passing  from  the  crest 
of  the  pubis  backward  and  upward. 

The  acetabulum  or  cotyloid  cavity  appears  a  little  be- 
low the  middle  of  the  external  surface  of  the  innominate 
bone.     It  is  hemispherical  in  shape,  formed  by  portions 
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of  the  ilium,  ischium,  and  pubis,  and  receives  the  head  of 
the  femiu-.  It  may  licc(ime  ])erf'oruted  by  suppuration 
within  the  cavity,  and  thus  inliainmation  of  the  intrapel- 
vic  structures  may  be  induced.  Below,  the  edge  of  the 
cavity  is  inconipletc,  giving  passa,ge  to  vessels  that  sup- 
|ily  the  joiiil.  This  imtch  is  usually  directed  downward, 
and  it  therefore  af 
Fords  a  means  for 
establishing  the 
normal  positiini  of 
till'  bone. 

Tlie  united  ischi- 
um and  pubis  con- 
stitule  the  side  of 
the  true  pelvis. 
They  here  form 
three  bony  bars  that 
surround  tlie  large 
obturator  foramen, 
closed  in,  during 
life,  liy  a  thick  sheet 
of  fascia  called  the 
obturator  m  e  m - 
liraue.  This  is  de- 
ticient  above,  af- 
fording, between  it 
and  the  bone,  a 
passage  about  an  inch  long,  w.-iUed  in  above  bj'  the 
lione  and  lielow  by  the  membrane,  the  obturator  mus- 
cles and  some  masses  of  fat.  This  passage,  the  ob- 
turator canal,  contains  the  obturator  vessels  and  nerve. 
The  membrane  is  reinforced  near  the  canal  by  indepen- 
dent bands  attached  to  small  bony  projections  on  the 
edge  of  the  foramen.  Three  of  these  projections  have 
been  distinguished  as  fairly  constant.  They  are  named 
by  Waldeyer  according  to  their  situation — the  tubercu- 
lum  obturatorium  laterale  superins,  the  tuberculum  ob- 
turatorium  laterale  infciius,  and  the  tuberculum  obtura- 
torium mediate.  The  arran.gement  of  the  fibrous  bands 
and  the  shape  of  the  canal  have  important  effects  upon 
obturator  hernia. 

The  two  anterior  bars  enclosing  the  foramen  are  known 
as  rami,  the  upper  one  being  the  horizontal  ramus  of  the 
imbis,  tlie  lower  one  being  the  descending  ramus  of  the 
pubis  above,  the  ascending  ramus  of  the  ischium  below. 
It  may  be  remarked  that  these  terms  apply  rather  to  the 
artificial  position  of  the  pelvis  given  when  it  is  set  upon 
a  table  than  to  its  true  position  in  the  body  during  life, 
as  the  "horizontal"  ramus  is  far  from  being  horizontal, 
varying  from  that  l)y  as  much  as  30'  in  some  subjects. 
Along  these  bars  are  attached  the  musclesof  the  j^erineal 


Fir.  3773.— The  Articulations  of  the  Pelvis  as  Seen  from  the  Front. 
1,  Anterior  common  ligament:  2,  ilio-lumhar  ligament;  3,  lumbo- 
sacral ligament ;  4,  anterior  sacro-iliac  ligment ;  5,  great  sciatic  liga- 
ment ;  B,  its  external  border ;  7,  its  internal  border ;  8,  lower  sacro- 
sciatic  ligament:  9,  symphysis  pubis. 

floor  and  the  urogenital  diaphragm,  on  the  inner  side  the 
muscles  of  the  abdominal  w'all,  below  the  adductors  and 
rotators  of  the  femur. 
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Beliiiid,  the  ischium  cxpauds  to  a  large  tuberosity 
that  fiives  oiigin  to  the  great  liamstring  muscles  (biceps, 
semiteuiliaosus,  semimembranosus),  and  affords  attach- 
ment to  the  great  sciatic  ligaments.  A  pointed  process 
(spine  of  the  ischium)  divides  the  posterior  border  into 
two  notclies,  the  greater  and  lesser  sciatic. 

Aiiiriiliitwns.— The  pelvic  bones  are  joined  together 
by  five  joints,  all  of  which  are  synchondroses  (Figs.  3773 
and  ;i7Ti).     Two  of  these  are  vertebral  joints,  viz.,  the 


Fig.  3774.— Posterior  View  of  the  Ligaments  of  the  Pelvis.  1, 2, 3,  4,  .5, 
Interspinous  ligaments ;  fi,  7,  ligamenta  subflava ;  8,  illo-liimbar  liga- 
ment ;  9,  posterior  saoro-illac  Ifgament ;  10,  its  oblique  portion,  con- 
tinuous externally  with  the  great  sacro-sclatlc  ligament;  11,  pos- 
terior superior  spine  of  the  ilium;  13,  tubercle  representing  the 
transverse  process  of  the  fourth  sacral  vertebra;  13,  deep  layer  of 
the  posterior  sacro-iliac  ligament ;  14,  insertions  of  the  same ;  1.5,  IB, 
lateral  ligaments  of  the  sacro-coccvgeal  articulation;  17,  posterior 
ligament  of  the  same ;  18,  great  sacro-sciatic  ligament ;  19,  its  sacral 
Insertion ;  20,  its  iliac  insertion ;  21,  its  Ischlatic  insertion  ;  22,  it- 
flected  portion;  23,  lesser  sacni-sciatic  Insertion;  24,  its  attachment 
to  the  sacrum  and  coccyx ;  23,  great  sciatic  notch  converted  into  a 
foramen  by  the  saoro-sclatlc  ligaments ;  26,  lesser  sciatic  notch, 
forming  with  these  ligaments  a  triangular  orifice. 

lumbo-.sacral  and  the  saei-o-coecygeal ;  theie  is  one  on 
eitlier  side  of  the  sacrum  where  it  unites  with  llie  ilia; 
and  one  in  fi'ont,  where  the  inimminate  bones  join,  called 
the  symphysis  pubis. 

At  the  lumbo-sacral  joint  we  have  the  same  general 
features  as  in  other  spinal  joints,  viz.,  a  union  by  means 
of  fibro-eartilage  between  the  bodies  of  the  last  lumbar 
and  the  first  sacral  vertebra,  and  a  pair  of  arthrodial  joints 
between  the  articular  processes  of  the  two  bones.  The 
anterior  conunon  ligament  of  the  spine  passes  downward 
upon  the  sacrum  in  front,  and  within  the  spinal  canal  the 
pnslerior  common  ligament  dues  the  same.  Besides  these 
the  anterior  lamina  of  the  lumbar  fascia  becomes  thick- 
ened to  sti'ong  bands,  wdiieh,  spi-inging  from  tlie  traus- 
vei-se  processes  of  the  fourth  and  fifth  lumbar  vertebra\ 
pass  to  the  inner  lip  of  tlie  ere.st  of  the  ilium  (ilio-Iuinbai- 
ligament)  and  to  the  ))rim  of  tlie  true  pelvis  and  the  base 
of  tlie  sacrum  (lumbosacral  or  sacro-himbar  ligament). 

The  joint  is  indicated  by  a  well-marked  angle,"tl](^  pi-om- 
ontory  of  the  sacrum,  slightly  greater  in  feiuales  tiiaii  in 
mail's,  being  deteimined  by  C^unninghaiu  as  avei'aning 
lo7  40  for  females  as  against  133°  6'  for  males.  Tliis  is 
not  usually  the  most  anteiior  part  of  the  spine,  for  Unit 
uuist  1)0  sought  in  the  forward  projection  of  the  lumbar 
curve,  that  is  to  say,  in  the  fourth  lumbar  virtelira  or 
e\-ei]  as  high  as  the  disc  between  the  fourth  and  the 
tlurd.  Externally  it  luay  be  felt  on  deep  pi'essure  of  the 
relaxed  alidoininal  wall  if  the  subject  is  lean.  It  is  one 
of  tljc  landmarks  by  which  a  eoiiti'acl<'d  pelvis  is  known, 
and  eannc.t,  in  a  pioperly  formed  ))elvis,  be  reached  by 
the  tingiT  tlu-ough  the  vagina,  but  can  easilv  be  felt  in  a 
rectal  examination. 

^  The  joint  between  the  sacrum  and  the  coccyx  is  verv 
simi.le,  being  entirely  similai'  to  that  between  the  bodies 
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of  the  vertebra.  The  articulation  is  usually  sufficiently 
free  to  permit  the  apex  to  be  displaced  some  3  cm.  or 
more,  and  there  is  soinetimes  amidcoccygeal  articulaticm 
between  the  first  and  second  coccygeal  vertebrae.  Move- 
ment usually  occurs  during  defecation  and  labor,  but  the 
bone  may  be  so  fii-mly  ankylosed  to  the  sacrum  that  it 
offers  an  obstacle  to  the  delivery  of  the  head  of  a  child. 
In  the  male  pelvis  the  joint  is  frequently  obliterated 
C|uite  earl3^  A  number  of  ligamentous  bands  have  been 
described,  but  they  appear  to  have  no  practical  impor- 
tance beyond  that  of  an  investing  capsule. 

The  joint  between  the  sacrum  and  the  iliac  bones  on 
either  side  possesses  an  incomplete  .synovial  cavity.  The 
ear-shaped  articular  surfaces  may  be  divided  into  two 
parts — an  upjier  which  is  clothed  with  cartilage  and 
synovial  moubrane,  and  a  lower  whose  surfaces  are  ia- 
terconnecled  by  means  of  an  interos.seous  ligament.  The 
joint  is  a  very  strong  one,  as  the  entire  weight  of  the 
trunk  is  thrown  upon  the  articulation.  Owing  to  the 
wedge-like  shtipe  of  the  sacrum  it  is  often  described  as 
the  keystoni'  of  the  pelvic  arch.  It  should  be  noted, 
however,  that  in  the  natural  standing  position  the  bone  is 
somewhat  narrowei-  behind  and  above  than  below  and  in 
front,  so  that  it  would  seem  that  the  weight  of  the  bodj^ 
resting  upon  it  from  above  might  tend  to  displace  it. 
This  is  preveiifed,  (1)  b}'  the  sinuous  character  of  the 
articular  surfaces;  (2)  by  the  extremely  strong  sacro- 
iliac ligaments  that  bind  the  sacrum  closel.y  between  the 
two  iliac  bones,  so  that  any  displacement  forward  tight- 
ens the  joint;  (3)  by  the  sciatic  ligaments  that  stretch 
from  the  sacrum  and  the  coccyx  to  the  tuberosity  and 
spine  of  the  ischium  and  counteract  auj^  tilting  forward 
of  the  upper  end  of  the  sacrum.  The  interosseous  liga- 
ment that  closes  the  joint  behind  is  very  thick  and 
strong,  while  the  anterior  ligament  that  closes  it  in  front 
is  thin.  Hence  it  is  eas}'  to  open  the  articulation  frQm 
the  abdominal  cavity,  but  difficult  to  do  so  from  behind. 
Injury  to  it  is  rare,  but  when  it  occurs  it  is  of  a  serious 
nature,  owing  to  the  weight  the  joint  carries  in  the  stand- 
ing posture. 

The  articulation  usually  affects  the  three  upper  sacral 
vertebra?,  but  variations  from  this  frequently  occur. 
The  following  are  the  results  of  2(i'j  cases  observed  bv 
Paterson  and  Waldeyer: 

Sl-f2 21  times. 

SH-2-1-3 242  •■ 

SI -I- 2  4-3-1-4 3  " 

S     -2-1-3 3  " 

S     -2-1-3-1-4 3  '• 

L  .5  +  S  1  -I-  2 1  " 

L. 5 -I- S  1-1-2-1-3 ;.  4  " 

L6-I-S1  +  2 ■)  •■ 

L 6 -f s i-h 2  +  3 : ::.■.■ :   i  •• 

Total 2»U     '■ 

The  total  aiuounts  to  'Jso  instead  of  to  26.=)  for  the 
reason  that  in  1.")  cases  the  articulation  differed  on  one 
side  from  that  on  the  other.  It  will  be  noted  that  the 
.second  sacral  vertebra  is  always  involved  in  the  articu- 
lation. 

As  already  mentioned,  the  sacro-sciatic  ligaments  act  as 
restraunng  bands  to  this  articulation.  (See  Figs.  3773 
and  3774.)  The  great  or  posterior  sacro-sciatic  ligament 
(ligamentum  sacrotuberosuiu)  aiipears  as  if  a  continua- 
tion of  the  saci-o-iliac,  passing  to  tlie  lateral  parts  of  the 
sacrum  and  the  loccyx  and  then  to  the  external  surface 
of  the  tuberosity  of  the  ischium.  It  is  somewhat  nar- 
rower in  the  middle  than  at  either  extremitv,  and  in  its 
course  becomes  twisted  upon  its  axis.  At'its  lower  in- 
s(.'rtion  it  runs  as  a  thin  sharp  band  (falcifonu  process) 
along  the  ramus  of  the  ischium  and  protects  the  internal 
pudic artery.  Its  interlaced  filiies are  somewhat  extensi- 
ble, so  that  it  offers  no  considerable  resistance  to  the 
moderate  movement  of  the  coccyx  during  labor.  It  is 
bcilicved  to  represent  a  former  co'ntinuatiou  of  the  biceps 
and  semitendinosus  muscles  whose  tendons  pass  directh' 
into  it. 

The  small  or  anterior  sacro-sciatic  ligament  (ligamen- 
tum sacrospinosum)  lies  in  front  of  the  great  ligament 
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and  is  partly  covered  b^^  it.  Triiiiigular  iu  form,  it 
passes  from  the  side  of  the  saei'iim  and  coccy.x  to  tlie 
spine  of  the  ischium.  It  blends  at  its  insertion  with  the 
coccygeus  muscle  and  is  regarded  moi'phologically  as  a 
tibrous  reduction  of  it. 

These  two  ligaments  convert  the  sciatic  notches  of  the 
innominate  bone  into  foramina,  through  which  pass  im- 
portant structures.  The  greater  sciatic  foramen,  above 
the   spine  of   the  ischiiun,  is  nearly  tilled  by  the  pj'ri- 


Fk;.  3775.— Tlie  Inferior  Strait  of  the  PelTis.  ("From  Tpstut.)  1, 
SiUTum  ;  2,  coccyx ;  3,  3,  external  iliac  fossa? ;  4,  4,  anterior  superior 
spines  of  tlie  ilium ;  .5,  .5,  acetabula  ;  ti,  symphysis  pubis ;  7,  7,  tuber- 
osities of  ttie  ischium  ;  8,  spine  of  the  ischium ;  9,  great  sciatic 
notch ;  10,  posterior  inferior  spine  of  the  ilium ;  11,  ischio-pubic  rami. 
The  dotted  lines  indicate  the  diameters  of  the  inferior  strait. 
A^  A,'  conjugate  or  coccy-puhic  diameter;  7',  2",  t^ans^■erse  or  bi- 
ischiatic  diameter;  0,  O',  oblique  diameter. 

formis  muscle,  small  intervals  being  left  above  and  be- 
low— tlie  suprapjriform  and  infrap3'riform  foramina  of 
Waldeyer.  Througli  the  former  pass  the  gluteal  vessels 
and  the  superior  gluteal  nerve  ;  tliiough  the  latter  the  in- 
ternal pudic  vessels  and  nerve,  the  sciatic  vessels  and 
nerves,  the  inferior  gluteal  nerve  and  the  muscular 
branches  of  thesaci-al  plexus.  Through  the  lesser  sciatic 
foramen,  below  the  spine  of  the  ischium,  pass  the  ob- 
tui-ator  internus  muscle,  and  the  internal  pudic  nerve 
and  vessels  re-entering  the  pelvis. 

The  two  pubic  bones  are  united  in  front  by  a  flbrocar- 
tilage  that  forms  a  slight  eminence  on  the  pelvic  aspect 
of  the  joint.  During  pregnane}'  tliis  swells  and  rela.xes, 
and  there  is  thus  obtained  a  mobility  that  may  persist  for 
some  time  after  delivery.  Traces  of  a  synovial  cavity 
ai-e  occasionally  found  as  a  small  slit  lying  near  the  pel- 
vic surface,  not  lined  with  synovial  membrane  and  ap- 
parently being  a  simple  lymph  space.  This  is  found  in 
both  males  and  females,  "though  it  is  larger  and  more 
constant  in  the  latter,  and  is  not  dependent  upon  preg- 
nancy. It  is  not  found  in  young  children.  Four  per- 
ipheral ligaments  arc  described:  anterior,  posterior,  supe- 
rior, and  inferior.  The  investment  is  stiengtliened  by 
librous  expansions  from  the  recti  luusclesof  the  abdomen 
and  the  adductors  of  the  thigh.  Jlalgaigne  considered 
that  the  height  of  the  symphysis  increased  considerably 
after  the  menopause,  being  38  mm.  at  forty-five  years, 
and  45  lum.  at  seventy  and  eighty  years.  The  arrange- 
ment of  the  abdominal  muscles  in  their  insertion  about 
the  joint  is  such  as  to  draw  the  ends  of  the  bones  to- 
gether, so  that  during  the  bearing-down  pains  of  labor 
the  joint  is  strengthened. 

The  Ligamentous  Pelvin. —TaX'.mg  now  the  pelvis  as  a 
wdiole,  we  find  it  to  be  divided  into  two  well-iuarked  parts 
by  a  line,  the  linea  terminaUs,  made  up  of  the  pi-omontoiy 
of  the  sacrum,  the  rounded  angle  between  the  upper  and 
the  lower  surfaces  of  the  sacrum,  the  ilio-pectineal  line,  the 
pecten  or  crest  of  the  pubis,  and  the  upper  surface  of  the 
symphsyis  pubis.  The  part  above  this  line  which  sup- 
ports the  abdominal  contents  is  tenued  \hv  false  pelvis ;  the 
part  below  it,  containing  the  pelvic    viscera,   the  true 


jielvis,  forming  the  lioiiy  ring  through  which  the  ffX'tus 
is  ex|ielle(l. 

The  superior  opening  of  the  true  pelvis  is  termed  the 
inlet  or  the  superior  strait  (apertura  pelvis  superior).  (See 
Fig.  3769. )  Its  shape  is  reniform  in  the  female,  eoi'diform 
in  the  male.  Similarly  the  lower  opening,  liy  which  the 
I'lettis  is  expelled,  is  calletl  tluMjutlet,  or  the  inferior  sti'ait 
(iipertiu-a  pelvis  inferior).  (See  Fig.  3775).  It  is  bounded 
by  the  ischio-|i\il.)ic  rami  in  finnt,  on  tlie  sides  bj'  tlie 
tuberositiesot  the  ischium,  behind  by  the  sciatic  ligaments 
itnd  the  coccy.x,  only  about  half  of  its  cii'cunifereiice 
being  bony.  lis  form  is  elliiilical,  slightl}'  encroached 
upQii  ))y  the  coccyx. 

That  part  of  tlie  pelvic  canal  between  the  inferior  and 
superior  straits  is  called  the  cavity  of  the  pelvis.  It  is 
customary  to  divide  this  into  four  regions,  an  anterior,  a 
posterior,  and  two  lateral.  The  anterior  compi-ises  the 
symphy.sis  pubis,  the  posterior  surface  of  the  body  of  the 
]uibis,  and  the  obturator  foramen  with  its  membrane.  It 
is  limited  by  it  line  jiassing  from  the  tuberositj' of  the 
ischium  to  the  ilio-pectineal  eminence.  The  posterior  re- 
gion is  formed  by  the  anterior  surfaces  of  the  sacrum  and 
the  coccyx ;  the  lateral  regions  are  between  the  anterior 
and  the  posterior.  Each  is  again  sttbdivided  into  two 
])ortions  called  the  anterior  and  posteiior  inclined  planes. 
The  anterior  comprises  the  internal  face  of  the  ischium 
and  the  interior  surface  that  corresponds  to  the  acetabu- 
lum. Its  direction  is  oblique,  downward,  and  backward. 
The  posterior  inclined  plane  is  entirely  composed  of  soft 
parts,  and  is  directed  downward  and  forward.  The 
planes  meet  at  a  line  passing  through  the  ischial  spines. 

Niiniud  Position. — When  standing  erect  the  pelvis  is 
tilted  forward,  so  that  the  anterior  superior  iliac  spines 
and  the  spine  of  the  pubis  lie  in  the  saiue  vertical  plane. 
The  promontory  of  the  sacrum  is  then  9.5-9.9  cm.  (3f-3J 
in.)  aliovc  the  upper  edge  of  the  symphy.sis  ptdiis  and  at 
about  the  .same  level  as  the  posterior  superior  iliac  spines 
and  the  interspace  between  the  first  and  secfuid  sacral 
spines.     The  frontal  plane  tangent  to  it  cuts  the  middle 


Fig.  3776.— Axes  and  Inclinations  of  the  Pehis.  (From  Testut.) 
-4,  A\  Plane  of  the  superior  strait;  B,  B\  plane  of  the  inferior 
strait ;  Z),  D\  axis  of  the  superior  strait ;  ZiJ,  K\  axis  of  the  inferior 
strait ;  H,  11',  the  horizontal  plane,  \vith  \yhich  the  plane  of  the 
superior  strait,  ^1,  A',  makes  an  angle  of  from  .55°  to  GO". 

of  the  acetabuluiu  and  passes  close  behind  the  angle  of 
the  pubis. 

In  this  position  the  planes  of  the  pelvic  inlet*  and  out- 
let are  inclined  to  the  horizontal  plane,  the  first  making 

*  strictly  speakino:  the  limits  of  the  superior  strait  do  not  lie  in  the 
same  plane,  as  the  promontory  never  coincides  with  the  plane  ot  the 
linea  terminalis  (ilio-pectineal  line). 
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an  average  angle  of  about  60°  (from  55°  to  65°,  Naegeli), 
tlie  second  an  angle  averaging  about  13°.  (See  Fig. 
3776).  ^    ^ 

Meyer  proposed  to  measure  the  inclmation  of  the  pel- 
vis by  taking  that  of  a  line  drawn  from  the  summit  of  the 
curve  formed  by  the  sacrum  (at  the  body  of  the  third 

sacral  vertebra,  see 
amte)  to  the  upper  bor- 
der of  the  symphysis 
(normal  conjugate). 
He  thought  this  angle 
to  be  more  constant 
than  that  made  by  the 
plane  of  the  inlet,  and 
estimated  it  as  averag- 
ing 30°. 

MeasurenienlH.  — For 
obstetrical  and  surgi- 
cal purposes  it  is  im- 
portant that  the  aver- 
age dimensions  of  the 
pelvis  should  be  accu- 
rately known.  Of  these 
the  diameters  of  the  in- 
let and  the  outlet  are 
the  most  generally  use- 
ful. The  older  obste- 
tricians, considering 
these  openings  as  ap- 
proximately elliptical, 
applied  to  them  desig- 
nations derived  from 
tlie  diameters  of  an 
ellipse;  so  the  antero- 
posterior diameter  is 
often  spoken  of  as  the  conjugate,  the  others  as  the  trans- 
verse and  the  oblique  diameters. 

The  conjugate  of  the  inlet  might  be  measured  from 
the  middle  of  the  promontory  to  the  top  of  the  symphy- 
sis (anatomical  conjugate),  but  for  practical  purposes 
the  shortest  line  between  the  promontory  and  the  sym- 
physis is  taken  (true  conjugate,  obstetrical  conjugate) 
which  strikes  the  symphysis  below  the  upper  edge,  usu- 
ally about  the  junction  of  the  ujiper  and  middle  thirds. 
The  transverse  diameter  is  the  longest  transverse  line  that 
can  be  drawn  between  two  symmetrical  points  of  the 
brim.  These  points  are  usually  situated  about  the  junc- 
ture of  the  posterior  and  middle  thirds  of  the  circumfer- 
ence, immediately  behind  the  acetabula.  The  oblique 
diameter  is  measured  from  the  sacro-iliac  articulation  to 
the  point  on  the  opposite  side  where  the  linea  terminalis 
meets  the  ilio-pectineal  eminence.     (See  Fig.  3769.) 

At  the  outlet  the  conjugate  is  measured  from  the  tip  of 
the  coccyx  to  the  angle  of  the  pubis,  and  is  increased  by 


Fig.  3777.— Method  of  Measuring  the 
Conjugate  Diameter  of  the  Superior 
Strait  in  the  Living. 


Fig.   3778.— Method  of  Measuring    Baudelocque's  Diameter  In  the 
Living. 

about  2  cm.  by  moving  the  coccyx  backward.  The  trans- 
verse diameter  is  measured  between  the  middle  points  of 
the  posterior  borders  of  the  ischial  tuberosities.  No  satis- 
factory oblique  diameter  of  the  outlet  can  be  measured. 
When  stated  it  is  considered  to  be  the  shortest  distance 
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from  either  ischiopubic  ramus  to  the  great  sciatic  liga- 
ment of  the  opposite  side.     (See  Fig.  3775.) 

The  calibre  of  the  cavity  of  the  pelvis  varies  somewhat 
from  that  of  the  brim.  The  widest  part  (amplitudo 
pelvis)  is  in  a  plane  passed  through  the  midpoints  of  the 
acetabula,  the  synostosis  between  the  second  and  third 
sacral  vertebrae  and  the  middle  of  the  symphysis  pubis. 
The  narrowest  part  (angustia  pelvis)  is  between  the  lower 
end  of  the  sacrum  behind,  the  summit  of  the  pubic  arch 
in  front,  and  the  two  ischial  spines  on  either  side.  The 
contraction  here  is  caused  by  a  slight  elevation  (angulus 
ischiadicus,  Waldeyer)  that  runs  on  either  side  from  the 
ischial  spine  to  the  lateral  tubercle  of  the  obturator  fora- 
men, separating  a  supraspinous  from  an  infraspinous 
plane. 

While  these  measurements  are  especially  important  as 
relating  to  normal  labor,  the  following  are  commonly 
used  for  ascertaining  pelvic  deformities: 

The  External  Conjugate  (Baudelocque's  diameter). 
The  distance  between  the  upper  edge  of  the  symphysis 
pubis  and  the  tip  of  the  spinous  process  of  the  fifth  lum- 
bar vertebra.  This  is  readily  measured  with  calipers  in 
the  living.  (See  Fig.  8778.)  When  less  than  19  cm.  the 
pelvis  is  too  narrow  for  safe  delivery. 

The  Diagonal  Conjugate.  Distance  from  the  vertex  of 
the  pubic  angle  to  the  promontory  of  the  sacrum.  This 
may  be  measured  by  means  of  a  pelvimeter  or  closely 
approximated  by  measurements  made  by  introducing 
two  fingers  into  the  vagina.  (See  Pig.  3777. )  In  a  normal 
pelvis  the  promontoiy  cannot  be  reached  by  introducing 
a  single  index  finger. 

The  distance  betioeen  the  anterior  superior  spines  of  the 


Tlie  greatest  distance  between  the  iliac  crests. 

The  greatest  distance  between  tlie  great  trochanters. 

Tlie  external  circumference  of  the  pelvis  measured  from 
the  spine  of  the  fifth  lumbar  vei-tebra  around  to  the  sym- 
physis pubis  on  either  side,  passing  between  the  iliac 
crest  and  the  great  trochanter. 

The  following  table  of  measurements  is  from  the  deter- 
minations of  Waldeyer,  C.  Krause,  and  Schroder : 


IiiZef. 

True  conjugate  diameter 

Transverse  diameter 

Oblique  diameter 

OtiHcf. 

Conjugate  diameter 

Transverse  diameter 

XmpiifMdo. 

Conjugate  diameter 

Transverse  diameter 

.litiffustid. 

Conjugate  diameter 

Transverse  diameter 

External  conjugate .,. 

Diagonal  conjugate  

Distance  between  anterior  superior  spines 

Distance  between  iliac  crests 

Distance  between  great  trochanters 

External  circumference 

Dorsal  length  of  sacrum 

Ventral  length  of  sacrum 

Height  of  symphysis  pubis 


10.5  cm. 

12.5 

12 


7.5  (9.5) 


11 

12.75 

11 

12.5 

9.5 

11.5 

8 

10.5 

18 

20 

13 

26 

26 

26 

29 

31.5 

31.5 

89 

12.5 

13.5 

12 

5.5 

4.5 

11.0  cm. 

13.5 

12.75 


9    (11) 
11 


The  axis  of  the  superior  strait  is  a  line  perpendicular 
to  the  plane  of  that  strait  at  its  central  point.  (See  Pig. 
3776. )  It  nearly  coincides  with  a  line  drawn  from  the  tip 
of  the  coccyx  to  the  umbilicus.  The  axis  of  the  inferior 
strait  is  similarly  obtained,  and  when  produced  reaches  the 
promontory  of  the  sacrum.  The  axis  or  traction  line  of 
the  pelvis  is  one  that  bisects  all  possible  conjugate  diame- 
ters. It  is  practically  parallel  with  the  curve  of  the  sa- 
crum and  coccyx,  and  therefore,  in  the  female  pelvis, 
nearly  straight  above  and  sharply  curved  below.  It  is 
Important  to  bear  in  mind  its  direction  when  attempting 
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traotion  vipon  the  foetus  and  when  iulroducing  instru- 
ments. 

Indices. — The  mctliod  of  i^roportional  measurements  or 
indices,  first  devised  for  the  cranium,  has  also  been  applied 
to  the  pelvis.  Two  of  these  are  used,  first  that  wliich 
Topinard  calls  the  general  index  of  the  pelvis,  fountl  by 
comparing  the  greatest  width  between  the  iliac  crests 
with  the  height  taken  from  the  punctum  ischiadicum  or 
lowest  point  of  the  ischial  tuberosity  to  the  punctum 
coxale  or  highest  point  of  the  crest;  second,  the  iudex  of 


Fig.  3779. — Pelvis  of  an  Audaman  Islander,     ((jlarsnn.) 

"the  superior  strait,  found  by  comparing  the  anatomical 
conjugate  diameter  with  the  transverse  diameter  of  the 
inlet. 

Bv  the  first  method  the  height  is  taken  as  100,  and  the 
index  expresses  the  proportionate  breadth.  Topinard 
obtained  the  following  averages: 

46  European  males ]2f).6 

17  African  negr-oes,  males 121.3 

11  Natives  of  Oceanica,  males 122.7 

24  European  females 136.9 

10  African  negresses 134.2 

10  Natives  of  Oceanica,  females. 129.0 

20  .\nthropoicls 10.5.6 

16  Ruminants 77.2 

12  Carnivores 6.^-1 

4  Rodents 66.8 

4  Kangaroos 03.0 

2  Edentates 01.4 

These  figures  appear  to  show  that  as  we  rise  in  the 
scale  of  races  the  pelvis  liroadens.  It  should  be  remem- 
bered, however,  that  exceedingly  heavy  animals,  like  the 

"^Ia/''     '^  ^2    .>-'  •,-   -''  J*  ■ 

^'"'.        ^•"*:.\.-      I- 

«»  :*    '%  ,«, 

""^        f         .^' 


FIG.  371 


-Pelvis  ol  an  Alno.     (Hennig.) 


elephant  and  rhinoceros,  have  a  proportionately  wide 
pelvis  to  permit  of  the  insertion  of  the  muscles  necessary 
for  sustaining  their  enormous  weights.  Some  authors 
use  the  breadth  of  the  pelvis  as  the  basis  of  comparison, 
which  changes  the  figures  without  altering  their  serial 
relation.  It  will  be  noted  that  in  all  human  races  the  fe- 
male pelvis  is  broader  in  proportion  to  its  height  than 
that  of  the  male. 


By  the  second  method  thel)rcadtli  of  the  superior  strait 
is  lakcn  as  100,  and  the  index  expresses  the  ])roportionate 
value  of  the  conjugate  tliameter.     Sir  Wilham  Turner 


Fig.  3781.— Diagram  of  European  Pel\'is,  seen  from  Above.     (Garson.) 

used  this  index  in  his  investigation  of  the  bones  brought 
back  by  the  Cliallenger.  He  devised  the  terms  doUeho- 
pelUe  for  pelves  having  an  index  above  95,  mesatipellic 


Fig.  3783.— Pelvis  of  a  Young  Maori.     (Hennig.) 

for  those  from  90  to  96,  and  platypellk  for  those  below 
90.  The  Andaman  Islanders  appear  to  have  the  inlet 
most  nearly  circular  of  any  yet  examined,  Garson  finding 


sf^'S^ 


Al 


FIG.  3783.— Pelvis  ol  a  Negress.     (Hennig.) 

the  index  99  in  an  average  of  13  cases.     Figs.  3779  and 
3781  show  a  comparison  between  this  pelvis  and  that  of  a 


5il 


Pelvis. 
Pempliigiis. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


Eiiiiiiicaii.  Otlier  |)r(ipU-s  liitlRTlo  investigated  muj'  be 
clu.ssitied  as  folk)WS: 

DiiHcJiopillir. — Australians,  Busbmeii,  IIi.)tteutots,  Kaf- 
firs, mail)'  Polj'nesians,  ^Malays. 

McxittijifUic. — Negroes,  Tasmauiaus,  New  Caledonians, 
man)'  Melanesians. 

PhitypiiUf. — Europeans,  Mongolians,  East  Indians. 

Tliis  relates  to  male  pelves  only,  as  nowhere  do  females 
possess  dolicliopellic  pelves.  Antlu'opoid  apes  liavc 
markedly  doliehopellic  pelves,  mueh  exeeeding  in  this 
character  an)'  human  forms.  Indeed,  as  compared  with 
lower  animals,  the  ]iehis  of  man  is  m\ich  broader  and  of 
greater  capacit)'.     These  tlifferences  are  occasioned  by 


FIG.  3T84.-Pelvis   of 


an  Individual   IJelunying  tu  the  .Stone  Age 
(Hennig.) 


the  erect  attitude,  which  necessitates  an  effective  support 
of  the  viscera.  In  some  races  of  men  slight  peculiaiities 
appear  which  may  be  considered  to  be  transitional  forms 
(See  Figs.  3780,  3783,  and  3783.)  The  Veddahs  of  Cey- 
lon, for  example,  have  pelves  in  -ivhicb  the  inlet  is  re- 
markably contracted  in  front,  so  that  the  inlet  appears 
almost  wedge-shained. 

Sexual  Differences.— Yrftxa  what  has  been  said  above  it 
will  be  seen  that  the  liighest  and  best  developed  forms  of 
pelvisare  not  found  in  the  human  male  but  in  the  female, 
contrasting  markedly  with  other  sexual  characters -vi'hich 
usually  tend  toward  embryonic  or  undeveloped  forms. 
This  also  is  a  natural  result  from  the  erect  attitude.  In 
the  quadrupedal  po.sition  comparatively  little  weight  is 
hung  from  tlie  pelvic  arcb,  and  a  marked  separation  of 
the  bones  during  parturition  does  not  necessarily  impair 
to  any  considerable  degree  the  stability  of  the  support  of 
the  body.  In  the  erect  position,  however,  so  great  a 
weight  is  thrown  upou  the  arch  that  no  considerable 
amount  of  separation  is  practicable,  and  there  comes  to 
be  an  antagonism  established  between  the  constantly  in- 
creasing size  of  the  child's  head  and  the  diameters  of  the 
pelvic  straits.  The  female  pelvis  therefore  becomes 
comparatively  wider,  shorter,  smoother,  and  more  ca- 
pacious than  that  of  the  male.  It  lias  been  described  as 
a  short  segment  of  a  long  cone,  that  of  the  male  being  a 
long  segment  of  a  short  cone. 

The  following  table,  mainly  from  Waldeyei-,  gives  the 
principal  sexual  differences  in  the  ai'ticulated  pelvis: 


Portion. 
Saci  urn 


Curvature. 


rroTnonloiv.. . 
O.cru.r ■..,, 


Cre.sts . . . 


5i2 


.Male. 


Itelatively  longer  and 
narrower.  Average 
index  103..'). 

(;enerally  more  marked 
uniform. 


-Moi-e  prominent 

More  frequenlly  lias  live 
verteljra".  Co-ossillca- 
eariler,  projects  for- 
ward inoi'e. 

Higher,  narrower;  pla<-ed 
luoie  oblii|iielv,  jneli- 
iiatlon  of  borders  lo 
each  other  ~  .')8^. 

Tliicker,  rougher,  more 
sinuous. 


l{elati\ely  shoi-ter  and 
wider. 

I'siially  less;  flatter 
aliove,  more  curved 
helow. 

Less  proiinnent. 

iMorern'(|iienHy  has  four 
vertelaie.  Synclioii- 
drosi'S  remain  hder; 
proji'cts  forward  less. 

Lo\v<'r,  broader,  less  ob- 
liuuidy  placed  ;  inclina- 
ti(jn  aver;igcs  oil''. 

Narrower,  less  rough, 
less  sinuous. 


Porti(jn. 


Posterior  su- 
perior spines  . 

Fossa? 

Fsc]itaiit 

Tulierosities  . . . 
Isch  io-pu  hie 
rami. 
Pubis 


Symphysis  . 


Joint  ca\'ity  . 

S[iines 

Crests 

Insertion  sof 

graciles   uins 

eles. 
Ohhtrator   fora 

)ncn. 

Acetahula 


Great  sciatie 
iioteh. 
Distance  from 
body  of  Ischi- 
um to  pos- 
terior inferior 
Iliac  spine. 

True  pelvib- 


Superior  strait 


Inferior  strait.. 
Inclination. . . . 


Male. 

Average  distance  apart 
.50  mm. 

Deeper 

Stronger,  thicker 

Nearer  together,  infle.xed 
Margins    more    everted. 

Arch  pointed,  more  an 
gular  (70° -70.9.5°).  An- 
ilulus  pubis. 

Deeper.  At  birth  its 
width  is  narrower  than 
or  equal  to  its  height 
(Fehhng). 

Rare 

Nearer  together 

Shorter 

Nearer  togetlier 


Higher,   more  oval,  ob- 
turator canal  narrower. 

Nearer    together,    sliow 

less  in  front. 
Lower,  more  oval 


Female. 


A\'erages  40  nmi  . 


Deeper,  narrower,  more 
funnel-shaped,  capacity 

less. 

M(.ire  heart-shaped  and 
doliehopellic,  transvei-se 
diameter  less,  plane  less 
inclined. 

I 

Narrower 

Less  marked 


Average  distance  apart 

40  rain. 
Sliallower. 
Less  massive. 
Wide  apart,  everted. 
Margins     less     everted. 

Arch  rounded,  arch- 
like (90° -100°).  Arms 
pubis. 

Shallower.  At  birth  its 
width  is  greater  than  its 
height  (Fehling). 

Frequent. 

Faj'ther  apart. 

Lfniger. 

Farther  apart  (Cleland). 


Lower,  almost  triangu- 
lar, obturator  canal 
wider. 

Wider  apart,  show  more 
in  front. 

Higher,  more  circular. 

Averages  .50  mm.  (f'un- 
ningham). 


Shallower,  wider,  not 
markedly  funnel- 
shaped,  capacity 
greater. 

More  elliptical  (renl- 
forin)  and  platypelllc, 
transverse  diameter 
greater,  plane  more  in- 
clined. 

Wider. 

More  marked. 


Development. — Each  of  the  three  or  four  upper  verte- 
br£e  which  form  the  sacrum  are  developed  from  eight  cen- 
tres, three  of  which 
are  primary  and  like 
those  of  other  verte- 
brae, namely,  one  for 
the  body  appearing 
at  the  fourth  to  the 
eighth  month,  and 
two  for  the  neural 
arch.  (See  Figs.  378.") 
and  3786.)  From 
these  latter  grow  out 
the  a  r  1 1  c  u  1  a  r  and 
transverse  ijrocesses. 
There  are  also  live 
secondary  centres, 
two  for  the  epiphy- 
seal plates,  that  from 
the  tenth  to  the  thir- 
teenth year  form 
along  the  ujiper  and  lower  surfaces  of  the  body  of  each 
vertebra,  one  fiu'  the  spinous  process,  and  two"  situated 


Fig.  37&5.— Sacrum  of  a  Child  of  Eleven 
Months.  1,  1,  (issiflc  points  for  bodies; 
~,  3,  lateral  points  ;  3,  3,  intervertebral 
ligaments. 


laterally  and  representing  costal 


I  IG.  .17,%.— Ossif)(  ation  of  Fust  Sarral 
Vertebra.  1,1,  l!..dy;  2,  ^-Mateial  points ; 
4,  4,  centres  for  arch. 


elements.  The  lower 
vertebraB  ustially  lack 
the.se.  In  addition, 
there  are  formed  in 
the  seventeenth  or 
eighteenth  year  two 
marginal  epiphy.ses 
on  each  side,  the  up- 
per ones  being  con- 
nected with  the  auric- 
ular facets.  The 
bone  is  complete 
from  the  nineteenth 
to  the  twenty  -  first 
year. 


Each  coccygeal  vertebra  ossifies  from  a  single  primary 
centre,  which  does  not  aiijiear  until  from  lour  to  nine 
years  after  birth,  and  there  appear  later  secondary  cen- 
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tres  representing  the  upper  and  lower  epiphyseal  plates, 
and  in  the  upper  vertebra  two  additional  centres  for  the 
cornua.     (See  Fig.  3787.) 

The  hip  bone  is  formed  from  three  cartilages  that  origi- 
nate separately,  the  one  forthe  ilium  appearing  latest.  (See 
Fig.  3788.)  Ossi- 
fication occurs  by 

three  primary  and  j^S^"^.  ^Bjit^ j. 

nine  secondary 


Fig. 


FIG.  3787.  — Develop- 
ment of  the  Coccyx. 
1,  1,  Centres  for 
bodies ;  2,  2,  articu- 
lar processes ;  3,  5, 
epiphyses. 

centres,  the  pri- 
mary ones  being 
first  separated  in 
the  acetabulum 
by  a  Y -  shaped 
piece,  the  triradi- 
ate  cartilage.  In 
rare  cases  an  in- 
dependent centre, 
the  OS  acetabuli,  may  remain  in  the  acetabulum  ununited. 
Marks  of  the  original  composition  remain  on  the  developed 
bone:  (1)  at  the ilio-pectineal eminence;  (2)  on  the  ischio- 
pubicrami,  at  the  seat  of  origin  of  the  corpora  cavernosa ; 
(3)  as  a  thickened  bar  extending  from  the  posterior  border 
of  the  acetabulum  to  the  great  sciatic  notch.  Ossifica- 
tion occurs  in  the  order  shown  in  the  following  table : 


Development  of  the  Hip  Bone. 
(From  Testut.)  1,  Ilium;  2,  ischium;  3, 
pubis;  4,  epiphyseal  point  for  the  iliac 
crest;  5,  epiphyseal  point  for  the  anterior 
Inferior  iliac  spine ;  6,  epiphyseal  point  at 
the  symphysis  pubis;  7,  epiphyseal  point 
for  the  ischium ;  8,  Y-cartilage  uniting  the 
three  primitive  portions  of  the  hip  bone. 


Centres. 

Time 
of  appearance. 

Time 
of  union. 

Frimary. 
Ilium • 

3d  to  4th  month. 
4th  to  5th  month. 
5th  to  7th  month. 

12th  year 

12th  year  

12th  year 

15th  to  16th  year. 
18th  to  20th  year. 

15th  to  16th  year. 

15th  to  16th  year. 
18th  to  20th  year. 
15th  to  16th  year. 

17th  to  18th  year. 

Ischium 

17th  to  18th  year. 

Pubis 

17th  to  I8th  year. 

Epiphyses  acetabuli. 

Between  ilium  and  pubis 

lietween  ilium  and  ischium. . . 
Between  ischium  and  pubis. . . 

Epiphyses  marginales. 

18th  year. 

15th  to  16th  year. 

15th  to  16th  year. 

21st  to  25th  year. 

20th  to  21st  year. 

Tuberosity  of  ischium 

Anterior  inferior  spine  of  ilium. 
Spine  of  pubis 

r  17th  to  22d  year, 
,     female. 
1  21st  to  24th  year, 
[    male. 

16th  to  17th  year. 
20th  year. 

17th  to  18th  year. 

Friink  Baker. 

PEMPHIGUS.— The  word  pemphigus  does  not  convey 
to  the  mind  the  idea  of  a  clear-cut  disease.  The  pem- 
phigus diseases  have  been  divided  into  a  number  of 
groups  whose  only  common  bond  of  union  is  the  occur- 
rence of  bullae  at  some  time  in  their  course.  Any  par- 
ticular group  of  bullous  affections  may  differ  in  every 
other  respect  from  the  other  groups.  Although  these 
bullous  diseases  differ  widely  from  one  another,  yet 
owing  principally  to  the  obscurity  of  their  causes,  it  has 
been  found  difficult  to  segregate  them  or  to  remove  any 
particular  group  from  the  conglomerate  class  of  pemphi- 


gus diseases,  and  put  it  under  a  distinct  heading.  Duhr- 
ing  and  Brocq  have  done  much  to  simplify  the  study  of 
pemphigus  by  removing  altogether  from  this  class  the 
group  of  cases  that  Duhring  has  called  dermatitis  her- 
petiformis, and  Brocq  has  called  dermatitis  polymorpha 
dolorosa,  Brocq,  under  the  term  dermatitis  polymorpha 
dolorosa,  includes  rather  more  cases  than  Duhring  does 
under  the  term  dermatitis  herpetiformis.  Some  of 
Brocq's  cases  are  not  herpetiform  at  all. 

Pb.mpiiigus  Neonatokuji.— Pemphigus  neonatorum 
is  an  instance  of  what  has  been  before  mentioned  of 
groups  of  cases  being  removed  from  the  class  of  pemphi- 
gus disea.ses  and  classified  under  a  different  head.  This 
disease  in  future  will  have  to  be  described  under  the 
heading  impetigo  contagiosa,  to  which  class  it  really  be- 
longs. It  is  described  here  for  two  reasons:  first,  its 
name  is  still  a  familiar  one  in  medical  literature,  and, 
secondly,  its  most  striking  symptom,  sometimes  its  sole 
symptom,  is  a  bleb,  leading  the  observer  most  naturally 
to  look  for  its  description  under  the  heading  pemphigus. 

Pemphigus  neonatorum  is  an  acute  contagious  disease 
characterized  by  the  occurrence,  during  a  limited  time, 
of  crops  of  blebs. 

Symptoms. — In  otherwise  apparently  healthy  infants  of 
from  three  to  eight  days  old,  blebs  suddenly  arise.  They 
vary  from  a  pea  to  a  hazelnut  in  size,  or  they  may  be 
even  larger.  They  are  at  first  tensely  filled  with  clear 
yellow  serum,  and  are  scattered  anywhere  over  the  cu- 
taneous surface,  and  spring  from  an  apparently  normal 
or  a  reddened  skin.  After  a  short  time  the  bulla;  become 
flabby  and  the  contents  grow  turbid.  Then  shortly  the 
delicate  covering  of  the  bleb  gives  way,  exposing  a  red 
weeping  surface  upon  which  the  epidermis  has  more  or 
less  perfectly  formed,  according  to  the  time,  whether 
early  or  late,  at  which  it  has  broken.  The  blebs  arise, 
become  turbid,  burst,  and  heal  in  a  few  days.  The  dura- 
tion of  the  disease  is  from  one  to  two  weeks,  in  which 
time  it  produces  several  crops  of  bullae.  This  constitutes 
the  whole  disease,  which  usually  affects  only  the  skin, 
and  seems  but  rarely  to  have  an  influence  on  the  consti- 
tution. It  may,  however,  run  a  severe  course,  and  cause 
death  in  a  very  short  time. 

Most  of  the  recorded  cases  are  reported  as  epidemics  in 
foundling  asylums.  It  is  probable,  however,  that  even  a 
larger  number  occur  scattered  throughout  the  commu- 
nity, but  are  left  unnoted.  The  sporadic  cases  are  usually 
seen  only  by  the  obstetrician  or  midwife,  who,  seeing  that 
the  general  health  is  not  affected,  adopts  some  indiS'erent 
treatment  under  which  the  patients  generally  recover. 

Diagnosis. — In  the  hereditary  bullous  syphilide  the 
bullous  eruption  is  particularly  marked  on  the  palms 
and  soles,  situations  that  remain  free  in  pemphigus  neo- 
natorum. Besides  this,  in  syphilis  the  base  of  the  bulla 
is  infiltrated  and  frequentlj'  ulcerated,  and  the  eruption 
is  poljnnorphous,  consisting  of  papules,  pustules,  and 
large  erythematous  infiltrations.  In  addition,  in  syphi- 
lis, there  are  snuffles,  mucous  patches,  and  condylomata. 
In  varicella  the  lesions  are  vesicles  rather  than  bullfe  and 
are  rarely  large.  In  Ritter's  disease  the  erythema,  usu- 
ally beginning  near  the  mouth  and  spreading  over  large 
areas  or  the  whole  cutaneous  surface,  is  the  principal 
symptom.  The  bullae  are  subsidiary  to  this.  Besides, 
in  Ritter's  disease  the  connection  betweep  the  horny 
layer  of  the  skin  and  the  rete  Malpighii  is  loosened  as 
in  pemphigus  foliaceus,  so  that  the  horny  layer  either 
comes  away  spontaneously  or  can  be  taken  off  in  large 
masses  or  ribbons  by  a  stroke  of  the  finger.  It  must  be 
mentioned  here  that  Richter,  in  a  recent  and  careful  study, 
has  concluded  that  Ritter's  disease  is  not  an  independ- 
ent affection  at  all,  but  an  unusually  malignant  variety 
of  pemphigus  neonatorum. 

Patliology. — The  opinion  is  gaining  ground  that  pem- 
phigus neonatorum,  some  cases  of  pemphigus  febrilis, 
impetigo  contagiosa,  and  possibly  Ritter's  disease  are 
identical  affections.  The  pronounced  contagiousness  of 
pemphigus  neonatorum,  its  confinement  to  the  very  sur- 
face of  the  skin,  its  frequent  lack  of  constitutional  symp- 
toms, its  self-limitation,  and  its  duration,  all  correspond 
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to  wliat,  we  know  of  impetigo  contagiosa.  Wcknow  also 
that  impetigo  contagiosa,  even  in  adults,  may  be  a  bul- 
lous disease,  and  that  it  is  particularly  apt  to  be  so  in 


Fig.  arts.— Dr.  H.  M.  Sberman's  Case  of    Amite  Peniphipiis,  Probably  Infective,   In  Full 

Eniption.* 


the  tro])ics.  lu  infants,  wlio  are  always  keiit  very  warm 
and  wlio.so  skin  is  delicate,  the  tendency  to  foini  bulUv, 
even  in  temperate  climates,  is  marked.  It  is  also  urged 
in  favor  of  this  view  tliat  if  an  infant  is  infected  from'an 
adult  wlio  has  impetigo  contagiosa  it  gets  pemphigus 
neonatorum,  and  vice  vensa  if  an  adult  is  infected  from 


*The  Instance  of  acute  bullous  eruption,  tbe  subject  of  these  pbotn- 
srnpbs  (Iocs.  3TS!(  iiud  ;!790),  occiirreil  In  tbe  practice  of  Dr.  II.  M. 
Slierman  of  San  Francisco.  The  luitieul  was  a  hov,  seven  yeal's  of  liRe, 
Klio  had  been  opi'iateil  upon  for  tulielrulosls  of  the  I'iK'ht  knee-loini 
Siilisequently  to  thcn|.eratioii  sinuses  foruicil,  iliscbarjrinK-  a  briKhl 
prccn  |HiS.  Tlie  erupli.ui  then  api.eared  behind  the  ears  and  on  the 
neck,  and  spread  rapidly  over  the  lii-ad,  trunk,  and  exi  rviidlles,  even 
to  till' tlimci's  and  toes.  The  eru|itlon  eonsisli-d  of  blehs  only.  The 
contents  (if  these  blebs  were  clear  at  the  start,  and  renaiined  cli'ar 
throughout  their  entlri- course,  and  there  was  no  evidence  (.f  any  in- 
flannnatory  reaction  of  the  skin.  'I'liere  was  no  ri.se  of  teniiii-ratnTv 
nor  was  there  any  distiu-hajice  of  tlie  Keia-ral  lieallli ;  llieenn.tlon  dis- 
appeared at  Uie  .-nd  of  a  few  davs.     No  bacleriolocical  esai at  ion 

was  made.    This  was  Tai.l)al.ly  an  Install, ■!■  ut  an  acute  iufectlve  i.eui- 
pbigus,  tbe  exact  nature  of  which  is  not  known. 


an  infant  having  pemphigus  neonatorum  he  gets  im- 
petigo contagiosa  (Matzeuauer).  Luithlen  has  shown 
that  the  bleb  in  pemphigus  neonatorum  is  caused  by 
separation  of  the  horny  layer  from  the 
rete  Malpighii.  This  anatomical  find- 
ing of  the  superficial  situation  of  the 
bleb  corresponds  with  what  we  know 
of  its  clinical  appearance  and  behavior, 
for  it  will  be  remembered  that  the  bleb 
has  a  thin  delicate  covering  and  heals 
^^'ith  great  rapidity,  and  it  also  corre- 
sponds with  what  we  know  of  the  very 
superficial  character  of  the  lesions  in 
impetigo  contagiosa. 

Tmitinent. — It  has  been  found  that 
pcnqihigus  neonatorum  occurs  with 
noticeable  frequencj'  in  the  practice  of 
uncleanljr  midwives  and  nur,ses.  and 
tlierefore  a  thorough  jjcrsonal  disinfec- 
tion of  these  should  be  required.  It 
is  with  a  view  to  getting  on  the  track 
of  such  disease  carriers  that  tlie  Berlin 
iuithorities  have  ordered  all  ca.ses  of 
pemphigus  neonatorum  to  be  reported 
to  the  health  office. 

If  it  be  true  that  pemphigus  neona- 
torum and  Hitter's  disease  are  simply 
forms  of  impetigo  contagiosa,  then 
the  parturient  woman  and  the  in- 
fant sliould  be  carefully  shielded  from 
this  very  prevalent  disease.  Atten- 
tion is  here  drawn  to  the  facts  that 
man}'  cases  of  what  are  commonly 
called  barber's  itch  in  men  and  im- 
petiginous eczema  in  children  are 
really  impetigo  contagiosa,  and  that 
impetigo  contagio.sa  is  so  frequent, 
particularly  in  children,  that  a  skin 
clinic  is  scarcely  ever  without  cx- 
am])les  of  it. 

As  the  infants  attacked  rarely  suffer 
from  constitutional  symptoms,  and 
the  disease  is  geuerallj'  short  and  self- 
limited,  no  internal  treatment  is  re- 
cjuired.  If,  however,  constitutional 
sym]itoms  do  arise,  such  as  fever  and 
('.\haustion,  they  must  be  treated  on 
the  principles  obtaining  in  such  cases, 
as  no  specific  treattaent  is  known.  As 
the  malady  is  contagious  and  is  scat- 
tered o\er  the  entire  cutaneous  sur- 
face, a  general  cutaneous  antiseptic 
treatment  is  indicated.  The  antisep- 
tics chosen,  however,  must  be  those 
that  will  neither  injure  the  infant's 
delicate  skin  nor  b_v  absorption  cause 
constitutional  symptoms.  In  regard 
to  absorptiim,  it  niust  be  remembered 
that  the  thin  skin  of  the  infant  more 
readily  absorbs  medicaments  than  the 
sironger,  thicker  skin  of  later  life.  As  fulhlliug  these 
indications,  two  antiseptics  come  to  mind:  alceihol  and 
boracic  acid.  Boracic  acid  may  be  used  iu  the  infant's 
bath  in  the  proiiortiou  of  about  four  ounces  to  the  gal- 
lon, and  a  lotion  consisting  of  a  saturated  solution  of 
boracic  acid  in  dilute  alcohol,  may  also  be  used  as  a  rub- 
down.  This  solution,  by  the  way,  is  one  of  the  best 
III  use  iu  any  case  of  pyogenic  infection  of  the  skin. 
It  may  lie  readily  made  by  the  family  in  the  following 
way:  A  bottle  is  half-filled  with  alcohol,  then  nearl}^ 
filleil  up  with  water,  and  then  boracic  acid  is  poured 
in  unlil  some  of  it  remains  undissolved  in  the  bottom 
of  the  bottle  after  shaking.  The  supernatant  fluid  is 
of  course  a  saturated  solution  of  boracic  acid.  When 
an  oinlmcnt  is  necessary  or  desiralile,  as  on  the  face  or 
ill  the  fie.xures.  a  weak  ammoniated  mercury  ointment  is 
the  best :  it  is  made  b}'  adding  five  grains  of  ammoniated 
mercury  to  an  ounce  of  vaseline.     When  crusting  takes 
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place,  the  crusts  must  be  removed  before  either  lotions  or 
ointments  may  be  expected  to  be  of  any  use.  This  is 
best  done  by  applying  boracic  acid  starch  poultices. 
These  are  made  by  adding  hot  water  to  ordinary  laundry 
starch  while  constautlj'  stirring,  to  make  a  moderately 
thick  paste.  To  a  large  teacupful  of  the  paste  a  heap- 
ing teaspoonful  of  boracic  acid  powder  is  added,  and  it 
is  then  poured  into  a  thia  muslin  bag  and  applied. 

Acute  Febkile  Pe.mi'iirius. 

Acute  febrile  pemphigus  is  a  very  rare  disease  of  which 
KObner  has  formulated  the  following  requirements ;  After 
brief  prodromes,  and  after  fever  has  begun  to  show  itself, 
blebs  appear  on  the  previously  healthy  skin.  Tlio  fever 
contin\ies  with  exacerbations  and  remissions,  and  at  the 
same  time  there  are  repeated  outbreaks  of  blebs.  The 
blebs  are  not  confined  to  auj'  particular 
region  of  the  cutaneous  surface,  but  oc- 
cur in  a  scattered  manner.  After  three 
or  four  weeks  the  bullous  eruptions 
subside  completely  and  do  not  recur. 
No  blebs  should  appear  at  a  time  when 
no  fever  is  present.  It  will  be  ob- 
served that  the  onlj^  real  point  of  dis- 
tinction between  pemphigus  neonato- 
rum and  generalized  bullous  Impetigo 
of  the  adult  on  the  one  hand  and  acute 
febrile  pemphigus  on  the  other  is  a  rise 
of  temperature  in  the  latter.  Riehter, 
however,  has  shown  that  there  may  be 
even  a  severe  constitutional  disturb- 
ance with  fever  in  pemphigus  neonato- 
rum, and  it  is  not  improbable  that  in 
some  instances  of  generalized  bullous 
impetigo  there  may  be  fever,  so  that 
these  three  diseases  may  be  identical. 
There  is,  however,  a  still  much  more 
severe  febrile  bullous  disease,  whicli 
has  been  described  by  Fernet  and 
Bulloch.  Their  cases  were  acute  sep- 
ticemias; in  both  instances  the}'  oc- 
curred in  butchers,  and  followed  knife 
wounds.  Probably  in  the  same  class 
are  the  bullous  septicoemias  occurring 
in  indammatory  diseases  of  the  um- 
bilical cord,  or  the  bullous  septiciemias 
in  the  new-born,  coincident  with  septi- 
Ciemia  in  the  mother.  The  affection  on 
the  skin  in  such  cases  may  look  like  an 
extensive  burn  with  scalding  water. 
These  grave  bullous  diseases  seem  in 
many  instances  to  be  different  from 
what  is  understood  in  speaking  of  pem- 
phigus neonatorum. 

No  specific  internal  treatment  has 
been  outlined  for  pemphigus  febrilis. 
The  external  treatment  would  be  that 
advised  for  pemphigus  neonatorum. 

Pemphigus  Ciieonicus  Vulgauis. 

Definition.  —  Pemphigus  ehronicus 
vulgaris  is  characterized  by  the  ap- 
pearance of  blebs  on  the  skin  and 
also  on  the  mucous  membranes.  Pem- 
phigus foliaceus  and  pemphigus  vege- 
tans arc  to  be  looked  upon  as  varie- 
ties of  pemphigus  ehronicus  vulgaris. 
They  are  worthy,  however,  on  account 
of  their  peculiar  clinical  appearance 
and  course,  of  a  separate  descrip- 
tion. 

Etiology.— Tha  cause  of  pemphigus 
is  unknown.  That  it  is  not  merely  a  local,  but  a  con- 
stitutional, disease  is  shown  by  the  fever  that  accom- 
panies it,  and  also  by  the  more  or  less  rapid  deterioration 
in  the  general  health  of  those  afllicted  with  it.  That 
Vol.  VI.— 35 


few  blebs  on  the  surface  of  tlie  body  should  cause  ca- 
chexia aud  death  is  not  to  1)0  thought  of  as  a  po.ssibility. 
The  blebs  are  only  one  symptom  of  a  general  constitu- 
tional disease.  Take,  for  example,  pemphigus  vegetans 
when  at  times  tlie  blebs  cease  to  appear.  This  tempo- 
rary cessation  of  the  appearance  of  the  bleljs  does  not 
seem  to  retard  in  the  least  the  general  course  of  the  dis- 
ease. 

The  occurrence  of  blebs  in  diseases  of  the  nervous  sys- 
tem, in  nerve  injuries,  and  in  neural  leprosy  has  led 
many  to  think  that  pemphigus  is  a  disease  of  tlie  nervous 
system.  These  are  the  only  facts,  however,  that  favor 
this  view.  That  the  disease  is  duo  to  some  toxic  sub- 
stance that  acts  through  the  nervous  system,  in  some 
.such  way  as  an  intoxication  with  rotten  fruit  will  cause 
urticaria,  is  not  impossible. 

Syniptoiiis. — l\'mphigus  vulgaris  frequently  commences 


Fig.  371 


Stage  of  Convalescence  from  the  Attack  of  Acute  PempMgus.    (Same  case  ag 
tbat  shown  in  Fig.  3790.) 


with  general  as  well  as  with  cutaneous  symptoms.  The 
general  symptoms  are  fever,  malaise,  gastric  disturbance, 
sleeplessness,  and  decided  nervousness.  With  these 
symptoms  there  appears  on  the  skin  a  greater  or  less 
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number  of  Ijlebs,  which  may  come  m  crops,  each  crop 
beino-  accompanied  by  an  exacerbation  of  the  constitu- 
tiona'l  symptoms.  Tlie  course  of  the  disease  may  present 
great  variations.  In  the  first  place  the  initial  crop  of 
blebs  and  tho.se  following  may  be  accompanied  by  very 
little  rise  of  temperature  or  none  at  all,  or  there  may  be 
much  constitutional  disturbance  with  very  little  erup- 
tion, or  the  reverse.  The  outbreak  of  blebs  and  the  con- 
stitutional disturbance  may  be  continuous,  reducing  the 
patient's  strength  very  rapidly ;  or  the  disease  may  be- 
gin acutely  and  stormily,  gradually  linger  on  for  weeks 
or  months,  and  finally  die  down  altogether,  possibly  to 


Fig.  3791.— Chronic  Pemphigus  Vulgaris.  In  the  picture  the  bullfe 
can  be  seen  witla  great  distinctness  to  be  full,  tense,  hemispherical 
and  oyal,  variable  in  size  and  springing  from  a  skin,  which  is,  to 
all  appearances,  healthy.  In  some  places  there  are  vestiges  of  old 
bull«  that  have  gone  through  their  evolution;  some  are  broken, 
others  are  dried  down.  There  are  no  evidences  of  scratching. 
(From  a  plate  in  L.  Brocq's  article  on  Pemphigus  in  "La  Pratique 
Dermatologique  "  par  Ernest  Besnier,  L.  Brocq,  and  L.  Jaequet,  t. 
iii.,  p.  770.  This  figure  is  a  reproduction  of  an  aquarelle  In  Caze- 
nave's  collection  in  the  Museum  of  the  Hopital  Saint  Louis,  and  had 
already  been  published  in  the  "  Le(;ons  sur  les  maladies  de  la  peau  " 
par  Alphee  Cazenave,  1856.) 

start  up  again  at  some  future  time.  The  blebs  arise 
either  from  what  appears  to  be  a  normal  surface  or 
from  a  reddened  spot,  and  are  at  first  filled  with  a  fluid 
either  as  clear  as  water  or  of  a  yellow  serous  appeaiauce, 
or  red  or  brown  or  blue  from  mi.xture  with  blood.  In 
an}'  case  this  fluid  quickly  becomes  turbid,  then  puru- 
lent. '  The  blebs  may  be  the  size  of  a  pea  or  a  lien's  egg, 
or  even  larger.  After  a  time  the  blebs  either  dry  down, 
forming  a  scab,  under  which  healing  takes  place,  or 
they  may  break  spontaneously  or  be  broken,  leaving  a 
non-infiltrated  eroded  surface  upon  which  there  forms  a 
flat,  yellow,  brown,  or  black  scab.  In  due  course  this 
scab  falls  off,  leaving  a  more  or  less  deeply  tinted  brown 
pigmented  patch,  l)ut  raixdy  a  scar.  At  times,  after 
heahng,  milium  bodies,  first  described  by  von  Baren- 
sprung,  are  found  iu  the  epithelium. 


On  the  mucous  membranes  the  lesions  are  rarely  seen 
as  blebs,  because  the  delicate  and  moist  epithelial  layers 
soon  burst,  leaving  non-inflltrated  erosions,  which  are 
either  red  or  coveied  by  a  yellowish  coating.  The  cir- 
cular or  polycyclic  form  of  these  erosions,  together  with 
the  tatters  of  epithelium  around  their  borders,  show 
their  origin  as  blebs.  On  either  the  skin  or  the  mucous 
membranes  any  individual  lesion  may  stop  short  of  forrn- 
iug  a  bleb  or  an  erosion  as  the  case  may  be.  On  the  skin 
such  a  lesion  would  be  merely  an  erythematous  spot, 
while  on  the  mucous  membranes  it  would  show  itself 
as  a  whitish-gray  epithelial  thickening.  In  pemphigus 
there  may  be  no  eruption  wdiatever  on  the  mucous  mem- 
branes, or  the  outburst  on  the  mucous  membranes  may 
precede,  be  simultaneous  with,  or  follow  the  eruption 
of  blebs  on  the  cutaneous  surface.  Mosler  and  Kobner 
have  seen  pemphigus  of  the  mouth  exist  for  four  years 
before  there  was  an  outbreak  on  the  skin. 

As  has  been  said,  it  is  very  rare  for  scarring  to  follow 
pemphigus  blebs  on  the  skin.  It  is  also  rare,  but  not  so 
rare,  for  scarring  to  occur  on  the  mucous  membranes. 
What  is  equivalent  to  scarring  occurs  on  the  conjunctiva, 
constituting  what  has  been  called  essential  shrinking, 
but  this  will  be  considered  later  on.  Sometimes  the  ero- 
sions on  the  mucous  membraues,  especially  of  the  mouth, 
ulcerate.  Probably  these  ulcerations  are  not  an  essential 
part  of  the  disease,  but  adventitious  from  the  increased 
vulnerability  of  the  eroded  surfaces,  and  also  from  infec- 
tion, usually  with  staphylococci  or  streptococci.  In  the 
same  way  pemphigus  may  be  accompanied  by  lym- 
phangitis and  adenitis,  the  broken  mucous  membrane 
being  the  open  door  for  the  entrance  of  bacteria.  It  is 
said  that  ulceration  in  the  cheek  pouches  may  result  in 
so  much  cicatricial  tissue  as  to  interfere  with  the  action 
of  the  lower  jaw.  Pemphigus  of  the  throat  may  cause 
hoarseness,  suifocation  from  swelling  of  the  glottis  or  of 
the  mucous  membrane  of  the  larynx,  a  feeling  as  if  a  fish 
bone  had  lodged  in  the  throat,  or  a  disagreeable  feeling 
of  rawness.  In  pemphigus  of  the  mouth  or  throat  the 
interference  with  mastication  and  the  ditficulty  or  im- 
possibility of  swallowing  solid  food  add  to  the  misery 
and  weakness  of  the  patient. 

As  in  pemphigus  of  the  other  mucous  membranes 
blebs  on  the  conjunctiva  are  very  seldom  seen.  It  may 
be  that  they  very  rarely  form,  or  that  if  they  form  they 
quickly  burst.  The  pemphigus  lesion  as  seen  on  the 
conjunctiva  consists  of  an  irregular-shaped  membran- 
ous exudation  of  graj'ish -white  or  grayish-yellow  color. 
Pemphigus  of  the  conjunctiva  is  almost  always  followed 
bj'  cicatrization.  It  is  not  meant  by  this  that  every 
pemphigus  lesion  on  the  conjunctiva  is  followed  by  scar 
formation.  In  fact  almost  all  the  lesions  here,  as  on  the 
skin,  heal  without  leaving  a  scar.  It  seems  necessary  to 
scar  formation  that  a  number  of  pemphigus  lesions 
should  occur  successivel}'  at  one  place  (Michel),  and,  as 
this  often  happens,  scar  formation  frequently  results. 

The  scars  may  be  localized,  or  the}'  may  involve  al- 
most the  whole  of  the  conjunctiva.  If  the}'  are  thus  gen- 
eralized, the  conjunctiva  will  be  turned  into  a  dirty  gray 
or  whitened,  thickened,  cutis-like  membrane,  with  a  dull 
dry  surface.  This  is  the  condition  that  lias  been  called 
"essential  shrinking."  With  much  shrinking  the  entire 
conjunctival  sac  may  bo  obliterated,  and  one  or  both 
lids  may  be  entropioned,  or  drawn  tight  down  on  the 
edge  of  the  cornea.  In  such  cases  the  cornea  itself  is 
diseased  from  exposure,  and  from  the  eyelashes  of  the 
entropioned  lids  sweeping  over  it.  It  is  white  and 
opatiue,  and  its  surface  is  dull  aird  dry,  and  covered  with 
scaling  epithelial  cells.  Michel  never  has  seen  a  bleb  of 
the  cornea  itself,  but  he  ciuotes  Seggel  as  having  seen 
one,  and  Mueller  as  having  seen  an  ulcer  covered  with  a 
membranous  exudation  on  the  upper  border  of  the  cornea 
and  on  the  neighboring  conjunctiva;  Pergens  has  also 
seen  a  broken  bleb  of  the  cornea  in  an  infant. 

Pemphigus  of  the  conjunctiva  may  exist  alone  or 
with  pemphigus  of  other  mucous  membranes  such  as  the 
mouth,  pharynx,  trachea,  or  bronchi,  or  with  pemphigus 
of  the  skin.     It  is  held  that  a  diagnosis  of  pemphigus, 


546 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Peinplilgns. 
Pemphigus. 


when  the  mucous  memtiranes  alone  are  effected,  cannot 
be  made.  It  seems,  however,  that  the  clinical  picture  is 
clear  enough,  and  that  such  lesions  are  pemphigus  is 
shown  bjr  the  fact  that  after  existing  for  a  longer  or 
shorter  time  pemphigus  of  the  skin  may  supervene. 
Just  as  there  can  be  a  pemphigus  of  the  skin  alone  with- 
out pemphigus  of  the  mucous  membranes,  so  also  can 
there  be  a  pemphigus  of  the  mucous  membranes  without 
pemphigus  of  the  skin  (Kaposi). 

Eosino^hilia,  either  in  the  blebs  or  in  the  blood  of  the 
general  circulation,  seems  to  have  very  little  value  as  a 
symptom. 

Diagnosis. — In  dermatitis  herpetiformis  the  mucous 
membranes  are  not  apt  to  be  affected ;  the  lesions  on  the 
skin  are  multiform  and  consist  of  erythematous  patches, 
papules,  wheals,  vesicles,  and  bullse;  the  itching  and 
pain  are  severe  and  occur  in  distinct  attacks ;  and  the  gen- 
eral health  is  undisturbed. 

.In  epidermolysis  bullosa  the  disease  occurs  in  families 
and  is  hereditary;  the  bulla  occurs  when  an  injury  has 
been  received,  even  a  slight  pressure,  as  on  the  feet  and 
hands,  may  cause  it;  and  the  general  health  is  unim- 
paired. Colcott  Fox  has,  hovvever,  reported  a  case  in 
which  the  disease  resembled  epidermolysis  in  every  par- 
ticular except  that  it  was  not  hereditary,  and  he  warns 
against  drawing  too  fine  distinctions  between  it  and  pem- 
phigus. In  epidermolysis  bullosa  the  nails  also  fre- 
quently grow  to  be  deformed,  and  the  disease  is  probably 
something  more  than  a  mere  over-sensitiveness  of  the  skin 
to  pressure.  Another  instance  showing  the  intimate  re- 
lationship between  these  two  diseases  is  the  case  reported 
by  Mertens,  in  which  there  was  pemphigus  of  the  mouth, 
throat,  and  conjunctiva.  Blebs  appeared  also  on  the 
skin,  but  only  after  trauma. 

The  vesicular  and  bullous  eruptions  that  sometimes 
follow  trauma  and  also  those  that  sometimes  follow  vac- 
cination, and  that  in  either  instance  may  last  for  years, 
resemble  more  closely  the  type  of  dermatitis  herpeti- 
formis than  that  of  pemphigus.  Just  where  they  stand, 
however,  in  a  classification,  has  not  yet  been  determined. 

Quinine,  iodine,  bromine,  and  copaiba  may  all  cause 
bullous  eruptions  that  have  to  be  differentiated  from 
pemphigus. 

The  blisters  caused  by  the  external  application  of 
drugs  must  also  be  considered.  Sometimes  such  drugs 
are  applied  with  the  intention  of  deceiving.  The  occur- 
rence of  the  blebs  exclusively  on  the  skin  in  an  hysterical 
person  in  situations  easily  reached  by  the  patient  may 
cause  suspicion.  The  wings  of  the  Spanish  fiy  have 
been  found  on  the  blebs. 

Hardy  mentions  the  occasional  occurrence  of  blebs  on 
the  hands  and  feet  in  eczema.  I  have  seen  this  occur  in 
two  separate  attacks  of  eczema  in  the  same  patient. 
Bullse  may  also  occur  in  lichen  planus  (Whitfield).  The 
differentiation  would  here  be  made  by  the  presence  of  the 
lichen  papules  and  by  the  itching. 

In  impetigo  contagiosa  the  eruption,  as  has  been 
previously  mentioned  in  the  section  on  acute  pemphigus, 
may  be  bullous  even  in  the  adult.  This  is  particularly 
apt  to  occur  in  the  tropics.  The  swift  course  of  the 
disease,  its  marked  contagiousness,  its  non-interference 
with  the  general  health,  the  very  large  yellow  superficial 
crusts,  and  the  occurrence  of  pustules  should  put  one  on 
one's  guard. 

Progiwsis. — Pemphigus  is  one  of  the  few  diseases  of 
the  skin  in  which  the  life  of  the  patient  is  threatened. 

In  such  a  capricious  disease  the  prognosis  is  always 
uncertain.  Cases  that  begin  benignly  may  end  malig- 
nantly, and  vice  versa.  Nevertheless  there  are  indications 
that  point  to  a  good  or  bad  course  of  the  malady. 
Luithlen,  for  instance,  divides  pemphigus,  in  regard  to 
prognosis,  into  two  classes  of  cases.  In  the  first  class  the 
blebs  appear  on  erythematous  patches,  and  there  is  no 
rise  of  temperature.  In  these  cases  the  blebs  are  situated 
in  the  epithelium,  and  the  rete  is  not  raised  away  from  its 
bed  on  the  papillary  layer.  The  prognosis  here  is  favor- 
able. In  the  second  class  of  cases  the  blebs  arise  on  the 
perfectly  sound  skin,  and  their  eruption  is  accompanied 


by  fever  and  exhaustion.  In  this  class  the  blebs  arise 
under  the  rete  and  lift  it  completely  away  from  the 
papillary  layer.  The  prognosis  here  is  always  unfa- 
vorable. 

When  the  blebs  are  tense  and  filled  with  a  clear  white  or 
amber-colored  fluid  this  fact  is  viewed  as  a  favorable  sign ; 
while,  on  the  other  hand,  when  the  blebs  are  slackly  filled 
and  pus  quickly  forms,  collecting  as  an  hypopyon  in  the 
dependent  portion  of  the  hanging  bag,  the  outlook  is  bad. 

In  pemphigus  of  the  mouth  and  throat  the  difficulty  or 
impossibility  of  swallowing  solid  food  interferes  with  the 
patient's  nutrition.  Independently  of  this,  however,  the 
occurrence  of  pemphigus  of  the  mucous  membranes  may 
be  looked  upon  as  an  ominous  sign.  In  general,  in  those 
cases  in  which  the  mucous  membranes  are  affected  at  the 
very  first  or  early  in  the  disease,  the  prognosis  is  the 
worst;  but  no  matter  at  what  time  in  the  course  of  the 
malady  the  mucous  membranes  are  affected  the  symptom 
is  a  bad  one. 

Pemphigus  Foliaceus. 

That  form  of  pemphigus  which  is  called  pemphigus  fo- 
liaceus  has  for  its  chief  clinical  characteristic  the  exfolia- 
tion of  the  skin.  There  may  be  very  few  blebs ;  indeed, 
when  the  disease  is  well  under  way  and  the  exfoliation  is 
active  there  may  be  no  blebs  at  all. 

Pemphigus  foliaceus  may  attack  either  sex,  at  any 
age,  even  in  childhood.  The  disease  appears  in  all  coun- 
tries, and  does  not  seem  to  depend  in  any  way  on  climatic 
influences.     It  is  neither  epidemic  nor  contagious. 

It  is  said  that  prodromal  symptoms  are  either  absent 
or  are  not  at  all  well  marked,  and  that  when  present, 
they  consist  in  a  feeling  of  general  lassitude  and  a  slight 
rise  of  temperature.  The  first  symptoms  of  the  disease 
proper  may  appear  on  any  part  of  the  skin,  or  on  the 
mucous  membrane  of  the  mouth.  The  blebs  in  pemphi- 
gus foliaceus,  even  at  first,  generally  differ  from  those  in 
ordinary  pemphigus.  Instead  of  being  large,  clear,  and 
bubble-like,  they  are  small,  slackly  filled,  and  slushy,  with 
a  delicate  covering  that  soon  breaks.  The  blebs  often 
have  a  reddish  tint  from  the  red  color  of  the  injected 
blood-vessels  shining  through  the  thin  layer  of  fluid  and 
the  very  delicate  covering  of  the  bleb.  The  erosion  left 
by  the  first  bleb  that  appears  in  a  given  locality  enlarges 
by  undermining  of  the  surrounding  epidermis,  and, 
moreover,  new  blebs  form  in  ever-widening  circles  about 
the  site  of  the  first,  which  by  this  time  will  probably 
have  healed.  But  when  this  healing  takes  place  it  does 
not  end  the  process.  It  is  just  at  this  point  that  the 
most  prominent  characteristic  of  the  disease  and  the  one 
to  which  it  owes  its  distinctive  title  of  foliaceus  begins. 
Serous  exudation  continues  to  be  poured  out  rather  into 
than  under  the  newly  formed,  but  by  no  means  normally 
formed,  epidermis.  This  exudate  and  the  epithelial  lay- 
ers into  which  it  is  poured  form  leaflets  resembling  French 
pastry;  hence  Cazenave's  epithet  foliaceus  as  applied  to 
this  form  of  pemphigus.  The  loosening  of  the  attach- 
ment between  the  layers  of  the  epidermis  is  also  a  re- 
markable phenomenon  in  pemphigus  foliaceus,  and  may 
be  demonstrated  by  drawing  the  finger  firmly  along  the 
apparently  sound  skin.  The  top  layers  of  the  epidermis 
will  slip  off,  leaving  an  excoriation.  This  slipping  of 
the  epidermis  is  found  in  other  forms  of  pemphigus,  but 
is  particularly  well  marked  in  pemphigus  foliaceus. 

By  the  spread  and  coalescence  of  diseased  patches  the 
whole  cutaneous  surface  tends  to  become  involved.  This 
generalization  may  take  place  in  a  few  days,  or  may  not 
be  completed  before  several  months  have  elapsed. 

From  the  above  description  one  can  understand  that 
the  appearance  of  the  patient  will  differ  widely  accord- 
ing to  the  stage  at  which  the  disease  is  seen.  There 
may  b«  groups  of  circinate  patches  of  miserably  formed 
bullse,  or  there  may  be  circular  patches  covered  with 
yellow  crusts,  or  the  whole  skin  may  be  bluish  or 
brownish-red  and  actively  desquamating,  with  here  and 
there  raw  patches,  but  yet  with  very  little  weeping. 
The  skin  in  pemphigus  foliaceus  is  only  moderately  or 
not  at  all  thickened. 
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Gradually  other  changes  occur.  The  hair  falls  out.' 
The  eyelids  become  ectropioned  and  their  lashes  fall. 
The  nails  atrophy. 

At  first  the  general  health  of  the  patient  remains  un- 
affected, but  gradually,  through  the  uncomfortable  con- 
dition of  the  skin,  the  occasional  fever,  the  sleeplessness 
aggravated  by  severe  attacks  of  itching,  the  constitution 
becomes  undermined.  The  patient  becomes  thin  and 
poorly  nourished,  then  through  complications,  either  in 
the  lungs,  or  intestines,  or  kidneys,  he  is  carried  off. 

It  is  said  that  pemphigus  foliaceus,  after  existing  for  a 
longer  or  shorter  time  as  such,  may  turn  to  the  type  of 
pemphigus  chronicus  vulgaris  (Kaposi). 

Diagnosis.— The  most  important  disease  to  differentiate 
from  pemphigus  foliaceus  is  dermatitis  herpetiformis  in 
its  generalized  exfoliative  form.  The  two  diseases  are  at 
this  stage  so  closely  alike  that  only  a  very  clear  history 
or  acontinued  observation  of  a  patient  enables  one  to 
come  to  a  definite  conclusion.  Severe  attacks  of  itching, 
the  occurrence  of  the  vesicles  or  buUse  in  groups,  and 
only  slight  interference  with  the  general  health  should 
lea,d  one  to  suspect  the  disease  in  question  to  be  dermati- 
tis herpetiformis. 

Pemphigus  Vegetans. 

In  pemphigus  vegetans  the  denuded  areas  left  by  the 
blebs,  instead  of  healing  over,  sprout  peculiar  vegetations. 
This  is  one  of  the  chief  characteristics  of  this  variety  of 
pemphigus,  and  the  one  to  which  it  owes  its  distinctive 
title  of  vegetans.  It  is,  however,  not  the  only  point  of 
difference  between  it  and  ordinary  pemphigus.  The  in- 
dividual cutaneous  lesion  is  usually  smaller  and  more 
flabby,  the  contents  are  more  turbid,  and  the  covering  of 
the  bleb  is  more  delicate  tlian  in  pemphigus  vulgaris. 
The"  blebs  and  the  subsequent  erosions  may,  however, 
resemble  those  of  pemphigus  vulgaris  in  every  respect 
up  to  the  time  when  the  vegetations  sprout. 

The  bullae  appear  suddenly  on  an  apparently  healthy 
surface,  and  are  generally  delicate  and  soon  break,  leav- 
ing smooth,  deep,  i-ed  excoriations  exuding  an  abundant, 
foul-smelling  serum.  The  border  of  both  the  bleb  and  its 
■succeeding  excoriation  remains  sharpl}' limited,  and  there 
is  no  infiltration.  The  vegetations  may  be  present  before 
the  bleb  breaks,  but  more  frequently  they  appear  in  the 
erosion,  at  first  as  a  rounded,  prominent,  dirty  white  ele- 
vation, in  the  centre  of  which  the  vegetations  sprout. 
This  process  slowly  extends  out  over  the  entire  excori- 
ation and  even  beyond  it.  This  growth  is  surrounded  by ' 
a  zone  of  dark  red  erosion,  which  in  turn  is  bounded  by 
a  collar  of  loosened  macerated  epithelium.  The  vegeta- 
tions are  closely  bunched,  their  free  surface  is  necrotic, 
excoriated,  and  dirty,  and  they  have  in  tlieir  substance 
many  pinhead -sized  pustules,  giving  them  a  stippled 
look. 

Many  of  the  vegetations  are  flattened  across  the  top, 
and,  although  larger  than  the  broad  condylomata  of 
syphilis,  look  strikingly  like  them.  By  individual  in- 
crease in  size  neighboring  lesions  coalesce  with  one  an- 
other, forming  large  patches  with  serpiginous  boundaries 
of  tattered,  ragged  epithelium.  As  a  rule  the  lesions  on 
the  tongue  and  mucous  membrane  of  the  mouth  and  lips 
resemble  those  seen  in  pemphigus  vulgaris,  but  they  may 
also  become  vegetative,  although  these  vegetations  do 
not  reach  anything  like  the  size  or  extent  of  those  seen 
on  the  skin. 

The  disease  may  begin  by  the  appearance  of  blebs  on 
any  part  of  the  skin  or  mucous  membranes,  but  it  is  par- 
ticularly apt  first  to  show  itself  in  the  mouth.  Spieglcr 
has  recently  said  that  of  twenty-eight  cases  of  which 
he  had  known,  eighteen  began  with  lesions  in  this  situa- 
tion. 

It  is  only  in  bad  cases  that  all  the  lesions  on  the  cuta- 
neous surface  become  vegetative.  In  certain  regions,  as 
in  the  naso-labial  and  labiomental  grooves,  in  the  arm- 
pits, groins,  and  navel,  and  on  the  belly,  the  lesions  are 
particularly  apt  to  sprout  vegetations. 

The  constitutional  symptoms,  such  as  sleeplessuess. 


fever,  and  loss  of  strength,  are  present  as  in  pemphigus 
vulgaris,  but  are  usually  more  marked. 

The  prognosis,  although  commonly  far  worse  than  in 
pemphigus  vulgaris,  is  by  no  means  fixed. 

In  all  medicine  there  is  no  disease  with  a  more  dramatic 
course  than  that  of  pemphigus  vegetans.  For  instance, 
a  man  consults  a  physician  in  regard  to  an  insignificant 
erosion  in  the  axilla.  A  simple  treatment  is  prescribed. 
He  appears  shortly  again  with  some  vegetations  on  the 
erosion.  These  may  be  cauterized,  and  the  patient  dis- 
missed without  any  thought  of  the  serious  nature  of  the 
malady.  The  lesion,  however,  does  not  heal,  and  new 
excoriations  and  blebs  appear,  especially  about  the  pri- 
vates, with  coincident  dirty  white  patches  in  the  mouth. 
At  the  same  time  the  patient  gives  off  a  most  horrible 
carrion-like  odor.  He  shortly  becomes  a  miserable,  ful- 
some, horrible  object  to  himself  and  others ;  and,  to  add 
to  his  miseries,  tliere  is  often  the  moral  degradation  of 
being  thought  to  have  syphilis.  Inanition  from  refusal 
of  nourishment,  fever,  exhaustion,  marasmus,  spinal  irri- 
tation, and  acute  adema  of  the  brain  succeed  one  another 
rapidly,  and  in  a  few  weeks  or  months  the  patient  dies. 

Where  the  lesions  first  appear  is  a  matter  of  importance 
in  the  prognosis,  for  in  those  cases  in  which  the  lesions 
begin  on  the  lips,  in  the  mouth,  on  the  scalp,  or  on  the 
genitals  tlie  prognosis  is  bad. 

Not  all  the  blebs  in  a  case  of  pemphigus  vegetans  be- 
come vegetative,  and  when  only  a  few  of  them  sprout 
vegetations  the  prognosis  approaches  more  that  of  pem- 
phigus vulgaris— that  is  to  say,  it  is  serious,  but  not  nec- 
essarily fatal.  On  the  other  hand,  the-  more  blebs  there 
are  that  become  vegetative,  the  more  quickly  does  the 
disease  terminate  in  death. 

Necrosis  of  the  surface  of  the  vegetations  is  the  rule, 
and  the  more  marked  the  necrosis  the  worse  the  outlook 
for  the  patient.  If,  however,  this  necrosis  does  not  take 
place,  and  the  vegetations  tend  to  become  covered  with 
horny  epithelium,  the  patients  may  recover  and  live  for 
years  (Neumann). 

It  is  not  an  absolute  rule  that  a'  pemphigus  vegetans 
should  remain  as  such  throughout  its  entire  course.  In 
general,  the  vegetations  cease  appearing  as  a  fatal  ter- 
mination approaches,  and  Kaposi  has  demonstrated  a 
patient  in  whom  pemphigus  vegetans  healed,  but  the 
disease  returned  some  time  afterward  as  a  pemphigus 
cachecticus. 

As  above  shown,  the  estimate  of  the  course  which  a 
given  case  should  take  may  be  modified  by  a  number  of 
considerations,  such  as  the  severity  of  the  constitutional 
disturbance,  the  localities  where  the  lesions  first  appear, 
and  the  abundance  and  the  dirty  necrotic  condition  of  the 
vegetations.  The  beneficial  effects  of  treatment  have 
also  helped  to  modify  the  unmitigatedly  bad  opinion  pre- 
viously entertained  of  the  course  of  pemphigus  vege- 
tans. Under  drying  disinfecting  powders  the  prognosis 
has  improved,  and  Kobner,  Mueller,  Kaposi,  and  Mra(;ek 
have  reported  cases  showing  at  least  temporary  relief 
or  cure. 

The  resemblance  of  isemphigus  vegetans  to  syphilis  is 
striking.  The  white  patches  in  the  mouth  resemble  ab- 
solutely the  mucous  patches  of  syphilis,  and  the  vegeta- 
tions, especially  the  button-like  ones,  differ  in  no  respect, 
except  in  their  larger  size,  from  the  broad  condylomata 
that  were  at  one  time  supposed  to  be  found  only  in 
syphilis.  These  symptoms,  together  with  the  situation 
of  the  patches,  especially  those  in  the  groins,  in  the  folds 
between  the  thighs  and  the  scrotum,  and  in  the  anal 
fold,  all  go  to  form  a  picture  that  is  in  the  highest  de- 
gree deceptive.  There  are  differences,  howevei;,  which 
aid  in  distinguishing  the  two  diseases.  For  instance, 
the  growths  in  pemphigus  are  always  surrounded  by 
the  tatters  of  the  blebs,  while  in  the  confluent  condy- 
lomata of  syphilis  the  patches  are  bounded  by  sharp  infil- 
trated borders.  Furthermore,  the  condylomata  in  syphilis 
always  occur  at  an  early  stage  of  the  disease  and  are  ac- 
companied by  other  symptoms  of  syphilis.  In  syphilis 
the  growths  when  left  to  themselves  tend  to  subside, 
while  in  pemphigus  the  longer  the  disease  lasts  the  more 
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the  growths  Increase;  and  while  they  grow,  the  general 
condition  of  the  patient  becomes  worse  and  worse.  Fur- 
thermore, pemphigus  vegetans  is  a  disease  of  adult  life, 
and  the  presence  of  blebs  is  unknown  in  the  course  of 
syphilis  of  adults. 

Post-buUous  vegetations  are  not  absolutely  pathogno- 
monic of  pemphigus  vegetans,  as  in  rare  instances  they 
occur  in  several  other  affections,  such  as  in  dermatitis 
herpetiformis,  impetigo  contagiosa,  and  in  the  iodine 
(Hallopeau)  and  bromine  (Wallhauser)  eruptions.  Post- 
bullous  vegetations  also  occur  in  impetigo 
herpetiformis,  but  impetigo  herpetiformis  is 
by  many  observers  now  considered  a  clinical 
variety  of  pemphigus  vegetans. 

Treatment. — The  outlook  for  the  cure  of 
any  given  case  of  pemphigus,  through  either 
internal  or  external  meclication,  is  not  good, 
yet  much  may  be  done  to  alleviate  the  symp- 
toms and  to  stay  the  progress  of  the  disease. 

Arsenic. — So  many  have  praised  the  effect 
of  arsenic  in  pemphigus  that  it  should  be  the 
first  drug  to  receive  a  trial.  The  favorite 
way  of  giving  it  is  as  Fowler's  solution,  in 
increasing  doses,  beginning  with  six  drops, 
and,  as  some  advise,  running  up  to  twenty 
or  thirty  drops  a  day.  Very  high  doses  of 
arsenic  are  of  questionable  benefit  as  they 
depress.  If  such  high  doses  are  used  it  is 
entirely  for  their  specific  eSect,  and  as  soon 
as  they  are  found  valueless  they  should  be 
stopped.  On  the  other  hand,  small  doses,  on 
account  of  their  tonic  effect,  may  be  con- 
tinued for  a  long  time. 

Strychnine.  —  Neisser    has    recommended 
strychnine.     Its  only  effect  seems  to  be  that 
of  a  powerful  tonic,  useful  in  combating  the    Fig-  3792.  — 
great  exhaustion,  which  is  so  frequently  a 
marked  feature  of  the  disease. 

Quinine.— Hosier  has  reported  an  apparent  cure  after 
taking  40  gm.  of  muriate  of  quinine  in  five  weeks 
(Jarisch).  In  most  cases,  however,  it  acts  simply  as  a 
bitter  tonic. 

Acids. — Dilute  sulphuric  acid,  acetic  acid,  and  citric 
acid  have  been  recommended,  but  no  specific  action  can 
be  attributed  to  them.     They  probably  act  as  tonics. 

Opium.— Opium  besides  being  a  soporific  is  said  by 
Malcolm  Morris  to  be  one  of  the  best  curative  agents  we 
possess. 

Chloral  hydrate  is  an  excellent  drug  for  the  sleepless- 
ness which  is  a  marked  symptom  in  some  cases  of  pem- 
phigus. 

Ordinarily  the  simplest  measures  may  be  employed  to 
relieve  the  local  conditions.  Frequently  a  mild  antisep- 
tic powder,  made,  for  instance,  of  equal  parts  of  boracic 
acid,  starch,  and  oxide  of  zinc,  is  all  that  is  required.  If 
the  tension  of  the  blebs  is  uncomfortable  they  may  be 
opened,  and  the  above  powder  may  be  used  to  soak  up 
the  secretions,  and  to  prevent  the  excoriations  sticking 
to  the  bedclothes.  If  there  are  much  heat  and  inflamma- 
tion, or  if  pus  is  retained  under  the  crusts,  mild  antisep- 
tic lotions  or  salves  may  be  the  best  topical  applications: 
Lotions  will  be  mentioned  after  speaking  of  baths.  A 
red  oxide  of  mercury  salve  is  excellent;  I^  Hydrarg.  ox. 
rub.,  3ss. ;  lanolini,  vaselin.  alb.,  aagss.  M.  S. ;  Ap- 
ply on  cloths. 

Carbonate  of  lead,  employed  as  a  salve,  is  also  good : 
If  Plumbi  carbonat.,  3i. ;  lanolini,  vaselin.  alb.,  aag  ss. 
Baths.— The  continuous  bath,  when  it  can  be  obtained, 
is  of  the  greatest  comfort  in  severe  cases.  It  relieves  the 
tension  and  pain,  softens  the  crusts,  mitigates  the  fever, 
and  induces  sleep.  With  its  help  a  patient  may  be  car- 
ried through  an  eruptive  attack  that  would  otherwise 
have  killed  him.  Hebra's  water-bed  is  excellent  for  the 
purpose.  (Fig.  3793.)  It  consists  of  a  box  or  bath  lined 
with  zinc,  with  a  plug  and  overflow  pipe  at  its  foot,  and 
the  feed  pipe  with  hot  and  cold  water  mixed,  entering  at 
the  head  of  the  bath  near  its  bottom.  The  temperature 
should  be  maintained  at  about  36°  or  37°  C. 


The  patient  rests  on  a  wire  netting  over  which  are 
thrown  woollen  blankets.  This  wire  netting  may  be 
raised  and  lowered  as  wished.  After  the  patient  is  low- 
ered into  the  water  the  bath  may  be  covered  over  with 
blankets  for  the  purpose  of  retaining  the  warmth. 

When  such  a  bed  is  not  obtainable,  the  patient  may  be 
put  in  a  bath  for  several  hours  a  day.  Soothing  or  anti- 
septic medicaments  may  be  added  to  the  bath,  as  for  in- 
stance one  or  two  drachms  of  permanganate  of  potassium, 
or  a  couple  of  tumblerfuls  of  boracic  acid  powder,  or 
biborate  of  soda,  or  bicarbonate  of  soda,  to 
sixty  gallons  of  water.  It  must  be  remem- 
bered that  there  are  people  to  whom  baths 
are  debilitating,  and  on  whom,  in  such  an 


Hebra's   Contrivance   lor   Admi'msterins   a    Oontinuous  Bath.     (From 
Jariseh's  "  Hautkrankhelten,"  in  "Nothnagers  System.") 

asthenic  disease  as  pemphigus,  their  use  would  be  par- 
ticularly disastrous.  In  such  cases  we  must  content  our- 
selves with  compresses  eitlier  wrung  out  of  simple  water 
or  wet  with  medicated  lotions.  These  compresses  may 
be  covered  in  either  with  oil  silk  or  with  rubber  tissue. 
Hutchinson's  lotion  is  an  excellent  one  for  allaying  in- 
iiammation,  irritation,  and  itching.  It  consists  of:  "B, 
Liq.  plumb,  subacetatis,  1  ss. ;  liq.  carbonis  detergentis, 
§  iiss.  M.  S. :  A  teaspoonful  in  a  pint  of  water,  to  be 
used  as  a  lotion. 

Other  solutions  to  be  used  on  compresses  are  those  of 
acetate  of  aluminum,  saturated  solution  of  boracic  acid, 
and  liquor  plumbi  subacetatis.  Carron  oil,  made  with 
equal  parts  of  lime  water  and  olive  oil,  with  the  addition 
of  four  per  cent,  of  boracic  acid,  is  one  of  the  best  appli- 
cations in  pemphigus,  and  is  especially  useful  in  the  dry 
scaly  condition  in  pemphigus  foliaceus. 

Treatment  of  Pemphigus  Vegetans.— Vnna,  introduced  a 
treatment  of  pemphigus  vegetans  which  consisted  of 
painting  the  lesions  with  tincture  of  iodine.  This  treat- 
ment is  so  painful  that  the  patient  must  be  autesthe- 
tized,  and  on  awaking  must  receive  full  injections  of 
morphine.  KObner  first  curetted  away  the  vegetations 
or  burnt  them  down  with  the  thermo-cautery ;  then 
afterward  he  treated  any  vegetations  that  appeared  with 
tincture  of  iodine. 

Jarisch  said  he  saw  the  lesions  in  a  typical  case  of  pem- 
phigus vegetans  clear  up  with  wonderful  celerity  under 
a  paste  consisting  of:  ^  Sulphur,  prsecip.,  zinc,  ox., 
amyli,  aa  10.00;  vaselin.  flav.,  30.00.  M.  S. :  Spread  on 
linen  and  apply  or  rub  into  patches,  and  dust  with  some 
indifferent  powder,  such  as  oxide  of  zinc  and  starch. 

In  pemphigus  vegetans,  however,  these  measures  for 
controlling  the  vegetations,  no  matter  how  successful 
locally,  have  no  effect  on  the  course  of  the  disease.  The 
general  symptoms  of  sleeplessness  and  exhaustion  go  on 
unchecked.  In  fact  it  is  the  rule  for  the  vegetations 
spontaneously  to  cease  appearing  as  the  fatal  termina- 
tion approaches. 

Neumann  found  solutions  of  salicylic  acid  applied  on 
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cotton  an  excellent  deodorant  for  the  foul  odor  present 
in  pemphigus  vegetans.  A  powder  made  of  equal  parts 
of  talc  and  salicylic  acid  may  also  be  used. 

In  looking  over  the  literature  of  the  drugs  and  applica- 
tions used  in  pemphigus,  one  cannot  fail  to  note  every- 
where a  tone  of  helplessness,  with  perhaps  a  slight 
brightening  up  when  the  continuous  bath  is  mentioned. 
The  good  effect  of  all  the  internal  remedies  may,  in  al- 
most all  instances,  be  reduced  to  their  tonic  or  sedative 
action,  and  of  the  external  remedies  to  their  soothing 
effects,  their  power  to  diminish  tension  and  burning,  or 
to  control  the  evil  odors  and  the  imdue  activities  of  the 
pyogenic  bacteria.  The  treatment,  it  is  true,  is  still  far 
from  our  ideal  of  what  effective  treatment  should  be. 
Nevertheless,  we  have  grounds  for  claiming  that  the 
actual  advance  made  in  the  treatment  of  pemphigus  is 
by  no  means  so  small  as  upon  first  thought  it  would 
seem  to  be.  Thanks  to  Neumann's  discovery  of  the  true 
nature  of  pemphigus  vegetans  we  are  now  able  to  save 
many  a  patient  from  the  mental  worry  and  humiliation 
of  being  thought  to  have  a  syphilitic  disease,  and  from 
the  physical  suffering  which  he  would  have  to  undergo 
before  it  could  be  demonstrated  by  treatment  that  this 
diagnosis  was  incorrect.  Douglass  W.  Montgomery. 
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PENNYROYAL,  AMERICAN  OR  MOCK.— Sedeoma. 
"The  dried  leaves  and  tops  of  Bedeoma pulegioides  (L.), 
Pers.  (Mentha  p.  L. ;  fam.,  Labiatmy    U.  S.  P. 

This  is  a  slender  annual  herb,  very  abundant  in  dry,  es- 
pecially rocky  meadows  and  pastures  throughout  Eastern 
and  Central  North  America.  The  base  of  the  stem  is  fre- 
quently decumbent.  The  upper  portion  is  usually  much 
branched,  the  branches  are  slender,  erect  or  ascending, 
and  quadrangular,  the  leaves  opposite,  slenderly  petioled ; 
blades  usually  less  than  3.5  cm.  (1  in.),  long,  and  1  cm. 
(I  in.)  broad,  oblong  ovate,  narrowed  gradually  into  the 
petiole,  obtuse,  distantly  and  shallowly  serrate,  pale  or 
grayish-green,  thin,  with  few,  strongly  ascending  sec- 
ondary veins,  and  the  lower  surfaces  beset  with  small, 
circular,  depressed  glands,  which  are  usually  golden-yel- 
low and  shining  under  a  strong  lens ;  flowers  several  in  a 
leaf  axil,  pedicelled,  the  calyx  tube  cylindraceous,  some- 
what contracted  at  the  mouth,  strongly  nerved,  its  tube 
two-lipped  and  slenderly  and  sharply  five-toothed ;  corol- 
la tubular,  two-lipped,  pale  blue,  spotted;  stamens  four, 
two  of  them  sterile;  odor  strong,  somewhat  mint-like; 
taste  aromatic  and  pungent. 

With  a  little  tannin  and  bitter  extractive  it  contains 
nearly  one  per  cent,  of  a  volatile  oil,  official  under  the 
title  Oleum  Uedeomm,  which  is  its  active  portion. 

American  pennyroyal  possesses  the  carminative,  aro- 
matic, and  diffusive  stimulant  properties  of  the  mints  in 
general,  and  is  similarly  employed.  There  is  no  official 
preparation,  but  an  infusion  is  probably  the  best  form  of 
administration.  One  of  the  important  properties  of  this 
plant  and  of  its  oil  is  that  of  repelling  mosquitoes,  to  a 
considerable  and  useful  extent. 

Oil  of  pennyroyal  is  thus  described:  A  pale  yellowish, 
limpid  liquid,  having  a  characteristic,  pungent,  mint-like 
odor  and  taste.  Specific  gravity,  0.930-0.940  at  15°  C. 
(59°  F.).  The  oil  should  form  a  perfectly  clear  solution 
with  twice  Its  volume  of  a  mixture  of  three  volumes  of 
alcohol  and  one  volume  of  water,  this  solution  being  neu- 
tral or  slightly  acid  to  litmus  paper.  It  is  also  readily 
soluble  in  carbon  disulphide,  or  in  glacial  acetic  acid  It 
consists  chiefly  of  pulegone.  The  dose  is  1-5  minims 
1  he  genuine  or  European  pennyroyal  is  7lfen«7ja  Ptilemiim 
h.  (rulegmm  mlgare  Mill.)  in  the  same  family.  It  has  a 
similar  taste  and  odor,  and  contains  an  almost  identical 
^°^«'*^1«  oil-  Henry  II.  Rusby. 

t.r/'^Ti*}:  ('^I'^-'^c^^'y^-etnylene),  a  purified  amylene,  in- 
troduced by  Mering  as  an  ancesthetic.  It  is  a  colorless 
liquid  with  a  sharp  penetrating  odor,  but  not  irritating 
to  the  mucous  mombrane.     Specific  gravity,  0.678;  boil- 

550 


ing  point,  100.4°  F.  It  is  insoluble  in  water,  but  mixes 
freely  with  alcohol,  chloroform,  and  ether. 

Pental  is  administered  in  the  same  manner  as  chloro- 
form. Anesthesia  is  produced  in  three  or  four  minutes 
and  lasts  for  about  four  minutes. 

Following  its  introduction  pental  was  employed  by 
many  as  an  anaesthetic,  with  very  satisfactory  results, 
but  experimental  work  upon  animals  proved.-that  it  was 
a  powerful  cardiac  depressant,  and  also  produced  marked 
renal  irritation.  Many  instances  of  dangerous  depression 
during  its  use  and  several  deaths  were  soon  reported,  and 
it  rapidly  fell  into  disuse.  Beaumont  Small. 

PENTASTOMA.    See  AracJmida. 

PENTOSURIA  is  the  term  applied  to  the  occurrence  of 
sugars  of  the  five-carbon  series  (pentoses)  in  the  urine. 
The  pentoses  (CeHjoOs)  include  the  carbohydrates  arabi- 
nose,  xylose,  and  rhamnose  (CeHuOs)^  the  latter  being  a 
methyl  pentose.  The  appearance  of  sugars  of  this  type 
in  the  urine  was  first  detected  by  Salkowski  and  Jastro- 
witz  in  the  urine  of  a  morphine  habitue.  Since  then 
similar  observations  have  been  made  on  various  individ- 
uals. In  some  of  these  instances  the  pentosuria  has  been 
found  to  persist  unchanged  for  many  months  and  even 
for  several  years.  The  pentose  either  occurs  as  the  only 
carbohydrate  present  in  noticeable  amount,  or  it  may  ac- 
company dextrose,  the  sugar  of  ordinary  glycosuria. 

Various  methods  of  testing  for  pentoses  in  the  urine 
have  been  proposed.  Of  these  the  following  are  most 
widely  used : 

Tollens'  Reaction  with  Phloroglucin  and  HCl. — A  small 
quantity  of  phloroglucin  is  dissolved  in  7-8  c.c.  of  HCl 
(specific  gravity,  1.12)  with  the  aid  of  heat.  After  cool- 
ing, ten  drops  of  the  urine  are  added  to  one-half  of  the 
reagent,  and  the  mixture  is  immersed  in  a  boiling  water- 
bath.  In  the  presence  of  pentoses  a  cherry-red  coloration 
quickly  results.  An  immediate  spectroscopic  examina- 
tion reveals  a  characteristic  absorptiou  band  between  the 
D  and  E  lines.  The  remainder  of  the  reagent  is  used  for 
a  control  comparison  with  normal  urine.  The  presence 
of  dextrose  may  interfere  with  the  reaction.  (Salkowski 's 
modification.) 

Tollens'  Reaction  with  Orein  and  HCl. — The  urine  is 
mixed  with  an  equal  volume  of  fuming  HCl  containing 
orcin  (instead  of  phloroglucin)  and  heated.  After  cool- 
ing it  is  shaken  with  amyl  alcohol,  which  assumes  a 
greenish  tint.  In  this  reaction  the  characteristic  spectral 
absorption  band  is  between  C  and  D.  Salkowski  prefers 
the  orcin  test  to  all  others. 

Reaction  with  Aniline-acetate  Paper. — The  urine  is 
treated  with  an  equal  volume  of  fuming  HCl  and  heated 
to  boiling.  If  a  strip  of  filter  paper,  moistened  with  ani- 
line acetate,  is  now  immersed  in  the  fluid,  it  is  quickly 
colored  cherry -red  by  the  furf  urol  formed  from  the  pen- 
toses present. 

Liberation  of  Furfurol  by  Distillation  with  HCl.— The 
method  is  essentially  the  same  as  that  used  in  the  estima- 
tion of  the  pentosans  in  foods.  The  furfurol  may  be  de- 
tected in  the  distillate  by  the  use  of  aniline-acetate  paper. 
Normal  urine  or  urines  containing  dextrose  or  lactose  do 
not  ordinarily  give  any  positive  reaction. 

Preparation  of  a  Pentosazone.— The  osstzonQ  is  prepared 
with  phenyl-hydrazin  and  acetic  acid  as  in  the  ordinary 
tests  for  sugar.  (See  C/'/«c.)  The  pentosazone  is  charac- 
terized by :  (1)  Its  greater  solubility  as  compared  with 
glucosazone;  and  (2)  its  melting  point,  156°-160°  C. 
When  large  quantities  of  dextrose  are  present,  they  may 
previously  be  removed  by  fermentation  with  yeast  The 
pentoses  do  not  ferment,  but  they  reduce  alkaline  copper 
solutions. 

Preparation  of  the  Benzoyl  ISster.—The  benzoyl  esters 
are  prepared  from  600  c.c.  of  urine,  then  saponified  with 
sodium  ethylate,  and  the  mixture  is  filtered  at  once  The 
filtrate  will  give  the  orcin  reaction  for  pentoses  (see 
above),  and  glycuronic  acid  is  said  to  be  excluded 
When  dextrose  is  present  slight  modification  of  the 
method  is  desirable,     (von  Alfthan.) 
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In  considering  the  possible  origin  of  tlie  pentose  found 
in  the  urine,  the  wide  distribution  of  the  five-carbon  car- 
bohydrates In  the  vegetable  kingdom,  as  shown  by  Tol- 
lens  and  others,  must  be  recalled.  In  the  form  of  pento- 
sans they  may  enter  into  the  diet.  Such  precursors  of 
the  pentoses  occur  in  certain  fruits,  like  cherries  and 
plimis  for  example.  In  animal  tissues  precursors  of  the 
pentoses-  are  also  found,  notably  in  the  pancreas,  from 
which  the  carbohydrate  may  be  obtained,  combined  as  a 
glyconucleoproteid.  Neuberg  has  shown  the  pancreas 
pentose  to  be  Z-xylose.  When  fed  as  such,  the  pentoses 
are  apparently  not  well  assimilated.  Regarding  their 
occurrence  in  the  urine,  it  seems  probable  from  the  meagre 
data  at  present  available  that  we  must  look  to  metabolic 
processes  for  an  explanation.  For  there  is  no  evidence 
that  the  diet  In  the  cases  on  record  was  particularly  rich 
in  pentoses,  and  in  one  instance  at  least  pentoses  were  ex- 
creted for  a  long  period  on  an  ordinary  diet.  Further- 
more, the  urine  pentose  is  the  optically  inactive  racemic 
arabinose,  and  is  probably  a  synthetic  product.  The 
pentosuria  seems  comparable  to  those  perversions  of  me- 
tabolism which  are  seen  in  severer  forms  of  diabetes  in 
which  the  sugar  excreted  is  independent  of  the  diet.  In 
accord  with  this  are  the  observations  of  Klilz  and  Vogel 
on  diabetic  patients  and  on  dogs  suffering  from  experi- 
mental diabetes.  They  were  able  to  detect  pentoses  in 
company  with  the  dextrose  present  in  the  urine  in  several 
cases.  Regarding  the  immediate  precursor  of  the  urine 
pentose  in  the  body  nothing  definite  is  known  at  present. 

Lafayette  B.  Mendel. 

Eefeeenoes  to  the  More  Important  Papers  on  Pentoses  in 
THE  Urine. 

Salkowski  and  Jaatrowitz :  Centralblatt  f iir  die  medicinlsohen  Wissen- 
schatten,  1892.  No.  19,  No.  32. 

E.  Salkowskl :  Berliner  klinisclie  Wochenschrift,  1895,  No.  17,  p.  364.— 
Zeitschrllt  liir  physiologisclie  Chemie,  1899,  xxTii.,  p.  507. 

F.  Blumenthal:  Berliner  klinisclie  Wochensclirilt,  1895,  No.  26;  1897, 
No.  12. 

Kiilz  and  Vogel :  Zeitschrift  fiir  Biologie,  1896,  xzxii.,  p.  185. 

Eeale :  Jahresbericlit  fur  Thierchemie,  1894,  xxiv.,  p.  627. 

Colombini :  Jahresbericht  fiir  Thierchemie,  1897,  xxvii.,  p.  733. 

von  AUthan:  Archiv  fiir  experimentelle  Pathologie  und  Phannako- 
logie,  1902,  xlvii.,  p.  417. 

Bial :  Zeitschrift  fiir  klinische  Medicin,  ]9(X),  xxxix.,  p.  475. 

Meyer :  Berliner  klinische  Wochenschrift,  1901,  No.  30. 

yon  Jacksch :  Zeitschrift  f Ur  Hellkunde,  1899,  xx.,  p.  195 ;  Deutsches 
Archiv  fiir  klinische  Medicin,  1899,  Ixiii.,  p.  612.  (Alimentary  pen- 
tosuria.)   ' 

Neuberg:  Berichte  der  deutscheu  chemisehen  Gesellschaft,  1900, 
xxxiil.,  p.  2243.  (Nature  of  the  urine  pentose.)— ibid.,  1902,  xxxv., 
p.  1472.    (Theoretical  considerations.) 

PENZANCE    AND    THE   SCILLY   ISLANDS.— These 

two  localities  on  the  extreme  southwestern  coast  of  Eng- 
land, although  possessing  no  great  value  as  health  resorts, 
are  taken  as  representatives  of  the  mild  winter  marine 
climate  of  the  south  of  England.  "  Penzance  appears  to 
be  warmer  in  the  winter  than  any  other  place  on  the 
mainland  of  England  from  which  we  have  records  "  (Dick- 
inson, "Climate  and  Baths  of  Great  Britain"),  and  the 
temperature  of  the  Scilly  Islands  for  the  same  season  is 
still  higher.  Mildness  and  equability  of  temperature  is 
about  all  that  can  be  said  in  favor  of  such  resorts  as  the 
above,  as  well  as  of  others  in  the  same  county  of  Corn- 
wall and  in  the  adjoining  one  of  Devonshire,  the  most 
noteworthy  of  which  is  Torquay.  Such  a  climate  has 
been  resorted  to  by  consumptives  and  by  patients  hav- 
ing other  inflammatory  respiratory  affections,  notably  by 
those  patients  with  bronchitis  who  require  a  moist  air. 

As  will  be  observed  from  the  climatic  chart  of  Pen- 
zance, the  temperature  range  throughout  the  year  is 
comparatively  small.  It  is  nejther  hot  in  summer  nor 
cold  in  winter.  Frost  and  snow  are  rare.  The  mean 
temperature  for  the  three  winter  months  is  43°  F.,  while 
the  mean  of  the  coldest  is  40°  F.  The  relative  humidity 
for  Penzance  is  not  obtainable,  but  it  probably  does  not 
differ  much  from  that  at  Falmouth,  twenty -five  miles  to 
the  East,  which  is  eighty-two  per  cent.  At  the  same 
place  (Falmouth)  the  amount  of  sunshine  is  said  to  be 
greater  than  at  any  other  place  in  England  except  Jersey, 
and  it  is  therefore  a  fair  inference  that  Penzance  is  also 
similarly  favored,  although  it  is  said  to  have  more  mist 


than  Falmouth.  Everywhere  in  England  there  is  rain 
enough,  and  Penzance,  it  is  seen,  has  its  share,  the  an- 
nual rainfall  being  43.59  inches.  The  winds  from  the 
north  and  south  are  equally  common,  while  those  from 
the  west  are  more  prevalent  than  those  from  the  east. 
Penzance  has  a  southeastern  exposure,  and  is  sheUered 
from  the  prevalent  west  wind  by  the  high  country  about 
tlie  Land's  End,  and  "  very  completely  from  the  north 
by  elevations  of  from  five  hundred  to  seven  hundred  feet 
within  four  miles.  It  Is  exposed,  however,  to  the  east, 
although  some  protection  can  be  obtained  by  a  choice  of 
residence"  (Dickinson,  loc.  eit.).  With  so  many  unfa- 
vorable climatic  features — the  large  amount  of  rain ;  the 
high  humidity ;  the  wind  and  the  relatively  small  num- 
ber of  sunny  days,  although  large  for  England — such  re- 
sorts as  Penzance  cannot  compare  with  many  other  mild- 
winter  marine  ones  except  as  regards  equability ;  such,  for 
examijle,  as  those  on  the  Mediterranean  coast,  on  the  Pa- 
cific coast  of  Southern  California,  on  the  Gulf  and  Atlan- 
tic coasts  of  Florida,  and  many  insular  resorts.  For  the 
Inhabitant  of  England,  however,  who  desires  for  any  rea- 
son a  mild  and  equable  winter  climate,  it  offers  an  easily 
accessible  retreat. 


Climate  of  Penzance,  En&land,  Latitude,  50°  8'  North. 
Years. 
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The  situation  of  Penzance  is  very  picturesque,  as  in- 
deed are  so  many  of  these  seaside  towns  in  Cornwall  and 
Devonshire.  There  are  also  numerous  attractive  excur- 
sions in  the  neighborhood  and  In  the  adjacent  district  of 
Land's  End. 

The  vegetation  of  Penzance  and  its  neighborhood  is 
very  luxuriant  and  rich,  and  it  seems  quite  extraordinary 
that  in  the  latitude  of  50°,  that  of  Southern  Labrador,  one 
should  find  exotics  flourishing  in  the  open  air,  even  in 
winter;  geraniums  and  fuchsias  attaining  the  dimensions 
of  large  shrubs;  aloes  flourishing,  and  hollyhocks,  mi- 
gnonettes, magnolias,  and  roses  blooming,  sometimes  even 
in  January.  Potatoes  are  cultivated  extensively,  and  sent 
to  London  and  elsewhere  during  the  winter  months.  A 
marked  difference  is  noted  between  the  north  and  soutli 
coasts,  although  only  ten  miles  apart,  not  only  in  the 
vegetation,  but  also  in  the  character  of  the  climatic  effects. 
On  the  north  coast  the  vegetation  is  far  less  luxuriant 
and  the  climate  is  more  bracing  and  exciting. 

The  Scilly  Islands,  although  but  little  resorted  to  by 
invalids,  represent  an  interesting  phase  of  climate,  and 
present  many  attractions  from  their  picturesque  situa- 
tion, as  well  as  from  the  fact  that  the  Bishop  lighthouse, 
which  marks  the  group,  is  the  first  evidence  of  land 
which  greets  the  Transatlantic  voyager  as  he  enters  the 
English  Channel.  The  group,  consisting  of  forty  isl- 
ands, some  only  tiny  specks,  lies  about  forty  miles  south- 
west of  Penzance,  from  which  it  is  reached  in  four  hours. 
But  five  islands  are  inhabited,  and  but  one,  St.  Mary's, 
possesses  any  satisfactory  accommodations.  This  island, 
which  is  the  largest  of  the  group,  contains  sixteen 
hundred  acres,  and  no  part  of  it  is  a  mile  from  the  sea. 
The  scenery  is  of  a  peculiar  and  weird  grandeur,  great 
masses  of  granite  cliffs  standing  out  against  the  sea  and 
storms.  In  this  country  the  Isles  of  Shoals,  off  the  New 
Hampshire  coast,  would  appear  to  bear  a  close  resem- 
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blance  to  the  Scillies  both  in  situation,  in  the  open  Atlan- 
tic and  in  their  granitic  formation  and  bold  rugged 
scenery.  "  The  air  here  (Scilly)  is  as  marine  as  on  the 
deck  of  an  Atlantic  steamer.  Every  sight  and  sound 
tells  of  the  sea,  the  influence  of  which  is  here  paramount 
in  every  shape"  (Dickinson,  "The  Climate  of  Cornwall," 
in  "  Climates  and  Baths  of  Great  Britain  ").  The  ex- 
posed portion  of  the  island  of  St.  Mary's  is  treeless  and 
bare ;  but  in  the  valleys,  and  wherever  artificial  protec- 
tion is  afforded,  the  vegetation  is  luxuriant  and  almost 
tropical.  Myrtles,  fuchsias,  geraniums,  and  aloes  grow 
in  great  profusion,  and  palms  and  bamboo  are  abundant. 
"  In  the  gardens  of  Tresco,  unprotected  except  by  the 
configuration  of  the  ground,  a  mass  of  tropical  vegeta- 
tion presents  itself  which  I  suppose  has  no  equal  in  Eu- 
rope "  (Dickinson,  loc,  cit.).  The  cultivation  of  the  nar- 
cissus for  Covent  Garden  is  the  chief  industry  of  these 
islands.  The  climate  is  relaxing  and  soothing,  a  type  of 
a  mild,  moist,  marine  one,  with  great  equability.  From 
the  chart  the  mean  yearly  temperature  is  seen  to  be  53.4°, 
the  highest  in  England.  The  mean  for  the  three  months, 
January,  February,  and  March  is  45.3".  The  relative 
humidity  is  high,  and  the  rainfall  large.  The  islands  are 
fully  exposed  to  the  east  and  west  winds.  The  former 
are  especially  felt  in  spring.  Whatever  value  such  a 
climate  has  must  consist  in  its  warmth,  equability,  and 
humidity,  together  with  the  marine  influence.  About 
the  only  conditions  which  appear  to  be  favorably  influ- 
enced by  such  a  climatic  combination  are  inflammatory 
affections  of  the  respiratory  organs  other  than  phthisis, 
especially  bronchitis.  Chronic  renal  disease  may  also  do 
well  in  such  a  climate,  although  the  humidity  is  not  a 
particularly  favorable  factor.  A  very  charming  descrip- 
tion of  the  scenery  of  the  Scilly  Islands  will  be  found  in 
Sir  Walter  Besant's  "  Amorel  of  Lyonnesse." 

Several  other  resorts  in  Cornwall  and  Devonshire,  pos- 
sessing somewhat  similar  climatic  features,  may  be  men- 
tioned in  this  connection.  On  the  south  coast  are  Fal- 
mouth, Marazion,  Torquay,  Sidmouth,  and  other  small 
resorts.  On  the  north  coast  are  St.  Ives,  Newquay, 
Tintagel,  and  Boscastle  in  Cornwall,  and  Ilfracombe, 
Lynmouth,  and  Lynton  in  Devonshire.  The  resorts  on 
the  north  coast  are  frequented  only  in  the  spring,  sum- 
mer, and  autumn. 
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Edward  0.  Otis. 

PEPPER,  or  BLACK  PEPPER— Piper,  U.  8.  P. ;  Pi- 
per Nigrum,  Br.  P.  The  dried,  nearly  ripe  fruit  of  Piper 
nigrum  L.  (fam.  Piperacece). 

The  pepper  plant  is  a  native  of  India,  but  commercial 
pepper  is  wholly  the  product  of  cultivated  plants,  and 
comes  chiefly  from  the  East  Indies,  that  of  Penang  being 
preferred.  The  plant  is  a  woody  climber,  and  is  trained 
chiefly  to  the  betel  tree.  The  fruits  are  produced  in 
aments,  somewhat  resembling  strings  of  currants.  Upon 
ripening  they  turn  first  red,  then  yellow.  After  the  lat- 
ter change  their  properties  are  largely  lost.  They  are 
therefore  gathered  and  dried  when  they  begin  to  change 
color.  ,/       o  o 


Dbscbiption. — About  4  mm.  (^in.)  in  diameter,  nearly 
globular,  blackish,  very  strongly  reticulate-wrinkled, 
bearing  a  low  style'base  at  the  summit  and  consisting  of 
a  thin  fleshy  pericarp  and  a  crustaceous,  whitish  puta- 
men  containing  a  more  or  less  undeveloped  seed;  odor 
characteristic,  strong;  taste  strongly  aromatic  and  pun- 
gent. 

A  transverse  section  of  pepper  shows  a  layer  of  large 
resin  cells  near  the  surface,  and  beneath  this  a  soft  paren- 
chyma (shrivelled  in  the  dry  state)  containing  starch  and 
oil  drops.  The  inner  portion  of  the  pericarp  contains 
large  oil  cells  and  the  seed  shows  brownish  masses  of 
amorphous  piperin. 

Piper  Album,  or  White  Pepper,  is  pepper  with  most  or 
all  of  the  fleshy  portion  removed,  either  before  drying  or 
by  subsequent  grinding.  One  variety  consists  of  the 
very  young  fruit  dried  entire.  Its  pungency  varies  ac- 
cordingly. If  nearly  ripe  when  gathered,  it  is  less  pun- 
gent than  it  is  when  the  innermost  layers  of  the  sarcocarp 
have  been  rubbed  or  ground  away,  since  these  are  rich 
in  the  active  constituent. 

Composition. — The  pungency  of  pepper  is  due  to  the 
presence  of  ten  or  twelve  per  cent,  of  soft,  very  sharp- 
tasting  resin,  which  is  contained,  as  indicated  above, 
mostly  in  the  cells  just  beneath  the  surface.  An  essential 
oil  of  clear  white  color,  having  the  full  fragrance  of  the 
spice  without  its  biting  taste,  exists  to  the  extent  of  one 
or  more  per  cent.  The  third  and  most  peculiar  ingredient 
is  the  neutral,  crystalline,  tasteless,  and  inodorous  sub- 
stance piperin,  which  exists  to  the  extent  of  from  two  to 
eight  per  cent.  It  was  discovered  by  Oerstedt  in  1819. 
Piperin  is  scarcely  soluble  in  water,  but  dissolves  moder- 
ately well  in  chloroform,  ether,  and  alcohol;  at  212°  F. 
it  melts  to  a  yellow,  oily  liquid.  Besides  these,  starch, 
mucilage,  and  albuminous  matters  are  found,  as  in  other 
vegetable  tissues. 

Action  and  Use. — Applied  to  the  skin,  pepper  is  rube- 
facient, and  finally  painfully  irritant.  It  is  occasionally 
sprinkled  over  the  surface  of  other  applications  for  this 
effect.  In  water  it  is  a  popular  but  painful  gargle  for 
"sore  throat."  Taken  internally,  it  is  in  small  doses  a 
stimulant,  in  large  ones  an  irritant  to  the  stomach — that 
is,  it  acts  like  most  other  spices.  It  has  been  given  as  a 
specific  in  the  treatment  of  hemorrhoids,  but  is  out  of 
use  for  this  purpose.  As  an  antiperiodic  it  is  also  obso- 
lete, although  piperin  is  occasionally  mentioned  in  this 
connection.  Whole  peppers  were  formerly  swallowed  for 
the  cure  of  some  cases  of  dyspepsia.  Dangerous  symp- 
toms— "  rigors,  convulsions,  and  delirium  " — have  been 
said  to  follow  the  immoderate  use  of  pepper  (Phillips). 
Although  a  typical  spice,  pepper  is  much  less  em- 
ployed in  medicine  than  ginger,  cardamon,  and  cinna- 
mon. 

Administration. — For  dyspeptics  or  others  needing 
spices,  there  is  no  better  way  than  to  eat  it  on  the  food, 
or  if  a  larger  quantity  is  indicated  than  is  agreeable  to 
the  taste,  0.5  gm.  (gr.  vij.)  or  less  may  be  given  in  pills 
or  in  a  bolus,  with  honey,  two  or  three  times  a  day ;  or 
four  or  five  drops  of  the  oleoresin  (Oleoresina  Piperis, 
U.  S.  P. ,  strength  about  f )  may  be  taken  if  a  more  com- 
pact and  stronger  dose  is  needed.  Dose  of  piperin,  0.5 
gra.  or  less. 

Allied  Plants. — The  genus  is  a  very  large  one,  of  six 
hundred  species,  of  exclusively  tropical  plants,  mostly 
shrubs,  and  frequently,  like  the  present  one,  climbers. 
Many  of  them  have  pungent  fruits.  P.  officinarum  Cas., 
D.  C,  and  P.  longum  Linn.,  are  the  sources  of  "  long  pep- 
per," which  comes  in  compact  spikes  one  or  two  inches 
(2-5  cm.)  long,  and  aboUt  a  sixth  (0.5  cm.)  in  diameter. 
Its  constituents  are  identical  with  those  of  the  above,  but 
its  flavor  and  strength  are  inferior.  Long  pepper  is  never 
sold  at  retail  in  this  country,  yet  it  is  a  common  article 
in  wholesale  houses;  it  is  probably  used  as  an  adulterant 
of  black  pepper.  P.  ietle  Linn,  is  an  East  Indian  vine 
whose  leaves  are  chewed  with  areca  nuts  as  a  masticatory 
(or  a  habit)  by  many  aboriginal  tribes  of  the  great  Poly- 
nesian Islands  (see  also  Cvieb,  Matico,  and  Kava) 

W.  P.  Bolles. 
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PEPPERM\NT.— Mentha  Piperita.— "The  dried  leaves 
and  tops  of  Mentha  Piperita  L.  (fam.  Labiatce),"  U.  S.  P. 
Peppermint  is  a  slender,  nearly  smooth,  perennial  herb, 
native  of  Europe,  widely  naturalized  in  temperate  regions 
and  cultivated  upon  a  great  scale  for  the  herbage,  for 
culinary  uses,  for  flavoring  and  perfuming,  for  medicinal 
employment,  and  for  the  distillation  of  its  oil  and  the 
preparation  of  menthol.  It  spreads  by  runners,  produc- 
ing frequently  dense  beds  of  slender  stems  about  a  yard 
long,  ascending  from  a  prostrate  rooting  base,  quadrangu- 
lar, frequently  purplish,  and  bearing  leaves  and  flowers 
described  below.  The  stems  and  leaves  are  very  spar- 
ingly and  obscurely  hairy,  the  hairs  short  and  stout,  usu- 
ally containing  menthol  crystals  in  one  or  more  cells ; 
leaves  opposite;  exstipulate,  petioled,  the  petioles  winged 
toward  the  summit,  the  blades  usually  less  than  5  cm. 
(2  in.)  long  and  about  half  as  broad,  ovate,  with  the 
rounded  base  very  abruptly  produced  into  the  petiole, 
acute,  sharply  serrate,  thin,  wrinkled,  of  a  briglit  and 
usually  light  green ;  flower  spikes  oblong  or  oval,  1-2  cm. 
(t~l  in.)  broad,  with  rounded  summit,  dense,  or  somewhat 
interrupted  at  the  base;  flowers  about  6  mm.  d  in.)  long, 
the  calyx  tubular,  ten-nerved,  scarcely  two-lipped,  five- 
toothed  ;  corolla  light  purple,  nearly  equally  four-lobed, 
or  one  lobe  (consisting  of  two  united)  a  little  larger; 
stamens  four,  short,  equal ;  fruit  of  four  ovoid,  smooth 
nutlets ;  odor  strong,  but  not  heavy,  characteristic ;  taste 
characteristic,  pungent,  and  cooling. 

The  leaves  bear  numerous  globular  oil  glands  and  slen- 
der, several-celled  hairs  which  often  contain  menthol 
crystals. 

The  drug  contains,  with  a  little  tannin,  about  one  per 
cent,  of  a  volatile  oil,  which  is  tlie  active  constituent,  is 
official  under  the  title  Oleum  Mentha  PiperitcB,  and  is  de- 
scribed as  follows  in  the  Pharmacopoeia : 

A  colorless,  yellowish,  or  greenish-yellow  liquid,  be- 
coming darker  and  thicker  by  age  and  exposure  to  the 
air,  having  the  characteristic,  strong  odor  of  peppermint, 
and  a  strongly  aromatic,  pungent  taste,  followed  by  a 
sensation  of  cold  when  air  is  drawn  into  the  mouth. 
Specific  gravity,  0.900-0.930  at  15°  C.  (59°  F.). 
The  oil  does  not  fulminate  with  iodine. 
It  forms  a  clear  solution  with  an  equal  volume  of  alco- 
hol, becoming  turbid  when  somewhat  further  diluted,  and 
is  soluble,  in  all  proportions,  in  carbon  disulphide,  and  in 
glacial  acetic  acid. 

The  alcoholic  solution  of  the  oil  is  neutral  to  litmus 
paper. 

If  five  drops  of  the  oil  be  added  to  1  c.c.  of  glacial 
acetic  acid,  and  the  mixture  gently  warmed,  the  liquid 
will  assume  a  blue  color,  with  a  red  fluorescence. 

If  2  c.c.  of  the  oil  be  mixed  with  1  c.c.  of  glacial  acetic 
acid,  and  one  drop  of  nitric  acid  added,  the  liquid  will 
soon  acquire  a  green,  greenish-blue,  blue,  or  violet  tint 
with  a  copper-red  fluorescence. 

If  1  c.c.  of  the  oil  be  dissolved  in  5  c.c.  of  alcohol,  0.5 
gm.  of  sugar  and  1  c.c.  of  hydrochloric  acid  added,  and 
the  mixture  gently  heated,  a  deep  blue  or  violet  color 
will  gradually  be  produced. 

If  to  5  c.c.  of  nitric  acid  one  drop  of  the  oil  be  added, 
and  the  mixture  gently  agitated,  and  allowed  to  stand 
for  about  three  hours,  it  should  have  a  yellowish,  but 
not  a  bright  red,  color  (absence  of  oil  of  camplwr  and  of 
oil  of  sassafras). 

If  a  portion  of  the  oil,  contained  in  a  test  tube,  be 
placed  in  a  freezing  mixture  of  snow  (or  pounded  ice)  and 
salt  for  fifteen  minutes,  it  should  become  cloudy  and 
thick,  and  after  the  addition  of  a  few  crystals  of  men- 
thol, being  still  exposed  to  cold,  it  should  soon  form  a 
crystalline  mass  (distinction  from  dementhoUzed  oil). 

When  heated  on  a  water-bath,  in  a  flask  provided  with 
a  well-cooled  condenser,  the  oil  should  not  yield  a  distil- 
late having  the  characters  of  alcohol. 

This  oil  contains  as  its  active  portion  the  peculiar  sub- 
stance menthol,  considered  separately  under  that  title. 
A  good  article  has  been  found  to  contain  about  sixty  per 
cent,  of  total  menthol,  about  one-fourth  of  it  occurring 
as  ester,  the  remainder  free.     However,  the  percentage 


and  composition  of  the  oil,  as  produced  in  diflierent  coun- 
tries, and  even  in  diflierent  parts  of  the  same  country,  va- 
ries widely,  not  only  as  to  the  percentages,  but  even  as 
to  the  nature,  of  the  compounds. 

Action  and  Use.— Notwithstanding  that  menthol  is 
the  active  constituent  of  peppermint  and  its  oil,  yet  the 
action  and  uses  of  the  latter  and  of  that  constituent  re- 
quire separate  consideration. 

Peppermint  and  its  oil  are,  from  their  taste  and  agree- 
able action,  the  most  generally  liked  of  all  the  mints,  if 


Fis.  3793.  —  Peppermint    Plant.     About    one-hall    natural    size. 
(Balllon.) 

not  of  all  carminatives.  This  oil  is  warming  and  stimu- 
lating to  the  stomach,  very  seldom  irritating.  It  is  a 
favorite  household  remedy  for  nausea,  flatulence,  and 
colic ;  applied  to  the  skin  and  evaporation  prevented,  it 
is  a  mild  stimulant,  useful  in  neuralgia  and  rheumatism ; 
applied  to  the  forehead  and  temples  it  produces  a  grate- 
ful, cooling  feeling,  with  a  little  tingling  that  occasion- 
ally relieves  slight  headaches;  this  property  is  mostly 
due  to  the  menthol  it  contains.  The  most  common  em- 
ployment of  peppermint  oil  by  physicians,  however,  is  as 
a  flavor,  vehicle,  or  adjuvant  of  other  medicines,  espe- 
cially of  cathartics,  whose  griping  it  undoubtedly  dimin- 
ishes. Like  most  mints,  peppermint  is  frequently  used 
in  hot  infusion  in  colds,  etc.     It  is  also  a  favorite  flavor 

for  f 9.TldlGS 

The  powdered  drug  is  sometimes  given  in  doses  of  1-3 
gm.    (gr.   xv.-xxx.).     There  is,  properly  speaking,  no 
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official  preparation  of  it,  though  the  official  spirit  con- 
tains one  per  cent.  It  is  often  given  in  the  form  of  the 
infusion.  The  common  form  of  administration  is  that  of 
the  oil  (dose  1-5  m.),  or  of  the  following  preparations  of 
it:  The  Spirit  or  Essence  (Spiriius  Mentha  Piperita)  con- 
tains ten  per  cent,  of  the  oil,  and  there  is  three  and  a 
half  per  cent,  of  it  in  the  popular  mixture  of  rhubarb 
and  soda.  The  dose  of  the  spirit  is  0.3-1  c.c.  ( m  v.-xv.). 
Peppermint  water  (Aqua  MenthcB  Piperitoi)  contains  0.3 
per  cent,  of  the  oil  and  is  given  in  doses  of  15-60  c.c. 
(tl.  §  ss.-ij.).  The  official  troches  each  contain  0.01  c.c. 
(about  m  I)  of  the  oil.  Henry  H.  Busby. 

PEPSIN.— PepsmMm,  U.S.  P.  "  A  proteolytic  ferment 
or  enzyme  obtained  from  the  glandular  layer  of  fresh 
stomachs  from  healthy  pigs,  and  capable  of  digesting 
not  less  than  three  thousand  times  its  own  weight  of 
freshly  coagulated  and  disintegrated  egg  albumen  when 
tested  by  the  process  given  below." 

Our  present  knowledge  and  conception  of  pepsin  have 
been  arrived  at  by  the  inevitable,  slow,  intermittent 
progress  in  science,  marked  by  brilliant  epochs  and  re- 
tarded and  clouded  by  faulty  and  incomplete  observa- 
tions and  erroneous  theories.  The  investigation  of  fer- 
ments and  ferment  action  has  necessarily  involved  the 
whole  field  of  problem  and  inquiry  in  biology.  The  his- 
tory of  pepsin,  therefore,  is  found  in  the  voluminous  re- 
corded labors  of  a  host  of  workers.  In  briefest  possible 
mention  it  begins  perhaps  with  the  first  perception  by 
Borelli,  three  centuries  ago  (1608-1679),  of  the  existence 
of  secreting  glands  in  the  stomach  and  of  the  value  of 
gastric  juice;  then  the  studies  of  the  gastric  juice  of  re- 
gurgitating birds,  which  established  the  independence  of 
digestion  of  mechanical  power  (an  early  theory)  and  of 
chemical  change  produced  on  food  (Reaumur,  1752).  In 
1772  Hunter's  observations  established  the  fact  of  the 
post-mortem  digestion  of  the  stomach  by  its  own  juices. 
It  was  in  1783  that  the  first  demonstration  in  vitro  with 
pure  animal  gastric  juice  obtained  by  ingenious  devices 
from  living  animals  (Spallanzani)  was  made.  At  about 
this  time  also  were  made  the  first  recorded  clinical  re- 
searches in  regard  to  gastric  juice  as  a  surgical  solvent 
and  as  an  internal  remedy — researches  which  were  in- 
spired by  Spallanzani  and  made  by  his  colleagues,  Jurine, 
Carminati,  Senebier,  and  others.  Many  interesting  and 
singularly  clear  and  detailed  observations  are  recorded  in 
relation  to  the  gastric  juice  of  beasts  and  birds,  its  prop- 
erties, behavior  with  various  foods,  etc.,  and  its  action 
when  used  as  a  topical  application;  and  it  was  observed 
to  have  the  power  "  to  remove  all  disagreeable  smell  from 
fetid  ulcers,  to  give  them  a  clean  appearance,  to  change 
the  quantity  and  quality  of  suppurative  matter,  and 
obtain  a  speedy  cicatrization."  It  was  employed  thus 
successfullj'  for  tumors,  ulcers,  gangrene,  old  sores,  ab- 
scesses, etc.,  and  internally  with  benefit  in  "weakness  of 
the  stomach  and  all  those  affections  produced  by  faults 
in  this  fluid  and  particularly  by  its  diminution  in  point 
of  quantity  and  energy  for  the  purpose  of  digestion." 
Very  remarkable  effects  were  particularly  noted  in  a  "  case 
of  gradual  emaciation  with  continual  nausea  and  vomit- 
ing." 

In  1834  Prout,  Tiedemann,  and  Gmelin  discovered  hy- 
drochloric acid  in  the  gastric  juice.  In  1834  Beaumont 
made  his  classical  observations,  and  drew  the  faulty  con- 
clusion that  gastric  juice  was  the  sole  digestive  fluid  and 
formed  gastrites  with  food.  In  the  same  year  an  impetus 
vt'as  given  to  the  study  of  gastric  juice  by  Eberle's  sugges- 
tion and  use  of  infusions  from  the  stomach  glands.  This 
led  to  the  brilliant  and  careful  researches  of  Schwann 
(1836)  upon  the  active  principle  of  the  gastric  juice — its 
behavior,  theory  of  action,  method  of  separation,  etc. 
He  gave  to  this  principle  the  name  "pepsin."  In  1843 
Lehmann  published  his  theories  as  to  the  protein  nature 
and  cellular  origin  of  pepsin,  and  its  action  in  the  trans- 
formation of  albuminoids  into  absorbable  substances. 
Wasmann  also  put  forward  at  the  same  time  the  theory 
that  pepsin  is  the  granular  matter  of  the  cell  or  the  sub- 
stance from  which  it  is  formed.     In  1857-58  Corvisart 
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and  Beale  suggested  the  use  of  pepsin  itself  in  medicine. 
In  1864  Hoppe-Seyler  classified  the  various  forms  of  pro- 
teids  according  to  their  solubility  and  precipitability  by 
various  neutral  alkali  salts,  this  classification,  by  reason 
of  the  similarity  of  pepsin  in  these  respects  to  other  pro- 
teids,  leading  to  the  present  methods  by  which  pepsin  is 
produced  by  these  reagents.  Schefler's  suggestion  and 
development  of  sodium  chloride  as  a  pepsin  precipitant 
were  inspired  by  his  observations  of  this  reaction  of  pro- 
teins. 

Pepsin  is  now  produced  from  the  stomach  with  the  same 
facility  as  quinine  is  made  from  bark;  for,  in  view  of  its 
peculiar  origin  and  nature  and  susceptibilities  on  the  one 
hand,  it  is  singularly  capable  of  extraction  and  utilization 
in  a  practical  way  as  an  article  of  commerce.  During 
the  last  half  of  the  twentieth  century,  with  its  accurate, 
scientific  methods  of  research,  and  especially  during  the 
past  thirty  years  in  which  pepsin  has  been  increasingly 
utilized,  it,  as  well  as  the  gastric  extract  and  gastric  juice 
itself,  has  been  the  subject  of  elaborate  investigation,  and 
we  have  now  exhaustive  data  concerning  pepsin  from  a 
pharmaceutical  standpoint. 

Great  therapeutic  interest  attaches  to  the  very  recent 
methods  of  Pawlow  for  obtaining  pure  gastric  juice  from 
the  living  animal  (dog),  to  his  profound  studies  thereof, 
and  to  the  free  administration,  by  Fremont  and  his  col- 
leagues, of  this  juice  in  cases  of  disease  of  the  stomach. 
They  gave  it  in  quantities  that  sometimes  amounted  to 
as  much  as  500  c.c.  per  day,  and  the  results  which  they 
obtained  were  at  times  brilliant.  They  also  used  gastric 
juice  as  a  topical  application,  noting  its  solvent,  healing 
and  sedative  action ;  this  latter  .quality  was  also  attiib- 
uted  to  it  when  administered  internally.  Fremont  con- 
siders this  animal  gastric  juice  to  be  especially  adapted 
to  all  cases  of  hyposecretion  of  the  stomach,  whether  re- 
sulting from  glandular  ulceration,  from  acute  or  chronic 
infection,  or  from  disease  of  the  liver,  heart,  lungs,  and 
nerve  centres.  Under  its  Influence  dyspeptic  phenomena 
have  disappeared  more  or  less  promptly,  and  a  remark- 
able gain  in  weight  and  strength  has  taken  place.  Pa- 
tients who  have  suffered  acutely  from  dyspepsia,  and 
who  have  become  extremely  emaciated,  have  also  ob- 
tained complete  and  permanent  relief  under  the  use  of 
the  remedy. 

Pawlow  especially  calls  attention  to  the  fact  that  gas- 
tric juice  is  now  pharmaceutical ly  available  as  a  clinical 
agent.  Others  have  argued  that  with  a  corresponding  free 
use  of  pepsin  and  acid  similar  results  may  be  obtained. 

Inasmuch  as  the  healthy  stomach  of  recently  killed 
animals  affords  a  resource  for  gastric  juice  in  a  very  con- 
centrated form,  rendered  perfectly  pure  by  simple  means 
of  clarification  and  filtration,  sterile,  and  free  from  objec- 
tionable odor  and  taste,  there  is  good  ground  for  the  pre- 
sumption that  the  fullest  therapeutic  possibilities  of  the 
gastric  juice  maybe  realized  without  the  elaborate  meth- 
ods resorted  to  in  obtaining  the  secretion  from  the  living 
animal.  These  observations,  which  represent  the  last 
word  of  modern  achievement  in  this  particular  field,  give 
great  interest  and  significance  to  the  early  discoveries  of 
Spallanzani  and  his  colleagues,  and  to  the  fact  that  they 
attracted  no  further  attention  and  were  thus  barren  of 
result. 

Pepsin  is  found  in  the  gastric  cells  of  all  animals,  but 
the  gastric  juice  of  the  carnivorals  much  more  powerful 
in  proteolytic  action.  Pepsin  itself,  however,  has  no 
particular  degree  of  energy  or  peculiarity  of  action  from 
any  particular  source ;  its  "  strength  "  is  strictly  in  ratio 
to  its  degree  of  isolation  from  the  associated  non-peptic 
material  of  the  gastric  cell  or  juice,  and  from  the  agents 
used  in  its  separation  therefrom.  The  pepsin  obtained 
from  one  creature,  therefore,  is  not  stronger  than  that 
obtained  from  another.  In  the  gastric  juice  of  the  dog, 
it  is  to  be  noted  that  the  pepsin  is  associated  with  a  pe- 
culiarly high  percentage  of  HCl. 

Pepsin  is  normally  associated  also  with  another  distinct 
ferment— the  milk-curdling  enzyme— which  is  very  ener- 
getic in  the  suckling  animal.  The  ultimate  composition 
of  pepsin,  the  method  of  its  elaboration  from  the  cell  the 
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mode  of  its  action,  and  its  relation  to  the  other  constitu- 
ents of  the  gastric  juice,  proteid,  hydrochloric  acid,  and 
inorganic  salts,  have  been  the  subject  of  laborious  re- 
search and  of  speculation,  and  are  receiving  increased 
attention  in  the  progress  and  practical  interest  of  biologi- 
cal study. 

Pepsin  is  a  soluble,  unorganized  ferment,  an  enzyme, 
having  the  property  of  converting  native  proteids  into 
soluble,  highly  diSusible,  non-coagulable  proteids.  Its 
action  is  exerted  only  in  an  acid  medium,  most  freely  in 
the  presence  of  0.2  per  cent,  absolute  acid,  slight  varia- 
tions from  this  not  sensibly  influencing  its  action ;  if  the 
proportion  of  acid,  however,  be  materially  increased— 
say,  to  0.3  per  cent.— the  enzyme  is  much  enfeebled. 

Pepsin  exerts  freely  its  characteristic  action  in  the 
presence  of  organic  acids  in  general— lactic,  tartaric,  cit- 
ric, etc.  Notwithstanding  the  fact  that  the  ferment  is 
so  closely  and  characteristically  related  to  the  HCl,  the 
mineral  acids  in  general  are  not  favorable  to  its  action, 
phosphoric  being  the  only  one  which  approximates  at 
all  to  the  HCl  in  its  aflSnity  to  the  enzyme ;  nitric  and  ni- 
tro-muriatic  acids  are  distinctly  unfavorable. 

Pepsin  exhibits  considerable  activity  at  a  temperature 
much  below  the  physiological,  converting  albumen 
slowly  even  at  ordinary  room  temperature  (60°-70°  F.), 
and  its  action  is  completely  arrested  only  at  a  temper- 
ature of  about  40°  F.,  and  greatly  accelerated  at  130°- 
130°  P. 

Pepsin  does  not  exist  preformed  in  the  gastric  cell,  but 
f  is  developed  from  the  mother  substance,  pepsinogen,  and 
under  the  influence  of  the  acid  simultaneously  secreted 
in  the  gastric  juice.  This  view  has  for  a  long  time  been 
entertained,  and  very  recently  pepsinogen  has  by  Glaess- 
ner  been  prepared  free  from  pepsin  and  found  to  be  de- 
void of  proteolytic  power.  This  pepsinogen  was  found 
promptly  to  develop  into  pepsin  under  the  influence  of 
both  mineral  and  organic  acids ;  while  oxygen  and  neu- 
tral salts  were  without  effect,  and  alcohol,  ether,  and 
chloroform  proved  destructive. 

"  If  it  be  desired  to  use  a  diluent  for  reducing  pepsin  of 
a  higher  digestive  power  to  that  required  by  the  Pharma- 
copoeia, sugar  of  milk  should  be  employed  for  this  pur- 
pose. 

"A  fine,  white,  or  yellowish- white,  amorphous  powder, 
or  thin,  pale  yellow  or  yellowish,  transparent  or  translu- 
cent grains  or  scales,  free  from  any  oSensive  odor,  and 
having  a  mildly  acidulous  or  slightly  alkaline  taste,  usu- 
ally followed  by  a  suggestion  of  bitterness.  It  slowly 
attracts  moisture  when  exposed  to  the  air. 

"Soluble,  or  for  the  most  part  soluble,  in  about  one 
hundred  parts  of  water,  with  more  or  less  opalescence ; 
more  soluble  in  water  acidulated  with  hydrochloric  acid ; 
insoluble  in  alcohol,  ether,  or  chloroform. 

"  On  heating  a  solution  of  pepsin  in  acidulated  water 
to  100°  C.  (313°  F.)  it  becomes  milky,  or  yields  a  light, 
flocculent  precipitate,  and  loses  all  proteolytic  power. 
In  a  dry  state  it  can  bear  this  temperature  without  in- 
jury. 

"  Pepsin  usually  has  a  slightly  acid  reaction.  It  may 
be  neutral,  but  should  never  be  alkaline." 

Pepsinum  Saceliaratum,  U.  8.  P. — "Pepsin  triturated 
with  milk  sugar  in  such  proportion  that  the  resultant 
saccharated  product  shall  digest  three  hundred  times  its 
own  weight  of  coagulated  egg  albumen  under  the  United 
States  Pharmacopoeia  method  of  valuation  for  pepsin." 

Pepsin  of  the  British  Pharmacopoeia  is  of  1-3,500 
strength.  The  United  States  Pharmacopoeia  method  of 
valuation  (that  of  the  British  Pharmacopoeia  is  similar)  in 
brief  is  this:  0.003  gm.  of  pepsin  is  required  completely 
to  digest  10  gm.  of  hard-boiled  comminuted  egg  albumen 
in  100  c.c.  of  a  0.8-per-cent.  solution  of  absolute  HCl 
in  distilled  water,  the  mixture  maintained  at  a  tempera- 
ture of  100°-104°  F.  for  six  hours,  and  the  flask  shaken 
gently  every  fifteen  minutes.  At  most  only  a  few  thin, 
insoluble  flakes  should  be  left.  Pepsin  fluids  must  be 
assayed  according  to  the  United  States  Pharmacopoeia 
method,  the  conditions  prescribed  being  strictly  adhered 
to,  but  use  being  made  of  a  corresponding  proportion  of 


the  fluid  to  represent  the  amount  of  ferment  necessary  to 
digest  the  10  gm   of  albumen. 

_  Pepsin  of  the  United  States  Pharmacopoeia  and  Brit- 
ish Pharmacopoeia  requirements  is  obtained  by  precipi- 
tation, with  neutral  salts,  of  the  alkalies  from  purified 
infusions  of  the  fresh,  healthy  stomach  glands,  and  the 
precipitate  purified  by  mechanical  means— by  reprecipi- 
tation  and  dialysis.  By  this  means  mucus  is  wholly,  and 
non-peptic  proteids  and  peptones  well,  separated.  The 
rationale  of  the  process  will  appear  in  the  consideration 
of  the  nature  and  behavior  of  the  enzyme. 

No  ofiicial  method  is  given  in  the  United  States  Phar- 
macopoeia or  in  the  British  Pharmacopoeia;  their  stan- 
dards make  obsolete  the  cruder,  earlier  forms.  It  is  to  be 
regretted  that  European  standards  are  so  greatly  inferior, 
for  a  uniform,  definite,  adequate  pharmacopceial  stand- 
ard for  pepsin  of  commerce  is  absolutely  essential.  In 
the  past  pepsin  has  been  too  commonly  of  insignificant 
value— even  inert ;  and  variable  and  apparently  confiict- 
ing  results  and  theories  are  inevitable  when  pepsin  still 
means  in  various  countries  a  product  of  from  1  to  40  to 
1  to  3,000  standard;  moreover,  there  are  offered  in  com- 
merce, in  the  United  States,  pepsins  of  even  stated  diges- 
tive value  below  the  obligatory  pharmacopaial  standard. 

Both  physiological  and  chemical  data  almost  irresis- 
tibly lead  to  the  conclusion  that  pepsin  is  a  nucleo-pro- 
teid  and  sharply  distinguished  from  all  other  forms  of 
proteid  by  its  proteolytic  action,  exhibited  under  condi- 
tions which  are  in  themselves  incapable  of  effecting  these 
chemical  changes  without  the  intervention  of  the  enzyme. 
The  degree  of  isolation  of  pepsin  is  necessarily  only  to 
be  judged  by  the  energy  of  the  product  which  is  ob- 
tained by  the  exclusion  of  foreign  substances  capable  of 
separation  and  identification  by  chemical  processes  and 
dialysis.  The  enzyme  so  far  isolated  exhibits  the  char- 
acteristic behavior  of  a  nucleo-proteid.  It  is  freely  soluble 
in  water,  is  non-dialyzable,  readily  precipitated  by  the 
neutral  salts  of  the  alkalies  and  by  strong  alcohol  in  ex- 
cess, and  is  coagulated  in  solution  at  160°  F.  both  in  neu- 
tral and  in  acid  media ;  it  is  destroyed  in  solution  at  this 
temperature  (160°  F.)  which,  it  is  interesting  to  note,  is 
the  coagulatitig  point  of  albumen  and  destructive  to 
organized  ferments;  it  is  destroyed  in  alkaline  solutions 
at  any  temperature ;  its  action  is  strongly  influenced  by 
various  reagents  which  do  not  in  themselves  effect  any 
known  change  in  the  enzymic  substance;  and,  finally, 
when  once  destroyed  its  vitality  cannot  be  restored  by 
any  means  whatever.  A  striking  example  of  its  physio- 
.  logical  relations  is  found  in  its  behavior  with  common 
salt ;  the  presence  of  sodium  chloride  in  so  small  a  quan- 
tity as  one  per  cent,  of  the  digesting  mass  completely 
retards  digestion  in  vitro,  yet  we  have  the  fact  that  pep- 
sin may  be  precipitated  by  means  of  common  salt  (in 
saturated  solution),  and  kept  in  contact  with  it  for  a  long 
time  without  impairment  of  its  activity. 

The  most  perfectly  isolated  pepsin  yet  produced  is 
found  to  be  a  nitrogenous  body  with  the  chemical  consti- 
tution of  a  proteid,  and  this  pepsin-proteid  contains  phos- 
phorus and  iron  like  other  nuclein  bodies.  The  fact,  then, 
that  the  chemical  composition  of  pepsin  remains  yet  to 
be  absolutely  established  is  of  little  significance  from  a 
therapeutic  standpoint,  for  it  imposes,  in  the  light  of  all 
the  material  and  important  facts  known,  no  limitations 
upon  the  complete  utilization  of  the  enzyme. 

The  physiological  test  for  pepsin  is  as  conclusive  and 
reliable  as  any  chemical  test  by  which  we  establish  the 
presence  or  identity  of  any  chemical  substance.  It  is 
Ijy  the  physiological  test  that  we  readily  measure  the 
strength  of  any  specimen  of  pepsin ;  and  it  is  by  it,  fur- 
thermore, that  we  have  determined  the  influence  of  me- 
dicinal and  food  substances  upon  pepsin,  and  have  gained 
accurate  data  as  to  the  conditions  which  are  favorable  and 
unfavorable  to  its  action  or  destructive  to  the  life  of  the 
enzyme.  These  data  clearly  reveal  that  physiological 
considerations  are  as  conclusive  in  relation  to  the  enzymes 
as  are  chemical  reactions,  both  in  theory  and  in  practice, 
in  relation  to  the  use  of  other  agents  of  the  materia  medica. 
Pepsin  behaves  as  a  true  ferment  whose  peculiar  form 
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of  energy  is  capable  of  liberating  latent  energy  in  com- 
plex labile  substances — the  proteids,  breaking  tliem  down 
into  simpler,  more  stabile  bodies.  We  have  had  the 
statements  tliat  pepsin  actually  loses  its  activity  in  this 
process,  and  that  it  remains  unaltered.  There  can  be  no 
doubt,  liowever,  that  pepsin  undergoes  no  change  in 
exerting  its  energy,  for  this  is  readily  demonstrated. 

A  pepsin  having  been  subjected  to  the  usual  digestive 
test — upon  acid  albumin  mixture — may  be  made  repeat- 
edly to  exhibit  its  action  upon  the  addition  of  fresh  vol- 
umes of  water  and  albumin  and  wlien  tlie  requisite  per- 
centage of  acid  is  maintained,  thns  preventing  saturation 
of  the  digestive  fluid  with  the  soluble  products  formed. 
In  this  way  the  writer  has  found  pepsin  to  digest  several 
himdred  thousand  times  its  own  weight  of  albumen  with- 
out exhaustion  of  energy.  Interesting  as  this  may  be  as  to 
the  marvellous  power  of  the  enzyme,  it  seems,  however, 
to  be  without  therapeiitic  bearing,  in  view  of  the  fact 
that  the  gastric  juice  is  normally  discharged  into  the  in- 
testine with  the  completion  of  the  stomach  digestion. 

Pepsin  in  the  dry  form,  if  non-hygroscopic,  retains  its 
vitality  for  years  at  ordinary  temperature.  In  solution 
it  may  be  readily  preserved  without  serious  impairment ; 
alcohol  and  glycerin  combined  form  the  best  preserva- 
tives, from  both  the  medicinal  and  the  pharmaceutical 
standpoints;  for  general  use,  about  fifteen  per  cent,  abso- 
lute alcohol  and  glycerin  'being  the  amount  required. 
The  anhydrous  glycerin  does  not  readily  take  up  the 
enzyme;  when  diluted  with  water,  to  the  extent  of  about 
forty  per  cent.,  it  affords  a  useful  veliicle.  Elixirs,  es- 
sences, and  glycerites  are  commonlj'  and  very  conven- 
iently made  with  pepsin.  There  is  no  pharmacopoeial 
method  or  standard  for  these  products ;  they  are  variable, 
and  distinctly  inferior  in  therapeutic  utility  to  fluids 
made  directly  from  the  fresli  stomach. 

Chemical  preservatives — ^salicylic  acid,  boric  acid,  etc. 
— are  obviously  objectionable.  Absolute  alcohol  precip- 
itates pepsin,  and  by  long  contact  distinctly  weakens  it ; 
but  the  presence  of  alcohol  up  to  about  fifteen  per  cent, 
exerts  no  sensible  influence  upon  the  ferment,  the  en- 
zyme being  freely  extracted  by  such  hydro-alcoholic 
menstruum.  In  mtro  alcohol,  when  it  constitutes  ten 
per  cent,  of  the  medium,  sensibly  affects  the  digesUte  ac- 
tion of  pepsin ;  and  it  checks  this  digestive  action,  not  by 
altering  the  ferment,  but  simply  for  the  reason  that  alco- 
hol is  not  a  competent  medium  for  the  ferment  in  any  par- 
ticular. The  products  of  enzymic  action  are  insoluble  in 
alcohol  and  are  of  lessened  solubility  in  hydro-alcoholic 
media  in  direct  ratio  to  increased  percentage  of  alco- 
hol. This,  however,  concerns  digestion  in  vitro  solely, 
for  alcohol  as  present  in  any  proper  peptic  fluid  be- 
comes in  this  respect  a  negligible  quantity  by  dilution 
with  gastric  content  and  its  free  absorption.  The  in- 
ert or  feeble  nature  of  many  of  the  vinous  and  alcoholic 
preparations  has  been  due  to  the  insignificant  amount 
of  pepsin  actually  contained  in  them  and  not  simply 
to  their  alcohol  content.  The  intimate  relation  of  pep- 
sin to  hydrochloric  acid  has  naturally  led  to  the  impres- 
sion that  this  and  other  mineral  acids  may  be  freely 
admixed  with  the  ferment ;  but  this  is  a  serious  error. 
The  acid  of  the  gastric  juice  is  bound  up  in  a  pecul- 
iar manner  with  the  proteids,  and  thus  the  enzyme 
seems  to  be  protected  from  the  acid,  whereas  pepsin  in 
solution  with  pure  water  and  the  normal  content  of  abso- 
lute HCl  (0,2  per  cent.)  rapidly  deteriorates  at  ordinary 
temperature.  This  constitutes  a  striking  evidence  of  the 
fact  that  a  solution  of  pepsin  and  water  and  HCl  is  not 
gastric  juice ;  it  represents  the  proteolytic  ferment,  and 
exhibits  absolutely  the  proteolytic  action  only  of  the  gas- 
tric juice.  Other  mineral  acids  are  distinctly  injurious 
to  the  ferment  in  any  fluid  form.  It  is  not  possible  to 
mix  a  mineral  acid  in  medicinal  quantity  with  pepsin  in 
afluid  mixture  of  convenient  volume  of  dosage  without 
distinctly  injuring  the  ferment  even  for  extemporaneous 
use ;  while  combined  in  a  percentage  much  above  that  of 
the  gastric  j«ice  content,  such  mixtures  are  distinctly 
incompatible  with  the  normal  activity  of  the  ferment 
and  unsuited  for  pharmaceutical  products.     For  instance. 


if  we  take  five  minims  as  a  moderate  dose  of  oflBcial  dilute 
HCl,  this  in  two  fluidrachms  would  yield  an  acidity  of 
0.42  absolute  HCl,  which  is  twice  the  acidity  of  normal 
gastric  juice  and  fatal  to  the  enzyme. 

Pepsin  fluids  should  have  an  acid  reaction;  but  when 
acids  per  se  are  indicated  medicinally,  it  is  the  best  prac- 
tice to  exhibit  them  separately  by  such  vehicle  and 
means  as  are  most  desirable  in  conjunction  with  the  pep- 
sin preparation.  If  the  preparation  has  an  alkaline  re- 
action, this  is  conclusive  evidence  of  its  inertness. 

Pepsin  is  incompatible  with  bismuth  ammonio-citrate 
in  solution.  If  the  mixture  has  a  neutral  or  an  alkaline 
reaction,  the  ferment  cannot  retain  its  activity;  on  the 
other  hand,  if  it  is  acid,  it  is  impossible  to  maintain  the 
bismuth  in  solution.  Owing  to  the  unstable  and  insolu- 
ble nature  of  the  salt,  its  solution  is  usually  effected  by 
the  addition  of  ammonia,  which  is  obviously  incompati- 
ble with  pepsin.  The  therapeutic  value  of  elixirs  of  pep- 
sin, bismuth,  and  strychnine  necessarily  cannot  be  at- 
tiibuted  in  any  degree  to  pepsin;  devitalized  pepsin 
cannot  in  any  way  add  to  the  value  of  a  medicinal  com- 
pound. 

Pepsin  and  pancreatin  are  incompatible  in  solution,  for 
the  reason  that  if  the  menstruum  be  of  such  acid  nature 
as  to  preserve  the  pepsin,  the  pancreatic  enzyme  will  be 
in  time  destroyed ;  while  if  it  is  neutral  or  feebly  alkaline, 
the  pepsin  will  be  destroyed.  Acid-pepsin  fluids  are  un- 
suitable for  the  admixture  of  all  ferments  except  the 
milk-curdling;  the  pepsin  will  be  the  only  enzyme  of  all 
those  originally  combined  which  will  retain  its  activity. 
Mixtures  of  the  ferments  in  solution  are  readily  subject 
to  recognized  tests  for  the  presence  of  any  one  of  the 
ferments.  If  a  fresh  and  feebly  acid  infusion  of  the 
stomach,  or  solution  of  pepsin,  be  mixed  with  an  aque- 
ous infusion  of  the  pancreas,  each  one  of  the  ferments 
contained  in  this  mixture  may  be  immediately  made  to 
exert  its  peculiar  action  under  the  proper  conditions ;  the 
mixture  will  exhibit  the  digestive  action  of  pepsin,  of 
trypsin,  and  of  diastase.  But  upon  keeping  this  mixed 
ferment  solution  at  ordinary  room  temperature  for  a 
few  weeks,  it  will  be  found  upon  systematic  assay  to 
have  gradually  and  rapidly  deteriorated  in  respect  to  one 
or  another  of  its  ferments. 

The  fact  that  a  number  of  ferments  are  mixed  in  any 
fluid  does  not  in  the  least  interfere  with  the  method  of 
assay  for  testing  or  determining  the  presence  of  any  one 
or  of  each  separate  ferment  in  the  fluid  mixture.  When 
it  is  desired  to  combine  gastric  and  pancreatic  ferments  in 
solution,  thej'  are  best  directed  in  extemporaneous  mixt- 
ure of  preparations  which  have  been  obtained  directly 
from  the  stomach  and  the  pancreas  gland,  and  thus  they 
will  maintain  their  individual  action  for  such  length  of 
time  as  will  ordinarily  be  required  by  the  patient. 

The  therapeutic  use  of  pepsin  is  prejudiced  and  com- 
plicated by  the  prevalence,  in  the  past,  of  inefficient  prod- 
ucts and  incompatible  combinations,  a  condition  which 
does  not  exist  concerning  any  other  agent  or  class  of 
agents  of  the  materia  medica,  owing  to  the  fact  that  with 
the  definite  and  standardized  chemicals  and  galenical 
products  there  has  been  presented  no  such  obstacle  in  es- 
tablishing therapeutic  action  and  scientific  dosage.  The 
increasing  knowledge  and  application  of  physiological 
chemistry  in  therapeutics,  and  the  accumulation  of  labo- 
ratory and  clinical  observations  with  regard  to  the  action 
of  animal  gastric  juice,  have  strongly  confirmed  its  ra- 
tional and  obvious  utility  and  promise,  and  have  ad- 
vanced its  repute  and  use  as  a  therapeutic  agent. 

Pepsin  exhibited  in  adequate  doses  aids  gastric  diges- 
tion, with  effects  apparent  in  the  relief  of  various  dys- 
peptic symptoms  and  in  the  promotion  of  nutrition ;  it 
affords  a  rational  remedy  to  which  the  physician  may 
have  recourse  in  cases  of  feeble  and  readily  disturbed 
digestion.  The  beneficial  effects  of  pepsin  are  not  re- 
stricted alone  to  the  improvement  of  gastric  disorders; 
there  is  abundant  evidence  that  each  step  in  the  chain  of 
digestive  action  is  of  essential  importance,  and  defective 
stomach  digestion  cannot  but  influence  the  entire  diges- 
tive process. 
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The  pancreatic  ferments  attack  with  great  facility  the 
soft  and  partially  converted  proteids  and  starches  in  the 
form  in  which  they  normally  reach  the  intestinal  tract, 
breaking  them  down  into  their  most  soluble  and  diffu- 
sible forms,  and  the  development  of  the  latent  pancreas 
enzymes  waits  upon  the  influence  of  constituents  of  nor- 
mal gastric  juice.  Coagulated  protein  food  in  masses 
is  but  very  slightly  attacked  by  pancreas  juice  in  con- 
trast with  peptic  action,  and  thus  the  complete  conver- 
sion of  food  is  absolutely  dependent  upon  the  interaction 
of  both  gastric  and  intestinal  digestion.  Disorders  even 
of  the  intestinal  tract  are  frequently  benefited  by  the  ad- 
ministration of  pepsin.  Pepsin  in  doses  so  small  as  to 
seem  a  slight  factor  in  the  physiological  process,  and  ad- 
ministered either  just  before  or  immediately  after  eating, 
produces  results  which  can  be  attributed  only  to  the 
theory  advanced  that  it  imparts  an  impetus  to  peptic  se- 
cretion and  action.  Pepsin  is  used  to  promote  the  toler- 
ation of  drugs  which  impair  the  appetite  and  disturb 
digestion.  For  all  these  purposes  the  gastric  juice,  ex- 
tracted directly  from  the  fresh  stomach  in  proper  phar- 
maceutical form,  is  found  most  generally  useful.  This 
preparation  renders  available  at  once  all  the  properties 
of  the  gastric  juice,  both  its  enzymes  (the  peptic  and 
milk -curdling)  and  its  acid  in  proteid  combination — the 
entire  organic  and  inorganic  content  in  natural  associ- 
ation. These  enzymes  are  thus  less  susceptible  to  unfa- 
vorable influence  than  is  the  precipitated  ferment. 

Pepsin  is  given  in  scales,  powder,  tablets,  and  capsules, 
ordinarily  in  doses  of  from  one  to  five  grains;  the  scales 
are  readily  soluble  in  water — plain  or  with  acid ;  the  gly- 
cerite,  especially  the  glycerin  extract  from  the  stomach, 
is  useful,  and  if  properly  prepared  is  far  more  agreeable 
than  the  scale  itself  taken  in  solution.  The  essence  pre- 
pared from  the  gastric  juice  is  the  most  eflicient  and 
agreeable  preparation,  and  its  grateful  qualities  enhance 
the  effect  of  the  digestive  principles  contained  therein. 
The  desired  dose  of  drug,  for  instance  sodium  salicylate 
or  iodide  of  potassium,  is  prescribed  in  the  proportion  of, 
say,  five  grains  to  each  teaspoonful  of  the  essence  of  pep- 
sin, and  this  added  to  two  or  three  tablespoonf  uls  of  warm 
milk  gives  instantly  a  firm  curd.  The  milk  may  be  pre- 
viously sweetened  or  flavored  if  desired,  the  object  being 
to  present  the  drug  in  a  small  bulk  for  convenience;  even 
this  serves  well  to  disguise  the  medicine. 

When  pepsin  is  given  simply  to  piomote  digestion,  it 
should  never  be  administered  in  a  disagreeable  form,  and 
when  given  to  facilitate  the  exhibition  and  therapeutic 
action  of  disagreeable  drugs,  the  essence  is  not  only 
valuable  as  a  vehicle,  but  should  be  given  immediately 
after  the  drug  if  it  is  desired  to  obtain  its  best  effect. 

The  essence  of  pepsin  is  much  used  in  combination 
with  savory,  soluble,  and  diffusible  food  products,  the 
prepared  peptonized  foods,  and  it  should  be  mixed  in 
about  equal  quantities  therewith;  this  combination 
proves  of  peculiar  value  in  acute  forms  of  indigestion  and 
intolerance  of  food ;  in  seasickness,  for  instance,  it  is  es- 
pecially useful.  Essence  of  pepsin  is  also  much  used  in 
combination  with  pure  phenol,  which  is  thus  well  masked 
and  well  borne,  and  this  mixture,  which  is  both  antisep- 
tic and  sedative  to  an  irritable  gastric  mucous  membrane, 
does  not  in  medicinal  proportion  unfavorably  influence 
the  gastric  enzymes. 

The  gastric  juice  essence  is  more  especially  found  ser- 
viceable as  a  drug  vehicle,  and  in  conjunction  with  it 
maximum  doses  of  mercurials,  iodides,  salicylates,  etc., 
are  peculiarly  well  tolerated.  It  is  also  valuable  for  the 
production  of  junket— a  jelly-like,  diffusible  form  of 
pure  milk— which  is  also  a  carrier  of  drugs  which  blend 
with  it  and  thus  lose  much  of  their  disagreeable  taste 
and  effect.  Junket  affords  an  agreeable  and  wholesome 
variety  of  food,  and  is  serviceable  in  convalescence  where 
liquid  foods  have  become  distasteful  and  are  no  longer 
required.     It  is  made  as  follows : 

Junket.— Into  a  clean  saucepan  put  one-half  pmt  of 
fresh,  cool  milk,  heat  it  lukewarm  (not  over  100°  F.); 
then  add  one  teaspoonful  of  essence  of  pepsin,  and  stir 
just  enough  to  mix;  divide  quickly  into  small  cups  or 


glasses  and  let  stand  until  firmly  jellied,  when  the  junket 
is  ready  for  use,  just  as  it  is,  or  with  sugar ;  it  may  be 
placed  on  ice  and  taken  cold. 

Whey, —  ^fter  preparing  the  junket  by  the  above 
method,  let  it  stand  until  firmly  jellied,  then  beat  with  a 
fork  until  it  is  finely  divided ;  now  strain  and  the  whey 
(liquid  part)  is  read}--  for  use ;  keep  in  a  bottle  near  ice. 

Pepsin  digestion  has  long  been  observed  to  effect  the 
solution  of  dead  tissue,  pus,  necrosed  bone,  etc.  The 
availability  of  the  gastric  juice  in  an  active,  sterile,  and 
stable  extract  of  great  potency,  has  recently  led  to  its  ap- 
plication as  a  surgical  solvent  in  the  bladder,  urethra, 
eye,  ear,  nose,  and  throat,  and  in  pus  cases  lin  general — 
sores,  abscesses,  carbuncles,  gangrene,  leg  ulcers,  etc. 
Gastric  juice  is  thus  found  to  possess  peculiar  and  valu- 
able properties  as  a  solvent,  healing,  antiseptic,  deodo- 
rizing, and  sedative  agent.  It  is  painless  in  its  action  and 
incapable  of  attacking  normal  tissue,  and  has  caused 
a  speedy  cure  in  cases  which  were  so  aggravated  as  to 
have  resisted  other  treatment,  thus  rendering  surgical 
interference  unnecessary.  In  genito-urinary  diseases  it 
promises,  from  the  most  conservative  estimate  of  the 
clinical  trial  which  it  has  already  received,  to  afford  a 
remedy  of  great  importance. 

Benjamin  T.  Fairchild. 

PEPTONURIA.     See  Urine,  etc. 

PERFORATING  ULCER  OF  THE  FOOT.— This  is  a 

rare  affection,  caused  by  pressure  or  injury  where  there  is 
a  degenerated  nerve  supply.  It  is  found  in  leprosy,  lo- 
comotor ataxia,  lues,  and  alcoholic  and  diabetic  neuritis. 
The  most  common  location  is  where  there  is  great  press- 
ure, as  over  the  metatarso-phalangeal  articulation  of  the 
great  or  little  toe,  or  over  the  ball  of  the  toes.  Occa- 
sionally there  are  several  lesions  existing  at  the  same 
time  in  one  or  both  feet.  A  similar  condition  may  also 
occur  on  the  hands. 

The  process  is  very  slow.  It  begins  as  a  thickening 
of  the  skin  resembling  a  corn,  under  which  suppuration 
occurs;  and  later,  when  the  horny  plug  is  cast  off,  an  ul- 
cer is  left.  The  destructive  process  extends  downward 
until  it  reaches  the  bone,  which  may  also  become  af- 
fected. The  condition  now  is  more  that  of  a  sinus  than 
of  an  ulcer.  The  skin  surrounding  the  opening  is  usu- 
ally much  thickened,  and  there  may  be  granulations  at 
the  orifice.  The  diseased  parts  are  generally  painless 
and  the  neighboring  parts  are  usually  anesthetic.  Dis- 
tortion of  the  toes,  as  well  as  trophic  changes  in  the  nails, 
may  occur  later;  they  are  usually  accompanied  by  an  in- 
creased growth  of  hair,  pigmentation,  and  hyperidrosis. 
The  patients  frequently  complain  of  coid  feet  and  neural- 
gic pains. 

The  prognosis  is  unfavorable,  even  if  the  lesions  should 
heal,  on  account  of  the  liability  to  recurrence,  which  in 
turn  is  due  to  permanent  nerve  lesions. 

Perforating  ulcer  has  to  be  differentiated  only  from  a 
suppurating  corn,  which  latter  is  painful  and  is  accom- 
panied by  abnormal  sensitiveness  of  the  surrounding  skin. 
In  the  case  of  a  suppurating  corn  the  results  of  surgical 
treatment  are  always  satisfactory. 

Prolonged  rest  will  occasionally  lead  to  heaUng  of  the 
lesion  in  the  early  stages,  but  exercise  will  cause  the  sore 
to  recur.  Packing  the  sinus  with  lint  wet  with  a  satu- 
rated solution  of  salicylic  acid  in  glycerin,  and  the  em- 
ployment of  mechanical  devices  to  prevent  pressure  will 
frequently  produce  a  temporary  cure.  Free  opening  of 
the  sinus  or  stretching  of  the  nerves  which  supply  the 
part  has  been  followed  by  good  results  in  some  cases.  In 
the  later  stages  excision  of  the  ulcer  is  useless  and  am- 
putation of  the  foot  is  necessary.  Even  then  the  ulcer 
may  recur  in  the  stump,  unless  the  limb  is  removed  at  a 
point  far  from  the  lesion  and  above  the  line  of  anesthesia. 

Howard  Morrow. 

PERICARDIUM,  DISEASES  OF  THE.— Histokt.— 
Anatomical  alterations  in  the  pericardium  were  known 
long  before  diseases  of  the  heart  proper  received  careful 
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study.     Galen  was  familiar  with  pericardial  effusion  in 
animals,  and  suspected  it  in  men. 

The  fables  about  the  occurrence  of  hairy  hearts  in  men 
of  remarkable  strength  and  daring  are  doubtless  based 
upon  the  discovery  of  stringy  fibrin  deposited  upon  the 
heart.  Rondelet  described  pericarditis  as  having  symp- 
toms of  fever,  dj'spnoea,  pain  under  the  sternum,  and  at- 
tacks of  syncope. 

In  the  eighteenth  century  the  authors  of  works  upon 
diseases  of  the  heart  made  numerous  anatomical  observa- 
tions upon  diseases  of  the  pericardium. 

Vieussens  often  met  willi  adhesion  of  the  heart  to  the 
pericardium  at  autopsies,  and  assigned  certain  functional 
disturbances  which  occur  during  life  to  tlie  existence  of 
this  condition.  In  earlier  times  it  was  thought  to  be  a 
congenital  defect.  Albertini  appreciated  the  difficulties 
of  a  symptomatological  recognition  of  pericardial  effu- 
sion. Morgagni  believed  that  on  account  of  the  diffi- 
culty of  diagnosis,  the  day  was  yet  remote  when  we 
should  have  recourse  to  the  puncture  of  the  pericardium 
as  suggested  by  Riolan.  Senao  realized  that  it  was  im- 
possible to  make  a  diagnosis  from  the  indefinite  sympto- 
matology, but  thought  that  in  hydropericardium  he  rec- 
ognized an  undulatory  movement  between  the  third  and 
the  fifth  ribs.  Corvisart  thought  that  he  could  feel  this. 
Both  were  in  error.  However,  Corvisart  first  distin- 
guished between  inflammatory  exudations  and  dropsical 
effusions,  but  could  not  lay  down  any  fixed  rules  for 
differential  diagnosis.  Avenbrugger  was  the  first  to  state 
any  accurate  ph}'-sical  signs ;  these  were  bulging  of  the 
pi-ecordium  and  increase  in  the  area  of  percussion  dul- 
ness.  Laennec,  however,  doubted  the  possibility  of  diag- 
nosing pericarditis  with  certainty. 

The  discovery  of  the  pericardial  friction  rub  by  Collins 
in  1824  made  certain  the  recognition  of  dry  pericarditis. 
Since  this  time  our  knowledge  of  the  physical  signs  of 
all  varieties  of  pericarditis  have  increased  remarkably, 
but  none  are  so  pathognomonic  or  of  so  much  assistance 
in  diagnosis  as  this  peculiar  friction  rub. 

Anatomy. — Before  launching  upon  a  description  of  the 
diseases  of  the  pericardium,  it  will  be  well  to  devote  a 
few  lines  to  its  normal  anatomy.  It  is  a  fibro-serous  sac, 
somewhat  conical  in  shape,  surrounding  the  heart  and  the 
origin  of  the  great  vessels.  Its  base  is  directed  down- 
ward, rests  upon  the  diaphragm,  and  is  firmly  attached 
to  its  central  tendon,  and  more  loosely  to  its  muscular 
structure  by  areolar  tissue.  Its  narrower  portion  is  di- 
rected upward,  and  surrounds  the  great  vessels.  The 
fibrous  layer  is  continued  for  some  distance  along  the 
coats  of  the  great  vessels,  in  the  form  of  prolongations, 
which  gradually  become  incorporated  in  their  coats. 
The  inferior  vena  cava  passes  through  the  floor  of  the 
pericardium  to  reach  the  heart.  The  serous  membrane 
lines  the  fibrous  sac  and  is  reflected  over  the  surface  of 
the  heart,  thus  constituting  its  parietal  and  visceral  por- 
tions. They  are  continuous  along  the  great  vessels, 
about  an  inch  to  an  inch  and  a  half  above  the  base  of  the 
heart. 

Externally,  the  pericardium  is  in  contact  anteriorly  and 
laterally  with  the  pleursE  covering  the  lungs,  with  the 
exception  of  a  triangular  space,  behind  the  lower  ster- 
num, which  remains  uncovered.  It  is  attached  by 
fibrous  bands  to  the  manubrium  and  ensiform  cartilage. 
Behind  it  are  the  oesophagus,  descending  aorta,  bifurca- 
tion of  the  trachea  and  left  bronchus,  and  the  other 
structures  which  form  the  root  of  the  left  lung.  The 
phrenic  nerves  pass  down,  one  on  each  side  of  the  peri- 
cardium, on  their  way  to  the  diaphragm. 

In  health  the  serous  surfaces  are  kept  moist  by  a  secre- 
tion normal  to  serous  membranes.  The  amount  is  always 
small,  but  varies  from  a  few  cubic  centimetres  to  an 
ounce  or  two.  It  is  common  to  find  at  autopsy  several 
ounces  of  pericardial  fluid.  In  most  cases,  however,  this 
IS  a  post-mortem  transudate.  As  a  result  of  the  presence 
of  this  fluid  the  serous  surfaces  glide  smoothly  over  each 
other  during  the  various  phases  of  the  heart's  action 
without  producing  audible  or  palpable  signs. 
The  pericardium  of  an  adult  man  with  a  healthy  heart 
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is  capable  of  holding  from  fourteen  to  twentj'-two  ounces 
of  fluid ;  that  of  a  boy  between  six  and  nine  years  old, 
about  six  ounces  when  the  sac  is  distended  to  the  full  by 
injecting  water  into  it,  by  means  of  a  syringe,  through 
an  opening  made  into  the  anterior  part  of  the  pericar- 
dium (Sibson). 

The  following  are  the  important  diseases  of  the  peri- 
cardium : 

1.  Pericarditis:  [a)  dry  or  plastic  (pericarditis  sicca); 
(J)  wet  pericarditis,  or  pericarditis  with  effusion ;  (c)  sup- 
purative pericarditis ;  (d)  chronic  adhesive  pericarditis. 

2.  Hydropericardium. 

3.  Hsemopericardium. 

4.  Pneumopericardium. 

5.  New  growths  in  the  pericardium. 

Morbid  Anato.my. — I.  Abnormal  Conditions  of  t7ie  Peri- 
cardium not  of  clinical  interest,  and  which  do  not  furnish 
physical  signs. 

(a)  Absence  of  the  Pericardium. — This  occurs  in  ectopia 
cordis.  It  is  usually  only  partial,  there  being  a  slit  in 
the  pericardium  through  which  the  heart  protrudes. 
Very  rarely  the  heart  and  the  left  lung  lie  in  the  same 
serous  sac.  The  heart  is  covered  by  the  visceral  layer  of 
the  pericardium;  at  the  origin  of  the  great  vessels  there 
ai'e  usually  found  rudimentary  portions  of  the  parietal 
layer  in  the  form  of  fringe-like  reduplications. 

(4)  Diverticula. — Hernia-like  pouches  are  rarely  found. 
They  are  due  to  the  pressure  outward  of  fluid.  This  oc- 
curs in  chronic  conditions  in  which  the  fibrous  layer  has  be- 
come weakened,  and  either  yields  or  separates  and  allows 
the  serous  layer  to  be  pushed  through  by  the  exudate. 

Such  pouches  are  usually  small,  but  they  have  been 
known  to  contain  as  much  as  from  three  to  four  ounces. 
The  opening  into  the  pericardium  may  be  wide  or  narrow. 
These  conditions  are  not  recognized  during  life. 

(c)  Milk  Spots,  also  called  soldier's  spots  and  tendinous 
spots. 

By  these  terms  are  meant  those  circumscribed,  whit- 
ish, slightly  thickened  spots  which  are  so  frequently 
found  upon  the  pericardium.  Some  authorities  look 
upon  them  as  evidences  of  an  old  pericarditis,  and  as  such 
they  have  influenced  the  statistics  of  pericarditis. 

Most  writers  now  believe  them  to  be  areas  of  chronic 
hyperplasia  of  connective  tissue.  Friedreich  believed 
that  they  resulted  from  a  continual  mechanical  irritation 
of  the  surface  of  the  heart,  and  were  found  most  fre- 
quently on  those  parts  of  the  heart  which  were  contin- 
ually brought  into  contact  with  the  more  resisting 
portion  of  the  chest  wall.  These  spots  are  nearly  always 
found  on  the  visceral  pericardium  and  on  the  anterior 
surface  of  the  right  ventricle  along  the  coronary  arteries. 
They  are  much  more  common  in  advanced  age  than  in 
youth,  and  in  men  than  in  women.  They  are  of  no  clini- 
cal importance  and  cannot  be  recognized  during  life. 

(d)  Thinned  Pericardium.-— The  wall  of  the  sac  may  be 
thinned  as  a  result  of  distention  from  an  enlarged  heart 
or  from  the  pressure  of  fluid. 

(«)  Foreign  Bodies. —These  have  been  found  lying  free 
in  the  sac,  and  have  been  regarded  as  polypi  detached 
from  the  inner  surface  of  the  pericardium,  or  as  results 
of  fibrous  or  calcareous  deposits  about  foreign  substances. 

(/)  Calcareous  Deposits.  —In  cases  of  prolonged  pericar- 
ditis there  may  be  more  or  less  calcareous  deposit  in  the 
pericardium. 

II.  Acu  te  Plastic  Pericarditis.  —In  this  variety  both  lay- 
ers of  the  pericardium  are  covered  with  a  yellowish, 
sticky  layer  of  inflammatory  lymph  of  varying  thick- 
ness. As  a  result  of  the  constant  friction  of  these  tvo 
surfaces  during  the  heart's  action,  this  material  is  thrown 
into  ridges,  and  at  times  presents  a  ragged  appearance 
(so-called  bread-and-butter  adhesions  of  Laennec),  resem- 
bling the  appearance  of  two  slices  of  bread  and  butter 
which  have  been  stuck  together  and  then  drawn  apart 
It  has  also  been  likened  to  tripe.  The  involvement  of 
the  pericardium  may  be  universal  or  only  partial  If 
only  partial  it  is  more  common  at  the  base  of  the  heart 
than  elsewhere. 

The  various  changes  occurring  in  pericarditis  are  some- 
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times  described  as  following  a  definite  order  of  succes- 
sion :  (1)  Increased  vascularity ;  (2)  fibrinous  exudation ; 
(3)  fluid  efEusion;  (4)  absorption;  (5)  adhesion.  It  is 
very  seldom,  however,  that  these  stages  can  be  recog- 
nized, as  there  is  likely  to  be  a  mixture  of  two  or  more — 
as,  for  instance,  the  association  of  a  plastic  exudate  with 
fluid  efEusion,  or  even  the  combination  of  adhesions  and 
fluid. 

It  is  possible  for  absorption  to  take  place,  followed  by 
resolution.  Very  often,  however,  especially  in  the  peri- 
carditis sicca,  the  plastic  material  becomes  organized  into 
firm  adhesions  which  pass  from  parietal  to  visceral  peri- 
cardium. In  the  early  stages  of  an  inflammation  the  ad- 
hesions may  be  very  fine  and  delicate  and  easily  broken 
with  the  fingers.  Later  on,  however,  they  become  ex- 
ceedingly strong,  and  the  pericardium  cannot  be  sepa- 
rated from  the  heart  without  tearing  the  heart  substance. 

The  presence  of  adhesions  may  be  partial  or  universal. 
If  universal,  there  will  be  entire  obliteration  of  the 
pericardial  cavity.  Adhesions  may  also  exist  between 
the  pericardium  and  pleura,  or  between  the  pericardium 
and  chest  wall,  as  a  result  of  mediastino-pericarditis  (peri- 
carditis externa). 

Mffusion. — As  previously  stated,  there  is  present  nor- 
mally in  the  pericardial  sac  enough  fluid  (a  few  cubic 
centimetres)  to  keep  the  surfaces  well  lubricated.  In  dis- 
eased conditions  this  fluid  may  be  enormously  increased 
in  quantity  and  greatly  altered  in  character.  Roberts 
says  that  the  average  quantity  of  fluid  in  pericarditis 
is  from  eight  to  twelve  ounces,  but  it  may  range  from  an 
ounce  or  two  to  two  or  three  pints  or  more.  Balfour  says 
several  pints;  Broadbent  says  that  any  large  amount  is 
exceptional. 

The  statements  of  different  authorities  vary  much  as 
regards  the  size  of  exudates.  Sibson  states  that  the  effu- 
sion is  likely  to  be  large  in  rheumatic  pericarditis,  while 
John  Broadbent  says  that  it  is  the  exception  to  find  a  large 
efEusion  in  this  condition.  The  truth  is,  there  is  no  defi- 
nite rule.  Roberts  states  that  the  quantity  is  likely  to 
be  small  in  Bright's  disease.  However,  Dr.  Herman 
Allyn  {American  Medicine,  October  18th,  1903)  reports  a 
case  of  pericarditis  which  occurred  as  a  terminal  infection 
in  Bright's  disease,  and  in  which  he  removed  by  para- 
centesis, on  the  day  previous  to  death,  forty-four  ounces 
of  bloody  serum.  At  autopsy  the  pericardial  sac  was 
found  to  contain  about  two  hundred  and  fifty  ounces 
of  bloody  serous  exudate. 

It  is  generally  stated  that  the  exudate  is  large  in  cases 
secondary  to  scurvy.  In  the  Russian  epidemic  referred 
to  later,  the  quantity  amounted  to  from  four  to  five  pints. 

Chwracter  of  Fluid. — This  varies  much,  depending  on 
the  nature  of  the  inflammation.  In  the  typical  case  of 
pericarditis  it  is  a  clear  yellow,  in  which  shreds  of  fibrin 
and  leucocytes  may  be  present.  In  rheumatic  pericardi- 
tis it  is  usually  clear,  but  may  be  blood-tinged  and  may 
occasionallj'  become  purulent.  In  new  growths  and  tu- 
berculosis the  fluid  is  likely  to  be  blood-tinged,  but  not 
necessarily  so.  In  scurvy  the  exudate  is  usually  bloody ; 
in  fact,  it  may  be  almost  clear  blood. 

The  specific  gravity  of  a  pericardial  exudate,  like  that 
of  other  serous  cavities,  is  usually  above  1.015,  though 
there  are  rare  exceptions  to  this  rule. 

Absorption. — The  natural  tendency  in  most  cases  of  se- 
rous or  sero-fibrous  effusion  is  toward  absorption  sooner 
or  later.  This  is  especially  true  in  rheumatic  cases.  In 
fact,  after  reaching  the  acme,  in  a  day  or  so  there  may 
be  a  distinct  diminution  in  amount,  and  in  from  four  to  six 
days  the  quantity  may  fall  to  normal.  In  rare  cases  an 
ordinary  inflammatory  exudate  does  not  undergo  absorp- 
tion, but  remains  as  a  chronic  collection,  or  may  become 
hemorrhagic  or  purulent.  Many  authorities  believe  that 
even  a  fibrinous  exudation  may  be  absorbed,  up  to  a  cer- 
tain amount,  after  undergoing  a  fatty  change. 

The  fibrous  patches  left  from  pericarditis  are  larger, 
thicker,  and  have  a  more  irregular  distribution  than  the 
so-called  milk  spots,  and  as  a  rule  are  associated  with  ad- 
hesions. 

A  consideration  of  the  morbid  anatomy  of  pericarditis 


would  not  be  complete  without  reference  to  the  changes 
whichare  produced  in  the  heart.  Broadbent  says :  "  The 
heart  is  usually  found  to  be  dilated  to  a  varying  degree. 
In  the  subacute  or  chronic  cases  in  which  the  pericardium 
has  become  adherent,  the  dilatation  is  often  extreme,  and 
the  heart  muscle  soft  and  flabby,  showing  evidence,  on 
microscopical  examination,  of  well-marked,  inflammatory 
changes.  Dr.  Poynton  has  shown  by  a  series  of  sections 
of  the  heart  wall,  in  cases  of  rheumatic  pericarditis,  that 
the  cardiac  muscle,  as  well  as  the  pericardium,  is  almost 
invariably  attacked  by  the  inflammatory  process,  and 
that  there  are  foci  of  small round-cellinfiltration between 
the  muscle  fibres  throughout  the  thickness  of  the  heart 
wall.  The  myocarditis  which  accompanies  pericarditis 
is  therefore  not  simplj'  an  extension  of  the  infiammation 
from  the  pericardium  to  the  myocardium.  There  is 
granular  and  fatty  degeneration  of  the  cardiac  muscle 
due  to  the  toxic  effects  of  the  rheumatic  poison,  as  well 
as  actual  destruction  of  muscle  fibres  by  inflammatory 
exudation." 

Eichhorst  applies  the  name  Zuckergussherz— frosted 
heart — to  cases  in  which  the  epicardium  is  thickened  by 
chronic  pericarditis,  so  that  it  gives  the  organ  the  appear- 
ance of  being  covered  by  a  sugar  icing,  as  in  the  case  of 
a  frosted  cake. 

Calcareous  Pericarditis  has  been  referred  to  above.  In 
chronic  cases  the  heart  may  be  completely  invested  by  a 
calcareous  coat  which  may  in  places  be  1-1.5  cm.  thiclt 
(Osier). 

Etiology, — Pericarditis  is  almost  always  a  secondary 
infection.  Its  etiology  resembles  very  closely  tliat  of  en- 
docarditis. The  more  careful  our  examinations  and  the 
greater  our  bacteriological  knowledge,  the  fewer  will  be 
the  cases  of  idiopathic  pericarditis  discovered. 

Rheumatism  is  by  far  the  most  common  cause  of  peri- 
carditis. Roberts,  in  "Allbutt's  System,"  states  that 
pericardial  inflammation  is  to  be  looked  upon  not  as  a 
mere  complication  of  rheumatism,  but  as  an  essential  part 
of  the  disease. 

Sibson  noted  that  in  the  large  majority  of  cases  of 
rheumatic  pericarditis  endocarditis  was  also  present. 
Broadbent  states  that  pericarditis  must  not  be  regarded 
as  a  separate  entity,  but  as  part  of  a  general  inflamma- 
tion of  the  lieart,  the  myocardium  being  almost  inva- 
riably and  the  endocardium  frequently  affected. 

There  is  no  definite  relation,  when  a  large  number  of 
cases  is  considered,  between  the  severity  of  the  joint  af- 
fection and  the  severity  of  the  pericarditis.  It  may  de- 
velop at  any  time  during  the  attack,  even  preceding  the 
joint  affection,  or  late  in  the  disease. 

Pneumonia,  pleurisy,  the  various  acute  infectious  dis- 
eases, especially  scarlet  fever — during  the  stage  of  des- 
quamation or  that  of  nephritis, — chorea,  pyaemia,  pur- 
pura, scurvy,  are  all  causes  of  pericarditis.  Especially 
interesting  is  its  association  with  Bright's  disease.  Taylor 
found  that  pericarditis  occurred  in  about  ten  per  cent, 
of  his  cases  of  Bright's  disease.  Sibson,  in  an  analysis 
of  1,691  cases  of  Bright's  disease  collected  from  various 
sources,  found  that  pericarditis  existed  in  8.17  per  cent. 
Tuberculosis,  carcinoma,  extension  from  contiguous  tis- 
sues, traumatism,  are  also  causes  of  pericarditis. 

Aneurism  of  the  aorta  causes  3.6  per  cent,  of  all  cases, 
a  very  high  figure  when  one  recalls  the  comparative  in- 
frequency  of  aneurism  (Preble). 

Scurvy  is  frequently  accompanied  by  hemorrhagic 
pericarditis.  Seidlitz  and  Kyber  report  an  epidemic  oc- 
curring in  Russia  in  1840,  in  which  30  out  of  60  fatal 
cases  showed  hemorrhagic  pericarditis.  The  fluid  was 
dark,  and  amounted  to  four  or  five  pints. 

Sears,  in  a  study  of  100  cases  at  the  Boston  City  Hospi- 
tal, assigns  rheumatism  as  a  cause  in  51  cases,  pneumo- 
nia or  infection  with  the  pneumococcus  in  18 ;  in  7  chronic 
nephritis,  and  in  5  pleurisy  was  the  primary  disease. 

It  is  now  generally  accepted  that  the  pericarditis  of 
Bright's  disease  is  usually  an  infection,  often  a  terminal 
infection.  (Bantibelievesintheursemictheory.)  Chronic 
disease  lessens  the  resisting  power  of  the  tissues  and  in- 
vasion by  micro-organisms  becomes  easier. 
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Bactbeiologt. — In  acute  pericarditis  Flexner,  in  a 
limited  number  of  cases,  found  bacteria  present  in  the  fol- 
lowing order  of  frequency:  M.  lanceolatus,  11;  strepto- 
coccus, 4;  staphylococcus,  1;  B.  pyocyaneus,  1;  B. 
influenzse,  1 ;  M.  lanceolatus  and  B.  coli  communis,  strep- 
tococcus, staphylococcus  aureus  and  B.  coli  communis, 
1 ;  staphylococcus  and  B.  coli  communis,  3 ;  unidenti- 
fied, 1. 

iTifection  Atrium. — Pneumonia,  8;  bronchitis,  2; 
erysipelas,  1 ;  leg  ulcer,  1 ;  tonsils,  1 ;  peritoneum,  1 ; 
cancer  of  stomach,  1 ;  sloughing  myoma,  1 ;  doubtful,  7. 

Tubercle  bacilli  have  rarely  been  found  in  cases  of 
tuberculous  pericarditis. 

Symptomatology. — ^It  was  early  recognized  that  the 
symptomatology  of  tliis  condition  was  so  indefinite,  ob- 
scure, and  inconstant,  and  resembled  so  closely  that  of 
other  cardiac  conditions,  that  a  diagnosis  could  not  be 
based  upon  it.  This  is  only  partly  because  the  disease 
comes  on  secondarily  to  other  conditions.  The  symptoms 
are  often  so  indefinite  that  pericarditis  is  entirely  over- 
looked, and  may  alter  almost  not  at  all  the  symptoma- 
tology of  the  primary  disease.  Even  in  the  so-called  idio- 
pathic cases  the  subjective  phenomena  are  very  indefinite. 

The  following  important  symptoms  may  be  mentioned : 

Pain  is  present  in  many  cases  of  pericarditis,  especially 
early  in  their  course,  when  friction  sounds  are  heard,  but 
it  is  not  pathognomonic,  and  bears  no  special  relation  to 
the  severity  of  the  attack.  It  may  be  extremely  severe 
in  localized  pericarditis  and  entirely  absent  in  large  effu- 
sions or  extensive  adhesions.  Wlien  present  it  is  usually 
in  the  precordial  region.  It  varies  much  in  its  character, 
from  a  dull  ache  to  a  stabbing  or  tearing  pain.  It  usu- 
ally disappears  with  the  advent  of  the  effusion.  There 
may  be  pain  or  tenderness  in  the  epigastric  region,  espe- 
cially when  upward  pressure  is  made  at  one  or  other  of 
the  costal  angles.  This  pain  usually  comes  on  later  than 
the  precordial  pain.  The  patient  may  complain  of  only 
a  sensation  of  distress,  a  pressure  or  tightness  about  the 
heart,  especially  if  a  large  effusion  is  present.  There 
may  be  dyspnoea  and  palpitation. 

The  pulse  has  no  special  characteristics.  The  heart 
action  in  the  early  stages  is  rapid  and  energetic.  Subse- 
quently, as  a  result  of  the  mechanical  embarrassment 
superimposed  by  the  presence  of  a  large  amount  of 
fluid,  and  the  involvement  of  the  myocardium  and  its 
nerves,  the  heart  action  becomes  weak  and  rapid,  possi- 
bly irregular.  In  the  early  stages  it  may  vary  from  90 
to  120 ;  later,  in  rare  cases  it  may  reach  160.  In  some 
cases  there  is  very  little  alteration  from  the  normal,  and 
rarely  the  pulse  rate  is  below  normal.  Dr.  Ewart  says 
that  in  many  cases  of  effusion  the  pulse  is  quick,  resem- 
bling the  Corrigan  type.  Pulsus  paradoxus  is  said  to  be 
more  marked  in  adherent  pericardium  than  in  any  other 
known  condition. 

Friedreich's  sign  of  collapse  of  the  cervical  veins  dur- 
ing diastole  is  not  considered  important. 

The  respiratory  symptoms  vary  much.  Respirations 
are  usually  somewhat  increased  in  frequency.  If  the 
effusion  becomes  large,  dyspnoea  and  even  orthopnoea 
may  supervene.  The  patient  usually  prefers  to  lie  on 
his  back  or  on  the  left  side.  In  large  effusions  there  is 
often  a  short  irritative  cough,  and  in  rare  cases  distress- 
ing hiccough  due  to  involvement  of  the  phrenic  nerve. 

There  may  be  pain  or  difficulty  in  swallowing  as  a  re- 
sult of  pressure  of  an  effusion  upon  the  CBSophagus,  or 
due  to  nerve  irritation. 

Inasmuch  as  pericarditis  is  a  secondary  affection,  there 
is  usually  present  the  fever  of  the  primary  disease.  The 
pericarditis  may  cause  a  slight  extra  elevation  of  temper- 
ature. It  may  be  practically  normal  throughout,  or  only 
slightly  elevated,  to  100°  or  101° ;  rarely  to  103°  F. 

It  must  be  remembered  that  the  symptomatology  of 
pericarditis  may  be  altered  by  the  associated  primary 
disease.  _  Thus,  a  case  secondary  to  Bright's  disease 
would  differ  from  a  case  secondary  to  rheumatism. 

Enormous  effusion,  by  interfering  with  the  action  of 
the  heart  and  aeration  of  the  blood,  may  produce  the  most 
grave  symptoms  of  dyspnoea,  cyanosis,  very  rapid  and 
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weak  heart  action,  which  if  not  relieved  may  eventuate 
in  death. 

The  rapid  heart  action,  the  pulsus  paradoxus,  and  the 
asymmetry  in  the  size  of  the  pulse  of  the  radials,  the  ir- 
regular type  of  temperature,  the  paralysis  of  the  recur- 
rent laryngeal  nerve,  the  unequal  pupils,  the  disturbed 
mental  state,  may  all  be  important  signs,  if  present  (Bil- 
lings). 

Physical  Signs. — Acute  Plastic  m'  Dry  Pericarditis. — 
Fortunately  the  signs  of  this  condition  are  very  distinct ; 
the  danger  is  that  they  may  disappear  before  the  physi- 
cian's attention  is  directed  to  the  precordium.  In  some 
cases  they  are  very  evanescent,  disappearing  in  a  few 
hours ;  in  others  they  persist  for  days. 

Pericardial  Friction  Bub. — This  is  the  pathognomonic 
sign  of  dry  pericarditis.  It  is  a  superficial,  dry,  scraping 
or  rubbing  sound,  distinctly  dependent  upon  the  heart 
movements.  Frequently  it  is  a  to-and-fro  friction  cor- 
responding to  systole  and  diastole.  It  does  not  corre- 
spond exactly  with  the  first  and  second  sounds  of  the 
lieart,  but  may  occujdv  a  place  between  them.  At  times 
it  is  only  systolic.  It  is  said  to  be  first  heard  in  most 
cases  over  the  base  of  the  heart,  but  may  be  heard  first 
as  a  single  systolic  scratch  at  the  apex.  It  is  usually 
heard  best  just  to  the  left  of  the  sternum,  between  the 
thii'd  and  fifth  ribs.  As  the  inflammation  progresses  it 
may  be  present  over  most  of  the  precordium,  even  to  the 
right  of  the  sternum,  in  children.  It  is  due  to  the  rub- 
bing of  the  inflamed  pericardial  surfaces  over  each  other. 

Palpation. — In  well-marked  cases  a  friction  fremitus 
can  be  felt. 

Clinical  experience  has  proven  that  the  most  common 
cause  of  the  disappearance  of  the  friction  sound  is  the 
advent  of  an  effusion  which  separates  the  pericardial  sur- 
faces. Another  fairly  common  cause  is  the  development 
of  adhesions,  uniting  the  pericardial  surfaces.  Again, 
there  may  be  absorption  with  resolution.  The  friction 
sound  may  reappear  after  the  absorption  of  the  fluid. 

Differential  Diagnosis. — A  pericardial  friction  rub  is 
usually  so  characteristic  that  little  diiBculty  is  experi- 
enced in  its  detection.  It  must  be  distinguished  from 
organic  and  functional  murmurs  and  from  pleuritic  fric- 
tion sounds.  Cardiac  murmurs  almost  never  have  this 
superficial  scraping,  to-and-fro  sound ;  they  are  likely  to 
be  more  distinctly  systolic  or  diastolic,  and  have  special 
lines  of  transmission.  They  are  not  so  much  altered  by 
changes  in  the  patient's  position  and  are  more  perma- 
nent. 

Pleuritic  friction  sounds  are  very  similar  in  their  char- 
acter, but  are  dependent  on  respiratory  movements,  and 
can  be  eliminated  by  causing  the  breath  to  be  held. 

Pleuro-pericardial  Friction.— k.  friction  sound  resem- 
bling very  closely  the  true  pericardial  friction  is  heard 
when  there  is  inflammation  of  that  part  of  the  pleura 
which  overlaps  the  pericardium.  With  each  contraction 
of  the  heart  the  external  surface  of  the  pericardium  is 
forced  along  the  under  surface  of  the  inflamed  pleura, 
and  a  friction  sound  is  produced.  Forced  expiration 
might  tend  to  eliminate  this  sound. 

Signs  of  Effusion.— The  fact  that  a  friction  sound  has 
been  heard  is  of  great  assistance  In  diagnosing  an  effusion. 
It  is  fair  to  suppose  that  an  increased  area  of  cardiac  dul 
uess,  which  develops  subsequently  to  the  detection  of  a 
pericardial  friction  rub,  is  due  to  an  effusion.  But  one 
always  keeps  in  mind  the  fact  that  a  cardiac  dilatation 
must  be  reckoned  with. 

Percussion.— It  is  usually  stated  that  less  than  100  c.c. 
of  fluid  cannot  be  recognized  by  percussion. 

In  an  effusion  of  moderate  degree  the  outline  of  dulness 
is  quite  characteristic,  being  of  an  irregular  pear  shape, 
or  that  of  a  triangle  with  rounded  angles,  whose  base 
faces  the  diaphragm,  and  whose  apex  is  above,  to  the 
left  of  the  sternum.  (Cabot  states  that  he  has  not  been 
able  to  make  out  this  characteristically  shaped  area.) 

More  important  is  the  fact  that  the  dulness  extends 
much  farther  to  the  left,  beyond  the  apex  beat,  than  it 
does  in  hypertrophy  or  dilatation. 

Rotch  has  drawn  special  attention  to  the  blunting  of 


REFEEENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Pericardium. 
Pericardium. 


the  cardio-hepatic  angle  in  the  right  fifth  intercostal 
space  in  pericardial  effusion.  In  health  this  cardio-hepa- 
tic angle  is  approximately  a  right  angle.  In  pericardial 
/  effusion  it  is  more  obtuse.  Rotch  lays  great  stress  upon 
the  presence  of  absolute  dulness  in  the  fifth  intercostal 
space,  extending  one  and  one-eighth  to  one  and  a  half 
inches  to  the  right  of  the  sternum.  However,  this  is 
found  in  dilatation  of  the  right  heart ;  for  instance,  in  a 
case  of  advanced  mitral  insufficiency  it  is  a  common  ex- 
perience to  obtain  dulness  in  this  area,  and  a  consequent 
blimting  of  the  cardio-liepatic  angle.  In  fact,  Broadbent 
speaks  of  tvpo  cases  of  dilated  heart  in  which  paracentesis 
was  resorted  to,  because  the  signs  seemed  to  point  con- 
clusively to  pericardial  effusion. 

It  is  also  a  difficult  matter  to  decide  where  liver  dul- 
ness ends  and  heart  dulness  begins. 

The  explanation  of  the  difference  of  opinion  in  regard 
to  the  value  of  Rotch's  sign  in  the  differential  diagnosis 
between  pericardial  effusion  and  dilatation  of  the  heart 
is  due,  I  think,  to  the  fact  that  one  authority  has  in  mind 
absolute  heart  dulness,  the  other  only  relative  dulness. 

With  a  large  effusion,  signs  of  compression  of  the  left 
lung  develop.  Above  the  line  of  dulness  is  an  area  of 
tympany  or  hyper-resonance,  with  increased  vesicular 
or  broncho-vesicular  breathing.  Ewart  has  called  atten- 
tion to  the  presence,  in  large  effusions,  of  a  circumscribed 
patch  of  dulness  or  impaired  resonance  just  below  the 
angle  of  the  left  scapula,  over  which  there  are  increased 
vocal  fremitus,  bronchophony,  and  bronchial  breathing. 
Broadbent,  I  believe,  is  correct  in  saying  that  these  signs 
might  also  be  present  in  any  case  of  enormously  enlarged 
heart. 

PosiUon  of  the  Apex. — It  has  been  held  by  some  of  the 
authorities  (Sibson)  that  the  apex  is  pushed  upward  and 
outward  by  the  fluid.  Others  state  that  it  is  tilted  up- 
ward and  inward,  that  is,  is  floated  by  the  effusion. 
Rotch  believes  from  his  investigation  that  this  is  an  er- 
roneous view.  It  seems  impossible  for  a  fluid  of  a  lighter 
specific  gravity  than  the  heart  to  float  it  upward. 

Ludwig  and  Bowditch  have  observed  that  the  impulse 
of  the  heart,  as  seen  normally  in  the  fifth  left  interspace, 
need  not  be  caused  by  the  heart's  apex,  but  may  be 
caused  by  a  portion  of  the  heart  above  the  apex  striking 
against  the  chest  wall.  This  fact  I  have  observed  many 
times.  It  should  also  be  remembered  that  in  children  the 
apex  beat  is  normally  in  the  fourth  interspace.  The 
presence  of  a  high  pulsation  could  be  accounted  for  by 
the  tumultuous  action  of  that  portion  of  the  right  ven- 
tricle. 

A  very  important  sign  is  the  gradual  weakening  of  the 
apex  beat  with  the  increase  of  fluid.  It  may  be  entirely 
obliterated.  In  pericardial  effusions  the  pulse  may  be 
strong  and  the  apex  beat  weak ;  in  heart  lesions  the  apex 
beat  may  be  heaving  and  the  pulse  weak.  The  effusions 
may  become  enormous  and  thus  hinder  the  heart's  action. 

The  presence  of  adhesions  may  prevent  a  pericardial 
effusion  from  assuming  the  typical  shape.  Rotch  speaks 
of  a  case  in  which  dulness  failed  to  appear  in  the  fifth  in- 
tercostal space  (right  side),  because  of  the  presence  of  ad- 
hesions binding  the  lung  tightly  to  the  right  edge  of  the 
sternum. 

Purulent  Pericaeditis.— This  disease  furnishes  the 
same  physical  signs  as  the  serous  effusion.  It  might  be 
suspected  from  the  etiology,  i.e.,  if  secondary  to  suppu- 
ration in  the  other  parts  of  the  body,  especially  of  the 
lungs  or  pleura.  The  leucocyte  count  would  very  likely 
be  higher  than  in  the  simple  serous  pericarditis.  Para- 
centesis is  the  only  positive  means  of  determining  the  na- 
ture of  the  fluid.  The  temperature  curve  is  of  the  septic 
'  type,  resembling  that  of  empyema.  The  process  may 
come  on  insidiously.  It  is  usually  purulent  from  the 
outset,  though  a  serous  effusion  occasionally  becomes 
purulent. 

Adherent  Pericardium.— The  symptoms  are  not  at 
all  characteristic,  and  cannot  be  distinguished  from  those 
of  organic  heart  lesions. 

The  physical  signs  in  marked  cases  may  be  quite  dis- 
tinctive.    They  depend  upon  whether  the  adhesions  exist 
Vol.  VI.— 36 


between  only  the  parietal  and  visceral  layers  of  the  peri- 
cardium, or  whether  they  include  also  adhesions  between 
the  external  pericardium  and  the  chest  wall  or  pleura. 
The  following  are  the  most  important:  (1)  Fixation  of 
the  apex  beat.  Under  normal  conditions  the  apex  beat 
moves  a  considerable  distance  with  change  of  position  of 
the  patient  and  forced  inspiration.  (3)  Systolic  retrac- 
tion of  one  or  more  interspaces.  This  sign,  however,  is 
unreliable,  especially  if  the  retraction  is  present  in  only 
one  interspace,  and  at  the  apex ;  for  it  is  occasionally  seen 
in  greatly  hypertrophied  hearts,  and  it  may  also  be  due  to 
atmospheric  pressure. 

If  there  be  distinct  dragging  in  of  the  costal  cartilages 
at  the  lower  end  of  the  sternum,  one  can  be  almost  cer- 
tain of  adhesions. 

Broadbent's  Sign. — "  Systolic  retraction  of  the  posterior 
or  lateral  walls  of  the  thorax  may  indicate  the  presence 
of  a  universally  adherent  pericardium.  Such  retraction 
may,  however,  be  seen  even  when  the  pericardium  is  not 
adherent  to  the  heart,  but  only  to  a  larger  extent  than 
normal  to  the  central  tendon  of  the  diaphragm,  to  the 
muscular  substance  on  either  side,  and  to  the  chest  wall 
as  well.  In  such  cases  the  heart  is  usually  greatly  en- 
larged and  hypertrophied  from  old  valvular  disease. 
The  explanation  seems  to  be  that  the  portion  of  the  dia- 
phragm to  which  the  pericardium  is  adherent  is  dragged 
upward  at  each  systole  of  the  heart,  so  that  the  points  of 
attachment  of  the  digitations  of  the  diaphragm  to  the 
lower  ribs  and  costal  cartilages  are  dragged  inward  and 
retracted." 

If  pericardial  adhesions  are  present  between  the  heart 
and  the  diaphragm  and  the  chest  wall,  the  descent  of  the 
diaphragm  would  be  much  diminished.  Fluoroscopic 
examination  would  be  very  useful  in  demonstrating  this 
point.  Litten's  phenomenon  would  be  diminished  or 
absent. 

Enlargement  of  the  heart  is  common  in  adherent  peri- 
cardium. There  are  both  hypertrophy  and  dilatation. 
'The  hypertrophy  results  from  the  obstruction  offered  to 
the  regular  contraction  of  the  heart. 

Broadbent  states  that  the  heart  becomes  dilated  during 
the  acute  pericarditis,  and  before  it  regains  its  original 
size,  becomes  anchored  in  this  position  by  adhesions. 

Friedreich's  sign  of  diastolic  collapse  of  the  cervical 
veins  is  not  considered  useful  by  the  majority  of  mod- 
ern writers. 

The  pulsus  paradoxus  has  generally  been  held  to  be  a 
sign  of  pericarditis.  It  is  characterized  by  the  disap- 
pearance of  the  radial  pulse  during  inspiration.  Kuss- 
maul  believes  that  it  is  of  diagnostic  importance  in  in- 
durated mediastino-pericarditis ;  it  is  due  to  the  fibrous 
cord  dragging  on  the  aorta  during  inspiration. 

Most  of  these  signs  are  dependent  upon  the  presence  of 
adhesions  between  the  pericardium  and  the  chest  wall. 
When  such  adhesions  are  absent  signs  are  very  indefinite. 

Signs  and  symptoms  of  incompensation  may  come  on 
which  cannot  be  distinguished  from  those  of  incompen- 
sated  organic  lesions. 

An  important  condition  is  that  ot  pseudo-eirrlwsis  of  the 
liver  due  to  obliterative  pericarditis.  In  this  condition 
there  is  an  enlarged  liver,  associated  with  ascites,  but 
without  oedema  or  enlarged  spleen.  Autopsies  have 
shown,  according  to  Becker,  in  all  recorded  cases,  that 
ascites  is  due  to  a  passive  congestion  of  the  liver,  causing 
a  connective-tissue  formation  with  subsequent  contrac- 
tion and  obstruction  of  the  portal  circulation,  the  result 
of  obliterative  pericarditis. 

Differential  Diagnosis.— The  chief  diificulty  lies  in  dis- 
tinguishing between  dilatation  of  the  heart  and  pericar- 
dial effusion,  when,  as  occasionally  happens,  neither  fric- 
tion sound  nor  murmur  can  be  heard.  This  may  be  better 
appreciated  when  it  is  remembered  that  on  several  occa- 
sions the  right  ventricle  has  been  punctured  by  the  para- 
centesis needle  with  fatal  results,  the  diagnosis  of  effu- 
sion having  been  made.  In  many  cases  in  which  the 
effusion  is  only  of  moderate  degree  it  is  difficult  to  be 
absolutely  certain  of  a  diagnosis. 

Massive  pericardial  effusions,  amounting  to  one  and  a 
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half  or  two  litres,   have    been  mistaken  for  pleuritic 

effusions.  ,        „         -r,  ^  i.. 

The  following  excellent  table  is  taken  from  Rotch  s 
"Pediatrics,"  p.  761: 

DIPFEKENTIAL    DIAGNOSIS     BETWEEN    A    DILATED    HEART    AND    A 
PERICARDIAL  EFFUSION. 


Case  I.— Enaocarditia; 
dilated  heart. 


Case  II.— Pericarditis; 
effusion. 


Girl,  eleven  years.  At- 
tack followed  acute 
articular  rheuma- 
tism. 

Orthopnoea;  precor- 
dial pain;  heart's 
Impulse  feeble,  hut 
perceptible  a  little 
to  left  and  below 
left  nipple,  fifth  in- 
terspace. 

Vertical  absolute  dul- 
ness  not  increased. 

Absolute  dulness  un- 
der the  sternum,  and 
to  left  of  sternum ; 
identical  with  cases 
II.  and  III. 

Absolute  dulness  did 
not  extend  to  right 
of  sternum. 

Systolic   murmur   at 

apex. 
Recovery. 


Boy,  six  years.  At- 
tack followed  acute 
articular  rheuma- 
tism. 

Orthopncea ;  precor- 
dial pain;  heart's 
Impulse  feeble  but 
perceptible  a  little  to 
left  and  below  16ft 
nipple,  fifth  Inter- 
space. 

Vertical  absolute  dul- 
ness not  increased. 

Absolute  dulness  un- 
der the  sternum  and 
to  left  of  sternum 
Identical  with  cases 
I.  and  III. 

Absolute  dulness  in 
fifth  right  interspace 
2  or  3  cm.  from  edge 
of  sternum. 

Pericardial  friction 
rub  at  base. 

Recovery. 


Case  III.— Endocarditis; 
enlarged  heart;  peri- 
cardial effusion. 

Girl,  eight  years,  Au- 
gust 3d.  Attack  fol- 
lowed acute  articular 
rheumatism. 

Orthopncea ;  precordial 
pain;  heart's  impulse 
feeble,  but  perceptible 
all  over  cardiac  area, 
with  apex  beat  a  little 
below  and  to  left  of  left 
nipple,  fifth  interspace. 

Vertical  absolute  dul- 
ness not  increased. 

Absolute  dulness  under 
the  sternum  and  to  left 
of  sternum;  identical 
with  cases  I.  and  II. 

Absolute  dulness  in  fifth 
right  Interspace  3  or  4 
cm.  from  edges  of  ster- 
num. 

Soft  systolic  murmur  at 
apex,  transmitted  to 
axilla;  pericardial 
friction  rub  at  base. 

August  6th.  Less  dul- 
ness In  fifth  right  in- 
terspace ;  apex  mur- 
mur much  louder  and 
harsh. 

August  11th.  Dulness 
only  to  right  edge  of 
sternum. 

August  18th.  Dulness 
only  to  middle  of  ster- 
num ;  friction  rub 
ceased. 

December  1st.  Physical 
examination  the  same 
as  on  August  IStb, 
showing  enlarged 
heart  and  mitral  sys- 
toUc  murmur. 


The  following  points,  mentioned  by  Osier,  may  assist 
one  in  differentiating  between  dilatation  qi  the  heart  and 
pericardial  effusion : 

In  dilatation  the  impulse  in  thin-chested  people  is  usu- 
ally visible  and  undulatory;  the  shock  of  the  cardiac 
sound  is  more  distinctly  palpable  in  dilatation ;  the  pe- 
culiar area  of  dulness  in  effusion,  especially  if  the  upper 
limit  shifts  with  change  of  position  of  the  patient. 

In  dilatation  the  heart  sounds  are  clearer,  often  sharp, 
valvular  or  f cetal  in  character ;  gallop  rhythm  is  common, 
whereas  in  effusion  the  sounds  are  distant  and  muffled. 

Rarely,  in  dilatation,  is  the  distention  sufficient  to  com- 
press the  lung  and  produce  the  tympanitic  note  in  the 
axillary  region. 

Fluoivscopie  examination  is  extremely  useful  for  differ- 
ential diagnosis.  The  opaque  area  does  not  pulsate  as  it 
does  in  enlarged  heart  or  aneurism.  The  upper  level 
can  be  seen  to  move  with  changes  of  position. 

Diseases  of  the  Pericardium  in  Children. — Only  a  few 
special  observations  need  be  mentioned  under  this  head- 
ing, as  the  signs  of  pericardial  disease  are  practically  the 
same  at  all  ages.  Rotch  states  that  so  far  as  he  could  de- 
termine by  the  dissection  of  sixteen  infants  of  different 
ages  the  relation  of  the  infant's  pericardium  does  not 
differ  from  that  of  the  adult.  The  amount  of  fluid  nor- 
mally present  is  of  variable  quantity,  but  is  probably 
under  5  c.c.  When  pericardial  friction  sounds  are  ab- 
sent, the  diagnosis  of  pericarditis  in  a  young  child  is 
attended  with  great  difficulties.  Some  writers  (Warthin) 
state  that  an  accentuated  pulmonary  second  sound  is 
characteristic  of  pericarditis.  In  infancy,  however,  the 
pulmonary  second  sound  is  normally  much  accentuated. 
Owing  to  the  greater  flexibility  of  its  thorax  the  child  is 
much  more  likely  than  the  adult  to  manifest  a  bulging  of 


the  precordium  as  a  result  of  the  pressure  of  the  fluid. 
It  must  be  kept  in  mind  that  on  account  of  the  small- 
ness  of  the  child's  thorax  the  heart  and  pericardium  are 
both  brought  nearer  the  surface  than  in  the  adult ;  and 
as  a  result  the  heart's  impulse  can  be  felt,  and  the  heart 
sounds  heard,  in  much  larger  effusions  than  would  be 
possible  in  adults. 

Pericarditis  sicca  is  uncommon  in  childhood.  Exuda- 
tion takes  place  more  frequently  than  in  the  adult,  and 
with  greater  rapidity,  and  is  more  likely  to  be  purulent 
(Rotch).  Exudation  tinged  with  blood  is  not  uncommon 
in  early  life,  and  is  not  so  significant  of  tuberculosis  as  is 
a  pronounced  hemorrhagic  exudation. 

Holt  states  that  pericarditis  is  rare  in  infancy  and  early 
childhood,  only  two  cases  having  been  seen  in  seven  hun- 
dred and  twenty-six  consecutive  autopsies  at  the  New 
York  Infant  Asylum.  In  later  childhood  the  disease  is 
more  frequent.  According  to  Jacobi,  Holt,  and  other  au- 
thorities diseases  of  the  lung  and  pleura,  especially  of  the 
left  side,  take  first  rank  as  etiological  factors  in  infancy 
and  early  childhood.  After  the  fourth  year  rheumatism 
takes  precedence  and  the  pericarditis  is  then  usually  as- 
sociated with  endocarditis.  Pericarditis  may  develop  in 
the  new-born  as  a  result  of  infection  of  the  cord.  In 
children  pericarditis  may  develop  and  become  very  pro- 
nounced, while  the  articular  complaint  is  mild. 

In  young  children  pain  seems  to  be  generally  absent. 

Prognosis. — Pericarditis  should  always  be  looked  upon 
as  a  serious  disease,  chiefly  because  of  the  myocardial  de- 
generation which  accompanies  it.  Death  may  take  place 
in  a  few  days  in  the  acute  cases  associated  with  rheuma- 
tism and  pneumonia,  but  this  sequel  is  very  uncommon. 
The  immediate  prognosis  in  these  cases  is  generally  good.  ' 
The  probability  of  repeated  attacks,  the  likelihood  that 
adhesions  will  form,  and  the  presence  of  myocarditis  ren- 
der the  prognosis  for  a  long  life  unfavorable.  When  as- 
sociated with  Brlght's  disease  the  prognosis  is  bad. 

Patients  occasionally  die  from  syncope  as  a  result  of 
embarrassment  to  the  action  of  the  heart  from  pressure, 
by  very  large  collections  of  fluid. 

Suppurative  pericarditis  is  nearly  always  fatal  if  asso- 
ciated with  a  general  septicaemia ;  If  it  is  secondary  to  an 
empyema  or  other  localized  collection  of  pus,  there  may 
occasionally  be  recovery,  with  the  adoption  of  early  and 
proper  surgical  treatment.  Of  thirty -five  cases  of  sup- 
purative pericarditis  treated  by  Incision,  fifteen  recovered 
and  twenty  died  (Roberts,  ^m.  Jour.  Med.  8c.,  December, 
1897). 

In  adherent  pericardium  the  prognosis  is  serious  if 
there  are  adhesions  to  the  chest  wall,  or  if  the  heart  is 
enlarged,  or  especially  if  these  adhesions  are  associated 
with  valvular  lesions.  Universal  adhesion  of  the  pericar- 
dium to  the  heart,  provided  the  heart  is  not  enlarged, 
does  not  necessarily  tend  to  shorten  life. 

Treatment. — Pericarditis  must  always  be  considered 
a  serious  disease,  even  if  the  symptoms  are  slight.  The 
patient  should  be  put  to  bed.  The  diet  should  be  chiefly 
liquid,  milk  forming  the  major  part.  The  stomach  should 
not  be  overloaded.  In  the  milder  cases  soft  articles  of 
food  may  be  given.  Pain  should  be  relieved  chiefly  by 
the  application  of  the  ice-bag.  In  children  hot  applica- 
tions may  be  more  satisfactory.  Morphine  may  be  re- 
quired In  some  cases.  Restlessness  and  sleeplessness 
should  be  controlled  by  suitable  doses  of  bromide  or  trio- 
nal.  The  heart  action,  pulse,  respirations,  and  color  of 
the  patient  should  be  closely  watched,  and  heart  tonics, 
such  as  strychnine  and  digitalis  and  ammonia,  given 
when  Indicated.  The  time  may  come  when  the  heart  Is 
overwhelmed  by  the  obstacles  presented  by  the  enormous 
effusion;  the  pulse  becomes  extremely  weak  and  rapid, 
marked  dyspnoea  and  cyanosis  develop ;  then  heart  tonics 
are  useless,  and  one  must  resort  to  paracentesis  to  save 
the  patient. 

Unless  the  symptoms  are  moderately  urgent  a  serous 
effusion  should  not  be  evacuated,  because  many  times  the 
absorption  is  very  rapid.  If  the  effusion  Is  large  and  has 
existed  for  many  days,  and  shows  no  signs  of  resorption, 
it  should  then  be  evacuated  without  hesitation. 
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Paracentesis  Pericardii. — The  pericardium  is  tapped 
■with  a  Potain  aspirating  set  in  the  same  way  as  is  the 
pleura.  The  only  difference  is  in  the  selection  of  the 
points  of  puncture.  An  excellent  method  is  first  to  freeze 
the  part  with  an  ethyl  chloride  spray,  make  a  very  small 
incision  through  the  skin  with  a  bistoury,  then  insert  the 
needle  at  right  angles  to  the  chest  wall  for  a  distance  of 
from  one  and  a  half  to  two  inches.  After  consulting  a 
large  number  of  authorities  upon  the  correct  site  for 
puncture,  and  finding  that  each  writer  advises  a  diflferent 
location,  I  have  come  to  the  conclusion  that  if  a  fairly 
large  effusion  is  present  it  is  safe  to  puncture  anywhere 
from  an  inch  to  the  right  of  the  sternum  to  an  inch  or  so 
beyond  the  left  nipple  line,  between  the  fourth  and  sixth 
ribs.  One  is  cautioned  to  avoid  wounding  the  internal 
mammary  artery.  Little  attention  need  be  paid  to  the 
intercostal  arteries. 

Rotch  very  strongly  recommends  the  fifth  right  inter- 
space 4  cm.  (li  in.)  outside  the  right  border  of  the  ster- 
num. He  states  that  an  effusion  of  even  as  little  as  100 
c.c.  can  be  found  at  this  point,  and  that  there  is  no  danger 
here  of  wounding  the  heart,  or  the  right  internal  mam- 
mary artery,  or  the  pleura.  Osier  recommends  the  fourth 
left  interspace,  either  at  the  sternal  margin  or  3.5  cm. 
(1  in.)  from  it.  He  also  speaks  of  the  fifth  left  interspace 
an  inch  and  a  half  from  the  left  sternal  margin,  and  close 
to  the  costal  margin  in  the  left  costo-xyphoid  angle,  as  the 
point  where  the  needle  may  be  thrust  upward  and  back- 
ward. 

Purulent  effusions  should  be  treated  like  any  other  ab- 
scess, by  early  free  incision  and  drainage.  Irrigation  of 
the  sac  is  not  advisable  except  in  selected  cases. 

The  treatment  of  adherent  pericardium  is  practically 
that  of  organic  heart  lesions  (myocardial  and  valvular). 
It  is  necessary  to  keep  up  bodily  nutrition  by  proper 
exercise  and  diet,  and  at  the  same  time  guard  against 
overtaxing  the  weak  heart.  If  symptoms  of  incompen- 
sation  develop  they  should  be  treated  by  rest,  diet,  and 
cardiac  medicines,  as  indicated  elsewhere. 

H.«MOPBBiCARDiUM  and  Hydiiopekicabdidm  have 
been  considered  in  detail  in  Vol.  IV. 

Pnbtjmopbkicabdium,  because  of  its  extreme  _  rarity 
and  hopeless  prognosis,  is  of  very  little  practical  impor- 
tance. By  it  is  meant  the  presence  of  gas  or  air  in  the 
pericardial  sac.  As  a  matter  of  fact,  gas  is  never  pres- 
ent alone,  but  is  in  combination  with  fluid,  usually  pus, 
i.e.,  pyopneumopericardium.  The  fluid  may  be  ichorous. 
It  is  always  secondary  to  some  very  serious  destructive 
disease  in  which  a  communication  is  established  between 
the  pericardium  and  a  cavity  or  tube  containing  air-— as, 
for  instance,  perforation  from  the  oesophagus,  especially 
in  connection  with  cancer ;  rupture  into  the  pericardium 
of  a  lung  cavity,  or  pneumothorax,  or  perforation  of  a 
gastric  ulcer.  It  may  occur  as  a  result  of  penetrating 
wounds,  such  as  fractured  ribs,  concussion  or  crushing 
of  the  chest,  or  injury  from  the  side  of  the  oesophagus. 
The  gas  in  pneumopericardium  varies  in  amount  and  in 
composition,  and  is  generally  offensive.  It  majr  be  un- 
der so  great  pressure  that  when  the  pericardium  is  punc- 
tured the  gas  escapes  with  a  hissing  noise. 

Symptoms. — These  are  very  indefinite,  and  difficult  to 
dissociate  from  the  primary  disease.  If  the  gas  is  present 
in  abundance  there  will  be  dyspnoea,  cyanosis,  attacks  of 
syncope,  collapse,  a  feeble  and  irregular  pulse,  and  occa- 
sionally dysphagia  and  precordial  distress. 

Physical  Signs. — There  may  be  bulging  of  the  precor- 
dial region.  The  apex  beat  is  weak  or  absent.  The 
heart  movements  may  produce  a  very  peculiar  crackling 
sensation  due  to  the  bursting  of  bubbles. 

Percussion  signs  are  very  striking.  A  metallic  tym- 
panitic note  is  heard  over  the  distended  pericardium. 
Because  of  the  presence  of  fluid  and  air  a  freely  movable 
area  of  dulness  is  detected  in  the  dependent  part,  upon 
change  of  position.  The  quality  of  the  tympanitic  note 
may  also  vary  with  the  change  of  position. 

J[MSC«?toi!w».— The  heart  sounds  are  unusually  loud  and 
may  have  a  metallic  ring.  If  murmurs  are  present  they 
take  on  the  same  quality.     The  cardiac  movements  and 


deep  breathing  agitate  the  fluid  and  gas  present  in  such 
a  way  as  to  produce  unusual  adventitious  sounds.  They 
have  a  metallic  ringing  quality,  and  have  been  likened 
to  the  sound  of  a  water  wheel. " 

_  Treatment  is  expectant  and  supportive.  It  may  at 
times  be  wise  to  allow  the  gas  to  Escape  through  a  fine 
trocar,  or  even  to  incise  and  treat  surgically.  Little  can 
be  done  in  a  medical  way. 

Islew  Orowtlis  and  Parasites. — Under  this  heading  are 
included  tuberculosis,  carcinoma,  and  hydatids.  Tuber- 
culosis is  much  more  common  than  the  latter  two.  It  is 
very  unusual  to  find  the  tubercles  of  acute  miliary  tuber- 
culosis on  the  pericardium.  In  most  cases  tubei'culosis 
of  the  pericardium  is  chronic  and  secondary  to  tubercu- 
losis in  other  parts  of  the  body,  especially  of  the  lungs 
and  mediastinal  lymph  glands.  In  many  cases  of  pul- 
monary tuberculosis  the  complicating  pericarditis  is  of 
the  simple  serous  type.  The  exudate  in  tuberculosis  and 
carcinoma  of  the  pericardium  is  likely  to  be  blood-tinged, 
and  may  be  purulent  or  ichorous. 

Carcinoma  of  the  pericardium  is  extremely  rare  and  is 
always  secondary,  the  sac  being  involved  by  extension 
from  neighboring  organs. 

Hydatids  of  the  pericardium  are  extremely  rare.  Clini- 
cally we  have  no  means  of  recognizing  the  presence  of  a 
new  growth  in  the  pericardium,  except  as  we  infer  its 
presence  from  the  detection  of  similar  disease  in  neigh- 
boring tissues.  James  Bae  ArneiU. 

PERINEORRHAPHY.    See  Obstetric  Operations. 

PERINEUM,  SURGICAL  ANATOMY  OF  THE.— L  ThbI 
Male  Perineum. — In  the  skeleton  the  perineum  corre- 
sponds to  the  outlet  of  the  pelvis.  It  is  a  diamond-  or 
lozenge-shaped  space  bounded  in  front  by  the  pubis  and 
subpubic  ligament,  behind  by  the  coccyx,  and  on  each 
side,  from  before  backward,  by  the  rami  of  the  pubis  and 
ischium,  the  great  tuberosity  of  the  ischium,  and  the 
great  sacro-sciatic  ligament. 

The  whole  space  measures  about  three  inches  and  a 
half  from  side  to  side,  and  four  inches  antero-posteriorly. 
At  the  posterior  part  it  is  from  two  to  three  inches  deep; 
anteriorly  it  only 
reaches  the  depth 
of  one  inch.  The 
perineal  space  is 
separated  from 
the  pelvic  cavity 
above  by  the  rec- 
to-fascia and  leva- 
tores  ani  muscles. 
A  line  drawn 
across  from  one 
ischial  tuberosity 
to  the  other,  and 
passing  immedi- 
ately in  front  of 
the  anus,  would 
divide  the  space 
into  two  parts  (see 

Fig.  3794),  the  anterior  of  which  is  called  the  urethral 
triangle  or  true  perineum,  and  the  posterior  the  anal 
or  rectal  triangle.  The  anterior  triangle  contains  the 
bulb  and  urethra,  with  the  muscles  of  the  perineum 
proper;  the  posterior  triangle  has  in  it  the  rectum  and 
the  two  ischio-rectal  fosses. 

SuKPACB  Anatomy. — In  the  undisseoted  subject  the 
superficial  area  of  the  perineum  is  very  limited,  espe- 
cially when  the  thighs  are  brought  together ;  it  then  con- 
sists of  a  narrow  space  or  groove  reaching  from  the 
coccyx  behind  to  the  symphysis  pubis  in  front.  In  the 
centre  of  this  groove  is  an  elevation  of  the  skin,  called  the 
median  raphe,  which  runs  from  the  front  of  the  anus, 
over  the  scrotum,  to  the  under  surface  of  the  penis.  No 
vessels  cross  this  line,  and  in  this  situation  incisions  may 
be  made  without  any  fear  of  hemorrhage.  The  osseous 
boundaries  of  the  perineum  may  be  easily  made  out 
through  the  skin ;  the  great  sacro-sciatic  ligaments,  how- 
ever, being  covered  by  the  gluteal  muscles,  can  be  felt 


Fig.  379i.— Outlet  ol  the  Pelvis.  Line  dirtd- 
Ing  outlet  into  anterior  or  urethral  triangle, 
and  posterior  or  rectal  triangle.  • 
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na.  3795.— 1,  Bladder ;  2,  prostate ;  4, 
bulb ;  5-6,  seminal  vesicles  and  vas 
deferens ;  7,  ureter ;  8,  rectum ;  9, 
sphincter  ani.    (Eoser.) 


only  by  pressing  in  a  line  drawn  from  the  coccyx  to  the 
ischial  tuberosity.     In  thin  subjects  they  can  be  more 

easily  felt.  The  anus  is 
situated  at  the  midpoint 
between  the  tuberosities, 
and  its  centre  is  about 
one  inch  and  a  half 
from  the  end  of  the  coc- 
cyx. The  central  point 
of  the  perineum  is  a  lit- 
tle more  than  an  inch  in 
front  of  the  anus;  this 
point  corresponds  to  the 
middle  of  the  free  bor- 
der of  the  triangular 
ligament.  A  knife  in- 
troduced here,  and  given 
a  slightly  upward  direc- 
tion, would  reach  the 
membranous  urethra. 
Immediately  in  front  of 
the  central  point  may  be 
felt,  in  all  but  very  fat 
persons  and  children, 
the  bulb  of  the  urethra 
and  the  corpus  spongi- 
osum. Abscesses  point,  and  urethral  fistulas  are  often 
seen,  In  this  region. 

The  membranous  portion  of  the  urethra  perforates  the 
triangular  ligament  one  inch  below  the  symphysis  pubis, 
and  one  inch  and  a  half  in  front  of  the  anus.  The  skin 
of  the  perineum  is  thin  and  covered  with  hairs ;  about  the 
anus  it  is  of  a  brownish  color  and  thrown  into  radiating 
wrinkles  by  the  contraction  of  the  external  sphincter; 
these  folds  are  much  enlarged  when  the  hemorrhoidal 
veins  are  swollen  and  inflamed.  If  the  skin  of  the  anus 
be  everted,  a  fine  white  line  is  seen  which  marks  the 
junction  of  the  skin  and  mucous  membrane,  and  corre- 
sponds exactly  to  the  lower  margin  of  the  internal 
sphincter.  There  are  a  number  of  follicles  about  the 
margin  of  the  anus,  and  small  subcutaneous  abscesses  fre- 
quently occur  in  this  situation.  These  must  not  be  con- 
founded with  fistulae.  The  usual  incision  in  lateral  lith- 
otomy passes  between  the  anus  and  ischial  tuberosity,  a 
third  nearer  the  tuberosity  than  the  anus. 

If  the  finger  be  introduced  through  the  anus  into  the 
rectum,  many  important  landmarks  may  be,  felt.  The 
finger  for  the  first  inch  is  grasped  by  the  sphincter  mus- 
cles, principally  the  internal.  Here  the  internal  open- 
ings of  flstulffi  maybe  felt;  these  openings  are  rarely 
much  above  the  upper  border  of  the  sphincter  ani.  One 
can  easily  feel  ulcers  and  fissures  in  this  situation,  when 
they  are  present.  In  the  front  wall  of  the  bowel  the 
membranous  portion  of  the  urethra  can  be  made  out  in 
the  middle  line,  and  when  a  catheter  is  introduced  into 
the  bladder  it  can  be  easily  felt  as  it  passes  through  the 
membranous  portion ;  with  the  finger  in  the  rectum  a 
catheter  can  be  guided  into  the  bladder  in  cases  of  en- 
larged prostate,  and  if  the  instrument  enters  a  false  pas- 
sage it  can  be  detected  and  directed  into  the  proper  chan- 
nel. The  prostate  gland  can  be  felt  one  inch  and  a  half 
from  the  anus,  and  its  condition  ascertained  if  it  be  en- 
larged or  inflamed.  Passing  beyond  the  prostate  the  fin- 
ger comes  on  the  trigone  of  the  bladder.  When  the  blad- 
der is  distended  it  may  be  made  out  through  the  rectum 
as  a  soft  fluctuating  tiimor.  It  is  more  easily  felt  when 
the  other  hand,  placed  above  the  pubis,  presses  the  apex 
downward.  The  bladder,  when  distended,  may  be  tapped 
through  the  trigone  with  a  curved  trocar,  without  there 
being  any  danger  of  wounding  the  peritoneum,  which 
generally  reaches  only  to  within  four  inches  of  the  anus. 
In  rare  cases  the  peritoneum  passes  down  between  the 
gut  and  the  trigone.  In  such  cases,  of  course,  in  this 
operation,  it  would  inevitably  be  wounded. 

The  vesiculEB  seminales  can  rarely  be  felt,  unless  af- 
fected by  disease. 

Stone  in  the  bladder  in  children  can  often  be  diagnosed 
through  the  rectum.     Above  the  trigone  of  the  bladder 


transverse  folds  of  mucous  membrane  in  the  rectum  can 
be  felt;  these  are  soft  and  velvety  when  healthy,  but 
when  ulcerated  or  inflamed  they  feel  thick  and  cause 
great  pain  on  defecation.  Many  diseases  are  diagnosed 
by  the  finger  in  the  rectum,  viz.,  ulcers,  polypi,  hemor- 
rhoids, stricture  of  the  gut,  diseases  of  the  prostate,  deep- 
seated  abscess  of  the  ischio-rectal  fossa,  pelvic  tumors, 
etc. 

With  the  whole  hand  introduced  into  the  rectum  the 
entire  pelvis  may  be  explored,  as  well  as  the  lower  part 
of  the  abdomen. 

IscHio-KECTAL  FossA. — The  ischio-rectal  fossa  is  the 
space  which  exists  on  each  side  between  the  rectum  and 
ischial  tuberosity.  It  is  of  a  pyramidal  shape,  with  the 
apex  pointing  upward  to  the  pelvic  cavity,  and  is  from 
two  to  three  inches  in  depth. 

Boundaries. — Internally,  the  levator  ani  covered  by  the 
anal  fascia;  externally,  the  obturator  internus  muscle 
covered  by  the  parietal  layer  of  pelvic  fascia ;  in  front, 
the  triangular  ligament  and  transversus  perinei  muscle; 
behind,  the  lower  edge  of  the  gluteus  maximus,  the  great 
sacro-sciatic  ligament,  and  the  coccygeus  muscle. 

The  space  is  filled  with  fat,  and  crossing  the  fossa 
obliquely  are  the  inferior  hemorrhoidal  vessels  and  nerves. 
The  anterior  portion  is  crossed  by  the  perineal  vessels  and 
nerves,  and  entering  the  fossa  at  its  posteriisr  part  is  the 
perineal  branch  of  the  fourth  sacral  nerve. 

The  tuberosities  of  the  ischia  have  also  a  cushion  of  fat 
over  them,  and  when  this  is  removed  several  bursas  are 
seen.  The  apex  of  the  space  con-esponds  to  the  division 
of  the  pelvic  fascia  into  parietal  and  visceral  layers,  or 
rather  to  the  junction  of  the  anal  with  the  obturator 
fascia.  When  the  anal  fascia  is  removed  the  levator  ani 
muscle  is  exposed,  and  internal  to  the  levator  ani  is  the 
visceral  layer  of  pelvic  fascia. 

The  lower  end  of  the  rectum  is  placed  between  the  two 
fossae,  slung,  as  it  were,  by  the  meeting  of  the  two  leva- 
tores  ani  muscles,  and  held  in  place  by  the  external 
sphincter  and  recto-vesical  fascia.  The  fibres  of  the  leva- 
tores  ani  muscles  at  the  lower  end  of  the  rectum  are  sep- 
arated from  one  another,  and  in  this  situation  the  anal 
fascia  is  also  very  thin,  so  that  little  resistance  is  offered 
to  the  entrance  of  pus. 

Ischio-rectal  Abscess  and  Fistula  in  Ano. — Abscess  in 
the  ischio-rectal  fossa  is  not  an  uncommon  affection,  and 
is  often  caused  by  the  ulceration  of  foreign  bodies,  such 
as  fish-bones,  through  the  bowel  into  the  fossa,  and  there 
setting  up  inflammation.  Sitting  on  cold,  damp  seats 
after  exercise  is  another,  and  perhaps  the  most  common, 
cause  of  ischio-rectal  abscess. 

When  pus  forms  in  the  fossa  it  presents  at  the  points 
of  least  resistance,  viz.,  the  internal  wall  of  the  fossa  and 
the  skin  at  the  base.  When  the  abscess  breaks  through 
the  skin  it  will  be  found  that  after  a  time  a  sinus  re- 
mains, which  generally  communicates  with  the  bowel; 
this  sinus  is  called  afisttiht  inano.  The  internal  opening 
of  the  flstula  is  usually  within  half  an  inch  of  the  margin 
of  the  anus,  as  at  this  point  pus  can  more  easily  pene- 
rate  the  rect\un,  because  of  the  thinness  of  the  fascia  and 
the  scantiness  of  the  muscular  flhres.  The  external  open- 
ing may  be  anywhei'e  in  the  region  qf  the  posterior  part 
of  the  perineum.  To  prevent  the  formation  of  a  fistula, 
the  ischio-rectal  abscess  should  be  opened  early  and 
freely. 

Perineal  Fasci.b. — The  superficial  fascia  of  the  peri- 
neum consists  of  tw-o  layers,  between  which,  in  the  rectal 
triangle,  is  a  large  amount  of  fat;  in  the  urethral  triangle 
there  is  less,  and  as  the  fascia  reaches  the  scrotum  the  fat 
is  replaced  by  the  muscle  or  dartous  tissue  of  that  struct- 
ure. The  deep  layer  of  fascia  (fascia  of  CoUes)  is  limited 
to  the  urethral  triangle ;  it  is  attached  to  the  base  of  the 
triangular  ligament,  to  the  anterior  lips  of  the  rami  of 
the  pubes  and  ischia  laterally,  and  anteriorly  it  is  contin- 
uous with  the  fascia  of  the  scrotum.  By  its  junction 
with  the  triangular  ligament  posteriorly  It  forms  a  pouch, 
which  is  divided  into  two  portions  by  a  median  septum. 

This  pouch  has  an  important  influence  on  the  direction 
which  urine  takes  when   extravasated,  or  pus  when  it 
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forms,  in  tins  region.  Owing  to  the  attaebment  of  tlie 
superficial  fascia  to  the  base  of  tlie  triangular  ligament 
and  to  the  rami  of  the  pubes  and  ischia,  fluid  cannot  go 
back  toward  the  anus  or  down  the  thighs,  but,  as  the 
fascia  is  continuous  anteriorly  with  the  dartos'  of  the 
scrotum,  no  resistance  is  oflercid  to  its  progress  forward 
and  upward  over  the  scrotum  to  the  abdonien. 

This  is  the  course  taken  by  urine  when  extnivasated  in 
front  of  the  triangular  liganient.  Wlien  an  abscess  forms 
in  the  perineum,  owing  to  the  median  septum,  it  is  usu- 
ally contined  to  one  side  of  this  pouch,  and  the  swelling 
is  triangular  in  shape.  Tlie  pus,  as  it  passes  forward,  on 
account  of  the  deficiency  of  the  septum  in  front,  fills  liotli 
sides  of  the  pouch. 

The  anterioi-  perineal  piuieh  contains  the  suiierficial 
perineal  muscles,  vessels,  nerves,  and  the  root  of  tlu; 
penis,  which  latter  is  made  U|i  of  the  two  crura  of  the 
cavernous  portions  and  the  bull)  of  the  spongy  p(n'tion. 

Muxdi'ii. — The  muscles  of  the  perineum  Ijoui'id  the  peri^ 
neal  triangle,  in  which  the  knife  is  entered  in  the  ojiera- 
tiou  of  lateral  lithotomy.  The  base  of  the  triangle  is 
formed  by  the  tranversus  perinei  mu.scle.  the  oiiter  side 
by  the  ischio-cavernosus  (erector  penis)  muscle,  and  the 
inner  side  by  the  bulbo-cavernosus  diccelerator  nrina'); 
the  triangular  ligament  forms  the  lloor  of  the  trianol,.. 

The  point  of  meeting  of  the  two  transverse  iierineal 
muscles,  the  sphincter  ani,  and  bulbo-cavernosus  muscles 
is  called  the  tendinous  or  central  point  of  the  perineum. 
Along  the  lower  border  of  the  transverse  muscles  is  seen 
the  transverse  artery,  a  branch  of  the  internal  pudic. 

Trianr/ulnr  Ligament.  * — This  ligament  divides  tlie 
perinemu  into  two  portions — a  deep  and  a  superficial. 
It  lias  very  definite  attachments  to  the  subpubic  ligament, 
the  rami  of  the  pubis  and  ischia,  and  the  superficial 
fascia.     It  also  blends  with  the  central  tendinous  point 
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Fig.  3796.— Superflolal  Dissection  of  ttie  IVIuscles  of  the  Perineum. 
1,  Bulbo-cavernosus  muscle ;  2,  isctiio-cavemosus  ;  3,  transversus 
perinajl ;  i,  triauKular  ligament ;  .5,  sphincter  ani ;  6,  coccygeus ;  7, 
great  gluteus  miisole;  8,  cellular  fatty  tissue  of  the  iscbio-rectal 
fossa;  9, saoro-sciatic  ligament ;  ^,  ischio-pubic  ramus :  iJ,  ischium; 
C,  anus ;  X>,  coccyx ;  E,  cavernous  body. 

of  the  perineum.     As  suggested  by  Prof.  D.  J.  Cunning- 
ham, of  Dublin,  it  is  better  to  regard  this  ligament  as  a 

*This  structure  is  sometimes  named  the  anterior  layer  of  the  trian- 
gular ligament,  the  posterior  layer  being  the  parietal  layer  of  pelvic 
fascia.  It  is  also  called  the  deep  layer  of  the  deep  perineal  fascia  and 
the  subpubic  fascia. 


distinct  membi-ane,  and  to  class  it  in  the  same  category 
as  the  obturator  membrane;  for  "it  lies  in  the  same  moi"- 
phological  plane  as  the  bony  and  ligamentous  wall  of  the 


Fig.  o(9i.— The  Muscles  of  the  Perineum,  Deep  Dissection.  A, 
Symphysis  pubis ;  H,  bladdPi';  C,  prostate;  Z>,  seminal  vesicle;  E, 
urethra  cut  transversely;  1,  triangular  ligament;  a,  deep  trans- 
verse perinei  muscle ;  .j,  Cowper's  glands  ;  6,  subpubic  nle.xus  of 
veins. 

pelvis,"  and  it  completes  the  pelvic  wall  in  front  in  the 
same  manner  as  the  thyroid  membrane  closes  the  thyroid 
foraraeu. 

"When  the  body  is  erect  the  lower  surface  of  the  trian- 
gular ligament  looks  dowuwanl  and  forward,  and  the  deep 
surface  upward  and  backward. 

Struct  arcs  in  lidatiun  inth  the  Tri/iiirjxlnr  Lir/iinuiit. — 
In  front  are  the  sti-uctures  named  above  as  being  con- 
tained in  the  perineal  pouch. 

The  ligament  is  pierced  by  the  urethra,  and  also  by  the 
dorsal  vein  and  nerves  of  the  penis  and  the  internal  pudic 
arteries.  The  urethra  pierces  the  li.ganient  one  inch  be- 
low the  symphysis  pubis,  in  the  middle  line.  The  jiaric- 
tal  layer  of  pelvic  fascia  (posterior  layer  of  the  triangular 
ligaiuent)  is  above  and  behind,  and  is  attached  to  the  lig- 
ament below,  but  as  it  proceeds  upward  the  space  be- 
tween them  widens.  Between  these  two  structures  are 
the  membranous  portitm  of  the  urethra,  the  pudic  vessels 
and  nerves,  with  the  artery  of  the  bulb,  the  doi-sal  vein 
of  the  penis,  the  compressor  urethras  muscle,  whicli  sur- 
rounds the  mendji'anons  urethra,  and  Cowper's  gUmds. 
These  latter  empty  their  secretion  into  the  bulb.ous  por- 
tion of  the  ui'cthra;  in  inflammatory  conditions  of  the 
urethra  they  may  become  infiamed  and  suppurate:  they 
are  the  homologues  of  Bartholin's  glands  in  the  female. 

The  membranous  piortion  is  the  least  dilatable  portion 
of  the  urethra,  and  is  frequently  the  seat  of  tritiiiiiutic 
strictures;  it  measures  three-fourths  of  an  inch  in  lengtli. 

Behind  and  above  the  pelvic  fascia  (posterior  laj-er  of 
the  triangular  ligament)  is  theape.'cof  the  prostate  gland, 
covered  by  the  levator  ani  muscle  and  by  its  own  capsule. 
From  this  description  it  will  be  seen  that  the  triangular 
ligament  divides  the  perineum  into  two  compartments,  a 
superficial  and  a  deep;  the  superficial  contains  the  peri- 
neal muscles  and  root  of  the  penis ;  the  deep  the  mem- 
branous portion  of  the  urethra,  the  pudic  artery  and 
nerves,  the  dorsal  vein  of  the  penis,  the  compressor  ure- 
thrae  muscle,  and  Cowper's  glands.  The  base  of  the  tri- 
angular ligament  is  the  meeting-point  of  three  fascia^ 
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viz  ■  (1)  perineal  fascia;  (2)  triangular  ligament ;  and  (3) 
the  parietal  layer  of  the  pelvic  fascia  (posterior  layer  of 
the  triangular  ligament).  ,        ,    ^ 

The  triangular  ligament  sometimes  offers  an  oDstacIe  to 
the  introduction  of  a  catheter ;  for  if  the  instrument  be 


the  two  pudic  veins ;  proceeding  forward,  it  passes  be- 
tween the  triangular  ligament  and  the  parietal  layer  of 
pelvic  fascia  (posterior  layer  of  the  triangular  ligament), 
and  then,  running  under  cover  of  the  rami  of  the  pubis 
and  ischium,  pierces  the  triangular  ligament  from  behind, 


FIG.  3T98. 


not  kept  against  the  upper  wall  of  the  urethra,  it  is  apt 
to  sag  in  the  lower  wall,  which  is  very  distensible,  and 
reach  the  triangular  ligament  below  the  opening  of  the 
membranous  urethra.  After  the  triangular  ligament  has 
been  successfully  passed,  the  point  of  the  instrument  may 
be  arrested  in  the  membranous  urethra  by  the  spasmodic 
contraction  of  the  compressor  urethrse  muscle  which  en- 
circles it;  this  obstruction  may  be  overcome,  without 
exercising  any  force,  by  merely  Iseeping  the  end  of  the 
instrument  pressed  gently  against  the  obstructing  point ; 
after  a  short  time  the  muscle  relaxes  and  the  instrument 
slips  into  the  bladder. 

Kicks  in  the  perineum,  or  injuries  from  falling  astrad- 
dle of  anything,  may  rupture  the  membranous  portion  of 
the  urethra,  and  in  these  cases  blood  and  urine  will  be 
extravasated  between  the  triangular  ligament  and  the. 
parietal  layer  of  the  pelvic  fascia  (posterior  layer  of  the 
triangular  ligament).  Should  the  injury  tear  the  trian- 
gular ligament,  then  the  extravasated  fluid  would  take 
the  ordinary  course  upward  over  the  scrotum  and  abdo- 
men. When  extravasation  has  occurred,  free  incisions 
should  be  made  in  the  perineum,  and  if  the  urethra  be 
completely  torn  across,  the  perineum  should  be  opened 
in  tlie  middle  line  and  an  instrument  introduced  into  the 
bladder. 

Professor  Cunningham,  of  Dublin,  has  pointed  out,  in 
his  "Dissector's  Guide,"  that  in  removing  the  various 
structures  from  the  surface  to  the  prostate  gland,  alter- 
nate layers  of  fascia  and  muscle  are  met  with,  viz. :  (1) 
Superficial  fascia ;  ^i,)  superficial  perineal  muscles  ;  (3)  tri- 
angular ligament;  (4)  compressor tirethrmmvscle;  (5)  pari- 
etal layer  of  pelvic  fascia,  or  posterior  layer  of  the  tri- 
angular ligament;  (6)  levator  nni  muscle;  (7)  capsule  of 
the  prostate  and  pubo-prostatic  ligament. 

Internal  Pudic  Artery. — The  pudic  artery  is  seen  in  the 
rectal  triangle,  enclosed  within  a  sheath  of  pelvic  fascia 
formed  by  the  splitting  of  the  obturator  fascia.  It  lies 
about  one  and  a  half  inches  above  the  level  of  the  ischial 
tuberosity  and  is  accompanied  by  the  pudic  nerve  and 
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half  au  inch  below  the  symphysis  and  a  little  to  one  side 
of  the  middle  line.  It  then  divides  into  its  two  terminal 
branches,  the  artery  to  the  corpus  cavernosum,  and  the 
artery  to  the  dorsum  of  the  penis.  The  pudic  artery, 
while  in  the  ischio-rectal  fossa,  gives  off  the  hemor- 
rhoidal, and  a  little  further  forward  the  superficial  and 
transverse  perineal,  arteries.  While  passing  behind  the 
triangular  ligament,  it  gives  off  the  artery  of  the  bulb, 
the  wounding  of  which  was  formerly  so  much  dreaded 
by  surgeons.  The  pudic  artery  itself  is  said  to  be  in 
danger  of  being  wounded  in  lateral  lithotomy,  but  this 
accident  could  occur  only  to  the  most  careless  operators, 
when  withdrawing  the  knife  and  sweeping  it  outward. 
It  is  possible  to  wound  it  only  after  it  has  left  the  protec- 
tion of  the  pubic  arch. 

EXPLOIIATION  OF  THE  BlADDEK  THROUGH  THE  PERI- 
NEUM.— This  operation  is  little  more  than  a  perineal  sec- 
tion. According  to  Sir  Henry  Thompson,  after  intro- 
ducing a  grooved  staff  an  incision  should  be  made  in  the 
median  line,  commencing  three-fourths  of  an  inch  in  front 
of  the  anus,  and  the  parts  should  be  divided  till  the  staff 
is  reached  in  the  membranous  portion  of  the  urethra ;  the 
finger  is  introduced  into  the  bladder  through  this  inci- 
sion, the  prostatic  urethra  dilating  easily;  the  staff  is 
now  removed  and  the  exploration  of  the  bladder  is  made. 
Through  this  median  incision  tumors  and  stones  of  mod- 
erate size  can  be  removed.  There  is  little  hemorrhage, 
even  should  the  bulb  be  wounded,  for  this  latter  struct- 
ure is  not  very  vascular  in  the  median  line. 

Parts  Divided  in  Lateral  LitJwtomy. — The  incision  is 
commenced  one  inch  and  a  half  in  front  of  the  anus,  and 
is  carried  downward  and  outward  to  a  point  between  the 
anus  and  great  tuberosity,  a  little  nearer  the  tuberosity 
than  the  anus.*  In  order  to  reach  the  staff  in  the  mem- 
branous urethra  the  following  structures  must  be  cut: 

In  the  first  incision :  Skin  and  superficial  fascia ;  trans- 

*  The  incision  employed  In  lateral  lithotomy  falls  about  In  a  line 
parallel  with  the  ascending  ramus  ol  the  pubis  and  the  Ischlo-caverno- 
8US  muscle.    (Roser.) 


REFERENCE   HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


JPerlneum, 
Perineum. 


verse  perineal  muscle  and  artery ;  base  of  the  triangular 
ligament ;  the  hemorrhoidal  vessels  and  nerves. 

Second  incision :  The  knife  is  now  guided  by  the  fore- 
finger, passed  up  behind  the  triangular  ligament,  its 
point  placed  in  the  groove  of  the  staff,  and  the  blade  is 
lateralized  and  pushed  along  the  groove  into  the  bladder. 
In  this -incision  the  following  parts  are  divided,  viz.: 
Membranous  portion  of  the  urethra  and  compressor  ure- 
three  muscle;  parietal  layer  of  pelvic  fascia  (posterior 
layer  of  the  triangular  ligament) ;  anterior  fibres  of  the 
levator  ani  and  left  lobe  of  the  prostate. 

Parts  to  he  Avoided, — (1)  Artery  of  the  bulb,  (2)  rectum, 
(3)  pudic  artery. 

(1)  The  danger  from  a  wound  of  the  artery  of  the  bulb 
is  not  great,  and  is  somewhat  traditional;  with  the  mod- 
ern methods  of  arresting  hemorrhages  no  one  need  fear 
wounding  the  artery  of  the  bulb.  Very  frequently  it  is 
abnormal  in  its  distribution,  and  its  division  cannot  be 
avoided. 

(3)  The  rectum  may  be  cut,  especially  in  children,  if 
the  iaowel  is  not  emptied  previous  to  operation,  or  if  the 
incision  be  carried  down  too  vertically. 

(3)  The  pudic  artery  need  never  be  wounded  in  a  prop- 
erly performed  operation.  It  can  be  cut  only  by  lateral- 
izing  the  knife  too  much  in  withdrawing  it.  If  wounded, 
it  may  be  secured  with  the  modern  artery  forceps  with- 
out great  difficulty. 

In  the  withdrawal  of  the  knife  a  too  vertical  incision 
may  cut  through  the  prostate,  and  so  divide  the  visceral 
layer  of  pelvic  fascia.  Should  this  accident  happen,  no 
ill  results  will  follow  if  the  wound  be  kept  sweet  and  be 
thoroughly  drained.  "Wounding  of  the  visceral  layer  of 
the  pelvic  fascia  is  a  danger  much  dwelt  on  by  the  older 
lithotomists,  and  surgeons  of  the  present  day  still  have  a 


when  enlarged  can  be  removed  through  a  perineal  inci- 
sion either  transverse  or  vertical.  Also  the  seminal  vesi- 
cles can  bo  reached  through  the  same  route.  When  af- 
fected with  tuberculous  disease  it  is  sometimes  necessary 
to  remove  them.  The  ureter  as  it  enters  the  bladder  can 
be  reached  through  the  perineum,  and  stones  which  have 
become  lodged  there  successfully  extracted. 

Testicle  in  Pbiiineum. — During  the  descent  ofi  the 
testicle,  and  after  it  has  passed  through  the  external 
abdominal  ring,  it  may,  instead  of  entering  the  scrotum, 
pass  down  into  the  perineum  (ectopia  perinealis).  In 
these  cases  it  may  be  felt  slightly  movable  under  the  skin, 
about  an  inch  and  a  half  in  front  of  the  anus.  The  scro- 
tum of  the  side  in  which  the  testicle  is  lodged  in  the  peri- 
neum is  deficient  if  the  affection  be  congenital ;  if  the 
case  is  of  traumatic  origin  the  scrotum  of  that  side  is 
present.  The  displacement  has  no  evil  effect  on  the  tes- 
ticle, which  is  always  of  a  good  size.  The  abnormal 
position  of  the  testicle  renders  it  liable  to  injurj^,  and 
patients  apply  to  the  surgeon  for  relief.  An  operation 
has  been  devised  for  restoring  the  misplaced  testicle  to 
its  proper  position  in  the  scrotum,  but  its  success  has  been 
only  moderate.  Excision  is  sometimes  demanded  to  rid 
the  patient  of  his  trouble. 

II.  The  Female  Pekineum. — The  space  occupied  by 
the  female  perineum,  owing  to  the  wider  pubic  arch,  is 
somewhat  larger  than  that  of  the  male.  It  differs  from 
the  male  perineum  in  being  perforated  in  the  median  line 
by  the  vulvo-vaginal  opening.  This  opening  occupies 
the  place  in  the  female  which  in  the  male  is  the  situation 
of  the  bulb.  In  the  female  this  bulb  is,  as  it  were,  di- 
vided into  two  halves,  as  is  also  the  muscle  covering  it. 
The  space  between  the  divided  bulb  is  the  opening  of  the 
vagina.     The  vagina  extends  upward  and .  backward  be- 
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traditional  fear  of  this  accident  happening.  In  children, 
lateral  lithotomy  can  scarcely  be  performed  without  cut- 
ting through  the  prostate  gland,  and  at  the  same  time 
the  visceral  layer  of  pelvic  fascia ;  yet  no  ill  results  follow ; 
on  the  contrary,  the  operation  is  safer  in  children  than  in 
adults.  The  real  danger  in  adults  is  not  from  wounding 
the  pelvic  fascia,  but  from  wounding  the  prostatic  plexus 
of  veins  and  the  ejaculatory  ducts.    The  prostate  gland 


tween  the  bladder  and  rectum,  its  upper  part  being  cov- 
ered by  peritoneum,  and  thus  it  is  in  close  relation  with 
the  peritoneal  cavity. 

The  triangular  ligament  is  al^o  divided  into  two  halves, 
and  on  this  divided  ligament  rests  the  divided  bulb,  the 
vagina  passing  between.  So  we  have  a  bulb  which  is 
called  the  "  vestibular  bulb  "  on  each  side  of  the  vagina, 
and  these  bulbs  are  joined  above  by  a  small  plexus  of 
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vessels  called  the  "  pars  intermedia. "  The  bulbs  are  cov- 
ered by  the  sphincter  vaginse  muscle  (bulbo-cavernosus). 
This  is  the  homologue  of  the  fused  bulbo-cavernosus  mus- 
cle in  the  male.     We  also  see  the  anterior  fibres  of  the 


Fig.  3800.— The  Bulb  of  the  Vagina  with  the  Venous  System  of  the  Clitoris,  Viewed  from  In 
front.  (After  Kobelt.)  1,  Bulb ;  2,  constrictor  muscle ;  6,  glans  of  clitoris ;  9,  communlcar 
tion  with  the  obturator  veins ;  13,  cavernous  body. 


levator  ani  muscle  embracing  the  vagina  as  they  do  the 
prostate  gland  in  the  male. 

The  superficial  fascia  and  GoUes'  fascia  have  the  same 
attachments  as  in  the  male,  but  difler  in  being  perforated 
by  the  vagina. 

The  glands  of  Bartholin  and  Duverney  are  situated  on 
each  side  of  the  commencement  of  the  vagina  behind  the 
triangular  ligament,  and  correspond  to  Cowper's  glands 
in  the  male.  Their  ducts  open  on  each  side  between  the 
hymen  and  labium  minus.  It  is  not  uncommon  to  have 
abscesses  connected  with  these  glands,  to  cure  which 
they  have  to  be  dissected  out. 

The  clitoris  and  nymphae  correspond  to  the  penis  in  the 
male.  The  clitoris  is  composed  of  two  corpora  cavernosa 
and  a  rudimentary  glans.  It  is  much  smaller  than  the 
penis,  and  is  not  perforated  by  the  urethra.  The  corpora 
cavernosa  are  attached  to  the  inner  side  of  the  pubic  arch 
in  front  of  the  triangular  ligament,  and,  as  in  the  male, 
are  covered  by  a  muscle,  the  ischio-cavernosus  (erector 
clitoridis).  The  glans  is  surrounded  by  a  membranous 
fold,  which  is  the  homologue  of  the  prepuce  in  the  male. 

The  mlmr  cleft  opens  on  the  surface  between  the  two 
labia  majora;  anteriorly  opening  into. this  cleft  is  the 
urethra,  and  posteriorly  is  a  recess  called  the  fossa  navic- 
ularis,  and  in  the  centre  is  the  vagina.  The  space  ante- 
riorly between  the  clitoris  and  the  urethra  is  called  the 
vestibule,  and  this  is  bounded  on  each  side  by  a  labium 
minus. 

The  labia  mOfjora  are  two  thick  folds  of  skin  covered 
with  hair  and  united  in  front  to  form  the  mons  veneris. 
In  each  labium  are  blood-vessels  and  dartous  tissue  as  in 
the  scrotum  of  the  male,  of  which  they  are  the  homo- 
logue. The  vestibule  corresponds  to  the  lower  pros- 
tatic and  membranous  portion  of  the  urethra  in  the 
male. 

On  separating  the  labia  majora  the  nymphae  or  labia 
minora  are  seen.  These  are  folds  of  skin  which  are  con- 
tinuous above  with  the  prepuce  of  the  clitoris  and  below 
]oin  the  labia  majora  about  the  centre.  As  a  rule  they 
do  not  project  beyond  the  labia  majora,  but  in  the  dark 
races  they  are  of  larger  size  and  project  considerably  be- 


yond the  vulvar  cleft.    In  old  age  they  are  also  more 
prominent. 

The  hymen  is  a  thin  fold  of  mucous  membrane  of  vari- 
ous forms,  which  partially  occludes  the  vaginal  orifice; 
in  some  cases  the  vaginal  orifice  is 
completely  closed,  and  then  we  have 
what  is  called  an  imperforate  hymen. 
Occasionally  the  hymen  is  absent  or 
has  been  destroyed  by  inflammatory 
action  in  childhood.  Its  presence  is 
not  necessarily  a  proof  of  virginity 
nor  is  its  absence  significant  of  the 
loss  of  the  same.  When  the  hymen 
has  been  ruptured,  and  in  women 
who  have  borne  children,  the  rem- 
nants are  seen  as  small  rounded  ele- 
vations called  "carunculae  myrti- 
formes." 

The  vessels  and  nerves  of  the  fe- 
male perineum  do  not  differ  essen- 
tially from  those  of  the  male;  the 
pudic  artery  is  smaller,  while  the 
superficial  perineal  artery  going  to 
the  labia  is  larger.  Owing  to  the 
small  size  of  the  clitoris  as  com- 
pared with  the  penis,  the  nerves  and 
blood-vessels  supplying  it  are  much 
smaller. 

The  Perineal  Body,  or  the  so-called 
perineum  of  the  obstetrician,  fills  in 
the  space  between  the  vagina  and  the 
rectum;  in  section  it  is  triangular  in 
shape,  with  the  base  of  the  triangle 
downward,  corresponding  to  the  skin 
between  the  posterior  part  of  the 
vagina  and  the  anterior  border  of  the 
anus.  Anteriorly  is  the  fossa  navicu- 
laris,  and  posteriorly  is  the  rectum.  The  perineal  body 
measures  at  its  base  about  one  and  one-quarter  inches 
from  before  backward,  and  laterally  extends  from  one  tu- 
berosity to  the  other ;  in  this  space  is  the  tendinous  point  of 
the  perineum,  to  which  are  attached  several  muscles,  such 
as  the  levator  ani,  sphincter  ani,  transversus  perinei,  and 
sphincter  vaginse.     Laterally  we  have  the  Ischio-caver- 


S I  °l;~,?'^^'^?"2".i"  "'^  VulTO-vaglnal  Orince  with  the  Glands 
of  Bartholin.  1,  Orifice  of  vagina ;  2,  hymen ;  3,  meatus  urlnarius ; 
iin"=;;.Sj  ^^f'S  S'bulb  of  vagina;  5,  vulvo-vaginal  or  Bartho- 
lin s  glands;  7,  8,  duct  with  opening  cut  through  orifice  of  vacina: 
M,  constrictor  vagin^  partly  resected  on  left  side  to  show  the 
glands  of  Bartholin ;  11,  transversus  perinei  muscle. 

nosi  muscles.  Running  across  the  perineal  body  we  have 
a  transverse  septum  which,  in  the  female,  is  very  strong 
and  consists  of  connective  tissue,  yellow  elastic  tissue 
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and  involuntary  muscular  fibres ;  it  can  be  felt  as  a  hard 
body  when  examined  through  the  posterior  commissure 
of  the  vagina.  The  "  perineum  "  is  a  highly  distensible 
body,  as  is  well  seen  in  childbirtli,  when  it  is  almost  ob- 
literated. Above  the  perineal  body  the  vaginal  and  rec- 
tal walls  are  in  apposition,  loosely  connected  with  areolar 
tissue.  This  so-called  perineum  is  frequently  torn  in  first 
labors,  and  if  the  rent  be  not  sewed  up  immediately  so 
as  to  enable  union  by  first  intention  to  take  place,  the 
vaginal  orifice  will  be  much  enlarged  and  the  support  of 
the  perineal  body  be  lost.  Occasionally  these  rents  ex- 
tend into  the  rectum,  and  a  very  miserable  condition  re- 
sults, there  being  partial  or  complete  incontinence  of 
fseces.  Operations  undertaken  for  the  repair  of  this  con- 
dition are  most  successful  even  when  of  old  standing.  It 
is,  however,  much  better  to  repair  the  rent  as  soon  as 
possible  after  its  occurrence. 

Tearing  of  the  perineum  with  general  relaxation  of  the 
pelvic  floor  and  increase  in  the  intra-abdominal  pressure 
predispose  to  prolapse  of  the  uterus.  This  condition  is 
rarely  seen  in  the  nullipara  or  in  well-to-do  multipara. 
It  is  the  hard-working  woman,  who  gets  up  to  work  too 
soon  after  childbirth,  in  whom  this  condition  is  most  fre- 
quently seen.  F)'anc'is  J.  Shepherd. 

PERIOSTEUM,  ACTINOMYCOSIS  OF.— Actinomy- 
cosis is  rarely  primary  in  the  periosteum ;  but  the  perios- 
teum is  not  infrequently  involved  by  direct  extension 
from  actinomycotic  processes  in  neighboring  structures. 
In  primary  actinomycosis  of  the  mouth  the  periosteum  of 
the  jawbone  is  first  involved,  later  the  bone ;  in  actino- 
mycosis of  the  lungs  the  process  may  extend  to  the  pleura 
and  thence  to  the  periosteum  of  the  ribs  and  vertebrre. 
In  these  cases  of  secondary  extension  there  occurs  first 
an  actiiwmycoUe  periostitis  with  formation  of  granulation 
tissue.  As  a  result  of  this  a  superficial  caries  is  produced 
and  the  interior  of  the  bone  becomes  involved.  Here  tlie 
process  develops  more  rapidly,  the  bone  becomes  filled 
with  granulation  tissue,  and  expands  into  a  honeycombed 
shell.  Over  this  the  periosteum  may  develop  irregular 
masses  or  spicules  of  bone  or  thick  layers  of  fibrous  tis- 
sue. The  microscopical  -picture  is  that  of  a  strong  re- 
active inflammation;  numerous  mast  and  plasma  cells  are 
present.  The  clinical  and  diagnostic  features  are  given 
under  the  head  of  Actinomycosis. 

Aldred  Scott  Warthin. 

PERIOSTEUM,  TUBERCULOSIS  OF.— Primary  tu- 
berculosis of  the  periosteum  is  regarded  by  most  writers 
as  a  very  rare  condition ;  but  it  probably  is  of  not  infre- 
quent occurrence.  Though  the  majority  of  cases  of  pri- 
mary tuberculosis  of  the  bones  are  of  myelogenous  origin, 
there  can  be  little  doubt  that  numerous  cases  begin  as  a 
tuberculoiis periostitis  (periostitis  tuberculosa).  The  proc- 
ess begins  with  the  formation  of  a  granulation  tissue  be- 
neath the  inner  layer  of  the  periosteum.  Tliis  shows  lit- 
tle tendency  to  caseate,  but  on  the  other  hand  becomes 
ossified.  Small  tubercles  are  found  in  the  early  stages,  but 
the  process  shows  a  great  tendency  to  self-healing  through 
the  formation  of  bone  (ossifying  periostitis).  As  a  result 
of  such  healing,  exostoses  or  hyperostoses  are  formed. 
The  writer  believes  that  many  of  the  so-called  inflamma- 
tory local  hyperplasias  of  bone  are  tuberculous  in  origin. 
In  other  cases  the  process  may  break  through  the  peri- 
osteum and  a  tuberculous  sinus  or  a  "  cold  abscess  "  may 
be  formed;  or  in  some  cases  the  bone  becomes  involved, 
and  the  clinical  picture  becomes  that  of  a  bone  tuberculo- 
sis. Superficial  caries  may  follow,  either  with  or  without 
tjie  formation  of  deep  foci.  As  in  the  case  of  gummatous 
periostitis,  piseudo-cysts  may  be  formed  by  the  liquefac- 
tion of  encapsulated  caseous  areas.  The  cyst  wall  may 
be  bony.  Secondary  tuberculosis  of  the  periosteum  is 
very  common  in  connection  with  bone  or  joint  tubercu- 
losis. Aldred  Scott  Warthin. 

PERIOSTEUM,  TUMORS  OF.— The  primary  tumors 
of  the  periosteum  belong  wholly  to  the  connective-tissue 
growths.     They  are  both  benign  and  malignant;   the 


former,  usually  arising  from  the  inner  osteogenetic  layer 
of  the  periosteum,  are  covered  by  its  outer  fibrous  layer; 
the  latter  break  through  the  fibrous  layer  and  invade  the 
neighboring  tissues.  Occasionally  both  benign  and  ma- 
lignant forms  may  arise  from  the  outer  layer. 

Benign  Orowths, — Tlie  osteoma  is  the  most  common  be- 
nign growth  of  the  periosteum,  occurring  usually  as  a 
circumscribed  bony  growth,  termed  an  exostosis.  The 
periosteal  osteomata  are  classed  by  some  writers  under 
the  general  term  osteophyte  ;  but  by  others  the  latter  term 
is  used  to  indicate  a  very  small  bony  growth  of  the  peri- 
osteum. Larger,  more  diffuse  periosteal  osteomata  are 
known  as  hyperostoses.  A  circumscribed  hyperostosis  differs 
from  an  exostosis  in  being  less  circumscribed  and  more 
superficial.  According  to  their  structure  the  periosteal 
osteomata  may  be  classed  as :  exostosis  eburnea,  composed 
of  hard  compact  bone  without  marrow  spaces ;  exostosis 
spongiosa,  composed  of  spongy  bone  about  equally  made 
up  of  bone  tissue  and  marrow  spaces ;  and  exostosis  me- 
dullaris,  containing  very  large  marrow  spaces.  The  mar- 
row in  the  exostoses  presents  the  same  general  appearance 
as  the  bone  marrow  proper.  According  to  histogenesis 
the  periosteal  exostoses  may  be  divided  into  two  classes: 
those  arising  from  tlie  connective-tissue  of  the  periosteum 
[exostosis  fibrosa),  and  those  of  cartilaginous  origin  (exos- 
tosis cartilaginea).  The  former  may  arise  either  from  the 
inner  or  from  the  outer  layer  of  the  periosteum ;  in  the  first 
case  they  are  immovable  (immovable  pieriosteal  exostosis),  in 
the  latter  they  are  movable  (movable  periosteal  exostosis). 
The  cartilaginous  exostoses  may  arise  from  a  proliferation 
of  tlie  periost-perichondrium,  usually  from  the  epiphyseal 
cartilages.  They  occur  most  frequently  in  young  chil- 
dren and  are  usually  multiple.  In  other  cases  cartilage 
rnay  first  form  from  the  periosteum,  and  this  may  later 
develop  into  bone.  Exostoses  are  found  most  frequently 
on  the  cranial  bones,  the  bones  of  the  trunk,  and  the  long 
bones  of  the  lower  extremities.  Many  of  them  are  not 
neoplasms  strictly,  but  are  hyperplasias  of  inflammatory 
origin. 

Ghondro7na  of  the  periosteum  is  of  less  frequent  occur- 
rence. It  may  develop  from  the  inner  layer  (immoeuble 
periosteal  chondroma)  or  from  the  outer  layer  (movable 
periosteal  chondroma).  The  cartilage  may  be  formed 
from  pre-existing  cartilage  (epiphyseal),  or  from  connec- 
tive tissue,  or  from  embryonal  inclusions  of  cartilage 
Anlage.  They  occur  most  frequently  upon  the  short  bones 
of  the  extremities,  the  shoulder  blades,  the  ribs,  and  the  fe- 
mur. They  are  very  likely  to  undergo  secondary  changes : 
myxomatous  degeneration,  calcification,  etc.  They  show 
a  marked  tendency  toward  malignancy.  Osteochondroma 
of  the  periosteum  sometimes  occurs ;  and  there  is  also  a 
peculiar  growth,  the  osteoid  chondroma,  which  may  reach 
an  enormous  size.  It  is  found  chiefly  on  the  long  bones 
of  young  individuals  and  shows  a  tendency  to  become  ma- 
lignant. The  surface  of  the  growth  is  usually  smooth,  the 
cut  surface  partly  hyaline  and  transparent,  partly  lamel- 
lated  and  reticular. 

Fibroma  of  the  periosteum  is  rare.  It  occurs  most  fre- 
quently in  the  periosteum  of  the  bones  of  the  mouth  and 
nose  (fibroid  epulis  and  fibroid  polyps).  Through  exces- 
sive development  of  blood-vessels  the  growth  may  as- 
sume the  character  of  a  telangiectatic  fibroma.  It  is  also 
very  likely  to  become  calcified  (fibroma  ossificans)  or  to 
undergo  myxomatous  change.  Malignant  changes  may 
develop. 

Myxomata  arise  rarely  from  the  periosteum.  They  are 
seldom  pure  myxomata,  but  present  the  appearance  of 
myxochondroma,  myxofibroma,  myxosarcoma,  etc.  They 
form  round  or  oval  "masses  covered  on  the  outside  by  a 
dense  layer  of  fibrous  tissue. 

Lipomata  of  the  periosteum  are  known  as  parosteal 
lipomata.  They  are  very  rare,  and  are  nearly  always 
congenital.  They  usually  contain  areas  of  striped  muscle 
fibres.  The  exact  nature  of  these  growths  is  not  yet 
known.  They  have  been  reported  as  occurring  on  the 
anterior  surface  of  the  cervical  vertebrae,  body  of  the 
pubis,  frontal  bone,  scapula,  etc. 

Angiomata  of  the  periosteum  are  very  rare.     They 
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have  been  observed  on  the  cranium  and  sternum.  An  ec- 
tatic  condition  of  the  blood-vessels  is  very  common  in  all 
of  the  tumors  arising  from  the  periosteum. 

Psmdo-cysU  may  be  formed  beneath  the  periosteum  as 
the  result  of  the  liquefaction  of  the  contents  of  subperi- 
osteal hsematomata  or  of  subperiosteal  tubercles  or  gum- 
mata. 

Sarcoma  is  the  most  important  of  the  primary  growths 
of  the  periosteum,  and — next  to  the  periosteal  exostosis — 
of  most  frequent  occurrence.  It  may  occur  at  any  age, 
but  is  more  frequent  in  the  young.  The  periosteal  sar- 
comata may  occur  in  any  part  of  the  skeleton,  but  are 
more  frequently  seen  near  the  ends  of  the  long  bones, 
particularly  of  the  lower  extremities.  They  may  be  di- 
vided into  the  hai'd  and  the  soft  forms.  The  soft  growths 
show  a  variegated  surface,  and  usually  contain  areas  of 
softening  and  extravasation ;  the  firmer  whitish  portions 
of  the  growth  may  be  homogeneous  or  fibrous.  The 
harder  growths  are  usually  whitish,  and  present  a  more 
or  less  fibrous,  radiating  surface.  As  a  rule,  the  growths 
are  more  or  less  nodular.  Originating  in  the  majority 
of  cases  from  the  inner  layer  of  the  periosteum,  the 
growth  assumes  a  more  or  less  spindle  shape  and  tends  to 
surround  the  bone.  Later,  it  breaks  through  the  perios- 
teum and  invades  the  soft  tissues  adjacent. 

Microscopically,  the  periosteal  sarcomata  represent 
nearly  every  form  of  sarcoma:  round  cell,  spindle  cell, 
polymorphous  cell,  giant  cell,  alveolar  forms,  flbro-sar- 
coma,  osteosarcoma,  osteoid  sarcoma,  chondrosarcoma, 
osteochondro-sarcoma,  myxosarcoma,  angiosarcoma,  and 
numerous  combination  forms.  The  most  common  vari- 
ety is  the  splndle-cell  form  containing  bone  or  osteoid 
-tissue.  The  most  cellular,  and  consequently  the  softest 
forms,  are  the  most  malignant.  The  malignancy  of  the 
different  varieties  varies  somewhat  with  the  location. 
The  giant-cell  epulis  of  the  jaw  is  of  relatively  slight 
malignancy,  but  a  growth  of  the  same  structure  on  the 
long  bones  is  much  more  malignant.  The  hard  fibrosar- 
coma, and  the  osteo-,chondro-,  and  osteoid  sarcoma,  often 
5how  relatively  slow  growth  and  but  little  tendency  to 
:set  up  metastases;  but  under  certain  conditions  any  one 
■of  these  forms  may  take  on  an  increased  malignancy. 
Metastases  of  periosteal  sarcomata  usually  appear  first  in 
the  lungs,  later  in  the  lymph  glands,  and  finally  in  any 
part  of  the  body.  The  metastases  are  frequently  of  a 
.softer  and  more  cellular  nature  than  the  primary,  but 
jnaj'  develop  bone  or  osteoid  tissue  or  even  cartilage. 

As  the  result  of  the  growth  of  the  periosteal  tumor  the 
bone  may  become  infiltrated  and  rarefied,  and  in  some 
cases  undergo  spontaneous  fracture;  or  in  other  cases 
there  is  set  up,  in  the  neighborhood  of  the  tumor,  an  ossi- 
fying osteomyelitis  which  leads  to  the  most  marked  scle- 
rosis of  the  bone.  New  bone  is  very  frequently  formed  in 
the  sarcoma,  particularly  next  to  the  old  bone  upon  which 
the  tumor  rests,  so  that  the  latter  seems  to  spring  from  an 
osseous  base.  In  other  cases  trabeculse  or  delicate  spic- 
ules of  bone  may  be  formed  in  a  radiating  manner  through 
the  tumor  mass,  or  irregular  bony  masses  or  spicules  may 
be  scattered  through  it  (ossifying  sarcoma  or  osteosar- 
coma). The  degeneration  of  portions  of  the  growth,  as 
is  commonly  seen  in  the  softer  varieties,  may  lead  to  cyst 
formation,  or  to  ulceration,  abscess  formation,  or  gan- 
grene, as  the  result  of  secondary  infection.  Large  hfema- 
tomata  may  result  from  hemorrhage  into  the  tumor. 
With  the  exception  of  the  epulis  and  the  hardest  forms, 
sarcoma  of  the  periosteum  usually  runs  a  malignant 
course.  The  growths  show  a  great  tendency  to  recur 
after  operation,  and  as  a  rule  they  give  rise  to  metas- 
tases. 

Secondary  tumors  of  the  periosteum  are  not  infrequent ; 
both  sarcoma  and  carcinoma  may  invade  the  periosteum 
from  primary  growths  of  neighboring  structures.  Second- 
ary carcinoma  is  the  more  frequent.  Caries  and  second- 
ary involvement  of  the  bone  may  result.  An  ossifying 
periostitis  is  almost  always  set  up,  so  that  the  secondary 
tumors  come  to  be  more  or  less  surrounded  by  newly 
lormed  bone,  or  contain  irregular  bony  masses  or  spicules. 

Aldred  Scott  Wanrthin. 
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PERISTALSIS.    See  Intestinal  Movements. 
PERITONEUM.    (ANATOMICAL.)    &&s  Abdomen. 

PERITONEUM,  NEW  GROWTHS  OF.— Primary  tu- 
mors of  the  peritoneum  are  relatively  rare ;  secondary  in- 
volvement by  malignant  tumors,  which  are  primary  in 
some  one  of  the  abdominal  or  pelvic  organs,  is  on  the 
other  hand  of  very  frequent  occurrence.  Further,  tu- 
mors which  are  primary  in  the  retroperitoneal  tissues  are 
to  be  placed  in  a  separate  class  from  those  which  are  pri- 
mary in  the  tissues  of  the  peritoneum  proper,  that  is, 
which  develop  either  from  the  endothelium  or  from  its 
basement  membrane. 

Primary  Peritoneal  OrowtJis. — The  most  important  of 
the  primary  growths  of  the  peritoneum  is  the  endothe- 
lioma, often  called  endothelioma  earcinmnatosum  or  endo- 
tlielial  cancer.  By  some  writers  it  is  spoken  of  as  pn- 
mary  carcinoma  of  the  peritoneuta,  but  the  latter  usage 
is  confusing  and  should  be  avoided.  The  designation 
primary  carcinoma  of  the  peritoneum  should  be  applied 
only  to  those  rare  carcinomata  of  the  peritoneum  which 
arise  from  the  columnar  epithelial  cells  of  embryonal  in- 
clusions of  intestinal  Anlage.  The  piimary  endothelioma 
of  the  peritoneum  forms  multiple  flat  plaques  or  flattened 
nodules,  which  are  more  or  less  confluent  or  bound  to- 
gether by  flattened  cords  or  strands.  Rarely  the  nodules 
may  be  larger  and  more  elevated.  About  the  larger 
plaques  there  are  often  seen  numerous  minute  flattened 
nodules,  solitary  or  becoming  confluent  into  little  groups. 
The  color  is  usually  white  and  the  consistency  soft ;  in 
some  cases  it  is  hard  and  firm  (endothelioma  fibrosum). 
The  peritoneum  about  the  plaques  is  more  or  less  thick- 
ened. In  many  of  the  nodules  a  yellowish  caseous  centre 
is  present,  the  appearances  closely  resembling  small  case- 
ating  tubercles.  A  serous  or  sero-fibrlnous  exudate,  usu- 
ally hemorrhagic,  is  often  present  in  the  early  stages ;  in 
the  advanced  stages  it  is  invariably  so.  Microscopically 
tlie  fiattened  tumors  are  found  to  consist  of  a  firm  con- 
nective-tissue stroma  enclosing  cords  and  strands  of 
cells,  which  are  often  low  columnar,  and  arranged  upon 
a  basement  membrane  after  the  manner  of  gland  cells; 
so  that  the  tumor  possesses  a  distinctly  tubular  character. 
In  many  of  the  tubule-like  cords  an  apparent  lumen  may 
be  seen.  The  surface  endothelium  is  usually  absent  over 
the  larger  plaques  and  nodules,  but  over  the  small  ones 
it  may  be  greatly  thickened,  forming  a  layer  consisting 
of  many  strata  of  cells.  Simple  necrosis  and  caseous 
necrosis  are  found  throughout  the  larger  growths,  and 
occasionally  there  is  a  mucoid  change.  The  vascular  sup- 
ply is  usually  rich.  The  cells  of  the  tumor  appear  to  rise 
both  from  the  surface  endothelium  and  from  the  endo- 
thelium of  the  lymph  spaces  and  vessels  (endothelioma 
lymphangiomatosum).  The  anastomosing  cords  and 
strands  follow  the  lymphatics.  Metastasis  into  the  solid 
organs  is  rare ;  secondaries  when  found  occur  in  the  pleura, 
dura  mater,  or  other  serous  membranes.  The  pleura  may 
be  involved  by  direct  extension.  The  growth  is  identical 
in  structure  with  the  flat  tubular  endothelioma  of  the 
other  serous  membranes ;  and  it  should  be  borne  in  mind 
that  the  peritoneal  growths  may  be  the  result  of  direct 
extension  from  the  pleura  or  they  may  be  metastatic. 
The  writer  has  seen  one  case  in  which  the  peritoneum, 
pleura,  and  dura  seemed  equally  involved ;  and  the  only 
apparent  reason  for  assigning  the  primary  origin  to  the 
peritoneum  was  the  greater  area  involved  in  the  case  of 
this  membrane. 

Primary  angiosarcoma  of  the  peritoneum  occurs  very 
rarely.  It  may  develop  as  a  plexiform  angiosarcoma, 
consisting  of  newly  formed  blood-vessels,  whose  walls 
proliferate  and  form  cylindrical  masses  of  cells.  Myx- 
omatous change  is  not  infrequent  in  these  growths  {myxo- 
angiosa/rcoma),  and  under  such  conditions  the  tumor 
may  be  mistaken  for  a  colloid  carcinoma.  In  other  cases 
the  sarcoma  may  show  the  structure  of  a  perithelionM. 
Kaufmann  describes  a  case  in  which  the  entire  perito- 
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neum  was  covered  with  small  warty  or  flattened  nodules 
of  grayish-red  color  and  very  vascular.  Ascites  was 
present,  and  the  surface  of  the  growths  was  covered  with 
a  thick  fibrinous  exudate. 

Primary  carcinoma  of  the  peritoneum  is  of  very  rare 
■occurrence.  The  cases  observed  have  been  of  a  cylin- 
drical-cell variety,  with  mucoid  change  (colloid  carci- 
noma), and  the  growth  advanced  diffusely  over  the  perito- 
neum. According  to  Birch-Hirschfeld  the  origin  of  these 
growths  is  from  the  epithelium  of  embryonal  "  rests  "  of 
intestinal  Anlage. 

Pi-iinary  benign  tumors  of  the  peritoneum  are  rare. 
Lipoma,  fibroma,  myxoma,  and  cliylangioma  have  been  ob- 
served. The  lipomata  arise  chiefly  as  tumor-like  hyper- 
plasias of  the  epiploic  appendices  or  from  the  omentum. 
The  cases  of  fibromata  and  myxomata  reported  as  arising 
in  the  peritoneum  are  of  somewhat  doubtful  nature.  In- 
flammatory hyperplasias  of  connective  tissue  may  have 
been  mistaken  for  neoplasms.  The  majority  of  the  be- 
nign growths  undoubtedly  arise  in  the  retroperitoneal 
tissues.  Polypoid  lipomata  of  the  peritoneum  may  be- 
come freed  through  tearing  of  their  pedicles;  as  free 
bodies  they  are  likely  to  become  calcified. 

Mesenterial  cysts  {chyle  cysts,  cystic  lymphangiomata)  are 
•of  rare  occurrence.  They  have  been  observed  in  chil- 
■dren.  They  form  bladder-like,  thin-walled  cysts,  which 
■often  reach  a  large  size,  holding  several  litres  of  fluid. 
The  intestines  may  be  adherent  to  the  anterior  surface  of 
the  cyst,  and  thus  give  rise  to  percussion  signs  of  an  area 
•of  tympanitic  dulness  passing  over  an  area  of  absolute 
•dulness. 

Becidua-like  proliferations  of  the  peritoneum  occur 
■during  pregnancy.  They  are  usually  confined  to  the 
pelvis,  but  may  spread  over  a  larger  part  of  the  perito- 
neum. After  delivery  they  undergo  resolution  and  be- 
•come  calcified. 

Secondary  Growths. — Secondary  carcinoma  of  the  peri- 
toneum is  of  very  frequent  occurrence.  The  primary  is 
most  often  located  in  the  stomach,  pancreas,  gall-bladder, 
intestine,  testis,  ovary,  or  uterus.  The  peritoneum  may 
"be  involved  by  contiguity,  by  continuity,  or  by  metastasis. 
In  the  latter  case  a  dissemination  or  implantation  metas- 
iasis  may  occur  over  the  entire  peritoneum ;  the  deeper 
parts,  the  pelvis,  flanks,  and  root  of  mesentery,  showing 
the  most  extensive  growth.  The  dissemination  of  the 
growth  is  aided  by  the  accompanying  ascites,  which  is 
often  very  great.  This  may  be  secondary  to  the  develop- 
ment of  the  carcinoma,  or  it  may  occur  before  the  latter. 
It  is  usually  hemorrhagic  in  character.  In  some  cases  the 
.development  of  the  peritoneal  secondaries  is  very  rapid, 
partaking  of  the  nature  of  an  inflammatory  process,  and 
giving  the  clinical  picture  of  a  peritonitis  (peritonitis  car- 
'Cinomatosa) ;  or  in  other  cases  the  secondaries  may  form 
.scattered  or  confluent  nodalas  (carcinosis peritonei).  In 
the  latter  case  ascites  may  or  may  not  be  present ;  in  the 
former  it  is  always  present  to  a  greater  or  less  extent. 
The  nodular  and  the  diffuse  forms  pass  into  each  other 
without  sharply  defining  lines. 

The  general  characteristics  of  secondary  carcinoma  of 
the  peritoneum  depend  upon  the  nature  of  the  primary 
.growth.  Adenocarcinoma  forms  usually  nodular  perito- 
neal metastases;  they  are  chiefly  located  on  the  under 
■surface  of  the  diaphragm,  in  the  flanks,  pelvis,  and  omen- 
-tum.  The  nodules  are  white,  soft,  often  showing  mucoid 
•change.  The  arrangement  along  the  lymphatics  is  often 
very  striking.  Confluence  of  the  nodules  gives  rise  to 
liattened  warty  masses.  Medullary  carcinoma  forms  soft 
nodules  of  large  size,  showing  necrosis,  umbilication, 
hemorrhage,  etc.  The  metastases  of  this  variety  into  the 
peritoneum  are  less  common  than  are  those  of  the  other 
forms.  Scirrhous  carcinoma  forms  a  diffuse  fibroid  thick- 
ening of  the  entire  peritoneum,  accompanied  by  perito- 
nitis which  often  covers  up  the  appearances  belonging 
to  the  new  growth.  The  small  intestines  may  be  con- 
tracted into  a  hard  mass  not  larger  than  the  fist.  The 
•appearances  are  those  of  a  chronic  fibroid  peritonitis 
rather  than  of  a  new  growth,  and  the  condition  is  often 
mistaken  for  the  same.    On  section  the  thickened  serosa 


is  hyaline,  hard,  and  tendon-like.  In  all  cases  in  which 
such  fibroid  change  of  the  peritoneum  is  found,  the 
lymph  glands  should  be  carefully  examined  for  metas- 
tases, secondary  scirrhus  being  more  easily  recognized 
in  the  lymph  glands  than  in  other  structures.  The 
pylorus,  gall-bladder,  and  prostate  should  be  thoroughly 
examined  for  the  primary,  which  may  be  of  insig- 
nificant size.  The  diffuse  mucoid  or  colloid  carcinoma, 
which  is  usually  primary  in  the  stomach,  gall-bladder, 
or  testis,  produces  very  marked  and  characteristic  ap- 
pearances in  the  peritoneal  cavity — particularly  in  the 
omentum  and  in  the  neighborhood  of  the  stomach.  The 
entire  peritoneum  may  be  infiltrated.  The  serosa,  in 
particular  of  the  omentum,  is  greatly  thickened,  cov- 
ered with  glassy,  translucent,  yellowish  or  yellowish- 
red  masses  containing  mucin.  The  omentum  may  be 
changed  into  a  thick,  homogeneous  mass,  through  which 
run  strands  and  fibres  of  connective  tissue  enclosing 
the  colloid  substance  (honeycomb  appearance).  The 
smaller,  younger  nodules  may  be  white,  opaque,  and 
firmer.  The  cystocarcinoma  of  the  ovary  or  testis 
may  give  rise  to  extensive  peritoneal  metastases,  the 
entire  surface  of  the  membrane  being  sometimes  com- 
posed of  cysts  filled  with  a  mucoid  substance.  The 
peritoneal  cavity  may  become  entirely  filled  with  a  col- 
loid-like mass.  Psammocarcinoma  of  the  ovary  may 
give  rise  to  peritoneal  metastases,  containing  calcareous 
masses. 

Secondary  Sarcoma  of  the  peritoneum  is  more  rare; 
melanotic  sarcoma,  myxosarcoma,  lymphosarcoma,  osteo- 
sarcoma, chondrosarcoma,  spindle-cell  sarcoma,  and 
angiosarcoma  have  been  reported. 

Primary  cystadenoma  of  the  ovary  may  give  rise  to  im- 
plantation metastases  or  may  involve  the  peritoneum  by 
continuity,  spreading  first  over  the  broad  ligament  and 
then  over  the  peritoneum.  In  the  case  of  the  papuliferous 
cystadenoma  or  surface  papilloma  of  the  ovary,  portions 
of  papillae  may  be  broken  off  and  transported  by  grav- 
ity, peristalsis,  or  movement  of  ascitic  fluid,  and  may  de- 
velop over  the  peritoneum,  wherever  they  may  lodge. 
Rupture  of  an  ovarian  cystadenoma  may  lead  to  the  cov- 
ering of  the  peritoneum  with  mucoid  or  colloid  material, 
which,  becoming  partially  organized,  gives  rise  to  the 
condition  known  as  pseudomyxoma  peritonei.  This  is  not 
of  the  nature  of  a  neoplasm,  but  represents  a  reaction  on 
the  part  of  the  peritoneum,  tending  to  organize  the  for- 
eign substance  spread  over  its  surface.  If  in  the  colloid 
or  mucoid  substance  living  epithelium  or  portions  of 
papillae  are  transported,  these  may  grow  and  form  benign 
growths  which  later  may  become  malignant.  As  a  rule, 
such  transported  epithelium  usually  dies  or  forms  small 
cysts  which  remain  stationary  after  reaching  a  certain 
size. 

Transplantation  Metastasis. — In  puncture  for  the  relief 
of  ascites  or  in  operations  for  the  removal  of  malignant 
tumors,  abdominal  metastases  may  he  set  up  in  the 
puncture  or  in  the  seat  of  surgical  wounds  (inoculation 


Dermoid  cysts  and  teratomata  occur  in  the  peritoneum 
of  the  pelvis,  in  the  mesentery,  and  in  the  omentum. 
In  the  latter  case  a  primary  tumor  of  the  ovary  may  be- 
come adherent  to  the  omentum  and  later  lose  its  connec- 
tion with  the  former  organ. 

Pseudo-cysts  arise  from  collections  of  exudate  between 
peritoneal  adhesions. 

Primary  retroperitoneal  temora  are  much  more  frequent 
than  those  primary  in  the  peritoneum.  Lipomata  of  large 
size  (sixty-three  pounds)  have  been  reported.  They  may 
be  mistaken  for  ovarian  cysts.  It  is  important  to  note 
that  the  retroperitoneal  lipoma  forms  an  elastic,  fluctuat- 
ing tumor,  from  which  on  aspiration  no  fluid  can  be 
drawn  (pseudo-fluctuation).  Myxolipoma,  JWroma,  myx- 
oma, fibrosarcoma,  myxosarcoma,  and  angiosarcoma  of  the 
•retroperitoneal  region  have  been  described.  The  writer 
has  seen  a  round-cell  sarcoma,  apparently  primary  in  the 
retroperitoneal  tissue,  weighing  eighty  pounds.  The  re- 
troperitoneal organs  were  not  directly  involved  and 
showed  only  changes  due  to  pressure.    Secondary  ma- 
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lignant  tumors  in  the  retroperitoneal  lymph  glands  are 
of  frequent  occurrence  in  carcinoma  of  the  uterus,  etc. 
(See  also  Omentim.)  Aldred  Scott  WartUn. 

PERITONEUM,  SURGICAL  AFFECTIONS  OF.— The 

anatomy  and  physiology  of  the  peritoneum  are  discussed 
under  the  heading  ^4Momeft.  (Anatomical.).  The  pathol- 
ogy of  acute  and  tuberculous  inflammation  will  be  found 
in  'the  article  on  Pentonitis,  Septic  and  Tidierculous,  in 
The  Appendix.  Under  the  heading  Diaphragm  -will  be 
found  a  description  of  subphrenic  abscess  and  its  treat- 
ment, while  additional  information  in  regard  to  the  peri- 
toneum may  be  found  in  the  articles  entitled  Abdomen. 
{Surgical.) ;  Ahdomimil  Tumors  ;  Appendicitis ;  and  in  the 
article  immediately  preceding  this.  In  the  present  article 
the  surgical  treatment  of  lesions  of  the  peritoneum  is 
briefly  given. 

Acute  traumatism  of  the  peritoneum  is  of  little  sig- 
nificance apart  from  traumatism  of  the  organ  which  the 
peritoneum  covers.  Tlie  effect  of  direct  injury  to  the 
peritoneum  is  often  the  formation  of  adhesions  between 
opposed  peritoneal  surfaces.  A  familiar  illustration  of 
this  is  seen  in  umbilical  and  inguinal  hernise.  Such 
adhesions  will  produce  slight  or  serious  symptoms,  ac- 
cording to  their  situation  and  extent.  If  the  attachments 
are  between  unimportant  organs  (for  instance,  between 
the  omentum  and  the  parietal  peritoneum),  occasional  dis- 
comfort may  be  the  only  result.  If  more  sensitive  organs 
are  involved  (for  example,  the  stomach  or  the  intestine) 
the  pain  sufEered  may  be  very  great  and  the  function  of 
the  affected  organ  may  be  seriously  interfered  with. 
Furthermore,  such  adhesions  in  the  form  of  bands  are  a 
not  infrequent  cause  of  intestinal  obstruction. 

Adhesions  due  to  a  single  traumatism  or  to  an  acute 
attack  of  inflammation  tend  to  atrophy,  and  in  the  course 
of  time  they  may  completely  disappear.  Thus  the  scar 
of  a  laparotomy  may  for  a  time  be  attached  to  visceral 
peritoneum,  while  at  a  second  laparotomy  performed 
some  months  afterward  it  may  be  found  entirely  free. 
Adhesions  are  due  to  a  loss  of  peritoneum  resulting  from 
traumatism  or  inflammation.  ,  If,  therefore,  raw  surfaces 
can  be  avoided  at  operation,  resulting  adhesions  will  be 
reduced  to  a  minimum.  Tliis  can  be  accomplislied  in 
several  ways.  The  jrieritoneum  can  be  sutured  over  the 
pedicles  of  tumors  and  over  fresh  wounds.  Or,  if  the 
peritoneum  in  the  vicinity  is  not  sufficient  for  the  purpose, 
the  omentum  may  be  used  to  cover  the  raw  surface  by 
stitching  it  in  place;  or  grafts  may  be  cut  from  the 
omentum  and  stitched  over  the  raw  surface ;  or,  finally, 
sterile  peritoneum  from  the  ox  may  be  stitched  over  the 
raw  surface.  This  method  has  been  recently  advocated 
by  Morris,  who  has  given  the  name  "  cargile  membrane  " 
to  artificial  peritoneum  of  this  sort. 

For  clinical  and  therapeutic  purposes  acute  inflamma- 
tion of  the  peritoneum  is  best  divided  into  circumscribed 
and  diffused,  or  general  peritonitis.  If  the  circumscribed 
peritonitis  is  not  purulent,  it  may  be  treated  by  rest,  ex- 
ternal cold,  etc.,  unless  the  organ  from  which  it  springs 
requires  more  radical  treatment — for  example,  circum- 
scribed peritonitis  due  to  threatened  perforation  of  the 
appendix.  If  the  circumscribed  peritonitis  is  purulent, 
such  symptomatic  treatment  is  dangerous,  since  no  one 
can  say  how  soon  the  inflammation  may  bi-eak  through 
the  fibrinous  adhesions  which  circumscribe  it  and  spread 
to  other  parts  of  tlie  peritoneum.  Therefore  it  should 
be  relieved  by  incision  and  drainage. 

The  prognosis  and  treatment  of  diffuse  or  general  peri- 
tonitis are  in  a  most  unsatisfactory  state,  partly  on  ac- 
count of  the  difference  of  opinion  as  to  what  constitutes 
a  diffuse  peritonitis,  and  partly  because  of  the  difliculty 
of  determining,  even  when  the  abdomen  is  open,  how 
extensively  the  peritoneum  is  inflamed.  Some  surgeons 
would  limit  the  term  general  peritonitis  to  those  cases  in 
which  every  portion  of  the  peritoneal  cavity  is  involved 
in  the  inflammation.  Such  a  widespread  inflammation 
rarely  occurs,  and  is  perhaps  never  recovered  from.  It 
seems  better,  therefore,  to  use  the  term  diffuse  or  gen- 
eral peritonitis  as  indicating  inflammation,  not  limited  by 
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well-marked  adhesions,  having  a  tendency  to  extend  and 
sufficiently  widespread  to  make  the  general  symptoms 
much  more  prominent  than  the  local  ones.  Such  general 
symptoms  usually  become  prominent  when  the  inflam- 
mation extends  to  the  peritoneum  covering  the  small  in- 
testine. Thus  peritonitis  may  exist  for  a  long  time  in 
the  pelvis,  or  in  the  lesser  peritoneal  cavity  without  giv- 
ing rise  to  the  well-known  symptoms  of  general  peri- 
tonitis. There  are  also  many  cases  of  appendicitis  in 
which,  if  operation  is  performed  early,  the  appendix  is 
found  not  shut  away  from  the  general  peritoneal  cavity. 
To  describe  such  a  case  as  one  of  general  peritonitis, 
merely  becau.se  the  surrounding  coils  of  intestine  are 
more  or  less  covered  with  a  fibrinous  exudate  which  has 
not  had  time  to  mat  them  flrmly  together,  is  entirely 
misleading,  and  yet  this  is  frequently  done  by  writers 
who  have  reported  cures  of  general  peritonitis.  It  is 
therefore  impossible  to  state  the  prognosis  in  a  given 
case  or  a  hundred  cases  of  true  diffuse  peritonitis  other 
than  to  say  that  the  prognosis  is  bad.  But  it  is  by  no 
means  hopeless. 

Unfortunately,  the  ideas  of  treatment  of  diffuse  peri- 
tonitis are  widely  at  variance,  so  that  one  can  do  no 
more  than  to  state  the  different  methods  by  which 
responsible  surgeons  believe  that  they  have  saved  their 
patients.  If  diffuse  peritonitis  is  threatened,  though  not 
well  established,  the  action  of  the  intestine  can  be  stimu- 
lated by  the  use  of  cathartics  or  stopped  by  opiates, 
while  the  rectum  and  perhaps  the  colon  can  be  emptied 
by  injections  of  water,  salt  solution,  soap-suds,  oil,  etc. 
Some  surgeons  employ  opiates  to  decrease  peristaltic 
action,  on  the  ground  that  peristalsis  tends  to  spread  the 
inflammation ;  while  others  claim  that  the  salvation  of 
the  patient  depends  upon  inci'eased  peristalsis,  wliich 
will  increase  the  resorptive  power  of  the  peritoneum. 
To  decide  between  these  two  plans  of  action  is  particu- 
larly difficult,  because  no  one  can  say  whether  a  threat- 
ened diffuse  peritonitis  would  or  would  not  have  spread 
and  killed  the  patient  had  the  treatment  been  of  a  differ- 
ent character.  When  the  inflammation  has  extended  to 
the  peritoneum  covering  the  small  intestine,  the  intestine 
is  paralyzed,  and  cathartics  have  no  effect,  and  there  is 
certainly  no  indication  for  the  use  of  opium. 

In  considering  the  operative  treatment  of  diffuse 
peritonitis  it  will  be  well  to  take  up  the  steps  in  the 
opei-ation  one  at  a  time,  since  there  is  no  general  agree- 
ment in  regard  to  any  one  of  them.  Some  surgeons 
advocate  a  single  incision  and  some  multiple  incisions, 
the  latter  in  the  hope  of  obtaining  a  more  thorough 
drainage.  At  any  rate,  the  Incision  or  incisions  should 
permit  the  surgeon  to  inspect  and  cleanse  so  much  of 
the  peritoneal  cavity  as  may  be  involved  in  the  inflam- 
mation. 

The  second  step  in  the  operation  is  the  cleansing  of 
the  affected  peritoneum  from  pus,  fibrin,  and  foreign 
materials,  fseces,  etc.,  if  such  be  present.  This  may  be 
done  by  irrigation  with  sterile  hot  one-per-cent.  salt 
solution  or  by  wiping  the  peritoneum  with  gauze  com- 
presses wrung  out  of  such  solution,  or  with  dry  com- 
presses. If  irrigation  is  employed,  it  should  be  abun- 
dant, so  that  the  abdominal  cavity  may  be  quickly 
flushed.  Some  surgeons  bring  the  small  intestine  out  of 
the  abdominal  wound  and  others  omit  this  step,  which  is 
spoken  of  as  evisceration.  The  object  of  cleansing  is  to 
remove  in  the  shortest  possible  time  and  with  the  least 
possible  loss  of  heat  the  greater  portion  of  the  infectious 
exudate.  How  best  to  accomplish  this  with  the  least 
injury  to  the  peritoneum  is  a  question  to  be  settled  by 
the  individual  surgeon.  Probably  moist  gauze  is  less 
irritating  to  the  peritoneum  than  dry  gauze. 

If  irrigation  is  employed  the  fluid  which  remains  after, 
cleansing  may  be  sponged  out,  or  it  may  be  left  in  place. 
Some  surgeons  fill  the  abdomen  with  salt  solution  and 
close  the  abdominal  wound,  claiming  that  the  dilution  of 
the  infectious  material  and  the  increased  resorption  from 
the  peritoneum  thereby  produced  are  of  the  greatest  bene- 
fit to  the  patient. 

If  the  intestine  is  greatly  distended  with  gas,  some 
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surgeons  empty  it  by  puncture  or  by  one  or  more  short 
incisions.  Sucli  openings  are  fortliwith  closed  by  Lem- 
bert  sutures.  Otliers  talie  advantage  of  the  operation  to 
inject  into  the  lumen  of  the  small  intestine  an  ounce  or 
more  of  saturated  solution  of  sulphate  of  magnesia,  be- 
lieving that  the  strong  peristaltic  action  which  often  fol- 
lows will  markedly  benefit  the  patient. 

Those  who  leave  fluid  in  the  abdominal  cavity  suture 
the  wound  without  drainage.  The  patient  is  then  placed 
in  bed  with  the  hips  elevated  so  that  the  diaphragmatic 
portion  of  the  peritoneum  in  which  the  lymphatic  circu- 
lation is  the  most  active  shall  be  the  most  dependent 
portion.  Others  pass  gauze  or  glass  or  rubber  drains  in 
various  directions,  either  through  the  chief  abdominal 
wound  or  through  other  wounds  made  especially  for 
drainage  in  the  lumbar  and  iliac  regions,  or  into  the 
vagina,  or  even  into  the  rectum  in  case  of  pelvic  sup- 
puration. Mikulicz's  handkerchief  drain  may  also  be 
used.  [See  Abdomen.  (Surgical.).]  Rehn  recommends 
that  a  tube  be  passed  through  the  mesentery  of  the  small 
intestine  and  allowed  to  emerge  in  either  loin,  so  that  ir- 
rigation may  frequently  be  made  througli  it. 

After-treatment  consists  in  the  application  of  heat 
externally  and  within  the  rectum,  the  subcutaneous  in- 
jection of  cardiac  stimulants  if  necessary,  and  the  sub- 
cutaneous or  intravenous  injection  of  salt  solution ;  the 
object  of  all  of  these  procedures  being  to  combat  shock. 
If  the  patient  is  troubled  with  vomiting,  the  stomach 
should  be  washed  out.  No  opium  should  be  given,  and 
only  so  much  morphine  subcutaneously  as  is  absolutely 
necessary  to  control  pain. 

Tuberculosis  of  tlie  peritoneum  may  be  accompanied 
by  an  abundant  serous  exudate  or  it  may  give  rise  to  a 
fibrinous  exudate  with  adhesions  and  contractions,  or  it 
may  assume  an  ulcei'ative  form. 

The  prognosis  is  in  general  an  unfavorable  one,  aU 
though  many  cures  have  been  reported  as  the  result  of 
both  internal  and  surgical  treatment.  Recovery  is  more 
likely  to  follow  operation  when  the  disease  is  present  in  the 
serous  form ;  but  even  in  such  cases  one  should  be  careful 
not  to  mistake  a  temporary  improvement  after  oj)eration 
for  a  permanent  cure.  As  far  as  is  known  Si)encer  Wells 
was  the  first  to  open  the  abdomen  of  a  patient  having 
tuberculosis.  He  did  so  through  a  mistake  in  diagnosis. 
The  patient  recovered.  Since  then  many  surgeons  have 
operated  intentionally,  and  the  good  results  have  been 
variously  attributed  to  the  entrance  of  light  or  air,  to  the 
mechanical  irritation  of  the  peritoneum,  or  to  a  simple 
escape  of  the  sei'ous  exudate.  A  more  careful  examination 
of  the  results  of  operation  makes  it  doubtful  whether  sucli 
an  exploratory  laparotomy  has  any  great  therapeutic 
effect.  It  seems  more  probable  that  most  of  the  patients 
who  have  recovered  after  sucli  a  laparotomy  would  have 
recovered  without  it,  while  operation  lias  often  a  dis- 
tinctly bad  effect  upon  a  patient  whose  tuberculous  peri- 
tonitis is  associated  with  fever.  The  abdomen  is  usually 
opened  by  a  three-  or  four-inch  incision  in  the  median 
line.  The  fluid  which  is  present  is  allowed  to  escape  and 
is  carefully  sponged  out  and  the  various  peritoneal 
pouches  may  or  may  not  be  dusted  witli  powdered  iodo- 
form. Tlie  abdominal  wound  is  closed  by  suture,  or  a 
drain  may  be  left  in  its  lower  angle  for  a  week  or  more. 
The  shock  of  such  an  operation  is  naturally  slight  and 
most  patients  rapidly  recover.  A  certain  amount  of 
fluid  quickly  appears,  but  may  be  resorbed.  If  it  is  not, 
a  second  operation  may  be  performed.  Such  a  quick 
recovery  from  operation  may  be  looked  for  in  the  serous 
and  fibrinous  forms  of  the  disease,  while  operation  per- 
formed upon  a  patient  suffering  from  purulent  or  sup- 
purative tuberculous  peritonitis  will  very  likely  be  fol- 
lowed by  intestinal  fistula  and  death.  Of  course,  if  a 
focus  for  the  disease  is  found  in  some  organ  which  can 
.  be  safely  sacrificed  it  should  be  removed.  An  accom- 
panying disseminated  serous  tuberculosis  will  probably 
be  cured  if  its  original  focus  is  removed.  But,  as 
stated  above,  many  patients  who  appear  cured  at  first 
afterward  suffer  from  a  recurrence  of  the  disease  or  die 
from  tuberculosis  in  some  other  organ.     However,  as  the 


risk  of  operation  is  so  slight,  it  seems  justifiable  in  these 
cases  even  if  it  is  a  mere  aid  to  tlie  natural  forces  of  the 
body  in  their  effort  to  overcome  the  disease. 

Benign  tumors  of  the  peritoneum,  or,  strictly  speak- 
ing, of  the  subserous  tissue,  are  fibroma,  lipoma,  and 
mj'xoma.  Such  tumors  usually  develop  in  the  root  of 
the  mesentery,  in  the  mesocolon,  or  in  the  omentum,  and 
are  described  under  the  headings  Omentum  and  lietiv- 
peritoneal  Tumors.  In  the  mesentery  are  also  found 
serous,  chylous,  and  hemorrhagic  cysts  as  well  as  con- 
genital dermoid  and  teratoid  cysts.  Echinococcus  cysts 
are  found  in  the  peritoneal  cavity,  where  they  develop 
after  the  rupture  of  some  primary  cyst  of  the  liver  or 
other  organ.  Actinomycosis,  starting  usually  from  the 
cfficum,  may  produce  in  the  peritoneum  inflammatory 
swellings,  some  of  which  will  contain  the  characteristic 
pus  of  this  disease. 

The  treatment  for  benign  tumors  is  their  radical 
removal.  This  also  applies  to  echinococcus  cysts  when 
they  are  so  situated  as  to  make  removal  feasible.  If 
they  are  not  removable,  they  should  be  drained  exter- 
nally. Actinomycosis  should  be  treated  by  removal,  if 
possible,  but,  if  this  is  not  practicable,  by  curetting,  cau- 
terization and  drainage,  and  by  the  internal  administra- 
tion of  iodide  of  potassium. 

IMalignant  tumors  of  the  peritoneum  are  secondary  to 
malignant  disease  of  some  abdominal  organ.  Under  such 
circumstances  hundreds  of  metastatic  nodules  may  be 
scattered  over  the  peritoneum.  There  is  generally  a 
sero-hemorrhagic  exudate.  Such  a  condition  is  of  course 
inoperable  and  the  abdomen  should  be  closed  at  once. 
A  metastatic  nodule  in  the  peritoneum  may  be  excised 
for  microscopical  diagnosis  and  the  wound  closed  by  one 
or  two  stitches.  Thus  one  avoids  the  risk  of  troublesome 
hemorrhage  which  may  follow  excision  of  a  portion  of 
the  primary  growth. 

Plastic  operations  upon  the  peritoneum  for  the  sake  of 
covering  raw  surfaces  have  been  spoken  of  above  and 
are  also  described  under  the  heading  Omentum,  for  it  is 
the  omental  peritoneum  which  is  usually  employed  for 
grafting.  Edward  Milton  Foote. 

PERITONITIS,  SEPTIC  AND  TUBERCULOUS.    See 

The  Appendix. 

PERITYPHLITIS.     See  Appendicitis. 

PERONINE — benzyl-morphine  hydrochloride,  CjHu- 
CH2.0.0H.Ci,Hi,N0.HCl— is  an  odorless,  bitter,  white 
powder,  composed  of  prismatic  crystals  and  having  the 
nature  of  an  alkaloid.  It  is  soluble  less  than  one  per 
cent,  in  cold  water  and  in  ten  parts  of  boiling  water,  and 
is  nearly  insoluble  in  alcohol  and  chloroform.  It  is 
closely  related  to  codeine,  dionine,  heroin,  and  morphine. 

For  the  treatment  of  the  cough  of  tuberculosis, 
Schroeder,  who  was  the  first  to  study  this  drug,  consid- 
ered it  intermediate  in  value  between  codeine  and  mor- 
phine. His  report,  however,  covers  only  twelve  cases, 
in  two  of  which  it  produced  sweating  and  difficult  ex- 
pectoration, and  in  two  others  of  which  it  failed  to 
influence  the  cough.  Nowak,  in  eighteen  cases,  found 
the  cough  less  frequent  and  intense,  but  dry,  and  expec- 
toration more  diflicult.  At  times  there  were  burning  in 
the  bronchi  and  copious  perspiration.  Munk  reports 
good  effects  on  cough  even  after  morphine  and  codeine 
had  proved  inelflcient.  He  also  found  peronine  calma- 
tive to  an  epileptic  who  suffered  from  frequent  attacks 
of  frenzy.  All  the  writers  agree  that  there  is  no  habit 
formation.  Mayor  found  it  to  be  three  times  as  toxic  to 
rabbits  and  guinea-pigs  as  is  codeine,  and  believes  its 
cardio-depressant  effects  too  pronounced  to  permit  its 
use  in  medicine.  Other  writers,  however,  report  no 
unpleasant  efifecl  on  cardiac,  respiratory,  or  digestive 
functions. 

Besides  its  antitussive  action,  peronine  is  slightly  anal- 
gesic and  hyijnotic.  It  is  employed  in  tuberculosis, 
whooping-cough,  emphysema,  bronchitis,  and  similar 
affections  in  doses  of  0.02-0.05  gm  (gr.  J-f).    Schroeder 
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liuil  no  untoward  effect  from  0.08  gm.  (gr.  li),  though 
nausea  and  constipation  followed  larger  doses. 

IF.  ^4.  Bastedo. 

PERRY  SPRINGS.  —  Pike  County,  Illinois.  Two 
hotels,  capacity  350. 

Access.— Via  Wabash  Railroad  to  Griggsvilleor  Perry 
station,  thence  by  hack  nine  and  six  miles,  respectively ; 
also  from  St.  Louis  via  Illinois  River  to  Naples,  seven 
miles  distant,  where  steamers  land  daily. 

This  attractive  health  and  pleasure  resort  is  located 
among  some  hills  on  the  west  bank  of  the  Illinois  River. 
The  surrounding  country  is  covered  by  luxuriant  forests 
and  intersected  by  numerous  deep  ravines,  narrow  val- 
leys, and  clear,  winding  streams.  The  extreme  tempera- 
ture ranges  are  100°  F.  in  sunnner  to  —30°  F.  in  winter. 
The  climate  is  moderately  dry  and  clear  most  of  the  time. 
The  springs  are  three  in  number,  and  are  located  about 
two  hundred  yards  from  one  another.  The  temperature 
of  the  water  ranges  from  50°  F.  in  summer  to  48°  P.  in 
winter.  The  water  from  the  iron  spring  is  supplied,  hot 
or  cold,  to  fourteen  bath-rooms.  The  following  table 
contains  the  analyses  of  the  three  springs,  as  furnished 
by  Dr.  Engleman,  No.  1  being  the  iron,  No.  2  the  mag- 
nesia, and  No.  3  the  sulphur  springs : 

One  United  States  Gallon  Contains: 


Solids. 


Calcium  bicarbonate 

Magnesium  bicarbonate 

Iron  bicarbonate 

Aluminum  silicate 

Potassium  and  sodium  silicate 

Sodium  silicate  (salt) 

Sodium  sulphate 

Potassium  carbonate 

Total 


No.  1. 
Grains. 


15.89 

17.ni 

.5.5 

'  S.M 

0.12 

.■W 

1..59 


m:n 


No.  3. 
Grains. 


19.75 

14.81 
.10 

'  'i'28 

.38 

1.10 

1.45 


40.17 


No.  3. 
Grains. 


19.66 
10.49 


.37 
3.45 


1.49 
1.46 


No  organic  matter. 

The  waters  are  said  to  be  of  considerable  efficacy  in 
stomach,  liver,  and  kidney  troubles. 

James  K.  Crook. 

PERSIMMON. — Diospyros.  Under  the  name  persim- 
mon, both  the  bark  and  the  unripe  fruit  (chiefly  the  lat- 
ter) of  Diospyros  Virginiana  L.  (fam.  Ebeiiacea)  are  con- 
siderably employed  as  astringents,  particularly  in  the 
southern  United  States.  The  bark  looks  not  unlike  oak 
bark  with  the  corky  layer  still  upon  it.  The  fruit  in  the 
unripe  condition  is  green,  drying  dark  brown,  of  globose 
form,  and  nearly'  an  inch  in  diameter.  It  contains  sev- 
eral flattened  oval  or  ovoid  seeds.  Before  maturity  the 
persimmon  is  one  of  the  most  astringent  of  substances, 
but  after  thoroughly  maturing,  and  especially  after  being 
attacked  by  frost,  this  astringency  is  mastly  lost  and  it 
becomes  sweet  and  edible.  The  only  important  constit- 
uent of  both  drugs  is  the  tannin,  and  their  uses  are 
purely  astringent,  similar  to  those  of  gei-aniiiiu,  sumac, 
etc.  The  common  method  of  employment  in  the  house- 
hold is  in  the  form  of  an  infusion  or  decoction ;  only  the 
fluid  extract  is  employed  by  the  medical  profession. 
The  dose  of  either  the  bark  or  the  fruit  should  amount 
to  3,  4,  or  even  8  gm.  (  3  ss.  to  3  i,  or  ij.). 

Henry  H.  Rushy. 

PERSODINE.    See  PersulpJiates. 

PERSPIRATION.     Sec  Skin,  Functions  of. 

PERSULPHATES.— The  alkaline  persulphatcs  have 
recently  come  into  notice  because  of  their  excessive  con- 
tent of  oxygen  and  the  case  with  which  this  is  liberated. 
Their  action  maybe  likened  to  that  of  hydi'ogen  dioxide. 
A  flve-per-cent.  solution  of  sodium  'ivrsnlphaie  kills  most 
bacteria,  and  a  half-per-cent.  solution  will  check  their 
development.     The  fatal  dose  for  a  labbit  {Bull.  gen.  de 
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Therap.)  is  0.4  gm,  per  kilogram  of  body  weight,  and  for 
a  dog  0.75-1.0  gm.  per  kilogram. 

In  three-  to  five-per-cent.  solution  it  constitutes  a  good 
wet  dressing  for  lupus  and  ulcers  (Kionka).  Internally, 
it  acts  as  an  antipyretic  in  fever,  and  is  said  to  improve 
the  appetite  and  digestion  in  tuberculosis,  anfemia,  neu- 
rasthenia, etc.  The  dose  of  sodium  persulphate  is  0.1 
gm.  (gr.  iss.),  or  from  one  to  two  teaspoonfuls  oi  perso- 
dine,  which  is  a  13  to  1,000  aqueous  solution  of  the 
sodium  salt. 

Ammonium  perstilptliittc  \?,  useful  as  a  test  for  albumin 
or  indican  in  urine.  In  the  presence  of  albumin  a  ten- 
per-cent.  aqueous  .solution  forms  a  turbid,  grayish  zone 
at  the  line  of  contact. 

In  testing  for  indican  a  crystal  of  ammonium  persul- 
phate is  added  to  a  mixture  of  equal  parts  of  hydro- 
chloric acid  and  urine.  On  shaking  this  with  chloro- 
form, the  latter  on  settling  forms  a  blue  layer  if  indican 
is  present.  W.  A.  Bastedo. 

PERUSCABIN,  benzoic  acid  benzyl  ester,  is  an  artifi- 
cial product  representing  the  active  constituents  of  bal- 
sam of  Peru.  It  is  odorless,  non-staining,  and  non-irri- 
tating, and  is  highly  recommended  by  R.  Sachs  for  the 
treatment  of  scabies.  Diluted  with  three  parts  of  castor 
oil,  it  is  applied  over  the  whole  surface  every  twelve 
hours.  Tlie  cure  is  absolute,  and  no  in-itation  whatever 
is  produced,  even  in  an  area  affected  with  eczema  or 
dermatitis.  IF.  A.  Bastedo. 

PES  GIGAS. — Pes  gigas,  or  macropodia,  is  the  name 
given  to  a  condition  of  congenital  hypertrophy  affecting 


Fig.  3803.— Pes  Glgas.    (From  Journal  of  Tropical  Medicine,  1900.) 

cither  the  foot  alone  (whence  the  name)  or  the  leg  and 
the  foot.  It  may  be  unilateral  or  bilateral,  the  former 
being  the  more  common;  the  left  side  is  more  often  af- 
fected than  the  right.     Pes  gigas  is  found  in  two  forms: 
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Perry  Springs^ 
Petrifaction. 


(1)  a  form  in  which  the  hypertrophy  is  true  or  symmetri- 
cal ;  here  the  whole  foot,  or  leg  and  foot,  suffer  a  general 
hypertrophy,  the  symmetry  and  contour  of  the  part  being 
observed,  and  the  only  abnormality  being  the  enormous 
size.  (3)  The  false  or  asymmetrical  form,  in  which  only 
certain  parts  are  affected ;  this  is  the  more  common  va- 
riety, and  generally  shows  itself  in  the  enormous  devel- 
opment of  one  or  two  toes,  or  in  large  fatty  excrescences, 
or  in  hypertrophy  of  some  of  the  muscles  of  the  calf  of 
the  leg.  (See  Pig.  3803.)  The  cause  of  pes  gigas  is  un- 
known. 

The  skin  is  always  involved,  and,  in  addition  to  the 
hypertrophic  condition,  the  cutaneous  sensibility  may  be 
absent  or  diminished ;  it  is  never  increased.  In  hypertro- 
phy of  the  toes  the  nails  generally  enlarge  pari  'passu 
with  the  other  parts.  The  subcutaneous  fat  is  increased 
in  amount  and  is  apt  to  be  irregularly  disposed  in  lumps. 
When  the  toes  are  affected  the  metatarsal  and  phalangeal 
bones  are  always  enlarged ;  but  this  enlargement  is  gen- 
eral, and  the  only  deformity  noted  is  an  outgrowth  at  the 
extremity  of  the  bone,  at  the  junction  with  the  articular 
cartilage.  The  condition  of  the  joints  involved  is  vari- 
able; sometimes  the  motion  is  normal,  sometimes  it  is 
limited,  and  sometimes  there  is  complete  ankylosis.  Pas- 
sive mobility  may  or  may  not  be  elicited ;  the  ligaments 
are  thickened. 

The  treatment  is  not  satisfactory.  (1)  Pressure  in  vari- 
ous forms  has  been  recommended;  but,  besides  being 
tedious  in  its  application,  uncertain  in  its  effects,  and 
decidedly  painful,  it  is  not  free  from  danger ;  and  hem- 
orrhage, ulceration,  and  erysipelas  have  ensued  from 
this  method  of  treatment.  (3)  lAgature  of  tlie  main  artery 
has  also  been  suggested ;  but  this  method,  too,  has  not 
been  characterized  by  brilliant  results.  (3)  Amputation 
of  colossal  toes  and  judicious  trimming  of  superfluous  tis- 
sue will  give  a  presentable  and  serviceable  extremity. 
This  is  probably  the  best  procedure.       R.  J.  B.  Scott. 
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Jaeobson :  Article  "  Pes  Gigas,"  in  Heath's  Diet,  of  Practical  Surgery. 

PETECHI/t. — These  are  small,  round,  blue-red  or  pur- 
ple spots  or  points  in  the  skin,  or  in  the  serous  or  mucous 
membranes,  that  cannot  be  made  to  disappear  by  pressure. 
They  are  usually  not  elevated  above  the  surface.  They 
are  caused  by  minute  extravasations  of  blood  into  the 
subepithelial  or  subserous  tissue.  They  arise  for  the 
greater  part  through  diapedesis,  and  occur  chiefly,  though 
not  exclusively,  on  the  dependent  portions  of  the  body, 
particularly  over  the  legs.  They  are  often  localized  in  the 
hair  follicles.  In  the  serous  membranes  they  are  found 
most  often  in  the  posterior  wall  of  the  pleural  cavity,  and 
on  the  posterior  portion  of  the  epicardium  and  pericar- 
dium. In  the  mucous  membranes  they  occur  most  fre- 
quently in  the  conjunctivae  and  mouth,  but  may  be  found 
in  any  part  of  the  body.  According  to  their  etiology 
petechise  may  be  classed  as  traumatic,  infectious,  toxic,  and 
neuropathic. 

Petechiae  may  be  produced  by  the  bites  of  fleas  (pur- 
pura pulicosa).  These  may  be  mistaken  for  purpura  or 
other  hemorrhagic  diseases.  They  may  be  distinguished 
from  the  latter  by  the  fact  that  the  puncture  caused  by 
the  flea  shows  as  a  darker  point  in  the  centre  of  the  spot, 
and  by  their  greater  abundance  over  the  trunk.  Local- 
ized petechise  may  occur  also  as  the  direct  result  of  cer- 
tain forms  of  trauma,  and  may  be  of  medico-legal  impor- 
tance in  the  establishment  of  the  occurrence  of  trauma. 

Petechics  occur  also  in  the  course  of  many  of  the  acute 
infections :  scarlet  fewr,  variola,  dipTitheria,  endocarditis, 
plague,  yellow  fever,  cholera,  anthrax,  septiccmiia,  measles, 
typhus  fever,  rheumatism,,  typhoid,  acute  yellow  atrophy,  etc. 
The  cases  in  which  such  hemorrhages  occur  are  usually 
more  severe  than  the  non-hemorrhagic  ones.  The  differ- 
ent forms  of  the  primary  purpuras  are  also  characterized 
by  the  occurrence  of  petechias  in  the  skin  and  mucous 
membranes :  purpura  simplex,  purpura  rhevmatica,  mor- 
bus  maculosus  Werlhojii,  and  Barlow's  disease.    In  the  last- 


named,  innumerable  minute  hemorrhages  may  occur 
througliout_  all  of  the  internal  organs.  In  scurvy  pete- 
chia occvir  in  the  skin,  in  the  mucous  membranes,  and  in 
the  pleura,  pericardium,  endocardium,  and  peritoneum. 
It  is  very  probable  that  the  purpuras  are  infectious  dis- 
eases, m  part  caused  by  the  streptococcus,  in  part  by 
bacteria  not  yet  recognized. 

Petechiaj  may  result  also  from  a  lowered  nutrition  of 
the  vessel  walls,  as  in  starvation,  pernicious  anwmia,  leu- 
kamia,  cachexia  of  malignancy,  etc.  It  is  very  probable 
that  in  these  conditions  there  is-  an  intoxication  which  is 
the  chief  factor  in  causing  the  changes  in  the  capillary 
walls._  Petechiae  occur  also  in  icterus,  nephritis,  poison- 
ing with  bromine,  iodine,  phospliorus,  arsenic,  snake-verwm, 
etc.  Petechiae  have  also  been  observed  to  follow  the  use 
of  quinine. 

In  chronic  passive  congestion  of  marked  degree  pete- 
chise may  be  formed  in  the  body  surfaces  and  also  in  the 
internal  organs. 

Petechiae  may  arise  as  the  result  of  excessive  emotion, 
or  during  the  hysterical  or  hypnotic  state  (stigmatiza- 
tion). 

_  As  diagnostic  and  prognostic  aids  petechiae  are  of  great 
significance.  The  size,  location,  conditions  of  occurrence, 
etc.,  are  all  very  important  factors. 

Aldred  Scott  Warthin. 

PETRIFACTION.— The  deposition,  in  the  tissues,  of 
solid,  crystalline,  amorphous,  or  granular  salts  of  lime, 
magnesium,  or  uric  acid  is  known  as  petrifaction  or  petri- 
fying infiltration.  When  the  deposit  consists  of  lime 
salts  or  of  a  combination  of  salts  of  lime  and  magnesium, 
the  process  is  usually  spoken  of  as  calcification  or  cal- 
careous infiltration.  A  physiological  calcification  takes 
place  during  the  process  of  ossification  of  the  skeleton; 
in  this  case  the  deposit  of  lime  in  osteoid  tissue  is  an  es- 
sential step  in  the  development  of  a  new  tissue.  All 
other  deposits  of  lime  salts  within  the  body  tissues  must 
be  regarded  as  being  of  a  pathological  nature. 

With  the  exception  of  the  new  formation  of  bone  in 
the  repair  of  fractures  and  in  tumors,  calcification  is  es- 
sentially a  retrograde  change,  the  precipitation  of  the 
phosphates  and  carbonates  of  lime  and  magnesium  occur- 
ring only  in  degenerating,  dying,  or  dead  tissues.  In 
old  age  a  deposit  of  lime  salts  occurs  in  the  walls  of  the 
arteries,  in  the  costal  and  laryngeal  cartilages,  in  the 
walls  of  the  capillaries  of  the  lungs,  stomach  wall,  and 
kidneys.  This  phenomenon  is  explained  as  due  to  an 
excess  of  lime  salts  in  the  blood,  resulting  from  an  ex- 
cessive absorption  of  lime  salts  from  the  bones.  Preced- 
ing the  deposit  of  lime  salts  there  occur  certain  retro- 
grade changes  characteristic  of  old  age — hyaline  change 
of  the  blood-vessel  walls,  etc.  This  calcification  of  old 
age  is  of  such  common  occurrence  as  to  warrant  its  being 
regarded  as  physiological.  The  resorption  of  lime  salts 
from  one  tissue  and  their  deposit  in  another  is  known  as 
metastatic  calcification.  Calcification  of  the  mature  pla- 
centa is  also  of  such  frequent  occurrence  as  to  be  re- 
garded as  physiological.  The  presence  of  brain  sand  in 
the  choroid  plexus  and  pineal  gland  is  so  universal  that 
this  may  also  be  included  under  the  head  of  physiolog- 
ical. 

Calcification  occurs  most  frequently  as  a  sequel  to 
fatty  degeneration,  hyaline  change,  cloudy  swelling,  sim- 
ple or  caseous  necrosis.  It  is  found  in  sclerotic  vessels, 
endocardial  thickenings,  hyaline  thickenings  of  dura, 
peritoneum,  pleura,  and  pericardium,  in  the  interstitial 
tissue  of  hyaline  goitre,  in  corpora  fibrosa  of  the  ovary, 
old  tubercles,  gummata,  old  abscess  cavities,  inflamma- 
tory exudates,  and  in  thrombi  (arterioliths  or  phleboliths). 
A  deposit  of  lime  salts  may  occur  in  anaemic  or  hemor- 
rhagic infarcts,  focal  necroses,  in  dead  ganglion  cells,  in 
encysted  trichina,  and  in  the  necrotic  areas  of  tumors. 
It  occurs  also  in  osteoid  and  hyaline  connective  tissue  of 
tumors,  and  in  psammomata.  The  connective-tissue 
stroma  of  both  carcinomata  and  sarcomata  not  infre- 
quently shows  calcification  (sarcoma  and  carcinoma  petri- 
Myofibromata  of  the  uterus  very  frequently 
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show  a  greater  or  less  degree  of  calcification.  Lime 
salts  are  also  deposited  in  the  dead  fat  cells  in  cases  of 
fat  necrosis.  Calcification  of  the  renal  epithelium  fol- 
lows the  cloudy  swelling  produced  by  such  poisons  as 
mercuric  chloride,  carbolic  acid,  bismuth,  aloin,  etc. 
Retained  decidua  or  chorion,  or  portions  of  the  dead 
fcEtus  and  its  membranes,  may  become  calcified  (litho- 
celyphopEedion),  or  the  sac  may  rupture  and  the  foetus 
escape  into  the  peritoneal  cavity,  later  becoming  calci- 
fied (lithopffidion).  In  diseases  of  the  bones  characterized 
by  a  resorption  of  the  lime  salts,  the  latter  may  be  de- 
posited in  other  tissues  of  the  body. 

Calcified  tissues  are  hard  and  white  and  sharply  out- 
lined ;  the  area  affected  may  be  large  or  small.  The  lime 
salts  may  be  dissolved  out  by  the  action  of  acids,  in  the 
case  of  carbonates  with  the  formation  of  carbonic  acid. 
Microscopically,  deposits  of  carbonates  or  phosphates 
stain  deep  blue  or  violet  with  heematoxylin. 

A  deposit  of  uric-acid  salts  occurs  particularly  in  gout. 
The  gouty  deposits  consist  chiefly  of  sodium  urate  with 
small  amounts  of  carbonate  and  phosphate  of  lime.  The 
tendon  sheaths,  synovial  membranes,  ligaments,  articu- 
lar cartilages,  kidneys,  skin,  and  subcutaneous  tissues  are 
chiefly  affected,  but  the  deposits  may  ultimatel}'^  be  found 
in  nearly  every  organ  of  the  body.  The  larger  deposits, 
called  topM,  form  large  rounded  masses,  of  a  white,  plas- 
ter-like substance,  which  are  found  particularly  in  the 
joints  and  tendons. 

The  individuals  exhibited  in  museums  as  "  petrifying  " 
or  "  ossifying, "  are  either  cases  of  myositis  ossificans  or 
of  scleroderma. 

Petrifaction  of  the  tissues  of  the  body  after  death  may 
occur  under  certain  conditions,  but  is  probably  very  rare. 
The  majority  of  cases  reported  as  such  are  in  reality  ex- 
amples of  adipocere  formation.  Very  little  is  known 
with  certainty  regarding  the  petrifaction  of  the  cadaver. 
Petrified  or  fossilized  bones  of  the  human  race  are  very 
rare.  Such  have  been  reported  to  have  been  found  in 
caves  and  in  bog  deposits  whose  waters  were  impreg- 
nated with  iron  and  lime.  In  old  bones  there  may  some- 
times occur  a  crystalline  arrangement  of  phosphate  of 
lime,  or  the  bony  structure  may  become  so  impregnated 
with  mineral  elements  that  its  color  and  consistency  be- 
come greatly  changed.  It  is  very  probable,  however, 
that  a  complete  replacement  of  the  elements  of  the  bone 
or  of  the  body  tissues  with  mineral  constituents  is  of 
very  rare  occurrence.     (See  also  Galeifieation.) 

Aldred  Scoit  Warthin. 

PETROLATUM. — The  word  petrolatum  stands,  both  in 
Latin  and  in  English,  as  the  official  title  in  the  United 
States  Pharmacopceia  for  an  unctuous  derivate  of  petrole- 
um, obtained  by  distilling  off  the  lighter  and  more  vola- 
tile constituents  of  the  oil  and  purifying  the  residue. 
Three  grades  of  petrolatum  are  official,  the  difference  being 
in  consistence  only.  They  are  entitled,  severally.  Petrola- 
tum Idquidum,  ^Aq^ii^,'Plitm\s.tnm.■,  Petrolatum Molle,  Soft 
Petrolatum ;  and  Petrolatum  Spissum,  Hard  Petrolatum. 
The  first  of  these  grades  is  of  the  consistence  of  oil ;  the 
second  is  soft,  like  lard,  and  corresponds  to  the  well- 
known  proprietary  substances  »a«eMne  and  oosmoUne;  and 
the  third  is  hard,  like  cerate.  "When  the  word  "  petrola- 
tum, "  without  modification,  is  used  in  prescription, "  soft " 
petrolatum  is  dispensed.  Petrolatum  consists  principally 
of  a  mixture  of  paraffins  (hydrocarbons  of  the  formula 
CoHj^  +  2),  but  probably  also  contains  some  olefins  (hy- 
drocarbons of  the  formula  C„H2„),  which,  by  their  softer 
consistence,  tend  to  increase  the  unctuousness  of  petro- 
latum. Petrolatum  is  a  whitish  or  yellowish  material, 
more  or  less  fluorescent,  tasteless,  and  with  no  odor,  ex- 
cept when  heated  when  a  faint  odor  of  petroleum  is  per- 
ceptible. It  is  entirely  amorphous,  and,  in  fluid  condi- 
tion, makes  a  transparent  liquid.  It  is  neutral  in  reaction. 
It  IS  msoluble  in  water;  scarcely  soluble  in  alcohol,  or  in 
cold  absolute  alcohol;  but  soluble  in  boiling  absolute 
alcohol,  and  readily  soluble  in  ether,  chloi'oform,  disul- 
phide  of  carbon,  oil  of  turpentine,  benzin,  benzol,  and 
m  fixed  or  volatile  oils.     When  heated  on  platinum  foil, 
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it  is  completely  volatilized  without  emitting  the  acrid 
vapors  of  burning  fat  or  resin. 

Petrolatum  owes  its  medicinal  value  to  its  combining 
with  the  physical  attributes  of  the  semi-solid  fats  the 
chemical  peculiarity  of  the  paraffins,  of  being  practically 
unalterable  and  indifferent  to  chemical  agents.  Petrola- 
tum neither  hardens  nor  turns  rancid  by  exposure,  and 
can  be  treated  with  any  chemical  likely  to  be  prescribed 
medicinally  in  an  ointment  without  being  itself  attacked 
thereby.  The  substance  is  therefore  available,  either  by 
itself  as  a  simple  unguent,  perfectly  bland  and  change- 
less, or  as  the  fatty  basis  for  medicated  ointments. 

Edward  Curtis. 

PETROSULFOL  is  a  sulphur-containing  bituminous 
product  closely  resembling  ichthyol,  but  with  a  less  dis- 
agreeable odor.  It  is  miscible  with  water  or  oil,  and  is 
used  as  a  general  succedaneum  for  ichthyol. 

W.  A.  Basiedo. 

PHAGOCYTOSIS.— Phagocytosis  is  the  term  applied 
to  the  ingestion  of  solids  by  living  cells.  That  leuco- 
cytes were  capable  of  taking  up  inert  particles  when  in- 
troduced into  the  animal  body  or  even  when  mixed  with 
the  freshly  drawn  blood  of  such  animals  as  the  newt  had  ' 
long  been  known,  when  Haeckel  pointed  out  the  simi- 
larity between  such  processes  and  the  engulfing  of  food 
particles  by  unicellular  organisms.  Roser  went  further 
in  suggesting  that  resistance  to  infection  by  bacteria 
and  other  living  irritants  was  due  to  the  phagocytic  prop- 
erties of  the  cells  of  immune  animals. 

It  is  to  Metchnikoff  and  his  followers,  however,  that 
we  are  indebted  for  much  of  our  knowledge  concerning 
this  particular  physiological  function  of  cells.  In  his 
researches  on  the  comparative  pathology  of  inflammation 
phagocytosis  in  many  types  of  organisms  was  studied 
and  the  capacity  of  their  cells  for  dealing  with  various 
solid  particles  determined. 

It  does  not  lie  within  the  scope  of  this  article,  however, 
to  give  in  extenao  the  opinions  held  by  Metchnikoff 
and  others  relative  to  immunity  excepting  in  so  far  as 
they  bear  upon  the  mechanism  of  phagocytosis,  the  fac- 
tors which  influence  it,  the  fate  of  tlie  matters  enclosed 
by  cells,  and  the  value  of  the  process  as  illustrated  in  the 
life  histories  of  organisms. 

The  Mechanism  of  Phagoc^/tosis.— Before  the  ingestion 
of  solid  particles  by  cells  is  possible  the  two  must  be 
brought  together.  In  the  case  both  of  the  amoeboid  uni- 
cellular organisms  and  of  the  wandering  cells  of  the 
higher  animals,  this  is  brouglit  about  by  the  attraction  of 
the  cell  to  the  particles.  (See  the  section  on  Leucocytes, 
under  Blood. )  The  attraction  exerted  by  particles  upon 
motile  cells  is  probably  operative  only  over  a  limited  area, 
and  although  there  is  some  difference  of  opinion  concern- 
ing the  matter,  it  would  appear  that  a  certain  amount  of 
the  solid  particles  being  dissolved  in  the  fluids  containing 
the  cells  may  stimulate  them  to  approach  the  particles  or 
under  other  conditions  to  repel  them. 

Amoeba;  or  other  single-celled  organisms  are  brought 
into  the  sphere  of  influence  of  food  particles  and  bacteria 
by  diffusion  currents,  and  micro-organisms  may  by  their 
own  motility  come  into  such  a  position  as  to  be  more 
easily  engulfed.  Jennings  and  Moore  have  shown  that 
when  paramecia  and  other  infusoria  pass  by  their  own 
movements  from  a  less  attractive  into  a  more  attractive 
solution,  they  tend  to  remain  there  because  their  move- 
ment in  tlie  initial  direction  is  arrested  and  reversed  just 
as  they  are  about  to  leave  the  agreeable  environment. 
By  a  series  of  reverses  they  are  kept  swimming  backwai-d 
and  forward  across  this  attractive  sphere  and  thus  accu- 
mulate, not  by  initial  attraction  toward,  but  by  inability 
to  go  away  from,  the  agreeable  environment.  It  remains 
to  be  proved  whether  any  such  explanation  can  be 
adapted  to  the  accumulation  of  leucocytes  in  the  neigh- 
borhood of  bacteria  and  their  toxins. 

In  the  higher  organisms  provided  with  lymph  or  blood 
channels  or  both,  the  transportation  of  wandering  cells 
to  the  vicinity  of  foreign  particles  is  passive,  although 
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their  arrest  at  the  margin  of  the  vessel  "walls  and  their 
later  emigration  is  an  active  process  in  response  to  stim- 
ulus. Fixed  cells  like  the  endothelium  of  the  Ij'mph-  and 
blood-vessels,  serous  cavities,  and  the  spleen  pulp  may 
throw  out  pseudopodia  and  entangle  and  ingest  bacteria 
which  are  brought  to  them  by  the  circulation.  They 
may  even  bud  off  the  large  mononuclear  leucocytes  which 
are  so  markedly  amoeboid  and  phagocytic,  but  proof  that 
these  after  engulfing  bacteria  or  other  particles  may  again 
become  fixed  is  wanting.  It  is  a  common  thing  for  a 
wandering  phagocytic  cell  to  be  later  engulfed  with  its 
contents  by  fixed  cells,  especially  endothelial  cells. 

Phagocytosis  is  to  be  observed  in  a  multitude  of  ways, 
but  perhaps  as  simple  a  demonstration  as  an}'  is  a  modi- 
fication of  that  used  by  Kanthack  and  Hardy.  A  drop 
of  fluid  from  the  posterior  lymph  sac  or  peritoneum  of  a 
frog  is  withdrawn  by  a  capillary  pipette,  placed  in  the 
centre  of  a  clean  cover-slip  and  lightly  inoculated  with 
a  fresh  culture  of  bacilhis  anthraeis,  bacillus  filainen- 
toms,  or  some  other  large  non-motile  organism.  The 
drop  is  inverted  over  a  vaselined  hollow  ground  slide,  or, 
better  still,  a  ring  of  filter  paper  may  be  placed  upon  a 
slide  and  the  drop  of  inoculated  lymph  inverted  over  the 
hole  (Miss  Greenwood's  method).  The  filter  paper  should 
be  thick  enough  to  prevent  the  drop  from  coming  in 
contact  with  the  slide,  and  sliould  be  moistened  with 
water  from  time  to  time  to  prevent  tlie  desiccation  of  the 
lymph.  This  metl)od  provides  plenty  of  oxygen.  Such 
a  preparation  may  be  kept  under  observation  for  hours 
at  room  temperature,  and  the  leucocytes,  of  which  in  the 
frog  there  are  fewer  varieties  than  in  mammals,  remain 
active  and  may  be  seen  to  attack  the  bacteria  according 
to  a  definite  plan.  A  better  method,  especially  for  dem- 
onstration to  large  classes,  is  to  inoculate  a  culture  directly 
into  the  peritoneum  of  the  frog  and  to  withdraw  drops 
for  microscopic  study  from  time  to  time.  Observation 
may  be  made  while  the  cells  are  living  as  outlined  above, 
or  smears  stained  with  eosin  and  methylene  blue  may  be 
prepared  at  various  stages. 

It  will  be  seen  that  the  coarsely  granular  oxyphile 
(eosinophile)  and  hyaline  (large  mononuclear)  leucocytes 
are  actively  attracted  to  the  chains  of  bacilli,  the  former 
being  generally  the  first  to  attach  themselves.  Their 
granules  exhibit  streaming  movements  before,  and  usu- 
ally disappear  immediately  after  contact.  The  lympho- 
cytes (small  mononuclears)  seem  to  take  no  active  part, 
although  they  become  included  in  the  Plasmodium 
formed  by  the  other  two  varieties  of  leucocytes  and  the 
chains  of  bacilli  which  become  bent  into  sharp  angles 
and  finally  tightly  compressed.  The  individual  cells 
seen  to  become  a  part  of  the  Plasmodium,  soon  lose  their 
outline,  and  in  unstained  specimens  cannot  be  differen- 
tiated. The  Plasmodium  later  breaks  up,  and  the  com- 
ponent cells  again  become  free  in  from  five  to  nine  hours. 
The  coarsely  granular  oxyphile  cells  which  have  lost 
their  granules  and  whose  protoplasm  has  become  ampho- 
philic upon  contact  with  the  bacilli  sometimes  regain 
their  granules  with  their  oxyphilic  reaction.  In  the  hya- 
line (large  mononuclear)  cells,  however,  at  this  stage  fre- 
quently one  or  more  vacuoles  can  be  seen  which  contain 
chains  of  bacilli  doubled  upon  themselves  so  tliat  from 
two  to  five  or  more  bacilli  are  included.  The  included 
bacilli  are  undergoing  degeneration  as  evidenced  by  their 
swollen,  granular,  or  generally  "wilted"  appearance. 
Kanthack  and  Hardy  after  a  very  extended  series  of  ob- 
servations concluded  that  with  fully  virulent  bacilli  the 
coarsely  granular  oxyphile  cell  is  called  into  action  first, 
and  through  contact  with  the  bacilli,  by  a  process  of 
"  extra-cellular  "  digestion  or  neutralization,  works  them 
harm,  after  which  phagocytosis  on  the  part  of  the  hya- 
line cells  becomes  possible.  They  maintained  that  this  is 
true  not  only  for  frogs  but  for  mammals,  and  were  con- 
vinced that  phagocytosis  as  the  initial  movement  is  possi- 
ble only  where  non- virulent  bacteria  or  other  relatively 
inert  particles  are  employed. 

The  difference  in  the  modus  operandi  of  these  two 
leucocytes  has  been  very  graphicallj'  illustrated  in  a  more 
recent  publication  by  Hardy  in  which  he  was  able  to 
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measure  accurately  under  the  microscope  the  rate  of 
growth  of  chains  of  bacillus  filamentosus  (non-virulent) 
which  had  been  introduced  into  a  drop  of  frog  lymph  and 
observed  under  the  microscope  for  a  number  of  hours. 
He  found  that  in  those  bacilli  which  had  come  into  con- 
tact with  coarsely  granular  oxyphile  cells  no  growth  took 
place.  Those  in  contact  with  hyaline  cells  or  lympho- 
cytes grew  out  into  long  filaments,  as  did  also  the  free 
bacilli.  Where  one  end  of  a  chain  was  enclosed  within 
a  vacuole  of  a  hyaline  cell  growth  in  tliat  direction  was 
arrested,  although  division  of  the  bacilli  at  the  other  end 
of  the  chain  went  on.  It  will  be  seen  that  the  material 
("  slime  ")  extruded  or  exuded  by  the  coarsely  granular 
oxyphile  cell  at  tlio  time  of  the  disappearance  of  its  pro- 
toplasmic granules,  or  perhaps,  more  correctly  speaking, 
that  contact  of  the  bacilli  with  tlie  changed  protoplasm 
— true  phagocytosis  not  taking  place— had  the  same  in- 
hibitory effect  upon  the  growth  of  bacilli  as  had  the  con- 
tents of  the  digestive  vacuole  of  the  hyaline  cell.  The 
vacuoles  of  phagocytic  cells  probably  all  contain  a  fer- 
ment. Such  has  been  shown  to  exist  in  the  food  vacu- 
oles of  the  amceba  by  Krukenberg,  Reinke,  and  Green- 
wood. Further,  the  ferment  fiuid  has  been  shown  to  be 
acid,  although  secreted  by  an  alkaline  protoplasm.  In 
these  vacuoles  whatever  is  capable  of  digestion  goes  into 
solution  and  serves  as  food  for  the  cell,  while  the  insolu- 
ble renmants  are  extruded. 

It  is  impossible  to  hazard  any  opinion  concerning  the 
exact  nature  of  such  digestive  fluids  or  mechanism,  par- 
ticularly when  considering  the  destruction  by  phagocy- 
tosis of  bacteria  against  which  animals  have  been  ren- 
dered immune.  It  has  been  suggested  by  Ritchie  as 
quite  possible  "  that  by  virtue  of  one  set  of  powers  a 
phagocyte  may  kill  a  bacterium,  by  virtue  of  another 
set  of  powers  it  may  digest  it,  and  the  latter  process  may 
be  the  same  as  ordinary  proteolysis,  as  it  occurs  in  con- 
nection with  the  intestinal  glands  of  an  animal."  It 
must  be  remembered,  however,  that  typhoid  bacilli  will 
develop  in  solutions  of  pancreatic  ferment  possessing 
sufficient  activity  to  digest  fibrin,  and  it  is  well  known 
that  in  artificial  digestions  with  all  the  common  ferments 
antiseptics  must  be  employed  in  order  to  prevent  over- 
growth of  putrefactive  and  other  bacteria.  Certain  ob- 
servers, including  some  of  the  Pasteur  school,  even  go 
so  far  as  to  suggest  that  nearly  all  kinds  of  ferment  activ- 
ity in  the  animal  body  are  facilitated  by,  if  not  largely 
dependent  on,  the  presence  of  bacteria. 

One  is  therefore  forced  to  ask  whether  the  phagocytic 
inclusion  and  digestion  of  bacillus  typhosus  by  the  cells 
of  an  animal  immunized  against  that  micro-organism  is 
accomplished  in  exactly  the  same  manner  and  by  the 
same  ferment  activity  as  would  be  the  cholera  vibrio  had 
the  animal  been  rendered  resistant  against  that  organ- 
ism. It  does  not  seem  possible  that  by  repeated  immu- 
nizing doses  of  a  given  micro-organism  the  phagocytic 
cells  can  be  so  altered  as  completely  to  change  their  di- 
gestive mechanism.  It  is  well  known,  however,  that 
bacteria  are  frequently  englobed,  and  later  during  their 
growtli,  or  by  their  production  of  substances  which  may 
neutralize  or  destroy  the  digestive  ferment,  the  phago- 
cytes may  be  destroyed,  although  similar  cells  may  later 
by  a  process  of  immunization  acquire  the  property  of 
seizing  and  also  digesting  the  same  bacteria. 

Further  discussion  of  these  matters  will  be  necessaiy 
in  considering  the  questions  of  what  cells  are  phagocytic, 
the  fate  of  enclosed  bacteria  and  other  masses,  the  eco- 
nomic uses  of  phagocytosis,  and  the  relation  of  phago- 
cytosis to  present-day  theories  of  immunity. 

What  Cells  abb  Phagocytic  ? 

In  unicellular  organisms  phagocytosis  affords  a  means 
of  securing  food  and  for  defence.  In  more  highly  devel- 
oped organisms  witli  the  greater  specialization  in  other 
functions  that  of  phagocytosis  is  assigned  to  definite  cells, 
particularly  those  of  mesodermal  origin.  When  micro- 
organisms or  particles  obtain  access  to  the  body  fiuids 
they  may  be  carried  to  any  part  of  the  body  unless  dis- 
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posed  of  or  arrested.  Similarly,  when  irritant  particles 
or  micro-organisms  are  localized  in  the  body,  phagocytic 
cells  and  those  with  other  defensive  activities  may  be 
hurried  to  the  front  by  way  of  the  lymph  and  blood 
channels.  It  may  be  well  to  consider  first  the  free  or 
wandering  cells  which  are  phagocytic,  and  secondly 
those  which  are  fixed. 

1.  Phagocytosis  in  Fubb  Cells  (see  also  section  on 
Leucocytes  under  BlooS).  If  we  look  upon  phagocytosis 
as  an  active  process  the  red  blood  cells  may  be  excluded. 

Lymphocytes  (small)  are  not  phagocytic.  Their  proto- 
plasm is  so  scanty  as  to  leave  no  room  for  inclusion^  of 
particles  nor  have  they  been  shown  to  be  actively  motile. 

Ooa/i'sdy  granular  oaypMle  cells  (eosinophile),  although 
infrequent  in  normal  blood,  are  more  plentiful  in  lymph, 
and  in  tissue  spaces  they  are  abundant.  Kanthack  and 
Hardy  consider  them  to  be  never  phagocytic.  Mesnil,  a 
pupil  of  Metchnikoif ,  states  that  they  may  be  phagocytic. 
I  have  always  looked  upon  them  as  never  phagocytic  until 
two  years  ago  we  encountered  one  undoubted  case  of  in- 
clusion in,  and  partial  digestion  of,  B.  filanientosus  by  one 
of  these  cells  in  an  exudate  resulting  several  hours  after 
an  intrapleural  injection  of  the  organism  into  a  guinea- 
pig.  The  eosinophile  granules  were  perfect,  and  the 
bacilli  were  contained  within  a  vacuole.  Phagocytosis 
on  the  part  of  these  cells  must  be  extremely  rare.  They 
appear  to  act  rather  by  a  process  of  extracellular  paraly- 
sis or  digestion  of  bacteria. 

The  finely  granular  oxypMle  {^polymorphonuclear')  leuco- 
cytes, or  "  microphages "  of  Metchnikoff,  are  the  chief 
phagocytes  of  the  blood.  Where  irritants  are  applied  to 
vascular  areas  these  cells  very  quickly  appear  in  the  foci, 
emigrating  rapidly  from  neighboring  vessels.  In  pus 
formation,  in  the  fibrinocellular  exudates  of  diphtheria 
and  pneumonia,  and  in  exudates  in  serous  cavities  and 
many  othej  sites,  these  cells  are  present  in  vast  numbers. 
In  pneumonia  there  may  be  present  in  the  hepatized  area 
many  times  the  total  number  of  these  cells  normally  pses- 
ent  in  the  whole  body.  Where  do  they  come  from?  In 
certain  infections  the  manufacture  of  these  cells  in  the 
marrow  of  the  long  bones  is  tremendously  stimulated 
(Muir,  also  Roger),  so  that  following  the  initial  temporary 
diminution  of  leucocytes  in  the  blood  the  increased  out- 
put is  sufficient  to  supply  all  demands.  The  subcutane- 
ous injection  of  staphylococcus  pyogenes  aureus  into 
the  tissues  of  rabbits,  and .  serial  observations  on  the  re- 
sulting abscess  formation  (Hohnfeldt)  afford  an  excellent 
opportunity  of  studying  chemotaxis  and  phagocytosis 
in  connection  with  these  cells.  Their  phagocytic  prop- 
erties and  modes  of  action  may  be  studied  in  smears  of 
gonorrhoeal  pus,  in  purulent  fluid  in  cases  of  cerebro- 
spinal meningitis,  and  in  pus  from  abscesses.  The  se- 
quence of  changes  in  inflammation  in  which  finely  granu- 
lar oxyphile  cells  bear  a  part  may  be  well  observed  when 
fluid  from  the  abdomen  is  withdrawn  from  time  to  time 
after  intraperitoneal  in  j  ections  of  various  micro-organisms 
(Pfeiffer,  Durham,  and  others).  These  cells  possess  the 
capacity  for  engulfing  carbon  and  other  insoluble  pig- 
ments and  of  digesting  pieces  of  fibrin,  cell  debris,  bac- 
teria, and  other  soluble  materials.  Vacuoles,  evidently 
digestive,  may  often  be  seen  surrounding  the  particles, 
although  not  always.  This  variety  of  leucocyte  is,  in 
short,  instrumental  in  the  removal  of  inhaled  pigment 
particles,  hemorrhages  into  the  tissues,  fibrinous  exu- 
dates, and  other  detritus,  while  in  resisting  the  pyogenic 
micro-organisms  it  is  probably  the  chief  factor. 

The  hyaline  {large  mononuclear)  leucocytes  or  "macro- 
phages "  of  Metchnikoff  are  seemingly  derived  from  the 
endothelium  of  vessels  and  from  the  spleen  and  lym- 
phatic glands.  The  phagocytic  work  in  those  tissues 
where  the  transportation  facilities  of  the  blood  stream 
are  not  readily  available  is  dependent  to  a  great  degree 
upon^  these  cells.  Kanthack  and  Hardy  believed  that 
only  in  case  of  feebly  virulent  bacteria  and  non-irritant 
particles  are  they  capable  of  immediate  action.  That 
they  do  operate  after  other  cells  have  been  engaged  is 
evidenced  by  the  fact  that  other  cells,  such  as  the  finely 
granular  oxyphiles,  are  very  frequently  found  in  vari- 
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ous  stages  of  disintegration  enclosed  within  them.  The 
intraperitoneal  or  intrapleural  inoculation  of  non-viru- 
lent bacilli  into  guinea-pigs  illustrates  this  well.  Mal- 
lory  believes  that  where  an  irritant  of  a  low  grade  of 
virulence  is  present,  proliferation  of  the  fixed  cells  and 
phagocytosis  are  prominent  features.  In  typhoid  infec- 
tion this  is  true,  and  hyaline  cells  are  especially  active 
phagocytes,  the  finely  granular  oxyphiles  being  incon- 
spicuous. In  tuberculosis  and  leprosy  phagocytosis  is 
common,  and  endothelial  cells  are  particularly  active.  In 
purulent  infections  the  finely  granular  oxyphile  and  not 
the  hyaline  cell  is  the  chief  phagocyte.  In  the  lungs  in- 
haled carbon  pigment  and  broken-down  blood  pigment 
— in  pneumonia  of  heart  disease — are  contained  in  large 
amounts  in  large  flat  cells  with  rounded  or  oval  nuclei. 
Whether  these  are  hyaline  leucocytes  or  desquamated 
alveolar  epithelium  cannot  always  be  determined.  Hya- 
line cells  are  the  connecting  link  between  endothelium 
and  leucocytes,  and  Muir  has  pointed  out  that  in  inflam- 
matory leucocytosis  increased  activity  in  and  production 
of  hyaline  cells  can  be  found  evidenced  in  the  lymphatic 
sinuses  of  lymph  glands  and  by  the  mitotic  figures  in  free 
hyaline  cells. 

Other  varieties  of  leucocytes  have  not  been  recognized  as 
phagocytic,  and,  in  fact,  little  is  known  concerning  their 
activities. 

3.  Phagocytosis  in  Fixed  Cells. — The  endothelial 
-cells  are  markedly  phagocytic  for  bacteria  and  other  par- 
ticles which  are  brought  to  them  in  the  blood  or  lymph. 
They  engulf  particles  by  throwing  out  pseudopodia,  and 
within  limits  they  are  quite  amoeboid.  It  has  been  sug- 
gested that  in  extremely  small  vessels  where  the  endothe- 
lium composes  a  large  part  of  the  vessel  wall,  vaso-con- 
striction  or  dilatation  may  depend  upon  thickening  or 
thinning  of  these  cells  as  a  response  to  direct  stimulation 
by  materials  flowing  in  the  blood  or  lymph.  This,  if 
true,  has  an  important  bearing  not  only  on  inflammation, 
but  upon  the  vascular  phenomena  of  fever.  In  consid- 
ering the  finding  of  pigment  particles  in  fixed  connective- 
tissue  cells  as  in  those  of  the  supporting  tissue  of  the 
lung,  or  in  glands,  there  is  a  question  as  to  their  exact 
mode  of  entrance.  It  is  among  the  possibilities  that  free 
leucocytes  act  as  phagocytes  and  wander  by  Way  of 
blood  or  lymph  channels  or  between  or  through  other 
cells  until  the  particles  ultimately  reach  the  location  in 
which  they  are  found.  Or  the  original  phagocytic  leu- 
cocytes may  have  died  and  set  free  the  pigment  to  be 
taken  up  by  a  second  leucocyte,  or  by  an  endothelial  cell, 
or  by  a  connective-tissue  cell.  Or  the  original  leucocyte 
with  its  contained  particles  may  have  been  bodily  en- 
gulfed by  a  growing  connective-tissue  or  other  fixed  cell. 
Evidences  of  such  a  process  are  not  wanting.  In  phago- 
cytosis on  the  part  of  epithelium — superficial  or  in  glands 
— the  problems  are  just  as  complicated.  When  bacteria 
enter  the  liver  through  the  portal  circulation  and  are  then 
engulfed  and  killed  or  attenuated  by  the  liver  cells  and 
ultimately  extruded  or  excreted  into  the  bile  capillaries, 
it  is  likely  that  the  endothelial  cells  of  the  portal  capil- 
laries act  first  and  that  these  yield  up  their  contents  to 
the  liver  cells.  Whether  epithelial  cells  such  as  those 
in  the  milk  glands  can  take  up  living  bacilli  and  excrete 
or  secrete  them  iu  a  virulent  condition  so  that  they  are 
eliminated  through  the  ducts,  is  a  question.  Adami  has 
suggested  that  such  is  the  case  where  tubercle  bacilli  are 
found  in  the  milk  of  cows  whose  udders  bear  no  evidence 
of  tuberculosis.  Many  other  matters  bearing  upon  this 
question  might  be  discussed,  such  as  the  methods  of  ex- 
cretion of  bacteria  and  solid  particles  by  way  of  the  kid- 
ney, tonsillar  infection  in  tuberculosis,  etc. ,  but  they  do 
not  lie  within  the  scope  of  so  limited  an  article  as  this. 

The  Fate  of  JSiiclosed  Particles. — When  insoluble  pig- 
ment particles  are  found  in  situations  to  which  they  could 
not  have  been  swept  by  currents  of  lymph  or  blood, 
amoeboid  phagocytes  have  probably  been  the  carriers, 
and  such  cells  may  set  free  their  contents  either  before 
or  after  death. 

Undoubtedly  through  phagocytosis  many  bacteria  are 
killed,  but,  as  we  have  seen,  not  all  of  those  which  are 
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taken  into  the  interior  of  phagocytes  are  destroyed. 
Metchnikoii  has  isolated  single  leucocytes  which  con- 
tained micro-organisms,  and  in  a  drop  of  broth  under  the 
microscope  he  has  watched  the  bacteria  increase  within 
the  cell  until  it  was  filled  and  finally  destroyed,  the  micro- 
organisms escaping  into  the  broth.  In  many  cases  of  in- 
fection observation  would  warrant  the  belief  that  bac- 
teria may  be  engulfed  and  carried  considerable  distances 
by  phagocytes,  which  are  then  destroyed,  the  bacteria  lib- 
erated, and  a  new  focus  of  infection  is  set  up.  In  many 
infections  phagocytosis  is  pronounced  throughout  the 
■whole  course  of  the  disease.  This  has  constituted  a  diffi- 
culty for  those  who  advocate  the  phagocytic  theory  of 
immunity.  In  such  chronic  diseases  as  leprosy,  tuber- 
culosis, and  glanders,  bacilli,  apparently  many  of  them 
living,  are  to  be  found  enclosed  in  phagoc3'tes.  In  epi- 
demic cerebro-spinal  meningitis  and  gonorrhoea — diseases 
of  a  more  acute  nature — one  of  the  diagnostic  points  in 
connection  with  microscopic  examination  is  the  demon- 
stration of  the  diplococci  within  the  cells  (finely  granular 
oxyphile).  It  would  therefore  appear  that  while  phago- 
cytosis is  undoubtedly  an  important  factor  in  resistance 
to  infection,  there  are  distinct  steps,  namely,  attraction 
of  leucocytes  which  then  engulf  bacteria  and  later  digest 
them.  That  digestion  of  bacteria  does  not  always  follow 
their  enclosure  in  phagocytes  is  apparent. 

Tlie  Factors  which  Infliience  Phagocytosis. — Anything 
which  checks  chemotaxis  interferes  with  phagocytosis. 
It  has  been  conclusively  shown  that  highly  virulent  bac- 
teria are  less  apt  to  attract  wandering  cells  and  induce 
phagocytosis  than  are  more  attenuated  microbes  of  the 
same  kind.  For  instance,  if  attenuated  anthrax  bacilli 
be  inoculated  in  one  ear  of  a  rabbit  and  virulent  anthrax 
bacilli  be  inoculated  in  the  same  manner  and  dose  in  the 
other  ear  of  the  same  rabbit  the  results  are  quite  differ- 
ent (Metchnikoff).  In  the  one  ear  the  attenuated  bacilli 
induce  a  tremendous  accumulation  of  leucocytes,  while 
in  the  other  ear  fluid  is  poured  out  into  the  tissues  with 
little  or  no  attraction  of  leucocytes. 

The  state  of  resistance  of  the  animal  is  also  important. 
Immunization  to  anthrax  renders  an  animal  capable  of 
responding  to  a  dose  of  virulent  bacilli  by  an  accumula- 
tion of  leucocytes,  while  a  similar  dose  in  an  untreated 
animal  induces  a  huge  outpouring  of  fluid. 

The  presence  of  soluble  bacterial  products  in  a  definite 
locality  tends  to  favor  the  attraction  of  leucocytes  from 
the  neighboring  blood-vessels,  while  the  circulation  simul- 
taneously of  the  same  materials  in  large  quantities  in  the 
blood  stream  tends  to  prevent  it.  This  is  illustrated 
(Roger,  RufEer)  by  inoculating  the  bacillus  of  sympto- 
matic anthrax  into  the  subcutaneous  tissues  of  a  rabbit 
when  leucocytes  rapidly  accumulate  at  the  site  of  inocu- 
lation and  abscesses  result.  If  another  rabbit  be  similarly 
inoculated,  while  in  addition  an  intravenous  inoculation 
is  made,  there  is  tremendous  outpouring  of  fluid,  but  no 
leucocytosis  at  the  site  of  the  subcutaneous  injection, 
and  death  results  in  a  few  hours.  Hence  phagocytosis  is 
apt  to  occur  when  the  invading  bacteria  are  not  too  viru- 
lent, when  the  resistance  of  the  host  is  great,  and  when 
the  irritants  and  soluble  products  are  present  in  much 
greater  abundance  at  a  point  or  points  outside  the  ves- 
sels than  In  the  circulating  blood. 

Tlie  economic  uses  of  phagocytosis  have  been  dealt  with 
more  or  less  fully  in  the  preceding  portions  of  the  article, 
and  need  be  only  mentioned  here.  As  a  factor  in  nutri- 
tion evidences  of  the  importance  of  phagocytosis  decrease 
as  we  ascend  in  the  scale  of  development.  For  instance, 
in  the  amoeba  observation  would  tend  to  show  the  ex- 
treme importance  of  phagocytosis  in  this  connection, 
while  in  the  higher  animals  proof  that  it  takes  a  great 
share  in  the  securing  and  assimilation  of  food  is  wanting, 
although  such  may  yet  be  forthcoming.  As  has  been 
stated,  pigment  and  solid  debris,  such  as  exudates,  hem- 
orrhages into  the  tissues,  dead  cells,  and  tissues  of  all 
kinds  are  largely  removed  by  phagocytes.  In  the  spleen 
phagocytic  inclusion  of  dead  blood  cells  and  animal  and 
vegetable  parasites  is  always  demonstrable.  Many  more 
examples  could  be  quoted  were  it  necessary.    In  their 


attraction -to,  inclusion  of,  carrying  away,  and  destruc- 
tion of  invading  organisms  the  phagocytic  cells  may  be 
exhibiting  characteristics  largely  acquired  in  exercising 
their  more  physiological  functions. 

Phagocytosis  in  Eolation  to  Present-day  Theories  of  Im- 
munity.— Elirlich's  brilliant  experiments  and  deductions 
(see  article  on  Immunity)  ha,Ye  necessitated  a  remodelling 
of  many  of  our  ideas,  and  Metchnikoff  in  accepting  Ehr- 
lioh's  views  has  attempted  to  harmonize  phagocytosis 
with  the  activities  of  complements  and  immune  bodies. 
Ehrlich  believes  that  immunity  against  bacteria  (or  other 
cells)  depends  upon  the  original  jjossession  or  artificial 
induction  of  a  special  substance,  "immune  body,"  which 
firmly  unites  with  the  bacteria  and  thus  enables  another 
substance,  "the  complement,"  which  is  present  normally 
in  the  animal  to  kill  the  bacteria.  The  immune  bodies 
are  more  resistant  to  heat  than  are  the  complements.  In 
the  serum  obtained  from  an  immunized  animal  both  im- 
mune body  and  complement  may  be  found,  altliough 
Metohnikoff  believes  that  both  are  liberated  from  leuco- 
cytes (mlcrophages  and  macrophages)  by  "phagolysis," 
and  that  in  the  body  the  final  action  of  the  complement 
on  the  bacteria  takes  place  only  within  the  cell  during 
phagocytosis,  even  should  the  immune  body  have  been 
free  in  the  fluids. 

It  has  long  been  known  that  bactericidal  substances  are 
more  abundant  in  the  leucocytes  than  in  the  fluids  of  the 
body.  More  recent  work  of  Denys  and  Leclef  seeins  to 
show  that  from  rabbits  immunized  against  streptococcus 
the  serum  when  mixed  with  leucocytes  from  such  an  ani- 
mal was  no  more  destructive  for  streptococci  than  when 
mixed  with  the  leucocytes  of  a  normal  rabbit,  while  by 
itself  it  was  practically  not  bactericidal  at  all.  Two  anti- 
bodies seemed  essential  for  the  destruction  of  the  strepto- 
cocci :  one  was  to  be  found  in  the  immune  serum,  and  the 
other  was  afforded  equally  well  by  the  leucocytes  of  the 
normal  or  treated  rabbit. 

Bulloch's  work  on  haemolysis  tends  to  show  that  in  the 
rabbit  an  increase  of  finely  granular  oxyphile  cells  in  the 
blood  accompanies  the  formation  of  complement  and  that 
activity  of  mononuclear  leucocytes  is  related  to  the  forma- 
tion of  immune  body. 

There  seems  to  be  as  yet  no  information  available  con- 
cerning the  exact  source  of  complement  and  immune 
body.  We  are  not  justified  in  assuming  because  a  sub- 
stance is  bactericidal  in  test-tube  experiments  that  it  is 
operative  as  such  in  the  body.  We  have  seen  already 
that  the  coarsely  granular  oxyphile  cell  acts  deleteriously 
upon  virulent  bacteria,  and  that  it  is  not  markedly  pha- 
gocytic. There  are  doubtless  other  cells  which  are  anti- 
bacterial and  non-phagocytic.  In  assuming  that  the 
same  cells  produce  both  immune  body  and  complement, 
Metchnikoff  is  not  borne  out  by  the  observed  facts,  al- 
though he  admits  that  the  former  is  more  likely  to  be 
liberated  into  the  body  fluids  than  the  latter. 

The  digestion  of  bacteria  by  phagocytes  Metchnikoff 
apparently  considers  to  be  due  to  a  ferment  which  seems 
to  be  the  same  sort  of  thing  as  Ehrlich 's  complement. 

It  is  not  quite  clear  whether  his  "cytases"  include 
complement  which  remains  fixed  in  the  phagocytes,  the 
immune  body  which  under  some  conditions  escapes  into 
the  fluids,  and  in  addition  special  "stimuhnes,"  which 
acting  on  the  phagocytes  cause  them  to  approach  bac- 
teria and  engulf  them.  Ritchie,  in  his  admirable  critical 
review  of  the  subject,  asks  very  pertinently  how  the  so- 
called  education  of  leucocytes  is  brought  about.  He 
suggests  that  in  the  case  of  immunization  by  repeated 
intraperitoneal  injections  of  cholera  vibrios  it  is  perhaps 
possible  that  in  the  later  injections  the  especially  active 
phagocytes  may  have  been  the  same  individuals  engaged 
in  the  former  encounters  with  the  vibrios. 

Although  the  life  history  of  a  leucocyte  is  probably 
short,  he  suggests  that  such  "sensitized"  leucocytes 
might  even  be  attracted  from  distant  parts  of  the  body. 
It  is  easily  seen  that  while  admitting  such  possibilities 
he  leans  to  the  view  that  the  active  leucocytes  in  each 
succeeding  injection  are  new  ones  probably  derived  from 
the  bone  marrow  or  lymphatic  sinuses. 
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To  limit  the  formation  of  the  active  substances  of  Ehr- 
lich  to  the  phagocytic  cells  of  the  body  as  Metchnikoflf 
ias  done,  further  complicates  an  already  complicated  but 
otherwise  satisfactory  theory  of  immunity.  There  seems 
to  be  ample  evidence  that  there  are  many  other  active 
factors  in  the  protective  mechanism  than  those  afforded 
by  phagocytosis.  Phagocytes  are  undoubtedly  impor- 
tant, but  not  all  the  phenomena  of  immunity  can  be  ex- 
pressed in  terms  of  phagocytosis.  F.  F.  Wesbroole. 

PHARMACOPCEIA.*  —  (Greek  (j>ap/xaKomda,  from 
^dpftmov,  medicine,  remedy,  and  votew,  to  make,  to  prepare ; 
Iiatin,  pJtarmacoposa  or  pharmacopeia  ;  German,  Phnrmu- 
kopoe  ;  French,  pharmaeopee  ;  Q\)sms\i,  farmacopea,  etc.). 
A  pliarmacopmia,  in  the  modern  sense,  may  be  defined 
as  a  work  published  by  some  recognized  authority, 
for  the  purpose  of  securing  uniformity  in  the  kind, 
quality,  strength,  and  composition  of  simple  and  com- 
pound remedies  used  in  the  practice  of  medicine.  It 
may  either  be  of  a  local  character,  or  it  may  api)ly  to  a 
whole  country.  During  the  early  history  of  pharmaco- 
poeias, the  term  was  also  often  applied  to  works  written 
or  published  by  individuals,  without  the  official  sanction 
of  governmental  or  professional  authority.  The  Greek 
word  fap/iaicoTToda  occurs  in  later  Greek  medical  writings 
under  its  proper  meaning,  "the  preparation  of  medi- 
cines," or  "  the  art,  or  business,  of  preparing  medicines." 
As  the  title  of  a  book  treating  of  this  subject,  however, 
it  is  probably  not  older  than  the  beginning  of  the  six- 
teenth century. 

Ancient  and  Medimval  Precursors  of  Pliarmacopwias.  — 
While  the  ancient  nations  did  not  possess  any  works 
which  could  be  fully  set  side  by  side  with  our  modern 
pharmacopoeias,  yet  the  gradually  accumulating  mass  of 
facts  relating  to  the  preparation  and  practical  use  of 
medicines  resulted  in  the  composition  of  numerous  works 
which  treated  at  least  incidentally  of  this  subject.  In 
giving  an  account  of  the  literature  relating  to  the  latter, 
we  shall  confine  ourselves  to  those  works  the  influence  of 
which  has,  in  one  way  or  another,  extended  to  our  times. 

Egypt  has  furnished  us  the  oldest  existing  documents 
containing  formulas  and  directions  for  the  preparation  of 
medicines.  The  oldest  known  is  the  Papyrus  Ebers,  dat- 
ing from  the  year  1552  b.c.  (see  Med.  Pec.,  11,  pp.  247-251), 
which  mentions  a  large  number  of  simple  remedies,  and 
also  contains  numerous  formulas  of  compounds,  often  in 
the  form  of  regular  pharmacopoeial  recipes,  accompanied 
by  signs  and  terms  expressing  weights  or  measures,  pre- 
cisely as  is  customary  at  the  present  day. 

The  Medical  Papyrus  of  Berlin  (see  Woenig,  "Die 
Pflanzen  im  alten  Aegypten,"  Leipsic,  1886),  written 
about  1350  B.C.,  contains  a  great  number  of  formulas, 
with  exact  statements  as  to  ingredients,  and  weights  and 
measures.  These  formulas  are  for  both  internal  and  ex- 
ternal remedies,  including  enemata.  The  remedies  are 
mostly  simples,  plant  jjarts,  gums,  resins,  etc. ,  with  a  few 
metals,  liquors,  and  well-known  liquids,  including  urine, 
bile,  blood,  and  faeces  of  various  animals. 

In  addition  to  these  written  documents,  there  existed 
also  formularies  sculptured  in  stone,  one  having  been 
found  upon  the  walls  of  a  regular  ijharmaceutical  labor- 
atory or  dsi-t  (see  Woenig,  loc.  eit.,  372)  in  the  temple  of 
Edfu. 

India. — An  examination  of  the  oldest  Indian  literature, 
that  of  the  Vedas,  Bi'ahmins,  and  Sutras,  reveals  little  but 
superstition  as  to  both  diseases  and  remedies.  The  prin- 
cipal medical  works  of  the  Hindoos,  viz.,  those  of  Chara- 
ka  and  Sucruta,  cannot  be  traced  back  beyond  the  eighth 
century  a.d.  (see  JVeto  Remedies,  1876,  229),  the  founda- 
tions evidently  having  been  derived  from  the  Greeks. 
Most  of  these  medical  works  are  characterized,  and  their 
meaning  is  obscured,  by  the  poetic  or  metrical  style  em- 
ployed in  them.     Four  or  five  centuries  then  elapse  be- 

*Thls  article  is  practically  a  reprint  of  those  contributed  by  Dr. 
Obarles  Elce  to  tbe  preceding  edition  of  this  work  and  to  the  Supple- 
ment (Vol.  IX.) ;  the  records,  I  miKht  add,  have  been  brought  up  to 
date,  and  a  tew  changes  have  been  made  in  the  interest  of  economy 
of  space.-He)irM  H.  Rusby. 
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fore  we  meet  with  any  other  notable  writings  of  this 
kind.  Among  the  later  medical  treatises  the  most  Im- 
portant are  "  AshtSngahridaya, "  by  Vagbhata,  and  the 
"Bhftvaprakaca,"  by  BhSva,  both  of  them  only  a  few 
centuries  old.  These  contain  likewise  many  formulas 
interwoven  in  the  text.  Regular  treatises  on  pharmacy, 
or  formularies,  are  not  numerous  (to  the  former  belongs 
the  "  Prayogamrita  "  of  VaidyachintSmanl,  and  others) ; 
but  treatises  on  materia  medica  or  glossaries  of  simples 
are  much  more  common.  The  most  extensive  of  these 
is  the  "NighanturSja,"  by  Narahari,  of  Cashmere,  being 
a  dictionary  of  pi'oducts  of  nature,  etc.,  with  synonyms. 
Another  smaller  but  useful  work  is  the  "  Madanavinoda  " 
of  MadanapSla. 

Greece. — The  writings  of  Hippocrates  (about  460-377 
B.C.)  were  the  first,  as  well  as  the  most  important,  in  the 
early  history  of  Greek  medical  literature.  Although 
none  of  his  genuine  writings  is  devoted  exclusively  to 
the  preparation  of  specific  medicines,  numerous  such 
directions  are  contained  in  them,  and  the  pharmaceutical 
art  becanie  developed  during  the  succeeding  centuries  in 
pi'oportion  as  the  rational  treatment  of  disease,  upon  the 
foundation  laid  by  Hippocrates,  spread  through  the  culti- 
vated nations  of  Europe  and  Western  Asia. 

Of  those  works  which  are  known  to  have  exerted  a 
permanent  influence  upon  the  formulaiies  of  later  times, 
that  of  Andromachus  of  Creta,  Nero's  court  physician, 
next  requires  mention,  being  a  sort  of  poetic  formulary. 
He  also  wrote  a  poem  on  Theriac  and  its  preparations, 
which  for  centuries  was  highly  influential  in  medical 
practice.  About  65  a.d.,  Servilius  Damocrates  com- 
posed similar  pharmacological  poems,  his  compound  of 
theriac,  thus  treated,  being  subsequently  known  as  "  Con- 
fectio  Damocratis. "  In  about  78  a.d.,  Dioscorides  wrote 
his  famous  v'Xi.Ka  ("  Materialia  "),  a  most  valuable  cyclo- 
psedla  of  simples,  which  became  one  of  the  chief  sources 
of  pharmacological  writers  down  to  the  Middle  Ages. 

The  next  important  Grecian  medical  wi-iter  was  Clau- 
dius Gallinus  (131  to  about  210  a.d.).  His  numerous 
writings  exerted  an  influence  equal  to  that  exerted  by  the 
works  of  Dioscorides.  Two  of  them  treat  especially  "  on 
the  composition  of  medicines  according  to  the  places  "  (of 
application)  "and  according  to  classes."  His  numerous 
complex  mixtures  gave  origin  to  the  term  "Galenical." 

Of  later  writers,  the  more  imjiortant  are:  Aetius,  of 
Amida,  in  Mesopotamia  (sixth  century  a.d.),  who  gives 
numerous  formulas  for  plasters,  salves,  etc. ;  Alexander, 
of  Tralles,  in  Lydia  (525-605  a.d.),  and  Paulus,  of  MgeaSk 
(seventh  century  a.d.),  both  of  whom  likewise  quote 
many  formulas  in  their  writings.  Passing  now  over 
several  centuries,  we  find  no  author  worthy  of  mention 
until  we  come  to  Nicolaus  Myrepsus,  of  Alexandria  (sec- 
ond half  of  thirteenth  century  a.d.),  who  compiled  an 
"  Antidotarium  "  (imaficpdv),  or  formulary,  containing  not 
less  than  two  thousand  six  hundred  and  fifty -six  formu- 
las, in  forty -eight  chapters.  This  work  was  written  in 
Greek,  but  only  the  Latin  translation  has  been  published 
(first  edition,  Basle,  1549).  It  is  also  entitled  "  Antidota- 
rium Magnum"  (not  to  be  confounded  with  the  "Anti- 
dotarium Parvum  "  of  Nicolaus  Prsepositus).  In  spite 
of  its  encyclopajdic  character,  this  formulary  did  not  ac- 
quire as  much  reputation  as  the  less  extensive  works  of 
Mesue  or  of  Nicolaus  Pinepositus. 

Rome. — Previous  to  C.  Plinius  Secundus  (23-79  a.d.) 
only  the  writings  of  M.  Porcius  Cato  (234-149  B.C.)  in- 
terwoven in  agricultural  treatises,  need  be  mentioned. 
In  the  great  work  on  "  Natural  History  "  by  the  former, 
many  subjects  relating  to  materia  medica  are  treated. 
The  "  Compositiones  MedicsE  of  Scribonius  Largus  "  (first 
century  a.d.)  is  the  first  literary  production,  having 
the  nature  of  a  formulary,  of  Roman  origin.  It  con- 
tains the  first  correct  description  of  the  method  of 
obtaining  opium.  A  treatise  by  Rufus  of  Ephesus  on 
cathartics  was  for  a  long  time  influential.  Many  other 
more  or  less  important  works  by  Romans  were  written 
in  Greek. 

Arabic  Countries.— Ilia  Arabs  were  the  first  to  develop 
the  art  of  the  apothecary  and  to  establish  regulations  re- 
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garding  the  quality  and  price  of  his  medicines,  and  speci- 
fying which  of  them  were  to  be  kept  in  stock  for  instant 
use.  Their  advent  infused  new  life  into  the  torpid  con- 
dition of  the  medical  and  other  sciences. 

At  the  end  of  the  ninth  century,  ShSbfir  ben  Sahl 
wrote  a  sort  of  dispensatory  under  the  title  of  "  Ibdal " 
(Haji  Khalfa,  ed.  Flligel,  i.,  143),  and  about  the  middle 
of  the  twelfth  century  Abfl'l  Hassan  Hibet-allali  ibn  Tal- 
mld  composed  a  similar  work,  entitled  "Krabadiii"  or 
"Grabaddin"  (Arabic,  qardbadin,  or  qrubudin),  which 
was  commonly  followed  by  Arabic  apothecaries.  The 
most  important  of  these  works  was  that  composed  by  the 
younger  Mesue  (MSswiyah  el-Mardiui,  died  1015  a.d.), 
of  Maridin,  on  the  Euphrates,  and  of  which  only  the 
Ijatin  translation  is  extant,  imder  the  title  "  Antidotarium, 
seu  Grabaddin  Medicaminum  compositorum."  This 
remained  for  a  long  time  the  chief  canon  of  pharmacy. 
It  contains  a  large  number  of  formulas  arranged  in 
twelve  chapters,  each  treating  of  a  different  form  (for  in- 
stance, Pilulse,  Cerata,  etc.)  under  which  medicines  are 
applied  or  administered.  Not  less  than  four  Italian 
translations  of  this  work  appeared  previously  to  the  year 
1500,  and  the  Latin  text  was  often  reprinted. 

The  writings  of  the  most  celebrated  of  all  Arabic  phy- 
sicians, viz.,  Avicenna  (Abvl  'Ali  Hussain  ben  Abdallah, 
Ibn  Sina,  978-1036  a.d.),  also  contain  many  formulas 
which  were  incorporated  in  subsequent  collections. 

Other  writers,  whose  works  contributed  in  this  direc- 
tion, were  Ibn  Wftlid  el-Lachml  (about  1050  a.d.),  called 
Albenguefit  in  medissval  literature,  whose  work  on  sim- 
ples has  been  published  only  in  Latin  translation.  Sera- 
pion  the  younger  (Ibn  Serabl,  about  1070  a.d.)  was  the 
author  of  a  similar  work,  but  this  was  much  more  es- 
teemed and  made  use  of  than  the  former. 

The  most  important  Arabic  writer  on  materia  medica 
is  Ibn  Baitftr  (about  1197-1248  a.d.).  His  work  on  sim- 
ples and  foods,  based  on  his  own  observations  and  on  the 
works  of  Greek,  Arabian,  Persian,  and  Syrian  writers,  is 
a  perfect  storehouse  of  information,  and  lias  exerted  con- 
siderable influence  upon  tlie  development  of  therapeutics 
and  pharmacy  among  his  countrymen. 

Persia  has  little  of  interest  to  present  in  this  direction. 
If  we  except  a  treatise  on  materia  medica,  based  upon 
Greek,  Arabian,  and  Indian  sources,  written  by  Alherwl 
(ninth  century  a.d.),  we  meet  nothing  of  interest  until 
the  close  of  the  seventeenth  century,  when  Father  Ange 
de  la  Brosse,  de  St.  Joseph,  published  at  Paris  (in  1681) 
the  "  Pharmacopoea  Persica,  ex  idiomate  Persico  in  Lati- 
nurn  conversa."  That  this  is  no  translation  of  an  origi- 
nal Persian  work  has  been  recognized  many  years  ago  by 
Dr.  Hyde,  who  sujDposed  it  to  be  the  work  of  Pere  Mat- 
thieu.  Leclerc  ("  Histoire  de  la  Medecine  Arabe, "  Paris, 
1876,  ii.,  481)  reports  that  it  is  a  translation  of  an  Arabic 
work  existing  in  manuscript  in  the  National  Library  at 
Paris.  It  bears  internal  evidence  of  the  intimate  ac- 
quaintance of  the  author  with  European  medicines,  some 
of  which  were  probably  then  unknown  to  Persians,  while 
others  which  were  known  (such  as  opium)  are  omitted. 
In  1771  Mir  Mohammad  Hussain,  of  Khorasan,  wrote  a 
Persian  pharraacoposia,  and  subsequently  an  encyclopse- 
dia  of  materia  medica  ("Makhzan  el-adwiya,"  "Treasury 
of  Medicines  ")  of  considerable  merit. 

Medimval  Europe. — Up  to  about  the  fifteenth  century 
the  apothecaries  in  European  countries  situated  to  the 
north  of  the  Alps  did  not  prepare  many  compounds 
themselves,  owing  to  the  difficulty  of  importing  the  nu- 
merous, often  bulky,  and  perhaps  scarce,  crude  mate- 
rials. They  were  in  the  habit  of  obtaining  the  finished 
preparations  from  Italy,  where  the  art  of  pharmacy  was 
in  a  flourishing  condition.  Among  the  works  written 
during  the  Middle  Ages,  which  either  served  themselves 
as  pharmacopceias  or  formularies  or  at  least  contributed 
to  their  compilation,  may  be  mentioned  the  following: 
The  "Antidotarium"  (also  called  "Antidotarium  par- 
vum,"  to  distinguish  it  from  the  "Antidotarium"  of 
Nicolaus  Myrepsus)  of  Nicolaus  Prsepositus,  of  Salerno 
(first  half  of  the  twelfth  century),  consisting  of  about  one 
hundred  and  fifty  alphabetically  arranged  formulas  for 


compounds.  This  compilation,  together  with  Mesue's 
"Grabaddin"  (see  under  Arabic  countries),  constituted 
the  most  celebrated  formulary  of  the  Middle  Ages  (first 
edition,  Venice,  1471).  Other  important  works  of  this 
period  are  the  following:  "Compendium  Aromatario- 
rum"  (1st  edition,  Bologna,  1488),  by  Saladinus  Ascula- 
nus,  a  useful  and  much  used  work,  in  which  much  atten- 
tion is  devoted  to  the  description  of  drugs  and  their  mode 
of  preservation;  "Luminare  Majus,"  by  Manlius  de 
Boscho  (1st  edition,  Venice,  1496),  a  highly  esteemed  dis- 
pensatory. A  counterpart  of  this  is  the  "Luminare 
Minus  "  (Venice,  1517),  of  Quirious  de  Augustis  de  Tor- 
thona.  The  "Antidotarium  Florentinum"  (1st  edition, 
Florence,  1489 ;  often  reprinted)  is  the  first  pharmacopoeia 
or  formulary  published  in  Europe  under  governmental 
authority. 

HiSTOiiY  OF  Pharmacopceias.  —  The  literature  of 
pharmacopoeias  is  very  extensive,  and  an  exhaustive 
accoiint  is  beyond  the  limits  of  this  work.  Yet,  since 
a  reliable  list  or  sketch  of  at  least  the  more  important 
pharmacopceias  is  often  of  great  use  to  those  who  have 
to  consult  medical  works  published  in  previous  years,  a 
condensed  account  of  them  is  here  given,  arranged  by 
countries;  among  the  latter  being  included,  for  the  sake 
of  completeness,  most  of  those  which  possess  no  regular 
pharmacopoeia  of  their  own,  but  use  some  other  work 
either  from  choice  or  by  command. 

Note. — In  quoting  editions  of  the  less  important  phar- 
macopceias, only  the  date  of  the  first  one  is  usually  given. 
A  plus  sign  ( -|- )  behind  the  date  indicates  that  several 
editions  followed.  In  some  cases  the  date  of  several  or 
of  all  editions  is  given.  The  word  "  pharmacopoeia  "  is 
usually  abbreviated  to  save  space. 

Argentine  Repiiblia. — This  country  possesses  no  phar- 
macopoeia, although  commissions  have  long  been  main- 
tained, at  least  nominally,  for  preparing  one.  The  "  Far- 
macopea  del  Pais,"  although  a  mere  fiction,  has' been 
legally  recognized,  and  the  French,  Spanish,  and  Italian 
authorities  are  variously  followed. 

Austria-Hungary. — In  1739,  the  Vienna  Pharmaceuti- 
cal Society  published  a  dispensatory  under  the  title  of 
"  Dispensatorium  Pharmaceuticum  Austriaco-Vien- 
nense,"  which  was  repeatedly  revised  and  reprinted.  In 
1739  appeared  the  "  Dispensatorium  Medico-Pharmaceu- 
ticum  Pragense,"  which  also  saw  several  editions.  An 
official  pharmacopoeia  prepared  by  order  of  Government 
by  Stoerck,  Jacqnin,  and  Well,  was  published  in  1774 
under  the  title  "  Ph.  Austriaco-Provincialis."  This  was 
several  times  revised,  and  also  translated  into  German  as 
well  as  into  Dutch,  the  Netherlands  at  that  time  forming 
a  part  of  the  Austrian  empire.  After  the  loss  of  the 
Dutch  provinces  a  fresh  start  was  made,  and  the  first 
pharmacopoeia  proper  appeared  in  1813,  under  the  sim- 
ple title,  "Pharmacopoeia  Austriaca."  The  subsequent 
editions  appeared  in— 1814  (ii.),  1830  (iii.),  1834  (iv. ;  this 
being  full  of  misprints  was  republished  in  1836) ;  1855 
(v.);  1869  (vi.). 

A  supplement  to  the  Austrian  Pharmacopoeia  was  pub- 
lished in  1879,  and  a  new  edition  (Editio  VII.)  went  into 
effect  on  the  1st  of  January,  1890.  The  Austrian  Phar- 
macopoeia is  rather  small,  comprising  only  five  hundred 
and  seventy-eight  titles.  Its  text  is  in  Latin.  From 
the  year  1795  a  special  military  pharmacopoeia  was  main- 
tained, its  last  revision  dating  from  1873. 

Up  to  1871  the  Austrian  Pharmacopoeia  was  valid  for 
the  whole  empire,  but  in  that  year  a  separate  volume 
was  supplied  for  Hungary,  and  this  was  republished  in 
1888  under  the  title  "  Magyar  Gyogyszerkonvy ;  Masodik 
Kiadas."  This  work  comprises  five  hundred  and  sixteen 
articles,  and  possesses  both  Hungarian  and  Latin  texts  on 
opposite  pages. 

The  first  Croatian  pharmacopceia  was  published  in 
1888,  under  the  title  "  Hrvatsko-Slavonska  Farmako- 
pcea,"  being  practically  a  duplicate  of  the  Hungarian  in 
Slavonic  and  Latin  texts. 

Belgium. — Previous  to  1833,  there  existed  the  Pharma- 
copoeia Belgica  of  1659,  and  various  pharmacopoeias  rep- 
resenting the  different  cities,  as  those  of  Brussels  (1639  -|- ), 
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Gand  (1653 +  ),  Leyden  (1638 +  ),  L16ge  (1741),  Lille 
(1640 +  ),  Antwerp  (1661,  1665,  1813),  as  well  as  the  Aus- 
trian Pharmacopcela  which  was  official  from  1774  to  1805, 
when  it  was  superseded  by  the  Pharmacopoeia  Batava. 
Owing  to  changed  political  conditions  these  cannot  be 
considered  to  be  Belgian  national  works  in  the  present 
sense.  Such  a  one,  however,  appeared  in  1833,  repub- 
lished in  1854  as  the  "Pharmacopoeia  Belgica  Nova,"  of 
which  a  "second,"  and  the  latest,  edition  appeared  in 
1885.  This  work  closely  resembles  the  French  Pharma- 
copoeia, though  without  its  conspicuously  numerous 
blunders.  The  text  is  in  Latin  and  French,  the  former 
being  specified  as  the  official. 

Bolima  has  no  pharmacopoeia.  The  French  is  that 
mostly  used,  though  in  the  western  portion  the  Spanish 
is  common.  Through  the  works  of  Cernowicz,  the  Por- 
tuguese Pharmacopoeia  has  considerable  influence  in  the 
eastern  provinces. 

Brazil  also  is  without  a  pharmacopoeia,  though  many 
attempts  to  compile  one  have  been  made.  The  Spanish, 
Portuguese,  and  French  works  are  largely  used,  and  the 
work  of  Cernowicz  is  highly  influential. 

Britisli  Em'pire. — Up  to  the  year  1864,  England,  Scot- 
land, and  Ireland  possessed  each  its  own  pharmacopoeia. 
That  for  England  was  first  published  in  1618,  under  the 
title  "Ph.  Londinensis,"  by  the  London  College  of  Phy- 
sicians. It  was  several  times  reprinted  with  slight 
alterations,  until  1650,  when  its  second  revision  was 
published.  The  succeeding  revisions  appeared  in  1677 
(iii.);  1731  (iv. ;  in  this  edition  vegetable  drugs  were 
for  the  first  time  defined  as  to  origin) ;  1746  (v. ;  in  this 
edition  a  great  advance  was  made;  many  of  the  old  com- 
plicated formulas  were  curtailed  and  shorn  of  useless 
material);  1788  (vi.);  1809  (vii.);  1824  (viii.);  1836  (ix.); 
and  1851  (x.).  Besides  the  official  editions,  the  text 
was  incorporated  into  many  other  works,  such  as 
commentaries  or  dispensatories,  either  written  for  it 
alone  or  for  all  the  British  Pharmacopoeias  together. 
It  was  also  translated  into  various  other  languages,  even 
into  Hindustani  (Calcutta,  1824). 

The  first  pharmacopoeia  for  Scotland  was  published  by 
the  Edinburgh  College  of  Physicians  in  1699,  under  the 
title  "Pharmacopoeia  CoUegii  Regii  Medicorum  Edinbur- 
gensis. "  The  subsequent  editions  or  re-issues  were  very 
numerous. 

The  first  pharmacopoeia  for  Ireland  appeared  at  Dublin 
in  181(7,  under  the  title  "  Pharmacopoeia  Collegii  Medico- 
rum  Regis  et  Reginre  in  Hibernia."  Previously,  how- 
ever, a  specimen  pharmacopoeia  had  been  prepared  and 
circulated  already  in  1794,  and  again  in  1805.  The  Dub- 
lin Pharmacopoeia  was  revised  in  1826  and  1850. 

In  1864  appeared  the  first  "British  Phai'macopoeia " 
under  the  medical  act  of  1858.  Many  inconsistencies  oc- 
curred in  that  work,  chiefly  due  to  the  difficulty  encoun- 
tered in  reconciling  the  differences  between  the  three 
countries.  In  1867  a  new  edition  was  produced  by  the 
general  medical  council,  and  to  this  a  supplement,  con- 
taining thirty-four  additions,  was  published  in  1874.  In 
1885  a  new  edition  was  produced  by  Professors  Attfield, 
Redwood,  and  Bentlej',  under  the  direction  of  the  Medi- 
cal Council.  Although  showing  a  great  advance  over 
its  predecessor,  this  work  was  far  from  satisfactory, 
owing  to  the  fact  chiefly  that  the  editors  were  not  em- 
powered to  avail  themselves  of  the  assistance  and  e.xperi- 
enee  of  other  experts.  Some  of  the  principal  errors  were 
corrected  in  a  subsequent  supplement.  In  1886  Attfield 
was  appointed  "  reporter  on  the  British  Pharmacopoeia  to 
the  Medical  Council, "  his  duty  being  to  submit  to  the 
Medical  Council  annually  a  synopsis  of  current  publica- 
tions bearing  upon  the  contents  of  the  British  Pharmaco- 
pcEia,  and  making  suggestions  for  its  future  improve- 
ment. The  third  reprint  of  the  British  Pharmacopana 
appeared  in  1888,  and  a  supplement  thereto  in  1890,  con- 
taining forty-four  new  articles.  In  the  preparation  of 
this  supplement  the  pharmaceutical  profession  of  Great 
Britain  was  graciously  invited  to  suggest  desirable  addi- 
tions or  improvements,  but  not  yet  to  assist  in  the  actual 
work  of  revision.     The  fourth  and  last  edition  of  this 


work  was  published  in  1898,  and  is  by  far  more  satisfac- 
tory than  any  of  its  predecessors.  It  shows  not  only  a 
much  broader  relation  with  other  modern  pharmacopoeias, 
but  its  editors  have  evidently  profited  greatly  by  the  sug- 
gestions emanating  from  the  British  medical  and  pharma- 
ceutical professions.  The  metric  and  English  equivalents 
of  weights  and  measures  stand  side  by  side  in  the  text  as 
well  as  do  the  Fahrenheit  and  Centigrade  equivalents  of 
temperature.  The  nomenclature  of  the  titles  is  excellent, 
the  name  of  the  special  article  preceding  that  of  its  class, 
as  "Cardamoml  Semina."  In  this  practice  it  is  at  an 
agreement  with  the  United  States,  but  not  with  the  Ger- 
man Pharmacopoeia.  In  the  botanical  nomenclature  of 
its  definitions,  no  principles,  properly  speaking,  are  fol- 
lowed, current  custom  in  Great  Britain,  even  when  eiTo- 
neous,  being  taken  as  the  guide  and  facts  and  principles 
being  twisted  when  necessary  to  constitute  a  defence. 
The  descriptions  are  sufficiently  full,  and  are  given  in 
simple  and  judicious,  yet  not  unscientific  style.  The 
tendency  in  this,  as  in  other  modern  pharmacopoeias,  is 
toward  the  elimination  of  antiquated  and  wx)rthless  arti- 
cles, as  well  as  those  of  complex  composition. 

The  usefulness  of  the  British  Pharmacopoeia  is  re- 
stricted by  a  wholly  selfish,  unscientific,  and  unprofes- 
sional refusal  to  permit  the  quotation  of  any  portion  of 
its  text,  even  for  purposes  of  comment  or  criticism. 

One  of  the  dependencies  of  Great  Britain,  viz.,  India, 
has  a  pharmacopoeia  of  its  own.  In  1843,  Dr.  W.  B. 
O'Shaughnessy  issued,  by  order  of  Government  (under 
the  authority  of  the  East  India  Company),  "  The  Bengal 
Dispensatory"  (Calcutta),  as  a  precursor  to  "The  Bengal 
Pharmacopoeia  and  General  Conspectus  of  Medicinal 
Plants"  which  he  published  at  Calcutta  in  1844.  In 
1868  a  "  Pharmacopoeia  of  India ''  was  published  at  the 
same  place  by  Dr.  Ed.  J.  Waring,  under  authority  of  the 
Secretary  of  State  for  India.  This  is  now  in  force,  along- 
side of  the  new  British  Pharmacopoeia.  The  main  ob- 
ject of  issuing  a  separate  pharmacopoeia  for  India  was 
officially  to  encourage  and  authorize  the  employment  of 
East  Indian  drugs,  among  which  are  many  possessing 
very  valuable  properties.  A  most  useful  companion  to 
this  work  is  the  "  Suppleinent  to  the  Pharmacopoeia  of 
India,"  by  Moodeen  Sheriff,  published  by  order  of  the 
Government  of  Madras,  in  1869.  This  work  contains 
synonyms  of  the  pharmacopoeial  articles  in  fourteen  lan- 
guages. A  revision  of  the  pharmacopoeia  of  India  is  in 
contemplation. 

In  1887  the  British  Pharmaceutical  conference  produced 
the  "  Unofficial  Formulary, "  containing  thirty -seven  arti- 
cles, to  which  nine  wei-e  added  by  a  supplement  pub- 
lished in  1889.  The  abbreviation  of  the  title  of  this  work 
is"U.  F.  B.  P.  0." 

Central  American  States. — These  states  have  no  phar- 
macopoeias, and  there  is  the  greatest  want  of  uniformity 
in  the  authorities  followed,  the  Mexican  Pharmacopoeia 
not  wielding  the  influence  which  would  naturally  be  ex- 
pected of  it. 

Chile. — In  1886  appeared  the  "Farmacopea  Chilena,'" 
prepared  by  Dr.  Adolfo  Murillo,  and  published  in  Leip- 
sic.  Its  text  is  Spanish,  and  it  bears  much  resemblance 
to  the  French  Pharmacopoeia,  though  containing  far  fewer 
errors. 

China. — This  country  has,  of  course,  no  official  phar- 
macopoeia, though  there  are  numerous  works  of  an  un- 
official character  treating  of  such  subjects,  the  best 
known  and  most  extensive  being  "Pen  tsao  kung  mu," 
of  Lis-hi-chin,  published  about  1560  a.d.  While  con- 
taining much  of  value,  its  basis  is  of  course  largely  su- 
perstitious. 

Denmark.— In  1658  the  "  Dispensatorium  Hafniense" 
was  published  at  Copenhagen,  and  this  was  several  times 
reprinted.  The  first  olficial  pharmacopoeia  appeared  in 
1773,  the  second  in  1805,  and  the  third  in  1880.  The  last 
mentioned  was,  however,  counted  as  the  first  work,  the 
others  not  being  regarded  subsequently  as  deserving  of 
the  name.  Hence  the  next  edition,  published  in  1868, 
was  designated  as  "  Editio  Secunda."  Supplements  to  it 
appeared  in  1874,  1876,  and  1886.     On  August  1st,  1898, 
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a  new  edition  went  into  effect.  Tlie  text  of  the  work  is 
in  Danish,  the  titles  are  in  Latin.  Much  similarity  exists 
hetween  the  Danish,  Norwegian,  and  Swedish  pharmaco- 
poeias, which  is  the  result  of  deliberate  design,  as  these 
countries  are  closely  allied  in  customs,  traditions,  and 
language.  A  separate  military  pharmacopoeia  is  in  exist- 
ence. 

Ecuador. — The  statements  made  concerning  Bolivia  ap- 
ply also  to  Ecuador. 

Prance. — In  1353  King  John,  "the  good,"  commanded 
the  apothecaries  to  follow  tlie  "  Antidotarium"  of  Nico- 
laus  Prsepositus.  Strict  regulations  regarding  the  prac- 
tice of  pharmacy  were  made  in  1536,  and  frequently 
afterward.  As  early  as  1546  a  "  Ph.  Lugdunensis  "  was 
published  at  Lyons,  which  was  several  times  reprinted. 
A  French  "  Paraphrase  siir  la  Pharmacopee  "  was  issued 
by  BriQon  Bauderon,  of  Mascon,  in  1588  4--  In  1590 
the  Paris  Faculty  of  Medicine  was  directed  to  prepare  a 
dispensatory:  hut,  as  nothing  was  done.  Parliament,  in 
1597,  ordered  twelve  members  of  the  facultj',  designated 
by  name,  to  prepare  the  work.  The  order  was,  how- 
ever, not  obeyed.  Several  French  cities  early  possessed 
pharmacopoeias  of  their  own,  thus:  Burdigal  ("Ph.  Bur- 
digalensis,"  1643);  Strasburg  (Ph.  Argentoratensis, " 
1735 4-);  Toulouse  ("Codex  Medicamentarius,  sen  Ph. 
Tolosana,"  1648,  1695);  Valenciennes  ("Ph.  Valentianen- 
sis,"  1651).  A  new  "Pharmacopee  de  Lyon"  was  also 
published  by  Vitet  in  1788.  The  last-named  work,  to  a 
slight  extent,  answered  the  purpose  of  a  revised  edition 
of  the  last  Paris  Pharmacopoeia  in  some  localities.  In 
1687  the  "  Ph.  Parisina  "  appeared  as  a  precursor  to  the 
first  official  Paris  Pharmacopoeia,  whicli  was  issued  in 
1639  under  the  title  "Codex  Medicamentarius,  seu  Ph. 
Parisiensis,  in  lucem  edita  a  Ph.  Harduino."  Revisions 
of  this  appeared  in  1645,  1733,  1748,  1758.  No  further 
revision  appeared  then  until,  after  an  interval  of  sixty 
years,  a  national  pharmacopoeia  was  issued  in  1818,  un- 
der the  title:  "Codex  Medicamentarius,  seu  Ph.  Gallica," 
the  text  being  in  Latin.  In  the  second  and  following 
editions  the  French  language  was  chosen  for'  the  text, 
only  the  synonyms  of  the  titles  being  given  in  Latin. 
These  editions  appeared  in  1837  (ii.),  1839  (iii.),  1866 
(iv.),  and  1884  (v.).  The  last  revision  was  a  very  unsat- 
isfactory one,  as  the  revisers  did  not  seem  to  have  paid 
attention  either  to  the  other  new  pharmacopoeias  (United 
States  and  German)  which  had  appeared  a  short  time 
previously,  or  to  the  copious  literature  relating  to  phar- 
macopoeia! improvements.  Immediately  after  the  work 
had  been  issued  very  numerous  errors  were  discovered  in 
it,  so  that  the  Government  was  compelled  to  make  a  fresh 
issue,  in  which  one  hundred  and  thirty -two  alterations 
were  incorporated ;  and  a  special  pamphlet  entitled  "  Er- 
ratum," was  shortly  afterward  sent  out,  in  which  eighty- 
three  additional  changes  were  directed  to  be  made.  But 
this  list  of  errata  is  not  only  itself  not  free  from  errors, 
but  is  far  from  being  complete.  In  connection  with  the 
French  Pharmacopoeia  should  be  mentioned  the  well- 
known  work  of  Dervault,  "L'Offlcine,"  constituting  an 
exhaustive  commentary  and  supplement  to  the  pharma- 
■  copo?ia.  In  some  foreign  countries,  which  do  not  possess 
a  pharmacopoeia  of  their  own,  this  work  is  frequently 
followed  as  the  principal  authority,  being  used  either  in 
the  original  French  or  in  Spanish  translation. 

Oermany. — The  first  official  formulary  published  in 
Germany  was  that  of  Valerius  Cordus,  published  after 
his  death  by  the  city  of  Nuremberg  in  1546,  under  the 
title  "  Pharmacorum  omnium  quae  quidem  in  usa  sunt 
conficiendorum  ratio;  vulgo  vocant  Dispensatorium 
pharmacopolarum "  (see  Am.  Drug.,  1887,  31).  The 
work  contains  formulas  of  Galenical  preparations,  taken 
chiefly  from  ancient  writings,  with  few  simples.  Some 
of  the  titles  continue  to  the  present  day,  though  in  some 
cases  the  composition  has  utterly  ceased  to  correspond 
therewith.  The  work  was  often  reprinted  at  home  and 
abroad.  There  is  a  Paris  edition  of  1548,  three  of  Lyons 
(1553,  1559,  1599),  two  of  Venice  (1556,  1563),  etc.  In 
the  Nuremberg  edition  of  1593,  great  advances  were 
made,  several  American  drugs  (sassafras,  sarsaparila, 


and  tobacco)  being  introduced,  chemicals  first  appearing 
(alum,  borax,  saltpetre,  etc.),  as  well  as  some  artificial 
salts  from  ashes  of  plants  and  other  substances.  Ex- 
tracts and  distilled  waters  were  also  added.  Equally  im- 
portant changes  occurred  in  the  next  edition  (1598), 
white  arsenic,  corrosive  sublimate,  calomel,  and  oil  of 
vitriol  being  among  the  additions.  The  next  edition 
(1613)  was  little  changed.  The  fifth  and  last  edition  ap- 
peared in  1666,  and  showed  great  changes,  many  for  the 
worse,  some  for  the  better,  such  as  the  introduction  of 
cinchona,  jalap,  balsams  of  Peru  and  Tolu,  tinctures  and 
many  new  chemical  salts,  under  the  then  prevailing  al- 
chemistic  nomenclature.  This  edition  contained  nearly 
all  classes  of  preparations  of  which  we  still  make  use, 
organic  pi'oximate  principles  being  of  course  unknown. 
It  certainly  formed  the  basis  upon  which  subsequent 
European  pharmacopoeias  were  constructed. 

In  1538  the  physicig,ns  of  Augsburg  prepared  a  sort  of 
pharmacopoeia  under  the  title,  "  Conclusiones  et  Proposi- 
tioues  Universam  Medicinam  Complectentes,"  containing 
formulas  which  were  afterward  generally  followed. 
Augsburg  was  at  that  time  the  chief  entrepot  of  the  Ger- 
man trade  with  Italy  and  the  Levant ;  hence  many  of  the 
imported  medicines  came  by  way  of  Augsburg.  In  1564 
the  first  edition  of  the  "  Ph.  Augustana  "  was  published, 
which  was  often  revised,  and  Cologne  followed  the  ex- 
ample in  1565,  by  the  publication  of  a  "  Dispensatorium,"  ' 
which  was  replaced  by  a  "  Ph.  Coloniensis  "  in  1637. 

The  disunited  condition  of  the  countries  inhabited  by 
the  German  nation  up  to  within  recent  times  has  been 
the  means  of  bringing  into  the  world  a  large  number  of 
independent  pharmacopoeias,  for  separate  cities  or 
principalities,  of  which  a  list  follows  here:  Stralsund 
("Actuarium  Ph.  Stralsundensis, "  1645);  Quedlinburg 
("Quedlinburgensis  Officina  Pharraaceutica,"  1665); 
Brandenburg  ("Dispensatorium  Brandenburgicum," 
1698,  forming  the  starting-point  of  the  later  Prussian 
pharmacopoeias) ;  Hanover  ("  Ph.  Hanoverana,"  1706;  last 
edition,  1861);  Hamburg  ("Dispensatorium  Hambur- 
gense,"  1716;  "Codex  Hamburgensis, "  1835,  1845);  Ra- 
tisbon  ("Disp.  Pharm.  Ratisbonense,"  1737);  Munster 
("Disp.  Monasteriense,"  1739);  Wurtemberg  ("Ph.  Wir- 
tembergica,"  1741;  last  edition,  1847);  the  Palatinate 
("Disp.  Med. -Pharm.,"  1764);  Brunswick  (Disp.  Pharm. 
Brunsvicense,"  1777);  Wilrzburg  ("Pharm.  Herbipolita- 
na,"  1778;  last  edition,  1796);  Westphalia  ("  Disp.  West- 
phalicum,"  being  identical  with  Piderit's  "Pharmacia 
Rationalis"  [see  under  Saxony],  1779);  Fulda  ("Disp. 
Fuldense,"  1787);  Bremen  ("Pharm.  in  usum  .  .  .  Bre- 
mensis,"1793);  Schaumburg-Lippe  ("  Disp.  Lippiacum," 
1793);  Oldenburg  ("  Ph.  Oldenburgensis,"  1801);  Hessen 
("Disp.  Electorale  Hassiacum,"  1806;  "Pharm.  Hassise," 
1837,  I860);  Erfurt  ("Neue  PharmakopoB"  .  .  .  von 
TrommsdorS,  1808,  was  introduced  by  order  of  the 
French  in  place  of  the  "  Prussian  Ph.") ;  Saxony  (in  1806, 
Piderit's  "Pharmacia  Racionalis,"  Cassel,  1779-81  was 
prescribed  as  Ph.  In  1830  appeared  "Ph.  Saxonica," 
the  last  edition  in  1837);  Bavaria  ("Ph.  Bavarica,"  1833, 
last  edition  in  1859);  Schleswig-Holstein  ("Ph.  Slesvico- 
Holsatica,"  1831);  Baden  ("Ph.  Badensis,"  1841). 

Many  of  these  were  revised  and  republished  a  number 
of  times. 

The  most  important  of  all  former  German  pharmaco- 
poeias has  undoubtedly  been  the  Prussian.  This  had  its 
beginning  in  the  "  Brandenburg  Dispensatory  "  of  1698, 
the  last  revision  of  which,  or  the  sixth  edition,  appeared 
in  1781.  In  1799,  the  first  "Ph.  Borussica,"  was  pub- 
lished. The  next  editions  came  out  in  1801  (ii.),  1813 
(iii.),  1837  (iv,),  1839  (v.),  1846  (vi. ;  this  is  considered  to 
have  been  the  best  pharmacopoeia  of  its  time);  1863 
(vii.).  Four  editions  of  a  separate  Military  Pharmaco- 
poeia were  also  published,  the  last  one  in  1868. 

The  problem  of  a  united  pharmacopoeia  for  all  German 
states  had  often  been  agitated,  but  in  vain.  In  1861  Dr. 
Walz  proposed  the  publication  of  a  German  Pliarmaco- 
poeia  by  private  enterprise,  which  was  to  be  recommended 
for  adoption,  or  at  least  as  a  pattern,  to  the  different 
German  States.    The  work  appeared  in  1865,  under  the 
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title  "Pharmacopoea  Germanise."  Among  the  compilers 
were  two  Austrians,  as  it  was  at  the  time  believed  that 
the  work  might  he  accepted  by  all  German-speaking 
peoples.  But  the  war  of  1866  rendered  the  project,  as 
originallj'-  conceived,  nugatory.  A  second  edition  was 
published  in  1867,  in  which  the  Austrian  members  were 
omitted.  Yet  even  this  failed  of  recognition.  It  was 
only  after  the  establishment  of  the  German  empire  that 
the  desired  object  was  attained.  In  1872  was  issued  the 
first  "Ph.  Germanica, "  superseding  all  the  separate  phar- 
macopoeia at  that  time  in  force  in  German  countries. 
Some  amendments  to  this  were  published  in  1878.  When 
the  time  for  a  new  revision  arrived  the  Government  in- 
vited all  medical  and  pharmaceutical  bodies  and  promi- 
nent individuals  in  both  professions  to  submit  proposals 
regarding  the  new  revision.  Contributions  were  received 
from  a  large  number  of  sources,  and  these  were  printed 
by  Government  in  a  large  folio  volume  of  six  hundred 
and  ninety-one  pages.  The  Committee  of  Revision,  con- 
sisting of  thirty -three  members,  tmder  the  presidency  of 
Dr.  Struck,  held  only  a  few  personal  meetings,  but  the 
work  of  the  commission  was  much  facilitated  by  the  fact 
that  the  Government  from  time  to  time  issued  printed 
circulars  among  the  members.  The  final  draft  of  the 
work  having  been  first  printed  in  German  (fol.),  the  work 
appeared  in  its  oflflcial  Latin  garb  in  1883,  and  went  into 
force  on  January  1st,  1883.  An  official  German  transla- 
tion was  likewise  pubhshed ;  and  an  English  translation, 
by  C.  L.  Lochman,  appeared  at  New  York  in  1884. 

A  standing  committee,  appointed  by  the  German 
Pharmaceutical  Association,  almost  immediately  under- 
took a  critical  revision  of  this  work,  and  in  1887  a  per- 
manent pharmacopcEia  commission  was  created  by  the 
Government.  In  1896  the  third  edition  appeared  under 
the  title,  "  Arzneibuch  fur  das  Deutsche  Reich.  Dritte 
Ausgabe.  Pharmacopoeia  Germanica.  Editio  III." 
The  Latin  language  was  abandoned  and  the  text  made 
wholly  German,  with  the  exception  of  the  titles  of  the 
articles.  In  the  work  of  its  revision  the  pharmacopoeia 
committee  of  the  German  Pharmaceutical  Association 
was  of  the  greatest  value. 

The  example  set  by  the  United  States  (1886  to  1888) 
and  Great  Britain  (1887),  in  preparing  national  formu- 
laries of  unofficial  preparations  was  followed  by  the 
pharmacists  of  Germany  in  1891,  when  the  German 
Pharmaceutical  Association  published  a  similar  work  un- 
der the  rather  awkward  title :  "  Arzneimittel  welche  in 
dem  Arzneibuch  f  lir  das  Deutsche  Reich  (Dritte  Ausgabe ; 
PharmacopcEia  Germanica,  Editio  III.)  nicht  enthalten 
sind  "  ( =  "  Remedies  which  are  not  contained  in  the  Arz- 
neibuch," etc.).  This  contains  eight  hundred  and  eleven 
articles. 

The  fourth  and  last  edition  of  the  German  Pharmaco- 
poeia was  published  in  1900.  It  exhibits  the  degree  of 
progress  which  might  reasonably  be  expected  at  the  close 
of  a  decade  so  noted  for  research  and  criticism  as  that  be- 
tween 1890  and  1900.  An  unfortunate  departure,  how- 
ever, is  that  of  the  uniform  omission  of  the  authorities  of 
botanical  names.  In  those  cases  in  which  there  is  but  one 
such  authorship,  hence  but  one  interpretation  of  the 
name,  the  omission  is  not  serious ;  but  there  are  some  in- 
stances in  which  actual  doubt  as  to  what  plant  is  intended 
may  exist.  Another  unfortunate  custom  is  that  of  plac- 
ing the  class  name  of  a  drug  in  advance  of  its  individual 
name,  in  tlie  title,  as  "  Flores  Malvae  "  instead  of  "  Malvse 
Flores." 

The  influence  of  the  German  Pharmacopoeia  extends 
far  beyond  the  geographical  limits  of  the  German  em- 
pire. Qutside  of  the  United  States  Pharmacopoeia  there 
is  probably  no  other,  even  not  excepting  the  British, 
which  is  so  frequently  drawn  upon  by  prescribers  in  this 
country. 

Greece. —The  first  Greek  Pharmacoposia  was  published 
in  Athens  under  King  Otto  I.,  in  1837,  under  the  title, 
"  EUijviicij  (papfiaKOTTOiia  .  .  irapa  ludvvov  Bnrpov,  aavcpiov 
Aav6epepiw,  Io>a^<p  T^apropiov,"  etc,  ("Greek  Pharmacopreia 
...  by  Johannes  Bouros,  Xaverios  Landerer,  Joseph 
Sartorius,"  etc).     It  was  based  on  the  French,  Bavar- 


ian, and  various  other  German  pharmacopoeias  existing 
at  that  time.  The  text  Is  in  Latin  and  modern  Greek, 
side  by  side.  Synonyms  are  given  in  Italian,  French, 
English,  German,  and  Turkish,  wherever  possible,  but 
among  them  are  many  mistakes.  In  1868  Professor 
Landerer  had  the  work  reprinted,  with  a  supplement 
{napapTTJiia)  of  the  newer  preparations,  an  etymological 
glossary,  and  a  table  of  antidotes.  This  reprint  was  offi- 
cially recognized  by  Government.  In  general  it  must  be 
said  that  the  work  is  very  far  behind  the  time. 

Hayti  has  no  pharmacopoeia  of  its  own.  The  French 
Codex  is  mostly  followed. 

Hawaiian  Islands. — The  United  States  Pharmacopoeia 
is  generally  followed. 

Hungary. — See  Austria. 

Italy. — Italy  was  the  first  country  in  Europe  in  which 
an  official  pharmacopoeia  was  published.  This  was  the 
"  Antidotarium  Florentinum, "  first  published  at  Florence 
in  1498.  Other  similar  works  appeared  at  Mantua  ("An- 
tidotarium Mantuanum,"  Venice,  1559);  Bergamo  ("Ph. 
Bergomensis,"  1580);  Venice  ("Ph.  Veneta,"  1617;  "Co- 
dice  pharmaceutico,"  1790) ;  Messina  ("Ph.  Messanensis," 
1639);  Naples  ("Antidotarium  Neapolitanum,"  1649); 
Turin  ("Ph.  Turinensis,"1736);  Sardinia  ("Ph.  Sardoa," 
1773;  the  last  edition,  "Farmacopea  per  gli  Stati  Sardi," 
of  1858  is  still  in  force) ;  Bologna  ("  Antidotarium  Coll. 
Med.  Boloniensis,"  1783);  Genoa  ("Formulario  farm.," 
1791);  Ferrara  ("Farm.  Ferrarese,"  by  Campana,  1799, 
etc.);  Parma  ("Ph.  Parmensis,"  1823;  another  edition  of 
this  appeared  in  1839  for  Piacenza,  Parma,  and  Modena 
together).  The  Church  States,  Tuscany,  Lucca,  and 
many  other  Italian  provinces  follow  a  dispensatory  pub- 
lished by  Orosi,  under  the  title  "  Farmacologia  teorica  e 
practica  ovvero  Farmacopea  Italiana."  Lombardy  and 
Venice  use  the  Austrian  Pharmacopoeia;  Naples  uses, 
besides  other  works,  the  "  Rice ttario  farm.  Napolitano," 
1859.  Throughout  Italy  a  new  work  by  Ruata,  entitled 
"Farmacopea  Nazionale  e  Generale,  Materia  Medica  e 
Terapia  "  (Verona  and  Padova,  1883)  is  now  frequently 
employed. 

Although  a  commission  for  the  publication  of  a  na- 
tional pharmacopoeia  was  appointed  years  previously, 
the  draft,  under  the  presidency  of  Professor  Canizzaro, 
was  not  reported  until  1884,  and  the  work  was  not 
published  until  1892.  Meanwhile,  different  portions  of 
the  country  used  such  works  as  were  prescribed  by  their 
local  authorities,  the  army  using  the  Sardinian  Pharma- 
copoeia of  1853.  The  present  worli  is  entitled,  "Farma- 
copea uiflciale  del  Regno  d'ltalia  "  (8vo,  Roma).  This 
work  was  one  of  the  first  to  introduce  statements  regard- 
ing the  percentages  of  active  constituents  of  drugs  such 
as  belladonna,  jaborandi,  and  colchicum ;  yet  methods  of 
assay  are  not  prescribed,  so  that  the  utility  of  the  proce- 
dure is  questionable. 

Japan. — In  1880  a  commission  of  twenty -one  members, 
several  of  them  Europeans  in  the  service  of  the  Japanese 
Government,  under  the  presidency  of  Mr.  Hosoakwa, 
undertook  the  work  of  preparing  a  pharmacopoeia,  which 
was  published  in  August,  1886,  as  an  octavo  volume  of 
nearly  four  hundred  pages,  the  text  in  Japanese,  under 
the  title,  "  On  yaku  zuki  Nippon  yaku  kiyoku  ho. "  It 
consisted  of  an  introduction,  preface,  and  "body,  the  lat- 
ter comprising  four  hundred  and  seventy-five  titles,  fol- 
lowed by  general  directions  for  keeping  certain  drugs  and 
preparations,  lists  of  reagents  and  volumetric  solutions, 
lists  of  articles  always  to  be  kept  on  hand,  list  of  sepa- 
randa,  maximum  doses,  tables  of  specific  gravity  and  of 
elements,  a  Japanese  and  Latin  index,  list  of  errata,  table 
of  doses  for  adults  and  children,  then  another  list  of  er- 
rata. _  The  official  text  was  in  Japanese,  the  scientific 
cliemical,  botanical,  and  zoological  terms  in  Latin,  in 
Roman  characters,  with  Japanese  transliteration.  In  the 
treatment  of  the  subject,  the  United  States,  British,  and 
German  Pliarmacopoeias  were  mostly  followed,  but  the 
text  showed  also  independent  and  careful  work  on  the 
part  of  the  compilers.  The  sign  v ,  placed  under  an  un- 
usual quantity  of  a  powerful  remedy,  is  to  be  used  by 
prescribers  for  the  same  purpose  as  the  exclamation 
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point  in  European  practice,  viz.,  as  an  evidence  that  the 
prescriber  intentionally  ordered  a  large  dose.  The  sec- 
ond edition  of  this  work  appeared  in  1891,  under  the  title 
"PharmacopcEia  Japonioa.  Editio  Altera.  Tokyo,  An- 
no xxiv.  Meiji  (1891). "  It  is  wholly  in  Latin.  It  re- 
sembles its  predecessor  in  general  appearance  and  con- 
struction, but  in  the  nomenclature  of  chemical  substances, 
the  last  German  and  Austrian  pharmacopoeias  have  been 
followed  as  guides. 

Liberia.— The  United  States  and  British  pharmaco- 
poeias are  usually  followed. 

Mexico. — The  Pharmaceutical  Society  of  Mexico,  in 
1874,  published  a  pharmacopreia  which  was  officially 
recognized  by  Government.  It  was  one  of  the  best  phar- 
macopoeias of  its  time.  In  1884  a  second  edition  was  is- 
sued by  the  same  society,  the  text  of  which  was  already 
completed  at  the  close  of  1881.  Its  title  is  "Nueva  Par- 
macopea  Mexicana  de  la  Sociedad  Farmaceutica  de  Mex- 
ico." It  presents  among  other  special  features  a  very 
copious  materia  medica,  paying  particular  attention  to 
native  products.  The  text  is  in  Spanish  in  two  columns. 
In  general  the  work  rather  corresponds  to  what  we  would 
call  a  dispensatory,  as  it  treatg  also  of  the  medical  prop- 
erties and  uses  of  the  several  drugs  and  preparations, 
and  covers  a  good  deal  more  ground  than  is  usual  for  a 
pharmacopoeia.  It  is  a  very  carefully  prepared  and 
meritorious  work. 

Netlierlands. — The  frequent  political  changes  in  the 
Low  Countries  were  not  without  influence  upon  the  ex- 
istence or  validity  of  its  pharmacopoeias.  Among  the 
earlier  works  of  this  kind  which  may  be  mentioned  here 
are  the  following,  in  cities  now  belonging  to  the  Nether- 
lands: Amsterdam  ("Ph.  Amstelodamensis,"  1636;  last 
edition,  1792,  see  below);  The  Hague  ("Ph.  Hagana," 
1653;  last  edition,  1758);  Utrecht  ("Ph.  Ultrajectana," 
1656;  last  edition,  1749);  Lou  vain  ("Ph.  Lovardensis," 
1687;  last,  1745);  Haarlem  ("Ph.  Harlemensis, "  1693; 
last,  1741);  Dort  ("Ph.  Dordracena,"  1708;  last,  1766); 
Rotterdam  ("Ph.  Roterodamensis,"  1709;  last,  1835); 
Alcmar  ("Ph.  Alcmariensis, "  1723);  Groningen  ("Ph. 
Groningana,"  1724,  '30).  At  one  time  the  Nether- 
lands belonged  to  Austria,  hence  the  "Ph.  Austriaco- 
Provincialis  "  was  made  official  and  a  Dutch  translation 
of  this  was  published  in  1781.  After  the  establishment 
of  the  Batavian  republic  (1795-1806)  a  commission  was 
appointed  to  draft  a  pharmacopoeia.  This  was  com- 
pleted and  published  in  1805  under  the  title  "  Ph.  Bata- 
va,"  and  was  a  work  of  great  merit,  being  by  far  the 
best  of  its  time.  This  work  has  been  extended  and  com- 
mented upon  by  Niemann  (1811,  second  edition,  1824)  in 
an  excellent  manner.  In  1851  appeared  the  first  "Ph. 
Neerlandica,"  the  text  being  both  in  Latin  and  in  Dutch. 
It  had  much  resemblance  to  the  French  Codex.  A  re- 
vised edition,  both  in  Latin  and  in  Dutch,  appeared  in 
1871,  the  Latin  version  being,  as  in  the  first  edition,  the 
official  text.  It  contained  six  hundred  and  fifty-five 
titles.  In  1884  a  Government  commission  was  appointed 
for  revising  this  work,  and  a  new  edition  appeared  in 
1889  under  the  title,  "  Nederlandsche  Pharmacopee,  Der- 
de  Utgave  (  =  third  edition),  's  Gravenhage,  1889."  Ex- 
cepting the  titles  of  the  articles,  the  text  is  entirely  in 
Dutch.  A  Latin  edition  soon  appeared  under  the  title 
"Pharmacopreia  Neerlandica.  Editio  tertia.  Hagte  Co- 
mitis,  1889."  It  was  specially  decreed,  however,  that 
the  Dutch  edition  was  to  be  considered  the  official  one. 

In  1891  the  Rotterdam  branch  of  the  Netherlands 
Pharmaceutical  Society  (Nederlandsche  Maatschappij 
ter  Bevordering  der  Pharmacie)  followed  the  lead  of 
other  countries,  by  issuing  an  unofficial  formulary  under 
the  title:  " Supplementum  op  de  derde  Utgave  der  Ne- 
derlandsche Pharmacopee  .  .  .  's  Gravenhage,  1891." 
It  contains  five  hundred  and  seventy-three  articles. 

Norway  did  not  possess  a  pharmacoposia  of  its  own  un- 
til 1854,  the  Swedish  Pharmacopoeia  being  used  in  the 
country  up  to  that  time.  The  "  Ph.  Norwegica  "  was  re- 
vised in  1870,  and  this  second  edition  was  reprinted  with 
additions  in  1879.  It  contains  some  five  hundred  and  ten 
titles.     The  text  is  in  Latin.     It  much  resembles  the 


Swedish  and  Danish  pharmacopoeias,  but  the  influence 
of  the  German  Pharmacopoeia  is  clearly  perceptible. 

Paraf/uay.—Tha    French,   Spanish,   and  occasionally 
other  pharmacopoeias  are  usually  consulted. 

Peru.— The  French,  Spanish,  United  States,  and  Brit- 
ish pharmacopoeias  are  usually  drawn  upon. 

Poland. — See  Russia. 

Portugal— In  1704,  Castano  de  Santo  Antonio  pub- 
lished a  "  Pharmacopea  Lusitana  Galenica  "  at  Coimbra. 
This  was  republished  at  Lisbon  (as  "Ph.  Lusitana,"  or, 
"Ph.  Ulissiponense  ")  in  1716,  and  twice  reprinted.  In 
1785  appeared  de  Poiva's  "Farmacopea  Lisbonense." 
The  first  official  pharmacopoeia  was  published  by  Dr. 
Tavaresin  1794,  under  the  title  "  Farmacopeia  Geral  para 
0  Reino  e  Dominios  de  Portugal."  In  1825  this  was  sup- 
planted by  the  "Ph.  Lusitana,"  and  this  was  followed  in 
1838  by  the  "  Codigo  Pharmaceutico  Lusitano  "  (revised 
1858).  Finally  a  new  "  Pharmacopea  Portugueza  "  was 
issued  in  1876.  This  is  a  very  good  work,  prepared  with 
care  and  judgment.  The  text  is  in  Portuguese,  except 
the  synonyms  of  titles,  which  are  in  Latin.  It  has  been 
shorn  of  the  obsolete  rubbish  of  the  therapeutics  of  former 
times. 

_  Eoumania  issued  a  pharmacopceia  in  1861,  under  the 
title  "Pharmacopoea  Romana."  A  second  edition,  re- 
vised, appeared  in  1874.  The  text  throughout  is  in 
Roumanian,  without  Latin  synonyms.  It  bears  some 
resemblance  to  the  Austrian  Pharmacopoeia,  but  has  some 
distinctive  features  of  its  own. 

Russia.— Xip  to  the  year  1866  Russia  had  no  ofiicial 
national  pharmacopoeia,  except  one  for  the  army  which 
was  first  issued  in  1765.  In  1779  a  revised  and  much  im- 
proved edition  of  the  latter  appeared,  under  the  title 
"Ph.  Castrensis  Rossica."  This  was  followed  in  1789  by 
a  special  pharmacopoeia  for  the  navy  ("  Ph.  Navalis, " 
last  revised  in  1869).  Both  of  these  were  superseded  in 
1808  by  the  "Ph.  Castrensis  Rutheuica, "  edited  by  Wylie, 
of  Moscow.  This  was  several  times  revised,  last  in  1866. 
A  civil  pharmacopoeia  appeared  as  early  as  1778  at  St. 
Petersburg  (reprinted  in  1782),  under  the  title  of 
"Ph.  Rossica,"  and  a  second  edition  in  1798  (reprinted 
1803) ;  but  these  were  not  officially  recognized,  the  phar- 
macists being  compelled  to  consult  almost  every  promi- 
nent European  pharmacopoeia  when  putting  up  prescrip- 
tions. That  which  was  most  followed,  generally,  was 
the  "Ph.  Borussica."  In  1866  the  first  official  civil  phar- 
macopoeia was  issued.  This  was  followed  by  new'edi- 
tions  in  1871,  1880,  and  1891.  The  title  is  "  Rossiiskaya 
Pharmakopeya, "  edited  by  the  Medical  Council  in  the 
Department  of  the  Interior,  by  order  of  his  Imperial  Ma- 
jesty, etc.  Great  care  was  bestowed  upon  the  two  last 
editions,  the  best  features  of  the  German  Pharmacopoeia 
being  incorporated  into  it.  The  text  is  in  Russian,  tlie 
main  titles  and  synonyms,  however,  and  the  names  of 
the  ingredients  entering  into  the  preparation  being  in 
Latin.  A  special  pharmacopoeia  for  the  use  of  the  im- 
pei'ial  court  was  published  in  1874.  Hence  there  are 
four  Russian  pharmacopoeias  in  existence — the  military, 
the  naval,  the  civil,  and  the  court  pharmacopoeia.  The 
military  work  is  in  some  respects  a  sort  of  dispensatory, 
as  it  goes  more  into  details. 

A  separate  pharmacopoeia  was  published  for  Poland,  in 
Warsaw,  in  1817,  under  the  title,  "Ph.  Regni  Polonise," 
but  this  does  not  seem  to  have  long  remained  in  force. 
On  the  other  hand,  Finland  published  a  pharmacopoeia 
of  its  own  ("  Ph.  Fennica  ")  in  1819  (at  Abo).  Later  edi- 
tions of  this  appeared  at  Helsingfors  in  1850  (ii.),  1868 
(iii.),  and  1885  (iv.).  The  text  of  this  is  in  Latin.  It  is 
closely  allied  to  the  several  Scandinavian  pharmacopoeias, 
and  in  certain  features  still  more  closely  to  the  last  Ger- 
man Pharmacopoeia.  In  extent,  it  is  one  of  the  smallest, 
comprising  only  about  four  hundred  articles. 

Spain. — Previous  to  the  appearance  of  a  national  work, 
local  pharmacopoeias  had  been  in  existence  in  the  follow- 
ing cities:  Salamanca  "(Ph.  Salamanca,"  by  J.  Bravo, 
1588);  Barcelona  "(Ph.  Catalana,"  1686);  Almeria  ("Ph. 
Almeriana,"  1724);  Saragossa  and  Valencia  ("Officina 
Medicamentorum,"  1601,  1698,  1739);  Madrid  ("Ph.  Ma- 
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tritensis,"  1729  +  ).  In  1531  was  published  at  Madrid 
tlie  "Examen  Apothecariorum, "  composed  in  1497  by- 
Pedro  Benedicto  Mateo,  which  has  been  found  by  Mal- 
laina  to  be  a  veritable  pharmacopceia.  The  first  national 
pharmacopoeia  ("Ph.  Hispana  ")  appeared  in  1794.  This 
and  the  next  three  editions,  viz.,  of  1798,  1803,  and  1817, 
were  written  in  Latin.  The  fifth  (1865)  and  sixth  edi- 
tions (1884)  are  in  Spanish  with  Latin  synonyms  of  the 
titles,  The  "  Parmacopea  Oflcial  Espanola  "  appears  to 
have  made  the  least  progress  of  any.  Even  the  last  edi- 
tion, here  and  there,  betrays  an  adherence  to  unscientific, 
empirical,  or  obsolete  remedies  and  methods.  Besides, 
it  bears  internal  evidence  of  the  influence  of  the  new 
French  Codex.  In  the  number  of  articles,  of  which  it 
contains  nearly  one  thousand  seven  hundred,  it  is  only 
exceeded  by  the  last-mentioned  work. 

Attempts  have  been  made  to  prepare  a  separate  phar- 
macopoeia for  Cuba,  but  no  tangible  results  have  been 
reached  thus  far. 

Sweden. — A.  "  Ph.  Holmiensis  "  was  published  at  Stock- 
holm in  1686.  The  first  work,  bearing  the  title  "  Ph.  Sue- 
cica,"  appeared  in  1705,  but  without  special  authority. 
The  first  ofiicial  pharmacopoeia  appeared  in  1775,  and  the 
succeeding  editions  in  1779  (ii.);  1784  (iii.);  1790  (iv.); 
1817  (v. ;  in  this  edition  the  chemical  portion  was  edited  by 
Berzelius,  and  the  botanical  and  zoological  by  Swartz ; 
it  was  the  most  advanced  and  perfect  pharmacopoeia  of 
its  time);  1845  (vi. ),  and  1869  (vii.,  with  supplement  of 
1879).  The  last  edition  has  been  several  times  reprinted 
with  amendments.  It  has  much  resemblance  to  the  Da- 
nish and  Norwegian  (see  under  Denmark).  Tlie  text  is  in 
Latin,  and  the  number  of  titles  is  six  hundred  and  sev- 
enty-seven. 

Switzerland. — A  "Ph.  Helveticorum "  was  published 
at  Geneva  in  1677.  In  1684  there  appeared  in  the  same 
city  an  edition  of  Charas'  "  Pharmacopcea  Regia  Galeni- 
ca  et  Chymica,"  which  was  followed  as  authority  for  a 
long  time.  The  Basle  Medical  Society,  in  1771,  pub- 
lished a  "Ph.  Helvetica"  (containing  an  introduction  by 
A.  de  Haller).  A  "Ph.  Genevensis"  appeared  in  1780, 
and  was  reprinted  several  times  afterward.  In  1852  an 
elaborate  draft  of  a  pharmacopoeia  for  the  Canton  of 
Berne  was  published  at  Berne  under  the  title  "  Pharma- 
copoesB  Bernensis  Tentamen."  This  may  be  regarded  as 
the  precursor  of  the  "Ph.  Helvetica,"  published  in  1865 
at  Schaffhausen,  by  the  Swiss  Pharmaceutical  Society. 
The  latter  work  has  been  recognized  by  law  in  most  of 
the  cantons,  but  not  in  all.  A  second  edition  appeared 
in  1873,  and  a  large  supplement  in  1876. 

The  text  of  this  pharmacopoeia  is  in  Latin,  and  has 
much  in  common  with  the  German  Pharmacopoeia.  A 
new  work,  "Pharmacopoeia  Helvetica,  Editio  III.,"  was 
issued  in  1893. 

The  Canton  of  Tessin  has  a  pharmacopoeia  of  its  own, 
published  in  1848.     Geneva  uses  the  French  Codex. 

Turkey. — The  Imperial  Medical  School  at  Constantino- 
ple has  directed  the  use  of  the  French  Codex.  Other 
foreign  pharmacopoeias,  however,  are  also  in  use. 

Uruguay.— The  French  and  Spanish  pharmacopoeias 
are  chiefly  in  use. 

Venezuela. — The  French  and  Spanish  pharmacopoeias 
are  mostly  in  use.  Long  since,  the  medical  faculty  at 
Caracas  took  initiatory  steps  to  prepare  a  national  phar- 
macopoeia, without  result  so  far. 

O/iarles  Bice. 
Revised  by        Henry  II. 


PHARMACOPCEIA,   UNITED  STATES.-Histoiit.— 

The  first  pharmacopoeia  in  the  United  States  was  pub- 
lished at  Philadelphia,  for  the  use  of  the  Military  Hos- 
pital of  the  United  States  army,  located  at  Lititz,  Lancas- 
ter County,  Pa.,  in  1778,  under  the  title,  "Pharmacopaia 
simpliciorum  et  efiicaciorum  in  usum  nosocomii  militaris 
ad  exercitum  foederatarum  Americse  civitat\un  pertinen- 
tis ;  hodiernae  nostrffi  inopife  rerumque  angustiis,feroci  hos- 
tium  saevitise,  belloque  crudeli  ex  inopinato  patriaj  nostrte 
illato  debitis,  maxime  accommodata"  ("  Pharmacopreia 
of  the  more  simple  and  efficacious  [preparations]  for  the 
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use  of  the  Military  Hospital  of  the  Army  of  the  United 
States  of  America ;  specially  adapted  to  our  present  pov- 
erty and  distress,  due  to  the  ferocious  cruelty  of  the 
enemy  and  to  the  bloody  war  unexpectedly  brought 
upon  our  fatherland  ").     Only  one  copy  of  this  edition  is 
known  to  exist,  which  is  in  the  surgeon-general's  office 
at  Washington.     Of  a  second  edition,  there  appears  to 
be  likewise  only  one  copy  known  (sue  Am.  Jour.  Pha/rm., 
1884,  483).     This  was  issued  in  1781.      Upon  the  title 
page  appears  the  name  of  Dr.  William  Brown,  as  author. 
It  is  entirely  in  Latin,  in  thirty -two  pages.     It  contains 
eighty-four  internal  and  sixteen  external  remedies.     Pre- 
vious to  the  year  1830,  various  European  pharmacoposias, 
chiefly  those  of  London,  Edinburgh,  and  Dublin,  were 
used  in  the  United  States,  though  the  want  of  a  national 
pharmacopoeia  was,  to  some  extent,  filled  by  Coxe's 
"  American  Dispensatory "  (first  edition,   Philadelphia, 
1806  +  ),  and  Thacher's  "American  New  Dispensatory" 
(first  edition,  Boston,  1810  +  ).     In  1808  the  "Pharmaco- 
poeia of  the  Massacliusetts  Medical  Society ''  was  pub- 
lished at  Boston,  and  in  1816  the  "  Pharmacopoeia  of  the 
New  York  Hospital  "  at  New  York.     The  first  impetus 
to  a  national  pharmacopoeia  was  given  in  1817,  by  Dr. 
Lyman  Spaulding,  in  a  plan  laid  before  the  Medical  So- 
ciety of  the  County  of  New  York.     (For  details  of  the 
history  of  the  "  Pharmacopoaia  of  the  United  States  of 
America,"  consult  the  latter  work,  sixth  edition.  New 
York,  1883,  pp.  v.-xiii.).     The  first  convention  for  the 
formation  of    a  national   pharmacopoeia    assembled  at 
Washington  on  January  1st,  1830,  at  which  time  the  sev- 
eral drafts  previously  prepared  by  the  several  district 
conventions  were  consolidated  and  revised.     The  finished 
work  was  published  at  Boston,  on  December  15th,  1830, 
both  in  Latin  and  in  English.     A  second  edition  appeared 
in  1828.     Before  adjourning,  the  convention  provided  for 
a  future  revision  of  the  work,  by  arranging  for  the  call 
of  a  convention  in  1830.     Owing  to  a  misunderstanding, 
however,  two  separate  conventions  were  held  in  this 
year,  one  meeting  at  New  York,  and  the  other  at  Wash- 
ington, and  two  separate  pharmacopoeias  resulted  from 
this,  one  being  published  at  New  York  in  1830,  the  other 
at  Philadelphia  in  1831.     Fortunately,  the  bodies  who 
had  met  at  New  York  subsequently  abandoned  the  plan 
of  continuing  a  separate  revision  in  the  future,  and  in 
1840  the  third  general  convention  assembled  again  at 
Washington.     The  Committee  of  Revision  appointed  at 
this  convention  was  authorized  to  request  the  co-oper- 
ation of  the  colleges  of  pharmacy,  and  this  resulted  in 
tlie  contribution  of  much  valuable  material.     The  new 
revision  was  published  in  1842,  the  text  being  for  the 
first  time  only  in  English,  the  Latin  being  restricted  to 
the  titles  and  synonyms.     At  the  next  convention,  in 
1850,  the  incorporated  colleges  of  pharmacy  were  for  the 
first  time  invited  to  participate   in  the  deliberations. 
Previous  to  this,  only  incorporated  medical  societies  had 
been  invited  to  send  delegates.     The  fourth  edition  of 
the  work  appeared  in  1851,  and  a  second  edition  of  this 
in  1855.     The  next  two  conventions  met  at  the  appointed 
time,  in  1860  and  1870,  and  the  fifth  and  sixth  editions  of 
the  pharmacopoeia  were  issued  in  1863  and  1873,  respec- 
tively.    Several  years  before  the  next  succeeding  con- 
vention (in  1880),  a  very  lively  interest  was  awakened  in 
the  proposed  new  revision  of  the  work,  and  several  plans 
were  advanced,  looking  toward  a  radical  change  in  the 
manner  of  revising  and  controlling  the  revision  of  the 
pharmacopoeia.     A  large  amount  of  preliminary  work 
was  also  bestowed,  principally  on  the  part  of  the  Ameri- 
can Pharmaceutical  Association,  upon  the  plan  and  con- 
tents of  the  next  edition.     The  convention  which  assem- 
bled at  Washington,  in  1880,  was  the  most  representative 
of  any  that  had  so  far  been  held,  and  after  a  general  plan 
of  revision  had  been  adopted,  a  Committee  of  Revision 
and  Publication  was  appointed,  consisting  of  twenty-five 
members,  residing  in  various  parts  of  the  United  States. 
This  committee  has  made  a  detailed  report  of  its  proceed- 
ings in  the  preface  to  its  work,  which  appeared  toward 
the  end  of   1883  (see  "United   States  Pharmacopoeia" 
1883,  pp.  xxvil.-xxxiii.).   The  title  page  designates  this  as 
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the  "  Sixth  Decennial  Revision  " ;  consequently,  this  was 
the  seventh  edition  of  the  work.  In  this  revision  radical 
changes  were  made,  the  intention  being  to  render  the 
work  as  independent  of  commentaries  as  was  possible. 
The  arrangement  was  alphabetical  throughout,  all  crude 
drugs  and  chemicals  being  defined  and  accompanied  by 
descriptions  or  by  tests  of  identity  and  purity.  Actual 
weights  and  measures  were  replaced  by  a  system  of  parts 
by  weight,  except  in  the  case  of  fluid  extracts.  Many 
obsolete  articles  were  dropped,  and  many  new  ones  ad- 
mitted, the  total  number  of  accepted  titles  being  nine 
hundred  and  ninety-seven.  The  general  verdict  of  all 
competent  critics,  both  at  home  and  abroad,  was  that 
this  was  one  of  the  best  pharmacopoeias  ever  issued,  and 
that  it  did  not  suffer  by  comparison  with  works  that  ap- 
peared later. 

It  having  been  long  felt  that  the  pharmacopoeia  con- 
tains a  considerable  number  of  preparations  which  are 
not  frequently  prescribed,  and  are  retained  only  in  order 
that,  if  called  for,  their  uniform  composition  may  be  in- 
sured, the  American  Pharmaceutical  Association  under- 
took the  compilation  of  a  "  National  Formulary  of  Un- 
official Preparations,"  primarily  designed  to  establish 
uniform  formulas  for  any  compound  used  in  legitimate 
pharmacy  or  prescribed  by  physicians,  and  for  which 
there  is  no  recognized  official  standard.  It  was  believed 
that  this  formulary  might  eventually  be  made  the  reposi- 
tory of  all  such  pharmacopoeial  articles  as  are  no  longer 
deemed  of  sufficient  importance  to  be  included  in  the 
official  list.  This  work  was  published  in  1888,  under 
the  above  title,  and  has  proved  very  useful.  In  May, 
1890,  the  Decennial  Convention  for  Revising  the  Phar- 
macopoeia met  at  Washington,  and  resulted  in  the  elec- 
tion of  a  committee  of  revision,  consisting  of  twenty-six 
members,  located  in  different  sections  of  the  country,  and 
gave  instructions  for  the  "Seventh  Decennial  Revision, 
or  the  "Eighth  Edition,"  which  was  published  by  the 
committee  itself,  and  went  into  effect  on  January  1st, 
1894.  The  most  important  features  introduced  into  this 
work  were  the  substitution  of  the  metric  system  of 
weights  and  measures  for  "  parts  by  weight " ;  the  refer- 
ence of  the  standardizing  of  preparations  by  chemical 
assay,  and  of  such  assay  processes  to  the  discretion  of 
the  committee,  the  committee  subsequently  deciding 
upon  the  adoption  of  such  standards  for  only  a  few 
drugs  and  preparations ;  volumetric  methods  were  made 
to  replace,  as  far  as  possible,  gravimetric  methods ;  arti- 
cles protected  by  proprietary  rights  were  excluded ;  im- 
portant changes  in  chemical  nomenclature  and  notation 
were  adopted,  though  radical  measures  were  rejected;  in 
botanical  nomenclature  the  Rochester  code  was  adopted 
as  authoritative ;  ninety  articles  were  dropped  and  eighty- 
eight  were  added ;  the  word  official  was  adopted  to  re- 
place "  officinal. "  This  work  was  received  universally  as 
representing  the  most  advanced,  yet  sufficiently  conser- 
vative standard  among  pharmacopoeias,  and  the  advances 
in  it  have  so  far  commended  themselves  to  the  medical 
and  pharmaceutical  professions  during  the  decade  since 
its  appearance,  that  further  progress  in  the  same  direc- 
tions has  been  generally  urged,  particularly  in  that  of 
an  extension  of  the  list  of  assayed  drugs  and  prepara- 
tions. It  may  be  safely  said  that  the  Pharmacopoeia  of 
1890  has  done  more  than  any  of  its  predecessors  for  gen- 
eral pharmaceutical  education,  and  to  only  a  lesser  de- 
gree for  medical  education.  At  the  present  time  (Janu- 
ary 1st,  1908),  the  work  of  the  Eighth  Decennial  Revision 
is  nearly  completed.  Soon  after  tJie  meeting  of  the  con- 
vention of  1900,  death  removed  the  beloved  and  highly 
talented  chairman  of  the  revision  committee,  Dr.  Charles 
Rice,  and  Prof.  Joseph  P.  Remington  was  elected  as  his 
successor.  The  interest  in  this  revision,  throughout  the 
country,  has  been  general  and  hearty,  and  the  committee 
has  worked  with  the  greatest  enthusiasm.  Of  the  many 
important  changes  in  the  pending  publication  some  are 
fairly  radical.  The  work  of  revision  and  that  of  publi- 
cation have  been  assigned  to  distinct  bodies ;  the  former 
to  a  committee  of  twenty-five  members,  as  before,  the 
latter  to  a  board  of  trustees,  a  regular  incorporation 


having  been  effected  for  this  purpose.  Among  the  spe- 
cial features  of  this  revision  the  following  are  worthy  of 
note :  Whenever  possible,  articles  are  to  be  standardized 
on  the  basis  of  chemical  assay ;  physiological  standards 
may  also  be  represented  in  the  requirements  for  anti- 
toxin, notwithstanding  the  instructions  of  the  conven- 
tion to  the  contrary,  the  committee  having  decided  that 
the  importance  of  the  subject  demands  even  so  danger- 
ous a  precedent  as  this;  although  the  descriptions  of 
crude  drugs  are  to  retain,  so  far  as  is  consistent  with 
clearness  and  accuracy,  the  simple  language  of  the  pre- 
ceding edition,  yet  simple  descriptive  terms  are  to  be  in- 
troduced, wherever  necessary,  to  facilitate  the  detection 
of  elements  of  adulteration  entering  into  powdered  drugs ; 
a  wonderful  advance  over  the  instructions  of  1880,  which 
forbade  the  introduction  of  any  characters  which  could 
not  be  seen  with  a  lens  magnifying  "  about  ten  diameters" ; 
doses  are  to  be  specified,  and,  finally,  the  revolutionary 
principle  has  been  accepted  that  proprietary  rights  of 
limited  duration  in  a  meritorious  drug,  provided  that  the 
conditions  render  it  amenable  to  standardization  and  re- 
sulting control,  do  not  constitute  an  objection  to  its  rec- 
ognition by  tlie  Pharmacopoeia,  and  a  sub-committee 
has  been  appointed  to  determine  what  proprietary  arti- 
cles can  properly  be  admitted  under  this  rule. 

Authority  of  the  Pharmacopeia. — The  authority  of  a 
pharmacopoeia  may  be  legal  or  professional,  and  may  be 
established  either  before  the  existence  of  the  work,  by 
the  legal  or  professional  appointment  of  its  compilers,  or 
thereafter,  through  its  adoption  by  a  government  or  by 
a  representative  professional  body.  In  either  case  it  oc- 
cupies a  special  office,  and  all  matters  pertaining  to  it  are 
therefore  denominated  official,  or,  according  to  older 
usage,  "  officinal. "  Thus  we  have  official  and  unofficial 
drugs,  medicines,  reagents,  and  other  substances,  as  well 
as  official  titles,  synonyms,  definitions,  descriptions,  tests, 
formulas,  processes,  doses,  etc.  The  professional  au- 
thority of  the  Pharmacopoeia  is  not  compulsory,  except 
as  a  violation  of  such  of  its  provisions  as  have  profes- 
sional sanction  involves  professional  disrepute.  Its  legal 
authority,  established  by  statutes,  with  penalty  attached, 
is  of  course  so.  In  this  way  the  United  States  Pharma- 
copoeia has  been  made  the  legal  authority  in  many  States, 
as  well  as  wherever  the  jurisdiction  of  the  national 
Government  extends. 

Objects  and  Scope  of  the  PJiarmouMpoeia,. — In  the  defini- 
tion given  under  Pharmacopeia,  it  is  stated  that  the 
standards  named  apply  to  the  "  medicines  used  in  the 
practice  of  medicine  " ;  not  merely  to  those  whose  merits 
justly  entitle  them  to  such  use.  The  object  of  the  book 
is  to  provide  a  means  of  assuring  the  user  of  a  drug  or 
medicine  that  he  shall  receive  that  for  which  he  calls. 
The  right  of  each  individual  to  such  assurance,  regard- 
less of  whether  his  selection  of  the  article  is  well  advised, 
is  obvious,  and  constitutes  the  chief  basis  of  procedure  in 
the  preparation  of  the  book.  The  selection  of  the  articles 
to  be  made  official  is  thus  based  upon  the  fact  of  their 
common  use.  Since  very  many  worthless  or  very  infe- 
rior articles  are  in  common  use  by  physicians  as  well  as 
among  the  laity,  the  recognition  of  such  in  the  Pharma- 
copoeia is  thus  called  for.  On  the  other  hand,  many 
.valuable  drugs  are  brought  forward  without  ever  at- 
tracting much  attention  or  coming  into  general  use,  so 
that  the  mere  fact  that  the  compilers  of  a  pharmacopoeia 
believe  a  new  drug  to  possess  merit  does  not  justify 
them  in  recognizing  it.  Such  a  drug  must  first  establish 
at  least  a  probability  of  coming  into  general  use  before 
it  shall  receive  recognition.  Prom  the  above,  it  follows 
that  "  the  recognition  of  a  drug  by  the  Pharmacopoeia  is 
not  evidence,  prima  facie,  that  it  possesses  merit,  nor  the 
absence  of  such  recognition  that  it  does  not."  It  also 
follows  that  the  Pharmacopoeia  is  not  to  be  regarded  as 
a  guide  to  the  practitioner  in  the  selection  of  his  reme- 
dies, but  rather  as  an  index  to  the  general  conditions  of 
practice  in  such  respect  and  as  an  authority  for  testing 
the  genuineness  of  the  articles  treated  by  it.  A  knowl- 
edge of  the  merits  of  the  articles,  and  an  ability  to  make 
a  judicious  selection,  are  supposed  to  be  gained  from  a 
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study  of  text-books  and  other  literature  relating  to  thera- 
peutics It  may  he  added  that  experience  m  the  United 
States  has  repeatedly  demonstrated  the  fact  that  the  in- 
troduction of  an  article  to  the  Pharmacopoeia  has  very 
little  weight  by  itself  in  extending  its  use. 

In  spite  of  these  general  facts,  however,  the  compilers 
of  our  Pharmacopoeia  do  recognize  a  certain  responsibil- 
ity for  favoring  the  worthier  articles ;  so  that  at  their 
periodical  revisions  they  are  disposed  to  employ  a  liberal 
construction  of  the  above  guiding  principles  and  to  lean 
toward  the  expurgation  of  the  more  worthless  articles 
and  the  introduction  of  meritorious  ones  whenever  the 
conditions  will  possibly  justify  them. 

There  is  another  class  of  important  articles  which  many 
physicians,  even  among  the  more  intelligent,  see  with 
surprise  to  be  denied  a  recognition  in  the  Pharmacopoeia, 
notwithstanding  that  such  denial  is  a  natural  necessity ; 
such  articles,  namely,  as  are,  for  one  reason  or  another,  not 
subject  to  any  oflicial  definition,  description,  or  stand- 
ardization. Of  this  class  the  most  conspicuous  examples 
are  found  among  copyrighted  articles.  In  these  cases  it 
is  the  names  alone  which  are  copyrighted  and  which 
have  a  fixed  identity.  Absolute  ownership  of  these 
names  is  conferred  by  the  copyright,  and  there  is  no 
stipulation  as  to  the  use  which  is  to  be  made  of  them, 
except  that  they  shall  be  arbitrary,  that  is,  not  descrip- 
tive of  the  article  to  which  they  are  applied.  They  may 
be  meaningless,  or  they  may  be  devised  with  the  object 
of  misleading  the  public,  as  by  naming  the  syrup  of  a 
well-known  fruit,  whereas,  if  such  were  the  real  origin 
of  the  preparation,  its  name  would  be  descriptive  and 
would  at  once  lose  the  copyright  protection.  Further- 
more, the  substance  to  which  the  name  is  applied  may 
be  changed  or  substituted  at  the  will  of  the  owner  of  the 
name  and  as  often  as  he  desires.  Manifestly,  control  and 
standardization  by  a  pharmacopoeia  of  an  article  so 
named  is  an  impossibility.  The  case  is  quite  different 
with  those  articles  which  are  protected  by  patents  of 
limited  duration,  either  upon  the  product  itself  or  upon 
the  process  by  which  it  is  prepared.  Such  protection 
provides  for  publicity  and  freedom  at  the  end  of  the  pat- 
ent period.  Ethical  views  regarding  such  protection 
have  of  late  undergone  a  very  great  change.  Here,  as 
in  many  other  parts  of  the  medical  field,  rationalism  has 
replaced  blind  and  arbitrary  ruling,  and  the  cui  bono 
standard  has  come  to  be  applied,  with  the  result,  as 
stated  below,  that  certain  important,  not  to  say  abso- 
lutely necessary  drugs  which  enjoy  limited  protection 
are  to  be  recognized  in  the  forthcoming  edition  of  our 
Pharmacopoeia. 

Officicd  Names  and  Definitions. — The  official  Latin  and 
English  titles  call  for  little  discussion.  They  constitute, 
like  other  names,  a  basis  for  specifying  the  respective 
articles,  and  their  use  in  preference  to  that  of  any  other 
names  by  which  the  articles  may  be  known,  enables  the 
prescriber  to  secure  the  support  of  official,  and  in  many 
cases  of  legal  authority,  which  he  might  find  it  difficult 
to  obtain  if  he  used  an  unofficial  title,  subject  to  different 
applications  in  different  localities,  and  perhaps  even  in 
professional  literature.  In  special  cases,  when  the  latter 
condition  exists  so  as  to  involve  special  danger  of  misun- 
derstanding, the  Pharmacopoeia  may  also  recognize  one 
or  more  synonyms. 

The  official  definition  is  intended  to  be  a  full  statement 
of  what  constitutes  the  article  named  by  the  title,  and  at 
the  same  time  limits  it  by  the  exclusion  of  all  else.  In 
the  case  of  pure  chemicals  or  pure  substances  of  natural 
origin,  as  alkaloids  and  glucosides,  the  chemical  formula 
usually  constitutes  a  complete  definition.  If  the  article 
is  not  required  or  expected  to  be  absolutely  pure,  a  state- 
ment of  the  allowable  amount,  and  perhaps  of  the  nature, 
of  the  impurity  frequently  forms  a  part  of  the  definition. 
In  the  case  of  animals  or  plants  or  their  parts,  the  defini- 
tion states  clearly  what  part  or  parts  shall  be  employed. 
The  terms  used  in  naming  such  plants  and  parts  are  those 
authoritatively  employed  in  zoology  and  botany.  In 
cases  in  which  zoological  or  botanical  authority  is  divided, 
as  in  the  rules  of  botanical  nomenclature,  the  compilers 


decide  which  method  and  rules  shall  be  employed,  and  a 
statement  to  tliat  effect  is  incorporated  Into  the  introduc- 
tion of  the  book.  The  family  or  natural  group  to  which 
the  animal  or  plant  pertains  is  also  named  in  the  defini- 
tion. This  is,  strictly  speaking,  superfluous  to  a  defini- 
tion, but  proves  convenient  and  instructive. 

When  the  living  part  is  to  be  taken  or  collected  in 
some  particular  stage  or  condition,  as  "in  full  bloom," 
"in  the  second  year  of  its  growth,"  "when  full  grown," 
"  fully  ripe,"  etc.,  this  fact  also  is  stated  yi  the  definition, 
as  is  any  change  which  is  to  be  made  in  it  in  preservation 
or 'preparation,  as  "the  dried  root,"  "a  prepared  exuda- 
tion," "an  inspissated  juice,"  a  bark  "kept  one  year 
before  being  used,"  or  "not  kept  longer  than  'one  year," 
etc.  In  special  cases,  a  note  may  be  appended  to  a  defi- 
nition specifying  some  danger  to  which  the  article  is 
peculiarly  liable,  and  stating  how  the  same  may  be 
avoided.  In  a  few  cases,  when  the  facts  regarding  the 
origin  of  an  article  are  unknown,  as  in  the  case  of  the 
root  of  an  unknown  species  of  Smilax,  or  when  the  num- 
ber of  species  yielding  the  article  is  indefinite  or  incon- 
veniently large  for  specification,  the  definition  cannot  be 
made  fully  to  accomplish  its  purposes.  The  best  possi- 
ble must  then  be  done  with  it  and  the  description  must 
be  relied  upon,  to  accomplish  the  remainder. 

Official  Standards. — The  standards  of  the  Pharmaco- 
pffiia  are  physical,  chemical,  and  physiological,  and  are 
incorporated  into  the  descriptions. 

The  description,  in  other  cases  than  those  referred  to 
above,  is  not  to  be  regarded  as  partaking  of  the  same  na- 
ture as  the  definition,  but  as  a  statement  of  the  tests  which 
are  to  be  applied  by  one  having  the  article  in  hand,  for 
the  purpose  of  employing  the  specified  standard.  These 
standards  and  tests  may  be  qualitative  or  quantitative. 
The  ordinary  physical  test  is  included  in  the  description 
of  the  drug  as  regards  color,  surface,  and  other  external 
appearances,  hardness,  weight,  fracture,  structure,  odor, 
and  taste.  Chemical  standards,  qualitative  or  quantita- 
tive, do  not  differ  from  those  ordinarily  employed  in 
chemistry.  Physiological  tests  are  by  many  regarded  as 
excluded  by  the  general  nature  and  uses  of  a  pharmaco- 
poeia. Nevertheless,  many  of  the  physical  tests,  such  as 
peculiar  effects  upon  the  nose  or  tongue,  the  pupil  and 
other  organs,  may  fairly  be  denominated  as  physiological 
and  the  extension  of  this  class  of  standards  in  the  phar- 
macopoeia in  the  future  is  to  be  anticipated. 

Preparations. — Among  the  several  preparations  to 
which  drugs  are  subject  the  Pharmacopoeia  makes  a  se- 
lection, in  each  Individual  case,  based  upon  the  nature 
of  the  article,  on  both  pharmaceutical  and  therapeutical 
grounds,  and  these  preparations  are  enumerated  just 
after  the  description.  In  those  cases  in  which  a  small 
amount  of  the  drug  enters  into  some  other  article  or  prep- 
aration merely  as  an  adjuvant,  and  not  especially  for 
its  own  medicinal  effect,  such  article  or  preparation  is 
not  regarded  as  a  preparation  of  that  drug  and  is  not 
thus  named.  Proximate  principles,  such  as  alkaloids, 
glucosides,  fixed  and  volatile  oils,  also,  are  not  treated  as 
preparations.  There  are  a  number  of  instances  in  which 
neither  pharmaceutical  nor  therapeutical  considerations 
can  determine  a  selection,  and  here  no  preparation  is 
specified,  though  opinions  are  not  wanting  to  the  effect 
that  at  least  one  official  preparation  ought  to  be  supplied 
for  every  official  drug.  The  preparations  thus  named 
are  tlien  treated,  in  the  regular  alphabetical  order  of 
their  titles,  as  official  articles,  their  formulas  and  meth- 
ods of  preparation  being  given  in  full  detail  and  in  some 
cases  definite  standards  being  supplied,  similar  to  those 
above  described  for  the  drugs  themselves.  The  question 
has  been  mucli  mooted  as  to  whether  a  preparation  can 
be  considered  to  be  official  if,  made  strictly  in  accordance 
with  the  formula  and  of  a  quality  fully  equal  to  that  re- 
sulting from  the  official  process  of  manufacture,  it  differs 
merely  in  some  variation  from  the  latter.  The  question 
is  a  delicate  and  not  unimportant  one.  It  is  urged  upon 
the  one  hand  that  the  principal  object  of  prescribing  an 
official  process  is  to  insure  the  quality  of  the  preparation, 
and  that  if  departures  from  it  be  permitted,  a  tendency 
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to  laxity  may  be  encouraged.  Upon  the  other  hand,  it 
is  clear  that  in  large  manufacturing  operations  the  meth- 
ods of  the  retail  pharmacist  are  impracticable,  and  even 
that  a  better  result  may  be  otherwise  attained.  The 
view  of  this  subject,  which  has  always  been  taken,  at 
least  in  modern  times  by  the  revisers  themselves,  is  that 
a  deviation  from  the  process  is  permissible,  provided  that 
a  satisfactory  preparation  is  insured. 

Doses. — The  United  States  Pharmacopoeia  has  never 
heretofore  been  willing  to  assume  the  responsibility  in- 
volved, or  which  might  be  involved  in  particular  cases, 
by  the  adoption  of  doses.  The  possibility  that  the  pre- 
scribed dose  might  in  individual  cases  act  disastrous!}', 
and  that  the  compilers  of  the  Pharmacopoeia  might  be 
held  responsible  for  having  authorized  it,  has  always 
acted  deterrently.  At  length,  however,  a  method  has 
been  devised  by  which,  according  to  the  highest  legal 
advice,  a  system  of  official  dosage  can  be  adopted  which 
will  be  free  from  this  danger.  Doses  are  therefore  to  be 
introduced  into  the  forthcoming  edition,  although  their 
exact  limitations  have  not  yet  been  made  public. 

The  Appendix. — The  Appendix  of  the  PharmacopcEia 
containing  lists,  definitions,  descriptions  of  reagents, 
tables  of  atomic  weight,  thermometric  equivalents,  alco- 
hols, acids,  and  other  important  chemicals,  of  saturation, 
equivalents  of  the  English  and  metric  systems  of  weights 
and  measures,  is  of  great  importance,  possessing  an  au- 
thoritative value  for  accuracy  and  a  facility  tor  reference 
which,  without  any  regard  to  the  subject  matter  found 
in  the  body  of  the  work,  entitles  the  latter  to  a  conven- 
ient position  upon  the  shelf  or  table,  not  only  of  every 
physician  and  pharmacist,  but  of  every  person  whose 
work  brings  him  into  contact  in  any  way  with  physical 
or  chemical  science. 

Use  of  tlie  Pharmacopma. — The  use  of  the  Pharmaco- 
poeia by  pharmacists  is  incomparably  greater  than  that 
by  physicians,  and  to  this  fact  is  in  great  part  due  the 
higher  degree  of  accuracy  and  care  and  the  more  definite 
knowledge  of  the  former  profession  regarding  the  materia 
medica.  Not  only  is  this  true,  but  it  is  undeniable  that 
the  most  serious  shortcomings  of  the  medical  profession 
in  matters  therapeutical  might  be  largely  eliminated 
were  they  to  rely  more  fully  upon  reference  to  this 
work.  While  it  is  true  that  the  Pharmacopoeia  provides 
no  information  directly  concerning  therapeutics,  yet  it 
contains  very  full  information,  and  of  the  most  reliable 
character,  concerning  materia  medica,  fundamental  to 
therapeutics  and,  in  turn,  the  highest  teachings  of  thera- 
peutics constitute  its  basis  as  to  preparations  and  dosage, 
and  as  to  a  majority  of  the  drugs  treated. 

Henry  E.  Busby. 

PHARMACOPCEIAS,  GENERAL  AND  INTERNA- 
TIONAL.—Many  works  have  been  published,  which  are 
designed  to  comprise  the  text  of  all,  or  at  least  the  most, 
prominent  pharmacopoeias.  Among  the  earlier  authors  of 
such  works  are  Lemery,  Charas,  Spielmann,  Swediaur, 
Quincy,  Brugnatelli,  etc.  Of  more  recent  works  the  fol- 
lowing deserve  special  mention:  A.  J.  Jourdan,  "Ph. 
Universelle "  (Paris,  1838,  second,  ed.  1840) ;  P.  L.  Gei- 
ger,  "Ph.  Universalis"  (Heidelberg,  1835-45);  B.  Hirsch 
"Universal-PharmakopOe"  (Leipsic,  1885,  vol.  i.). 

Many  years  ago  efforts  began  to  be  made  to  bring 
about  greater  harmony  in  the  different  pharmacopoeias, 
and  the  proposition  was  finally  made  to  inaugurate  an 
International  Pharmacopoeia.  Opinions  differed  greatly 
for  a  long  time,  not  only  as  to  whether  the  plan  was 
feasible  at  all,  but  also  in  regard  to  details.  Steps  were 
finally  taken  to  have  a  draft  of  the  work  prepared,  but 
national  jealousy  on  several  occasions  rendered  its  accept- 
ance impossible.  It  was  not  to  be  expected  that  each 
civilized  nation  would  abandon  its  own  pharmacopoeia, 
specially  adapted  to  the  habits  of  its  own  people  and  its 
own  domestic  resources,  for  one  elaborated  without  re- 
gard to  such  considerations,  and  possibly  introducing 
unfamiliar  preparations  or  changing  the  strength  of  such 
as  were  in  common  use.  The  utmost  that  could  be  ex- 
peoted  was  that  the  different  nations,  whenever  revising 


their  own  pharmacopoeias,  would  gradually  approximate 
such  preparations  as  were  regarded  worthy  of  interna- 
tional regulation  to  the  proposed  standard.  Another 
hope  which  was  expressed  was  this,  that  the  Interna- 
tional Pharmacopoeia  might  be  used  and  followed  as  an 
independent  work  in  different  countries  in  this  way,  that 
prescribers  would  designate  preparations  contained  in  it 
in  their  pi'escriptions.  A  plan  has  been  presented  for  the 
establishment  of  a  common  pharmacopoeia  for  the  Ameri- 
can continent.  This  is  too  wide  a  scope  to  be  feasible  at 
present.  But  it  is  feasible  to  prepare  a  pharmacopoeia 
for  all  the  Spanish-speaking  countries  in  Central  and 
South  America,  provided  all  political  differences  are 
waived  for  the  sake  of  the  benefit  which  may  accrue 
from  the  result.  After  some  uniformity  has  been  reached 
in  Central  and  South  America,  it  remains  to  be  seen  how 
much  further  it  can  be  carried.  At  the  International 
Pharmaceutical  Congress,  held  at  Brussels  in  1886,  the 
draft  of  an  international  pharmacopoeia  was  presented 
by  the  president  of  the  International  Commission,  Baron 
A.  von  Waldheim,  of  Vienna.  Yet,  in  its  preparation 
the  other  members  of  the  commission  had  not  been  suf- 
ficiently consulted,  and  the  draft  was  not  accepted. 
Other  meetings  of  this  Congress  have  been  held  since, 
the  seventh  taking  place  at  the  close  of  the  meeting  of 
the  American  Pharmaceutical  Association  in  Chicago  in 
1893.  At  this  time  what  may  be  regarded  as  the  first 
practical  step  toward  reaching  an  international  agree- 
ment was  taken  when  the  American  Pharmaceutical  As- 
sociation appropriated  §1,000  toward  defraying  the  ex- 
pense of  preparing  and  publishing  an  international 
pharmacopoeia,  to  be  confined  to  the  treatment  of  potent 
remedies.  In  1897  the  Congress  met  again  at  Brussels, 
but  did  not  approve  of  this  proprosition  for  a  restricted 
pharmacopoeia,  and  again  indorsed  the  idea  of  a  large 
and  comprehensive  work.  In  the  mean  time,  no  steps 
have  been  taken  toward  carrying  out  that  plan,  and  the 
less  visionary  representatives,  led  by  the  American  and 
British  contingents,  have  gone  ahead  with  the  initial 
steps  in  the  direction  of  preparing  a  work  treating  of  po- 
tent remedies.  A  report  on  this  subject  has  been  sub- 
mitted to  representative  bodies  in  the  different  countries, 
and  there  seems  to  be  some  prospect  that  important  re- 
sults may  follow. 

Instead  of  attempting  the  almost  impossible,  the  advo- 
cates of  uniformity  in  medicines  appear  to  be  willing  to 
bring  about  the  desired  end  by  natural  means,  that  is,  by 
first  causing  the  consolidation  of  the  pharmacopoeias  of 
contiguous  countries,  particularly  those  in  which  the 
same  language  is  spoken.  Thus,  Germany  has  long  ago 
displaced  the  host  of  local  pharmacopoeias  in  existence 
previous  to  the  establishment  of  the  empire  by  a  single 
national  work.  Italy  has  done  the  same.  The  Scandi- 
navian countries  also  contemplate  doing  this.  It  is  easy 
to  foresee  that  there  never  will  be  an  international  phar- 
macopoeia which  will  replace  each  individual  national 
one.  The  best  that  can  be  hoped  for  is  a  work  containing 
the  description,  definition,  requirements  of  purity  and 
strength  of  what  may  be  called  international  remedies, 
single  or  compound,  and  even  this  cannot  be  introduced 
without  risking  danger  from  the  administration  of  prepa- 
rations the  strength  of  which  as  contained  in  the  inter- 
national pharmacopoeia  differs  from  that  prescribed  in 
the  national  pharmacopoeia  of  the  dispenser. 

Charles  Bice. 
Revised  by        Henry  M.  Busby. 

Universal  Phabmacopceia.— In  this  place  should  be 
mentioned  the  work  by  Dr.  Bruno  Hirsch,  of  Berlin,  en- 
titled, "  Universal-Pharmakopbe.  Eine  vergleichende 
Zusammenstellung  der  zur  Zeit  in  Europa  und  Nord- 
amerika  giiltigen  Pharmakopoen "  (Universal  Pharma- 
copoeia. A  Comparative  Digest  of  the  Pharmacopoeias 
in  force  at  the  present  time  in  Europe  and  in  the  United 
States).  This  work  contains  practically  the  whole  text 
of  the  several  pharmacopoeias  (except  that  of  Portugal) 
in  such  a  way  that  the  similarities  and  differences  of  the 
requirements  of  the  several  texts  are  shown  at  a  glance 
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in  connection  witli  each  subdivision  of  an  article.  It  is 
a  work  of  reference  indispensable  for  every  revision  com- 
mittee in  this  and  other  countries  for  many  years  to 
gojug  Chwles  Rice. 

PHARYNX,  ANATOMY  OF.    See  Tomils,  etc. 

PHARYNX,  DISEASES  OF:  ACUTE  INFLAMMA- 
TIONS.— In  the  text-books,  generally,  the  use  of  the  term 
pharyngitis  is  somewhat  confusing,  as  tonsillitis,  uvuli- 
tis,  and  palatal  inflammation,  as  well  as  Inflammation  of 
the  pharynx  proper,  are  loosely  included  in  the  term. 
While  in  nearly  all  inflammations  of  the  pharynx  the 
contiguous  structures  anteriorly  are  involved,  yet,  as  dis- 
eases of  these  structures  are  considered  elsewhere  in  this 
work,  the  term  pharyngitis,  as  here  used,  will  be  defi- 
nitely limited  to  inflammations  of  the  pharynx  proper, 
except  in  treating  of  the  throat  complications  of  the 
acute  fevers. 

Simple  Acute  Pharyngitis. — Acute  inflammation  of 
the  pharynx  is  usually  accompanied  by  inflammation  of 
other  portions  of  the  upper  respiratory  tract,  and  there 
is  commonly  more  or  less  nasal  occlusion.  Acute  inflam- 
mation, not  septic  or  traumatic,  strictly  limited  to  the 
pharynx,  is  very  rare. 

Etiology.  — As  a  rule  the  acute  disease  is  either  the  light- 
ing up  of  a  subacute  inflammation  or  an  extension  of  acute 
nasopharyngitis.  As  etiological  factors  may  be  men- 
tioned :  bad  air,  poor  food,  sedentary  habits,  alcoholic  in- 
temperance, excessive  use  of  tobacco,  and  in  general 
anything  that  tends  to  lower  the  vitality.  Digestive 
disorders,  nasal  obstruction,  sudden  atmospheric  changes, 
influenza,  and  tonsillitis  are  frequent  causes.  Heredity 
plays  an  important  part,  and  rheumatism  and  gout  are 
sometimes  factors.  As  traumatic  causes  may  be  noted, 
irritant  poisons,  flame,  hot  water,  steam,  foreign  bodies. 

Pathology. — There  are  hyperasmia  and  congestion  of 
the  blood-vessels  in  the  submucosa,  with  pressure  on  the 
mucous  glands  and  lessening  mucous  secretion  during 
the  first  stage.  In  the  second  stage,  congestion  is  some- 
what relieved  and  the  secretion  is  poured  out,  the  tenac- 
ity of  the  latter  depending  on  the  amount  of  fibrin  pres- 
ent. If  the  amount  of  fibrin  be  very  great,  there  is 
formed  a  false  membrane  which  is  non-infectious. 

Symptoms.  —The  attack  is  usually  sudden  and  is  ushered 
in  by  a  feeling  of  malaise  and  chilliness  rather  than  a  dis- 
tinct chill.  The  temperature  rarely  goes  beyond  101°- 
103°  F.  The  digestive  system  is  usually  deranged,  the 
appetite  is  lost,  the  bowels  are  constipated,  the  tongue  is 
furred,  and  the  breath  is  foul.  Pain  in  the  muscles  of  the 
neck  and  back  is  common ;  there  is  generally  headache  and 
often  there  is  aching  of  the  joints.  At  first  there  is  dry- 
ness of  the  throat  and  the  surface  of  the  mucous  membrane 
is  shiny  and  smooth.  Later,  the  secretion  becomes  abun- 
dant and  the  membrane  thickened  and  rough  from  hy- 
pertrophy of  the  lymphoid  follicles.  The  voice  becomes 
thick  and  husky  and  there  is  fatigue  on  talking,  even 
when  there  is  no  apparent  involvement  of  the  larynx. 
In  the  attempt  to  get  rid  of  the  mucus  the  patient  hawks 
and  hems  rather  than  coughs,  while  the  dryness,  or  later 
the  thickening,  causes  frequent  efforts  at  swallowing. 
The  feeling  at  first  is  as  though  there  was  a  hair  in  the 
throat;  later,  it  is  that  of  a  larger  foreign  body.  Pain  is 
a  constant  symptom,  being  increased  by  the  efforts  at 
swallowing.  When  the  group  of  follicles  just  back  of 
the  posterior  pillar  is  much  involved,  pain  referred  to  the 
ear  is  usual,  being  conveyed  through  Eustachian  involve- 
ment or  by  means  of  the  glossopharyngeal  or  Jacobson's 
nerve.  The  sense  of  taste  may  be  decidedly  obtunded, 
especially  if  the  lingual  tonsil  is  involved;  but  this 
symptom  is  rather  an  accompaniment  of  nasal  obstruc- 
tion. The  color  of  the  mucous  membrane  varies  from 
pink  to  dark  red,  and  the  superficial  blood-vessels  show 
much  enlargement.  The  attack  may  be  limited  to  one 
side,  but  it  is  nearly  always  bilateral. 

Prognosis.— T^is.  is  favorable,  but  at  the  same  time  the 
disease  manifests  a  strong  tendency  to  become  chronic, 
by  reason  of  the  continuance  of  the  exciting  causes  and 


the  impossibility  of  putting  the  organ  at  rest.  The  dura- 
tion varies  from  three  or  four  days  to  two  weeks,  accord- 
ing to  the  severity  of  the  attack  and  the  general  health 
of  the  patient. 

Treatment. — This  should  begin  with  a  saline  cathartic, 
preferably  preceded  by  one  or  two  grains  of  calomel  in 
triturate.  Tincture  of  aconite  in  one-minim  doses  hourly 
seems  to  have  a  special  action  in  pharyngeal  inflamma- 
tion; but,  if  the  pain  is  considerable,  phenacetin,  five  to 
eight  grains  every  three  or  four  hours,  or  Dover's  pow- 
der, may  be  given.  If  there  be  a  rheumatic  diathesis,  the 
salicylate  of  strontium,  five  grains  every  three  hours, 
will  prove  of  value,  while  in  tonsillar  complications  salol, 
five  grains  every  four  hours,  or  salipyrin,  ten  grains  at 
like  intervals,  will  be  better. 

Quinine  is  recommended,  but  it  is"most  likely  to  be  of 
service  when  the  tonsillar  involvement  suggests  mild 
sepsis.  In  the  early  stage  cold  externally  by  wet  com- 
presses or  a  cold  coil  will  give  relief;  later,  heat  will  be 
more  agreeable.  A  four-  to  six-per-cent.  solution  of  ni- 
trate of  silver  brushed  lightly  over  the  pharynx  is  useful, 
but  one  of  the  newer  albuminous  silver  compounds,  as 
protargol  in  ten-per-cent.  spray,  will  be  less  irritating 
and  just  as  good.  Lennox  Browne  pronounces  guaiacol 
— fifty  per  cent,  in  sweet  almond  oil,  used  with  brush  or 
spray — to  be  the  best  of  all  local  applications.  This 
burns  sharply,  but  is  followed  by  an  anaesthetic  effect. 
While  gargles  do  not  reach  much  of  the  posterior  wall  of 
the  pharynx  they  do  reach  the  contiguous  parts,  and  any 
one  who  has  personally  used  a  gargle  knows  the  comfort 
which  follows  its  use.  If  a  patient  does  not  know  how 
to  gargle  it  is  not  well  to  rely  on  the  method,  as  in  such 
cases  it  is  nothing  more  than  a  mouth  wash.  The  best 
gargles  are  on  the  order  of  the  Dobell  solution,  used  hot. 
If  carbolic  acid  is  disagreeable,  it  may  be  omitted  and  the 
solution  made  up  with  equal  parts  of  cinnamon  water 
and  peppermint  water.  In  the  early  stage  a  spray  of 
mentholated  benzoinol,  from  two  to  four  grains  of  men- 
thol to  the  ounce,  may  be  more  agreeable  than  a  watery 
application.  Later,  a  gargle  or  spraj'  of  tincture  of  chlo- 
ride of  iron  will  hasten  recovery. 

Demulcents  in  the  form  of  lozenges  are  often  grateful. 
They  may  contain  menthol  in  minute  dose  combined  with 
guaiacum  or  eucalyptol. 

Shurly  recommends,  for  the  mitigation  of  local  distress, 
a  tablet  of  biniodide  of  mercury  (gr.  -^  to  gr.  ^"j)  to  be 
held  in  the  mouth  till  dissolved,  the  dose  being  repeated 
every  two  or  three  hours  till  five  or  six  have  been  taken. 
In  the  second  stage,  if  the  secretion  continues  profuse  for 
too  long  a  period,  atropine  or  aconitine,  gr.  -j-,^  to  gr. 
yj^  every  two  or  three  hours,  will  hasten  recovery.  Steam 
inhalations  are  generally  worse  than  useless,  although 
sometimes  temporarily  soothing  in  the  earliest  stage. 

Gangrenous  Acute  Inflammation  op  the  Pharynx. 
— This  disease  is  ordinarily  classed  under  infective  or 
phlegmonous  pharyngitis,  the  severer  forms  being  ac- 
companied by  sloughing.  Including  all  forms  under  this 
title,  one  writer  will  give  the  prognosis  in  infective 
pharyngitis  as  very  grave,  while  another,  limiting  the 
term  to  the  milder  cases,  will  state  that  the  prognosis  is 
uniformly  favorable.  The  gangrenous  form  of  infective 
pharyngitis  is  very  likely  to  arise  from  localization  of  the 
infecting  germ  iu  typhoid,  diphtheria,  scarlet  fever,  and 
other  infectious  diseases.  In  such  cases  the  infecting  ma- 
terial probably  reaches  the  point  of  localization  through 
the  blood  instead  of  from  absorption  through  the  mucous 
membrane,  as  seems  to  be  the  case  in  the  milder,  more 
superficial  forms  in  which  the  streptococcus  is  the  infect- 
ing germ.  The  prognosis  is  very  grave,  both  from  the 
severity  of  the  local  process  and  from  the  development 
of  septicremia.  Treatment  is  directed  chiefly  to  the  sys- 
temic infection,  elimination  being  encouraged  and  stimu- 
lants given.  Locally,  mild  antiseptic  solutions  are  of 
most  use. 

Gouty  Pharyngitis.— This  occurs  as  a  manifestation 
of  the  general  disease,  but  may  appear  quite  indepen- 
dently of  involvement  of  other  parts. 

Lermoyez  and  Gasne  give  the  following  diagnostic 
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data:  (1)  Sudden  onset,  acute  evolution,  and  sudden  dis- 
appearance. (2)  Sbarp  febrile  symptoms,  depression. 
(3)  Very  acute  pain,  out  of  proportion  to  the  local  ap- 
pearances. (4)  Tendency  of  inflammation  to  diffuse  itself 
over  the  pharynx  and  spread  toward  tlie  larynx,  ordi- 
nary ^quinsy  being  more  localized.  (5)  Dark  red  and 
oedematous  appearance  of  pillars  of  fauces,  uvula  elon- 
gated, and  posterior  wall  of  pharynx  swollen.  (6)  Ab- 
sence of  exudation.  (7)  The  glands  at  the  angle  of  the 
jaw  not  involved.  Colchicum  is  to  be  used  in  the  treat- 
ment of  such  cases.  Locally,  soothing  gargles,  or  prefer- 
ably sprays,  are  indicated. 

Herpetic  Phakyngitis. — (Synonyms:  Common  mem- 
branous sore  throat;  Aphthous  sore  throat;  Benign  croup- 
ous angina.)  Herpes  of  the  throat,  which  is  a  milder 
disease  than  the  skin  affection,  appears  as  a  discrete  erup- 
tion, the  individual  spots  measuring  6-8  mm.  in  diameter 
and  being  located  on  the  posterior  wall  of  the  pharynx 
or  anterior  surface  of  the  faucial  pillars.  The  etiology  is 
varied.  The  local  manifestation  is  probably  due  to  a 
peripheral  degeneration  of  the  nerves  of  the  affected  area. 
The  general  condition  has  a  very  considerable  etiological 
significance,  disorders  of  the  alimentary  tract  and  many 
febrile  diseases  acting  as  causes. 

The  earliest  symptoms  are  dryness  of  the  throat  and 
pain  of  a  burning  or  stinging  character.  The  constitu- 
tional symptoms  are  as  a  rule  slight,  fever  if  present 
being  of  mild  grade.  The  eruption  may  be  unilateral  or 
bilateral.  The  vesicular  stage  is  seldom  observed,  the 
vesicles  rupturing  early  and  the  excoriated  mucous  mem- 
brane becoming  covered  with  a  thin,  soft  membrane 
which  is  easily  wiped  off.  Labial  herpes  is  usually  also 
present.  The  disease  lasts  for  from  eight  to  sixteen 
days,  but  has  a  very  considerable  tendency  to  recur. 
Diagnosis  is  made  from  other  membranous  anginas  by 
the  mildness  of  the  symptoms,  the  labial  herpes,  and  the 
thinness  and  superficial  character    of    the   membrane. 

Little  local  treatment  is  necessary ;  bland  sprays  or  gar- 
gles, and  applications  of  silver  nitrate  (two  or  three 
grains  to  the  ounce),  or  of  resorciu  (ten  grains  to  the 
ounce  of  glycerin)  will  be  found  useful.  If  pain  is  con- 
siderable orthoform  may  be  used. 

Membbanotjb  Phakyngitis. — Non-diphtheritic  mem- 
branous pharyngitis,  the  term  being  limited  to  cases  in 
which  an  actual  pseudomembrane  develops  on  the  phar- 
ynx,— whether  or  not  the  tonsils  and  palate  be  also  in- 
volved,—is  a  very  rare  disease.  In  nearly  all  individuals 
there  is  a  well-developed  strip  of  glandular  tissue  lying 
just  back  of  the  posterior  faucial  pillar.  In  ordinary  lacu- 
nar tonsillitis  it  is  quite  common  to  find  this  follicular  area 
involved  in  the  exudative  process.  The  exudation  from 
the  several  follicles  in  the  strip  may  coalesce  and  give  the 
appearance  of  a  narrow  membranous  strip  on  either  side 
of  the  pharynx.  This  condition,  which  is  frequently 
spoken  of  as  a  membranous  sore  throat,  is  properly  only 
an  acute  exudative  follicular  pharyngitis.  Kyle  de- 
scribes a  membranous  pharyngitis:  "An  acute  infectious 
process  in  which  there  forms  on  the  mucous  membrane 
surface  a  highly  coagulable  albuminoid  material  which 
constitutes  a  false  membrane  and  occurs  along  with  des- 
quamation of  the  superficial  epithelium."  Such  a  condi- 
tion must  be  very  rare.  t-i  •  j 

Emil  Mayer  in  1900  described  a  case  due  to  iried- 
lander's  bacillus,  and  was  able  to  collect  thirteen  of  the 
same  kind  from  the  literature.  In  measles  there  is  some- 
times developed  in  the  pharynx  a  streptococcal  membrane 
which  resembles  very  closely  the  membrane  that  is  formed 
in  diphtheria ;  its  presence  constitutes  a  grave  complica- 
tion. ...        ,    , 

The  diagnosis  oi  membranous  pharyngitis  is  not  always 
easy.  Localized  areas  of  epithelial  necrosis,  or  herpetic 
pharyngitis  after  the  vesicles  have  ruptured,  cannot  be 
distinguished  by  the  naked  eye  from  false  membrane. 
This  frequently  leads  to  mistakes  in  diagnosis,  and  the 
terms  herpetic  pharyngitis  and  membranous  pharyngitis 
are  frequently  used  synonymously.  The  greatest  care  is 
needed  in  differentiating  this  condition  from  diphtheria, 
and  it  is  commonly  accepted  that  any  case  of  membranous 


sore  throat  is  to  be  treated  as  diphtheria  until  a  diagnosis 
is  positively  reached. 

The  prognosis  is  generally  favorable  except  in  the  strep- 
tococcal variety,  in  which  the  outlook  is  more  serious. 

Treatment. — The  systemic  treatment  should  be  the  same 
as  for  diphtheria  in  the  severer  varieties.  Locally,  disin- 
fectants and  detergents  are  indicated.  A  spray  of  pyro- 
zone,  hydrozone,  or  any  high-class  hydrogen  peroxide 
solution  is  of  value.  The  ordinary  commercial  solutions 
of  hydrogen  peroxide  are  sometimes  very  irritating  to  the 
throat  and  should  never  be  used.  Loffler's  toluol  solu- 
tion is  also  effective.  It  should  be  applied  with  a  swab, 
and  care  should  be  taken  to  squeeze  out  the  excess. 

Pemphigus. — Cases  of  pemphigus  of  the  pharynx  are 
occasionally  reported.  The  buUaB  are  rarely  seen  before 
rupture.  The  acute  disease  is  attended  by  headache, 
pain,  and  fever.  The  duration  is  from  one  to  three 
weeks,  but  there  is  a  strong  tendency  to  recur  and  be- 
come chronic,  especially  in  the  aged.  The  disease  is  dif- 
ferentiated from  diphtheria  by  the  bacteriology,  the  easy 
removal  of  the  exudate,  the  absence  of  glandular  enlarge- 
ment, and  the  mildness  of  the  constitutional  symptoms. 
Adhesions  are  very  likely  to  form  and  should  be  carefully 
guarded  against.  The  treatment  is  about  the  same  as  for 
herpes. 

Rheumatic  Pharyngitis. — Rheumatism  of  the  phar- 
ynx is  occasionally  observed,  but  perhaps  not  so  often  as 
the  descriptions  would  ordinarilj''  lead  one  to  believe. 
It  is  claimed  that  extensive  ulceration  of  the  pharynx 
may  result  directly  from  rheumatism.  The  diagnosis  is 
made  from  the  history  of  the  patient ;  from  the  sharp 
pain,  especially  on  swallowing,  which  is  out  of  propor- 
tion to  the  redness  of  the  mucous  membrane,  and  varies 
in  severity  as  a  rule  several  times  in  the  twenty-four 
hours;  and  from  the  prompt  relief  afforded  by  the  salicy- 
lates. The  local  treatment  should  consist  of  hot  gargles, 
together  with  the  external  use  of  a  chloral  liniment  or  a 
twenty -five-per-cent.  ointment  of  iclithyol. 

Traumatic  Pharyngitis. — This  is  an  acute  inflamma- 
tion of  the  pharynx  due  to  wounds,  foreign  bodies,  caus- 
tics, and  the  inhalation  of  dyst  or  vapors.  Children  are 
especially  liable  owing  to  their  frequent  mistakes  in 
swallowing  hot  or  caustic  fluids.  Persons  working  in 
dust  or  in  caustic  vapors  are  also  liable  to  pharyngitis  of 
this  type.  Any  foreign  body  that  may  become  lodged 
in  the  throat  or  may  lacerate  the  mucous  membrane  as  it 
passes  through  the  pharynx  may  give  rise  to  inflamma- 
tion with  oedema  and  at  times  abscess  formation.  In  any 
traumatic  pharyngitis  there  is  danger  of  the  inflammation 
and  ffidema  extending  to  the  glottis  with  fatal  results. 
In  the  aged  or  enfeebled  the  irritation  caused  by  the 
swallowing  of  a  bit  of  crust  or  a  small  piece  of  eggshell, 
or  any  such  material,  may  give  rise  to  fatal  inflammation. 

Treatment.— in  the  case  of  a  foreign  body,  if  it  be  still 
present,  prompt  removal  should  be  effected  through  the 
natural  passages  if  possible ;  if  not,  by  external  pharyn- 
gotomy.  Often,  however,  it  is  found  that  the  offending 
body  has  been  removed  or  swallowed,  and  that  onlj-  the 
effects  are  to  be  combated.  Soothing  applications  should 
be  made — oily  sprays  containing  from  three  to  six  grains 
of  menthol  to  the  ounce,  Dobell's  solution,  and  adrenalin 
chloride,  1  to  4,000,  to  be  repeated  every  two  hours  or 
oftener.  Bland  fluids  only  should  be  swallowed,  all  solid 
foods  being  avoided.  If  oedema  threaten,  scarification 
should  be  done  to  a  sufiicient  extent  to  afford  relief. 

Urticaria  op  the  Pharynx.— Urticaria  may  make  its 
appearance  in  the  pharynx  either  after  or  before  its  oc- 
currence on  the  skin,  but  always  in  conjunction  there- 
with. Those  cases  of  supposed  urticaria  localizing  them- 
selves in  the  pharynx  are  probably  cases  of  angioneurotic 
oedema  (which  see). 

The  causes  of  pharyngeal  urticaria  are  naturally  those 
of  the  affection  in  general,  e.g.,  shellfish,  small  fruits, 
stings  of  insects,  drugs  (copaiba,  cubebs,  quinine,  capsi- 
cum, turpentine),  the  neurotic,  rheumatic,  and  gouty 
states,  genital  disorders,  pregnancy,  constipation,  etc. 
There  is  a  form  of  acute  febrile  urticaria  which  develops 
suddenly  and  usually  appears  at  the  same  time  on  the 
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chest  and  in  the  mouth.  The  characteristics  of  the  aflec- 
tion  in  the  pharynx  are  the  sudden  invasion  with  cough, 
dyspnoea,  and  local  irritation.  Locally  the  mucosa  shows 
a  condition  resembling  that  of  inflammatory  oedema. 

The  prognom  is  never  bad  except  in  those  rare  cases  in 
which  the  malady  extends  to  the  larynx,  when  we  may 
have  a  dangerous  dyspnoea.  At  times  the  tongue  is  badly 
swollen. 

At  the  onset  of  the  attack  the  system  should  be  cleared 
out  with  emetics  and  purgatives,  enemata,  etc.,  so  as  to 
remove  Uie  exciting  cause.  Large  doses  of  the  alkalies 
should  then  be  given.  Locally  ice  pellets,  weak  sprays 
of  cocaine,  adrenalin,  antipyrin,  etc.,  will  generally  give 
quick  relief.  The  occurrence  of  dyspnoea  must  lead  us 
to  prepare  for  either  intubation  or  tracheotomy.  It  must 
be  remembered  that  articles  of  food  ordinarily  harmless 
may  at  times  precipitate  an  attack. 

Intubation  or  tracheotomy  may  become  necessary  if 
the  swelling  increases  rapidly.  Insufflations  of  morphine 
sulphate,  gr.  i-gr.  ss.  in  an  inert  powder,  may  be  re- 
quired for  pain,  or,  if  there  be  much  abrasion  of  the  mu- 
cous membi'ane,  orthoform  may  be  more  effective.  In 
the  case  of  escharotics  the  indications  are  practically  the 
same;  viz.,  to  use  anodynes  and  emollients. 

Ulgekativb  Septic  Pharyngitis. — ^(Synonyms:  In- 
fective pharyngitis;  hospital  sore  throat;  suppurative 
pharyngitis.)  This  is  a  form  of  infective  pharyngitis 
which  occurs  in  persons  reduced  in  health  by  hard  work 
in  unsanitary  employments.  Work  in  the  dissecting 
room,  exposure  to  septic  secretions  from  wounds,  atten- 
dance on  diphtheria  or  scarlet-fever  patients,  are  frequent 
causes  of  the  disease  in  medical  students  and  physicians. 
The  streptococcus  is  the  usual  infecting  organism,  but 
the  staphylococcus  is  generally  associated  with  it. 

Patlwlogy. — The  ulceration  is  the  result  of  the  action  of 
the  infecting  bacteria  on  the  epithelium :  they  first  cause 
necrosis  of  the  superficial  cells ;  then,  entering  the  deeper 
layers,  they  obstruct  the  blood  supply  and  cause  further 
necrosis.  According  to  the  virulence  of  the  infecting 
organism  and  the  resistance  of  the  tissues  the  ulceration 
may  remain  superficial  or  may  extend  deeply,  in  the  latter 
case  resulting  in  the  phlegmonous  or  gangrenous  form. 

Symptoms. — The  attack  usually  begins  with  languor 
and  headache,  quickly  followed  by  a  rigor,  high  tempera- 
ture, rapid  pulse,  and  other  accompaniments  of  fever. 
If  the  deeper  tissues  are  involved,  all  symptoms  are 
graver  and  delirium  occurs  early.  The  tongue  is  heavily 
coated  and  the  breath  is  foul.  Locally,  the  first  symp- 
tom will  be  dysphagia,  the  throat  gradually  becoming 
dry  and  swollen,  and  filling  up  with  foul  mucus,  requir- 
ing constant  clearing  and  causing  the  patient  much  suf- 
fering. The  pain  may  be  felt  in  the  ear  and  may  extend 
low  down  in  the  pharynx.  Both  tonsils  are  involved,  the 
inflammation  being  as  a  rule  superficial,  but  the  cervical 
glands  are  frequently  much  swollen  and  painful.  The 
ulcers  which  are  usually  lenticular  in  shape  and  covered 
with  a  grayish  exudate  are  often  seen  on  the  tonsils  and 
palate  as  well  as  on  the  pharynx.  The  local  lesions  are 
often  so  slight  as  scarcely  to  seem  a  sufficient  cause  for 
the  great  systemic  disturbance. 

Diagnosis. — Any  acute  pharyngitis  may  be  accom- 
panied by  ulceration,  but  the  local  and  systemic  symp- 
toms are  not  so  severe  as  in  the  septic  form.  The  rapid 
development  and  the  determination  of  the  precise  charac- 
ter of  the  invading  bacteria  will  aid  in  diagnosis. 

Prognosis. — In  the  more  superficial  form  this  is  favor- 
able provided  the  sufferer  be  removed  to  more  hygienic 
surroundings.  If  the  disease  penetrate  to  the  deeper  tis- 
sues, the  prognosis  is  exceedingly  grave  on  account  of 
the  liability  to  sloughing,  to  extension  to  the  larynx,  and 
to  the  development  of  septicaemia. 

3>-«ato6ni.— Constitutional  treatment  with  active  ton- 
ics—iron, strychnine,  quinine,  etc.— is  very  necessary. 
Alcoholic  stimulants  are  often  required.  The  antistrep- 
tococcus  serum  should  be  of  especial  value  in  these  cases, 
but  clinical  evidence  of  this  is  not  yet  assuring.  Locally, 
ice  internally  and  externally  is  indicated  in  the  earliest 
stage;  but  later,  if  the  syniptoms  become  more  severe, 


hot  applications  should  be  used.  Alkaline  sprays  or  gar- 
gles should  be  used  frequently.  If  any  astringent  appli- 
cations be  made  to  the  ulcers  they  should  be  of  the  mildest 
character  and  very  gently  applied.  A  spray  of  four  or 
five  grains  of  mentliol  to  the  ounce  of  benzpinol  will 
sometimes  prove  grateful.  If  the  pain  be  very  severe, 
orthoform  in  powder  should  be  used  two  or  three  times 
daily.  Careful  attention  to  the  cleansing  of  the  throat 
by  the  nurse,  who  thus  largely  relieves  the  patient  of 
the  necessity  for  voluntary  muscular  action  of  the  parts, 
will  add  greatly  to  his  comfort. 

Pharyngitis  in  the  Exanthemata  and  in  Other 
Fevers. — Erysipelas. — Erysipelas  of  the  pharynx  and 
contiguous  structures  may  appear  as  an  independent  dis- 
ease or  as  a  complication  of  a  cutaneous  attack.  If  it  oc- 
curs consecutively  to  erysipelas  of  the  skin  the  infection 
may  extend  to  the  pharynx  by  way  of  the  nose,  mouth, 
or  ears,  or  by  metastasis. 

The  attack  begins  with  fever,  and  there  are  sharp  pain 
in  the  throat  and  difficulty  in  swallowing.  Immediately, 
or  after  one  or  more  days,  the  pharyngeal  mucous  mem- 
brane becomes  swollen  and  glistening  and  covered  with 
ropy  mucus  or  muco-pus.  Vesicles,  filled  with  serum, 
blood,  or  pus,  and  varying  in  size  from  one-sixteenth  to 
one-half  of  an  inch  in  size  may  appear.  In  severe  cases 
abscesses  or  gangrenous  areas  may  develop.  Involve- 
ment of  the  tonsils,  accessory  sinuses,  and  middle  ear  is 
very  likely  to  occur.  The  glands  of  the  neck  are  swollen 
and  tender.  "Eiwly  diagnosis  \s  difficult  unless  there  have 
been  a  jDrevious  erysipelas  of  the  skin.  Later,  the  very 
general  involvement  of  the  pharynx  and  the  character- 
istic appearance  just  described  serve  to  make  the  diagno- 
sis clear.  The  prognosis  is  grave,  as  extension  to  the 
larynx  may  occur  with  fatal  result. 

Pi-eatment. — The  general  treatment  should  be  the  same 
as  for  erysipelas  elsewhere ;  it  should  be  of  a  supporting 
character,  with  large  doses  (twenty  to  thirty  minims)  of 
tincture  of  chloride  of  iron  every  three  hours.  Locally, 
ichthyol  is  of  value ;  from  ten  to  thirty  per  cent,  in  glyc- 
erin should  be  painted  on  the  inflamed  mucous  mem- 
brane three  times  daily.  Alkaline  cleansing  sprays  should 
also  be  used.  Ice  internally  and  externally  may  be  sooth- 
ing and  useful  early ;  at  a  later  stage  heat  will  be  better. 

Influenza. — In  nearly  all  cases  of  influenza  of  the  re- 
spiratory tract  the  pharynx  and  fauces  are  involved.  A 
reddened  area  passing  down  on  either  side  of  the  soft 
palate  is  frequent  enough  to  be  of  considerable  value  in 
the  diagnosis  of  the  disease.  The  tendency  to  pass  into  a 
chronic  inflammation  is  rather  stronger  than  it  is  in  sim- 
ple acute  pharyngitis..  The  inflammation  may  be  very 
intense,  and  superficial  necrosis  of  the  epithelium  on  the 
anterior  pillar  of  one  side,  with  whitish  exudation  which 
looks  like  a  very  thin  membranous  deposit,  may  be  very 
suggestive  of  diphtheria.  The  local  treatment  is  that  of 
simple  acute  pharyngitis.  The  following  formula,  which 
is  to  be  used  as  a  spray  every  two  houre,  has  been  found 
by  the  writer  to  be  very  serviceable  in  this  and  other  in- 
fectious forms  of  pharyngitis :  i?  Pyrozone,  fl.  §  i. ;  boro- 
lyptol,  fl.  3  vi. ;  water,  q.s.  ad  fl.  §  iij. 

When  the  inflammation  is  more  intense,  soothing  alka- 
line solutions  will  be  found  to  answer  better,  while  tinct- 
ure of  chloride  of  iron,  two  minims  to  the  teaspoonful  of 
glycerin  and  water,  swallowed  every  two  hours,  will 
hasten  resolution. 

Intermittent  Fever.  — It  is  well  recognized  that  a  pharyn- 
gitis may  be  due  to  malarial  poisoning.  The  symptoms 
are  those  of  simple  inflammation,  except  that  pain  may 
be  sharper  and  redness  less  marked.  Treatment  is  that 
of  the  systemic  disease  with  simple  alkaline  gargles  or 
sprays  for  the  local  condition. 

Measles. — Inflammation  of  the  pharynx  and  fauces  is 
generally  so  marked  in  measles  that  a  diagnosis  can  often 
be  made  from  the  pharyngeal  picture  alone,  before  the 
eruption  appears  on  the  skin.  The  mucous  membrane  is 
deeply  injected,  the  eruption  appearing  in  blotches  or 
points,  while  the  surface  presents  a  distinctly  rough  ap- 
pearance. A  membranous  exudation  due  to  the  strepto- 
coccus sometimes  forms  on  the  pharynx  and  tonsils  and 
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constitutes  a  very  serious  complication.  True  diplitlieria 
may  appear  as  a  complication,  rendering  the  prognosis 
much  graver  than  in  either  disease  alone.  The  treatment 
of  the  usual  throat  condition  should  be  by  alkaline  sprays, 
such  as  Dobell's  solution,  followed  by  an  oily  spray  of 
one  or  two  grains  of  menthol  to  the  ounce  of  benzoinol.  " 

Pneumonia. — The  pneumococcus  seems  at  times  to  enter 
the  blood  through  the  pharynx  and  tonsils,  determining 
an  attack  which  is  characterized  by  the  irregular  range 
of  temperature,  varying  from  100°  to  105°  or  106°  F.  one 
or  more  times  in  twenty-four  hours.  There  is  little  or  no 
cough,  the  symptoms  being  purely  those  of  a  blood  in- 
fection. The  disease  may  run  a  course  of  seven  to  ten 
days  without  localizing  in  any  organ,  or  it  may  after 
three  or  more  days  localize  as  a  lobar  pneumonia,  much 
simplifying  the  attack ;  or  it  may  localize  in  any  of  the 
parts  of  the  body  now  recognized  as  subject  to  the  inva- 
sion of  the  pneumococcus.  Careful  inspection  of  the 
throat  will  detect  redness  of  the  pharynx  and  fauces,  the 
redness  of  the  anterior  pillars  being  not  so  bright  as  in 
influenza  and  following  more  closely  the  border  of  the 
tonsil.  A  culture  taken  from  the  throat  will  reveal  the 
pneumococcus  in  almost  pure  culture  and  will  render  ex- 
plicable some  otherwise  obscure  fevers.  The  cases  seen 
by  the  writer  have  been  in  children,  ranging  in  age  from 
fifteen  months  to  five  years.  Local  treatment  is  of  doubt- 
ful value,  mild  detergent  sprays  being  indicated  if  any- 
thing be  used. 

Scarlet  Feiier. — The  pharynx  and  tonsils  furnish  almost 
the  earliest  manifestations  of  the  disease.  Before  any 
rash  has  appeared  on  the  skin  the  vivid  red  of  the 
pharynx  and  fauces  will  suggest  the  onset  of  scarlet  fe- 
ver. A  little  later  a  bright  rash  will  appear  on  the  soft 
palate,  while  the  previously  reddened  pharynx  and  ton- 
sils will  become  darker  and  covered  with  thick  mucus. 
The  involvement  of  the  tonsils  and  pharynx  is  fairly 
typical  of  the  severity  of  the  disease,  the  milder  cases 
showing  only  slight  redness  and  moderate  tonsillar  folli- 
culitis, while  in  malignant  cases  there  will  be  an  intense 
infiammation  of  all  the  tissues  of  the  pharynx  with  more 
or  less  membranous  exudation  and  with  great  swelling  of 
the  glands  below  the  jaw.  Between  these  two  extremes 
will  be  seen  all  grades  of  inflammation.  The  inflamma- 
tion is  very  likely  to  extend  to  the  pharyngeal  tonsil  and 
througli  the  Eustachian  tube  to  the  middle  ear.  Ulcer- 
ation of  the  tonsils  may  appear  early,  while  ulceration  of 
the  pharynx  or  pillars  is  a  later  manifestation  of  the  dis- 
ease, rarely  occurring  before  the  fifth  day  and  often  much 
later.  In  the  case  of  a  membranous  deposit  the  mem- 
brane may  be  diphtheritic,  caused  by  the  Klebs-Loefller 
bacillus,  or  it  may  result  from  the  action  of  streptococci 
or  other  micrococci. 

Deep  inflammation  and  even  sloughing  are  more  likely 
to  result  from  streptococcal  infection,  and  lymphatic  in- 
volvement is  more  pronounced  in  such  infection.  It  has 
been  strongly  urged  recently  that  scarlet  fever  must  be 
recognized  as  au  etiological  factor  in  perforations  of  the 
faucial  pillars  and  the  soft  palate.  Generally  such  per- 
forations are  accepted  as  positive  evidence  of  syphilitic 
disease ;  and  while  in  the  vast  majority  of  instances  this 
is  undoubtedly  the  causative  factor,  yet  it  is  well  to  re- 
member that  scarlet  fever  may  cause  the  condition. 

Treatment. — Attention  to  the  throat  early  and  sedu- 
lously is  essential  in  the  management  of  this  disease.  In 
case  of  severe  neck  symptoms  the  ice-bag  or  a  Leiter  coil 
may  be  used,  to  be  followed  later  by  hot  applications. 
The  use  of  an  alkaline  spray  alternating  with  an  antisep- 
tic spray,  such  as  the  pyrozone  mixture  previously  men- 
tioned, will  prove  very  satisfactory.  The  tincture  of 
muriate  of  iron  in  glycerin,  as  ordinarily  prescribed  in 
these  cases,  is  very  efficacious ;  two  or  three  drops  to  the 
drachm  of  glycerin  is  quite  strong  enough. 

Smallpox. — As  in  the  other  eruptive  fevers  the  throat 
manifestations  are  quite  marked  in  smallpox.  Redness 
with  inflammation  may  appear  several  days  before  the 
skin  eruption,  but  the  rash  is  usually  apparent  on  the' 
skin  before  it  is  seen  in  the  throat.  In  hemorrhagic 
smallpox,  however,  ecchymoses  may  be  seen  in  the 
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pharynx  before  the  skin  eruption  appears.  In  severe 
cases  there  may  be  pseudomembrane  with  much  pain. 
The  treatment  is  that  of  any  acute  pharyngitis— deter- 
gent and  _  disinfectant  sprays  or  gargles.  Severe  pain 
may  require  applications  of  orthoform,  cocaine,  or  men- 
thol. 

Typlwid  -FbMT-.— Inflammation  of  the  pharynx  is  not 
uncommon  in  typhoid.  There  is  usually  some  injection 
of  the  mucous  membrane,  with  dryness  and  sometimes  a 
difficulty  in  swallowing.  A  faucial  exudation  is  occa- 
sionally seen  during  the  third  week.  This  pseudomem- 
brane is  very  thin,  but  is  adherent  and  is  characterized 
by  the  presence  of  staphylococci.  As  true  diphtheria  oc- 
casionally complicates  typhoid  a  bacteriological  examina- 
tion may  be  necessary  for  diagnosis.  In  case  of  consider- 
able involvement  of  the  pharynx  and  fauces,  detergent 
washes  will  be  beneficial.  Involvement  of  the  larynx  is 
much  more  serious  than  that  of  the  pharynx. 

Varicella. — Some  involvement  of  the  pharynx  and  pal- 
ate is  usual  if  the  skin  eruption  be  at  all  marked.  The 
vesical  stage  is  short,  the  vesicles  breaking  early  and 
leaving  excoriations.  If  there  be  much  pharyngeal  dis- 
comfort a  gargle,  such  as  the  following,  is  of  value: 
I^  Sodii  biborat.,  sodii  bicarb.,  aa  gr.  1.;  acid,  carbol., 
gr.  xvi. ;  tr.  myrrhse,  fl.  3  iv. ;  glycerine,  fl.  J  ij.  ;  aq. 
cinnamom.,  q.s.  ad  fl.  §  viij.  M.  Sig. :  Dilute  with  an 
equal  part  of  water  and  gargle  every  two  hours. 

Qustamis  P.  Head. 

PHARYNX,  DISEASES  OF:  ACUTE  PHLEGMON- 
OUS PHARYNGITIS.— (i>y.&oi$''s  Angina.)  Various 
names  have  been  applied  to  this  affection.  Among  them 
may  be  mentioned  the  following:  erysipelas  of  the 
pharynx,  diffuse  cervical  abscess  or  phlegmon,  submax- 
illary bubo,  infectious  submaxillary  angina,  sublingual 
abscess  or  phlegmon,  subhyoid  phlegmon,  gangrenous 
induration  of  the  neck,  cynanche  cellularis  maligna,  cy- 
nanche  sublingualis  rheumatica.  While  early  writers 
asserted  a  specific  individuality  for  this  disease,  later  au- 
thorities regard  it  as  a  septic  sore  throat  with  a  peculiar 
localization,  not  differing  etiologically  from  phlegmonous 
pharyngitis,  erysipelas  of  the  pharynx,  or  acute  oedema 
of  the  larynx,  all  of  which  seem  to  represent  merely  dif- 
ferent degrees  of  virulence  of  the  same  infecting  agent. 

The  question  of  primary  development  and  localization 
depends  probably  upon  the  seat  of  original  infection,  and 
it  is  difficult  to  distinguish  definitely  a  line  of  demarca- 
tion between  the  purely  local  and  the  less  complicated, 
as  distinguished  from  the  cedematous  and  purulent  forms. 
The  application,  clinically,  of  general  bacteriological 
principles  to  this  group  of  septic  inflammations  harmo- 
nizes to  a  certain  extent  former  conflicting  views. 

Ludwig's  angina  is  a  diffuse  phlegmonous  inflamma- 
tion of  the  floor  of  the  moutli  and  of  the  intermuscular 
subcutaneous  tissue  of  the  submaxillary  region.  It  may 
end  in  resolution,  abscess,  or  gangrene. 

Gerster  defines  it  as  a  phlegmonous  destruction  of  the 
submaxillary  gland  characterized  by  alarming  and  exten- 
sive dense  oedema,  caused  by  the  unyielding  character  of 
the  fascial  envelope  of  the  gland,  which  oedema  is  most 
manifest  about  tlie  latter  vicinity,  namely,  the  floor  of 
the  mouth. 

Its  possible  epidemic  character  can  be  explained  by  the 
simultaneous  exposure  of  various  patients  to  the  same 
septic  influence.  As  a  sequel  to  or  complication  of  in- 
fectious maladies,  it  has  been  observed  more  often  in 
typhus  fever. 

As  yet  no  special  pathogenic  germ  of  the  disease  has 
been  found,  and  where  examinations  have  been  made 
only  the  ordinary  microbes  of  suppuration  haVe  been 
present.  It  is  only  in  respect  to  the  site  of  the  disease 
that  it  may  claim  special  consideration.  The  location  in 
which  the  pus  originates  is  a  triangular  pyramidal  space 
with  the  following  boundaries:  The  apex  (below)  corre- 
sponds to  the  point  where  the  mylohyoid  muscle  borders 
the  genioglossus.  The  base  (above)  stretches  along  un- 
der the  tongue.  The  external  wall  (oblique)  is  made  up 
of  the  internal  face  of  the  inferior  maxilla  and  the  mylo- 
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hyoid  muscle ;  the  internal  wall  (vertical)  by  the  genio- 
glossus  and  the  hyoglossus.  The  mucous  membrane  of 
the  floor  of  the  mouth  and  the  glandulce  subUnguales  close 
its  cavity  on  top.  It  is  through  this  channel,  however, 
that  the  infection  gains  entrance,  so  that  the  affection  of 
the  submaxillary  gland  is  in  many,  if  not  all,  instances 
secondary. 

The  symptoms  are  constitutional  and  local.  The  for- 
mer are  in  general  those  of  pus  formation,  but  it  is  im- 
portant to  bear  in  mind  that  the  pathological  process 
may  also  give  a  distinctly  asthenic  type  of  symptoms, 
with  an  overwhelming  prostration  and  low  tempera- 
ture. 

The  local  symptoms,  in  addition  to  the  prominent 
swelling  of  the  neck,  present  the  following  diagnostic 
points:  First,  and  most  diagnostic  of  all,  there  is  a  pecul- 
iarly hard  and  wooden -like  induration  of  the  affected  re- 
gion, sharply  defined  from  the  surrounding  normal  tis- 
sue ;  second,  the  thrusting  forward  and  upward  of  the 
tongue  toward  the  palatal  vault  by  the  accumulating  in- 
flammatory products;  third,  severe  dyspncEa,  with  the 
possibility  of  laryngeal  oedema ;  fourth,  the  sensation  of 
pressure  as  from  a  hard  pad  or  button-like  swelling  at 
the  inner  aspect  of  the  dental  arcade.  With  all  of  these 
there  are  associated  the  ordinary  features  of  a  phlegmon. 
Swallowing  is  painful,  if  not  impossible,  on  account  of 
the  muscular  infiltration,  and  the  patient  may  not  be 
able  to  open  the  mouth. 

The  prognosis  is  always  grave  and  the  rate  of  mortal- 
ity high,  one  series  of  cases  reporting  over  fifty  per  cent. 
of  deaths.  Death  most  frequently  results  from  sepsis, 
or  from  suffocation  due  to  laryngeal  oedema. 

The  condition  must  be  differentiated  from  osteomyelitis 
of  the  lower  jaw,  simple  adenophlegmon  of  the  submax- 
illary gland,  and  the  rare  disease  known  as  Fleischman's 
hygroma.  In  the  first  there  is  no  limited  focus  of  inflam- 
mation. The  entire  bone  is  affected,  the  inflammatory 
process  is  more  generalized,  and  the  subhyoid  region  is 
rarely  involved.  In  the  second,  adenophlegmon,  the  in- 
flammation is  superficial,  the  gland  and  its  capsule  are 
easily  accessible,  there  is  no  wooden-like  hardness,  super- 
ficial incision  gives  exit  to  pus,  and  the  process  is  local- 
ized at  the  outset  behind  the  internal  face  of  the  maxilla. 
In  the  third  the  diagnostic  points  are  suddenness  of 
onset,  location  in  the  median  line,  and  lack  of  either  con- 
stitutional or  local  evidences  of  inflammation. 

The  treatment  must  be  based  upon  three  principles: 
First,  early  and  free  incision ;  second,  careful  subsequent 
antisepsis;  and  third,  constitutional  support.  The  con- 
dition is  one  of  ptomaJn  poisoning.  The  cause  must  be 
removed,  and  the  effects  already  produced  must  be  vigor- 
ously counteracted. 

Gerster  demonstrates  that  the  object  of  the  incision  is 
not  so  much  to  evacuate  pus  as  to  relieve  tension.  He 
supports  the  modern  view  that  the  submaxillary  gland  is 
the  focus  of  the  disease,  and  attaches  much  importance 
to  the  fact  that  pressure  over  the  (Edematous  area  rarely 
causes  pain  except  directly  over  the  gland.  If  such  evi- 
dences appear,  delay  in  operating  is  not  justifiable. 

The  operation  must  be  done  under  general  anesthesia, 
for  deep  tissues  must  be  explored,  in  close  proximity  to 
important  vessels  and  nerves. 

Fluctuation  may  be  delayed  because  of  the  pus  being 
confined  within  a  fibrous  capsule.  Early  incision  may 
evacuate  nothing  more  than  an  ichorous  discharge,  while 
pus  may  form  later,  but  tension  is  thus  relieved  and  the 
consequent  dangers  of  suffocation  are  much  lessened. 

Deep  lateral  incision  over  the  submaxillary  gland, 
operation  through  the  mouth,  and  even  external  incision 
in  the  median  line  are  all  to  be  condemned. 

The  most  effective  method  is  that  suggested  by  Ger- 
ster, namely,  to  lay  bare  the  entire  submaxillary  region 
by  a  careful  dissection  before  making  the  incision  for 
evacuating  the  abscess. 

To  be  effective  the  incision  must  penetrate  the  mylo- 
hyoid muscle. 

Following  incision  irrigation  with  bichloride  (1  to  1,000) 
or  boric  acid  (1  to  100)  must  be  carefully  carried  out,  and 
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stimulants  and  tonics  administered  according  to  indica- 
tion. The  application  of  cold  to  the  neck,  if  of  any 
value  at  all,  can  be  of  service  only  in  the  very  earliest 


Hydrogen  peroxide  may  assist  in  the  separation  of  the 
sloughs. 

A  good  resume  of  the  literature  of  this  subject  is  given 
by  J.  E.  Newcomb  in  the  New  York  Medical  Journal, 
November  23d,  1895.  JD.  Bryson  Bela/ean. 

PHARYNX,  DISEASES  OF:  CHRONIC  AFFEC- 
TIONS.—1.  Simple  Chronic  Inflammation. — In  this 
form  of  inflammation  the  morbid  process  usually  localizes 
itself  on  the  pharyngeal  mucosa  proper,  the  surroimding 
structures  escaping.  Occasionally  it  localizes  itself  in 
the  faucial  pillars  and  may  then  be  properly  called  chronic 
faucitis. 

A  frequent  cause  is  the  continuous  action  of  irritants 
such  as  excess  in  alcohol,  tobacco,  dusty  occupations, 
etc.  Many  cases  are  associated  with  chronic  nasopharyn- 
gitis. In  many  cases  also  the  malady  is  but  one  feature 
in  a  general  catarrh  affecting  the  entire  food  tract,  for  to 
the  latter  and  not  to  the  respiratory  tract  does  the  pharynx 
functionally  belong.  Acid  fumes,  over-use  of  the  voice, 
abnormal  humidity  of  the  air,  high  temperatures,  are  all 
to  be  reckoned  as  possible  causes.  It  may  be  difficult  to 
isolate  the  exciting  factor,  for  many  of  the  cases  come  on 
so  gradually  that  it  is  difficult  to  determine  any  special 
reason  for  their  occurrence.  Undoubtedly  the  modern 
method  of  living  in  overheated  houses  is  a  powerful  pre- 
disposing agent. 

The  changes  set  up  in  the  mucosa  are  those  of  a  pro- 
liferative inflammation.  The  vessels  may  show  an  initial 
hyperaemia,  but  the  essential  change  is  the  formation  of 
new  connective  tissue  in  the  deeper  layers  of  the  mem- 
brane. Mucous  glands  are  here  scanty,  but  secretion 
from  the  membrane  as  a  whole  is  increased,  and  in  view 
of  the  abnormal  surroundings  it  soon  becomes  viscid. 
Occasionally  nodular  veins  may  be  seen  coursing  over 
the  posterior  wall  of  the  pharynx. 

The  most  prominent  sj'mptom  is  local  irritation,  but 
actual  pain  in  swallowing  is  rare.  Owing  to  the  co-in- 
volvement of  the  stomach,  there  are  more  or  less  morning 
retching,  nausea,  and  even  vomiting.  These  conditions 
may  make  examination  of  the  throat  extremely  difficult. 
The  breath  may  be  sour  and  offensive.  Constipation  and 
flatulency  are  frequent.  Cough  and  huskiness  of  the 
voice  are  not  uncommon.  Hemorrhage  occasionally 
takes  place  from  a  ruptured  capillary.  The  mucosa  is 
dark  and  beefy  in  appearance,  but  this  feature  does  not 
extend  farther  forward  than  the  posterior  pillars.  The 
pharyngeal  wall  may  be  covered  with  tenacious  secretion. 
The  grade  of  severity  of  the  symptoms  is  generally  condi- 
tioned on  the  amount  of  accompanying  nasopharyn- 
gitis. 

Ti'eatment  should  be  first  directed  toward  the  correction 
of  any  vicious  habits  in  eating  or  drinking.  Excesses  in 
tobacco  and  all  alcohol  must  be  cut  off  short.  The 
former  are  indicated  by  a  dry  glazed  look,  and  the  latter 
by  a  red,  angry  appearance  of  the  mucosa.  To  facilitate 
a  thorough  examination  of  the  throat,  we  may  use  ice- 
water  gargles,  bromide  sprays,  bromides  internally,  and 
even  weak  cocaine  sprays.  I  have  generally  found  it 
necessary  to  interdict,  during  treatment,  tea,  coffee,  and 
all  very  hot  or  highly  seasoned  fatty  and  greasy  foods. 
All  food  must  be  thoroughly  masticated,  and  but  little 
fluid  should  be  taken  at  meals.  Attention  is  now  to  be 
given  to  the  gastro-enteric  tract.  Cholagogues,  salines, 
alkalies  with  bitters,  etc.,  here  find  a  proper  application. 
Attention  in  detail  to  the  foregoing  matters  will  often 
obviate  the  necessity  for  local  treatment.  For  topical 
use  we  may  employ  solutions  (twenty  grains  to  the 
ounce)  of  silver  nitrate,  the  zinc  salts  (the  chloride  ex- 
cepted), aluranol,  or  protargol.  For  such  remedies  as 
are  applied  by  cotton  carriers,  the  oleostearate  of  zinc, 
made  of  zinc  stearate  in  mentholated  albolene,  forms  an 
agreeable  viscid  menstruum.  Before  any  of  these  are  ap- 
plied, the  mucosa  should  be  thoroughly  cleansed  with  a 
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warm,  alkaline  spray.  Gargles  are  of  secondary  value 
here,  as  the  puckering  of  the  throat  surfaces,  incident  to 
their  use,  gives  only  a  partial  contact  with  the  mucosa. 

2.  Chronic  Follicular  Inflammation.— This  vari- 
ety practically  limits  itself  to  the  pharyngeal  wall  proper, 
the  faucial  structures  not  being  involved.  It  is  of  clinical 
importance  because  the  symptoms  are  out  of  all  propor- 
tion to  the  mild  appearance  of  the  lesion. 

The  brunt  of  the  process  falls  on  the  lymphoid  follicles 
and  is  one  expression  of  "  lymphatism  "  or  the  tendency 
of  all  lymphatic  structures  to  take  on  overgrowth  during 
the  earlier  periods  of  life.  While  during  the  very  early 
years  this  tendency  is  more  noticeable  in  the  nasophar- 
ynx, it  may  become  localized,  as  time  goes  on,  in  the 
pharynx  proper.  Bad  hygiene  is  an  important  causative 
factor.  The  subvariety  of  the  disease  called  "  granular, " 
because  the  smallness  of  the  follicular  enlargements  gives 
the  mucosa  a  granular  appearance,  has  been  referred  to  a 
systemic  hyperacidity ;  but  this  view  is  objectionable,  in 
that  it  invokes  the  relation  of  the  mucous  glands  to  the 
condition,  they  becoming  stopped  up  by  the  action  of 
the  acidity  which  precipitates  their  mucin.  Improper 
vocal  effort,  both  overuse  of  the  voice  and  use  under  im- 
proper conditions,  may  lead  to  follicular  enlargement; 
hence  the  familiar  name  of  "clergyman's  sore  throat." 

As  noted  above,  the  follicular  enlargement  may  be 
granular  or  may  occur  in  the  form  of  large  masses  like 
red  beads  on  the  pharyngeal  wall.  At  times  it  may  be 
localized  behind  the  posterior  pillars,  the  appearance 
presented  being  not  unlike  that  of  columns  or  bead- 
chains.  This  is  the  "pharyngitis  lateralis"  of  some 
writers.  These  longitudinal  deposits  may  fuse  with  the 
pillars,  but  are  generally  of  a  darker  hue.  The  follicles 
nearest  the  mouths  of  the  muciparous  glands  are  the 
most  involved.  In  all  cases  the  process  is  essentially  a 
hyperplasia,  an  actual  increase  in  the  number  of  lymphoid 
elements,  especially  about  the  efferent  channels  of  the 
nodes  themselves.  This  hyperplasia  may  involve  the 
entire  thickness  of  the  mucosa  or  it  may  confine  itself  to 
projections  from  the  surface.  At  first  the  enlargements 
are  soft,  but  they  harden  and  become  smaller  with  time. 
The  process  seems  to  involve  the  tendrils  of  the  sensory 
nerve  fibres,  though  whether  merely  by  compression  or 
in  some  other  way  not  understood  is  uncertain.  This 
nerve  involvement  accounts  for  the  relative  severity  of 
symptoms. 

The  most  prominent  symptom  is  pharyngeal  dysaesthe- 
sia  increased  by  swallowing  or  vocal  effort.  Secretion  is 
not  as  a  rule  increased.  It  may  be  blood-streaked  by  the 
rupture  of  a  superficial  vessel.  The  tonsil's  often  become 
adherent  to  the  faucial  pillars,  and  from  the  frequent 
efforts  at  hawking  the  uvula  becomes  elongated.  The 
voice  is  husky  and  a  nervous,  irritable  cough  is  present. 
The  patients  become  very  neurotic,  and  this  fact  in  turn 
aggravates  pre-existing  symptoms.  The  disease  contin- 
ues indefinitely  unless  treated,  though  it  does  not  seem 
to  predispose  to  lesions  of  the  air  tract  below. 

Treatment  calls  for  the  same  general  measures  as  for 
simple  chronic  pharyngitis,  and  in  addition  for  the  de- 
struction of  the  enlarged  follicles.  Any  of  the  caustic 
acids  or  the  electro-cautery  may  be  used  for  this  purpose. 
A  small  iron  wire,  heated  in  the  flame  of  a  spirit  lamp, 
will  answer.  A  drop  of  a  two-per-cent.  solution  of  co- 
caine injected  into  the  area  of  puncture  makes  the  latter 
practically  painless.  Six  or  eight  punctures  may  be 
made  at  each  sitting,  an  antiseptic  spray  being  used  on 
the  intervening  days.  The  minute  sloughs  should  be 
allowed  to  come  away  before  treatment  is  resumed.  Cu- 
retting of  the  entire  area  has  been  advised.  Internally 
we  may  give  the  iodides  in  small  doses  and  the  various 
alkaline  mineral  waters  freely.  It  is  unlikely  that  the 
latter  are  of  real  service  unless  they  correct  some  under- 
lying diathesis.  Tobacco  should  be  out  off.  Alcohol 
may  be  used  sparingly.  Nervous  patients  need  arsenic, 
strychnine,  and  phosphorus. 

3.  Chronic  Atrophic  Inflammation. — In  this  vari- 
ety there  is  an  actual  atrophy  of  glandular  tissue  and  of 
the  other  elements  of  the  mucosa.    Some  authorities  look 


on  the  process  as  merely  the  terminal  stage  of  trhe  ordi- 
nary catarrh ;  others  as  a  separate  affection.  It  may  oc- 
cur alone,  but  is  more  often  associated  with  similar  le- 
sions in  the  nose  and  nasopharynx.  It  may  be  a  sequel 
of  severe  local  acute  conditions  such  as  occur  in  the  exan- 
themata and  diphtheria,  and  is  not  infrequently  a  feature 
of  diabetes  and  chronic  Bright's  disease. 

There  may  be  a  proliferation  of  new  connective  tissue, 
so  that  in  the  earlier  stages,  before  the  follicles  have  atro- 
phied extensively,  they  appear  to  lie  on  a  whitish  bed  and 
the  whole  membrane  is  very  dry.  This  is  the  so-called 
"  pharyngitis  sicca," 

The  main  symptoms  are  an  uncomfortable  feeling  of 
dryness  with  more  or  less  pharyngeal  dyssesthesia.  The 
mucosa  may  be  covered  with  thick,  dry,  tenacious  secre- 
tion. Removal  of  this,  which  strings  down  from  the 
nasopharynx,  may  uncover  a  rather  red  subacutely  in- 
flamed area. 

I'reatment  calls  for  restoration  of  the  nose  and  naso- 
pharynx to  the  normal  and  for  the  correction  of  any  vi- 
cious habits,  Persistent  dryness  should  always  lead  to 
an  examination  of  the  urine,  for  the  underlying  cause  may 
thereby  come  to  light.  The  dried  mucus  should  be  re- 
moved by  warm,  alkaline  sprays,  and  for  home  treatment 
the  patient  may  inhale  mentholated  steam  or  the  vapor  of 
menthol  in  association  with  eucalyptol  and  compound 
tincture  of  benzoin.  For  topical  application  we  maj"^ 
use  ichthyol  in  glycerin  (ten  to  thirty  per  cent.)  or  the 
familiar  Mandl's  solution — iodine  gr.  v.,  potassium  iodide 
gr.  X.,  carbolic  acid  lUij.,  and  glycerin  |  ss.  The  writer 
has  had  much  satisfaction  with  solutions  of  mucin.  This 
comes  in  the  form  of  tablets  containing  gr.  v.  each  of 
mucin  and  bicarbonate  of  soda,  and  gr.  i.  of  menthol,  the 
latter  giving  an  agreeable  odor  and  flavor,  and  serving 
to  keep  the  solution  in  warm  weather.  For  the  latter 
purpose  thymol  may  also  be  used.  Mucin  seems  to  re- 
store moisture  to  the  mucosa  and  maintain  it  simply  in 
virtue  of  its  hygroscopic  properties.  The  above  tablet, 
which  has  the  appearance  and  odor  of  pepsin,  may  be 
added  to  half  an  ounce  each  of  sterilized  water  and  ster- 
ilized lime  water,  shaken  well,  and  applied  either  on  a  cot- 
ton carrier  or  in  spray.  If  the  latter  be  used,  the  spray 
tube  should  be  flushed  out  with  clean  water  at  intervals 
so  as  to  prevent  clogging.  The  tablets  may  also  be  given 
to  the  patient  for  use  as  troches. 

It  must  be  remembered  that  treatment  is  at  best  only 
palliative,  for  advanced  stages  of  the  affection  present  a 
condition  practically  irremediable. 

4.  Rheumatic  and  Gouty  Inflammations. — A .  Mheu- 
matio  Inflammation. — Rheumatic  pharyngitis  occurs  in 
two  forms :  (1)  acute,  and  (3)  chronic. 

In  the  acute  form  we  find  the  same  list  of  predisposing 
and  exciting  causes  as  for  rheumatism  in  general.  The 
local  changes  follow  the  same  sequence  as  in  acute  ca- 
tarrhal inflammation,  except  that  the  grade  of  inflamma- 
tion is  less  severe,  is  apt  to  be  localized  in  patches,  and 
causes  an  amount  of  pain  out  of  all  proportion  to  its 
apparent  intensity.  An  inflammation  of  the  fibrous  fas- 
cia of  the  pharynx  is  possible. 

The  course  of  an  attack  is  somewhat  as  follows :  Local 
symptoms — burning,  dysphagia,  and  dryness — first  ap- 
pear, and  are  followed  by  a  mild  attack  of  fever  and 
constitutional  depression.  After  two  or  three  days  these 
disappear,  the  pain  suddenly  shifting  to  the  muscles  of 
the  neck,  back,  or  extremities,  possiblj^  to  some  joint. 
The  swallowing  of  the  saliva  continues  to  be  annoying. 
Inspection  may  show  livid  patches  or  streaks  in  the 
throat.  The  pain  is  somewhat  peculiar  and  stinging,  so 
that  those  affected  learn  to  recognize  it.  The  sudden 
onset,  the  character  of  the  pain,  the  history  of  rheuma- 
tism, and  the  sudden  shifting  of  the  local  storm  area 
form  a  fairly  definite  clinical  pictui'e  which  lasts  for  four 
or  five  days.  In  the  writer's  opinion,  a  diagnosis  from 
mere  inspection  of  the  fauces  cannot  be  made.  Some 
writers  have  reported  pharyngeal  ulcerations  which 
proved  to  be  resistant  to  every  other  mode  of  treatment, 
but  healed  under  anti-rheumatic  measures. 

Treatment  calls  for  the  exhibition  of  the  usual  remedies 
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for  rlieumatism,  together  with  local  anodynes  and  seda- 
tives. 

In  the  chronic  form  we  find  the  same  list  of  causes  as 
for  chronic  muscular  and  joint  rheumatism.  It  is  more 
common  in  men  tlian  in  women,  and  the  period  from  the 
twentieth  to  the  sixtieth  year  marks  its  age  limits.  The 
onset  may  he  sudden,  but  it  is  generally  very  gradual, 
and  patients  come  under  observation  only  after  months  or 
even  years  of  indefinite  pharyngeal  pain.  This  is  often 
referred  to  the  region  of  the  hyoid  bone.  Ingals  finds 
the  lesion  more  common  on  the  right  side.  From  this 
site  the  pain  may  radiate  to  or  be  felt  on  one  side  of  the 
larynx,  In  the  tonsils,  trachea,  side  of  the  base  of  the 
tongue,  etc.  The  parts  within  reach  are  painful  on  press- 
ure, and  are  generally  so  during  swallowing  or  phona- 
tion.  Continuous  speech  is  especially  tiresome.  Curi- 
ously enough  the  pain  may  disappear  during  eating.  It 
is  very  capricious  as  to  character,  localization,  and  in- 
tensity. All  combinations  in  these  respects  are  possible. 
The  gastro-enteric  tract  is  generally  sluggish.  Inspec- 
tion reveals  nothing  constant.  An  area  of  congestion 
may  surround  the  painful  spot.  The  affection  rnay  be 
confounded,  as  far  as  subjective  symptoms  go,  with  al- 
most any  common  inflammation  of  the  throat,  and  each 
must  be  ruled  out  by  exclusion,  special  stress  being  laid, 
for  rheumatic  pain,  on  the  shifting  of  the  area  of  annoy- 
ance, a  change  of  severity  according  to  the  weather,  and 
a  history  of  the  rheumatic  diathesis. 

The  treatment  is  identical  with  that  of  the  chronic 
rheumatic  state  in  general  plus  the  use  of  local  sedatives. 
To  the  areas  of  tenderness  we  may  apffty  solutions  of 
aconite,  morphine,  metallic  astringents,  etc.  Ingals  ad- 
vises the  use  of  applications  of  the  following  mixture : 
Morphine  sulphate,  gr.  iv. ;  tannic  acid,  gr.  xxx. ;  car- 
bolic acid,  v\,  xxx. ;  and  glycerin  and  water,  of  each 
fl.  I  ss.  This  may  be  used  as  a  spray  by  the  physician 
or  applied  in  one-half  strength  by  the  patient  at  home. 
'  Internally  he  gives  three  grains  each  of  salol  and  extract 
of  Phytolacca  every  few  hours. 

jB.  Qouty  Inflammation. — As  in  rheumatism  gouty 
manifestations  in  the  pharynx  may  be  either  acute  or 
chronic. 

The  acute  form  occurs  in  those  of  a  lithsemic  diathesis, 
in  heavy  eaters  who  indulge  in  but  little  exercise,  and  in 
those  who  have  lead  poisoning  or  renal  changes.  The 
outbreaks  are  more  common  in  cold  weather  and  follow 
dietetic  excesses,  over-indulgence  in  wine,  heavy  mental 
or  emotional  strain,  etc.  Most  of  the  patients  are  between 
thirty  and  forty  years  of  age. 

So  far  as  concerns  pathology,  nothing  more  than  a  ca- 
tarrhal inflammation  can  be  found.  There  is  a  patchy 
hypersemia  with  redness  and  cedema  of  the  pharyngeal 
wall,  possibl)^  with  swelling  of  the  soft  palate  and  uvula. 
The  tonsils  may  be  moderately  enlarged  and  the  larynx 
congested. 

The  sym/ptoms  are  pain,  out  of  all  proportion  to  the 
apparent  severity  of  the  inflammation,  irritable  pharynx, 
coated  and  flabby  tongue,  scanty  and  high-colored  urine. 
After  a  series  of  such  attacks  the  teeth  may  appear  large 
from  retraction  of  the  gums  and  they  have  a  yellowish  ap- 
pearance. Diagnosis  must  be  made  from  rheumatism  and 
from  simple  neuralgia.  Assistance  is  derived  from  the 
presence  of  tophi  oi-  other  gouty  manifestations  elsewhere. 
The  pain  may  suddenly  leave  the  throat  and  appear  in 
the  joints,  usually  bearing  the  brunt  of  gouty  out- 
breaks. 

Treatment  calls  for  the  exhibition  of  colchicum  and  the 
use  of  local  sedative  washes,  as  for  rheumatism. 

In  the  chronic  form  of  gouty  pharyngitis  we  find  a 
dark-red  discoloration  of  the  uvula,  soft  palate,  faucial 
pillars,  and  tonsils,  the  "angina  uratica"  of  the  older 
writers.  Occasionally  an  acute  cedema  of  the  parts  is 
added.  At  times  the  process  localizes  itself  in  the  corner 
between  the  posterior  and  lateral  pharyngeal  walls,  which 
may  be  swollen  and  red.  In  young  patients  the  mucosa 
may  be  covered  with  mucus  or  muco-pus ;  in  older  pa- 
tients it  is  more  apt  to  be  dry  and  glazed, with  a  network 
of  enlarged  vessels  or  scattered  livid  spots.     In  one  case 


there  was  a  daily  casting  off  of  lime  salts  from  the  mu- 
cous follicles. 

The  symptoms  consist  of  attacks  of  sharp  pain  radiating 
to  the  ears,  irritable  cough  with  the  expectoration  of 
pellets  of  viscid  mucus,  intense  throat  irritability,  and 
disordered  gastro-enteric  tract.  Possible  symptoms  are 
spasmodic  obstruction  of  the  nose  (alone  or  with  coryza), 
dysphagia,  laryngeal  spasm,  modification  of  voice,  and 
rapid  vocal  fatigue.  There  is  always  a  tendency  to  acute 
exacerbations.  The  urine  shows  an  excess  of  oxalates, 
phosphates,  and  urates. 

Treatment  comprises  an  anti-gout  regimen  and  local 
sedatives.  The  mineral  waters  are  of  especial  service. 
One  of  the  best  local  applications  consists  of  menthol  gr. 
x.,  and  terebene  til  xv.  in  liquid  paraflln. 

5.  Syphilitic  Inflammation. — For  information  as  to 
present-day  views  of  the  nature  of  the  syphilitic  virus, 
other  articles  in  this  Handbook  must  be  consulted.  It 
may  be  .said  in  passing  that  acute  and  chronic  inflamma- 
tions of  the  pharyngeal  mucosa  distinctly  predispose  to 
specific  infection. 

The  initial  lesion  may  appear  on  either  the  soft  palate 
or  the  tonsils.  A  chancre,  more  or  less  indurated,  is  pres- 
ent with  later  erosions  from  irritation  or  ulceration. 
There  is  invariably  enlargement  of  the  cervical  glands, 
and  in  due  time  constitutional  symptoms  develop. 

Erythema  appears  in  from  the  sixth  to  the  sixteenth 
week  or  later.  The  mucosa  on  the  lips,  cheeks,  tonsils, 
uvula,  soft  palate,  and  posterior  pliaryngeal  wall  has  the 
appearance  of  passive  congestion.  The  areas  involved 
vary  in  size  from  a  pea  to  a  penny.  The  erythema  is 
symmetrical  and  shows  a  sharp  demarcation  from  the 
surrounding  tissue.  This  demarcation  and  symmetry  are 
strongly  suggestive,  for  otherwise  the  mucosa  appears 
as  if  only  ordinarily  inflamed. 

The  mucous  patch  may  occur  at  any  time,  though  it  is 
generally  one  of  the  "  secondary "  manifestations.  It 
poisons  the  buccal  secretions  and  is  therefore  especially 
dangerous.  The  patches  are  ovoid  and  shallow,  possibly 
symmetrical,  and  represent  areas  with  an  exudate  of  se- 
rum and  a  free  supply  of  imperfectly  developed  cells. 
Without  treatment  these  areas  and  their  surrounding 
zones  of  tissue  ulcerate  and  cicatrize,  the  cicatrix  being 
stellate. 

The  gumma  appears  in  from  five  to  fifteen  years  after 
infection.  Its  favorite  site  is  on  the  posterior  surface  of 
the  soft  palate.  This  lesion  rarely  passes  over  anatomi- 
cal boundaries,  that  is,  it  does  not  extend  directly  in 
front  of  the  faucial  pillars,  above  the  pharyngeal  tonsil, 
or  to  the  larynx.  It  appears  as  a  diffuse  infiltration,  may 
form  rapidly,  and  may  undeigo  rapid  destruction.  It 
may  be  nodular,  in  which  case  there  is  a  bulging  of  the 
superjacent  mucosa.  There  is  an  infiltration  of  the  tis- 
sues and  vessel  walls  with  small  round  embryonic  cells 
embedded  in  a  gelatinous  basement  substance.  The  mu- 
tual crowding  of  these  cells  shuts  off'  the  blood  supply, 
and  the  whole  mass  breaks  down  into  a  cheesy  consis- 
tency surrounded  by  a  zone  of  granulation  tissue,  which 
later  becomes  fibrous.  Abscess  formation  is  rare.  De- 
struction does  not  pass  beyond  the  confines  of  the  origi- 
nal deposit.  Large  ai-eas  may  give  way  while  bands  of 
fibrous  tissue  pass  from  one  point  to  another,  thus  dis- 
torting the  parts.  Fluids  may  therefore  regurgitate  into 
the  nose  and  the  soft  palate  becomes  adherent  (rarely  com- 
pletely so)  to  the  posterior  phaiyngeal  wall.  The  hard 
palate  may  become  Involved  and  perforated  and  occa- 
sionally a  large  vessel  is  eroded.  Gummata  are  more 
rarely  absorbed  in  the  pharynx  than  elsewhere.  Occa- 
sionally the  course  is  so  acute  that  immense  destruction 
occurs  in  a  very  few  days. 

The  symptoms  of  the  initial  lesion  are  painful  swallow- 
ing and  enlarged  glands,  that  is,  nothing  outside  of  what 
may  accompany  an  ordinary  sore  throat.  The  diagnosis 
is  often  indecisive  until  cutaneous  lesions  appear.  In 
erythema  we  find  a  peculiar  stiffness  of  the  throat  mus- 
cles and  painful  swallowing.  In  the  mucous  patch  there 
is  extreme  sensitiveness  increased  by  all  irritants  and  by 
overuse  of  the  voice.     Nutrition  may  be  interfered  with. 
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Fresh  patches  appear  in  groups  occupying,  in  order  of 
relative  frequency,  the  soft  palate  and  uvula,  anterior 
surface  of  anterior  pillars,  tonsillar  convexities,  and  an- 
terior surface  of  the  posterior  pillars.  A  patch  on  one 
side  may  by  contact  symmetrically  reproduce  itself  on 
the  other  side.  A  fresh  patch  is  strongly  suggestive  of  a 
recent  application  of  silver  nitrate.  A  few  cases  have 
been  seen  with  a  thick  exudation  suggestive  of  diphthe- 
ria and  attended  with  marked  constitutional  symptoms. 

The  symptoms  of  the  gumma  are  mainly  mechanical. 
After  ulceration  has  occurred  pain  may  be  severe.  The 
typical  tertiary  ulcer  is  deeply  excavated  with  sharply 
defined  edges,  surrounded  by  an  angry  red  zone  and  cov- 
ered with  bright  yellowish  pus. 

The  diagnosis  of  the  advanced  lesions  is  not  difficult ; 
but  the  same  is  not  true  of  the  earlier  ones.  At  first 
sight  the  patients  may  present  nothing  but  the  lesions  of 
an  ordinary  sore  throat.  A  most  careful  examination 
should  be  made,  together  with  an  investigation  into  the 
possibility  of  infection.  All  apparently  simple  catarrhal 
cases  not  yielding  to  treatment  must  be  regarded  as  sus- 
picious, and  also  those  cases  presenting  a  persistent  dys- 
phagia without  apparent  cause. 

Treatment  must  be  prompt  and  energetic.  Alcohol, 
tobacco,  condiments,  and  all  irritants  must  be  given  up. 
The  tooth  brush  must  be  used  regularly  and  followed  by 
rinsing  with  some  weak  antiseptic.  If  deglutition  be  ex- 
tremely painful  a  weak  cocaine  solution  may  be  used  be- 
fore eating.  The  patient  must  be  told  that  he  is  a  poten- 
tial source  of  danger  to  others,  and  strict  hygiene  in 
every  sense  must  be  enforced.  Local  lesions  should  be 
cleansed  with  an  alkaline  spray  and  dusted  with  ortho- 
form,  or  argyrol  (silver  vitellin)  maybe  applied  in  thirty- 
per-cent.  watery  solution.  For  home  use  as  a  cleansing 
agent  we  may  order  bichloride  solution,  1  to  3,000,  or  black 
wash.  Each  mucous  patch  should  be  touched  with  sil- 
ver-nitrate stick.  Indurated  areas  may  be  painted  with 
a  solution  of  bichloride,  two  grains,  in  sulphuric  ether, 
five  drachms.  On  fissured  ulcerations  a  ten-per-cent.  so- 
lution of  iodoform  in  ether  may  be  sprayed.  Small  pala- 
tal perforations  may  heal  under  the  combined  effect  of 
constitutional  treatment  and  the  application  to  their  edges, 
thrice  weekly,  of  mono-  or  trichloracetic  acid  fused  on  a 
probe.  Sometimes  an  obturator  may  be  fitted,  with  ad- 
vantage to  the  act  of  swallowing. 

Constitutional  treatment  must  be  adapted  to  the  ex- 
isting stage  of  the  disease  (see  article  on  Syphilis).  De- 
formities and  stenoses  must  be  treated  according  to  the 
requirements  of  each  individual  case. 

6.  TuBEKCTJLOtrs  Inflammation. — In  the  vast  major- 
ity of  cases  pharyngeal  tuberculosis  is  secondary  to  depos- 
its in  other  parts  of  the  body.  The  primary  form  is, 
however,  possible,  and  forms  about  one  per  cent,  of  all 
cases  of  acute  tuberculous  inflammations  of  the  upper  air 
passages.  As  opposed  to  this  rarity  is  the  virulence  of  the 
disease.  Favorite  seats  of  invasion  are  the  uvula  and  soft 
palate,  especially  the  anterior  surfaces  of  these  structures ; 
then  come  the  tonsils,  posterior  pharyngeal  wall,  and  hard 
palate. 

The  general  causes  are  those  of  tuberculosis  m  general. 
The  exposed  position  of  the  parts  would  seem  to  predis- 
pose them  to  infection,  but  their  constant  movement  in 
normal  function  tends  to  clear  away  morbid  material  be- 
fore it  has  had  time  to  penetrate  the  tissues.  Some  au- 
thorities believe  that  the  saliva  offers  a  distinct  barrier  to 
the  acclimatization  of  the  tubercle  bacillus,  while  other 
forms  of  bacterial  life,  with  which  the  oral  cavity  swarms, 
are  also  inimical  to  bacillary  growth.  Infection  may 
come  through  the  blood  and  lymph,  through  the  inspired 
air,  and  through  foodstuffs,  ,^,  ^, 

The  disease  may  manifest  itself  in  two  forms:  (1)  the 
ordinary  miliary  tubercle;  and  (2)  a  papular  lesion  con- 
fined to  small  areas,  and  especially  apt  to  settle  on  the 
anterior  surface  of  the  soft  palate.  In  both  the  micro- 
scopical picture  is  the  same,  viz.,  a  small  round-celled 
infiltration  of  the  connective  tissue  gradually  extending 
into  the  vessel  walls.  Then  follow  endarteritis,  oblitera- 
tion, cheesy  softening,  and  ulceration.    It  is  difficult  to 


find  either  bacilli  or  giant  cells  in  scrapings  from  the  sur- 
face or  in  bits  of  tissue  removed. 

On  inspection  we  may  note  either  the  miliary  deposits 
studding  the  mucosa  and  apparently  shining  through  it 
as  white  points,  or  there  may  be  the  larger  papular 
masses  extending  in  the  primary  cases  as  a  fringe  of 
small  excrescences  along  the  anterior  pillars.  After  a 
while  these  deposits  break  down  into  characteristic  ulcers. 
These  may  by  their  coalescence  involve  a  large  area.  The 
uvula  becomes  swollen,  oedematous,  and  exquisitely 
painful.  Cases  of  perforation  of  both  the  soft  and  the 
hard  palate  are  on  record.  The  general  appearance  of 
other  pharyngeal  surfaces  is  one  of  anaemia  due  either  to 
the  endarteritis  or  possibly  to  a  toxic  vaso-constriction. 

The  most  constant  symptom  is  early  and  constant  pain 
in  the  affected  areas.  The  palatal  muscles  are  swollen  and 
stiff  with  resulting  dysphagia.  Food  accumulates  in  the 
pharyngeal  recesses  and  may  get  into  the  nasopharynx. 
Cough  is  present  and  the  accumulation  of  saliva  is  exces- 
sive. Speech  is  hesitating,  but  the  voice  is  not  changed 
unless  the  larynx  is  involved.  Later  the  cervical  glands 
are  enlarged.  If  the  process  is  confined  to  the  tonsils 
the  difficulty  in  swallowing  is  much  less.  Owing  to  the 
latter  symptom  the  patient  is  loath  to  take  food,  and  the 
emaciation  incident  to  the  constitutional  malady  is  hast- 
ened. 

Diagnosis  is  based  upon  the  characteristic  appearance 
of  the  parts  and  the  coexistence  of  tuberculous  lesions 
in  other  parts  of  the  body.  Syphilis  must  be  excluded 
in  doubtful  cases  by  the  results  of  treatment.  The  two 
diseases  may  coexist.  The  typical  tuberculous  ulcer  is 
shallow,  with  a  surface  flush  with  the  surrounding  mu- 
cosa, with  the  same  color,  covered  with  ropy  mucus  and 
possibly  with  a  perioedema;  in  cases  complicated  by 
syphilis  the  ulceration  is  extremely  sluggish,  has  a  dirty- 
looking  secretion,  and  is  but  little  painful. 

The  prognosis  is  as  a  rule  bad,  though  a  few  recoveries 
have  been  reported.  The  local  condition  is  but  one  feat- 
ure of  a  constitutional  involvement.  Healing  of  the  ' 
ulcerations  will  greatly  conduce  to  the  tolerance  of  liv- 
ing, even  though  the  constitutional  deterioration  goes 
steadily  on. 

Every  hygienic  and  tonic  measure  possible  should  be 
instituted.  Climate  does  not  seem  to  be  of  much  service 
in  pharyngeal  tuberculosis.  All  sources  of  buccal  irrita- 
tion should  be  removed,  the  teeth  placed  in  order,  and 
the  food  should  be  pultaceous.  The  patient  will  often 
find  it  easier  to  gulp  food  down  than  swallow  it  in  the 
conventional  way.  The  plan  most  in  vogue  at  the  pres- 
ent time  for  treating  the  ulcers  is  to  curette  them  thor- 
oughly under  cocaine  and  then  rub  in  solutions  of  lactic 
acid  in  water,  beginning  with  say  ten  per  cent,  and  grad- 
ually increasing  up  to  eighty  per  cent. ,  or  even  the  pure 
acid.  The  ulcerated  surfaces  should  be  regularly 
cleansed  with  hydrogen  peroxide,  then  with  a  weak  alka- 
line solution,  and  finally  dusted  with  some  such  powder  as 
aristol.  Enzymol,  a  proteid  ferment,  may  be  substituted 
for  the  peroxide.  It  is  less  irritating  and  just  as  efficient. 
Menthol  in  olive  oil,  twenty  per  cent.,  has  its  advocates. 
Morphine  with  cocaine  or  tannin  may  be  cautiously  ap- 
plied, but  the  use  of  the  first-named  remedy  should  be 
avoided  as  long  as  possible.  For  the  cough  we  may  give 
heroin  in  one-twelfth  grain  doses  every  three  hours.  Or- 
thoform  is  here  used  as  a  local  anodyne  with  great  ad- 
vantage. It  may  be  dusted  on  with  equal  parts  of  stea- 
rate  of  zinc  or  subcarbonate  of  bismuth.  To  insure  its 
contact  as  long  as  possible  with  the  affected  parts  we 
may  use  the  excellent  formula  of  Freudenthal,  viz. :  Men- 
thol 10  gm.,  expressed  oil  of  almonds  30  gm.,  yolks  of 
two  eggs,  orthoform  (13i  gm.),  and  water  to  make  100 
gm. 

7.  Actinomycosis  of  the  Pharynx.— This  is  an  infec- 
tious, parasitic,  and  inoculable  disease  primarily  attack- 
ing domestic  cattle,  but  communicable  from  them  to  man. 
The  original  source  of  infection  is  grain.  Bollinger  says 
that  oats  grown  on  newly  ploughed  land  are  the  main 
carriers  of  contagion,  but  that  rye  and  other  grains  are 
at  times  similarly  affected.     In  man  the  infection  may 
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arise  by  inoculation  from  animals,  possibly  from  infected 
cereal  foodstuffs,  and  doubtless  often  from  the  frequent 
habit  of  field  workers  of  chewing  bits  of  hay,  straw,  etc. 
Flies  may  carry  the  contagion.  In  one  instance  kissing 
was  the  method  of  conveying  the  disease. 

It  is  difficult  to  say  just  how  often  the  pharynx  is 
afEected,  as  reliable  statistics  on  this  point  are  lacking. 
We  may  refer  to  the  figures  of  J.  Israel,  who  found  that 
out  of  five  hundred  cases  the  head  and  neck  were  involved 
in  fifty-five  per  cent,  and  the  tliroat  and  lungs  in  twenty 
per  cent.  Figures  as  to  localization  in  the  pharynx  are 
not  given.  In  the  latter  site  the  disease  may  be  primary 
or  secondary. 

The  infecting  agent  is  an  organism  called  the  "  ray 
fungus."  Its  exact  place  in  classification  is  still  a  matter 
of  dispute.  By  some  it  is  called  streptothrix  actinomy- 
cotica ;  by  others,  actinooladothrix.  It  appears  in  the 
suppurative  foci  (hereinafter  described)  aggregated  in 
small  masses  of  a  yellowish  color.  It  can  be  cultivated 
in  gelatin  and  more  quickly  in  agar  and  beef  serum.  Its 
favorite  temperature  is  about  95°  F.  F6r  examination  a 
bit  of  the  suspected  material  should  be  smeared  or  teased 
on  a  slide,  carefully  dried  in  a  flame  and  then  stained  a 
few  minutes  in  a  solution  of  picrocarmine,  washed  in  wa- 
ter or  alcohol,  and  mounted  in  glycerin.  Sections  of  tis- 
sue are  handled  in  the  same  way  and  mounted  in  glycerin 
or  Canada  balsam.  The  fungi  appear  yellow  and  the 
remainder  of  the  field  red.  The  actinomycotic  tufts  and 
single  nodes  may  be  recognized,  scattered  about  in  the 
field,  and  easily  distinguishable  from  the  surrounding 
red. 

According  to  Leumann  each  of  the  yellowish  masses 
may  be  subdivided  info  three  zones:  (1)  An  outer  zone 
made  up  of  club-shaped,  wedge-like  rays  with  rounded 
bases  appearing  when  viewed  in  section  to  be  set  on  star 
fashion  and  surrounded  by  large  cells  or  by  cells  seem- 
ing to  contain  fragments  of  the  fungi  in  their  substance ; 

(2)  a  middle  zone  made  up  of  branching  mycelial  threads 
(furcated)  passing  from  the  centre  to  the  periphery ;  and 

(3)  an  inner  zone  made  up  of  cocci  in  chains.  The 
threads  are  the  active  portion  of  the  organism  and  the 
portion  capable  of  artificial  growth. 

Certain  observers  have  noted  the  presence  of  structures 
known  as  Rainey's  or  Mieschler's  corpuscles.  These  are 
cylindrical  tube-like  bodies  and  are  supposed  to  be  due 
to  the  growth  of  the  ray  fungus  inside  muscular  fibres. 
They  are  thei'eforo  rather  a  result  than  an  essential  ele- 
ment of  the  process. 

When  once  infection  has  occurred  extension  is  probably 
not  through  the  lymphatics  but  by  destruction  of  the 
vessel  walls  and  the  consequent  easy  access  to  the  inner 
organs  by  the  blood  stream.  The  accompanying  glandu- 
lar enlargement  is  due  to  the  admixture,  with  the  ray 
fungi,  of  pus  micro-organisms,  notably  the  streptococcus 
pyogenes  aureus. 

Undoubtedly  the  mouth  is  the  most  frequent  portal  of 
infection ;  especially  the  alveolar  processes  of  the  lower 
jaw._  Israel  has  found  the  fungi  in  the  lacunae  of  healtliy 
tonsils,  but  they  are  harmless  in  the  absence  of  solution 
of  tissue  continuity. 

The  first  manifestation  of  infection  is  generally  a  peri- 
osteal abscess  running  the  usual  course  and  leading  in 
about  six  weeks  to  true  periostitis.  The  surrounding 
tissues  are  invaded,  and  suppuration  appears  between 
the  chin  and  the  hyoid  bone,  produced,  be  it  remembered, 
notby  the  fungi  but  by  pus  cocci.  Other  cases  begin  as 
a  gingivitis  with  spongy  gums  and  alveolar  stomatitis. 
From  the  foregoing  sites  the  lesion  attacks  localities  far- 
ther back,  notably  the  phaiyngeal  wall.  The  tonsils  and 
palatal  arches  are  but  rarely  involved.  Not  infrequently 
the  cheeks  suffer.  When  once  the  pharynx  becomes  in- 
vaded, either  primarily  or  secondarily,  we  note  small 
reddish  elevations  looking  not  unlike  a  subacute  pharyn- 
gitis upon  a  mucosa  previously  the  seat  of  chronic 
changes.  The  adjacent  tissues  swell  and  then  seem  to 
lose  their  appearance  of  acute  inflammation,  becoming 
more  like  a  zone  of  chronic  infiltration,  irregular  in  sur- 
face and  firm  to  the  touch.    Suppuration  soon  appears 
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with  the  development  of  angry-looking  sinuses  with  un- 
dermined edges. 

Aside  from  general  pharyngeal  discomfort,  there  are 
no  local  symptoms ;  actual  pain  is  not  constant.  Later, 
comes  the  general  deterioration  due  to  the  suppuration, 
but  it  is  not  accompanied  by  any  special  features.  The 
characteristics,  therefore,  of  the  disease  are:  (1)  The  re- 
markable extension  and  induration  of  the  parts ;  (2)  the 
slow  dragging  course  of  the  inflammation ;  (3)  the  exten- 
sion of  the  process  to  the  surface,  after  the  lapse  of  sev- 
eral months,  by  a  softening  and  final  spontaneous  evacu- 
ation, the  pus  being  sero-sanguinolent ;  and  (4)  the  quick 
healing  of  the  local  focus  with  apparently  a  favorable 
outlook,  but  the  appearance  of  the  infection  in  the  neigh- 
borhood, or  at  a  distance,  with  fresh  vigor.  Fatal  symp- 
toms are  always  tardy  in  development. 

Diagnosis  is  called  for  from  syphilis  and  from  malig- 
nant disease,  especially  sarcoma.  Sections  of  the  latter 
may  present  appearances  which  strongly  suggest  actino- 
mycotic tissue,  but  in  the  latter  the  microscope  will  re- 
veal the  ray  fungi. 

Treatment  calls  for  radical  excision  if  this  is  possible. 
Internally,  large  doses  of  the  iodide  of  potassium  have 
been  given,  and  have  apparently  cured  some  cases.  The 
internal  use  of  silver  nitrate  has  also  been  advised.  Near- 
ly every  antiseptic  has  been  used  locally,  but  there  is 
no  specific.  Without  doubt  bichloride  is  as  eflScient 
as  any. 

8.  Glandees. — Glanders  is  a  disease  primarily  affect- 
ing horses,  and  may  be  communicated  from  them  to  man 
and  from  one  man  to  another.  The  exciting  agent  is  the 
Bacillus  mallei,  resembling  morphologically  theB.  tuber- 
culosis, though  somewhat  shorter  and  thicker.  Infection 
may  be  conveyed  from  an  infected  animal  by  the  fine 
spray  of  coughing  or  sneezing,  or  by  the  handling  of  ar- 
ticles used  about  the  animal. 

In  man  the  nasal  structures  are  generally  the  portals 
of  infection,  and  the  process  extends  to  the  pharynx. 
It  begins  with  evidences  of  a  low-grade  Inflammation,  and 
changes  with  the  formation  of  granulation  tissue  con- 
taining the  characteristic  bacilli  in  swarms.  Suppuration 
soon  follows  along  the  avenues  of  lymphatic  distribution. 
Pus  intoxication  rapidly  develops,  the  suppuration  show- 
ing a  distinct  tendency  to  burrow.  Cartilage  and  bone 
may  be  attacked. 

The  symptoms  are  those  suggested  by  an  area  of  local 
infection.  Following  the  latter  we  have,  within  a  few 
days,  pain  and  swelling  with  degenerative  changes. 
When  the  pharynx  becomes  afliected  we  liave  inter- 
ference with  deglutition  and  phonation.  There  is  a 
breaking  down  of  the  cervical  submaxillary  and  sub- 
lingual glands,  with  occasional  flstulse  opening  exter- 
nally. Finally,  the  general  picture  of  septicismia  de- 
velops. 

In  these  days  of  early  examination  of  all  suspicious 
discharges  there  is  not  much  danger  of  overlooking  a 
case  of  acute  glanders,  but  there  are  cases  in  which  the 
only  evident  changes  are  those  of  a  subacute  pharyngeal 
catarrh  with  variable  pain,  slow  glandular  involvement, 
and  indefinite  and  remitting  constitutional  symptoms. 
The  pharynx  shows  reddened  elevated  areas,  over  which 
are  scattered  small  undermined  ulcers  from  which  dirty 
pus  exudes.  At  first  the  pharyngeal  functions  are  not 
greatly  hampered,  but  increase  of  the  infected  areas  may 
mechanically  block  the  breathing  and  food  channels  so 
that  death  follows  from  general  exhaustion. 

Diagnosis  is  called  for  especially  from  the  destructive 
lesions  of  syphilis.  A  history  of  possible  glanders  infec- 
tion will  of  course  put  us  on  our  guard.  This  we  sup- 
plement by  the  detection  of  the  Bacillus  mallei.  Some 
of  the  chronic  cases  have  been  mistaken  for  ulcerating 
sarcomata;  in  such  doubt  inoculation  tests  should  be 
made. 

The  acute  form  of  the  disease  is  rapidly  fatal.  The 
use  of  mallein,  an  artificial  product  from  potato  culture 
of  the  Bacillus  mallei,  may  be  used  for  purposes  of  diag- 
nosis, as  it  gives  a  reaction  similar  to  that  of  tubercu- 
lin.   Its  curative  properties  are  still  sub  judice,  but  in 
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view  of  the  gravity  of  the  situation  it  should  always  be 
tried.  No  positive  means  of  cure  is  at  present  known. 
Supporting  treatment  merely  retards  the  inevitable  end. 

Some  of  the  chronic  cases  are  said  to  have  ended  in 
recovery,  but  the  vast  majority  have  been  fatal  within 
two  years.  In  these  cases  treatment  should  consist  Of 
thorough  curetting  of  the  infected  area,  the  'use  of  anti- 
septic washes,  and  the  administration  of  strychnine  and 
iron  in  full  dosage.  Some  authorities  recommend  the 
pushing  of  the  iodides  as  in  tertiary  syphilis. 

9.  Retkophakyngeal  Abscess.  —  These  cases  are 
often  overlooked,  because  no  digital  examination  is  made 
of  the  pharynx,  the  observer  contenting  himself  with 
mere  inspection.  The  affection  should  always  be  sus- 
pected in  a  child  with  diflSculty  in  breathing  and  swal- 
lowing without  apparent  cause. 

The  phlegmon  forms  in  a  flat  shallow  cavity  behind 
the  pharynx  and  oesophagus,  limited  posteriorly  by  the 
spinal  aponeurosis  and  anteriorly  by  a  connective-tissue 
sheath.  Its  lateral  boundaries  are  sheaths  which  stretch 
from  the  aponeurosis  to  the  lamellar  spinal  sheaths. 
Above  is  the  basis  cranii,  and  below,  the  mediastinum. 
The  contents  are  sympathetic  ganglia  and  lymph  nodes 
receiving  drainage  from  the  neck,  nasopharynx,  and 
pharynx.  Externally  are  important  vessels  and  nerves. 
The  above  is  the  most  frequent  site  of  the  abscess,  but 
lateral  sites  are  possible;  many  of  the  latter  are  doubtless 
but "  pointings  "  from  a  central  focus. 

The  inflammation  begins  in  the  lymph  nodes  and  ex- 
tends to  the  cellular  tissue.  It  may,  however,  begin  in 
the  latter  from  irritation,  as  from  instruments  or  a  foreign 
body.  In  children  in  whom  the  disease  is  far  more  com- 
mon than  in  adults,  infection  may,  come  from  such  condi- 
tions as  otitis  media,  erysipelas,  pharyngitis,  etc.  An 
antral  empyema  is  recorded  as  the  cause  of  one  case.  In 
•children  of  the  tuberculous,  syphilitic,  and  lymphatic 
diatheses,  there  is  always  a  lessened  resistance  to  infec- 
tion, and  it  is  in  just  such  children  that  the  malady  is 
most  common. 

In  infants  the  first  symptom  may  be  refusal  of  the  nip- 
ple ;  then  follow  a  metallic  cry,  dysphagia,  and  dyspnoea. 
In  older  children  there  is  the  usual  sore-throat  symptom 
complex,  and  inspection  may  at  once  reveal  the  nature 
•of  the  trouble,  but  palpation  should  never  be  omitted.  This 
may  reveal  a  soft,  boggy  tumor,  which  pushes  forward 
the  soft  palate,  and  in  which  perhaps  fluctuation  may 
be  felt.     Lateral  cervical  swelling  is  also  possible. 

The  main  danger  previous  to  rupture  lies  in  possible 
laryngeal  oedema  with  bulging  of  the  entire  larynx  for- 
ward, and  consequent  asphyxia.  Burrowing  may  lead 
to  infiltration  of  the  cervical  tissues  and  death  from  sep- 
sis. The  most  common  danger  is  rupture  during  sleep, 
•escape  of  the  pus  into  the  lower  air  passages,  and  speedy 
asphyxia. 

Pus  accumulation  may  occur  within  twenty-four  hours 
after  initial  symptoms;  other  cases  may  last  several 
weeks,  or  even  several  months  if  they  are  tuberculous  in 
origin.  Diagnosis  is  called  for  from  coryza,  tonsillitis, 
■croup,  and  even  diphtheria. 

Immediate  evacuation  of  the  pus  is  necessary.  The 
•child  must  be  held  in  a  good  light  with  open  mouth,  a 
gag  being  used  if  necessary.  With  a  protected  blade  an 
incision  should  be  made  from  the  middle  of  the  fluctuat- 
ing area  to  its  bottom.  Immediately  after  incision,  the 
■child  which  has  been  held  with  its  head  forward  should  be 
inverted  so  as  to  allow  the  pus  to  run  oict  of  the  mouth. 
Meanwhile  the  finger  which  was  in  situ  directing  the 
incision,  should  be  passed  into  the  sac  so  as  thoroughly 
to  open  it  and  thus  prevent  refilling.  Lateral  pressure 
of  the  pus  will  direct  the  large  vessels  outward  so  that 
there  is  little  practical  danger  of  injuring  them.  In  one 
■case  sudden  death  occurred  as  the  incision  was  made. 
(Edema  of  the  glottis  was  not  present,  but  the  pneumo- 
gastric  nerves  had  been  stretched  by  the  pressure  of  the 
pus.  Death  was  ascribed  to  reflex  syncope.  In  cases 
with  much  cervical  swelling  lateral  incision  from  the 
•outside  has  been  suggested.  Some  have  even  recom- 
mended this  procedure  for  central  fluctuation,  the  escape 


of  pus  into  the  lower  air  passages  being  thereby  pre- 
vented. 

10.  Pharyngeal  Mycosis.— Over  one  hundred  organ- 
isms are  found  in  the  healthy  mouth.  The  most  common 
are  the  o'l'dium  albicans,  actinomyces,  aspergillus  fumi- 
gatus,  bacillus  fasciculatus,  the  fungus  causing  nigrities 
linguEe  or  "black  tongue,"  and  various  species  of  lepto- 
thrix.  By  common  usage  the  term  pharyngeal  mycosis, 
when  used  without  modification,  refers  to  the  afl'ection 
characterized  by  the  growth  of  the  leptothrix.  It  was 
first  described  by  Fraenkel  in  1873,  receiving  the  name 
mycosis  tonsillaris  benigna.  It  occurs  on  the  tonsils, 
tongue,  pharyngeal  wall,  faucial  pillars,  epiglottis,  and 
rarely  in  the  nose,  nasopharynx,  and  larynx. 

The  fungus  clings  to  the  epithelia  and  often  prefers  a 
healthy  to  a  diseased  surface,  above  which  it  appreciably 
projects.  It  is  of  horny  consistency  and  is  removed  with 
difficulty.  Threads  may  connect  the  isolated  deposits  so 
that  the  general  appearance  is  that  of  roots  with  running 
tendrils.  If  a  portion  be  teased  out  and  examined  in 
glycerin  under  the  glass,  we  note  a  mass  of  epithelia  sur- 
rounded by  irregular  granules  in  which  are  embedded  the 
spores  of  various  species  of  leptothrix.  These  spores  are 
arranged  in  link-like  processes,  their  ends  being  rounded 
or  club-shaped.  The  processes  vary  in  length,  and  may 
be  curled  up  at  the  ends  in  hair-like  filaments.  Besides 
these  bodies  there  are  round  or  oval,  highly  refractive 
bodies  arranged  in  colonies  or  scattered  among  the 
branching  spores.  The  link-like  processes  are  the  myce- 
lia  of  the  fungus,  and  staining  with  methyl  blue  will 
show  alternating  colored  and  uncolored  segments.  The 
fungus  has  never  been  cultivated  outside  the  human 
body. 

As  clinically  seen  the  ailection  follows  previous  phar- 
yngeal inflammation,  deposits  of  tartar  on  the  teeth, 
altered  reaction  of  the  buccal  fluids,  disordered  digestive 
states,  etc.  There  is  no  reason  to  believe  that  rheuma- 
tism or  gout  has  any  direct  causative  relation.  Inci- 
dentally it  may  be  said  that  the  same  fungi  have  been 
found  in  foetid  bronchitis,  tracheal  ozaena,  pulmonary 
gangrene,  rhinoliths,  tonsilloliths,  vesical  calculi,  the 
tongue  coating  of  low  febrile  states,  in  the  lachrymal  duct, 
intestines,  vagina,  and  fseces.  At  any  site  they  may  pre- 
cipitate lime  salts  from  fluids  holding  the  same  in  solu- 
tion. 

In  1895  Siebenmann  advanced  a  different  view  as  to  the 
nature  of  the  familiar  pharyngeal  mycosis,  claiming  that 
it  was  essentially  a  hyperkeratosis  of  the  mucosa.  All 
tonsils  exhibit  this  in  a  varying  degree,  and  this  collec- 
tion of  hyperkeratosed  epithelium  is  a  constant  menace 
to  the  integrity  of  surrounding  structures. 

The  symptoms  are  pharyngeal  dyssesthesia,  cough,  diffi- 
culty in  swallowing,  sensation  as  of  a  foreign  body,  and 
occasionally  reflex  pain  in  the  larynx.  Possibilities  are 
fever,  enlarged  submaxillary  glands,  and  congestion  of 
the  palate  and  uvula.  Periods  of  improvement  and  re- 
lapse succeed  each  other  without  any  treatment  whatever. 
The  aif  ection  is  in  no  wise  dangerous,  and  it  alarms  pa- 
tients out  of  all  proportion  to  its  gravity. 

Treatment. — In  treating  a  case  the  teeth  must  be  placed 
in  proper  condition,  the  digestion  regulated,  and  for  a 
time  at  least  all  sweets  must  be  cut  ofl!.  Climatic  changes 
may  give  siirprisingly  favorable  results.  Nearly  every 
caustic  has  been  suggested  for  the  destruction  of  the  roots 
of  the  fungi ;  mere  superficial  clipping  off  is  useless.  The 
only  reliable  measure  is  the  use  of  the  galvano-cautery 
plunged  into  each  crypt  harboring  a  root  of  the  fungus. 
If  the  cautery  is  unavailable,  chromic  acid  fused  on  a 
probe  will  answer.  Jamies  B.  Newcomb. 

PHARYNX,  DISEASES  OF:  FOREIGN  BODIES.    See 

Air  Passages,  etc. 

PHARYNX,  DISEASES  OF:  MALFORMATIONS,  DE- 
FORMITIES, AND  NEW  GROWTHS.— The  consideration 
of  this  subject  naturally  requires  its  division  into  two 
parts:  (1)  Malformations  and  Deformities;  and  (2)  New 
Growths. 
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1.  Malformations  and  Defokmities. 

There  are  two  kinds  of  malformations  wliicli  affect  the 
pharynx — stenoses  and  dilatations.  We  will  take  up 
these  subjects  in  the  order  named. 

Stenoses  may  be  congenital  or  postnatal,  and  they  may 
be  incomplete  or  complete.  Complete  stenosis  or  atresia 
is  accompanied  by  pocket-like  dilatations  or  pouches. 
These  malformations  are  to  be  ascribed  to  prenatal  anom- 


FiG.  3aj3.— Diaphragm  ot  the  Pharynx.     (Case  of  Dr.  S.  S.  Bishop.) 

alies  of  development.  The  constrictions  are  most  often 
found  in  tliat  part  of  the  pharynx  which  lies  adjacent  to 
the  cricoid  cartilage  of  the  larynx,  but  thej^  have  been 
met  with  also  in  the  upper  part  of  the  pharynx,  at  the 
junction  of  the  oral  and  nasal  portions  of  tliis  cavity. 

The  lower  constriction  appears  as  a  ring-like  septum  of 
mucous  membrane,  which  may  reduce  the  calibre  of  the 
tube  by  one-half  or  more  of  its  diameter,  and  cases  of 
complete  atresia  have  been  reported.  Fortunately,  these 
stenoses  may  exist  without  being  productive  of  sulfering 
so  long  as  they  do  not  become  the  seat  of  an  intiamma- 
tory  process. 

The  palatal,  or  high,  stenosis  is  formed  by  a  membrane 
which  stretches  from  the  soft  palate  backward  and  out- 
ward to  join  the  posterior  and  lateral  walls  of  the 
pharynx.  Cases  of  diapliragm  of  the  pharynx  residting 
from  scarlet  fever,  such  as  the  writer  has  repoited,  and 
syphilitic  adhesions,  may  be  mistaken  foi'  coiigtmilal  ste- 
noses, but  a  close  examination  may  reveal  scar  tissue, 
which  is  indicative  of  a  previous  iiiHammation. 

Postnatal  malformations  are  the  result  of  two  classes  of 
causes;  intrinsic  and  extrinsic.  Intrinsic  causes,  or  those 
which  have  their  origin  in  the  pharynx,  are  such  as  scar- 
let fever,  lupus,  syphilis,  diiilitheria,  and  traiunatisms. 
Extrinsic  causes,  or  tliose  which  operate  from  without 
the  pharynx,  are  in  the  nature  of  deformities  of  the 
spine,  tumors,  and  absces.ses. 

Intrinsic  stenoses  are  most  often  due  to  syphilitic  ad- 
hesions which  spread  out  above  the  oral  pharynx  and 


connect  the  posterior  pharyngeal  wall  and  posterior  col- 
umns of  the  fauces  with  the  soft  palate.  The  diaphragm 
thus  formed  may  be  partial  or  complete.  The  appearance 
of  this  adventitious  tissue,  and  the  presence  of  suggestive 
scar  ti.ssue,  together  with  more  or  less  inflammatory  de- 
struction of  the  adjacent  soft  parts,  will  simplify  the 
diagnosis.  The  differentiation  is  still  further  facilitated 
when  perforations  of  the  hard  ijalate  are  present,  for 
these  sequels  are  particularly  characteristic  of  syphilis. 

Syphilitic  membranous  adliesions  are  sometimes  found 
connecting  the  posterior  pharyngeal  wall  with  the  base 
of  the  tongue,  or  a  syphilitic  steno.sis  may  be  formed  at 
a  point  opposite  to  the  cricoid  cartilage  of  the  larynx, 
wliere  the  congenital  stricture  is  most  often  located. 
These  membranous  diaphragms  are  perforated,  and,  like 
the  prenatal  stenoses,  they  may  cause  little  or  no  incon- 
venience so  long  as  they  are  not  involved  in  any  inflam- 
matory action,  and  they  are  not  prone  to  such  attacks. 

Scarlet  fever  is  sometimes  responsible  for  these  mem- 
branous obstructions.  Such  a  case  was  reported,  with 
an  accompanying  pliotographic  illustration  (Fig.  8803), 
b}'  the  writer  in  1898.*  The  subject  was  a  young  lady 
who  had  had  an  attack  of  scarlet  fever  when  she  was  a 
small  child.  The  age  at  which  she  was  sick  could  not  be 
asceitained.  The  nasal  pharynx  was  found  to  be  sepa- 
rated from  the  oral  portion  by  an  adventitious  membrane, 
which  extended  from  the  posterior  columns  of  the  fauces 
and  the  arch  of  the  soft  palate  doAvnward  laterally  and 
backward  to  the  lateral  and  posterior  walls  of  the 
pharynx  opposite  to  the  base  of  the  tongue.  Its  general 
direction  from  the  palatal  attachment,  instead  of  being 
nearly  horizontal,  closely  approximated  a  vertical  plane. 
In  the  centre  of  this  diaphragm  was  an  oval  opening,  the 
long  diameter  of  which  was  vertical.  Through  this  per- 
foration the  posterior  wall  of  the  pharynx  was  visible, 
and  nasal  respiration  took  place.  The  patient  complained 
of  no  serious  inconvenience  resulting  from  this  anomaly, 
except  tliat  food  would  lodge  behind  the  membrane  and 
demand  her  attention  to  wash  it  out  so  as  to  prevent  de- 
composition and  its  results. 

Suppurative  processes  of  the  pharynx  in  the  course  of 
other  di.seases  may  produce  anomalies  similar  to  the  one 
which  I  have  just  described.  Such  diseases  are  diphtheria, 
smallpox,  lupus,  and  erysipelas.  In  such  instances  the 
pharj'ngeal  sjanptoms  become  very  prominent  and  dis- 
tressing during  the  inflammatory  stage.  The  constitu- 
tional disturbances  are  pronounced,  the  cervical  glands 
may  be  involved,  the  diiiicidty  of  swallowing  is  marked 
and  becomes  evident  to  the  patient's  friends.  Inspec- 
tion of  the  throat  reveals  the  cliaracteristics  of  an  intense 
degree  of  inflammation:  redness  and  tumefaction  of  all 
the  surfaces  involved,  a-dema  of  the  soft  palate  and  uvu- 
la, and,  in  the  advanced  stage,  suppuration  and  ulcer- 
ation. These  characteristics  of  iuilammatory  afl'ections 
which  eventuate  in  pharyngeal  stenoses  should  put  the 
practitioner  on  his  guard  against  such  results. 

Traumatic  caiises  of  pharyngeal  stenoses  are  in  the  na- 
ture of  scalds,  such  as  the  accidental  drinking  of  hot 
liquids  by  children,  and  the  chemical  action  of  caustics, 
such  as  carlHilie  acid,  potash,  etc. 

Tfeiitmciit. — The  treatment  of  stenoses  of  the  pharj'ux 
may  most  conveuientlj- be  considered  under  two  headings 
— general  and  local.  In  the  case  of  syphilitic  adhesions 
general  treatment  should  lirst  be  instituted,  and  should 
consist  of  the  exiiiliition  of  the  iodides  and  mercury  ac- 
cording to  the  pi'inciples  laid  down  in  the  article  on 
syphilis.  The  local  treatment  formerly  consisted  of  sys- 
tematic dilatations  by  means  of  graduated  bougies,  but 
the  lii'm,  libidus  character  of  the  membrane  does  not  lend 
itself  encoiuagingly  to  tliis  method  of  treatment,  for  the 
stenosis  returns  after  the  dilatations  are  discontinued. 
The  knife  also  was  much  in  vogue  in  early  days  for  the 
eradieatiou  of  these  anomalies,  but  we  now  have,  in  the 
electric  cautery,  a  much  safer  and  moi'c  certain  means  of 
removing  adventitious  tissue. 


*Si'e  "Diseases  ot  the  Ea'r,  Nose,  and  Throat,  and  their  Accessory 
Cavities,"  by  S.  S.  Bishop,  2d  edition,  p.  416. 
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A  practically  bloodless  and  painless  operation  is  possi- 
ble by  means  of  the  electric-cautery  dissection  after  the 
application  of  suprarenal  extract  and  cocaine  to  the  field 
of  operation,  as  follows:  A  fresh  or  preserved  saturated 
solution  of  the  suprarenal  gland  is  applied  to  the  per- 
iphery of  the  membrane  which  is  to  be  removed.  The 
■writer  reverses  the  method  usually  employed  in  the  ap- 
plication of  suprarenal  solution  and  cocaine,  and  applies 
the  suprarenal  preparation  first  for  the  following  reasons : 
If  the  blood-vessels  of  the  tissues  to  be  operated  upon  are 
first  contracted,  the  blood  current  is  so  far  diminished  in 
volume  as  to  reduce  to  a  minimum  the  amount  of  cocaine 
that  Is  taken  into  the  circulation.  Hence  there  is  less 
liability  to  the  toxic  manifestations  of  cocaine.  More- 
over, when  it  is  possible  to  contract  the  tissues  before 
applying  cocaine  to  them  the  anresthetic  penetrates  rela- 
tively deeper  and  produces  a  more  profound  degree  of 
anaesthesia.  By  observing  this  rule  of  procedure  it  is 
possible  to  employ  a  stronger  solution  of  cocaine  than 
would  be  safe  if  the  order  of  application  of  the  remedies 
were  reversed.  I  have  demonstrated  the  importance  of 
these  facts  in  a  long  series  of  operations. 

Cocaine  should  be  applied  to  the  surfaces  to  be  severed, 
not  by  means  of  a  spray,  but  by  the  cotton  applicator, 
care  being  taken  that  the  surplus  of  the  cocaine  solution 
is  expressed  from  the  cotton  pledget  on  the  carrier  before 
the  application  is  made.  This  is  necessary  in  order  to 
prevent  any  excess  of  cocaine  from  running  down  into 
the  larynx  or  the  oesophagus.  Strong  solutions  of  this 
very  toxic  remedy  must  be  either  avoided,  or  employed 
in  the  pharynx  with  the  greatest  caution.  For  the  sake 
of  emphasizing  this  statement  it  is  excusable  to  cite  a 
case  which  was  brought  to  the  attention  of  the  writer  by 
a  former  clinical  assistant.  He  was  about  to  operate  on 
a  patient's  throat  after  having  applied  cocaine,  but  be- 
fore he  began  the  operation  alarming  symptoms  de- 
veloped, and  the  patient  suddenly  expired  in  his  chair. 
It  must  be  kept  in  mind  that  in  these  throat  operations 
an  extensive  surface  must  be  cocainized,  and  that,  there- 
fore, a  large  amount  of  the  drug  may  be  absorbed.  The 
writer  has  seen  numerous  cases  of  collapse  and  acute 
mania  result  from  its  employment  in  operations  where 
the  surfaces  requiring  anfesthesia  were  of  much  smaller 
area,  but  these  unfortunate  manifestations  were  probably 
due  to  the  use  of  sprays  that  medicated  other  parts,  in 
addition  to  those  which  were  operated  upon.  I  believe 
that  such  accidents  can  be  avoided  by  the  use  of  weaker 
preparations  than  those  commonly  employed,  since  tliey 
are  often  of  twenty  or  thirty-three  per  cent,  strength,  and 
by  taking  the  precautions  already  advised.  The  writer 
attributes  to  these  reasons  the  fact  that  he  has  never  had 
any  such  distressing  expeiiences  as  those  mentioned 
above.  It  is  betf.er  not  to  apply  to  the  pharynx  solu- 
tions of  cocaine  stronger  than  from  four  to  eight  per 
cent.  I  speak  in  detail  of  these  matters  here  in  order 
to  avoid  repetition  in  treating  of  pharyngeal  procedures 
under  local  ansesthesia  later.  The  operation,  after  co- 
cainization,  consists  of  passing  a  bent  electrode,  at  a 
white  heat,  through  the  periphery  of  the  obstructing 
membrane,  carrying  the  electrode,  as  it  bui'ns  its  way, 
throughout  the  whole  circumference  of  the  diaphragm. 
Care  must  be  exercised  not  to  encroach  upon  the  sur- 
rounding tissues,  which  we  do  not  wish  to  attack.  After 
the  membrane  has  been  thus  severed,  if  any  hemorrhage 
occurs,  the  suprarenal  extract  must  again  be  applied; 
but  if  the  electrode  is  pioperly  used  and  is  not  allowed  to 
cool  before  being  removed  from  the  tissues,  little  or  no 
hemorrhage  follows. 

It  is  advisable  to  keep  the  patient  under  observation 
for  a  few  hours  after  the  operation  in  order  to  anticipate 
any  secondary  bleeding  that  might  occur.  Should  any 
tendency  to  the  formation  of  exuberant  granulations  ap- 
pear, they  may  be  suppressed  by  the  application  of  the 
silver-nitrate  pencil.  If  a  ten-per-cent.  solution  of  this 
remedy  be  painted  over  freshly  operated  surfaces,  there 
is  far  less  danger  of  hemorrhages,  and  the  desired  effects 
of  the  operation  are  enhanced. 

Little  in  addition  need  be  said  regarding  stenosis  due 


to  lupus,  but  the  present  indications  are  that  we  are 
justified  in  expecting  beneficial  effects  from  the  a!-ray 
treatment. 

Extrinsic  causes  of  pharyngeal  stenosis  may  consist  of 
tumors,  such  as  an  aneurism  or  a  goitre,  or  the  cervical 
portion  of  the  vertebral  column  may  be  deformed  or  dis- 
eased, or  a  retropharyngeal  abscess  may  encroach  upon 
the  lumen  of  the  cavity;  but  the  treatment  of  these  con- 
ditions obviously  does  not  lie  within  the  limits  of  this 
article. 

Dilatation  of  the  pharynx  may  affect  the  whole,  or 
only  a  part,  of  tlie  cavity.  It  generally  exists  in  the 
form  of  a  pouch,  which  is  comparable  to  the  aneurismal 
distention  of  an  artery.  The  congenital  variety  is  to  be 
attributed  to  an  intra-uterine  developmental  anomaly. 

The  acquired,  or  postnatal,  form  probably  occurs  in 
consequence  of  an  imperfectly  developed,  or  weakened, 
area  of  the  tunic  of  the  pharynx,  which  yields  to  undue 
pressure.  Contributory  to  these  causes  are  the  habits  of 
improperly  masticating  food,  and  a  hasty  manner  of  forc- 
ing large  and  irregular  boluses  of  food  do^vn  the  gullet. 
It  is  easy  to  conceive  that  these  repeated  distentions  of 
the  pharynx  tend  to  carry  the  mucous  membrane  between 
the  surrounding  muscular  fibres,  especially  where  the 
latter  may  be  weak  or  defective.  A  poiich  so  formed 
may  continue  developing  until  it  becomes  several  inches 
long.  It  is  most  likely  to  be  found  extending  downward 
and  backward  between  the  vertebra:  and  the  cesophagus. 
Generally  this  diverticulum  consists  of  the  mucous  and 
submvicous  coats  of  the  pharynx,  but  it  has  been  found 
to  be  enclosed  in  the  oesophageal  cellular  membrane. 
Occasionally  these  pouches  extend  to  one  side,  and  are 
sufiiciently  prominent  to  appear  as  a  tumor  in  the  side  of 
the  neck. 

The  most  prominent  and  constant  symptom  is  a  diffi- 
culty in  swallowing.  Food  lodges  in  the  pouch  and 
forms  a  temporary  tumor,  which  obstructs  the  act  of  deg- 
lutition, imtil  the  pouch  is  emptied  automatically  or  by 
the  patient.  He  generally  learns,  however,  that  by  digi- 
tal pressure  and  manipulation  of  the  tumor  he  is  able  to 
express  the  contents  and  enjoy  relief.  Unless  this  is  done 
the  impi-isoned  food  may  decompose  and  set  up  an  in- 
flammatory condition.  Indeed,  such  an  inflammatory 
process  has  given  rise  to  the  formation  of  adhesions 
which  have  resulted  in  a  closure  of  the  sac  and  a  conse- 
quent permanent  cure.  But  a  less  fortunate  termination 
of  such  an  inflammation  may  be  the  occurrence  of  slough- 
ing of  the  surrounding  tissues. 

Other  distressing  symptoms  arising  from  the  ejection 
of  food  retained  in  the  pouch  are  in  the  nature  of  an  irri- 
tation of  the  lower  respiratory  tract.  For  example,  the 
emptying  of  food  into  the  larynx  occasions  violent 
spasms  of  coughing,  and  some  particles  may  even  reach 
the  bronchial  tubes  and  cause  attacks  of  bronchitis  or 
pneumonia. 

The  diagnosis  of  this  condition  is  made  with  compara- 
tive facility.  The  obstruction  to  swallowing,  the  tumor 
which  disappears  and  recurs,  or  which  can  be  dissipated 
by  pressing  out  its  contents,  the  ejection  of  undigested 
food  in  the  absence  of  actual  vomiting,  the  entrance  of 
particles  of  food  into  the  larynx  subsequently  to,  instead 
of  during,  a  meal,  together  with  the  results  of  an  exami- 
nation with  the  throat  mirror  and  digital  exploration, 
afford  a  mass  of  evidence  that  is  of  a  pathognomonic 
character. 

The  prognosis  is  not  a  cheering  one.  Without  operative 
interference  the  condition  is  rarely  corrected.  In  an  oc- 
casional instance  an  inflammatory  process  is  instituted 
which  eventuates  in  a  spontaneous  closure  of  the  pocket 
and  a  resulting  cure.  But  there  is  always  the  danger  of 
retention  and  putrefaction  of  food.  In  some  cases  pa- 
tients must  needs  subsist  on  a  fluid  diet  in  order  to  avert 
such  results ;  but  in  conditions  that  lend  themselves  fa- 
vorably to  operative  measures  the  anomalies  may  be  cor- 
rected. 

Treatment. — We  may  best  consider  this  subject  under 
two  divisions — palliative  and  curative.  Palliative  treat- 
ment rests  mainly  with  the  patient.     By  avoiding  hurried 
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eating  and  imperfect  mastication  he  removes  the  principal 
cause  of  acquired  pharyngeal  pouches,  for  it  is  the  forc- 
ing of  boluses  of  food  through  the  cavity  that  distends 
the  mucous  coat  of  the  pharynx  and  pushes  the  mem- 
brane between  the  fibres  of  its  muscular  tunic.  After  a 
meal  during  which  ingesta  enter  the  pouch  he  should 
manipulate  the  distended  sac  with  his  fingers  until  it  is 
emptied,  and  he  may  even  be  able  to  wash  it  out  by 
means  of  a  properly  curved  syringe.  By  this  means  the 
fermentation  and  decomposition  of  retained  food  may  be 
prevented. 

When  the  diverticulum  is  situated  at  the  side  of  the 
neck  the  patient  may  be  able  to  prevent  it  from  filling  if 
he  will  press  upon  it  with  his  fingers,  or  if  a  compress  be 
worn  over  it  at  meal  time.  If  these  means  do  not  sufBce, 
and  if  the  symptoms  become  urgent,  it  may  become  nec- 
essary to  resort  to  an  operation. 

Operative  Treatment. — The  simplest  and  most  promising 
measure  of  this  nature  consists  in  the  application  of  the 
electric  cautery  to  the  periphery  of  the  pharyngeal  mouth 
of  the  sac.  Cocaine  should  first  be  applied  to  the  field  of 
operation,  the  surgeon  being  careful  to  observe  the  pre- 
cautions already  mentioned.  After  this  preparation  for 
the  adhesion  of  the  adjacent  borders  of  the  pouch  rectal 
alimentation  is  resorted  to  for  a  few  days.  In  certain 
cases  it  may  be  necessary  to  operate  after  the  methods 
employed  in  pharyngotomy  or  cesophagotomy,  suturing 
the  edges  of  the  divided  mucous  membrane  to  hasten 
recovery  and  insure  the  subsequent  integrity  of  the 
pharyngeal  cavity. 

II.  New  Growths. 

Neoplasms  of  the  pharynx  will  be  considered  under 
the  following  classification: 


1.  EpiUastie  and  JiypoUastic. 

^.  MesoUastii 

Papilloma 

Fibroma 

Adenoma 

Lipoma 

Cystoma 

Angioma 

Carcinoma 

Sarcoma 

Fortunately  the  pharynx  is  not  so  often  the  seat  of  neo- 
plasms, as  are  the  nose  and  some  other  areas;  but  when 
growths  do  occur  in  the  pharynx  they  give  rise  to  war- 
ranted apprehension,  even  if  they  are  of  a  benign  nature, 
since,  as  Virchow  has  observed,  they  may  take  on  a  ma- 
lignant character.  More  particularly  is  this  true  of  tu- 
mors situated,  as  these  are,  in  a  passageway  which  ren- 
ders them  subject  to  frequently  repeated  disturbances 
and  irritation.  A  still  further  important  consideration  is 
the  hindrance  which  they  may  cause  to  the  acts  of  swal- 
lowing and  breathing,  and  the  consequent  impairment  of 
nutrition  and  deficient  oxygenation  of  the  blood.  To 
these  genuine  reasons  of  anxiety  may  be  added  the  ten- 
dency to  recurring  attacks  of  inflammation  to  which 
these  growths  predispose  the  subject,  and  the  proneness 
of  the  inflammatory  process  to  invade  the  larynx  and 
lungs. 

Papilloma.— This  is  an  epithelial  tumor  of  a  benign 
character,  which  occurs  less  frequently  in  the  pharynx 
than  in  the  larynx  and  mouth.  The  structure  consists  of 
epithelial  cells,  with  a  framework  of  connective  tissue 
beneath  the  epithelial  proliferation.  Within  this  tissue, 
and  separated  from  it  by  the  membrana  propria,  is  the 
vascular  area.  What  has  been  said  relative  to  the  trans- 
formation of  innocent  tumors  into  malignant  ones  applies 
with  especial  appropriateness  to  papillomata,  since  no 
otlier  growths  are  so  likely  as  these  to  undergo  degenera- 
tion. Add  to  this  fact  the  exposed  situation  in  the 
pharynx  and  the  frequently  repeated  irritation  to  which 
their  location  subjects  them,  and  all  of  the  conditions 
favor  their  malignant  transformation.  Aside  from  the 
pillars  of  the  fauces  and  the  tonsils,  the  most  common 
location  of  papillomata  in  the  pharynx  is  the  posterior 
^m^'     "^^^y  ^^''y  ^"^  ®^^^  ^^'°'"^  ^  hempseed  to  a  cherry. 

The  diagnosis  of  pharyngeal  papilloma  ordinarily  pre- 
sents little  or  no  difficulty,  particularly  when  no  inflam- 
matory process  is  present.     But  since  they  are  often  as- 
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sociated  with  an  inflammatory  condition,  or  follow  it,  in 
such  cases  there  is  room  for  doubt.  Then  a  section 
should  be  taken  from  the  base  of  the  tumor,  or  tumors  if 
they  are  multiple,  for  a  microscopical  examination.  The 
growths  have  a  warty  or  cauliflower  shape,  and  are  of  a 
pale  pink  or  gray  color  when  not  made  red  by  irritation 
or  inflammation.  Their  glistening  appearance  is  due  to 
the  reflection  of  light  from  the  secretions  which  moisten 
their  surface. 

Unless  they  attain  to  a  considerable  size  they  do  not 
provoke  any  symptoms  sufficiently  marked  to  call  atten- 
tion to  their  presence,  such  as  a  sense  of  a  foreign  body 
in  the  throat,  or  impeded  deglutition  or  respiration. 

The  prognosis  of  papillomata  of  the  pharynx  is  favor- 
able, provided  that  they  do  not  undergo  a  transforma- 
tion into  carcinomata  or  sarcomata.  They  rarely  become 
larger  than  a  small-sized  grape,  and  so  long  as  they  remain 
of  an  innocent  nature  no  suffering  is  experienced. 

Treatment. — Treatment  consists  in  extirpation  and  cau- 
terization of  the  seat  of  attachment.  This  is  best  effected 
by  means  of  the  electric  cautery,  which  accomplishes  both 
purposes  at  the  same  time.  Or  the  tumor  may  be  severed 
close  to  the  surface  from  which  it  springs,  by  means  of 
the  scissors,  knife,  or  the  cold  snare ;  but  the  base  should 
be  well  cauterized  afterward  either  with  the  electrode, 
or  the  silver  nitrate,  or  one  of  the  other  chemical  caustics, 
in  order  to  lessen  the  likelihood  of  a  regeneration  or  de- 
generation of  any  tumor  tissue  which  may  remain. 

Adenoma. — True  adenoma  does  not  occur  in  the 
pharynx  proper.  Adenoid  vegetations  in  the  naso- 
pharynx are  discussed  und-er  the  heading  of  Tonidls. 

Cystoma. — The  true  cystic  tumor,  or  that  in  which  the 
wall  of  the  cyst  is  produced  from  a  matrix  of  embryonic 
cells,  and  the  products  of  tissue  proliferation  of  the  cells 
lining  the  cyst  wall  constitute  the  contents  of  the  sac,  is 
rarely,  if  ever,  met  with  in  the  pharynx.  Retention 
cysts,  however,  occur  as  the  result  of  an  inflammatory 
process,  which  causes  a  stenosis  or  closure  of  the  duct 
leading  from  a  gland,  with  the  result  of  distending  the 
duct,  as  the  glandular  secretions  accumulate  behind  the 
stricture  until  the  consequent  tumefaction  becomes  ap- 
parent. The  continued  accumulation  of  the  contents  of 
the  sac  causes  sufficient  pressure  on  its  walls  to  account 
for  the  degeneration  of  its  epithelial  lining  and  for  the 
atrophy  which  is  present  in  the  attenuated  membrane. 
These  cysts  are  generally  found  in  adult  life,  or  in  those 
who  have  passed  the  meridian  of  life. 

Treatment. — A  simple  and  effective  method  consists  in 
opening  the  sac  and  destroying  its  walls.  This  may  be 
accomplished  by  an  electrode,  which  serves  the  double 
purpose  of  dividing  the  wall  and  destroying  the  cyst 
after  the  contents  escape.  Or  the  opening  may  be  made 
with  a  knife,  after  which  the  walls  of  the  sac  are  de- 
stroyed by  a  curette.  Then  the  parts  had  best  be  treated 
with  tincture  of  iodine  or  a  ten-per-cent.  solution  of  silver 
nitrate. 

Cakcinoma. — When  cancer  exists  in  the  pharynx 
proper  it  is  generally  either  secondary  to  the  same  affec- 
tion of  adjacent  tissues,  sucli  as  the  tonsils,  the  soft  palate, 
the  oesophagus,  or  tlie  larynx,  or  it  is  associated  with 
such  an  affection ;  and  as  diseases  of  these  structures  are 
considered  in  other  sections,  in  order  to  avoid  repetition 
the  reader  is  referred  to  their  proper  headings. 

Fibroma.— Fibromata  are  found  in  various  parts  of 
the  pharynx,  but  they  are  more  common  to  the  nasal  por- 
tion than  to  the  oral  division  of  the  cavity;  and  they 
more  frequently  spring  from  the  basilar  process  of  the 
occipital  bone.  A  fibroma  is  a  representative  tumor  of 
the  mesoblastic  type.  Like  tlie  submucous  tissue  from 
which  it  takes  its  origin  it  is  a  connective-tissue  growth, 
and  is  the  offspring  of  a  highly  vascular  area.  It  is 
made  up  of  mature  fibrous  tissue  from  a  matrix  of  fibro- 
blasts. The  growth  of  this  neoplasm  is  always  slow,  and 
frequently  there  is  a  tendency  toward  a  myxomatous  de- 
generation, or  it  may  undergo  transition  into  a  sarcoma. 
As  it  is  most  often  seen  in  the  superior  portion  of  the 
pharynx  it  is  pear-shaped  (Fig.  3804),  but  it  may  be  ses- 
sile, and  it  is  a  product  of  youth  rather  than  of  old  age, 
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Fig.  3804.— Fibroma  of  the  Pharynx. 


for  it  is  rarely  encountered  above  tlie  age  of  thirty  or 
forty  years. 

The  symptoms  referable  to  pharyngeal  fibromata  are 
determined  by  the  position  and  size  of  the  tumors.  Lo- 
cated in  the  upper  or  nasal  portion  of  the  pharynx  they 
interfere  with  nasal  respiration  and  impair  the  resonance 

of  the  voice.  They  some- 
times attain  to  enormous 
proportions,  extending 
forward  into  the  nasal 
fossae,  crowding  forward 
the  nasal  and  orbital 
bones,  protruding  and 
separating  widely  the 
eyes  so  as  to  constitute 
the  unsightly  deformity 
linown  as  "  frog  face, "  and 
giving  rise  to  persistent 
headache.  Extension  of 
the  growth  upward  causes 
encroachment  on  the  cra- 
nial cavity,  evoking  cere- 
bral symptoms.  If  the 
direction  of  the  tumor  is 
principally  downward  it 
causes  frequent  efforts  to  swallow,  and  it  may  pro- 
duce sufficient  pressure  on  the  soft  palate  to  impede 
its  movements  in  speech  and  deglutition.  When  it 
reaches  the  aperture  of  the  larynx  it  may  even  tlireaten 
suffocation.  Mouth-breathing  is  a  prominent  symptom, 
and  hemorrhages  frequently  occur  as  the  tumors  are  ex- 
ceedingly vascular.  Impaired  respiration,  mental  torpor, 
and  "  thick  speech  "  characterize  large  growths ;  and  when 
pressure  is  produced  on  the  oriiices  of  the  Eustachian 
tubes,  the  proper  ventilation  of  the  middle  ears  is  inter- 
fered with  and  the  hearing  becomes  defective.  A  copious 
muco-purulent  discharge  is  sometimes  present. 

The  diagnosis  of  fibromata  is  not  attended  with  serious 
difficulties.  Their  occurrence  in  young  persons  and  their 
slow  growth  are  characteristic.  Prom  mucous  polypi 
they  are  recognized  by  their  firm,  dense  substance. 
They  are  distinguished  from  adenoid  growths  in  the 
vault  of  the  pharynx  by  the  soft,  spongy,  lobulated  ap- 
pearance of  the  latter  and  tlieir  occurrence  in  the  very 
young  only.  Fibromata  are  dense,  smooth,  and  of  a 
dark  red  color. 

Prognosis. — It  should  not  be  forgotten  that,  as  Virchow 
says,  "  fibroma  only  needs  an  increase  in  the  size  of  its 
cells  and  a  diminution  of  the  cement  substance  to  change 
it  into  a  sarcoma."  The  location  of  a  fibroma  in  the 
pharynx  subjects  it  to  a  great  amount  of  irritation; 
hence  it  is  thereby  predisposed  to  a  degenerative  trans- 
ition into  a  sarcoma  and  to  attain  to  large  dimensions. 
Unless  the  growth  can  be  removed,  or  unless  its  develop- 
ment can  be  repressed  until  the  patient  has  passed  his 
twenty -fifth  year,  the  prognosis  is  grave. 

Treatment. — Curative  results  have  been  claimed  by 
numerous  writers  from  injections  of  alcohol,  caustic  pot- 
ash, chloride  of  zinc,  dilute  acetic  or  hydrochloric  acid, 
etc. ,  into  new  growths.  It  is  asserted  that  if  alcohol  will 
produce  contraction  and  atrophy  of  tissues,  as  occur  in 
the  cirrhotic  liver  of  the  inebriate,  it  will  have  a  similar 
effect  on  a  neoplasm,  into  the  parenchyma  of  which  it 
might  be  injected.  While  some  observers  believe  that 
the  curative  effect  is  produced,  when  the  alcohol  is  in- 
jected into  the  interior  of  the  tumor,  by  causing  the  for- 
mation of  new  connective  tissue,  with  the  obliteration  of 
blood-vessels,  lymphatics,  and  the  parenchyma,  others 
inject  it  into  the  circumference,  maintaining  that  the  new 
connective-tissue  formation,  girdling  the  periphery  of 
the  growth,  will  choke  the  afferent  and  efferent  blood- 
vessels, cut  ofl:  nutrition,  and  thus  cause  atrophy. 

Electrolysis  is  especially  indicated  for  growths  hav- 
ing a  sessile  formation,  which  precludes  the  use  of 
torsion  or  the  snare.  For  this  purpose  a  strong  cur- 
rent is  employed  under  general  anaesthesia.  Much  has 
been  claimed  for  the  method  of  introducing  medica- 
ments with  the  electric  current,  or    cataphoresis ;    but 


whenever  it  is  practicable  to  remove  the  tumor  in  its 
entirety,  this  procedure  should  be  preferred. 

Operations. — There  are  several  methods  of  operating 
from  which  to  choose  according  to  the  size  and  situation 
of  any  given  tumor.  However,  before  detaching  the 
growth  it  should  be  secured  by  passing  a  strong  thread 
through  it,  in  order  to  prevent.it  from  falling  into  the 
laryngeal  region  of  tlie  throat  and  producing  suffocation 
when  the  attachment  is  severed.  The  old  method  of  re- 
moval by  the  cold  wire  snai-e  is  in  quite  general  use,  but 
on  account  of  the  great  vascularity  of  these  tumors  and 
the  consequent  operative  hemorrhage  the  electric  snare 
recommends  itself,  since  it  sears  over  the  tissues  and 
closes  the  mouths  of  the  blood-vessels  with  coagula  as 
the  tissues  are  being  severed.  For  the  same  reason,  in 
those  cases  in  which  the  form  and  position  of  the  attach- 
ments of  these  neoplasms  lend  themselves  to  such  a  pro- 
cedure, the  use  of  the  electric  knife  at  a  white  heat  is 
advantageous.  Torsion  can  be  practised  when  the  tu- 
mor is  distinctly  pedunculated. 

Certain  cases  of  pharyngeal  fibromata  can  be  operated 
on  through  the  natural  oral  or  nasal  passageways  by  the 
method  mentioned  above.  Others,  either  on  account  of 
peculiarities  of  attachment  or  by  reason  of  excessive  or 
irregular  development,  must  be  removed  through  the  soft 
or  hard  palate,  or  by  means  of  resecting  the  nasal  bones 
or  the  superior  maxilla.  Sufficient  room  for  operating 
may  be  obtained  by  dividing  the  nose  along  the  side  of 
the  septum,  beginning  at  the  nasal  process  and  cutting 
from  within  outward.  If  more  room  is  required,  the 
nasal  process  is  resected ;  still  better  access  is  afforded  by 
incising  the  upper  lip  in  the  middle  line  and  separating 
its  attachments  liberally.  The  tumor  is  then  detached 
by  one  of  the  methods  already  described,  or  by  the  peri- 
osteal elevator,  or  by  blunt-pointed  scissors,  when  it  is 
drawn  out  with  strong  forceps.  These  are  very  bloody 
and  dangerous  operations,  and  may  require  a  preliminary 
tracheotomy  and  ligation  of  the  common  carotid  artery. 
However,  since  the  details  of  these  operations,  as  devised 
and  modified  by  Konig,  Dieffenbach,  Langenbeck,  Rouge, 
Oilier,  Kocher,  and  others  are  given  in  other  articles  in 
this  Handbook,  they  will  be  omitted  here. 

D.  Bryson  Delavan  strongly  favors  the  employment 
of  electricity  both  for  the  purpose  of  cutting  off  the 
blood  supply  of  fibromata  and  shrinking  them  prepara- 
tory to  their  removal,  and  for  their  extirpation  as  well. 
Electrolysis  is  recommended,  either  by  the  unipolar  or 
by  the  bipolar  method.  Either  one  is  attended  with 
pain.  The  first  is  the  more  painful  and  slower  of  the 
two.  The  bipolar  method  is  less  painful  and  more  rapid 
and  extensive  in  its  destructive  effect.  Some  operators 
make  use  of  so  strong  a  current  as  from  80  to  840  milli- 
ampfires.  After  reducing  the  volume  of  the  tumor  it  is 
removed,  preferably,  by  the  incandescent  wire  snare,  with 
the  electric  current  of  sufficient  strength  to  burn  its  way 
slowly,  so  as  to  destroy  the  tissues  thoroughly  at  the 
attachment,  and  to  close  the  mouths  of  the  severed 
blood-vessels.  Delavan  gives  credit  to  Lincoln  for  intro- 
ducing this  method  into  America  after  the  suggestions 
of  Voltolini  and  Michel,  and  he  presents,  in  addition  to 
many  cases  collected  by  others,  statistical  data  compiled 
by  himself,  which  bear  out  the  claims  for  the  superiority 
of  operations  by  the  electrolytic  needles  and  the  electric 
snare  through  the  natural  passageways. 

The  statistical  tables  referred  to  cover  the  decade  from 
1891  to  1901,  and  include  30  cases  operated  upon  by  vari- 
ous surgeons  who  performed  preliminary  operations, 
such  as  resections  of  the  nose,  the  superior  maxilla,  and 
the  palate.  There  were  106  cases  in  which  the  method 
of  operating  was  through  the  natural  passages.  Of 
these,  48  are  classed  as  surgical  and  58  as  electrical  pro- 
cedures. Eliminating  all  of  those  cases  in  which  the 
operators  forgot  to  inform  their  readers  regarding  the 
nature  of  the  results  of  their  work,  we  have  remaining 
89  cases  which  are  of  actual  value  in  determining  the 
relative  merits  of  the  various  methods  employed.  This 
shows  13  operations  involving  a  preliminary  interven- 
tion, with  54  per  cent,  of  cures,  23  per  cent,  of  deaths, 
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23  per  cent,  of  grave  hemorrhages,  and  17  per  cent,  of  re- 
currences of  the  tumors.  There  were  39  cases  in  which 
various  surgical  procedures  through  the  natural  passages 
were  resorted  to,  and  the  results  were  made  known. 
The  cures  amounted  to  86  per  cent.,  the  failures  about 
7  per  cent.,  the  hemorrhages  about  17  per  cent.,  and 
there  were  no  deaths  reported.  There  were  47  cases  in 
which  electrical  operations  were  performed  and  the  re- 
sults recorded.  The  percentages  were  as  follows:  Cured, 
81  per  cent. ;  improved,  16  per  cent. ;  failui:es,  3  per  cent. 
No  deaths  were  recorded.  By  combining  all  of  those 
operations  which  were  performed  by  way  of  the  natural 
passages,  for  the  purpose  of  compadng  the  results  with 
those  obtained  after  preliminary  procedures,  it  will  be 
found  that  the  percentages  are  as  follows :  Cured,  83  per 
cent. ;  improved,  9  per  cent.  A  comparison  of  the  vari- 
ous methods  Is  afforded  by  the  following  tftble  ■ 
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Lipoma. — A  lipoma  is  a  tumor  composed  of  fatty  tis- 
sue, produced  from  a  matrix  of  lipoblasts  and  may  be 
either  circumscribed  or  diffuse.  Its  occurrence  in  the 
pharynx  is  exceedingly  rare,  and  the  symptoms  to  which 
it  gives  rise  are  characteristic  of  a  foreign  body  in  the 
throat.  When  the  growth  is  soft,  it  may  be  mistaken  for 
an  abscess ;  but  the  symptoms  and  history  of  pus  forma- 
tion are  lacking,  and  an  exploratory  puncture  is  decisive 
of  this  question. 

If  the  tumor  is  pedunculated,  it  can  be  removed  by  one 
of  the  methods  described  for  fibroma,  viz.,  by  the  cold  or 
the  hot  snare  or  by  the  electric  knife ;  otherwise  electroly- 
sis is  to  be  preferred. 

Angioma. — This  term  is  used  in  a  broad  sense  by 
throat  specialists  to  include  all  vascular  tumors,  in  con- 
formity with  the  classification  of  Virchow.  Strictly 
speaking,  the  growth  consists  of  new  blood-vessels  that 
communicate  with  the  surrounding  vessels,  of  intersti- 
tial tissue  like  that  from  which  the  tumor  springs,  and 
of  the  blood  within  the  vascular  spaces.  In  contradis- 
tinction to  this  definition,  tumors  that  are  made  up  of 
lymphatic  vessels  are  designated  as  lymphangiomata. 
The  oval  group  of  veins  beneath  the  mucous  membrane 
at  the  back  of  the  pharynx,  known  as  Cruveilhier's  sub- 
mucous venous  plexus,  has  been  found  so  greatly  en- 
gorged and  tumefied  as  to  cause  a  sensation  as  if  a  for- 
eign body  were  in  the  throat,  and  an  annoying  cough. 
The  surface  presents  a  hard,  lobulated,  and  purple 
appearance.  Varicose  veins  are  not  uncommonly  met 
with  in  the  pharynx,  and  they  may  become  so  numerous 
and  distended  as  to  form  groups  that  are  comparable  to 
clusters  of  currants  or  blackberries.  Hemorrhages  may 
be  expected  from  these  growths,  particularly  following 
any  irritation,  such  as  a  digital  examination. 


Treatment.— It  angiomata  attain  to  a  considerable  size 
they  may  cause  much  discomfort  and  apprehension  on 
the  part  of  the  patient,  and  they  maj;  even  so  encroach 
upon  the  surrounding  parts  as  to  impair  their  func- 
tions. A  constant  desire  to  swallow,  embarrassed  res- 
piration and  deglutition  are  not  the  worst  features  to 
consider,  but  profuse  hemorrhages  may  demand  an 
operation  in  order  to  insure  the  safety  of  the  patient. 
In  such  cases  the  tumor  should  be  completely  extir- 
pated. It  is  rarely  sufHclently  pedunculated  to  admit 
of  removal  with  the  cold  or  the  hot  snare ;  hence  electrol- 
ysis is  the  most  feasible  method.  Should  thyrotomy  be 
resorted  to,  it  maybe  necessary  to  perform  a  prepara- 
tory tracheotomy. 

Sarcojia.— As  a  primary  disease  of  the  pharynx  sar- 
coma is  rarely  seen.  It  springs  from  the  submucous  con- 
nective tissue,  and  generally  depends  from  the  inferior 
surface  of  the  body  of  the  sphenoid  bone  into  the 
pharynx.  It  is  an  atypical  proliferation  of  connective- 
tissue  cells  from  a  matrix  of  fibroblasts  of  congenital  or 
postnatal  origin.  Owing  to  the  rich  supply  of  lym- 
phatic structure  in  this  locality  and  its  invasion  by  the 
sarcomatous  cells  the  tumor  may  show  a  transition  into 
the  variety  termed  lymphosarcoma. 

Like  fibroma,  a  sarcomatous  growth  produces  symp- 
toms referable  to  respiration,  swallowing,  and  the  voice 
in  degrees  commensurate  with  the  location,  size,  and 
shape  of  the  tumor.  The  nasopharyngeal  secretions  are 
increased  in  quantity,  to  which  is  added,  after  ulceration 
occurs,  a  viscid,  foul,  and  bloody  discharge.  If  pain  is 
present,  it  is  in  proportion  to  the  amount  of  pressure  ex- 
erted on  adjacent  structures.  Although  the  discharge, 
which  appears  after  ulceration  takes  place,  is  of  a  san- 
guineous character,  the  history  of  the  growth  may  not 
present  hemorrhages  to  a  serious  extent.  In  order  to 
make  a  positive  differential  diagnosis,  resort  should  be 
had  to  the  microscope.  The  prognosis  is  unfavorable; 
the  progress  is  toward  a  fatal  termination. 

Treatment. — If  all  of  the  diseased  tissue  can  be  re- 
moved, this  should  be  done,  provided  that  metastasis  has 
not  occurred.  It  is  useless  to  operate  if  a  part  of  the 
growth  be  left,  for  rapid  reproduction  will  occur;  and  If 
metastatic  tumors  have  formed  in  other  situations  noth- 
ing will  avail  from  operative  procedures  on  the  primary 
tumor.  But  if  the  growth  can  be  enucleated  from  a  cir- 
cumscribing pseudo-capsule,  leaving  no  remnant  of  dis- 
eased tissue,  and  if  no  metastasis  has  occurred  to  render 
nugatory  the  result  of  the  operation,  it  should  be  per- 
formed. Otherwise  there  is  little  to  be  accomplished  be- 
yond making  the  conditions  as  tolerable  as  possible  by 
the  use  of  cleansing,  disinfecting,  and  astringent  appli- 
cations. Seth  Scott  Bislwp. 

PHARYNX,  DISEASES    OF:   NEUROSES.— Neuroses 

of  the  pharynx  consist  of  disturbances  of  sensibility,  se- 
cretion, and  motion. 

Anjssthesia  of  the  Ph.arynx. — This  appears  as  a 
complete  loss  of  the  sensibility  of  the  phaiyngeal  mucous 
membrane,  or  as  a  diminution  of  the  same,  and  can  be  of 
either  central  or  peripheral  origin.  When  of  central  ori- 
gin it  is  due  to  hemorrhage,  tumors  of  the  brain  which 
cause  compression  of  the  vagus  and  glossopharyngeus 
nerves,  inflammation  of  the  brain,  bulbar  paralysis,  tabes, 
or  lateral  sclerosis.  It  is  seen  in  connection  with  epi- 
lepsy, after  influenza,  in  ana?mia  and  in  hysteria,  and  is 
one  of  the  sequelaj  of  severe  general  diseases,  as  pneu- 
monia and  especially  diphtheria.  Cocaine,  eucaine,  mor- 
phine, chloral,  bromide  of  potassium,  carbolic  acid,  and 
menthol,  when  used  locall}'  and  internally,  bring  about 
anaesthesia  of  the  pharynx.  The  reflexes  usually  fail, 
and  there  is  occasionally  a  feeling  of  general  pain,  even 
in  the  presence  of  local  anaesthesia. 

The  diagnosis  is  made  by  direct  examination.  In  the 
case  of  antesthesia  of  one  side  only,  one-half  will  have  the 
natural  sensibility,  while  the  affected  portion  will  be  in- 
sensitive to  mechanical,  thermal,  or  chemical  irritations. 
When  the  anaesthesia  is  complete,  the  mucous  membrane 
is  everywhere  affected.     When  the  result  of  diphtheria, 
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anaesthesia  is  often  accompanied  with  paralysis  of  the 
muscles  of  the  larynx  and  pharynx. 

The  prognosis  depends  entirely  upon  the  cause,  and  is 
sometimes  good  and  sometimes  bad. 

The  treatment  is  based  on  the  cause.  Associated  with 
diphtheria,  the  treatment  is  that  of  the  general  paralysis 
of  diphtheria,  and  consists  of  measures  to  keep  up  the 
nutrition  of  the  parts;  careful  feeding  to  prevent  the  in- 
troduction of  particles  of  food  into  the  larynx ;  the  use  of 
the  constant  and  induced  electrical  current;  and  strych- 
nine internally. 

Htpbe^sthbsia  of  the  Pharynx. — By  this  term  is 
understood  an  increased  sensibility  due  to  central  or  per- 
ipheral irritations,  whereby  an  extreme  sensitiveness  of 
the  pharyngeal  mucous  membrane  is  brought  about, 
which  is  described  as  pain,  or  is  evident  in  the  form  of 
coughing,  choking,  retching,  vomiting,  and  explosive 
belching  of  gases  from  the  stomach. 

HypersBsthesia  of  the  pharynx  is  a  common  manifesta- 
tion, daily  seen  when  an  attempt  is  made  at  a  laryngo- 
scopic  or  rhinoscopic  examination.  It  is  often  extreme, 
many  persons  retching,  gagging,  and  almost  vomiting 
whenever  any  instrument  is  brought  near  to  the  pliarynx. 
Even  the  opening  of  the  moutli  and  the  drawing  out  of 
tlie  tongue  frequently  elicits  the  strongest  retlexes  before 
the  instrument  has  touched  any  part  of  the  pharyngeal 
wall.  It  is  common  in  persons  apparently  absolutely 
sound,  but  is  more  so  in  those  who  are  very  fat,  in  drink- 
ers, smokers,  and  nervous  persons.  Local  diseases,  hy- 
peraemia,  acute  or  chronic  catarrh,  general  hj'persesthesia, 
and  increased  general  nervous  sensibility  intensify  all  the 
manifestations. 

While  it  is  a  condition  difficult  to  cure  by  any  method 
of  ti'eatment,  most  persons  after  a  while  become  used  to 
manipulations  in  this  region,  and  the  treatment  of  the 
pathological  condition  present  usually  diminishes  the 
sensibility. 

Treatment  consista  in  the  local  use  of  cocaine,  menthol, 
chloral,  bromide  of  potassium,  various  gargles,  tannin, 
alum,  and  adrenalin,  and  in  the  avoidance  of  alcohol  and 
tobacco. 

Pak^sthesia. — Under  this  term  are  included  various 
abnormal  sensations,  which  are  described  as  burning, 
pressure,  itching,  dryness,  abrasions,  lumps,  or  a  sensa- 
tion as  of  the  presence  of  a  foreign  body  in  the  pharynx. 
Among  the  foreign  bodies  complained  of  are  pieces  of 
bone,  hairs,  toothbrush  bristles,  needles,  pieces  of  bread, 
cotton,  portions  of  feathers — in  fact,  any  substance  that 
could  possibly  stick  in  the  throat.  Originally  something 
may  have  lodged  there,  but  as  a  rule  it  has  been  removed 
by  retching  or  coughing  before  the  physician  was  called. 
Hysterical  and  nervous  persons  of  both  sexes  frequently 
complain  of  a  lump  in  the  throat  (globus  hystericus),  of 
a  burning  pain,  or  of  a  feeling  of  icy  coldness  during  the 
breathing. 

Another  one  of  the  common  forms  of  paroesthesia  is 
the  belief  that  there  is  a  carcinoma  in  the  throat,  the  cir- 
cumvallate  papillre  having  been  felt  by  the  iinger;  and 
it  is  often  extremely  difficult  to  rid  the  mind  of  the  indi- 
vidual of  the  idea  that  a  new  growth  is  present. 

A  feeling  of  extreme  dryness,  without  material  objec- 
tive change,  is  frequent  in  mouth-breathers ;  in  chlorosis, 
anaemia,  and  diabetes;  and  in  users  of  morphine,  atro- 
pine, or  belladonna. 

Par£Esthesia  is  a  more  or  less  constant  accompaniment 
of  the  chronic  pharyngeal  catarrhs.  It  is  found  iu  con- 
nection witli  tonsillar  affections  and  with  the  various 
pathological  changes  of  the  nose  and  nasopharynx.  In- 
flammations of  the  interarytenoid  region,  neuralgia  of  the 
■  superior  laryngeal  nerve,  and  affections  of  the  central 
nervous  system  are  also  causative.  It  can  occur  as  a  re- 
flex condition  accompanying  anaemia,  chlorosis,  hysteria, 
uterine  and  ovarian  diseases,  early  phthisis,  and  hypo- 
chondriasis. 

The  diagnosis  is  dependent  upon  a  careful  examination 
of  the  entire  pharynx,  which  must  inchide  an  examina- 
tion of  the  nasopharynx,  tonsils  and  larynx  as  well,  so 
that  no  possible  source  of  irritation,  direct  or  remote. 


shall  be  overlooked.  The  patient  will  usually  tell  when- 
ever a  painful  area  is  touched  with  the  probe.  Some- 
times there  are  several  of  these  points,  which  disappear 
upon  painting  the  area  with  ten  per  cent,  cocaine.  The 
course  is  very  chi-onic. 

Treatment  must  depend  entirely  upon  the  cause.  So 
far  as  anything  local  can  be  found,  appropriate  treatment 
is  to  be  given ;  while  for  general  nervousness  and  hyste- 
ria the  treatment  appropriate  to  this  condition  must  be 
applied. 

Seoketoey  Neuroses. — Hypersecretion  of  the  phar- 
ynx is  a  condition  which  not  infrequently  occurs,  espe- 
cially in  singers.  Individuals  with  apparently  com- 
pletely normal  mucous  membranes  complain  of  an 
increased  secretion  of  slimy  mucus  in  the  pharynx,  naso- 
pharynx, or  larynx,  making  it  necessary  to  swallow  very 
often,  and  to  spit  a  great  deal  when  talking,  the  swal- 
lowed secretion  being  frequently  vomited  early  in  the 
morning.  Examination  shows  more  or  less  of  this  mucus 
on  the  back  of  the  pharyngeal  wall  and  around  the  velum 
palati.  This,  condition  is  sometimes  observed  in  old  peo- 
ple. Its  cause  seems  to  be  some  disturbance  in  the  ner- 
vous control  of  the  secretory  glands. 

Treatment  is  only  partially  successful.  The  condition 
sometimes  disappears  of  itself,  but  is  liable  to  return. 
Belladonna  has  been  recommended.  Small  doses  of  iodide 
of  potassium  or  the  syrup  of  hj^driodic  acid  frequently 
do  good  by  increasing  somewhat  the  secretion  of  the 
glands,  so  that  the  slimy  mucus  is  less  thick  and  there- 
fore less  complained  of. 

There  is  also  a  condition  of  nervous  lessening  of  secre- 
tion, with  a  feeling  of  great  dryness,  seen  iu  connection 
with  hysteria  or  the  use  of  morphine  or  belladonna,  and 
found  in  sufferers  from  diabetes. 

Neuroses  of  Mobility. — Cramp -like  spasm  of  the 
constrictors  occurs  occasionally,  most  frequently  in  per- 
sons suffering  from  dyspepsia  or  some  stomach  affection; 
in  general  functional  neurosis ;  occasionally  in  granular 
pharyngitis,  hypertrophy  of  the  side  walls,  and  in  con- 
nection with  inflammatory  processes  at  the  base  of  the 
tongue.  Cramp-like  constriction  of  the  muscles,  inter- 
fering with  swallowing,  is  found  in  connection  with  dis- 
eases of  the  brain,  and  is  an  accompaniment  of  tabes.  It 
is  most  commonly  seen  as  a  tonic  cramp  in  hysterical  dys- 
jDhagia.  The  muscles  of  the  oesophagus  are  affected  at 
the  same  time.  In  cramp  of  the  muscles  of  swallowing, 
the  passage  downward  of  the  mass  of  food  is  more  or  less 
interfered  witli.  In  hysterical  dysphagia  the  swallowed 
mass  is  temporarily  arrested  at  some  point,  usually  with 
a  sense  of  pressure  and  pain  iu  the  neck  and  around  the 
sternum,  then  without  further  hindrance  it  passes  into 
the  stomach,  or  else  with  a  feeling  of  suffocation,  chok- 
ing, and  explosion  of  gases  from  the  stomach  it  is  vomited 
out.  The  swallowing  of  solid  substances  may  be  impos- 
sible for  daj^s  or  weeks. 

Cramp  of  the  muscles  of  the  soft  palate  occurs  com- 
paratively seldom.  When  of  a  tonic  nature  the  velum 
is  in  close  contact  with  the  posterior  pharyngeal  wall,  re- 
sulting in  an  altered  tone  and  impossibility  of  breathing 
through  the  nose.  The  cramp  may  be  of  a  clonic  nature, 
affecting  only  single  muscles  of  the  velum,  as  the  levator 
or  tensor  or  the  azygos  uvulae.  The  causes  are  very  va- 
rious, consisting  of  true  alterations  in  the  nerve  supply, 
central  and  peripheral  irritations,  and  pathological  proc- 
esses in  the  immediate  neighborhood. 

The  diagnosis  of  the  various  forms  of  cramp-like  action 
of  the  muscles  is  not  always  easy,  since  hysterical  dys- 
phagia can  simulate  many  affections.  It  can  be  differ- 
entiated from  true  paralysis  of  the  muscles  of  the  phar- 
ynx by  its  intermittence,  as  the  phenomenon  is  not  con- 
stant. The  use  of  the  sound,  caj'eful  observation  of  the 
patient,  and  the  study  of  all  the  possible  causes  will 
usually  enable  one  to  make  a  diagnosis. 

Prognosis  depends  entirely  upon  the  pathology,  as  does 
also  the  treatment. 

Paralyses  op  the  Pharynx. — These  are  mostly  of 
central  origin.  Acute  and  chronic  inflammation  of  the 
brain;  tumors;  hemorrhages  which  bring  about  compres- 
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sion  of  the  vagus,  accessorius,  and  glossopharyngeus 
nerves  and  their  branches ;  as  vcell  as  degenerative  proc- 
esses of  the  brain  and  medulla,  such  as  bulbar  paralysis, 
tabes,  progi-essive  muscular  atrophy,  and  facial  paralysis ; 
lead  intoxication;  phthisis;  grippe;  pressure  of  carcino- 
matous glands  upon  the  vagus  and  its  branches  —  all 
these  may  have  muscular  disturbances  of  the  pharynx  as 
their  sequelaj.  Of  the  peripheral  causes  diphtheria  and 
scarlet  fever  are  the  most  frequent.  Syphilis  and  general 
neuritis  are  also  causative. 

Paralyses  of  sensation  and  of  motion  often  occur  to- 
gether. Paralysis  of  the  soft  palate  is  the  most  fre- 
quent, and  may  be  one-sided  or  double-sided,  complete 
or  incomplete.  When  it  is  one-sided,  the  palate  is  dravi'n 
sometimes  toward  the  sound  and  sometimes  toward  the 
diseased  side.  The  arch  of  the  paralyzed  side  is  deeper, 
•while  on  the  sound  side  the  arch  is  higher  and  narrower. 
During  phonation  the  velum  comes  toward  the  sound 
side.  When  the  uvula  alone  is  paralyzed,  which  is  a  fre- 
quent condition  in  pharynx  or  larynx  catarrh  and  in  pa- 
ralysis of  the  vocal  cords,  it  goes  toward  the  sound  side. 
In  double  paralysis  of  the  velum,  it  hangs  with  the  uvula 
straight  down  and  shows  no  sign  of  active  movement  ex- 
cept in  respiration,  when  the  uvula  moves  slightly  back- 
ward and  forward;  during  phonation  there  is  a  slight 
attempt  for  it  to  reach  the  posterior  wall.  The  voice  has 
a  very  nasal  tone.  There  is  seldom  difficulty  in  swallow- 
ing. 

Paralysis  of  the  constrictors  of  the  pharynx,  with  or 
without  accompanying  paralysis  of  the  velum  and  of 
the  oesophagus,  is  most  frequent  in  connection  with 
diphtheria,  scarlet  fever,  and  the  other  infectious  dis- 
eases and  in  bulbar  paralysis.  When  the  paralysis  is  lim- 
ited to  the  constrictors,  particles  of  food  lodge  at  the 
base  of  the  tongue  and  in  the  adjacent  sinuses,  and  fluids 
pass  easily  into  the  larynx,  producing  intense  cough  and 
suffocation.  If  the  superior  constrictor  alone  is  para- 
lyzed, the  particles  of  food  may  be  thrown  into  the  nose. 

The  diagnosis  of  paralysis  of  the  muscles  of  the  phar- 
ynx is  very  easy,  but  the  condition  is  often  overlooked, 
especially  when  the  paralysis  is  incomplete.  The  incom- 
plete paralysis  often  suggests  adenoid  vegetations  or 
polypi  in  the  nose.  When  brought  about  through  in- 
flammatory or  mechanical  causes  there  are  redness,  swell- 
ing, oedema,  ulcers,  and  cicatrices.  The  cause  of  the 
paralysis  is  often  difficult  to  find. 

In  central  paralysis  the  electro-motor  excitability  is 
normal  and  can  remain  so.  In  complete  peripheral  pa- 
ralysis the  electro-motor  excitability  very  rapidly  dimin- 
ishes and  can  be  lost  by  the  third  week. 

Hysterical  paralysis  begins  suddenly,  disappears  sud- 
denly, and  comes  again  without  apparent  cause. 

The  prognosis  and  the  treatment  must  depend  entirely 
upon  the  cause.  Prognosis  is  not  good  when  the  condi- 
tion is  of  central  origin,  but  good  when  of  diphtheritic, 
rheumatic,  infectious,  or  of  local  inflammatory  origin. 

Electricity  is  the  best  remedy.  The  faradic  current 
can  be  used  to  advantage,  although  the  galvanic  current 
is  preferable.  Wlien  the  paralysis  has  lasted  any  length 
of  time  both  are  indicated,  as  the  faradic  current  helps 
maintain  the  nutrition  of  the  muscle  while  the  galvanic 
directly  stimulates  the  nerve.  When  electricity  is  used 
one  electrode  should  be  placed  on  the  cervical  vertebras 
or  the  anterior  surface  of  the  neck,  the  other  on  the 
pharyngeal  wall  against  the  paralyzed  muscle.  The 
pharyngeal  electrode  should  be  one  in  which  the  current 
can  be  turned  off  and  on.  Strychnine  internally,  and 
remedies  which  promote  the  general  nutrition  both  of 
the  local  part  and  of  the  general  constitution  are  to  be 
used  in  addition  to  the  electricity. 

Oeorge  L.  Richards. 

?W£^^CE^\\H.—(Para-a(■et-phenetidin.)  This  well- 
known  and  popular  derivative  of  coal  tar  was  introduced 
in  1887  by  Dr.  O.  Hinsberg  and  Prof.  A.  Kast.'  Its 
chemical  formula  is  CoH.OCsH-.NHCHsCO.  In  the  last 
revision  of  the  British  Pharmacopoeia  it  was  recognized 
as  an  official  drug.     The  chemical  relation  of  phenacetin 
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to  allied  compounds  will  be  readily  understood  by  refer- 
ence to  the  following  formula; : 

Acetanilid,  C6H4(^jjcH3CO. 
Exalgin,  CeH.(CH3^jj^cO. 
Methacetin,  CoHj^' xt^qjj  qq 
Phenacetin,  CeH,(gC.H|^^^ 
Phenocoll,  UeH,(OC.PU^^^^^^ 

Phenazone,  or  antipyrin,  which  is  therapeutically  al- 
lied to  the  above,  is  related  only  so  far  as  all  are  derived 
from  phenyl  compounds;  its  formula  is 

rWTvr/COCH 
^""'^XNCHaCCHs. 

Phenacetin  forms  in  white,  glistening,  scaly  crystals, 
without  odor  or  taste.  It  is  slightly  soluble  in  cold 
water,  1  part  in  1,500;  more  soluble  in  hot  water,  1  part 
in  70 ;  and  freely  soluble  in  rectified  spirits,  1  part  in  16; 
it  is  also  soluble  in  glycerin.  The  crystals  melt  at  275° 
F.  A  recognized  test  for  phenacetin  is  the  production 
of  a  deep  red  color  when  chromic  acid  is  added  to  a 
cooled  and  filtered  solution  of  one  grain  in  twenty  min- 
ims of  hydrochloric  acid  diluted  with  ten  times  its  vol- 
ume of  water.  Sulphuric  acid  should  dissolve  it  with- 
out color,  and  burned  with  free  access  of  air  it  should 
leave  no  residue.  The  presence  of  paraphenetidin  may 
be  detected  by  melting  forty  grains  of  chloral  hydrate  in 
a  water-bath,  and  adding  eight  grains  of  phenacetin  and 
well  shaking;  a  solution  takes  place  which  is  colored 
violet,  reddish,  or  bluish  in  tint,  according  to  the  propor- 
tion of  the  impurity  present.  Another  test,  though  less 
delicate,  is  to  add  eight  grains  of  phenacetin  to  one  and  a 
half  drachms  of  iodine  solution,  1  to  20,000 ;  when  filtered 
a  pure  salt  yields  a  colorless  liquid ;  a  pink  tint  indicates 
the  presence  of  paraphenetidin.  Phenacetin  does  not 
form  a  bromine  compound  as  acetanilid  does,  and  this  re- 
action furnishes  a  test  for  the  presence  of  the  latter  salt ; 
the  addition  of  bromine  water  to  a  saturated  solution  of 
the  suspected  salt,  imparts  a  yellow  color ;  if  acetanilid 
is  present  the  solution  becomes  turbid,  if  it  is  absent  it 
remains  clear.  The  presence  of  acetanilid,  exalgin,  or 
methacetin  may  be  detected  by  adding  two  grains  to 
twenty  minims  of  concentrated  hydrochloric  acid ;  phen- 
acetin remains  undissolved,  the  other  salts  enter  into 
solution. 

Phenacetin  was  introduced  as  an  analgesic  and  anti- 
pyretic much  superior  to  the  other  similar  compounds, 
on  account  of  its  freedom  from  any  toxic  action.  It 
rapidly  established  a  reputation  as  one  of  the  most  safe 
of  the  numerous  new  antipyretics,  and  has  been  very  ex- 
tensively employed  in  all  febrile  diseases,  and  for  the  re- 
lief of  pain  in  all  its  forms.  Its  action  is  not  accompanied 
by  the  numerous  unfavorable  symptoms  that  are  common 
to  the  coal-tar  derivatives.  The  most  frequent  undesir- 
able effect  that  may  be  caused  by  its  use  is  the  onset  of 
sweating,  more  or  less  profuse.  Although  its  composi- 
tion is  such  that  it  may  cause  the  alterations  of  the  blood 
that  are  produced  by  exalgin,  acetanilid,  etc.,  the  in- 
stances in  which  any  such  condition  follows  its  use  are 
extremely  rare.  Some  cases,  however,  are  reported  in 
which  there  were  paleness  and  coldness  of  the  extremities, 
free  perspiration,  precordial  pain,  dyspnoea,  shallow  res- 
piration, feeble  pulse,  cyanosis,  and  other  evidences  of 
collapse.  Many  of  these  cases  of  poisoning  occurred  in 
females,  and  generally  followed  the  employment  of  large  . 
doses ;  but  in  one  case  only  three  doses  of  seven  grains 
each  were  given.  The  presence  of  impurities,  especially 
paraphenetidin,  is  undoubtedly  the  cause  of  many  of 
the  unfavorable  symptoms.  Very  large  doses  have  been 
g'iven  without  any  ill  effects.  A  case  is  reported  in  which 
sixty  grains  were  given  daily  for  two  weeks,  as  an  ano- 
dyne ;  in  another  case  one  ounce  and  one  drachm  were 
given  during  one  week  to  a  patient  with  neuritis,  and  in 
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a  case  ol:  tetanus  one  ounce  and  five  draclmis  were  given 
in  nineteen  days.  During  experimental  research  upon 
animals,  it  has  been  given  for  a  prolonged  period  in 
doses  equal  to  one  and  two-thirds  grain  per  pound  of 
body  weight  without  producing  any  derangement  of  the 
system,  or  causing  any  irritation  to  the  mucous  mem- 
brane of  the  stomach. 

A  series  of  experiments  on  animals  by  Drs.  Cerna  and 
Carter"  have  led  them  to  the  following  conclusions:  (1) 
Phenacetin  in  moderate  doses  causes  a  rise  of  the  arterial 
pressure  by  acting  upon  the  heart,  and  probably  likewise 
by  exerting  a  stimulating  influence  on  the  vaso-motor 
system.  (2)  In  large  amounts  it  causes  a  reduction  in 
the  pressure,  which  is  largely  of  cardiac  origin.  (3)  In 
small  doses  it  increases  the  force  of  the  heart  by  a  direct 
action.  (4)  It  increases  the  pulse  rate  chiefly  by  cardiac 
stimulation,  and  possibly  also  by  influencing  the  cardio- 
accelerating  apparatus.  (5)  In  large  quantities  the  drug 
reduces  the  number  of  pulsations,  primarily  by  stimulat- 
ing the  cardio-inhibitory  centres,  and  later  by  a  depres- 
sant action  on  the  heart.  They  also  found  that  in  large 
amounts  it  caused  a  marked  quickening  of  the  respiratory 
movements  by  a  direct  action  on  the  medulla,  and  that 
where  suflBcient  quantities  were  given  to  produce  death 
it  was  due  to  respiratory  failure.     (See  also  Phen-ocoll.) 

As  an  antipyretic  it  is  given  in  doses  of  from  five  to 
ten  grains,  every  hour  or  every  two  hours.  It  reduces 
the  temperature  slowly  and  effectively ;  during  the  first 
and  second  hours  there  is  not  much  influence  on  the  fever, 
but  in  the  third  hour  its  greatest  effect  is  manifested. 
The  continuation  of  the  afebrile  state  varies,  but  usually 
after  the  fourth  or  fifth  hour  the  temperature  begins  to 
ascend.  The  fall  of  the  temperature  results  chiefly  from 
a  decrease  in  heat  production,  with  a  slight  increase  in 
the  heat  dissipation.  The  slow  action  of  the  drug  is 
thought  to  depend  on  its  insolubility.  In  chronic  febrile 
troubles  its  action  is  not  so  marked,  and  a  tolerance  of 
the  drug  appears  to  ensue  upon  its  prolonged  adminis- 
tration. When  there  are  pain,  restlessness,  and  insomnia 
accompanying  the  fever,  the  beneficial  effects  of  the  drug 
are  most  marked.  A  sense  of  ease  and  comfort  is  pro- 
duced, and  a  calm,  refreshing  sleep  follows.  By  some 
it  has  been  supposed  to  exert  a  decided  hypnotic  action, 
but  careful  observations  in  melancholia  and  mania  have 
not  confirmed  this  view.  In  typhoid  fever  it  has  proved 
of  great  service.  From  five  to  eight  grains  are  generally 
sufficient  to  reduce  the  temperature  to  normal  in  about 
three  hours;  when  it  begins  to  rise  again  a  second  dose 
will  prevent  any  hyperpyrexia  for  twenty-four  hours. 
Many  prefer  to  employ  it  in  smaller  doses  frequently  re- 
peated—two grains  every  two  or  three  hours  and  con- 
tinued throughout  the  period  of  pyrexia ;  in  this  way  it 
maintains  the  temperature  at  a  low  point  and  the  fever 
runs  a  mild  and  uncomplicated  course.  In  children  it 
proves  beneficial  in  all  febrile  disorders;  single  doses  of 
two  grains  will  produce  a  lowering  of  temperature,  or  it 
may  be  given  in  fractional  parts  of  a  grain  every  two 
or  three  hours;  one-third  of  a  grain  having  proved 
sufficient  to  subdue  the  fever  and  allay  restlessness. 
For  'Ha  grippe''  it  has  proved  very  serviceable,  and 
has  replaced  the  older  antipyretics  to  a  very  great  ex- 
tent. In  this  disease  the  small  and  frequently  repeated 
doses  were  of  little  avail,  a  single  dose  of  ten  or  fifteen 
grains  being  generally  sufficient  to  relieve  the  fever  and 
the  severe  cephalalgia  with  which  it  was  usually  acconi- 
panied.  One  of  its  earliest  applications  was  as  an  anti- 
rheumatic. It  has  no  influence  in  warding  off  the  car- 
diac and  other  visceral  complications,  but  it  reduces  the 
fever  and  lessens  the  pain  and  swelling  in  the  joints;  to 
be  of  any  benefit  it  must  be  employed  in  much  larger 
doses  than  in  any  other  febrile  affection.  At  least  fifteen 
or  twenty  grains  must  be  given  three  times  daily,  and 
some  state  that  a  better  effect  is  produced  by  thirty 
grains  given  twice  in  the  day.  In  children  five  grains 
three  or  four  times  a  day  may  be  required.  In  pamtul 
affections  unaccompanied  by  fever,  and  in  the  various 
forms  of  neuralgia,  it  requires  to  be  given  m  the  same 
full  doses  to  secure  a  relief  from  suffering.     A  single 


dose  of  from  fifteen  to  twenty  grains  will  prove  sufficient 
when  any  benefit  is  to  be  derived,  while  small  and  fre- 
quent doses  exercise  very  little,  if  any,  action  in  control- 
ling the  pain.  Phenacetin  has  also  acquired  a  reputation 
as  a  remedy  for  whooping-cough.  It  is  given  in  doses 
of  from  half  a  grain  up  to  two  grains  every  four  hours, 
and  affoi'ds  rapid  relief  to  the  severe  paroxysms.  It  is 
also  supposed  to  shorten  the  duration  of  the  disease. 

Compared  with  the  allied  drugs,  phenacetin  may  be 
said  to  be  more  pleasant  and  safe,  but  less  powerful  and 
slower  in  its  action ;  and  perhaps  less  certain,  as  it  fre- 
quently fails  to  produce  the  desired  effect. 

lodophenacetin  or  iodoplienin  is  a  compound  of  iodine  and 
phenacetin  introduced  by  Dr.  Scholvein,  at  a  meeting  of 
the  Berlin  Pharmaceutical  Society,  1891.  It  contains 
fifty  per  cent,  of  iodine,  and  forms  in  steel-blue  crystals, 
with  an  odor  of  iodine  and  a  burning  taste.  Water  de- 
composes the  salt,  liberating  the  iodine  in  a  free  state.  It 
possesses  the  active  germicidal  and  antiseptic  properties 
of  iodine,  and  owing  to  the  looseness  of  its  combination  it 
was  suggested  as  an  intestinal  antiseptic.  The  local  irri- 
tation proved  a  source  of  discomfort,  and  toxic  symp- 
toms frequently  followed  its  employment.  It  is  now 
seldom  employed.  Beaumont  Small. 

■  Centralb.  f.  gesam.  TSerap.,  April,  1887. 
=  Tberapeutio  Gazette,  March,  1893. 

PHENACETIN,  POISONING  BY.  See  Bynthetic  Poi- 
sons,  Organic. 

PHENALGIN  —  ammonio-phenylacetamid  —  is  a  fine 
white  powder  of  ammoniacal  odor  and  slightly  alkaline 
taste.  With  water  it  makes  an  alkaline  solution.  It  is  a 
proprietary  remedy  of  uncertain  composition,  stated  to 
be  an  efficient  analgesic,  antipyretic,  and  antiperiodic. 
The  ammonia  present  is  intended  to  prevent  depression 
of  heart  and  respiration.     Dose  0.3-1.3  gm.  (gr.  v.-xx.). 

W.  A.  Bastedo. 

PHENAZONE.    See  Antipyrin. 

PHENEGOL.     SeeEgols. 

PHENOCOLL. — (Amido-acet-para-phenetidin.)  During 
the  past  few  years  our  knowledge  of  the  chemistry  of 
modern  antipyretics  has  so  far  advanced  that  new  syn- 
thetical remedies  are  produced,  the  therapeutic  properties 
of  which  have  been  carefully  considered  beforehand. 
Such  a  one  has  been  prepared  by  German  manufac- 
turers and  introduced  under  the  name  of  phenocoll.  It 
is  said  to  be  an  antipyretic,  possessed  of  all  the  favorable 
qualities  of  phenacetin,  and  devoid  of  any  of  its  undesir- 
able effects.  It  is  obtained  by  replacing  in  phenacetin 
one  hydrogen  atom  of  the  acetyl  group  by  the  amido 
group  NHa.     Its  formula  is 

CCH4OC2H5NHCOCH2NH,  -f  H,0. 

Phenocoll,  the  base,  forms  in  white  acicular  crystals 
which  have  a  tendency  to  mat  themselves  together.  It 
is  readily  soluble  in  alcohol  and  warm  water,  but  onljr 
slightly  in  chloroform,  ether,  and  cold  water.  Dilute 
caustic  alkalies,  or  dilute  acids  when  cold,  have  no  power 
to  split  up  the  compound,  but  by  prolonged  boiling  it  is 
resolved  into  its  constituents.  The  most  important  char- 
acteristic of  this  compound  is  its  power  of  combining 
with  acids  and  forming  soluble  salts. 

The  hydrochloride  of  phenocoll  is  the  salt  generally  em- 
ployed, but  salts  have  also  been  formed  with  other  acids. 
The  salicylate  occurs  in  long  needles ;  it  has  a  sweetish 
and  not  disagreeable  taste,  and  is  supposed  to  add  some 
of  the  therapeutic  properties  of  salicylic  acid  to  pheno- 
coll. It  has  been  introduced  to  the  profession  under  the 
name  salocoll. 

Phenocoll  hydrochloride  is  a  white,  minutely  crystalline 
powder,  with  a  bitter,  saline,  but  not  disagreeable  taste. 
It  is  soluble  in  cold  water,  about  one  part  in  sixteen, 
forming  a  neutral,  stable  solution.  It  is  still  more  solu- 
ble in  hot  water  and  in  alcohol. 
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The  superiority  claimed  foi'  it  over  otlier  antipyretics 
was  based  not  only  on  its  greater  solubility  and  more  rapid 
action,  but  also  on  its  perfect  harmlessness.  The  result 
of  experiments  by  Dr.  Isaac  Ott,  however,  shows  that  in 
very  large  quantities  it  produces  the  same  effects  as 
phenacetin  and  similar  compounds.  He  reports:  (1) 
that  upon  frogs  it  produces  a  general  paralysis,  due  to  an 
action  upon  the  cerebrospinal  axis ;  (2)  upon  rabbits  it 
produces  a  cyanotic  condition  of  the  ears,  and  reduces 
the  force  and  frequency  of  the  heart ;  (3)  it  kills  through 
an  action  upon  the  centre  of  respiration. 

The  investigations  and  clinical  reports  upon  the  action 
of  this  new  remedy  have  been  cliiefly  made  in  Germany 
and  Italy,  but  Drs.  Cerna  and  Carter,  of  Philadelphia, 
have  done  some  very  thorough  experimental  work,  to  de- 
termine the  comparative  action  of  antipyrin,  phenace- 
tin, and  phenocoU.  The  following  are  their  conclusions 
regarding  its  action  on  the  heart  and  circulation ; 

1.  PhenocoU,  in  ordinary  amounts,  has  practically  no 
effect  upon  the  circulation. 

3.  Large  doses  diminish  the  blood  pressure  by  influenc- 
ing the  heart. 

3.  PhenocoU  reduces  the  pulse  rate  by  stimulating  the 
cardio-inhibitorj'  centres.  It  then  increases  the  rapidity 
of  the  pulse  by  paralyzing  said  centres.  The  final  dimi- 
nution is  of  cardiac  origin. 

4.  Upon  the  blood  itself  phenocoU  has  no  action. 

As  to  the  relative  action  of  the  three  antipyretics  tliat 
were  experimented  with,  thej'  sum  all  as  follows: 

1.  Antipyrin,  phenacetin,  and  phenocoU  all  fail  to  pro- 
duce any  effect  on  tlie  heat  functions  of  the  normal  ani- 
mal. 

3.  Antipyrin  produces  a  decided  fall  of  temperature  in 
the  first  hour  after  its  administration  in  the  fevered  ani- 
mal. This  reduction  is  due  to  a  great  increase  in  heat 
dissipation,  together  with  a  fall  in  the  heat  production. 

3.  Phenacetin,  both  in  septic  and  in  albumose  fevers, 
produces  a  very  slight  fall  of  temperature  during  the  first 
and  second  hours  after  its  ingestion  by  the  stomach,  but 
the  greatest  reduction  occurs  during  the  third  hour  after 
its  ingestion.  The  fall  of  temperature  results  chiefly  from 
a  decrease  in  heat  production,  with  a  slight  increase  in 
the  heat  dissipation.  The  increase  in  dissipation  is  not  as 
great  as  with  antipyrin.  Probably  the  delayed  action  of 
the  drug  depends  on  its  insolubility. 

4.  PhenocoU  causes  in  fever  a  very  decided  fall  in  tem- 
perature, which  occurs  during  the  first  hour  after  the  ad- 
ministration of  the  drug  by  the  stomach.  This  reduction 
is  the  result  of  an  enormous  diminution  of  heat  produc- 
tion, without  any  alteration  of  heat  dissipation. 

Plienocoll  has  been  recommended  as  an  antipyretic, 
analgesic,  antirheumatic,  and  antiperiodic,  but  lias  not 
proved  itself  of  particular  value.  Its  action  resembles 
that  of  phenacetin,  but  phenocoU  requires  to  be  given 
in  larger  doses.  In  some  instances  ill  effects  have  fol- 
lowed its  emplo}''ment.  Excessive  sweating,  dyspnoea, 
marked  depression,  rashes,  darkened  urine,  and  many 
other  unfavorable  symptoms  have  been  reported. 

Beaumont  Small. 

PHENOL-BISMUTH  — C6H50.Bi(OH),  — is  a  practi 
cally  odorless  and  tasteless,  white,  non-irritant,  and  non- 
toxic powder,  containing  nineteen  per  cent,  of  phenol. 
Like  other  bismuth  preparations,  it  is  used  as  a  mechani- 
cal sedative  and  antiseptic  to  the  gastro-intestinal  tract, 
but  in  addition,  as  shown  by  the  urine,  sets  free  some 
of  its  phenol.  No  poisonous  effects  have  been  noticed 
(Jasenski)  from  taking  5  gm.  (gr.  Ixxv.)  a  day  for  three 
weeks.  R.  W.  Wilcox  says  that  it  is  superior  to  all  other 
forms  of  bismuth  in  fermentative  dyspepsias  and  in 
chronic  gastritis  marked  by  pyrosis,  or  boulimia.  The 
dose  is  1-5  gm.  (gr.  xv.-lxxv.)  daily.     W.  A.  Bastedo. 

PHENOLPHTHALEIN-C„H4.CO.C(CJ-l40H)5.0  — is 

prepared  by  digesting  ten  parts  of  phenol,  five  parts 
phthalic  anhydride,  and  four  parts  concentrated  sulphuric 
acid  for  several  hours,  boiling  the  residue  with  water  to 
remove  soluble  matter,  and  then  boiling  the  remaining 


resinous  siibstance  in  benzol.  Phenolphthalein  is  a  yel- 
lowish-brown powder,  which,  in  1  to  30  alcoholic  solu- 
tion, serves  as  an  acid-alkali  indicator  in  volumetric  anal- 
ysis. Colorless  in  acid  solutions,  it  turns  a  brilliant  pink 
on  neutralization  with  an  alkali.  It  is  n,ot,  however,  a 
safe  indicator  for  the  carbonated  alkalies. 

At  the  British  Medical  Association,  1903,  Tunncliffe 
reported  over  one  thousand  cases  of  its  use  as  a  cathartic. 
It  may  safely  be  employed  in  renal  disease  as  it  is  ex- 
creted by  the  intestines  and  not  by  the  kidneys.  The 
dose  is  0.15-1  gm.  (gr.  iiss.-xv.)  in  tablets,  0.3  gm.  (gr. 
V.)  being  usually  sufficient  to  purge  an  adult. 

W.  A.  Bastedo. 

PHENOL,  POISONING  BY.— This  substance,  now  a 
very  familiar  antiseptic,  is  known  more  generally  as  car- 
bolic or  phenic  acid,  also  as  coal-tar  creosote.  True  creo- 
sote, the  characteristic  ingredient  of  wood-tar,  especially 
that  from  beech-wood,  is  not  identical  with  phenol. 

Phenol,  as  the  common  name  indicates,  has  some  acid 
properties,  but  is,  more  strictly  speaking,  an  alcohol. 
Its  formula  is  CoHcHO.  When  pure  it  is  a  colorless, 
crystalline,  deliquescent  mass,  soluble  in  water,  alcohol, 
and  glycerin,  with  a  vi'ell-marked  odor,  and  a  burning 
taste.  The  crude  carbolic  acid  of  commerce  is  variable  in 
composition,  and  often  consists  of  little  else  than  neutral 
tar  oils,  which  are  destitute  of  any  antiseptic  qualities. 

Applied  to  the  skin,  phenol  produces  a  white  superfi- 
cial eschar ;  on  the  mucous  surface  the  effect  is  more  se- 
vere. A  number  of  cases  are  recorded  in  which  death  has 
resulted  from  external  application,  even  to  a  limited  sur- 
face. The  introduction,  at  a  comparatively  recent  date, 
of  phenol  in  antiseptic  surgery  has  been  responsible  for 
several  fatal  cases. 

When  phenol  is  swallowed  in  moderate  concentration 
an  intense  burning  sensation  is  immediately  experienced 
in  the  throat,  cesophagus,  and  stomach,  the  mucous  mem- 
brane becoming  white  and  hardened.  Vomiting  of  a 
frothy  mucus  occurs.  The  skin  becomes  cold,  the  lips 
and  ears  livid,  pupils  contracted  and  insensitive,  and 
breathing  difficult ;  the  pulse  may  be  130  and  irregular. 
The  urine  becomes  dark-colored,  and  may  be  suppressed. 
These  symptoms  are  soon  followed  by  insensibility,  with 
stertorous  breathing.  The  appearances  after  death  are 
largely  those  of  local  action  of  the  poison,  but  the  train 
of  symptoms  shows  that,  as  in  the  case  of  nearly  all 
other  poisons,  there  is  a  distinct  action  on  the  nervous 
system  to  which  the  fatal  result  is  largely  due. 

The  fatal  quantity  is  somewhat  difficult  to  fix,  owing 
to  the  great  variation  in  strength  of  the  commercial  solu- 
tions, in  which  form  the  acid  is  generally  encountered  in 
cases  of  poisoning,  In  one  case  noted  by  Taylor  a  woman 
died  in  about  half  an  hour  after  swallowing  a  wineglass- 
ful  of,  probably,  a  weak  aqueous  solution  of  phenol. 
The  minimum  fatal  dose  is  given  by  some  authorities  as 
one  drachm,  but  recovery  from  such  an  amount  is  possi- 
ble. Half  an  ounce  is  almost  invariablj'  fatal.  Fatal 
results  have  several  times  occurred  rather  rapidly,  that  is, 
in  less  than  an  hour. 

The  best  antidote  is  alcohol — the  strong  commercial 
spirit  for  external  application,  common  whiskey,  or  the 
commercial  spirit  diluted  considerably,  for  internal  use. 
The  alcohol  not  only  stops  the  action  of  the  poison,  but 
if  the  damage  be  not  very  great,  it  restores  the  condition 
of  the  tissues.  Other  chemical  antidotes  that  have  been 
advised  are  magnesium  sulphate,  sodium  sulphate  (these 
are  supposed  to  form  less  active  sulphonates),  syrup  of 
lime,  and  even  vinegar.  The  manner  in  which  the  last- 
named  acts  is  not  explained,  but  it  has  been  strongly  rec- 
ommended by  some  persons.  After  the  severe  symptoms 
have  abated,  the  stomach  should  be  washed  out  with 
tepid  water.  It  is  not  advisable  to  attempt  to  produce 
vomiting  either  \)j  emetics  or  by  hypodermic  use  of  apo- 
morphine.  Henry  Leffmann. 

PHENOL-SODIUM  SULFORICINATE  is  a  yellowish 
liquid  soluble  in  water  and  alcohol,  and  recommended  by 
Von  Tovolgyi  for  tuberculous  laryngitis.    Used  like  lac- 
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tic  acid  without  preparatory  ansesthetization  of  the  throat, 
it  reduces  the  tuberculous  infiltration  and  favorably  in- 
fluences the  dysphagia.  It  has  also  been  used  for  diph- 
theritic throats  and  in  skin  diseases.        W.  A.  Bastedo. 

PHENOLURIA.    See  Urine,  etc. 

PHENOSAL— CcHi.OC.He.NH.CO.OHa.O.CeHiCOOH 
— is  the  aceto-salicylate  of  phenetidin,  and  occurs  in 
sparingly  soluble  needles  or  plates  of  acidulous  taste.  In 
the  alimentary  tract  it  breaks  up,  yielding  fifty-seven  per 
cent,  of  phenetidin  and  thirty -foiu'  per  cent,  of  salicylic 
acid.  It  is  antipyretic,  and  is  especially  recommended  in 
rheumatism.  The  dose  is  0.3-0.7  gm.  (gr.  v.-x.)  three  or 
four  times  a  day.  W.  A.  Bastedo. 

PHENOSALYL. — This  compound  antiseptic  is  the  result 
of  a  series  of  experiments  upon  various  antiseptics  by 
Dr.  de  Christmas,  in  the  Pasteur  Institute,  Paris.  He 
has  shown  that  when  certain  antiseptics  are  associated 
together  in  one  and  the  same  solution,  the  microbicjde 
power  is  greater  than  that  of  the  sum  of  the  solutions  of 
each  acting  separately.  The  preparation  to  which  he  has 
given  the  name  phenosalyl  is  considered  by  him  to  be  a 
most  efficient  antiseptic,  its  action  on  the  various  bac- 
teria being  exceeded  only  by  sublimate.  It  has  the  fol- 
lowing composition:  Carbolic  acid,  90  parts;  salicylic 
acid,  10  parts;  lactic  acid,  30  parts;  menthol,  1  part. 

The  three  acids  are  heated  up  to  the  point  of  liquefac- 
tion, when  the  menthol  is  added.  It  is  very  soluble  in 
glycerin,  and  in  water  to  the  extent  of  four  per  cent. 

Beaumont  Small. 

PHENOSUCCIN  —  pyrantin,  para-ethoxy-phenylsuc- 
cinimide,  CoH4.0C2H6.N(COCH2)2 — obtained  by  the  ac- 
tion of  succinic  acid  on  para-amido-phenol,  occurs  in  col- 
orless needles  which  are  insoluble  in  water  and  ether,  but 
soluble  in  alcohol  and  acetic  acid.  It  is  antipyretic  and 
antineuralgic  in  dose  of  1-3  gm.  (gr.  xv.-xlv.)  daily, 
clinical  experience  showing  that  it  has  no  depressing 
effect  except  in  large  quantities.  The  sodium  salt  forms 
a  sweetish  solution  with  water.  W.  A.  Bastedo. 

PHENYL-ACETIC  ACID— alpha-toluic  acid,  CsHb.- 
CH2.COOH — is  obtained  by  boiling  benzyl  cyanide  with 
potassium  hydroxide  solution.  It  occurs  in  white  glassy 
scales  of  burning  aromatic  taste  and  soluble  in  hot  water 
and  alcohol.  It  is  given  in  dose  of  0.06-0.15  gm.  (gr.  i.- 
iiss.)  with  cod-liver  oil  for  tuberculosis  of  the  lungs. 

W.  A.  Bastedo. 

PHENYLHYDRAZINE  — CeHj.NH.NHs,.  —a  colorless 
oily  liquid  which  solidifies  into  tabular  crystals.  It  is 
slightly  soluble  in  water.  An  hydrochloride  forms  in  col- 
orless scales  which  are  readily  soluble  in  water.  Phenyl- 
hydrazine  is  an  intermediary  product  in  the  preparation 
of  many  antipyretics,  notably  antipyrin  and  hydracetine, 
but  its  toxic  action  is  too  marked  to  allow  of  its  employ- 
ment as  a  therapeutic  agent.  Phenylhydrazine  levulinie 
acid,  under  the  registered  title  of  antithermin,  was  em- 
ployed as  an  antipyretic  in  doses  of  five  grains.  It  is  now 
but  little  used,  as  its  action  is  uncertain,  and  is  not  so  safe 
as  that  of  antipyrin  and  other  similar  preparations. 

Phenylhydrazine  is  best  known  as  a  test  for  the  pres- 
ence of  sugar  in  urine,  and  is  known  as  Fischer's  test. 
It  was  discovered  by  Prof.  Emil  Fischer,  and  depends 
upon  the  property  of  the  sugar  forming,  in  the  presence 
of  phenylhydrazine,  crystals  of  phenylglucosazone. 

Beaumont  Small. 

PHENYL-SALICYLIC  ACID— ortho-oxy-diphenyl-car- 
boxylic  acid,  CoHs.OH.CcHsCOOH- is  a  white  powder, 
slightly  soluble  in  water  and  more  so  in  alcohol  and  glyc- 
erin, and  is  employed  as  an  antiseptic  dusting  powder. 

W.  A.  Bastedo. 

PHILADELPHIA,  PA.— Philadelphia,  founded  by  "Wil- 
liam Penn,  was  the  first  capital  of  the  United  States. 
The  population  was  estimated  January  1st,    1903,   at 
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1,347,713.  The  city,  situated  at  the  confluence  of  the 
Delaware  and  Schuylkill  Rivers,  in  latitude  30°  57' north, 
is  nearly  on  a  line  with  Madrid  and  Lisbon,  and  is  about 
sixty  miles  from  the  sea  in  a  direct  line.  "The  interven- 
ing^ portion  of  the  State  of  New  Jersey  is  almost  a  level 
plain,  abounding  in  pine,  oak,  and  other  timber  of  sec- 
ond growth.  To  the  westward  the  land  rises  gradually, 
and  the  nearest  mountain  ridges  are  from  fifty  to  one 
hundred  miles  distant.  The  highest  elevation  within  the 
limits  of  Philadelphia  is  450  feet.  The  mean  annual  tem- 
perature is  53°  F.,  with  extremes  of  — 6°  F.  (1889)  to 
103°  F.  (1901).  The  extremes  in  1903  were  13°  F.,  Feb- 
ruary 5th,  and  95°  F.  July  9th.  Precipitation,  49.76 
inches.  Days  with  precipitation  of  0.01  inch  or  more, 
138.  Snowfall,  33.3  inches,  distributed  as  follows: 
January,  7.7  Inches;  February,  14.3  inches;  March,  4.3 
inches ;  December,  6  inches. 

Clear  days,  131 ;  partly  cloudy,  103 ;  cloudy,  131. 
Thunderstorms,  February,  1 ;  March,  3 ;  April,  1 ;  May, 
3 ;  June,  8 ;  July,  13 ;  August,  9 ;  November,  1 ;  total,  39. 

The  prevailing  direction  of  the  wind  was  northwest 
and  the  maximum  velocity  was  53  miles  an  hour,  from 
the  north,  on  December  5th.  While  the  mean  temper- 
ature for  the  year  is  about  5.7°  F.  higher  than  at  London, 
the  mean  for  January  is  3°  F.  lower,  and  for  July  15°  F. 
higher.  The  relative  humidity  at  8  a.m.  and  8  p.m.  is 
75  per  cent,  and  68  per  cent.  The  rainfall  averages  43 
inches,  considerably  greater  than  that  of  London  (24.84 
inches).  London,  however,  exceeds  Philadelphia,  as 
well  as  New  York,  Boston,  Chicago,  and  all  the  princi- 
pal cities  of  the  United  States  in  the  number  of  rainy 
days.  There  are  about  139  clear  days  each  year  in  Phila- 
delphia, which  is  less  than  at  Baltimore  (141),  at  Denver 
(150),  or  at  Phoenix,  Arizona  (359).  The  spring  opens  in 
Philadelphia  two  or  three  weeks  earlier  than  at  Boston, 
and  autumn  lasts  longer.  Roses  may  bloom  through 
November.  The  winters  are  not  generally  severe. 
Comparatively  little  snow  falls,  yet  there  may  be  days 
or  weeks  of  temperature  below  the  f  reezin  g  point.  Phila- 
delphia has  36  parks,  the  largest,  Pairmount  Park,  con- 
taining over  3,300  acres,  through  which  flows  the  Schuyl- 
kill River,  spanned  by  four  bridges.  Within  the  limits 
of  the  park  the  river  reaches  a  width  of  about  one-fourth 
of  a  mile.  At  the  northernmost  boundary  of  the  Bast 
Park  the  romantic  Wissahickon  stream  empties  into  the 
Schuylkill,  and  the  beautiful  paths  along  its  borders  are 
favorite  resorts  for  driving,  riding,  cycling,  and  walking, 
while  the  well-wooded  hills  that  rise  just  beyond  are  at- 
tractive places  for  picnics.  There  is  excellent  boating  on 
the  Schuylkill  and  on  the  Wissahickon.  Throughout  the 
park  at  convenient  places  are  houses  of  rest,  restaurants, 
dairies,  and  playgrounds.  The  natural  beauties  of  the 
grounds  are  preserved  as  far  as  possible.  At  the  south- 
western border  of  the  park  is  the  extensive  Zoological 
Garden. 

Fairmount  Park  is  of  inestimable  value  to  the  citizens 
of  Philadelphia,  and  doubtless  exerts  a  controlling  influ- 
ence on  the  death  rate,  particularly  among  children. 

The  general  death  rate  of  Philadelphia  in  1903  was 
17.67  per  1,000  population.  It  was  lower  than  that  of 
New  York  City  (18.74),  and  reflects  credit  on  the  energetic 
measures  adopted  by  the  Bureau  of  Health.  Careful  and 
minute  attention  is  paid  to  disinfection  after  contagious 
disease  has  been  reported.  Vaccination  has  been  vigor- 
ously carried  out.  During  the  past  year  (1902)  the 
deaths  from  smallpox  numbered  331 ;  from  scarlet  fever, 
143;  from  diphtheria,  485;  from  diseases  of  the  heart, 
1681 ;  from  pulmonary  tuberculosis,  3845,  and  from  pneu- 
monia, 3976.  The  deaths  from  consumption  have  recently 
fallen  to  second  place,  owing  to  a  wider  knowledge  of  the 
principles  governing  the  spread  of  the  disease  and  to  the 
distribution  of  pamphlets  showing  how  the  disease  may 
be  prevented.  The  Pennsylvania  Society  for  the  Pre- 
vention of  Tuberculosis  has  assisted  in  this  way  to  limit 
the  spread  of  the  disease. 

Great  good  will  accrue  from  the  recent  gift  of  $1,000,- 
000  by  Mr.  Henry  Phipps  for  a  systematic  effort  in  Phila- 
delphia to  eradicate  tuberculosis  by  the  establishment  of 
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public  clinics,  sanatoria,  and  the  dissemination  of  infor- 
mation as  to  the  means  of  prevention.  This  will  greatly 
aid  the  work  of  the  Free  Hospital  for  Poor  Consump- 
tives. The  recent  gift  of  Mr.  Andrew  Carnegie  of 
11,500,000  for  thirty  branches  of  the  Free  Library  of 
Philadelphia,  and  the  recent  opening  of  the  Boys'  High 
School,  a  building  which  cost  with  its  equipment  $1,500,- 
000,  and  which  is  probably  the  finest  school  building  in 
the  world,  are  notable  steps  toward  the  city's  progress  in 
education. 

Philadelphia  is  in  a  transition  state  with  reference  to 
great  municipal  improvements.  Chief  of  these  is  the 
construction  of  enormous  filtration  beds  at  Torresdale,  on 
the  Delaware  front,  in  the  northeastern  portion  of  the 
city,  at  Roxborough  in  the  northern  portion,  and  at  Bel- 
mont in  the  northwestern  portion.  These  are  partially 
completed  and  will  cost  over  $17,000,000,  and  they  will 
insure  a  satisfactory  water  supply. 

The  Philadelphia  Hospital,  with  its  insane  department 
and  almshouse,  is  situated  on  the  lower  Schuylkill,  and 
comprises  within  its  walls  a  total  population  of  about 
five  thousand.  Steps  have  recently  been  taken  to  re- 
move the  hospital  for  the  insane  and  the  almshouse  to 
a  new  location  below  Torresdale,  and  on  the  property 
known  as  Blockley  a  new  Philadelphia  General  Hospital 
will  be  erected.  The  original  buildings  constructed  in 
1834  will  be  torn  down  and  new  buildings  erected  in  ac- 
cordance with  modern  plans. 

The  Municipal  Hospital  for  Contagious  diseases  will 
shortly  be  removed  to  a  new  site  in  the  northeastern  por- 
tion of  the  city.  There  are  over  fifty  hospitals  in  Phila- 
delphia. Chief  of  these  is  the  Pennsylvania  Hospital,  the 
oldest  institution  of  the  kind  in  the  United  States. 

The  Medical  Department  of  the  University  of  Pennsyl- 
vania was  established  in  1765  by  Dr.  John  Morgan,  Dr. 
William  Shippen,  Dr.  Adam  Kuhn,  and  Dr.  Benjamin 
Rush,  who  constituted  the  first  medical  faculty  in  Amer- 
ica. The  number  of  its  graduates  is  13,361,  and  with  the 
sister  schools  of  Jefferson  College,  the  Medico-Chirurgi- 
cal,  and  the  Woman's  Medical  College,  this  school  has 
had  a  strong  influence  in  maintaining  the  high  standard 
of  medical  education  in  the  United  States. 

Philadelphia  has  long  been  famous  for  its  teachers  of 
medicine  and  surgery,  and  their  contributions  to  medical 
literature,  issued  by  the  well-known  medical  publishers 
of  the  city,  have  carried  the  fame  of  American  medicine 
throughout  the  world.  The  names  of  Benjamin  Rush, 
Shippen,  Physick,  Wistar  and  Horner,  Barton,  Chap- 
man, Pancoast,  Gross,  Still§,  Hodge,  Pepper,  Wood,  Da 
Costa,  Agnew,  and  Mitchell  are  household  names  in  the 
medical  history  of  our  country.  Ouy  Hinsdale. 

PHILIPPINES,  THE.    %ea  Manila. 

PHIMOSIS.     See  Sexual  Organs,  Male,  Diseases  of. 

PHLEGMON.— Definition. — To  set  exact  limits  to  the 
term  phlegmon  is  far  from  easy.  Etymologically  the 
word  signifies  no  more  than  inflammation  (the  idea  of 
"  heat "  or  "  burning  "  being  equally  present  in  both  terms 
— ipMyEtv — inflammare).  Naturally,  therefore,  it  has  ever 
been  loosely  used.  The  concept  has  been  merged,  on  the 
one  side,  into  that  of  the  so-called  cellulo-cutaneous  ery- 
sipelas ;  on  the  other,  into  that  of  the  localized  abscess. 

French  and  German  surgeons  use  the  word  in  its  wid- 
est sense.  By  phlegmon  they  mean  any  pyogenic  in- 
flammation beginning  in  the  subcutaneous  cellular  tis- 
sue ;  even  furuncle  and  carbuncle  are  by  some  described 
as  varieties  of  the  class  phlegmon.  In  this  idea  they  usu- 
ally classify  phlegmons  as  (a)  simple  or  circumscribed, 
a  localized  inflammation  resulting  in  a  localized  abscess ; 
and  (b)  diffuse  or  spreading. 

English  and  American  surgeons,  however,  have  come 
rather  generally  to  attach  to  the  word  almost  exclusively 
the  latter  signification,  that  of  a  diffuse  process. 

Inclining  to  the  latter  view  the  writer  would  adopt 
Ziegler's  definition  and  restrict  the  term  phlegmon  to 
that  pathological  process  in  which  there  occurs  a  more 


or  less  extensive  inflammatory  exudate  of  sero-purulent 
or  sero-fibrino-purulent  nature  (often  called  purulent 
oedema),  spreading  rapidly  in  the  subcutaneous  or  in  any 
of  the  submucous  tissues  ovpr  a  somewhat  large  area. 
The  causative  agent  is,  so  far  as  we  know,  always  bac- 
terial. The  process  may  spread  deeply  and  involve  mus- 
cles, fascia,  and  even  periosteum,  and  may  lead  to  pyae- 
mia or  septicaemia. 

In  this  sense  the  term  must  include  those  cases  which 
are  usually  called  "phlegmonous  erysipelas,"  for  the 
pathological  and  even  the  clinical  pictures  are  practically 
identical,  and  the  etiological  factor  is  the  same.  Phleg- 
monous erysipelas,  however,  will  be  found  discussed  un- 
der Erysipelas  in  this  Handbook. 

On  the  other  hand,  we  have  those  comparatively  mild 
cases  of  "  cellulitis  "  which,  after  showing  some  tendency 
to  spi-ead,  subside  easily  under  hot  applications,  or  spon- 
taneously, without  causing  material  anxiety.  These,  too, 
must  be  considered  to  be  phlegmonous,  though  of  a  mild 
type,  because  their  nature  pathologically  and  bacterio- 
logically  is  the  same  as  that  of  the  more  severe  destruc- 
tive process  with  which  we  usually  associate  the  idea  of 
phlegmon.  The  essential — that  of  a  spreading  inflam- 
matory exudate  caused  by  pyogenic  organisms — is  the 
same ;  and  the  difference,  one  only  of  degree. 

While  the  process  usually  has  its  main  seat  in  the  sub- 
epithelial structure,  it  may  at  times  involve  principally 
deep  areas  of  areolar  tissue,  such  as  the  mediastinum,  the 
prevertebral,  or  the  deep  perineal  region.  In  such  cases 
the  atrium  of  infection  may  not  be  evident. 

Etiology. — Phlegmons  are  in  all  cases  due  to  the  in- 
vasion of  micro-organisms  in  a  soil  unable  to  resist  their 
growth.  It  is  with  reference  to  both  our  bacteriological 
and  our  clinical  knowledge  that  the  writer  would  suggest 
the  following  classification  * : 

I.  Those  caused  by  streptococci,  staphylococci,  or  both ; 
also  those  ascribed  to  rarer  organisms,  e.g.,  pneumococcus, 
gonococcus,  etc. 

II.  Those  in  which  the  entrance  of  gas-forming  bac- 
teria, with  or  without  (but  most  often  with)  the  above- 
mentioned  organisms,  leads  to  the  development  of  a  sub- 
cutaneous emphysema  and  gangrene  in  addition  to  the 
inflammatory  signs  of  the  ordinary  phlegmon.  This 
class  is  called  "progressive  gangrenous  emphysema," 
"gangrene  foudroyante,"  or  "gas  phlegmon." 

III.  Those  caused  by  the  extravasation  of  urine. 
Such  a  classification  is  naturally  far  from  arbitrary. 

The  classes  frequently  overlap.  For  instance,  a  urinary 
extravasation  is  no  doubt  often,  in  part,  a  streptococcus 
phlegmon,  and  may  be  also  in  part  a  B.  aerogenes  cap- 
sulatus  infection.  The  last-named  is  mostly  combined 
with  an  infection  of  Class  I.  Class  I.  affords  by  far  the 
greatest  number  of  phlegmons. 

It  is  evident  that  the  discussion  of  the  etiology  of 
phlegmons  must  be  almost  entirely  bacteriological.  It 
will  be  in  place,  however,  to  say  first  a  few  words  in  re- 
gard to  the  mode  of  entrance  of  the  organisms  concerned. 
In  general  the  atrium  is  a  wound  of  some  sort — from  the 
most  insignificant  abrasion  to  the  most  complicated  in- 
jury. As  a  matter  of  fact  we  find  tliat  phlegmons  de- 
velop most  frequently  in  connection  with  the  more  severe 
injuries.  The  contusion  of  the  tissues  in  such  cases  ren- 
ders them  less  resistant,  while  the  recesses  of  large 
wounds  offer  greater  opportunities,  both  for  the  entrance 
of  infective  matter  and  for  the  development  of  anaerobic 
bacteria,  and  also  render  cleansing  less  easy. 

The  classical  descriptions  of  severe  phlegmon,  espe- 
cially of  the  gaseous  form,  are  those  furnished  us  by  mili- 
tary surgeons  of  the  two  preceding  generations.  Gun- 
shot wounds  and  open  fractures  are  clinically  the  injuries 

*  In  the  following  discussion  I  have  avoided  the  term  "  malignant 
oedema "  because  of  its  lack  of  exactness.  It  has  evidently  hitherto 
been  used  In  a  loose  sense,  to  desiRnate  cases  both  of  gas-bacillus  in- 
fection (i.e.,  gangrene  foudroyante,  progressive  emphysematous 
gangrene,  etc.)  and  of  severe  strepto-  or  staphylococcus  phlegmon,  as 
vpell  as  of  phlegmon  due  to  the  bacillus  of  malignant  oedema  (Koch). 
Further,  the  term  in  itself  suggests  that  the  bacillus  of  malignant 
oedema  Is  the  causative  factor,  whereas  late  investigation  has  shown 
that  this  bacillus  is  but  rarely  at  fault. 
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most  frequently  complicated  by  phlegmon,  punctured 
■wounds  less  frequently,  clean  cuts  least  often  of  all. 
Two  or  three  cases  are  on  record  of  the  development  of 
gas  phlegmon  following  a  hypodermic  injection,  or  the 
subciitaneous  injection  of  saline  solution.  In  some  cases 
the  wound  of  entrance  may  not  be  in  the  skin  but  in  a 
mucous  membrane.  Finally,  in  some  cases,  no  point  of 
entrance  can  be  found. 

Going  on  to  discuss  more  in  detail  the  bacteriology  of 
phlegmon,  we  shall  have  to  treat  particularly  of:  (a)  the 
relative  r61es  of  the  pyogenic  cocci ;  (J)  the  bacillus  aero- 
genes  capsulatus  and  other  gas-forming  bacteria;  and  (c) 
the  nature  of  the  phlegmon  of  urinary  extravasation. 

(a)  Since  the  work  of  Ogston  and  Eosenbach  in  the 
early  period  of  bacteriology  (1880-85),  it  has  been  taught, 
and  is  still  generally  believed,  that,  while  the  staphylo- 
coccus is  nearly  always  the  cause  of  circumscribed 
abscesses,  phlegmonous  inflammation  is  due  to  tlie 
streptococcus  pyogenes.  More  extended  knowledge, 
however,  has  shown  us  that  such  a  proposition,  wliile 
possibly  true  in  many  cases,  must  suffer  numerous  ex- 
ceptions. It  would  carry  us  beyond  the  proper  limits  of 
this  article  to  go  fully  into  the  question  of  the  strepto- 
coccus as  a  disease-producer.  Nevertheless,  inasmucli  as 
the  phlegmon  has  hitherto  been  considered  a  streptococ- 
cus inflammation  par  excellence,  it  may  not  be  amiss  to 
consider  here  whether  such  a  conclusion  is  quite  justified 
or  not. 

What  is  the  relative  etiological  importance  of  tliese  or- 
ganisms in  the  causation  of  phlegmon  ?  When  we  come 
to  examine  the  literature  of  the  subject,  we  find  really  a 
very  small  number  of  phlegmons,  comparatively  speak- 
ing, in  which  the  streptococcus  pyogenes  has  been  found 
as  the  causative  agent.  Janowski'  in  his  monograph 
upon  suppuration,  says:  "Numerous  experiments  have 
shown  that  the  streptococcus  is  not  necessarily  more  viru- 
lent than  the  staphylococcus;  on  the  contrary,  that  it 
produces  decidedly  less  often  than  the  staphylococcus  its 
effect  upon  the  organism  of  the  host.  It  has  been  found 
also  that  whereas  the  streptococcus  alone,  or  more  fre- 
quently combined  with  the  staphylococcus,  occurs  in 
many  cases  of  small  abscesses,  it  is  discovered  compara- 
tively seldom  in  phlegmons,  for  which  in  particular  it 
was  claimed  (Ogston  and  Rosenbach)  to  be  characteristic. 
Thus  Steinhaus,' examining  10  cases  of  phlegmon,  found 
the  streptococcus  only  once,  and  in  that  case  combined 
with  staphylococci.  In  the  other  9  cases  the  latter  alone 
were  present.  Janowski,^  in  8  phlegmons  found  the 
streptococcus  only  once  alone,  in  4  cases  staphylococci 
alone,  and  in  3  the  two  combined.  Szczegolew*  exam- 
ined 21  cases  and  found  the  streptococcus  alone  only 
in  7." 

In  19  cases  occurring  during  late  years  in  the  Royal 
Victoria  Hospital,  Montreal,  the  bacteriological  examina- 
tions revealed  the  staphylococcus  (mainly  aureus,  or  al- 
bus,  or  both)  in  8 ;  streptococcus  pyogenes  in  8 ;  and  in 
3  a  mixed  growth.*  It  may  thus  be  inferred  that  the 
staphylococcus  (aureus  or  albus)  plays  at  least  as  great  a 
r61e  in  the  causation  of  phlegmon  as  does  the  streptococ- 
cus pyogenes.  I  have  been  unable  to  find  in  the  litera- 
ture of  the  last  few  years  any  special  discussion  upon  this 
point. 

(J)  Qas  Phlegmons.— That  variety  of  acute  phlegmon 
which  produces  gas  in  the  subcutaneous  tissues  has  ever 
been  greatly  dreaded  by  the  surgeon.  The  term  foudro- 
yante  (gangrSne  foudroyante),  given  to  it  by  Maison- 
neuve,  expressed  its  terrible  character.  It  was  the  "  pro- 
gressive gangrenous  emphysema  "  of  the  older  surgeons, 

*  The  possibility  of  some  degree  of  error  in  figures  such  as  those 
quoted  must  be  admitted.  The  difficulty  of  growing  the  strepto- 
coccus pyogenes  on  artificial  media ;  the  fact  that,  as  Marmorek  has 
shown,  they  soon  exhaust  the  medium  and  refuse  to  grow  further; 
their  liability  to  be  outgrown  by  the  hardier  staphylococcus;  the  fre- 
quent failure  on  the  part  of  bacteriologists  to  examme  stamed  slides 
of  the  original  pus ;  and  finally  the  fact  that  some  streptococci  are 
strict  anaerobes,  whilst  anaerobic  cultures  are  rarely  set  up  as  a 
routine  practice,— all  these  points  render  an  unqualified  acceptance  of 
statistics  upon  the  point  in  question  impossible,  save  in  cases  in 
which  we  linow  that  very  careful  work  has  been  done.  Nevertheless 
the  figures  are  extremely  suggestive. 


and  indeed  still  goes  by  that  name.     The  Germans  call  it 
"Gasphlegmon." 

With  the  modern  method  of  treating  wounds  it  is  be- 
coming a  much  rarer  disease  than  formerly.  The 
chapter  of  its  etiology  is  still  far  from  being  closed; 
nevertheless,  the  researches  of  Welch  and  Nuttall,  Flex- 
ner,  and  several  others  in  this  country,  and  of  Fraenkel 
in  Germany,  have  thrown  a  flood  of  light  upon  the  ques- 
tion. 

In  1891  Welch  and  Nuttall,'  of  Baltimore,  discovered 
the  organism  to  which  they  gave  the  name  "bacillus 
aerogenes  capsulatus."  In  1898  Fraenkel,"  ignorant  of 
AVelch's  work,  discovered  the  same  organism  indepen- 
dently, and  gave  to  it  the  name  of  "  bacillus  phlegmonis 
emphysematosEE."  It  is  by  Welch's  name  that  it  has 
come  to  be  most  widely  known.  This  organism  is  a  strict 
anaerobe ;  and  it  is  possible  that  the  comparative  paucity 
of  thorough  anaSrobic  work,  both  before  and  since  1892, 
may  account  for  the  fact  of  its  not  having  been  earlier 
discovered,  and  also  for  the  fact  that  there  exists  still, 
after  ten  years,  but  a  comparatively  small  literature  upon 
the  question.  Up  to  a  late  period  the  bacillus  of  malig- 
nant oedema  was  held  to  be  accountable  for  practically  all 
cases  of  "gangrene  foudroyante."  In  the  last  few  years, 
owing  to  the  publications  of  Welch  and  Fraenkel,  the 
pendulum  has  swung  to  the  opposite  extreme,  and  the 
bacillus  of  malignant  oedema  is  allowed  but  slight  if  any 
part  in  the  causation  of  the  gaseous  phlegmon.  Welch,' 
in  a  thorough  discussion  of  the  subject,  in  which  he  re- 
views forty-six  cases  of  bacillus  aerogenes  infection,  re- 
marks on  the  need  of  a  more  accurate  knowledge  con- 
cerning the  malignant  oedema  bacillus.  Neither  he  nor 
Fraenkel  could  find  it  in  their  comparatively  numerous 
cases  of  emphysematous  gangrene;  and  he  believes  that 
older  investigators  worked  with  insufficient  methods. 

Fraenkel  *  regards  the  disease  caused  by  his  bacillus 
(which  is  identical  with  Welch's)  as  one  sui  generis,  and 
that  due  to  the  malignant  oedema  bacillus  as  quite  a  dif- 
ferent clinical  entity,  because  in  animal  experiments  the 
latter  produced  no  gas. 

Hitsclunann  and  Lindenthal,' on  the  contrary,  believe 
that  gangrenous  emphysema  is  an  anatomico-clinical  en- 
tity, but  due  to  different  infections.  Of  these  the  bacil- 
lus of  malignant  oedema  would  be  the  one  most  frequently 
found;  Welch's  bacillus  next;  while  finally  the  bacillus 
coli  communis  and  the  proteus  might  be  responsible  for 
a  few  cases. 

The  most  recent  work  upon  this  question  is  that  of  Sil- 
berschmidt.'"  His  conclusions,  based  on  extremely  thor- 
ough and  straightforward  work,  certainly  carry  weight. 
In  three  cases  of  phlegmon  accompanied  by  the  develop- 
ment of  gas,  he  found  in  one  the  bacillus  oedematis 
maligni;  in  another,  an  organism  belonging  to  the 
"  group  of  malignant  oedema  bacilli " ;  and  in  the  third 
an  undetermined  non -pathogenic  anaerobe.  In  all  cases 
there  was  mixed  infection ;  in  the  first  with  B.  coli  com- 
munis, in  the  second  with  streptococcus  pyogenes,  and 
in  the  third  with  staphylococci  and  streptococci.  He 
concludes  that  the  B.  oedematis  maligni  may  certainly 
cause  the  formation  of  gas  in  "gangrfine  foudroyante." 

In  a  fourth  case  of  infection  and  death,  following  the 
opening  of  a  cold  abscess  of  the  femur,  in  which  there 
occurred  a  gradual  formation  of  gas  in  the  course  of  the 
six  days  subsequent  to  the  operation,  Silberschmidt  found, 
in  addition  to  the  ordinary  staphylococci  and  streptococ- 
ci, a  strictly  anaerobic  streptococcus  which  produced  a 
foul  odor.  He  comes  to  the  conclusion  that  gangrene 
foudroyante  may  be  caused  by  a  number  of  different  or- 
ganisms. He  is  inclined  to  ascribe  typical  gas  gangrene 
to  anaerobes  alone.  He  contests  the  strict  classification 
of  Welch  and  Fraenkel,  and  agrees  with  Lindenthal  and 
Hitsohmann  that  the  same  clinical  picture  as  is  recog- 
nized to  be  due  to  Welch's  B.  aerogenes  capsulatus  may 
be  produced  by  other  anaerobes  and  in  especial  by  the  ba- 
cillus of  malignant  oedema. 

There  is  some  evidence  in  late  literature  to  show  that 
other  anaerobic  bacteria  besides  Welch's  bacillus  and  the 
bacillus  of  malignant  oedema  may  produce  gas  in  the  tis- 
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sues  intra  mtam.  Lindenthal ' '  found  an  anaerobio  bacil- 
lus (in  conjunction  with  the  B.  coli  commutiis)  belonging 
to  the  group  of  the  oedema  bacilli,  which  both  in  mtro 
and  in  the  tissues  produced  gas.  He  isolated  it  from 
cases  of  colpohyperplasia  cystica,  characterized  by  the 
formation  of  gas  cysts  in  the  vaginal  wall  with  surround- 
ing necrosis  and  cell  infiltration. 

It  has  been  claimed  by  various  observers  that  the  B. 
€oli  communis  may  cause  gas  formation  in  the  tissues,  es- 
pecially in  cases  of  diabfetes.  Such  statements,  in  the  light 
«f  our  general  knowledge  concerning  B.  coli  infections 
and  concerning  the  r61e  of  anaerobes  in  gas  production, 
must  be  viewed  with  considerable  scepticism.  The  ob- 
servations thus  far  have  not  been  based  upon  sufficiently 
thorough  work.  The  same  may  be  said  of  the  proteus 
Hauseri,  for  which  similar  claims  have  been  made. 

In  this  question  of  etiology  we  have  been  discussing 
the  seed  only.  But  the  soil  has  also  a  great  importance. 
These  gas-producing  anaerobic  organisms  are  ubiquitous 
in  their  nature ;  they  are  found  in  practically  any  speci- 
men of  earth,  or  dung,  or  dust.  J.  C.  Friedman"  has 
found  seven  diiierent  anaerobes  in  the  ctecum  and  appen- 
dix of  man,  of  which  the  B.  aSrogenes  capsulatus  was 
the  most  frequent.  Why  then  are  gas  phlegmons  com- 
paratively so  rare  ?  The  reason  must  be  sought  in  the 
unsuitability  of  the  soil.  The  seed  is  constantly  being 
sown;  but  the  soil  nearly  always  destroys  the  seed,  or  at 
least  refuses  nourishment.  Its  resistance  must  be  dimin- 
ished before  the  seed  can  grow.  And  thus  as  a  matter  of 
fact  we  find  that  these  infections  nearly  always  compli- 
cate severe  injuries;  in  the  majority  of  cases  recorded  it 
is  an  open  fracture.  There  is  nearly  always  some  chemi- 
cal or  mechanical  lesion  of  the  tissues.  This  was  well 
pi-oved  experimentally  by  Berson.'' 

Symbiosis  is  also,  without  doubt,  an  extremely  impor- 
tant factor.  An  old  observation  shows  that  the  virulence 
of  the  streptococcus  may  be  enormously  increased  by 
growing  it  with  the  B.  prodigiosus.  The  greater  number 
of  the  more  severe  septic  processes  are  found  bacterio- 
logieally  to  show  mixed  infections.  In  all  six  cases  of 
severe  infection  reported  by  Silberschmidt  there  was 
mixed  aerobic  and  anaerobic  infection ;  and  it  is  especially 
in  the  case  of  these  anaerobic  organisms  that  this  question 
of  symbiosis  becomes  of  importance.  For  it  has  been  de- 
monstrated in  the  test  tube  that  even  a  strict  anaerobe 
■will  grow  well  enough  in  the  presence  of  some  oxygen, 
provided  a  hardy  aerobic  organism  is  inoculated  with  it. 
The  latter  probably  uses  up  what  oxygen  is  present,  and 
thus  creates  a  partially  anaerobic  atmosphere. 

Practically  the  commonest  germs  found  with  the  gas- 
producing  bacilli  have  been  the  pus  cocci,  B.  coli  com- 
munis, B.  typhosus,  and  putrefactive  bacilli.  For  the 
B.  aerogenes  capsulatus,  or  the  B.  cedematis  maligni  to 
fee  found  as  the  sole  organism  in  severe  or  fatal  cases  of 
gas  phlegmon  is  of  rare  occurrence. 

It  goes  without  saying  that,  apart  from  local  injury 
and  the  symbiosis  of  'bacteria,  all  such  general  diseases  as 
reduce  the  vitality  of  the  patient  predispose  to  the  de- 
velopment of  a  soil  favorable  to  the  invasion  of  disease 
germs.  Thus,  for  instance,  a  phlegmonous  erysipelas 
may  be  fatal  in  the  advanced  stages  of  tuberculosis  or 
cancer ;  and  the  urinary  extravasation  of  the  strictured 
alcohohc  is  notoriously  dangerous  to  life. 

(c)  In  urinary  extravasation  the  urine  infiltrates  the 
perineum,  scrotum,  penis,  and  frequently  also  spreads 
to  the  upper  part  of  the  thigh,  the  groin,  and  the  lower 
abdominal  region.  Aseptic  urine  in  the  subcutaneous 
tissue  in  small  quantities  has  been  shown  experimentally 
to  produce  but  slight  inflammatory  reaction,  or  none  at 
all.  Nevertheless,  clinically,  the  infiltration  of  urine 
seems  to  produce  almost  in  every  case  a  most  decided  in- 
flammation. In  many  cases  no  doubt  the  urine  is  already 
infected.  Even  if  not  infected  at  the  moment,  as  in  cases 
of  wounds  of  the  healthy  urinary  tract,  it  is  usually  given 
every  chance  to  become  so  by  the  necessary  catheteriza- 
tion. Moreover,  it  is  driven  into  the  tissues  not  only 
with  great  force,  but  also  in  great  quantity,  the  bladder 
muscle  acting  as  a  vis  a  tergo.     Some  of  the  organisms 
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which  most  frequently  infect  the  bladder  decompose  the 
urine  with  the  formation  of  ammonium  carbonate  and 
often  also  of  free  ammonia.  The  B.  coli  communis,  B. 
lactis  aerogenes,  or  other  bacteria  belonging  to  the  same 
group;  the  diplocoocus  urefe  liquefaciens,  the  proteus 
Hauseri  are  those  most  often  found.  The  staphylococcus 
and  streptococcus  are  also  not  seldom  present,  and  would 
render  still  more  acute  the  inflammatory  process  set  up. 
When  we  consider  what  a  powerful  combination  of  factors 
for  ill  we  have  in  these  cases, — the  mechanical  distending 
action  of  the  urine,  the  chemical  action  exerted  by  the 
products  of  its  decomposition,  the  special  inflammatory 
action  of  the  bacteria  present,  and  finally  the  run-down 
condition  of  most  of  the  subjects, — we  can  understand 
how  virulent  the  process  often  is,  and  how  the  patient  so 
rapidly  succumbs  to  the  sepsis  engendered. 

Clinically  we  usually  find  the  extravasation  taking 
on  a  phlegmonous  character  very  rapidly.  A  painful, 
vividly  red  swelling  appears,  and  it  needs  no  long  time 
for  the  decomposed,  frequently  ammoniacal  urine  to 
cause  breaking  down  and  putrefaction  of  the  tissues, 
with  the  formation  of  foul-smelling  pus  and  very  fre- 
quently gas.  High  fever  soon  sets  in,  and  the  general 
condition  becomes  rapidly  bad.  Frequently  operation, 
even  early  operation,  comes  too  late,  and  death  follows 
with  septic  symptoms. 

One  point,  that  of  the  frequent  presence  of  gas  in  these 
phlegmons,  remains  rather  unsettled.  Whether  the  colon 
bacillus  can  be  accused  is  very  doubtful ;  at  the  most  it 
might  produce  gas  in  diabetics.  It  is  possible  again  that 
the  gas  represents  in  part  at  least  free  ammonia  from  the 
decomposition  of  the  urea. 

Anaerobic  bacteria,  such  as  those  concerned  in  gas 
phlegmon  elsewhere,  may  be  at  the  botton  of  it,  but  I 
have  been  unable  to  find  literature  upon  that  point. 
Welch,  in  his  exhaustive  article '  upon  cases  of  gas-bacil- 
lus infection,  shows  that  the  B.  aerogenes  capsulatus 
may  not  only  gain  entrance  to  the  body  by  way  of  the 
urinary  tract,  but  also  set  up  its  own  infection  in  the 
tract  itself.  The  gas  produced  "  may  be  either  free  in 
the  cavity  of  the  bladder,  ureters,  or  renal  pelvis,  or  con- 
tained within  submucous  blebs,  or  in  both  situations." 
But  though  the  presence  of  this  bacillus  in  the  urine  is 
well  attested  inside  the  urinary  tract,  I  can  find  in  a 
somewhat  careful  search  of  the  literature  no  record  of  its 
having  been  demonstrated  in  urine  outside  the  tract — I 
mean  in  extravasations.  This  is  a  point  for  future  in- 
vestigation. 

Morbid  Anatomy.  ^In  discussing  the  morbid  changes 
which  occur  in  this  disease,  we  take  as  our  type  the  acute 
phegmon  of  a  limb  which  occasionally  complicates  a  se- 
vere injury,  and  which  is  due  to  the  ordinary  pyogenic 
cocci. 

The  gross  and  microscopic  changes  in  the  tissues  are 
practically  the  result  of  a  very  intense  inflammatory 
process,  and  involve  principally  the  subcutaneous  cellu- 
lar tissue,  but  also  the  true  skin  and  in  some  cases  the 
deeper  structures.  The  skin  becomes  deeply  red,  and 
there  often  occurs  a  decided  lymphangitis,  so  that  clini- 
cally we  see  the  well-known  red  lines  running  toward  the 
neighboring  glands.  In  the  cellular  tissue  the  organisms 
advance  rapidly  along  the  lymphatics  and  connective-tis- 
sue spaces,  while  the  host  reacts  with  a  copious  outpour- 
ing of  inflammatory  lymph.  The  parts  become  so  infil- 
trated that  there  is  imparted  to  the  examining  finger  the 
hard  sensation  of  brawn— a  brawny  oedema.  The  skin 
later  assumes  a  dusky  red  tint,  and'  exudation  proceeds 
to  the  point  of  threatening  gangrene.  Occasionally  gan- 
grene actually  occurs,  the  skin  becoming  marbled  with 
purplish-red  areas  and  being  thrown  ofE  finally,  either  in 
patches  or  over  larger  areas. 

If  incisions  are  niade  in  the  early  stage,  say  within  the 
first  day  or  two,  there  exudes  nothing  but  a  thin  serum 
which  may  or  may  not  be  slightly  turbid  from  admixture 
of  leucocytes  and  flakes  of  fibrin.  If  the  process  has 
gone  on  to  the  "  brawny  "  stage  the  cut  surface  shows  a 
pork-like  aspect,  or  sometimes  more  like  orange  pulp, 
especially  at  the  area  of  greatest  intensity.     A  little  later, 
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vesicles  filled  with  a  turbid  fluid  may  form  in  the  skin, 
owing  to  localized  exudation  in  the  rete. 

Meanwhile  in  the  cellular  tissues,  if  the  case  be  severe, 
the  inflammatory  process  goes  on  from  mere  infiltration 
to  a  coagulation  necrosis.  The  necrosis  is  due  not  only 
to  the  mechanical  distention  of  the  exudate,  with  the 
venous  thrombosis  and  general  circulatory  stasis  which 
it  produces,  but  also  to  the  accumulation  of  bacterial 
toxins.  It  seems  to  be  a  frequent  property  of  the  organ- 
isms usually  concerned  (virulent  streptococci  or  staphy- 
lococci) to  cause  intense  and  rapid  necrosis  of  the  parts 
infiltrated,  while  their  peptonizing  power  remains  in  the 
background.  Nevertheless,  after  the  necrosing  piocess 
has  continued  a  variable  time,  there  succeeds — if  the  pa- 
tient have  not  succumbed  to  a  fulminating  septicnemia — a 
certain  amount  of  liquefaction  or  peptonization,  so  that 
in  the  course  of  a  few  days  we  have  in  the  subcutaneous 
tissues  what  might  be  called  a  lake  of  pus,  in  which  float 
shreds  and  masses  of  sloughy  tissue.  After  incision  these 
shreds  often  have  to  be  pulled  or  cut  off,  and  resemble 
strands  of  "  wet  tow  "  or  "  wet  chamois  leather. "  If  the 
liquefying  process  has  been  less  active,  we  get  a  series  of 
small  ponds,  or  irregular  bayous  of  pus,  separated  by 
'  isthmuses  or  peninsulas  of  wholly  or  partly  dead  tissue. 

If  incision  does  not  give  vent  to  the  pus,  it  requires  no 
long  time  for  the  latter  to  find  its  way  out  through  the 
skin.  In  such  cases  sloughy  ulcers  persist,  through 
which  shreds  of  necrotic  tissue  and  pus  are  discharged, 
and  healing  takes  place  slowly  by  granulation.  In  rare 
instances  it  may  burrow  deeply  and  invade  joints,  de- 
stroy muscles  and  tendons,  or  corrode  arteries.  If  deeply 
situated  and  covered  by  strong  fasciae — such  as  in  the 
pelvirectal  space,  the  retroperitoneal  tissue,  the  medias- 
tinum or  under  the  fronto-occipltal  fascia — it  may  not 
seldom  break  through  into  hollow  viscera,  or  attack  the 
serous  membranes. 

The  microscopical  phenomena  are  largely  those  of  ordi- 
nary inflammation — outpouring  of  inflammatory  serum, 
diapedesis  of  leucocytes,  phagocytosis,  the  accumulation 
of  round  cells  in  groups  in  the  corium  and  in  the  septa 
between  the  fatty  masses  of  the  panniculus ;  the  reaction- 
ary proliferation  on  the  part  of  the  lymphoid  and  fixed 
tissue  cells ;  and  the  dilatation  of  the  lymphatics,  which 
are  filled  with  organisms. 

The  microscopical  appearances  in  detail  will  vary  ac- 
cording to  the  severity  of  the  infection.  In  mild  cases, 
subsiding  rapidly  under  incision,  there  is  evidently  com- 
paratively slight  reaction  of  the  body  cells ;  pus  may  not 
be  found ;  and  the  exudate  is  reabsorbed.  In  the  typical 
severe  case  the  early  extreme  serous  exudation  becomes 
in  the  course  of  a  few  days  invaded  by  a  large  number 
of  leucocytes:  the  proteolytic  ferments  of  the  pyogenic 
bacteria  come  into  play ;  necrosed  tissue  is  liquefied,  and 
pus  is  formed.  This  pus  is  not  localized,  but  is  distrib- 
uted over  considerable  areas  as  an  infiltration.  Finally, 
in  the  fulminating  cases  we  find  again  but  slight  evidence 
of  any  cellular  reaction.  The  bacterial  toxins  kill  before 
the  individual  defenders  of  the  body  can  marshal  to  re- 
sist. Welch'  has  found  this  last-mentioned  state  of 
affairs  to  be  especially  true  of  pure  infections  with  the 
B.  aerogenes  capsulatus.  This  bacillus,  if  pure,  leads 
mainly  to  necrosis,  the  nuclei  disappearing  by  karyoly- 
sis,  while  leucocytes  and  cellular  reaction  are  remarkable 
by  their  absence. 

The  characteristic  points,  however,  in  ordinary  phleg- 
mon are  the  excessive  primary  exudate  of  serum,  the 
comparatively  late  proliferation  and  advance  of  the  leu- 
cocytes and  other  body  cells,  and  the  marked  necrosing 
power  of  the  microbio  toxins. 

While  the  above  would  represent  the  changes  in  the 
average  severe  case  of  phlegmon,  many  other  less  fre- 
quent types  might  be  set  up,  dependent  upon  the  situ- 
ation of  the  process  and  its  degree  of  virulence.  Thus 
we  have  the  deep  phlegmon,  situated  underneath  the 
deep  fascia,  in  which  the  pus  accumulates  in  the  inter- 
muscular septa,  which  it  may  infiltrate  in  long  strands. 
The  superficial  structures  meanwhile  may  show  for  many 
hours  or  for  many  days  no  sign  of  the  underlying  infec- 


tion ;  yet  sooner  or  later  redema  develops.  In  mild  cases 
the  exudate  may  never  become  purulent  and  may  be 
finally  reabsorbed  if  incisions  have  not  been  made.  At 
the  other  extreme,  we  meet  the  very  malignant  type  in 
which  the  whole  limb  becomes,  within  twenty-four  to 
forty-eight  hours,  intensely  cedematous,  while  the  patient 
succumbs,  or  the  limb  is  amputated,  before  pus  has  time 
to  form.  Such  cases  are  due  probably  to  the  extremest 
degree  of  virulence  of  the  pus  cocci. 

In  cases  of  emphysematous  gangrene  the  above  picture 
becomes  more  or  less  typically  modified.  The  wound 
secretion,  hitherto  comparatively  healthy,  becomes  in- 
creased and  smells  horrible ;  thin,  fairly  clear  serum  flows 
from  the  drainage  openings ;  the  parts  around  the  wound 
become  swollen;  the  neighboring  skin  begins  to  show,  in 
spots  or  in  patches,  a  purplisli  or  blue-black  coloration ; 
air  collects  in  the  interstices  of  the  subcutaneous  tissue, 
giving  to  the  examining  finger  a  sensation  of  fine  crack- 
ling. This  emphysema,  accompanied  by  extreme  oedema, 
spreads  rapidl}'  up  the  limb;  the  skin  takes  on  a  special 
coloration,  which  was  particularly  noticed  by  the  first 
observers  and  was  compared  to  that  of  a  dead  leaf,  or  to 
that  of  Florentine  bronze.  Sometimes  it  looks  like  a 
week-old  ecchymosis.  The  distended  veins  stand  out  in 
blue  against  this  dark-brown  background ;  here  and  there 
show  up  patches  of  a  darker  color,  beginning  gangrene, 
which,  in  this  form  of  phlegmon,  tends  greatly  to  be- 
come extensive.  The  emphysema  may  extend  so  rapidly 
that  its  advance  has  been  followed  for  inches  during  a 
few  minutes'  observation. 

Clinical  Course. — This  will  vary  to  some  extent  ac- 
cording to  the  nature  and  degree  of  virulence  of  the 
causative  factor.  If  we  take,  as  before,  an  ordinary  case 
of  rather  severe  wound  infection,  the  signs  are  somewhat 
as  follows.  They  may  be  considered  as  (a)  local,  and  (b) 
constitutional. 

(a)  Local. — At  a  variable  period  following  the  infliction 
of  the  wound,  but  usually  within  three  or  four  days,  in- 
flammatory signs  appear  in  its  neighborhood.  The  edges- 
grow  red  and  cedematous;  the  same  condition  spreads 
rapidly  up  the  limb,  invading  the  subcutaneous  cellular 
tissue  per  continuum  ;  at  the  same  time  pain  of  variable  in- 
tensity is  usually  felt  in  the  parts.  The  lymphatics  may- 
show  as  red  lines  in  the  skin  leading  up  to  the  nearest 
lymph  glands.  The  oedema  may  involve  a  whole  ex- 
tremity within  thirty-six  to  forty-eight  hours.  Vesicles 
frequently  form  and  are  filled  with  turbid  serum. 

If  numerous  incisions  are  made  at  an  early  stage,  the 
process  may  frequently  be  arrested  and  subside  with  or 
without  the  formation  of  pus.  The  converse  of  this  pict- 
ure is  seen  in  those  cases  in  which,  in  the  absence  or  fail- 
ure of  operation,  the  inflammation  extends  rapidly  be- 
yond the  limits  of  the  extremity  involved  and  attacks 
the  trunk.  Exitus  letalis,  within  a  very  few  days,  is  then 
the  most  frequent  ending. 

(b)  Constitutional.— T\m  symptoms  are  usually  grave. 
Even  the  cases  of  slight  or  moderate  severity  are  ushered 
in  with  chilliness,  fever,  general  malaise,  etc.  In  the 
very  severe  cases  the  chill  is  marked,  the  fever  high,  the 
pulse  rapid ;  the  patient  may  become  somewhat  delirious, 
and  after  a  variable  lapse  of  time  sink  into  a  typlioid 
condition  and  die  of  acute  general  sepsis.  In  other  cases, 
especially  in  those  whose  resistance  has  been  weakened 
greatly,  the  course  may  be  of  an  asthenic  type  from  the 
beginning,  and  the  patient  shows  neither  locally  nor  con- 
stitutionally any  appreciable  effort  at  throwing  off  the 
noxa.  Cases  of  this  nature  are  to  be  set  down,  in  the 
present  state  of  our  knowledge,  to  infection  with  the 
streptococcus  pyogenes,  the  staphylococcus  aureus  or  al- 
bus,  or  to  a  combination  of  both;  with  the  additional 
presence,  in  some  cases,  of  still  other  bacteria,  such  as 
those  of  the  colon  group  and  proteus. 

The  ordinary  severe  case,  left  to  itself  or  operated  late, 
is  characterized  in  its  later  course  by  the  results  of  the 
extensive  cellular  necrosis.  Through  spontaneous  or 
operative  perforations  pus  and  shreds  of  slough  are  dis- 
charged for  many  days  or  many  weeks.  If  finally  the 
wounds  granulate   up,   the  structures  involved — skin. 
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muscles,  tendons,  fasciae,  nerves,  and  arteries — are  all  in- 
volved in  the  reparative  scar ;  and  the  patient  may  be 
left  with  an  impotent  limb.  In  some  cases  healing  does 
not  occur;  suppurative  fever  continues;  pyemia  or  sep- 
tico-pyaemia  develops  and  ultimately  leads  to  the  death 
of  the  patient. 

When  Welch's  B.  aSrogenes  capsulatus  or,  less  often, 
the  bacillus  of  malignant  oedema  enters  the  field,  either 
alone  or  combined  with  the  pyogenic  cocci,  the  clinical 
picture  is, usually  more  grave.  Our  classical  clinical  de- 
scriptions are  given  by  Maisonneuve  and  Pirogoff.  In 
their  day,  with  the  abundance  of  military  surgerj',  cases 
were  much  more  frequent  than  now.  PirogofE  divides 
the  cases  into  two  clinical  groups.  As  I  am  unable  to 
get  access  to  the  original  literature,  I  paraphrase  from 
Welch.' 

"  (a)  In  the  very  virulent  there  is  but  slight  local  reac- 
tion while  the  part  goes  on  into  crepitating  gangrene.  The 
emphysema  and  necrosis  spread  rapidly  and  the  patient 
usually  dies  in  a  few  days  with  symptoms  extremely 
toxic  and  asthenic,  (b)  In  the  other  group  there  is  reac- 
tion. The  emphysema  is  preceded  and  accompanied  by 
local  oedema  or  purulent  infiltration,  as  well  as  by  febrile 
reaction;  it  appears  later  after  the  injury,  and  spreads 
less  rapidly.     All  gradations  are,  however,  observed." 

The  cases  in  which  phlegmon  has  been  ascribed  to  the 
invasion  of  bacteria  other  than  those  mentioned  above 
are  very  rare.  Almkvist  '^  describes  a  case  of  extensive 
infiltrating  abscess  of  the  foot  in  which  gonococci  alone 
were  found.  He  refers  to  four  similar  cases  in  the  litera- 
ture. 

A  cellulitis  of  the  orbit  has  been  described  as  due  to 
the  influenza  bacillus.'^  Netter"  reports  a  case  of 
phlegmon  due  to  Fraenkel's  pneumococcus. 

Other  than  these  I  have  been  unable  to  find  in  the 
literature. 

In  addition  to  the  above  general  consideration  of  phleg- 
mon the  writer  has  thought  it  advisable  to  make  a  few 
remarks  upon  the  characteristics  of  phlegmon,  in  its  vari- 
ous localizations,  before  going  on  to  the  questions  of 
prognosis,  diagnosis,  and  treatment. 

Phlegmons  of  the  Scai.p.— The  anatomical  peculiar- 
ities of  this  region  give  an  especial  interest  to  the  ques- 
tion of  phlegmon.  The  parts  are  so  unyielding  that 
inflammatory  processes  tend  to  spread  widely  and  to  in- 
filtrate. This  is  true  of  inflammations  both  above  and 
beneath  the  fronto-occipital  aponeurosis,  but  especially 
of  the  latter.  The  subaponeurotic  connective  tissue  being 
continuous  with  the  cranial  periosteum,  phlegmon,  when 
it  attacks  the  former,  is  extremely  apt  to  destroy  the  lat- 
ter and  so  lay  bare  the  bone.  The  dangers  of  the  subja- 
cent, more  or  less  inevitable,  bone  inflammation,  or  of 
vein  thrombosis,  are  evident.  The  internal  periosteum 
(i.e.,  the  dura  mater)  may  easily  become  involved.  Von 
Bergmann  refers  to  cases  of  deep-seated  brain  abscesses 
arising  solely  by  infection  transmitted  by  contiguity 
along  thrombosed  veins.  As  compared  with  the  superfi- 
cial soft  parts,  the  aponeurosis,  together  with  the  connec- 
tive tissue  binding  it  to  the  periosteum,  necroses  very 
easily.  This  is  due  largely  to  the  manner  of  its  blood 
supply.  Whereas  the  main  vessels  of  the  superficial 
parts  run  horizontally  to  the  surface  and  thus  frequently 
escape  injury  in  lacerated  wounds,  those  supplying  the 
aponeurosis  and  periosteum  run  mainly  vertically  to  the 
parts  nourished,  and  are  apt  to  be  torn  across  in  wounds 
of  the  scalp.  Moreover,  the  tension  which  the  tight 
aponeurosis  exercises  upon  any  laige  exudate  leads  me- 
chanically toward  death  of  the'tissue. 

DifCuse  phlegmon,  therefore,  of  the  scalp,  especially 
if  deeply  situated,  is  one  of  the  most  formidable  comph- 
cations  of  contused  and  lacerated  wounds.  Fortunately 
aseptic  surgery  has  made  it  rare.  The  accompanying 
fever  is  high,  and  the  resulting  abscesses  are  numerous, 
whi  e  the  liability  to  intracranial  suppuration  is  not 
small. 

The  erysipelas  which  attacks  deep  scalp  wounds  is 
especially  to  be  feared.  The  subaponeurotic  connective 
tissue  is  in  such  wounds  the  part  most  injured;  and  the 
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locua  minoris  resiBtentim  thus  created  attracts,  so  to  speak, 
a  superficial  erysipelas  into  the  deep  parts,  and  thus  gives 
rise  to  a  phlegmonous  erysipelas. 

Phlegmon  occurs  usually  as  a  complication  of  wounds 
of  the  head,  but  also  follows  osteomyelitis  of  the  cra- 
nium ;  or,  again,  it  may  be  an  extension  from  face  phleg- 
mons. Pain,  swelling,  high  fever,  and  especially  the 
swelling  of  glands  behind  the  ear  are  the  early  symptorm. 
Early  diagnosis  is  important,  because  here,  if  anywhere, 
is  early  and  deep  incision — down  to  the  bone  if  the  phleg- 
mon is  deep — necessary,  if  both  extensive  necrosis  and 
also  the  danger  of  intracranial  mischief  are  to  be  avoided. 
The  incisions  must  be  kept  well  open  with  gauze  or  drain- 
age tubes. 

Phlegmons  op  the  Neck. — Inflammatory  processes  in 
the  neck  are  usually  circumscribed  and  end  in  abscess. 
The  diffuse  phlegmon  is  comparatively  infrequent;  it 
may  arise  pnmaiily  as  such,  or  may  be  secondary  to  a 
localized  inflammation. 

It  is  caused  by  infection  of  wounds  by  extension  from 
neighboring  inflammations,  either  by  contiguity  or  by 
the  lymphatics  through  an  adenitis.  Rarely  can  it  be  as- 
cribed to  a  heematogenic  infection,  as  in  pyaemia. 

The  clinical  picture  varies  somewhat  according  to  the 
anatomical  region  involved.  Of  these  the  most  import- 
ant is  the  submaxillary  phlegmon,  for  which  the  ordinary 
term  is  Ludwig's  angina.  It  is  certain  that  Ludwig's 
angina  is  a  name  which  has  been  too  loosely  used.  Most 
frequently  it  has  been  confounded  with  other  inflamma- 
tory processes  which  have  as  their  most  striking  symp- 
tom an  oedema  of  the  glottis,  such  as  phlegmonous  ery- 
sipelas of  the  larynx,  or  acute  perilaryngeal  infection 
dependent  on  other  causes.  As  a  matter  of  fact  the  dis- 
ease described  by  Ludwig,  in  1838,  was  an  acute  infec- 
tion of  the  connective  tissue  of  the  submaxillary  spaces 
secondary  to  an  adenitis  of  this  region,  the  original  lesion 
being  usually  a  carious  tooth,  a  mucosal  ulcer,  or  a  tonsil- 
litis. The  depth  of  the  inflammation,  the  extreme  press- 
ure exerted  on  the  exudate  by  the  unyielding  deep  fascia 
covering  the  space,  and  the  liability  therefore  toward  in- 
volvement of  neighboring  organs  (in  especial  the  larynx) 
gave  the  disease  a  characteristic  picture — that  of  a  severe 
and  frequently  fatal  infection.  The  term  Ludwig's 
angina  should  be  reserved  for  cases  showing  the  above 
pathological  condition. 

Bacteriologically  the  streptococcus  is  found  most  fre- 
quently. In  four  cases  reported  by  Leterrier  the  strep- 
tococcus was  found  twice,  the  staphylococcus  aureus 
once,  and  in  the  fourth  an  undetermined  bacillus.  In 
four  examined  by  Gasser,  the  streptococcus,  combined 
with  a  very  virulent  B.  coli  communis,  was  found  in  each 
case  (quoted  by  Jordan  in  the  "  Handbuch  der  praktischen 
Chirurgie  "). 

Pathologically  there  are  found  a  purulent  infiltration  of 
the  connective  tissue  of  the  space,  and  an  extensive  in- 
flammatory oedema  of  the  floor  of  the  mouth,  the  larynx, 
and  the  pharynx. 

The  sympto'ins  are  in  general  those  of  the  acute  phleg- 
mon anywhere.  But  the  local  conditions  add  the  charac- 
teristic signs  of  diflScult  or  impossible  deglutition,  great 
dyspnoea,  impossibility  of  opening  the  mouth,  salivation, 
and  faUyr  ex  ore.  Death  frequently  follows  in  a  few  days 
with  symptoms  of  general  sepsis,  or  from  laryngeal  oede- 
ma if  tracheotomy  be  not  quickly  done.  The  infection 
may  kill  in  from  two  to  three  days.  Such  fulminating 
cases  are  due  to  an  extremely  virulent  streptococcus  tox- 
emia, and  the  earliest  surgical  interference  may  be  insuf- 
ficient to  prevent  death.  In  some  cases  of  a  milder  de- 
gree of  infection  a  localized  abscess  results,  and  breaks 
into  the  mouth  or  through  the  skin. 

The  pmr/nosis  has  certainly  brightened  of  late  years. 
Delorme  in  1893  was  able  to  report  a  series  of  seven  re- 
coveries in  cases  operated  early. 

2Veff,toi«»<.— Incision  should  be  practised  at  the  earliest 
possible  moment,  even  before  pus  can  be  diagnosed.  It 
is  best  made  a  finger's  breadth  below  and  parallel  to  the 
alveolar  border  of  the  jaw.  After  superficial  incision  it 
is  best  to  proceed  deeply  with  a  blunt-pointed  instru- 
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ment.    With  great  dyspncsa  tracheotomy  should  be  done 
without  hesitation. 

Phlegmons  may  develop  at  the  angle  of  the  jaw  and  in 
the  submental  region ;  but  in  these  situations  they  tend  to 
localization  and  heal  easily  upon  incision.  Phlegmons 
may  arise  in  the  loose  areolar  tissue  surrounding  the 
large  vessels  of  the  neck,  the  vessel  sheath.  They  come 
in  frequency  next  to  those  of  the  submaxillary  region, 
and  originate  most  often  from  the  deep  cervical  glands 
following  anginal  affections,  carious  teeth,  otitis,  etc. 
While  infection  in  this  region  is  frequently  of  the  com- 
paratively mild,  circumscribed  type,  yet  when  the  severe 
spreading  type  does  occur,  it  is  one  of  the  most  danger- 
ous conditions  possible.  The  swelling  is  deep  and  hard 
and  may  extend  rapidly  from  the  ear  down  to  the  clavi- 
cle, and  from  the  spine  to  the  trachea.  The  skin  becomes 
reddened  rather  late,  and  wry-neck  and  trismus  come  on. 
Frequently  death  occurs  from  sepsis  before  pus  forms. 
When  abscess  forms,  the  pus  may  sink  into  the  medias- 
tinum or  axilla,  and  may  cause  compression  of  the  tra- 
chea, oesophagus,  large  vessels  and  nerves,  and  these 
complications  may  be  the  immediate  cause  of  death. 

The  prognosis  is  bad.  Treatment  consists  in  very  early 
multiple  incisions. 

Complications. — Besides  those  already  mentioned  there 
may  occur  erosion  and  perforation  of  vessels.  In  the 
case  of  a  vein,  bleeding  may  be  absent,  if  the  vein  has 
been  occluded  by  a  thrombophlebitis ;  in  the  case  of  an 
artery,  however,  there  follows  not  infrequently  fatal 
hemorrhage,  although  at  times  the  bleeding  is  moderate 
and  repeats  itself  at  intervals.  The  carotids  have  been 
ligated  in  continuity  in  such  cases  with  success. 

Reclus  '^  has  described  under  the  name  of  "  phlegmon 
ligneux  du  cou, "  a  rather  chronic  form  of  phlegmon,  de- 
veloping very  slowly,  of  very  hard  consistence,  and 
involving  a  large  area  on  one  side  of  the  neck.  It  may 
simulate  closely  a  new  growth. 

Phlegmons  of  the  Axilla. — These  are  either  subcu- 
taneous or  subfascial.  They  have  their  origin  usually  in 
a  lymphangitis  running  from  a  primary  infection  in  the 
hand,  arm,  or  breast.  Frequently  the  atrium  of  infec- 
tion is  scarcely  to  be  found,  and  the  first  symptom  is 
pain  and  swelling  in  the  axillary  glands. 

The  subcutaneous  phlegmon  is  easy  of  diagnosis ;  more 
difficult  is  it  when  the  phlegmon  begins  deeply  under  the 
pectoralis  and  spreads  toward  the  axilla.  With  the  ordi- 
nary constitutional  disturbance  we  get  a  dull  pain  and  a 
restriction  of  shoulder  movements,  especially  of  abduc- 
tion. It  is  only  after  several  days  usually  that  a  dilata- 
tion of  superficial  veins  and  a  slight  swelling  over  the 
pectoral  region  are  seen. 

Incision  should  be  made,  as  soon  as  the  affection  is  diag- 
nosed, at  the  posterior  edge  of  the  great  pectoral  through 
the  deep  fascia,  and  then  blunt  dissection  should  be  con- 
tinued with  the  finger  under  the  muscle,  until  the  pus  is 
reached. 

Phlegmons  of  the  Upper  Akm.— In  this  region 
phlegmons  of  a  comparatively  mild  nature  and  insidious 
onset  are  not  infrequent  on  the  inner  side  of  the  arm,  and 
originate  in  inflammatory  conditions  of  the  lymphatics  or 
lymph  glands  in  the  bicipital  sulcus  or  In  a  bursitis  ole- 
crani. 

Apart  from  the  ordinary  subcutaneous  phlegmons  Ja- 
boulay  ^^  distinguishes  cases  in  which  the  process  is  situ- 
ated under  the  deep  fascia  running  in  the  sheath  of  the 
vessels,  thus  forming  a  band  along  the  inner  side  of  the 
arm  to  the  axilla,  which  upon  abduction  of  the  arm  is 
painful.  Naturally  the  fascia  must  always  be  split  in 
order  to  lay  open  the  focus. 

Phlegmon  of  the  Fingeks  and  Hands.— Phlegmon- 
ous processes  in  the  hand  require  especially  early  diagnosis 
and  thorough  treatment  in  view  of  the  too  frequent  loss  of 
function,  sometimes  of  "  earning  power  "  (as  the  Germans 
call  it),  following  upon  failure  or  neglect  In  this  particular. 

The  panaritia,  confined  to  the  terminal  phalanx,  are 
hardly  to  be  considered  here.  Nor  do  the  Infections  be- 
ginning in  the  periosteum  and  confined  to  one  of  the  pha- 
langes properly  come  into  our  classification  of  phleg- 


mons. It  is  true  that  either  of  them  may  lead  to 
phlegmonous  processes,  but  to  discuss  them  would  lead 
beyond  the  limits  of  this  article. 

The  important  phlegmons  of  this  region  are  those 
which  involve  the  tendon  sheaths,  either  primarily  or 
secondarily.  It  is  necessary  to  remember  with  regard  to 
phlegmonous  processes,  whether  in  finger  or  hand,  the 
anatomical  peculiarities  of  the  subcutaneous  connective 
tissue.  On  the  dorsal  surface  the  connective-tissue 
bands,  uniting  skin  to  fascia,  run  at  an  acute  angle,  in 
fact  nearly  parallel  to  the  long  axis  of  the  limb,  thus  al- 
lowing of  a  great  deal  of  elasticity  in  the  subcutaneous 
tissue.  On  the  palmar  surface  the  reverse  is  true ;  the 
connective-tissue  bands  run  mainly  vertical  to  the  long 
axis  of  the  limb,  and  are  characterized  by  thickness  and 
density.  The  result  is  that  any  inflammatory  exudate 
occurring  on  the  palmar  aspect  meets  with  great  resis- 
tance in  its  spreading  toward  the  surface,  but  finds  an 
easy  path  toward  the  dorsum.  Thus  it  happens  that  a 
marked  cellulitis,  with  great  redness  and  oedema,  fre- 
quently appears  on  the  dorsum  of  the  hand,  while  the 
focus  is  really  situated  on  the  palmar  surface  and  may.  If 
beneath  the  palmar  aponeurosis,  have  occasioned  on  that 
aspect  of  the  hand  no  sign  at  all  suggestive  of  inflamma- 
tion. No  doubt  the  cyanotic  oedema  of  the  dorsum  in 
such  cases  is  caused  partly  also  by  pressure  on  the  deep 
dorsal  veins  as  they  pass  forward  between  the  metacar- 
pals to  join  the  palmar  arch. 

In  such  cases  an  exact  examination  is  required,  lest 
dorsal  Incisions  be  coimted  suflicient,  and  the  one  really 
necessary  palmar  incision  down  to  the  focus  be  over- 
looked. The  one  criterion  available  is  an  exact  localiza- 
tion of  the  point  of  greatest  tenderness.  The  whole  hand 
should  be  examined  for  this  area  with  a  blunt-pointed 
probe.  The  point  of  greatest  tenderness  will  always 
correspond  with  the  primary  spot  of  infection ;  and  as  a 
matter  of  clinical  experience  that  focus  is  in  the  great 
majority  of  cases  on  the  palmar  side. 

With  regard  to  infections  of  the  tendon  sheaths  we 
must  remember  their  anatomical  relationships  to, each 
other.  The  thumb  sheath  runs  up  to  a  point  under  the 
annular  ligament,  while  that  of  the  little  finger  extends 
under  the  annular  ligament,  and  in  some  cases  a  short 
distance  up  the  arm.  Both  communicate  with  the  large 
palmar  bursa.  Infection  of  either  of  these  two  may  lead 
by  continuity,  even  in  the  absence  of  direct  communica- 
tion, to  involvement  of  any  or  all  the  others. 

The  course  Is  frequently  very  acute.  In  a  very  few 
days  the  sheath  may  be  filled  with  pus ;  and,  being  nor- 
mally but  poorly  nourished,  it  necroses  very  readily.  In 
such  cases  the  necessity  for  the  promptest  surgical  in- 
terference is  exceptionally  evident ;  expectant  treatment 
is  apt  to  leave  a  practically  useless  hand.  If  not  opened 
early  the  Infection  may  spread  to  the  deep  connective 
tissue  and  cause  an  extensive  phlegmon  of  the  palm; 
it  may  extend  from  here  up  beneath  the  annular  liga- 
ment and  cause  a  deep  phlegmon  between  the  muscles 
and  tendons  of  the  forearm.  The  possible  further  dan- 
ger of  septic  thrombophlebitis  and  pyemia  is  well  knovvn. 
Even  nowadays  such  progressive  phlegmons,  which 
might  have  been  arrested  in  the  hand  by  proper  interfer- 
ence, lead  occasionally  to  amputation  of  the  arm.  Fail- 
ing this,  convalescence  extends  over  months,  and  at  the 
end  the  patient  is  left  with  an  arm  whose  usefulness  is 
largely  destroyed.  The  importance  of  early  interference 
in,  for  instance,  the  case  of  a  workingman  is  enormous. 
Rather  too  long  and  too  deep  a  cut  than  too  small  or  too 
late  a  one.  It  is  scarce  possible  for  it  to  be  too  early.  It 
is  wise  in  incising  the  palm  for  a  deep  infection,  to  push 
forward  bluntly  with  a  pair  of  forceps  after  getting 
through  the  skin.  A  counter  opening  on  the  dorsum  with 
through-and-through  drainage  is  often  advisable.  Gen- 
eral ansESthesia  is  probably  the  best  for  these  extremely 
painful  phlegmons  of  the  hand. 

With  regard  to  after-results  a  certain  amount  of  fixity 
of  the  tendon  involved  is  scarcely  to  be  avoided.  Yet  if 
massage,  hot  bathing,  passive  movement,  and  electriza- 
tion of  the  corresponding  muscles  be  instituted  as  soon 
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as  possible,  a  satisfactory  amount  of  function  may  not 
infrequently  be  recovered.  The  endothelium  clothing 
tendons  and  tendon  sheaths  (as  indeed  everywhere  in  the 
body)  possesses  a  large  capacity  of  regeneration,  pro- 
vided function  be  restored  early ;  but  if  fibrous  tissue  be 
allowed  to  contract  into  a  scar  and  produce  adhesions,  it 
can  evidently  never  be  replaced  by  endothelium.  Thus 
orthopedic  measures  to  be  successful  must  be  instituted 
as  early  as  possible. 

Phlegmons  of  the  dorsal  surface  are  much  rarer  and  less 
dangerous. 

Phlegmons  of  thb  Foot.— Deep  phlegmons,  under- 
neath the  plantar  aponeurosis,  cause,  as  in  the  hand,  in- 
flammatory signs  on  the  dorsum,  long  before  anything 
appears  on  the  sole,  and  may  lead,  if  care  is  not  exer- 
cised, to  incision  in  the  wrong  place.  If  the  process  in- 
vades the  tendon  sheaths  in  the  neighborhood  of  the 
ankle-joint  there  is  apt  to  follow  rapid  extension  up  the 
leg. 

Incisions  should  be  made  when  possible  so  that  the 
scar  will  not  be  exposed  later  to  pressure. 

Pekipuoctal  Phlegmons. — The  atrium  of  infection  in 
this  important  class  of  phlegmons  is  in  the  great  majority 
of  cases  in  the  rectum.  Slight  abrasions  from  the  pas- 
sage of  fseces,  scratches  produced  by  hard  and  pointed 
bits  of  food— such  as  fish  bones — small  ulcerations  caused 
by  stagnation  of  fseces  in  the  lacunae  of  Morgagni — all 
these  represent  opportunities  for  the  invasion  of  path- 
ogenic germs.  Moreover,  it  must  be  admitted  that  infec- 
tion may  occur  with  an  intact  mucosa,  through  the  lym- 
phoid tissue  in  the  wall,  in  analogy  with  the  same  process 
in  the  tonsils.  Catarrhal  inflammation,  ulcers  of  any 
kind,  inflamed  hemorrhoids,  may  be  the  starting-point 
of  a  phlegmon.  Infection  of  the  anal  skin,  e.g.,  eczema; 
extension  of  inflammations  of  neighboring  organs,  such  as 
urethritis,  Cowperitis,  prostatitis,  and  in  the  female  Bar- 
tholinitis— all  these  may  give  rise  to  a  phlegmonous  peri- 
proctitis. 

The  intelligent  treatment  of  these  phlegmons  is  insepa- 
rable from  a  knowledge  of  the  anatomy  of  the  parts. 
Without  going  too  deeply  into  this  question,  we  must 
remind  the  reader  that  the  perirectal  connective  tissue — 
that  tissue  namely  in  which  phlegmons  mainly  run  their 
course — is  divided  into  an  inferior  or  superflcial,  and  a 
superior  or  deep  portion ;  the  former  called  the  ischiorec- 
tal fossa,  the  latter  the  pelvirectal  space. 

It  is  the  levator  ani  muscle  with  its  enclosing  f  ascire,  the 
superior  and  inferior  diaphragmatic  fasciae  (or,  as  it  usu- 
ally appears  in  English  literature,  the  two  layers  of  the 
triangular  ligament),  which  divides  the  two  spaces. 

Phlegmons,  therefore,  may  be  superflcial  (i.e.,  situated 
in  the  ischiorectal  fossa),  or  deep  {i.e.,  in  the  pelvirectal 
space) ;  or  they  may  spread  sometimes  through  both  re- 
gions. In  the  first  case  they  may  extend  to  the  peri- 
neum, scrotum,  groin,  or  thigh,  while  in  the  second  case 
they  spread  by  direct  continuity  into  the  pelvic  and 
thence  into  the  abdominal  retroperitoneal  areolar  tissue, 
and  so  up  to  the  kidneys  or  in  front  over  the  anterior 
abdominal  wall.  These  are  naturally  much  the  more 
dangerous.  Portions  of  the  peritoneum,  even  of  the 
bowel,  may  become  gangrenous,  and  septic  peritonitis 
develop.  Death  most  often  results  in  from  two  to  ten 
days.  Such  phlegmons  are  fulminating  in  character. 
Inasmuch  as  virulent  anaerobic  gas-producing  bacteria 
are  invariably  to  be  found  in  the  feeces,  it  becomes  evi- 
dent that  periproctal  phlegmons  may  at  any  time  assume 
the  fulminating  type  of  emphysematous  gangrene,  or 
"gangrfene  f oudroyante. "  The  bacteriological  aspect  of 
the  question  has  already  been  discussed. 
_  Another  type,  described  especially  by  Kraske  in  connec- 
tion with  a  wound,  is  characterized  by  gas  formation, 
but  with  a  much  milder  course.  It  is  said  that  the  B. 
coli  is  the  etiological  factor;  but  such  a  conclusion,  in 
view  of  recent  work  upon  the  anaerobes  in  gas  phleg- 
mons, must  appear  at  least  dubious. 

The  onset  is  insidious;  locally  the  wound  shows  often 
nothing  but  a  breaking  down  of  the  gi-anulations  and 
slight  oedema  in  the  neighborhood.    Fever  is  slight  or 
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absent.  Gradually,  however,  there  develops  a  tissue 
emphysema  and  small  gas-containing  abscesses,  with  ne- 
crosis of  the  tissues  near  the  wound  surface.  At  times 
metastases  develop,  even  in  the  absence  of  fever  or  chill. 
Ultimately  the  patient  becomes  both  restless  and  sleepy 
(if  the  apparent  paradox  be  allowed),  then  somnolent, 
and  in  the  course  of  weeks  usually  succumbs.  Recovery 
is  quite  rare. 

Some  authors  describe  a  third  form,  characterized  by 
gangrene,  called  the  "diflluse,  gangrenous  phlegmon." 
This  is,  however,  merely  a  variety  of  the  fulminating 
type  of  phlegmon. 

In  the  above  we  have  been  speaking  especially  of  the 
severe  spreading  forms  of  the  disease.  They  may  be 
complicated,  or  not,  by  gas  formation,  and  their  prog')io- 
sis  is  an  extremely  bad  one.  When  infection  is  less  viru- 
lent we  get  a  more  circumscribed  inflammation,  with  early 
formation  of  abscess.  The  acute  ischiorectal  abscess  is 
often  styled  a  phlegmon,  but  within  the  limits  of  this 
article  it  can  hardly  be  considered  such. 

Infections  of  the  pelvirectal  space  are  much  more  fre- 
quently spreading  in  type.  Diagnosis  is  here  difiicult  on 
account  of  their  deep  situation.  Still,  careful  digital  ex- 
amination will  often  discover  an  inflammatory  mass  caus- 
ing the  rectal  wall  to  bulge  inward.  Even  before  such 
swelling  occurs,  the  presence  of  rectal  and  vesical  tenes- 
mus with  deep  pelvic  pain  should  lead  to  a  probable  diag- 
nosis of  pelvirectal  phlegmon.  If  left  alone,  or  diagnosed 
late,  the  condition  is  apt  to  cause  extensive  abscesses  and 
break  through  into  neighboring  organs  or  the  skin,  when  • 
it  does  not  lead  to  a  fatal  issue. 

Treatment. — This  is  of  course  early  incision.  This  i 
should  never  be  made  through  the  rectal  wall,  no  matter 
how  tempting  a  pointing  abscess  may  be ;  for  In  such 
case  drainage  is  poor  and  fseces  enter  the  abscess  cavity. 
The  incision,  both  in  ischiorectal  and  in  pelvirectal  infec- 
tions, should  be  through  the  ischiorectal  fossa.  When 
the  abscess  is  deep — i.e.,  pelvirectal — the  levator  ani 
should  be  exposed,  and  then  a  blunt  instrument  should 
be  passed  between  the  two  heads  of  the  muscle,  where 
they  reunite  beneath  the  prostate.  The  opening  should 
be  made  secure  by  a  large  stifl:  drain. 

Phlegmons  of  the  Testicle. — Phlegmons  in  this 
region  acquire  a  special  interest  from  their  tendency  to 
gangrene.  They  originate  mostly  from  phagedoenic  ul- 
cers or  wounds  of  the  penis,  urethra,  and  perineum ;  or 
from  suppurative  cavernitis  of  the  corpus  cavernosum ;  or 
from  urinary  extravasation,  or  as  a  result  of  suppurative 
periproctitis.  They  are  characterized  by  an  extremely 
tense  swelling  of  the  scrotum,  with  frequent  ending  in 
gangrene  of  the  skin,  the  inflammation  often  spreading 
rapidly  on  the  abdomen  and  the  thigh,  and  also  deeply 
to  the  tunica  vaginalis  and  the  cord.  In  this  last  case  it 
leads  on  not  infrequently  to  phlegmon  of  the  pelvic  cel- 
lular tissue  and  even  to  peritonitis. 

In  virulent  infections,  and  especially  with  urinary  in- 
filtration, also  when  the  phlegmon  connects  with  para- 
proctitic  processes,  there  frequently  develops  gas  in  the 
infiltrated  tissue.  Especially  in  these  cases  is  the  gan- 
grene apt  to  be  deep  and  extensive.  The  bacteriology 
of  this  condition  has  already  been  described. 

It  is  a  point  of  considerable  practical  interest  and  im- 
portance that  an  ordinary  infective  phlegmon,  arising 
from  some  focus  in  the  anal  gut  or  the  ischiorectal  fossa, 
may  spread  with  great  rapidity  and  severity  over  the 
perineum,  scrotum,  and  the  neighboring  parts,  and  thus 
simulate  a  urinary  extravasation  so  closely  as  to  induce 
surgeons  of  experience  to  do  median  perineal  cystot- 
omy. 

Pra,EGM0NS  OF  THE  THORACIC  Wall. — Thesc  are  for- 
tunately rare,  for  the  prognosis  is  always  grave.  They 
usually  spread  from  a  purulent  axillary  adenitis  and  in- 
vade most  often  the  anterior  wall,  lying  upon  the  fascia 
underneath  the  greater  pectoral.  They  may  arise  pri- 
marily in  the  deep  fascia  from  penetrating  wounds.  Usu- 
ally they  break  through  the  skin,  rarely  into  the  pleura. 
Kilmmell,"  of  Hamburg,  describes  one  case  which,  ex- 
tending from  an  empyema,  spread  over  the  whole  of  the 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Plilegnion, 
Phlegmon, 


right  side  of  the  bade  and  down  over  tlie  gluteal  region, 
as  far  as  the  great  trochanter. 

Biagnods  may  be  extremely  difficult  in  the  early  stages. 
The  one  symptom  at  that  time  is  extreme  pain  over  the 
whole  side  of  the  chest,  so  severe  as  to  make  respiration 
difficult.  This,  with  the  accompanying  fever  and  chill, 
causes  the  condition  to  be  easily  mistaken  for  pleurisy. 
It  may  be  several  days  before  redness  of  the  skin,  or 
fluctuation  at  some  point,  renders  the  diagnosis  unmis- 
takable. A  careful  consideration,  however,  of  the  nature 
of  the  pain,  and  of  the  severe  constitutional  signs,  ought 
to  permit  fairly  early  diagnosis. 

KtimmelP*  reports  that  of  ten  cases  in  the  Eppendorf 
Hospital  only  two  recovered ;  the  rest  all  died  of  general 
sepsis.  No  doubt  some  of  these  belonged,  however,  to 
the  old  days  of  "  expectant "  surgery.  At  the  present 
day  earlier  diagnosis  and  radical  incisions  ought  to  save 
a  much  greater  proportion. 

Phlegmons  op  the  CEsophagus. — Phlegmon  in  this 
region  is  situated  in  the  submucous  tissue  and  is  very 
rare,  but  may  be  extensive.  Some  cases  described  as 
phlegmons  are  evidently  small  localized  abscesses. 
When  pus  has  formed  it  tends  to  break  through  into  the 
oesophagus  or  the  trachea,  rather  than  to  spread  through 
the  mediastinum  or  into  the  pleural  cavity.  It  may  fol- 
low the  arrest  of  a  foreign  body  in  the  oesophagus,  or 
represent  the  extension  of  a  phlegmonous  gastritis.  In 
a  few  cases  no  cause  can  be  ascertained. 

The  symptoms,  apart  from  those  of  constitutional  dis- 
turbance, are  mainly  of  local  origin — difficulty  ,of  deglu- 
tition, with  pain  along  the  course  of  the  oesophagus, 
especially  behind  the  sternum  and  radiating  to  the 
back;  nausea;  cough;  occasionally  vomiting  of  purulent 
material. 

Diagnosis  is  extremely  difficult  except  in  cases  in  which 
the  history  of  the  stoppage  of  a  foreign  body  is  clear. 

Treatment. — With  the  oesophagoscope  a  prominent  ab- 
scess may  be  discovered  and  opened.  In  severe  cases  the 
question  of  external  incision  must  be  considered,  if  the 
symptoms  indicate  a  lesion  above  the  thoracic  cavity. 
Apart  from  these  indications  treatment  must  be  expec- 
tant. 

Gastbio  Phlegmon. — Cases  of  this  kind  are  usually 
diagnosed  with  certainty  only  post  mortem.  The  phleg- 
mon complicates  carcinomatous  disease  not  infrequently, 
simple  ulcer  but  rarely.  Occasionally  it  is  caused  by 
foreign  bodies  or  traumatism.  It  involves  mainly  the 
submucosa.  The  stomach  wall  is  usually  immensely 
thickened,  inflamed,  and  oedematous.  Perforation  may 
occur  in  either  direction.  Clinically  the  picture  is  that 
of  acute  gastritis  with  peritoneal  symptoms  and  fever. 

Kinnlcutt'^  has  lately  described  a  striking  case. 

Phlegmons  of  the  Larynx. — In  perilaryngeal  phleg- 
mons the  symptom  which  dominates  the  clinical  picture 
is  naturally  that  of  a  dangerous  oedema  of  the  larynx. 
And  yet,  for  the  sake  of  an  exact  knowledge  of  the  sub- 
ject, the  writer  feels  inclined  to  offer  a  prefatory  note  of 
protest  against  the  loose,  slipshod  way  in  which  the  term 
"oedema  of  the  larynx  "  or  "redema  of  the  glottis"  has 
been  so  generally  used,  as  if  it  represented  a  disease  en- 
tity, instead  of  being,  as  it  is,  merely  a  symptom.  It 
may  be  due  to  entirely  non-inflammatory  causes,  such  as 
severe  nephritic  or  cardiac  disease,  in  which  it  appears  as 
part  of  a  general  anasarca;  or  to  the  pressure  of  a  tumor 
causing  local  stasis.  When  of  inflammatory  origin  the 
oedema  may  be  the  result  of  a  primary  infection  in  the 
submucosa,  occurring  in  the  course  of  Infectious  diseases 
as  a  metastasis;  or  of  a  primary  local  erysipelas  (if  we 
admit  that  such  really  does  occur).  On  the  other  hand, 
it  may  be  caused  secondarily  by  extension  of  some  in- 
flammation of  neighboring  parts.  It  is  under  this  head- 
ing that  the  laryngeal  phlegmon  is  ranged;  such  a 
phlegmon  may  have  arisen  in  the  floor  of  the  mouth,  or 
in  an  adenitis  at  the  angle  of  the  jaw ;  or  it  may  have  de- 
veloped from  a  peritonsillar  or  peripharyngeal  infection, 
or,  from  an  infection  located  in  the  connective  tissue  of 
the  neck ;  or  finally  its  starting  point  may  have  been  in 
the  areolar  tissue  of  the  submaxillary  triangle,  this  last 


representing  Ludwig's  angina  in  the  strict  sense  of  the 
term. 

These  phlegmons  are  accompanied  by  the  usual  local 
and  constitutional  signs.  In  this  place  it  is  necessary  to 
speak  only  of  the  dominating  sign  of  local  laryngeal , 
oedema,  when  it  is  of  any  severity.  The  symptoms  de- 
pend mainly  on  the  diminution  of  the  laryngeal  opening. 
The  obstruction  occurs  usually  by  swelling  of  the  ary epi- 
glottic folds.  Thus  we  have  inspiratory  dyspnoea  and 
hoarseness.  Pain  may  be  constant,  but  is  increased  by 
swallowing. 

The  one  point  upon  which  emphasis  must  be  laid  is 
that  the  submucous  infiltration  may  develop  with  ex- 
traordinary rapidity.  While  this  is  true  of  infective  oede- 
ma, it  is  especially  so  of  the  traumatic  oedema.  The 
breathing  must  be  constantly  watched.  A  tracheotomy 
may  become  necessary  at  any  moment,  and  indeed  many 
patients  have  died  for  lack  of  it.  von  Ziemssen's  rule 
was,  "  never  under  any  circumstances  to  leave  a  patient 
suffering  from  oedema  of  the  larynx,  and  rather  to  do  a 
tracheotomy  with  a  penknife,  if  proper  instruments  are 
not  at  hand,  than  to  let  him  suffocate." 

While  the  pivgnosis  of  phlegmons  generally  is  never 
especially  bright,  it  becomes  decidedly  darker  when  they 
become  complicated,  as  in  this  region,  by  laryngeal  oede- 
ma. Sestier  (quoted  by  von  Bruns  in  "  Handbuch  der 
prakt.  Chir.")  found  in  313  cases  of  oedema  glottidis  (no 
doubt  of  various  causation,  not  solely  of  phlegmonous 
origin)  158  deaths.  Of  the  total  number  30  had  had 
a  tracheotomy  done.  No  doubt  present-day  methods 
would  show  much  more  favorable  results. 

As  regards  treatment,  besides  the  matter-of-course  in- 
cision for  the  original  phlegmon,  the  surgeon  must  be 
constantly  in  readiness  to  do  a  tracheotomy  for  the  sec- 
ondary oedema  laryngis.  Where  the  necessity  stops  short 
of  a  tracheotomy,  ice  should  be  given,  and  the  ice-bag 
kept  applied  externally.     Intubation  is  contralndicated. 

Complications. — These  are  mainly  of  the  nature  of 
metastatic  inflammations.  Suppurative  synovitis  and 
arthritis  complicate  phlegmonous  erysipelas  not  uncom- 
monly. The  same  result  may  be  brought  about  by  direct 
extension  of  the  inflammation  into  the  deep  structures. 
An  infective  pneumonia  has  been  described  as  due  to  a 
streptococcus  metastasis  from  phlegmonous  erysipelas. 
Endocarditis  and  albuminuria  are  rare. 

Septicaemia,  pyaemia,  or  septico-pysemia  not  infre- 
quently develop  from  a  phlegmonous  focus.  Septic  in- 
flammations of  the  various  serous  membranes  may  come 
on,  especially  following  sti'eptococcus  infections — ^pleu- 
risy,  empyema,  peritonitis,  meningitis.  The  B.  aSrogenes 
capsulatus  may  also  cause  peritonitis  or  meningitis. 

Diagnosis. — There  is  really  no  other  disease  from 
which  it  is  necessary  to  differentiate  phlegmon  when 
superficial,  as  it  usually  is.  The  question  of  diagnosis 
comes  in  only  as  between  its  own  various  forms.  It 
is  desirable,  however,  to  distinguish  these,  both  for 
therapeusis  and  for  prognosis.  The  rapid  development 
of  gas  and  of  gangrene  and  its  fulminating  character 
distinguish  easily  cases  of  gangrine  foudroyante  from 
those  of  ordinary  phlegmon  (Class  I.);  but  less  easily 
from  cases  of  urinary  extravasation.  A  late  case  in 
the  Royal  Victoria  Hospital,  Montreal,  of  a  B.  aero- 
genes  capsulatus  phlegmon,  starting  from  the  rectum 
and  involving  scrotum,  penis,  and  groins,  simulated  so 
perfectly  a  urinary  extravasation  that  it  was  only  at 
post-mortem  that  the  absence  of  the  latter  could  be  made 
quite  certain.  Still,  in  most  cases,  a  diagnosis  should  be 
made  from  the  previous  history  of  urinary  trouble,  and 
from  an  examination  of  the  urinary  tract. 

The  diagnosis  of  a  deep,  subfascial  phlegmon  may  oc- 
casion considerable  difficulty.  The  deep  pain,  the  fever, 
and  other  signs  of  constitutional  disturbance  will  point 
plainly  enough  to  an  infected  condition ;  but  to  determine 
the  exact  localization  of  the  process,  whether  it  is  in  the 
soft  tissues  or  in  the  bone,  i.e.,  an  acute  osteomyelitis, 
may  be  far  from  easy.  In  acute  osteomyelitis  the  pain 
is  apt  to  be  more  severe,  more  localized ;  while  subcu- 
taneous oedema  develops  to  a  less  extent  and  rather  later. 
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Moreover,  acute  osteomyelitis  occurs  almost  constantly 
during  adolescence  and  develops  at  an  epiphyseal  end. 
As  a  matter  of  fact  it  is  really  nothing  more  nor  less 
than  a  phlegmon  of  bone ;  and  its  treatment  is  the  same 
as  for  phlegmon  of  the  soft  parts. 

In  the  case  of  phlegmons  of  Class  II.— gas  phlegmons 
— a  very  early  diagnosis  is  of  great  importance  for  suc- 
cessful therapeusis.  Bloodgood""  has  reviewed  these 
cases  from  the  surgical  standpoint  in  a  very  thorough 
manner,  and  I  quote  from  him. 

"Unquestionably  in  gas-bacillus  infections  an  early 
diagnosis  is  always  possible,  and  not  at  all  difficult.  In 
any  recent  wound  with  symptoms  of  infection,  one 
should  at  once  make  cover-slips  from  the  fluid  in  the 
wound.  The  presence  of  large  bacilli,  morphologically 
like  the  gas  bacillus,  even  with  the  absence  of  gas  bub- 
bles or  emphysema,  is  practically,  in  the  majority  of 
cases,  pathognomonic  of  a  gas-bacillus  infection.  If  one 
finds  in  addition  air  bubbles  in  the  fluid,  or  emphysema 
in  the  tissues,  plus  the  presence  of  bacilli  in  cover-slips, 
there  is  practically  no  question  about  the  diagnosis." 

Under  the  head  of  treatment  I  shall  quote  further  re- 
marks of  Bloodgood,  which  are  a  corollary  to  the  above. 

I  suppose  we  may  assume  that  a  phlegmonous  erysip- 
elas, i.e.,  a  phlegmon  of  the  deeper  structures  develop- 
ing by  extension  from  a  true  erysipelas  of  the  skin,  is  a 
pure  streptococcus  infection.  If  we  have  any  faith  in 
antistreptococcus  serum,  we  must  be  careful  in  such 
cases  not  to  overlook  in  the  general  phlegmon  the  coex- 
istence of  the  cutaneous  erysipelas;  for  in  such  cases,  if 
in  any,  would  the  serum  have  a  chance  to  do  good. 

Prognosis. — The  outlook  in  any  of  our  three  classes  of 
phlegmon  is  usually  grave ;  but  by  all  odds  gravest  in 
the  phlegmon  of  gas  gangrene.  The  fulminating  cases 
of  ordinary  phlegmon  (Class  I.),  which  kill  in  a  few 
hours,  are  rare.  More  often  the  patient  dies  of  the  infec- 
tion during  the  first  week  or  two  after  the  onset.  If  he 
escapes  then,  he  may  die  later  of  chronic  suppurative 
fever  and  pysmia.  If  be  recovers,  he  may  be  left  with  a 
functionally  impotent  limb. 

In  cases  of  gas  gangrene  (Class  II.)  the  prognosis, 
without  operation,  is  practically  always  toward  a  fatal 
ending.  With  early  and  proper  treatment  it  is  by  no 
means  so  black  as  our  predecessors  have  painted  it ;  and 
it  is  yearly  becoming  less  grave.  The  earlier  and  more 
thorough  the  operation  is,  the  brighter  becomes  the 
outlook. 

Welch'  says  that  results  are  better  after  amputation 
than  after  incisions  only.  Of  the  cases  collected  by  him 
of  emphysematous  gangrene,  affecting  primarily  the  ex- 
tremities, the  recoveries  numbered  68  per  cent,  after  am- 
putation, and  33i-  per  cent,  after  incision  without  ampu- 
tation. 

Treatment. — The  treatment  of  phlegmon  may  be 
considered  under  the  three  headings — non-operative, 
operative,  and  serum-therapy. 

Non-Operatm. — Naturally  this  can  be  thought  of  only 
in  the  mildest  cases.  Take,  for  example,  a  cellulitis 
orginating  in  an  infection  of  the  hand,  and  spreading 
with  greater  or  less  rapidity  up  the  forearm.  The  sur- 
geon incises  such  cases  almost  invariably  as  soon  as  he 
sees  them,  and  counts  the  disfiguring  scars — so  disfigur- 
ing, especially  on  the  back  of  the  hand— as  not  to  be 
weighed  for  a  moment  in  the  balance.  Let  us  admit, 
upon  the  whole,  that  he  is  right.  And  yet,  how  often 
does  the  general  practitioner  apply  in  these  cases  hot  an- 
tiseptic fermentations  alone,  and  see  his  conservatism,  or 
the  patient's  disinclination  to  the  knife,  justified  by  the 
event!  There  is  room  here  for  the  exercise  of  the  nicest 
surgical  judgment.  The  writer  believes  that  in  the  early 
stages  of  these  spreading  cellulitis  cases,  mild  types  of 
phlegmon  as  they  are,  hot  antiseptic  applications  or  the 
hot  continuous  bath  should  be  tried  first ;  that,  however, 
both  the  local  and  the  constitutional  symptoms  should  be 
watched  carefully  and  almost  continuously.  If,  after  a 
variable  number  of  hours,  to  be  judged  by  the  intensity 
ot  the  process,  the  infection  is  evidently  advancing,  mul- 
tiple mcisions  should  be  practised. 
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Some  surgeons  prefer  cold  applications,  especially  in 
phlegmons  of  the  deeper  regions,  such  as  the  perilaryn- 
geal or  perioesophageal.  Elevation  of  the  part  and  ab- 
solute rest  are  matters  of  course. 

It  may  be  mentioned  at  this  point  that  CredS's  oint- 
ment" (a  salve  containing  fifteen  per  cent,  of  soluble 
metallic  silver)  has  been  strongly  recommended  by  some 
in  the  treatment  of  septic  infection  of  wounds.  It  is 
usually  rubbed  into  the  skin  after  the  fashion  of  the  mer- 
curial ointment  in  the  treatment  of  syphilis;  and  it  is 
claimed  that  the  formation  in  the  blood  of  powerfully  bac- 
tericidal silver  salts  effects  a  general  antisepsis  of  the  en- 
tire organism  (Werler  ^*;.  The  writer  is  unable  from  per- 
sonal experience  to  give  any  opinion  upon  the  question; 
but  the  method  of  treatment  has  not  come  into  wide  use. 

Operative. — This  will  vary,  according  to  the  case,  from 
a  few  superficial  incisions  to  the  amputation  of  a  whole 
extremity.  Multiple  incisions  are  the  rule  in  moderate 
cases.  After  incisions  the  parts  should  always  be  kept 
enveloped  in  hot,  wet  antiseptic  dressings  or  in  the  con- 
tinuous bath.  The  value  of  the  latter  in  severe  local  in- 
fections has  been  particularly  demonstrated  by  the  ex- 
perience of  the  great  Hamburg  clinic,  and  more  lately 
by  that  of  various  hospitals  elsewhere. 

Incisions  in  the  early  stages  must  be  numerous  and  they 
must  enter  the  subcutaneous  tissue,  so  as  to  allow  of 
the  escape  of  as  much  of  the  infected  serous  exudate  as 
possible.  In  the  later  stages,  with  a  large  amount  of  pus 
present,  they  must  be  extensive  enough  to  secure  a  free 
opening  for  the  pus  wherever  it  may  happen  to  be ;  that 
is,  the  pus  must  be  followed  relentlessly  into  all  recesses, 
and  counter-openings  must  be  freely  made.  Necrotic  tis- 
sue should  be  removed  as  thoroughly  as  possible.  Rub- 
ber drains  of  a  good  size  should  be  inserted  into  the  main 
openings.  Copious  hot  irrigation  with  bichloride  solu- 
tion should  be  used.  Care  should  be  taken  not  to  place 
the  incisions  too  near  each  other,  for  fear  of  gangrene  of 
the  intervening  skin  from  lack  of  blood  supply. 

Verneuil  prefers  to  incise  with  the  thermo-cautery  in 
order  to  avoid  the  considerable  bleeding  which  frequent- 
ly occurs.  This  is  of  doubtful  advantage.  A  certain 
amount  of  bleeding  is  more  likely  to  do  good  than  harm, 
by  relieving  the  congestion  of  the  part,  and  also  by  re- 
moving some  part  of  the  infective  material. 

The  serious  question  of  amputation  must  often  be 
weighed.  The  tendency  of  the  inflammation  to  spread 
rapidly  and  deeply  over  the  larger  part  of  the  limb  must 
be  our  main  guide  to  the  virulence  of  the  infection  and 
the  necessity  for  amputation.  The  constitutional  disturb- 
ance, in  especial  the  height  of  the  fever,  has  less  signifi- 
cance, for  in  the  grave  asthenic  cases  reaction  may  be 
comparatively  slight.  In  general  it  may  be  said  that 
when  we  have  an  intense  cedema,  steadily  and  rapidly 
advancing,  which  has  approached  the  proximal  joint  of 
the  limb  and  which  shows  the  dusky  hue  of  threatening 
gangrene ;  and  when  the  constitutional  signs  are  severe, 
or  when  the  patient  is  in  an  asthenic  typhoid  condition — 
in  other  words,  when  clinically  we  have  before  us  the 
excessively  severe,  fulminating,  or  almost  fulminating, 
type  of  infection,  then  amputation  at  the  joint  is  urgently 
called  for.  In  most  of  such  cases  the  indication  for  such 
radical  procedure  will  have  been  made  absolute  by  the 
failure  of  previous  multiple  incisions  to  arrest  the  ad- 
vance of  the  oedema.  It  will  be  a  question  for  individual 
judgment  whether  an  earlier  amputation  through  the 
shaft  of  the  humerus  or  the  femur  may  not  be  advisable. 
Even  when  the  infection  has  spread  beyond  the  limb 
on  to  the  trunk,  amputation  at  the  joint  should  still  be 
done ;  for  recovery  in  such  cases  has  been  recorded,  and 
indeed  not  so  very  infrequently.  Amputation  through 
the  forearm  or  leg  must  be  a  rare  thing.  It  might  be 
considered  in  cases  of  fulminating  gangrene  or  spreading 
emphysematous  gangrene ;  but  the  lesion  in  such  cases 
has  usually  spread  beyond  the  knee  or  elbow  by  the  time 
it  is  accurately  diagnosed,  so  rapid  is  its  advance. 

The  above  remarks  are  applicable  especially  to  cases  of 
Class  I,  those  of  ordinary  phlegmon.  Casesof  Class  II., 
gas  gangrene,  require,  from  their  especial  virulence,  con- 
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sideration  apart.  Bloodgood  in  liis  admirable  article  in 
"Progressive  Medicine,"  1900,  has  summed  up  the  indi- 
cations so  well  that  I  need  only  quote  them : 

"  If  the  infection  is  recognized  early  and  the  destruc- 
tion of  the  soft  parts  and  bones  is  not  extensive,  free  in- 
cisions -with  immediate  continuous  bath  treatment  should 
be  tried.  If  the  general  symptoms  of  infection  are  not 
immediately  relieved,  amputation  should  be  done.  If, 
however,  the  infection  is  recognized  late,  one  should  take 
no  risk,  but  amputate  at  once.  An  early  diagnosis  will 
often  save  life;  and  from  many  observations  an  amputa- 
tion may  not  always  be  necessary. " 

The  treatment  of  cases  of  Class  III. ,  urinary  extrava- 
sation, is  treated  of  elsewhere  in  the  Handbook.  Here 
it  need  only  be  said  that  multiple  incisions  and  free 
drainage,  as  for  any  other  kind  of  phlegmon,  fulfil  the 
main  indications. 

Serum-therapy. — The  question  of  serum-therapy  in 
streptococcus  afEections  is  one  which  is  yet  far  from  set- 
tled. It  is  well  known  that  Marmorek  prepared  his  origi- 
nal antistreptococcal  serum  from  a  streptococcus  obtained 
from  a  case  of  pseudomembranous  angina.  Great  ex- 
pectations were  entertained  of  the  new  serum  in  all  dis- 
eases supposed  to  be  caused  by  the  streptococcus,  and 
Marmorek  went  so  far  as  to  request  of  accoucheurs  that 
it  be  used  in  puerperal  sepsis  to  the  exclusion  of  the  tried 
clinical  methods  of  curetting  and  imgation .  These  early 
hopes  were  doomed  to  disappointment.  Clinically  it  soon 
became  evident  that  the  new  serum  had  but  little  cura- 
tive power,  while  experimentally  it  was  shown  that  Mar- 
morek's  serum  was  totally  inefficacious  against  diseases 
of  streptococcus  causation  other  than  that  of  the  origi- 
nal one.  Thus  cases  of  phlegmon,  erysipelas,  and  puer- 
peral sepsis  remained  nearly  always  unbenefited. 

Since  these  early  experiences,  large  numbers  of  isolated 
cases  of  all  kinds  of  supposedly  streptococcus  infection 
have  been  reported.  With  the  exception  of  a  certain 
number  of  favorable,  occasionally  even  of  brilliant  re- 
sults, these  reports  tend  to  dertionstrate  the  general  in- 
efficiency of  the  serum.  Petruschky  examined  the  ques- 
tion especially  in  regard  to  phlegmon,  and  came  to  a 
conclusion  entirely  unfavorable  to  Marmorek 's  serum. 

The  conclusion  genei'ally  arrived  at"  was  that  the 
streptococcus  genus  was  composed  of  a  number  of  spe- 
cies, which,  however  similar  in  morphology  or  cultural 
characteristics,  differed  materially  in  the  matter  of  their 
immune  sera.  Of  late  years  a  close  study  of  the  strepto- 
cocci has  discovered  a  considerable  number  of  these  more 
or  less  differentiated  species.  Van  de  Velde,'^  in  Denys' 
laboratory  at  Louvain,  has  endeavored  by  immunizing 
with  a  number  of  these  different  streptococci  simulta- 
neously, to  overcome  this  difficulty,  and  to  produce  a  se- 
rum which  he  calls  "polyvalent" — a  sort  of  shotgun 
serum  which  if  it  missed  one  streptococcus  might  hit  an- 
other. This  "  polyvalent "  serum,  it  is  said,  has  met  with 
sUghtly  more  success  than  the  original,  but  has  not  come 
into  general  use. 

On  the  other  hand,  within  the  last  year  or  two,  various 
workers  have  tried  to  demonstrate  the  essential  unity  of 
all  the  various  streptococci  with  the  exception  of  that 
of  Pferdedruse  (our  Strangles).  Streptococci  cultivated 
from  cases  of  tuberculosis,  measles,  erysipelas,  scarlatinal 
angina,  abscesses,  phlegmons,  puerperal  sepsis,  angina 
in  acute  rheumatism,  ulcerative  endocarditis,  and  Pferde- 
druse,  were  examined  thoroughly  by  Meyer  "  in  respect 
to  their  morphology,  virulence,  haemolysis,  growth  in 
filtrate  of  their  own  culture  medium,  and  their  specific 
immunizing  sera.  Similar  investigations  have  been  con- 
ducted by  Widal  and  Besanpon,'"  Menzer,"'  and  Marmo- 
rek.'^  All  tend  to  prove  the  "unity  "  of  all  the  various 
streptococcus  families,  except  that  of  Pferdedruse.  If 
they  are  a  unit,  why  then  should  any  antistreptococcus 
serum  fail  to  do  good?    Much  further  investigation  is 

needed.  ,.~.     i  .        mu 

The  whole  question  is  beset  with  difficulties,  ihere 
is  the  one  already  mentioned,  that  one  variety  of  strepto- 
coccus apparently  will  not  immunize  against  another. 
So  long  as  it  is  impossible  to  say  to  which  particular 


streptococcus  a  given  infection  is  due,  the  use  of  Mar- 
morek's  serum  or  of  any  other  antistreptococcus  serum 
remains  largely  a  matter  of  chance.  Further,  it  is  be- 
coming more  and  more  evident  that  the  streptococcus 
does  not  play  such  a  dominating  r61e  in  many  infections 
as  has  been  believed.  Certainly  in  the  case  of  phlegmons 
we  have  reason  to  believe  that  the  staphylococcus, 
Welch's  gas  bacillus,  the  bacillus  of  malignant  oedema, 
and  other  less  known  organisms,  may  either  singly  or  in 
symbiosis  with  each  other  or  with  the  streptococcus, 
cause  infections  w  Liich  it  has  hitherto  been  the  custom  to 
ascribe,  usually  without  thorough  bacteriological  inves- 
tigation, to  the  streptococcus  alone. 

Phlegmons,  in  which  bacteriological  examination  care- 
fully conducted  both  aBrobically  and  anaerobically  has 
shown  infection  with  but  one  organism,  are  rare;  and  it 
is  reasonable  to  believe  that  in  many  cases  in  which  anti- 
streptococcus serum  has  been  given  with  negative  results 
the  infection  has  been  one,  not  of  the  streptococcus,  but 
of  one  of  the  other  organisms  mentioned ;  or,  at  least,  of  a 
symbiosis  of  the  streptococcus  with  these  others  in  which 
the  streptococcus  played  the  minor  part.  In  this  con- 
nection a  case ''  reported  from  St.  Petersburg  is  interest- 
ing. It  refers  to  a  septicaemia  treated  without  the  least 
benefit  with  antistreptococcus  serum.  Following  this  in- 
success,  antistaphylococcus  scrum  was  administered,  with 
brilliant  results.  The  writer  refers  to  another  case  in  St. 
Petersburg,  one  of  ulcerative  endocarditis,  in  which  anti- 
staphylococcus serum  gave  a  similar  good  result.  Un- 
fortunately cultures  were  not  made;  yet  the  facts  are 
suggestive.  We  have  been  in  the  habit  of  ascribing 
without  careful  investigation  the  causation  of  many  dis- 
eases to  the  streptococcus,  and  perhaps  quite  wrongly. 

Another  point  which  may  explain  the  general  insuccess 
of  the  serum  is  this:  that  if  we  are  to  believe  Aronson,'* 
the  antistreptococcic  sera  on  the  market  contain  com- 
paratively very  small  quantities  of  anti-bodies. 

In  view  of  all  these  difficulties,  all  that  can  be  said  is 
that  the  practitioner,  in  desperate  cases,  may  use  anti- 
streptococcus serum  on  the  off-chance  of  its  doing  good; 
but  lie  must  await  more  certain  bacteriological  knowledge 
before  he  can  use  it  with  judgment  or  with  any  sure 
hope  of  its  success.  His  main  reliance  must  be  placed  oa 
earl  y  diagnosis,  and  prompt  and  thorough  surgical  treat- 
ment. Edward  Arcliibald. 

Bibliographical  References. 

'  Die  Ursachen  der  Elterung  vom  heutlgen  Standpunkt  der  Wissen- 
schalt  aus.    Zlegler'a  Beitrage,  Bd.  xv.,  Heft  1. 

2  Die  Ursacben  der  acuten  Eiterung,  Leipsic,  1889. 

3  Janowski :  Ziegler's  BeitrSge,  Bd.  vl.,  1889. 

« Szczegolew :  Ueber  die  Aetiologle  acuter  Eiterung.  Diss.  St. 
Petersburg,  1892.  ,  „„     , 

»  Bulletin  ol  the  Johns  Hopkins  Hospital,  1892,  Hi.,  p.  81. 
s  reber  Gaspblegmoneu,  Hamburg  u.  Leipsic,  1893. 
'  Bulletin  Johns  Hopkins  Hospital,  September,  1900. 
»  Mttneh.  med.  Woch.,  1899,  p.  1369. 
»  Miinoh.  med.  Wooh.,  1899,  p.  165. 
>»  Zelt.  liir  Hygiene,  Bd.  41,  Heft  3. 
i>  Zelt.  Iflr  Geburtsh.  u.  Gynakol.,  Bd.  40,  Heft  3. 
12  Trans.  Chicago  Path.  Society,  November  13th,  1903. 
1'  Annales  de  I'Instltut  Pasteur,  1895. 
"  Archiv  I.  Derm.  u.  Syph.,  xllx.,  2-3. 
'»  Gould's  Medical  Annual  of  Surgery,  1900,  p.  411. 
>«  Comptes  rendus  de  la  Soc.  de  Biologie,  1890,  No.  28. 
"  M^ry:  La  Semaine  m^dicale,  1897,  p.  60.— Courmont :  ibid.,  1898, 

'i8  Centralblatt  lur  Bakteriologie,  Bd.  xxiv.,  p.  685. 

>»  Berliner  kiln.  Woch.,  October  6th,  1902. 

2°  Archives  de  Me'decine  exp^rimentale,  1896. 

21  Berliner  klin.  Woch.,  1902. 

'2  Marmorek :  Annales  de  I'Instltut  Pasteur,  190^ 

"  St.  Petersburg.  Med.  Woch.,  No.  13, 1900.  Reported  in  Progres- 
sive Medicine,  1901.  . ,    ^  „,..     „j    ,  ,-    „  iorv> 

"  Prog.  Med.,  1900,  vol.  1.,  also  Archiv  1.  Chir.,  Bd.,  Iviu.,  3, 1899. 

2'  von  Brans,  von  Bergmann,  von  Mikulicz :  Handbuoh  der  prak- 
tisohen  Chirurgie  (passim).  ,     „    .       .  ,^  ,,.  ^      ^.  , 

=•  Faure :  Traite  de  Chirargie,  par  le  Dentu  et  Delbet,  article, 
"Phlegmon  Diffus,"  par  J.  L.  Faure. 

"  B.  Cred^ :  Klin,  tberap.  Woch.,  1898,  Nos.  14  and  15. 

»»  Deutsche  med.  Woch.,  October  6th,  1898. 

'»  Philadelphia  Med.  Journ.,  November  Ivth,  1900. 

30  Progressive  Medicine,  1900. 

PHLORIDZIN.— CjiHjiOio,  SH^O.  A  glucoside  ob- 
tained from  the  root-bark  of  the  apple,  pear,  cherry,  and 
other  fruit  trees.     It  forms  in  fine,  colorless,  silky  needles, 
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soluble  only  in  one  thousand  parts  of  cold  water,  but 
freely  soluble  in  boiling  water.  It  is  only  slightly  solu- 
ble in  alcohol.  It  melts  at  a  temperature  of  232°  F.,  but 
becomes  solid  again  at  226°  F.,  and  melts  a  second  time 
at  335°  F.  Phloridzin  is  very  similar  to  salicin,  and 
heated  with  potash  it  yields  phloretic  acid,  which  is 
homologous  with  salicylic  and  anisic  acids. 

It  has  been  employed  as  an  antipyretic  in  doses  of  fif- 
teen to  thirty  grains,  but  is  not  now  used. 

Phloridzin  is  utilized  in  physiological  research,  as  it 
has  been  found  to  induce  artificial  diabetes.  When  given 
to  the  extent  of  eight  grains  per  pound  of  body  weight 
it  causes  polyui-ia  and  an  excretion  of  sugar  which  con- 
tinues for  twenty-four  or  thirty  hours,  and  is  not  influ- 
enced by  diet.  It  sometimes  produces  diarrhoea,  but  no 
other  ill  effect  has  been  detected,  unless  the  drug  is  ad- 
ministered for  a  prolonged  period,  when  marked  emacia- 
tion and  debility  supervene.  Phloridzin  acts  directly 
upon  the  renal  epithelium,  permitting  the  escape  of  sugar 
from  the  blood  and  lessening  the  amount  of  sugar  held  in 
solution  in  the  blood.  Beaumont  Stroall. 

PHONATION.     See  Larynx;  Physiology  of  the. 

PHOSOTE— creosote  phosphate— is  a  colorless  syrupy 
liquid,  containing  eighty  per  cent,  of  creosote,  but  with 
only  a  slight  odor  and  taste  of  this  substance.  It  is  em- 
ployed in  tuberculosis  as  an  easily  borne  form  of  creo- 
sote, and  is  given  in  dose  of  0.7-1.3  gm.  (gr.  x.-xx.)  three 
times  a  day.  W.  A.  Bastedo. 

PHOSPHATOL  is  a  thick,  reddish-yellow  liquid  pre- 
pared by  the  action  of  phosphorus  trichloride  on  creosote 
in  alcoholic  soda  solution.  It  has  a  burning  taste,  is 
slightly  soluble  in  waterj  and  is  readily  soluble  in  alcohol 
and  oil.  It  can  be  given  in  milk  or  wine  or  in  capsule 
in  the  same  dosage  as  creosote.  W.  A.  Bastedo. 

PHOSPHORIC  ACID. — By  phosphorio  add  is  signified, 
in  medicine,  a  solution  of  common  or  orthophosphoric 
acid  (H3PO4)  in  water.  Two  grades  of  strength  of  such 
solution  are  official  in  the  United  States  Pharmacopoeia, 
as  follows : 

Aeidum  PJwsplioi-icum,  Phosphoric  Acid.  This  prepa- 
ration represents  eighty -five  per  cent.,  by  weight,  of 
orthophosphoric  acid  and  fifteen  per  cent,  of  water.  It 
is  a  colorless  fluid,  without  odor,  but  with  a  strongly  acid 
taste.  Its  specific  gravity  is  1.710.  It  mixes  in  all  pro- 
portions with  water  or  alcohol.  It  should  be  preserved 
in  glass-stoppered  bottles. 

Phosphoric  acid  is  intensely  acid  and  irritant,  but  does 
not  immediatelj'  corrode  living  tissues  and  coagulate  albu- 
min, as  do  the  majority  of  the  strong  mineral  acids.  In 
any  considerable  quantity,  however,  this  grade  of  the 
acid  would  prove  a  sharp,  and  very  likely  fatal,  irritant 
poison  if  swallowed  without  dilution.  This  strength  of 
acid  is  rarely  prescribed  in  medicine,  being  ofiicial  simply 
as  a  convenient  solution  to  be  kept  in  stock  by  the  drug- 
gist for  the  making  of  the  following,  the  commonly  pre- 
scribed preparation: 

Aeidum  Phosphoricum  Dilutiim,  Diluted  Phosphoric 
Acid.  This  grade  of  the  acid  is  compounded  by  mixing 
one  part,  by  weight,  of  the  foregoing  strong  acid  with 
seven  and  a  half  parts  of  distilled  water.  The  solution 
thus  contains  ten  per  cent,  of  orthophosphoric  acid,  and 
has  the  specific  gravity  1.057.  This  acid  resembles  in 
general  properties  the  other  diluted  mineral  acids  (see 
SiUphurie  Acid),  but  is  distinguished  by  having  a  pleas- 
anter  flavor  (its  acidity  resembling  that  of  the  fruit 
acids)  and  by  being,  as  a  rule,  better  borne  by  the  stom- 
ach than  its  congeners.  It  may,  therefore,  be  used  for 
the  common  purposes  of  the  mineral  acids,  to  allay  thirst, 
improve  digestion,  repress  tendencies  to  sour  fermenta- 
tion of  the  contents  of  stomach  or  bowels,  and  to  check 
morbid  sweating.  By  many  it  is  further  claimed  that 
phosphoric  acid,  ingested,  tends  to  revive  an  exhausted 
nervous  system,  to  excite  the  sexual  function,  and  gen- 
erally to  enhance  nervous  activity  and  power.     By  such 


claimants  the  acid  is  -regarded  aS  the  therapeutic  equiv- 
alent of  uncombined  phosphorus;  but  certainly  it  fails  in 
that  most  pronounced  therapeusis  of  free  phosphorus,  the 
frequent  cure  of  neuralgia.  A  special  claim  for  phos- 
phoric acid,  of  capability  to  lessen  the  excretion  of  sugar 
in  diabetes,  is  now  probably  pretty  generally  abandoned. 
Diluted  phosphoric  acid  may  be  given  in  doses  of  from 
twenty  drops  to  a  teaspoonful  or  more,  three  times  a  day, 
the  dose  to  be  largely  diluted  with  water,  or  with  syrup 
and  water.  The  precaution  obtaining  with  the  giving 
of  other  mineral  acids,  of  taking  the  draught  through  a 
tube  and  rinsing  the  mouth  after  the  swallowing,  need 
not  be  insisted  upon  in  the  case  of  this  acid. 

Edward  Curtis. 

PHOSPHORIDROSIS. — Luminous  sweating  is  a  decid- 
edly rare  afEection.  Cases  have  been  reported  in  which 
this  curious  phenomenon  was  observed  after  the  inges- 
tion of  phosphorus  and  the  eating  of  phosphorescent 
fish.  It  is  probable  that  the  phosphorescence  is  due  to 
bacilli;  for  several  species  of  photobacteria  have  been 
found,  most  of  them  being  derived  from  fish. 

Charles  Townshend  Dade. 

PHOSPHORUS. — Phosphorus  is  available  for  medicinal 
purposes  in  the  form  of  the  element  itself,  or  as  it  occurs 
in  the  special  compound  zinc  phosphide,  a  compound  that 
readily  yields  free  pliosphorus  upon  swallowing,  under 
the  conditions  present  in  the  stomach.  Phosphorus  is 
official  in  the  United  States  Pharmacopoeia  under  the  title 
Plwsplwrus,  Phosphorus.  It  is  a  solid  body,  of  the  ap- 
pearance and  consistence  of  white  wax.  It  has  a  peculiar 
and  disagreeable  odor.  On  exposure  to  air,  it  gives  off 
white  fumes,  luminous  in  the  dark  and  of  a  garlicky 
odor.  Phosphorus  is  insoluble  in  water,  but  dissolves  in 
350  parts  of  absolute  alcohol  at  15°  C.  (59°  F.),  in  240 
parts  of  boiling  absolute  alcohol,  in  80  parts  of  absolute 
ether,  in  about  50  parts  of  any  fatty  oil,  and  very  abun- 
dantly in  carbon  disulphide,  the  latter  yielding  a  solution 
which  must  be  handled  with  the  greatest  care  to  prevent 
danger  from  fire.  If  left  exposed  to  the  air,  phosphorus 
takes  fire  spontaneously.  Accordingly  it  must  be  kept 
carefully  under  water,  in  a  secure  and  moderately  cool 
place,  protected  from  light. 

In  its  physiological  relations,  as  in  its  chemical,  phos- 
phorus is  unique.  It  is  locally  exceedingly  irritant- 
even  corrosive,  although,  strangely  enough,  in  some  ex- 
periments bits  of  solid  phosphorus  have  lain  embedded 
in  the  connective  tissue  of  animals  for  weeks  without 
exciting  any  local  reaction.  Ordinarily,  however,  upon 
skin  or  mucous  membrane  phosphorus  in  substance  ex- 
cites inflammation,  possibly  followed  by  ulceration  and 
gangrene  of  the  area  exposed  to  contact.  Even  the  fumes 
of  phosphorus  may  inflame  exposed  mucous  membranes, 
such  as  the  conjunctiva  and  the  mucous  membrane  of  the 
mouth  and  respiratory  tract,  and  inflame  even  to  consec- 
utive necrosis  any  accessible  periosteum.  Thus  used  to 
arise  in  match  factories,  in  the  days  before  the  use  of 
allotropic  phosphorus,  cases  of  necrosis  of  the  jaw,  the 
periosteum  being  generally  reached  by  the  poisonous 
fumes  through  the  avenue  of  some  defective  tooth. 
Taken  internally,  even  therapeutic  doses  are  very  apt  to 
irritate  the  stomach,  as  shown  by  loss  of  appetite,  nau- 
sea, uneasiness,  and  even-  pain  and  tenderness  at  the  epi- 
gastrium, or,  in  higher  grade,  by  the  additional  symptoms 
of  vomiting  and  diarrhoea.  Flatulence  and  eructations 
of  phosphoreted  gases  are  further  disagreeable  local 
effects  of  the  medicine  upon  the  digestive  apparatus. 
Phosphorus  when  swallowed  is  readily  absorbed,  but 
exactly  in  what  chemical  status  has  not  been  definitely 
proven.  That  it  reaches  the  blood,  in  part  at  least,  as 
uncombined  phosphorus  dissolved  by  the  alkalies  of  the 
intestinal  juices  or  by  fats  is,  theoretically,  certainly  not 
impossible,  and  is  the  obvious  suggestion  of  many  chem- 
ical considerations.  On  the  other  hand,  that  some  por- 
tions undergo  various  grades  of  oxidation  is  again  per- 
fectly possible  and  likely. 

The  constitutional  effects  that  follow  the  internal  tak- 
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ingof  phosphorus  are  symptomatic  of  modifications  of 
nutrition.  In  therapeutic  dosage  in  health  tliere  is  ordi- 
narily little  obvious  derangement  beyond  what  may  be  a 
reflex  of  the  gastric  irritation  set  up  by  the  drug ;  and, 
anatomically,  the  most  striking  result  of  the  medication 
is  a  tendency,  proven  by  dissection  of  animals, '  tovi^ard 
increased  activity  of  development  of  bone.  Cartilagi- 
nous epiphyses  ossify  with  undue  speed  and  completeness, 
spongy  bone  tissues  increase  in  thickness,  and  compact 
bone  in  hardness.  And  a  similar  special  tendency  toward 
nutritive  activity  in  nervons  tissues,  under  the  adminis- 
tration of  phosphorus,  is  commonly,  and  probably  rightly, 
inferred  from  the  two  facts,  first,  that  in  nerve  tissue,  as 
in  that  of  bone,  compounds  of  phosphorus  are  prominent 
normal  constituents,  and,  secondly,  that  many  morbid 
derangements  of  nerve  function  which  are  fairly  refer- 
rable  to  malnutrition  or  to  exhaustion  of  nerve  tissue,  tend 
to  abate  under  a  regime  of  phosphorus  medication.  A 
special  aphrodisiac  action  has  been  claimed  for  phos- 
phorus, but  cases  in  which  any  eif  ect  of  this  nature  has 
been  observed  have  probably  been  cases  of  previous  de- 
bility or  exhaustion  of  the  sexual  function,  in  which  the 
renewed  sexual  desire  is  simply  the  natural  consequence 
of  restoration  of  power  through  improved  nerve  nutri- 
tion. In  originally  vigorous  subjects"  several  series  of 
observations  have  shown  that  phosphorus  does  not  pro- 
duce any  direct  aphrodisiac  effect.' 

In  over-doses,  single  or  continued,  phosphorus  pro- 
foundly deranges  nutrition,  inducing  fatty  degeneration 
of  glandular  and  other  tissues,  and  hemorrhages.  Death 
may  result,  or  an  impairment  of  health  from  which  re- 
covery is  slow  and  difficult.  For  a  detailed  discussion  of 
this  singular  poisonous  operation  of  phosphorus  see  arti- 
cle Plmsphorus,  Poisoning  by. 

The  therapeutic  application  of  phosphorus  is  the  inter- 
nal administration  of  the  drug  for  the  bettering  of  de- 
ranged conditions  of  the  nervous  and  the  bony  structures. 
Thus  it  is  among  the  standard  remedies  to  try  in  neural- 
gia. Naturally  enough,  the  more  recent  the  case,  the 
greater  the  chance  of  relief  and  of  cure,  and  unless  relief 
comes  within  forty-eight  hours,  the  medicine  will  prob- 
ably fail  altogether  (Ashburton  Thompson).  In  other 
nerve  derangements  it  may  be  said,  broadly,  that  in  such 
as  belong  to  the  category  of  the  naturally  curable  ones, 
recovery  may  perhaps  be  hastened  by  the  use  of  phos- 
phorus ;  but  that  in  the  incurable  or  difficultly  curable 
nervous  diseases  the  agent  generally  does  little  or  no 
good.  Thus  the  high  hopes  at  one  time  formed  of  the 
avail  of  phosphorus  in  such  maladies  as  epilepsy  and 
locomotor  ataxia  have  utterly  failed  of  realization ;  but 
in  such  conditions  as  so-called  nervous  prostration,  or  in- 
cipient dementia,  the  drug  is  often  of  distinct  benefit. 
Similarly  phosphorus  has  been  praised  in  osteomalacia 
and  in  rickets. 

In  the  important  matter  of  the  dose  of  phosphorus, 
there  is  much  difference  in  the  practice  of  different  phy- 
sicians. Some  confine  their  dosage  to  0.0006  gm.  (gr. 
xot);  thrice  daily,  while  others  begin  at  once  with  0.003 
gm.  (gr.  jij),  given  with  the  same  frequency,  and  aim  to 
increase  to  double  the  amount,  under  guidance  of  the 
effects  wrought — curative  to  the  disease  on  the  one  hand, 
or  irritative  to  the  stomach  on  the  other.  Certainly,  the 
larger  of  the  doses  cited  are  well  borne  in  a  very  consid- 
erable number  of  eases,  and  certainly,  also,  the  same  may 
succeed,  and  speedily  too,  in  curing  a  neuralgia,  where 
the  minute  dose  of  the  timid  prescriber  utterly  fails  of  all 
impression  upon  the  disease. 

The  mode  of  administration  is  an  all-important  matter 
in  the  case  of  phosphorus,  since  by  faulty  prescribing  the 
dose  maybe  unduly  irritant  or  nauseous  on  the  one  hand, 
or  inert  on  the  other.  In  general,  phosphorus  must  not 
be  given  in  substance,  no  matter  how  extreme  the  sub- 
division, because  of  irritation ;  and  in  prescription  in  solu- 
tion a  solvent  must  be  sought  that  will  hold  the  phos- 
phorus secure  against  oxidation,  and  at  the  same  time  not 
furnish  too  disgusting  a  potion.  The  most  generally  ser- 
viceable solvent,  where  the  preparation  is  to  retain  the 
fluid  condition,  is  a  fixed  oil,  freed  from  contaminating 


oxygen  and  water  by  a  preliminary  superheating. 
Squibb  has  strongly  advocated  cod-liver  oil,'  fearing 
vegetable  oils  because  of  an  alleged  tendency  of  phos^ 
phorus  in  solution  in  the  same  to  "develop  poisonous 
properties,"  presumed  to  be  "due  to  the  formation  of  hy- 
pophosphorous  acid. "  Sweet  almond  oil  is,  however,  the 
most  generally  selected  of  fatty  solvents,  and  has  been 
adopted  by  the  United  States  Pharmacopceia  as  the  basis 
of  the  official  oily  preparation.  Chloroform  and  ether 
are  inconveniently  volatile  for  the  making  of  a  permanent 
fluid  preparation,  and  carbon  disulphide  is  too  disgusting 
and  noxious.  Absolute  alcohol  can  be  made  the  basis  of 
an  efficient  fluid  mixture,  as  in  the  official  spirit  of  phos- 
phorus and  its  derivate,  elixir  of  phosphorus.  For  pills 
of  phosphorus  the  plan  should  be  followed  of  actually 
dissolving  the  phosphorus  in  some  fluid,  which  either  itself 
hardens,  by  cooling,  to  a  solid,  or  which,  incorporated 
with  some  indifferent  powder,  will  form  a  pill  mass.  In 
either  case,  the  indispensable  feature  is  secured  that  phos- 
phorus is  in  true  solution  still,  although  the  pill  as  such 
is  of  course  a  solid.  An  obvious  practice  for  the  making 
of  such  pills  is  to  dissolve  phosphorus  in  melted  resins, 
which  on  cooling  reacquire  the  solid  condition  with,  now, 
the  phosphorus  held  in  solution.  But  while  these  resin- 
ous pills  are  easy  to  make  and  to  take,  there  is  strong 
reason  to  fear  that  the  contained  phosphorus  may  easily 
be  allowed  and  even  helped  to  oxidize.  Tlie  pharmaco- 
poeial  procedure  given  below  is  probably  as  free  from 
objection  as  any. 

In  whatever  form  or  dose  phosphorus  be  given,  a  car- 
dinal rule,  insisted  upon  by  almost  all  who  have  had 
much  experience  with  the  medicine,  is  that  the  adminis- 
tration should  never  be  upon  an  empty  stomach,  nor,  on 
the  other  hand,  immediately  after  eating. 

The  phosphorus  preparations  of  the  United  States 
Pharmacopoeia  are  as  follows : 

Oleum  Phosplwratum,  Phosphorated  Oil.  Phosphorus 
is  dissolved  by  gentle  heat  in  sweet  almond  oil  which  has 
been  previously  heated  for  fifteen  minutes  to  a  tempera- 
ture of  250°  C.  (483°  F.),  and  then  cooled  and  filtered. 
After  the  phosphorus  is  fully  dissolved  and  the  solution 
cooled,  a  small  charge  of  ether  is  added  thereto.  The 
finished  product  contains  one  per  cent,  of  phosphorus  and 
nine  of  ether.  By  measure,  one  minim  represents  about 
gr.  T-fj-  of  phosphorus  (United  States  Dispensatory). 
Phosphorated  oil  should  be  clear  and  with  a  decided  taste 
and  smell  of  phosphorus,  and  the  few  drops  which  will 
constitute  a  dose  (see  remarks  on  dosage,  above)  may  be 
given  in  capsule  or  in  emulsion,  flavored  by  a  trace  of  oil 
of  peppermint,  or  of  gaultheria,  or  of  bitter  almond. 
The  official  emulsion  of  almond  forms  a  convenient  vehi- 
cle for  an  emulsion,  flavored  as  just  described.  Phos- 
phorated oil  must  be  kept  in  small,  glass-stoppered  vials 
in  a  cool  place,  and  the  phosphorus  keeps  best  when  the 
vials  are  completely  full. 

PihilcB  PhospJwri,  Pills  of  Phosphorus.  Phosphorus  is 
dissolved  in  chloroform  by  gentle  heat  and  the  solution 
added  to  a  mixture  of  acacia  and  althsea  in  a  mortar,  A 
little  glycerin  and  a  little  water  are  next  poured  on,  and 
the  whole  is  rapidly  beaten  to  a  pill  mass,  which  is  imme- 
diately cut  up  into  the  proper  number  of  pills.  Each 
pill  is  then  coated  with  a  solution  of  balsam  of  tolu  in 
ether,  and  when  the  coating  is  dry  the  pills  are  put  up  in 
well-stoppered  bottles.  These  pills  contain,  each,  0.0006 
gm.  (gr.  Ym)  oi  phosphorus,  and  from  one  to  five  pills 
will  constitute  a  dose.     (See  remarks  on  dosage,  above.) 

Spiritus  Phospliori,  Spirit  of  Phosphorus.  This  is  a 
solution  of  phosphorus  in  absolute  alcohol  of  the  strength 
of  1.3  per  cent,  of  phosphorus.  It  is  official  for  the  mak- 
ing of  the  elixir  of  phosphorus. 

Elixir  Phosphori,  Elixir  of  Phosphorus.  This  prep- 
aration is  a  mixture  of  the  spirit  of  phosphorus,  glyc- 
erin, and  aromatic  elixir,  with  a  flavoring  of  oil  of  anise. 
It  is  a  transparent  liquid,  containing  about  0.00035  gm. 
(gr.  -^-g)  in  each  cubic  centimetre  (TUxvi.).  Unoffi- 
cial, but  well  known  and  much  used,  is  an  alcoholic  solu- 
tion of  phosphorus  devised  by  Ashburton  Thompson,  of 
England,  and  commonly  called  Thompson's  Solution  of 
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PhosphoriiB.  It  is  prepared  as  follows:  One  grain  (0.065 
gm.)  of  phosphorus  is  dissolved  in  fl.  3  v.  (16  gm. )  *  of  «*- 
solute  alcohol  by  the  aid  of  heat,  and  the  solution  added  to 
a  warmed  mixture  of  fl.  I  iss.  (56.35  gm.)  of  glycerin  and 
fl.  3  ij.  (6.68  gm.)  of  alcohol.  When  the  resulting  mixt- 
ure has  cooled  mxl.  (3.13  gm.)  of  spirit  of  peppermint 
is  added.  The  preparation  should  be  a  bright,  clear, 
colorless  solution,  wherein  the  odor  and  taste  of  phos- 
phorus are  almost  completely  masked  by  the  pungency 
of  the  alcohol  and  peppermint.  It  is  essential  that  the 
alcohol  used  to  dissolve  the  phosphorus  be  literally  abso- 
lute; and  in  such  case  the  preparation,  if  kept  in  well- 
fllled  and  well-stoppered  bottles  out  of  the  light,  will 
keep  unaltered  long  enough  for  the  treatment  of  an  aver- 
age case.  If  all  the  phosphorus  be  and  remain  dissolved, 
the  solution  contains  0.003  gm.  (gr.  ^  nearly)  in  4  c.c. 
(fl.  3  i.) — a  scant  teaspoonf  ul.  The  dose,  averaging  from 
one-third  to  one  small  teaspoonful,  is  best  taken  clear, 
but  if  too  sharp  in  that  condition,  may  be  taken  in  water, 
the  mixture  to  be  made  only  at  the  time  of  each  adminis- 
tration. 

Under  no  circumstances  should  phosphorus  be  pre- 
scribed as  an  ingredient  of  extemporaneous  composite 
medicinal  mixtures. 

Zinc  Phosphide :  ZuaPa.  A  peculiar  compound  of  phos- 
phorus, which  practically  amounts  to  a  medicinal  prep- 
aration of  the  element  itself,  is  what  is  oiflcial  in  the 
United  States  Pharmacopoeia  under  the  title  Zinci  Phos- 
phidum.  Zinc  Phosphide.  This  compound  appears  as  a 
finely  crystalline  powder,  or  as  crystalline  lumps.  It  is 
gray-black  in  color,  with  a  metallic  sheen  on  broken 
pieces,  and  gives  faintly  the  odor  and  taste  of  phos- 
phorus. It  is  insoluble  in  water  or  alcohol,  but  dissolves 
in  sulphuric  or  hydrochloric  acid,  with  evolution  of  hy- 
drogen phosphide.  Zinc  phosphide  must  be  kept  in 
small  glass-stoppered  vials. 

This  compound  is  lacking  in  the  vigorously  irritant 
action  of  phosphorus,  yet  even  in  therapeutic  doses  may 
easily  upset  the  stomach  and  even  excite  vomiting.  From 
its  ready  decomposition  by  acids  it  yields,  in  the  stomach, 
some  medicinally  active  condition  of  phosphorus,  and  its 
administration  is  therefore  followed  by  therapeutic  results 
similar  to  those  attained  by  the  use  of  the  uncombined 
element.  The  phosphide  is,  however,  not  so  certain  as 
preparations  of  phosphorus  itself,  and  is  probably  most 
commonly  turned  to  as  a  last  resort  in  cases  in  which 
phosphorus  persistently  disagrees.  Zinc  phosphide  con- 
tains one-fourth  of  its  weiglit  of  phosphorus,  and  the 
dose  therefore  ranges  from  0.003  gm.  (gr.  ^^)  to  0.016 
gm.  (gr.  ^).  It  may  be  given  in  pill  form,  and,  unlike 
phosphorus,  may  be  prescribed  in  combination  with  other 
medicines,  avoiding  only  acids,  which  decompose  it. 
After  swallowing,  however,  the  certainty  of  medicinal 
action  will  be  enhanced  by  effecting  this  same  decom- 
position through  the  agency  of  an  acid  draught,  such  as 
lemonade  or  a  little  vinegar.  The  most  disagreeable  feat- 
ures of  the  drug  are  a  tendency  to  eructations  of  phos- 
phoreted  hydrogen  and  to  disturbance  of  the  stomach. 
With  the  larger  of  the  doses  mentioned  above  nausea  is 
not  at  all  unlikely.  Edwa/rd  Curtis. 

1  Wegner:  Vircbow's  Archlv,  June  22d,  1872. 

^  See  Phillips'  Materia  Medlca  and  Therapeutics,  Inorganic  Sub- 
stances, p.  51. 

'  Note  on  the  Administration  of  Phosphorus,  E.  B.  Squibb,  M  D 
Proceedings  of  the  Am.  Pharmaceutical  Assn.  for  1876,  and  pamphlet 
Philadelphia,  1877. 

PHpsPHORUS,  POISONING  BY.— It  is  doubtful  if 
there  is  another  substance  among  the  many  common  poi- 
sons which  is  of  so  much  interest  to  the  toxicologist  as  is 
phosphorus— an  interest  arising  from  an  historical  view- 
point, and  because  of  the  desire  to  discover  the  myste- 
rious causes  of  its  insidious  action  on  living  organisms. 
Moreover,  we  meet  with  the  anomaly  that,  unlike  most  of 
the  other  inorganic  poisons,  and  especially  arsenic,  anti- 
mony, and  nitrogen,  members  of  the  same  group  in  the 


awriflP^'v^ViL^iHl'"*'*'^''  equivalents  regard  has  been  paid  to  the 
specinc  gravities  of  the  several  fluids. 
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Periodic  System,  this  element  is  toxic  in  its  free  or  ele- 
mental state,  while  its  compounds  (save  the  hydrides) 
are  practically  non-toxic. 

Phosphorus  was  unknown  to  the  layman  as  a  poison 
prior  to  1840.  Shortly  after  the  popularization  of 
matches,  about  the  year  1833,  the  public  became  ac- 
quainted with  its  deadly  nature,  and  because  of  the  ease 
with  which  the  material  could  be  procured,  poisonings 
by  phosphorus  became  alarmingly  frequent.  In  no 
country  have  the  number  of  cases  been  so  numerous  as 
in  France,  where  from  1840  to  1880  there  were  336  crimi- 
nal cases  of  poisoning  by  this  element.  The  maximum 
number  in  a  single  year  was  94  in  1860,  or,'  if  we  con- 
sider the  period  1851-70,  we  find  that  out  of  a  total  of 
793  deaths  due  to  poisons  267,  or  33.7  per  cent.,  were 
due  to  phosphorus,  while  during  this  same  period  387 
are  charged  to  arsenic.  France  still  heads  the  list  in  the 
number  of  cases  of  poisoning  by  this  element,  which 
usually  equal,  or  even  exceed  annually,  those  due  to  ar- 
senic. The  substitution  of  "Parlor"  and  "Safety"  or 
"Swedish"  matches  (invented  by  BOttger  in  1853)  for 
the  yellow  phosphorus  match  was  immediately  followed 
by  a  decrease  in  the  criminal  use  of  phosphorus ;  the  de- 
crease was  also  due  in  part  to  the  fact  that  it  became 
known  to  criminals  that  a  process  had  been  devised  by 
which  the  poison  could  be  easily  and  surely  detected  (the 
Mitscherlich  method). 

Homicidal  poisonings  are  now  rare.  The  majority  of 
cases  are  due  to  attempts  at  suicide  or  to  accidents  among 
children. 

Only  "  yellow "  phosphorus,  the  hydrides  of  phos- 
phorus, and  the  phosphides  of  certain  elements,  such  as 
calcium  and  zinc,  are  of  toxicological  interest. 

Yellow  Phosph^us. — The  general  properties  of  this  al- 
most colorless,  wax-like  substance  are  too  well  known  to 
require  review.  A  word  as  to  its  solubility  is,  however, 
necessary.  In  water  pure  phosphoi-us  is  practically  iu- 
soluble ;  in  fact,  it  has  been  asserted  that  what  is  thought 
to  be  a  solution  represents  merely  exceedingly  fine  parti- 
cles in  suspension,  or  else  that  it  is  a  solution  of  the 
vapor.  According  to  Hartmann  1  litre  (about  |  xxxiv.) 
of  water  at  38°  C.  (100.4°  F.)  will  take  up  3  mgm.  (gr. 
xftf)  of  phosphorus;  while  in  oils  its  solubility  varies 
from  1  to  100,  to  1  to  10,000  parts,  according  to  the  nature 
of  the  oil  and  various  conditions,  such  as  temperature, 
etc.  In  bile  phosphorus  is  readily  soluble,  100  parts  of 
this  fluid  dissolving  15  to  25  parts. 

Because  of  the  low  solubility  of  phosphorus  in  most  of 
the  fluids  of  the  body,  only  slight  action  generally  fol- 
lows the  ingestion  of  large  fragments  of  this  substance. 
When  taken,  however,  in  a  finely  divided  condition  the 
action  is  very  violent. 

Poisoning  by  phosphorus  usually  results  from  matches, 
phosphorus  pastes  (vermin  killers),  or  phosphorus  oil 
(Oleum  phosphoratum). 

Matches. — The  modern  "  parlor  "  and  "  safety  "  matches 
are  usually  harmless,  so  far  as  poisoning  by  phosphorus 
is  concerned,  owing  to  the  fact  that  they  are  made  of 
non-toxic  red  phosphorus  and  an  oxidizing  agent,  such  as 
potassium  chlorate.  The  matches  of  a  decade  ago,  known 
variously  as  "friction,"  "brimstone,"  "sulphur,"  "luci- 
fer,"  "phosphorus,"  etc.,  matches,  are  to  be  charged  with 
by  far  the  majority  of  deaths.  The  heads  of  these 
matches  contain  on  an  average  about  five  per  cent,  phos- 
phorus, the  limits  varying  from  three  to  seven  per  cent. 
A  single  head  usually  contains  from  ^  to  1.5  mgm.  (gr. 
0.005  to  0.023).  In  these  matches  the  sticks  after  being 
dipped  in  sulphur  are  tipped  with  a  mixture  of  glue  or 
dextrin  containing  coloring  matter,  phosphorus,  and  an 
oxidizing  substance  such  as  lead  nitrate,  lead  peroxide, 
nitre,  potassium  chlorate,  or  some  similar  compound. 
Dissolving  these  heads  in  water  or  a  warm  liquid  yields 
a  liquid  in  which  the  phosphorus  exists  in  an  emulsion 
in  an  exceedingly  finely  divided  condition. 

PJiosphoru^  Pastes  are  now  seldom  employed,  though 
formerly  they  were  in  great  demand  for  destroying  rats 
and  other  vermin.  Here  the  phosphorus  exists  very  finely 
divided  with  flour,  lard,  and  sugar  or  molasses  as  a  basis. 
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These  pastes  vary  greatly  in  composition.  They  con- 
tain, on  an  average,  about  two  per  cent,  of  phosphorus, 
but  may  contain  as  high  as  five  per  cent. 

PhoapMiie. — The  hydride  HsPis  the  only  one  of  impor- 
tance. One-fourth  to  one-half  per  cent,  in  air  causes 
death  in  animals  in  twenty  to  thirty  minutes,  while  0. 2  per 
cent,  will  produce  symptoms  of  asphyxia  in  a  few  min- 
utes. In  man,  when  it  is  breathed  in  very  small  amount 
in  air  for  any  length  of  time,  the  symptoms  closely  re- 
,  semble  those  produced  by  phosphorus  vapors.  Under 
this  head  there  is  another  possible  source  of  phosphorus, 
or  rather  phosphine,  poisoning.  It  has  been  suggested 
that  there  may  be  a  reduction  of  phosphates  in  the  intes- 
tines by  bacteria  (a  form  of  auto-intoxication  well  known 
in  the  case  of  reduction  of  sulphates  to  hydrogen  sul- 
phide). Some  have  even  gone  so  far  as  to  claim  that 
acute  yellow  atrophy  of  the  liver  is  due  to  this  cause. 
This  action  of  bacteria  is  well  established  for  sulphur, 
arsenic,  and  antimony  compounds ;  but  although  it  is  to 
be  expected  for  compounds  of  phosphorus  by  analogy, 
all  investigations  have  given  thus  far  negative  results 
with  pure  cultures  of  powerfully  reducing  bacteria,  the 
reduction  being  carried  only  to  phosphites. 

Fatal  Dose. — The  weight  of  phosphorus  which  consti- 
tutes a  fatal  dose  is  quite  uncertain.  An  examination  of 
the  records  shows  such  a  variation  that  it  ig  difficult  to 
make  an  accurate  statement.  The  fatal  dose  seems  to 
depend,  more  than  is  the  case  with  most  inorganic  poisons, 
upon  the  nature  of  the  material  containing  the  poison,  the 
state  of  division  of  the  phosphorus,  the  nature  of  the 
material  in  the  alimentary  canal,  and  the  idiosyncrasy  of 
the  individual.  As  regards  matches,  we  find  that  a  child 
has  died  after  sucking  the  heads  of  3  matches.  In  an- 
other case  8  heads  caused  death.  Sixteen  match  heads 
have  caused  the  death  of  an  adult ;  and  Tardieu  cites  a  case 
in  which  101  matches  were  immersed  for  seven  or  eight 
minutes  in  a  cup  of  hot  coffee  with  a  resulting  solvent 
action  so  low  as  to  permit  the  matches  when  dry  to  be 
ignited  by  rubbing  in  the  usual  manner,  yet  the  poison- 
ous draught  caused  very  dangerous  symptoms.  Other 
•  records  show  that  where  death  has  resulted  from  swallow- 
ing match  heads  the  number  of  these  taken  in  each  case 
has  varied  from  60  to  3,000;  and  that,  on  the  other  hand, 
recovery  has  followed  prompt  medical  aid  where  from 
3,000  to  4,000  match  heads  have  been  taken. 

In  the  case  of  Oleum  phosphoratum  it  is  probable  that 
a  dose  of  300-350  mgm.  (gr.  iij.-iv.)  will  produce  dan- 
gerous results,  and  that  500-600  mgm.  (about  gr.  vij.- 
ix. )  will  almost  invariably  prove  fatal. 

Phosphorus  itself,  finely  divided  in  hot  water,  has  in  a 
few  instances  been  employed  for  homicidal  and  suicidal 
purposes.  Although  the  smallest  fatal  dose  recorded  is 
about  8  mgm.  (gr.  \),  this  is  abnormally  low.  It  is  be- 
lieved that  the  toxic  dose  of  well-dissolved  or  exceed- 
ingly finely  divided  phosphorus  is  probably  about  15 
mgm.  (gr.  0.23),  and  that  the  fatal  dose  lies  in  the  neigh- 
borhood of  150  mgm.  (gr.  ij.-iij.).  Recovery  has  fol- 
lowed a  dose  of  over  300  mgm.  Occasionally  cases  are 
met  with  which  seem  to  indicate  that  phosphorus  may 
at  times  have  a  slight  accumulative  tendency.  With 
animals  the  doses  may  be  safely  set  as  follows: 


Horses  and  cattle 
Sheep  and  swine. 
Dogs 

fowls  and  cats  . . 


Fatal  dose. 
Grams. 


0.5  to  2.00 
.10  to  .30 
.05  to  .10 
.01  to    .03 


Therapeutic  dose. 
Grams. 


0.010  to  0.050 
.002  to  .005 
.0005  to  .003 
.0005  to   .001 


The  most  susceptible  animals  per  kilogram  weight  are 
fowls,  the  next  swine,  then  dogs.  According  to  Naunyn 
parrots  alone  seem  to  be  relatively  immune. 

Fatal  Period.— This,  is  quite  variable,  but  there  can  be 
no  doubt  that  phosphorus  should  be  classed  as  a  slow 
poison.  The  usual  period  lies  between  one  and  four  or 
five  days,  with  most  deaths  falling  on  the  second  or  the 
third  day ;  yet  life  may  sometimes  be  prolonged  until  the 


seventh  day,  or  very  rarely  until  the  seventeenth  to  the 
twentieth  day.  Several  cases  of  remarkably  rapid  death 
are  recorded.  Caspar  cites  the  case  of  a  young  woman 
who  tookl94mgm.  (gr.  iij.)ofphosphorusin  an  electuary 
and  died  in  twelve  hours,  while  Habershon  is  authority 
for  the  statement  that  death  has  taken  place  in  thirty 
minutes. 

Symptoms.— T^he  differences  in  the  symptoms  between 
acute  and  chronic  poisoning  are  chiefly  only  of  degree,  and 
yet  at  the  same  time  they  are  quite  marked.  Even  in 
acute  cases  it  has  been  shown  by  Tardieu  that  it  is  pos- 
sible to  distinguish  three  distinct  forms,  which  have  been 
termed  common,  nervous,  and  hemorrhagic,  according 
as  certain  symptoms  predominate.  The  lack  of  space 
forbids  a  consideration  of  these.  Occasionally  a  patient 
will  show  a  combination  of  all  these  types,  the  one  fol- 
lowing tho  other. 

In  what  may  be  called  for  convenience  a  typical  or 
normal  case  of  poisoning  (generally  the  result  of  matches), 
the  victim  first  complains  of  pain  in  the  throat.  Usually, 
but  not  always,  this  pain  extends  downward  with  increas- 
ing severity,  and  is  most  marked  in  the  epigastrium  and 
abdomen.  The  tongue  is  enlarged  and  coated.  Nausea 
in  its  most  acute  form  sets  in,  followed  later  by  vomiting 
of  material  of  a  mucous  and  bilious  character.  Very 
rarely  at  this  stage  is  the  vomit  tinged  with  blood,  but 
the  ejected  material  is  generally  phosphorescent  in  the 
dark.  There  may  be  annoying  eructations  with  an  allia- 
ceous odor  and  taste ;  the  exhaled  breath  may  even  be 
luminous  in  the  dark  and  give  rise  to  a  thin  white  vapor 
upon  striking  the  air.  Colic  and  diarrhosa  set  in  at  this 
stage,  in  about  thirty  per  cent,  of  the  cases.  The  pulse 
may  for  a  short  period  be  accelerated  with  an  accom- 
panying slight  rise  in  temperature,  but  soon  it  becomes 
small,  weak,  slow,  and  often  irregular.  The  temperature 
may  fall  as  much  as  3°  or  even  4°  C.  Respiration,  which 
also  suffered  a  slight  acceleration,  becomes  slow,  op- 
pressed, and  sometimes  stertorous.  This  train  of  symp- 
toms continues  for  from  twenty -four  to  forty -eight  hours 
when  a  remission  often  takes  place;  nausea  and  vomiting 
ceasing  and  the  abdominal  pain  disappearing  save  for  a 
few  vague  twinges.  A  period  of  apparent  convalescence 
supervenes  for  two  or  three  days;  then  suddenly,  when 
all  seems  to  be  going  well,  the  victim  is  stricken  down 
with  the  most  violent  symptoms.  Icterus  appears,  accom- 
panied by  hemorrhages,  increasing  in  number  and  sever- 
ity, in  which  practically  all  channels  are  affected.  Vom- 
iting and  purging  having  again  set  in,  the  ejected  matters 
are  bloody  in  character  and  may  at  times  consist  almost 
wholly  of  blood ;  there  is  bleeding  at  the  nose  and  even  at 
the  ears,  and  in  women  there  is  almost  invariably  more  or 
less  uterine  hemorrhage.  Up  to  the  present  time,  in  spite 
of  the  reputed  aphrodisiac  action  of  phosphorus,  no  vene- 
real excitation  has  been  observed  in  either  sex  in  acute 
poisoning.  The  blood  discharged  is  very  thin  and  fluid. 
Hemorrhages  have  been  known  to  continue  for  several 
months,  the  victim  becoming  weaker  and  weaker,  and 
sinking  into  deeper  and  deeper  apathy,  being  roused 
only  by  recurring  nervous  disturbances.  Accompanying 
the  hemorrhages  is  seen  ansemic  cachexia  and  urticaria, 
and  a  blotched  skin.  The  eyes  are  icteric,  blood-shot, 
and  prominent.  Owing  to  paralysis  of  the  sphincter 
muscles  there  may  be,  in  the  last  stages  of  the  disease, 
involuntary  expulsion  of  urine  and  fseces.  Prior  to  this, 
however,  the  urine  is  apt  to  be  suppressed,  and  when 
discharged  or  drawn  will  be  found  to  contain  albumin, 
peptones,  hfemoglobin,  bile  pigments,  biliary  acids, 
fibrin  and  hyaline  cylinders,  fatty  droplets,  often  leucin 
and  ty rosin,  almost  invariably  sarcolactic  acid,  subnor- 
mal urea,  and  abnormal  ammonium  salts,  phosphates, 
and  sulphates.  It  is  quite  safe  to  assert  that  icterus  is 
absent  in  exceedingly  rapid  death  only.  Death  takes 
place  in  coma  or  syncope,  occasionally  in  convulsions 
preceded  by  delirium. 

In  addition  to  the  above-mentioned  symptoms  there  is 
often  quite  marked  paralysis  of  the  voluntary  muscles, 
especially  those  of  the  legs,  preceded  by  coldness  or 
numbness  and  accompanied  by  formication  and  twinges 
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of  pain.  Occasionally  there  is  anaesthesia  of  the  lower 
extremities,  but  otherwise  there  seems  to  be  no  loss  of 
sensation. 

Recovery  from  severe  acute  phosphorus  poisoniDg  is 
rare  and  takes  place  only  after  a  long  time. 

The  symptoms  seldom  appear  in  less  than  one  to  three 
hours,  more  often  in  five  to  seven  hours.  There  are  ex- 
ceptions, however;  for  example,  Taylor  cites  a  case  of 
a  young  girl  who  swallowed  a  quantity  of  phosphorus 
paste,  and  who  at  first  suffered  from  symptoms  so  slight 
tliat  it  was  thought  that  but  little  poison  had  been  in- 
gested. It  was  not  until  the  following  day  that  she  was 
taken  ill,  and  on  the  second  day  had  apparently  recov- 
ered ;  on  the  third  day  she  was  stricken  with  symptoms 
of  poisoning,  but  these  were  not  violent  until  the  fifth 
day.  Death  took  place  on  the  sixth  day  despite  the  efforts 
which  were  made  during  all  this  period  to  save  her  life. 

At  one  time  or  another  practically  all  the  secretions  and 
excretions  have  been  observed  to  be  luminous  in  the  dark 
— the  exhaled  breath,  vomited  matter,  stools,  urine,  per- 
spiration, etc. 

Phosphorus  cannot  be  classed,  as  is  very  evident  from 
the  above,  as  a  rapid  or  even  moderately  rapid  poison; 
and,  on  the  other  hand,  evidence  is  lacking  which  would 
justify  its  being  credited  with  any  truly  latent  action. 

Acute  Poisoning  in  Animals.  ■ —  Typical  symptoms, 
similar  to  those  seen  in  man,  are  observed  in  dogs  and 
swine.  Horned  cattle  behave  somewhat  similarly,  but 
horses  and  fowls  are  affected  in  an  entirely  different 
manner.  Fowls  are  exceedingly  sensitive  to  this  poison, 
suffering  chiefly  from  severe  thirst,  diarrhcea,  and  chorea. 
They  die  without  having  shown  any  characteristic  symp- 
toms save  that  they  are  apt  to  move  with  a  peculiar 
hopping  gait.  Horses  die  suddenly  in  a  few  days,  hav- 
ing shown  practically  no  symptoms  of  poisoning.  In 
cows  a  cessation  of  milk  secretion  is  almost  invariably 
observed.  In  animals,  especially  ruminants,  the  first 
symptoms  appear  after  several  hours.  The  shortest  pe- 
riod of  illness  can  be  set  at  about  ten  to  fifteen  hours. 
Most  animals  die  on  the  second  or  third  day,  or  on  the 
third  to  the  fifth  day.  Sometimes  death  comes  on  very 
suddenly  through  paralysis  of  the  heart  following  an  ap- 
parent improvement. 

Chronic  Poisoning  is  almost  invariably  the  result  of 
breathing  air  containing  vapors  of  phosphorus,  and  is 
therefore  seen  in  workmen  engaged  in  industries  using 
phosphorus,  such  as  the  manufacture  of  "sulphur" 
matches,  phosphor  bronze,  etc.  In  the  manufacture  of 
phosphorus  chronic  poisoning  is  very  rare.  Up  to  1900, 
in  the  great  Coignet  factory  in  France,  there  had  been 
only  one  case  of  maxillary  necrosis  in  fifteen  years.  In 
the  days  of  the  extensive  manufacture  of  sulphur 
matches  chronic  poisoning  was  so  alarmingly  frequent, 
especially  among  workmen  in  the  "drying  rooms,"  that 
several  governments  passed  laws  forbidding  the  manu- 
facture of  this  kind  of  match.  Since  the  introduction  of 
parlor  and  safety  matches  chronic  poisoning  has  become 
very  rare. 

This  remarkable  disease  is  characterized  by  bronchial 
catarrh,  chronic  gastro-enteritis,  loss  of  appetite,  consti- 
pation often  followed  by  diarrhoea,  exquisite  toothache, 
chronic  periostitis  passing  into  necrosis  of  the  maxillary 
bones,  cachexia,  and  fever.  In  general,  we  have  all  the 
symptoms  of  acute  poisoning,  but  in  much  less  violent 
form  and  coming  on  slowly  and  insidiously. 

The  gums  swell;  there  may  be  salivation;  the  teeth 
ache,  decay,  loosen,  their  dentine  becomes  exposed; 
there  is  persistent  gingivitis ;  dental  abscesses  increase  in 
number  and  the  fistulae  discharge  sequestra  and  fetid 
pus.  The  breath  is  horribly  fetid.  The  victim  suffers 
from  pains  in  the  joints  and  legs,  rapidly  weakens  and 
wastes  away.  Hectic  fever  sets  in,  and  death  may  occur 
m  convulsions,  more  often  in  coma  or  syncope. 

Usually  it  is  the  lower  maxillary  which  is  first  attacked  ■ 
less  frequently  and  less  seriously,  at  the  outset,  the  up- 
per jaw  is  affected.  As  the  disease  progresses  both  jaws 
become  diseased.  Sometimes  the  necrosis  extends  to  the 
nasal  bones  and  even  to  the  base  of  the  skull,  when  death 
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from  meningitis  results.  In  the  case  of  severe  necrosis 
the  mortality  seems  to  range  in  the  neighborhood  of 
forty-five  per  cent.  This  disease  has  been  incorrectly 
termed  by  some  European  physicians  progressive  necrosic 
osteoperiostitis.  Following  the  necrosis  there  is  marked 
thickening  of  the  affected  bones,  and  the  cartilage  be- 
comes ossified.  Workmen  having  carious  teeth  suffer 
most  from  maxillary  necrosis.  In  fact,  there  is  reason 
to  believe  that,  in  the  absence  of  penetrating  caries, 
necrosis  of  the  jaw  bones  is  rarely  if  ever  met  with. 
It  has,  therefore,  become  an  established  custom  in  all 
well-conducted  phosphorus  industries  to  employ  only 
men  and  women  having  sound  teeth.  Necrosis  of  the 
jaw  develops  after  about  six  months'  exposure  to  the 
vapors  of  phosphorus.  Occasionally  it  may  appear  in 
a  shorter  period,  or  may  fail  to  appear  until  after  several 
years.  This  is  only  another  instance  of  the  remarkable 
variation  in  the  action  of  this  element. 

Contrary  to  the  facts  observed  with  most  other  sub- 
stances giving  rise  to  chronic  poisoning  there  are  no  rec- 
ords showing  that  the  domestic  animals  frequenting  the 
industries  are  afflicted  with  phosphorism. 

Antidotes. — The  most  satisfactory  chemical  antidotes 
are  copper  sulphate,  and  oxidizing  substances  such  as 
old  turpentine,  hydrogen  peroxide,  potassium  permanga- 
nate, etc.  In  the  case  of  acute  poisoning  administer  cop- 
per sulphate,  three  grains  every  five  minutes  until  the 
stomach  has  been  suflSciently  cleared.  Follow  this  by 
one  of  the  oxidizing  agents,  as,  for  example,  old  turpen- 
tine in  emulsion  in  mucilage,  one  drachm  every  half -hour 
combined  with  the  inhalation  of  turpentine  vapor,  or 
wash  out  the  stomach  with  0.2-  or  0.3-per-cent.  solution 
of  potassium  permanganate,  or  with  a  one-  to  three-per- 
cent, solution  of  peroxide  of  hydrogen.  Magnesium  sul- 
phate may  also  be  given  to  clear  the  bowels.  The  efficacy 
of  copper  sulphate  depends  upon  its  action  as  an  emetic, 
and  upon  its  property  of  reacting  with  phosphorus  to 
form  an  insoluble  copper  phosphide  and  in  part  to  oxi- 
dize the  phosphorus,  metallic  copper  and  phosphoric 
acid  resulting.  With  old  (oxidized)  turpentine  a  tur- 
pentine-phosphoric acid  of  low  toxicity  results,  while . 
with  permanganate  and  peroxide  the  phosphorus  is  oxi- 
dized to  non-poisonous  phosphoric  acid.  Besides  the  ad- 
ministration of  antidotes  the  patient  must  receive  such 
treatment  as  the  symptoms  require.  Administer  ice  and 
cold  demulcent  drinks.  The  paralysis  and  the  sinking 
of  blood  pressure  must  be  counteracted  by  excitants. 
All  substances  and  foods  containing  fats  or  oils  must  be 
forbidden.  Some  practitioners  bar  the  use  of  alkaline 
drinks  on  the  ground  that  there  is  danger  of  the  forma- 
tion of  phosphine ;  others  insist  upon  their  use  as  essen- 
tial to  maintain  the  alkalinity  of  the  blood. 

Prophylaxis. — In  all  industries  using  phosphorus,  ex- 
ceptionally good  ventilation  is  imperative.  There  should 
be  a  constant  circulation  of  fresh  air  in  all  the  rooms. 
Exceedingly  great  care  should  be  exercised  under  the 
supervision  of  a  competent  and  conscientious  foreman. 
Every  workman  should  be  required  to  wash  and  bathe 
frequently  and  thoroughly,  and  especially  always  to 
wash  the  .hands  before  eating.  Medical  examinations 
should  be  made  compulsory  at  stated  intervals,  and  all 
cases  of  sore  mouth,  toothache,  etc.,  should  be  at  once 
excluded  from  the  workrooms.  Only  men  and  women 
with  sound  teeth  should  be  employed.  A  mouth  wash 
containing  boric  acid,  beta-naphthol,  and  eucalyptol  has 
been  found  useful  as  a  preventive  against  necrosis. 

Post-mortem  Appearances. — In  typical  cases  the  appear- 
ances after  death  are  very  striking  and  characteristic. 
Acute  yellow  atrophy  and  cirrhosis  of  the  liver  are  prac- 
tically the  only  diseases  which  yield  lesions  that  can  be 
confused  with  poisoning  by  phosphorus.  The  appear- 
ances are  almost  identical  in  each  of  these  diseases,  yet 
the  symptoms  and  progress  of  the  diseases  are  so  different 
that  there  is  little  danger  of  error  when  the  practitioner 
is  in  possession  of  the  history  of  the  case. 

There  is  often  corrosion  and  ulceration  of  the  stomach 
and  duodenum.  The  mucosa  of  the  stomach  is  soft, 
swollen,  mammillated,  and  degenerated. 
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The  most  characteristic  feature,  however,  is  the  re- 
markable icteric  condition  and  fatty  degeneration  of  tlie 
liver  and  kidneys  in  particular,  but  also  of  the  heart, 
of  the  glands  of  the  stomach  and  intestines,  and  even  of 
the  muscles.  The  alimentary  canal  as  a  vphole  is  usu- 
ally contracted.  Multiple  hemorrhages  are  found  in  the 
lungs,  heart,  and  throughout  the  alimentary  canal.  Oc- 
casionally there  is  no  corrosion  nor  ulceration  of  the  mu- 
cosa of  the  oesophagus  and  stomach,  but  in  such  cases  a 
hemorrhagic  or  ecchymosed  condition  is  rarely  absent. 
A  similar  condition  obtains  in  the  mesentery  and  the 
peritoneum. 

The  pleural  and  pericardial  cavities  contain  bloody 
serum  and  the  serous  membranes  are  ecchymosed. 

The  liver  will  generally  be  found  enormously  enlarged, 
fatty,  soft,  pasty,  and  light  or  dark  yellow  in  color,  with 
the  acini  enlarged  and  prominent,  while  here  and  there  are 
hemorrhagic  spots.  When  the  period  of  illness  has  been 
very  prolonged,  the  liver  may  be  found  to  be  not  only 
no  longer  enlarged,  but  even  subnormal  in  size.  It  may 
be  luminous  in  the  dark. 

Although  slow  poisoning  by  ammonia,  alcohol,  ar- 
senic, antimony,  cyanides,  sulphOcyanates,  etc.,  also 
gives  rise  to  fatty  degeneration,  the  steatosis  is  seldom  so 
extensive,  so  marked,  nor  of  so  rapid  formation  as  in 
poisoning  by  phosphorus.  Cases  are  recorded  in  which 
death  from  phosphorus  took  place  in  forty-eight  hours, 
yet  in  this  short  period  there  was  marked  steatosis  of  the 
liver,  kidneys,  heart,  and  glands  of  the  stomach. 

Rarely  death  may  take  place  and  the  autopsy  will  fail 
to  reveal  any  noteworthy  lesion  or  marked  inflammation 
of  the  mucosa. 

Mechanism  of  Action. — As  regards  this  phase  of  the  ac- 
tion of  phosphorus,  it  is  to  be  stated  that  at  the  present 
time  no  satisfactory  theories  have  been  formulated.  Be- 
cause of  the  lesions  and  remarkable'effects  of  phosphorus, 
this  substance  has  long  been  a  most  interesting  and  fruit- 
ful field  of  research  for  toxicologists  and  pharmacologists, 
yet  in  spite  of  the  many  investigations  the  mechanism  of 
its  action  is  still  an  ignis  fatuus. 

Phosphorus  seems  to  be  rcsorbed  without  change,  and 
is  carried  by  the  blood  either  in  colloidal  solution,  in  the 
state  of  excessively  fine  emulsion,  or  the  element  is  va- 
porized by  the  heat  of  the  body  and  the  vapor  dissolved 
by  the  blood.  It  suffers,  because  of  the  high  partial 
pressure  of  the  oxygen  in  the  blood,  little  or  no  immedi- 
ate oxidation.  The  effects  produced  upon  the  tissues 
cannot  be  due  to  the  action  of  hypophosphorous,  phos- 
phorous, or  phosphoric  acids,  nor  to  any  alkaline  salts  of 
these  acids.  The  hypothesis  that  hydrides  of  phosphorus 
are  formed  and  carried  by  the  blood  and  are  the  primary 
cause  of  illness  seems  to  be  no  more  tenable  than  the  oxi- 
dation theory. 

It  has  been  shown  repeatedly  that  while  from  a  chemi- 
cal viewpoint  phosphorus  should  not  be  able  to  exist  as 
such  for  any  length  of  time  in  arterial  blood,  not  only 
is  such  the  fact,  but,  as  already  stated,  it  suffers  but  lit- 
tle change. 

All  experiments  go  to  show  that  phosphorus  is  to  be 
classed  as  one  of  a  group  of  poisons  chiefly  affecting  the 
metabolism,  of-  which  group  hydrocyanic  acid,  oxalic 
acid,  and  carbon  monoxide  are  the  other  best-known 
types.  Bauer  has  pointed  out  that  the  oxygen  taken  up 
and  the  carbon  dioxide  given  off  in  acute  poisoning  is  al- 
ways abnormally  low  (eight  to  eleven  per  cent.  COj  in- 
stead of  twenty-four  to  twenty -seven  per  cent.),  and  that 
the  respiration  curve  indicates  a  powerful  disturbance  of 
the  metabolism.  Moreover,  this  is  further  borne  out  by 
the  fact  that  peptone-like  digestion  products  are  usually 
eliminated,  in  the  urine,  that  the  urea  is  subnormal,  and 
that  the  albumin  of  the  food,  and  also  to  a  certain  extent 
of  the  organism,  is  decomposed,  and  goes  to  form  fat, 
leucin,  tyrosin,  and  probably  sarcolactic  acid.  The  de- 
crease in  the  amount  of  urea  has  been  explained  on  the 
theory  that  owing  to  the  formation  of  acids  (lactic  acid?) 
a  great  part  of  the  nitrogen,  which  would  otherwise  be 
converted  into  urea,  goes  to  form  ammonia  to  neutralize 
the  acids.  Because  of  this  neutralizing  action  the  alka- 
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Unity  of  the  blood  falls  and  probably  countless  blood 
corpuscles  are  destroyed;  for  this  latter  reason  phos- 
phorus is  also  classed,  by  some  authorities,  in  the  group 
of  so-called  "blood  poisons."  This  whole  question  of 
action  on  the  blood  is  very  little  understood.  Cases  are 
reported  in  which  no  destruction  of  blood  corpuscles  has 
been  observed.  In  man  there  seems  to  be  a  transitory 
increase  of  erythrocytes  and  a  decrease  of  leucocytes.  In 
dogs  the  erythrocytes  and  haemoglobin  are  not  affected, 
but  the  leucocytes  seem  to  be  increased.  In  fowls  there 
is  undoubted  dissolution  of  red  corpuscles  and  an  in- 
crease of  leucocytes.  Pollowing  the  destruction  of  the 
red  blood  corpuscles — which,  it  is  assumed,  takes  place 
at  some  stage  in  poisoning  by  phosphorus — an  abnormal 
secretion  of  bile  pigments  takes  place;  at  the  same  time 
the  bile  becomes  thick  and  viscid  and  moves  through  the 
ducts  slowly.  To  account  for  the  direct  cause  of  icterus 
several  theories  have  been  advanced :  one  ascribing  it  to 
catarrh  of  the  duodenum  and  cutting  off  of  the  ductus 
choledoohus ;  another  to  the  compression  of  the  tiny  bile 
ducts  by  the  swelling  of  the  liver;  still  another  that  the 
mucosa  of  the  biliary  passages  becomes  diseased,  and  that 
there  is  finally  a  clogging  of  these  passages  through  fatty 
degeneration  and  rupture  of  the  walls  of  the  vessels.  It 
is  likely  that  all  these  causes  contribute  to  the  retardation 
of  the  flow  of  the  bile,  and  that  this  fluid  overflows  into 
the  lymphatics.  The  cause  of  the  polycholia  is,  how- 
ever, not  yet  understood,  but  its  results  are  apparent  in 
cerebral  disturbances,  as  shown  by  coma,  etc. 

As  to  what  happens  to  the  phosphorus  in  its  long  so- 
journ in  the  blood  we  know  but  little.  Only  one  point 
is  clear.  Part  unites  with  many  as  yet  whoU}'  unknown 
basic  products  of  the  metabolism  to  form  toxic  com- 
pounds. Selmi  has  succeeded  in  isolating  some  of  these 
compounds  from  the  urine,  and  has  given  them  the  name 
phosphoptomains,  while  Van  den  Corput  has  called 
them  toxicomains.  According  to  this  latter  investiga- 
tor most  of  the  ill-effects  of  phosphorus  are  due  to  the 
formation  of  these  retention  toxicoses.  Besides  these 
phosphorus  bases  in  the  urine  and  blood,  Kunkel  ad- 
vances the  hypothesis  that  part  of  the  phosphorus  is  oxi- 
dized by  the  blood,  and  that  the  phosphoric  acid  thus 
produced  is  eliminated  in  the  form  of  esters. 

In  the  matter  of  the  fatty  degeneration  of  the  liver  the 
weight  of  evidence  seems  to  be  that  we  must  regard  it  as 
the  result  of  two  causes :  one,  the  formation  of  fat  in  the 
organ  itself,  and  the  other  the  transportation  of  preformed 
fat  to  this  organ.  Experiments  on  animals  have  shown 
that  the  microscope  will  demonstrate  the  beginning  of 
fatty  degeneration  in  the  liver  in  as  short  a  time  as  six 
to  eight  hours  after  the  administration  of  the  poison,  and 
in  about  twelve  hours  in  the  kidneys  and  heart  (Kobert). 

No  satisfactory  explanation  of  the  cause  of  the  corro- 
sion and  ulceration  of  the  mucosa  of  the  alimentary  canal 
has  yet  been  found.  It  has  been  suggested  that  this  may 
be  the  result  of  the  nascent  action  of  oxygen  acids  of 
phosphorus  at  the  moment  of  their  formation ;  but  since 
the  early  formation  of  these  acids  is  uncertain  a  better 
explanation  is  wanted. 

As  to  phosphorus  necrosis,  little  can  be  said  save  that  it 
follows  periostitis.  It  is  not  the  mineral  stroma  which  is 
attacked,  but  the  cells  of  osseous  tissue.  Necrosis  often 
follows  an  injury  to  the  bones  or  periosteum,  in  illus- 
tration of  which  an  interesting  case,  recorded  by  Wegner, 
may  be  cited.  A  boy  working  in  a  match  factory  rapidly 
developed  periostitis  and  necrosis  of  the  bone  following 
the  breaking  of  his  leg.  Wegner's  investigations  on  the 
action  of  phosphorus  on  the  bones  are  of  great  interest, 
although  they  shed  but  little  light  upon  the  mechanism 
of  the  action.  He  found  that  the  administration  of  verj^ 
small  amounts  of  phosphorus  daily,  either  internally  by 
the  mouth  or  as  vapor,  to  young  animals,  caused  an  ab- 
normally rapid  development  of  osseous  tissue,  that  the 
bones  formed  were  more  compact  than  usual,  that  the 
medullary  cavities  were  much  reduced  in  size,  and  that 
the  abnormally  developed  bones  did  not  differ  in  chemi- 
cal composition  from  bones  normally  grown. 

Investigations  upon  the  action  on  the  heart  show  that 
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the  beating  is  arrested  in  diastole  in  both  warm-  and  cold- 
blooded animals,  that  the  action  is  probably  directly  upon 
the  heart  muscles,  that  the  automatic  centres  are  tirst  af- 
fected and  then  the  muscles  are  greatly  weakened,  al- 
though they  still  respond  to  artificial  stimuli. 

Clinical  Tests  for  Phosphorus.— Expose  to  the  vapors 
given  off  from  the  warmed  material  to  be  tested  two 
strips  of  filter  paper,  one  of  which  has  been  moistened 
with  silver-nitrate  solution,  the  other  with  lead-acetate 
solution.  If  phosphorus  is  present,  the  silver  paper 
blackens  while  the  lead  paper  should  remain  unchanged. 
If  both  papers  blacken,  hydrogen  sulphide  is  present  and 
must  first  be  removed  before  testing.  In  such  an  event 
add  to  the  material  to  be  tested  suflflcient  lead  acetate 
solution  to  precipitate  all  the  hydrogen  sulphide  as  lead 
sulphide,  and  test  with  the  two  papers  as  before.  The 
blackening  of  the  silver-nitrate  paper  is  due  to  the  forma- 
tion of  silver  phosphide  and  metallic  silver, 

A  less  satisfactory  test  consists  in  boiling  the  material 
to  be  tested  with  a  small  piece  of  roll  sulphru-.  After  a 
few  minutes  the  piece  of  sulphur,  which  has  taken  up 
most  of  the  free  phosphorus  present,  is  removed,  washed, 
and  examined  in  a  darkened  room.  On  being  gently 
warmed  and  rubbed  with  the  finger  the  sulphur  will 
shine  with  the  peculiar  glow  of  phosphorus,  if  this  latter 
element  is  present. 

If  possible  the  suspected  material  should  always  be 
tested  in  the  laboratory  by  the  Mitscherlich  distillation 
method. 

There  are  reasons  for  believing  that  phosphorus  can 
exist  in  the  body  in  the  free  state  for  about  eight  weeks. 
After  twelve  weeks  it  can  still  be  detected  in  the  form  of 
phosphorous  acid,  but  after  about  fifteen  Aveeks  it  is  prob- 


able that  all  the  elemental  phosphorus  has  been  elimi- 
nated or  oxidized  to  phosphoric  acid.  As  regards  the 
detection  of  free  phosphorus  after  death,  it  is  safe  to  say 
that  chemical  tests  usually  fail  after  four  weeks;  but 
there  are  instances  in  which  it  has  been  possible  to  obtain 
undoubted  proof  fifteen  weeks  after  burial. 

Emile  Monnin  Chamot. 

PHOTOMICROGRAPHY.— Definition.— The  process 
of  obtaining  a  macroscopic  photograph  of  a  microscopic 
object.  It  is  sometimes  incorrectly  termed  microphotog- 
rapby,  which  is  the  reduction  by  photography  of  land- 
scapes, portraits,  or  other  gross  photographs  to  collodion 
positives  of  minute  size,  which  are  subsequently  mounted 
beneath  a  small  convex  lens,  in  watcli  charms,  paper 
knives,  pencil  handles,  and  the  like.  It  is  to  be  noted 
that  this  distinction  is  not  universal  on  the  continent  of 
Europe.  The  above  title  in  German  is  Mikrophotogra- 
phie;  in  French,  Photomicrographie. 

HisTOKV. — The  tirst  photomicrographs  and  probably 
also  the  first  photographs  were  taken  by  Wedgewood 
and  Davy.  The  record  of  their  experiments,  published 
in  1803,  some  time  after  the  death  of  Wedgewood,  show 
that  they  used  a  solar  microscope  and  obtained  images 
upon  paper  and  leather  which  had  been  washed  with  a 
silver  solution.  They  were,  however,  unable  to  fix  the 
images  so  obtained  and,  when  expased  to  da3dight,  the 
entire  surface  became  uniformly  dark. 

The  Rev.  J.  B.  Reade,  of  England,  in  1837,  with  a  so- 
lar microscope  photographed  entomological  specimens 
and  sections  of  vegetable  tissues  upon  paper  coated  with 
nitrate  of  silver  solution  and  fixed  the  images  with  an 
infusion  of  galls.     In  1839,  at  a  soiree  given  by  the  Mar- 


FiG.  3805.- 


-Installatlon   tor  Photomicrography  with  Heliostat.     The  objects  are  arranged,  from  left  to  right,  in  the  following  order:  camera, 
microscope,  screens,  shutter,  and  mirror ;  outside  the  window,  on  a  levelling  stand :  beliostat  and  a  second  mirror. 
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FlO.  3806.— The  Optical  Bench,  Arranged  for  Photomicrography  with  the  Electric  Arc  Lamp.  The  objects  are  arranged,  from  left  to  right,  in 
the  following  order :  end  of  camera,  microscope,  screens,  shutter,  water-bath,  condenser  system,  arc  lamp ;  on  the  table :  battery  of 
oculars  and  objectives,  color  screens  and  bulb  of  pneumatic  release  of  shutter;  under  arc  lamp— the  adjustable  shunt  coil;  at  the  ex- 
treme right,  against  the  wall :  switches  and  rheostat. 

In  practice  a  clotli  is  thrown  over  the  frame  which  encloses  the  microscope,  for  the  purpose  of  shutting  out  the  rays  of  light  from  the 
eyes  of  the  operator,  while  permitting  at  the  same  time  all  necessary  manipulation.  The  screens,  water-bath,  condensers,  and  arc  lamp  are 
all  enclosed  in  such  a  manner  as  to  reduce  to  a  minimum  the  escape  of  light  into  the  room. 


quis  of  Northampton,  then  president  of  the  Roj^al  So- 
ciety, Mr.  Reade  exiiibited  more  perfect  results,  and 
some  of  his  pliotomicrographs  were  on  sale  at  a  bazaar  in 
Leeds  the  same  year.  It  was  not  imtil  after  Daguerre 
had  announced  his  discovery  before  the  Academy  at 
Paris  on  the  19th  of  August,  1839,  that  attempts  to  use 
photography  to  obtain  pictures  through  the  microscope 
were  generally  undertaken.  In  1840  Mr.  Dancer,  of 
England,  photographed  through  a  gas  microscope  upon 
silvered  plates ;  he  also  by  means  of  the  solar  microscope 
photographed  wood  sections  and  fossils  on  paper  and 
glass  plates.  Dr.  Donne,  of  Paris,  in  1840,  presented  to 
the  Academy  of  Sciences  photomicrographs  on  daguerro- 
type  plates ;  and  in  collaboration  with  M.  Leon  Foucault, 
in  1845,  published  an  atlas  on  the  study  of  the  fluids  of 
the  body,  illusti-ated  by  cuts  from  daguerrotypes.  One 
of  the  first  publications  in  England  to  use  pliotomicro- 
graphs as  illustrations  was  the  Quarterly  Joiirnnl  of  the 
Microscopical  Society,  which  in  1852  contained  prints 
from  negatives  bv  Mr.  Joseph  Delves.  Since  tliese  early 
attempts  the  practice  of  photomicrography  and  its  use 
for  illustration  have  steadily  grown.  The  list  of  those 
who  have  done  notable  work  is  a  long  one,  and  contains 
many  well-known  names. 

The  Apparatus.— T\ie  several  parts  comprising  the  ap- 
paratus for  making  photomicrographs  are  collectively 
called  an  installation.  In  its  simplest  form  it  may  be  a 
long  bellows  camera  with  a  photographic  lens  on  the 
front  or  on  the  fnmt  of  a  conical  extension,  as  ordinarily 


used  by  photographers  for  making  enlarged  copies ;  such 
an  arrangement  is  useful  when  the  original  object  is  of 
comparatively  large  size  and  the  magnification  slight,  as 
the  limit  of  a  few  diaiueters  is  very  quickly  reached  by 
this  method.  For  most  photomicrograjihic  work  a  mi- 
croscope is  a  necessitjr,  as  are  also  the  accessory  appa- 
ratus on  the  optical  bencii  and,  in  the  present  day  of  rapid 
dry  plates,  the  cairiera.  Sometimes,  in  the  days  when  the 
slow,  comparatively  non-sensitive  wet  plates  were  in  use, 
the  room  in  which  the  optical  bench  and  microscope  wei'e 
placed  formed  the  camei-a ;  the  source  of  illumination  was 
outside  the  room,  and  enough  diffuse  light  was  admitted 
through  yellow  glass  to  enable  the  operator  to  work. 
Such  an  arrangement  was  used  by  Surgeon-General  J.  J. 
Woodward  in  making  his  now  classical  photomicrographs 
of  difficult  test  diatoms,  etc.  At  the  present  time,  liow- 
ever,  the  rapid  color-sensitive  plate  demands  much 
greater  care  in  the  exclusion  of  all  light  not  used  in  tak- 
ing the  picture,  and  many  forms  of  photomicrographic 
apparatus  have  been  devised.  Some  operators,  in  Eu- 
rope especially,  prefer  to  work  with  the  vertical  appa- 
ratus, subsequently  enlarging  the  pictures  so  obtained; 
but  most  of  the  English  and  American  photomicro- 
graphers  use  the  horizontal  apparatus,  and  with  the  long 
camera  bellows  obtain  the  desired  magnification  directly. 
The  installation,  then,  may  he  described  as  consisting  of 
the  source  of  light,  the  optical  bench  with  its  accessories, 
the  microscope,  and  the  camera. 

The  Source  of  Light. — This  may  be  an  oil  lamp  of  ona 
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or  more  burners,  illuminating  gas,  a  Welsbach  burner, 
or  an  acetylene  flame.  All  of  these  may  be  classifled 
as  illuminants  of  a  low  order,  as  when  high  powers 
are  used  their  illumination  becomes  too  feeble  to  enable 
satisfactory  focussing  of  the  image.  The  lime  light  in 
any  of  its  modifications  forms  the  next  higher  order  of 
illuminant;  magnesium  ribbon  or  flashlight  the  next; 
then  may  be  put  the  arc  light ;  and,  most  powerful  of  all, 
the  sun.  When  the  sun  is  the  source  of  light,  it  is  nec- 
essary to  use  an  heliostat  to  control  the  rays  used  for 
illumination,  as  after  centring  the  light  it  should  re- 
main centred  without  appreciable  variation;  otherwise 
much  time  is  wasted  and  many  vexatious  failures  are 
inevitable.  It  is  desirable  that  the  heliostat  be  of  com- 
paratively simple  construction  in  order  that  it  may  not 
easily  get  out  of  order.  I  have  found  that  what  is 
known  as  the  Prazmowski  heliostat  is  a  very  eflEicient 
form,  being  very  easily  adjusted  and  quite  simple  in  con- 
struction. This  instrument  carries  a  single  mirror  on  its 
axis  which  is  caused  to  follow  the  sun  by  clockwork. 
The  rays,  being  thrown  at  a  convenient  angle  by  adjust- 
ment when  starting,  are  maintained  in  the  same  direction. 
A  second  "mirror,  on  an  adjustable  stand  intercepts  the 
rays  reflected  from  the  heliostat  mirror  and,  if  the  instal- 
lation is  rightly  placed,  directs  them  through  the  micro- 
scope and  camera.  If,  however,  it  is  not  convenient  to 
have  the  installation  so  placed,  a  third  mirror  on  the 
optical  bench  directs  the  rays  in  the  desired  direction  (see 
Fig.  3805).  All  photomicrographers  who  iiave  worked 
with  sunlight  khow,  however,  how  few  are  the  perfect 
unclouded  days  when  the  work  can  be  satisfactorily  per- 
formed; as  even  the  thinnest  cloud  passing  across  the 
sun's  disc  practically  extinguishes  the  light  with  result- 
ing delay  and  difficulty  in  making  correct  exposure ;  but 
notwithstanding  the  annoyances  and  difficulties  attend- 
ing the  use  of  sunlight,  until  recent  years  those  accus- 
tomed to,  it  generally  returned  to  its  use  after  trying 
•other  methods  of  illumination.  At  the  present  time, 
however,  with  the  electric  current  almost  everywhere 
available,  the  use  of  the  arc  light  frees  photomicrography 
from  many  of  the  difficulties  formerly  obtaining.  The 
■essentials  for  illumination  by  the  arc  light  are,  the  con- 
tinuous current,  a  simple  form  of  focussing  lamp,  a 
rheostat,  and  a  shunt  coil  of  simple  form  used  outside 
the  zone  of  heat  radiated  by  tlie  lamp,  and  capable  of 
■delicate  adjustment.  Many  of  the  failures  to  obtain  sat- 
isfaction from  the  arc  lamp,  aside  from  too  delicate  con- 
struction, have  been  due  to  the  fact  that  the  controlling 
coils  were  within  the  lamp  bodj'.  Now,  while  such  a 
lamp  may  vyork  perfectly  in  the  open  where  its  heat  is 
radiated  away  quickly,  when  we  enclose  it  so  that  its 
light  may  not  escape  into  the  room  to  the  annoyance  of 
the  operator,  it  soon  begins  to  focus  irregularly  or  not  at 
all.  The  reason  is  simple:  the  actuating  mechanism  of 
the  lamp  is  controlled  by  an  electro-magnet ;  temperature 
has  a  decided  influence  on  electro-magnets;  with  a  given 
strength  of  current,  the  higher  the  temperature  of  the 
iron  core  the  less  will  be  the  amount  of  magnetism  de- 
veloped therein.  The  remedy  is  also  simple.  A  shunt 
coil  with  its  armature  balanced  over  a  contact  point  and 
capable  of  close  adjustment  is  inserted  in  the  circuit  any- 
where between  the  lamp  and  its  rheostat.  It  can  thus  be 
put  where  it  will  be  unaffected  by  heat,  and  can  be  relied 
upon  to  perform  its  functions  at  all  times.  The  noi'mal 
current  goes  as  usual  by  the  two  main  wires  to  the  lamp 
and  back,  but  when  the  arc  has  reached  such  a  length, 
determined  by  the  adjustment  at  the  shunt  coil,  that  the 
resistance  becomes  too  great,  the  current  goes  from  the 
main  wire  by  a  small  connecting  wire  through  the  shunt 
coil,  actuates  its  electro-magnet,  pulls  down  the  arma- 
ture, and  through  the  contact  mentioned  above  is  shunted 
through  a  third  wire,  which  enters  the  lamp  by  a  separate 
binding  screw  and  actuates  tlie  controlling  mechanism. 
The  lamp  immediately  focuses,  and  so  delicately  can  the 
shunt  coil  be  adjusted  that  the  lamp  will  automatically 
adjust  its  focus  every  other  second  or  two,  each  time 
moving  the  carbons  together  only  a  fraction  of  an  inch, 
and  keeping  the  crater  of  the  positive  carbon  practically 


in  the  optical  axis  without  flickering  or- change  in  the 
steadiness  or  intensity  of  the  beam  of  light,  the  prime  re- 
quisite of  any  illumination  for  photomicrography  (see 
Fig.  3806).  „  ,      ., 

The  Optical  Bench.— This  consists  of  two  parallel  rails 
or  V's  or  a  slotted  board  fixed  between  the  microscope 
and  the  radiant  (the  mirror  reflecting  the  sunbeam,  the 
crater  of  the  positive  carbon,  or  the  flame  of  gas  or 
lamp),  and  holding  the  condensers,  water-bath  to  absorb 
the  heat  rays,  diaphragm  stands  and  screens  for  various 
purposes,  and  sometimes  the  shutter  for  the  exposures. 
These  are  all  arranged  on  stands  so  that  they  may  be 
moved  to  and  from  the  radiant.  They  should  also  be 
adjustable  as  to  height  as  should  the  radiant  itself. 

T/ie  Microscope. — The  microscope  may  be  of  the  usual 
pattern  ;  but  for  those  using  as  low  a  power  as  a  three- 
inch  or  four-inch  lens,  a  microscope  with  a  body  tube  of 
larger  diameter  and  shorter  length  will  be  found  most 
convenient.  The  long  focus,  low-power  lenses  can  then 
be  used  inside  the  body  tube,  being  held  by  a  cone  fitted 
to  screw  in  place  of  the  draw  tube ;  beside  the  usual  sub- 
stage  condenser  there  should  be  an  achromatic  substage 
condenser  of  about  1  N.  A.  adjustable  for  centring,  a 
ring  with  screw  thread  to  hold  lenses  sometimes  used  as 
condensers,  and  a  simple  low-power  condenser  for  illumi- 
nating large  objects  when  slight  magnification  is  desired. 
There  are  also  accessory  pieces  of  apparatus,  such  as 
prisms,  black  ground  stops,  devices  for  oblique,  illumi- 
nation, monochromatic  illumination  by  means  of  the  rays 
of  the  spectrum,  etc.,  all  fitted  to  the  ring  of  the  con- 
denser carrier  so  as  to  be  interchangeable.  These  latter 
are  rarely  used  except  for  special  lines  of  work.  The 
stage  of  the  microscope  should  be  large  and  of  the  type 
known  as  mechanical,  moving  in  any  direction  in  its  own 
plane.  The  aperture  of  the  stage  should;be  of  such  size 
that  the  high-power  condenser  miay  be  brought  close  to 
theobject.  The  front  of  the  stage  may  be  fitted  with  a 
sliding  carrier  for  roughly  centring  the  object  and  a 
tilting  carrier  for  special  occasions.  The  battery  of  ob- 
jectives may  consist  of  any  number  desired;  it  will  be 
found,  however,  that  a  large  nuiriber  is  by  no  means 
necessary  for  widely  differing  magnifications,  as  by 
lengthening  or  shortening  the  distance  between  the  mi- 
croscope and  the  sensitive  plate,  various  magnifications 
may  be  had  with  the  same  objective.  An  amplifier  may 
be  used  for  the  same  purpose,  as  also  oculars  of  difEering 
powers. 

l^he  Camera.— This  may  be  of  any  usual  make,  the 
size  adapted  to  the  wants  of  the  operator,  or  it  may  be  a 
specially  made  long  bellows  camera.  It  may  be  firmly 
fixed  to  the  same  bench  or  plank  that  carries  the  micro- 
scope, optical  bench,  and  radiant;  or  it  may  have  a  sepa- 
rate stand  of  its  own  and  be  capable  of  movement  to  and 
from  the  microscope.  It  is  quite  necessary  that  the  con- 
nection between  the  microscope  and  camera,  while  ex- 
cluding all  light  not  used  for  illuminating  the  object, 
should  be  of  such  a  nature  that  no  vibrations  may  be 
transmitted  to  the  microscope  when  adjusting  the  plate 
holder  or  withdrawing  the  dark  slide.  A  cone  front  with 
cylindrical  end  is  usually  placed  on  the  camera,  and  this 
may  be  connected  with  the  microscope  by  a  light-tight 
sleeve  of  fabric,  or  it  may  fit  in,  without  touching,  a 
double  metal  cylinder  on  the  eye  tube.  When  using  a 
long  bellows  camera,  some  means  of  focussing  both  the 
coarse  and  the  fine  ad j  ustments  of  the  microscope  from 
back  of  the  camera  must  be  added  to  the  installation.  Va- 
rious methods  of  accomplishing  this  have  been  described 
by  photomicrographers,  each  having  its  advantages. 
The  essential  points  are  that  whatever  method  is  used,  it 
must  not  convey  any  jar  or  vibration  to  the  microscope, 
or  bring  a  strain  upon  the  screws  of  either  adjustment. 
It  must  of  necessity  work  smoothly. 

Procedure.— It  is  necessary  when  flrst  setting  up  and 
adjusting  the  various  parts  of  the  apparatus  to  consider 
some  one  part  as  fixed  and  adjust  all  the  other  parts  to 
it.  Generally  it  will  be  found  best  to  consider  the  micro- 
scope as  the  fixed  part,  and  that  imaginary  line  passing 
through  the  centres  of  objective  and  ocular  and  indefl- 
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nltely  prolonged,  called  the  optical  axis,  as  that  line 
with  winch  the  centres  of  all  the  other  parts  from  radiant 
to  ground  glass  of  camera  must  coincide.  Suppose  we 
have  a  long  bellows  camera,  an  arc  lamp,  an  optical 
bench  (with  a  large  condenser,  a  water-bath,  and  sup- 
ports for  diaphragms  or  screens),  and  a  microscope,  and 
that  we  wish  permanently  to  mount  them  upon  a  long 
narrow  table  or  bench,  two  or  three  feet  wide  by  about 
twelve  feet  long.  At  one  end  of  our  table  we  would 
place  the  lamp,  next  the  optical  bench,  tlien  the  micro- 
scope turned  to  the  horizontal  position,  and  finally  the 
camera.  Upon  the  size  of  the  ground-glass  screen  of  the 
camera  would  depend  the  height  above  the  table  of  the 
tube  of  the  microscope.  This  having  been  determined, 
the  base  of  the  microscope  is  clamped  firmly  to  the  table 
in  its  proper  position,  so  that  the  optical  axis  passes  over 
a  line  drawn  through  the  centre  of  the  table  in  the  direc- 
tion of  its  length.  The  camera  may  now  be  placed  be- 
hind the  microscope  and  adjusted  roughly  as  to  the  cen- 
tring of  ground  glass  with  the  optical  axis.  The  same 
maybe  done  with  the  optical  bench  in  front  of  the  micro- 
scope, and  then  with  the  lamp.  A  quick  method  of  rough 
centring,  which  I  have  found  pi'actical,  is  to  cross  threads 
diagonally  from  corner  to  corner  of  the  camera  back,  the 
ground-glass  screen  having  been  removed.  This  will 
give  the  centre  of  the  ground  glass  screen.  From  this 
centre  stretch  a  thread  through  the  camera-tube  of  the 
microscope,  through  a  pinhole  diaphragm  in  the  stage, 
and  on  through  like  diaphragms  on  the  optical  bench, 
fastening  the  thread  at  last  to  one  of  the  carbons  of  the 
lamp.  The  various  parts  are  now  adjusted  until  the 
thread,  being  stretched  taut,  passes  through  the  dia- 
phragms without  touching.  The  final  centiing  is  by 
the  light.  Removing  the  thread,  putting  a  low-power 
objective  in  the  microscope  and  starting  the  lamp,  we 
focus  the  condensers  so  that  the  image  of  the  crater, 
taken  up  by  the  objective,  is  thrown  upon  the  centre  of 
the  ground-glass  screen  of  the  camera.  After  the  cen- 
tring is  accomplished  we  are  in  readiness  to  take  a  picture. 
The  object  is  fastened  to  the  microscope  stage  and  the 
low-  or  high-power  substage  condenser  adjusted.  The 
image  may  now  be  thrown  upon  white  cardboard  for  ad- 
justment, centring,  etc.,  or  by  interposing  ground  glass 
and  a  color  filter  between  the  radiant  and  the  substage 
condenser  to  render  the  Mght  bearable  to  the  eyes,  the 
operator  may  view  the  image  directly  through  the  micro- 
scope in  the  ordinary  way.  The  camera  is  then  con- 
nected as  above  to  the  microscope  and  the  final  focussing 
done  from  back  of  the  ground-glass  screen,  or,  as  some 
prefer,  by  means  of  a  magnifying  glass  adjusted  to  the 
surface  of  a  plate  glass  screen,  which  occupies  the 
same  position  as  the  sensitive  plate  when  the  picture 
is  taken. 

We  must  now  wait  a  few  moments  and  then  re-examine 
our  image.  If  it  is  as  sharp  as  we  left  it,  we  may  proceed 
to  photograph  it ;  if,  however,  it  is  not  so  sharp  as  when 
we  had  finished  focussing  it,  it  will  be  necessary  to  find  the 
cause  and  the  remedy.  The  change  of  adjustment  may 
be  caused  by  jarring,  by  a  worn  thread  on  the  micro- 
meter screw,  by  too  strong  a  spring  in  the  micrometer 
movement,  or  by  a  change  in  the  temperature  of  the 
room  or  parts  of  "the  apparatus.  The  microscope  should 
be  so  mounted  that  no  jar  can  be  transmitted  to  it;  worn 
parts  should  be  replaced;  and  the  temperature  of  the 
room  should  always  be  warm  so  that  the  starting  of  the 
lamp  will  not  cause  a  noticeable  increase  in  that  tempera- 
ture. It  is  always  well  to  start  the  lamp  a  few  minutes 
before  one  is  ready  to  take  the  picture,  and  allow  the 
different  parts  to  adjust  themselves  to  any  changed  con- 
ditions. The  adjustment  of  focus,  etc.,  being  satisfac- 
tory, the  exposing  shutter  is  closed.  The  plate-holder 
containing  the  sensitive  plate  is  placed  in  position  and  the 
exposure  made.  The  subsequent  operations  of  develop- 
ing and  printing  are  purely  photographic,  and  are  the 
same  as  in  ordinary  photography. 

Special  Forms  of  Apparatus.— Oi  special  forms  of  ap- 
paratus and  adaptations  to  special  purposes  there  are 
many.     Perhaps  among  the  most  useful  to  the  laboratory 


worker  in  bacteriology,  where  a  limited  range  of  magni- 
fication (i.e.,  from  two  hundred  to  one  thousand  diame- 
ters) is  desired,  is  that  of  the  Misses  Foot  and  StrobeU. 
Any  of  the  small  vertical  cameras  may  be  used,  and  the 
microscope  may  be  the  same  one  used  in  ordinary  I'e- 
search.  The  novelty  consists  in  obtaining  the  focus  di- 
rectly by  the  eye,  observing  the  image  through  the  micro- 
scope with  any  one  of  a  series  of  negative  lenses  placed 
on  top  of  the"  eyepiece.  The  negative  lenses  used  are 
those  test  sets  furnished  by  opticians,- and  number  from 
one  to  ten  dioptrics  and  tlieir  fractions.  The  use  of  this 
lens  will  of  course  cause  the  image  to  vanish  and  refo- 
cussing  will  be  necessary.  If  the  right  minus  Jens  has 
been  chosen,  lapon  its  removal  from  over  the  eyepiece 
the  image  will  be  found  thrown  upon  the  ground  glass 
of  the  camera  above  as  a  sharp  picture.  In  each  case  the 
minus  lens,  best  adapted  to  the  end  in  view,  must  be 
found  by  trial.  The  method  is  faulty  in  that  no  provis- 
ion is  made  for  removing  the  negative  lens  from  the  eye- 
piece without  some  risk  of  disturbing  the  focus  obtained. 
It  has,  however,  the  great  advantage  that  any  light  can 
be  used  that  one  would  ordinarily  view  objects  through 
the  microscope  by,  as  ordinar)'  diffused  daylight.  The 
exposure  will  of  course  run  into  the  minutes  with  its  at- 
tendant risk  of  change  of  focus  or  displacement.  The 
preliminary  wait,  after  obtaining  the  focus  by  this  method 
to  allow  for  change  in  focus,  etc.,  is  more  important  than 
with  the  horizontal  apparatus;  for  the  microscope  being 
in  the  vertical  we  have  the  influence  of  gravity  acting 
directly  upon  the  focussing  mechanism. 

Photomicrography  of  Colored  Objects. — In  former  yeai'S, 
when  the  wet  collodion  process  was  in  general  use,  and 
when  later  the  gelatin  dry  plates  were  introd\iced,  the 
photomicrographer  was  limited  in  the  selection  of  sub- 
jects to  those  that  were  nearly  colorless,  and  was  unable 
correctly  to  render  those  objects  that  contained  mixtures 
of  red,  or  yellow  and  blue.  The  chloride  of  silver  of  the 
wet  plate  and  bromide  of  silver  of  the  dry  plate  were 
alike  sensitive  to  the  light  rays  of  short  wave  length  {i.e., 
the  blue  and  violet)  and  comparatively  insensitive  to  the 
rays  of  longer  wave  length  {i.e.,  the  green,  yellow,  and 
red).  The  bhie  portions  of  an  object  would  be  fully  im- 
pressed on  the  plate  long  before  the  green,  yellow,  or  red 
portions  made  any  impression  at  all;  and  if  an  attempt 
was  made  by  prolonging  the  exposure  to  render  the  lat- 
ter, the  blue  portion  through  over-exposure  would  be 
lost.  It  was  not  until  Vogel  announced  his  discovery 
that  an  ordinary  gelatin  dry  plate,  when  bathed  in  a 
solution  of  an  aniline  dye,  became  more  sensitive  to  the 
rays  of  longer  wave  length,  that  it  became  possible  to 
represent  by  the  light  and  shade  of  the  photograph  the 
brilliancy  of  the  various  colors  as  they  affected  the  eye. 
It  was  not  enough  simply  to  dye  the  plate.  The  dye, 
while  rendering  the  plate  more  sensitive  than  before  to 
the  yellow  end  of  the  spectrum,  did  not  diminish  its  sen- 
sitiveness to  the  blue  which  was  still  in  excess.  The 
problem  was  solved  by  diminishing,  or  in  some  cases  en- 
tirely cutting  out  the  blue  and  violet  rays  by  the  use  of 
fluids  that  absorbed  them.  Such  fluids,  termed  color 
filters,  had  previously  been  in  use  for  just  the  opposite 
purpose,  i.e.,  to  allow  only  the  rays  of  highest  refrangi- 
bility  to  pass  through  the  object,  for  the  purpose  of  in- 
creasing the  resolving  power  of  the  objective.  It  was 
afterward  found  that  films  stained  with  the  proper  dyes 
could  be  used  in  place  of  the  fluids,  a  gain  in  convenience. 
Since  then  the  color  or  colors  of  the  object  do  not  present 
much  difficulty,  provided,  however,  the  object  is  not  too 
thick  nor  too  deeply  stained  in  parts ;  nor,  on  the  other 
hand,  so  lightly  stained  as  not  to  afford  sufficient  con- 
trast, as  in  certain  thin  pathological  specimens  where  the 
diseased  tissue  will  not  take  a  good  stain.  It  may  be  al- 
most impossible  to  obtain  a  satisfactory  photomicrograph, 
of  such  objects.  It  is  possible  at  the  present  time  to  go 
beyond  the  mere  representation  of  colored  objects  in 
monochrome,  as  by  the  use  of  the  proper  color  screens,  as 
first  demonstrated  by  the  writer  in  1895-96,  three  sepa- 
rate photomicrographs  may  be  taken  of  a  section  stained 
in  three  or  more  stains;  and  by  means  of  the  commercial 
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three-color  printing  processes  now  in  use,  it  can  be  quite 
faithfully  reproduced  in  its  original  colors. 

Preparation  of  Specimens. — The  special  preparation  of 
specimens  for  photomicrography  is  not  at  present  so  neces- 
sary as  before  the  introduction  of  the  color-sensitive  plate 
■and  the  color  filter.  There  are,  however,  certain  require- 
ments that  have  to  be  complied  with  if  the  best  results 
are  to  be  obtained,  as,  for  instance,  sections  of  tissue  must 
be  thin,  evenly  cut,  and,  above  all,  they  should  be  flat. 
Many  an  otherwise  good  specimen  cannot  be  used  for  pho- 
tomicrography because  sufilcient  care  was  not  taken  to 
get  it  perfectly  flat  upon  its  slide,  and  with  its  cover-glass 
down  upon  it.  Now  it  must  be  remembered  that  the 
objective  has  no  depths  of  focus ;  that  is,  only  those  ob- 
jects or  portions  of  the  object  in  one  plane  at  right  angles 
to  the  optical  axis  can  be  in  focus  at  one  time.  Any 
other  plane  of  the  object  requires  a  separate  focussing  of 
the  objective  to  render  its  image  sharp ;  and  therefore  a 
section  only  slightly  irregular,  and  which  to  the  eye, 
(owing  to  its  power  of  accommodation,  which  is  involun- 
tarily used)  seems  quite  flat,  upon  being  photographed 
will  give  a  negative  for  the  most  part  sharply  defined, 
but  containing  spots  or  areas  of  various  shapes  which  are 
quite  blurred.  The  photomicrographer  cannot  by  any 
means  short  of  flattening  such  a  specimen  obtain  from  it 
a  good  result:  for  if  he  should,  by  stopping  down  the 
substage  condenser  or  when  possible  the  objective,  seek 
to  render  more  than  one  plane  of  the  specimen  sharp,  he 
would  inevitably  introduce  errors  of  refraction  which 
in  themselves  would  spoil  the  result.  Ridges  or  knife 
marks,  due  to  the  chattering  of  the  knife  blade  of  the 
microtome  when  cutting  the  section,  will  always  show 
in  the  photograph.  Special  staining,  as  mentioned 
above,  is  not  necessary,  though  it  is  always  difficult  to 
secure  a  good  result  from  a  section  too  deeply  or  too 
lightly  stained;  but  in  general  any  section  stained  so  as 
to  show  well  to  the  eye  in  the  microscope  will  make  a 
good  photograph. 

Limitations. — To  photomicrography,  as  to  all  other 
things,  there  are  limitations.  These  are  more  especially 
evident  when  we  seek  very  high  magnifications.  As  we 
go  beyond  one  thousand  diameters,  it  becomes  more  dif- 
ficult to  obtain  satisfactory  images ;  and  while  it  is  pos- 
sible to  obtain  sharp  images  of  certain  selected  objects, 
such  as  a  portion  of  the  frustule  of  a  diatom,  up  to  five 
thousand  diameters,  it  will  be  found  that  only  such  ob- 
jects as  lend  themselves  to  the  work  can  be  so  taken,  and 
that,  except  as  a  tour  de  force,  the  results  are  all  out  of 
proportion  to  the  labor  and  time  expended.  When  much 
higher  magnifications  than  one  thousand  are  desired,  the 
only  practical  way  is  first  to  photograph  the  object  with 
as  high  a  power  as  will  give  a  good,  sharply  defined 
image  (say  up  to  three  thousand  diameters),  and  then  to 
enlarge  the  negative.  In  this  way  it  is  possible  to  attain 
magnification  of  ten  or  twelve  thousand  diameters.  But 
again  we  are  limited  in  this  method,  as  when  we  attempt 
to  enlarge  a  gelatin  negative  more  than  three  or  four 
diameters,  the  grain  of  the  gelatin  begins  to  become  dis- 
agreeably apparent  and  to  interfere  with  the  sharpness 
of  outline  of  the  image.  It  should  always  be  remembered 
that  the  magnification  of  the  objective  is  the  only  mag- 
nification that  resolves  the  details  of  the  object.  "What 
further  enlargement  we  may  get  by  oculars  of  high 
power,  by  increased  length  of  camera  bellows,  or  by  en- 
larging the  negative,  does  not  add  any  detail  to  that  re- 
solved by  the  objective  originally;  it  simply  spreads  the 
image  as  given  by  the  objective  over  a  larger  surface. 
It  follows  then  that  to  magnify  any  object  further  than 
to  make  its  details  clear  to  the  unaided  eye  is  useless  and 
to  be  condemned.  Edward  Lea/ming. 
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PHOTOTHERAPY.    See  Boentgen  Ray,  etc. 

PHOTOXYLIN.— A  nitro-cellulose,  similar  to  pyroxy- 
lin, but  prepared  from  wood  pulp  instead  of  cotton. 

A  three-  to  five-per-cent.  solution  in  equal  parts  of  al- 
cohol and  ether  is  recommended  to  replace  collodion  in 
plastic  surgerji-  and  other  conditions  in  which  such  an  ap- 
plication is  suggested.  The  solution  forms  a  thick  liquid, 
which  upon  evaporation  leaves  a  firm,  dense  film,  which 
is  stronger  than  that  of  collodion.        Beaumont  Small. 

PHRENIC  NERVE. — A-NATomy. — The  phrenic  nerve, 
or  the  internal  respiratory  nerve  of  Bell,  is  the  principal 
motor  nerve  of  the  diaphragm.  The  spinal  origin  in 
dogs  and  rabbits  is  located  in  the  anterior  horn  of  the 
spinal  cord  at  the  level  of  the  fifth  and  sixth  cervical  ver- 
tebrae, and  in  man  in  the  centre  of  the  anterior  horn,  ex- 
tending from  the  middle  of  the  third  to  the  sixth  cervical 
segment.  The  superficial  origin  of  the  nerve  is  from  the 
third,  fourth,  and  fifth  cervical  nerves  in  the  following 
proportions : 


Number 
of  cases. 

Fourth 
only. 

Fourth 
and  fifth. 

Third. 

fourth, 

and  fifth. 

Third  and 
fourth. 

Luschka 

Brook    

32 
16 
52 

12 
i 
9 

7 
9 

21 

7 

3 

13 

6 
0 

Green  

9 

Total 

100 

25-25^ 

37-37^ 

23-23^ 

15-15^ 

When  there  is  a  single  root,  it  is  always  from  the  fourth  nerve. 

CoHRSB. — The  course  of  the  nerve  is  as  described  in 
the  standard  text-books,  there  being  but  few  variations. 
Passing  over  the  anterior  surface  of  the  scalenus  anticus, 
diagonally  downward  and  outward,  it  passes  in  front  of 
the  first  part  of  the  subclavian  artery  and  behind  the 
subclavian  vein.  In  about  four  per  cent,  of  cases,  how- 
ever, the  nerve  passes  in  front  of  the  vein,  and  so  lies 
immediately  behind  the  clavicle.  Two  cases  are  on  rec- 
ord in  which  the  nerve  passed  through  the  vein.  Passing 
into  the  thorax  it  lies,  on  the  right  side,  external  to  and 
slightly  behind  the  right  innominate  vein  and  the  supe- 
rior vena  cava ;  on  the  left  side,  in  front  of  the  arch  of  the 
aorta.  On  both  sides  it  passes  between  the  pleura  and 
the  pericardium,  anteriorly  to  the  roots  of  the  lungs ;  on 
the  right  side  being  in  close  contact  with  the  root,  and  on 
the  left  side  passing  out  and  to  the  left,  in  order  to  pass 
around  the  heart.  The  right  nerve  has  an  almost  verti- 
cal direction,  and  passes  to  the  upper  surface  of  the  dia- 
phragm, where  it  divides  into  from  three  to  six  branches, 
which  pierce  the  diaphragm  externally  to  and  in  front  of 
the  opening  for  the  inferior  vena  cava.  The  left  nerve 
has  a  more  circuitous  route,  and  generally  divides  in  the 
substance  of  the  diaphragm. 

Brancfies. — 1.  Communicating:  (1)  From  the  upper 
ganglion  of  the  cervical  sympathetic  gangliated  cord. 

(3)  Occasionally,  from  the  loop  formed  by  the  descendens 
andcommunicanshypoglossi.  (3)  From  the  nerve  to  the 
subclavius.  (4)  The  right  nerve,  at  its  termination,  sends 
branches  to  the  right  semilunar  ganglion  of  the  solar 
plexus.  (5)  The  left  communicates  with  the  sympathe- 
tic plexus  to  the  oesophagus  above  the  diaphragm. 

3.  Distribution :  (1)  On  the  right  side,  to  the  superior 
vena  cava.  (2)  Pleural  branches,  from  one  to  three  in 
number.     (3)  Branches  to  the  pericardium,  usually  three. 

(4)  Luschka  has  described  twigs  to  the  right  auricle. 

(5)  Terminal  branches  to  the  diaphragm.  This  is  the 
main  distribution  of  the  nerve.  It  supplies  the  entire 
diaphragm  except  an  area  along  the  costal  margin,  about 
3  cm.  in  width,  which  is  supplied  by  the  lower  six  inter- 
costal nerves,  and  an  indeterminate  area  on  the  crura, 
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probably  supplied  by  the  vagus.  The  exact  area,  sup- 
plied by  the  fibres  from  the  various  roots  of  origin,  is 
as  yet  undetermined.  A  single  case  of  a  dog,  in  which 
Schroeder  divided  the  upper  roots  of  origin,  and  on  post- 
mortem found  degeneration  of  the  anterior  and  middle 
portions  of  the  muscular  portion  of  the  diaphragm,  with 
the  lateral  and  posterior  portion  intact,  is  the  only  case 
of  the  kind  on  record. 

Relations. — In  the  neck  the  nerve  lies  on  tlie  anterior 
surface  of  the  scalenus  anticus  muscle,  behind  the  great 
vessels  and  the  sterno-cleido-mastoid  muscle,  the  omo- 
hyoid muscle  and  the  transversalis  colli  vein.  In  cross- 
ing the  subclavian  artery  the  nerve  generally  lies  external 
to  the  origin  of  the  internal  mammary,  but  internal  to  the 
course  of  the  artery  in  its  course  in  the  thorax.  The  other 
relations  have  been  noted. 

The  physiological  function  of  the  nerve  is  that  of  the 
principal  motor  nerve  supply  to  the  diaphragm. 

Pathology. — 1.  Paralysis  of  half  of  the  diaphragm,  as 
a  result  of  inflammation  or  degeneration  of  the  phrenic 
nerve,  on  the  corresponding  side,  as  a  result  of  exposure, 
lead  poisoning,  or  compression,  may  occasionally  occur. 
The  condition  generally  comes  on  slowly  and  is  character- 
ized by  inversion  of  the  type  of  respiration,  which  reduces 
intra-abdominal  pressure,  causing  difficulty  in  defecation, 
etc.  Respiration  is  usually  affected  only  during  exertion, 
when  dyspnoea  results. 

3.  Neuralgia.  Some  authorities  describe  a  form  of  neu- 
ralgia characterized  by  pain  in  the  lower  and  anterior 
part  of  the  thorax,  along  the  line  of  diaphragmatic  at- 
tachment, extending  up  into  the  neck  and  along  the  in- 
side of  the  arm,  with  painful  areas  at  the  points  where 
the  nerve  becomes  superficial.  This  condition  is  said  to 
■complicate  angina  pectoris.  Graves'  disease,  and  some 
forms  of  cardiac  disease. 

3.  Surgical  Pathology.  Injury  to  or  division  of  the 
nerve  may  occur  in  gunshot  wounds  or  stab  wounds,  or 
in  the  course  of  surgical  operations.  This  complication 
ias  generally  been  regarded  as  fatal,  and  the  statement 
has  been  generally  made  in  the  surgical  literature  that  it 
was  necessarily  so.  A  careful  review  of  the  literature, 
however,  shows  only  six  cases  on  record  in  which  the  nerve 
was  injured.  In  ail  other  cases,  usually  reported  as  in- 
juries of  the  phrenic  nerve,  an  examination  of  the  origi- 
nal article  shows  that  some  otlier  adjacent  structure  had 
been  injured  instead  of  the  phrenic.  Of  the  six  cases  of 
actual  injury  to  the  nerve,  in  the  first  four  (those  reported 
"by  Schurmayer,  Beck,  Bardeleben,  and  Erichsen)  there 
was  also  injury  to  some  other  important  structure,  which 
was  alone  sufficient  to  cause  death.  Of  the  two  cases  of 
injury  to  the  nerve  alone,  the  first  (reported  by  Macken- 
zie) was  instantly  fatal.  The  second  (reported  by  Schroe- 
der in  1903)  ended  in  recovery,  with  paralysis  of  the  cor- 
responding half  of  the  diaphragm.  Mackenzie 's  case  was 
that  of  an  Indian  coolie,  who  suddenly  fell  dead,  and  on 
post-mortem  examination  the  reporter  was  unable  to  find 
anj-  sufficient  cause  of  death,  except  a  rupture  of  the 
right  phrenic  nerve.  It  hardly  follows,  however,  that 
the  rupture  of  the  nerve  was  the  cause  of  death. 

Schroeder's  case,  then ,  is  the  only  one  on  record  in  which 
the  phrenic  was  injured  without  injury  to  surrounding 
■structures,  and  in  which  the  exact  extent  of  the  injury  was 
known.  In  removing  a  fibroma,  which  was  attached  to 
the  borders  of  the  foramen  formed  by  the  third  and 
fourth  cervical  vertebree,  the  upper  root  of  the  phrenic, 
coming  from  the  third  cervical,  was  found  traversing  the 
upper  and  outer  part  of  the  tumor,  while  the  lower  root 
came  from  below.  As  the  tumor  was  thought  to  be 
malignant,  an  attempt  was  made  to  dissect  the  nerve 
from  the  tumor;  but  in  doing  so,  the  roots  of  the  nerve 
were  torn  off.  There  was  no  material  change  in  the  pa- 
tient except  an  increase  of  respirations  to  33.  The  nerve 
was  united  by  sutures,  and  on  being  pinched  below  the 
suture,  the  diaphragm  responded.  There  was  no  cough 
or  hiccough  nor  any  other  symptom,  either  during  the 
operation  or  afterward,  except  that  the  respirations  re- 
mained at  34  to  33  for  four  or  five  days,  and  then  came 
down  to  30.    Examination  after  recovery  showed  the  left 


half  of  the  diaphragm  stationary  and  two  and  one-half 
inches  above  its  normal  position.  The  patient  left  the 
hospital  completely  recovered,  and  resumed  his  former 
occupation. 

Experimental  Besearches. — 1.  On  the  Human  Being.  In 
eighteen  cases  of  tuberculous  glands  of  the  neck,  the 
nerve  was  pinched  during  operation  with  the  following 
results:  Contraction  of  the  corresponding  half  of  the  dia- 
phragm, with  sudden  rising  of  the  anterior  abdominal 
surface  below  the  costal  arch.  In  ten  cases  the  right 
nerve  was  pinched  and  the  left  in  eight.  In  one  case  on 
each  side  there  was  some  pain  in  the  region  of  the  dia- 
phragm, but  it  subsided  iu  forty-eight  hours.  The 
symptoms  usually  attributed  to  irritation  of  the  dia- 
phragm {i.e.,  sneezing,  coughing,  and  hiccoughing)  were 
not  observed  in  a  single  instance. 

3.  Experimental  Researches  on  Dogs.  In  the  course 
of  an  extended  series  of  experiments  on  dogs,  the  follow- 
ing results  were  obtained :  After  resecting  as  much  as 
possible  of  the  cervical  portion  of  the  nerve,  it  was  found 
that  after  resection  of  one  nerve  only,  there  was  an  in- 
creased thoracic  expansion  and  a  slight  abdominal  retrac- 
tion, changes  which  were  more  evident  on  the  divided  side 
than  on  the  normal  side.  In  case  of  a  double  resection  there 
occurred  an  inverted  type  of  respiration,  i.e.,  decided  re- 
traction on  inspiration  and  increased  thoracic  expansion, 
due  to  the  action  of  the  accessory  respiratory  muscles. 
In  unilateral  resection  kyraographic  tracings  showed  that 
the  normal  half  of  the  diaphragm  rose  half  an  inch  on  in- 
spiration and  fell  the  same  distance  on  expiration,  while 
the  half  of  the  diaphragm  on  the  side  on  which  the  nerve 
had  been  resected  moved  only  an  eighth  of  an  inch,  as 
it  was  moved  passively  by  the  movements  of  the  normal 
side.  After  division  of  the  nerve,  the  diaphragm  be- 
comes relaxed  and  the  muscle  arches  up  into  the  thorax. 
The  type  of  respiration  becomes  increasingly  costal  when 
one  nerve  is  divided,  and  inverted  when  both  nerves  are 
cut.  The  accessory  respiratory  muscles  become  very  ac- 
tive. There  is  no  sneezing  or  coughing.  In  one  case  of 
double  division  the  respiration  became  labored,  but  re- 
mained so  for  only  a  few  days. 

Post-mortem  Findings. — In  cases  in  which  the  dogs 
were  killed  in  from  seven  to  fourteen  days  after  resection 
of  the  nerve,  the  atrophy  of  the  diaphragm  was  not  great 
and  the  color  was  reddish-yellow.  When  a  longer  time 
had  elapsed,  the  atrophy  was  marked,  the  paralyzed  part 
being  thin  and  flabby,  the  color  pale  yellow,  and  in  older 
cases  translucent.  In  all  cases  there  remained  a  margin 
from  one-quarter  to  three-eighths  of  an  inch  in  width  at 
the  costal  border,  which  retained  its  normal  color  and 
thickness.  This  margin  is  supplied  by  the  intercostal 
nerves. 

Bummwry. — 1.  From  clinical,  experimental,  and  ana- 
tomical data  it  would  seem  that  the  diaphragm  is  not  an 
essential  muscle  of  respiration,  and  that  the  importance 
of  injury  to  its  principal  nerve,  the  phrenic,  has  been  ex- 
aggerated. Injury  to  the  phrenic  or  division  of  one  nerve 
is  not  necessarily  fatal.  It  may,  however,  predispose  to 
lung  infection  or  be  followed  by  diaphragmatic  hernia. 

3.  While  the  diaphragm  is  supplied  with  branches  from 
the  lower  six  intercostal  nerves,  they  are  inferior  to  the 
phrenic  in  importance  and  unable  to  take  the  place  of  the 
phrenic  after  division  of  the  latter. 

[A  full  bibliographical  list  will  be  found  in  the  Febru- 
ary number,  1903,  of  the  American  Journal  of  t!ie  Medical 
Sciences.']  William  E.  Schroeder. 

Erederich  S.  Chreen. 

PHTHISIS  PULMONALIS.    B&q  Lungs,  Tuberculosis  of. 

PHYSICAL  MEASUREMENTS.  See  Namal  Hygime, 
and  Becruits,  Examination  of. 

PICHI.— Fabiana.  The  dried  leafy  twigs  of  EaMana 
imhricata  R.  et  P.  (fam.  Solanaceai). 

This  large  evergreen,  heather-like  shrub  is  common 
upon  high  dry  hills  in  Chile.  It  is  rather  closely  related 
to  the  tobacco  plant.    Only  the  small  twigs  should  be  col- 
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lected,  though  much  of  the  drug  of  commerce  inchides  the 
large  woody  branches,  or  even  the  trunks,  several  inches 
In  diameter.  The  branchlets  are  slender  and  crowded 
with  leaves.  The  bark  is  ashy  gray  and  finely  roughened 
by  minute,  short,  sharp,  thickly  set  longitudinal  ridges 
and  minute  gland-like  protuberances,  both  of  which  ex- 
hibit, under  the  lens,  a  peculiar  resinous  structure.  The 
bark  of  the  trunk  and  larger  branches  scales  off  in  ragged 
strips.  The  bark  is  rich  in  the  resinous  constituent,  which 
exists  also,  to  a  much  smaller  extent,  in  the  young  wood, 
but  is  practically  wanting  from  the  old  wood.  The  leaves 
are  broadly  ovate  and  thick,  about  a  line  long,  bluish  or 
whitish-green  by  reason  of  the  resinous  exudation,  which 
is  profusely  deposited  at  their  bases  and  edges.  Toward 
the  ends  of  the  branches  are  numerous  very  short  branch- 
lets,  each  terminating  in  a  persistent  white  or  bluish 
flower,  which  is  funnel-shaped  and  from  a  third  to  a  half- 
Inch  long.  These  flowers  are  rarely  seen  in  the  drug. 
Five  unequal,  included  stamens  are  borne  upon  the  con- 
stricted portion  of  the  corolla.  The  style  is  slender,  the 
stigma  small  and  two-lobed.  The  fruit  is  a  two-celled 
capsule,  about  one-fifth  of  an  inch  long,  and  contains 
several  brown  seeds. 

The  important  constituent  of  piclii  is  a  large  and  va- 
riable amount  of  a  bitter  resin.  Associated  with  this  is  a 
little  volatile  oil,  the  important  constituent  of  which  is 
faiiianol,  and  to  which  the  peculiar  odor  of  the  drug  is 
due.  A  fractional  amount  of  the  alkaloid  fabianine  and 
a  fluorescent  glucoside,  occurring  in  bitter  crystals  and 
resembling  sesculin,  also  occur,  together  with  gum,  an 
inert  crystalline  resin,  and  ordinary  plant  constituents. 

Pichi  is  a  highly  valued  drug,  both  with  the  laity  and 
with  the  profession,  in  Chile  and  other  South  American 
countries,  and  was  introduced  into  use  in  the  United  States 
by  the  present  writer  {Ther.  Oaz.,  1885,  p.  810).  Its  spe- 
cial repute  is  for  the  treatment  of  vesical  and  renal  troubles 
arising  from  the  uric-acid  diathesis  and  for  the  expulsion 
of  gravel  and  small  calculi.  It  also  acts  as  a  sedative  to 
the  irritable  mucous  membrane,  modifying  the  secretion 
and  subduing  the  pain.  The  following  account  of  its 
action  and  uses,  by  Beaumont  Small,  in  the  preceding  edi- 
tion of  this  work,  can  scarcely  be  improved  upon: 

"  Its  use  has  been  extended  to  all  forms  of  acute  and 
chronic  inflammation  of  the  urinary  organs,  and  numer- 
ous reports  of  cases  in  which  it  has  been  employed  tell  of 
its  beneficial  action,  not  only  in  cystitis  and  vesical  irri- 
tation due  to  simple  causes,  but  also  when  these  have 
arisen  from  gonorrhoeal  and  prostatic  disease.  A  special 
indication  for  its  use  is  said  to  be  the  presence  of  pus  in 
the  urine.  Dr.  Reginald  Harrison,  after  using  the  drug 
for  four  years  in  private  and  hospital  practice,  stated 
that  he  obtained  considerable  benefit  from  it,  particularly 
under  the  following  conditions :  (1)  In  renal  colic  and  the 
passing  of  calculi  through  the  kidneys  and  along  the  ure- 
ters attended  with  hsematuria;  though  not  exercising 
any  solvent  power,  It  seems  by  its  action  on  the  tissues  in 
some  way  to  favor  the  escape  of  the  stone,  and  thus  to 
suppress  the  bleeding.  (2)  In  the  hemorrhage  which 
frequently  accompanies  cancer  of  the  bladder.  (3)  The 
sedative  action  of  the  drug  on  the  mucous  membrane  of 
the  bladder  has  proved  beneficial  in  many  instances  of  ir- 
ritability connected  with  an  enlarged  prostate. 

"  In  addition  to  its  employment  in  urinary  disorders,  it 
is  recommended  for  the  relief  of  the  headache,  dyspepsia, 
and  other  symptoms  arising  from  a  condition  of  lithiasis, 
and  has  been  used  as  an  hepatic  stimulant  for  jaundice 
and  dropsy  due  to  hepatic  disease.  Given  in  small  doses, 
preceding  the  meal,  it  has  been  found  to  be  an  excellent 
stomachic. 

"  The  drug  is  generally  administered  in  the  form  of  a 
decoction  or  fluid  extract.  The  decoction  is  prepared  by 
adding  one  ounce  to  twenty  ounces  of  water,  the  whole 
to  be  given  in  four  portions  during  the  day.  The  dose 
of  the  fluid  extract  varies  between  ten  minims  and  two 
drachms.  The  average  dose  is  from  half  a  drachm  to 
one  drachm.  The  effects  of  the  drug  are  usually  experi- 
enced after  a  few  doses  have  been  given.  The  extract  is 
not  miscible  with  water,  and  the  appearance  of  the  mixt- 


ure is  made  more  pleasant  by  rendering  it  alkaline.  Glyc- 
erin is  recommended  as  the  best  vehicle  for  its  adminis- 
tration; it  is  a  fairly  good  solvent,  and  _  maintains  the 
drug  in  suspension  in  fine  particles.  Salines  should  not 
be  combined  with  it,  as  they  cause  the  separation  of  the 
resin  in  dense  curds.  Fluid  extracts  of  hyoscyamus,_  hy- 
drangea, buchu,  and  other  remedies  may  be  combined 
when  they  are  indicated.  A  solid  extract  allows  of  its 
administration  in  powder  in  capsules.  The  dose  is  from 
two  to  ten  grains."  Henry  H.  Rusby. 

PICRIC  \C\0.—{GarhazoticAc'ifh  TrinitropheuoT),  CeHj- 
(NOiija.OH.  Picric  acid  may  be  formed  by  adding  car- 
bolic acid  to  fuming  nitiic  acid  and  heating.  It  crystal- 
lizes in  yellow,  glistening,  laminar  or  acicular  scales.  It 
is  soluble  in  95  parts  of  water,  and  in  16  parts  of  alcohol. 
It  readily  combines  with  alkalies  to  form  salts,  of  which 
ammonium  picrate  is  preferred  as  a  therapeutic  agent. 
Picric  acid  and  its  salts  form  powerful  explosives,  and 
many  accidents  have  been  due  to  their  careless  handling. 

Ammonium  picrate  forms  in  yellow  crystals,  soluble  in 
water  and  alcohol.  It  has  a  bitter  taste,  is  odorless,  and 
imparts  a  yellow  color  to  everything  with  which  it  comes 
in  contact. 

Picric  acid  and  its  salts  may  produce  toxic  effects  when 
administered  internally,  or  when  absorbed  from  the  skin 
or  abraded  surface.  It  has  caused  weakness  and  depres- 
sion, diarrhoea,  colic,  black  urine,  jaundice,  convulsions, 
collapse,  and  death.  It  stains  the  tissues  yellow  and 
produces  an  alteration  in  the  character  of  the  blood. 
Many  cases  are  reported  in  which  it  has  given  rise  to  un- 
favorable symptoms  when  applied  externally  in  the  treat- 
ment of  burns  and  skin  affections.  It  also  discolors  the 
skin  and  has  produced  a  vesicular  rash  and  an  erythema- 
tous condition  resembling  scarlet  fever. 

Picric  acid  in  the  form  of  the  ammoniate  has  been  sug- 
gested as  a  substitute  for  quinine  in  the  treatment  of 
malaria  and  malarial  neuralgias.  It  is  given  in  doses  of 
one-eighth  to  one  and  a  half  grains  three' or  four  times  a 
day.  Although  it  has  been  of  service  in  the  hands  of 
some,  it  has  not  proved  of  sufficient  value  to  warrant  its 
continued  use.  On  account  of  its  property  of  staining  the 
tissues  it  has  also  been  suggested  as  a  method  of  treating 
trichiniasis. 

Picric  acid  is  employed  locally  in  the  treatment  of  in- 
flammatory affections  of  the  skin,  and  for  burns  and 
scalds.  In  erysipelas  the  application  of  a  saturated  solu- 
tion, which  has  a  strength  of  nearly  one  per  cent. ,  has 
proved  of  value.  It  is  to  be  applied  from  five  to  ten 
times  a  day  and  the  solution  allowed  to  dry  upon  the 
part.  Its  power  of  reducing  the  inflammation  is  sup- 
posed to  be  due  to  the  fact  that  it  penetrates  the  corne- 
ous cells  of  the  skin,  and  by  its  astringent  property  acts 
as  a  protective  to  the  Malpighian  layer  of  cells ;  it  also 
acts  as  a  parisiticide  upon  the  specific  cause  of  the  disease. 

It  is  recommended  in  eczema  when  the  inflammation  is 
acute  and  superficial  and  accompanied  by  much  itching. 
It  is  of  less  service  in  chronic  forms  accompanied  by  in- 
duration of  the  skin.  A  compress  of  the  saturated  solu- 
tion is  kept  applied  to  the  part  for  several  days.  It  les- 
sens the  weeping  and  pain  and  promotes  healing. 

Of  late  years  it  has  been  particularly  recommended  for 
the  treatment  of  burns  and  has  been  extensively  em- 
ployed for  this  purpose.  It  is  most  serviceable  in  burns 
of  the  first  and  second  degree,  as  its  special  effect  is  to 
favor  the  growth  of  new  epidermis.  If  there  is  a  granu- 
lating surface  it  is  of  little  value.  A  layer  of  absorbent 
cotton,  saturated  with  the  solution,  is  kept  applied  to  the 
part.  Under  this  treatment  the  heat  and  pains  subside 
and  the  superficial  lesions  quickly  heal.  After  which, 
if  there  are  deeper  burns  and  granulating  surfaces,  they 
may  be  treated  by  other  means.  Ointments  of  a  strength 
up  to  five  per  cent,  have  been  used,  but  it  lias  been 
pointed  out  that  where  absorption  and  ill  effects  have 
occurred,  these  stronger  preparations  have  been  em- 
ployed. The  discoloration  of  the  skin  may  be  removed 
by  washing  with  alcohol  or  with  a  solution  of  carbonate 
of  lithium. 
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Picric  Acid. 
Pledra. 


Fig.  3807.— Fruit  of  Cocculus  Indt 
cus.  Whole  and  In  section. 
(Baillon.) 


Picric  acid  has  also  been  used  in  genito-urinary  disor- 
ders, urethritis,  ear  and  eye  diseases,  and  many  other  con- 
ditions, but  has  not  met  with  much  favor. 

Beaumont  Small. 

PICROL — di-iodo-resorcln  monosulfonate  of  potassium, 
CoHIa  (OH)2S03K — is  a  white,  odorless,  bitter  crystal- 
line powder  which  contains  fifty -two  per  cent,  of  iodine, 
and  is  soluble  in  water,  glycerin,  and  ether.  It  is  a  sol- 
uble substitute  for  iodoform.  W.  A.  Bastedo. 

?\CHOJ own. —Pierotoxinum  (U.  S.  P.).— A  neutral 
principle  obtained  from  the  seed  of  Anamirta  Cocculus 
(L.)  W.  et  A.  {Menispermum  G.,  L. ;  A.  panieulata  Col- 
ebr.     Fam.  MenispennacecB). 

The  origin  of  picrotoxin  from  fish-berries  has  been  ex- 
plained under  Gocculus  Indicus.     The  seed  alone  contains 

the  active  principle  pic- 
rotoxin. This  is  extracted 
with  boiling  alcohol,  the 
solution  concentrated  and 
cooled,  the  fat  removed, 
and  the  residue  treated 
with  boiling  water.  The 
picrotoxin  is  crystallized 
out  from  the  slightly 
acidulated  decoction,  and 
is  afterward  purified  by 
the  use  of  alcohol.  Sev- 
eral associated  alkaloids  are  liable  to  occur  as  impurities 
of  picrotoxin.  The  substance  is  thus  described  by  the 
Pharmacopoeia : 

Colorless,  flexible,  shining,  prismatic  crystals,  or  a  mi- 
cro-crystalline powder,  odorless,  and  having  a  very  bit- 
ter taste ;  permanent  in  the  air. 

Soluble,  at  15°  C.  (59°  F.),  in  340  parts  of  water,  and 
in  9  parts  of  alcohol ;  in  35  parts  of  boiling  water,  and 
in  3  parts  of  boiling  alcohol;  also  soluble  in  solutions 
of  the  alkalies,  and  in  acids.  Very  slightly  soluble  in 
ether  or  chloroform. 
Picrotoxin  is  neutral  to  litmus  paper. 
When  heated  to  300°  C.  (392°  F.)  picrotoxin  melts, 
forming  a  yellow  liquid,  and  upon  ignition  it  is  con- 
sumed, leaving  no  residue. 

Concentrated  sulphuric  acid  dissolves  picrotoxin  with 
a  golden-yellow  color,  very  gradually  changing  to  red- 
dish-brown, and  showing  a  brown  fluorescence. 

On  mixing  about  0.2  gm.  of  powdered  sodium  nitrate 
with  three  or  four  drops  of  sulphuric  acid,  in  a  small,  fiat- 
bottomed  capsule,  sprinkling  a  minute  quantity  of  pi- 
crotoxin over  it,  and  then  adding,  from  a  pipette,  concen- 
trated solution  (1  in  4)  of  sodium  hydrate,  drop  by  drop, 
until  it  is  in  excess,  the  particles  of  picrotoxin  will  ac- 
quire a  brick-red  to  deep  red  color  which  fades  after 
some  hours. 

On  diluting  2  c.c.  of  alkaline  cupric  tartrate  V.S.  with 
10  c.c.  of  water,  and  adding  a  small  portion  of  picro- 
toxin, red  cuprous  oxide  will  be  separated  within  half 
an  hour  at  ordinary  temperatures,  and  much  more  rap- 
idly upon  the  application  of  heat. 

The  aqueous  solution  of  picrotoxin  should  remain  un- 
affected by  mercuric  or  platinic  chloride  T.S.,  tannic 
acid  T.S.,  mercuric  potassium  iodide  T.S.,  or  other  re- 
agents for  alkaloids  (absence  of  alkaloids). 

Action  AND  Uses. — The  most  elaborate  study  of  the 
action  of  picrotoxin  was  that  made  by  Chirone  and  Tes- 
ta, whose  conclusions  were  as  follows  {London  Medical 
Recwd):  (1)  Picrotoxin  is  capable  of  causing  a  true  arti- 
ficial epilepsy.  (2)  The  epilepsy  so  induced  is  indepen- 
dent of  the  psychomotor  centres,  inasmuch  as  it  is  most 
intense  after  the  removal  of  those  centres.  (3)  Picrotoxin 
acts  primarily  on  the  bulb  and  on  the  commissural  fibres 
between  the  cerebral  and  spinal  centres,  and  secondarily 
on  the  spinal  centres  themselves.  (4)  It  demonstrates 
the  existence  of  a  functional  antagonism  between  the 
psychomotor  and  motor  centres  of  the  bulb  and  spinal 
cord.  (5)  The  convulsive  movements  of  the  limbs  in- 
duced by  picrotoxin  depend  primarily  upon  the  action  of 


the  drug  on  the  bulb,  which  is  thence  propagated  to  the 
spinal  marrow,  and  secondarily  upon  its  direct  action  on 
the  spinal  centres.  (6)  In  frogs  the  influence  on  the 
spinal  functions  is  more  marked  than  upon  the  cerebral, 
while  in  dogs  and  the  higher  animals  the  cerebral  motor 
centres  are  the  most  acted  upon.  (7)  By  cinchonidine  an 
epilepsy  of  cerebral,  by  picrotoxin  an  epilepsy  of  spinal 
origin,  can  be  induced. 

From  the  foregoing  it  is  evident  that  the  action  of  pi- 
crotoxin closely  resembles  that  of  strychnine.  Besides 
the  use  of  this  substance  for  poisoning  fish,  it  is  said 
to  be  a  constituent  of  some  arrow  poisons  and  to  be  em- 
ployed for  the  poisoning  of  vermin.  The  flesh  of  fish 
poisoned  by  it  is  said  to  be  dangerous  unless  early  steps 
are  taken  to  remove  the  poison  from  it. 

The  medicinal  employment  of  picrotoxin  is  exceed- 
ingly limited.  It  has  been  recommended  in  paralysis, 
epilepsy,  chorea,  hystero-epilepsy,  etc.,  but  has  not  been 
very  successful.  As  a  retarder  of  the  pulse  it  might  be 
thought  of,  but  we  have  already  several  safer  remedies 
for  this  purpose.  It  has  been  used  considerably  for  the 
prevention  of  the  night  sweats  of  phthisis ;  the  hypoder- 
mic use  of  gr.  yj^  to  gr.  -^  proving  very  serviceable  in 
many  cases  of  this  troublesome  condition.  It  has  been  used 
locally  in  some  cutaneous  diseases,  and  as  a  parasiticide 
(in  the  form  of  an  ointment) ;  but  it  has  no  advantage  for 
this  purpose  over  less  dangerous  substances.  "  Convul- 
sions and  death  have  followed  its  application  to  the 
head  "  (Brunton) ;  from  one  to  two  per  cent,  of  picrotoxin 
in,  say,  petrolatum  is  of  sufficient  strength  for  pediculi, 
etc.,  if  it  is  desired  to  use  it.  Dose,  from  1  to  10  mgm. 
(gr.  -^  to  gr.  I).  Henry  H.  Busby. 

PIEDMONT  WHITE  SULPHUR  SPRINGS.— Alameda 
County,  California.  These  springs  are  located  three 
miles  from  Oakland,  and  have  gained  considerable  local 
reputation  in  the  treatment  of  rheumatism,  jaundice, 
liver  and  kidney  troubles,  and  disorders  of  the  stomach. 
There  is  a  well-kept  hotel  with  pleasant  grounds  at  the 
place,  and  its  nearness  to  San  Francisco  makes  it  available 
for  residents  of  that  city  as  a  day  resort.  The  situation 
on  the  western  slope  of  the  Berkeley  Hills  commands  a 
most  picturesque  view  over  San  Francisco  Bay  and  the 
Golden  Gate,  The  following  analysis  by  Winslow  Ander- 
son shows  the  mineral  ingi'edients  of  two  of  the  springs: 

One  United  States  Gallon  Contains: 


Solids. 

The  Iron 
Spring. 
Grains. 

The  Sulphur 
Spring. 
Grains. 

5.10 

11.70 

.53 

3.15 

Trace. 

6.37 

1.03 

2.13 

1.60 

1.73 

5.23 

4.19 

Trace. 

7.91 

Sodium  bicarbonate 

9.40 

6.20 

Potassium  carbonate 

.76 

Trace. 

3.17 

17.80 

Calcium  carbonate 

3.32 

7.09 

Borates 

1.90 

Silicates 

5.06 

Organic  matter 

Trace. 

Total  solids 

43.20 

62.61 

Gases. 

Cubic  inclies. 

Cubic  inches. 

7.25 
Trace. 

58° 

4  60 

9.25 

60° 

These  analyses  show  that  the  waters  are  valuable  as  a 
tonic,  antacid,  diuretic,  and  aperient ;  they  are  useful  in 
dyspepsia,  constipation,  anaemia,  rheumatism,  and  liver 
and  kidney  troubles.  James  JS..  Crook. 

PIEDRA.— (Synonym:  Trichomycosis  nodosa.) 
This  is  a  parasitic  disease  that  occurs  on  the  long  hairs, 
especially  those  of  the  scalp.    It  may  affect  the  beard. 
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It  was  first  described  as'  occurring  only  in  Cauca,  one  of 
the  United  States  of  Columbia.  A  few  cases  have  been 
reported  in  Germany  and  one  in  this  country.  It  is  char- 
acterized by  the  appearance  of  from  one  to  ten  small, 
dark-colored,  very  hard  and  gritty  nodes  along  a  hair. 
When  the  hair  affected  by  the  disease  is  combed  or 
shaken,  the  nodes  rattle  together  like  stones.  This  gave 
the  disease  its  name,  which  in  the  Spanish  language 
means  stone.  The  hair  itself  is  unaffected,  the  nodes 
being  simply  attached  to  it.  Women  are  most  commonly 
affected,  men  only  exceptionally  so,  and  then  it  is  their 
beards. 

Etiology. — It  occurs  in  warm  countries  and  is  a  fun- 
gous growth.  Microscopical  examination  shows  that  tlie 
nodes  are  composed  of  a  mass  of  pigmented  spore-like 
bodies  arising  from  one  cell  that  sends  out  columns  ra- 
dially in  all  directions. 

Diagnosis. — It  differs  from  the  other  diseases  of  the 
hair  in  which  nodes  form,  such  as  trichorrhexis  nodosa, 
in  that  the  hair  itself  is  unaffected.  Its  nodes  differ  from 
the  nits  of  pediculi  in  their  dark  color,  and  in  their  not 
being  placed  on  one  side  of  the  hair. 

Treatment. — The  nodes  can  be  readily  removed  by 
soaking  them  with  a  hot  solution  of  bichloride  of  mer- 
cury 1  to  1,000.  They  can  be  combed  off  or  pulled  off 
when  softened.  George  T.  Jackson. 

PIGMENT.  (PATHOLOGICAL.)— The  pigments  found 
in  the  human  body,  either  under  normal  or  under  patho- 
logical conditions,  are  formed  either  by  the  body  cells 
themselves  {intrinsic  or  autochthonous  pigment),  or  are 
derived  from  the  bile  {hepatogenous  pigment)  or  the  blood 
{hmnatogenous  pigment),  or  are  foreign  pigments  which 
are  deposited  within  the  body  from  without  {extrinsic 
pigment).  The  last  named  may  enter  the  body  through 
the  respiratory  or  the  gastro-intestinal  tract,  or  through 
wounds ;  or,  as  in  the  case  of  malarial  pigment,  they  may 
be  formed  inside  the  body  by  the  activity  of  the  cells  of 
parasites. 


1.  Autochthonous. 


i 


Pigment. 


3.  Hepatogenous 
3.  Hematogenous . 


.  ■! 


4.  Extrinsic  . 


Melanin. 
Lipochrome. 
Haemofuscin. 
Bilirubin. 
HsBmatoidin. 
Haemosiderin. 
1.  Carbon. 
3.  Silver. 

3.  Lead. 

4.  Tattoo. 

5.  Malarial  pigment. 

6.  Various  dusts. 


1.  AuTOCHTHOKOUS  PIGMENTS. — Melanin  is  found  nor- 
mally in  the  cells  of  the  rete  and  in  the  choroid.  It  is 
believed  by  the  majority  of  writers  to  be  a  product  of 
specialized  connective-tissue  cells  (chromatophores), 
which  in  the  skin  lie  just  beneath  the  cells  of  the  rete,  in 
the  upper  layers  of  the  tissue  of  the  dermis.  These  cells 
contain  fine  yellow  or  brownish  granules  of  melanin,  or 
their  protoplasm  may  be  diffusely  stained  with  the  pig- 
ment. Protoplasmic  processes  containing  the  pfgment 
extend  from  the  chromatophores  into  the  epidermis,  be- 
tween the  epithelial  cells  of  the  rete,  and  it  is  believed 
that  the  pigment  is  transferred  to  the  epithelium  by 
means  of  these  processes.  The  chromatophores  are  most 
numerous  normally  in  the  skin  of  the  flexor  surfaces, 
about  the  nipples,  external  genitals,  and  anus.  They  are 
more  abundant  in  dark-skinned  individuals  than  in  those 
having  a  light  skin.  The  chemical  nature  of  melanin  is 
not  known ;  it  is  a  nitrogenous  body  rich  in  sulphur,  and 
is  believed  to  be  a  product  of  the  combination  of  certain 
split  products  of  albumin  that  contain  sulphur.  It  does 
not  give  a  reaction  for  iron.  It  is  not  a  derivative  of 
haemoglobin,  but  is  either  built  up  by  cell  activity  from 
the  end  products  of  albumins  circulating  in  the  blood  or 
is  formed  by  the  cell  from  its  own  albumin. 

A  physiological  increase  of  melanin  occurs  during 
pregnancy,  particularly  about  the  nipples,  external  gen- 


itals, and  in  the  median  line  of  the  abdomen  (linea  fusca, 
chloasma  uterinum).  This  pigmentation  is  especially 
pronounced  in  brunettes.  In  freckles,  tan,  lentigines, 
pigmented  moles  and  warts,  etc.,  the  pigmentation  is  due 
to  an  increased  formation  of  melanin  by  the  chromato- 
phores. In  various  cachexias,  but  particularlj'  in  Addi- 
son's disease,  there  is  a  greatly  increased  production  of 
melanin,  to  such  an  extent  that  the  individual  may  be- 
come very  dark.  Melanin  may  also  be  formed  in  excess 
in  or  about  scars  of  the  skin  caused  by  various  skin  lesions 
or  eruptions.  From  an  abnormal  proliferation  of  the 
chromatophores  a  pigmented  sarcoma  (melanotic  sarco- 
ma) may  arise.  The  cells  of  these  growths  produce  mel- 
anin in  great  excess,  so  that  their  color  is  usually  brown 
or  black.  Their  metastases,  wherever  produced,  likewise 
form  melanin.  Such  metastases  occur  most  frequently 
in  the  liver;  and  they  often  overshadow  the  primary 
tumor,  which  may  be  of  insignificant  size,  often  originat- 
ing in  a  small  pigmented  mole.  The  excessive  produc- 
tion of  melanin  by  sarcoma  cells  is  of  the  nature  of  a  de- 
generation ;  with  the  formation  of  the  melanin  the  cells 
die. 

Lipochrome  is  the  coloring  matter  of  fat  tissue,  corpora 
lutea,  ganglion  cells,  epithelium  of  the  seminal  vesicles, 
and  of  the  greenish-colored  sarcomata  known  as  chloro- 
mata.  Its  chemical  nature  is  not  known.  It  does  not 
contain  iron,  and  is  colored  black  by  osmic  acid. 

Hmmofuscin  is  the  yellow  or  brownish  granular  pig- 
ment found  in  heart  muscle,  striped  muscle,  and  in  the 
unstriped  muscle  of  the  gastro-intestinal  tract,  vas  defer- 
ens, seminal  vesicles,  etc.  The  pigment  found  in  the 
cells  of  the  glands  of  the  stomach  and  intestine,  as  well 
as  in  the  cells  of  the  lachrymal,  mucous,  and  sweat 
glands,  is  by  some  writers  regarded  as  identical  with 
haemofuscin,  by  others  as  belonging  to  the  melanin  group. 
Its  sulphur  content  favors  the  latter  theory.  Haemofus- 
cin does  not  give  the  iron  reaction.  In  atrophic  condi- 
tions of  muscle,  particularly  when  following  hypertro- 
phy, the  amount  of  haemofuscin  is  either  relatively  or 
absolutely  increased.  The  color  of  such  muscle  may  be- 
come a  deep  brown.  This  is  not  infrequently  seen  in  the 
case  of  atrophy  of  heart  muscle  in  failure  of  compensa- 
tion for  valvular  disease  (brown  atrophy  of  the  heart). 
Microscopically,  the  pigment  is  found  to  consist  of  fine 
yellow  granules  arranged  at  the  poles  of  the  nuclei,  in 
the  form  of  a  cone,  the  base  of  the  cone  toward  the  nu- 
cleus. In  all  cases  the  presence  of  a  notable  amount  of 
haemofuscin  in  muscle  cells  is  to  be  taken  as  an  evidence 
of  degeneration  (pigment  atrophy). 

Hepatogenous  Pigment. — Bilirubin  is  found  as  a 
pathological  pigment  in  the  tissues  in  icterus.  As  a  re- 
sult of  the  appearance  of  bile  pigment  in  the  blood,  the 
skin,  conjunctivae,  the  internal  organs,  serous  mem- 
branes, subcutaneous  tissue,  blood  plasma,  urine,  etc., 
are  stained  yellow  in  mild  or  recent  cases;  but  in  jaun- 
dice of  long  standing  the  color  may  be  an  olive-green  or 
a  deep  bronze.  The  bile  pigment  gains  entrance  to  the 
circulation  as  a  result  of  obstruction  to  the  outflow  of 
bile  through  the  biliary  vessels,  or  through  changed  con- 
ditions of  the  liver  cells  brought  about  by  intoxication, 
infection,  or  through  nerve  influences,  whereby  the  se- 
cretion of  the  liver  cell,  instead  of  passing  into  the  bile 
capillaries,  passes  into  the  blood.  Carried  through  the 
body  by  the  circulating  blood,  the  bilirubin  gives  to  all 
of  the  tissues  a  diffuse  yellow  color.  After  a  time  gran- 
ules of  bilirubin  collect  in  the  lymph  spaces  and  in  the 
tissue  cells  themselves,  and  particularly  in  the  lymph 
glands,  spleen,  and  bone  marrow.  In  the  cells  of  the 
connective  tissue,  liver,  and  kidney,  rhombic  plates  and 
needles  of  bilirubin  may  sometimes  be  found.  In  the 
kidneys  the  cells  of  the  convoluted  tubules  are  stained 
with  bile  pigment,  and  in  the  collecting  tubules  yellow, 
brown,  or  greenish  casts  are  found.  The  presence  of  the 
casts  is  due  to  the  degenerative  processes  set  up  in  the 
cells  secreting  the  bile  pigment.  In  icterus  there  con- 
stantly occurs  a  deposit  of  haemosiderin  in  connection 
with  the  bilirubin,  as  a  result  of  the  destruction  of  red 
blood  cells  by  the  bile  acids. 
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H.<EMATOGBNOUS  PIGMENTS. — The  pigments  arising 
from  the  destruction  of  the  red  blood  cells  may  be  classed 
in  two  groups:  one  containing  iron,  hmmoaiderin,  and  one 
not  giving  the  iron  reaction,  hasmatoidin.  The  exact 
chemical  nature  of  these  pigments  is  not  known,  and  the 
terms  luBinatoidin  and  lixmoddeiin  represent  groups  of 
related  pigments  rather  than  individual  pigments.  The 
deposit  of  derivatives  of  blood  pigment  is  known  as 
limmaehromatoais,  that  of  hmmosiderin  alone,  as  hcemoside- 
rosis.  Hsematoidin  and  hsemosiderin  in  all  cases  are  de- 
rived from  the  destruction  of  haemoglobin,  either  in  ex- 
travasates  or  in  the  circulating  blood.  Haimatoidin  is 
regarded  as  identical  with  bilirubin.  It  is  a  ruby-red  or 
reddish-yellow  granular  or  crystalline  pigment,  soluble 
in  absolute  ether,  chloroform  and  carbon  disulphide,  and 
insoluble  in  water  and  alcohol.  With  potassium  ferrocy- 
anide  and  hydrochloric  acid  it  gives  no  reaction  for  iron. 
Hsemosiderin  occurs  in  yellowish  or  brownish  granules, 
which  when  treated  with  potassium  feiTocyanide  and 
hydrochloric  acid  give  the  Prussian  blue  reaction.  With 
ammonium  sulphide  it  forms  a  black  sulphide  of  iron. 
After  a  time  hsemosiderin  may  lose  its  iron  reaction  and 
become  changed  to  haimatoidin. 

Hsematoidin  is  formed  when  the  blood  pigment  is  but 
little  exposed  to  the  action  of  living  cells,  as  in  the  cen- 
tral portions  of  thrombi,  or  in  large  extravasates  in  the 
tissues,  or  in  extravasates  lying  in  the  body  cavities.  It 
may  be  produced  artificially  by  enclosing  blood  clots  in 
capsules  which  admit  the  tissue  juices  but  not  the  wan- 
dering cells,  and  by  introducing  such  capsules  into  the 
peritoneal  cavity  or  beneath  the  skin. 

Hsemosiderin  is  formed  in  extravasates,  in  those  por- 
tions exposed  to  the  action  of  living  cells,  and  is  usu- 
ally found  around  the  periphery  of  thrombi  and  extra- 
vasates, in  the  area  of  organization.  The  pigment  may 
lie  free  in  the  tissue,  or  may  be  contained  within  cells. 
The  free  pigment  and  that  contained  within  phago- 
cytes give  rise  to  a  pigmentation  of  the  tissue  about 
the  extravasate,  varying  from  a  light  yellow  to  a  deep 
brown.  After  hemorrhage  into  the  lung  alveoli  both 
hsematoidin  and  hsemosiderin  granules  may  be  found 
in  the  sputum,  either  free  or  in  phagocytes  (pigment 
cells). 

Both  Timmatoidin  and  licmiosiderin  may  be  carried  from 
the  seat  of  extravasation  to  the  lymph  glands  and  there 
deposited.  Soluble  blood  pigment  in  the  circulation  is 
deposited  partly  as  hsematoidin  and  partly  as  hsemoside- 
rin, in  the  spleen,  bone  marrow,  lymph  glands,  liver 
cells,  and  kidney  cells;  and  under  certain  conditions  in 
the  parenchymatous  cells  of  various  organs.  The  greater 
part  of  the  pigment  thus  deposited  gives  the  iron  reac- 
tion, and  therefore  is  to  be  classed  with  hsemosiderin. 
Such  deposits  of  iron -containing  pigment  occur  in  per- 
nicious ansemia  and  pernicious  malaria,  in  poisoning 
with  arsenic,  toluylendiamin,  potassium  chlorate,  mush- 
rooms, etc. ,  in  overheating  of  the  body,  etc.  As  a  result 
of  the  destruction  of  the  red  cells  there  occurs  a  hsemo- 
globinsemia ;  an  increased  amount  of  bile  is  formed,  and 
there  is  an  increased  excretion  of  urinary  pigment.  In 
the  kidneys  the  hsemosiderin  is  found  chiefly  in  the  cells 
of  the  convoluted  tubules.  In  pernicious  anaamla  the 
hsemosiderin  is  found  in  greatest  abundance  in  the  liver 
cells  of  the  peripheral  .  portion  of  the  liver  lobules. 
Around  the  central  vein  the  liver  cells  may  contain 
hsematoidin.  The  endothelial  cells  of  the  liver  capilla- 
ries also  contain  the  pigment;  in  the  early  stages  of  the 
process  the  pigment  may  be  found  only  in  these,  later  it 
is  transferred  to  the  liver  cells. 

If  hsemosiderin  comes  into  contact  with  hydrogen  sul- 
phide it  becomes  changed  into  a  black  hsemosiderin  hy- 
drogen sulphide.  This  condition  is  known  aspseudome- 
lanosis.  It  is  usually  seen  after  death  in  the  intestinal 
canal,  peritoneum,  and  suppurating  wounds,  but  its 
production  is  dependent  upon  a  formation  of  hsemo- 
siderin in  the  tissues  before  death.  It  may  take  place  in 
the  living  body  as  the  result  of  hydrogen  sulphide  pro- 
duced by  bacteria.  The  green  color  seen  in  the  eariy 
stages  of  the  decomposition  of  the  cadaver  is  due  to  a 


sulphur  compound  of  methaemoglibin,  produced  by  the 
action  of  H^S  on  oxyhsemoglobin. 

A  peculiar  brown  or  black  pigmentation  of  cartilage, 
tendons,  and  the  capsules  of  the  joints  occurs  in  old  peo- 
ple, and  occasionally  in  younger  individuals.  The  con- 
dition is  known  as  ochronosis.  By  some  the  pigment  is 
regarded  as  allied  to  melanin,  by  others  as  a  derivative 
of  blood  pigment.  Neither  its  chemical  nature  nor  its 
mode  of  formation  is  known.  A  similar  pigmentation  of 
cartilage  may  be  produced  by  formalin. 

Extrinsic  Pigments. — iHluer  taken  into  the  body  as  a 
soluble  salt  (silver  nitrate)  is  reduced  by  the  cells  of  the 
blood-vessels  and  deposited  as  free  silver  or  a  low  oxide 
in  the  connective  tissue  of  the  kidneys,  intestine,  skin, 
intima  of  large  arteries,  adventitia  of  the  smaller  ones, 
choroid  plexus,  etc.  The  epithelial  structures  and  ner- 
vous tissue  are  alone  spared.  The  pigment  appears  in 
the  tissues  in  the  form  of  fine  black  granules,  lying  in  or 
between  the  connective-tissue  cells.  The  condition  is 
known  as  argyria.  (See  Argyria.)  Lead  may  be  deposited  . 
as  a  grayish-black  discoloration  of  the  gums,  consisting 
of  granules  of  sulphide  of  lead.  Iron  may  be  taken  into 
the  body  in  excess  and  deposited  in  the"  bone  marrow, 
spleen,  and  lymph  glands  (siderosis),  but  this  is  rarely  of 
a  noticeable  extent.  In  iron  workers  the  lungs  may  ac- 
quire a  reddish  tinge  from  the  deposit  of  iron-oxide  dust. 
Carbon  is  the  most  common  of  the  extrinsic  pigments. 
It  is  usually  taken  into  the  body  through  the  respiratory 
tract  and  deposited  in  the  connective  tissue  of  the  lungs 
and  in  the  peribronchial  lymph  glands  (anthracosis).  Un- 
der certain  conditions,  such  as  softening  or  tuberculous 
caseation  of  the  bronchial  glands,  the  carbon  pigment 
gets  into  the  general  circulation  and  is  deposited  in  the 
spleen,  bone  marrow,  lymph  glands,  liver,  etc.  It  oc- 
curs in  the  tissues  as  a  deep  grayish-black,  coarsely 
granular  pigment.  Colored  dusts  from  pottery  clays, 
pigments,  etc. ,  may  be  found  in  the  respiratory  tract  of 
individuals  following  certain  trades.  Various  pigments 
may  be  introduced  into  the  body  in  tattooing.  Cinnabar 
and  India  ink  are  most  commonly  used.  The  pigment 
occurs  in  the  connective  tissue  of  the  dermis  as  coarse 
black  granules.  The  greater  part  of  the  pigment  intro- 
duced into  the  wound  of  the  skin  is  carried  to  the  lymph 
glands,  the  remaining  portion  lies  in  the  spaces  of  the 
scar  tissue  formed.  "As  the  pigment  is  constantly  re- 
moved by  wandering  cells  the  outlines  of  tattoo  marks 
slowly  become  indistinct.  Carbon  may  enter  the  body 
through  wounds  of  the  skin:  powder  marks,  cinders 
rubbed  into  cuts,  etc.  Silver  particles  may  also  enter 
the  body  through  the  skin  or  respiratory  tract.  Malarial 
pigment  is  a  brownish-black  pigment  formed  by  the  cell 
activity  of  the  malarial  Plasmodium.  It  does  not  give 
an  iron  reaction.  By  some  writers  it  is  incorrectly  called 
melanin.  Its  chemical  nature  is  wholly  unknown.  It 
collects  in  the  small  capillaries  of  the  body  and  is  taken 
out  of  the  circulation  by  the  endothelium  and  also  by 
wandering  cells,  and  transferred  to  the  tissue  cells,  chiefly 
in  the  spleen  and  bone  marrow. 

Pathological  Absence  op  Pigment.— A  failure  of 
melanin  production  leads  to  the  conditions  known  as  al- 
Unism  or  vitiligo.  The  absence  of  pigment  may  be  con- 
genital or  acquired.  A  lack  of  pigment  throughout  the 
skin  of  the  entire  body  is  known  as  albinismus  univer- 
salis; in  certain  regions  only  as  albinismus  pm'tialis. 
The  hair  may  also  be  destitute  of  pigment  {leucotrichia); 
and  in  universal  albinism  the  pigment  of  the  choroid  and 
iris  is  also  wanting.  Acquired  vitiligo  is.  a  condition 
characterized  by  a  loss  of  pigment  over  certain  portions 
of  the  skin,  following  scarlet  fever,  typhoid,  or  recurrent 
fever ;  or  occurring  as  an  epidemic  disease  without  known 
cause.  Idiopathic  cases  also  occur.  With  the  loss  of  the 
skin  pigment  may  be  associated  a  leucotriehia  acquisita. 
Vitiligo  appears  to  depend  upon  an  atrophy  of  the  chro- 
matophores;  its  exact  nature  is  unknown.  It  may  de- 
pend upon  a  disturbance  of  adrenal  function,  or  of  the 
sympathetic  system.  A  third  form  of  absence  of  pig- 
ment follows  infectious  inflammations  of  the  skin,  lep- 
rosy, syphilis,  etc. ;  and  is  known  as  leucoderma.    The 
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skin  covering  the  scars  produced  by  these  diseases  loses 
tlie  power  to  produce  pigment.  Tliis  may  be  explained 
by  a  disappearance  of  the  chromatophores,  or  by  the  in- 
ability of  the  epithelium  to  take  up  the  pigment.  The 
non-pigmented  portions  are  not  infrequently  surrounded 
by  a  heavy  pigmented  border.  (See  Goloring  Matter, 
Argyna,  Vitiligo,  etc.)  Aldred  Scott  Warthin. 

PILOCARPUS.     See  Jaborandi. 

PINEHURST  AND  SOUTHERN  PINES,  N.  C— Pine- 

huvst,  six  hundred  and  thirty  feet  above  sea  level,  is  situ- 
ated in  the  "  Pine  Belt "  of  North  Carolina,  not  far  from 
the  centre  of  the  State,  about  seventy-five  miles  south- 
west of  Raleigh.  It  is  a  comparatively  recent  creation, 
an  attempt  by  one  person  to  establish  a  model  health  re- 
sort in  a  favorable  climate. 

It  embraces  about  five  thousand  acres,  privately  owned, 
and  under  the  absolute  control  of  the  owner.  Much  labor 
and  expense  have  been  bestowed  upon  this  enterprise; 
the  grounds  have  been  carefully  laid  out  by  landscape 
architects,  and  every  attention  has  been  paid  to  the  sani- 
tary conditions,  sewerage,  water  supply,  plumbing,  etc., 
so  that  one  is  assured  of  finding  here  most  wholesome 
hygienic  surroundings  and  excellent  accommodations. 
Consumptives,  however,  are  not  received,  the  desire  evi- 
dently being  to  provide  a  winter  resort  for  the  large 
number  of  persons  who,  though  not  ill,  desire  to  spend 
the  winter  in  a  comparatively  mild  and  equable  climate 
where  they  can  remain  for  the  greater  part  of  the  time 
out  of  doors. 

Invalids  are  also  received  here,  according  to  the  writ- 
er's understanding,  suffering  from  diseases  other  than 
tuberculosis.  The  soil  of  all  this  upland  region  is  sandy, 
quite  resembling  the  dry  sand  on  the  edge  of  the  seashore, 
in  which  soil  the  long-leafed  pine  flourishes.  Pines  and 
sand  comprise  the  scenery,  but  this  lack  of  variety  has 
its  compensation  in  the  abundant  sunshine  and  bracing 
air.  Moreover,  the  peacefulness  of  such  surroundings 
must  be  restful  to  tired  nerves. 

The  average  winter  temperature  ranges  from  about  44° 
to  65°  or  70°  P.,  said  to  be  about  that  of  Southern  Prance. 
In  January,  1903,  the  maximum  temperature  was  73°  and 
the  minimum  30°,  while  in  Philadelphia  it  was  54°  and 
15°  respectively,  and  in  Boston  54°  and  4°  P. 

There  is  a  large  amount  of  sunshine,  and  one  can  gen- 
erally spend  most  of  the  time  out  of  doors.  In  the  Pied- 
mont Plateau  which  embraces  this  region,  the  annual 
average  rainfall  is  49.85  inches,  and  for  the  winter  13.38 
inches.  Snow  is  said  to  appear  about  once  In  two  years, 
but  remains  only  for  a  few  hours.  January  is  the  cold- 
est month ;  there  may  then  be  frosts  at  night  and  thin  ice 
may  coat  the  ponds.  Spring  begins  by  the  middle  of  Feb- 
ruary. Protection  is  afforded  from  the  cold  northwest 
winds  by  the  Apalachian  range  and  by  the  pine  forests. 
Naturally  there  is  little  to  attract  the  visitor  in  this  mo- 
notony of  sand  and  silent,  dark  pines,  but  art  has  done 
much  to  make  life  attractive  here.  There  are  extensive 
golf  links  and  a  club  house ;  shooting  preserves  for  quail ; 
horseback  riding,  tennis,  croquet,  etc.  There  are  several 
hotels  of  varying  prices,  and  furnished  cottages  for  rent. 
The  water  is  obtained  from  artesian  wells  and  is  pure  and 
good.  All  the  conditions  of  modern  living  are  found 
here,  and  every  attention  seems  to  have  been  given  to  the 
maintenance  of  a  high  standai'd  of  sanitary  excellence. 
Pinehurst  has  electric  railroad  connection  with  Southern 
Pines,  six  miles  distant,  which  is  on  the  Seaboard  Air  Line 
Railroad.  It  is  a  journey  of  eighteen  hours  from  New 
York  to  Pinehurst. 

Southern  Pines,  about  six  hundred  feet  above  sea-level, 
is  six  miles  distant  from  Pinehurst,  and  possesses  similar 
cjinditions  of  climate,  soil,  and  vegetation.  It  is  situated 
upon  a  large  sand  bank,  and  is'  surrounded  by  the  char- 
acteristic pine. 

It  is  a  comparatively  new  town  of  about  one  thousand 
inhabitants,  and  is  essentially  a  winter  health  resort 
largely  made  up  of  Northern  inhabitants  or  visitors.  It 
has  more  of  the  features  of  a  town  than  Pinehurst,  there 
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being  several  churches,  shops,  a  graded  school,  library, 
electric  lights,  a  trolley  line,  good  water  supply,  and  a 
sewerage  system.  There  are  several  hotels  of  varying 
accommodations  and  prices,  furnished  cottages,  apart- 
ments, and  boarding-houses.  Tuberculous  patients  are 
generally  received  here,  although  at  the  largest  and  most 
pretentious  hotel,  the  "Piney  Woods  Inn,"  the  statement 
is  made  that  "confirmed  consumptives  will  not  be  cared 
for." 

Opportunities  are  afforded  for  various  outdoor  diver- 
sions, such  as  golf,  tennis,  driving,  bicycling,  and  small- 
game  shooting. 

It  is  said  that  several  thousand  visitors  frequent  this 
resoi't  during  the  winter  season,  and  it  can  be  recom- 
mended, especially  for  those  of  moderate  means  and  re- 
quirements who  desire  to  live  with  their  families  in  one 
of  the  many  small  cottages  which  can  be  obtained  at  a 
moderate  rental. 

Several  miles  south  of  Southern  Pines  is  PineblufE, 
which  is  being  developed  as  a  health  resort. 

The  air  in  all  this  pine-belt  region  is  pure  and  dry,  and 
impregnated  with  the  balsamic  emanations  of  the  pines. 
It  affords  favorable  conditions  for  many  cases  of  tubercu- 
losis and  bronchitis,  for  convalescents  from  acute  dis- 
eases, and  for  those  suffering  from  chronic  nephritis. 
This  region  is  also  a  convenient  halting  place  for  those 
going  to  or  returning  from  the  lower  South. 

The  season  is  from  November  to  April. 

Edward  0.  Otis. 

PINE  LAWN  SPRING.— Bergen  County,  New  Jersey. 
— Post-Oppice. — Hohokus. 

The  Pine  Lawn  Spring  water,  recently  introduced  into 
the  markets,  is  obtained  from  an  artesian  spring  at  Hoho- 
kus, twenty-three  miles  from  New  York  City.  The  place 
is  not  used  as  a  resort,  but  we  are  informed  that  residents 
of  the  neighborhood  attach  considerable  medicinal  value 
to  the  water  and  use  it  in  large  quantities.  The  follow- 
ing analysis  was  made  in  1897  by  Messrs.  Smith  and  De 
Roode,  chemists  of  New  York : 

One  United  States  gallon  contains:  Potassium  sulphate, 
gr.  0.06;  .sodium  chloride,  gr.  0.43;  sodium  sulphate,  gr. 
0.33;  calcium  sulphate,  gr.  0.49;  calcium  nitrate,  gr. 
0.66;  calcium  carbonate,  gr.  3.04;  magnesium  carbonate, 
gr.  0.73;  alumina,  a  trace;  silica,  gr.  0.57.  Total,  5.39 
grains. 

The  water  is  exceptionally  free  from  organic  matter, 
and  presents  no  evidence  of  surface  pollution.  It  is 
clear,  palatable,  and  sparkling,  and  well  adapted  for  the 
table.  James  K.  Crook. 

PINGUECULA.    See  Conjunctiva, etc. 

?\HKWOQy .—Spigelia  (U.  S.  P.).  The  dried  rhizome 
and  roots  of  Spigelia  narilandica  L.  (fam.  Loganiaceoe). 

This  is  a  perennial  herb,  with  a  horizontal,  twisted 
rhizome,  and  several  erect,  simple,  somewhat  quad- 
rangular stems.  Leaves  opposite,  sessile,  ovate-lanceo- 
late, smooth.  Inflorescence  terminal  in  a  one-sided  (scor- 
pioid)  spike,  of  half  a  dozen  or  more  showy  flowers. 
Calyx  small,  five-parted;  corolla  tubular,  trumpet- 
shaped,  with  five  acute,  spreading  lobes;  bright  scarlet 
outside,  bright  yellow  within.  Stamens  five,  inserted  on 
the  corolla;  pistil  single;  ovary  two-celled,  several-seeded, 
superior.  Pinkroot  is  a  native  of  the  Middle  and  South- 
ern States,  where  large  quantities  are  annually  collected. 
Its  medicinal  properties  have  been  known  for  upward  of 
a  century. 

The  description  of  the  drug  is  as  follows: 

The  rhizome  i^  of  oblique  and  sharply  tortuous  growth, 
.somewhat  branched,  mostly  3.5-5  cm."  (1-3  in.)  long  and 
3-4  mm.  (,-V-|  in.)  thick,  knotty  from  the  approximate 
stem  bases  of  the  upper  surface,  which  bear  cup-shaped 
scars,  dark  brown  or  blackish,  thickly  clothed  under- 
neath and  at  the  sides  with  long,  rather  coarse,  finely 
branched,  lighter  brown  roots,  which  are  usually  broken 
shortly,  not  leaving  a  long,  bare,  woody  central  portion ; 
brittle,  showing  a  whitish  wood  and  a  dark  or  decayed 
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pith;  somewhat  aromatic;  taste  sweetish,  bitter,  and 
somewhat  puugent. 

The  larger,  lighter-colored  rhizome  of  BueUia,  sp., 
with  fewer  coarse  roots,  from  which  the  bark  readily 
separates,  is  frequently  substituted  or  admixed. 

But  little  is  known  of  the  constituents  of  this  drug. 
Starch,  resin,  gum,  tannin,  fat,  volatile  oil,  and  other 
ordinary  plant  substances  exist,  together  with  a  small 


Fig.  3808.— Pinkroot.    a.  Twig  with  blossom :   h,  grain  centre ;   c, 
section  of  flower ;  d,  section  of  grain ;  e,  fruit.    (Baillon.) 

amount  of  the  volatile  alkaloid  spigeline,  which  is  soluble 
in  alcohol  and  water,  and  is  probably  the  active  constit- 
uent. 

Action  akd  Use. — In  overdoses  spigelia  is  a  narcotic 
poison.  Quickening  of  the  pulse,  dryness  of  the  throat, 
flushing  and  heat  of  the  skin,  uneasiness  and  delirium 
have  followed  its  use.  There  is  httle  doubt  that  in  the 
cases  in  which  it  is  most  employed, — cases  of  lumirici  or 
round  worms, — it  is  of  considerable  value.  A  fluid  ex- 
tract (Extraetvm  Spigelim  Fluidum,  U.  S.  P.)  is  a  good 
preparation,  and  the  one  generally  prescribed.  It  is  fre- 
quently combined  with  senna  or  some  other  cathartic. 
Dose  of  the  fluid  extract,  for  an  adult,  2-8  c.c.  (fl.  3  ss.- 
ij.);  for  small  children,  from  1  to  4  c.c.  (fl.  3  i  to  i.). 

Allied  Ptom««.— Another  Spigelia,  8.  anthelmia  L., 
growing  in  South  America  and  the  West  Indies,  has,  as 
its  name  implies,  similar  properties  and  uses.  Although 
used  chiefly  in  its  home,  it  has  also  been  introduced  into 
Europe.  It  is  regarded,  probably  correctly,  as  more  ac- 
tive than  our  own.  Henry  H.  Busby. 

PI NTA.— (Synonyms:  Carat,  Carate,  Carathe,  Mai  de 
los  pintos. ) 

Pinta  is  a  parasitic  disease  characterized  by  the  ap- 
pearance on  the  skin  of  spots  and  patches  of  various  sizes 
and  colors. 

Until  recent  times  the  disease  had  been  observed  only 
in  Central  America,  Mexico,  and  South  America,  but 
lately  reports  have  been  published  of  its  occurrence  in 
Africa.  It  is  said  to  be  most  common  in  the  Mexican 
States  of  Tabasco  and  Chiapas,  but  it  is  also  quite  preva- 
lent in  Peru,  Bolivia,  and  Brazil.  In  Venezuela  and  Co- 
lombia, along  the  low-lying  banks  of  the  rivers  Zulia  and 
Magdalena,  the  affection  is  quite  in  evidence.  The  half- 
breeds,  mulattoes,  and  mestizos  that  make  up  the  bulk  of 
the  laborers  and  crews  of  vessels  plying  these  waters 


seem  to  have  a  peculiar  susceptibility  to  the  disease,  or 
perhaps  their  skins  offer  less  resistance  to  its  inroads  than 
the  skins  of  the  pure  whites  or  pure  negroes.  I  have 
often  seen  on  these  river  boats  as  many  as  a  half-dozen 
cases  on  a  single  vessel.  So  common  is  the  trouble  that 
it  soon  ceases  to  awaken  interest  in  the  average  passen- 
ger. 

The  dorsal  surfaces  of  the  hands  and  feet,  the  anterior 
aspect  of  the  legs,  and  the  surface  of  the  chest  are  the 
parts  most  often  affected.  The  disease  attacks  both  sexes 
and  all  ages,  although  it  is  seldom  seen  in  children  under 
six  years  of  age.  Like  otlier  diseases  of  a  similar  nature, 
it  seems  to  have  a  preference  for  people  of  unclean  habits, 
fllth  apparently  having  a  direct  bearing  not  only,  on  the 
persistence  but  perhaps  on  the  very  existence  of  the  af- 
fection. For  this  reason  it  is  rare  in  the  better  class  of 
mestizos  and  native  whites. 

The  color  of  the  patches  may  be  red,  blue,  black,  or 
white;  hence  the  Spanisli  names  rojo,  azul,  negro,  blanca, 
etc.  The  size  of  the  individual  patches  is  quite  variable. 
The  disease  first  appears  in  one  or  two  small  spots  which 
tend  to  increase  along  their  periphery  and  merge  into  one 
another ;  it  also  extends  by  auto-inoculation  in  the  act  of 
scratching. 

Some  observers  claim  that  the  victims  of  this  disease 
emit  an  offensive  odor.  One  compares  it  to  the  odor  ex- 
haled by  a  mangy  dog,  another  compares  it  to  that  of 
dirty  linen.  Personally  I  have  never  been  able  to  detect 
this  peculiar  smell  apart  and  distinct  from  the  naturally 
offensive  emanations  from  a  body  and  clothes  that  have 
never  been  subjected  to  the  action  of  soap  and  water. 

Symptoms..— The  general  health  is  not  affected  in  this 
disease.  Dr.  Freites,  of  Venezuela,  states  that  he  has 
observed  as  prodromal  symptoms  chills,  headache,  ano- 
rexia, etc.,  but,  so  far  as  I  know,  no  other  observer  has 
had  a  similar  experience.  The  eruption  appears  suddenly 
as  one  or  two  small  spots,  at  first  slightly  elevated  above 
the  surrounding  surface.  It  progresses  slowly  and  may 
even  remain  stationary  for  a  variable  period — the  quies- 
cent stage.  This  may  be  followed  by  a  period  of  activity 
when  the  patches  extend  peripherally  or  appear  on  other 
parts  of  the  surface,  being  the  result  of  auto-inoculation, 
in  the  act  of  scratching.  Pruritus  may  be  excessive, 
even  to  the  point  of  interference  with  sleep,  or  it  may 
cause  little  or  no  annoyance.  Desquamation  is  as  a  rule 
of  a  furfuraceous  character,  varying  in  quantity  from 
almost  nil  in  the  white  to  a  relative  abundance  in  the  red 
and  black  forms  of  the  disease;  in  some  cases  of  the  lat- 
ter variety  it  occurs  in  thick  crusts.  Suppuration  and 
bleeding  are  due  to  the  injuries  inflicted  by  scratching. 
After  a  period  of  variable  duration  some  of  the  spots 
merge  into  one  another,  giving  the  patient  the  character- 
istic piebald  appearance. 

The  above  symptoms  are  common  to  all  forms  of  the 
disease.  A  few  additional  words  regarding  each  variety 
of  the  disease  would  perhaps  make  the  matter  clearer. 

White  Form. — This  looks  very  much  like  an  ordinary 
leucodermic  patch.  The  color  is  like  that  of  yellowish- 
white  wax,  and  the  surface  of  the  patch  is  smooth  and 
shiny.  When  this  form  attacks  the  hairy  portions  of  the 
body  the  hairs  become  thin,  like  lanugo,  and  lose  their 
pigment. 

Bed  Form. — This  at  first  looks  as  if  the  surface  had 
been  scalded ;  later  the  affected  portions  become  bright 
red  and  smooth.  As  the  pruritus  in  this  form  is  usually 
more  intense,  it  is  the  one  most  liable  to  suppuration  and 
other  accidents  due  to  traumatism. 

Blue  Form. — The  eruption  appears  first  as  a  group  of 
small  blue  spots,  like  those  made  in  tattooing ;  sooner  or 
later  these  spots  extend  and  merge  into  one  another,  the 
whole  patch  then  having  a  peculiar  blue  color,  which  I 
would  compare  to  the  blue  shell  of  a  duck's  egg.  These 
patches  are  covered  by  a  thin  layer  of  dust-like  grayish- 
blue  scales. 

Black  Form. — In  this  form  the  spots  are  at  first  of  a 
dirty  gray  color,  which  gradually  becomes  darker  as  the 
spots  themselves  grow  older  and  larger.  Eventually, 
the  area  affected  resembles  nothing  so  much  as  a  surface 
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spread  with  a  layer  of  blue  ointment.  Another  division 
that  has  been  made  recognizes  a  superficial  form,  includ- 
ing the  blue  and  the  black  forms,  and  a  deep  form,  em- 
bracing the  white  and  tlie  red  varieties,  in  which  there  is 
destruction  of  the  deeper  underlying  tissues.  Several  of 
these  forms  may  and  do  occur  together  in  the  same  indi- 
vidual. 

Pathology. — "The  scales  contain  a  white,  highly  re- 
fracting mycelium,  and  black  spores  which  are  round  or 
oval  in  shape.  The  spores  contain  a  yellow  fluid  in 
which  abundant  pigment  is  found.  The  mycelial  fila- 
ments are  short,  non-branching,  and  taper  from  a  broad 
base  to  a  blunt  point,  by  which  each  filament  is  attached 
to  a  single  spore  "  (Manson). 

Diagnosis. — ^Pinta  may  be  distinguished  from  anes- 
thetic leprosy  by  the  facts  that  the  sensibility  of  the 
patches  is  not  impaired,  and  that  the  mucous  membranes 
are  not  attacked ;  from  acquired  leucodermia  or  vitiligo 
by  the  fact  that  in  the  latter  there  are  no  changes  of 
structure  or  of  sensibility  in  the  affected  skin.  From 
chromophytosis,  ringworm,  and  erythrasma  pinta  may 
be  distinguished  by  the  history  of  the  disease  and  the 
color  and  localization  of  the  lesions. 

Pkognosis. — As  to  life  the  prognosis  is  very  good,  but 
the  disease  is  very  rebellious  to  treatment ;  and  in  spite 
of  all  treatment  it  usually  lasts  a  long  time. 

Treatment. — Absolute  cleanliness  and  the  local  ap- 
plications of  chrysophanic  acid,  sulphur,  iodine,  the  salts 
of  mercury ;  in  fact,  all  the  stronger  parasiticides  are  in- 
dicated. iV.  J.  Ponce  de  Leon. 

PIPERAZIN  (Diethylene-Diamin.  Ethlenimin). — A 
synthetical  compound  primarily  intended  to  replace 
spermin,  but  found  to  be  a  different  body,  both  in 
chemical  and  in  physiological  characters.  It  is  now 
utilized  only  as  a  solvent  for  uric-acid  deposits  in  the 
place  of  lithia  salts. 

It  is  formed  from  the  action  of  ammonia  on  ethylene 
bromide,  which  produces  a  mixture  of  compounds  from 
which  diethylene-diamin  is  separated  by  fractional  dis- 
tillation at  a  temperature  between  130°  and  180"  C. 
When  separated  by  a  patented  process  it  is  supplied  to 
the  profession  under  the  name  of  piperazin.  It  is  a 
solid  which  melts  at  104°  to  107°  C,  and  boils  at  145°. 
It  forms  in  bright,  lustrous  tables.  When  exposed  to  the 
air  it  absorbs  water  and  carbonic  acid  gas,  and  becomes 
liquefied.  It  is  very  soluble  in  water,  and  forms  a  taste- 
less, alkaline  solution  without  being  in  the  least  corro- 
sive. 

Experiments  with  solution  of  piperazin  upon  uric  acid 
and  upon  calculi  formed  either  of  uric  acid  or  of  uric  acid 
with  phosphate  of  lime,  prove  that  it  exerts  a  powerful 
solvent  action.  When  placed  in  a  oue-per-cent.  solution 
at  a  temperature  of  90°  F.,  the  stones  are  rapidly  acted 
upon,  the  sharp  edges  are  removed,  and  the  surface  be- 
comes smooth  and  slippery;  within  twenty -four  hours 
the  mineral  portion  is  dissolved  and  a  soft  mucoid  skele- 
ton only  remains.  All  forms  of  urinary  deposits  are  said 
to  be  more  or  less  acted  upon.  Compared  with  carbon- 
ate of  lithium  it  dissolves  twelve  times  as  much  uric  acid. 
Tests  have  been  made  of  the  relative  solubility  of  frag- 
ments of  a  stone  in  one-per-cent.  solutions  of  piperazin, 
lithia  carbonate,  borax,  and  sodium  carbonate.  In  the 
piperazin  solution  the  fragment  was  dissolved  in  six 
hoiirs,  the  lithia  solution  did  not  dissolve  the  fragment 
until  after  forty-eight  hours,  the  borax  dissolved  only  a 
very  small  portion  in  forty-eight  hours,  and  the  sodium 
solution  had  no  effect  whatever  after  the  lapse  of  the 
same  period  of  time.  In  each  case  the  residue  was  placed 
m  the  piperazin  solution,  when  it  entirely  disappeared. 
_  The  action  of  the  drug  when  administered  to  a  person 
in  health  is  perfectly  harmless.  It  does  not  disturb  the 
digestive,  circulatory,  or  respiratory  organs.  After  its 
admmistration  and  absorption  it  is  not  decomposed  or 
acted  upon,  but  passes  through  the  system  and  is  excreted 
py  the  kidneys  unchanged.  Piperazin  may  be  detected 
in  the  urine  two  hours  after  its  administration,  and  it 
continues  to  be  excreted  for  a  prolonged  period.    The 
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urine  is  not  rendered  alkaline,  nor  in  any  way  altered  by 
its  prolonged  use. 

Piperazin  is  theoretically  a  very  valuable  drug  for  the 
treatment  of  all  conditions  in  which  uric  acid  is  formed 
in  excess.  Numerous  cases  are  reported  in  which  it  has 
been  used  with  very  marked  success — in  gout  in  all  its 
forms,  in  lithiasis,  renal  calculi,  and  vesical  calculi,  and 
in  many  foi-ms  of  rheumatism  of  a  gouty  character.  In 
these  conditions  it  is  supposed  first  to  saturate  the  uric 
acid  that  remains  dissolved  in  the  organism,  and  then  to 
attack  all  deposits  of  uric  acid.  The  soluble  urate  of 
piperazin  that  is  formed  is  readily  excreted  with  the 
urine.  The  piperazin  that  is  not  neutralized  in  the  sys- 
tem comes  in  contact  with  calculi  and  deposits  in  tlie 
kidney  and  bladder  and  there  exerts  its  specific  proper- 
ties. On  account  of  its  freedom  from  any  iiritating  ac- 
tion on  the  mucous  membrane,  it  may  be  made  to  act  di- 
rectly upon  the  deposits  in  the  bladder,  by  injecting  a 
one-per-cent.  solution,  which  assists  in  the  decomposition 
of  the  larger  calculi  that  would  otherwise  require  oper- 
ative treatment. 

The  results  of  its  use  have  not  always  been  so  favor- 
able. Prof.  H.  A.  Hare  reports  having  employed  it  in 
some  cases  of  well-marked  gout  and  in  gouty  rheumat- 
ism without  any  beneficial  effects.  He  administered  it 
internally  and  by  hypodermic  injection  in  the  usual  doses 
without  relief.  Sir  William  Roberts,  in  the  "  Croonian 
Lectiires  for  1893,"  on  the  treatment  of  the  uric-acid  di- 
athesis, states  that  piperazin  in  blood  serum  or  synovia 
had  not  the  slightest  effect  in  adding  to  the  solvent  pow- 
ers of  these  media  on  sodium  biurate,  nor  the  slightest 
effect  in  retarding  its  precipitation  from  serum  and  syno- 
via artificially  impregnated  with  uric  acid.  He  concludes 
that  if  piperazin  has  any  beneficial  action  in  gout  it  is 
not  due  to  its  solvent  powers  on  the  material  of  gouty 
concretions. 

On  account  of  its  hygroscopic  properties  it  must  never 
be  prescribed  in  powder  or  pill  form.  It  is  supplied  in 
bottles  containing  5  gm.,  which  is  sufficient  for  five  days' 
use.  This  is  to  be  dissolved  in  a  definite  quantity  of 
water,  and  one-fifth  given  each  day  in  divided  doses. 
The  quantity  employed  by  all  observers  has  been  1  gm. 
daily,  in  solution,  well  diluted.  The  effects  of  the  drug 
are  rapidly  manifested.  After  the  subsidence  of  the  at- 
tacks a  smaller  dose  of  eight  to  fifteen  grains  may  be 
given  every  third  day,  and  continued  for  months.  When 
administered  hypodermically,  fifteen  minims  of  a  ten-per- 
cent, solution  may  be  used.  The  injections  are  to  be 
made  in  the  neighborhood  of  the  affected  joints.  The 
drug  is  to  be  given  internally  at  the  same  time.  The 
effects  of  this  method  are  reported  to  be  very  gratifying; 
the  swelling  and  pain  subside  and  the  deposits  are  ab- 
sorbed and  greatly  reduced  in  size.  In  some  cases  it  is 
reported  that  deposits  of  gouty  material  in  the  pinniE  of 
the  ears  and  in  the  eyelids  were  removed  by  two  or  three 
injections.  The  following  solution  is  also  prepared  for 
local  application  to  the  affected  joints:  Piperazin  gr 
xv.-xxx.;  alcohol,  3  v.;  water,   |  iiss. 

Beaumont  Small. 

PIPERONAL— heliotropin,  methylene  ether,  protoca- 
techuic  aldehyde,  CaHs.COOH.O.CH^-occurs  in  small 
white  crystals  with  a  strong  odor  of  heliotrope,  and  is 
sohible  in  alcohol  and  ether  and  insoluble  in  water  In 
dose  of  0.5-1  gm,  (gr.  viij.-xv.)  it  is  antiseptic  and 
antipyretic.     It  is  also  used  in  perfumery. 

W.  A.  Bastedo. 

PIPSISSEWA.     OJiimapMla.     Bitter  or  False  Winter- 
green  Prince's  Pine.     "  The  dried  leaves  of  ChimapUla 
umbellata  (L.)  Nutt.  {Pyrola  v.  L. ;  0.  corymbosa  Pursh 
— fam.  Pi/rolacem)." 

This  very  pretty  little  plant,  native  of  dry  woods 
Uiroughout  the  cooler  regions  of  almost  the  entire  North 
lemperate  Zone,  is  an  herb-like  undershrub,  having  an 
erect  stem  a  few  inches  in  height,  arising  from  a  short 
prostrate  portion.  The  leaves  are  crowded  near  the 
ground  and  the  scape  bears  several  very  pretty    five- 
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merous,  wax-like,  white,  subpendulous  flowers,  about  a 
half  an  inch  broad.  The  leaves  are  from  3.5  to  5  cm.  (1 
to  2  in.)  long  and  1  to  1.5  cm.  (f  to  f  in.)  broad,  oblance- 
olate,  the  lower  half  cuneate  and  entire,  the  upper  coarsely 
and  sharply  serrate,  acute  or  obtusish,  thick  and  rigid, 
brittle,  above  dark-green  or  brownish-green,  and  slightly 
shining,  the  veins  strongly  impressed,  underneath  paler, 
the  veins  very  prominent;  odor  very  slight,  tea-like; 
taste  astringent  and  bitterish. 

Their  constituents  are  almost  identical  (as  are  the  prop- 
erties and  uses)  with  those  of  Uva  Ursi.  There  is  be- 
tween four  and  five  per  cent,  of  tannin,  arbutin,  sugar, 
gum,  etc. ,  and  a  small  amount  of  the  yellow,  crystalline, 
neutral  substance,  Chimapliilin,  which  is  inodorous  and 
tasteless,  soluble  in  alcohol,  ether,  and  chloroform,  but 
only  slightly  soluble  in  water.  For  its  mildly  astringent 
and  diuretic  properties  and  uses,  see  TJva  Ursi.  The 
Pharmacopoeia  provides  a  fluid  extract,  the  dose  of  which 
is  2  to  4  c.c.  (fl.  3  ss.  to  i.).  Henry  H.  Busby. 

PITCH,  BLACK.— Common  pitch.     See  Turpentine. 

PITCH,  BURGUNDY.— Pix  Burgundica  (U.  S.  P.,  B. 
P.);  Poix  de  Bourgogne,  Poix  des  Yosges,  Poix  jaune  (Co- 
dex Med.).  This  opaque  resin  is  nominally,  and  proper- 
ly, obtained  in  Europe  from  the  Norway  spruce,  Abies 
Abies  (L.)  Rusby  {Pinus  A.,  L. ;  P.  Picea  Du  Roi — fam. 
Pinaeex),  a  magnificent  evergreen  with  a  pyramidal 
head  reaching  40  metres  or  more  in  height,  and  having 
branches  even  down  to  the  very  ground.  Its  cones  are 
large  and  pendent,  its  foliage  is  close,  and  of  a  brilliant 
green  color.  It  is  an  abundant  forest  tree  of  Northern 
Europe  and  Asia,  and  a  frequent  ornamental  one  here. 

Burgundy  pitch  is  not  an  empyreumatic  product  like 
common  black  pitch,  but  a  turpentine  which  has  been 
exposed  to  hot  water  or  steam,  and  has  in  consequence 
taken  up  enough  of  it  to  become  opaque.  It  is  collected 
by  making  rather  deep  incisions  in  the  trunks  of  the  trees, 
scraping  off  the  resinous  sap  that  flows  out,  boiling 
it  in  water,  and  straining  it  through  cloths.  The  collec- 
tion is  carried  on  in  Austria  and  Switzerland,  but  not  to 
a  very  great  extent,  and  is  diminishing.  In  the  place  of 
this  genuine  article,  the  turpentine  of  other  European 
Pinaceae,  prepared  in  the  same  way,  is  frequently  substi- 
tuted, and  is  sanctioned  in  most  countries ;  and  besides 
this,  an  entirely  spurious  preparation  of  common  Ameri- 
can rosin,  mixed  with  oil  or  fat  and  water,  is  the  com- 
mon (false)  Burgundy  pitch  of  the  market.  That  sold 
in  this  country  is  said  to  be  almost  never  genuine.  The 
following  is  the  official  description : 

Hard,  yet  gradually  taking  the  form  of  the  vessel  in 
which  it  is  kept ;  brittle,  with  a  shining,  conchoidal  fract- 
ure, opaque  or  translucent,  reddish-brown  or  yellowish- 
brown;  odor  agreeably  terebinthinate ;  taste  aromatic, 
sweetish,  not  bitter. 

It  is  almost  entirely  soluble  in  glacial  acetic  acid,  or 
in  boiling  alcohol,  and  partly  soluble  in  cold  alcohol. 

The  principal  portion  of  this  substance — eighty  per 
cent,  or  more — is  resin,  amorphous  and  opaque  until  the 
water  is  evaporated  off,  then  clear;  from  three  to  five 
per  cent,  of  essential  oils  is  also  present,  and  from  five  to 
ten  of  water. 

It  is  a  mildly  stimulating  substance  when  applied  to 
the  skin ;  taken  internally  it  has  the  properties  of  com- 
mon rosin,  or,  in  a  mild  degree,  those  of  turpentine; 
stimulating  in  small  doses,  irritating  in  large  ones ;  but  it 
is  milder  in  its  taste  and  action  than  common  turpentine. 
Its  very  limited  medicinal  use  is  almost  entirely  confined 
to  its  presence  in  a  few  plasters,  of  which  the  following 
are  official  here:  Burgundy  pitch  plaster  (Emplastrum 
Picis Burgundicos,  U.  S.  P.).  Burgundy  pitch,  80  parts; 
yellow  wax,  15  parts;  olive  oil,  5  parts,  melted  together. 
It  may  be  used  as  it  is,  or  as  the  basis  for  other  more  ac- 
tive medicaments.  The  pitch  plaster  with  cantharides  is 
more  stimulating;  it  consists  of:  Burgundy  pitch,  93 
parts;  cerate  of  cantharides  (thirty -two  per  cent.),  8 
parts,  melted  together  after  straining  the  cantharidal 
cerate  through  a  very  fine  strainer.  W.  P.  Bolles. 


PITCH,  HEMLOCK.— Ka;  Canadensis  (U.  8.),  Canada 
Pitch.  This  is  a  product  of  the  Hemlock  Spruce,  Tsuga 
Canadensis  (L.)  Carr.  (Pinus  C.  L. ;  Mies  C.  Mx. — fam. 
Pinacece),  collected  and  prepared  in  much  the  same  way 
as  the  preceding.  It  appears  often  to  have  been  boiled 
for  a  greater  length  of  time,  and  is  frequently  very  dark, 
almost  black  in  consequence.  It  is  described  as  follows: 
"  Hard,  yet  gradually  taking  the  form  of  the  vessel  in 
which  it  is  kept ;  brittle,  with  a  shining  conchoidal  fract- 
ure, opaque  or  translucent ;  dark  reddish-brown ;  having 
a  weak,  somewhat  terebinthinate  odor."  Canada  pitch 
has  essentially  the  same  composition  and  properties  as 
the  preceding,  and  is  used  for  the  same  purposes.  A 
plaster  is  made  of  it  in  exactly  the  same  way  as  the  Bur- 
gundy pitch  plaster  (see  above).  W.  P.  Bolles. 


PITUITARY  GLMD.— (Hypophysis  Cerebri ;  Ger.,Hy- 
pophyse;  Fr.,  Gland  or  Corps  Pituitaire ;  Ital.,  Olandula 
Pituitaria ;  Span.,  Ohiandola  Pituitaria.)  Vesalius 
was  the  first  to  describe  this  organ,  and  in  his  "  De  Cor- 
poris Humani  Fabrica  "  (1553)  he  calls  it  the  "  glans  pitui- 
tam  excipiens,"  due  to  the  mistaken  idea  that  this  organ 
secreted  the  nasal  mucus  (pituita).  Soemmering  (1778) 
described  it  more  fully  and  called  it  "  hypophysis  cere- 
bri." Both  thought  that  the  pituitary  was  a  gland,  but 
as  they  could  not  find  any  duct,  they  considered  it  a 
part  of  the  nervous  system.  Rathka  (1838)  pointed  out 
the  significant  fact  that  the  organ  is  developed  from 
two  Anlagen,  one  arising  from  that  part  of  the  fore-gut 
which  later  forms  the  pharynx,  the  other  arising  from 
the  base  of  the  third  ventricle.  These  views  were  dis- 
puted for  some  time,  but  Mihalkovichs  (1874)  agreed 
with  Rathka,  and  his  proofs  were  so  conclusive  that  but 
few  have  disputed  them  since  that  time.  Pathological 
changes  were  noticed  by  many  of  the  early  observers. 
Wepfer,  Bonnet  (1679),  and  Morgagni  found  colloid 
cysts;  Greding  (1771)  and  Melcarne  (cited  by  Mechel) 
found  "  enlargements  of  the  pituitary  gland  " ;  and  Wen- 
zel  claimed  that  diseases  of  the  pituitary  caused  epilepsy. 
The  physiology  of  this  organ  has  been  neglected  much, 
and  it  is  only  recently  that  its  physiological  action  has 
been  given  much  attention. 

Anatomy. — The  pituitary  body  is  an  oval,  glandular 
organ,  consisting  of  two  lobes  and  a  connecting  part.  It 
rests  in  the  sella  turcica,  and  is  enveloped  bj'  a  layer  of 
dense  connective  tissue,  which  is  a  prolongation  of  the 
basal  dura.  The  average  weight  of  the  pituitary  is  0.5 
gm.  In  a  series  of  one  hundred  cases  SchOnemann  found 
that  the  average  weight  was  0. 63  gm.  between  the  ages  of 
twenty  and  thirty,  but  that  the  weight  diminished  after 
that  time  until  the  average  at  fifty  was  0.6  gm.  Boyce 
and  Beadles  examined  the  pituitary  glands  from  fifty 
female  insane  and  found  that  the  weight  varied  from  0.384 
to  0.896  gm.,  the  average  being  0.6  gm.  In  fifty  male  in- 
sane the  weight  varied  from  0.712  to  1.303,  with  an  aver- 
age of  0.453  gm.  The  ages  of  these  cases  varied  from 
twenty-two  to  seventy-eight,  none  having  presented 
symptoms  referable  to  the  pituitary.  According  to  these 
authors  the  weight  of  the  pituitary  has  no  definite  rela- 
tion to  that  of  the  brain  or  to  the  age  of  the  patient. 
The  organ  measures  about  14  mm.  in  its  lateral  diameter, 
7  mm.  in  its  anteroposterior,  and  6  to  7  mm.  in  thickness. 
The  color  of  the  pituitary  is  a  dark  brown  or  a  bluish- 
red.  The  consistency  of  the  organ  is  about  that  of  the 
normal  liver. 

HiSTOLoaY. — The  microscopical  structures  of  the  two 
lobes  differ  markedly,  the  anterior  being  made  up  of 
glandular  elements,  and  the  posterior  of  a  tissue  resem- 
bling, with  ordinary  stains,  a  modified  glia.  From  the 
connective  tissue  surrounding  the  gland,  fine  trabeculse 
carrying  the  blood-vessels  run  into  the  interior  and  sepa- 
rate the  cords  of  epithelial  cells.  These  epithelial  cells 
are  rather  hexagonal  in  shape  and  are  of  two  kinds.  One 
contains  a  round  or  oval,  deeply  staining  nucleus  em- 
bedded in  a  large  amount  of  granular  protoplasm  which 
stains  deeply  with  eosln  ("  eosinophilic  cells  ").  The  other 
cells  are  somewhat  smaller,  more  granular,  and  they  do 
not  stain  with  the  acid  dyes  ("  cyanophilic  cells  "). 
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The  posterior  lobe  Is  enveloped  by  a  capsule  of  connec- 
tive tissue  from  which  the  fine  septa  carrying  the  blood- 
vessels enter  the  lobe.  Immediately  beneath  the  capsule 
are  several  layers  of  cells,  which,  according  to  Gemelli, 
react  with  certain  stains  like  glio-epithelium.  Beneath 
these  is  an  indefinite  layer  of  secretory  cells  of  the  epi- 
thelial type,  which  are  often  arranged  into  distinct  alve- 
oli separated  by  the  fine  connective-tissue  septa.  The 
central  zone  of  this  lobe  contains  small  round,  polygonal, 
and  few  pear-shaped  cells  together  with  a  small  amount 
of  connective  tissue.  Tlie  pear-shaped  or  nerve  cells 
possess  either  one  or  two  neuraxons.  These  cells  are  of 
two  types,  the  large  and  the  small  pear-shaped  cells. 
The  large  cells  have  many  branching  dendrites  ending  in 
feathery  tufts.  The  neuraxons  of  these  cells  come  off 
close  to  the  cell  bodies,  have  few  collateral  branches,  and 
end  by  breaking  up  into  fine  threads,  some  of  which  are 
lost  near  the  cell,  while  others  end  in  networks  among 
the  epithelial  cells  along  the  border  of  the  lobe.  The 
other  type  of  nerve  cell  or  the  small  pear-shaped  cell  has 
dendrites,  all  of  which  are  short,  except  one  which  is 
covered  with  hair-like  processes.  All  the  dendrites  come 
off  close  to  the  cell  body  and  terminate  as  clubbed  ends. 

The  cells  which  possess  more  than  one  neuraxon  are 
flask-shaped.  Each  cell  has  three  or  four  dendrites  which 
gradually  grow  finer  and  terminate  free,  and  from  two  to 
four  neuraxons  which  apparently  terminate  about  similar 
cells.  Most  of  the  neuraxons  run  toward  the  infundib- 
ulum,  but  Berkley,  who  has  worked  much  on  this  sub- 
ject, has  been  unable  to  trace  them  into  the  infundibu- 
lum.  Gemelli  has  described  nerve  fibres  in  the  pedicle ; 
they  enter  the  posterior  lobe  and  branch  in  the  shape 
of  a  fan  under  the  glio-epithelium.  From  there  he  was 
unable  to  trace  them  to  any  cell  in  this  lobe  which  he 
could  call  a  nerve  cell. 

The  infundibulum  or  the  pedicle  consists  of  a  loose 
connective  tissue  which  is  composed  of  anastomosing 
stellate  and  spindle-shaped  cells,  and  which  holds  in  its 
meshes  blood-vessels  and  nerve  fibres  and  encloses  small 
blind  spaces  lined  by  cubical  epithelium,  the  remains  of 
the  neural  central  canal. 

Embrtolost. — The  pituitary  gland  is  developed  from 
two  Anlagen,  one  coming  from  the  midbrain  ectoderm  and 
the  other  from  the  entoderm  of  the  posterior  pharynx. 
At  the  angle  formed  by  the  pharynx  and  mouth  a  solid 
bud  of  cells  is  given  off  from  the  median  area  of  the 
upper  wall  of  the  posterior  pharynx.  These  cells  grow 
out  into  the  thin  layer  of  mesoblast  separating  the  brain 
from  the  pharynx,  and  the  bud  as  a  whole  becomes  hol- 
lowed out  to  form  a  duct-like  communication  with  the 
pharyngeal  cavity.  About  the  time  when  the  pharyn- 
geal bud  begins  to  develop  the  brain  sends  another  bud 
downward  until  the  two  Anlagen  come  to  lie  side  by  side. 
About  this  time  the  mesoblastic  cells  surrounding  the 
Anlage  from  the  pharynx  grow  into  this  hollow  flask- 
shaped  mass,  and  the  wall  of  the  once  smooth  cavity  be- 
comes folded  inward  upon  itself.  These  papillae  become 
divided  and  interlaced  to  form  the  mature  gland.  While 
this  has  been  taking  place  the  canal  communicating  with 
the  pharynx  has  become  occluded  and  absorbed,  and  the 
base  of  the  sella  turcica  has  ossified. 

When  the  Anlage  for  the  posterior  part  of  the  gland  is 
given  off,  it  contains  few  embryonic  ganglion  cells,  which 
are  found  as  cells  less  developed  than  their  correspond- 
ing cells  in  the  base  of  the  third  ventricle.  Along  with 
these  cells  glia  cells  are  found,  some  of  which  disappear 
and  others  remain  as  the  cells  described  by  Berkley. 

Pathological  Anatomy. — Because  of  the  location  of 
the  pituitary  body  pathological  conditions  at  the  base 
of  the  brain  are  apt  to  cause  secondary  changes  in  it. 
These  secondary  changes  may  or  may  not  be  marked 
enough  to  produce  symptoms.  Usually  before  symp- 
toms on  the  part  of  the  pituitary  appear,  the  primary 
condition  at  the  base  of  the  brain  has  produced  its  effects, 
which  have  either  killed  the  patient  or  have  masked  the 
symptoms  caused  by  the  pituitary  lesion. 

Girculatory  Disturbances.— General  congestion  of  the 
brain,  either  active  or  passive,  produces  a  similar  condi- 

640 


tion  in  the  pituitary.  Anaemia  of  this  organ  occurs  in 
general  cachectic  conditions  such  as  result  from  malig- 
nant neoplasms,  tuberculosis,  general  arteriosclerosis, 
etc. 

Two  instances  of  hemorrhage  into  the  organ  have  been 
reported :  one  by  Bailey,  in  which  the  lesion  was  due  to 
endarteritis,  and  a  second  one  by  Anders  and  Cattell, 
which  occurred  in  a  case  of  pernicious  anaemia. 
Infarct  of  the  pituitary  has  not  been  reported  as  yet. 
B^trogvade  Changes.— Atrophy  of  the  pituitary  body 
results  from  the  cachexias  of  malignant  tumors,  tubercu- 
losis, syphilis,  and  pernicious  anaemia.  Senile  atrophy 
occurs  physiologically  in  every  individual  over  fifty. 

Necrosis.  Necrosis  of  any  form  involving  the  whole 
organ  has  not  been  reported,  but  localized  simple,  lique- 
faction, and  coagulation  necrosis  may  be  present  under 
certain  conditions.  General  infection  may  produce  a  sim- 
ple necrosis  of  the  gland  cells  of  the  anterior  lobe  of  the 
pituitary  body.  Liquefaction  necrosis  may  follow  infec- 
tion of  the  organ  by  the  pus-producing  germs,  and  coag- 
ulation necrosis  may  be  present  under  similar  conditions. 
Degenerations. — General  cloudy  swelling  and  fatty  de- 
generation may  result  from  the  general  intoxications  of 
infections  or  from  inflammations  of  the  tissues  surround- 
ing the  pituitary.  By  far  the  most  common  retrograde 
change  in  the  pituitary  is  colloid  degeneration,  which 
is,  up  to  a  certain  degree,  a  physiological  condition,  sim- 
ilar to  that  of  the  thj'roid.  Accompanying  an  over- 
production of  colloid,  there  are  often  formed  cysts,  which 
are  due  to  the  inability  of  the  organ  to  excrete  the  col- 
loid. These  cyst  walls  are  lined  by  the  cuboidal  cells 
which  are  the  remains  of  the  parenchymatous  cells. 

Progressive  Changes. — Hypertrophy.  The  most  com- 
mon progressive  change,  if  not  the  most  common  change 
of  any  form,  is  hypertrophy.  This  change  is  confined 
usually  to  the  glandular  portion  of  the  organ,  and  occurs 
in  a  large  number  of  cases  of  acromegaly.  The  paren- 
chymatous cells  of  the  anterior  lobe  are  increased  both  in 
size  and  in  number,  the  connective  tissue  being  relatively 
increased  also. 

Inflammations.  Inflammation  of  the  pituitary  gland 
is  usually  secondary  to  a  meningitis  and,  in  pyaemia,  sec- 
ondary abscess  may  develop  in  the  organ.  Secondary 
inflammation  may  in  rare  cases  result  from  an  abscess  of 
the  pharyngeal  vault. 

Chronic  Inflammations  (Granulomata) ;  Tuberculosis. 
In  1901  Baldwin  reported  tuberculosis  of  the  pituitary 
gland  in  a  case  of  general  miliary  tuberculosis ;  that  this 
was  a  true  case  of  tuberculosis  cannot  be  doubted  since 
the  germs  were  found  in  stained  sections.  A  careful 
study  of  the  literature  at  that  time  failed  to  give  another 
case  of  true  tuberculosis  of  the  pituitary.  Weigert  had 
reported  a  case  of  "  tuberculous-like  granuloma  "  of  the 
pituitary,  but  he  was  not  positive  as  to  its  identity  since 
he  could  find  no  germs  in  this  granuloma,  and  he  could 
find  no  tubercles  in  any  other  part  of  the  body.  Boyce 
and  Beadles,  and  Wagner  have  reported  cases  similar  to 
that  of  Weigert,  but  were  unable  to  demonstrate  germs. 
Syphilis.  Lancereaux  says  that  the  hypophysis  may 
be  enlarged  in  hereditary  syphilis,  such  enlargement 
being  due  to  increase  of  the  connective  tissue.  Weigert, 
Barabacci,  Birch-Hirschfeld,  Hunter,  Sokoloff,  Frasier, 
and  Hektoen  have  reported  gummata  of  this  organ  which 
resembled  in  structure  gummata  found  elsewhere  in  the 
brain. 

Tumors.  The  only  mature  connective-tissue  tumors 
which  have  been  reported  are  two  cases  of  lipoma,  and 
one  of  fibroma.  The  lipoma  in  both  cases  arose  from 
the  fat  tissue  about  the  organ,  and  not  from  the  gland 
proper.  Chiara  published  the  case  of  a  woman,  aged 
sixty-three,  in  whom  a  fibroma  the  size  of  a  bean  was 
found  in  the  pituitary. 

Many  of  the  tumors  of  the  pituitary  gland  which  have 
been  reported  have  been  called  large,  round-celled  alveolar 
sarcoma  or  endothelioma,  other  varieties  of  the  sarcomata 
being  very  uncommon.  However,  when  the  structure 
of  the  normal  pituitary  body  is  borne  in  mind,  it  is  prob- 
able that  many  of  the  so-called  round-cell  sarcomata 
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were  adenomata.  One  case  of  lymphosarcoma  of  the 
pituitary,  and  another  of  spindle-cell  sarcoma  have  been 
published,  the  former  by  Heusser  and  the  latter  by  Hoff- 
mann. Of  the  mixed  sarcomata  and  those  showing  de- 
generations or  deposits  some  of  the  large  round-cell  sarco- 
mata have  been  alveolar  and  consequently  mixed.  To 
these  may  be  added  the  angiosarcoma  of  Walton,  the 
myxosarcoma  reported  by  Whltwell,  and  the  gliosarcoma 
of  the  posterior  lobe  published  by  von  Graefe. 

Of  the  epithelial  tumors  various  forms  have  been  de- 
scribed. As  stated  before,  small  retention  cysts  are  com- 
mon in  the  anterior  lobe  and  in  the  infundibulum  of  the 
pituitary.  These  may  become  very  large  and  may  replace 
the  greater  part  of  the  organ.  They  may  be  lined  by  a 
single  smooth  layer  of  rather  flattened  cuboidal  cells  or 
the  inner  surface  may  be  folded  slightly.  In  every  case 
these  cysts  contain  a  substance  very  similar  to  the  colloid 
of  thyroid,  if  not  identical  with  it.  Unless  the  retention 
cysts  are  classed  as  tumors,  adenomata  of  the  pituitary 
are  the  most  common  variety  of  epithelial  tumor.  It  is 
possible,  however,  that  many  of  the  so-called  adenomata 
have  been  examples  of  hypertrophy.  In  both  hyper- 
trophy of  the  pituitary  and  in  adenomata  the  anterior 
lobe  is  the  only  part  of  the  organ  which  is  affected,  and 
it  becomes  often  a  matter  of  personal  opinion  whether 
a  given  case  represents  a  condition  of  hypertrophy  or 
one  of  adenoma.  In  those  cases  which  are  genuine  in- 
stances of  adenoma  all  the  elements  of  the  anterior  lobe 
are  increased  in  number  and  many  of  the  epithelial  cells 
are  enlarged.  The  lymph  spaces  between  the  cords  of 
cells  are  broader  and  in  many  the  colloid  secretion  may 
be  slightly  increased.  These  tumors  are  malignant  only 
by  position.  Cases  of  carcinoma  of  the  pituitary  have 
been  described. 

The  possibilities  of  inclusions  of  foreign  embryonic 
cells  into  the  Anlage  of  the  pituitary  and  the  subsequent 
formation  of  dermoid  cysts  from  these  cells  are  great. 
Nevertheless,  very  few  of  these  tumors  have  been  re- 
ported. Engel  (1839),  Rippermann  (1864),  Arnold  (1875), 
Baart  de  la  Faille  (1875),  Wasserthal  (1875),  Beck  (1885), 
White  (1885),  Sanisburg  (1886),  and  Beadles  have  de- 
scribed teratomata  of  the  pituitary  gland. 

Most  of  these  teratomata  have  been  composed  of  small 
cysts  containing  semi-solid  pullaceous  material.  The 
connective  tissue  surrounding  these  cysts  contained  small 
pieces  of  bone.  Many  of  these  tumors  have  been  found 
accidentally  at  autopsy  and  have  produced  no  symptoms 
during  life.  Others  have  been  found  in  a  fcetus,  and 
these  have  shown  a  more  complicated  structure.  Some 
have  contained  cortex,  ganglion  cells,  liver,  parts  of  the 
intestinal  tract,  hair;  teeth,  and  bone,  and  they  may  have 
represented  a  parasite  engrafted  upon  an  autooyte; 
others  of  these  teratomata  have  arisen  from  the  remains 
of  the  pharyngeal  diverticulum. 

Of  the  parasites  found  in  man  SOmmering  has  reported 
a  case  of  echinococous  cyst  of  the  pituitary  gland. 

Phtsiologt.— The  physiology  of  the  pituitary  is  not 
fully  known.  Before  1886  this  organ  was  supposed  to 
represent  some  evolutionary  remains.  In  1886  Marie 
found  that  it  showed  marked  changes  in  so  many  cases 
of  acromegaly  that  the  old  idea  that  it  was  non -functional 
was  reconsidered. 

Oliver  and  Shafer  have  injected  into  animals  intraven- 
ously a  saline  extract  of  the  pituitary,  and  have  found  that 
it  produced  a  rise  in  blood  pressure.  Howell  confirmed 
this  work,  and  found  further  that  a  second  dose  did  not 
have  so  marked  an  effect  as  the  first,  unless  considerable 
time  had  elapsed  between  the  two  injections.  Shafer 
and  Vincent  were  able  to  extract  from  the  pituitary  one 
substance  which  depressed  and  one  which  increased  the 
blood  pressure.  The  substance  which  possessed  the  power 
of  increasing  the  pressure  was  found  to  be  soluble  in  salt 
solution  and  insoluble  in  absolute  al  cohol  and  ether.  The 
other  substance,  however,  was  soluble  in  all  three  of  these 
reagents.  The  experimenters  injected  the  salt-solution 
extract  and  found  that  the  blood  pressure  rose,  but  soon 
fell.  They  explained  this  by  the  fact  that  the  depressive 
substance  acted  more  slowly  than  the  stimulating  one. 
Vol.  VI.-41 


Osborne  and  Vincent  extracted  from  the  infundibular  lobe 
a  depressive  substance  which  resembled  that  obtained 
from  the  cortex  of  the  brain,  and  consequently  they  are 
not  sure  that  the  depression  effects  may  not  be  due  to 
the  nerve  elements  of  the  infundibular  lobe. 

That  the  pituitary  gland  is  similar  in  structure  to  the 
thyroid  had  been  known  for  some  time.  Michel  (1860) 
and  Peremeschko  (1866)  were  among  the  first  if  not  the 
first  to  note  the  similarity  and,  in  describing  the  pituitary 
gland,  they  compared  it  to  the  thyroid.  It  remained  for 
Rogowitsch,  in  1886,  to  prove  that  this  supposed  simi- 
larity was  a  fact.  Since  this  time  many  workers  have 
observed  in  diseases  such  as  myxoedema,  cachexia  thyreo- 
priva,  and  cretinismus,  that  the  hypophysis  is  increased 
in  size.  The  cells  of  the  glandular  lobe  are  larger  than 
normal,  and  the  amount  of  colloid  material  found  in  the 
organ  is  increased.  Hence  these  writers  have  assumed 
that  when  the  thyroid  is  diseased,  the  hypophysis  at- 
tempts to  assume  the  function  of  tlie  thyroid.  On  the 
other  hand,  cases  have  been  reported  in  which  the  hy- 
pophysis has  been  abnormal  either  in  structure  or  in  func- 
tion, the  thyroids  and  in  some  cases  the  parathyroids 
have  been  increased  in  size.  In  such  cases  it  has  been 
assumed  that  the  thyroids  and  parathyroids  attempt  to 
compensate  for  the  diseased  pituitary  bodies. 

The  experimental  evidence  on  this  subject  is  not  uni- 
form at  present.  Casseli  has  been  able  to  produce  a  con- 
dition exactly  analogous  to  cachexia  tbyreopriva  by  re- 
moval of  the  pituitary;  and  he  states  that  arrest  in 
development  of  the  pituitary  retards  the  growth  of  the 
organism  as  a  whole.  Freedmann  and  Maas  removed  the 
pituitary  bodies  from  cats,  and  could  not  obtain  the  same 
results.  Nevertheless,  the  great  weight  of  clinical  evi- 
dence and  the  larger  part  of  the  experimental  study  tend 
to  show  that  the  relation  is  very  close  between  the  pitui- 
tary body  and  the  thyroid  and  the  parathyroid  glands. 

Pathological  Anatomy  of  Acromegaly. — In  all  the  cases 
studied,  Israel  says  (1901)  that  Virchow  was  able  to  find 
only  five  cases  in  which  the  pituitary  was  not  enlarged. 
In  sixty -nine  cases  which  the  writer  has  had  the  oppor- 
tunity of  analyzing  the  pituitary  is  found  "  not  enlarged  " 
in  only  one  case.  In  all  other  cases  this  organ  shows  some 
pathological  change. 

The  following  shows  the  changes  found  as  they  were 
diagnosed : 

Colloia  degeneration  and  hemorrhage 2 

Hypertrophy  (anterior  lobe) 22 

Hypertrophy  (posterior  lobe) 1 

Vascular  hypertrophy 3 

Fibrosis  with  atrophy  ol  follicles 1 

Tumor 4 

Hypertrophy  (?)  or  sarcoma  (?) 1 

Glioma } 

Glioma  (?)  sarcoma  (?) 1 

Neurogliomlc  sarcoma 1 

Adenoma 10 

Adenoma  (?)  3 

Sarcoma,  round  cell 19 

Sarcoma  (?)  or  lymphadenoma  (?) 1 


In  39  of  these  cases  the  thyroid  was  examined,  and  in 
only  5  was  this  organ  reported  normal. 
The  conditions  found  in  this  organ  are  as  follows: 

Normal 5 

Atrophy 1 

Atrophy  with  interstitial  fibrosis 2 

"  Chalk-like  "  deposits 1 

Colloid  degeneration 3 

CJystic  degeneration 1 

Hypertrophy U 

Hypertrophy  with  colloid  cyst 3 

Hypertrophy  with  Interstitial  fibrosis 8 

Interstitial  fibrosis 1 

29 

In  this  connection  it  may  be  well  to  note  that  in  18 
cases  in  which  the  thymus  region  was  examined,  the  thy- 
mus was  reported  absent  in  7;  persistent  in  7;  both  lobes 
were  enlarged  in  3,  and  in  1  case  only  the  left  lobe  was 
enlarged. 

The  relations  of  the  pituitary  to  the  thyroid  and  thy- 
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mu8  glands  in  acroracguly  liave  not  been  demonstrated. 
That  pathological  changes  of  the  pituitaiy  occur  in  almost 
every  case  of  acromegaly  is  true,  but  pathological  changes 
are  also  found  in  this  body  in  cases  in  which  there  lias 
been  no  overgrowth  of  the  bones  or  anj'  other  symjitom 
or  signs  of  acromegaly. 

Frederick  A.  Bald  inn. 

PITYRIASIS. — Pityriasis  is  an  affection  of  the  skin  in 
"which  there  is  slight  redness  accompanied  Ijy  a  branny 
descniamation.  The  term  was  formerly  used  to  describe 
many  scaly  conditions  of  the  skin,  but  it  is  gradually 
passing  out  of  use,  as  the  conditions  are  now  described 
under  other  headings. 

Pityria.sis  of  the  scalp  is  descriljcd  in  the  article  on 
Ecuma;  it  is  the  dry  form  of  dandruff  in  which  the  scales 
do  not  adhere,  but  fall  whenever  the  hair  is  brushed. 

Pityriasis  of  the  face  and  neck  is  usually  fcmnd  as  ill- 
defined  slightly  scaly  patches  with  very  little  redness. 
This  condition  is  described  by  most  authors  under  sebor- 
rha'a  or  seborrhceic  eczema.     (See  article  on  Scboirlimu.) 

Pityriasis  rosea,  Pityriasis  rubra,  Pityriasis  rubra  pi- 
laris, and  Pityriasis  versicolor  are  described  elsewhere. 
(See  the  articles  on  Piti/rinKix  Knxea,  P.  Biihrit,  and  P. 
Rubra  Pilaris,  in  The  Appendlx,  and  that  on  Tinea  in 
Vol.  VII.)  Iloirairl  Morrow. 

PIXOL  is  a  cheap  substitute  for  ly.sol  made  bj'  mixing 
one  pound  of  green  soap  with  three  pounds  of  liquid  tar 
(Pix  liquida)  and  slowly  adding  a  solution  of  three  and 
one-half  ounces  of  potash  in  three  pints  of  water.  The 
resulting  liquid  is  miscible  with  water,  and  is  used,  in 
flve-per-cent.  dilution,  for  disinfecting  the  hands,  linen, 
etc.     It  is  claimed  to  be  about  as  strong  as  carbolic  acid. 

ir.  A.  Bantedo. 

PLACENTA,  ANATOIVIY  OF.— The  placenta  (i  ttAq- 
Kopr,  a  cake)  is  a  discoid,  sjiongy  body  attached  during 
pregnancy  to  a  portion  of  the  inner  wall  of  the  uterus. 
It  is  connected  by  means  of  the  vunbilical  cord  with  the 
foetus,  and  forms  for  it  the  organ  of  respiration,  nutri- 
tion, and  excretion.     After  the  expulsion  of  the  child,  it 


becomes  separated  from  its  area  of  attachment,  and  to- 
gether with  the  foetal  membranes  is  cast  oil  as  the  so- 


FIG.  3810.— Decidiia  Vera,  Fourtb  Month.  X  16.  (From  J. 
ndge  Williams'  "  Text-book  of  Obstetrics,"  ApnletoQ  &  Co. 
York,  1903.) 


Whit- 
,  New 


Fig.  3809.-Maternal   Surface  of  Mature  Placenta,  'Showing  Cotyledons ;    Membranes  Turned  Back 
X  ~/3.     (Froia  J.  Wbltrldge  Williams.) 


called  after  -  birth.  (Nachge- 
burt,  I'arriere-faix).  The 
portion  of  the  placenta  which 
is  attached  to  the  uterine  wall 
is  rough  and  irregular  and  is 
known  as  the  maternal  sur- 
face, while  that  facing  the 
fo3tus  is  smooth  and  covered 
by  the  thin  glistening  am- 
nion, whicli  overlies  the 
smooth  surfsice  of  the  chorion 
and  is  closely  applied  to  it. 

The  recentl_y  delivered  pla- 
centa at  term  is  smaller,  but 
at  the  same  time  somewhat 
thicker  than  it  is  when  in  ute- 
ro,  the  change  resulting  par- 
tially from  the  compression 
to  which  the  organ  has  been 
subjected  during  labor,  and 
partially  from  the  escape  of 
the  greater  part  of  the  blood 
contained  in  its  interior. 
The  organ  is  spongy  in  con- 
sistence, and  varies  consid- 
erably in  shape,  size,  and 
color.     In  single  pregnancies, 
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as  a  rule,  it  is  more  or  less  rounded,  though  it  may  l)e 
ovoid  or  oval,  reiiiforui,  cresceiitie  or  lobulated.  It 
measures  from  15  to  20  cm.  in  diameter,  and  from  3  to 
4  cm.  in  thickness,  generally  thinning  gradually  toward 


Fig.  3811.— Foetal  Surface  of  Mature  Placenta. 


the  edges,  which  fade  away  into  the  thin  foetal  mem- 
branes. Sometimes,  however,  the  thickness  is  fairly  uni- 
form up  to  the  very  margin.  Its  weight  varies  from  500 
to  600  gm.,  being  usually  about  one-sixth  of  that  of  the 
child,  though  in  syphilis,  nephritis,  and  some  other 
conditions  it  may  be  relatively  heavier. 

The  placenta  presents  two  surfaces  for  examination, 
the  maternal  and  the  fa-tal  (Figs.  3809  and  3811).  The 
former  varies  considerably  in  appearance,  but  is  usually 
dark  red  in  color,  varying  according  to  the  amount  of 
blood  contained  in  its"  substance  and  the  density  of  its 
structure.  It  is  divided  into  a  number  of  irregularly 
shaped  areas,  the  cotyledons,  which  are  separated  from 
one  another  by  shallow  fissures.  They  vary  consider- 
ably in  number,  sometimes  as  many  as  thirty  being  ob- 
served, and  may  measure  from  1  to  8  cm.  in  diameter. 
The  cotyledons  are  not  primary  divisions  of  the  placenta, 
but  appear  first  at  the  fourth  or  fifth  month  (Minot).  The 
outer  layer  of  the  entire  maternal  surface  consists  of  a 
thin  investment  of  decidua,  which  dips  down  to  form  the 
cotyledonary  divisions,  and  at  the  edges  of  the  placenta 
is  continuous  with  the  inner  coating  of  the  membranes. 
The  decidua  is  transformed  uterine  mucosa;  while  the 
placenta  is  in  utero,  it  constitutes  the  boundary  between 
the  chorionic  villi  of  the  placenta  and  the  uterme  mus- 
cle, and  separates  in  the  final  stage  of  labor,  so  that 
its  outer  or  compact  portion  is  carried  off  as  part  of  the 
placenta  and  membranes,  the  spongy  or  glandular  por- 
tion remaining  attached  to  the  muscle  wall  (Figs.  3810 
and  3816).  Scattered  over  the  maternal  surface  are  num- 
bers of  minute  yellowi.sh-white  patches  of  varying  size. 
Some  of  these  have  undergone  calcareous  degeneration, 
and  impart  to  the  palpating  finger  a  sen.sation  as  of 
coarse  sand  paper.  Close  inspection  of  this  surface  re- 
veals the  torn  openings  of  many  blood-vessels.  Thus 
Klein  was  able  to  count  one  hundred  and  five  of  these 


on  a  single  specimen,  fifty-one  being  arteries  and  fifty- 
four  veins. 

As  opposed  to  the  rougher  maternal  surface,  the  fatal 
side  presents  a  smooth  and  glistening  surface,  and  is 
of  a  purpli.sb-gray  color, 
mottled  with  minute  yel- 
lowish patches,  and  marked 
by  irregular  yellowish- 
white  areas  of  varying  size 
(white  infarcts)  (Fig.  3811). 
It  is  covered  by  the  thin 
glistening  amnion  which  is 
loosely  attached  to  it,  but 
which  may  be  separated  as 
far  as  the  in,sertion  of  the 
coixl.  Beneath  the  amnion 
lies  the  smooth  choriov, 
from  the  lower  surface  of 
which  the  villi  extend, 
giving  rise  to  the  mottled 
appearance  of  the  surface. 

The  'umhiUcal  cord  termi- 
nates upon  the  fcetal  sur- 
face of  the  placenta,  and 
presents  a  dull  white  trans- 
lucent appearance.  It  va- 
ries from  1  to  2.5  cm.  in 
diameter,  and  averages  55 
cm.  in  length,  the  extreme 
variations  being  0.5  and 
198  cm.  When  unusually 
short  it  may  give  rise  to 
dystocia  at  the  time  of  la- 
bor. As  the  blood-vessels 
are  usually  longer  than  the 
cord,  the,y  grow  in  a  spiral 
manner,  and  are  frequently 
folded  upon  themselves, 
giving  rise  to  projections 
which  are  termed  false 
knots.  On  the  other  hand, 
true  knots  are  sometimes 
noted.  These  may  be  most  complicated  in  form,  and 
are  believed  to  be"  due  to  fatal  activity.  Contrarj-  to 
the  usual  statements,  the  cord  is  not  enclosed  in  an  am- 
niotic sheath,  but  is  covered  by  stratified  epithelium. 


%.     (From  J.  ^Vllltricige  Williams.) 


n}j..~-f—~.- 


Fio.  3812.— Umbilical  Cord.  Foetal  End.  X  5J^.  U.A.,  Umbilical 
artery;  U.S.,  remnant  of  umbilical  stalk;  Z7.F.,  umbUlcal  vein. 
(From  J.  Wbitridge  Williams.) 
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■wliifh  is  continuous  witli  tliat  of  the  abdomen  of  the 
ftt'tus.  Its  interior  is  made  up  of  mucoid  connective 
tissue — WharioniaH  jelly,  in  wliich  are  embedded  two 
arteries,  a  vein,  the  umbilical  stalk,  and  a  remnant  of 
the  allantois  (Fig.  3812).  The 
latter  is  seen  only  at  the  fcetal 
end.  The  cord  is  rarel}'  in- 
serted centrall_y,  being  usu- 
ally somewhat  eccentrically 
placed,  although  occasionally 
it  may  terminate  at  the  mar- 
gin of  the  placenta — hattledore 
placenta.  Less  frequently  the 
blood-vessels  separate  before 
reaching  the  fa?tal  surface, 
and  make  their  way  to  the  pla- 
centa in  a  fold  of  anmion^ 
•eelamerdons  inmrtioii.  The 
arteries  come  down  together 
from  the  cord,  and  are  usnallj' 
but  not  always  connected  by  a 
transverse  vessel,  just  beioie 
reaching  the  placenta.  The 
vessels  then  spread  in  all  di- 
rections in  the  superficial  part 
of  the  chorion,  each  branch 
producing  a  ridge  upon  its 
surface,  by  which  its  course 
can  easily  be  followed.  The 
veins  lie  beneath  the  level  of 
tlie  arteries,  are  larger  in  cal- 
ibre, and  distended  with  blood. 
Both  arteries  and  veins  branch 
repeatedly,  each  set  following 
in  a  general  way  tlie  course  of 
the  other,  but  they  do  not  an- 
astomose upon  the  placental 
surface.  Generally  they  can 
be  traced  in  their  ramifications 
until  they  disappear  as  tine 
branches,  turning  at  right  an- 
gles into  the  placental  ti.ssue, 


communicate  with  veins  by  means  of  capillaries,  at  the 
free  extremities  of  the  chorionic  villi. 

In  nearly  all  cases,  as  shown  by  Schultze,  the  iimlnhcal 
Teaide  and  stalk  mav  be  found  between  the  amnion  and 


Fig.  38U.— Peters'  Earlv 
Bl.L.,  lakes  ut  blood  ; 
U.Z.,  decldua  vera ; 
large  blood-vessels ;  a 


in  order  to  supply 
the  chorionic  villi. 
Occasionally,  how- 
ever, a  large  vessel, 
more  often  a  vein, 
dips  down  abrupt- 
ly. The  greatest 
possible  variation  is 
noted  in  the  ar- 
rangement of  the 
placental  vessels. 
When  the  cord  is 
inserted  near  the 
margin  they  are  ar- 
ranged much  more  symmetrically  than  when  the  inser- 
tion is  nearer  the  centre.  There  are  no  signs  of  a  dis- 
tinct cotyledonary  circulation,  but  corrosion  specimens 
of  injected    i)lacentie   show   that   the   terminal   arteries 
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Fic.  3813.  —  Chorionic  Villus  from  Full- 
Term  Placenta.  HlRlily  masnlDed.  (Al- 
ter Kollmann.)  Bj),  Epithelial  covering; 
.S,  stroma  ol  villus ;  T,  vascular  loop. 


Sl.S 


Ovum.     (From  J.  Whitrldge  William^;.!     r.E..  Uterine  epithelium: 
Caps.,  decidua  reflexa  ;   O.P..  "Gewebspilz  "  ;   Dr.,  uterine  glands; 
T»-.,  trophoblasts  ;    C,  capillaries ;    A'.^l.,  beginning  embrvo  ;   Bl.O., 
'b,  point  of  entrance  of  ovum. 

the  chorion,  and  near  the  placental  margin.  When  the 
membranes  are  separated  it  usually  lies'upon  the  inner 
surface  of  the  aimiiou.  The  vesicle  itself  is  a  minute 
rounded  sac,  2-4  mm.  in  diamctei',  which  usually  con- 
tains in  its  interior  a  calcific  point.  It  is  attached  to  a 
thread-like  stalk  Avhich  extends  to  the  coril,  and  fre- 
quently can  be  traced  throughout  its  entire  length. 
These  may  rarely  be  accompanied  by  omphalo-mesenteric 
vessels  which  have  remained  persistent. 

The  decidual  and  chorionic  layeis  of  the  placenta  are 
each  less  than  a  millimetre  in  tl'iickness,  save  where  the 
latter  is  thickened  by  blood-vessels  or  infarcts.  On  sec- 
tion the  placenta  jircscnt  a  sponge-like  structure,  whose 
meshes  are  tilled  with  blood,  while  the  imperfect  partition 
walls  are  formed  by  chiuionic  villi,  which  occupy  the 
space  enclttsed  between  the  decidual  and  the  chorionic 
membranes.  Some  idea  of  the  complexity  of  the  villi  may 
be  obtained  by  floating  a  small  piece  of  placenta  in  decinor- 
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mal  salt  solution,  and  washing  it  free  from  blood,  when 
one  can  distinguish  a  number  of  arborescent  structuies, 
consisting  of  a  primary  stalk,  wliicli  divides  and  subdi- 
vides like  the  brandies  of  a  tree.  Tlie  lai'ger  stalks  arise 
from  the  maternal  side  of  the  cliorionic 
membrane  and  extend  a  varj'ing  dis- 
tance through  the  ])lacenta,  some  end- 
ing freel}',  wliile  others  aie  firmly  at- 
tached to  the  decidual  portion.  Under 
the  microscope,  the  arborescent  branch- 
ing is  readil_y  appreciated,  and  it  will 
be  found  that  a  great  part  of  the  in- 
terior of  the  termuial  branches  is  occu- 
pied by  blood-vessels,  wliich  bi'eak  up 
into  capillaries,  just  before  reacliing 
their  free  ends  (Fig.  3813). 

Deeelopment  of  t)ie  rim-ciitti. — All  early 
human  ova  thus  far  described  liave  pre- 
sented, upon  their  outer  or  chorionic 
surface,  braucliiiig  villi  each  of  which 
consists  of  a  core  of  <'horionic  mesoderm 
covered  bj'  two  layers  of  epithelial  cells. 
For  man}'  j'cars  the  origin  of  the  latter 
has  been  a  source  of  dispute,  due  in  great 
part  to  tlie  fact  that  nuich  of  our  kuowledge  of  liuman 
embrj'ology  is  purely  hypothetical,  and  is  based  upon 
observations  made  upon  the  lower  mammals.  During 
the  last  few  years,  however,  considerable  light  has  been 
thrown  on  this  question  by  the  study  of  the  early  human 
embryos  of  Peters,  Leopold,  and  Spee,  and  by  tlie  work 
of  Selenka  upon  the  anthropoid  apes,  and  of  Iliilirecht 
upon  hedgehogs.  Peters'  specimen  is  the  earliest  human 
ovum  thus  far  desciibed,  and  was  believed  by  him  to  be 
from  three  to  four  days  old  (Fig.  3814).  Many  writers, 
however,  consider  it  to  be  somewliat  older,  probably  at 


Fig.  ;i,si5.— Reich 
uitled  six  times, 
ridge  WliliaiLis.) 


the  cud  of  the  first  week.  The  ovum  was  embedded  in 
the  depths  of  the  endometrium,  and  was  surrounded  by 
a  thin  layer  of  mesoderm,  surmounted  by  a  ca|)sule  of 
many  layers  of  fretal  ectodeini.  To  tliis  latter  Peters 
applied  the  term  iroplioldusU.  lie;  ad- 
vocated the  view  that  the  tro|)hiil)lasts 
proliferate  rajiidly,  and  invade  the  cajiil- 
laries  of  the  surnnuiding  decidual  tissue, 
with  the  consequent  formation  of  jiools 
of  maternal  blood  of  varying  size.  These 
are  situated  in  the  tro]iholilastlc  ca|i- 
stile,  but  are  bounded  e.xtenially  by  di-- 
cidua,  and  re|)reseiit  the  eai'liest  slagi'S 
in  the  formation  of  the  iiitrn'ilhiiisKjiiirrs. 
As  a  result  of  the  oiiening  of  the  iiiatei-- 
nal  vessels  the  trophoblasfs  soon  present 
a  .sieve-like  appearance,  and  the  cells  be- 
come compressed  into  masses  of  irregu- 
lar form,  some  of  which  extend  from  the 
ovum  to  the  surrounding  tissue,  while 
the  majority  never  reach  it.  Into  these 
the  mesoderm  soon  makes  its  way,  thus 
giving  rise  to  the  primary  villi.  Those- 
reaching  the  decidua  are  known  as  fimt- 
ening,  or  anchoring  tilli,  autl  become  firmly  attached  to 
it  b}'  the  proliferation  of  the  ectodermal  cells  at  their  ex- 
tremities, giving  rise  to  masses  of  cells,  which  may  lie 
seen  throughout  the  first  half  of  pregnancy  and  are  iles- 
ignated  as  cell  nodes. 

During  the  first  weeks  of  pregnancy  branching  villi 
project  from  the  entire  periphery  of  the  ovum  (Fig. 
3815),  and  come  in  contact  not  onlj'  with  the  decidua 
u|)on  which  it  rests  (serotina),  but  also  with  the  laj'cr 
which  separates  it  from  the  uterine  cavity  (reflexa). 
During  this  period,  the  villi  are  devoid  of  blood-vessels, 
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Fig  3816  —Section  through  Fcetal  Memtiranes  and  Decidua  at  Term,  Outside  of  the  Placental  Site,  Magalfled  77  times.  Am.e^p.,  epithelium  : 
A.C,  amniotic  connecUve  tissue ;  C.C..  chorionic  connective  tissue ;  C.ep.,  chorionic  epithelium ;  V,  degenerated  villi ;  fibrin ;  Dec, 
decidua. 
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and  the  ovum  is  nourished  by  osmosis  from  tlie  matcrual 
blood  Probably  as  a  result  of  contact  with  the  maternal 
bloodi  the  outermost  cells  of  trophoblasts  early  undergo 
marked   changes,   becoming  converted  into  a  layer  of 


C'lAt-- 


^       ''Of 


X."^."S^.lT>.i.'{>«  .V 


Fig.  3817.  —  Section  through  Chorionic  Membrane  and  Villi  ol  a  Two-Weeks  Ovum.  MaKnifled  33  times. 
(From  J.  Whitridge  Williams.)  CM.,  Chorionic  membrane;  Ep,  epithelium  of  chorionic  membrane;  t>, 
connective-tissue  layer  of  chorionic  membrane ;  V,  villi ;  s,  stroma  of  villus ;  ep.,  epithelium  of  villus ;  Tr, 
decidual  island  (remnant  of  trophoblast) . 


coarsely  granular,  vacuolated  protoplasm,  with  no  sign 
of  division  into  individual  cells,  and  through  it  are  scat- 
tered irregularly  shaped,  darkly  staining  nuclei.  This 
tissue  is  known  as  syncytium,  a  term  introduced  in  1893 
by  Kossraann,  although  its  characteristics  had  been  rec- 
ognized manj'  years  before  by  Kastschenko,  who  de- 
scribed it  as  Plasmodium.  Beneath  the  syncytium,  and 
in  contact  with  the  chorionic  connective  tissue,  develops 
a  layer  of  sharply  outlined,  polygonal  cells,  with  clear 
protoplasm  and  large  vesicular  nuclei,  which  is  desig- 
nated the  cell  layer,  or  ZelhcliicM  of  Laiuilians. 

With  the  advance  of  pregnancy,  the  blood  supply  of 
the  decidua  serotina  becomes  more  and  more  abundant, 
while  that  of  the  reflexa  gradually  disappears;  as  a  con- 
sequence the  villi  in  contact  with  the  former  are  better 
nourished,  and  grow  more  rapidly  than  elsewhere,  thus 
giving  rise  to  the  formation  of  the  cli.orion  frundoxiim. 
At  the  same  time  the  villi  covering  the  rest  of  the  ovum 
develop  less  rapidly,  and  eventually  undergo  atrophic 
changes,  so  that  this  portion  becomes  known  as  the  clio- 
rion  lave.  As  the  ovum  increases  in  size,  the  intervillous 
spaces  in  the  chorion  hevc  diminish  in  size  and  gradually 
become  obliterated,  and  hy  the  fourth  month,  when  the 
retlexa  has  coiue  in  contact  with  the  decidua  vei'a,  the 
villi  become  atiophied,  lose  their  epitlieliuiu,  and  event- 
ually appear  as  round  or  oblong  hyaline  bodies.  On  the 
other  hand,  the  villi  of  the  chorion  frondosimi  pi'olifeiiite, 
and  together  with  thi^  decidua  serotinaform  the  placenta, 
which  assimies  its  distinctive  characteristics  about  the 
third  or  fouith  month.  It  is  probable  that  the  primary 
villi  do  not  increase  in  number  with  the  advance  of  preg- 
nancy, but  their  bi-anehes  rapidly  increase  in  complexity, 


so  that  their  growth  has  been  aptly  connparcd  to  the  de- 
velopment of  a  forest  from  a  number  of  young  tiees> 

C1V5SS  sections  of  chorionic   villi   differ  marked!}    in 

appearance  at  the  various  periods  of  pregnancy,  and  JJe 

'^'  Loos    has    shown 

that  their  age  may 
be  roughly  esti- 
mated according 
to  their  structure. 
Thus,  in  the  early 
weeks,  they  con- 
sist of  a  more  or 
less  mucoid  stro- 
ma with  a  few 
branching  cells, 
the  proliferation 
of  which  gives 
rise  to  the  fibrillar 
structure  ob- 
served  in  older 
villi.  After  the 
first  few  weeks 
the  stroma  is  in- 
vaded by  blood- 
vessels of  foetal 
origin,  which 
come  down  by 
the  cord,  and 
which  follow  the 
villi  in  all  their 
ramifications. 
The  epithelial 
structures  also  dif- 
fer in  appearances 
according  to  the 
stage  of  develop- 
ment. During  the 
first  few  months 
the  distinction  be- 
tween the  syncy- 
tium and  Lang- 
hans'  cell  layer  is 
sharply  marked. 
As  pi-egnancy  ad- 
vances, Langiiaus' 
1  a  3'  e  r  gradually 
disappears,  so  that  in  the  last  months  the  villi  are  cov- 
ered only  by  a  thin  la3'er  of  flattened  syncytium. 

Projecting  from  the  surface  of  the  villi  are  occasional 
buds  of  syncytium,  which  when  cut  across  tangentially 
appear  a.s  giant  cells,  lying  free  in  the  intervillous  blood 
spaces.  They  consist  of  a  protoplasmic  mass,  which 
presents  no  distinct  cellular  division,  and  contain  a  large 
number  of  darkly  staining  nuclei.  These  represent  the 
first  stage  in  the  development  of  new  villous  branches, 
and,  as  might  be  expected,  when  one  bears  in  mind  the 
development  of  villous  processes,  are  seen  less  frequently 
in  more  mature  placenta?. 

Here  and  there,  in  the  spaces  between  villi,  maj'  be 
seen  masses  of  small  clear  cells  with  vesicular  nuclei — 
ileciclval  islands.  These  are  usuall_y  surrounded  by  a 
layer  of  syncytium,  rarely,  if  ever,  contain  blood  vessels, 
and  appear  to  consist  of  decidual  tissue,  which  frequentlj' 
presenls  areas  of  degeneration.  They  are  usually  inter- 
preted as  cross  sections  through  the  so-called  decidual 
.sepia,  which  arc  supposed  to  extend  toward  the  chorionic 
membrane.  Formerly  they  were  regarded  as  being  ma- 
ternal in  origin,  but  in  the  light  of  more  recent  investiga- 
tion, it  seems  better  to  consider  that  the}'  arise  from  fce- 
tal  tissue,  and  represent  areas  of  trophoblasts  that  were 
not  concerned  in  the  fornuition  of  the  chorionic  villi. 

The  decidua  is  uterine  mucosa  which  under  the  influ- 
ence of  pregnancy  has  been  transformed  to  fit  it  for  the 
reception  and  development  of  the  ovum.  It  is  composed 
of  large  branching  cells  of  an  epithelioid  character,  with 
round  vesieulai'  nuclei,  containing  a  rather  scanty  chroma- 
tin network.  In  the  upper  portion  of  the  decidua  sero- 
tina is  a  thin  layer  of  homogeneous  tissue,  staining  deeply 
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with  eosin,  and  containing  many  vacuolated  areas.  Tliis, 
tlie  so-called  layer  of  cantdized  fibrin,  results  from  the  de- 
generation of  the  trophoblastic  cells  forming  the  cell 
nodes.  It  was  first  described  by  Raissa  Nitabucli,  who 
showed  distinctly  that  it  marked  the  boimdaiy  between 
foetal  and  maternal  tissue;  the  cells  which  lie  above  it, 
in  spite  of  their  resemblance  to  decidual  tissue,  arc  of 
fcetal  origin,  and  result  from  the  proliferation  of  the  tro- 
plioblasts,  while  those  below  it  are  of  maternal  origin  and 
have  developed  from  the  stroma  of  the  uterine  mucosa. 
Interspersed  between  tlie  latter  are  giant  cells  of  syncytial 
origin,  which  invade  the  deiiths  of  the  deeidua  serotina, 
and  may  even  extend  into  the  uterine  muscle. 
The  intervillous  spaces  are  lined  throughout  by  syncy- 


others.  The  portion  of  the  intervillous  spaces  which  lies 
at  the  periphei-y  of  the  placenta,  bet^veen  the  edge  of  the 
deeidua  serotina  and  chorion,  has  been  termed  the  circu- 
lar sinus.  It  is  not  a  continuous  channel,  althougli  the 
villi  here  are  less  abundant  than  elsewhere.  The  blood 
gains  access  to  the  cavities  by  branches  of  the  uterine 
arteries,  which  pursue  a  convoluted  course  through  the 
deeidua  serotina,  and  after  their  walls  have  been  reduced 
to  a  single  layer  of  endothelium,  open  from  the  sides  of 
the  decidual  septa.  The  blood  escapes  through  wide- 
mouth  veins  upon  the  decidual  surface,  and  makes  its 
way  to  the  large  venous  sinuses,  underlying  the  placen- 
tal site.  It  would  consequently  appear  that  tlie  intervil- 
lous circulation  is  necessarilj'  of   a   sluggish  character, 
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Fio  3818— Section  throueh  a  Three-Montlis  Placenta,  Sbowing  Structure  of  Cborionic  Villi.  Magnifled  110  times.  ( 
Williams'  "Textbook  ot  Obstetric  Appleton  &  Co.,  New  York,  1903.)  S,  Stroma  of  villus;  Sy,  syncytium;  Z, 
syncytial  bud;   O.G.,  so-called  placental  giant  cells. 


From  J.  Whitridge 
ZellscMclit;  S.B., 


tium,  save  where  it  has  undergone  degeneration  in  the 
deeidua  serotina  and  forms  part  of  Nitabuch's  tibrin 
layer  They  contain  maternal  blood,  as  has  been  definitely 
proven  by  the  work  of  AValdeyer,  Farre,    Turner,   and 


thereby  facilitating  the  interchange  of  substances  with 
the  foetal  blood  in  the  vessels  of  the  chorionic  villi. 

The  villi  are  bathed  on  all  sides  of  their  syncytial  cover- 
ing by  the  maternal  blood  in  the  intervillous  spaces,  and 
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contain  branches  of  the  umbiHcal  arteries  which  break  up 
into  capillaries  in  the  terminal  ramitications.  As  direct 
communication  between  the  fojtal  and  maternal  circu- 
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Fig.  3819.-Oross  Sertlon  of  Seven-Montlia  Placenta  Showing:  BeKln- 
nlng  Infarct  Fdnnatinii.     (li'roiii  J.  Wliltridge  Williams.) 

lation  has  been  dispi'oven,  it  is  evident  that  the  ftt'tus 
is  nourished  hy  substances  ileriveil  from  the  maternal 
blood,  by  osmosis,  and  l)y  tlie  selective  power  of  the  syn- 
cytium.    These  must  travei'se  the  layei's  of  the  chorionic 
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villi  which  separate  the  two  circulations.  In  the  early 
and  middle  months  of  pregnancy  tliere  are  four  such  lay- 
ers—syncytium,  Laughans'  cell'layer,  the  connective  tis- 
sue of  the  villi,  and  the  endothelium  of  the  villous  capil- 
laries. Later,  this  number  is  reduced  to  three  by  the 
disappearance  of  the  Langhans  layer.  These  act  as  a 
barrier  to  the  passage  of  formed  substances.  While  the 
evidence  concerning  this  question  has  been  conflicting,  it 
seems  probable,  in  the  light  of  recent  investigations,  that 
bacteria  at  least  are  not  transmitted  fi'om  the  mother  to 
the  child  unless  the  placenta  presents  definite  lesions, 
which  may  constitute  portals  of  entr}'. 

The  full-term  placenta  contains  many  infarcts,  which 
if  of  moderate  size  cannot  be  regarded  as  a  disease,  but 
rather  as  a  sign  of  senility  of  the  placenta,  analogous  to 
the  changes  which  are  observed  in  the  villi  of  the  chorion 
losve  at  an  earlier  peiiod  of  pregnancy.  These  begin  as 
a  rule  in  an  obliterating  endarteritis.  At  the  same  time 
changes  may  be  seen  in  the  portion  of  the  villi  which  cor- 
responds to  the  positicm  occupied  hy  Langhans'  cell  layer 
in  tlie  early  months.  This  progresses  and  the  tissue  be- 
comes converted  by  coagulation  necrosis  into  canalized 
fibrin.  If  the  pi'ocess  continues,  numbei's  of  villi  become 
fused  together  and  are  eventually  converted  into  a  fibroid 
material,  which  in  its  final  stages  is  indistinguishable 
from  fibrin  derived  from  the  blood.  Such  structures  are 
known  as  white  infarcts,  and  are  constantly  present  in 
varying  size  in  every  normal  placenta,  as  has  been  shown 
by  Ackermann,  Eden,  and  Williams.  The  primary 
change  in  the  jDroduction  of  infarcts  occurs  most  fre- 
quently in  the  villi,  although  it  may  be  initiated  in  the 
so-called  decidual  septa,  which,  as  we  have  seen,  are 
prone  to  degeneration,  owing  to  the  absence  of  blood- 
vessels. The  frequency  of  infarcts  has  been  emphasized 
b}^  Williams,  who  found  white  surface  infarcts  of  at 
least  1  cm.  diameter  in  243  of  500  placentae,  and  marginal 
infarcts  which  extended  throughout  at  least  one-third  of 
the  placental  periphery  in  184  cases  of  the  same  series. 

Anomalies  in  Form. — As  already  indicated,  the  placenta 
may  present  man}'  varieties  in  size  and  form.  We  have 
seen  that  it  becomes  discoid  in  shape  hy  atrophy  of  the 
villi  of  the  chorion  l;cve,  and  develops  from  the  chorion 
frondosum,  which  is  attached  to  the  most  highly  vascu- 
larized portions  of  the  decidua.  Abnormalities  in  the 
blood  supply  of  the  decidua  cause  most  of  the  anomalies 
of  the  placenta.  If  the  vascularization,  instead  Of  being 
limited  to  the  single  area  of  the  chorion  frondosum,  de- 
velops in  several  portions  of  the  decidua.  certain  villi  of 
the  chorion  Iteve,  corresponding  to  the  seat  of  vasculari- 
zation, persist,  and  the  resulting  placenta  may  present 
one  or  more  lobes,  separated  froni  each  other  by  normal 
membranes.  When  it  is  incompletely  divided  "into  two 
lobes  and  the  vessels  extend  from  one  to  the  other  to 
form  the  umbilical  coixl,  we  term  it  placenta  diinidiata, 
or  bijiartita.  Ahlfeld  noted  this  condition  once  in  six 
hundred  cases.  If  it  consist  of  two  separate  lobes,  the 
vessels  of  which  are  perfectly  distinct,  and  do  not  unite 
until  just  before  entering  the  cord,  it  is  known  as  placen- 
ta diiplcv.  The  insertion  of  the  cord  in  such  cases  is  gen- 
erally marginal,  and  at  the  periphery  between  the  two 
lobes.  Occasionally  the  organ  may  be  made  up  of  three 
distinct  lohaa— placenta  triplex,  while  in  very  rare  in- 
stances it  may  consist  of  a  number  of  small  lobes,  Hyrtl 
having  described  as  many  as  aevea— placenta  septuples. 

One  or  more  accessory  lobules  are  frequently  noted  in 
the  mem))i-ancs  at  S(nue  distance  from  the  periphery  of 
the  main  placenta.  Ordinarily  they  are  united  to  the' lat- 
ter by  vascular  connections  and  constitute  the  placenta 
Kuecentiiriata.  When  these  are  lacking  and  the  accessory 
lobules  are  functionlcss,  they  constitute  the  placenta 
Kl)tiriii. 

Failure  of  the  chorion  Irevc  to  atrophy  results  in  the 
formation  of  a  thin  placenta,  which  covers  more  or  less 
of  the  entire  inner  surface  of  the  uterus  with  functioning 
villi.  This  constitutes  the  placenta  membranacea,  which 
IS  frequently  adherent,  and  may  give  rise  to  serious  com- 
plications in  the  thii'd  stage  of  labor.  Atrophy  of  the 
central  primary  villi  of  the  chorion  frondosum  gives  rise 


REFERENCE   HANDBOOK  OF  THE   MEDICAL   SCIENCES. 


Placenta. 
Placenta. 


to  the  so-called  placenta  fenestrata  in  which  there  is  an 
aperture  of  varying  size  in  the  central  portion  of  the 
placenta,  covered  only  by  normal  membranes.  Other 
anomalies  may  occur,  and  as  reported  by  Taurin  the  hu- 
man placenta  may  be  a  broad  annular  organ  which  en- 
circles the  uterine  cavity  like  those  of  the  carnivorous 
animals. 

The  outlines  of  the  placentas  in  the  case  of  twins  va- 
ries accordingly  as  development  occurs  from  the  ova  of 
two  Graafian  follicles  (double-ovum  twins),  or  from  one 
ovum  whose  nucleus  has  undergone  cell  division  (single- 
ovum  twins).  In  the  former  instance  there  are  two  dis- 
tinct placentas.  In  the  latter,  there  is  but  one  placenta, 
with  a  single  chorion  which  contains  two  separate  am- 
nions, so  that  each  child  lies  separated  from  the  other  by 
two  amniotic  walls.  This  septum  may  be  ruptured  by 
unusual  pressure  of  the  amniotic  fluid  or  by  excessive 
foetal  activity  and  atrophy  of  the  partition  may  result. 

The  placenta  in  utero  is  generally  attached  either  to 
the  upper  portion  of  the  anterior  or  posterior  wall,  and 
extends  for  some  distance  upward  and  upon  the  fundus. 
If  the  insertion  be  low,  it  may  cover  the  internal  os  of 
the  cervix,  which  condition  is  known  as  placenta  prcevia 
and  constitutes  a  most  dangerous  complication  of  preg- 
nancy. Schroeder  has  drawn  attention  to  the  fact  that 
the  direction  of  the  round  ligaments  may  indicate 
whether  the  placenta  is  anteriorly  or  posteriorly  placed. 
If  the  placenta  develops  upon  the  anterior  uterine  wall, 
the  increased  blood  supply  will  cause  a  more  rapid 
f  growth  in  this  region  and  the  resulting  increased  breadth 
of  the  uterus  will  cause  the  ligaments  to  run  more  or  less 
parallel.  If  the  placenta  be  posteriorly  situated  the  re- 
verse will  be  true,  and  the  ligaments  will  be  found  to 
diverge  in  their  course  downward.  The  distance  between 
the  internal  os  and  the  edge  of  the  placenta  may  be  esti- 
mated by  measuring  the  length  of  the  membranes  of  the 
shed  placenta  from  their  point  of  rupture  to  the  placen- 
tal margin.  As  rupture  occurs  over  the  internal  os,  we 
can  by  this  method  frequently  reconstruct  the  position 
of  the  placenta  in  utero,  having  first  determined  by  pal- 
pation of  the  round  ligaments  as  to  whether  the  placenta 
was  anteriorly  or  posteriorly  placed. 

Frank  Wortliington  Lynch. 
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PLACENTA,  PATHOLOGY  OF.— The  chief  part  of 
the  pathology  of  the  placenta  has  been  discussed  under 
the  heads  of  Chorion,  Pathology  of  the,  and  Decidua, 
Pathology  of  the.  This  article  will  treat  only  of  the 
general  pathological  conditions  of  the  organ  considered 
as  a  whole;  namely,  anomalies  of  development,  size, 
and  location,  general  disturbances  of  circulation,  inflam- 
mation, etc. 

Anomalies  of  Development. — These  are  of  not  infrequent 
occurrence.  Instead  of  the  usual  round  or  oval  form,  the 
placenta  may  exhibit  the  greatest  diversity  of  shape,  such 
as  crescentic,  horseshoe,  elliptical,  etc.  {PI.  Mloba,  triloba, 
multiloba,  renifo^'mis,  fenestrata,  panduraformis,  etc.). 
Besides  tlie  main  organ  there  may  be  found  completely 
separated  cotyledons  appearing  as  smaller  accessory  pla- 
centas (PI.  suecenturiatm).  The  smaller  accessory  pla- 
centas owe  their  origin  to  a  localized  failure  of  placental 
development  in  certain  areas  corresponding  to  an  endo- 
metritic  thickening  of  the  decidua  with  fibrin  formation, 
leading  to  an  obliteration  of  the  intervillous  sinuses  at 
the  point  of  separation  between  the  main  mass  and  the 
accessory  cotyledons.  Following  the  obliteration  of  the 
intervillous  spaces  the  villi  of  the  intervening  areas 
undergo  atrophy  or  fibroid  change.  Not  infrequently 
the  accessory  placentas  may  suffer  a  similar  change  from 
obliteration  of  the  intervillous  spaces  and  appear  in  the 
mature  placenta  as  thickened,  bloodless  areas  separated 
from  the  main  organ  (placenta  spuria).  If  the  placenta 
becomes  divided  in  similar  manner  by  atrophy  or  non- 
development  of  a  portion  of  the  chorion,  into  two  portions 
of  approximately  equal  size,  the  phenomenon  of  an  ap- 
parently double  placenta  with  one  child  is  presented  (PI. 
duplex,  dimidiata,  bipartita).  Smaller  accessory  placentas 
may  also  be  associated  with  this  condition.  The  cord  may 
be  inserted  marginally  upon  one  half,  or  there  may  be  a 
velaraentous  insertion  between  the  two  halves.  It  is  also 
possible  that  a  double  placenta  may  be  formed  by  the 
changes  that  occur  in  the  placenta  following  the  original 
implantation  of  the  ovum  in  one  of  the  uterine  horns. 
Under  such  conditions  the  placenta  finds  proper  nourish- 
ment for  its  development  upon  the  anterior  and  posterior 
walls  of  the  uterus,  but  not  In  the  horn  itself  where  the 
decidua  is  developed  but  slightly.  As  the  result  of  the 
non-development  of  the  chorion  over  the  poorly  developed 
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decidua  of  the  horn  the  portions  of  placenta  developing 
on  the  anterior  and  posterior  walls  become  separated  from 
each  other  and  appear  as  a  double  organ.  According  to 
some  writers  a  double  placenta  may  be  formed  through  a 
secondary  implantation  of  a  placenta  retlexa  upon  the 
opposite  uterine  wall ;  but  by  the  majority  of  authorities 
this  is  considered  doubtful.  The  peculiarities  in  de- 
velopment of  the  placenta  mentioned  above  have  been 
regarded  as  examples  of  an  atavistic  reversion  to  the  pla- 
cental type  of  some  of  the  lower  animals ;  but  it  is  very 
likely  that  they  represent  the  sequelae  of  inflammatory 
conditions  of  the  endometrium,  or  are  secondary  to  a  lo- 
calized obliteration  of  the  intervillous  spaces  and  atrophy 
of  the  chorion  analogous  to  infarct  formation.  Such 
atrophy  may  be  due  to  the  fact  that  the  affected  portions 
of  the  chorion  do  not  find  a  favorable  location  for  de- 
velopment. The  various  anomalies  of  development  may 
have  a  practical  importance,  in  that  portions  of  the  pla- 
centa may  be  retained  after  delivery ;  this  is  particularly 
likely  to  "occur  in  the  case  of  double  placenta  or  when 
accessory  placentas  are  present. 

Placenta  marginata.  This  term  is  applied  to  the  pla- 
centa when  the  chorion  Ireve  is  given  off,  not  from  the 
edge  of  the  placenta,  but  from  its  surface,  so  that  there 
is  produced  beyond  the  attachment  of  the  foetal  mem- 
branes an  edge  or  margin  which  does  not  stand  in  direct 
connection  with  the  main  mass  of  the  chorion.  Prom 
this  margin  the  membranes  are  easily  stripped ;  its  sur- 
face is  covered  with  a  thick,  firm,  yellowish  fibrin  layer 
which  is  elevated  1-3  cm.  above  the  general  surface  of 
the  chorion.  On  microscopical  examination  the  fibrin 
ring  or  margin  is  found  to  consist  of  atrophic  and  necro- 
tic villi  with  obliterated  blood  spaces.  Its  structure  is 
therefore  the  same  as  that  of  the  placental  infarct.  If,  on 
the  inner  side  of  the  fibrin  ring,  there  is  developed  a  ring- 
formed  elevation  of  the  chorion,  the  variety  known  as  the 
placenta  circurn'oaUata  is  produced.  Both  of  these  anom- 
alies develop  as  the  result  of  an  abnormal  proliferation 
of  the  reflexa  with  a  subsequent  infarction  of  the  same 
and  of  the  enclosed  villi.  In  this  way  there  is  formed  on 
the  surfaqe  of  the  placenta  a  stiff  and  inelastic  ring  of 
fibrin  at  a  time  when  the  placenta  has  not  yet  attained  its 
full  size.  The  fibrin  ring  hinders  the  peripheral  growth 
of  the  villi,  but  these  are  able  to  penetrate  the  decidua 
outside  of  the  ring,  where  they  give  rise  to  masses  of  villi 
lying  outside  of  the  firm  attachment  of  the  membranes 
to  the  placenta.  As  the  result  of  the  formation  of  the 
placenta  marginata,  portions  of  the  membranes  are  likely 
to  be  retained  after  delivery ;  and  in  those  cases  in  which 
the  condition  develops  very  early  the  growth  of  the  pla- 
centa may  be  so  limited  that  the  fcetus  will  probably  be 
insufficiently  nourished  and  abortion  may  occur. 

The  placenta  membranacea  is  a  rare  form  in  which  the 
organ  is  thin  and  flat,  and  extends  over  a  large  surface, 
either  the  whole  or  a  large  part  of  the  chorion  bearing 
permanent  villi.  It  has  been  variously  explained,  but 
the  most  plausible  theory  is  that  the  persistence  of  the 
villi  over  such  a  large  part  of  the  chorion  is  due  to  the 
fact  that  the  villi  penetrating  the  original  serotina  did 
not  obtain  sufiicient  nourishment.  The  placenta  iiiem- 
branaeea  may  give  rise  to  clinical  symptoms  of  jilacenta 
pravia,  hemorrhages,  retention,  etc.  Separation  in  the 
case  of  this  form  of  placenta  is  much  more  serious  than 
that  of  the  normal  form  of  organ. 

Abnm'malities  of  Site. — Tha  placenta  prmma  is  the  inost 
important  form  of  abnormal  location  of  the  placenta. 
The  placenta  may  completely  cover  the  os  (placenta  proe- 
via  centralis),  or  extend  into  the  lower  uterine  segment 
without  reaching  the  inner  os  (placenta  previa  lateralis). 
The  etiology  of  the  condition  is  obscure;  and  many 
theories  have  been  offered  in  explanation.  As  a  result 
of  previous  endometritis  the  cavity  of  the  uterus  may 
become  so  enlarged  that  its  walls  are  no  longer  in  contact 
with  each  other;  so  that  when  the  ovum  enters  the  ute- 
rus it  drops  downward  and  becomes  attached  to  the  lower 
portion  of  the  uterus.  In  some  cases  the  placenta  pre- 
via may  be  a  normally  situated  placenta,  which  is  so  large 
that  it  extends  into  the  lower  uterine  segment.'   It  is  also 
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probable  that  the  placenta  praevia  may  owe  its  origm  to 
a  development  of  a  portion  of  the  chorionic  vilh  in  the 
decidua  reflexa,  instead  of  those  implanted  m  the  sero- 
tina. The  clinical  Importance  of  placenta  praevia  lies  m 
the  fact  that  in  the  later  months  of  pregnancy  the  en- 
largement of  the  lower  pole  of  the  uterus  gives  nse  to 
detachment  of  the  placenta  with  consequent  hemorrhage. 

Anomalies  in  the  insertion  of  the  cord  are  not  infre- 
quent; the  usual  attachment  is  the  centre  of  the  organ; 
not  rarely  it  is  eccentric,  or  even  at  the  margin  (battledm-e 
placenta).  When  the  cord  is  inserted  into  the  membranes 
some  distance  outside  of  the  placental  margin  the  con- 
dition is  known  as  tielamentous  insertion.  The  vessels 
bifurcate  at  the  point  of  insertion,  their  divisions  run- 
ning between  the  amnion  and  chorion  to  the  placenta. 

Circulatory  CJianges.— (Edema,  of  the  placenta  occurs 
rarely.  It  is  usually  associated  with  general  oedema  of 
the  fcetus;  more  rarely  with  maternal  dropsy.  Disturb- 
ances of  foetal  circulation,  thrombosis  of  umbilical  or 
hypogastric  arteries,  antenatal  closure  of  the  foramen 
ovale,  etc.,  have  been  regarded  as  the  exciting  causes. 
The  placenta  of  acardiac  monsters  is  usually  oedematous. 
The  number  of  leucocytes  in  the  blood  of  the  fcetus  may 
show  a  great  increase  in  these  cases.  The  oedematous 
placenta  is  larger  and  heavier  than  normal,  pale,  friable, 
and  soft.  Microscopically  the  villi  are  found  to  be 
greatly  enlarged  and  closely  packed  together;  the  inter- 
villous spaces  are  reduced  in  size  and  contain  but  little 
blood.  The  stroma  of  the  villi  is  separated  by  fluid,  the 
cells  being  pushed  far  apart.  The  foetus  usually  dies  in 
utero  as  the  result  of  the  conditions  causing  the  oedema. 

Hemorrhage. — True  apoplexies  of  the  placenta  are  rare. 
They  may  occur  either  in  the  maternal  or  in  the  foetal 
portion,  and  are  usually  the  result  of  inflammatory 
changes.  In  the  foetal  portion  the  mass  of  blood  becomes 
encapsulated  by  a  dense  layer  of  fibrin.  The  neighbor- 
ing villi  are  compressed  and  become  atrophic  or  necrotic. 
The  nutrition  of  the  foetus  may  be  impaired  and  abortion 
result.  Very  rarely  the  hemorrhage  may  occur  upon  the 
surface  beneath  the  amnion,  or  the  blood  may  burst 
through  the  serotina  and  escape  externally.  In  such 
cases  the  foetus  is  usually  born  dead.  In  some  of  the  re- 
ported cases  the  hemorrhage  was  regarded  as  due  to  a 
rupture  of  a  branch  of  the  umbilical  vein  or  artery  fol- 
lowing thrombosis,  twisting,  or  laceration.  The  causes 
of  these  hemorrhages  are  unknown  and  their  pathology  is 
doubtful.  It  is  probable  that  some  of  the  cases  described 
were  not  true  placental  apoplexies.  The  small  dark  red 
areas  frequently  seen  throughout  the  placenta,  and  re- 
garded by  many  as  interstitial  hemorrhages,  are  not  true 
hemorrhages,  but  represent  local  congestions  of  the  inter- 
villous spaces.  Inasmuch  as  the  blood  is  contained  within 
the  normal  blood  spaces  the  condition  cannot  be  consid- 
ered to  be  hemorrhage. 

Hemorrhage  into  or  from  the  placenta  as  the  result  of 
trauma  or  of  attempts  at  abortion  are  of  frequent  occur- 
rence. Hemorrhage  from  partial  separation  of  the  organ 
occurs  in  placenta  praevia.  In  inflammatory  conditions 
of  the  maternal  portion  of  the  placenta,  degenerative 
changes  in  the  serotina,  etc.,  partial  separations  of  the 
foetal  placenta  may  occur.  Such  hemorrhages  are  of 
frequent  occurrence  in  the  acute  infections,  syphilis, 
nephritis,  Basedow's  disease,  chronic  endometritis  of 
gonorrhoeal  origin,  etc.  In  all  these  cases  the  hemor- 
rhage is  from  the  maternal  vessels  and  not  from  the  foe- 
tal. They  represent  decidual  changes  rather  than  pla- 
cental. The  escaped  blood  fills  up  the  cavity  caused  by 
the  separation  of  the  chorion  or  outer  layer  of  the  de- 
cidua, or  may  break  through  the  fcetal  membranes  or 
escape  externally.  The  serotina  may  be  completely  de- 
stroyed and  a  large  cavity  formed  between  the  muscle  of 
the  uterine  wall  and  the  placenta.  The  chorionic  villi 
and  foetus  may  be  compressed ;  the  latter  suffering  from 
disturbances  of  nutrition  may  die,  or  may  present  abnor- 
malities of  development. 

Retrograde  Changes.— As  has  been  mentioned  in  the  ar- 
ticles treating  of  the  pathology  of  the  chorion  and  de- 
cidua, the  retrograde  changes  which  are  constantly  found 
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in  the  mature  placenta  must  be  regarded  as  the  expres- 
sion of  a  physiological  decay  of  the  organ.  The  great 
majority  of  the  older  observations  on  inflammation,  fatty 
degeneration,  amyloid  change,  etc.,  were  most  probably 
nothing  more  at  foundation  than  the  various  appearances 
produced  by  the  physiological  processes  of  infarction 
found  constantly  in  the  ripe  placenta. 

Atrophy  of  the  placenta  may  follow  extensive  hemor- 
rhages, or  inflammation,  or  atrophy  of  the  decidua. 

Neo'osis. — Simple  necrosis  of  the  chorionic  villi  occurs 
in  placental  infarction.  An  abnormal  degree  of  this 
change  may  be  caused  by  nephritis  of  the  mother,  by 
syphilis,  tuberculosis,  etc. 

Placental  Infarction  (see  Gliorion,  Pathology. of). 

Fatty  Degeneration. — The  cases  described  in  the  litera- 
ture by  Barnes  and  others  were  .undoubtedly  placental 
infarcts.  Fatty  degeneration  of  the  chorionic  villi  is 
extremely  rare  except  as  a  sequela  of  other  changes, 
retained  placenta,  placental  infarction,  etc.  A  small 
amount  of  fat  is  almost  constantly  present  in  the  normal 
ripe  placenta,  and  is  to  be  regarded  as  physiological. 

Calcification  within  certain  limits  is  almost  constantly 
found  in  the  mature  placenta,  and  is  to  be  regarded  as 
physiological.  Only  in  marked  degree  is  it  of  pathologi- 
cal significance.  In  the  latter  case  it  follows  excessive 
infarction,  fatty  degeneration,  etc.,  in  nephritis,  syphilis, 
acute  infections,  etc. 

Amyloid  has  been  described  as  occurring  in  the  placen- 
ta ;  but  the  appearances  taken  for  amyloid  were  probably 
those  of  infarcted  areas. 

Myxomatous  degeneration  of  the  stroma  of  the  chorionic 
villi  occurs  in  retained  placentas  and  in  hydatid  moles. 

Kgmentation. — Deposits  of  blood  pigment  may  be 
found  in  both  the  normal  and  the  diseased  placenta,  I'esult- 
ing  from  the  disintegration  of  red  blood  cells  contained  in 
the  clots  found  between  the  villi.  Rarely  this  pigment 
may  be  taken  up  by  the  villi  and  bo  found  deposited  in 
the  stroma  of  the  latter. 

Hyaline  degeneration  of  the  villi  occurs  to  a  certain  ex- 
tent in  the  ripe  placenta  as  an  evidence  of  physiological 
atrophy.  When  it  occurs  prematurely,  or  to  a  marked 
degree,  it  is  to  be  regarded  as  of  pathological  significance. 
It  may  follow  the  changes  produced  in  the  villi  by  the 
acute  infections  and  certain  intoxications,  but  is  most 
often  due  to  syphilis. 

Hypertrophy. — An  enlargement  of  the  placenta  may  be 
due  to  oedema  or  degenerative  conditions  of  the  villi. 
Fibrous  hyperplasia  occurs  in-  syphilis,  nephritis,  etc.  A 
true  hypertrophy — that  is,  an  enlargement  of  the  organ 
with  preservation  of  normal  structm-e — is  of  rare  occur- 
rence in  association  with  abnormal  development  of  the 
foetus. 

Inflammation  (see  Ohorion,  Pathology  of). 

Tuberculosis  of  the  placenta  has  been  described  but  a 
few  times  (Lehmann,  Schmorl,  and  Kockel,  Auche  and 
Chambrelente,  Warthin).  It  is  not  improbable  that  the 
disease  is  of  more  frequent  occurrence  than  the  few  pub- 
lished reports  would  indicate.  Inasmuch  as  there  are  no 
gross  changes  in  the  placenta  by  which  the  condition  can 
be  recognized  without  microscopical  examination,  it  is 
probable  that  cases  escape  diagnosis.  In  all  cases  of  ma- 
ternal tuberculosis  of  advanced  degree,  in  miliary  tuber- 
culosis, and  in  all  cases  of  maternal  tuberculosis  in  which 
the  tubercle  bacilli  gain  entrance  to  the  blood,  the  bacilli 
will  undoubtedly  be  found  in  the  blood  contained  within 
the  intervillous  spaces.  The  conditions  would  therefore 
favor  the  development  of  tubercles  in  this  location.  On 
the  other  hand,  it  may  be  argued  that  the  syncytium  and 
foetal  tissues  possess  a"  certain  degree  of  immunity  tow- 
ard the  tubercle  bacillus.  This  view  is  supported  by  the 
fact  that  in  placental  tuberculosis  large  masses  of  fibrin 
containing  great  numbers  of  tubercle  bacilli  may  be 
found  resting  upon  an  apparently  normal  syncytium; 
and  in  a  case  seen  by  the  writer  the  syncytium  had  even 
grown  around  and  enclosed  such  a  fibrin  mass  containing 
tubercle  bacilli. 

Syphilis  may  affect  either  .the  foetal  or  the  maternal 
portion  of  the  placenta.     In  both  cases  the  changes  are 


those  of  inflammation  and  premature  degeneration.  Gum- 
matous proliferations  have  been  observed  in  the  sero- 
tina;  but  it  is  not  improbable  that  some  of  the  changes 
described  as  such  were  in  reality  fibrin  masses  and  not 
gummata.  The  most  characteristic  and  constant  change 
in  the  placenta  due  to  syphilis  is  that  which  occurs 
when  the  infection  takes  place  at  the  time  of  conception 
or  during  the  early  stages  of  pregnancy.  In  such  cases 
the  chorionic  villi  not  infrequently  show  a  fibroblastic 
proliferation  (interstitial  placentitis)  of  the  villus  stroma 
with  resulting  obliteration  of  the  chorionic  vessels.  If 
the  foetus  survives,  the  affected  villi  undergo  a  fibroid 
change.  In  the  great  majority  of  cases,  however,  the 
condition  results  in  abortion.  Infection  during  the  later 
months  may  produce  little  change  in  tlie  placenta;  or  the 
physiological  phenomena  of  obliteration  of  the  chorionic 
vessels  and  infarction  may  be  much  more  extensive  than 
normally.  The  interstitial  placentitis  occurring  in  the 
early  months  of  pregnancy  is  characteristic  of  syphilitic 
infection  only  in  the  involvement  of  large  areas.  A 
similar  change  is  also  found  in  the  neighborhood  of  pla- 
cental tubercles. 

Oonm-rhaal  placentitis  has  been  regarded  clinically  as 
a  caruse  of  abortion.  Two  cases  have  been  reported  in 
which  the  gonococcus  was  found ;  but  neither  the  bac^ 
teriology  nor  the  pathology  was  established  beyond  a 
doubt.  The  etiological  r61e  of  the  gonococcus  has,  how- 
ever, been  clearly  shown  in  cases  of  interstitial  decidual 
endometritis. 

Placental  adhesions  with  the  uterine  wall  are  of  much 
more  rare  occurrence  than  is  usually  believed.  In  rare 
cases  the  serotina  may  fail  of  development  and  the  chori- 
onic villi  penetrate  directly  into  the  uterine  wall.  In 
cases  of  decidual  endometritis  fibrous  connective  tissue 
may  develop  in  the  serotina  and  give  rise  to  firm  connec- 
tions between  uterus  and  placenta.  As  a  result  of  such 
adhesions  portions  of  the  placenta  may  be  retained,  and 
this  may  lead  to  severe  hemorrhages  or  to  secondary  in- 
fection. Putrefactive  processes  may  take  place  in  such 
retained  placental  tissue,  as  well  as  in  that  retained  after 
abortion. 

Detachments  of  the  margin  of  the  placenta  of  slight  de- 
gree are  relatively  frequent,  and  possess  no  significance. 
Their  occurrence  is  revealed  by  masses  of  fibrin  or  blood 
clot  lying  between  the  decidua  vera  and  the  reflexa. 
More  extensive  detachments  may  endanger  the  life  of 
both  mother  and  foetus.  Such  detachments  are  usually 
associated  with  hemorrhage ;  the  blood  may  collect  in 
the  space  formed  by  separation  of  the  placenta  from  the 
serotina  or  burrow  between  the  layers  of  decidua  and  es- 
cape externally.  In  rare  cases  the  blood  may  rupture 
into  the  amniotic  cavity.  Only  exceptionally,  when  the 
detachment  occurs  in  the  central  part  of  the  placenta 
while  the  edges  remain  attached,  is  the  hemorrhage  un- 
important. In  such  cases  death  of  the  foetus  occurs, 
however,  as  the  result  of  disturbed  nutrition.  The 
detachment  of  the  placenta  during  birth  is  of  rare  occur- 
rence. Such  premature  loosening  of  the  organ  is  due  to 
sudden  diminution  in  the  volume  of  the  uterus  following 
the  loss  of  large  amounts  of  amniotic  fluid.  The  weight 
of  the  placenta  causes  it  to  descend  into  the  lower  seg- 
ment of  the  uterus,  where  it  may  present  before  the  foe- 
tus, and  may  be  expelled  first.  In  such  cases  the  child 
is  usually  lost. 

Changes  in  the  Placenta  after  Intra-uterine  Death  of  the 
F(Btus  or  Abortion.— Atter  death  of  the  foetus  in  the  early 
weeks  of  pregnancy  the  retained  chorion  may  continue 
to  grow.  Hemorrhages  occur  repeatedly,  forming  thick 
layers  of  blood  clot,  which  gradually  loosen  the  placenta 
remains.  These  together  with  the  blood  clot  are  dis- 
charged as  a  fibrin  or  fleshy  mole.  A  deposit  of  calcium 
salts  in  the  fibrin  mass  gives  rise  to  a  stone  mole;  myxo- 
matous or  hydropic  degeneration  of  the  stroma  of  the 
villi  to  a  hydatid  or  grape  mole  (see  Chorion,  Pathology  of). 
Through  continued  growth  of  the  villi  with  successive 
deposits  of  fibrin,  polypoid  tumors  (placental  polyps)  may 
be  formed.  These  may  be  discharged  spontaneously  or 
may  become  gangrenous  or  purulent  as  the  result  of  in- 
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fection.  A  penetration  of  the  uterine  wall  by  proliferat- 
ing villi  gives  rise  to  the  condition  known  as  maligiiant 
or  destructive  placental  polyp  (see  Syncytioma). 

Placental  Cysts.— Cystic  formations  have  been  fre- 
quently described  as  occurring  in  tlie  placenta.  The 
majority  of  these  have  undoubtedly  been  degeneration 
cysts,  arising  either  from  a  myxomatous  or  hydropic  de- 
generation of  the  stroma  of  portions  of  the  chorion,  or 
from  the  liquefaction  of  areas  of  infarction.  Less  fre- 
quently small  cysts  may  arise  in  the  placenta  as  the  re- 
sult of  the  liquefaction  of  small  encapsulated  hemor- 
rhages. The  cysts  arising  from  the  degeneration  of 
infarcted  areas  may  reach  a  very  large  size,  and  in  rare 
cases  may  be  mistaken  for  a  second  amniotic  sac.  They 
are  found  usually  on  the  foetal  side,  beneath  the  connec- 
tive tissue  of  the  chorion.  Their  walls  are  lined  by  large 
epithelioid  cells,  in  part  syncytial  and  in  part  decidual. 
Small  cysts  lined  with  epithelial  cells  (so-called  dermoids) 
have  been  observed  in  the  placenta.  These  have  been 
interpreted  as  representing  remains  of  the  allantois. 

Tumors. — ^New  growths  of  the  placenta  belonging  to 
the  connective-tissue  group  are  extremely  rare.  Alin 
collected  twenty-three  cases  from  the  literature,  and 
twenty  additional  cases  have  been  reported  up  to  1902. 
The  diagnoses  given  were  myxolihroma,  fibroma,  angi- 
oma, flbromyoma,  and  sarcoma.  The  majority  of  these 
cases  are  very  doubtful.  The  so-called  myxoma  flbro- 
sum  is  the  most  common  form ;  it  is  found  usually  on  the 
foetal  surface,  and  is  rarely  embedded  in  the  placental 
mass;  and  still  more  rarely  it  reaches  the  maternal  side. 
These  growths  present  a  varied  appearance,  but  are  usu- 
ally encapsulated,  firm,  and  homogeneous  on  section. 
Microscopically  they  show  an  alveolar  structure,  the 
tissue  resembling  that  of  the  umbilical  cord,  sometimes 
veiy  rich  in  cells,  at  other  times  containing  but  few.  It 
is  very  doubtful  indeed  if  these  formations  are  to  be  re- 
garded as  true  neoplasms. 

Of  mucli  more  frequent  occurrence  are  the  growths 
arising  from  the  syncytium,  the  benign  cJwrio-epitTielioma 
or  hydatid  mole,  and  the  malignant  chorio-epithelioma 
(syneytioTna  malignum).  (See  Syncytioma,  and  Gliorion, 
Pathology  of  the.)  Such  growths  arise  from  retained 
chorion  after  abortion  or  delivery,  usually  after  the  for- 
mer during  the  early  weeks  of  pregnancy.  From  the 
decidual  cells  a  sarcoma  may  arise  {sarcoma  deciduocellu- 
lare).  Confusion,  however,  exists  with  regard  to  this  va- 
riety ;  in  many  cases  syncytioma  has  undoubtedly  been 
regarded  as  a  sarcoma  of  decidual  origin.  (See  also 
Chorion,  Pathology  of,  and  Decidua,  Pathology  of;  and 
as.)  Aldred  Scott  Warthi7i. 


PLACENTA  PR/EVIA.  (CLINICAL.)— When  the  pla- 
centa is  attached  in  whole  or  in  part  to  that  portion  of 
the  uterus  which  is  dilated  during  labor  for  the  passage 
of  the  child,  it  is  called  "  prsevia." 

Dr.  Robert  Barnes,  in  a  paper  read  by  him  in  1893  be- 
fore the  International  Congress  of  Diseases  of  Women 
and  Obstetrics  in  Brussels,  divided  the  uterus  into  three 
zones — the  fundal  or  superior  zone,  the  equatorial  zone, 
and  the  inferior  zone.  The  inferior  zone  is  separated  from 
the  equatorial  by  Barnes'  boundary  line,  which  has  also 
been  called  the  "internal  os  of  Braune,"  the  "ring  of 
Bandl,"  and  " Schroeder's  contraction  ring."  It  is  this 
inferior  zone  which  is  dilated  during  labor  for  the  pas- 
sage of  the  child. 

Varieties  of  Placenta  Pk^via. — Some  writers 
make  four  divisions  of  placenta  prsevia : 

1.  Lateral,  in  which  the  placenta  is  attached  toward 
the  upper  part  of  the  inferior  zone. 

3.  Marginal,  in  whicli  the  placental  edge  comes  down 
to,  but  does  not  cover,  the  internal  os. 

3.  Partial,  in  which  the  internal  os  is  partially  covered 
by  the  edge  of  the  placenta.     And 

4.  Complete,  in  which  the  internal  os  is  completely 
covered  by  the  placenta. 

The  nomenclature  *f  Soliroeder,  Budin,  Parvin,  and 
others,  who  make  but  two  divisions,  is  more  practical 
and  less  confusing.     They  condense  the  first  three  varie- 
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ties  under  one  head,  lateral  placenta  prsevia,  which  in- 
cludes all  cases  not  complete.  Lateral  placenta  prsevia 
occurs  more  frequently  than  complete,  probably  in  the 
ratio  of  two  or  three  to  one. 

Feequbncy.— Placenta  prsevia  occurs  about  once  in 
one  thousand  cases  of  labor,  though  the  figures  as  to  its 
relative  frequency  are  widely  divergent.  Thus,  Winckel 
gives  1  to  1,500;  Kaltenbach,  1  to  1,500  or  1,600;  Jew- 
ett,  1  to  1,000;  while  Townsend,  at  the  Boston  Lying-in 
Hospital,  found  1  case  in  339  labors,  and  White,  at  the 
New  York  Lying-in  Hospital,  reports  a  frequency  of  1 
to  333.  These  latter  figures,  however,  are  much  higher 
than  is  usually  found,  as  a  great  many  abnormal  cases 
are  referred  to  lying-in  hospitals  by  midwives  and  phy- 
sicians. 

Etiology. — The  cause  of  the  faulty  attachment  is  still 
unknown.  Predisposing  causes  are  endometritis,  relaxa- 
tion of  the  uterine  walls,  anomalies  of  the  uterus,  as 
uterus  bicornis  and  unicornis.  Ingleby  reported  two 
cases  in  which  there  was  a  low  opening  of  the  oviducts. 
Webster  says:  "Three  different  sets  of  conditions  ex- 
plain the  occurrence  of  placenta  prsevia:  1.  Low  implan- 
tation of  the  ovum  3.  Development  of  chorionic  villi 
on  the  decidua  reflexa,  forming  a  reflexal  placenta.  3. 
Low  implantation  of  the  ovum  with  a  reflexal  pla- 
centa. " 

Complications. — Faulty  presentations  are  common, 
owing  to  the  placenta  filling  the  lower  zone  of  the  uterus 
which  is  usually  occupied  by  the  presenting  part. 

Anomalies  of  the  placenta  are  frequently  found  in  con- 
junction with  the  faulty  attachment.  It  is  usually  thin- 
ner and  spread  out  over  a  larger  area  than  that  occupied 
by  the  normally  attached  placenta ;  it  is  apt  to  be  irregular 
in  form,  and  "  placenta  succenturiata  "  is  not  uncommon. 
There  are  frequently  abnormal  adhesions  between  the 
placenta  and  the  uterine  wall. 

PBoeNOSis. — This  is  one  of  the  gravest  of  the  compli- 
cations of  pregnancy.  The  more  nearly  completely  the 
internal  os  is  covered  and  the  earlier  the  hemonhage  the 
greater  the  danger  to  both  mother  and  child.  The  prog- 
nosis is  affected  by  the  time  at  which  the. case  is  first  seen 
and  by  the  skill  of  the  operator.  The  figures  for  mater- 
nal mortality  range  from  five  or  ten  per  cent.  (Winckel) 
to  twenty-three  per  cent.  From  fifty  to  seventy  per  cent, 
of  the  children  are  lost.  Lateral  placenta  prsevia  is  less 
dangerous  than  complete. 

Symptoms. — The  cardinal  symptom  of  placenta  preevia 
is  hemorrhage.  This  may  occur  at  any  time  after  the 
formation  of  the  placenta,  but  is  rare  before  the  twenty- 
eighth  week.  In  the  complete  variety  it  occurs  earlier 
and  is  more  profuse  than  in  the  lateral.  Winckel  states 
that  the  first  hemorrhage  in  lateral  placenta  prsevia  oc- 
curs usually  after  the  thirty-second  week ;  in  complete, 
between  the  twenty-eighth  and  the  thirty -second.  Hem- 
orrhage occurring  in  the  latter  mouths  of  pregnancy 
without  obvious  cause  is  strong  presumptive  evidence  of 
the  presence  of  a  prsevial  placenta.  The  diagnosis  can 
be  made  certain  only  by  feeling  the  placenta  through  the 
OS  with  the  examining  finger.  Before  the  os  is  suffi- 
ciently dilated  to  admit  the  passage  of  the  finger,  the 
failure  to  find  the  placenta  by  abdominal  palpation,  a 
faulty  presentation  of  the  fo?tus,  and  on  vaginal  exami- 
nation inability  to  recognize  the  presenting  part  through 
the  vaginal  vault  and  uterine  wall,  are  suggestive  symp- 
toms. 

The  first  hemorrhage,  if  it  occurs  before  labor,  comes 
on  without  warning.  It  may  be  profuse,  or  there  may  be 
only  a  slight  flow  which  ceases  spontaneously,  to  recur 
after  a  few  hours  or  days.  Rarely  it  is  so  profuse  as  to 
cause  death.     Sometimes  there  is  constant  oozing. 

Tbbatmbnt.— The  treatment  to  be  adopted  depends 
on  the  period  of  pregnancy  at  which  hemorrhage  occurs, 
the  extent  of  the  bleeding,  and  the  ability  to  control  it  by 
simple  measures. 

When  the  first  hemorrhage  occurs  before  the  child  is 
viable,  when  it  is  slight  and  controlled  by  rest  in  bed,  if 
there  are  no  contractions  of  the  uterus,  we  are  justified 
in  temporizing,  in  the  hope  of  getting  a  living  child 
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Such  a  course  being  determined  upon,  the  patient  should 
be  kept  in  bed  and  as  quiet  as  possible  until  labor  comes 
on  spontaneously  or  is  induced  with  the  expectation  of 
delivering  a  living  child.  She  should  be  meanwhile  on 
a  nutritious  and  non-stimulating  diet,  and  should  be 
watched  with  unremitting  care  for  a  recurrence  of  the 
bleeding. 

Should,  now,  the  hemorrhage  be  profuse,  whether  labor 
be  present  or  not,  there  is  no  condition  of  pregnancy  in 
which  danger  to  life  is  more  imminent  or  in  which  judi- 
cious interference  is  more  essential.  We  have  before  us 
then  the  problem  of  how  best  (1)  to  check  the  hemor- 
rhage, (2)  to  expedite  labor.  No  single  method  of  treat- 
ment can  apply  to  all  cases. 

Sliould  the  hemorrhage  occur  first  after  the  onset  of 
labor,  with  lateral  implantation  of  the  placenta  and  a 
normal  presentation,  if  the  os  is  fully  dilated  or  easily 
dilatable,  simply  rupturing  the  membranes  and  allowing 
the  presenting  part  to  engage  will  often  stop  the  hemor- 
rhage. Should  this  fail  to  check  the  bleeding,  the  head 
may  be  brought  down  with  the  forceps,  or,  if  the  breech 
present,  a  foot  may  be  grasped  and  the  os  plugged  with 
the  thigh  and  buttocks.  Should  the  presentation  be  a 
transverse  one,  podalic  version  is  indicated. 

When,  on  the  other  hand,  we  have  a  brisk  hemorrhage 
coming  on  during  pregnancy  or  labor,  with  a  rigid  os 
barely  admitting  one  finger,  rupture  of  the  membranes 
would  be  a  very  doubtful  procedure.  In  such  a  case 
most  obstetricians  advise  the  use  of  the  tampon.  To  be 
of  use,  it  must  be  applied  with  thoroughness  and  care, 
and,  needless  to  say,  with  all  aseptic  precautions.  The 
best  material  with  which  to  tampon  is  gauze.  It  may 
be  either  sterile  or  medicated,  and  should  be  folded 
in  strips  about  one  inch  wide  and  two  or  three  yards 
long.  A  Sims  speculum  of  large  size  facilitates  its  in- 
troduction. The  patient  should  be  placed  on  her  side  or 
in  the  lithotomy  position.  The  cervix  sliould  first  be 
plugged  if  possible,  and  then  the  vagina  should  be  firmly 
packed  throughout,  the  tighter  the  better.  We  accom- 
plish two  things  by  this  procedure:  check  the  hemor- 
rhage and  stimulate  uterine  contraction.  The  tampon 
may  be  left  in  place,  provided  there  is  no  oozing  through 
or  alongside  it,  until  the  cervix  is  fully  dilated  or  is  eas- 
ily dilatable.  It  should  be  remembered  that  the  tampon 
is  simply  a  preparatory  measure.  Its  usefulness  ceases 
with  dilatation  of  the  os.  Some  physicians  allow  it  to 
remain  until  it  is  expelled  by  the  advancing  head.  It  is 
better  not  to  allow  it  to  remain  for  a  longer  time  than  ten 
or  twelve  hours,  should  no  indication  arise  for  its  removal 
sooner.  When  it  is  removed,  if  the  cervix  is  found  to 
be  dilated  or  nearly  so,  and  the  presenting  part  shows  a 
tendency  to  engage,  the  membranes  should  be  ruptured 
and  the  labor  terminated  by  forceps  or  version.  Should 
the  cervix  be  partially  dilated — two  fingers  or  more — we 
have  to  choose  between  the  use  of  some  of  the  rubber 
dilators,  such  as  Barnes'  bags,  the  ballon  of  Champetier 
de  Ribes,  Braune's  colpeurynter,  etc.,  and  version,  either 
external,  or  the  combined  external  and  internal  or  bipolar 
version  of  Braxton  Hicks. 

Of  the  rubber  dilators,  the  ballon  of  Champetier  de 
Ribes  is  probably  the  best.  Its  conical  form  and  moderate 
elasticity  adapt  it  thoroughly  to  the  purpose  of  a  uterine 
dilator,  and  acting  from  within  it  closely  simulates  the 
action  of  the  membranes  in  normal  cases.  It  is  urged 
against  it  that  it  sometimes  fails  to  stop  hemorrhage,  that 
it  adds  to  the  danger  of  sepsis,  and  that  it  displaces  the 
presenting  part.  It  is  applicable  to  the  same  class  of 
cases  as  bipolar  version,  over  which  it  has  the  advantages 
that  it  can  be  applied  without  ansesthesia  and  that  it 
takes  less  time.  But,  like  the  tampon,  its  use  is  only  a 
preparatory  measure,  and  its  expulsion  or  extraction 
must  be  followed  in  most  cases  by  the  use  of  the  forceps 
or  version. 

External  version  is  practicable  only  before  the  present- 
ing part  sinks  into  the  pelvis  and  before  rupture  of  the 
membranes  occurs.  As  soon  as  it  is  accomplished  the 
membranes  should  be  ruptured,  a  foot  brought  down, 
and  the  os  plugged  with  the  thigh  and  buttocks.    There 


is  little  danger  of  concealed  hemorrhage,  as  the  pre- 
senting breech  makes  firm  pressure  on  the  placental 
site.- 

The  conditions  necessary  for  the  performance  of  bipo- 
lar version  are :  that  the  liquor  amnii  should  be  present, 
that  the  cervix  should  admit  two  fingers,  and  that  the 
vagina  should  admit  the  rest  of  the  hand  if  necessary. 
The  operator  should  use,  in  the  vagina,  the  hand  corre- 
sponding to  the  position,  i.e.,  the  left  hand  in  left  posi- 
tions, and  the  right  hand  in  right.  Two  fingers  are 
slipped  up  through  the  cervix  and  push  the  head  to  that 
side  upon  which  the  dorsal  plane  lies,  while  with  the  other 
hand  the  breech  is  pushed  to  the  opposite  side.  As  soon 
as  the  head  is  pushed  up  out  of  the  pelvis,  the  breech  is 
crowded  down  with  the  outside  hand  upon  the  fingers 
inside  the  cervix,  and  a  knee  is  grasped  and  brought 
down.  The  version  is  completed  by  drawing  down  the 
leg  into  the  vagina,  while  the  head  goes  up  into  the  fun- 
dus, and  the  breech  engages.  The  advantages  of  bipo- 
lar version  over  internal  version  are  that  it  can  be  done 
earlier  and  that  in  bipolar  version  only  two  fingers  enter 
the  uterine  cavity,  thus  causing  less  shock  and  less  dan- 
ger of  sepsis. 

Internal  version,  or  ordinary  podalic  version,  is  one  of 
the  oldest  and,  when  it  is  applicable,  one  of  the  best  of 
the  methods  of  treating  placenta  praevia.  When  there 
has  been  little  blood  lost  in  the  earlier  part  of  labor, 
when  the  os  is  fully  dilated  or  is  soft  and  sufiiciently  di- 
lated to  admit  the  hand,  it  is  the  most  practical  and  di- 
rect method  of  cfEecting  delivery.  The  hand  and  arm, 
during  their  introduction  into  the  uterus,  make  pressure 
upon  the  bleeding  surfaces,  and  thus  check  the  hemor- 
rhage, while,  later  on,  the  same  office  is  performed  by  the 
thigh  and  breech  of  the  child. 

Whatever  the  method  of  version,  after  the  foot  is 
brought  down  and  the  os  is  plugged  by  the  thigh,  the 
further  delivery  may  be  left  to  the  natural  forces,  pro- 
vided there  is  no  imperative  indication  for  rapid  extrac- 
tion. 

When  the  hemorrhage  continues  after  the  birth  of  the 
child,  the  placenta  should  be  extracted  manually  at  once, 
and  the  uterine  cavity  packed  with  sterile  gauze,  if  nec- 
essary. 

There  is  another  class  of  cases  in  which  the  cervix  is 
rigid  and  undilated,  in  which  the  tampon  fails  to  stop 
the  hemorrhage,  or  in  which  if  the  hemorrhage  is  checked 
the  cervix  fails  to  dilate  and  recurrence  of  the  hemor- 
rhage is  imminent.  In  such  a  case,  when  the  surround- 
ings are  not  prohibitive,  Csesarean  section  would  seem  to 
offer  much.  With  the  improved  technique  of  recent 
years,  the  mortality  after  this  operation  has  steadily 
fallen,  and  as  between  it  and  "  accouchement  force  " — by 
which  is  meant  forcible  manual  dilatation  of  a  rigid  and 
oftentimes  friable  os,  followed  by  internal  version  and 
delivery— Csesarean  section  in  competent  hands  should 
give  a  lesser  mortality.  Hichard  Ewell  Brown. 

PLAGUE,  THE.    See  Bubonic  Plague. 

PLANTAIN— Codex  Med.  The  flowering  plant  of 
Plantago  major  L.,  P.  media  L.,  and  P.  laneeolata  L., 
three  common  European  weeds,  of  which  the  first  and 
last  have  made  themselves  pretty  well  at  hoijie  in  our 
fields  and  door-yards.  They  are  very  slightly  acrid  and 
bitter,  somewhat  astringent,  and  quite  mucilaginous; 
containing  a  little  of  some  sort  of  tannin,  some  resin, 
some  ^bitter  extractim,"  and  considerable  mucilage,  but 
no  more  active  substances.  They  are  almost  obsolete  as 
medicines,  but  were  formerly  esteemed  as  astringents, 
hsemostatics,  and  even  antispasmodics,  and  were  used 
locally  in  leucorrhoea,  hemorrhoids,  conjunctivitis,  and 
scrofulous  eruptions. 

The  order  Plantaginacecu  is  a  large  one,  of  several  hun- 
dred species,  but  none  having  active  properties.  The 
seeds  of  one,  P.  Psyllium  L. ,  have  an  abundant  mucilage, 
like  that  of  flaxseed,  and  are  employed  in  the  arts  for 
sizing  cloths,  etc.,  and  occasionally  in  medicine  as  col- 
lyria  or  demulcent  washes.  W.  P.  Bolles. 
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PLASMA  CELLS.— In  1891  Unna  described  the  ele- 
ments wliicli  be  called  "plasma  cells,"  believing  them 
to  correspond  with  certain  granular  connective-tissue 
cells  to  which  Waldeyer  had  previousl.y  given  the  same 
name.  Later  studies  indicated  that  the  two  were  not 
identical,  and  Waldeyer  advised  the  restriction  of  the 
term  "  plasma  cell "  to  that  of  Unna,  finding  tliat  the 
structures  named  by  himself  (Waldeyer)  corresponded, 
at  least  in  large  part,  with  the  "  mast  cells  "  of  Ehrlich. 
Various  papers  on  plasma  cells  have  appeared  since 
Unna's  earlier  publications,  while  their  nature  and  prop- 
erties have  been  the  subject  of  numerous  discussions, 
often  lengthy  and  occasionally  acrimonious.  From  this 
it  appears  that  our  knowledge  of  them  is  still  far  from 
definite.  There  is  even  some  difference  of  opinion  as  to 
what  a  plasma  cell  is  in  fact.  It  lias  received  its  name 
on  account  of  having  protoplasm  that  may  be  stained  by 
basic  aniline  dyes.  This  property  is  by  no  means  pecul- 
iar to  it,  however,  and  is  shared  by  several  other  varie- 
ties of  cells;  for  instance,  ganglion  cells,  lymphocytes, 
osteoblasts,  certain  giant  cells,  and  mast  cells.  (In  the 
case  of  mast  cells,  large  granules  contained  in  the  bodj' 
of  the  cell  are  the  part  stained,  and  they  assume  a  differ- 
ent shade  of  color  from  that  of  the  pure  stain  itself — meta- 
chromism.) 

MoTiPHOLOGY. — With  Unna's  polychrome  methylene 
blue  (described  hereafter)  the  protoplasm  of  the  plasma 
cells  is  stained  blue- violet,  while  the  nuclei  become  blue. 
The  outer  part  of  the  protoplasm  stains  more  deeply 
thau  the  inner  part,  leaving  a  pale  zone  around  the  nu- 
cleus. The  nucleus  is  round  or  oval,  and  is  usually 
placed  eccentrically.  Fi\e  to  eight  deeply  stained 
masses  of  chromatin  occur  in  the  nucleus,  chiefly  around 
its  border.  Some  observers  have  described  a  nucleolus. 
Two  or  more  nuclei  are  occasionallj'  present.  In  size 
the  plasma  cells  vary  from  being  of  the  dimensions  of  a 
leucocyte  to  objects  of  a  much  larger  size — average  di- 
ameters, 6  to  7  /i  by  8  to  10  i^.  In  shape  they  are  round, 
oval,  roughly  cubical,  or  elongated,  according  to  wliether 
or  not  they  are  confined  by  connective-tissue  fibres  or  by 
the  pressure  of  other  cells.  Evidences  of  both  mitotic 
and  amitotic  division  have  been  witnessed  in  plasma 
cells. 

The  above  account  is,  in  all  essential  respects,  in  accord 
with  the  views  of  von  Marschalko,  which  have  been 
adopted  by  the  majority  of  workers.  It  dlflfers  some- 
what from  the  one  originally  given  by  Unna.  Accord- 
ing to  Unna,  the  plasma  cells  have  protoplasm  that  con- 
tains numerous  granules  capable  of  being  stained.  Such 
granules  have  not  been  seen  by  most  other  observers. 
It  is  not  uncommon,  however,  to  find  plasma  cells  whose 
protoplasm  is  not  homogeneous,  but  which  contain  small 
clumps  and  particles  that  stain  unequally  and  irregularly. 
Cells  having  the  metachromatic  granules  characteristic 
of  mast  cells,  but  otherwise  like  ordinary  plasma  cells, 
have  been  seen — plasma  mast  cells.  These  are  unusual. 
Furthermore,  according  to  Unna,  the  nuclei  of  plasma 
cells  give  up  their  stain  much  more  easily  than  does  the 
protoplasm,  and  in  a  preparation  properly  made  the  nu- 
clei appear  as  unstained  spots.  Some  have  even  main- 
tained that  two  kinds  of  plasma  cells  exist,  those  of  Unna 
and  those  of  von  Marschalko.  However,  it  is  certain 
that  the  staining  of  the  nucleus  depends  much  on  the 
technique  employed. 

OccuKBBNCB,— Although  they  were  at  first  supposed 
to  belong  only  to  pathological  conditions,  plasma  cells 
have  been  reported  as  occurring  in  lymph  nodes,  in  the 
lymphoid  tissues  of  the  spleen,  and  in  the  bone  marrow, 
both  in  man  and  in  the  lower  animals,  in  ligaments,  in 
the  framework  of  mucous  glands  of  the  tongue,  and  in 
the  mucosa  of  the  stomach  and  intestine  in  man.  Infor- 
mation as  to  their  distribution  in  normal  tissues  is  not 
very  full  or  exact. 

On  the  other  hand,  so  much  has  been  written  on  their 
occurrence  in  diseased  conditions  that  a  mere  enumera- 
tion of  these  conditions  is  impracticable.  Unna's  first 
accounts  of  plasma  cells  were  based  on  sections  of  lupus. 
He  directed  attention  to  tumor-like  collections  of  these 


cells.  Such  a  collection  he  called  a  "  plasmoma.  It  has 
since  been  learned  that  plasma  cells  are  abundant  in  the 
lesions  of  tuberculosis  wherever  situated,  in  those  of 
syphilis,  leprosy,  actinomycosis,  and  rhinoscleroma— j.«., 
the  so-called  "infectious  granulomata. "  They  are  also 
frequently  seen  in  the  stroma  of  carcinoma.  In  the  main 
they  are  characteristic  of  rather  chronic  processes, 
where  they  constitute  an  important  part  of  what  is  often 
termed  round-cell  infiltration.  They  are  said  to  collect 
especially  around  small  arteries.  Their  relations  with 
the  epithelioid  cells  of  granulation  tissue  are  in  dispute. 
In  acute  inflammatory  conditions,  and  especially  in  acute 
suppuration,  they  appear  in  smaller  numbers.  Plasma 
cells  have,  however,  been  demonstrated  in  acute  inflam- 
matory lesions,  bacterial  or  otherwise,  in  keratitis  in  the 
rabbit,  in  recent  granulating  wounds  in  man  and  in  the 
dog,  in  the  lesions  of  typhoid  fever,  in  the  cell  infiltra- 
tion of  acute  interstitial  nephritis,  and  in  the  stroma  of 
the  lung  and  even  in  the  exudate  late  in  lobar  pneumo- 
nia. Further  work  is  needed  on  their  relations  to  the 
cells  of  sarcomata,  and  it  may  possibly  yield  information 
of  use  in  diagnosis.  The  study  of  the  plasma  cells  in 
diseases  of  the  skin  has  been  carried  on  by  Unna  with 
great  energy ;  the  results  may  be  found  in  his  "  Histo- 
pathology  of  the  Skin." 

ORiGiisr  AND  Pdnctions. — Unna  held  that  the  plasma 
cells  were  derived  from  connective-tissue  cells,  stating 
that  he  was  able  to  detect  all  the  necessary  transitional 
forms  between  the  two.  This  theory  has  obtained  a  few  ' 
adherents.  Most  observers,  however,  believe  that  plas- 
ma cells  are  derived  from  the  lymphocytes,  and  chiefly 
from  the  small  lymphocytes.  It  is  claimed  by  some,  fur- 
thermore, that  plasma  cells  may  become  connective-tis- 
sue cells  and  thus  aid  in  the  formation  of  fibrous  tissue. 
This  latter  hypothesis  would  make  the  production  of 
connective  tissue  from  lymphocytes  possible  under  cer- 
tain circumstances,  the  plasma  cells  being  an  intermedi- 
ate stage.  It  would  modify  existing  ideas  considerably 
and  convincing  proofs  will  be  demanded  before  it  can  be 
accepted. 

Some  writers  take  a  middle  ground,  believing  that  the 
plasma  cells  come  in  part  from  lymphocytes  and  in  part 
from  connective-tissue  cells. 

The  functions  of  plasma  cells  in  other  respects  are 
equally  uncertain.  It  is  to  be  noted  that  they  are  not 
distinctive  of  any  particular  disease  or  class  of  diseases. 
Their  relative  absence  in  acute  suppuration  is  remark- 
able. According  to  Councilman  and  Mallory,  they  have 
the  power  of  amoeboid  movement,  they  may  occur  inside 
the  blood-vessels,  and  may  be  seen  in  the  act  of  emigrat- 
ing from  the  blood-vessels.  It  is  doubtful  if  they  pos- 
sess phagocytic  properties,  and  if  so  these  are  probably 
not  energetic. 

Other  ideas  that  have  been  proposed  as  to  their  func- 
tions are  purely  speculative.  It  has  been  suggested 
that  their  peculiar  staining  property  is  the  expression  of 
diminished  activity  or  degenerative  changes,  that  it  in- 
dicates an  increase  of  activity,  that  it  is  due  to  their  hav- 
ing taken  up  chromatin  from  other  and  degenerated  cells, 
that  they  have  some  protective  function,  and  that  they 
serve  to  eliminate  some  unknown  substance. 

Technique. — Fixation  of  tissues  may  be  secured  with 
alcohol,  corrosive  sublimate,  Zenker's  fluid,  formalde- 
hyde, or  Milller-formol.  Either  paraflfln  or  celloidin  em- 
bedding may  be  used.  Various  methods  for  staining 
plasma  cells  have  been  proposed.  Unna's  alkaline  or 
polychrome  methylene  blue  gives  satisfactory  results; 
tliionin  or  toluidin  blue  serves  equally  well.  The  plas- 
ma cells  may  sometimes  be  stained  with  hsematoxylin. 
The  following  formula,  which  is  one  of  many  given  by 
Unna,  will  be  found  serviceable:  Methylene  blue,  1  part; 
potassium  carbonate,  1  part ;  distilled  water,  100  parts. 
The  solution  must  stand  for  periods  varying  from  weeks 
to  months  before  it  is  fit  for  use. 

Stain  in  the  methylene-blue  solution,  which  may  or 
may  not  be  diluted,  fifteen  minutes  or  longer.  The  sec- 
tions will  be  overstained. 

Rinse  in  water. 
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Decolorize  in  water  to  which  a  few  drops  of  "  glyceriu- 
€ther "  have  been  added,  for  a  quarter  of  a  minute  or 
several  minutes,  as  required,  till  differentiation  of  the 
structure  begins  to  appear  (one-per-cent.  acetic  acid,  or 
alcohol  alone  serves  nearly  as  well). 

Rinse  in  water. 

Complete  the  decolorization  with  alcohol. 

Clear  in  oil  of  bergamot  or  xylol. 

By  this  process  the  plasma  cells  are  stained  blue-violet, 
their  nuclei  and  other  nuclei  and  bacteria  blue,  the  gran- 
ules of  mast  cells  violet  to  red.  Epithelial  cells  take  the 
blue  stain,  sometimes  intensely,  especially  the  horny 
layers  of  tlie  epidermis ;  giant  cells  are  frequently  stained 
as  well;  also  the  products  of  certain  degenerations,  as 
amyloid  and  mucoid,  which  may  show  varying  degrees 
of  metachromism.  Herbert  TJ.  Williams. 

The  literature  of  this  subject  up  to  June,  1900,  will  he  found  in  an 
article  by  the  present  writer  in  the  American  Journal  of  the  Medical 
Sciences  of  the  same  date.  The  most  important  articles  that  have 
since  appeared  are  the  following ; 

Almkvist:  Arch.  f.  Dermatol,  and  Syph.,  Bd.  Iviii.,  1901. 

Askanazy :  Centralbl.  t.  allg.  Path.,  etc.,  Bd.  xiii.,  1903. 

Beattie :  Journ.  Pathol,  and  Bacteriol.,  vol.  viii.,  p.  129. 

Boselllnl :  Soc.  Med.  Cbir.,  Bologna,  December,  1901.  Abs.  Centralbl. 
f.  allg.  Path.,  etc.,  Bd.  xiii.,  1902,  p.  331. 
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PLASMODIUM  MALARI/E.— The  protozoan  parasite 
which  Laveran  discovered  in  1880  was  designated  by 
Marehiafava  and  Celli  Plasmodium  malarise.  The  or- 
ganism which  is  classified  with  the  sporozoa  has  little 
resemblance  to  the  multinucleated  amoeboid  bodies  to 
which  the  term  Plasmodium  has  been  given  by  zoolo- 
gists ;  but  even  though  unsuitable  the  binomial  name,  in 
virtue  of  its  priority,  is  applicable  to  the  species  to  which 
it  was  originally  given.  Observations  inaugurated  by 
G-olgi  have  shown  the  existence  of  three  readily  distin- 
guishable varieties  of  parasite,  each  of  which  is  capable 
of  producing  malarial  fever.  The  organisih  discovered 
by  Laveran  and  later  studied  by  Marehiafava  and  Celli  is 
the  sestivo-autumnal  parasite  which  causes  the  most  se- 
vere type  of  intermittent  fever,  characterized  by  irregu- 
lar periodicity  and  occurring  most  commonly  during  the 
late  summer  and  fall.  That  type  of  malarial  fever  which 
recurs  at  regular  intervals  of  two  days  is  caused  by  a 
closely  related  parasite  which,  nevertheless,  presents  such 
well-marked  peculiarities  that  it  is  usually  regarded  as 
a  distinct  species.  A  third  parasite  causes  the  quartan 
type  of  malarial  fever,  distinguished  by  paroxysms  re- 
curring at  intervals  of  three  days.  If,  in  accordance 
with  the  opinion  of  a  few  observers,  it  should  be  shown 
that  the  three  parasites  associated  with  these  various 
types  of  fever  are  varieties  of  a  single  species,  the  name 
Plasmodium  malariee  is  applicable  to  this  variable  organ- 
ism. In  the  present  arhicle,  however,  the  organisms  as- 
sociated with  tertian,  quartan,  and  sestivo-autumnal 
malaria  will  be  described  as  separate  species. 

The  parasites  of  the  malarial  fevers  multiply  within 
the  red  blood  corpuscles  of  their  human  host.  Recent 
research  has  demonstrated  that  they  are  capable  of  de- 
velopment within  the  body  of  certain  suctorial  insects, 
which  have  fed  upon  the  blood  of  an  individual  suffer- 
ing with  malarial  fever.  A  second  individual  is  infected 
by  the  bite  of  such  an  insect,  which  thus  acts  as  an  inter- 
mediary host. 

Geographical  Distribution  of  the  Malarial  Parasite.— 
The  general  and  local  conditions  which  favor  the  occur- 
rence and  spread  of  malaria  are  such  as  conduce  to  the 
extracorporeal  existence  of  the  parasite.  The  presence 
of  mosquitos  capable  of  transmitting  the  organism  is  es- 
sential to  the  endemic  occurrence  of  the  disease,  so  that 
the  geographical  distribution  of  malaria  is  in  great  part 
dependent  upon  factors  which  aid  the  multiplication  of 
certain  species  of  mosquitos. 

In  Africa,  malaria  prevails  in  its  most  pernicious  form 


on  the  west  coast,  especially  in  the  neighborhood  of  the 
Congo  and  Niger  rivers.  South  of  the  Congo  malai'ial 
fevers  become  infrequisnt  and  disappear  in  the  most 
southern  part  of  the  continent.  Upper  Egypt  is  free 
from  the  disease,  which  occurs  with  great  severity  else- 
where upon  the  Mediterranean  coast. 

In  Asia  malaria  is  prevalent  upon  the  coast  of  Asia 
Minor,  Arabia,  and  near  the  Persian  Gulf.  Endemic 
malaria  abounds  not  only  in  the  basins  of  the  Indus  and 
of  the  Ganges,  but  upon  the  tableland  of  the  Deccan. 
In  many  of  the  East  India  islands  severe  malaria  pre- 
vails, but  in  the  Philippine  Islands,  though  the  disease  is 
widely  distributed,  it  is  not  particularly  severe.  Perni- 
cious malaria  occurs  in  places  near  the  coast  and  along 
the  rivers  of  China,  but  in  Japan  the  disease  is  mild  and 
infrequent.  Of  interest  is  the  almost  complete  immu- 
nity enjoyed  by  Australia,  New  Zealand,  and  the  islands 
of  the  Pacific. 

In  Europe  malaria  prevails  in  the  southern  part  of  Rus- 
sia, particularly  upon  the  shores  of  the  Black  and  of  the 
Caspian  seas,  along  the  shores  of  the  Danube,  and  upon 
the  peninsulas  bordering  the  Mediterranean  Sea.  In  Italy 
well-known  seats  of  endemic  infection  are  the  plains  and 
marshes  of  the  western  coast,  including  the  Roman  Cam- 
pagna  and  the  Pontine  marshes.  Here  the  disease  is  so 
prevalent  that  it  has  been  designated  Roman  fever,  and 
its  frequency  and  severity  in  Italy  have  stimulated  much 
of  the  investigation  which,  since  the  discovery  of  the 
malarial  parasites,  has  explained  the  complicated  life 
history  of  these  organisms.  Northern  Europe,  including 
the  British  Isles,  is  in  great  part  free  from  malaria, 
though  there  is  evidence  that  at  an  earlier  period,  par- 
ticular!}' in  England  and  in  Denmark,  it  has  occurred 
with  severity  in  regions  wliere  it  is  now  almost  wholly 
absent. 

In  the  West  Indies,  along  the  northern  and  eastern 
coasts  of  tropical  South  America,  and  in  Central  America 
malaria  exists  in  its  worst  form.  The  disease  is  common 
in  the  southern  part  of  the  United  States  near  the  Gulf 
of  Mexico  and  along  the  Mississippi  and  its  tributaries. 
It  occurs  near  the  Atlantic  coast  with  gradually  dimin- 
ished severity  as  far  north  as  New  York.  Elsewhere  are 
a  few  scattered  localities  where  the  disease  is  of  mild 
type. 

Malaria  is  pre-eminently  a  disease  of  tropical  and  sub- 
tropical countries,  but  prevails  with  diminished  severity 
in  many  parts  of  the  temperate  zone.  It  is  endemic  in 
certain  localities,  particularly  near  the  mouths  and  along 
the  banks  of  rivers.  In  such  localities  are  found  the  per- 
nicious types  of  fever  caused  by  the  testivo-autumnal  par- 
asite, while  where  the  disease  is  less  prevalent  milder 
types,  the  regularly  intermittent  tertian  and  quartan  fe- 
vers, are  more  common. 

Conditions  which  Famr  the  Occurrence  of  Malaria. — The 
influence  of  temperature  upon  the  occurrence  of  the  mal- 
arial fevers  is  well  illustrated  by  the  preceding  account 
of  its  distribution.  In  the  endemic  foci  of  the  tropical 
and  subtropical  countries  where  malaria  occurs  in  its 
severest  form  the  disease  prevails  throughout  the  year. 
In  the  temperate  zone  as  the  poles  are  approached  its 
frequency  and  severity  progressively  diminish  with  the 
temperature,  and,  according  to  Hirsch,  malarial  fever 
does  not  occur  in  localities  where  the  mean  summer  tem- 
perature is  below  15°  or  16°  C.  Even  in  tropical  coun- 
tries its  prevalence  increases  during  the  summer  and 
reaches  a  maximum  about  the  beginning  of  autumn.  In 
temperate  regions  the  disease  may  be  limited  to  the 
warmer  months  of  the  year.  The  incidence  of  the  dis- 
ease in  Baltimore,  as  described  by  Thayer,  illustrates  this 
condition.  During  January  and  Februarj^  malarial  fevers 
are  almost  absent,  but  the  gradually  increasing  number 
of  cases  which  occur  during  the  spring  and  early  sum- 
mer are  of  the  milder  tertian  and  quartan  typo.  Double 
tertian  and  triple  quartan  infections  occur  later  in  the 
summer,  and  the  eestivo-autumnal  parasite  makes  its  ap- 
pearance. Cases  of  sestivo-autumnal  infection  now  in- 
creasing in  number  form  a  very  large  proportion  of  those 
which  occur  during  September  and  October,  and  then, 
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gradually  diminishing  in  number,  finally  disappear  com- 
pletely during  the  winter. 

Conformation  of  the  soil  and  its  saturation  with  water 
have  an  importance  little  inferior  to  that  of  heat  in  deter- 
mining the  local  incidence  of  malaria.  Standing  water 
associated  with  abundant  vegetation  is  always  sugges- 
tive of  a  malarious  region,  and  the  name  paludal  or 
marsh  fever  illustrates  the  well-recognized  relationship 
between  the  disease  and  marshy  regions.  The  geologi- 
cal character  of  the  soil  does  not  influence  directly  the 
occurrence  of  malaria,  but  is  of  importance  only  in  so  far 
as  it  determines  the  saturation  of  the  ground.  Hence  a 
clay'soil  is  favorable  to  the  disease,  while  a  more  porous, 
chalky,  or  sandy  soil  is  less  able  to  retain  water;  an  im- 
pervious subsoil  is  especially  capable  of  fulfilling  this 
condition. 

Since  saturation  of  the  soil  has  such  an  important  in- 
fluence upon  the  existence  of  the  disease,  the  most  mala- 
rious regions  are  the  low-lying  coasts  and  the  marshy 
banks  of  rivers  and  lakes.  Land  which  is  submerged 
during  a  part  of  the  year  is  believed  to  be  particularly 
subject  to  endemic  infection.  The  amount  of  rainfall 
has  an  important  influence,  and  in  tropical  regions  the 
disease  usually  reaches  a  maximum  about  the  end  of  the 
rainy  season. 

Altitude,  with  its  influence  upon  drainage  and  upon 
temperature,  affects  the  local  occurrence  of  malaria  so 
that  the  severity  of  the  disease  tends  to  diminish  as  one 
ascends  above  the  sea  level.  Nevertheless,  severe  mala- 
ria may  be  endemic  upon  high  plateaus  and  even  in 
mountainous  regions,  but  here,  according  to  Hirsch,  it  is 
the  basin-like  depressions  that  are  most  markedly  in- 
fected. 

Cultivation  and  drainage  of  malarial  regions  have  in 
numberless  instances  been  followed  by  the  disappearance 
of  the  disease,  but  occasionally  an  opposite  result  is  pro- 
duced and  endemics  of  severe  malaria  have  followed  the 
clearing  of  such  lands.  Moreover,  outbreaks  or  exacer- 
bations of  the  disease  have  followed  extensive  excavations 
of  soil  in  making  canals,  railroads,  and  fortifications,  but 
careful  examination  of  the  attendant  circumstances  have 
not  infrequently  shown  that  such  disturbances  have  in 
various  ways  interfered  with  surface  drainage. 

Recent  observations  having  shown  that  the  malarial 
parasites  pass  a  part  of  their  life  within  the  body  of  the 
mosquito,  it  has  become  obvious  that  the  previously  de- 
scribed conditions  under  which  the  disease  occurs  are 
such  as  favor  the  multiplication  of  these  insects.  Since 
the  development  of  the  larval  mosquito  occurs  in  stagnant 
water,  poorly  drained  lowlands  and  marshes  afford  most 
suitable  conditions,  and  heat  and  abundant  atmospheric 
moisture  are  favoring  circumstances.  No  malarious  re- 
gion has  been  found  to  be  free  from  these  insects,  but  on 
the  other  hand  it  is  not  surprising  that  malaria  does  not 
always  occur  where  mosquitos  abound;  for  in  the  first 
place,  as  will  be  pointed  out  later,  only  mosquitos  of  the 
genus  Anopheles  have  been  found  to  transmit  the  disease ; 
and  in  the  second  place,  the  malarial  parasite  may  not 
have  found  its  way  into  a  locality  where  mosquitos  of 
this  genus  prevail.  A  correspondence  exists  between 
the  habits  of  the  mosquito  and  the  seasonal  incidence  of 
the  disease  in  temperate  climates.  With  the  beginning 
of  winter  many  mosquitos  are  killed  while  a  few  hiber- 
nate. In  the  spring  those  that  survive  lay  their  eggs 
upon  stagnant  ponds  and  continue  to  multiply  during 
the  warm  season.  Marchiafava  and  Bignami  state  that 
during  the  fall  mosquitos,  many  of  which  are  infected, 
seek  shelter  within  the  houses,  thus  explaining  the  fre- 
quency of  infection  at  this  time  and  the  occasional  occur- 
rence of  house  epidemics. 

Even  should  mosquitos  of  the  genus  Anopheles  and 
malarial  parasites  coexist  in  the  same  locality,  external 
conditions  will  determine  the  prevalence  of  the  disease. 
Investigations  of  the  Italian  observers  have  shown  that 
the  parasites  within  the  mosquito  develop  best  at  a  tem- 
perature between  20°  and  30°  C,  but  at  14°  to  15°  C.  de- 
velopment does  not  occur.  This  fact  accords  with  the 
observation  previously  mentioned,  that  malarial  fever 
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does  not  occur  as  one  passes  from  the  equator  beyond  an 
isotherm  at  which  the  mean  summer  temperature  is  be- 
low 15°  to  16°  C.  (59°  to  60.8°  Fahr.). 

Metlwd  by  which  the  Malarial  Parasite  Enters  the  Body.— 
Before  the  discovery  of  the  malarial  parasite,  two  theories 
explaining  the  mode  of  malarial  infection  were  much  dis- 
cussed. It  was  believed  that  the  contagium  causing  the 
disease  entered  by  one  of  two  possible  paths ;  either  (1) 
by  the  digestive  tract,  being  ingested  with  water,  in 
which  the  infectious  agent  was  thought  to  have  its  natu- 
ral habitat;  or  (3)  by  the  respiratory  tract,  being  breathed 
in  with  the  air. 

Clinical  evidence  has  been  adduced  to  show  that  the 
disease  is  a  water-borne  infection.  Supporters  of  this 
theory  cited  instances  in  which,  of  two  neighboring  com- 
munities, each  using  a  different  water  supply,  one  was 
subject  to  malaiial  fever  while  the  other  escaped.  It  was 
believed  that  boiling  of  drinking-water  was  an  efficient 
prophylactic  measure.  Such  claims  are  found  to  have 
been  based  upon  insufficient  evidence,  and  in  individual 
instances  the  difficulties  of  diagnosis  between  typhoid 
and  malarial  fevers  were  not  clearly  recognized.  In  re- 
cent years  Italian  observers  liave  attempted  to  infect  in- 
dividuals with  drinking-water  obtained  from  localities 
well  known  to  be  malarious.  Celli  failed  to  infect  indi- 
viduals in  Rome  by  the  repeated  administration  of  water 
brought  from  the  Pontine  marshes,  and  Zeri  obtained 
similar  results  in  a  considerable  number  of  experiments  in 
which  water  from  malarious  regions  was  administered 
in  large  quantity  to  healthy  subjects. 

Certain  clinical  facts  favor  the  alternate  theory  of  air 
infection ;  for  example,  the  well-known  danger  of  infec- 
tion after  exposure  to  the  night  air  in  a  malarious  dis- 
trict may  be  cited.  The  contagium  was  believed  to  have 
its  home  in  the  water  and  in  the  soil  of  marshy  malarious 
districts,  whence  it  found  its  way  into  the  air  and  was 
inspired  by  those  exposed.  Since  the  discovery  of  the 
malarial  parasites  numerous  efforts  to  discover  some 
phase  of  these  micro-organisms  in  water  or  in  the  soil  have 
proved  futile,  while  the  hypothetical  means  by  which 
such  bodies,  might  reach  the  overlying  air  was  difficult 
to  conceive.  Moreover,  certain  well-known  facts  are 
incompatible  with  this  theory ;  for  example,  prevailing 
winds  have  little  influence  upon  the  spread  of  infection 
from  an  endemic  focus,  and  the  fact  is  frequently  cited 
that  upon  vessels  anchored  off  a  malarial  coast  only 
those  individuals  become  infected  whose  duties  carry 
them  ashore.  This  theory  of  air  infection,  unsupported 
by  any  convincing  evidence,  is  now  abandoned,  since  ac- 
cumulating evidence  has  demonstrated  that  the  malarial 
parasite  is  transferred  from  one  individual  to  another  by 
a  suctorial  insect,  within  which  the  micro-organism  passes 
one  stage  in  its  life  history. 

Manson,  in  1878,  showed  that  Filaria  bancrofti  is  car- 
ried from  one  human  host  to  a  second  by  the  mosquito; 
Theobald  Smith  has  shown  that  Texas  fever  of  cattle  is 
inoculated  by  a  species  of  tic.  These  important  discov- 
eries have  pointed  the  way  to  a  clear  recognition  of  the 
method  by  which  the  malarial  parasites  enter  the  human 
body  and  have  helped  to  explain  its  life  history  outside. 
The  solution  of  these  difficult  problems  has  received 
much  aid  from  the  studies  of  parasites  which,  occurring 
within  the  red  blood  corpuscles  of  birds,  are  so  closely 
related  to  the  malarial  parasites  that  by  some  observers 
they  have  been  regarded,  doubtless  erroneously,  as  identi- 
cal species. 

The  possibility  that  malaria  might  be  transmitted  by 
the  mosquito  had  been  suggested  long  before  the  mala- 
rial parasites  were  discovered  and  the  fact  had  been  recog- 
nized that  localities  and  conditions  favorable  to  the  dis- 
ease are  such  as  further  the  multiplication  of  this  insect. 
Manson,  in  1896,  brought  this  theory  into  prominence. 
Bignami  subsequently  published  a  considerable  amount 
of  evidence  to  show  that  malarial  infection  occius  under 
conditions  which  favor  the  attack  of  mosquitos.  When 
the  wind  blows  on  the  Roman  Campagna,  he  says,  mos- 
quitos hide  close  to  the  ground  or  beneath  the  trees  and 
are  transported  little  if  at  all  from  the  locality  in  which 
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tlieir  laivffi  develop.  Wlien  tlie  wind  goes  down  at  sun- 
set, the  insects  rise  in  great  numbers  and  attack  men  and 
beasts.  The  well-recognized  danger  of  Infection  during 
the  night  is  due  to  the  nocturnal  habits  of  the  mosquito 
and  is  increased  by  sleeping  in  the  open  air.  Many  of 
the  precautions  which  are  taken  by  the  inhabitants  of 
malarious  districts  to  ward  off  the  fever  are  such  as  pro- 
tect them  from  the  attacks  of  insects.  On  the  Pontine 
marshes  relative  protection  is  afforded  by  elevating 
dwellings  on  platforms  six  or  eight  feet  high,  for  the 
insect  tends  to  fly  close  to  the  ground. 

Ross,  working  in  India,  has  shown  that  the  parasite  of 
birds  which  is  closely  related  to  the  malarial  organism 
undergoes  a  series  of  developmental  changes  within  the 
body  of  the  mos- 
quito, and  subse-  1  3 
quently     found 
that    mosquitos 
which  had  bitten 
infected    birds 
were   capable    of 
transmitting     the 
parasite  to  others 
which   repeated 
examination    had 
proved    to    be 
healthy. 

Grassi,  in  1898, 
undertook  a  la- 
borious investiga- 
tion of  the  species 
of  mosquitos 
found  in  malari- 
ous regions  of 
Italy,  and  came 
to  the  conclusion 
that  certain  spe- 
cies are  constantly 

present  in  districts  of  endemic  infection 
aria  prevails  Anopheles  claviger  and  other  species  of  tlie 
genus  Anopheles  are  abundant,  while  in  non-malarial 
regions,  though  species  of  the  genus  Culex  abound,  he 
found  the  genus  Anopheles  unrepresented. 

Direct  proof  of  the  agency  of  suctorial  insfects  was 
finally  brought  by  experiments  of  other  Italian  observers. 
Bignami  brought  to  Rome  mosquitos  belonging  to  the 
genera  Culex  and  Anopheles,  obtained  from  a  marshy 
region  characterized  by  the  severity  of  its  malarial  fever. 
An  individual  who  had  never  suffered  with  malaria  slept 
in  the  ^room  in  which  these  insects  were  liberated,  and 
was  exposed  to  their  attack  during  more  than  a  month. 
At  the  end  of  this  time  he  became  ill,  suffered  with  chills 
and  fever,  and  in  his  blood  was  found  the  parasite  of 
sestivo-autumnal  fever.  In  three  subsequent  experiments 
performed  upon  individuals  who  had  never  suffered  with 
malaria,  fever  caused  by  the  tertian  or  a'srivo-autumnal 
parasite  was  produced  by  the  sting  of  Anopheles  claviger 
obtained  from  malarious  localities ;  in  every  case  recov- 
ery followed  the  administration  of  quinine. 

In  one  of  these  experiments,  insects,  obtained,  to  be 
sure,  from  a  malarious  region,  were  allowed  to  sting  a 
patient  suffering  with  aestivo-autumnal  fever.  Subse- 
quent examinarion  of  some  of  these  mosquitos  showed 
those  developmefatal  phases  of  the  parasite  which  will  be 
described  later.  Three  such  mosquitos,  of  which  two 
were  later  found  to  be  infected,  were  allowed  to  sting  a 
healthy  man.  After  an  incubation  period  of  from  nine 
to  twelve  days,  uncertainty  being  due  to  repeated  expos- 
ure, fever  of  an  irregular  type  ensued  and  the  sestivo- 
'  autumnal  parasite  was  demonstrated  in  the  blood  of  the 
infected  individual.  It  has  been  urged  that  these  experi- 
ments were  conducted  in  Rome,  where  malarial  fevers 
are  not  uncommon.  In  order  to  meet  this  objection,  Big- 
nami sent  to  England  where  malaria  rarely  occurs,  mos- 
quitos infected  with  the  parasite  of  tertian  fever.  P. 
Manson,  Jr.,  who  exposed  himself  to  the  sting  of  these 
insects,  suffered  a  mild  attack  of  tertian  fever. 

Demonstration  that  the  parasites  of  malarial  fever  and 
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the  related  organisms  of  birds  undergo  a  peculiar  process 
of  development  within  the  body  of  the  mosquito,  ampli- 
fies and  confirms  the  experimental  results  just  cited. 

Parasites  of  the  Malarial  Femrs. — The  micro-organisms 
which  cause  malarial  fevei's  belong  to  the  group  of  spo- 
rozoa  known  as  Haemosporidia.  Recent  observers  have 
shown  that  they  undergo  two  cycles  of  development: 
(1)  One  occurs  within  the  human  body  where  the  organ7 
ism,  developing  within  the  red  blood  corpuscles  and 
multiplying  by  an  asexual  process,  causes  malarial  fe- 
ver; (2)  parasites  ingested  by  the  mosquito  when  it 
attacks  an  individual  suffering  with  the  disease  under- 
go a  second  cycle  of  development  in  the  body  of  the 
insect.    This  second  stage  in  the  life  history  of  the  organ- 
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ism  is  preceded  by  a  process  of  fertilization  which  occm-s 
in  the  stomach  of  the  insect  and  terminates  by  division  of 
the  parasite  into  a  great  number  of  reproductive  bodies. 

Golgi  showed  that  the  parasite  which  causes  regularly 
intermittent  fever  of  the  quartan  type  differs  morphologi- 
cally from  that  associated  with  tertian  fever.  Both  the 
tertian  and  the  quartan  organism  within  the  human  body 
develops  in  great  groups,  all  members  of  which  are  at 
any  given  time  in  the  same  i:iliase  of  development.  The 
parasite  of  quartan  fever  completes  its  cycle  in  seventy- 
two  hours,  while  the  parasite  of  tertian  fever  repeats 
its  cycle  every  forty -eight  hours.  It  was  subsequently 
shown  that  the  organism  present  in  those  severer  forms 
of  malarial  fever  which  prevail  in  the  late  summer  and 
in  the  autumn  months  have  distinctive  peculiarities.  In 
harmony  with  the  irregularly  intermittent  course  of  the 
fever  the  parasite  does  not  present  the  regular  periodic- 
ity which  characterizes  the  development  of  the  other  two 
varieties.  Some  observers  have  claimed  that  even  among 
the  parasites  producing  the  irregular  or  ajstivo-autumnal 
type  of  fever  two  varieties  may  be  distinguished,  but 
the  distinctions  which  they  emphasize  are  not  sufficiently 
marked  to  establish  the  existence  of  more  than  one  Ecsti- 
vo-autumnal  parasite.  Most  observers  recognize  the 
existence  of  three  distinct  species  of  parasite ;  not  only 
are  differences  observable  within  the  human  body,  but 
during  their  development  witliin  the  mosquito  as  well, 
morphological  characteristics  serve  to  identify  the  three 
varieties. 

For  the  purpose  of  clinical  diagnosis  the  malarial  para- 
site is  best  observed  in  thin  films  of  freshly  drawn  blood. 
Much  attention  has  been  given  to  the  study  of  the  para- 
site fixed  and  stained  by  a  variety  of  methods,  in  great 
part  modifications  of  that  used  by  Romanowsky,  who 
employed  a  mixture  of  eosin  and  methylene  blue.  The 
body  of  the  organism  stains  blue,  while  its  chromatin 
substance  takes  a  lilac  color.  Wright  has  recently  so 
modified  this  method  that  it  may  be  used  for  the  purpose 
of  clinical  diagnosis. 
~The  Parasite  of  Tertian  Fever. — The  earliest  phase  of 
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the  parasite.  Fig.  3820  (1  and  3),  found  within  tlio  red 
blood  cell  is  represented  by  a  minute  clear  body,  often 
circular  in  outline,  with  a  diameter  about  one-fourth  that 
of  the  corpuscle.     Active  amoeboid  movements  are  read- 
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ily  observed,  and  the  processes  which  are  protruded  often 
give  the  body  a  very  irregular  outline.  The  hj'aline  or- 
ganism may  temporarily  assume  the  appearance  of  a  ring. 
This  phenomenon  is  apparently  due  to  the  fact  that  the 
centre  of  the  disc-shaped  body,  becoming  for  a  time  thin- 
ner than  the  periphery,  is  lost  to  view. 

As  the  organism  becomes  larger  one  or  more  particles 
of  yellowish-brown  pigment  formed  from  the  hsemoglo- 
bin  of  the  containing  corpuscle  appear  within  its  sub- 
stance, Fig.  3830  (3  to  10).  These  granules,  which  have 
an  active  dancing  movement,  increase  in  number  and 
size  as  the  organism  grows.  At  the  end  of  twenty-four 
liours  the  parasite  fills  from  one-third  to  one-half  the  red 
corpuscle,  the  latter  showing  certain  changes  as  the  re- 
sult of  its  presence,  being  larger  and  paler  than  the 
neighboring  unaffected  corpuscles.  The  young  forms 
exhibit  active  amoeboid  movements,  which  with  further 
growth  become  less  conspicuous.  At  the  end  of  about 
forty-eight  hours  the  organism  has  reached  its  full  size, 
about  that  of  a  normal  red  corpuscle,  and  is  ready  to 
undergo  the  process  of  segmentation.  The  parasite. 
Fig.  3830  (12  and  13),  having  assumed  a  circular  out- 
line, the  pigment  granules  collect  into  a  clump,  often 
a  solid  block,  which  usually  lies  in  the  centre  of  the 
body.  The  organism  acquires  a  dense  opaque  appear- 
ance not  observable  in  the  amoeboid  stage.  Refractive 
dots  may  be  seen  near  the  periphery,  occasionally  in  the 
more  central  portion,  and  radial  striations  extending 
inward  from  corresponding  indentations  at  the  margin 
appear  between  the  refractive  points.  The  striations 
represent  lines  of  separation  which  divide  the  body  into 
segments  corresponding  in  number  with  the  refractive 
dots;  very  frequently  there  is  formed  a  peripheral  circle 
of  segments,  within  which,  nearer  to  the  central  pigment, 
is  a  second  group.  These  bodies,  numbering  twelve  to 
twenty  or  even  thirty,  assume  a  circular  outline,  the 
aggregation  being  still  surrounded  by  a  pale,  very  incon- 
spicuous yellowish  rim,  the  remains  of  the  much-en- 
larged and  decolorized  corpuscle.  Fig.  3820  (11).  Fi- 
nally, this  ruptures  and  sets  the  bodies  free  in  the  plasma. 
Fig.  3830  (14  to  16). 

As  previously  mentioned,  all  the  members  of  a  group 
segment  at  approximately  the  same  time.  During  a  pe- 
riod of  about  three  hours  before  the  chill,  the  tempera- 
ture rises  gradually  and  segmenting  bodies  can  be  found 
in  the  blood.  During  the  chill  and  with  the  beginning 
of  the  hot  stage,  tliey  are  present  in  greatest  number. 
It  seems  probable  that  a  toxic  material  is  set  free  when 
the  parasite  segments  and  that  this  toxin  causes  a  febrile 
reaction.  Occasionally  two  groups  of  parasites  are  pres- 
ent in  the  same  blood  and  double  tertian  fever  results. 
The  two  groups  undergo  segmentation  on  alternate  days, 
and  at  any  given  time  parasites  in  two  phases  of  devel- 
opment are  discoverable  in  the  blood. 

In  addition  to  the  full-grown  parasites  which  undergo 
segmentation  are  even  larger  bodies  situated  within  cu- 
Jarged  pale  corpuscles.  Since  they  do  not  divide  to  form 
reproductive  segments,  they  were  at  one  time  regarded, 
in  part  at  least,  as  degenerate  forms.     Some  of  them  ex- 
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hibit  the  remarkable  phenomenon  known  as  flagellation. 
Fig.  3830  (19),  and  their  significance  will  be  subsequently 
explained  in  describing  this  process. 

Certain  details  of  internal  structure  not  observable  m 

the     living    organism 
s  A        may    be     studied     in 

stained  specimens.  In 
preparations  treated 
with  eosin  and  methy- 
lene blue  according  to 
the  method  of  Roma- 
nowsky,  the  existence 
of  nuclear  material 
may  be  demonstrated. 
In  such  specimens 
young  hyaline  forms 
exhibit  an  external 
zone  of  blue  color,  the 
central  part  remaining 
unstained.  Situated  near  the  periphery  of  the  body,  at 
times  encroaching  upon  the  unstained  area,  more  rarely 
wholly  surrounded  by  it,  is  a  compact  round  or  oval 
body  which  takes  a  deep  lilac  stain.  As  the  parasite 
grows  the  chromatin  becomes  less  compact  and,  accord- 
ing to  Ziemann,  takes  on  the  appearance  of  a  collection 
of  fine  filaments.  When  the  organism  has  attained  its 
full  growth,  this  mass  of  material  divides  to  form  a 
variable  number  of  irregular  chromatin  bodies,  and  when 
division  is  complete  each  mass  assumes  a  round  com- 
pact outline  and  is  surrounded  by  an  achromatic  zone. 
Changes  now  take  place  in  the  cell  protoplasm  and  re- 
sult in  the  separation  of  the  body  into  a  corresponding 
number  of  segments. 

The  Parasite  of  Quartan  Fever. — The  quartan,  like  the 
tertian  parasite,  pursuing  its  development  in  great 
groups,  all  members  of  which  are  in  the  same  phase  at 
any  given  time,  repeats  its  cycle  in  seventy-two  hours. 
As  with  the  tertian  organism,  the  malarial  paroxysm  is 
simultaneous  with  the  process  of  segmentation,  and, 
when  the  result  of  an  infection  with  a  single  group,  oc- 
curs every  fourth  day.  When  more  than  one  group  are 
present,  they  reach  maturity  on  different  days,  the  mem- 
bers of  two  groups  never  undergoing  segmentation  on 
the  same  day.  When  the  blood  is  infected  with  three 
groups  paroxysms  occur  daily. 

The  quartan  parasite  resembles  closely  the  organism 
of  tertian  fever;  nevertheless,  certain  differential  pecul- 
iarities can  be  noted.  The  amoeboid  hyaline  bodies  Fig. 
3831  (1  and  3)  are  indistinguishable  from  those  of  the  ter- 
tian parasite,  but  with  increase  of  size  and  the  acquisition 
of  pigment  Fig.  3831  (3  to  9)  the  characteristic  features 
become  evident.  The  pigment  of  the  quartan  organism 
occurs  in  coarser  granules  having  a  deeper  brown  color. 
The  body  of  the  parasite  has  a  more  refractive  appear- 
ance and  its  outline  within  the  corpuscle  is  much  more  dis- 
tinct ;  the  amoeboid  movements  are  much  less  active,  and 
as  early  as  the  second  day  they  almost  or  completely  cease. 
The  changes  produced  in  the  containing  red  corpuscle 
differ  from  those  caused  by  the  tertian  organism;  the 
corpuscle  is  not  swollen  and  decolorized,  but  becomes 
somewhat  shrivelled  and  assumes  a  deeper  color  of  a 
greenish  copper-like  hue.  As  the  parasite  increases  in  size 
the  surrounding  rim  of  the  corpuscle  becomes  smaller,  and 
at  the  beginning  of  segmentation,  about  ten  hours  before 
the  paroxysm,  though  present,  it  is  almost  imperceptible. 
The  pigment  Fig.  3831  (10)  collects  toward  the  centre  of 
the  body,  and  in  doing  so  usually  assumes  a  radial  ar- 
rangement not  seen  in  the  tertian  organism.  The  seg- 
ments are  fewer  in  number,  often  not  more  than  from  six 
to  ten,  and  are  arranged  regularly  in  a  single  row  about  the 
central  pigment  mass.  In  stained  specimens  the  details 
of  structure  previously  described  for  the  tertian  parasite 
are  observed  and  the  same  division  of  the  chromatin  sub- 
stance is  found  to  precede  segmentation. 

The  Parasite  of  JEstivo-autumnal  Fever. — The  severer 
forms  of  malarial  infection,  including  those  presenting 
pernicious  symptoms,  are  caused  by  an  organism  which 
differs  in  several  important  particulars  from  those  pre- 
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viously  described.  Since,  as  already  mentioned,  its  de- 
velopment, unlike  that  of  the  tertian  and  quartan  para- 
sites, does  not  take  place  in  great  groups,  of  which  the 
members  mature  at  approximately  the  same  time,  its 
cycle  cannot  be  followed  with  the  same  readiness.  And 
in  accordance  with  this  irregularity  of  development  the 
symptoms  of  the  disease  do  not  present  the  same  period- 
icallj'  paroxysmal  character  observed  in  the  other  two 
types.  Moreover,  the  parasite  of  the  irregular  fever  does 
not  undergo  its  whole  development  within  the  circulat- 
ing blood,  and  all  stages  of  growth  cannot  be  observed  in 
specimens  obtained  in  the  ordinary  way.  In  the  blood 
from  the  peripheral  circulation  only  the  youngest  forms 
are  found,  the  subsequent  development  taking  place  in 
the  internal  organs.  The  more  mature  organisms  tend 
to  accumulate  in  the  spleen  and  bone  marrow,  possibly 
because,  as  suggested  by  Bastianelli  and  Bignami,  the 
red  corpuscles  being  profoundly  injured  by  the  contained 
parasite  act  as  foreign  bodies  and  are  taken  up  by  the 
cells  of  these  organs.  The  absence  of  deiinite  groups 
and  the  difficulty  of  following  in  the  peripheral  circula- 
tion the  process  of  maturation  through  all  its  stages 
have  made  it  impossible  to  determine  as  yet  the  duration 
of  the  cycle  of  development.  Certain  observers  believe 
that  it  lasts  two  or  three  days,  or  even  longer. 

The  youngest  intracorpuscular  form  of  the  parasite, 
Fig.  3823  (1  to  7),  is  represented  by  an  amoeboid  organ- 
ism resembling  the  hyaline  bodies  of  tertian  and  quartan 
fever ;  it  is,  however,  somewhat  smaller  and  has  a  greater 
tendency  to  assume  a  ring-like  form.  Such  a  parasite  may 
be  seen  to  assume  alternately  a  ring  shape  and  an  amoe- 
boid form.  With  further 
growth  pigment  granules 
are  acquired,  and  occa- 
sionally one  sees  in  the 
blood  from  the  peripheral 
circulation  a  small  body, 
one -fifth  the  diameter  of 
the  red  corpuscle,  con- 
taining one  or  two  minute 
granules  of  dark  brown 
pigment.  Larger  pig- 
mented forms  are  only 
very  rarely  found  in  the 
peripheral  circulation,  so 
that  the  later  stages  have 
"been  studied  mainly  in 
specimens  of  blood  aspi- 
rated from  the  spleen.  As 
the  parasite  grows  the 
pigment  increases  in 
amount,  but  does  not  be- 
come so  abundant  as  in 
the  tertian  and  quartan 
organisms.  Indeed, 
Marchiafava  and  Celli 
have  described  instances 
in  which  the  parasite  at- 
tained its  full  growth 
and  underwent  segmenta- 
tion without  any  forma- 
tion of  pigment.  The  in- 
vaded corpuscle  takes  on 
a  greenish  brassy  color, 
and  wrinkling  and  crena- 
tion  may  be  observed  in 
;  corpuscles  containing 
even  the  smallest  hyaline 
bodies.  The  full-grown 
forms.  Pig.  3823  (17  to  19), 
vary  considerably  in  size, 

often  exceeding  in  diameter  one-half  that  of  the  contain- 
ing red  cell.  The  pigment  collects  into  a  clump.  Fig. 
3833  (Fig.  31  to  33),  and  is  finally  caked  into  a  solid 
block,  usually  situated  near  the  centre  of  the  body.  The 
organism  acquires  a  refractive  waxy  appearance  and  di- 
vides, in  a  manner  similar  to  that  exhibited  by  the  tertian 
■organism,  into  from  eight  to  sixteen  segments.  Fig.  3833 


(24),  which  are  finally  set  free  in  the  plasma  by  the  rupt- 
ure of  the  containing  rim  of  the  corpuscle.  In  stained 
specimens  the  existence  of  chromatin  resembling  that 
of  a  tertian  parasite  can  be  demonstrated ;  it  undergoes 
the  same  division  and  arrangement  previous  to  segmen- 
tation. 

In  the  blood  of  patients  suffering  witii  a;'stivo-autum- 
nal  malaria  are  found  bodies  not  present  with  the  regu- 
larly intermittent  types — the  crescents  and  ovoid  bodies 
described  by  Laveran.  Tlie  crescentic  bodies,  Fig.  3833 
(36  to  38),  present  in  the  blood  after  the  fever  has  lasted  a 
week  or  more  are  longer  than  the  red  blood  corpuscles, 
somewhat  more  than  half  their  diameter  across,  and  with 
very  refractive  protoplasm.  A  pale  yellow  rim  project- 
ing in  bib-like  form  (38)  from  the  concave  side  of  the 
crescent  surrounds  the  organism ;  this  represents  the  re- 
mains of  the  corpuscle  in  which  the  body  developed. 
Pigment,  usually  present  in  considerable  quantity,  is 
either  distributed  throughout  or  collected  into  a  mass 
situated  near  the  centre.  The  ovoid  bodies.  Fig.  3832 
(34  and  35),  differ  from  the  crescents  only  in  shape.  Early 
stages.  Fig.  3823  (38),  in  the  formation  of  these  bodies  are 
found,  and  they  represent  transitions  from  the  youngest 
forms  of  the  ordinary  cycle.  Becoming  fusiform,  they 
develop  in  the  red  cells,  and,  as  they  exceed  in  length 
the  diameter  of  the  corpuscle,  become  bowed  in  order  to 
accommodate  themselves  to  its  shape.  Their  significance 
has  been  much  disputed,  but,  now  understood,  will  be  ex- 
plained in  describing  the  process  of  flagellation. 

Flagellation. — The  verj'  remarkable  phenomenon  of 
flagellation  is  observable  in  freshly  drawn  blood.     With 


FIG. : 


■Parasite  of  .^Estivo-Autumnal  Feyer.    (Alter  Marchialaya  and  Bignami.) 


tertian  infection,  within  a  week  after  onset  of  the  disease, 
large  spherical  bodies,  which  do  not  segment,  are  pres- 
ent in  the  blood.  The  periphery  of  such  a  body  in  a 
specimen  of  fresh  blood  now  unsurrounded  by  a  nra  of 
corpuscle  is  seen  to  undergo  violent  undulation,  when 
suddenly  there  appear  one  or  more  thread-like  filaments 
which  lash  about  so  actively  that  their  outline  is  distin- 
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euished  with  difficulty.  Fig.  3830  (19).  A  flagellum 
witli  a  club-lilie  enlargement  at  one  end  not  infrequently 
separates  from  the  parent  body  and  floats  away  an  the 
plasma  with  an  active  undulatory  motion.  It  has  been 
shown  that  the  flagella  contain  part  of  the  chromatin  sub- 
stance. All  the  extracellular  bodies  observable  in  freshly 
drawn  blood  do  not  undergo  flagellation. 

AVith  the  quartan  infection  a  similar  process  is  ob- 
servable. Flagellate  bodies,  however,  are  encountered 
with  much  less  frequency  than  in  cases  of  tertian  fever. 

In  cases  of  OBstivo-autumnal  fever  it  is  the  crescents 


FIG.  3823.— Diagram  Showing  the  Lite  History  of  the  Avian  Parasite, 
Proteosoma.  1  to  4,  Development  of  the  parasite  within  the  blood 
ol  the  bird :  4,  merozoltes ;  5  and  6,  macrosamete ;  5a  and  6a,  ml- 
crogametocyte ;  7,  fertilisation ;  8  to  10,  formation  and  maturation 
of  oocysts ;  11,  sporozoite.  (After  Grassi  from  Liihe,  Cent.  f.  Bakt., 
1900,  xxvii.) 

which  undergo  flagellation.  In  a  specimen  of  fresh 
blood  some  of  these  bodies  remain  unchanged  or  merely 
assume  a  round  or  oval  form ;  but  others,  after  becoming 
spherical,  extrude  actively  motile  filaments  which  may 
become  detached  from  the  parent  body. 

The  significance  of  this  phenomenon  has  been  ex- 
plained by  the  study  of  a  closely  related  parasite,  Hal- 
teridium  danilewsky,  which  occurs  in  the  blood  of  many 
birds.  This  organism,  which  develops  within  the  red 
blood  corpuscles  as  a  semilunar  or  halter-shaped  body 
curved  aloiigside  the  nucleus  of  the  containing  corpuscle, 
like  the  malarial  parasites  forms  pigment  granules  from 
the  hiEmoglobin.  Opie  showed  that  the  parasite  may 
assume  two  distinct  forms,  either  of  which  when  fully 
grown  becomes  free  in  the  plasma  after  the  blood  is 
drawn.  With  one  form  the  protoplasm  is  granular  and 
stains  deep  blue  by  the  method  of  Romanowsky ;  the 
nucleus  is  small.  The  other  form,  somewhat  larger  than 
the  first,  is  characterized  by  the  possession  of  a  very 
large  nucleus  and  scant  protoplasm  which  stains  with 
difficulty.  The  supposition  that  this  form  alone  under- 
goes flagellation  has  been  confirmed  by  MacCallum,  who 
has  demonstrated  the  occurrence  of  a  remarkable  phe- 
nomenon. Flagella  break  from  the  parent  body  and 
make  their  way  to  the  granular  bodies  which  have  be- 
come extracellular.  Several  flagella  may  collect  about 
such  a  body  and  beat  against  it  with  active  lashing  move- 
ments. One  flagellum  finally  projects  itself  into  the 
substance  of  the  body,  with  which  ■  it  becomes  merged. 
The  process  is  to  be  regarded  as  one  of  fertilization; 
the  granular  body  with  small  nucleus  is  the  female  ele- 
ment, or,  according  to  zoological  nomenclature,  the  ma- 
crogamete ;  the  flagellum  is  the  male  element,  or  micro- 
gamete,  its  parent  body  being  designated  by  the  term 
microgametocyte.  The  fertilized  body  remains  quies- 
cent for  from  fifteen  to  twenty  minutes,  when  it  assumes 


an  elongated  form  and  becomes  capable  of  very  active 
progressive  movement,  constituting  the  pseudo-vermic- 
ulus  described  by  Danilewsky.  . 

Flagella-f ormation  observabla  with  the  three  varieties 
of  malarial  parasite  doubtless  represents  a  similar  proc- 
ess of  fertilization,  though  only  in  the  case  of  the 
ffistivo-autumnal  parasite  has  the  phenomenon, been  act- 
ually observed.  With  both  the  tertian  and  the  KStivo- 
autumnal  forms  morphological  differences  have  been 
established  between  the  microgametocyte  from  which 
arise  flagella  or  microgametes  and  the  macrogamete 
which  undergoes  fertilization.  With  the  sestivo-autum- 
nal  parasite  those  crescents  which  do  not  flagellate,  like 
the  analogous  macrogamete  of  the  halteridium,  stain 
more  deeply  and  are  granular.  The  formation  of  a  body 
similar  to  the  p.seudo-vermiculus  of  birds  has  not  been 
observed. 

Life  History  of  tlie  Malarial  Parasites  in  tlie  Body  of 
the  Mosquito.— Study  of  the  parasites  in  birds  has  here 
again  pointed  the  way  to  an  understanding  of  the  life 
history  of  the  malarial  organisms  outside  the  human 
body.  Ross,  working  in  India,  directed  his  attention  to 
the  extracorporeal  development  of  the  avian  parasite, 
Proteosoma  grassi,  because  at  the  time  cases  of  malarial 
fever  were  not  available.  Observations  of  Manson  upon 
the  development  of  filaria  in  the  body  of  the  mosquito 
suggested  the  agency  of  these  insects.  Ross  proved  that 
the  mosquito  can  act  as  an  intermediary  host  in  trans- 
ferring infection  from  one  bird  to  another,  and  showed 
that  the  parasite  develops  within  the  body  of  the  insect. 
The  process  of  flagellation  occurs  with  much  activity  in 
the  middle  intestine  of  an  insect  which  has  fed  upon  the 
blood  of  an  infected  bird.  The  flagellum  or  macro- 
gamete unites  with  the  microgamete,  and  the  so-called 
pseudo-vermiculus  which  results,  endowed  with  active 
motility,  makes  its  way  into  the  wall  of  the  mosquito's 
intestine,  where  it  becomes  encapsulated  and  divides  in  to 
a  great  number  of  minute  bodies  designated  sporozoites. 
The  latter,  after  rupture  of  the  containing  capsule, 
finally  reach  the  salivary  glands  of  the  insect  and  hence 
may  be  injected  into  a  second  bird,  there  to  undergo 
asexual  multiplication. 

In  mosquitos  which  had  fed  upon  the  blood  of  indi- 
viduals infected  with  tertian  and  aestivo-autumnal  mala- 
ria, Ross  found  pigmented  bodies  similar  to  those  which 
he  had  discovered  in  mosquitos.  Bignami,  Bastianelli, 
and  Grassi  have  extended  these  observations  and  have 
shown  that  the  tertian,  quartan,  and  cestivo-autumnal 
parasites  pass  through  similar  changes  within  the  body 
of  mosquitos  of  the  genus  Anopheles. 

An  insect  of  this  genus  confined  in  glass  test  tubes  is 
allowed  to  feed  upon  the  blood  of  patients  infected  with 
malarial  fever.  The  mosquito  is  so  voracious  that  it 
stings  when  the  mouth  of  the  tube  is  applied  to  the  skin 
of  the  patient.  It  is  then  kept  confined  in  a  larger  ves- 
sel at  a  temperature  of  20°-30°  0.,  and  is  supplied  with 
abundant  moisture  and  vegetable  matter  for  food.  The 
parasite  in  the  insect  is  studied  after  varying  periods,  in 
the  intestinal  wall  and  in  the  salivary  glands,  prepared 
by  delicate  teasing  and  examined  in  salt  solution.  Sec- 
tions of  the  insect  hardened  and  stained  for  microscopic 
examination  give  additional  information. 

With  the  tertian  parasite  fertilization  of  a  macroga- 
mete by  a  flagellum  (microgamete)  doubtless  occurs, 
though  the  process  has  not  been  actually  observed.  Dur- 
ing the  second  day  after  the  insect  has  fed  on  malarial 
blood  pigmented  bodies  can  be  found  in  the  muscular 
walls  of  the  intestine.  Grown  to  twice  the  size  of  a  red 
blood  corpuscle,  they  are  sharply  outlined  and  possess 
homogeneous  or  vacuolated  protoplasm.  In  stained 
specimens  the  chromatin  substance  is  found  to  have  in- 
creased in  amount  and  may  have  undergone  division 
into  several  small  masses.  Increasing  in  size,  the  para- 
site acquires  a  refractive  capsule,  and  on  the  third  day 
its  contents  have  divided  into  a  varying  number  of  small 
bodies,  each  containing  a  part  of  the  chromatin  sub- 
stance; between  these  lie  the  pigment  and  a  small 
amount  of  undivided  cytoplasm.    This  cyst-like  body 
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increases  in  size  and  witliin  it  is  formed  an  increasing 
number  of  small  bodies.  Finally,  ou  the  sixth  day,  the 
parasite,  wliicli  has  grown  to  such  size  that  it  projects 
into  the  body  cavity  of  the  insect  (compare  Fig.  3835 
showing  Proteosoma  of  birds),  contains  a  great  number 
of  slender  bodies  with  pointed  extremities,  sporozoites. 
Fig.  3825  (C)  each  containing  a  particle  of  nuclear  sub- 
stance demonstrable  only  in  stained  specimens ;  they  are 
arranged  in  groups  side  "by  side.  The  containing  capsule 
ruptures  and  the  sporozoites  ai-e  set  free  in  the  body 
cavity,  whence  they  make  their  way  to  the  salivary 
glands  of  the  insect.  Should  a  mosquito  so  infected 
sting  a  human  being,  parasites  are  injected  with  the  irri- 
tant tluid  secreted  by  the  gland.  Developing  within  the 
red  blood  corpuscles,  the  organism  now  begins  in  its  new 
human  host  the  asexual  cycle  of  development  with  which 
is  associated  tertian  malarial  fever. 

A  few  observations  have  shown  that  the  quartan  para- 
site passes  through  a  series  of  phases  corresponding  to 
those  just  described,  but  when  mosquitos  are  allowed  to 
sting  patients  suffering  with  quartan  fever,  in  only  a 
small  proportion  of  the  experiments  are  developmental 
stages  of  the  parasite  obtained.  The  small  number  of 
flagellate  forms  observable  in  the  blood  of  patients  suf- 
fering with  quartan  infection  may  explain  this  fact  as 
well  as  the  relative  infrequency  of  this  type  of  malarial 
fever. 

The  development  of  the  ajstivo-autumnal  parasite  in 
the  mosquito  may  be  readily  observed.  On  the  seventh 
day  after  the  mosquito  has  stung  a  patient  infected  with 
the  disease,  cyst-like  bodies  project  into  the  body  cav- 
ity of  the  insect  and  are  filled  with  sporozoites,  which, 
though  more  numerous,  resemble  those  of  the  tertian 
parasite.  Even  before  sporozoites  are 
formed,  the  astivo-autumnal  parasite 
is  recognizable  by  the  character  of  its 
pigment  and  by  the  high  refraction 
of  its  cytoplasm. 

Terms  in  general  use  by  zoologists 
iave  been  introduced  to  designate 
various  phases  of  the  asexual  genera- 
tion of  the  malarial  parasite  in  man 
and  of  its  sexual  generation  in  the 
intermediate  host,  the  mosquito. 
.Some  of  these  have  been  mentioned. 
The  microgamete  or  flagellum,  de- 
rived from  the  microgametocyte  or 
flagellate  body,  unites  with  the  more 
granular  macrogamete,  and  as  the 
result  an  oOcyst  is  formed  within  the 
stomach  wall  of  the  mos- 
quito. Division  of  cyto- 
plasm preceded  by  nuclear 
.  division  gives  rise  to  a 
great  number  of  nucleated 
bodies  known  as  sporo- 
zoites. The  latter,  inject- 
•ed*  by  the  mosquito,  are 
•capable  of  transmitting  ma- 
larial infection,  since  they 
are  capable  of  development 
"witliin  the  red  blood  cor- 
puscles of  their  human  host. 
Reaching  a  certain  size,  the 
intraeorpuscular  parasites 
divide  without  preceding 
fertilization  into  a  variable 
number  of  bodies,  which 
Tnay  be  termed  merozoites, 
each  capable  of  re-entering 
a  red  blood  corpuscle  and 
undergoing  the  same  proc- 
ess of  multiplication:  A 
certain  number  of  merozoites,  however,  are  not  destined 
to  multiply  by  such  asexual  division,  but  give  rise  to 
macrogamete  or  microgametocyte  as  already  described. 
By  union  of  the  male  and  female  elements  within  the 
Stomach  of  the  mosquito  is  formed  a  body  which  is 


capable  of  development  in  the  intermediary  host.  An 
analogous  alternation  of  asexual  and  sexual  generation 
occurs  with  other  protozoan  micro-organisms,  notably 
those  belonging  to  the  order  Coccidia.  Asexual  repro- 
duction is  the  means  by  which  a  few  parasites  which 


Fig.  3825.- 


-OBcysts  of  Proteosoma  in  the  Wall  ol  the  Mtaaie  Intestine 
ot  the  Mosquito.     (After  Ross  from  Liihe.) 


FIG.  3824.—-^ 


have  gained  entrance  multiply  in  the  new  host.  In  the 
case  of  the  malarial  parasite,  relatively  few  organisms 
injected  by  the  mosquito  multiply  to  form  the  great 
number  characteristic  of  the  malarial  fevers. 

E-iigene  L.  Opie. 

PLASMOLYSIS  is  the  term  used  in  a  general  sense  to 
denote  the  disorganization  of  the  achromatic  part  of  the 
cell,  in  opposition  to  karyolysis,  Avhich  is  applied  to  the 
complete  disorganization  of  the  nucleus.     Achroinatolym 
is,  accordingly,  used  as  a  synonym  for  plasmolysis.     The 
word  plasmolysis,  having  been  introduced  by  a  number 
of  investigators  working  along  special  lines,  is  frequently 
used  in  a  more  narrow  sense  to  indicate  the  destruction  or 
degeneration  of    the  protoplasm  of 
v.i..„« ■.,..■ .  .:■  .■.;;•''.-•,'        certain  forms  of  cells.     Thus,  for  ex- 
ample, plasmolysis  is  by  a  large  num- 
ber of  writers  applied  only  to  such 
changes  in  the  red  blood  cells,  and 
is  used  interchangeably  with  erythro- 
cytolysis.    In  this  condition  the  solu- 
ble substances  of  the  red  cell  escape 
into  the  plasma  so  that  the  red  cells 
become  smaller  (miorocytes)  or  come 
to  consist  only  of  the  outer  envelope 
Cred  cell  shadows).    Through  the  im- 
bibition of  fluids  such  cells  may  be- 
come   swollen.     Grawitz    uses    the 
term  to  indicate  solution  of  the  red 
A.  blood  cells    and  the    production  of 

bEemoglobinsemia.  In  the  case  of 
nerve  cells,  plasmolysis  is  applied  to  the 
simplest  disorganizing  changes  in  the  achro- 
matic part  of  the  cell.  In  the  case  of  bac- 
teria, plasmolysis  is  used  to  indicate  the 
formation  of  clear  spaces  beneath  the  cap- 
sule, due  to  the  shrinking  of  the  plasma,  as 
may  be  observed  in  bacteria  held  in  a  salt 
solution.  Aldred  Scott  Warthin. 

PLASMORRHEXIS  is  the  term  applied  to 
processes  of  disorganization 
in  the  protoplasm  of    the 
cell,  in  opposition  to  karyor- 
rhexis,  which  is  used  to  de- 
note   similar   processes   in 
the  nucleus.     By  the  ma- 
jority of  writers   plasmor- 
rhexis  is  applied   to  these 
changes  as  occurring  In  the 
red  blood  cells  alone,  and 
the  word  is  used  as  a  syno- 
nym for  erythrocytoi'rliexis. 
The  process  is  characterized 
by  the  formation  of  small  granules  or  globules  in  the  proto- 
plasm of  the  red  cell,  and  the  escape  of  these  from  the 
cell ;  or  the  formation  of  minute  prickles  or  globules  over 
the  surface  of  the  cell,  giving  it  an  appearance  of  a  goose- 
berry or  mulberry ;  or  the  formation  of  variously  shaped 


A,  Parasite  of  .Slstlvo-autiimnal  Fever  in  tlie  Wall  of  the 
Middle  Intestine  of  Anopheles;  B,  formation  of  sporozoites  within 
the  oocyst ;  C,  ripe  sporozoites.    (After  Gra-ssi  from  Luhe.) 
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processes.    Plasmorrhexis  may  be  regarded  as  the  stage 
immediately  preceding  plasmoschisis. 

Aldred  Scott  Warthin. 

PLASMOSCHISIS.— The  partial  or  total  disorganization 
of  the  cell  through  fragmentation  or  splitting  of  its  pro- 
toplasm. It  is  characterized  by  the  snaring  off  of  the 
processes  developed  through  plasmorrhexis,  and  the 
formation  of  round,  oval,  disc-like,  angular,  or  thready 
bodies,  which  may  be  homogeneous  or  granular;  or  by 
the  separation  of  the  protoplasm  from  the  nucleus.  _  The 
term  is  used,  particularly  with  reference  to  the  disinte- 
gration of  the  red  blood  cells,  as  a  synonym  for  erythro- 
cytosehisis.  It  is  believed  by  many  investigators  that  the 
blood  plates  are  nothing  more  than  specially  formed  prod- 
ucts of  the  plasmorrhexis  and  plasmoschisis  of  the  red 
blood  cells.  Aldred  Scott  Warthin. 

PLASTIC  SURGERY.    See  Beparatiw  Surgery. 

PLETHORA.    See  Circulation,  PatMlogy  of. 

PLEURISY. — The  pleura  may  be  the  seat  of  various 
forms  of  inflammation,  some  of  which  are  only  a  part  of 
a  general  inflammation  involving  the  tissue  of  the  lung, 
as  in  pneumonia,  tuberculosis  of  the  lung,  and  emphyse- 
ma of  the  lungs,  and  some  of  which  involve  the  pleura 
without  disease  of  the  lung. 

A  pleurisy  may  be  primary,  or  it  may  be  secondary  to 
disease  of  the  lung,  or  to  some  general  disease,  as  chronic 
nephritis  or  rheumatism. 

The  different  forms  of  pleurisy  may  be  conveniently 
classified  as  follows: 

1.  Pleurisy  with  the  production  of  fibrin,  or  acute 
pleurisy,  or  dry  pleurisy. 

2.  Pleurisy  with  the  production  of  fibrin  and  serum, 
or  sero-flbrinous  pleurisy,  or  pleurisy  with  effusion,  or 
subacute  pleurisy. 

3.  Pleurisy  with  an  excessive  production  of  fibrin. 

4.  Pleurisy  with  the  production  of  fibrin,  serum,  and 
pus,  or  empyema,  or  suppurative  pleurisy. 

5.  Chronic  pleurisy  with  adhesions. 

6.  Tuberculous  pleurisy. 

7.  Cancerous  pleurisy. 

8.  Traumatic  pleurisy. 

Etiology. — Pleurisy  occurs  at  all  ages  and  in  both 
sexes.  Pleurisy  may  be  primary  or  secondary,  but  there 
is  at  the  present  time  considerable  difference  in  opinion 
as  to  the  relative  frequency  of  true  primary  pleurisy,  as 
well  as  to  the  frequency  of  tuberculous  infection  as  the 
essential  factor  in  the  production  of  so-called  primary 
pleurisies.  Thus  Strilmpell  states  that  we  know  posi- 
tively of  but  two  forms  which  may  be  regarded  as  pri- 
mary, viz.,  the  traumatic  and  the  rheumatic;  while  others 
regard  exposure  to  cold  and  wet  and  individual  predis- 
position as  frequent  exciting  causes.  Of  late  years,  un- 
der the  lead  of  the  French  and  German  writers,  the  ten- 
dency of  a  large  number  of  the  profession  has  been  to 
regard  the  majority,  if  not  all,  of  acute  and  subacute 
pleurisies  as  tuberculous.  There  seems,  however,  good 
reason  to  reject  so  sweeping  an  assumption.  That  the 
tubercle  bacillus  is  a  frequent  cause  of  pleurisy  is,  of 
course,  well  known,  but  many  cases  of  pleurisy  with 
effusion  have  been  observed  in  which  no  tubercle  bacilli 
have  been  found  in  the  exudate,  and  in  which  tubercu- 
losis has  not  subsequently  developed.  Moreover,  an  ex- 
actly similar  pleurisy  with  effusion  has  been  produced 
experimentally  in  the  lower  animals  by  chemical  agents, 
as  is  shown  by  Delafleld.  By  injecting  a  saturated  solu- 
tion of  chloride  of  zinc  with  a  hypodermic  syringe  into 
the  pleural  cavity  of  the  dog  he  was  enabled  to  excite  a 
pleurisy  exactly  resembling  that  which  is  seen  in  the 
human  subject.  By  varying  the  amount  of  fluid  in- 
jected he  was  able  to  obtain  pleurisies  of  different  degrees 
of  mtensity,  and  with  different  amounts  of  products  of 
inflammation. 

Pleurisy  may  be  secondary  to  changes  in  the  lungs 
notably  tuberculosis  of  the  lungs  and  lobar  pneumonia' 
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or  to  the  infectious  diseases,  especially  la  giippe,  to  rheu- 
matism, to  peritonitis,  to  abscess  of  the  liver,  to  carcino- 
ma of  the  stomach,  liver,  or  chest  wall,  or  to  nephritis. 

BACTEKioLO&y.— Cultivations  from  the  exudate  give 
in  the  larger  proportion  of  cases  negative  results,  but,  as 
stated  by  Netter,  we  may  recognize  three  groups  of  acute 
or  subacute  pleurisy,  caused  by  the  tubercle  bacillus,  the 
pneumococcus,  and  the  streptococcus  respectively. 

The  tubercle  bacillus  is  very  difficult  to  find  in  the  exu- 
date. It  has  been  demonstrated  that  a  large  amount  of 
the  exudate  must  be  taken  to  make  the  test  complete, 
either  in  cultures  or  in  the  inoculation  of  animals. 

The  pneumococcus  pleurisy  is  almost  always  secondary 
to  a  focus  of  inflammation  in  the  lung.  It  may,  however, 
be  primary.  The  exudate  is  usually  purulent,  but  the 
prognosis  of  this  form  is  very  favorable.  The  strepto- 
coccus pleurisy  is  the  typical  septic  form  which  may  oc- 
cur either  from  direct  infection  of  the  pleura  through  the 
lung  in  bronchopneumonia  or  in  cases  of  streptococcus 
pneumonia;  in  other  instances  it  follows  infection  of 
more  distant  parts.  This  is  the  most  serious  and  fatal  of 
all  forms.     The  exudate  is  usually  purulent. 

These,  then,  are  the  important  groups,  but  other  bac- 
teria have  been  found,  as  the  staphylococcus,  the  typhoid 
bacillus,  the  bacillus  coli  communis,  the  gonococcus,  the 
pneumobacillus  of  Friedlander,  and  the  influenza  ba- 
cillus. 

Plbukisy  with  the  Production  of  Fibrin  (Dry 
Pleurisy). — Morbid  Anatomy. — The  inflammation  may 
begin  on  the  pulmonary,  costal,  or  diaphragmatic  pleura 
according  to  the  cause  which  produces  it.  That  begin- 
ning in  the  pulmonary  pleura  is  always  secondary  to 
changes  in  the  lungs.  That  which  begins  in  the  costal 
pleura  is  often  independent  of  any  inflammation  of  the 
lung.  Usually  only  a  circumscribed  portion  of  the  pul- 
monary, costal,  mediastinal,  or  diaphragmatic  pleura  is 
involved,  but  the  entire  pleura  of  one  side  of  the  chest 
may  be  inflamed.  The  inflammation  always  extends  to 
the  portion  of  the  pleura  opposite  to  it.  The  inflamed 
pleura  is  coated  with  a  more  or  less  thick  layer  of  fibrin, 
and  bands  of  fibrin  extend  between  the  opposite  pleural 
surfaces.  As  most  persons  recover  from  dry  pleurisy, 
but  little  is  known  of  its  bacteriology. 

This  form  of  pleurisy  is  regularly  seen  with  lobar 
pneumonia,  less  frequently  with  bronchopneumonia. 
It  is  very  frequently  associated  with  tuberculosis  of  the 
lungs,  and  may  be  the  first  or  only  sign  of  such  tuber- 
culosis. It  is  frequently  found  in  connection  with  la 
grippe,  and  it  may  develop  at  any  time  in  the  course  of 
this  disease.  It  may  develop  simply  from  exposure  to 
cold. 

Symptoms.— The  rational  symptoms  are  usually  few 
and  not  well  marked.  There  may  be  more  or  less  pain 
over  the  affected  side,  a  slight  dry  cough,  a  little  fever, 
and  some  malaise.  Often  these  symptoms  are  absent. 
Though  the  pain  is  usually  referred  to  the  seat  of  inflam- 
mation, it  must  be  remembered  that  this  pain  may  be 
referred  to  a  distant  point,  and  thus  the  error  may  be 
made  of  regarding  the  case  as  one  of  lumbago  or  of  ap- 
pendicitis, of  renal  colic,  or,  in  cases  of  diaphragmatic 
pleurisy,  of  peritonitis. 

The  physical  signs  are  characteristic.  Over  the  in- 
flamed area  are  heard  crepitant  or  subcrepitant  rSles. 
"With  these  there  may  be  a  little  dulness  on  percussion 
and  some  little  diminution  in  the  intensity  of  the  breath- 
ing, but  the  essential  sign  is  the  presence  of  fine  pleuritic 
rales.  These  rftles  may  be  scanty  or  very  abundant. 
Sometimes  they  may  be  so  faint  as  to  be  heard  with  the 
greatest  difl3culty.  They  are  usually  brought  out  best 
by  causing  the  patient  to  cough.  It  must  be  remembered 
that  these  rSles— contrary  to  the  usual  impression— are 
not  necessarily  constant ;  they  may  come  and  go  in  the 
same  manner  as  a  bronchial  rSle.  If  the  pleurisy  be  dia- 
phragmatic or  mediastinal,  no  rSles  may  be  heard. 

"With  acute  or  subacute  miliary  tuberculosis  of  the  lung 
a  dry  pleurisy  may  either  mark  the  invasion  of  the  tuber- 
culous inflammation  of  the  lungs  or  it  may  be  repeated 
from  time  to  time  as  the  tuberculosis  goes  on.     Recent 
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pleuritic  rSles,  pain  in  the  chest,  and  a  rise  of  tempera- 
ture regularly  accompany  these  attacks. 

So  well  is  it  recognized  that  fine  pleuritic  rSles  may  be 
the  only  symptom  of  a  beginning  tuberculosis  that  such 
evidence  of  localized  dry  pleurisy,  especially  if  primarily 
at  the  apex  of  the  lung  and  attended  with  afternoon 
fever,  is  always  a  source  of  great  anxiety  to  the  phy- 
sician, unless  he  can  be  sure  that  he  has  to  do  with  an 
acute  pleurisy  due  to  other  cause  than  tuberculosis,  as, 
for  example,  one  occurring  in  the  course  of  an  attack  of 
influenza.  In  primary  dry  pleurisies  Involving  the  costal 
pleura  there  is  a  great  variation  in  the  extent  of  pleura 
involved.  The  inflammation  may  involve  only  a  small 
area  of  the  pleura ;  there  are  rSles  heard  over  a  circum- 
scribed area  only,  the  patient  has  but  little  fever,  and  the 
pleurisy  runs  its  course  in  a  week.  In  other  cases  the 
pleuritic  rftles  are  heard  all  over  the  front  or  back  of  the 
chest,  the  pain  is  quite  severe,  there  is  considerable  fever, 
and  the  patient  may  be  confined  to  bed  or  to  the  house 
for  two  weeks. 

The  prognosis  is  good.  Most  cases  end  in  recovery  after 
a  short  time,  but  the  patient  is  often  left  with  permanent 
thickenings  and  adhesions  of  the  pleura.  Such  adhesions 
may  give  no  further  trouble,  or  they  may  form  the  start- 
ing-point for  a  chronic  pleurisy  with  adhesions,  or  the 
process  may  go  further  and  cause  chronic  interstitial 
pneumonia  and  chronic  bronchitis. 

Rarely,  dry  pleurisy  is  succeeded  after  several  days  by 
a  pleurisy  with  effusion. 

In  a  moderate  number  of  cases  one  or  more  attacks  of 
dry  pleurisy  are  followed  by  pulmonary  tuberculosis. 

Treatment. — Many  of  the  milder  cases  are  never  seen  by 
the  physician  and  need  no  treatment,  although  it  would 
seem  wise  to  keep  them  in  the  house  till  the  pleuritic 
rSles  have  disappeared.  The  more  severe  cases  should 
stay  in  the  house  or  go  to  bed  till  the  attack  has  run  its 
course.  There  is  no  especial  drug  treatment.  The  pain 
in  the  chest  may  be  relieved  by  poultices,  strapping  the 
chest,  opium,  phenacetin,  or  the  like.  Most  physicians 
either  paint  the  affected  chest  with  iodine  or  employ  wet 
or  dry  cups,  but  it  is  doubtful  if  anything  is  gained  by 
these  counter-irritants. 

Pleuhisy  with  the  Production  op  Fibrin  and 
Serum  (Pleurisy  with  Effusion). — This  is  a  much 
more  serious  form  of  pleurisy,  and  is  the  type  whicli  is 
most  commonly  seen  by  the  general  practitioner,  since 
many  persons  with  acute  dry  pleurisy  never  consult  a 
physician. 

Morbid  Anatomy. — The  essential  lesion  is  the  inflamma- 
tion of  the  greater  part  of  the  costal  and  pulmonary 
plcuras  on  one  side,  and  the  accumulation  of  a  consider- 
able or  large  amount  of  serous  fluid  in  the  pleural  cavity. 
Somfetimes,  however,  the  extent  of  the  inflamed  pleura 
is  small,  and  the  serum  is  shut  in  by  adhesions  (saccu- 
lated pleurisy). 

Rarely,  the  pleurae  of  both  sides  of  the  chest  are  in- 
flamed, and  when  this  is  the  case  there  is  apt  to  be  peri- 
carditis also. 

The  surface  of  the  inflamed  pleura  is  coated  with  fibrin, 
and  bands  of  fibrin  join  together  its  opposed  surfaces. 
In  the  pleural  cavity  is  found  clear  or  turbid  serum  of  a 
straw  or  amber  color,  containing  a  few  leucocytes.  Red 
blood  cells  are  so  rarely  found  that  a  bloody  effusion  is 
usually  regarded  as  a  sign  of  a  tuberculous  or  a  cancer- 
ous pleurisy.  The  blood,  however,  may  be  due  to  an  in- 
jury. There  are,  moreover,  a  few  cases  which  do  not 
differ  from  ordinary  cases  except  that  the  fluid  is  bloody. 
Thus  bloody  fluid  may  be  found  in  pleurisy  in  connec- 
tion with  cirrhosis  of  the  liver  and  with  infectious  dis- 
eases. The  quantity  of  fluid  varies  from  a  few  ounces 
to  a  quantity  suflicient  completely  to  fill  and  distend  the 
pleural  cavity.  The  fluid  is,  of  course,  found  in  the 
most  dependent  part  of  the  pleural  cavity,  unless  shut  in 
by  adhesions,  in  which  case  it  may  be  found  anywhere, 
but  most  commonly  at  the  base  of  the  lung  and.  in  the 
neighborhood  of  the  axillary  region.  If  the  effusion  be 
of  any  considerable  quantity  the  lung  is  compressed  up- 
ward and  backward  against  the  vertebrae,  the  degree  of 


compression  of  the  lung  depending  upon  the  amount  of 
fluid.  In  extreme  and  long-continued  cases  the  lung  is 
almost  unaerated.  If  the  amount  of  fluid  be  great  t)ic 
adjacent  viscera  may  be  displaced.  After  the  inflam- 
mation has  subsided  the  serum  and  fibrin  are  absorbed 
and  the  pleura  is  left  thickened  by  connective  tissue  and 
with  connective-tissue  bands  between  the  two  layers. 
The  compressed  lung  expands  again  either  completely  or 
partially ;  if  the  latter,  more  or  less  retraction  of  the  af- 
fected side  of  the  chest  is  left. 

The  causes  of  pleurisy  with  effusion  have  been  already 
stated. 

The  behavior  of  the  acute  cases  is  such  as  to  make  it 
probable  that  infection  by  the  pneumococcus  is  the  cause 
of  the  inflammation ;  and  this  belief  has  been  confirmed  in 
a  considerable  number  of  cases,  but,  as  before  stated,  in 
a  large  number  of  cases  the  fluid  is  found  to  be  sterile. 

The  diagnosis  is  made  by  the  symptoms  and  physical 
signs. 

The  essential  symptoms  are  pain  in  the  chest,  co-ugh 
with  little  or  no  expectoration,  dyspnaia,  a,nd  fever. 

The  essential  physical  signs  are  absent,  or  greatly  di- 
minished, vocal  fremitus,  flatness  on  percussion,  feeble  or 
absent  breathing,  feeble  or  absent  mice. 

With  this  combination  of  symptoms  and  physical  signs 
the  diagnosis  is  one  of  the  simplest  problems  in  medicine, 
but  there  are  so  many  variations  from  these  conditions  of 
the  problem  that  a  more  extensive  discussion  of  the  sub- 
ject is  advisable. 

First,  as  regards  the  symptoms  and  course  of  the  dis- 
ease. We  may  conveniently  divide  the  symptoms  of 
pleurisy  with  effusion  into  three  groups: 

1.  Pleurisy  with  an  acute  invasion. 

3.  Pleurisy  with  an  insidious  invasion. 

3.  Pleurisy  with  a  subacute  invasion. 

In  the  first  group  the  symptoms  may  very  closely  re- 
semble the  invasion  of  lobar  pneumonia. 

In  the  second  group  the  pleurisy  may  be  entirely  over- 
looked by  the  unwary,  and  "  malaria  "  or  some  equally 
indefinite  diagnosis  may  be  made. 

In  the  third  group  the  conditions  are  more  regular  and 
the  diagnosis  more  simple. 

Mrst  Group. — In  pleurisy  with  an  acute  invasion  the 
patient  is  suddenly  taken  ill  with  the  symptoms  of  an 
acute  infection.  Sometimes  there  is  an  initial  chill,  as  in 
pneumonia ;  more  often  there  are  chilly  feelings,  and  then 
the  patient  is  taken  with  a  sudden  pain  in  the  chest,  with 
a  high  fever,  ]03°-104°  P.,  a  dry  cough  and  immediate 
prostration.  The  pulse  is  full,  100-130,  and  the  face  is 
flushed.  In  a  few  hours  dyspnoea  appears,  and  this  may 
increase  so  greatly  that  the  patient  cannot  lie  down  in 
bed.  The  breathing  is  from  38  to  35.  The  pain  is  apt 
to  be  very  great  and  referred  to  the  affected  side,  but  it 
may  be  also  felt  throughout  the  muscles  of  the  body. 
The  pain,  on  the  other  hand,  may  be  very  slight  over  the 
inflamed  pleura,  but  is  referred  to  the  opposite  side  of 
the  chest,  or  to  the  abdomen.  In  the  latter  case,  if  it  be 
on  the  right  side,  the  rigidity  of  the  abdominal  muscles 
and  the  situation  of  the  pain  may  lead  to  the  erroneous 
diagnosis  of  appendicitis,  an  error  which  of  course  would 
be  corrected  by  a  proper  physical  examination  of  the 
chest.  As  the  fluid  accumulates  in  the  pleural  cavity 
this  pain  becomes  much  less. 

While  the  constitutional  symptoms  are  going  on  the 
fluid  accumulates  rapidly,  and  within  two  days  it  may 
fill  the  pleural  cavity ;  but  the  quantity  of  fluid  varies 
greatly  in  different  cases. 

The  patient  continues  to  have  a  high  temperature  and 
all  the  appearances  of  a  severe  illness  for  about  two 
weeks;  then  the  temperature  subsides,  leaving  only  a 
moderate  afternoon  fever,  which  continues  as  long  as  the 
fluid  remains  in  the  chest.  These  cases  make  us  think 
of  an  infection  of  the  pleura  by  the  pneumococcus. 

The  prognosis  is  usually  good,  but  sometimes  death 
occurs,  and  some  of  these  patients  die  suddenly. 

In  the  seco7id  group,  that  of  insidious  invasion,  we 
have  a  picture  which  is  just  the  opposite.  The  disease 
begins  so  gradually  that  the  patient  hardly  knows  when 
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he  began  to  be  ill.  He  lias  a  little  fever,  lie  feels  weak, 
has  but  little  appetite,  and  he  may  feel  short  of 
breath  on  exertion,  but  the  dyspnoea  is  not  urgent.  He 
may  have  no  cough  and  no  pain  in  the  side,  and  he  may 
go  about  his  business  for  weeks  suffering  from  fever  and 
loss  of  flesh  before  the  disease  is  recognized.  For  exam- 
ple, a  gentleman  coming  from  the  South  told  me  that  he 
had  suffered  for  three  months  from  "  malaria  and  an  en- 
larged spleen. "  His  dyspnoea  was  obvious  to  me  at  once, 
but  he  had  hardly  noticed  it.  His  left  chest  was  com- 
pletely filled  with  fluid.  The  term  "  silent  pleurisy  "  has 
been  applied  to  this  group  of  cases,  and  they  are  not  in- 
frequently tuberculous  in  their  origin. 

The  duration  depends  entirely  upon  the  length  of  time 
the  fluid  is  left  in  the  chest.  If  the  fluid  is  removed  re- 
covery, as  a  rule,  ensues  at  once — but  tuberculosis  of  the 
lungs  sometimes  follows  later;  the  interval  may  be  weeks 
or  months  or  years. 

The  third  group  is  perhaps  the  most  common.  The 
invasion  is  of  moderate  severity;  the  temperature  is 
about  101°  F.  in  the  morning  and  not  usually  above  103° 
F.  in  the  afternoon ;  the  respiration  is  about  30  and  the 
pulse  about  100;  pain  in  the  side,  dry  cough,  and  dysp- 
noea are  prominent  symptoms.  The  patients  usually 
feel  ill  enough  to  go  to  bed,  though  they  do  not  always 
do  so.  Ttie  fluid  accumulates  in  the  cliest  fairly  quickly 
at  first ;  then  it  continues  to  increase  slowly,  and  if  treat- 
ment is  not  institvited  it  will  go  on  slowly  increasing  for 
several  weeks. 

The  prognosis  is  good ;  these  patients  rarely  die,  and 
they  usually  make  a  perfect  recovery. 

The  duration  depends  upon  the  treatment.  Twenty 
years  ago,  when  I  was  a  hospital  interne,  the  regular 
treatment  was  rest  in  bed,  blisters  to  the  chest  and  diu- 
retics, and  the  regular  duration  was  six  weeks  in  bed  and 
two  months  in  hospital.  Now  the  duration  is  often  not 
more  than  two  or  three  days  in  bed,  and  perhaps  two 
weeks  in  hospital. 

After  recovery  from  this  pleurisy  changes  in  the  chest 
may  be  left  behind,  which  changes  are  in  proportion  to 
the  quantity  of  fluid  and  the  length  of  time  it  remains  in 
the  pleural  cavity.  The  expansion  of  the  lung  may  be 
complete,  and  no  evidence  of  the  former  pleurisy  remains. 
More  often  bands  of  connective-tissue  adhesions  are  left 
between  the  opposing  surfaces  of  the  pleura,  and  the  ex- 
pansion of  the  lung  is  not  complete.  As  a  result  there  re- 
mains more  or  less  retraction  of  the  affected  side  of  the 
chest,  and  the  adhesions  of  the  pleura  may  cause  pain  in 
the  chest  for  several  months;  or,  less  frequently,  these 
adhesions  may  be  the  starting-point  of  a  chronic  pleurisy 
with  adhesions,  of  an  interstitial  pneumonia,  or  of  a 
chronic  bronchitis. 

The  physical  signs  of  pleurisy  with  effusion  depend 
largely  upon  the  amount  of  the  effusion  and  upon  its 
situation.  The  rule  is  that  we  find  the  fluid  in  the  lower 
part  of  the  pleural  cavity,  and  the  lung  more  or  less 
compressed  upward  and  backward  against  the  verte- 
bral column.  It  is  customary  to  describe  the  physical 
signs  as  in  three  groups,  those  above  the  level  of  the 
fluid,  at  the  level  of  the  fluid,  and  below  the  level  of  the 
fluid,  but  for  the  purposes  of  this  article  it  will  be  suffi- 
cient to  give  the  physical  signs  found  above  the  level  of 
the  fluid  and  below  the  level  of  the  fluid,  as  these  are 
suiflcient  for  all  practical  purposes. 

Inspection  may  or  may  not  show  a  fulness  of  the  chest 
upon  the  affected  side,  and  there  is  usually  limitation  of 
motion  on  the  affected  side.  In  children  there  may  be 
bulging  of  the  intercostal  spaces  below  the  level  of  the 
fluid.  If  the  effusion  be  large  there  may  be  displace- 
ment of  the  heart  or  of  the  liver,  but  this  displacement 
is  not  seen  in  cases  of  moderate  effusion.  There  may  be 
evident  dyspnoea,  and  the  patient  usually  lies  upon  the 
affected  side. 

The  weal  fremitvs  is  usually  absent  below  the  level  of 
the  fluid,  but  it  may  be  only  dinunished  even  in  large 
effusions. 

Percussion,  above  the  level  of  the  fluid,  may  give  ex- 
aggerated resonance,  or  skodaic  resonance,  or  normal  res- 
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onance.  The  percussion  note  over  the  opposite  chest 
may  be  exaggerated  or  tympanitic.  Below  the  level  of 
the  fluid  the  percussion  note  is  usually  absolutely  flat, 
and  this  flatness  together  with  the  feeling  of  marked  re- 
sistance to  the  finger  used  as  a  pleximeter  is  so  constant 
a  sign  of  fluid  in  the  pleural  cavity  as  to  suggest  at  once 
the  diagnosis  without  further  physical  signs,  though  it  is 
not,  of  course,  pathognomonic.  In  many  cases,  however, 
we  do  not  get  absolutely  flatness,  but  only  more  or  less 
marked  dulness,  even  when  the  amount  of  fluid  is  con- 
siderable ;  this  is  notably  the  case  in  children.  If  the 
amount  of  fluid  be  small  we  get  dulness  on  percussion 
of  varying  degrees  of  intensity. 

Upon  anscultation  of  the  breathing,  above  the  level  of 
the  fluid,  the  breathing  is  usually  normal ;  it  may  be  of 
a  blowing  character  (cavernous  or  broncho-cavernous),  or 
it  may  be  feeble ;  below  the  level  of  the  fluid  it  is  gener- 
ally stated  thatthe  breathing  is  absent,  but  this  has  not 
seemed  to  be  the  case  to  me.  I  should  prefer  to  say  that 
below  the  level  of  the  fluid  the  breathing  is  quite  feeble 
in  most  cases;  exceptionally  it  is  absent.  There  is  an- 
other and  most  important  exception  to  the  character  of 
the  breathing  heard  all  the  way  down  the  chest,  below 
the  level  of  the  fluid,  viz.,  distinctly  bronchial  breathing. 
This  characteristic  of  the  breathing  in  many  cases  of 
pleural  effusion  is  now  quite  generally  recognized,  but  it 
is  necessary  to  emphasize  it  on  account  of  the  danger  of 
mistaking  this  breathing  for  that  of  consolidation  of  the 
lung.  It  is  usually  noted  in  cases  of  large  pleural  effu- 
sion ;  but  this  condition  is  by  no  means  essential. 

If  the  effusion  be  slight,  the  breathing  is  only  slightly 
diminished  in  intensity  or  is  normal. 

The  wice  above  the  level  of  the  fluid  is  usually  normal ; 
it  may  be  exaggerated  or  it  may  be  slightly  diminished 
in  intensit}'.  Below  the  level  of  the  fluid  the  voice  is 
very  greatly  diminished  or  absent.  If  there  be  bronchial 
breathing  there  is  usually  bronchial  voice  also,  and  this 
bronchial  voice  often  seems  distant  from  the  ear.  If  the 
effusion  be  moderate  in  amount,  there  may  be  only  slightly 
diminished  voice  or  there  may  be  segophony. 

Bales  may  be  heard  over  the  affected  side  if  one  see  the 
case  before  the  effusion  of  serum  has  taken  place.  After 
the  two  layers  of  the  pleura  are  separated  by  the  effusion 
it  is  only  rarely  that  one  hears  rSles  below  the  level  of 
the  fluid.  The  important  exception  must,  however,  be 
noted  that  fine  rftles  may  be  heard  below  the  level  of  the 
fluid.  This  is  not  the  place  to  speculate  as  to  the  ex- 
planation of  this  phemonenon,  but  it  must  be  borne  in 
mind  that  rSles  may  be  heard  below  the  level  of  the 
fluid,  or  else  the  error  of  excluding  pleurisy  with  effu- 
sion will  inevitably  be  made. 

RSles  may,  of  course,  be  heard  above  the  level  of  the 
fluid  if  there  be  fibrin  on  the  pleura,  or  bands  of  adhe- 
sions at  that  point. 

If  the  fluid  be  shut  in  by  adhesions  (sacculated),  we 
get  irregular  physical  signs,  dulness  or  flatness,  changes 
in  the  breathing  and  voice,  and  rSles,  corresponding  to 
the  situation  of  the  fluid  and  the  compression  of  the  lung. 
In  many  cases  there  may  be  doubt  as  to  the  presence  of 
fluid  in  the  pleural  cavity,  and  this  applies  to  fluid  free 
in  the  pleural  cavity  as  well  as  to  sacculated  pleurisy. 
Here  the  diagnosis  may  be  made  by  the  introduction  of 
an  exploring  needle  attached  to  a  hypodermic  syringe. 
This  little  procedure  is  attended  with  such  slight  risk  to 
the  patient  that  its  use  is  to  be  recommended  in  all  cases 
of  uncertainty  of  diagnosis.  It  must  be  remembered  that 
a'  "dry  tap  "  does  not  exclude  the  presence  of  fluid,  which 
may  be  shut  into  numerous  compartments  by  adhesions, 
and  therefore  introductions  of  the  needle  at  several  differ- 
ent points  may  be  required  before  the  fluid  is  found. 
Cases  of  sudden  death  have  followed  exploratory 
puncture,  but  fortunately  these  cases  are  rare. 

As  recovery  takes  place  and  the  fluid  is  absorbed,  the 
breathing  and  voice  can  be  heard  more  and  more  dis- 
tinctly, and  lower  and  lower  down,  until  recovery  is  com- 
plete. The  flatness  changes  slowly  into  marked  dulness, 
and  this  dulness  persists  for  some  time  after  all  the  fluid 
is  removed.    When  there  is  doubt  as  to  the  exact  height 
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of  the  fluid  which  remains,  the  point  at  which  the  voice 
becomes  distinctly  muffled  is  the  most  reliable  test. 

The  treatment  of  pleurisy  with  effusion  is  a  matter  of 
great  importance  both  as  regards  the  duration  of  the  ill- 
ness and  as  affecting  the  future  of  the  patient.  Person- 
ally I  believe  that  there  should  be  but  one  recognized 
form  of  treatment,  and  that  is  the  mechanical  removal  of 
the  fluid  by  aspiration  of  the  chest,  and  that  the  sooner 
the  fluid  is  removed  the  shorter  the  duration  of  the  dis- 
ease and  the  less  tlie  risk  of  the  formation  of  permanent 
pleuritic  adhesions.  Aspiration,  which  was  first  advo- 
cated by  Bowditch  and  Wy'man  many  years  ago,  is  now 
extensively  adopted  by  physicians,  but  many  still  adhere 
to  the  practice  of  depending  upon  the  lymphatics  for  the 
removal  of  the  exudate,  and  wait  two  or  more  weeks  be- 
fore resorting  to  aspiration.  There  are  many  who  seek 
to  restrain  the  exudation  by  the  use  of  the  dry  diet,  and 
who  give  sodium  chloride  in  considerable  doses.  If  the 
effusion  be  at  all  considerable  it  has  been  an  almost  uni- 
versal custom  to  administer  diuretics,  even  though  aspi- 
ration were  resorted  to  quite  early.  After  aspiration  the 
use  of  diuretics  is  really  unnecessary,  and  its  use  before 
aspiration  is  of  doubtful  value. 

The  method  I  would  advocate  is  that  in  the  cases  with 
high  temperature  and  other  symptoms  of  acute  and  severe 
invasion  the  patient  be  put  to  bed  and  on  a  fluid  diet. 
His  restlessness  should  be  quieted  by  the  use  of  some  of 
the  coal-tar  antipjn-etics ;  and  if  the  pain  in  the  chest  be 
severe,  relief  may  be  obtained  by  the  application  of  poul- 
tices to  the  chest,  or  by  the  administration  of  morphine. 
After  two  or  three  days  of  this  treatment,  if  the  fluid  has 
accumulated  it  should  be  removed  at  once  by  aspiration. 
The  temperature  usually  falls  on  the  day  following  as- 
piration, and  the  acute  symptoms  subside  also,  and  in  a 
few  days  the  patient  feels  well  enough  to  sit  up.  In  the 
cases  of  insidious  and  of  subacute  invasion  the  removal 
of  the  fluid  seems  to  be  all  the  treatment  necessary.  The 
patient  may  be  put  on  a  normal  diet  at  once,  and  may  be 
gotten  out  of  bed  as  soon  as  the  fluid  is  removed.  Before 
aspiration  the  skin  of  the  chest  should  be  disinfected,  just 
as  for  a  major  surgical  operation,  and  the  aspirating 
needle  and  the  operator's  hands  also  rendered  aseptic. 
AVith  these  precautions  purulent  infection  of  the  pleura 
does  not  ensue. 

The  amount  of  fluid  removed  at  one  sitting  varies.  If 
the  amount  be  not  very  great,  it  may  be  all  removed  at 
once ;  but  if  the  chest  be  entirely  filled,  it  is  not  safe  to 
remove  it  all  till  the  following  day.  In  ordinary  cases  it 
is  a  good  rule  to  remove  all  one  can  get,  but  to  stop  if 
the  patient  feels  faint  or  if  he  begins  to  cough.  If  a  lit- 
tle fluid  be  left  it  will  usually  take  care  of  itself.  In 
cases  in  which  the  fluid  re-accumulates  two  or  more  aspi- 
rations may  be  required  to  effect  a  cure.  The  subacute 
cases  in  which  removal  of  the  fluid  is  not  attended  by  a 
fall  of  temperature  are  apt  to  prove  to  be  tuberculous. 
Sudden  death  has  followed  aspiration  of  the  chest,  but 
this  is  a  very  rare  accident.  It  must  be  also  borne  in 
mind  that  when  a  chest  is  completely  filled  with  fluid 
sudden  death  may  occur  if  aspiration  is  delayed,  and  that 
it  is  imperative  to  remove  a  portion  of  the  fluid  as  soon  as 
possible. 

■  The  differential  diagnosis  of  pleurisy  with  effusion 
must  be  made  from  empyema,  pneumonia,  pleurisy  with 
excessive  production  of  fibrin,  pericarditis,  abscess  of  the 
liver,  or  other  enlargements  of  the  liver,  and  new  growths 
of  the  pleura.  Of  course  the  question  of  the  fluid  in  the 
pleura  being  an  hydrothorax,  or  of  the  pleurisy  being  a 
part  'of  a  tuberculous  process  in  the  lung,  or  of  a  lobar 
pneumonia,  must  also  be  considered.  A  due  consideration 
of  the  associated  symptoms  will  usually  lead  to  a  correct 
diagnosis,  but  where  there  is  doubt  the  introduction  of 
the  exploring  needle  is  the  most  important  aid  to  diagno- 
sis. It  must  also  be  remembered  that  the  leucocytosis  in 
all  cases  of  inflammation  of  the  pleura,  except  empyema, 
is  usually  moderate  in  amount,  about  ten  to  fourteen 
thousand  per  cubic  millimetre,  but  the  leucocytosis  may 
be  low  in  pneumonia  or  high  in  a  pleurisy,  so  that  the 
blood  count  is  not  a  certain  means  of  differentiation  be- 


tween these  two  diseases.  Where  there  is  the  slightest 
element  of  doubt  the  importance  of  the  introduction  of 
the  exploring  needle  cannot  be  too  forcibly  emphasized. 
Frequently  pus  will  be  found  by  the  exploring  needle 
when  the  physical  signs  would  suggest  consolidated  lung 
or  only  a  thickened  pleura. 

Among  the  infants  which  we  see  at  Bellevue  Hospital, 
many  of  whom  are  half  starved  or  badly  nourished,  it  is 
not  so  uncommon  to  find  pus  in  the  pleural  cavity  when 
the  only  reason  for  the  introduction  of  the  needle  is  a 
febrile  condition  and  a  little  dulness  over  one  chest. 

Pleurisy  with  an  Excessive  Pkoductiok  of  Fibrin 
is  a  much  more  uncommon  condition.  We  find  the  pleura 
on  one  side,  both  costal  and  pulmonary,  greatly  thickened 
by  a  deposit  of  fibrin,  which  may  be  even  an  inch  or 
more  in  thickness ;  there  may  be  a  little  fluid  in  the  pleu- 
ral cavity  or  there  may  be  none. 

This  pleurisy  may  be  seen  in  connection  with  an  acute 
articular  rheumatism,  or  with  tuberculosis  of  the  lung, 
or  with  epidemic  influenza,  or  without  known  cause. 

The  symptoms  are  very  similar  to  those  of  pleurisy 
with  effusion  with  acute  invasion,  or  to  those  of  lobar 
pneumonia. 

The  physical  signs  are  usually  diminished  or  absent 
vocal  fremitus,  flatness  on  percussion,  distant  bronchial 
breathing,  distant  bronchial  voice,  or,  more  commonly, 
88gophony,  and  abundant  fine  and  coarse  pleuritic  r^les. 
The  physical  signs  may  resemble  those  of  a  pneumonia 
or  of  pleurisy  with  effusion. 

Exploration  of  the  chest  shows  that  little  or  no  fluid  is 
present,  and  the  absence  of  the  rusty  sputum,  of  the  high 
leucocytosis,  and  of  the  flushed  cheeks,  which  are  so  char- 
acteristic of  pneumonia,  may  point  to  the  correct  diag- 
nosis. 

Unless  the  inflammation  is  tuberculous  the  prognosis  is 


The  treatment  is  symptomatic  only. 

Empyema. — The  inflammation  usually  involves  the 
whole  of  the  pleura  on  one  side  of  the  chest ;  occasionally 
it  involves  a  circumscribed  portion  of  the  pleura  only. 

When  we  examine  the  pleura  we  find  two  different 
conditions : 

(1)  We  see  that  it  is  coated  with  fibrin  and  pus,  and  that 
the  pleural  cavity  contains  purulent  serum.  This  form 
is  most  common  in  children. 

(2)  In  other  cases  we  find  the  conditions  as  above,  and 
in  addition  the  pleura  itself  is  much  changed.  It  is  split 
up  by  a  great  number  of  new  cells,  so  that  it  resembles 
granulation  tissue.  In  old  cases  the  pleura  becomes 
much  thickened  and  may  be  infiltrated  with  the  salts  of 
lime. 

As  in  pleurisy  with  effusion  the  fluid  usually  accumu- 
lates in  the  lower  part  of  the  pleural  cavity,  or  it  may  be 
sacculated  in  any  part  of  the  pleural  cavity;  or  it  may  be 
sacculated  between  the  lobes  (interlobular  empyema),  and 
this  is  said  to  occur  most  commonly  between  the  middle 
and  the  upper  lobe  of  the  right  lung.  The  suppurative 
process  may  extend  from  the  pulmonary  pleura  to  the 
lung,  and  the  pus  will  then  escape  at  intervals  from  the 
bronchi,  or  the  pus  may  escape  through  the  chest  wall, 
or  the  pus  may  travel  down  and  simulate  a  psoas  abscess. 
In  a  few  cases  the  inflammatory  products  and  the  super- 
ficial layers  of  the  pleura  become  gangrenous.  The 
purulent  fluid  is  either  thin  and  consists  of  a  considerable 
number  of  pus  cells  in  an  ordinary  sero-fibrinous  effusion, 
or  it  is  thicker  and  contains  a  large  number  of  pus  cells, 
or  it  is  a  thick  and  creamy  fluid,  nearly  all  pus  cells. 
This  latter  is  usually  pneumococous  empyema. 

The  micro-organisms  found  are  either  streptococci  or 
pneumococci  in  the  great  majority  of  cases.  In  109  cases 
of  empyema  examined  by  Netter,  he  found  the  strepto- 
coccus alone  in  48  cases,  the  pneumococcus  alone  in  39 
cases,  the  pneumococcus  with  streptococcus  in  3  cases. 
Staphylococci  were  found  in  3  cases.  Of  13  tuberculous 
cases  the  tubercle  bacillus  was  found  in  6. 

Of  15  cases  of  fcetid  effusion  saprophytic  organisms 
were  found  in  all. 

Netter  points  out  the  much  greater  benignity  of  the 
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pneumococcus,  and  explains  by  this  fact  the  more  fre- 
quent recovery  of  children ;  for  of  28  cases  in  children 
the  pneumococcus  was  present  alone  or  with  the  other 
two  cocci  in  15— a  ratio  of  53  per  cent.,  which  is  exactly 
that  of  the  streptococcus  in  adults. 

The  micro-organisms  of  less  frequent  occurrence  are 
the  typhoid  bacillus,  tiie  colon  bacillus,  the  gonococcus, 
and  the  influenza  bacillus. 

The  inflammation  may  be  primary  or  secondary.  If 
primary  it  may  follow  exposure  to  cold  or  to  heat,  or  be 
without  discoverable  cause,  or  it  may  be  only  a  part  of  a 
general  streptococcus  or  pneumococcus  poisoning. 

It  may  be  secondary  to  an  abscess  in  the  wall  of  the 
thorax,  in  tlie  liver,  in  the  abdominal  cavity,  or  in  the 
lung,  any  of  which  may  rupture  into  the  pleural  cav- 
ity. 

Empyema  not  uncommonly  follows  a  lobar  pneumonia 
or  a  grippe  pneumonia.  It  may  follow  a  simple  pleurisy 
with  effusion,  but  it  is  a  question  if  this  does  not  depend 
upon  the  imperfect  precautions  taken  in  aspiration.  In 
■the  primary  cases  the  rational  symptoms  are  the  same  as 
those  of  the  first  group  of  pleurisy  with  effusion,  only 
they  are  mucli  more  severe.  The  temperature  is  higher 
and  may  be  of  the  pus  type ;  there  are  chills  and  sweating 
and  marked  prostration.  Tlie  symptoms  may  continue 
acutely  and  the  patient  die  in  a  short  time,  or  they  may 
subside  and  the  inflammation  pass  into  a  chronic  course. 
When  empyema  follows  a  pneumonia  it  regularly  de- 
velops as  the  pneumonia  is  subsiding,  or  a  few  days 
after  defervescence.  The  temperature  rises  again  and 
the  patient  feels  ill  again.  In  the  secondary  cases  the 
larger  number  pursue  a  subacute  course,  with  afternoon 
exacerbations  of  fever,  dyspncea,  cough,  and  gradual  loss 
of  flesh  and  strength. 

Recovery  with  absorption  or  with  perforation  is  very 
rare.  But  in  some  patients  there  is  a  partial  recovery, 
most  of  the  pus  is  absorbed,  but  there  is  set  up  an  inter- 
stitial pneumonia,  with  more  or  less  bronchitis,  which 
goes  on  indefinitely. 

The  physical  signs  are  essentially  the  same  as  those  of 
pleurisy  with  effusion,  and  subject  to  the  same  modifica- 
tions, the  only  exception  being  that  sacculation  and  ir- 
regular and  indefinite  physical  signs  are  more  common  in 
empyema.  In  many  cases  the  diagnosis  can  be  made 
only  by  the  exploring  needle. 

The  diseases  from  which  differential  diagnosis  must  be 
made  are  pleurisy  with  effusion,  pneumonia,  abscess  of 
the  liver,  subphrenic  abscess,  tuberculosis  of  the  lungs, 
and  malignant  endocarditis;  the  last  two  being  thought 
of  only  where  the  physical  signs  in  the  lungs  are  unsatis- 
factory. 

The  duration  of  empyema,  when  no  operation  is  per- 
formed, may  be  from  a  few  days  to  many  years,  the  pa- 
tients in  the  latter  case  finally  dying,  emaciated  and  with 
waxy  degeneration  of  liver,  spleen,  and  kidneys. 

The  prognosis  without  operation  is  bad;  with  a  proper 
surgical  operation  it  is  very  good.  Recovery  is  almost 
the  rule. 

Treatment.— The  essential  point  in  the  treatment  is  to 
remember  tliat  we  have  to  do  with  an  abscess,  and  that 
we  must  follow  the  ordinary  surgical  rule,  viz.,  to  open 
the  abscess  and  evacuate  the  pus.  This  should  be  done 
]ust  as  soon  as  the  presence  of  the  pus  is  shown  by  the 
exploring  needle,  and  nothing  but  the  removal  of  the  pus 
should  be  thought  of.  No  matter  how  weak  the  patient 
may  be  he  will  gain  by  the  evacuation  of  the  pus. 

The  method  of  procedure  varies  according  as  w 
to  do  with  children  or  with  adults. 
_  In  children  aspiration  should  first  be  resorted  to,  and 
m  a  majority  of  cases  this  will  effect  a  cure.  If  the  tem- 
perature does  not  fall,  and  the  pus  reaccumulates,  then 
tne  chest  may  be  opened  and  a  drainage  tube  inserted 

i"?  K  "  ,  J ''  '^  ^  ""^^^^  °^  time  to  aspirate.  The  chest 
wall  should  be  opened  at  once,  under  the  strictest  anti- 
septic precautions,  and  a  drainage  tube  inserted. 

Ihere  la  some  difference  of  opinion  as  to  whether  it  is 
better  to  incise  an  intercostal  space  or  to  remove  a  portion 
of  one  or  more  ribs.     Personally,  I  prefer  to  remove  a 
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large  piece  of  one  rib,  as  the  indications  are  twofold :  to 
make  an  opening  large  chough  to  permit  of  the  insertion 
of  the  hand  and  the  breaking  up  of  pleuritic  adhesions, 
so  as  to  permit  of  thorough  drainage,  and  to  favor  the 
closure  of  the  abscess  cavity  by  the  collapse  of  the  chest 
wall.  It  is  not  necessary  to  wash  out  the  pleural  cavity 
unless  the  contents  be  foetid.  A  good-sized  drainage  tube 
is  inserted,  absorbent  dressings  are  applied,  and  the  whole 
chest  is  wrapped  in  bandages.  The  wound  is  dressed  only 
when  the  discharge  comes  through  the  dressing.  The 
patient  is  gotten  out  of  bed  as  soon  as  possible,  and  at 
the  end  of  a  month,  at  the  latest,  the  drainage  tube 
should  be  removed.  The  principal  danger  after  oper- 
ation is  that  of  reinfection  of  the  pleura,  and  the  success- 
of  the  operation  depends  upon  the  antiseptic  precau- 
tions taken  during  the  operation  and  in  the  subsequent 
dressings. 

If  one  can  be  sure  that  there  is  only  a  small  sacculated 
collection  of  pus,  as  may  be  the  case  in  an  empyema  fol- 
lowing pneumonia,  aspiration  is  all  that  is  necessary  to 
effect  a  cure. 

Chronic  Pleurisy  with  Adhesions  is  a  condition 
which  is  of  interest  chiefly  becau.se  of  its  resemblance 
to  chronic  miliary  tuberculosis  of  the  lungs,  and  of 
the  importance  of  discriminating  between  the  two  dis- 
eases. 

By  chronic  pleurisy  with  adhesions  we  mean  a  chronic 
productive  inflammation  of  the  pleura,  and  not  the  old 
adhesions  which  are  found  at  so  many  autopsies. 

It  is  an  inflammation  which  is  chronic  from  the  begin- 
ning and  results  in  the  production  of  new  connective  tis- 
sue only.  We  find  thickeuings  of  the  pleura  and  adhe- 
sions between  the  costal  and  pulmonary  pleurae.  One 
pleura  may  be  involved,  or  both,  or  only  part  of  one 
pleura.  The  natural  tendency  is  for  the  inflammation  to 
extend,  until  finally  both  lungs  are  completely  adherent 
to  the  walls  of  the  chest.  There  develops  more  or  less- 
inflammation  of  the  larger  bronchi,  and  the  heart  be- 
comes smaller. 

The  disease  usually  originates  in  the  adhesions  which 
have  been  left  by  previous  attacks  of  dry  or  of  subacute 
pleurisy,  but  sometimes  no  history  of  previous  pleurisy 
can  be  obtained.  It  may  be  associated  with  emphysema 
or  chronic  phthisis. 

The  symptoms  are  slight  or  well  marked,  according  to 
the  extent  of  the  lesion.  There  may  be  only  some  pain 
over  the  chest  and  a  slight  dry  cough,  or  there  may  be 
considerable  pain,  cough  with  expectoration,  dyspnoea, 
and  loss  of  flesh  and  strength. 

The  physical  signs  depend  upon  the  extent  of  the  le- 
sion If  this  be  slight  there  are  only  a  little  dulness 
over  the  affected  chest  and  pleuritic  rSles.  If  the  lesion 
be  extensive,  we  have  more  marked  physical  signs.  The 
chest  is  flattened  or  retracted,  expansion  is  diminished 
over  the  affected  area,  vocal  fremitus  is  sometimes  nor- 
mal, sometimes  increased,  and  sometimes  diminished. 
The  latter  is  perhaps  the  most  common  condition.  There 
is  more  or  less  well-marked  dulness  on  percussion ;  the 
breathing  is  diminished,  or  it  may  be  changed  in  charac- 
ter, resembling  bronchial  breathing  or  broncho-vesicular 
breathing ;  the  voice  is  usually  diminished,  but  it  may  be 
increased  in  intensity.  Over  the  affected  area  are  usually 
heard  numerous  pleuritic  rules,  some  the  creaking  sound's 
of  old  adhesions,  others  the  crepitant  and  subcrepitaut 
sounds  of  more  recent  adhesions.  It  must  be  remem- 
bered that  if  the  pleurae  are  tightly  adherent  there  will  be 
no  rftles  at  all.  These  patients  usually  die  from  some  in- 
tercurrent disease,  but  occasionally  the  pleurisy  Is  the 
only  discoverable  cause  of  death. 

The  treatment  is  to  expand  the  lungs  as  much  as  possi- 
ble, and  to  live  an  outdoor  life  as  much  as  possible.  I 
am  in  the  habit  of  advising  such  a  patient  to  take  the 
deepest  possible  breaths  at  each  street  crossing,  and  to 
practise  mild  chest  gymnastics  night  and  morning.  The 
pneumatic  cabinet  is  of  service  in  these  cases.  Cod-liver 
oil  and  general  tonics  also  help. 

TuBEROULOUS  PLEURISY  is  usually  secondary  to  tuber- 
culous inflammation  elsewhere  in  the  body :  most  com- 
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monly,  for  example,  in  the  lungs,  next  in  the  bronchial 
lymph  nodes,  then  in  the  peritoneum,  bones,  etc. ;  or  the 
tuberculous  pleurisy  forms  simply  a  part  of  a  general 
miliary  tuberculosis.  In  some  cases,  however,  no  tuber- 
culous focus  can  be  found  elsewhere  in  the  body,  and  these 
must  be  regarded  as  cases  of  primary  tuberculosis  of  the 
pleura. 

The  inflammation  regularly  involves  the  whole  of  the 
pleura  on  one  side.  It  may  be  confined  to  the  costal 
pleura  or  may  involve  also  the  diaphragmatic  or  pulmo- 
nary pleura. 

There  may  be  localized,  or  widely  disseminated,  miliary 
tubercles  upon  or  beneath  the  pleural  surfaces,  either 
in  direct  association  with  lesions  beneath  the  pulmonary 
pleura,  or  apart  from  them,  or  upon  the  costal  pleura. 

According  to  Delafield  the  gross  appearance  varies  as 
follows : 

1.  The  pleurals  thickened,  its  surface  is  bare  of  fibrin, 
it  is  of  a  bright  red  color  from  the  congestion  of  the  blood- 
vessels, and  this  red  surface  is  mottled  with  white  dots — 
the  miliary  tubercles.  In  the  pleural  cavity  is  bloody 
serum. 

3.  The  pleura  is  thickened,  it  is  thickly  coated  with 
fibrin,  no  tubercles  are  visible  to  the  naked  eye;  the 
pleural  cavity  contains  clear  serum. 

3.  The  pleura  is  thickened  and  the  pleural  cavity  con- 
tains purulent  serum. 

In  all  these  cases  the  changes  in  the  pleura  itself  are 
essentially  the  same — the  thickened  pleura  is  infiltrated 
with  new  connective-tissue  cells.  Scattered  through  its 
entire  thickness  are  tubercle  granula,  either  singly  or 
joined  together  by  diffuse  tubercle  tissue.  The  smaller 
blood-vessels  show  a  growth  of  their  endothelial  cells. 
In  the  serum  of  tuberculous  pleurisy  the  tubercle  bacil- 
lus may  be  occasionally  demonstrated  by  staining,  espe- 
cially if  the  centrifugal  machine  is  used,  but  it  requires 
long  and  careful  search,  and  often  all  one's  efforts  are 
unrewarded.  The  tubercle  bacillus  may  be  associated 
with  other  bacteria,  most  often  with  the  staphylococcus 
pyogenes  in  the  purulent  exudate. 

Many  cases  of  pleurisy  with  sero-fibrinous  exudate, 
giving  no  growth  of  bacteria  on  the  ordinary  culture 
media,  are  found  to  be  tuberculous  by  the  inoculation  of 
guinea-pigs  with  the  fluid.  • 

The  symptoms  and  physical  signs  are  the  same  as  those 
of  pleurisy  with  effusion,  or  of  empyema,  or  of  pleurisy 
with  an  excessive  production  of  fibrin.  Of  course  the 
only  positive  diagnosis  lies  in  the  finding  of  the  tubercle 
bacilli  in  fluid  withdrawn  from  the  pleura,  but  tliis  is  a 
procedure  which  is  rarely  successful.  A  fairly  positive 
diagnosis  can,  however,  be  made  in  a  majority  of  the 
cases  by  the  consideration  of  associated  conditions. 
Thus  a  bloody  serum  is  more  likely  to  indicate  tubercu- 
lous pleurisy  than  anything  else.  A  "  silent  pleurisy  "  is 
very  apt  to  prove  to  be  tuberculous.  When  the  tem- 
perature remains  high  after  the  serum  has  been  removed, 
and  when  the  serum  reaccumulates  rapidly  after  each 
aspiration,  the  case  is  usually  tuberculous.  When  the 
family  history  and  the  patient's  history  point  to  tuber- 
culosis, the  diagnosis  can  usually  be  correctly  made. 
When  there  is  empyema  and  the  opening  of  the  chest  is 
followed  by  little  or  no  improvement,  the  case  is  usually 
tuberculous.  When  the  empyema  is  sterile  it  is  usually 
tuberculous. 

The  treatment  is  unsatisfactory.  We  remove  the  fluid 
or  we  open  the  chest  for  the  empyema;  and  then,  if  the 
diagnosis  is  certain  and  the  patients  are  well  enough,  we 
treat  them  as  we  would  any  case  of  tuberculosis  by  out- 
of-door  life,  change  of  air,  creosote  and  cod-liver  oil,  and 
good  food. 

Cancerous  Pleurisy  is  rare ;  it  may  be  primary  or 
secondary.  Fibroma,  sarcoma,  and  endothelioma  may 
occur  as  primary  tumors  of  the  pleura.  Fibroma  and 
lipoma  formed  in  the  subpleural  tissue  may  encroach 
upon  the  pleural  cavity. 

Endothelioma  usually  occurs  in  the  form  of  larger  or 
smaller,  flat  or  projecting,  irregular  nodular  masses  fre- 
quently most  marked  and  extensive  upon  the  costal  pleu- 


ra. Carcinoma  may  invade  the  pleura  by  extension,  or 
sarcoma  or  carcinoma  may  be  secondary  to  distant 
growths  of  the  same  nature.  Small  white,  slightly  pro- 
jecting, often  pigmented  elevations  of  the  pleura,  either 
single  or  multiple,  are  common.  These  were  formerly 
regarded  as  mostly  miliary  fibromata,  but  Hodenpyl  has 
shown  that  they  are  mostly  fibrous  masses  which  replace 
or  enclose  miliary  tubercles. 

The  tumors  may  be  associated  with  an  exudative  pleu- 
ritis,  and  with  either  primary  or  secondary  cancer  of  the 
pleura  the  exudate  is  frequently  bloody.  It  must  be  re- 
membered tliat  though  bloody  fluid  suggests  either  tu- 
berculous pleurisy  or  cancerous  pleurisy,  and  is  due  to 
one  of  these  causes  in  the  great  majority  of  cases,  it  is 
possible  to  have  a  hemorrhagic  pleurisy  from  other 
causes : 

1.  A  perfectly  simple  pleurisy  may  be  hemorrhagic. 

2.  A  bloody  fluid  is  met  with  in  the  pleurisy  of  the 
asthenic  states,  such  as  cancer,  nephritis,  and  cirrhosis, 
in  the  malignant  fevers,  and  in  severe  infections. 

3.  There  may  be  a  haematothorax  due  to  the  rupture 
of  an  aneurism,  or  to  the  pressure  of  a  tumor  on  the 
thoracic  veins. 

4.  The  chest  wall  or  the  lung  may  be  wounded  by  the 
aspirating  needle,  and  blood  in  this  way  may  get  mixed 
with  the  sero-fibrinous  exudate. 

5.  Wounds  of  the  walls  of  the  chest,  fractures  of  the 
ribs,  and  blows  on  the  chest  may  cause  hemorrhagic 
pleurisy. 

The  symptoms  of  a  cancerous  pleurisy  are  those  of  the 
original  new  growth  plus  the  signs  of  a  pleuritis.  It  it 
be  a  primary  new  growth  of  the  pleura,  the  diagnosis 
may  present  very  great  difficulties. 

The  subject  of  Traumatic  Pleurisy  need  not  de- 
tain us.  If  there  be  perforation  of  the  costal  or  pul- 
monary pleura  there  will  usually  be  a  sero-fibrinous  pleu- 
risy, which  may  become  purulent.  Fracture  of  the  ribs 
or  blows  upon  the  chest  may  cause  a  dry  pleurisy  or  a 
sero-fibrinous  pleurisy. 

Pkbumothorax. — By  this  we  mean  air  in  the  pleu- 
ral eauity-,  and  also  pyopneumothorax,  air  and  pus  in  the 
pleural  cavity,  and  hydropneumothorax,  air  and  serum 
in  the  pleural  cavity. 

Air  alone  in  the  pleural  cavity,  a  pure  pneumothorax, 
is  an  extremely  rare  condition,  for  a  pneumothorax  usu- 
ally becomes  a  pyopneumothorax,  or,  more  rarely,  an 
hydropneumothorax.  We,  therefore,  speak  of  these  three 
conditions  under  the  term  pneumothorax. 

Pneumothorax  occurs  chiefly  in  adults,  although  we 
see  it  occasionally  in  very  young  children.  It  is  more 
frequently  met  with  in  males  than  in  females,  and  most 
commonly  on  the  left  side.  It  is  caused  by  anything  that 
perforates  the  pleura  and  allows  air  to  enter  the  pleural 
cavity ;  b\it  in  ninety  per  cent,  of  the  cases  this  cause  is 
the  rupture  into  the  pleural  cavity  of  a  softened  tuber- 
culous nodule,  or  of  a  tuberculous  cavity. 

Other  causes  are:  Perforating  wounds  of  the  chest; 
perforation  of  the  diaphragmatic  pleura  from  malignant 
disease  of  the  stomach  or  colon,  or  ulcer  of  the  stomach ; 
perforation  of  the  pleura  by  cancer  of  the  oesophagus ; 
perforation  of  the  pleura,  in  the  normal  lung,  from  rupt- 
ure of  the  air  vesicles  during  straining ;  septic  broncho- 
pneumonia; gangrene  of  the  lung;  abscess  of  the  lung; 
perforation  of  the  lung  from  the  pleural  cavity  by  an 
empyema ;  the  development,  in  a  pleural  exudate,  of  the 
gas  bacillus  (B.  aerogenes  capsulatus). 

Osier  has  seen  pneumothorax  caused  by  the  rupture 
into  the  pleura  of  an  hemorrhagic  infarct  in  chronic  heart 

diS63jS6 

Pneumothorax  has  occasionally  followed  the  intro- 
duction of  an  exploring  needle  into  the  lung.  The 
number  of  cases  of  pneumothorax  due  to  these  excep- 
tional causes  is  so  small  that  practically  pneumothorax 
is  regarded  as  of  tuberculous  origin  until  it  is  proved 
that  it  is  not. 

Pathology.— li  it  be   a  pure    pneumothorax  we   find  . 
the  air  in  one  of  the  pleural  cavities  under  considerable 
pressure.     The  lung  is  compressed  against  the  vertebral 
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column,  and  it  may  be  small,  dense,  and  unaSrated,  If 
there  be  old  pleuritic  adhesions  th&  lung  may  not  be 
compressed  against  the  vertebral  column,  but  irregularly 
compressed,  being  held  against  the  chest  wall  by  the 
adhesions.  The  mediastinum  and  the  pericardium  are 
displaced,  being  drawn  over  to  the  opposite  side,  and  the 
liver  or  spleen  may  be  displaced  downward.  If  there 
be  a  pyopneumothorax,  or  an  hydropneumothorax,  there 
is  in  addition  fluid  in  the  pleural  cavity,  purulent  or 
serous,  and  the  pleura  is  inflamed. 

Symptoms.— In  the  tuberculous  cases  we  have  first  the 
ordinary  history  of  tuberculosis  of  the  lungs,  then  dur- 
ing some  severe  muscular  exertion,  or  during  a  paroxysm 
of  coughing,  the  rupture  of  the  pleura  suddenly  takes 
place  and  the  patient  experiences  a  severe  pain  in  the  chest 
accompanied  by  intense  dyspnoea  and  a  feeling  of  weak- 
ness or  faintness.  He  may  even  become  completely  un- 
conscious, and  he  may  die  without  recovering  conscious- 
ness. If  he  does  not  die  at  once  he.  rallies  from  the  shock 
caused  by  the  rupture  of  the  lung,  but  he  is  much  sicker 
than  he  was  before.  He  has  constant  and  very  severe 
dyspnoea,  and  he  is  usually  confined  to  his  bed.  He  may 
remain  in  this  condition  for  two  or  three  weeks  and  then 
die,  either  with  or  without,  though  more  commonly  with, 
the  development  of  pyopneumothorax,  or  he  may  grow 
stronger  and  be  able  to  get  out  of  bed  and  go  about  a 
little,  but  if  pyopneumothorax  has  not  already  developed 
it  usually  supervenes.  Then  the  symptoms  of  pyo- 
pneumothorax are  developed,  which  ai'e,  of  course,  sim- 
ply an  intensification  of  the  symptoms  of  tuberculosis  of 
the  lung  with  mixed  infection.  The  patient  loses  flesh 
rapidly,  he  has  a  high  fever  at  night,  he  sweats  pro- 
fusel}',  and  he  may  expectorate  a  great  deal  of  foul- 
smelling  material — the  pus  from  the  pleural  cavity.  He 
flnallj'diesof  exhaustion.  It  must  be  remembered,  how- 
ever, that  there  may  be  no  urgent  symptoms  of  pneumo- 
thorax in  cases  of  long-standing  tuberculosis  of  the  lungs. 
There  has  been  found  post  mortem  a  pneumothorax 
which  was  unsuspected  during  life.  West  states  that 
even  in  healthy  adults  this  latent  pneumothorax  may  oc- 
casionally occur. 

The  diagnosis  of  pneumothorax  is  usually  made  with 
ease  by  the  physical  signs.  The  rule  is  that  the  affected 
side  is  larger  than  the  other,  and  it  moves  but  little  with 
respiration.  The  heart  is  displaced,  and  the  liver  or 
spleen,  or  both,  may  be  displaced  downward.  The  vocal 
fremitus  is  usually  absent. 

Percussion  gives  tympanitic  resonance  or  exaggerated 
resonance,  or  amphoric  resonance.  Auscultation  gives 
amphoric  breathing  or  absence  of  breathing.  Ausculta- 
tion of  the  voice  gives  amphoric  whisper  or  very  feeble 
voice.    ' 

If  the  lung  be  adherent  to  the  chest  wall,  there  may 
be  pleuritic  adhesion  rSles.  There  may  be  the  metallic 
tinkle,  even  though  no  fluid  be  present. 

The  coin  sound.  Trousseau's  "bruit  d'airain,"  is  char- 
acteristic. To  obtain  this  sound  the  Suscultator  should 
put  one  ear  on  the  back  of  the  chest  while  an  assistant 
taps  one  coin  on  another  placed  on  the  front  of  the  chest. 
The  metallic-echoing  sound  which  is  produced  in  this 
wa,y  is  one  of  the  most  constant  and  characteristic  signs 
of  pneumothorax. 

Certain  exception,s  to  these  physical  signs  must  be 
noted : 

1.  There  may  be  but  little  displacement  of  the  viscera. 

2.  Vocal  fremitus  may  persist. 

3.  Percussion  may  give  nearly  normal  resonance,  or 
flatness,  or  ditlness,  signs  which  may  very  well  deceive 
us  greatly. 

4.  The  breathing  may  be  normal  over  most  of  the 
chest,  or  it  may  be  bronchial. 

The  physical  signs  of  pyopneumothorax  or  hydro- 
pneumothorax are  usually  those  of  pneumothorax  above 
the  level  of  the  fluid,  and  of  pleurisy  with  effusion  below 
the  level  of  the  fluid,  to  which  is  added  the  characteristic 
sign  of  air  and  fluid  in  the  pleural  cavity,  viz.,  the  Hip- 
pocratic  succussion.  This  sign  is  obtained  by  placing 
the  auscultator's  ear  upon  the  chest,  and  then  shaking 
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the  patient's  body.  A  splashing  sound  is  produced  which 
may  be  audible  even  at  a  distance.  The  patient  can  often 
feel  and  hear  this  fluid  splashing  in  his  chest. 

Pneumothorax  must  be  differentiated  from  large  phthis- 
ical cavities ;  from  total  excavation  of  one  lung ;  from 
diaphragmatic  hernia  following  a  crush  or  other  accident; 
from  pleurisy  with  effusion.  In  most  cases  the  differen- 
tial diagnosis  does  not  present  serious  diflSculties.  The 
total  excavation  of  one  lung  in  which  only  a  thin  shred 
of  lung  tissue  remains  attached  to  the  chest  wall  presents 
the  physical  condition  which  exactly  resembles  a  pneu- 
mothorax and  therefore  presents  unusual  difficulties  in 
diagnosis.  This  is,  however,  a  very  rare  condition,  and 
the  patient  does  not  develop  a  pyopneumothorax. 

The  p^vgnosis  is  usually  bad.  According  to  West, 
the  mortality  is  seventy  per  cent.  The  tuberculous  cases 
usually  end  fatally  within  a  few  weeks.  According  to 
West,  of  thirty-nine  patients,  twenty-nine  died  within 
a  fortnight,  ten  died  on  the  first  day,  and  two  of  these 
within  twenty  and  thirty  minutes,  respectively,  of  the 
attack. 

Pneumothorax  developing  in  a  healthy  individual,  it 
is  said,  often  ends  in  recovery.  There  are  tuberculous 
cases  in  which  the  pneumothorax,  if  occurring  early, 
seems  to  arrest  the  progress  of  the  tuberculosis. 

The  question  of  treatment  is  a  difficult  one  to  decide. 
As  a  rule,  little  can  be  done  for  the  unfortunate  victim. 
An  operation  for  empyema  does  little  good,  since  we 
have  in  the  advanced  tuberculosis  of  the  lung  the  main 
cause  of  the  inflammation  of  the  pleura.  In  cases  which 
develop  early  the  fluid  may,  of  .course,  be  removed  by 
aspiration,  if  serous,  or  a  rib  may  be  excised  and  per- 
manent drainage  obtained  if  the  fluid  be  purulent.  If 
the  patient  suffers  from  dyspnoea  due  to  the  pressure  of 
the  air,  this  may  be  relieved  by  the  insertion  of  a  fine 
trocar  and  allowing  the  air  to  escape.  The  aspirator 
should  not  be  used.  Frank  W.  Jackson. 

PLEURISY  VKOOT .—Asclepias  (U.  S.  P.),  Butterfly 
Weed.  "  The  root  of  Aselepias  tuherosa  L.  (fam.  Asclepia- 
dacece)"  (V.&.  P.). 

Aselepias  L.  is  a  genus  of  some  sixty  species,  occurring 
chiefly  in  North  America,  a  few  in  Central  and  South 
America,  and  in  the  tropics  of  the  Old  World.  A  number 
of  these  have  been  found  to  possess  the  composition  and 
properties  of  the  official  one,  and  it  is  probable  that  the 
same  properties  are  general  in  the  genus. 

The  species  in  question  is  very  abundant  in  sandy  soil 
from  New  England  southward  and  southwestward.  It 
is  a  perennial,  hairy  herb,  sending  up  a  cluster  of  erect 
or  ascending  stems  a  foot  or  two  long,  as  thick  as  a 
goose-quill,  densely  leafy,  and  bearing  at  the  summit 
several  branches  terminating  in  handsome  large  umbels 
of  orange-colored  flowers.  It  is  the  only  species  of  the 
northeastern  United  States  with  orange-colored  flowers. 
The  commercial  root  is  irregularly  or  interruptedly  fusi- 
form, 10-20  cm.  (4-8  In.)  long,  1-5  cm.  (J-2  in.),  rarely 
more,  in  thickness,  usually  cut  transversely  or  longitudi- 
nally into  irregular  pieces;  externally  light  orange- 
brown,  becoming  gray  on  keeping,  coarsely  annular  at 
the  crown,  bearing  numerous  fine  longitudinal  and  trans- 
verse furrows,  imparting  a  finely  tuberculate  appearance 
and  feeling;  fracture  tough,  uneven,  granular,  whitish, 
the  thin  bark  yellowish  in  the  outer  laypr,  the  wood 
bundles  pale  yellow;  almost  inodorous,  taste  bitterish, 
slightly  acrid  and  nauseous. 

Besides  two  resins,  gum,  and  a  large  amount  of  starch, 
pleurisy  root  contains  the  bitter  glucoslde  asclepiadin,  to 
which  its  properties  are  chiefly  due.  Asclepiadin  is  a 
yellow  amorphous  substance,  soluble  in  alcohol,  ether, 
and  hot  water,  becoming  of  a  deeper  yellow,  then  green, 
with  concentrated  sulphuric  acid. 

Pleurisy  root  is  diaphoretic  and  expectorant,  and  in 
domestic  and  country  practice  it  has  been  used  exten- 
sively in  lung  affections  and  catarrh  of  the  air  passages. 
In  large  doses  it  is  emetico-cathartic.  If  desired,  it  can 
be  given  in  decoction.  Dose  from  1-3  gm.  (gr.  xv.  to 
xlv.).    The  fluid  extract  is  official.      Henry  H.  Rusby. 
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PLOMBIIrES.— Plombiferes  has  been  called,  not  with- 
out reason,  "  the  Queen  of  Watering-places  of  the  Vos- 
ges."  It  is  charmingly  situated,  and  its  surroundings 
are  so  attractive  that  it  is  a  favorite  summer  resort  with 
many  who  have  not  been  ordered  there  for  a  course  of 
the  waters.  The  little  town  has  only  about  two  thou- 
sand inhabitants.  It  is  situated  in  a  narrow  valley,  with 
mountains  rising  steeply  up  on  either  side.  The  climate 
is  invigorating,  and,  while  the  days  in  summer  are  often 
hot,  the  nights  are  invariably  cool. 

Analysis.— One  thousand  parts  of  the  water  contain 
in  parts: 


Temperature 

Carbonic  acid  (free) 

Silicic  acid  

Sulphate  of  soda 

Sulphate  of  ammonia I 

Arseniate  of  soda | 

Silicate  of  soda 

Silicate  of  llthia | 

Silicate  of  alumina | 

Bicarbonate  of  soda 

Bicarbonate  of  potash 

Bicarbonate  of  lime 

Bicarbonate  of  magnesia 


Chloride  of  sodium 

Fluoride  of  calcium I 

Oxide  of  iron  and  manganese  f 
Organic  and  azotyzed  products 


Total 0.37053   0.02395 


158°  F. 

0.00638 
.0215.5 
.13584 

traces. 

.12862 

traces. 


.01673 
.02778 
traces. 

.01044 

traces. 

Indica- 
tions. 


aq 


137°  F. 

0.00879 
.07539 
.07534 

traces. 

.07343 

traces. 

.01426 
.00125 
.04965 
notable 
traces. 
.00794 

traces. 

indica- 
tions. 


£iS 


124°  F. 

0.1287 
.02731 
.09274 

traces. 

.05788 

traces. 

.01133 
.00133 


.00670 

.00927 

traces. 

indica- 
tions. 


0.25821 


115°  F. 

0.00825 
.00739 
.10070 

traces. 

.10611 

traces. 


°F. 

0.00309 

04589 


.00234 
.03639 
traces. 

.01005 

traces. 

indica- 
tions. 


0.29823 


o  " 


traces. 
.04209 


.00818 
traces. 
.04451 
.01253 

.00651 

traces. 

indica^ 
tions. 


0.19665 


A  special  feature  at  Plombi^res  is  the  long  time  (from 
half  an  hour  to  an  hour  and  a  half)  during  which  patients 
remain  in  the  water.  Mr.  Wolff  ("  The  Watering-Places 
of  the  Vosges  ")  says  that  only  four  springs  out  of  the' 
twenty-seven  which  are  now  in  use  at  Plombifires  are 
drunk  at  all.  The  first  is  the  chalybeate,  which  is  very 
mild,  and  is  employed  mainly  as  a  table  water  and  as  an 
adjunct  to  bathing  in  cases  of  anssmia  and  chlorosis. 
Another  spring  used  for  drinking,  and  also  for  bathing, 
the  "Source  Savonneuse,"  is  mildly  laxative.  Besides 
these,  the  "  Source  des  Dames  "  and  the  "  Source  du  Cru- 
cifix "  are  employed  for  what  little  drinking  there  is. 
Apart  from  the  chalybeate  and  the  Savonneuse,  the 
PlombiSres  waters  all  belong  to  one  category.  Dr.  Con- 
stantin  James  calls  them  alkaline ;  Dr.  Bottentuit,  "  ar- 
seniatees  sodiques,  sulfatees  et  silicatees  sodigues " ;  M. 
Jacquot,  "■bicarhonatees  sodiques  silicatees"  ;  and  Dr.  Mac- 
pherson,  "indifferent."  The  latter  designation  is  most 
in  keeping  with  their  slight  degree  of  mineralization. 

The  same  author  states  that,  "  in  addition  to  the  baths, 
a  very  effective  remedy  in  some  cases  applied  at  Plom- 
biferes  are  the  etutes,  also  called  etuves  de  I'S/nfer.  These 
are  hot  vapor  baths,  for  which  the  heat  and  vapor  are 
supplied  by  the  running  springs.  There  are  two  such  es- 
tablishments, both  of  course  underground,  and  both,  at 
their  hottest  points,  very  hot  indeed.  But  for  people 
who  cannot  stand  excessive  heat,  there  is  the  convenient 
institution  of  Hums  en  hoUe,  which  are  taken  in  a  closed 
box,  with  a  hole  left  in  the  top  for  the  head."  Ener- 
getic massage  is  also  much  employed  at  this  spa ;  so  that 
the  patient's  time,  what  with  drinking,  bathing,  walk- 
ing, douching,  massaging,  and  dieting,  is  quite  fully  oc- 
cupied. Most  of  the  visitors  are  women,  although  it  is 
by  no  means  an  exclusively  "  female  watering-place. " 

The  place  is  rich  in  mineral  springs,  but  the  propor- 
tion of  solids  in  the  waters  is  rather  insignificant.  Over 
twenty -five  springs  are  used  at  Plombiferes,  and  the  water 
of  most  of  them  is  collected  into  a  single  conduit  and  con- 
veyed to  the  different  thermal  establishments.  Only  three 
of  the  latter  are  perfectly  modern  and  satisfactory,  viz., 
the  Noiweaux  TJiermes,  the  Bain  Bomain,  and  the  Bain 


Stanislas.  Although  so  slightly  mineralized,  the  varying 
temperature  of  the  baths  (65°  to  160°  P.)  admits  of  a  ccr- 
tam  amount  of  variety  in  treatment.  The  waters  are 
easily  borne  when  taken  internally,  and  do  not  produce 
any  constitutional  disturbance. 

A  course  of  Plombifires  is  useful  in  many  nervous 
states,  especially  those  associated  with  hyperesthesia,  as 
well  as  in  those  depending  upon  lithoemia.  Many  symp- 
tomatic neuralgias  and  paretic  conditions  derive  benefit 
from  a  course  of  treatment  at  PlombiSres.  Stiff -joints 
may  be  limbered  up,  lumbago  cured,  gouty  manifesta- 
tions alleviated,  diseases  of  women  improved.  The  place 
also  has  quite  a  reputation  for  the  cure  of  sterility, 
though  on  what  grounds  does  not  specifically  appear. 
The  waters  are  also  applicable  to  cases  of  gastralgia, 
dyspepsia,  catarrhal  conditions  of  the  bowels,  especially 
when  aocom.panied  by  chronic  diari-hcea.  Some  skin  dis- 
eases, such  as  eczema  and  psoriasis,  are  likewise  said  to 
be  greatly  benefited  by  these  waters.  The  chalybeate 
springs  are,  of  course,  useful  in  ansemia  and  chlorosis. 
In  phthisis  the  place  is  said  to  be  contraindicated. 

PlombiSres  is  a  decidedly  international  watering-place, 
although  English  and  Americans  form  but  a  small  con- 
tingent of  the  six  thousand  annual  visitors  of  the  spa. 
With  reference  to  accommodation,  Mr.  Wolff  is  authority 
for  the  following:  "The  better  hotels  and  villa-pensions 
seem  intended  for  people  altogether  of  the  better  classes. 
They  are  good,  but  dear.  Of  course,  there  are  less  pre- 
tentious ones,  down  to  the  lowest  point  of"the  scale ;  for 
the  spa  is  much  visited.  The  following  are  among  the 
best:  The  Grands  Hotels,  Hotel  de  la  Paix,  H6tel  Stanis- 
las, Villa  Mocquard,  Le  Chalet  Rose,  and  Maison  Rossig- 
nol.  There  are  as  many  as  about  a  hundred  private 
hotels,  many  of  them  with  a  regular  table-d'hote."  Al- 
together, it  is  quite  true  that  PlombiSres  should  be  bet- 
ter known  in  our  country  than  is  now  the  case,  especially 
as  it  is  more  convenient  of  access  than  Wildbad  Gastein, 
Teplitz,  and  the  other  spas  of  that  order,  wliich  Ameri- 
cans are  wont  to  visit.  Edmund  G.  Wendt. 

PLYMOUTH  ROCK  MINERAL  WELL.  — Wayne 
County,  Michigan.     Post-Opficb. — Plymouth. 

Plymouth  is  a  handsome  village  of  about  eighteen  hun- 
dred inhabitants,  twenty-three  miles  west  of  Detroit, 
from  whence  it  is  reached  by  both  the  Flint  and  Pfire 
Marquette  and  the  Grand  Rapids  and  Western  railroads. 
The  well  is  situated  in  a  picturesque  spot  on  the  farm  of 
Dr.  M.  V.  B.  Saunders.  It  was  bored  several  years 
since,  and  the  following  analysis  was  made  by  Prof. 
John  E.  Clark,  of  Detroit,  in  1893: 

One  United  States  gallon  contains:  Sodium  chloride, 
gr.  14.38;  sodium  sulphate,  gr.  0.37;  sodium  bicarbo- 
nate, gr.  5.37;  potassium  bicarbonate,  gr.  1.78;  calcium 
bicarbonate,  gr.  5.47;  magnesium  carbonate,  gr.  2.90; 
alumina  and  iron  carbonate,  gr.  1.73;  silica,  gr.  0..50; 
organic  and  volatile  matter,  gr.  1.29.  Total,  38.64 
grains.  Lithium  carbonate  and  carbonic-acid  gas  not 
estimated. 

No  accommodations  have  so  far  been  prepared  for  visi- 
tors, but  the  water  is  widely  sold.  It  is  a  good  example 
of  the  alkaline-saline  carbonated  variety  of  water,  and  is 
useful  in  conditions  to  which  this  class  is  applicable.  Its 
best  effects  have  been  observed  in  disordered  states  of  the 
stomach,  especially  when  accompanied  by  hyperacidity. 
It  is  also  highly  recommended  in  irritable  states  of  the 
bladder  and  kidneys  as  a  diuretic  and  diluent  of  the 
mine.  It  is  said  to  have  produced  excellent  results  in 
gout,  rheumatism,  gravel,  and  other  affections. 

James  K.  Crook. 

PNEUMATIC  CABINET,  THE— The  pneumatic  cabi- 
net, as  distinguished  from  the  pneumatic  chamber  of  Eu- 
ropean countries,  is  an  air-tight  box  of  sufficient  size  to 
contain  only  a  single  patient. 

By  means  of  an  attached  bellows  the  contained  air  may 
be  rarefied  or  compressed,  and  by  means  of  a  tube  and 
stopcock  in  one  wall  of  the  cabinet  the  patient's  lungs 
may  be  instantly  connected  with,  or  cut  off  from,  the  out- 
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side  air.  The  cabinet  is  designed  for  the  application  of 
differential  atmospheric  pressures,  the  differentiation  be- 
ing between  the  cutaneous  and  pulmonary  circulations. 
Coincidently  it  may  be  advantageously  employed  in  the 
administration  of  the  various  inhalations.  It  has  no  re- 
lation to,  and  is  in  no  way  comparable  with  altitude,  but 
is  properly  classed  with  apparatus  for  the  use  of  com- 
pressed and  rarefied  air.  It  differs,  however,  from  all 
other  apparatus  of  this  class  in  that  the  differential  press- 
ure is  applied  to  the  systemic  as  well  as  the  pulmonary 
circulation.  As  this  differentiation  is  always  negative, 
the  effects  upon  vascular  tension  and  blood  flow  are  di- 
rectly the  opposite  of  those  from  compressed  and  rarefied 
air. 

Physics.— The  available  variations  of  atmospheric  press- 
ure to  which  the  patient  may  be  subjected  and  under 
which  respiration  may  take  place  are : 

1.  Diminished  pressure  on  both  cutaneous  and  pul- 
monary surfaces,  the  patient  being  in  and  breathing  the 
rarefied  air  of  the  cabinet,  called  negative  pressure. 

3.  Increased  pressure  on  both  surfaces,  called  positive 
pressure  (rarely  if  ever  used). 

3.  Barometric  pressure  on  the  pulmonary,  with  diinin- 
ished  pressure  on  the  cutaneous  surf  ace,  the  patient  being 
in  rarefied  air  while  breathing  from  without,  called  nega- 
tive differentiation. 

4.  Barometric  pressure  on  the  pulmonary,  with  in- 
creased pressure  on  the  cutaneous  surface,  called  posi- 
tive diflferentisttion. 

Respirsftion  may  be  continuous  under  either  of  the 
above  conditions  or  the  differentiation  may  be  shifted  be- 
tween inspiration  and  expiration,  giving  the  following 
combinations : 


COMBINATIONS. 

Inspiration. 

Combined 
with  expiration. 

Called. 

Under  No  3      

Under  No.  1 

Forced  inspiration. 

Under  No.  3 

Under  No.  2    

Under  No.4 

Forced  expiration. 

Under  No.  i 

Clinical  experience  has  shown  that  negative  differen- 
tiation, and  its  combination  with  negative  pressure  in  the 
form  of  forced  inspiration,  are  the  most  effective  and,  es- 
sentially, the  only  desirable  methods  of  application.  The 
physical  demonstration  is,  therefore,  limited  to  these  two 
motions. 

Negative  Differentiation. — In  this  motion  respiration  is 
carried  on  under  a  constant  differential  pressure,  that 
upon  the  pulmonary  circulation  being  barometric,  and 
that  upon  the  cutaneous  and  abdominal  circulations 
being  less  by  the  amount  of  rarefaction  in  the  cabinet. 
The  mechanical  effects  are  identical  with  those  from  com- 
pressed air  aside  f  i-om  the  circulation ;  but  as  they  can 
be  obtained  in  larger  degree  by  forced  inspiration  with 
an  increased  instead  of  retarded  circulation,  this  motion 
is  never  employed  for  the  purpose  of  expanding  and 
clearing  the  lung.  Because  the  respiratory  effort  is 
shifted  from  inspiration  to  expiration,  respiration  under 
these  conditions  has  been  thought  to  be  of  benefit  as  a 
form  of  pulmonary  gymnastics,  and  in  developing  the 
expiratory  muscles.  But  the  results  are  of  little  clinical 
value  as  it  is  the  voluntary  muscles  which  are  increased, 
not  the  normal  expiratory  forces  of  pulmonary  and  tho, 
racic  elasticity. 

The  value  of  this  form  of  pneumatic  differentiation  de- 
pends solely  upon  its  action  on  the  circulation.  Respi- 
ration under  negative  differentiation  results  in: 

1.  Reduction  of  vascular  tension  in  both  tlie  systemic 
and  the  pulmonary  circulations. 

2.  Depletion  of  the  pulmonary  vessels  with  venous 
hyperasmia  of  the  systemic  circulation. 

3.  Slowing  of  the  entire  circulation,  both  systemic 
and  pulmonary. 

4.  Mild  anaemia  of  the  cerebro-spinal  vessels. 

The  manner  in  which  these  conditions  are  developed  is 
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obvious.  While  the  barometric  pressure  of  the  respired 
air  offers  no  increased  resistance  to  the  pulmonary  circu- 
lation, and  hence  no  impediment  to  right  heart  action, 
the  lower  pressure  on  the  cutaneous  surface  becomes 
essentially  a  suction  force  influencing  all  the  systemic 
circulation,  save  that  of  the  brain  and  cord,  which  are 
protected  by  their  bony  envelope.  As  the  result  all  the 
systemic  vessels,  and  particularly  the  capillaries,  are  di- 
lated, vascular  tension  is  lowered,  and  for  a  moment  the 
circulation  is  hastened  as  the  blood  is  drawn  from  the 
lung.  But  with  the  continuance  of  the  differentiation 
the  contracting  arteries  gradually  force  a  relative  excess 
of  blood  into  the  veins,  from  whence  it  passes  more 
slowly  to  the  pulmonic  vessels  which  are  under  the 
higher  barometric  pressure.  The  coincident  slowing  of 
circulation  and  pulmonary  ana;mia  are  such  that  a  strong 
man  can  hardly  breathe  five  minutes  under  a  negative 
differentiation  of  one  inch  of  mercury  without  marked 
dyspnoea.  Clinically,  therefore,  this  motion  must  be  al- 
ternated with  negative  pressure,  which  increases  the  pul- 
monary circulation. 

The  patliic  conditions  to  which  negative  differentiation 
is  applicable  are :  {a)  pulmonary  hemorrliage.  There  is 
no  measure  at  our  command  which  so  quickly  arrests 
bronchial  hemorrhages.  It  is  an  almost  universal  im- 
pression that  pneumatic  differentiation  of  necessity 
causes  abnormal  expansion  of  the  lung,  and  is  therefore 
dangerous  in  all  cases  of  hemorrhage,  or  where  there  is 
softening  of  pulmonary  tissue.  Such  is  not  the  case,  and 
negative  differentiation  may  be  applied  with  even  less 
than  normal  expansion  of  the  chest.  It  is,  therefore,  of 
value  (b)  in  all  forms  of  acute  inflammatory  hyperaemia 
of  the  lung  or  pleura.  It  affords  immediate  relief  in 
(c)  pulmonary  congestion  from  an3''  form  of  cardiac  dis- 
ease, except  mitral  obstruction,  and  is  the  proper  motion 
with  which  to  begin  the  treatment  of  any  organic  cardiac 
or  arterial  disease,  with  the  above  exception.  In  all  of 
the  above  conditions  after  the  acute  processes  have  been 
relieved,  negative  differentiation  should  be  supplemented 
or  replaced  by  forced  inspiration. 

Forced  Inspiration. — The  effects  of  this  motion  are  of 
two  distinct  forms,  mechanical  and  circulatory.  The 
pulmonary  expansion,  the  opening  and  clearing  of  col- 
lapsed and  plugged  alveoli,  and  the  stretching  of  pul- 
monary and  pleuritic  fibroses  attained  by  means  of  the 
pneumatic  cabinet  do  not  differ  in  themselves  from  the 
corresponding  effects  of  compressed  air.  The  clinical  re- 
sults, however,  are  very  greatly  superior  by  reason  of 
the  coincident  effect  of  the  cabinet  upon  the  attendant 
pathic  processes  through  its  control  of  the  circulation. 
In  this  motion,  during  inspiration,  which  takes  place  un- 
der negative  differentiation,  the  action  upon  the  circula- 
tion is  the  same  as  with  negative  differentiation  alone. 
It  is  greater  in  degree  since  a  higher  differentiation  can 
be  employed  when  the  patient  is  to  expire  into  rarefied 
air.  With  the  decrease  in  cutaneous  pressure  the  vessels 
are  dilated  and  the  blood  is  drawn  from  the  lungs  through 
the  heart  and  arteries  into  the  veins  with  a  quickened 
flow  and  lowered  tension.  Before  this  action  reaches  the 
point  of  slowed  circulation  inspiration  is  ended  and  the 
differentiation  instantly  changed  to  negative  pressure, 
under  which,  although  the  absolute  pressure  on  the  cu- 
taneous and  pulmonary  circulations  is  the  same,  there  is, 
nevertheless,  a  relative  negative  differentiation  in  favor 
of  the  pulmonary  vessels  due  to  their  weaker  anatomical 
protection  and  support.  A  pulmonary  suction  is  thus 
developed  which  draws  the  blood  from  the  hyperffimic 
veins  into  the  depleted  pulmonary  vessels,  again  with 
quickened  flow  and  under  lowered  tension.  Thus  dur- 
ing each  respiratory  cycle  a  double  negative  differentia- 
tion is  developed  alternately  in  favor  of  the  systemic  and 
the  pulmonary  circulations. 

Continuance  of  this  process  results  in  increase  of  both 
circulations  with  all  which  that  implies  of  increased  ab- 
sorption and  improved  nutrition,  and  this,  too,  under  de- 
creased vascular  strain. 

It  is  this  power  of  the  cabinet  to  hasten  circulation  and 
diminish  arterial  strain  which  distinguishes  it  from  all 
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Other  forms  of  apparatus  for  the  use  of  pneumatic  differ- 
entiation, and  whicli  renders  it  the  most  potential  meas- 
ure for  the  relief  of  vory>  varied  conditions.  All  the  me- 
chanical effects  of  compressed  air  may  be  attained  by 
forced  inspiration,  with  the  addition  of' improved  tissue 
nutrition.  This  motion  is  valuable  in  all  forms  of  inflam- 
matory pulmonary  disease  after  the  acute  stage.  All 
pulmonary  and  pleuritic  fibroses  are  loosened  and  ab- 
sorbed much  more  quickly  than  by  any  other  means. 
The  effect  of  forced  inspiration  upon  all  forms  of  organic 
heart  disease,  with  the  exception  noted  under  negative 
differentiation,  is  more  immediate,  satisfactory,  and  pro- 
longed than  that  from  any  other  method  of  treatment. 
Cardiac  angina  and  dyspnoea  are  speedily  relieved,  often 
within  a  few  minutes,  and  in  young  subjects  this  relief 
often  becomes  permanent  after  a  few  treatments.  Cases 
of  aortic  regurgitation  give  especially  brilliant  results. 

In  all  conditions  producing  high  arterial  tension  also, 
this  measure  affords  very  marked  relief,  the  extent  and 
duration  of  which  depend,  of  course,  upon  the  nature 
and  continuance  of  the  primary  cause.  The  treatment 
does  not  cure  Bright's  disease,  but  it  does  relieve  and  de- 
lay the  secondaiy  arterial  and  tissue  changes. 

Charles  E.  Quiniby. 

PNEUMOGASTRIC  NERVE,  RESPIRATORY  FUNC- 
TION OF.     See  Bespiration. 

PNEUMONIA,  BRONCHIAL.— (Synonyms:  Broncho- 
pneumonia, catarrhal  pneumonia,  lobular  pneumonia, 
capillary%ronchitis,  etc.)  The  name  bronchopneumonia 
is  growing-  in  favor,  especially  in  this  country,  and  is 
preferable.  The  condition  is  marked  by  the  presence  of 
bronchitis  with  areas  of  pneumonia.  The  latter  are  as  a 
rule  peribronchial,  being  confined  to  the  immediate  vicin- 
ity of  the  small  bronchi,  the  bronchioles  and  their  atria, 
the  cells  adjacent  to  which  are  filled  with  exudate. 

Etiology. — The  disease  is  most  common  in  the  ex- 
tremes of  life,  that  is,  in  the  aged  and  in  children  under 
five  years  old.  Of  the  cases  occurring  in  children,  about 
one-third  are  primary,  the  others  being  secondary  most 
often  to  the  diseases  of  childhood.  Of  these,  measles  is 
most  frequently  complicated  by  bronchopneumonia,  and 
after  this  come  pertussis,  diphtheria,  scarlet  fever,  influ- 
enza, and  chickenpox.  It  will  be  noticed  that  these  are 
diseases  in  which  bronchitis  is  regularly  present,  or  in 
which  the  upper  air  passages  are  involved  in  the  morbid 
process.  In  older  children  and  adults  the  disease  may 
occur  as  a  complication  of  any  long-continued,  severe  ill- 
ness, especially  in  those  cases  in  which  the  mucous  mem- 
brane of  the  mouth  and  pharynx  becomes  foul  and  the 
laryngeal  reflexes  are  less  effective  than  normally. 

The  predisposing  causes  in  primary  cases  are  old  age 
or  infancy,  bad  hygienic  surroundings,  the  impure  air  of 
overcrowded,  poorly  ventilated  rooms,  bad  feeding,  and 
institutional  life.  We  must  also  include  among  the  pre- 
disposing causes  the  frequent  presence  of  the  diplococcus 
pneumonise  and  other  pathogenic  micro-organisms  in  the 
healthy  air  passages. 

The'exciting  causes  are  sometimes  difficult  to  discover. 
Exposure  to  cold  and  wet  is  one  cause,  and  this  accounts 
for  the  greater  frequency  of  the  disease  in  the  cold 
months.  The  predisposing  causes  of  secondary  broncho- 
pneumonia are  the  same  as  those  of  the  primary  form  of 
the  disease,  plus  dorsal  decubitus  and  the  weakened  con- 
dition due  to  the  original  disease.  The  exciting  causes 
are  again  hard  to  determine.  Exposure  is  one,  but  there 
is  a  something  in  addition  which  favors  the  growth  and 
multiplication  of  the  micro-organisms  usually  present, 
even  in  health.  In  cases  of  deglutition -pneumonia  the 
exciting  cause  is  manifest. 

The  development  of  bronchopneumonia  in  old  people 
is  favored  by  the  diminished  powers  of  resistance  and  the 
less  perfect  expectoration. 

Bacteriology.— In  studying  the  flora  of  bronchopneu- 
monia we  have  again  to  distinguish  between  primary  and 
secondary  cases.  The  micro-organisms  most  commonly 
found  are  the  diplococcus  pneumoniae,  streptococcus, 


staphylococcus  aureus  and  albus,  Friedlander's  bacillus, 
and  LoeflBer's  bacillus. 

In  nearly  all  of  the  primary  cases  the  diplococcus 
pneumonise  is  present,  and  in  about  half  of  these  it  exists 
alone.  When  not  alone,  it  is  most  often  associated  with 
the  streptococcus  and  much  less  frequently  with  the 
staphylococcus  and  the  other  organisms  just  mentioned. 
Infrequently  the  streptococcus  is  found  alone. 

In  secondary  cases  it  is  the  rule  to  find  a  mixed  infec- 
tion. The  diplococcus  pneumonise  appears  in  about 
seventy-five  per  cent,  of  the  cases,  but  seems  less  potent 
in  giving  character  to  the  disease  than  the  streptococ- 
cus. The  diplococcus  pneumoniae,  tlie  streptococcus,  the 
staphylococcus,  and  Friedlander's  bacillus  may  each  be 
present  alone,  unassociatcd  with  other  bacteria,  but  in 
the  case  of  Friedlander's  bacillus,  at  least,  this  happens 
only  rarely.  Although,  generally  speaking,  the  strepto- 
coccus plays  the  most  important  part  in  bronchopneu- 
monia complicating  measles,  it  is  precisely  in  this  form 
that  the  diplococcus  pneumonise  is  more  often  found  in 
pure  culture  than  in  other  secondary  cases. 

Holt  reports  six  tuberculous  cases  which  were  studied 
by  Wollstein,  and  in  all  of  which  the  diplococcus  pneu- 
moniae was  also  found ;  indeed,  this  organism  gave  the 
character  to  the  disease  in  these  cases,  as  clinically  they 
were  indistinguishable  from  those  of  an  ordinary  broncho- 
pneumonia, the  post-mortem  examination  alone  revealing 
their  tuberculous  nature. 

Bronchopneumonia  has  in  rare  instances  been  found  to 
be  due  to  forms  of  streptotlirix,  and  French  investigators 
have  reported  the  finding  of  the  colon  bacillus. 

In  deglutition-pneumonia  the  streptococcus  and  staphy- 
lococcus are  most  commonly  found,  and  then,  as  a  rule, 
in  virulent  form. 

Pathological  Anatomy. — In  about  eighty  per  cent, 
of  the  cases  coming  to  autopsy,  lesions  have  been  found 
in  both  lungs.  These  lesions  consist  essentially  of  those 
of  bronchitis  and  of  pneumonia. 

When  the  chest  is  opened  the  pleural  cavities  are  seen 
usually  to  contain  little  or  no  excess  of  fluid.  The  pa- 
rietal and  pulmonary  pleural  surfaces  may  be  normal  or 
the  seat  of  a  fibrinous  pleurisy.  The  lesions  of  the  latter 
consist  of  patches  of  fibrin  which  vary  considerably  both 
in  extent  and  in  character.  At  times  they  are  almost  in- 
visible lustreless  spots,  and  then  again  they  may  be  quite 
large  and  thick  (as  much  as  half  a  centimetre  thick)  and 
more  or  less  discolored.  Such  patches  correspond  closely 
to  areas  of  superficial  pulmonary  consolidation. 

The  lungs  do  not  collapse  as  completely  as  they  nor- 
mally should,  though  crepitation  is  found  quite  generally 
when  the  lungs  are  handled  in  the  search  for  nodules  of 
consolidation.  The  latter  are  most  often  found  in  the 
lower  lobes  posteriorly.  There  may  be  found  collapsed 
areas,  bluish  or 
bluish-brown  in 
color,  set  in  a 
lighter  back- 
ground. These 
are  areas  of  sim- 
ple atelectasis, 
and  will  yield  to 
gentle  inflation 
through  a  tube  in- 
serted in  a  bron- 
chus. The  bron- 
chial nodes  are 
invariably  con- 
gested and  en- 
larged. The  heart 
—the  right  side 
more  commonly — 
may  be  dilated. 

On  section,  the 
pneumonic  areas 
stand  out  a  little, 

are  of  a  daik  mahogany  color,  or  more  or  less  marbled 
with  gray,  smooth  or  finely  granular,  and  moderately 
wet ;  only  a  small  amount  of  dark  blood  escapes  from  the 


Fie.  3826.— Bronchopneumonia.  Exudate  in 
an  air  cell,  consisting  of  exfoliated  epithe- 
lium, a  few  pus  cells,  and  a  little  fibrin. 
(From  Delafleld  and  Prudden.) 
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vessels.  Such  areas  vary  greatly  in  size,  and  may  be  close 
together  or  widely  separated.  Near  the  centre  of  each 
a  l)ronclius  is  seen,  white  or  gray,  because  of  the  exudate 
which  it  contains.     The  unconsolidated  lung  tissue  may 


Fk;.  3827. — Bronchopneumonia  in  a  Ctiild,  Showing  Single  Lobular  Pneu- 
inonic  Area,  with  Bronchus  in  its  Centre.  The  thickened  wall  of  the 
latter  merges  into  the  .surrounding  zone  of  pneumonia.  Near  the  corners 
the  accompanying  emphysema  is  shown.     (From  Di;lafleld  and  I'rudden.) 


be  uonnal,  btit  more  often  it  is  congested  and  edematous, 
particularly  behind.  An  emphysema,  usiiallj'  vesiculai', 
is  often  present,  being  most  pronounced  anteriorly.  Ui^on 
section  of  the  areas  of  atelectasis,  dark  fluid  bloocl  escapes ; 
the  cut  surface  is  seen  to  be  smooth,  with  occasional 
lobules  projecting  above  it.  Creamy  pus  can  be  pressed 
from  the  smallest  bronchi ;  po-tions  carefully  removed  are 
found  to  contain  no  air  a.;  I  thy  sink  in  water. 

With  the  aid  of  the  micr 'scope  we  see  that  the  exu- 
date within  the  bronchi  of  the  consolidated  areas  is  com- 
posed of  leucocytes,  mucus,  desciuamated  epithelium  in 
various  stages  of  disintegration,  a  few  red  blood  cells,  and 
the  micro-organisms  responsi))le  for  the  condition.  The 
walls  of  the  bi'onchioles  and  bi-cuchi  are  swollen  and  in- 
filtrated with  new  small  round 
cells  with  more  or  less  indis- 
tiu'  contours  and  having  large 
nuclei.     (See  Plate  XLIX.) 

Northrup  mentions  a  me- 
chanical dilatation  of  the  small- 
er bronchi.  These  dilatations, 
which  are  for  the  most  jiait 
fusiform  in  shape,  are  found 
with  especial  frequency  in  the 
lower  lobes.  They  are  asso- 
citttcd,  according  to  this  tiu- 
thority,  witli  tltree  conditions: 
(1)  Weakened  bronchial  walls; 
(3)  abundant  secretion  within 
the  bi-onchi;  anil  (3)  imperme- 
able tissue  surrounding  them. 
The  dilatation  is  due  to  the 
secreticjn  being  foi-ced  by  eacli 
inspiratory  iniiiuJse from laiger 
to  smaller  bronchi.  The  jiroc- 
ess,  which  is  obsei-ved  in  cliil- 
dren  between  tliree  and  live 
years  of  age,  ticcui's  more  often 
after  the  lifth  day  of  the  dis- 
ease. The  dilatations  disap- 
pear entirely  on  the  recoverv 
of  the  patient. 

As  the  walls  of  the  lii-oiichi- 
oles  iii-e  swollen  and  inliltraled 
w;ith  new  cells,  so  also  aiv  Ihoseof  the  alria,  and  of  tlu 
air  sacs,  including  the  partitions  between  the  air  cells 
Ihecapillariisareeiigcrged  will,  blood  ami  small  hemcn' 
rhages  may  be  noted  here  and  there.     The  air  cells,  ait 
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sacs,  and  atria  are  filled  with  leucocytes,  swollen  desqua- 
mated epithelium,  occa.sionally  a  few  red  blood  cells,  and 
sometimes  also  a  little  fibrin. 

In  deglutition-  or  aspiration-bronchopneumonia  the 
proce.ss  is  more  intense,  the  intiltration  with  leuco- 
cytes often  resulting  in  suppuration  and  gangrene. 

In  the  areas  of  atelectasis  the  bronchi  are  seen  to 
be  tilled  with  pus  and  swollen  and  detached  epi- 
thelia,  and  the  walls  of  the  bronchioles  are  infiltrat- 
ed ;  the  air  cells  and  .^^acs  are  partially  collapsed, 
the  diminished  lumen  being  filled  with  swollen  and 
proliferating  epithelia  and  pus  cells.  The  blood- 
vessels are  tortuous  and  gorged  with  blood.  Here 
and  there  are  hepatized  lobules.  In  some  cases  the 
emphy.scma  is  very  marked  (see  Fig.  3828). 

The  bronchial  lymph  nodes  may  or  may  not  show 
a  cellular  infiltration.  They  are  alwaj'S  congested. 
Symptoms. — The  symptoms  may  be  most  ob- 
scure, even  misleading,  making  it  almost  impossible, 
for  a  period  of  several  da}S,  to  reach  a  correct  di- 
agnosis. 

Frodromnl  Symptoms. — In  jirimary  cases,  as  in 
acute  bronchitis,  the  early  signs  are  a  general  mal- 
aise with  more  or  less  anorexia,  slight  elevation  of 
tempei-ature,  acceleration  of  pulse  and  respiration, 
and  cough,  dry  or  Avith  mucous  expectoration  in 
patients  old  enough  to  perform  that  important  act. 
The  invasion  may  resemble  that  of  lobar  pneu- 
monia, being  marked  by  a  chill  or  convulsion  and 
by  rapid  rise  of  temperature  to  103°  or  104  F.  or 
over;  or  the  invasion  may  present  no  characteristic  feat- 
ures, the  symptoius  resembling  tliose  of  t3-plioid  fever 
or  meningitis.  In  the  cerebral  cases  there"  may  be  re- 
peated convulsions,  apathy,  photophobia,  retiaction  of 
the  head  with  rigidity  of  the  neck,  and  an  absence  of 
physical  signs  of  con.solidation. 

In  secoiiiJiii-y  cases,  the  prodromal  symptoms  and  the 
invasion  are  masked  by  the  symptonis  of  the  primary 
disease.  The  invasion  "is  gradual,  seldom  marked  by  "a 
chill  or  convulsion,  the  child  becomes  restless,  the  tem- 
perature rises,  and  the  pulse-respiration  ratio  diminishes. 
If  there  was  a  cough  before,  it  becomes  w-orse,  or  one  de- 
velops if  there  was  none  previously.  If  there  is  any 
expectoration  it  is  muco-purulent  in  t'haracter.     An  early 


Fig.  tiKL-K.-Iironchopnei 
C'CTltral  itronchus  Fi 
section.     (From  Delalleid  and  "Priiddeti.) 


',i"wml'Vv,',','V'"'";,'^';"'y"'*^' **,''"''"'"   ''^'''^'"*  "'  l^'"is. nidation,   with  the 
d  M  Uli  K.\udiitc,    Marked  empliysema  may  also  be  seen  in  parts  ot  the 


symptom  may  be  the  cough.— painful,  frecnient,  and 
hacking,— and  it  often  continues  after  resolution  has 
taken  iilaee. 

The  temperature  varies  aeconling  to  the  extent  of  the 
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lesions,  the  virulence  of  the  infection,  and  the  general 
condition  of  the  patient ;  apparently  also  it  is  influenced 
by  the  variety  of  micro-organism  present.  It  may  rise 
slowly  or  very  suddenly,  as  a  rule  to  103°  or  104°  P. ,  and 
it  averages  moderately  high,  vf ith  sharp  elevations,  most 
often  in  the  afternoon,  but  at  times  in  the  early  morning. 
The  variations  in  the  temperature  curve  gradually  be- 
come less  and  less ;  in  favorable  cases  the  general  trend 
is  downward,  restoration  to  the  normal  being  by  lysis. 
In  unfavorable  cases  the  trend  of  the  curve  is  constantly 
upward,  the  temperature  sometimes  going  as  high  as 
107°  P.  The  temperature  may  be  of  a  high,  continued 
type,  this  usually  portending  a  fatal  issue.  On  the  other 
hand,  in  greatly  debilitated  subjects  the  temperature 
may  rise  little  if  at  all  above  100°  P.  The  usual  termi- 
nation of  such  cases  also  is  death. 

Pain  is  not  a  constant  symptom,  and  as  a  rule  it  occa- 
sions little  trouble. 

Cyanosis  is  quite  common,  but  there  is  little  or  no 
dyspnoea.  When  it  is  caused  by  atelectasis  the  temper- 
ature remains  unaffected  or  falls  a  little.  The  skin  is 
often  cold  and  clammy.  These  symptoms  disappear 
upon  the  removal  of  the  cause  of  the  atelectasis,  and  the 
patient  is  then  about  as  well  as  before  the  attack.  If  the 
•cyanosis  persists  for  more  than  a  day  or  two,  however, 
the  result  is  a  fatal  one. 

In  well-marked  cases,  the  respiratory  rhythm  is 
■changed.  Instead  of  the  inspiratory  murmur  being 
nearly  continuous  with  the  expiratory,  the  pause  which 
in  health  was  after  expiration  and  before  inspiration,  is 
now  transferred  and  is  after  inspiration  and  before  ex- 
piration. The  child  quickly  draws  its  breath,  holds  it, 
then  with  an  explosive  grunting  sound  expires  and  with- 
out pause  inspires.  The  expiration  is  prolonged  and 
loud.     There  may  be  Cheyne-Stokes  respiration. 

Gastro-enteric  symptoms,  such  as  loose  green  stools 
without  vomiting,  are  frequent  in  infancy.  The  urine 
may  become  scanty,  high  colored,  and  with  a  trace  of 
albumin,  but  casts  are  rare. 

In  cases  ending  in  recovery  amelioration  of  all  symp- 
toms may  occur  at  any  time  from  the  fourth  day  to  the 
third  or  fourth  week.  In  mild  cases  it  is  looked  for  from 
the  fourth  to  the  eighth  day. 

Resolution  takes  from  seven  to  fourteen  da3^s  in  favor- 
able cases.     Relapses  are  common. 

Physical  Signn. — It  may  be  that  for  days  no  signs  at 
all  can  be  discovered  within  the  chest,  and  it  frequently 
happens  that  no  signs  of  consolidation  are  found  at  any 
time  during  the  course  of  the  disease.  In  primary  cases 
the  first  signs  are  due  to  congestion  and  bronchitis;  they 
are  either  localized  in  one  or  more  areas,  or  are  generally 
distributed.  The  results  of  percussion  may  be  negative, 
•or  there  may  be  slight  dulness.  On  auscultation  we  de- 
tect feeble  breathing,  which  later  has  a  higher  pitch  over 
the  affected  areas,  and  is  associated  with  fine  sibilant 
and  coarse  sonorous  rftles  of  the  same  or  of  wider  distri- 
bution. These  rales  may  disappear  when  the  patient 
coughs.  A  little  later,  very  fine  moist  rSles  are  heard, 
as  a  rule,  only  over  one  or  more  areas,  usually  in  the 
lower  lobes  behind.  The  vocal  fremitus  is  unaltered. 
In  such  cases  the  pneumonic  areas  are  deeply  seated, 
small,  and  scattered. 

The  signs  of  consolidation,  when  present,  vary  accord- 
ing to  the  degree  of  consolidation,  the  area  involved,  and 
its  proximity  to  the  chest  wall.  In  well-marked  cases 
percussion  reveals  the  existence  of  dulness  in  varying 
degree,  associated  at  times  with  a  sense  of  resistance. 
The  vocal  fremitus  is  increased  only  over  areas  of  fairly 
complete  consolidation.  Auscultation  reveals  the  pres- 
ence of  the  rSles  above  mentioned,  only  they  are  more 
marked  and  apparently  closer  to  the  examining  ear;  the 
breathing  is  bronchovesicular  or  diminished;  the  voice 
sounds  approach  the  bronchial  in  character.  In  the  cases 
in  which  there  is  a  considerable  area  of  complete  consoli- 
dation, the  signs  more  nearly  approach  those  of  lobar 
pneumonia,  a  disease  which  occurs  in  young  children 
more  often  than  was  formerly  believed.  The  dulness 
and  vocal  fremitus,  however,  are  less  than  one  would 
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expect  to  find  with  voice  and  breathing  of  such  a  bron- 
chial character.  The  signs  of  bronchitis  are  rarely  gen- 
eral, and  are  most  numerous  in  and  near  the  edges  of 
the  consolidated  areas.  Friction  sounds  are  infrequently 
present,  usually  only  in  cases  of  complete  consolidation 
extending  to  the  pleura. 

It  may  be  necessary  to  make  the  patient  cough  in  order 
to  develop  the  sounds  of  bronchitis,  or  crying  may  bring 
out,  in  an  area  of  diminished  voice  and  breathing,  a 
marked  bronchial  quality.  In  extreme  cases  the  breath- 
ing becomes  shallow  and  very  rapid,  80  or  more  to  the 
minute,  with  retraction  of  the  xiphoid  and  ribs  and  play- 
ing of  the  ala;  nasi.  The  right  ventricle  of  the  he^rt 
may  be  found  increased  in  size. 

When  resolution  begins  the  signs  of  consolidation, 
which  were  the  last  to  come,  are  the  first  to  go.  They 
may  disappear  very  rapidly  or  they  may  persist  for  days 
or  weeks.  The  signs  of  bronchitis  subside  less  rapidly, 
often  being  found  as  late  as  from  two  to  four  weeks  after 
resolution  has  begun.  The  blood  count,  as  a  rule,  reveals 
a  decided  leucoeytosis ;  in  influenza  pneumonia,  however, 
it  is  only  in  exceptional  cases  high. 

Complications. — We  rarely  find  any  pleurisy,  except 
when  there  is  marked  pulmonary  consolidation  that 
reaches  to  the  pleura.  The  simple  fibrinous  pleurisy  is 
the  most  common. 

The  possibility  of  empyema  must  always  be  borne  in 
mind.  Abscess  of  the  lung  complicating  bronchopneu- 
monia is  found  in  about  seven  per  cent,  of  the  cases  that 
come  to  autopsy ;  these  abscesses  are  usually  minute  and 
multiple,  and  not  clinically  discoverable.  Gangrene  is 
less  frequent.  Tuberculosis  may  complicate  any  bron- 
chopneumonia, and  in  fatal  cases  cannot  be  diagnosed  be- 
fore death. 

As  in  lobar  pneumonia,  so  in  bronchopneumonia,  a 
purulent  meningitis  may  occur,  and  may  mask  the  symp- 
toms of  the  primary  disease. 

Pericarditis  is  found  at  times,  almost  always  in  cases 
in  which  there  is  marked  consolidation  in  the  left  lung. 
The  rarity  of  endocarditis  makes  it  hardly  worth  men- 
tioning. 

It  is  common  to  find  functional  derangement  of  the 
gastro-intestinal  tract,  as  shown  by  vomiting  and  diar- 
rhoea, which  are  serious,  not  in  themselves,  but  in  that 
they  reduce  the  patient's  chances  of  recovery  in  the 
other  fight. 

Nephritis  is  not  a  common  complication,  and  when  it 
does  occur  it  is  usually  of  an  acute  exudative  type  and 
does  not  much  affect  the  course  of  the  original  disease. 

Diagnosis. — The  diagnosis  of  primary  bronchopneu- 
monia from  lobar  pneumonia  is  at  times  very  difficult. 
It  must  be  made  on  the  age,  history,  and  mode  of  inva- 
sion, on  the  character  of  the  temperature,  on  the  sputum 
(when  there  is  any),  and  on  the  physical  signs ;  the  latter 
alone  furnish  positive  evidence. 

The  diagnosis  from  pleurisy  with  effusion  or  from 
empyema  must  be  settled  by  an  exploratory  puncture, 
several  dry  taps  with  a  large-calibre  needle  being  neces- 
sary to  establish  the  absence  of  fluid. 

As  an  aid  to  diagnosis  in  uncertain  cases,  in  children 
two  years  of  age  or  under,  Northrup  gives  the  three 
following  points : 

1.  The  pulse-respiration  ratio  tends  to  depart  from  the 
normal,  which  is  as  four  is  to  one,  and  approximates  or 
exceeds  three  to  one.  For  instance,  instead  of  being 
80  to  20,  it  approximates  the  ratio  of  130  to  40. 

2.  Fever;  persistent  elevated  temperature,  whether 
remittent,  intermittent,  or  uniform. 

8.  RSles;  subcrepitant  and  crepitant  over  a  circum- 
scribed area  or  areas,  and  especially  if  these  rSles  are 
found  on  one  side  only. 

Malaria  is  excluded  by  the  absence  of  malarial  organ- 
isms, by  normal  spleen,  and  by  no  history  of  exposure  in 
malarious  regions ;  the  presence  of  leucoeytosis  also  ar- 
gues against  malaria. 

Treatment. — No  treatment  directly  influences  the 
pneumonic  process.  Much,  however,  can  be  done  to 
prevent  the  development  of   the  disease   and   to  help 

6Y3 


Pneumonia. 
Pneumonia. 


EEFEREKCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


the  patient  pass  safely  through  it,  when  once  it  is  estab- 
lished. .,       ,      J,  ,,      . 

I  would  outline  the  treatment  under  the  following 
>heads:  (1)  Prophylaxis.  (3)  General  management  of 
the  disease.  (8)  Diet  and  feeding.  (4)  Special  treat- 
ment: (a)  by  drugs;  (i)  by  serum  therapy.  (5)  Sympto- 
matic treatment :  (a)  to  relieve  pain ;  (J)  to  lower  the  tem- 
perature and  moderate  the  nervous  symptoms;  (c)  to 
stimulate  the  heart,  in  order  to  prevent  cardiac  failure 
or  to  overcome  it  if  present ;  (d)  to  stimulate  respiration. 
'  Prophylactic  treatment  is  very  important.  Care  must 
be  taken  to  see  that  children  are  sutHciently  clothed  yet 
not  overclothed ;  that  thejr  are  much  out  of  doors,  and 
that  while  indoors  they  are  in  well-ventilated  rooms,  with 
a  temperature  not  over  68°  or  70°  F.  during  the  day  and 
a  few  degrees  lower  at  night.  Children  ill  with  any  dis- 
eases, particularly  those  that  are  most  likely  to  be  com- 
plicated by  bronchopneumonia,  should  be  turned  often 
in  bed,  now  on  one  side,  then  on  tlie  other,  now  on  the 
back  and  then  on  the  abdomen.  Bronchitis  in  an  infant 
should  be  most  carefully  treated,  as  such  cases,  especially 
if  neglected,  are  very  prone  to  develop  bronchopneu- 
monia. In  all  cases  the  mouth  should  be  carefully  washed 
at  least  once  daily,  preferably  with  some  alkaline  anti- 
septic solution ;  and  antiseptic  nasal  sprays  are  advisable 
as  preventive  measures. 

General  Treatment. — Infants  are  better  for  being  much 
held  in  the  nurse's  arms;  older  patients  are  to  be  put  to 
bed  at  once  and  the  bowels  moved  by  calomel,  in  doses 
of  one-tenth  of  a  grain  every  half-hoar  or  every  hour  for 
ten  doses,  or  until  the  desired  effect  is  obtained.  The 
sick-room  should  be  large,  light,  and  well-aired;  there 
should  be  a  steady  renewal  of  the  supply  of  fresh  air, 
and  —  if  it  is  deemed  advisable  —  additional  moisture 
should  be  imparted  to  it.  A  change  of  rooms  several 
times  in  the  twenty-four  hours  is  the  best  arrangement, 
provided  all  of  the  windows  of  the  one  which  the  pa- 
tient leaves  be  opened  wide  so  that  it  may  be  in  the  best 
condition  Upon  his  return.  An  open  fireplace  is  an 
excellent  ventilator.  When  the  patient's  temperature  is 
high  the  temperature  of  the  room  may  be  at  from  65°  to 
68°  P. ;  when  the  patient's  temperature  is  normal,  the 
room  temperature  should  be  70°  F.  The  chest  had  better 
be  protected  by  an  oiled-silk  jacket  throughout  the  at- 
tack, and  the  skin  of  the  chest  may  advantageously  be 
kept  red  by  some  light  application  of  mustard.  Thick 
hot  poultices  should  not  be  used. 

It  is  well  to  establish  a  more  or  less  strict  isolation,  and 
to  disinfect  the  patient's  rooms  and  their  contents  before 
they  are  used  by  another  person.  Especially  should  this 
be  done  in  secondary  cases. 

Great  care  should  be  exercised  in  the  management  of 
the  diet,  as  the  turning  of  the  tide  one  way  or  the  other 
often  depends  upon  it.  Plenty  of  cool  water,  not  iced, 
should  be  at  hand,  and  the  patient  should  be  encouraged 
to  drink  it. 

Special  Treatment. — Drugs  can  often  be  given  to  ad- 
vantage by  inhalation.  The  child  should  be  placed  un- 
der a  tent  and  some  kind  of  a  vaporizer  employed.  A 
variety  of  drugs  may  be  added  to  the  water  or  it  may  be 
used  by  itself.  The  addition  of  creosote  gives  particu- 
larly good  results.  Turpentine,  compound  tincture  of 
benzoin,  and  terebene  ma)-  also  do  good  service  when 
exhibited  in  this  way.  The  inhalations  should  be  given 
for  from  eight  to  fifteen  minutes  at  a  time,  every  two  to 
six  hours.  Tlie  cough  is  often  greatly  relieved  by  such 
inhalations.  The  administration  of  drugs  which,  it  is 
believed,  can  make  the  blood  a  less  favorable  medium 
for  bacterial  life,  is  not  to  be  considered  in  the  case  of  in- 
fants and  young  children. 

For  accomplishing  this  purpose  we  must  look  to  the 
better  preparation  and  use  of  serum  therapy,  which  is 
now  only  in  its  incipiency. 

Symptomatic  Treatment.— PaXn  severe  enough  to  de- 
mand the  administration  of  some  form  of  opium  is  un- 
usual. When  such  a  condition  does  exist,  small  doses  of 
Dover's  powder  are  quite  efficient.  Ordinary  tempera- 
tures,  say  those  under  104°  F.  rectal,  do  not  in  them- 
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selves  call  for  special  treatment.  However,  it  may  be 
advisable  to  apply  cold,  when  this  degree  of  temperature 
is  reached,  in  order  to  control  the  nervous  symptoms, 
such  as  sleeplessness,  restlessness,  or  delirium.  In  some 
cases  Holt  gives  for  this  purpose  one  grain  of  phenacetin 
every  two  liours  to  an  infant  of  six  months. 

The  cold  is  best  applied  by  cool  or  tepid  sponging,  or 
by  packs.  The  spongings  are  to  be  frequently  repeated 
until  tlie  symptoms  for  which  they  are  given  are  con- 
trolled. Both  cardiac  and  respiratory  stimulants  may  be 
needed.  Of  the  first  class  we  will  mention  alcohol  in  the 
form  of  brandy  or  whiskey,  strychnine,  nitroglycerin, 
and  caffeine.  None  of  these  is  to  be  administered  as  a 
routine  treatment.  As  a  matter  of  fact,  however,  very 
many,  indeed  nearly  all,  patients  with  secondary  broncho- 
pneumonia need  cardiac  stimulation,  the  chief  indication 
for  such  being  a  weak,  rapid,  irregular  pulse.  The 
phj^sician  should  determine  how  much  alcohol  it  is  de- 
sirable to  give  in  the  twenty -four  hours  and  have  it  ad- 
ministered in  small  divided  doses,  well  diluted  with  at 
least  from  six  to  eight  times  its  bulk  of  water.  A  child 
one  year  old  may  need  only  half  an  ounce  of  brandy  dur- 
ing the  day,  or  he  may  need  as  much  as  two  ounces.  The 
dose,  whatever  it  is,  should  be  reduced  as  soon  as  possi- 
ble, and  the  alcohol  should  not  be  continued  for  too  long 
a  time.  Nitroglycerin  may  be  used  to  helj)  the  heart 
over  a  particularly  hard  strain.  To  a  child  of  the  age 
mentioned  above,  gr.  -^lirrk^  can  be  given  every  hour  for 
several  doses,  say  five  or  six.  Strychnine  is  not  to  be 
given  so  frequently  as  alcohol  or  nitroglycerin.  To  a 
child  of  the  age  mentioned  gr.  j^j  to  gr.  -^  of  strychnine 
maybe  given  every  three  or  four  hours.  It  is  often  best 
to  use  two  of  these  drugs,  giving  them  alternately.  The 
effect  of  caflleine  is  less  certain  and  the  drug  is  not  so 
much  used  as  the  others  for  its  effects  upon  the  heart ; 
as  a  respiratory  stimulant  it  is  better. 

The  seat  of  tlie  disease  being  in  the  lungs,  it  is  very 
natural  that  respiratory  stimulants  should  be  called  for. 
Strychnine  helps  here  just  as  it  does  in  cases  of  cardiac 
failure,  and  in  addition  to  it  we  can  use  atropine,  caf- 
feine, and  oxygen,  all  of  which  may  be  necessary  in  cases 
of  respiratory  failure.  We  should  not  wait  until  the  pa- 
tient is  in  extremis  before  giving  oxygen ;  when  adminis- 
tered it  should  be  considerably  diluted  with  air. 

After  an  attack  of  bronchopneumonia  general  tonics 
are  indicated,  and  it  is  especially  advisable  for  the  pa- 
tient to  have  a  change  of  air,  preferably  to  a  warm,  dry 
climate,  where  he  should  remain  for  several  weeks. 

Prognosis. — This  must  always  be  guarded,  for  bron- 
chopneumonia is  a  dangerous  disease.  The  mortality  of 
all  cases,  considered  together,  is  between  sixty  and  sev- 
enty per  cent. 

The  mortality  of  primary  cases  varies  greatly,  viz. ,  from 
ten  to  fifty  per  cent. ,  depending  upon  the  previous  condi- 
tion of  the  patient,  upon  the  virulence  of  the  infection,  and 
upon  whether  the  child  is  an  inmate  of  an  institution  or 
not.  In  private  practice  tlie  maximum  mortality  is 
about  thirty  per  cent. 

In  secondary  institutional  cases  the  mortality  of  infants 
under  one  year  of  age  is  appalling.  In  certain  diseases 
it  reaches  and  staj'S  at  one  hundred  per  cent,  for  months 
at  a  time. 

The  prognosis  depends  upon  the  child's  age,  sun-ound- 
ings,  and  previous  condition,  and  upon  the  nature  of  the 
infection.  Rachitic  children  developing  bronchopneu- 
monia are  almost  sure  to  succumb.  Bronchopneumonia 
is  most  fatal  when  associated  with  pertussis,  next  with 
measles,  and  then  with  diphtheria.  This  order,  how- 
ever, is  a  matter  about  which  statistics  differ. 

Holt  says  the  shortest  cases  are  the  most  fatal ;  that  the 
only  termination  under  ninety-six  hours  is  a  fatal  one, 
and  he  says  further  that,  in  cases  of  over  two  weeks' 
duration,  tlie  prognosis  grows  worse  with  each  day  of 
continued  temperature. 

Patients  having  a  low  temperature,  little  or  not  at  alt 
above  100°  F. ,  are  usually  in  a  condition  of  low  vitality, 
and  consequently  about  seventy-five  per  cent,  of  them 
die.     The  mortality  of  cases  in  which  the  temperature 
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reaches  106°  P.  or  over  is  about  eighty-five  per  cent. 
The  most  favorable  prognosis  is  in  cases  with  a  fairly- 
even  temperature  curve,  one  that  does  not  run  to  either 
extreme,  and  does  not  vary  much  one  way  or  the  other 
from  103°  or  104°  P. ,  during  tlie  period  of  activity  of  the 
infection. 

A  steeple  chart  witli  great  rises  and  correspondingly 
great  drops  of  temperature,  simulating  a  pus  tempera- 
ture, usually  indicates  a  mixed  or  a  streptococcus  infec- 
tion, and  the  prognosis  is  worse  tlian  in  tlie  cases  with 
a  more  even  curve. 

A  convulsion  or  two  at  tlie  onset  of  bronchopneumonia 
does  not  affect  the  prognosis  unfavorably,  but  when  con- 
vulsions come  later  in  the  course  of  the 'disease  they  do 
affect  it,  and  that  decidedly  for  the  worse. 

Bronchopneumonia  may  terminate  in  resolution,  sup- 
puration, gangrene,  chronic  bronchopneumonia,  or  death. 

Henry  E.  Hale. 
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PNEUMONIA,  CHRONIC..— (Synonyms:  Interstitial 
Cirrhosis  of  the  Lungs,  Chronic  Interstitial  Pneumonia, 
Pulmonary  Pibrosis,  Fibroid  Phthisis.) 

Chronic  pneumonia  is  not  an  independent  morbid  en- 
tity, but  occurs  as  a  sequel  of  one  or  more  previoiis  or 
coexisting  pathological  conditions  of  the  lungs  or  pleura. 
It  is  a  chronic  productive  inflammation  which  may  occur 
wherever  connective  tissue  is  found.  It  is  encountered 
in  two  chief  forms,  circumscribed  and  diffuse.  The  cir- 
cumscribed form  is  associated  with  tuberculosis,  gum- 
mata,  tumors,  infarctions,  hemorrhages,  abscesses,  and 
every  morbid  growth,  and  really  is  the  attempt  of  the 
part  to  wall  off  the  pathological  condition. 

The  diffuse  variety  is  secondary  to  incompletely  re- 
solved lobar  pneumonia  or  to  acute  or  subacute  broncho- 
pneumonia and  chronic  bronchitis,  spreading  mostly  from 
the  bronchial  walls.  It  may  also  be  a  result  of  pleurisy, 
and  is  then  called  by  Charcot  pleurogenous. 

Interstitial  pneumonia  may  invade  the  lung  in  great 
bands,  which  develop  in  the  normal  septa.  A  potent 
cause  of  interstitial' pneumonia  is  the  inhalation,  for  a 
considerable  length  of  time,  of  dust,  as  necessitated  by 
certain  occupations;  for  example,  coal-mining,  stone- 
cutting,  and  some  kinds  of  work  in  iron.  Zenker  calls 
this  form  pneumonokoniosis. 

In  general  arteriosclerosis  inflammation  of  the  connec- 
tive tissue  of  the  arterial  walls  extends  to  that  of  the  lung 
itself  and  results  in  a  diffuse  interstitial  pneumonia. 

Chronic  pneumonia  is,  as  a  rule,  unilateral,  but  in 
pneumonokoniosis  it  is  always  bilateral.  The  circum- 
scribed variety  is,  as  a  matter  of  course,  distributed  ac- 
cording to  the  distribution  of  the  lesions  with  which  it  is 
associated.  When  these  lesions  are  close  to  the  pleura 
this  membrane  becomes  involved,  its  two  layers  being 
thickened  and  adherent.  The  zones  of  new  connective 
tissue  about  the  original  lesion  contain  blood-vessels  at 
first,  but  later  these  become  more  or  less  obliterated, 
although  there  is  not  the  same  tendency  to  death  of 
tissue  as  is  found  in  tuberculous  lesions.  About  these 
zones  there  is  usually  present  a  certain  amount  of  em- 
physema. 

In  well-marked  cases  of  the  diffuse  variety  more  or  less 
of  the  pleura  is  adherent  and  greatly  thickened,  and  the 
affected  lung  is  smaller  than  normal  and  cannot  be  sepa- 
rated from  the  chest  wall  without  tearing.     The  lung 


feels  firm  and  leathery.     The  heart  may  be  drawn  to  the 
affected  side,  and  its  right  half  may  be  hypertrophied. 

On  section  the  pleura  is  seen  to  be  tough,  fibrous,  and 
of  a  grayish  color.  There  is  often  a  creaking  sound  as 
the  lung  is  cut.  The  cut  surface  is  firm,  shiny,  and  of 
a  dull  red  or  bluish  color  or  marbled.  Much  pigment  is 
often  present  throughout  the  lung  tissue  and  in  the  bron- 
chial nodes.  The  walls  of  the  small  bronchi  are  increased 
in  thickness  and  in  many  places  dilated.  Some  of  the 
dilatations  are  large  and  often  contain  varying  amounts  of 
pus.  _  The  microscope  shows  the  new  tissue  to  be  connec- 
tive tissue  of  the  small-celled  variety;  most  of  the  cells 
are  round,  but  some  are  fusiform.  There  are  at  first 
blood-vessels  in  this  new  tissue,  but  they  tend  to  disap- 
pear later;  there  is,  however,  as  before  mentioned,  but 
little  tendency  to  tissue  necrosis.  The  walls  of  the  atria, 
air  sacs,  and  air  cells  are  infiltrated  with  the  new  con- 
nective-tissue cells,  and  the  air  cells  may  contain  organ- 
ized exudate. 

In  the  unilateral  cases  the  unaffected  lung  is  enlarged 
because  of  the  compensatory  emphysema  present. 

Symptoms. — In  looking  for  the  symptoms  of  chronic 
pneumonia  we  first  get  a  history  of  one  or  more  of  the 
diseases  which  it  follows,  especially  chronic  bronchitis  or 
protracted  bronchopneumonia.  In  the  early  stages  the 
patient  may  feel  fairly  well,  complaining  only  of  cough 
with  sero-  or  muco-purulent  expectoration.  The  cough 
is  worse  in  the  morning,  and  is  paroxysmal  when  there 
is  an  accumulation  of  secretion  in  the  lower  lobes.  As 
the  process  advances  there  is  dyspncea  on  exertion.  Ly- 
ing on  the  unaffected  side  may  cause  dyspnoea,  as  it  re- 
stricts the  action  of  the  functioning  lung ;  consequently 
patients  with  unilateral  chronic  pneumonia  lie  on  the  af- 
fected side.  With  the  onset  of  ulceration  a  new  order  of 
symptoms  is  noted,  all  of  them  being  worse  during  the 
winter  season.  The  sputum  changes  its  character  and 
becomes  a  thin  muco-purulent  fluid,  of  a  gray  or  black 
color  and  is  often  fetid.  On  standing  it  separates  into 
layers;  the  lowest  contains  solid  particles  and  is  yellow- 
ish in  color;  the  next  above  is  a  greenish  fluid ;  and  the 
top  layer  is  thin  and  frothy  and  contains  mucus  and  fat. 
Cavities  ai'e  formed,  allowing  of  accumulations  of  pus, 
and  these  in  some  instances  are  emptied  by  change  of 
position.  Fever,  of  a  hectic  type,  and  night  sweats  may 
be  looked  for  early,  and  small,  frequent  htemoptyses  are 
common  occurrences.  With  the  conditions  present  giv- 
ing such  symptoms,  it  is  no  wonder  that  the  patient's 
general  condition  becomes  rapidly  worse.  The  whole 
aspect  of  the  case  is  that  of  chronic  pulmonary  tubercu- 
losis, excepting  that  no  tubercle  bacilli  can  be  found. 

There  is  no  elevation  of  temperature  except  during 
exacerbations  of  the  bronchitis  and  after  ulceration  has 
begun,  as  noted  above.  Pain  is  by  no  means  a  constant 
symptom.  It  is  present  only  when  the  pleura  is  involved, 
and  then  the  diminution  of  respiratory  movement  on  that 
side  usually  keeps  it  from  being  very  severe. 

For  months  we  may  be  able  to  discover  only  the  phys- 
ical signs  of  previous  or  coexisting  disease.  Gradually 
there  develop  signs  due  to  diminution  of  aBrating  sur- 
face, thickening  of  pleura,  contraction  of  the  new  tissue 
giving  lessened  or  absent  respiratory  movement,  deform- 
ity of  the  chest,  spinal  curvature,  and  displacement  of 
the  heart.  The  cardiac  pulsations  are  sometimes  abnor- 
mally visible.  The  dilatations  of  the  bronchi,  with  or 
without  contained  fluid,  also  give  rise  to  special  symp- 
toms. In  unilateral  cases  the  unaffected  side  is  increased 
in  size,  has  increased  respiratory  movements,  and  shows 
the  signs  of  compensatory  emphysema. 

Treatment. — In  the  management  of  these  cases  pro- 
phylaxis is  of  the  utmost  importance.  All  patients  with 
persistent  bronchitis,  or  with  protracted  or  unresolved 
pneumonias,  and  those  who  have  had  several  attacks  of 
bronchopneumonia,  should  receive  the  very  best  tonic 
treatment  with  respiratory  exercises ;  and  above  all,  they 
should  find  the  climate  in  which  they  do  best  and  should, 
if  possible,  live  there.  When  the  trouble  is  due  to  the 
occupation,  this  must  be  abandoned.  No  treatment  di- 
rectly affects  chronic  pneumonia  when  once  it  is  estab- 
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listed  The  therapeutic  endeavor  is  then  to  control  the 
cough  overcome  the  fetor  of  the  sputum,  and  keep  up 
the  general  tone  of  the  individual.  The  patients  must 
avoid  exposure  to  cold  and  v/et.  They  must  spend  their 
winters,  at  least,  in  the  South,  and  are  better  for  living 
the  year  around  in  a  dry,  warm,  equable  climate.  Mod- 
erate daily  outdoor  exercise  and  the  best  of  food  are  very 
important. 

Diagnosis.— In  aiming  at  a  diagnosis  of  chronic  pneu- 
monia, we  have  to  consider  the  possibility  of  pleurisy, 
cancer  of  the  lung,  pneumothorax,  and  pulmonary  tuber- 
culosis. 

Prognosis. — The  outlook  for  the  future  comfort  and 
happiness  of  these  patients  depends  largely  upon  their 
dispositions  and  their  ability  to  get  to  a  suitable  climate. 
No  hope  of  cure  can  be  held  out  to  them.  The  disease, 
however,  is  seldom  in  itself  a  cause  of  death.  Some  in- 
tercurrent malady  usually  terminates  the  scene. 

Henry  B.  Hale. 

PNEUMONIA,  LOBAR.— (Synonyms  :  Croupous  Pneu- 
monia, Fibrinous  Pneumonia,  Pneumonitis,  Lung  Fever.) 
The  lung  differs  from  all  other  structures  in  having  two 
separate  circulations — the  nutrient,  supplied  from  the  left 
side  of  the  heart  through  the  bronchial  arteries,  and  the 
functional,  supplied  from  the  right  side  of  the  heart 
through  the  pulmonary  artery.  This  double  circulation 
underiies  all  the  phenomena  of  pneumonia,  and  must  be 
recognized  in  any  definition  of  the  disease,  as  without  it 
the  disease  itself  could  not  exist. 

Definition. — Lobar  pneumonia  is  an  acute  disease  in 
which  a  specitic  parasite  invades  the  air  cells  of  one  or 
more  pulmonary  lobes,  where  it  grows  in  a  fibrinous  me- 
dium exuded  from  the  functional  capillaries,  and  gener- 
ates a  toxin  that  infects  the  system  at  large. 

The  local  process  causes  consolidation  of  the  affected 
area  by  filling  the  air  cells  with  the  effused  material, 
which  material  is  afterward  removed,  leaving  the  struct- 
ure of  the  lung  intact.  The  general  infection  is  marked 
by  fever,  which  in  a  typical  case  begins  with  a  chill, 
and  after  a  duration  of  from  four  to  nine  days  ends 
abruptly  by  crisis. 

In  most  cases  a  local  dry  pleurisy  is  excited,  the  phe- 
nomena of  which  are  added  to  those  of  the  pneumonia 
proper. 

Death  may  take  place  from  the  virulence  of  the  infec- 
■  tion,  from  loss  of  respiratory  surface,  from  exhaustion  of 
the  right  heart,  from  consecutive  asthenia,  or  from  a 
combination  of  two  or  more  of  these  causes. 

Symptoms  and  Clinicai.  Couesk. — The  attack  may 
be  preceded  by  prodromes,'  such  as  malaise,  headache, 
anorexia,  pain  in  the  limbs  and  back,  etc.''  But,  as  a 
rule,  the  first  complaint  of  the  patient  is  of  pain  in  the 
chest,  usually  in  the  mammary  region.  This  is  sudden 
in  its  onset  and  often  very  severe,  and  by  restricting  the 
movements  of  the  ribs  renders  the  respiration  superficial 
and  rapid.  In  most  cases  a  chill  follows,  or,  it  may  be, 
precedes  the  pain.  The  chill  varies  from  a  mere  creep- 
ing sensation  to  a  heavy  and  prolonged  rigor,  as  severe 
as  in  a  case  of  intermittent  fever.  With  the  chill  there  is 
a  rise  of  temperature.  The  thermometer  shows  from  3° 
to  4°  F.  of  fever  during  the  first  twelve  hours,  rapidly 
rising  until  the  temperature  reaches  from  103°  to  105°  P. 
or  even  more.  Then  there  is  a  period  during  which  the 
temperature  is  maintained  with  slight  variations  until 
from  the  fifth  to  the  eighth  day,  when  a  crisis  occurs 
and  the  temperature  becomes  normal,  or  often  subnormal. 
Cough  is  an  early  symptom,  but  it  is  repressed  as  much 
as  possible  to  avoid  the  severe  pain  which  it  causes.  The 
expectoration  is  apt  to  be  frothy  at  first  and  mixed  with 
florid  blood ;  later  it  becomes  viscid  and  very  tenacious, 
sothat  it  is  spat  out  with  difficulty  and  adheres  like 
thick  mucilage  to  the  vessel  containing  it.  Its  color  at 
this  stage  varies  in  different  cases.  It  may  be  a  light 
j'ellow,  a  pale  green,  or  a  chocolate-brown,  or  a  mixture 
of  these  colors.  It  is  often  likened  to  prune  juice, 
bputa  of  this  kind  may  be  considered  pathognomonic 
As  resolution  progresses  the  expectoration  becomes  less 
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colored,  less  sticky  in  consistence,  and  more  catarrhal  or 
purulent  in  its  character,  and  the  quantity  gradually 
diminishes  until  it  ceases  altogether. 

The  respirations  are  early  increased  in  frequency, 
and  this  quite  out  of  proportion  to  the  pulse  rate  and 
temperature.  In  nearly  every  severe  case  the  respira- 
tions will  go  up  to  40  or  50  or  more  to  the  minute,  and 
they  not  infrequently  reach  60  or  more  when  the  consol- 
idation is  extensive,  or  pulmonary  oedema  takes  place. 
This  disproportionate  frequency  of  respiration  is  very 
significant.  The  pulse  is  full  and  strong  in  the  early 
stages,  running  from  90  to  100  when  the  temperature  is 
103°  to  104°  F.,  and  becoming  weaker  and  more  frequent 
as  the  disease  advances.  When  the  respiration  is  greatly 
embarrassed  the  pulse  is  apt  to  be  small  and  creeping. 

The  skin  is  hot  and  dry  at  first,  later  there  is  a  ten- 
dency to  perspiration,  which  may  be  profuse.  The  face 
is  pale,  with  often  a  dusky  red  patch  on  each  cheek. 
The  lips  are  inclined  to  a  bluish  hue  in  proportion  to  the 
degree  of  pulmonary  implication.  They  are  often  the 
seat  of  an  herpetic  eruption. 

After  the  first  forty-eight  hours  the  chlorides  in  the 
urine  are  greatly  diminished,  or  entirely  absent.  In 
severe  cases  a  moderate  degree  of  albuminuria  is  common 
during  the  height  of  the  disease. 

The  physical  signs  begin  to  be  appreciable,  as  a  rule, 
within  from  twelve  to  twenty -four  hours  after  the  initial 
chill.  Usually  the  first  to  be  noticed  is  a  fine  crepitant 
rgle,  heard  only  with  inspiration,  though  in  some  cases 
this  is  preceded  by  a  diminished  clearness  of  the  respira- 
tory murmur.  Dulness  on  percussion  succeeds,  increasing 
in  intensity  as  the  consolidation  becomes  more  complete. 
Ultimately  the  respiratory  murmur  is  wholly  replaced  by 
a  peculiar  whiffing  sound  heard  most  distinctly  toward 
the  close  of  expiration,  the  so-called  tubular  breathing. 
If  the  pleura  is  involved  there  may  be  a  rubbing  or  creak- 
ing sound  in  addition.  There  are  increased  vocal  reso- 
nance and  vocal  fremitus.  At  the  crisis,  while  the  tem- 
perature falls  and  the  pulse  and  respiration  becorne  less 
frequent,  there  is  no  immediate  change  in  the  physical 
signs,  showing  that  the  condition  of  the  affected  area 
remains  the  same. 

In  a  large  proportion  of  cases  of  pneumonia  there  is 
decided  leucocytosis,  the  white  cells  numbering  30,000, 
30,000,  40,000  or  more  to  the  cubic  millimetre. 

Variations  from  the  above  course  are  common.  The 
pain  may  be  entirely  absent,  or  it  may  be  felt  at  a  point 
outside  the  chest,  as  for  instance  in  the  abdomen.  The 
chill  is  absent  in  about  one-third  of  all  cases.  The  sub- 
sequent severity  of  the  attack  seems  to  be  in  some  degree 
proportioned  to  that  of  the  chill,  but  tliis  rule  has  many 
exceptions,  especially  in  advanced  age.  The  tempera- 
ture begins  to  rise  from  the  moment  of  the  attack,  and 
increases  with  slight  fluctuations  until  the  maximum  is 
reached.  In  cases  that  pass  the  crisis  the  highest  point 
is  usually  a  few  hours  before  the  decided  fall  takes  place. 
When  death  takes  place  before  the  crisis,  the  highest 
point  often  immediately  precedes  dissolution,  when  it 
may  reach  107°,  108°,  or  even  109°  F. 

When  defervescence  occurs  by  crisis,  which  is  usually 
from  the  fifth  to  the  eighth  day,  the  temperature  falls 
within  a  few  hours  almost  or  quite  to  normal.  This  is 
apt  to  occur  during  the  night,  and  it  often  happens  that 
the  patient  is  left  at  the  evening  visit  with  no  sign  of  an 
approaching  decline  of  temperature,  yet  the  next  morn- 
ing is  found  in  an  almost  afebrile  condition. 

Within  a  day  or  two  after  the  crisis  the  temperature 
very  often  becomes  subnormal. 

In  a  considerable  proportion  of  cases  instead  of  crisis 
there  is  a  gradual  fall  of  temperature  until  the  normal 
line  is  reached.  This  defervescence  by  lysis  may  be  com- 
plete at  any  time  between  the  third  and  the  fifteenth  or 
twentieth  day. 

Delirium.— As  the.  pyrexia  increases,  delirium  is  pretty 
frequently  observed.  Occurring  early,  and  in  persons 
having  a  tendency  to  cerebral  disturbance  in  the  presence 
of  fever,  it  may  have  but  little  significance,  but  in  other 
cases  it  is  due  directly  to  the  infection,  and  it  then  points 
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to  a  condition  of  considerable  gravity.  Old  persons  are 
especially  liable  to  a  quiet  delirium  resembling  that  of 
typhoid  fever. 

Sleeplessness  is  not  at  all  uncommon,  and  should  al- 
ways suggest  an  inquiry  into  the  habits  of  the  patient, 
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Fig.  3829.— Defervescence  by  Crisis. 

for  while  it  is  not  confined  to  those  with  alcoholic  ante- 
cedents, it  is  much  more  frequent  in  such  persons,  and 
in  the  absence  of  delirium  the  key  to  the  problem  might 
be  overlooked.  In  non-alcoholics  the  condition  seems  to 
be  one  of  cerebral  irritation  at  first,  and  later,  perhaps, 
of  cerebral  exhaustion. 


In  children  often,  and  very  rarely  in  adults,  convul- 
sions take  the  place  of  the  initial  chill. 

Causes  of  Death.  —Death  may  occur  in  a  variety  of 
ways.  The  patient  may  be  overwhelmed  by  the  intense 
virulence  of  the  infection,  death  occurring  within  from 
thirty-six  to  forty-eight  hours  after  the  chill.  Appar- 
ently all  the  vital  functions  are  overpowered  by  the  tox- 
aemia. There  is  extreme  muscular  and  nervous  prostra- 
tion, the  heart's  action  becomes  rapid  and  feeble,  digestion 
is  suspended,  the  kidneys  act  imperfectly,  delirium  and 
coma  supervene,  and  death  occurs  from  acute  asthenia. 
_  In  other  cases  death  is  caused  by  exhaustion  of  the 
right  heart.  The  muscle,  already  enfeebled  by  the  action 
of  the  poison,  tires  out  from  overwork,  dilatation  and 
over-distention  follow,  and  finally,  failure  to  contract. 

Still  another  cause  of  death  is  loss  of  respiratory  sur- 
face. This  is  rarely  the  result  of  simple  pneumonic  con- 
solidation, but  there  are  added  to  this,  congestion  and 
oedema  of  other  portions  of  the  lung.  The  lung  fills  up 
more  and  more;  and  death  by  asphyxia  takes  place. 

Not  infrequently  death  comes  from  exhaustion  of  the 
vital  powers  after  a  protracted  struggle  which  the  sys- 
tem is  no  longer  able  to  endure.  This  is  common  in 
feeble  and  aged  persons,  and  occurs  usually  after  the 
febrile  period. 

Lastly,  death  may  be  caused  by  one  or  more  of  the 
complications  of  the  disease. 

In  addition  to  the  foregoing,  sudden  death  may  occur 
at  any  stage  of  the  disease  in  a  manner  which,  with  our 
present  knowledge,  cannot  be  accounted  for,  and  for 
which  there  is  no  anatomical  explanation. 

Pathology. — Auiopsical  Mndings. — These  correspond 
to  a  process  extending  from  simple  hypersemia  through 
extreme  engorgement,  fibrinous  and  cellular  exudation 
into  the  air  cells,  complete  consolidation,  fatty  degenera- 
tion of  the  exudate,  and  removal  of  the  latter  by  absorp- 
tion and  expectoration.  All  of  these  stages  may  be  rep- 
resented at  the  same  time  in  different  portions  of  the 
lung. 

The  earliest  lesion  is  simple  congestion.  "When  the 
chest  is  opened  a  portion  of  the  lung  may  be  found  in 
this  condition.  It  is  not  so  fully  collapsed  as  the  sur- 
rounding normal  lung,  and  to  the  touch  it  is  slightly 
more  resistant.  On  section  the  surfaces  are  bright  red, 
and  exude  a  bloody  frothy  serum.  The  physical  sign 
corresponding  to  this  condition  is  a  slight  localized  feeble- 
ness of  respiration,  with  more  or  less  abundant  moist 
rSles.  A  few  hours  later  the  hypersemia  has  passed  into 
an  extreme  degree  of  vascular  engorgement.  The  dis- 
eased part  shrinks  but  little  when  the  chest  is  opened. 
The  pleural  surface  is  of  a  deep  red  color,  veiled  by  more 
or  less  of  fibrinous  exudate,  which  peels  off  readily  in 
flakes.     The  resistance  to  touch  is  markedly  increased. 
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and  on  scctiou  the  tissue  is  moj-e  i-cadiiy  divided  than  in 
bealtliy  lung.  The  cut  surfaces  are  darlv  red,  aud  dark 
blood  iningled  with  air  follows  tlie  knife.  The  appear- 
ance resembles  closely  that  of  an  incised  spleen,  and  the 
term  spk^nization  is  applied  to  this  stage  of  the  local  dis- 
ease. Microscopically,  the  pulmonary  capillaries  are 
found  distended  with  blood,  moie  or  less  fluid  occupying 
the  air  cells.  But  the  lung  still  crepitates  between  the 
thumb  and  finger,  aud  can  be  squeezed  dry  without  break- 
ing down.     A  piece  of  it  thrown  into  water  floats. 

The  corresponding  physical  signs  are  diminished  reso- 
nance on  percussion,  broncho-vesicular  ]-espiration,  ciepi- 
tant  nlles,  and  slightlj'  increased  vocal  resonance.  A 
pleural  friction  sound  also  is  often  present. 

In  the  next  stage  the  aircells  are  filled  witli  a  fibrinous 
exudate,  by  which  the  parenchj'ma  is  completely  solidi- 
fied. If  a  considerable  area  is  involved,  the  lung  is  in- 
creased in  volume,  and  pushes  out  into  the  intercostal 
spaces,  so  that  tiu-rows  are  imprinted  on  its  surface  by 
the  ribs.  The  lung  is  usually  covered  by  a  dense  layer 
of  fibrin,  which,  if  removed,  shows  a  deep  mottled  red  or 
purple  color  beneath.  Tliis  layer  is  adherent  to  the  cos- 
tal pleura  also,  and  the  separation  leaves  both  surfaces 
rough  and  irregular.  When  cut  into,  the  solidified  mass 
has  much  the  consistence  of  liver,  and  is  dark  red  or 
brownish-red  in  color,  and  for  this  reason  the  condition  is 
known  as  red  liepattzation.  A  piece  of  lung  in  this  con- 
dition will  sink  in  water.  The  infiltrated  tissue  does  not 
crepitate  on  pressure,  is  friable,  and  can  be  toi'n  much 
more  readily  than  normal  lung  structure.  During  this 
stage  the  weight  of  the  Iiuig  may  reacli  3,500  or  3,000 
gm.,  instead  of  600  gm.  which  is  the  normal  average. 

Microscopically   the    contents  of    the   alveoli   consist 


Fig.  3831.— Air  Cell  Pilled  with  Pneumonic  Exudate.  (Driiwn  liv 
JJr.  Louise  Cordes  from  a  specimen  in  the  laboratory  of  the  I'rcs- 
hyteriau  Hospital,  New  York.) 

chiefly  of  fibrin  in  the  form  of  a  delicate  mesli,  red  blood 
corpuscles,  leucocytes,  epithelial  cells,  and  numerous 
diplococci  pneumonia-.     Otlier  organisms,  such  as  strep- 

678 


tococci,   staphylococci,   etc.,  ai-e   often   found  associated 
with  the  specific  microbe. 

In  this  stage  the  capillaries  derived  from  the  pulmo- 
nary ai'teiy  are  occluded,  and  the  I'esulting  thrombosis 
extends  back  into  the  larger  vessels.  The  septa  between 
the  air  cells  are  but  little  changed.  The  nutrient  vcs.sels 
remain  pervious. 

The  phj'sical  signs  of  hepatization  are  dulness  ap- 
proaching to  flatness,  and  increased  resistance  on  percus- 
sion, with  tubular  breathing,  or  perhaps  entire  absence 
of  respiratory  sound  and  increase  of  vocal  resonance  and 
of  vocal  fremitus. 

Succeeding  the  stage  of  red  is  that  of  gruy  hejxitvM- 
(ion.  Much  of  tlie  red  coloring  matter  has  been  removed 
by  absorption,  wliite  corpuscles  have  been  added  in  great 
numbers,  and  the  formed  elements  in  the  contents  of  the 
air  cells  have  degenerated  into  a  fatty,  granular  material. 
Hence  the  change  in  color.  The  tissue  is  softer  than  in 
tlie  previous  stages,  so  that  the  finger  can  be  thrust  into 
it,  and  the  pit  thus  made  fills  with  a  diity  puriform  fluid. 
As  resolution  progresses,  the  infiltrated  material  is 
gradually  I'emoved,  partly  by  absorption,  partly  by  ex- 
pectoration, aud  little  b}'  little  the  air  regains  access  to 
the  alveoli.  It  is  several  days,  however,  before  tlie  physi- 
cal signs  get  to  be  entirely  normal. 

Often,  jjcsidcs  the  specific  pneumonic  lesion  limited  to 
a  certain  area,  there  is  congestion  in  other  parts  of  the 
same  lung,  and  perliaps  in  its  fellow.  This  ma3'  be  so 
intense,  aud  the  resulting  secretion  so  abundant,  as  to 
leave  insulficient  breathing  surface,  and  thus  be  the  im- 
mediate cause  of  death.  The  congestion  may  be  hypo- 
static, when  it  will  be  limited  to  the  dependent  portion 
of  the  lung,  or  it  may  be  due  to  cardiac  weakness  and 
afliect  all  parts.  Very  frequently  more  or  less  pulmonar}'' 
a'dema  is  i)i-csent. 

Abscess  of  the  lung  as  an  event  of  pneumonia  occurs 
in  between  one  and  two  per  cent,  of  all  cases.  The  ab- 
ccsses  vary  in  size  from  that  of  a  pea  to  the  dimensions 
of  the  entire  lobe. 

After  death  from  pneumonia  the  left  cavities  of  the 
heart  are  usually  found  nearly  or  quite  empty,  while  the 
right  are  distended  by  firm  coagula  that  often  extend  into 
the  branches  of  the  pulmonary  artery.     The  spleen   is 
often  enlarged  and  the  liver  congested.     The 
cells  of  the  renal  tubes  may  be  in  the  condi- 
tion of  cloudy  swelling,  and"  in   a  small  pro- 
portion   of     cases    there     is    fully    developed 
"nephritis.'' 

Pathology. — It  is  now  very  generally  con- 
ceded that  the  essential  phenomena  of  pneu- 
monia are  due  to  the  action  of  one  or  more 
forms  of  bacilli.  In  neaily  every  case  the 
diplococcus  of  Frankcl  is  found  iii  the  exu- 
date. AV^ith  this  are  sometimes  associated 
other  micro-organisms  in  such  number  as  to 
suggest  that  they  may  jilay  an  important 
though  subsidiary  part  in  both  the  local  proc- 
ess aud  the  general  infection. 

As  to  the  relation  of  the  specific  organism  to 
the  disease  as  a  whole,  we  may  note: 

First,  that  no  amount  of  traumatism  inflicted  upon  the 
lung,  be  the  methods  ever  so  varied,  produces  pneu- 
monia. We  may  cut,  bruise,  burn,  or  scald  the  lung; 
"ne  may  introduce  mechanical  or  chemical  irritants  into 
the  air  passages,  and  while  we  get  a  certain  kind  of  re- 
action as  the  result,  we  do  not  get  pnciuuonia. 

Second,  Ave  may  have  pneumococcic  infection  in  sev- 
eral serous  and  synovial  c-avities  at  the  same  time,  result- 
ing in  suiipuration  in  each,  and  not  have  pneumonia. 

Tliird,  we  may  introduce  the  pneumocoecus  into  any 
portion  of  the  body  save  the  lungs,  aud  even  into  the 
blood  itself,  and  not  get  pneumonia. 

Fourth,  but  if  we  inti-oduce  active  pueumococci  into  the 
parenchyma  of  the  lung  we  get  pneumonia  as  the  result. 
Fifth,  in  probably  every  case  of  jineunionia  coming  to 
autopsy  during  the  active  stage,  if  the  search  is  properly 
conducted,  the  presence  of  pueumococci  in  the  lung  can 
be  demonstrated. 
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The  inference  from  these  facts  is  that  tlie  one  thing 
necessary  for  the  development  of  pneumonia  is  the  pres- 
ence in  the  alveoli  of  pneumococci  in  a  condition  of  active 
multiplication. 

It  is  known  that  pneumococci  exist  in  the  upper  air 
passages  of  a  considerable  proportion  of  persons  in  abso- 
lute health.  It  is  necessary  only  that  favoring  conditions 
should  result  in  the  translation  of  some  of  these  into  the 
alveoli  in  order  that  pneumonia  occur.  Once  in  the  air 
cell  the  specific  organism  produces  its  specific  irritation, 
causing  effusion  of  the  specific  exudate.  In  this  exudate 
as  in  a  culture  medium  the  coccus  grows  and  separates 
its  specific  toxin,  which  in  turn  is  absorbed  into  the 
blood,  and  gives  rise  to  the  fever  and  other  manifesta- 
tions of  toxaemia. 

So  long  as  fresh  supplies  of  toxin  are  being  formed, 
or  in  other  words,  so  long  as  the  consolidation  is  spread- 
ing, so  long  the  toxaemia  will  be  maintained.  But  here 
again,  as  in  artificial  cultures,  there  is  a  limit  beyond 
which  the  process  cannot  extend.  A  given  quantity  of 
culture  medium  can  maintain  the  life  of  a  given  number 
of  germs  only  for  a  certain  time,  beyond  which  the  changes 
produced  in  it  unfit  it  as  a  soil  for  the  further  growth  of 
the  organisms,  and  the  death  of  the  latter  puts  an  end  to 
the  process.  With  the  supply  of  toxin  cut  off,  the  tem- 
perature falls. . 

This  does  not  exclude  the  theory  of  an  antitoxin.  In- 
deed, numerous  observations,  and  especially  those  of  the 
Klemperer  brothers,  go  to  show  that  a  transient  immu- 
nity is  created  by  an  attack  of  pneumonia,  and  that  this 
immunity  may  be  transferred  to  another  subject  by  serum 
inoculation.  This  could  scarcely  be  explained  except  on 
the  theory  of  an  antitoxin,  and  I  can  see  no  obstacle  to 
accepting  both  theories  in  explanation  of  the  phenomena 
in  question. 

The  specific  organism  of  lobar  pneumonia  is  the  pneu- 
mococcus  lanceolatus.  Discovered  in  1880  by  Sternberg, 
its  causal  relation  to  pneumonia  was  demonstrated  by 
him  a  few  years  later.  It  is  generally  seen  in  pairs  of 
oval  or  lancet-shaped  elements  surrounded  by  a  capsule. 
In  cultures,  short  chains  of  three  or  four  members  are 
common.  Like  other  micrococci,  it  is  non-motile.  It 
grows  in  faintly  alkaline  media,  and  by  transplanting 
every  third  or  fourth  day  the  growth  may  be  continued 
indefinitely. 

This  organism  is  found,  in  all  but  a  very  small  percent- 
age of  cases,  in  the  expectorated  material.  Failure  to  find 
it  is  probably  due  to  defective  technique.  When  a  pure 
culture  is  injected  into  the  substance  of  the  lung  typical 
croupous  pneumonia  results. 

When  in  a  dry  state  the  pneumococcus  retains  its  viru- 
lence for  long  periods,  especially  when  protected  by  being 
mixed  with  dried  sputum.  The  disease  has  been  com- 
municated to  newcomers  in  houses  that  had  been  closed 
for  months. 

Recent  researches  show  that  in  fatal  cases  of  pneu- 
monia the  specific  diplococcus  is  quite  commonly  present 
in  the  blood,  while  in  cases  ending  in  recovery  it  is  only 
exceptionally  encountered. 

Diagnosis. — A  typical  case  of  pneumonia  seen  from 
the  beginning  can  scarcely  be  mistaken  for  any  other  dis- 
ease. The  abrupt  onset,  the  pain,  the  chill,  the  fever, 
the  respiration  accelerated  out  of  proportion  to  the  tem- 
perature, pulse,  and  respiration,  and,  finally,  the  peculiar 
expectoration,  will  suflice  to  establish  the  diagnosis  even 
without  the  aid  of  the  physical  signs.  But  when  the 
latter  are  added,  and  we  have  fine  crepitation  with  in- 
spiration and  a  little  later  a  blowing  sound  with  expira- 
tion, while  the  vocal  resonance  and  the  vocal  fremitus  are 
exaggerated,  and  tlie  percussion  note  becomes  constantly 
•duller  until  it  approaches  flatness,  there  is  presented  a 
picture  which  for  vividness  and  individuality  can  hardly 
be  surpassed. 

But  not  all  cases  of  pneumonia  run  a  typical  course. 
There  is  scarcely  one  of  the  classical  symptoms  or  signs 
that  may  not  sometimes  be  wanting.  In  about  twenty 
per  cent,  of  all  cases  the  chill  is  absent.  Pain  is  not  a 
marked  feature  unless  the  pleura  is  involved,  and  in  cen- 


tral pneumonia  it  is  often  not  severe  enough  to  excite 
complaint.  In  feeble  or  elderly  persons  the  fever  may  be 
slight ;  indeed,  even  apart  from  these  conditions,  some  of 
the  worst  cases 
that  we  meet 
show  but  a  mod- 
erate tempera- 
ture through- 
out,  The  pulse 
may  not  corre- 
spond with  the 
temijerature; 
and  the  respi- 
ration, usually 
the  most  char- 
acteristic of 
the  symptoms, 
is  sometimes  not 
strikingly  fre- 
quent. Cough 
and  expectora- 
tion may  be  en- 
tirely absent,  or 
the  cough  may 
bring  up  only 
a  little  frothy 
mucus  from  the 
bronchial  tubes. 
Apart  from  the 
above,  the  diag- 
nosis involves  differentiation  from  quite  a  range  of  affec- 
tions, such  as  bronchopneumonia,  pulmonary  oedema, 
pleuris}'  with  effusion,  pulmonary  phthisis,  cancer  of  the 
lung,  atelectasis,  engorgement  in  fever,  typhoid  fever, 
for  which  the  reader  is  referred  to  the  articles  in  which 
these  affections  are  discussed. 

Complications. — There  are  several  affections  that  so 
often  appear  with  pneumonia  as  to  make  it  reasonably 
certain  that  there  is  a  common  influence  at  work,  and  this 
influence  can  often  be  found  in  the  presence  of  the  pneu- 
mococcus in  the  locality  in  question.  The  following 
tables  show  the  complications  observed  at  the  Presby- 
terian Hospital,  New  York : 

Complications  of  Pneumonia. 
Out  of  488  Cases. 


FIG.  3833.— The  Micrococcus  Lanceolatus  In 
Pneumonia  Sputum.  A  A,  Leucocytes ;  B  B, 
red  blood  cells :  C,  epithelial  cell ;  D,  ciliated 
epithelium ;  JS  E,  pneumococci.    X  1000. 


Pleurisy  with  effusion 

Pericarditis  (acute) 

Otitis  media 

Thrombosis  of  femoral  yein. 

Bronchitis 

Jaundice 


Number 

Re- 

of  cases. 

coyered. 

20 

17 

6 

1 

6 

6 

3 

3 

13 

9 

2 

1 

Out  of  304  Cases. 


Gangrene  of  leg  . . . 
Delayed  resolution. 
Relapse . 


Delirium  tremens 

Pyaemia 

Abscess  of  lung 

Laryngitis 

Erysipelas 

Persistent  bronchopneumonia 

Acute  nephritis 

CEdema  of  lungs 

Empyema  


1 

1 

7 

7 

2 

2 

11 

S 

1 

1 

1 

1 

2 

1 

1 

3 

2 

6 

1 

"10 

Prognosis.— This  is  modified  by  a  number  of  pre- 
existing conditions,  the  principal  of  which  are  sex,  age, 
season  of  the  year,  habit  as  to  the  use  of  alcohol,  and 
the  presence  or  absence  of  certain  chronic  diseases. 

While  pneumonia  is  more  frequent  in  men,  it  is  more 
fatal  in  women.  Of  223  patients  in  the  Presbyterian 
Hospital  170  were  males,  with  a  mortality  of  28.8  per 
cent.,  and  53  were  females,  with  a  mortality  of  81.3  per 
cent.     The  mortality  in  reference  to  age  is  shown  by  the 
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following  table  taken  also  from  the  records  of  the  Pres- 
byterian Hospital : 

PNEnMONiA— 434  Cases. 


Relation  to  age. 

Died. 

Per- 
centage 
dying. 

Be- 
covered. 

Per- 
centage 

re- 
covered. 

0 
0 
1 
7 
28 
37 
31 
16 
16 
5 

0 

13 
18 
11 
23 
95 
62 
42 
18 
8 
3 

100 

Between  5 and  10 years... 
Between  10  and  15  years. . . 
Between  15  and  20  years. . . 
Between  20  and  30  years . . . 
Between  30  and  40  years. . . 
Between  40  and  50  years . . . 
Between  50  and  60  years . . . 
Between  60  and  70  years . . . 

0 

9 

23H 
22- 
37- 
42- 
47- 
66- 
62- 

r 
- 

100 
91 
76-1 
77- 
62- 
57- 
52- 
33- 
37- 

- 

r 

141 

33 -f 

293 

67  + 

As  to  seasons  of  the  year,  the  spring  months  give  the 
lowest  mortahty,  the  summer  shows  a  slight  increase, 
while  in  tlie  autumn  and  winter  the  percentage  of  deaths 
Is  greatest. 

The  habitual  abuse  of  alcohol  unfits  the  system  to  bear 
up  against  pneumonia,  as  is  shown  by  the  following 
table: 

PSEUMONiA— 428  Cases. 


Eelation  to  alcoholism. 

Died. 

Per- 
centage 
dying. 

Re- 
covered. 

Per- 
centage 

re- 
covered. 

Markedly  alcoholic 

Moderately  alcoholic 

Non-alcoholic 

36 
,53 
45 

70 
32 
20 

15 
109 

171 

29 
67 
79 

Among  pre-existing  conditions  a  rheumatic  habit,  dia- 
betes, and  chronic  renal  insufficiency,  especially  if  asso- 
ciated with  cardio-vascular  changes,  render  the  prognosis 
much  more  serious.  The  presence  of  advanced  valvular 
disease  leaves  but  little  chance  for  recovery.  Of  the  con- 
ditions arising  in  the  course  of  the  disease  and  affecting 
the  prognosis,  the  first  is  the  initial  chill.  This  occurred 
in  144  out  of  a  series  of  223  cases,  with  a  mortality  of 
thirty-four  per  cent.,  while  the  remaining  79  cases  in 
which  the  chill  was  absent  gave  a  mortality  of  only  nine- 
teen per  cent. 

The  prognosis  depends  largely  upon  the  extent  of  the 
pneumonia.  When  both  lungs  are  involved  not  half  of 
the  patients  recover.  Pneumonia  occupying  the  whole 
of  a  lung  is  more  dangerous  than  when  only  a  part  is  in- 
volved. The  right  lung  is  more  frequently  implicated, 
and  also  gives  a  higher  mortality. 

A  feeble  pulse  that  is  frequent  in  relation  to  the  respi- 
ration and  temperature  is  a  disquieting  element,  as  is  also 
a  very  frequent  respiration,  especially  when  it  occurs 
with  a  moderate  temperature. 

Up  to  105°  F.  the  danger  does  not  seem  to  increase  ma- 
terially with  the  rise  of  the  thermometer.  A  higher  tem- 
perature, however,  tells  immediately  upon  the  death 
rate. 

A  physical  sign  that  has  an  important  prognostic  sig- 
nificance is  accentuation  of  the  pulmonary  second  sound. 
This  is  the  result  of  increased  tension  in  the  pulmonary 
artery,  and  is  a  measure  of  the  obstruction  In  the  lung 
on  the  one  hand,  and  of  the  power  of  the  right  ventricle 
on  the  other.  If  this  accentuation  becomes  less  marked 
it  is  either  because  the  obstruction  is  diminished,  which 
is  a  favorable  sign,  or  because  the  right  ventricle  is  be- 
coming weaker,  with  all  that  this  implies.  Which  of  these 
two  conditions  is  present  is  easily  determined  by  the  gen- 
eral symptoms. 

A  considerable  increase  in  the  number  of  the  white 
blood  cells  is,  as  a  rule,  a  favorable  indication,  while  a 
low  count  is  unfavorable.  In  anything  like  a  severe  case 
the  prognosis  is  alarming  if  the  leucocytosis  remains  be- 
low 12,000  or  14,000.     On  the  other  hand,  a  high  leuco- 
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cytosis  persisting  after  the  temperature  falls  Indicates 
further  trouble  in  store,  probably  some  complication. 

It  is  generally  believed  that  the  presence  of  herpes  labi- 
alis  is  of  good  augury.  If  there  is  an  absence  of  expec- 
toration in  the  second  and  third  stages,  or  if  the  expec- 
toration becomes  scanty  and  difficult,  the  outlook  is 
grave.  A  sudden  cessation  of  expectoration,  if  accom- 
panied by  tracheal  rfiles,  indicates  the  near  approach  of 
death.  Late  delirium  is  an  unfavorable  sign,  as  are  also 
apathy  and  somnolence. 

The  mortality  in  pneumonia  differs  enormously  under 
different  conditions.  It  is  much  greater  in  hospitals  than 
in  private  practice,  and  in  civil  than  in  militarj-  hospitals. 
In  civil  hospitals  it  runs  from  twenty -five  to  thirty  per 
cent.,  while  in  private  practice  it  is  scarcely  half  so 
great.  The  death  rate  is  much  higher  in  some  years  and 
in  some  localities  than  in  other  years  and  in  other  places. 

Etiology. — While  the  essential  cause  of  pneumonia  is 
the  development  of  a  specific  germ  in  the  pulmonary 
alveoli,  there  must  be  a  contributing  cause  that  in  some 
way  opens  the  system  to  attack.  Among  the  predis- 
posing causes  are  the  following : 

Sex.     Males  are  more  liable  to  attack  than  females. 

Age.  If  the  total  number  of  persons  living  at  any 
given  age  be  considered,  it  is  probable  that  the  ratio  of 
cases  in  successive  decades  is  fairly  uniform  except  during 
the  most  active  period  of  life  when  exposure  is  greatest. 

Race.  In  America,  the  negro  race  is  decidedly  more 
liable  to  jDneumonia  than  the  white. 

Former  Attacks.  A  person  who  has  passed  through 
one  attack  is  more  liable  to  another. 

Unsanitary  Living.  Pneumonia  occurs  more  frequently 
in  dark,  crowded,  and  ill-ventilated  dwellings  than  where 
the  supply  of  light  and  air  is  ample. 

The  principal  exciting  causes  include  exposure  to  cold, 
exhaustion,  the  presence  of  some  other  Infectious  disease, 
and  operations  under  the  use  of  an  anaesthetic. 

Although  not  readily  communicable,  pneumonia  may 
undoubtedly  be  transmitted  from  person  to  person.  In- 
deed, it  quite  frequently  assumes  the  form  of  a  veritable 
epidemic.  In  addition  to  this,  certain  houses  have  been 
observed  to  furnish,  year  after  year,  an  undue  proportion 
of  cases,  which  seems  to  indicate  that  the  infecting  prin- 
ciple lurked  in  the  apartments. 

As  to  the  etiology  of  pneumonia  in  general,  we  are 
obliged  to  admit  that  in  a  large  proportion  of  cases  the 
attack  appears  to  come  on  spontaneously. 

TBEATiMBNT. — A  correct  treatment  of  pneumonia  must 
recognize  that  the  disease  is  essentially  a  germ  culture 
going  on  in  the  air  cells  of  the  affected  part.  The  causal 
indication,  therefore,  is  to  inhibit  this  culture.  The  de- 
batable question  is  whether  such  inhibition  is  practicable 
by  any  safe  means  within  our  reach.  The  writer  is  firmly 
convinced  that  it  is;  and  observations  sustaining  this 
view  are  rapidly  accumulating  from  many  sources.  The 
problem  requires  that  we  rid  ourselves  of  the  conception 
of  an  "  inflammatory  "  process  canying  on  an  independ- 
ent work  of  its  own,  over  and  above  the  response  of  tis- 
sue to  the  irritation  of  the  micro-organism.  This  irrita- 
tion depends  upon  a  specific  vital  property  of  the 
pneumococcus,  as  is  shown  by  the  fact  that  no  other 
irritant  whatsoever  will  produce  a  like  result.  If,  there- 
fore, we  can  so  modify  the  bacterium  that  it  loses  its 
specific  irritant  property,  the  essentially  pneumonic 
changes  in  the  lung  will  bo  arrested.  This  then  is  the 
first  indication  for  treatment,  and  it  is  as  unwise  to  defer 
action  upon  it  until  the  case  becomes  severe,  as  it  would 
be  to  defer  opening  an  abscess  until  the  signs  of  pyannia 
.should  appear. 

It  is  clear  that  the  material  exuded  into  the  air  cells 
must  contain  its  share  of  any  substance  circulating  in  the 
blood  from  which  the  exudate  is  derived.  This  makes  it 
possible  to  impregnate  the  exudate  with  any  desired 
medicament,  including  one  inimical  to  the  pneumococcus. 
It  is  not  necessary  to  kill  the  germ;  it  is  enough  to  In- 
hibit its  growth,  a  very  much  easier  thing  to  do. 

A  considerable  number  of  drugs  seem  to  be  capable  of 
producing  this  effect.     The  salicylate  of  sodium  or  am- 
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Pneumonia 
Fnenmonia. 


monium  has,  up  to  the  present  time,  been  tlie  most  effi- 
cacious. It  is  given  in  doses  of  ten  or  fifteen  grains  every 
two  hours.  In  a  large  proportion  of  cases,  especially  if 
given  early,  it  will  affect  the  temperature  at  the  end  of 


tioned  above  have  been  employed  with  more  or  less  suc- 
cess  for   their  anti-bacterial   effect,  but  have  nothing 
especially  to  recommend  them. 
Aside  from  specific  measures,  the  treatment  of  pneu- 
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Fig.  3833.- 


-Case  Treated  with  Ammonium  Salicylate.    Patient  was  admitted  immediately  upon  the  occurrence  of  the  chill,  and  twenty  grstins  of 
the  drug  were  administered  every  four  hours.    Temperature  reached  the  normal  on  the  fourth  day. 


twenty -four  hours,  and  bring  about  a  defervescence  by 
lysis  in  the  course  of  the  two  or  three  days  following. 
Recently  Dr.  George  Peabody  has  substituted  aspirin  in 
doses  of  fifteen  grains  four  times  a  daj'.  Of  twelve  cases 
treated  in  this  way  all  ended  in  recovery,  and  in  every 
case  defervescence  was  by  lysis. 

Creosote  and  its  carbonate  have  also  been  employed 
successfully  in  a  very  considerable  number  of  cases.  Of 
the  carbonate  ten  or  fifteen  minims  are  given  every  two 
hours,  either  in  emulsion  or  in  capsules. 

The  substitution  of  lysis  for  crisis  in  a  large  majority 


monia  will  be  in  accordance  with  the  following  indica- 
tions :  Stimulation  of  the  emuuctories  to  throw  off  the 
poison  as  it  forms ;  sustaining  the  vital  powers  and  par- 
ticularly the  heart;  relieving  the  pulmonary  circulation; 
compensation  for  loss  of  respiratory  surface  by  the  in- 
halation of  oxygen ;  reduction  of  excessive  temperature ; 
relief  of  incidental  symptoms. 

It  is  well  at  the  outset  to  relieve  the  bowels  by  an  effi- 
cient cathartic,  and  tor  this  purpose  nothing  answers  so 
well  as  calomel.  Its  operation  is  often  followed  by  a 
considerable  fall  of  temperature  which  may  be  perma- 
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Fig.  3834.-Patient  having  Double  Pneumonia  who  was  Treated  with  Sodium  Salicylate.  Entered  hospital  on  the  third  day  of  the  disease  with 
pneumonia  of  the  lower  right  lobe.  On  the  sixth  day  the  left  lower  lobe  became  involved.  Cold  applied  to  the  chest  for  temperatme 
above  m5°  F.,  and  twenty  grains  of  sodium  salicylate  administered  every  four  hours.  Defervescence  by  lysis.  Normal  temperature  on  the 
tenth  day. 


of  cases  is  a  very  remarkable  result  of  remedies  of  this 
class,  and  demonstrates  the  power  they  possess  to  modify 
the  usual  course  of  the  disease. 

Specific  medication  of  this  kind  is  more  efficient  the 
earlier  it  is  resorted  to,  but  it  is  not  without  value  at  any 
stage  of  the  disease.    Many  remedies  besides  those  men- 


nent.     If  the  urine  is  scanty  a  diuretic  is  called  for,  and 
the  best  of  all  is  an  abundance  of  cold  soft  water. 

The  vital  powers  must  be  sustained,  and  at  the  first 
evidence  of  flagging  strychnine,  strophanthus,  caffeine, 
or  other  heart  tonic  is  called  for.  Much  harm  is  done  by 
a  routine  use  of  digitalis.     TJiis  drug  increases  the  periph- 
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«ral  resistance  and  thus  adds  to  the  labor  of  the  heart, 
while  at  the  same  time  it  favors  venous  congestion  by 
lessening  the  capacity  of  the  arterial  system.  Its  use  is 
admissible  when  cardiac  arrhythmia  is  present,  but  it 
should  always  be  guarded  by  an  arterial  dilator.  Alco- 
holic stimulation  may  be  required  almost  from  the  first, 
particularly  in  those  patients  who  are  addicted  to  its  use. 
It  is  indicated  when  the  pulse  is  small  and  thready,  or 
when  there  is  persistent  delirium  in  an  alcoholic  subject. 
When  under  Its  use  the  temperature  shows  a  reduction, 
and  the  pulse  loses  in  frequency  and  gains  in  volume,  we 
may  be  sure  that  the  alcohol  is  doing  good.  It  should 
not,  however,  be  given  in  such  quantity  that  its  odor  re- 
mains persistently  in  the  breath. 

The  pulmonary  circulation  may  require  to  be  relieved 
"by  dividing  the  blood  more  equally  between  the  arteries 
and  the  veins.  This  is  accomplished  by  the  use  of  arte- 
rial dilators.  Of  these  sodium  nitrite  in  doses  of  two 
grains  every  two  hours  gives  the  most  satisfactory  and 
even  result.  It  can  be  supplemented  by  nitroglycerin 
as  occasion  demands.  The  indication  for  arterial  dila- 
tors is  found  in  a  small  and  creeping  pulse  with  failing 
pulmonary  second  sound  and  a  tendency  to  cyanosis.  In 
cases  presenting  these  conditions  in  an  extreme  degree 
venesection  followed  by  saline  infusion  will  sometimes 
prove  singularly  beneficial. 

Compensation  for  loss  of  respiratory  surface  may  be 
secured  to  some  extent  by  inhalations  of  oxygen.  These 
should  be  resorted  to  whenever  the  respirations  exceed 
forty  per  minute,  and  they  may  be  made  continuous  if 
the  condition  persists. 

For  the  reduction  of  excessive  temperature  cold  spong- 
ing and  an  ice-cap  to  the  head  are  the  most  available 
means.  When  the  fever  produces  extreme  jactitation, 
tending  to  nervous  exhaustion,  the  coal-tar  preparations 
may  be  employed  very  cautiously  and  for  brief  periods. 

For  the  relief  of  pain  hypodermic  injections  of  mor- 
phine are  by  far  the  best  means  at  our  command.  They 
are  efficient,  and  at  the  same  time,  by  slowing  and  deep- 
ening the  respiration,  they  improve  the  circulation  in  the 
affected  part.  They  are  to  be  used  with  care,  however, 
and  their  frequent  repetition  is  to  be  avoided.  Hot  poul- 
tices on  the  one  hand,  and  ice-bags  on  the  other,  are  pre- 
ferred by  many,  and  are  fairly  efficient.  In  mild  cases 
dry  cups  or  sinapisms  may  suffice. 

The  feeding  of  the  patient  requires  close  attention. 
The  tendency  is  to  feed  too  highly.  The  conditions  pres- 
ent are  very  unfavorable  to  digestion,  and  undigested 
food  in  the  alimentary  canal  gives  rise  to  flatulent  dis- 
tention and  greater  embarrassment  of  respiration,  besides 
being  a  burden  rather  than  a  help  to  the  vital  power 
already  overtaxed. 

A  concentrated  fluid  food  that  will  not  readily  ferment 
is  to  be  given,  but  in  no  greater  quantity  than  can  be 
easily  digested  and  assimilated. 

An  abundance  of  fresh  air  from  first  to  last  is  indis- 
pensable, and  anxiety  lest  this  should  cause  the  patient 
to  take  cold  should  be  dismissed.  "  Antiseptic  precau- 
tions "  should  be  adopted. 

Serum  therapy  has  not  yet  established  its  claim  to  be 
adopted,  though  the  prospect  for  the  future  is  somewhat 
encouraging.  Andrew  JBeermance  Smith. 
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PNEUMONIA  OF  INFANTS.— The  acute  pneumonia 
of  infants  may  assume  one  of  two  distinct  types — either 
that  of  an  acute  lobar  pneumonia  or  that  of  an  acute 
bronchopneumonia  or  lobular  pneumonia.  The  former 
type,  which  is  less  common  than  the  other,  is  caused  by 
the  pneumococcus,  develops  as  a  primary  disease,  has  an 
acute  onset,  runs  a  short  course,  is  characterized  by  a 
continuous  high  temperature,  ends  by  crisis,  and  allows 
a  good  prognosis.  The  other  type  of  pneumonia  is  the 
most  common  disease  of  infancy,  is  usually  secondary, 
may  be  caused  by  one  of  several  micro-organisms,  is  var- 
iable in  onset,  runs  an  indefinite  course  with  irregular 
temperature,  ends  by  lysis,  and  allows  a  less  favorable 
prognosis — that  is,  one  which  depends  largely  on  the  dis- 
ease to  which  it  is  secondary. 

LoBAK  Pneumonia. 

Infantile  lobar  pneumonia— croupous  pneumonia;  Fr., 
La  pTheumonie  franche ;  Ger.,  Primdre  genuine  Pneu- 
monie — corresponds  in  some  measure  to  the  lobar  pneu- 
monia of  adults,  but  it  allows  a  more  favorable  prognosis. 
Lobar  pneumonia  is  an  acute  disease  of  short  duration, 
characterized  by  inflammation  and  hepatization  of  a  cer- 
tain area  of  lung  tissue,  and  is  caused  by  the  pneumo- 
coccus. 

Etiology. — The  disease  is  almost  always  primary.  Al- 
though it  is  less  common  before  the  third  year,  it  may  oc- 
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Fig.  3835.— Chart  Showing  the  Frequency  of  Lobar  Pneumonia  in 

Infants  and  Ohll(}ren  at  Different  Seasons.    ,  Cases  reported 

by  Dr.  Comby ;  «   ■  »  ■,  cases  reported  by  Dr.  Holt ; ,  cases 

reported  by  Drs.  Northrup  and  Freeman. 

cur  in  early  infancy.    In  fact,  cases  have  been  reported  in 
which  the  disease  developed  before  the  birth  of  the  child. 
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All  statistics  seem  to  agree  that  boys  are  more  fre- 
quently affected  with  the  disease  than  girls,  the  general 
ratio  being  60  per  cent,  boys  and  40  per  cent,  girls. 
Comby  reports  that  in  172  cases  seen  by  him  105  were  in 
boys  and  67  in 
girls.  Of  44  cases 
reported  by  Hen- 
och 24  were  in 
boys  and  30  in 
girls.  Holt  re- 
ports 60  per  cent, 
of  his  cases  as  oc- 
curring in  boys. 
Rilliet  and  Bar- 
thez,  out  of  408 
cases,  report  231 
in  boys  and  187  in 
girls.  Of  43  cases 
at  the  Foundling 
and  Nursery  and 
Child's  hospitals 
in  New  York  35 
were  in  boys  and 
17  in  girls,  or  60 
per  cent,  in  boys 
and  40  per  cent, 
in  girls. 

Season.  ■ — This 
disease  is  seen 
most  often  in  the 
spring.  The  ac- 
compa  n  y  i  ng 

chart  (Pig.  3835),  constructed  from  data  by  Comby  and 
Holt  and  the  authors  of  this  paper,  shows  the  frequency 
of  lobar  pneumonia,  in  children,  in  New  York  and  Paris 
at  different  seasons.  Bxposui-e  to  cold,  traumatism,  con- 
tagion, and  previous  poor  health  have  been  mentioned  as 
occasional  etiological  factors;  but  if  they  do  play  any 
part  in  the  production  of  this  disease,  except  by  lowering 
the  resistance,  this  must  be  true  only  in  rare  instances. 

The  micro-organism  regularly  found  in  the  sputum 
and  in  the  lesion,  and  occasionally  in  the  blood,  is  the 
micrococcus  lanceolatus  or  pneumococcus  of  Frankel. 
Various  other  bacteria  may  be  associated  with  the  pneu- 
mococcus. 

Pathology. — The  focus  of  the  disease  may  be  located 
in  various  parts  of  the  lung,  but  certain  lobes  are  more 
often  affected  than  others.  Holt  finds  that  the  left  lower 
lobe  is  the  one  most  often  affected,  the  next  in  order  being 
the  right  upper  and  the  right  lower.  Comby,  on  the 
other  hand,  finds  that  the  right  upper  lobe  is  much  more 
frequently  affected,  the  next  in  order  being  the  left  upper 
and  the  left  lower.  Monti,  who  has  had  a  large  expe- 
rience with  the  disease  in  Vienna,  considers  that  the  right 
upper  lobe  is  much  more  often  involved  than  the  left, 
and  the  left  lower  much  more  often  than  the  right.  The 
cases  collected  by  the  present  writers  show  that  the  right 
upper,  the  right  lower,  and  the  left  lower  lobes  are  about 
equally  often  affected,  while  the  left  upper  lobe  is  the 
least  apt  to  be  involved.  The  exact  figures  of  relative 
frequency  are  as  follows : 


a  toxsemia  from  the  absorption  of  the  poisons  which  are 
produced  in  the  lungs.  The  lesions  are  not  usually  in 
the  same  state  of  development  in  all  parts  of  the  involved 
lung  tissue  at  the  same  time,  f(ft  while  one  area  is  in  the 
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So  far  as  its  general  characters  are  concerned,  the  lesion 
of  lobar  pneumonia  in  children  corresponds  to  that  in 
adults.  It  will  therefore  not  be  necessary  to  describe 
them  here  in  detail  (see  article  on  Pneumonia,  Lobar,  by 
Dr.  A.  H.  Smith).  The  disease  is  an  acute  exudative  in- 
flammation of  the  lung,  in  the  course  of  which  the  air 
spaces  become  filled  with  red  and  white  blood  cells, 
serum,  and  fibrin.     At  the  same  time  there  is  developed 


Fig.  3836.— Temperature  Chart  of  a  Case  of  Lobar  Pneumonia  in  a  Baby  of  Nine  Months. 

condition  of  red  hepatization,  a  neighboring  area  may 
show  gray  hepatization. 

Resolution  does  not  always  take  place.  The  products 
may  persist  and  become  organized,  or  they  may  break 
down  and  form  an  abscess,  or,  finally,  a  necrotic  process 
may  ensue  and  gangrene  manifest  itself.  In  the  lobar 
pneumonia  of  infants,  however,  these  terminations  are 
less  often  observed  than  they  are  in  adults. 

Pleurisy,  with  the  development  of  fibrin  only,  or  with 
a  plastic  exudate,  or  with  pus,  may  accompany  the  pneu- 
monia. A  bronchitis  is  usually  present.  Pericarditis, 
endocarditis,  and  meningitis  occasionally  occur. 

No  sputum  is,  as  a  rule,  expectorated  by  infants,  all  that 
is  coughed  up  is  swallowed.  We  have  found  that  the 
sputum  may  best  be  obtained  for  microscopic  examina- 
tion by  washing  out  the  stomach  half  an  hour  after  the 
child  awakes  and  before  food  is  given.  Where  this  fails 
sometimes  titillating  the  pharynx  causes  cough  and  ejec- 
tion of  small  masses  of  muco-pus. 

A  leucocytosis  appears  at  the  beginning  of  the  disease, 
and  increases  in  intensity,  disappearing  as  the  tempera- 
ture drops. 

Symptoms. — There  is  no  incubation  stage  in  the  lobar 
pneumonia  of  infancy.  The  baby  becomes  suddenly 
very  severely  ill.  It  usually  vomits  and  has  a  rapid  rise 
of  temperature.  Convulsions  may  occur  with  the  onset, 
especially  in  infants  that  have  rachitis.  •  Chills  are  rarely 
seen  with  the  onset  of  the  pneumonia  of  infancy.  The 
child  becomes  dull  and  apathetic.  With  the  rise  of  tem- 
perature the  pulse  rate  is  increased,  while  the  respira- 
tion is  increased  out  of  proportion  to  the  pulse  rate. 
Thus  the  ratio  of  respiration  to  pulse,  which  normally 
should  be  one  to  four,  approximates  that  of  one  to  three. 
The  child  develops  a  short  dry  cough,  and  is  apt  to  have 
an  expiratory  grunt.  The  alse  nasi  expand  with  each 
inspiration.  The  child's  face  is  usually  flushed  and  the 
skin  dry.  The  severity  of  the  attack  may  usually  be 
judged  from  the  degree  of  elevation  of  the  temperature. 
Cerebral  symptoms  often  accompany  the  disease.  Con- 
vulsions are  occasionally  seen,  while  stiffness  of  the  back 
of  the  neck,  stupor,  and  delirium  are  often  present. 

The  typical  temperature  chart  of  the  lobar  pneumonia 
of  infancy  shows  a  rapid  rise  of  temperature  to  about 
104°  F.,  slight  morning  remissions  and  evening  exacerba- 
tions continuing  for  less  than  a  week,  and  the  disease  end- 
ing by  crisis.    Such  a  chart  is  shown  in  Fig.  3836 ;  it 
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represents  the  variations  in  temperature  observed  in  a 
child  nine  months  old  while  passing  through  an  attack  ot 
lobar  pneumonia.  In  othgr  cases  the  remissions  are  more 
pronounced,  the  charts  resembling  more  nearly  those  of 
bronchopneumonia,  but  differing  in  the  fact  that  the  dis- 
ease now  under  consideration  runs  a  short  course  and  ends 
by  crisis.  The  temperature  continues  to  be  elevated  for 
about  a  week,  and  then  usually  falls  somewhere  between 
the  fifth  and  the  tenth  days.  It  may  fall  on  the  second 
day  or  may  persist  for  fully  two  weeks. 

The  pulse,  which  is  at  first  full  and  strong,  varying 
from  130  to  160  beats  per  minute,  later  becomes  weaker, 
more  rapid,  and  sometimes  irregular  or  intermittent. 
The  respirations  are  also  increased  in  rapidity,  even  more 
so  than  tlie  pulse;  they  may  reach  as  high  a  rate  as  40 or 
60  or  even  80  per  minute.  Usually,  however,  they  bear  to 
the  pulse  a  ratio  of  one  to  three  or  at  times  one  of  even 
one  to  two  and  one-half.  The  inspirations  are  short  and 
the  expirations  long  and  accompanied  often  by  a  charac- 
teristic grunt  or  groan. 

Physical  Signs.— The  physical  signs  of  lobar  pneu- 
monia in  infancy  differ  so  materially  from  those  usually 
found  in  adults  that  they  should  be  especially  empha- 
sized. These  physical  signs  are  usually  late  in  appearing 
and  are  less  regular  and  well  defined,  while  in  some  cases 
no  physical  signs  at  all  can  be  elicited  until  after  the 
temperature  has  dropped. 

Many  cases  show,  at  the  beginning  of  the  attack,  evi- 
dences of  congestion;  these  being  recognizable  in  the 
form  of  slight  dulness  on  percussion  and  diminished  re- 
spiratory murmur,  at  times  quite  pronounced.  In  many 
of  the  cases  neither  of  these  signs  is  present,  but  on  care- 
fully going  over  the  chest  there  will  be  found  a  small 
area  where  subcrepitant  or  crepitant  rftles  will  appear  at 
the  end  of  a  deep  inspiration.  In  other  cases  the  first 
sign  will  be  a  small  area  of  high-pitched  breathing,  which 
may  or  may  not  have  the  true  bronchial  character.  In 
whichever  of  these  manners  the  signs  first  appear,  other 
of  the  usual  signs  of  lobar  pneumonia  in  the  adult  are 
gradually  added,  so  that  in  most  cases,  before  the  end  of 
the  week,  the  chest  will  present,  in  some  particular  area, 
a  group  of  characteristic  signs,  the  most  important  of 
which  are  dulness  on  percussion,  bronchial  breathing  and 
bronchial  voice  sounds,  and  increased  vocal  fremitus. 
In  some  cases  the  disease  manifests  the  characteristic 
onset  and  range  of  temperature,  the  ratio  of  the  respira- 
tion to  the  pulse  is  as  one  to  three,  the  alse  nasi  are  dilated, 
and  the  expiration  groan  is  present,  and  yet  no  signs  of 
consolidation  can  be  made  out  in  the  chest.  However, 
the  signs  in  the  chest  are  not  essential  for  the  establish- 
ment of  the  diagnosis  in  any  given  case  provided  there 
be  present  the  group  of  symptoms  just  enumerated.  In 
some  cases  the  chest  signs  will  first  make  their  appear- 
ance at  the  time  when  the  temperature  falls.  Again,  in 
other  cases,  while  there  may  be  no  definite  signs  of  con- 
solidation, percussion  over  the  area  situated  below  the 
clavicle  may  elicit  an  exaggerated  or  tympanitic  percus- 
sion note,  a  sign  which  is  believed  by  Comby  to  be  of 
great  value  as  indicating  an  involvement  of  the  pleura  or 
lung  on  that  side. 

Complications. — The  most  frequent  complication  is  a 
general  bronchitis,  which  may  be  the  result  of  an  infec- 
tion with  other  micro-organisms  than  the  pneumococcus. 
This  complication  may  cause  a  greater  daily  variation  in 
the  temperature  than  is  usually  seen. 

Next  in  point  of  frequency  are  the  pleural  lesions.  At 
autopsies  of  these  cases  a  dry  pleurisy  over  the  consoli- 
dated area— indicated  by  a  lack  of  lustre  in  the  pleural 
surface— is  usually  seen.  In  six  or  eight  per  cent,  of 
these  cases  some  exudate  of  a  fluid  or  plastic  character 
may  form  in  the  pleural  cavity.  When  this  is  marked  it 
forms  a  thick  layer  of  fibro-purulent  exudate  of  a  yellow- 
ish color  and  shaggy  appearance,  accompanied  by  more 
or  less  purulent  fluid.  The  character  of  this  exudate  in 
children  is  important,  for  in  some  cases  it  is  thrown  out 
in  considerable  amount,  and  yet  only  a  small  portion  of 
It  is  free  fluid.  This  small  quantity,  however,  is  suifl- 
cient  to  yield  the  physical  signs  of  tlie  presence  of  fluid 


in  the  pleural  cavity  and  consequently  to  justify  punc- 
turing the  chest  wall  with  a  needle.  But  the  operation, 
under  these  circumstances,  is  very  apt  to  prove  unsuc- 
cessful, owing  to  the  fact  that  the  needle  becomes  oc- 
cluded by  the  thick  exudate. 

Meningitis  caused  by  the  pneumococcus  may  occur  as 
a  complication,  as  may  also  pericarditis. 

Diagnosis.— The  diagnosis  should  be  based  on  the 
history  of  an  acute  onset  in  the  midst  of  good  health,  on 
the  ratio  which  the  respirations  bear  to  the  pulse  rate,  on 
the  prolonged  expiration,  on  the  expiratory  grunt,  and 
on  the  dilatation  of  the  alee  nasi.  If  the  diagnosis  can 
be  confirmed  by  physical  signs  on  examination  so  much 
the  better,  but  the  absence  of  these  signs  need  not  invali- 
date the  diagnosis. 

Pkognosis. — The  prognosis  in  primary  uncomplicated 
lobar  pneumonia  in  previously  healthy  infants  is  good, 
the  mortality  varying  from  three  to  five  per  cent.  The 
prognosis  is  graver  in  children  tliat  have  not  been  robust. 
The  presence  of  only  a  slight  leucocytosis  is  believed  by 
Monti  to  render  the  prognosis  worse. 

Treatment. — On  account  of  the  possibility  of  com- 
municating pneumonia  to  others,  and  for  the  good  of  the 
patient  as  well,  a  large,  well-lighted  and  ventilated  and 
quiet  room  should  be  obtained.  But  one  person  should 
be  allowed  in  the  room  at  a  time.  The  number  of  cases 
which  have  presented  at  the  onset  the  symptoms  and 
physical  signs  of  lobar  pneumonia,  but  which  have 
promptly  recovered,  is  sufficiently  large  to  warrant  the 
belief  that  it  is  sometimes  possible  to  abort  the  disease  pro- 
vided the  efforts  directed  to  the  attainment  of  this  object 
are  made  sutflciently  early.  Such  treatment  should  con- 
sist in  the  administration  of  a  single  fairly  large  dose  of 
calomel,  the  use  of  active  counter-irritation  by  mustard 
paste,  applied  either  over  the  whole  thorax  or  simply 
over  the  suspected  area,  and  the  stimulation  of  the  pa- 
tient with  strychnine.  If  no  amelioration  occurs  within 
twenty-four  hours  after  this  treatment  is  begun,  one  may 
assume  that  the  disease  will  run  its  course. 

The  medication,  after  the  disease  has  once  become  es- 
tablished, should,  as  a  rule,  be  directed  either  to  the  gas- 
tro-enteric  tract  or  to  the  heart.  Expectorants  are  rarely 
indicated.  The  tendency  to  constipation  and  tympanites, 
which  is  apt  to  embarrass  the  patient  by  interfering  with 
the  descent  of  the  diaphragm,  may  usually  be  best  treated 
by  rhubarb  or  by  a  combination  of  rhubarb  and  soda. 
Heart  stimulants  are  usually  indicated  early,  and  of  these 
strychnine  is  the  most  valuable ;  it  should  be  given  in 
rather  large  doses,  gr.  yJit  to  gr.  ^^  every  three  or  four 
hours.  When  the  extremities  are  cold  nitroglycerin  is. 
useful.  Alcoholic  stimulants  should  be  reserved  as  a 
later  resource.  Among  the  antipyretics  the  use  of  water 
will  be  found  to  be  most  effective.  Sponging  with  equal 
parts  of  alcohol  and  water  has  a  moderate  antipyretic 
action,  and  later,  if  it  should  be  found  necessary,  a  cold 
pack  or  a  cool  bath  may  be  given.  Of  the  antipyretic 
drugs  only  phenacetin  should  be  given.  In  order  to  se- 
cure a  sedative  effect  a  very  small  dose  (0.15  gm  or  gr.  i) 
of  codeine  or  from  five  to  ten  drops  of  paregoric  may  be 
administered.  Oxygen  (by  inhalation)  is  one  of  the  most 
valuable  stimulants,  especially  in  the  treatment  of  very- 
young  babies  who  take  medicine  badly  by  the  stomach. 

Bronchopneumonia. 

Bronchopneumonia — Lobular  pneumonia ;  Capillary 
bronchitis;  Fr.,  Bronc/io-pneumonie ;  Ger.,  Broncliopneu- 
monie — is  an  acute  disease  of  indefinite  duration,  which 
is  characterized  by  a  capillary  bronchitis  and  by  peri- 
bronchial areas  of  consolidation,  and  which  may  be  caused 
by  one  or  more  of  several  micro-organisms. 

Etiology. — This  disease  is  the  form  of  primary  pneu- 
monia most  commonly  found  during  the  first  two  years 
of  life,  and  at  the  same  time  it  is  the  ordinary  form  of 
secondary  pneumonia  encountered  throughout  childhood. 
It  is  very  common  in  infancy  and  early  childhood ;  and 
at  the  autopsies  in  the  New  York  Foundling  Hospital  it 
is  a  rare  event  not  to  find  the  evidences  of  more  or  less 
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bronchopneumonia.  The  disease  occurs  most  frequently 
during  the  first  year  of  life  and  much  less  frequently 
with  each  succeeding  year  up  to  the  fifth.  After  this 
age  it  is  not  a  common  disease.  In  the  majority  of  cases 
the  disease  develops  during  the  winter  season ;  but  this 
statement  is  more  true  of  bronchopneumonia  than  of  the 
lobar  variety,  for  cases  of  the  former  disease  in  infants 
are  seen  also  at  other  seasons  of  the  year.  Another  im- 
portant fact  is,  that  bronchopneumonia  rarely  attacks  in- 
fants who  have  previously  been  in  good  health.  It  often 
occurs  in  those  who  have  had  a  preceding  acute  attack 
of  chronic  gastric  or  intestinal  disorder.  Rickets  and 
hereditary  syphilis  predispose  to  the  disease.  The  fol- 
lowing acute  diseases  which  are  apt  to  precede  broncho- 
pneumonia are  arranged  in  the  order  of  frequency: 
measles,  whooping-cough,  diphtheria,  influenza,  ileoco- 
litis, and  scarlet  fever.  Furthermore,  the  environment 
has  a  good  deal  to  do  with  the  frequency  of  this  disease. 
Thus,  for  example,  it  occurs  with  special  frequency 
among  the  occupants  of  the  tenements  and  hospitals,  and 
among  those  who  live  in  the  crowded  and  poor  sections 
of  the  cities,  as  has  been  well  shown,  so  far  as  Boston  is 
concerned,  by  Morrill.*  Finally,  exposure  to  cold,  which 
is  by  the  laity  considered  all-important,  is  undoubtedly 
occasionally  an  active  factor,  but  the  history  of  a  suffi- 
cient exposure  of  this  sort  is  rarely  elicited.  Experi- 
mental researches  in  the  lower  animals  have  shown  that 
cooling  of  the  body  does  predispose  to  infection  with  the 
pneumococcus,^ 

So  far  as  the  bacteriology  of  the  disease  is  concerned, 
it  has  been  distinctly  determined  that  there  are  several 
varieties  of  micro-organisms  which  may  be  actively  con- 
cerned in  the  production  of  bronchopneumonia.  These 
bacteria  are  also  often  found  in  the  upper  air  passages  of 
healthy  persons,  and  become  active  agents  in  the  pro- 
duction of  bronchopneumonia  when  the  organism  has 
become  depressed  by  a  previous  disorder  or  by  a  severe 
exposure  to  cold  or  fatigue.  One  or  several  varieties  of 
these  bacteria  maybe  present.  The  pneumococcusis  the 
organism  most  frequently  found,  while  the  streptococcus 
and  the  staphylococcus  are  often  present.  Darrier,'  in 
1885,  found  in  four  cases  of  bronchopneumonia  compli- 
cating diphtheria  the  streptococcus  either  alone  or  associ- 
ated with  the  LoeflJer  bacillus.  Prudden  and  Northrup,'' 
in  1889,  after  an  extensive  study  of  the  bronchopneu- 
monia of  diphtheria  in  infants,  also  found  that  the  strep- 
tococcus was  the  usual  cause.  Netter '  studied  bacterio- 
logically  43  cases  of  bronchopneumonia.  In  25  only  one 
organism  was  found,  and  in  17  more  than  one.  As 
regards  the  25  with  only  one  variety  of  micro-organism, 
it  was  found  that  the  pneumococcus  was  present  in  10 
cases,  the  streptococcus  in  8  cases,  the  staphylococcus 
in  5  cases,  and  Friedlander's  bacillus  in  2  cases.  As 
regards  the  17  with  more  than  one  variety,  it  was  found 
that  the  pneumococcus  and  the  stapliylococcus  were  pres- 
ent in  1  case ;  the  pneumococcus  and  streptococcus  in  3 
cases;  the  pneumococcus,  streptococcus,  and  staphylo- 
coccus in  3  cases ;  the  streptococcus  and  staphylococcus 
in  5  cases ;  the  streptococcus  and  Friedlander's  bacillus  in 
3  cases;  the  pneumococcus,  streptococcus,  and  staphy- 
lococcus in  3  cases ;  and  the  pneumococcus  and  Fried- 
lander's bacillus  in  one  case.  Munier « in  10  cases,  with- 
out any  diagnostic  signs  of  influenza,  found  the  Pfeiffer 
bacillus  alone  or  associated  with  other  organisms.  In  5 
cases  he  found  Pf eifl'er's  bacillus  alone ;  in  3  cases  with 
the  pneumococcus;  and  in  3  cases  with  other  undeter- 
mined organisms.  Wollstein,'  quoted  by  Holt,  studied 
33  cases,  19  of  which  were  primary  and  14  secondary. 
She  found  the  pneumococcus  alone  in  17  of  the  primary 
cases,  with  the  streptococcus  in  7,  and  with  the  staphy- 
lococcus in  1.  Holt  found  the  streptococcus  alone  in  1, 
and  the  staphylococcus  alone  in  1.  He  found  that  the 
pneumococcus  was  present  in  11  out  of  the  14  secondary 
cases.  It  was  alone  in  two  cases ;  it  was  associated  with 
the  streptococcus  in  1  case ;  with  the  staphylococcus  in 
2  cases;  with  the  tubercle  bacillus  in  2  cases;  with  the 
tubercle  bacillus  and  the  streptococcus  in  2  cases;  and 
with  the  tubercle  bacillus  and  the  staphylococcus  in  2 


cases.  The  streptococcus  was  alone  in  1  case ;  it  was  as- 
sociated with  the  staphylococcus  in  1  case,  and  with  the 
tubercle  bacillus  in  1  case. 

Anatomical  CiiARACTEnisTics  of  the  Lung  in  In- 
fancy.— Before  we  consider  the  pathology  of  the  bron- 
chopneumonia of  infancy,  it  may  be  well  to  speak  briefly 
of  the  anatomy  of  the  lung  in  infancy,  for  this  is  un- 
doubtedly a  determining  factor  in  the  preponderance  of 
tlie  bronchial  form  of  pneumonia  at  this  age. 

In  infants  the  bronchi  are  larger  and  more  numerous 
and  thus  form  a  much  larger  proportion  of  the  lung  tis- 
sue than  is  the  case  in  adults.  In  infants,  therefore,  the 
alveoli  represent  a  much  smaller  proportion  of  the  lung 
as  a  whole.  This  is  particularly  marked  during  the  first 
two  years  of  life.  The  connective  tissue  is  present  in 
greater  abundance  and  binds  the  different  elements  to- 
gether very  loosely.  As  a  result  the  blood-vessels  are 
loosely  held  and  easily  become  distended  and  encroach 
on  the  alveoli.  These  characteristics  of  the  lung  of  in- 
fancy persist  to  some  extent  until  the  fifth  year,  after 
which  period  it  may  be  considered  to  have  assumed  the 
adult  type. 

Pathology. — The  lesions  of  the  bronchopneumonia  of 
infancy  are  to  be  found  most  often  in  the  posterior  por- 
tions of  both  lungs,  generally  of  the  lower  lobes,  but  ex- 
tending frequently  to  the  posterior  portions  of  the  upper 
lobes.  In  bronchopneumonia  we  have  usually  a  trache- 
itis, a  bronchitis,  a  capillary  bronchitis,  and  a  pneumo- 
nitis, the  inflammation  starting  in  the  upper  air  passages 
and  travelling  downward  until  thelungtissue  isinvolved. 
The  inflammation  may  extend  downward  slowly,  several 
days  elapsing  before  the  pneumonia  is  developed;  or,  in 
severe  infections  in  subjects  with  little  resistance,  the 
disease  may  extend  so  rapidly  that  signs  of  pneumonia 
are  noticed  simultaneously  with  the  indications  of  inflam- 
mation of  the  upper  air  passages.  Upon  examining,  at 
the  autopsy,  the  lungs  of  an  infant  who  has  had  broncho- 
pneumonia, one  often  finds  evidence  of  some  pleurisy 
over  the  pneumonic  area ;  perhaps  only  a  dull,  lustreless 
appearance,  or  a  little  exudate  on  the  surface,  and,  in 
rarer  cases,  a  fibro-purulent  exudate.  On  section  of  the 
lung,  if  it  be  an  early  case,  the  involved  area  will  be 
found,  usually  in  both  lungs,  to  be  dark  red  in  color  and 
resistant  to  the  touch.  Other  areas  of  congestion  will 
show  the  dark  red  color,  but  will  offer  little  resistance. 
The  cut  surfaces  will  also  have  for  the  most  part  a  dark 
red  color.  Small  white  areas,  of  the  size  of  a  pin's  head, 
are  due  to  the  filling  of  small  bronchi  with  muco-purulent 
material  which  may  be  pressed  out.  The  larger  white 
areas  which  are  found  at  a  later  period  of  the  disease, 
are  due  to  lobules  undergoing  gray  hepatization.  In  a 
section  of  a  lung  of  a  child  where  the  bronchopneumonia 
has  advanced  still  farther  in  its  course,  one  often  finds 
all  stages  of  the  process  in  different  adjacent  lobules,  so 
that  instead  of  having  a  general  conditioii  of  red  or  gray 
heptization  one  notices  a  mottled  appearance.  The  ex- 
udate which  forms  the  consolidation  consists  of  serum, 
epithelial  cells,  red  blood  cells,  fibrin,  and  polymorpho- 
nuclear leucocytes.  There  is,  however,  as  a  rule,  less 
fibrin,  and  the  leucocytes  are  fewer  than  in  lobar  pneu- 
monia. 

Among  the  other  lesions  which  are  sometimes  observed 
in  these  cases  may  be  mentioned  the  following:  atelec- 
tasis, hemorrhages,  emphysema,  and  gangrene.  Atelec- 
tasis may  occur  in  areas  supplied  by  bronchi  which  have 
become  plugged  with  mucus  that  forms  a  valve,  allow- 
ing the  air  to  pass  out  but  not  to  enter.  Hemorrhages 
may  occur  in  other  areas,  so  that,  on  examination  with 
the  microscope,  the  air  passages  are  found  filled  with  red 
blood  corpuscles.  A  vesicular  emphysema  may  also  oc- 
cur, especially  in  the  anterior  portions  of  the  lungs. 
Both  vesicular  and  interstitial  pneumonia  are  frequently 
found  associated  with  the  bronchopneumonia  of  whoop- 
ing-cough. Finally,  gangrene  of  a  portion  of  the  in- 
volved lung  is  occasionally  found  at  autopsy. 

In  addition  to  the  pulmonary  lesions  already  described, 
the  bronchial  lymph  nodes  are  commonly  found  to  be 
enlarged  from  cellular  hyperplasia.     Occasionally,  on 
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cutting  such  nodes,  tuberculous  lobules  are  discovered, 
although  no  tuberculosis  is  found  elsewhere. 

Tekminations  op  the  Disease.— Resolution  may  take 
place  b)'  cell  degeneration  and  absorption  at  any  stage  in 
the  process.  This,  however,  takes  place  irregularly,  and, 
while  certain  lobules  are  undergoing  resolution,  others 
may  show  an  advancing  lesion.  In  the  place  of  complete 
resolution,  chronic  bronchopneumonia  may  establish 
itself,  especially  in  feeble  babies,  who  will  thus  be  left 
with  patclies  of  marked  bronchopneumonia  which  may 
persist  for  weeks  or  months.  These  areas  undergo  inter- 
stitial changes  with  dilatation  of  the  bronchi,  and  some- 
times with  tlie  formation  of  cavities  which  are  filled  with 
mucopurulent  material.  At  times  these  cavities  repre- 
sent veritable  abscesses.  Finally,  death  may  occur  at  any 
stage  of  the  bronchopneumonia. 

Symptoms. — In  the  bronchopneumonia  of  infants  both 
the  symptoms  and  tlie  course  vary  greatly,  as  might  be 
expected  when  the  conditions  are  considered ;  for  the  term 
bronchopneumonia  is  applied  to  a  disease  that  may  be 
caused  by  any  one  or  more  of  several  micro-organisms, 
and  that  may  develop  either  as  a  primary  affection  or  as 
a  secondary  phenomenon  in  the  course  of  some  other 
severe  disease.  If,  in  addition,  we  take  into  considera- 
tion the  varying  resistance  of  the  subjects,  the  extreme 
irregularity  of  the  course  of  this  disease  will  appear  per- 
fectly natural. 

Of  the  different  symptoms  which  accompany  a  broncho- 
pneumonia/e»«»'  is  one  of  the  earliest  noticed,  and  it  is 
very  rarely  preceded  by  a  chill.  This  fever  usually  rises 
to  102°  and  sometimes  to  104°  P.  and  then  falls,  rising 
again  as  high  as  or  higher  than  the  highest  point  previ- 
ously reached.  Thus  it  continues  with  exacerbations, 
followed  by  marked  remissions  usually  of  from  two  to 
four  degrees.  The  exacerbation  of  temperature  usually 
occurs  in  the  afternoon  or  evening.  The  temperature 
lasts  one,  two,  or  three  weeks,  or  longer.  Only  twenty- 
five  per  cent,  of  the  cases  defervesce  within  the  first 
week.  When  the  disease  runs  a  long  course,  there  are 
often  observed  intervals  during  which  the  temperature, 
for  a  day  or  two,  will  run  much  lower,  rising  again  with 
the  invasion  of  new  lung  tissue.  The  fever  usually  ends 
by  lysis. 

A  cough  is  commonly  present  from  the  first.  It  is  ordi- 
narily a  dry,  short,  hacking  cough,  but  at  times  it  is  par- 
oxysmal in  character  and  may  be  almost  incessant.  Later 
in  the  disease  the  cough  may  disappear,  owing  to  a  loss 
of  reflex  activity  in  the  air  passages.  The  cough  often 
persists  after  the  other  symptoms  of  the  pneumonia  have 
disappeared.  Inasmuch  as  babies  swallow  all  the  mate- 
rial which  they  cough  up,  we  cannot  examine  the  sputum 
unless  we  take  special  measures  for  obtaining  it. 

As  the  disease  advances  the  respirations  become  rapid, 
rising  usually  to  from  40  to  80  a  minute,  and  sometimes 
higher.  Respirations  above  30  should  make  one  suspi- 
cious of  pulmonary  complication,  but  usually  they  are 
over  40.  They  vary  from  40  to  60  ordinarily,  but  may 
reach  100  or  more  in  severe  cases.  The  rhythm  of  the 
respiration  is  also  disturbed.  The  pause,  which  normally 
takes  place  after  expiration  is  completed,  is  done  away 
with  and  a  pause  takes  place  after  inspiration.  The 
child  quickly  draws  its  breath,  holds  it,  and  then  with  an 
explosive  grunting  sound,  expires,  and  without  pause 
again  inspires.  The  expiration  is  prolonged  and  loud. 
The  expiratory  grunt  is  a  very  characteristic  symptom 
of  pneumonia  in  infancy.  Another  disturbance  of  rhythm 
is  that  known  as  Cheyne-Stokes  respiration ;  this  disturb- 
ance occurs  in  severe  cases.  Temporary  suspension  of 
respiration  also  occurs  in  the  very  sick.  It  may  last  as 
long  as  two  minutes  and  be  spontaneously  resumed. 
Evidence  of  respiratory  embarrassment  is  also  found  in 
the  sinking  in  of  the  intercostal  spaces  and  the  dilatation 
of  the  alse  nasi  with  each  inspiration,  in  severe  capillary 
bronchitis.  Cyanosis  is  another  symptom  which  often 
develops  in  severe  cases  of  capillary  bronchitis. 

The  pulse  is  accelerated  with  the  onset  of  the  disease, 
and  in  an  ordinary  case  will  soon  reach  the  rate  of  150  a 
mmute.    It  is  usually  full  at  first,  but  later,  and  espe- 
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daily  in  the  severe  cases,  it  becomes  more  rapid  and 
weak. 

A  most  important  diagnostic  sign  of  bronchopneu- 
monia is  to  be  found  in  the  ratio  wliich  the  respiratioris 
bear  to  the  ptilse.  This  is  usually  altered  from  the  nor- 
mal ratio  of  one  to  four  to  a  ratio  approximating  one  to 
three ;  that  is,  in  an  ordinary  case  the  respirations  will 
number  about  40  or  50  and  the  pulse  beats  from  120  to 
150  to  the  minute.  Such  a  respiration-pulse  ratio  should 
at  once  direct  attention  to  the  'thorax,  which  should  be 
very  carefully  examined  for  evidence  of  pulmonary 
disease. 

Pain  is  not  a  symptom  of  any  importance  in  the  broii- 
chopneumonia  of  infancy.  There  is  usually  some  sore- 
ness in  the  chest,  but  these  little  patients  do  not,  com- 
monly, suffer  from  acute  pain. 

So  "far  as  cerebral  symptoms  are  concerned,  the  onset  of 
bronchopneumonia  in  infancy  is  usually  characterized  by 
a  condition  of  apathy.  The  patients  are  said  to  be 
"  dopey  " ;  they  are  markedly  prostrated,  indifferent  to 
their  surroundings,  and  want  only  to  be  left  undisturbed. 
Convulsions  at  the  onset  are  rare;  they  occur  only  in 
very  severe  cases,  in  children  with  marked  rachitis,  and 
in  these  of  poor  previous  condition.  Delirium  and  stupor 
often  develop.  The  tache  eerebrale  and  Kernig's  sign 
may  sometimes  be  elicited. 

Various  gastro-entevic  symptoms  are  commonly  associ- 
ated with  a  bronchopneumonia.  Thus,  for  example,  an- 
orexia usually  occurs  at  the  onset  of  the  attack,  while 
thirst  may  supervene  at  a  later  stage.  The  tongue  is 
sure  to  become  coated,  and  in  a  certain  number  of  cases 
the  disease  begins  with  marked  gastro-enteric  symptoms, 
vomiting,  abdominal  pain,  diarrhoea,  and  tympanites — 
symptoms  which  may  lead  to  a  false  diagnosis,  or  at  least 
to  overlooking  the  pulmonary  condition. 

Physical  Signs. — The  physical  signs  vary  as  much  as 
do  the  symptoms.  Some  cases,  which  in  other  respects 
are  following  a  typical  course,  may  at  no  time  give  phys- 
ical signs;  that  is,  the  disease  fails  to  produce  marked 
changes  in  any  part  of  the  lungs  adjacent  to  the  thoracic 
wall.  In  other  cases  local  physical  signs  will  be  elicited 
only  when  the  temperature  falls,  while  in  still  other  cases 
one  gets  marked  signs  of  consolidation  from  the  begin- 
ning of  the  disease. 

Inspection  reveals  the  fact  that  the  respiration  is  rapid, 
irregular,  and  variable  in  its  rhythm ;  it  also  perhaps 
shows  the  existence  of  a  certain  degree  of  cyanosis. 

Palpation  is  of  less  value  in  infants  than  it  is  in  adults, 
owing  in  part  to  the  fact  that  the  lesion  usually  is  bilat- 
eral and  in  part  to  the  fact  that  it  often  fails  to  yield 
good  evidence  of  the  existence  of  consolidation. 

Percussion  also  gives  valuable  information  less  often 
in  infants  than  it  does  in  adults.  It  must  be  practised 
with  care  and  with  the  employment  of  very  little  force ; 
one  finger  will  suflSce  for  the  actual  percussing,  and  the 
examiner  should  make  a  light,  sharp  stroke  by  quickly 
withdrawing  the  finger.  The  revelation,  by  means  of 
percussion,  of  a  very  slight  dulness,  especially  if  it  is 
associated  with  a  sense  of  resistance,  points  to  congestion 
and  consolidation,  while  a  marked  degree  of  dulness 
should  raise  a  suspicion  that  fluid  is  present,  and  this 
conjecture  should  lead  to  the  employment  of  auscultation 
as  a  means  of  differentiating  between  these  conditions. 

It  is  by  auscultation  that  the  first  evidence  of  local  pul- 
monary involvement  is  usually  elicited,  and  it  is  upon 
auscultation  that  one  must  especially  rely  for  locating 
the  bronchopneumonia  in  infancy.  In  these  little  sub- 
jects the  ear  should  not  be  relied  on  alone,  but  a  stetho- 
scope with  a  small  opening  should  also  be  used.  If  the 
baby  is  emaciated,  a  flexible  rubber  chest-piece  may  be 
necessary.  Auscultation  gives  information  as  to  the 
presence  of  rfiles,  the  duration  of  the  expiration  as  com- 
pared with  the  inspiration,  and  the  pitch  of  the  breath- 
ing. Since  in  bronchopneumonia  there  is  an  inflamma- 
tion of  both  large  and  small  bronchi,  and  often  a  pleuritic 
inflammation  as  well,  all  varieties  of  rfiles  may  be  heard. 
The  coarse,  low-pitched,  sonorous  r&les,  which  have 
their  origin  in  the  large  bronchi,  are  usually  present. 
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Areas  of  subcrepltant  or  crepitant  rSles,  audible  at  the 
end  of  an  inspirator}'  effort,  are  carefully  to  be  looked  for, 
since  they  are  usually  the  first  physical  sign  found  by 
whicli  one  can  locate  the  bronchopneumonia  in  infancy. 
It  is  not  sufficient  to  listen  carefully  over  the  chest  of  a 
sleeping  or  quiet  child  for  this  sign,  but  effort  must  be' 
made  to  secure  deep  inspiration.  If  the  child  cough,  tlie 
coughing  will  be  followed  by  satisfactory  inspiration,  but 
often  it  is  necessary  to  make  the  baby  cry.  It  is  during 
crying  that  the  most  satisfactory  examination  of  the 
baby's  chest  may  be  made,  for  it  elicits  both  deep  inspi- 
ration and  voice  sounds  whieli  may  be  difficult  to  get  by 
other  means.  If  the  pneumonia  is  sufficiently  developed 
one  may  get  a  prolongation  of  expiration,  and  high- 
pitched  or  bronchial  breathing. 

In  some  cases  the  first  local  pliysical  sign  will  be  di- 
minished breathing,  which  may  be  associated  with  dul- 
ness  over  the  same  area.  Dulness  and  diminished  breath- 
ing, although  often  due  to  congestion,  sliould  always 
suggest  the  possibility  of  fluid  being  present.  If  these 
signs  are  due  to  congestion,  they  should  soon  change  to 
high-pitched  breathing  with  rSles;  if  they  are  due  to 
fluid,  they  should  persist  and  become  more  mai'ked. 

The  location  of  the  heart  apex  should  always  be  defi- 
nitely made  out,  as  a  displaced  apex  often  determines  the 
presence  of  fluid  in  cases  in  which  other  signs  would 
seem  to  point  to  consolidation  of  the  lungs. 

CouKSE  OB'  THE  DISEASE. — The  bronchopneumonia  of 
infancy  usually  begins  with  an  abrupt  onset,  character- 
ized by  considerable  fever  and  a  condition  of  apathy. 
The  child  is  evidently  seriously  ill.  It  coughs,  breathes 
rapidly,  and  with  each  expiration  is  apt  to  groan  or 
grunt.  Dyspnoea  develops,  and  sometimes  cyanosis. 
The  alae  nasi  dilate  with  inspiration.  The  fever  persists 
for  from  one  to  three  weeks,  finally  ending  by  lysis.  As 
the  disease  progresses,  the  prostration  becomes  more 
marked,  the  pulse  more  rapid,  and  the  extremities,  nose, 
and  ears  often  become  cold.  The  respirations  beconie 
very  rapid,  and  delirium  or  stupor  may  develop;  gastric 
or  intestinal  symptoms  also  often  occur. 

The  disease  may  manifest  itself  under  one  or  the  other 
of  three  different  types:  the  acute  congestive  type  (or 
capillary  bronchitis),  the  latent  type,  and  the  persistent 
type.  The  first  of  these,  the  acute  congesUm  type,  may 
be  primary  or  secondary,  and  occurs  most  often  in  young 
infants.  They  become  suddenly  severely  ill,  and  breathe 
with  great  difficulty  and  very  rapidly  (70  to  80) ;  there  is 
high  fever  (104°  to  106°  F.) ;  and  the  pulse  is  rapid  (180 
to  300).  Death  often  occurs  in  from  twelve  hours  to 
three  days.  Some  of  these  cases  will  end  in  recovery  in 
the  course  of  a  few  days.  By  the  expression  latent  type 
is  meant  a  bronchopneumonia  which  is  found  in  cachec- 
tic and  marasmic  infants,  who  may  have  neither  fever, 
nor  cough,  nor  dyspnoea.  It  is  a  hypostatic  pneumonia, 
which  gives  little  evidence  of  its  presence  during  life, 
and  is  often  first  discovered  at  autopsy.  The  persistent 
type  of  bronchopneumonia  is  seen  in  children  who  are  in 
poor  condition  at  the  time  when  they  are  taken  ill;  it 
also  often  develops  after  whooping-cough.  In  these 
cases  the  disease  usually  runs  a  moderately  severe  course 
for  from  two  to  three  weeks,  and  then,  instead  of  defer- 
vescing  and  undergoing  resolution,  it  continues  for  some 
time  to  manifest  a  moderate  degree  of  feverishness  and 
the  physical  signs  of  persisting  consolidation.  These 
patients  are  apt  gradually  to  become  weaker  and  die,  al- 
though some  of  them  may  recover  after  a  long  period. 

In  addition  to  the  three  types  briefly  outlined  above,  it 
is  permissible  to  establish — in  accordance  with  certain 
characteristics  that  belong  to  the  secondary  broncho- 
pneumonias following  the  different  acute  infectious  dis- 
eases—other less  important  groups.  For  example,  one 
group  may  comprise  those  cases  in  which  a  broncho- 
pneumonia  develops  in  the  cov.rse  of  an  attack  of  measles  or 
scarlet  femr.  In  this  group  the  pneumonia  begins  either 
when  the  eruption  is  at  its  height  or  not  until  after  the 
temperature  has  fallen  to  normal.  In  the  latter  event 
the  temperature  does  not  remain  at  this  low  point  but 
soon  rises  several  degrees,  and  evidences  of  the  pneu- 


monia begin  to  manifest  themselves.  But  whether  the 
pulmonary  complication  develops  at  this  later  stage  of 
the  original  disease  or  whether  it  develops  at  the  time 
when  the  eruption  is  at  its  height,  the  prevailing  charac- 
ter of  the  pneumonia  is  in  either  case  likely  to  be  severe ; 
indeed,  the  disease  often  assumes  a  congestive  cliaracter. 
The  bronclwpneumonia  of  whooping-cough  constitutes  an- 
other group.  This  develops  usually  during  or  at  the  end 
of  the  paroxysmal  period.  The  onset  is  moi'e  gradual 
and  less  severe  than  it  is  in  the  preceding  group,  and  the 
fever  usually  is  moderate.  The  disease  develops  in  chil- 
dren who  are  much  depleted  by  the  whooping-cough, 
and  it  runs  a  long,  subacute  course.  Finally,  in  the  third 
group  maybe  placed  the  broncliopneumonia  of  diphtheria. 
In  tliis  group  of  cases  the  disease  again  manifests  itself 
commonly  in  a  severe  form  like  that  which  characterizes 
the  bronchopneumonia  of  measles  and  scarlet  fever.  It 
usually  develops  early  in  the  attack  of  diphtheria. 

Bronchopneumonia  also  develops  in  connection  with 
other  diseases.  Thus,  for  example,  it  sometimes  occurs- 
in  a  fairly  severe  form  in  the  course  of  an  influenza. 
Wlien  it  occurs  in  connection  with  an  ileo-colitis  it  usu- 
ally develops  at  a  time  when  the  baby  lias  been  much 
weakened  by  the  primary  disease,  and  it  then  assumes 
a  type  similar  to  that  seen  in  whooping-cough. 

Complications. — ^The  one  very  common  complication 
of  bronchopneumonia — the  one  for  which  diligent  searcli 
should  be  made  daily,  in  order  that  it  may  not  be  over- 
looked— is  empyema.  This  occurs  in  a  considerable  num- 
ber of  cases,  and  requires  a  prompt  evacuation  of  the 
fluid  whenever  the  baby  suffers  severely  from  its  pres- 
ence. Evidence  of  fluid  is  usually  first  found  behind  or 
in  the  post-axillary  line ;  less  frequently  it  is  found  in 
front.  Diminished  breathing  sounds  and  marked  dulness 
on  percussion  are  usually  the  first  local  signs.  Another 
occasional  complication  is  purulent  meningitis,  which  is 
caused  by  the  same  micro-organism  that  produces  the- 
lung  consolidation.  Pericarditis  is  also,  sometimes  en- 
countered, but  usually  in  connection  with  empyema.  On 
the  other  hand,  in  all  the  cases  of  bronchopneumonia, 
which  have  been  seen  by  the  wj-iters  in  the  New  York 
Foundling  Hospital,  the  complication  of  an  endocarditis, 
except  when  associated  with  pericarditis,  has  not  once 
been  observed.  Finally,  in  a  certain  number  of  cases, 
tuberculosis  may  constitute  a  complication  of  the  broncho- 
pneumonia. In  these  cases  the  trouble  may  sometimes 
be  attributed  to  the  breaking  down  of  an  old  cheesy 
bronchial  lymph  node. 

Diagnosis.— The  early  diagnostic  signs  are  the  abrupt 
onset,  the  presence  of  fever  and  of  a  certain  degree  of 
apathy,  the  disturbed  respiration-pulse  ratio,  and  the  dis- 
covery, by  auscultation,  of  the  existence  of  rales  in  the 
chest.  To  these  signs  may  be  added,  at  least  for  some- 
of  the  cases,  the  following :  some  dulness  on  percussion, 
a  high-pitched  respiratory  murmur,  and  broncho- vesicular 
respiration.  Many  of  these  signs  may  be  absent,  espe- 
cially in  the  subacute  form  of  the  disease  as  it  occurs  in 
weak  infants  or  as  a  complication  of  whooping-cough. 

The  differential  diagnosis  from  lobar  pneumonia  is 
based  on  the  following  points:  Most  of  the  cases  of 
bronchopneumonia  are  secondary,  and  when  the  disease 
is  primary  in  its  nature  it  occurs  usually  in  infants  under 
two  years  of  age.  The  signs  develop  more  gradually  in 
this  disease  than  in  lobar  pneumonia.  Furthermore,  the 
remissions  of  temperature  are  more  marked  than  they  are 
in  the  latter  disease,  and  the  return  to  normal  takes  place 
by  lysis  rather  than  by  crisis.  Finally,  the  course  of  the 
disease,  unlike  that  of  lobar  pneumonia,  is  very  irregular. 
In  order  to  distinguish  the  disease  from  fluid  in  the  chest, 
when  there  are  signs  pointing  to  the  latter  condition,  it 
often  becomes  necessary  to  resort  to  an  exploratory 
puncture  in  order  to  determine  the  truth.  In  making 
such  a  puncture  it  must  be  remembered  that  the  fluid  is 
often  thick,  so  that  a  negative  result  from  the  use  of  a 
small  needle  means  nothing.  A  large  needle  should  al- 
ways be  introduced  in  an  aseptic  manner. 

Prognosis.— The  prognosis    in  the  lobular  form  of 
pneumonia  in  infancy  is  always  very  serious.     It  is  mod- 
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ified  by  several  factors.  In  the  first  place,  the  younger 
the  child  the  more  serious  the  outlook.  Pneumonia  m 
an  infant  under  one  year  justifies  a  very  serious  progno- 
sis The  condition  of  the  child's  health  before  the  attack 
is  another  important  factor.  The  better  the  health  of 
the  baby  when  taken  ill  with  the  bronchopneumonia  the 
better  the  prognosis.  The  environment  of  the  child  also 
modifies  the  prognosis.  Usually  cases  do  much  better 
under  good  surroundings,  with  isolation,  quiet,  and 
plenty  of  air— i.e.,  under  such  conditions  as  may  be  found 
among  the  wealthy  classes— than  they  do  in  the  tenements 
and  hospitals. 

Primary  bronchopneumonia  usually  allows  a  much 
better  prognosis  than  does  that  which  develops  In  the 
course  of  some  severe  disease;  for  tlie  outlook  in  second- 
ary pneumonia  varies  with  the  disease  which  it  compli- 
cates. Thus,  in  many  of  the  cases  of  pneumonia  com- 
plicating diphtheria  the  patients  die,  and  the  mortality 
of  the  disease,  when  it  develops  in  the  course  of  whoop- 
ing-cough, is  always  very  high  (fifty  to  one  liundred  per 
cent.).  The  bronchopneumonia  of  measles  is  usually  of 
a  severe  form,  but,  notwithstanding  this  fact,  the  mor- 
tality is  somewhat  lower  than  it  is  in  the  secondary  pneu- 
monias of  diphtheria  and  whooping-cough  (thirty-three 
to  one  hundred  per  cent.).  In  the  influenza  cases  the 
mortality  is  more  favorable. 

Treatment. — A  study  of  this  disease  empliasizes  the 
importance  of  watching  very  carefully  all  children  who 
are  affected  with  colds,  influenza,  bronchitis,  and  the 
other  primary  diseases  which  bronchopneumonia  is  apt 
to  complicate.  Of  still  more  importance  is  the  careful 
watching  of  the  digestion  of  babies  and  the  prompt  mod- 
ification of  the  diet  when  necessary. 

The  direct  treatment  is  entirely  symptomatic,  and  the 
general  hygiene,  nursing,  and  feeding  are  usually  of  far 
more  importance  than  the  medicinal  treatment.  A  baby 
with  bronchopneumonia  should  be  placed  in  a  large  quiet 
room  with  plenty  of  light  and  a  southern  exposure.  The 
room  should  be  ventilated  from  out  of  doors  and  not  from 
other  rooms  in  the  house.  Some  moisture  in  the  room 
will  make  the  patient  more  comfortable,  and  this  may  be 
obtained  by  boiling  water  in  a  kettle.  But  one  person 
should  be  allowed  in  the  room  at  a  time,  and  the  same 
care  should  be  observed  to  avoid  disturbing  the  patient 
that  is  exercised  in  the  case  of  a  nervous  adult. 

The  diet  should  consist  of  milk  or  modified  milk,  or 
milk  with  barley  water,  or  oatmeal  gruel.  If  the  milk  is 
not  well  digested,  it  may  be  given  only  after  it  has  first 
been  peptonized.  If  but  little  is  taken  at  a  time,  the 
feeding  may  be  done  at  intervals  of  one  or  two  hours. 
With  the  onset  three  modes  of  treatment  should  be  ac- 
tively tried  in  an  effort  to  abort  the  disease.  These  are : 
purgation,  counter-irritation,  and  stimulation.  For  the 
attainment  of  the  first  of  these  objects,  calomel  is  alto- 
gether the  most  satisfactory  drug.  For  a  baby  under 
one  year  of  age  one-tenth  of  a  grain  may  be  given  every 
half -hour  until  from  four  to  ten  doses  shall  have  been 
given.  If  this  medication  fails  to  move  the  bowels,  cas- 
tor oil,  in  doses  of  one  or  two  drachms,  should  be  admin- 
istered. Counter-irritation  over  the  affected  area,  or,  if 
this  cannot  be  determined,  over  the  whole  chest  in  front 
and  behind,  may  be  made  with  mustard  paste.  Tlie 
operation  should  be  repeated  at  intervals  until  a  marked 
redness  of  the  skin  is  produced.  Stimulation  with 
strychnine  in  fairly  large  doses  (from  gr.  j-J^  to  gr.  ^»^) 
every  four  to  eight  hours,  according  to  the  age  of  the 
child,  may  be  resorted  to  temporarily.  This  treatment, 
which  may  be  kept  up  until  the  physiological  effects 
of  the  drug  are  obtained,  will  aid  the  organism  in  its 
effort  to  overcome  the  disease.  Afterward  the  remedy 
may  be  administered  with  advantage  in  smaller  doses 
throughout  the  entire  course  of  the  disease.  The  coun- 
ter-irritation may  also  be  repeated  with  benefit  from 
time  to  time.  Stimulation  should  be  used  when  needed 
Nitroglycerin  is  of  especial  value  when  the  extremities 
become  cold,  and  it  should  be  given  in  a  dose  of  gr  rit-r 
'^Z'^'^XJ?^''  ^°"™-  ^*  t'^e  same  time  hot-water  bags 
should  be  applied  to  the  feet.     The  administration  of 
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alcohol  internally  may  usually  be  reserved  for  severe 
cases,  since  it  is  a  drug  that  is  often  badly  borne  by 
babies.  It  may  be  given  in  the  form  of  whiskey  diluted 
with  from  eight  to  ten  parts  of  water  and  sweetened ; 
champagne  and  sweet  wine  may  also  be  administered. 
Oxygen  is  a  most  valuable  aid  in  the  treatment  of  this 
disease,  and  it  may  be  given  at  frequent  intervals  or  con- 
stantly, and  should  be  delivered  from  the  pipe  held  close 
to  the  child's  mouth. 

The  gastro-enteric  tract  must  be  carefully  watched,  as 
marked  tympanites,  which  Interferes  with  respiration  by 
restricting  the  descent  of  the  diaphragm,  is  a  frequent 
and  very  serious  complication  in  many  cases.  A  mixture 
of  rhubarb  and  soda,  or  of  rhubarb  and  soda  with  bis- 
muth, or  an  occasional  dose  of  castor  oil,  will  often  relieve 
this  symptom,  but  at  times  the  introduction  of  a  stomach 
tube  or  rectal  tube  is  needed  for  evacuating  the  gas. 
Counter-irritation  and  hot  fomentations  applied  to  the 
abdomen  are  also  useful.  The  emploj'ment  of  pneu- 
monia jackets  and  of  poultices,  as  a  routine  treatment  of 
the  bronchopneumonia  of  children,  has  been  given  up. 
Both  of  these  tend  to  increase  the  temperature  of  a  child 
already  suffering  from  fever,  and  they  limit  the  expan- 
sion of  the  chest.  A  woollen  shirt  provides  a  sutficient 
protection  to  the  chest. 

Antipyretic  treatment  is  needed  in  the  severe  cases, 
and  should  be  resorted  to  if  the  child  is  bearing  the  fever 
badly,  even  if  the  latter  is  not  very  high.  Stupor,  de- 
lirium, or  great  restlessness  calls  for  antipyretic  treat- 
ment. A  temperature  of  over  103°  F.  is  usually  an  indi- 
cation for  antipyretic  treatment.  There  is  no  disease  in 
which  the  thermometer  is  of  so  little  service  as  a  guide 
as  it  is  in  infantile  bronchopneumonia.  It  is  the  child's 
general  condition  that  furnishes  the  best  indications  for 
treatment. 

Bathing  furnishes  the  best  means  at  our  disposal  for 
reducing  temperature.  Sponging  with  equal  parts  of 
warm  water  and  alcohol  may  be  used  for  slight  fever  and 
restlessness,  but  the  most  eflicient  and  simplest  method 
is  to  place  the  infant  in  a  bath.  The  bath  may  have  a 
temperature  of  from  80°  to  90°  F. ,  and  the  baby  may  be 
kept  in  it  for  five  or  ten  minutes.  It  is  usually  well  to 
stimulate  the  baby  before  putting  it  in  the  bath.  The 
bath  may  be  repeated  as  often  as  indicated  by  the  tem- 
perature. 

The  coal-tar  derivatives  should  never  be  used  as  anti- 
pyretics for  in  fants.  Expectorants  are  very  rarely  needed 
in  the  treatment  of  this  disease.  Ipecac  is  probably  the 
most  efficient,  but,  if  used,  it  should  be  given  in  small 
doses.  Of  sedatives,  a  warm  bath  is  usually  the  only 
one  needed.  If  the  cough  is  constant  and  interferes  with 
rest,  and  if  it  is  not  relieved  by  a  bath,  five-drop  doses 
of  paregoric  may  be  given  every  three  or  four  hours. 

In  protracted  cases  and  during  convalescence,  the  inter- 
nal administration  of  creosote,  or  guaiacol  and  cod-liver 
oil,  or  of  some  iron  preparation  may  be  of  advantage, 
while  counter-irritation  may  be  made  by  painting  the 
chest  with  Churchill's  tincture  of  iodine,  or  by  the  use 
of  the  Paquelin  cautery.       William  P.  Nm-thrup. 

Roicland  Godfrey  Freeman. 
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PNEUMOPERICARDIUM.  See  Pericardium,  Diseases 
of. 

PODOPHYLLUM.— U.  S.  P.,  Mandrake,  May-apple. 
Tlie  dried  rhizome  of  Podophyllum peltatum  L.  (fam.  Ber- 
beridacra'). 

This  striking  and  beautiful  plant  is  found  in  the  great- 
est abundance  in  rich  soil  throughout  the  eastern  and 
central  portions  of  North  America,  except  the  far  north. 
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The  drug  is  mostly  collected  hi  the  Ohio  valley  and  the 
mountains  southward.  The  ^•ery  long  and  much 
branched  rhizomes  form  a  network  "a  few  inches  beneath 
the  surface  of  the  soil,  and  produce  large  beds  of  the 
very  peculiar  foli- 
age of  the  plant, 
■which  is  herbace- 
ous, about  a  foot 
high,  and  of  the 
appearance  shown 
in  the  accompany- 
ing  illustration. 
The  leaves  are 
thin  and  some- 
what shining, 
about  a  foot 
broad,  the  flower 
beautifully  white 

and  waxy,  and  about  two  inches  broad.  The 
sterile  stems  terminate  in  a  circular,  centrally 
attached  leaf,  which  is  similarly  lobed,  and 
presents  the  appearance  of  an  umbrella, 
"whence  the  plant  is  often  called  umbrella 
plant,  whereas  the  form  of  those  of  the  flower- 
ing stems  have  given  it  the  name  of  duck's 
foot.  The  fruit  is  a  j^ellow,  sweet,  and  edible 
berry,  about  as  large  as  a  pigeon's  egg,  and  is 
known  as  May,  hog.  Devil's,  or  Indian  apple, 
also  as  wild  or  ground  lemon. 

The  younger  portions  of  the  rhizome,  after 
being  dried,  are  dark-colored,  thin,  and  shriv- 
elled, and  are  deficient  in  medicinal  property. 
The  drug  is  thus  described : 

Of  horizontal  growth  and  indefinite  length,  occurring 
in  irregular  pieces ;  cylindraceous,  flattened  from  above, 
consisting  of  joints  about  5-10  cm.  (2-4  in.)  long,  the  in- 
ternodes  3-8  mm.  (-^i  in.)  thick,  the  nodes  about  twice 
as  broad;  yellowish-brown  to  dark  brown,  the  darker 
pieces  usually  longitudinally  wrinkled,  the  lighter  ones 
nearly  smooth,  the  nodes  marked  above  by  broad  cup- 
shaped  scars  and  underneath  by  whitish,  short  stumps 
of  the  brittle  roots;  fracture  short  and  sharp,  whitish  to 
pale  brown,  resinous  in  the  best  drug,  marked  by  a  loose 
circle  of  very  short  yellow  wood  wedges  surrounding  a 
large  pith ;  nearly  inodorous ;  taste  sweetish  and  bitter, 
becoming  acrid. 

The  active  portion  of  the  drug  resides  in  its  three  to 
five  per  cent,  of  resinous  matter,  which  is  associated  with 
much  starch,  a  very  little  gallic  acid,  and  small  amoimts 
of  fixed  oil,  gum,  etc.  The  resin  is  a  somewhat  complex 
mixture,  but  is  an  official  substance  and  is  very  largely 
employed  under  the  name  Podophyllin.  It  is  highly  sub- 
ject to  adulteration,  more  than  fifty  per  cent,  of  adulter- 
ant having  been  reported  in  it ;  hence,  the  official  descrip- 
tion should  receive  close  attention.  It  is  prepared  by 
exhausting  the  powdered  drug  with  alcohol,  concentrat- 
ing the  filtrate  by  evaporation,  and  pouring  it  into  water 
acidulated  with  a  little  hydrochloric  acid,  when  the  resin 
is  precipitated.  It  is  afterward  dried  and  powdered. 
The  resin  is  de- 
scribed as  follows 
in  the  pharmaco- 
poeia: 

"An  amorphous 
powder,  varying 
in  color  from 
grayish  -  white  to 
pale  greenish-yel- 
low or  yellowish- 
green,  t  u  r  n  i  a  g 
darker  when  ex- 
posed to  a  heat  over  35°  C.  (95°  F.);  having  a  slight, 
peculiar  odor,  and  a  peculiar,  faintly  bitter  taste.  Per- 
manent in  the  air. " 

Its  alcoholic  solution  has  a  faintly  acid  reaction. 

Soluble  in  alcohol  in  all  proportions;  ether  dissolves 
fifteen  to  twenty  per  cent,  of  it ;  boiling  water  dissolves 
about  eighty  per  cent.,  and  deposits  most  of  it  again  on 
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FIG.  3837.— Podopliyl- 
lum;  Flowering 
Plant.     (Bullion.) 


Fig.  3838.— Khizome  and  Bases  of  Boots  of  Podophyllum, 


cooling,  the  remaining,  clear  aqueous  solution  having  a 
bitter  taste,  and  turning  brown  on  the  addition  of  feme 
chloride  T.S. 
Resin  of   podophyllum  is  also  soluble  in  potassium 

or  sodium  hydrate 
T.S.,  forming  a 
deep  yellow  liq- 
uid, which  gradu- 
ally  becomes 
darker,  and  from 
which  the  resin  is 
reprecipitated  by 
acids. 

It  should  yield 
not    more    than 
0.5   per   cent,   of 
ash. 
Resin  of  podo- 
phyllum has  the  following  composition: 

The  most  of  it  is  resinous  PodophylUc  Acid, 
which  is  brown,  and  soluble  in  alcohol  and 
chloroform,  not  in  water,  ether,  or  petroleum 
ether,  and  is  inert.  Of  Podophyllotoxin  (Cjs- 
HjiOs  +  2H2O)  there  is  apparently  a  very  small 
amount  (about  one-fourth  of  one  per  cent,  of 
the  weight  of  the  rhizome),  the  larger  amounts 
reported  by  various  observers  being  probably 
impure.  It  is  best  obtained  by  extracting  the 
drug  with  pure  chloroform,  and  this  extract 
with  pure  ether,  then  precipitating  with  pe- 
troleum benzin.  Pure  podophyllotoxin  usu- 
ally occurs  as  a  white,  amorphous,  bitter, 
slightly  acid  powder,  or  in  crystals  soluble  in 
ether,  chloroform,  hot  water,  and  diluted  alcohol.  This 
pure  substance  is  very  difficult  to  obtain,  being  usually 
contaminated  with  the  isomeric  Picropodophyllin,  which 
is  readily  formed  from  podophyllotoxin  by  the  action  of 
alkalies,  and  is  much  less  active  than  the  latter.  Pi- 
cropodophyllin occurs  in  bitter  crystals,  soluble  in  alco-. 
hoi,  not  in  water.  Podophyllotoxin  is  also  very  apt  to 
be  contaminated  with  podophyllic  acid,  with  the  yellow 
coloring  matter  podophylloquercetin,  and  with  fat. 

Action  and  Use. — Podophyllum  or  its  resin  is  locally 
irritant,  the  dust  occasioned  by  powdering  the  drug 
causing  redness  and  smarting  of  the  skin  and  inflamma- 
tion of  the  conjunctivse.  It  has  also  been  known  to 
produce,  upon  the  perspiring  skin,  ulcers  which  have 
been  mistaken  for  chancroids.  It  is  an  irritant  cathartic, 
whether  introduced  into  the  bowels  or  stomach,  given 
subcutaneously,  or  absorbed  from  a  raw  surface.  It  is  a 
very  slow-acting  medicine,  requiring  from  twelve  to  fif- 
teen hours  before  its  effects  begin,  but  it  is  also  rather 
persistent  and  thorough,  and  in  full  doses  is  followed  by 
numerous  watery  stools.  Griping  pains  are  frequent  ac- 
companiments, and  vomiting  and  persistent  diarrhcea 
may  follow  if  the  dose  is  very  large.  After  poisonous 
amounts  the  above  symptoms  are  exaggerated,  and  in- 
flammation and  ulceration  of  the  intestines,  bloody  stools, 
great  prostration,  stupor,  and  death  may  follow.     The 

action  upon  man  _ 
and  the  lower  ani- " 
mals  is  essentially 
the  same.  It  is 
supposed  to  stim- 
ulate the  liver, 
and  is  very  exten- 
sively given  with 
a  view  to  this  ef- 
fect, in  the  diges- 
tive disturbances 
called  popularly 
"biliousness,"  but  probably,  as  we  now  know  of  nearly 
all  so-called  cholagogues,  it  does  not  increase  the  pro- 
duction of  bile,  but  merely  favors  its  dejection. 

Moderate  doses  of  podophyllotoxin  given  to  man  pro- 
duce the  same  effects  as  podophyllum  itself,  with  perhaps 
less  pain  and  less  tendency  to  vomiting.  Picropodophyl- 
lin acts  like  the  above,  but  less  violently,  in  consequence, 
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as  is  supposed,  of  its  complete  insolubility  in  water. 
Podopliyllum  and  its  preparations  are,  then,  useful 
cathartics  where  action  upon  the  whole  intestine,  or  at 
least  the  small  one,  is  desired,  and  when  the  expulsion  of 
hile  is  desirable.  They  are  frequent  ingredients  of  "  anti- 
bilious  "  pills,  both  of  regular  and  irregular  practice,  and 
are  frequently  given,  too,  in  small  doses  in  "  after-din- 
ner "  and  other  mildly  laxative  pills. 

Administkation.— The  powdered  crude  drug  may  be 
given;  dose  from  0.5  to  1.5  gm.  (gr.  x.  ad  xx.).  But,  in 
view  of  the  great  compactness  of  the  precipitated  "  resin  " 
(Bmna  PodophylU,  U.  S.  P.,  etc.),  this  is  to  be  preferred. 
The  following  preparations  are  in  the  Pharmacopoeia: 
Extract  {Extraetum  Podophylli),  strength  about,  ^ ;  fluid 
extract  {Metracium  Podophylli  Fluidwm),  strength  \,  and 
the  before-mentioned  resin,  strength  about  ^f,  dose  from 
1  to  3  cgm.  (gr.  |  ad  i).  Of  these  preparations  only  the 
latter  need  be  remembered  or  used.  Podophyllotoxin  can 
be  had  in  the  larger  cities,  and  should  be  more  uniform 
than  either  of  the  above,  though  very  commonly  it  is  not. 

The  dose  of  the  ordinary  commercial  article  is  about 
one-third  that  of  the  resin,  but  of  the  pure  substance  this 
would  be  about  five  times  too  much. 

"  Mandrake  "  of  the  ancients  was  Mandragora  offidna- 
rum  L. ,  a  solanaceous  plant,  containing  mydriatic  alka- 
loids of  the  atropine  type.  It  is  now  obsolete  as  a  medi- 
cine. Henry  E.  Busby. 

POISONING,  LEGAL  ASPECTS  OF.— This  paper 
does-  not  discuss  the  general  principles  of  toxicology. 
The  reader's  knowledge  of  these  is  taken  for  granted. 
The  nature  of  poisons,  the  distinguishing  characteristics 
of  the  various  kinds,  the  different  modes  in  which  they 
may  be  administered  and  will  operate,  the  appropriate 
methods  of  detection — these  and  other  branches  of  the 
subject  are  elsewhere  treated.  The  present  purpose  is  to 
state  very  briefly  those  peculiar  duties  of  the  practitioner 
which  are  connected  with  the  use  or  misuse  of  poisons. 

Lbgal  Definition.' — For  the  purpose  of  what  may  be 
called  legal  toxicology,  there  is  little  need  of  establishing 
a  precise  definition  of  the  term  "poison."  Medical  au- 
thorities on  the  subject  agree  that  the  word  is  one  very 
difiicult  (some  say  impossible)  of  precise  definition.  The 
law,  in  general,  either  leaves  the  question  "  What  is  a 
poison? "  to  be  determined  by  judges  or  juries,  under  the 
counsel  of  medical  men  and  experts,  in  view  of  the  par- 
ticular case  which  brings  it  forward  for  decision ;  or  re- 
lieves the  doubts  and  obscurity  which  hang  over  the  word 
by  associating  others  with  it  which  may  enlarge  its  scope. 
Thus  an  English  statute  passed  early  in  Queen  Victoria's 
reign  (1  Vic.  c.  85,  §  3),  says  that  whoever  shall  adminis- 
ter, etc.,  to  any  person  "any  poison  or  other  destructive 
thing  "  with  intent  to  commit  murder,  shall  be  guilty  of 
felony.  A  trial  under  such  a  statute  as  this  would  not 
call  for  any  lengthy  discussion  of  the  meaning  of  "  poi- 
son " ;  testimony  of  experts,  that  the  thing  administered 
was  adapted,  when  administered  in  the  way  proved,  to  de- 
stroy life,  would  be  sufficient  on  that  point  to  sustain  a 
conviction.  On  the  other  hand,  if  the  experts  doubted 
or  disagreed,  the  judge  would  instruct  the  jury  to  give 
the  accused  the  benefit  of  the  doubt.  Early  American 
statutes  use  the  simple  word  "poison,"  leaving  the  courts 
and  juries  to  fix  the  meaning  on  the  principles  above 
stated.  Thus  in  New  York  there  are  laws  of  long  stand- 
ing, punishing  every  person  convicted  of  having  "ad- 
ministered any  poison  to  any  human  being ;"  and  every 
person  who  shall  "  wilfully  poison  any  spring  " ;  and 
every  person  who  shall  "  wilfully  administer  any  poison 
to  cattle,"  etc.,  or  shall  "wilfully  expose  any  poisonous 
substance  to  be  taken  by  cattle  " ;  etc.  The  actual  ad- 
ministration of  even  such  laws  as  these  does  not  turn  on 
chemical  or  medical  discussions  of  the  precise  meaning 
of  "poison,"  nor  vary  materially  with  changes  in  the 
exact  idea  attached  to  it  by  men  of  science.  Statutes 
passed  in  recent  years  specify  what  are  deemed  poisons ; 
thus  the  Act  of  Congress  regulating  sales  of  poisons  in 
the  District  of  Columbia  names  in  two  schedules  the 
particular  drugs  intended;  and  of  course,  to  sustain  a 
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conviction  under  such  laws,  there  must  be  proof  that  one 
of  the  designated  drugs  was  sold..  Or,  to  put  the  idea  in 
other  words,  the  vital  question  in  a  trial  at  common  law, 
as  it  is  called,  is  not  poisoning,  but  murder;  did  the  ac- 
cused kill  the  deceased  by  the  drugs,  etc.,  described  in 
the  indictment?  In  a  prosecution  under  a  statute  pun- 
ishing a  particular  form  of  poisoning  the  question  is. 
Did  the  accused  do  the  act  prohibited  by  the  language  of 
the  statute,  in  the  manner  alleged  in  the  indictment? 
Experts  called  in  cases  involving  poisoning  are  some- 
times pressed  to  state  by  way  of  general  definition, 
"  What  is  a  poison? "  Such  questions  are  unreasonable, 
except  perhaps  when  put  to  test  the  witness'  general 
knowledge  and  qualifications  as  an  expert.  The  legiti- 
mate inquiry  involved  in  the  issue  is  this:  Is  the  particu- 
lar article  or  drug  administered  one  within  the  class 
prohibited  by  the  statute  or  rule  of  law  on  which  the 
accusation  is  founded,  as  that  is  commonly  understood? 
A  physician  may  not  be  able  to  give  an  exact  definition, 
or  to  enumerate  all  known  poisons,  yet  be  perfectly 
qualified  to  give  an  opinion  on  a  question  of  poisoning 
by  arsenic,  by  strychnine,  by  laudanum,  etc.,  and  such 
are  the  questions  involved  in  all  ordinary  cases.  Again, 
there  is  no  important  legal  difference  between  the  mean- 
ing of  "poison"  and  that  of  "deadly  poison."  Drugs 
which  prove  speedily  fatal  when  taken  in  small  doses 
are  characterized  as  deadly,  but  this  is  a  mere  matter  of 
convenient  classification.  "There  is,  however,  a  class  of 
cases  in  which  a  general  definition  of  "poison"  may  be 
important ;  they  are  such  as  arise  under  a  statute  which 
uses  only  "  poison  "  to  define  the  crime,  without  adding 
"destructive  thing  "  or  any  similar  term  of  enlargement; 
but  the  thing  administered  is  not  a  poison  in  any  correct 
sense,  such  as  pins  or  needles,  bits  of  sponge  or  wood, 
tufts  of  hair,  orange  seeds  or  peel,  cherry  stones,  raw 
rice,  pounded  glass,  boiling  water,  all  of  which  have 
been  effectively  used  with  suicidal  or  murderous  intent. 
In  these  cases,  the  objection  that  the  accused  had  not  ad- 
ministered a  "poison"  would  prevail;  at  least  the  ques- 
tion of  the  extension  of  that  term  would  be  legitimately 
involved.  And  generally,  in  inquiries  as  to  criminal 
poisoning,  the  intent  with  which  the  noxious  substance 
was  administered  is  quite  as  important  an  element  as  is 
the  nature  of  the  substance. 

Advertisement  and  Sai,e  of  Poisons. — The  dis- 
semination of  advertisements  of  so-called  lemedies  for 
procurement  of  abortion,  framed  in  obscure,  deceptive 
phraseology,  has  grown  during  the  present  generation  to 
be  a  serious  evil,  and  deserves  to  be  mentioned  as  con- 
nected with  the  general  subject  of  poisons.  The  regu- 
lation of  the  issuing  of  advertisements  and  circulars 
announcing  such  things  rests  wholly  with  the  State  legis- 
latures and  police.  Congress  has  no  power  over  that 
branch  of  the  subject.  Several  of  the  States  have  en- 
acted laws  which,  however,  are  not,  as  a  general  thing, 
very  stringent  or  very  efficiently  enforced.  The  repres- 
sion of  the  circulation  of  either  the  advertisements  and 
the  circulars,  or  the  remedies  themselves,  devolves  on 
Congress.  The  postal  law,  as  in  force  at  the  beginning 
of  September,  1887,  and  which  operates,  of  course,  over 
the  whole  country,  excludes  from  the  mails  all  poisons 
and  every  article  or  thing  intended  for  the  prevention  of 
conception  or  procuring  of  abortion,  or  for  any  indecent 
or  immoral  use,  and  every  written  or  printed  card,  circu- 
lar, etc. ,  advertisement  or  notice  of  any  kind,  giving  in- 
formation when  or  how  such  things  can  be  obtained  or 
made ;  and  punishes  by  fine  and  imprisonment  any  per- 
son who  shall  deposit  such  things  in  the  mails,  or  take 
tliem  from  the  mails  for  the  purpose  of  giving  them  cir- 
culation (Rev.  Stat.,  §  3878,  §  3893,  as  amended  July 
13th,  1876,  19  Stat.,  90).  The  duty  laws  forbid  and  pun- 
ish the  importation  from  abroad  (a  matter  wholly  within 
the  power  of  Congress)  of  all  kinds  of  abortives,  and  ad- 
vertisements of  them  (Rev.  Stat.  §  3491,  as  amended 
March  3d,  1888,  32  Stat.,  489). 

The  selling  of  poisons,  as  distinguished  from  the  mere 
advertisement  of  them  as  being  for  sale,  does  not  belong 
to  Congress  (except  as  respects  the  Territories  and  the 
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District  of  Columbia),  but  to  the  States.     Tlie  laws  are 
quite  numerous  and  are  varied  in  their  provisions,  but 
the  general  character  of  them  is  that  they  do  not  forbid, 
nor  indeed  restrain,   the  sale  of  poisons  (in  ordinary 
course  of  business  of  dealers),  but  prescribe  a  manner  in 
which  the  vial  or  package  containing  a  poisonous  sub- 
stance shall  be  labelled,  and  record  made  of  the  date  of 
sale,  name,  residence,  etc.,  of  the  purchaser.     Indepen- 
dently of  restrictions  or  penalties  imposed  by  special  stat- 
utes, the  courts  throughout  the  country  hold  dealers  in 
drugs  to  a  strict  responsibility  for  sales  of  poisons  made 
by  mistake.     A  druggist  who  negligently  sells  a  poison 
labelled  as  a  harmless  drug,  and  thereby  causes  the  pur- 
chaser's death,  is  chargeable  with  manslaughter.     That 
the  error  was  merely  carelessness  is  no  j  ustiflcation ;  deal- 
ers in  deadly  drugs  are  held  to  a  strict  accountability  for 
their  sales.     They  must  take  the  highest  degree  of  care 
known  among  practical  men,  and  are  held  to  responsibil- 
ity in  dealing  with  poisons  corresponding  to  the  degree 
of  knowledge  required  in  the  business.     They  are  under 
a  general  implied  obligation  that  what  they  sell  is  gen- 
uine, commercially  pure,  and  fit  for  the  use  designed. 
A  Kentucky  druggist  kept  a  mill  for  grinding  drugs, 
and  one  day  had  need  to  grind  some  Spanish  flies  in  it 
for  a  blister,  and  did  so,  not  cleansing  the  mill  properly 
afterward.     Next  day  a  customer  brought  a  prescription 
calling  for  Peruvian  bark,  and  the  careless  apothecary 
passed  the  bark  through  the  same  mill.     It  thus  became 
mixed  with  a  modicum  of  the  dust  of  Spanish  tlies,  and 
the  unfortunate  patient  was  made  very  sick.     He  recov- 
ered damages  for  the  suffering  and  peril  to  which  he  had 
been  exposed.     The  court  said  an  apothecary  is  bound  to 
know  what  he  sells ;  and  if  Peruvian  bark  alone  is  called 
for,  he  must  not  sell  bark  mixed  with  cantharides  (13  B. 
Mon.,  319).     More  recently,  another  Kentucky  druggist 
sold  croton  oil  instead  of  linseed  oil  for  a  patient,  who 
died  in  consequence  of  the  mistake,  whereupon  his  widow 
was  adjudged  to  have  a  right  to  full  damages  (11  Bush, 
380).    And  there  is  a  memorable  case  in  New  York  State  in 
which  some  manufacturing  druggists  put  up  belladonna 
in  jars  labelled,  through  mistake,  "extract  of  dande- 
lion."   These  jars  were  sold  to  retailers  at  random,  and 
one  of  them,  a  druggist  in  Cazenovia,  filled  a  prescrip- 
tion calling  for  extract  of  dandelion  from  this  belladonna 
jar.    The  patient,  a  married  lady,  was  nearly  killed.     As 
the  Cazenovia  apothecary  acted  innocently  he  was  not 
prosecuted;  but  the  husband  sued  the  manufacturers, 
and  recovered  (6  N.  Y.,  397). 

Poisoning  in  Repekbncb  to  the  Distinction  op 
Degisebs  in  Mukder.— In  the  legislation  of  many  of 
the  leading  States  during  recent  years  murder  has  been 
divided  into  two  degrees,  the  general  purpose  being  to 
class  the  more  aggravated,  deliberate  forms  of  homicide, 
in  the  first  degree,  and  make  them  punishable  with  death; 
while  those  exhibiting  an  instantaneous  intent  only  shall 
incur  imprisonment  for  life.  Murder  by  poisoning  is 
eminently  deliberate;  in  the  statutes  of  several  of  the 
States— of  Pennsylvania  and  New  Hampshire,  for  in- 
stance—killing by  poisoning  is  expressly  declared  m\iv- 
der  in  the  first  degree ;  under  other  statutes  it  falls  into 
that  class  by  force  of  general  terms  employed  to  define 
the  class,  such  as  "  wilful,  deliberate,  and  premeditated 
killing."  Under  such  statutes  there  have  been  one  or 
two  convictions  for  the  second  degree,  where  poison  was 
unquestionably  the  means  used  for  the  homicide;  but 
such  convictions  do  not  imply  that  poisoning  is  not  in 
the  view  of  the  law  deliberate;  they  rather  show  a  com- 
promise among  the  jurors;  those  who  hesitated  to  join 
in  a  conviction  which  would  be  capital  induced  the 
others  to  unite  in  a  verdict  of  the  second  degree  rather 
than  have  a  disagreement.  The  intent  to  kill  is,  how- 
ever, essential  under  all  accusations  of  murder  by  poison- 
ing. In  an  Indiana  case  the  accused  administered  a  dose 
of  cantharides  to  a  woman,  not  meaning  to  kill  her,  but 
to  excite  her  passions,  so  as  to  induce  her  to  consent  to 
sexual  intercourse;  but  the  dose  was  excessive,  and 
caused  her  death.  The  decision  was  that,  for  lack  of  in- 
tent to  kill,  the  crime  was  not  murder. 


The  Impobtance  and  Dippiculty  op  the  Physi- 
cian's Duties  in  cases  involving  poisoning  can  scarcely 
be  overstated.  His  task  involves  intimate  knowledge  of 
chemistry,  and  often  of  law,  as  well  as  of  practical  medi- 
cine. The  recovery  of  the  patient  if  alive,  the  honor  of 
the  dead  in  cases  of  suicide,  the  reputation  of  the  living 
in  cases  of  suspected  murder,  may  depend  on  the  acute- 
ness  and  energy,  or  on  the  prudence  and  reserve,  of  his 
measures.  Pie  must  work,  not  only  with  friends  and 
nurses,  but  often  with  persons  shuddering  or  smarting 
under  suspicion,  and  with  jealous  detectives,  and  with 
suspicious  police.  If  he  is  called  while  the  sufferer  is 
yet  living,  his  duties  are  complicated  by  the  primary 
effort  to  effect  a  cure.  If  death  has  taken  place,  he  may 
probably  be  the  first  person  to  detect  any  fleeting  indica- 
tions that  crime  has  been  committed,  and  is  above  all 
others  best  fitted  to  register  and  preserve  the  evanescent 
evidences.  Moreover,  with  the  progress  of  chemical 
science,  the  list  of  means  at  the  command  of  the  well- 
instructed  poisoner  is  constantly  extending,  while  the 
rapidity  with  which  the  methods  of  detection  at  the  com- 
mand of  the  practitioner  are  increased  in  number  and 
complexity  renders  his  task  steadily  more  difficult  and 
responsible.  Moreover,  the  number  and  variety  of 
symptoms  which  poisons  produce,  many  of  which  close- 
ly resemble  those  characteristic  of  natural  disease  and 
are  easily  mistaken  for  them,  complicate  and  embar- 
rass the  examination.  There  are  several  diseases  whose 
course  and  termination  resemble  the  action  of  certain 
poisons.  In  short,  of  all  crimes  that  of  poisoning  re- 
quires the  most  learning,  acuteness,  skill,  and  prompt- 
itude for  its  detection.  The  importance  of  the  physi- 
cian's part  in  the  work  is  equalled  only  by  its  difficulty. 
In  the  capacity  of  medical  jurist  he  needs  a  thorough 
knowledge  of  the  physiological,  therapeutical,  and  toxi- 
cal actions  of  poisons  and  of  the  lesions  which  they 
may  cause.  As  legal  chemist  he  needs  that  wide 
knowledge  of  the  kinds  of  poisons  and  of  their  distin- 
guishing characteristics,  and  that  practical  experience 
and  skill  in  chemical  analysis  and  manipulation,  which 
will  enable  him  not  only  to  detect  a  poison  with  cer- 
tainty if  it  exists,  but  also  to  avoid  all  risk  of  obtain- 
ing evidence  of  it,  or  of  confounding  things  similar  but 
innocent. 

Classification  op  Poisons  poe,  Legal  Uses.— Dr 
Pugnet  suggests  ("Med. -Leg.  Papers,"  2d  ser.,  rev.  ed.) 
that  the  division  of  poisons  into  the  organic  and  the  inor- 
ganic, though  acceptable  to  the  chemist,  is  insufficient 
for  the  needs  of  the  medical  jurist.  He  suggests  the  fol- 
lowing : 


I.  OORKOSIVES. 


f  (  Sulphuric  acid. 

Strong  Mineral  Acids  <  Nitric  acid. 
J  (  Muriatic  acid. 

I  Vegetable  Acirl -i  Oxalic  acid. 

I     ,,    ,.  J  Strong  alkalies. 

A.lKalieS (    A  UrnHTio  /inrhnri! 


II.  Simple  Ireitants  . 


I  Alkaline  carbonates,  etc. 
(■  The  above  diluted. 
J  Lime. 
1  Zinc. 
L  Silver,  etc. 
f  Arsenic. 
I  Mercury. 

III.  Specipio  irritants i  Antimony. 

Phosphorus. 
[  Iodine. 

I  Narcotics Opium  and  its  active  principles. 

(■  Hyoscyamus. 
J  Belladonna. 
Stramonium. 
Calabar  bean. 
Digitalis. 
Aconite. 
Prussic  acid. 
Tobacco. 
Hemlock. 

Va^o-motor -I  Hellebores. 

'  Chloroform. 
Chloral. 
Bichloride  ol 

methylene. 
Ether. 

Nitrous  oxide. 
1,  Amylene. 
Gonvulsives.-'Hnx  Vomica,  Brucine,  Strychnine. 

vi.^ABORT^v'S''^: ::::::  .■::;■::::::::.■.'.'.■.■.'■.'::.■:: :  .ErToriavtalfetc. 
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IV.  NEUROTICS.  - 


Sedatives. 


Cereiro-spinal . 


Spinal. 


Ana3Stheti<;s . 


Poisoning* 
Poisonous  Plants. 
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The  corrosives  destroy  the  tissues  with  ^^llich  they 
come  in  contact  by  chemical  action,  and  are  cliaracterized 
by  causing  intense  pain  with  a  burning.  The  simple 
irritants  cause  primarily  irritation;  secondarily,  inflam- 
mation, which  may  prove  fatal.  The  specific  irritants 
act  primarily  as  local  irritants,  but  have  a  secondary 
specific  action.  These  are  the  poisons  with  which  the 
physician  is  most  frequently  called  to  deal  iu  this  coun- 
try. In  acute  cases  they  cause  lesions  of  the  alimentary 
canal;  but  in  cases  of  slow  poisoning  these  are  wanting. 
Of  the  neurotics.  Dr.  Pugnet  says  that  they  have  not  as 
yet  occupied  a  prominent  place  in  toxicology,  but  the 
day  is  not  distant  when  the  practitioner  may  be  called 
upon  to  investigate  cases  of  criminal  poisoning  by  means 
of  them. 

The  above  classification  is  the  most  complete  whicli 
the  writer  has  seen.  Others  wliicli  have  received  wide 
approval  are  those  of  Orfila,  Taylor,  and  Tardieu  (the 
leading  features  of  which  are  given  in  3  Wharton  and 
Stille's  "Med.  Jur.,"  4th  ed.).  What  recommends  it  to 
the  toxicologist  is  that  the  various  poisons  are  classified 
according  to  their  distinctive  physiological  action  upon 
tlie  living  organism,  and  not  upon  tlieir  chemical  organ- 
ization and  differences.  Classifications  by  Christison  and 
Podere  are  also  widely  quoted. 

Counsels  and  Cautions  Relative  to  a  Lebal  In- 
QuiKT. — The  various  works  that  discuss  toxicology  in 
its  chemical  and  medical  aspects  contain  numerous  coun- 
sels and  cautions  to  the  practitioner  as  to  the  manner  of 
carrying  forward  the  scientific  investigation  necessary  in 
cases  of  supposed  poisoning.  This  paper  will  select  and 
mention  such  as  are  particularly  applicable  where  a  sus- 
picion of  crime  arises. 

Remember  that  poisons  may  enter  the  system  with 
fatal  effect,  not  only  by  swallowing,  but  also  by  inhala- 
tion, by  absorption  through  the  skin,  including  the  ac 
cessible  mucous  membranes,  and  by  injection,  subcuta- 
neous or  per  anum.  Swallowing  is  the  mode  best  adapted 
for  administering  them  with  murderous  intent,  but  in 
cases  in  which  the  symptoms  are  obscure  and  not  ex 
plainable  by  a  suspicion  of  a  poison  swallowed,  the  medi- 
cal jurisprudent  will  do  well  to  consider  the  possibility 
that  one  or  the  other  modes  may  have  been  employed. 

In  particular  persons,  substances  ordinarily  poisonous 
may  be  rendered  inert,  or  those  not  ordinarily  unwhole- 
some may  be  rendered  •poisonous,  by  some  idiosyncrasy 
of  the  individual,  by  a  habit  of  taking  them,  or  by  a  con 
dition  of  disease. 

A  poisonous  compound  may,  by  possibility,  be  formed 
within  the  body  by  two  medicines  innocently  prescribed 
or  taken,  either  of  which  alone  would  have  been  innoc- 
uous. 

An  organ  may,  by  possibility,  become  impregnated 
with  a  poison  after  death,  either  accidentally,  as  where 
it  lias  been  laid  in  a  soil  in  which  are  poisonous  elements, 
or  where  such  elements  are  introduced  in  the  process  of 
embalming ;  or  feloniously,  as  where  an  attempt  is  made 
to  introduce  a  poison  in  order  to  give  ground  for  charg- 
ing an  innocent  person  with  murder.  The  presence  of 
substances  introduced  after  death  is  scientifically  distin- 
guishable, no  doubt,  from  those  taken  iu  life;  but  the 
two  may  be  confounded  if  the  distinction  is  forgotten. 

The  narrative  of  tlie  symptoms  attending  the  last  ill- 
ness is  of  less  service  than  is  usually  supposed  in  deter- 
mining the  criminal  character  of  the  case.  Modein  ex- 
perience is,  that  death  cannot  be  safely  atti-ibuted  to 
poisoning  from  the  symptoms  alone;  too  many  diseases 
resemble  the  action  of  poisons  to  allow  of  d'ispensing 
with  an  autopsy  and  a  chemical  examination,  when  poi- 
soning is  suspected.  And  still  less  light  is  thrown  by 
the  mere  symptoms  upon  the  question  fundamental  in 
the  legal  aspects  of  the  subject— whether  the  poison  was 
taken  accidentally  or  ignorantly,  or  was  taken  with  sui- 
cjdal  purpose,  or  was  administered  with  felonious  intent 
this  question  must  be  decided  from  the  general  attendant 
circumstances  of  the  case. 

Thophysician  should  never  allow  moral  circumstances 
to  prejudice  his  mind,  neither  should  he  neglect  them. 
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Indeed,  he  is  the  best  judge  concerning  them.  Let  him 
ascertain  whether  an  enmity  exists  between  the  sick 
person  and  any  one  who  attends  or  visits  him ;  whether 
any  poisonous  substances  have  lately  been  purchased; 
whether  these  are  still  in  the  house ;  whether  the  alarm- 
ing circumstances  came  on  immediately  after  taking  a 
drink  or  any  other  substance  of  an  innocent  nature ;  and 
particularly,  in  case  of  a  sick  person,  let  him  ascertain 
whether  anything  has  been  given  without  the  orders  of 
the  physician  or  by  a  person  ignorant  of  drugs ;  and  then 
he  should  draw  a  comparison  between  the  symptoms 
present  and  those  that  ordinarily  accompany  the  sup- 
posed disease. 

He  should  carefully  examine  and  jDreserve  samples  of 
every  article  of  a  suspicious  nature,  such  as  vials,  boxes 
or  papers  containing  powders,  remains  of  food  or  drink, 
linen,  sponges,  cooking  utensils,  etc.,  in  use  about  the 
patient ;  and  he  may  (if  assured  of  the  support  of  the 
persons  interested  to  promote  justice)  safely  exercise  a 
good  deal  of  assumed  authority  in  taking  such  precau- 
tions as  against  anybody  who  may  object  or  oppose. 
Often  a  careful  search  of  the  premises  and  of  the  dead 
body  will  bring  to  light  some  article  which,  coupled 
with  peculiar  circumstances,  warrants  suspicion. 

To  decide  between  the  relative  probability  of  suicide 
and  murder  is  a  difficult  question.  The  following  facts 
are  considered  to  indicate  suicide :  that  the  deceased  had 
recently  met  with  great  losses  or  disappointments,  or 
was  suffering  under  disgrace,  or  under  some  form  of  in- 
sanity or  delirium ;  that  the  mode  of  poisoning  was  cun- 
ningly devised  to  avoid  a  suspicion  of  suicide  while,  yet 
the  deceased  held  a  life  insurance  policy ;  that  he  left 
any  recent  writing  expressing  his  last  wishes.  If  death 
has  not  occurred,  the  circumstance  that  the  patient  does 
not  complain,  but  declines  medical  aid  and  remedies, 
confirms  a  suspicion  of  suicide.  On  the  other  hand,  such 
suspicion  is  partially  excluded  when  the  circumstances 
favor  the  presumption  that  the  deceased  was  in  the  en- 
joyment of  a  prosperous  and  happy  life ;  when  the  drug 
employed  is  rare  and  procurable  only  with  great  diffi- 
culty, or  is  one  which  needs  the  co-operation  of  a  second 
person  for  its  administration,  or  is  known  to  be  produc- 
tive of  long  and  severe  suffering.  Considerations  like 
these,  and  the  results  of  a  skilful  toxicological  investiga- 
tion, in  which  the  means  afforded  by  anatomical  and  mi- 
croscopic science,  chemistry,  and  spectral  analysis  are 
useful  to  be  employed,  are  more  important  in  determin- 
ing that  the  death  is  attributable  to  poison,  and  tliat  this 
may  probably  have  been  criminally  administered,  than 
are  the  mere  symptoms. 

The  examiners  should  observe  perfect  cleanliness  at 
every  step  of  their  work;  the  organs  removed  from  the 
cadaver  for  chemical  examination  should  not  be  placed, 
for  example,  upon  boards  or  in  receptacles  which  have 
been  cleaned  with  disinfecting  solutions  which  maj'  have 
had  poisonous  constituents,  but  should  be  placed  in 
glass  or  porcelain -lined  dishes  previously  cleansed.  Tlie 
prudent  and  judicious  advice  given  by  Wharton  and 
Stille  (2  "Med.  Jur.,"  §11)  is  that  whenever,  in  a  case 
involving  a  suspicion  of  murder,  "a  chemical  analysis 
for  poison  is  to  be  made  of  any  of  the  organs,  these  or- 
gans should  be  placed  by  the  physician  himself  in  per- 
fectly clean  glass  jars;  glass  preserve  jars  with  a  glass  or. 
porcelain-lined  co\cr  are  suitable  for  the  purpose,  and 
can  always  be  obtained  in  the  country  or  city.  Each  or- 
gan should  be  placed  in  a  jar  by  itself— for  instance,  the 
stomach  in  one  jar,  its  contents  in  another,  the  intestines 
in  another,  contents  of  intestines  in  a  fourth,  the  liver  in 
a  fifth,  the  kidneys  in  a  sixth,  the  brain  in  a  seventh,  etc. 
The  organs  which  should  be  saved  for  chemical  analysis 
are,  in  order  of  their  importance,  as  follows-  stomach, 
contents  of  stomach,  liver,  intestines,  contents  of  intes- 
tines, kidneys,  brain,  heart,  spleen,  and  urine  if  there  be 
any ;  in  some  cases,  it  is  important  to  save  portions  of  the 
muscular  tissue,  and  in  others  a  part  of  the  lungs.  In 
some  cases  it  is  wise  for  the  physician  making  the  exami- 
nation to  divide  each  of  these  substances  into  approxi- 
mately two  equal  parts,  each  part  to  be  kept  in  separate 
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jars,  one  to  be  given  to  one  chemist  for  preliminary 
analysis,  and  the  other  to  be  retained  by  the  physician 
himself,  in  case  it  may  be  necessary  to  have  the  analysis 
confirmed  by  another  chemist,  as'  is  usually  the  case  in 
trials  for  murder  by  poison.  These  jars  containing  the 
organs  should  be  closed  and  sealed  by  the  physician  him- 
self, the  seal  to  be  stamped  with  a  private  stamp.  They 
should  then  be  locked  up  until  they  are  to  be  delivered 
to  the  chemist.  It  is  better  that  the  organs  be  placed 
under  double  lock,  one  key  to  be  taken  by  one  person 
and  the  other  by  another,  so  that  neither  one  alone  has 
access  to  the  organs ;  this  is,  of  course,  not  necessary  if 
one  person  possesses  the  key  and  another  has  possession 
of  the  stamp  with  which  the  seals  have  been  stamped. 
When  the  jars  are  to  be  sent  to  a  chemist,  they  should  be 
sent  by  messenger,  preferably  by  two  messengers,  since, 
in  the  event  of  the  investigation  resulting  in  a  trial  for 
murder,  the  identity  of  the  organs  cannot  be  lost  by  the 
death  of  the  messenger.  The  organs  should  never  be 
sent  by  express  since  it  is  in  that  case  impossible  to 
preserve  with  absolute  certainty  the  identity  of  tlie  or- 
gans. " 

Sending  the  organs  or  their  contents  to  the  chemist  is 
often  not  enough,  especially  when  crime  is  suspected. 
Thus,  the  reason  why  no  poisonous  substance  is  found  in 
the  stomach  may  be  that  all  which  was  not  absorbed  was 
vomited;  therefore  all  vomited  matter  which  can  be 
procured,  including  clothing,  or  carpet,  or  surface  of 
floor  which  has  received  it,  should  have  chemical  exami- 
nation. The  vessel  in  which  vomited  matter  has  been 
contained  will  often  furnish  valuable  evidence,  since 
heavy  mineral  poisons  fall  to  the  bottom,  adhere  to  the 
sides,  or  leave  a  sediment.  The  offender  may  have  had 
the  intelligence  and  opportunity  to  empty  the  basin,  etc. , 
but  not  have  thought,  or  not  have  been  able,  to  attend  to 
the  dress  or  the  floor. 

Formerly  it  was  the  practice  to  confine  the  analysis  to 
the  stomach  and  its  contents.  Experience  has,  however, 
shown  that  most  if  not  all  the  viscera,  including  the 
bladder  and  urine,  are  required  before  anything  like  a 
satisfactory  conclusion  can  be  drawn  as  to  the  existence 
of  poison. 

The  stomach,  with  its  contents,  should  always  be  re- 
ceived by  the  analyst  in  its  entire  state,  and  not,  as  was 
formerly  usual,  sent  to  him  slit,  and  the  contents  mixed 
in  a  jar  with  other  fluids  and  organs— a  practice  which 
is  highly  objectionable,  as  it  may  lead  to  the  ends  of  jus- 
tice being  defeated  by  the  complication  involved.  A 
slight  incision  may  suffice  to  inform  those  who  perform 
the  autopsy  of  the  state  of  the  organ  and  the  nature  of 
its  contents,  when  it  should  be  tied  and  handed  to  the 
analyst.  If,  in  case  of  accident  or  dispute,  a  necessity 
arises  to.  preserve  a  portion  of  the  stomach  and  other  or- 
gans, together  with  any  fluids  or  solids,  in  bottles  or 
otherwise,  for  further  reference  and  confirmation,  this 
may  be  done,  but  they  should  all  be  properly  labelled 
and  dated  and  kept  in  a  cool  place. 

Besides  receiving  the  matter  to  be  analyzed  or  exam- 
ined, the  analyst  should  be  thoroughly  informed  upon 
the  history  of  the  case,  and  the  symptoms  and  effects,  as 
a  knowledge  of  these  will  aid  his  examination,  enable 
him  to  avoid  useless  searches,  and  prevent  his  overlook- 
ing suspicious  facts.  He  should  even  be  informed  of  the 
exact  time  of  the  death,  which  is  important  in  reference 
to  the  length  of  time  usually  taken  for  a  fatal  operation 
of  the  poison  suspected;  of  the  attitude  of  the  body, 
etc.,  especially  if  there  were  any  dying  struggle;  as 
certain  poisons  cause  characteristic  writhmgs  or  con- 
vulsions. .  . 

The  analyst  should  never  leave  the  vessel  contaming 
the  suspected  fluid  in  an  exposed  situation.  He  should 
keep  it  under  lock  and  key,  and,  if  interrupted  m  the 
course  of  the  experiments,  should  restore  it  to  such  a 
place  that  he  can  positively  affirm  that  no  one  could  have 
meddled  witli  it.  n  •     ^■ 

The  notes  of  an  autopsy  or  chemical  exammation 
should  be  promptly  reduced  to  an  orderly  report;  aiid 
greater  care  than  la  usually  taken  is  desirable  to  avoid 


the  use  of  medical  or  chemical  terms,  such  as  are  not 
easily  understood  by  judges  and  jurors. 

When  the  chemist  has  completed  his  analysis,  if  he 
finds  that  the  poisoning  has  been  committed  with  an  in- 
organic poison,  such  as  arsenic,  antimony,  etc.,  he  should 
bring  the  metal  into  court  and  present  it  to  the  jury; 
and  there  should  be  a  sufficient  quantity  of  it  in  order  to 
submit  it  to  all  the  tests  necessary  for  its  identification. 
With  the,  organic  poisons,  the  legal  chemist  would  find 
this  almost  an  impossibility,  as  the  organic  poisons  are 
much  more  active,  and  are  fatal  in  smaller  doses.  Their 
presence  can  be  proved  by  various  tests  which  are  relia- 
ble ;  but  their  very  nature  would  tend  to  prevent  their 
complete  isolation  in  sufficient  quantities  for  presentation 
to  the  jury.  Benjamin  Vaughan  Abbott. 

POISONOUS  PLANTS.  — It  is  generally  agreed  in 
toxicology  that  the  term  "  poison  "  should  not  be  applied 
to  any  substance  which  produces  its  injury  through  me- 
chanical means.  Following  this  terminology,  we  exclude 
from  consideration  in  this  article  all  such  substances  as 
cowhage,  which  produces  intestinal  injury  chiefly  bj'  the 
piercing  quality  of  its  hairs,  the  sharp  awns  of  the  many 
grasses  so  fatal  to  grazing  animals,  the  prickles  and 
thorns  of  thistles,  brambles,  cactuses,  and  similar  plants, 
which  act  mechanically,  at  least  chiefly,  notwithstanding 
that  their  presence  often  produces  abscesses  from  which 
blood  poisoning  may  result.  From  this  article  are  exclud- 
ed also  all  the  ordinary  disease  germs.  Although,  strictly 
speaking,  such  diseases  are  the  results  of  poisoning  by 
these  minute  plants,  growing  within  the  system,  their 
proper  treatment  pertains  to  bacteriology  and  pathology. 

Since  most  of  the  more  important  poisonous  plants 
are,  by  virtue  of  their  activity,  available  for  medicinal 
purposes,  they  are  discussed  elsewhere  in  that  connec- 
tion. Not  only  are  their  poisonous  effects  and  the  treat- 
ment there  considered,  but  descriptions  ample  for  their 
identification,  in  the  condition  of  drugs,  are  provided. 
In  many  cases  such  drug  descriptions  have  been  supple- 
mented by  others,  pertaining  to  the  plants  themselves, 
often  with  illustrations,  in  order  to  provide  for  their 
identification  in  cases  of  poisoning  by  the  fresh  material. 
The  present  article  is  intended  to  supplement  the  above 
by  considering  important  poisonous  plants  not  used  as 
drugs.  At  the  same  time  many  of  the  latter  will  be  re- 
ferred to  at  the  proper  points  it  this  system,  and  the 
other  articles  upon  them  will  be  duly  cited. 

Gbnekai.  Recognition.— The  question  is  frequently 
propounded,  "  Is  there  any  general  rule  by  which  a  poi- 
sonous plant  can  be  recognized  at  sight? "  To  this  ques- 
tion an  emphatic  negative  must  be  retuined.  There  are 
certain  characteristics  which  frequently  accompany  poi- 
sonous properties,  but  this  is  not  true  in  all  cases ;  and, 
on  the  other  hand,  these  characters  may  exist  in  the  ab- 
sence of  such  poisonous  properties.  Of  such  characters 
are  the  peculiar  lurid  purple  color  seen  upon  the  stems  of 
the  castor  oil,  cicuta,  conium,  pokeberry,  dogbane,  and 
many  other  plants,  though  shown  also  by  the  harmless 
angelica.  A  narcotic  odor  is  common  to  many  of  the  most 
poisonous  plants,  but  is  wanting  in  many  others.  An 
acrid  taste  is  probably  the  most  common  characteristic, 
and  constitutes  the  best  safeguard  which  we  possess, 
since  it  is  likely,  especially  in  the  fresh  article,  to  furnish 
a  warning  before  a  dangerous  quantity  has  been  con- 
sumed. Thus  the  potato,  though  ordinarily  quite  bland, 
imparts,  when  poisonoiis,  a  peculiar  bitter,  nauseous, 
and  slightly  acrid  taste.  Even  this  taste-guide,  however, 
fails  in  many  notably  poisonous  substances.  It  may  be 
added  that  milky- juiced  plants  are  usually  to  be  regarded 
with  suspicion. 

Pbincipal  Poisonous  Families. 

Of  the  two  hundred  and  eighty  or  more  families  of 
plants,  a  number  are  recognized  as  being  specially  rich 
in  poisonous  species;  but  not  all  of  the  species  of  any 
family  are  poisonous,  and  important  food  plants  are  usu- 
ally found  closely  related,  in  the  same  family,  to  violent 
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noisons  Thus  tlie  family  Solanacece  contains  the  deadly 
Stshade,  stramonium,  and  henbane,  yet  yields  the 
notato  the  egg  plant,  and  the  tomato,  and  even  the  po- 
tato itself  miy  at  times  be  poisonous.  In  the  Sup/wr- 
Maeem  we  find  the  manchineel,  croton,  and  euphorhium, 
together  with  the  cassava;  and  we  have  indeed  poisonous 
varieties  of  the  latter.  Many  similar  illustrations  might 
be  cited  It  is,  therefore,  not  deemed  feasible  to  essay  a 
classification  based  upon  botanical  or  any  other  general 
relationship,  although,  as  a  matter  of  convenience,  the 
characteristics  of  several  highly  poisonous  families  are 
given  below.  While  only  a  practical  botanist  can  be  ex- 
pected to  utilize  this  method  of  recognition  to  the  fullest 
extent,  yet  surgeons  in  the  army  and  navy  and  other 
travellers  may  gain  great  assistance  by  recognizing  sus- 
pected plants  as  pertaining  to  the  following  famihes: 

Apocynacece  (the  Dogbane  Family).— This  large  family, 
of  more  than  a  thousand  species,  chiefly  tropical,  is  prob- 
ably, all  things  considered,  the  most  commonly  and 
powerfully  poisonous.  Its  members  are  mostly  heart 
poisons,  well  illustrated  by  apocynum,  strophanthus, 
and  oleander.  Its  poisonous  constituents  are  bitter  and 
chiefly  glucosidal,  though  many  alkaloids  are  contained, 
and  a  number  of  them,  or  the  extracts  containing  them, 
enter  into  the  manufacture  of  arrow  poisons,  especially 
in  the  Old-World  tropics.  Poisoning  accidents  by  mem- 
bers of  this  family  are  rather  common  in  tropical  regions, 
sometimes  occurring  through  the  use  of  the  stems  for 
spitting  meat,  stirring  food,  or  in  similar  culinary  oper- 
ations. The  botanical  characters  are  as  follows:  Juice 
usually  milky;  leaves  (in  the  poisonous  species)  opposite, 
simple,  exstipulate.  Flowers  regular,  perfect,  fi-merous ; 
calyx  inferior,  persistent,  imbricated ;  corolla  tubular,  the 
limb  usually  rotate,  convolute ;  stamens  five,  borne  upon 
the  corolla  and  alternating  with  its  lobes,  the  anthers  two- 
celled;  pistil  dicarpellary,  the  carpels  distinct  or  united; 
the  ovary  3-celled  or  with  two  parietal  placentae;  styles 
united  or  divided  up  to  the  simple  stigma ;  fruit  usually 
of  two  follicles,  occasionally  drupaceous ;  seeds  frequently 
plumose. 

AracecB  (the  Arum  Family).— -This  monocotyledonous 
family  is  well  illustrated  by  the  calla  and  calamus.  Its 
members  are  chiefly  tropical,  and  produce  thick,  some- 
what succulent  stems,  frequently  climbing  tree  trunks, 
and  usually  large,  somewhat  succulent,  cordate  leaves 
similar  to  those  of  the  calla.  A  great  many  species  pro- 
duce bulbous  or  tuberous  stem  bases,  commonly  regarded 
as  roots.  Some  of  these,  as  the  taro  {Oalocasia  esculenta), 
are  important  foods.  Others  would  be  so  but  for  their 
poisonous  constituents.  In  a  few  cases,  where  these  poi- 
sonous properties  are  mild,  they  are  destroyed  by  thor- 
ough cooking,  while  in  others  this  method  fails  and 
attempts  thus  to  use  them  may  result  disastrously.  The 
injurious  principles  fall  into  three  classes:  First,  as  in 
the  seeds  of  peltandra  and  skunk's  cabbage,  needle- 
shaped  raphides  of  calcium  oxalate,  occurring  in  great 
abundance,  and  irritating  mechanically ;  second,  as  in  our 
common  wild  turnip,  acrid  juices  which  are  partly  de- 
stroyed by  drying;  third,  powerful  alkaloids,  some  of 
them,  or  the  extracts  containing  them,  used  in  the  manu- 
facture of  arrow  poisons.  The  flowers  of  the  aroids  oc- 
cur densely  massed  upon  a  cylindrical  (as  in  calla)  or  a 
globular  (as  in  skunk's  cabbage)  spadix,  enclosed  or  sub- 
tended by  a  spathe  (the  white  portion  of  the  calla),  though 
this  is  sometimes  obscure.  The  plants  are  dioecious,  or 
the  staminate  flowers  are  on  the  upper,  the  pistillate  on 
the  lower  portion  of  the  spadix.  Rarely  the  flowers  are 
perfect.  'There  is  usually  no  perigone,  though  some- 
times this  exists  in  the  form  of  a  number  of  scales.  The 
filaments  are  very  short,  their  antliers  two-celled,  the 
cells  separated  by  a  broad  connective  and  opening  dor- 
sally.  The  ovary  is  variable  in  structure,  the  stigma 
terminal,  small,  sessile,  or  on  a  very  short  style.  Fruit 
usually  a  berry,  occasionally  inflated. 

Gactaoece  (the  Cactus  Family). — Beyond  remarking  that 
many  leafless  and  spiny  or  succulent  plants  which  do  not 
pertain  to  this  family  are  frequently  mistaken  for  cactuses, 
little  need  be  said  of  its  characters.     The  juice  is  bland 
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and  never  milky,  the  flowers  are  showy,  polypetulous 
and  polyandrous,  and  the  inferior  fruit  is  a  many-seeded 
berry.  In  desert  regions,  in  the  absence  of  food,  and 
more  especially  of  drink,  the  flesh  and  juice  of  cactuses 
are  often  utilized.  In  such  cases  it  should  be  borne  in 
mind  that  while  the  spiny  species  are  usually  innocent, 
those  which  are  unarmed,  or  nearly  so,  like  the  night- 
blooming  cereus  and  the  anhaloniums,  are  often  narcotic 
or  cardiac  poisons. 

CampanulacecB  (the  Harebell  Family),  including  Lobe- 
Uacem  (the  Lobelia  Family).— The  two  divisions  of  this 
family  here  named  have  been  regarded  by  many  bota- 
nists as  distinct  families.  Certainly  there  is  a  marked 
distinction  between  their  properties,  the  former  yielding 
roots  rich  in  inulin  and  sometimes  edible,  whereas  the 
Lobeliaceffi  contend  with  the  Apocynacese  for  first  rank 
among  poisonous  families.  The  nature  of  the  constitu- 
ents and  the  character  of  the  poisoning  are  pretty  uni- 
form and  have  been  sufBciently  detailed  under  Lobelia. 
Since  the  poisonous  species  are  very  widely  distributed 
throughout  both  temperate  and  tropical  regions  and  are 
quite  showy  and  attractive,  their  recognition  is  unusually 
important;  fortunately  it  is  also  quite  easy.  The  juice 
is  acrid  and  almost  always  milky ;  leaves  alternate,  ex- 
stipulate,  simple,  and  commonly  abundant;  flowers  per- 
fect, mostly  showy,  usually  5-merous ;  calyx  tube  adher- 
ent, the  limb  mostly  regular  and  persistent;  corolla 
tubular,  epigynous,  irregular  and  oblique  or  two-lipped, 
its  tube  fissured  on  the  upper  side ;  stamens  five,  inserted 
upon  or  with  the  base  of  the  corolla  and  alternate  with  its 
lobes,  the  filaments  coherent  for  the  most  of  their  length, 
as  well  as  the  anthers. 

CucurUtacem  (the  Cucumber  Family). — Notwithstand- 
ing that  this  family  is  rich  in  edible  fruits,  like  the 
pumpkins,  melons,  and  cucumbers,  yet  it  contains  also  a 
very  large  number  of  poisonous  species.  The  poisonous 
properties  pertain  usually  to  the  roots  or  the  fruits.  The 
former  class  is  typified  in  bryonia,  and  has  been  sufli- 
ciently  considered  under  that  title.  The  latter  is  illus- 
trated in  our  accounts  of  colocynth  and  elaterium,  and 
need  not  be  further  considered.  No  difficulty  need  be 
experienced  in  the  identification  of  the  CucurUtaceai, 
which  are  tendril-bearing  vines,  usually  herbaceous,  and 
the  flowers  of  which  are  invariably  constructed  like  those 
of  the  plants  named  above,  though  they  are  occasionally 
small  or  even  minute. 

Euplwrbiaceoe  (the  Spurge  Family).— The  general  and 
poisonous  properties  of  this  family  have  been  considered 
in  Vol.  IV.  "The  plants  are  readily  recognized  by  their 
milky  juices,  in  connection  with  the  unisexual  flowers, 
which  are  themselves  inconspicuous,  though  often  sur- 
rounded by  showy  modified  leaves  resembling  a  flower 
circle.  The  perigone  and  androBcium  are  so  extremely 
variable  as  to  be  difficult  of  any  brief  characterization. 
The  ovary  and  fruit  are  almost  uniformly  three-celled 
and  the  latter  few-seeded. 

Iridaeeai  (the  Iris  Family). — This  monocotyledonous 
family  almost  uniformly  contains  initant  poisonous  oleo- 
resins,  well  illustrated  by  that  of  the  official  ij-js.  Owing 
to  their  acrid  properties  they  are  not  very  likely  to  cause 
poisoning,  except  through  their  medicinal  employment. 
Nevertheless,  owing  to  the  flesh j'  and  obviously  nutritive 
character  of  their  rhizomes  or  tubers,  they  are  not  infre- 
quently resorted  to  as  famine  foods  in  some  countries, 
and  disastrous  results  have  sometimes  thus  occurred. 
These  plants  are  perennial  herbs  with  narrow,  disti- 
chous, often  succulent  leaves.  The  flowers  are  perfect, 
with  an  adherent  six-parted  convolute  and  marcescent 
perigone.  The  stamens  are  three  and  adherent  to  the 
outer  perigone  segments.  The  ovary  and  seed  pod  are 
commonly  three-celled,  with  a  three-parted  style,  and  the 
ovules  and  anatropous  albuminous  seeds  are  numerous. 

Leguminosm  (the  Bean  Family). — This  family  has  al- 
ready been  briefly  considered  in  Vol.  V.  as  to  the  general 
nature  and  properties  of  its  poisonous  constituents.  As 
poisons,  its  members  present  peculiar  dangers,  which, 
upon  the  whole,  are  not  equalled  by  those  of  any  other 
family.    These  dangers  lie  in  the  fact  that,  while  the  pol- 
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sonous  constituents  are  very  widely  and  irregularly  dis- 
tributed, and  extremely  subtle  and  uncertain,  the  family 
is  at  the  same  time  the  most  highly  nutritious  as  to  al- 
buminoid constituents  in  the  vegetable  kingdom.  Even 
such  edible  articles  as  peas  and  beans  are  not  entirely 
free  from  poisonous  properties,  which  become  apparent 
when  they  are  fed  in  large  quantities  as  stock  foods. 
Although  the  poisonous  properties  pertain  to  all  three  of 
the  sub-families,  tliey  are  most  common  and  conspicuous 
in  the  Papilionacese.  The  members  of  this  family  are 
rather  easily  recognized  by  their  almost  uniform  habit 
of  producing  a  legume  for  a  fruit,  and  by  their  highly 
developed  exalbuminous  seeds.  In  the  PapilionaceaB  the 
leaves  are  alternate,  stipulate,  and  usually  compound, 
the  flowers  papilionaceous  and  nearly  always  perfect,  the 
calyx  more  or  less  gamosepalous,  the  five  or  ten  stamens 
almost  always  more  or  less  coherent.  In  the  two  other 
sub-families  the  flowers,  though  often  irregular,  are  not 
papilionaceous,  and  the  stamens  are  commonly  wholly 
or  nearly  distinct. 

Liliacm  (the  Lily  Family). — This  very  large  monoco- 
tyledonous  group  is  now,  with  good  reason,  divided  into 
the  Smilacese,  Melanthacese,  and  ConvallariacesB  as  dis- 
tinct families.  Nevertheless,  since  they  agree,  excepting 
the  Smilaceaj,  as  to  their  poisonous  properties,  the  entire 
group  is  here  considered.  The  plants  are  mostly  herbs, 
growing  from  bulbs  or  fleshy  rhizomes.  The  juices  are 
usually  bland,  though  sometimes,  as  in  the  onions,  acrid. 
Indeed,  the  poisonous  species  have  mostly  acrid  juices. 
The  leaves  are  parallel-veined  and  usually  sheathing  at 
the  base.  The  flowers  are  regular  and  possess  a  six- 
parted  perigone  in  two  circles.  The  family  is  distin- 
guished from  the  Iridaeem  by  its  six  stamens,  which  are 
usually  free,  or  nearly  so,  and  distinct.  The  ovary  is 
three-celled  and  usually  superior,  the  styles  distinct  or 
united.  The  pod  is  three-celled,  the  seeds  are  numerous 
and  highly  albuminous.  This  family,  like  the  Iridacew, 
is  very  liable  to  cause  poisoning  accidents,  owing  to  the 
succulent  and  nutritious  properties  of  its  underground 
portions  and  even  of  its  herbage.  The  nature  of  its  poi- 
sonous constituents,  both  chemically  and  physiologically, 
is  too  varied  for  any  general  description. 

Loganiaeem  {ttie  Nux  Vomica  Family). — This  is  here 
referred  to  as  being  a  small  family,  closely  related  to 
ApocynacecB  and  almost  equally  poisonous.  It  is  closely 
similar  to  that  family  in  its  structural  characters,  but 
lacks  the  milky  juice  and  the  annular  stigma.  Acciden- 
tal poisoning  is  scarcely  likely  to  occur  from  its  members, 
except  through  their  medicinal  employment,  and  those 
subjects  are  fully  treated  elsewhere. 

OxalidacecB  (the  Oxalis  Family). — This  small  family, 
for  a  long  time  regarded  as  part  of  the  Oeraniaceai,  is 
readily  recognized  by  the  close  similarity  of  all  its  mem- 
bers in  foliage  and  flower  structure  to  the  genus  Oxalis, 
represented  by  the  wood  sorrel,  the  sheep  or  lady's  sor- 
rels, common  garden  weeds,  and  by  many  species 
cultivated  in  the  conservatory.  The  herbage  of  these 
plants  contains  oxalic  acid  and,  like  the  meadow,  field, 
or  kitchen  sorrel  (Bumex  Acetoaella  L.)  has,  when  eaten  in 
excess,  caused  serious  or  even  fatal  results,  both  to  chil- 
dren and  to  adults. 

PapaveracecB  (the  Opium  Family). — This  small  family 
is  almost  uniformly  narcotic-poisonous,  very  many  of  its 
species  being  also  irritant.  Its  constituents  are  pre-emi- 
nently alkaloidal,  and  these  alkaloids  are  very  numerous 
and  varied  in  their  mode  of  action.  Owing  to  their  com- 
monly irritant  properties  these  plants  are  not  likely  to 
cause  poisoning,  except  through  their  medicinal  use. 
They  have  commonly  milky  or  colored  juices,  mostly 
compound  or  lobed  leaves,  perfect  flowers  (usually  regu- 
lar), their  parts  free  and.  except  as  to  the  carpels,  dis- 
tinct.    The  seeds  are  numerous  and  small. 

PinacecB  or  Conifer k  (the  Pine  Family). — The  large 
family  of  coae-bearing  evergreens  is  too  well  known  to 
require  description.  Its  constituents  and  properties  have 
been  sufficiently  indicated  in  our  accounts  of  Juniper, 
Savin,  Turpentine,  etc.  Similar  constituents  exist  gener- 
ally throughout  the  family.     Poisoning  is  not  likely  to  I 


occur,  owing  to  the  acrid  and  excessively  disagreeable 
character  of  the  tissues. 

Ranunculaceo}  (the  Buttercup  Family).— This  large 
family  is  distinguished  by  its  alternate,  exstipulate 
leaves,  flowers  which  show  neither  adhesion  nor  cohesion 
m  any  of  their  parts,  innate  antliers,  anatropous  ovules 
and  the  small  embryo  in  fleshy  albumen,  taken  in  con- 
nection with  the  acrid  juices.  These  acrid  juices  are 
commonly  cutaneous  and  internal  irritant  poisons.  At- 
tempts to  utilize  them  for  blistering  purposes  have  been 
made,  but  the  blister  is  not  readily  controlled.  A  great 
number  of  the  species  contain,  in  addition,  principles 
which,  upon  absorption,  act  as  cardiac  paralyzants,  of 
which  aconitine  may  be  taken  as  the  type. 

Simarubacem  (the  Quassia  Family).— The  constituents 
and  properties  of  these  plants  have  been  sufficiently  dis- 
cussed in  connection  with  quassia  and  simaruba.  Their 
cousumption  so  as  to  cause  poisoning  is  almost  impossi- 
ble, owing  to  their  very  bitter  taste.  A  curious  case  of 
poisoning  by  Ailanthus  is  recorded  below  under  "  Poison- 
ous Leaves. " 

Solanaeem  (the  Potato  Family).— A  description  of  the 
characters  of  this  highly  narcotic  family  is  not  called  for, 
since  pretty  much  all  of  the  species  likely  to  cause  poi- 
soning have  been  already  considered  in  connection  with 
the  drugs.  Belladonna,  Henbane,  Stramonium,  etc.,  or 
below  in  connection  with  Solanum. 

Unibelliferm  (the  Parsley  Family.)— This  very  large  fam- 
ily, although  it  yields  many  important  edible  products 
(carrot,  parsnip,  parsley,  celery,  angelica,  etc.),  contrib- 
utes also  such  violent  poisons  as  conium,  cicuta,  and 
oBnanthe.  Its  species  are  very  readily  identified.  They 
usually  possess,  especially  as  to  the  poisonous  species, 
hollow  stems,  petioles  which  are  dilated  and  sheathing 
at  the  base,  leaves  pinnately  compound,  usually  decom- 
pound, as  seen  in  celery  and  parsely,  flowers  in  (usually 
compound)  umbels,  these  flowers  usually  minute,  with 
five  superior  calyx  teeth,  five  epigynous  petals  and  sta- 
mens and  fruits  having  the  general  structure  of  the  well- 
known  conium,  anise,  coriander,  fennel,  etc. 

Violacem  (the  Violet  Family). — Although  not  at  all 
likely  to  be  consumed  in  poisonous  quantities,  except  as 
overdoses  of  medicine,  the  violets  should  be  remembered 
as  containing  one  or  more  emetico-cathartic  poisonous  con- 
stituents, very  similar  to  emetine,  and  long  mistaken  for 
it.  The  violets  are  so  well  known  that  no  description  of 
them  appears  called  for. 

Local  Cutaneous  Poisons. 

Poisonous  plants  can  be  conveniently  divided  into  those 
locally  poisonous  to  the  skin  and  those  internally  poison- 
ous.    The  first-mentioned  class  will  be  first  considered. 

They  represent  all  grades  of  irritation,  from  a  mild 
and  brief  itching  to  a  severe  corrosion  or  a  dangerous  or 
even  fatal  inflammation.  The  milder  of  these  groups  can 
be  accorded  but  the  briefest  mention.  A  large  number 
of  them  produce  no  effect  upon  most  persons,  but  have 
been  at  times  recorded  as  irritating  to  certain  individuals 
with  a  highly  sensitive  skin,  or  who  are  subjects  of  idio- 
syncrasy. Illustrations  of  this  class  are  seen  in  the  fresh 
herbage  of  Veratrum,  in  various  species  of  Oypripedium, 
Gatalpa,  RJwdodendron,  and  Kalmia,  and  in  Vanilla.  In 
a  number  of  cases  the  nature  of  the  poison  has  not  been 
ascertained,  and  it  is  possible  that  it  is  due  to  the  presence 
of  animal  or  vegetable  parasites,  or  other  foreign  bodies. 
Others,  like  the  various  nettles  ( Urtica,  Vrticastrum  [La- 
portea]  Urera,  etc.)  are  regularly  irritating,  but  the  irrita- 
tion is  temporary,  though  often  very  painful,  and  unless 
complicated  does  not  call  for  treatment.  In  the  last- 
mentioned  genus  of  tropical  American  shrubs  the  stinging 
hairs  of  the  ordinary  nettle  are  magnified  into  needle-like 
prickles,  several  inches  in  length,  intensely  poisonous, 
and  causing  severe  inflammation  when  contact  with 
them  is  extensive  and  violent.  The  nature  of  this  poison 
and  its  treatment  have  not  been  investigated,  though 
doubtless  much  the  same  as  in  the  nettles.  Very  similar 
to  the  nettles  are  the  stinging  hairs  upon  the  various 
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species  of  JatropTia,  Tragia,  and  others  of  the  Huphor- 
Macem,  Sicyos  in  the  CucurUtacm,  Ecliium,  and  others  in 
the  Bm-aginacem.  Those  of  the  EuphorUacm  have  also 
tropical  relatives  (Hura,  etc.),  in  which  the  hairs  are 
magnified  into  spines,  the  effects  of  which  are  severe. 

The  important  cutaneous  poisons,  those  requiring  our 
attention,  pertain  chiefly  to  the  families  Anamrdiacem 
and  EuphorbiacecB. 

The  poisonous  members  of  the  J.«ac(W(Z8'ac«fls  are  numer- 
ous, and  their  effects  are  of  extremely  common  occur- 
rence and  very  severe.  The  poisonous  constituents,  their 
mode  of  action,  symptoms,  and  treatment  are  in  all  cases 
either  identical  or  so  closely  similar  that  they  can  be 
readily  considered  under  the  one  subject  of  Rhus  poison- 
ing, the  further  consideration  of  the  respective  individ- 
uals being  confined  chiefly  to  their  description  and  recog- 
nition. 

Bhus  Poisoning. — The  principal  agent  concerned  in  this 
accident  is  the  herbage  of  Mhua  radicana  L.,  the  common 
Poison  ivy  or  oak.  Climbing  or  Three-leaved  ivy  or  su- 
mach, Mercury,  or  Black  mercury.  There  is  considerable 
difference  of  opinion  as  to  whether  Linne's  R.  toxicoden- 
dron is  identical  with  his  B.  radicans,  but  the  title,  as 
here  used,  includes  both.  The  plant  is  a  slender  North 
American  shrub,  and  occurs  wild  to  some  extent  in  Eu- 
rope, where  it  has  been  introduced.  It  may  lie  prostrate 
upon  the  ground,  though  it  prefers  to  climb  shrubbery  or 
trees,  in  sunny  locations,  or  upon  fences  or  walls,  to 
which  it  clings  by  false  or  non-absorbing  roots.  Some- 
times, especially  southward,  it  grows  with  an  erect,  self- 
supporting  stem.  Having  thus  attained  a  support,  its 
branches  spread  or  droop  outward  to  a  considerable  dis- 
tance, being  thus  very  apt  to  brush  against  the  faces 
of  those  walking  along  country  roadsides.  Flower  and 
fruit  habit  are  well  displayed  in  the  accompanying  cut 
(Fig.  3839).  The  trifoliolate,  or  occasionally  quinque- 
foliolate  leaves  sometimes  reach  a  foot  and  a  half  or  even 
two  feet,  including  the  petiole,  in  length.  The  leaflets 
are  very  thin  and  present  a  peculiar  satiny  lustrous  ap- 
pearance. Although  usually  apparently  smooth  (some- 
times conspicuously  hairy  on  the  lower  surface),  they  in 
reality  bear  an  infinite  number  of  extremely  fine  and  short 
hairs.     The  flowers  are  of  a  greenish-yellow  and  are  fol- 


FiG.  38:i9.— Rhus  radicans.    (Two-Bfths  natural  size.: 


lowed  by  small  drupaceous,  pale  green,  smooth  fruits 
borne  m  loose  bunches,  quite  unlike  those  of  the  ordi- 
nary red  sumac. 

Some  of  the  conditions  by  which  poisoning  can  occur 
from  this  p  ant  are  in  dispute.  On  theoreticil  grounds, 
It  what  IS  known  of  the  nature  of  the  poisonBus  con- 
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stituent  be  taken  into  consideration,  actual  contact  in 
some  form  appears  to  be  requisite ;  yet  innumerable  and 
well-authenticated  experiences  render  this  view  quite 
untenable.  There  is  the  widest  difference  in  the  suscep- 
tibility of  different  individuals,  some  being  apparently 
incapable  of  being  poisoned  by  it  under  any  circum- 
stances. Others,  who  have  been  exposed  to  it  frequently 
for  many  years  without  result  may  suddenly  become 
severely  poisoned.  Others  again  are  extreme^  sensitive 
to  its  action,  the  most  serious,  or  even  fatal,  results  en- 
suing from  even  a  moderate  contact.  Finally,  cases  are 
of  common  occurrence  in  which  poisoning  occurs  ap- 
parently without  any  contact  whatever,  a  strong  wind 
blowing  over  the  plant  from  a  short  distance  constituting 
a  sufficient  occasion.  It  has  been  suggested  that  in  such 
cases  the  pollen  grains  constitute  a  medium  of  transpor- 
tation, but  such  occurrences  take  place  when  no  pollen 
grains  are  present.  It  seems  hardly  credible  that  the  al- 
most microscopical  hairs  can  be  active  in  these  cases, 
notwithstanding  that  experiment  has  demonstrated  their 
power,  in  very  small  number,  to  effect  slight  poisoning 
when  directly  applied  to  the  skin  of  sensitive  person^ 
under  specially  favorable  conditions. 

Much  speculation  has  existed,  and  many  conflicting 
statements  have  been  published,  as  to  the  nature  of  the 
active  constituent,  but  the  laborious  researches  of  Pfaff 
have  gone  far  toward  clearing  up  this  subject.  He  has 
located  the  poison  in  the  fat  or  fixed  oil  which  exists  in 
fractional  percentage,  and  which  lias  been  called  toxica- 
dendrol.  This  is  an  alcohol-soluble  fat,  in  which  charac- 
ter it  resembles  croton  oil  and  its  relatives.  Its  chemi- 
cal nature  is  very  incompletely  known.  Reasoning  by 
analogy,  we  should  assume  that  the  oil  is  not  poisonous 
in  its  own  form,  but  only  through  its  freed  fat  acid.  If, 
as  originally  claimed  by  Maisch,  who  called  in  toxicodeiv- 
dric  acid,  this  decomposition  product  be  volatile  and 
active,  all  of  the  inconsistencies  regarding  its  action 
would  be  removed.  The  same  or  similar  fat  existing 
underneath  the  bark  acts  similarly,  and  here  again  it  is 
notable  that  many  cases  of  poisoning  have  been  recorded 
as  occurring  by  contact  with  the  smoke  emanating  from 
a  smothered  fire  of  the  wood  of  the  plant.  It  is  also 
stated  that  certain  very  sensitive  persons  cannot  remain 
in  or  near  a  room  where  the  tincture  of  the  fresh  drug 
is  being  bottled  without  the  certainty  of  being  poisoned. 
The  milky  juices  of  other  species  of  Rhus,  especially  the 
Japanese  lacquer  tree,  act  similarly,  and  a  case  is  on  rec- 
ord in  which  the  emanations  from  a  bottle  of  this  lacquer 
poisoned  the  faces  of  those  smelling 
it,  though  there  was  no  contact. 
Poisoning  did  not  result  where  the 
substance  came  into  contact  with  the 
mucous 'membranes  of  the  mouth  and 
nose. 

There  exist  in   the  leaves,  besides 
to.xicodendrol,  a  small  amount  of  res- 
in, some  tannin,  wax,  and  other  un 
important  constituents. 

Poison  ivy  has  been  highly  recom- 
mended by  the  homoeopaths  as  a 
medicinal  agent,  purely  upon  the 
dogmatic  assertion  similia  similibus 
curnntur.anA  it  has  even  found  its 
way  into  the  United  States  Phar- 
macopoeia, though  it  is  to  be  drop- 
ped from  the  forthcoming  edition. 
Making  the  most  liberal  allowance, 
we  are  obliged  to  conclude  from  the 
evidence  at  our  command  that  its 
medicinal  activity  is  practically  nil. 

Ivy  poisoning  first  appears  as  mi- 
nute, clustered,  itching  papules, 
which  soon  become  surrounded  by  a  bright  erythema,  in 
part  produced  by  the  inevitable  scratching.  The  papules, 
have  by  the  next  day  become  minute,  deep-seated,  ec- 
zematous  blisters.  For  several  days  this  appearance  is 
not  much  changed,  nor  are  the  burning  and  itching  di- 
minished.   Then  the  surface  of  the  blisters  gets  rubbed. 
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off,  the  watery  exudation  moistens  the  surface  affected, 
and  often  spreads  the  disease  to  other  parts.  The  blis- 
ters finally  become  pustular,  and  then  crusts  and  scabs 
cover  the  surface.     The  first  appearance  is  always  lo- 


FiG.  3840.— Ehus  vernix.     (Two-niths  natural  size.) 

cal,  and  if  contracted  in  any  of  the  usual  ways  is  on 
either  the  hands  or  wrists  or  the  face.  In  the  latter  situ- 
ation the  swelling  is  always  great,  the  eyelids  generally 
becoming  completely  closed  by  it.  From  the  hands  it 
easily  extends  to  the  breasts  or  male  genitals,  on  the  lat- 
ter of  which  the  burning  is  exceedingly  hard  to  bear ; 
occasionally  it  becomes  general.  The  course  of  the  af- 
fection in  a  single  spot  covers  usually  five  or  six  days, 
but  it  may  often  spread  over  twice  that  time  when  differ- 
ent parts  of  the  body  are  successively  invaded.  It  heals 
without  a  scar,  but  is  a  little  apt  to  return  on  successive 
summers. 

There  is  rarely  any  diiflculty  in  establishing  a  diag- 
nosis. The  symptoms  present  some  superficial  resem- 
blances to  those  of  erysipelas,  but  in  the  latter  disease 
the  underlying  tissues  are  swollen  and  hard,  whereas  in 
ivy  poisoning  the  effects  are  superficial  and  the  surface 
is  soft  and  somewhat  fluctuating. 

Numerous  remedies  and  specifics  are  in  use  against 
Rhus  poisoning;  still  its  course,  when  fairly  begun,  is 
not  often  really  aborted.  The  measures  for  its  treatment 
may  be  divided  into  the  following  classes:  (1)  The  de- 
struction of  the  poisonous  constituent;  (3)  the  preven- 
tion of  friction  due  to  scratching  the  affected  surface,  and 
the  prevention  of  the  spreading  of  the  poisonous  matter ; 
(3)  the  relief  or  prevention  of  itching  and  pain  from  at- 
mospheric irritation. 

The  first  of  these  results  can  be  fairly  well  accom- 
plished if  measures  are  taken  very  promptly  after  expo- 
sure and  before  the  symptoms  of  poisoning  have  fairly 
presented  themselves.  Ordinary  washing  is  inadequate, 
unless  very  thorough  indeed ;  and  it  is,  in  fact,  liable  to 
spread  the  poisonous  substance  over  a  wider  surface. 


Washing  with  a  great  abundance  of  common  cheap  laun- 
dry soap,  or  even  the  application  of  a  tliicli  layer  of  this 
soap  to  the  surface,  has  yielded  good  results.  Washing 
with  a  strong  solution  of  sugar  of  lead  is  a  favorite 
method  with  some,  and  lime  water,  black  wash,  and 
other  alkaline  applications  are  useful.  The  discovery  of 
the  fatty  nature  of  the  poison  serves  to  explain  to  some 
extent  the  principles  of  this  line  of  treatment,  the  alkali 
probably  saponifying  the  fat  and  destroying  its  activity. 
The  second-named  object  is  attained  by  the  use  of  vase- 
line or  some  similar  application,  and  this  also  accom- 
plishes part  of  the  third  object,  protection  against  the 
effects  of  the  atmosphere.  These  applications  should  be 
made  as  lightly  as  possible,  though  thickly,  and  not  by 
means  of  plasters  or  similar  coverings.  Excellent  results 
have  beenattained  by  applying  thefluid  extracts  of  Grin- 
delia,  Eriodictyon,  and  similar  resinous  substances,  as 
well  as  collodion.  In  these  cases  the  effect  is  probably 
due  to  the  deposit  upon  the  surface  of  a  thin  protective 
coating  resulting  from  the  evaporation  of  the  alcohol. 
Relief  of  the  irritation  is  to  be  obtained  by  the  application 
of  carbolic  acid.  An  excellent  method  is  the  use  of  the 
official  lime  liniment  to  which  from  one  to  five  per  cent,  of 
carbolic  acid  has  been  added.  To  any  small  areas  which 
exhibit  a  specially  irritable  condition,  a  solution  contain- 
ing ten  per  cent,  of  the  acid  may  be  applied.  Great  care 
should  be  taken,  however,  that  no  large  area,  and  espe- 
cially that  no  extremity,  be  covered  up  by  even  the 
weaker  solution.  A  saturated  solution  of  oxalic  acid  is 
highly  recommended  by  some  practitioners.  As  the  ecze- 
ma dries  away,  zinc  ointment  may  profitably  be  applied  to 
take  the  place  of  the  other  applications.  The  Cheyenne 
Indians  are  said  to  employ  with  great  success  an  infusion 
or  decoction  made  from  the  herbage  of  Astragalus  nitidua 
Pursh.,  a  near  relative  of  the  famous  loco  weed  (A.  mol- 
Ussimus  Ir'resl.).  This  infusion  is  applied  just  when  the 
eruption  takes  on  its  "watery"  character.  Since  the 
constituents  of  this  plant  are  entirely  unknown,  the  prin- 
ciple involved  in  its  employment  cannot  be  stated.  The 
fresh  juice  of  the  wild  or  great  celandine,  or  jewel  weed 
(Impatiensfulta)  is  said  to  have  been  used  with  excellent 
results. 

Almost  precisely  similar  in  action  to  poison  ivy  is  the 
Poison  dogwood  or  elder  or  Swamp  or  Poison  sumac  (ij. 
mrnix  L. ;  B.  veMnata  D.C.)  (see  Fig.  3840).  This  spe- 
cies is  an  erect-branch- 
ing shrub  or  small  tree 
with  a  smooth  ashy- 
gray  bark,  of  swamp 
lands,  throughout 
Eastern  and  Central 
North  America.  The 
habit  of  the  leaves  and 
inflorescence  is  indi- 
cated in  the  accom- 
panying cut. 
leaves  are  very 
characteristic, 
on  account  of 
their  deep  red 
petioles.  The 
leaves  some- 
times reach 
length  of  one 
and  a  half  to  two  feet, 
are  nearly  smooth,  and 
grsen  on  both  surfaces. 
Flowers  and  fruit  are 
very  similar  to  those  of 
the  poison  ivy. 

The  two  species  of 
Rhus  above  described 
pertain  to  the  section 

TenenaicB,  characterized  by  smooth  fruits,  and  most,  if 
not  all,  of  the  species  of  which  are  poisonous.  The 
Japanese  lacquer  tree  {R.  vernicifera  DC.  or  B.  mrnix 
Thunb.)  has  been  already  referred  to.  The  lacquer 
is  prepared  from  its  milk  juice,  which  frequently  pro- 
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3841.  —  Rbus  diversiloba. 
haU  natural  size.) 


(One- 
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duces  severe  poisoning,  as  does  the  herbage.  The  tree 
closely  resembles  our  B.  'oernix  L.  Species  which  quite 
closely  resemble  B.  radicans  are   B.  mieroca/rpa  (Mx.) 


Fig.  3842.— Metopluiii.    (One-half  natural  size.) 

Steud.  (iJ.  Toxicodendron  microearpa  Mx.)  of  our  North 
Central  States,  B.  Michauxii  Sargent  {B.  jmmila  Mx.)  of 
the  Eastern  United  States,  and,  in  the  "West,  B.  Bydbergii 
•  Small  and  B.  diversiloba  T.  et  G.  {B.  loiata  Hook.),  the 


to  this  genus  as  B.  metopium  L.  or  B.  -  „  -  , 
Griseb.,  but  is  now  called  Metopium  Linncm  Engl,  (see 
J'ig.  3842).  Its  close  relative  in  Cuba,  M.  venosum 
(Griseb.)  Engl,  has  similar  poisonous  properties.  These 
are  small  trees  or  large  shrubs,  and  their  fruits  are  red- 
dish instead  of  greenish-white  like  the  others  named. 


FIG.  3843.— Comoclaaia.    (Reduced  one-halt.)   A,  Leaflet  ol  C.  glabra 
cluster  of  0.  dentata ;  C,  upper  portion  of  leaf  of  C.  ilicifolla ;  D, 

Oalifm-nian  or  Pacific  Poison  Oak  (see  Fig.  3841).  The 
celebrated  Coral  Sumac,  Mountain  MancJiineel  or  Bum- 
wood  of  Florida  and  tropical  America,  has  been  referred 
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Fig.  3844.— Lithrasa  caustica.    (Two-thirds  natural  size.) 

The  genus  Comoeladia  P.  Browne  (Dodoncea  Plum.) 
represents  shrubs  and  trees  of  the  central  portion  of 
tropical  America,  including  the  West  Indies,  which  are 
violently  poisonous.  Several  species  are  known  as  Ghiao, 
and  a  number  are  here  illustrated  (see  Fig.  3843).  Poi- 
soning by  these  species  has  been  successfully  treated 
with  an  application  of  collodion.  The  following  possess, 
in  their  respective  localities,  his- 
tories of  poisoning  similar  to 
those  of  the  Venenatm  and  Oom/)- 
cladia  described  above:  in  Chili 
the  Uithi  (Lithrcea  caustica  Miers 
(Bhus  c.  Hook.)  (see  Fig.  3844);  in 
Mexico,  the  Copaljiote,  Cuajiote  or 
0.  Blanco,  Ouajilote  or  Stinking 
Wood  ( Paeudosnwdingium,  pm'nici- 
osum  (H.  B.  K.)  Engl.  (Bhus  p.  H. 
B.  K. ) ;  in  Eastern  Asia,  Melanor- 
rJioe  laccifera  Pierre;  in  the  East 
Indies,  Holigarna  ferruginea 
March. ;  in  Southeastern  Asia, 
Gluta  Benghag  L. 

The  fixed  oil  of  the  cashew  or 
caju  nut,  the  ripened  ovary  of 
Anacardium  occidentale  L. ,  a  small 
tree,  native  of  tropical  America 
and  largely  cultivated  and  natural- 
ized in  other  tropical  countries, 
yields  the  vesicating  principle  ear- 
dol,  evidently  very  similar  to  the 
poisonous  element  of  Rhus.  This 
substance  exists  in  specially  large 
amount  in  the  middle  layer  of  the 
pericarp,  and  the  fatty  substance 
tlience  exuding  frequently  causes 
poisomng.  Cardol  (Cj.HsoO^)  is  soluble  in  alcohol  and 
A  I'  y.  *^^  ^^^^^  condition  it  varies  from  yellow  to 
reddish  or  brownish,  but  can  be  decolorized.    Poisoning 


;  B,  base  of  leaf  and  fruit 
leaf  of  C.  platyphylla. 
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by  it,  and  its  treatment,  are  practically  identical  with 
those  pertaining  to  Rhus. 

The  only  other  cutaneous  poisons  important  enough  to 
require  consideration  here  are  certain  acrid  juices  of  the 
Euphorbiaceoe.  Types  of  this  class  are  Alvelos  and  Eu- 
phorbium  (which  see).  Others  are  referred  to  in  our  arti- 
cle on  Euphorbiacem.  In  most  of  these  cases  the  poison- 
ing agent  appears  to  be  resinous.  In  croton  oil  and  some 
others  they  are  apparently  fat  acids.  In  the  former  class 
the  saponification  treatment  offers  little  promise.  In 
both  cases  protective  and  soothing  applications  are 
equally  efficacious  as  in  Rhus  poisoning.  Manchineel  is 
the  large  tropical  American  (chiefly  West  Indian)  tree 
Hippomane  Mancinella  L.  It  bears  large,  thick,  ovate, 
acute,  finely  serrate  leaves  and  an  apple-like  fruit  con- 
taining several  silvery  seeds.  Its  milky  juice  is  abun- 
dant and  is  the  poisoning  agent,  its  active  constituent 
being  apparently  volatile.  Treatment  is  much  like  that 
applicable  to  Rhus  poisoning. 

Internal  Poisons. 

In  considering  the  poisonous  plants  which  act  through 
the  entrance  of  their  constituents  into  the  circulation  or 
into  the  alimentary  canal,  the  primary  requirement  ap- 
pears to  be  their  identification.  This,  in  a  majority  of 
cases,  is  most  readily  effected  by  reference  to  the  objects 
themselves,  rather  than  to  the  symptoms  as  in  cases  of 
poisoning  by  chemical  substances.  This  fact  has  deter- 
mined the  following  classification  of  these  objects  as 
plant  parts. 

To  discuss  all  poisonous  plants  would  require  a  large 
volume,  and  it  has  been  deemed  wise  to  treat  the  subject 
from  the  standpoint  of  a  North  American  work,  consider- 
ing all  plants  of  importance,  or  likely  to  become  so,  as 
poisoning  agents  in  our  own  region,  and  including,  from 
outside  of  this  region,  only  such  as  are  of  primary  im- 
portance. Moreover,  no  attempt  is  made  to  enumerate 
all  those  known  to  possess  poisonous  properties,  since  it 
is  clear  that  many  of  them  are  not  at  all  likely  to  be 
eaten.  A  still  further  restriction  of  the  subject  is  made 
by  omitting,  except  by  mere  mention,  those  poisonous 
plants  or  plant  parts  which  become  effective  only 
through  their  medicinal  employment,  these  having  been 
sufficiently  treated  in  the  materia  medica  portion  of  our 
work. 

Fruits  and  Seeds. 

These  products  are  placed  first  because  of  their  greater 
liability  to  being  eaten.     Contrary  to  popular  ideas,  the 


Fig.  3845.— Belladonna.    Branch  reduced  one-half ;  fruit  natural  size. 


number  of  poisonous  fruits  and  seeds  in  North  America 
is  small  Even  in  country  districts,  where  correct 
knowledge  of  this  subject  should  be  found,  many  per- 


fectly innocent  substances  are  commonly  regarded  as 
poisons. 

Belladonna  (fam.  Solanacem). — Undoubtedly  this  is  our 
most  important  poisonous  fruit,  its  seeds  containing  the 
active  constituents  pertaining  to  the  roots  and  leaves. 
The  plant  is  rare  in  a  wild  state  in  this  country,  though 
very  common  in  Southern  and  Central  Europe.  Its 
scarcity,  however,  renders  it  on  some  accounts  the  more 
dangerous,  since  it  is  thus  not  well  known.  It  is  a 
highly  attractive,  purple-black,  shining,  juicy  berry,  as 
indicated  by  one  of  its  common  names,  "black  cherry," 
and  has  been  often  eaten  by  children  in  the  regions  where 
it  abounds.  The  accompanying  illustration  (see  Fig. 
3845)  is  ample  for  identification.  The  plant  is  a  tall, 
widely  spreading,  smooth  perennial  herb,  somewhat  re- 
sembling the  pokeberry  plant,  though  not  so  large  and 
wanting  the  strong  purple  stem  coloration  of  the  latter. 
All  matters  pertaining  to  the  symptoms  and  treatment  of 
poisoning  by  it  will  be  found  under  Belladonna. 

Bittersweet,  True  and  False. — Rather  closely  related  to 
belladonna  is  the  true  Bittei'sweet  (Solanum  Dulca/mara 
L.,  fam.  Solanacea^.  Leaf,  flower,  and  fruit  forms  are 
shown  on  page  763,  Vol.  I.,  and  the  plant  is  there  de- 
scribed. It  is  found  both  in  Europe  and  in  America,  and 
grows  commonly  in  the  edges  of  swamps  and  along 
streams,  especially  where  the  water  is  stagnant,  or  where 
the  ground  is  subject  to  overflow.  Occasionally  also  it 
grows  in  other  localities,  as  about  shaded  stone  walls  and 
fence  rows.  The  branches  are  long,  slender,  sprawling, 
and  widely  spreading  over  bushes,  and  the  fruits  are 
pendulous.  Nothing  more  attractive  than  these  fruits 
can  be  imagined.  They  are  of  a  ruby-red  color,  smooth, 
shining,  and  somewhat  translucent,  and  children  are  very 
apt  indeed  to  eat  them.  Their  poisonous  properties  are 
rather  mild  unless  large  numbers  are  eaten.  The  seeds 
appear  to  be  the  poisonous  portion.  The  properties  are 
partly  those  of  the  drug  Dulcamara,  but  more  intense, 
and  the  poisonous  constituent  appears  to  be  solanine. 

False  Bittersweet  {Celastrus  seandens  L.,  fam.  Oelas- 
tracew)  has  been  considered  in  the  same  connection.  Its 
fruits  are  also  attractive,  but  possess  an  acrid  taste ;  hence 
they  are  not  likely  to  be  eaten  in  quantity.  Their  poi- 
sonous properties,  due  probably  to  a  small  amount  of 
saponin,  are  comparatively  slight. 

Potato  Fruits.— The  small  berries  which  develop  upon 
potato  plants  are  mildly  poisonous,  especially  when  un- 
ripe, in  the  same  way  as  are  the  berries  of  true  bitter- 
sweet. They  have  a  nauseous,  acrid,  and  disagreeable 
taste,  and  are  not  at  all  likely  to  be  consumed. 

Black  Mghtshade.— The  fruits  of  black  nightshade 
(Solanum  nigrum  L.,  fam.  Solanaceai)  maybe  dismissed 
with  the  same  remarks  which  have  been  applied  to  po- 
tato fruits.  This  plant  grow  s  like  a  tall,  slender,  and  erect 
potato  plant,  in  similar  situations  to  those  of  bittersweet, 
though  usually  in  dryer  ground  and  more  in  the  vicinity 
of  barns  and  waste  places.  It  is  not  very  abundant, 
though  somewhat  common  in  the  United  States,  as  in- 
deed in  almost  all  other  parts  of  the  world.  Its  fruits  are 
a  little  larger  than  large  peas,  and  are  of  a  greenish-black 
color.  The  fruits  of  many  tropical  species  of  Solanum 
are  similarly,  some  violently,  poisonous. 

Other  North  American  berry -like  or  fleshy  fruits  re- 
quiring consideration  in  this  connection  are  the  baneber- 
ries,  or  cohoshes,  red  and  white,  pertaining  to  the  genus 
Aetma  and  the  fruit  of  the  yew. 

Actcea  (fam.  Raminculaceoe)  is  a  genus  of  several  spe- 
cies, probably  more  numerous  than  generally  admitted 
by  systematic  botanists,  distributed  from  Japan  across 
Asia  and  the  most  of  Europe,  and  in  North  America  from 
ocean  to  ocean.  According  to  ancient,  and  to  one  very 
recent  authority,  the  half-score  species  of  Cimicifuga  are 
also  included ;  but  to  most  botanists  familiar  with  the 
plants  in  a  state  of  nature,  an  absurdity  is  involved  in 
this  association.  The  red  and  white  berries  have  been 
recorded  as  poisonous,  the  medical  botanist  Lindley  say- 
ing of  them  that  they  produce  death  with  violent  dehr- 
um,  emesis,  and  catharsis  (see  Fig.  3846).  The  active 
constituents  of  the  baneberries  have  not  been  mvesti- 
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gated,  but  are  in  all  probability  similar  to  those  of  lark- 
spur seeds  and  stavesaore.  Not  enough  is  known  of  their 
action  to  suggest  anything  more  than  rational  treatment, 
consisting  of  prompt  evacuation,  followed  by  alleviation 


B. 

Fig.  3846.— Actaea.    A,  A.  rubra ;  B,  A.  alba.     (Two-thirds  natural 
size.) 

of  the  painful  symptoms,  and  support  to  the  circulation, 
which  is  depressed  as  in  poisoning  by  hellebore. 

Tew  Berries  (fam.  TaxamB).— It  was  for  a  long  time 
supposed  that  the  American  creeping  yew  was  a  mere 
variety  of  the  European,  which  latter  is  recorded  as  hav- 
ing produced  various  poisoning  accidents.  Now,  how- 
ever, it  is  recognized  that  they  represent  distinct  species 
The  foliage  and  fruits  are  here  illustrated.  The  plant  is 
an  evergreen  and  the  fruit  is  of  a  beautiful  bright  scarlet, 
frequently  with  a  somewhat  glaucous  surface  (see  Pig.' 
3847).  The  poisonous  constituent,  present  in  the  seed 
and  foliage,  is  the  alkaloid  taxi/is  (Ca,H5,N0,„),  which  is 
bitter,  readily  soluble,  in  Its  free  state,  in  alcohol  and 
ether,  but  not  in  water,  and  is  precipitated  by  silver  ni- 
trate. Its  action  is  very  imperfectly  understood,  though 
It  IS  compared  in  a  general  way  with  that  of  digitalis 
The  following  symptoms  have  been  recorded:  nausea 
and  retching  without  much  vomiting,  dilated  pupil,  con- 
vulsions interrupting  a  semi-comatose  condition,  a  cold 
and  clammy  skin,  and  difficult  respiration.  No  cases  of 
poisoning  by  the  American  plant  have  been  recorded 
though  It  doubtless  acts  similarly. 

Phytolacca  or  pokeberry  has  already  been  considered  as  a 
arug.     Ihe  so-called  berries  are  in  reality  stone-fruits. 

YOO 


They  are  of  a  beautiful  and  tempting  appearance,  being 
of  a  dark  purple-black,  shining  and  Juicy,  and  are  not 
rarely  eaten  b.y  children  (see  Fig.  3848).  After  a  little 
time  the  taste  becomes  acrid,  so  that  large  quantities  are 
not  usually  consumed.  The  seed,  which  is  the  poison- 
ous portion,  is  enclosed  in  a  crustaceous  endocarp,  which 
is  usually  not  crushed  in  eating,  so  that  the  seed  is  pro- 
tected for  some  time  against  the  digestive  juices.  Mean- 
time the  pulp  itself  is  somewhat  laxative,  so  that  the 
dejection  of  the  pyrenes  in  an  entire  condition  is  to  be 
anticipated.  Treatment  should  consist  in  prompt  emesis 
and  catharsis,  followed,  if  irritant  symptoms  should  ap- 
pear, by  that  applicable  to  poisoning  by  pokeroot. 

Other  fleshy  fruits. — In  this  connection  brief  reference 
may  be  made  to  the  fact  that  although  the  common  May 
apple  or  mandrake  berry  is  commonly  and  freely  eaten, 
yet  two  cases  are  recorded  of  poisoning  by  it,  one  result- 
ing fatally.  The  symptoms  were  those  of  poisoning  by 
podophyllin,  although  narcosis  came  on  very  early. 

Such  seeds  as  those  of  the  cherry,  plum,  and  peach  are 
in  all  respects  similar  to  bitter  almond,  and  are  capable, 
when  eaten  in  excess,  of  causing  prussic-acid  poisoning. 
Two  cases  are  reported  in  which  intestinal  impaction  of 
wild  cherry  stones,  followed  by  the  freeing  of  the  seeds 
by  rnaceration,  resulted  in  poisoning,  one  of  the  cases 
proving  fatal.  Excessive  indulgence  in  eating  the 
sweetish  fruits  of  any  species  of  juniper  may  result  in 
poisoning  similar  to  that  by  the  ordinary  medicinal  juni- 
per. 

The  fruit  of  Tamus  commvnis  L.,  the  Black  bryony 
(fam.  DioscoriaceoB)  grows  upon  a  tendril-bearing  vine  of 
Northern  Africa,  Southern  Asia,  and  Southern  and  Cen- 
tral Europe.  It  (see  Fig.  3849)  is  an  active  emetico- 
cathartic  poison,  producing  powerful  diuresis,  and  ap- 
parently acting  much  after  the  manner  of  squill. 

In  Southern  and  Central  Europe,  as  well  as  in  culti- 
vation for  lawn  ornament,  occur  the  peculiar  fruits  of 
Daphne  mezereum  L.,  which  are  quite  actively  emetico- 
cathartic  and  diuretic ;  they  are  used  for  fish  poisoning,  and 
sometimes  poison  children.  They  contain  the  glucoside 
daphnin  (CisHioOa.SHjO)  which  is  neutral,  soluble  in  hot 


Fig 


-Taxus.    Branch  slightly  reduced :  ament  and  Iruit  X  2. 
(After  Brltton  and  Brown.) 


water  and  hot  alcohoT;  also  the  amaroid  daphnetin,  which 
IS  a  feebly  acid  and  astringent  principle,  similarly  solu- 
ble. We  here  figure  also  the  fruits  of  Hed&i-a  helix,  the 
common  ivy,  which  are  discussed  under  the  title  Ivy,  and 
those  of  Ligustrum  vulgare,  or  privet,  considered  under 
the  title  Oleacece. 
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Fitially,  reference  may  be  made  to  the  fact  tliat  mild 
narcotic  properties  pertain  to  tlie  common  elderberry, 
notwithstanding  the  freedom  with  which  this  fruit  is 
eaten.     Small  animals,  like  barnyard  fowls,  have  been 
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Fig.  3848.— Phytolacca.    (One-half  natural  size.) 


recorded  as  suffering  from  intoxication  from  eating  them. 
Cooking  or  fermentation  appears  to  destroy  these  proper- 
ties. 

Stramonium. — Among  the  non-fleshy  fruits  and  seeds, 
probably  the  most  important  poisoning  agent  is  Datura 
or  stramonium,  the  common  thorn  apple.  An  examina- 
tion of  our  illustration  (see  Stramonium)  will  show  that 
the  fruit  is  large  and  conspicuous,  and  very  likely  to  at- 
tract the  attention  of  the  curious  or  hungry.  Growing 
as  it  does  in  waste  places  in  cities,  whose  inhabitants  are 
not  accustomed  to  observing  vegetation,  it  not  infre- 
quently happens  that  its  seeds,  which  are  contained  in 
abundance,  are  eaten,  especially  by  young  people.  It 
is  also  stated  that  in  India  and  other  Oriental  countries 
where  this  plant  abounds  its  seeds  are  often  eaten  by 
starving  people  in  times  of  famine,  with  widespread  fatal 
effects.  The  Thugs  were  said  to  use  them  freely  for  the 
purpose  of  stupefying  their  intended  victims.  Such 
Assassins  were  called  Dhaturiaa.  The  symptoms  are  iden- 
tical with  those  described  under  Stramonium.,  as  is  the 
treatment. 

Eenbane. — Closely  related  in  every  way  to  stramonium 
is  henbane.  The  plant  is  similarly  a  large,  coarse, 
widely  spreading  herb,  with  clammy  foliage  and  heavy 
narcotic  disagreeable  odor.  Its  capsules  are  not  more 
than  half  so  large  a^  those  of  stramonium,  and  they  dis- 
•charge  by  the  separation  of  a  termiual  lid.  Poisoning  by 
these  seeds  is  not  common. 

Oicuta. — Small  fruits,  usually  spoken  of  as  seeds,  are 
those  of  conium  and  cicuta.  The  former  has  been  suffi- 
ciently considered  under  that  title.  Poisoning  by  the 
latter,  except  as  part  of  the  plant  itself,  which  subject 
will  be  considered  under  roots,  is  not  at  all  likely  to 
occur.  The  same  may  be  said  of  the  seed-like  fruits  of 
our  wild  parsnip,  which  are  said  to  be  somewhat  poison- 
ous, the  action  being  partly  acrid-irritant  and  partly 
narcotic.  No  authenticated  cases  of  poisoning  are  re- 
■corded.  The  fresh  juice  is  said  to  blister  and  the  root  is 
regarded  with  suspicion. 

To  be  classed  with  ergot,  as  poisonous  constituents,  of 
grain,  are  the  darnel,  the  cockle,  and  perhaps  the  seeds 
•of  other  species  of  plants  in  the  pink  family. 


Lolium,  Darnel,  Bearded  Darnel,  Ivmie  (Fr.),  IMch, 
Tauvielkorn  (Gcr.),  is  the  fruit  (grain  or  cn.ryopm  com- 
monly miscalled  seed)  of  L.  temulentnm  L.  (fam.  Gra- 
mineai),  an  Asiatic  grass,  growing  commonly  in  grain 
fields  there  and  in  Europe,  and  so  introduced  in  this 
country.  The  general  structure  of  this  seed  is  that  of  a 
grain  of  wheat  or  rye.  It  is  about  a  fourth  of  an  inch 
long,  and  comes  away  with  the  palets  attached  and  en- 
closing it,  is  convex  on  one  side,  grooved  on  the  other, 
of  a  light  bi'own  color,  smooth,  starchy  in  structure,  and 
gradually  develops  a  bitter  taste  after  chewing.  Its 
presence  in  flour,  if  in  large  quantity,  can  be  detected 
by  the  appearance  of  the  starch  grains,  which  are  much 
smaller  than  those  of  wheat  starch,  nearly  circular, 
white-margined,  the  rest  of  the  body  without  markings, 
and  having  a  peculiar  brightly  shining  surface.  The  poi- 
sonous constituent  is  the  alkaloid  temuline  (CHi^N.^O), 
existing  with  temulentie  acid.  There  is  a  good  deal 
of  obscurity  regarding  the  mode  of  action  of  this  poison, 
but  the  substance  is  in  general  classed  as  a  narcotic  of  the 
delirifacient  type,  producing  much  nausea,  dizziness,  and 
headache,  with  drowsiness.  There  is  also  at  first  con- 
siderable irritation  of  the  stomach  and  intestines.  Dar- 
nel-contaminated flour  is  not  dangerous  unless  the  sub- 
stance is  present  in  very  large  amount,  from  which 
condition  a  number  of  fatal  cases  have  resulted. 

Cockle  or  corn  cockle,  the  seed  of  Agrostemma  Oitliago 
L.  (Lychnis  O.  Scop.,  fam.  CaryophyllacecB),  is  very  com- 
mon in  grain  fields,  more  so  in  Europe,  where  it  is  native, 
than  in  this  country.  The  plant  is  a  slender  herb,  two 
or  three  feet  high,  the  branches  terminating  in  handsome 
purplish  flowers  about  an  inch  broad,  and  having  the 
general  appearance  of  a  common  single-flowered  pink. 
The  seeds  are  produced  in  a  one-celled  capsule  and  are 
numerous,  black,  and  about  as  large  as  morning-glory 
seeds.  Their"  active  constituent  appears  to  be  a  kind  of 
saponin  which  is  exceedingly  common  and  abundant  in 
this,  the.  pink  family.  The  properties  of  the  poison  are 
those  of  saponin,  and  a  percentage  of  the  seeds  in  the 
flour  sufficiently  large  to  produce  fatal  results  is  scarcely 
to  be  expected. 

The  closely  related  plant  Yaccaria  Taaearia  L.  Britton 
{Saponaria  V.  L. ;  V.  milgaris  Host.),  the  cow  cockle, 
cow  herb,  or  field  soapwort,  produces  seeds  which  are 
apparently  identical  in  action  with  the  corn  cookie. 
This  plant  is  at  present  spreading  widely  through  the 
grain  fields  of  the  Western  United  States,  and  the  seeds 
are  becoming  increasingly  abundant  as  a  constituent  of 
grain.  Although  they  are  rather  easily  screened  out,  yet 
their  possible  presence  in  flour  is  to  be  recognized  as  a 
distinct  source  of  danger. 

Ricinus  or  castor  oil  seeds  have  been  rather  fully  con- 
sidered under  Castor  Oil,  so  far  as  constituents  and  activ- 
ity are  concerned.  These 
shining,  reddish,  and  pur- 
ple-spotted,  bean-like 
seeds  are  very  pretty  and 
attractive  to  children. 
Their  tendency  to  be  eaten 
to  excess  is  the  greater  be- 
cause they  have  a  bland 
and  nutty  flavor,  quite 
free  from  the  nauseous 
odor  and  taste  of  castor 
oil,  unless  they  have  be- 
come old  and  rancid.  The 
common  cultivation  of 
the  plant  for  lawn  de- 
coration conduces  to  acci- 
dents. In  one  case,  a  city 
resident,  moving  to  the 
suburbs  where  a  quantity 
of  these  seeds  were  strewn 
upon  the  lawn,  fed  them 
to  his  horses  with  the  re- 
mark that  it  was  a  pity  to  see  all  those  beans  going  to 
waste.     The  effect  upon  the  horses  was  fatal. 

Several  other  Euphorbiaceous  seeds  were  formerly  much 
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Fig.  3849.-^4,  Daphne  Meze- 
reiim;  B,  Tamils  communis:  C, 
Ligiistrum  vulffare;  D,  Hedera 
helix.    (After  Holmes.) 
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cultivated  in  gardens  for  use  as  cathartics,  under  the 
name  of  spurge  or  spurge  seeds,  and  this  habit  has  not 
entirely  died  out.  They  produce,  in  overdoses,  poison- 
ous results  similar  to  those  of  ricinus.  _  _ 

Goral  Bean.— Kcting  by  a  toxalbumin  similar  to  ricin, 
or  even  more  like  abrin  (see  Jequirity),  the  seeds  of  several 
species  of  Sophm-a,  especially  8.  coralloides  Benth.  (fam. 
Zeguminosce),  have  produced  fatal  poisoning  in  Texas  and 
the  regions  to  the  southwest.  These  coral  beans  resem- 
ble a  common  bean  in  form,  some  being  larger,  some 
smaller,  and  are  of  a  bright  scarlet  color.  They  grow  in 
a  brown  or  brownish  cylindraceous  pod,  which  is  con- 
stricted between  the  seeds,  so  as  to  resemble  beads  upon 
a  stick,  and  separating  readily  into  its  one-seeded  joints. 
Treatment  of  this  poisoning  has  proved  difRcult  and  un- 
certain. 

Lupines  (fam.  Leguminosee). — ]Mauy  species  of  the 
genus  Lupimis  (wild  bean  or  blue  bean)  are  employed, 
in  both  Europe  and  America,  either  as  fresh  fodder  or 
for  the  production  of  a  hay  very  similar  to  clover  hay. 
Although  these  fodders  are  used  upon  a  great  scale,  with 
only  the  best  results  in  most  cases,  yet  wholesale  and 
fatal  poisoning  has  at  times  resulted.  Many  observa- 
tions, together  with  some  careful  e.xperimentation,  have 
apparently  determined  the  fact  that  the  poisoning  is  due 
to  the  seeds,  which  resemble  small  heans  and  are  pro- 
duced in  bean-like  or  pea-like  pods.  When  the  herbage  is 
eaten  previous  to  the  formation  of  these  seeds,  or  after 
they  have  been  discharged  from  the  pods,  no  bad  results 
follow;  but  if  the  seeds  are  eaten,  especially  when  ripe, 
either  acute  or  chronic  poisoning  may  follow.  The 
symptoms  indicate  a  poison  similar  in  its  general  na- 
ture to  digitalis  or,  still  more  so,  to  sparteine  or  ononis. 
There  is  cerebral  congestion,  with  frenzied  and  very  ac- 
tive delirium.  The  heart  is  slow  and  strong,  the  blood 
pressure  high.  Convulsions,  with  extreme  alternations 
of  strength  and  weakness,  and  finally  prostration  occur. 
There  is  powerful  diuresis,  the  urine  being  often  bloody, 
as  in  digitalis  poisoning.  Death  usually  occurs  in  acute 
cases  within  two  hours  of  the  appearance  of  tlie  first 
symptoms. 

^seulus. — ^The  common  horse  chestnut  (seed  of  M 
Eippoccbstanum  L.,  fam.  Hippocastanacew)  is  regarded  as 
slightly  ijoisouous,  and  certainly  contains  acrid  saponin- 
like  principles  (argyrceacin  and  aphrodcesoin)  which,  con- 
sumed in  large  amount,  would  prove  disastrous.  De- 
prived of  this  principle  hy  powdering  and  maceration 
in  alcohol,  the  residue  of  the  kernel  is  highly  nutritious 
(protein  eight  percent.,  fat  seven  per  cent.,  non-nitro- 
genous extract  containing  among  other  constituents 
fourteen  per  cent,  of  sugar),  and  it  is  now  being  so  man- 
ufactured in  Germany.  It  is  readily  conceivable  that,  as 
this  industry  extends,  insuflicient  purification  may  lead 
to  the  distribution  of  a  poisonous  product.  A  western 
and  southwestern  species  (^.  Pavia,  L.),  the  buckeye, 
is  apparently  much  more  active,  various  fatal  cases  of 
poisoning  by'  it  being  on  record.  Its  poisonous  constit- 
uent is  similar  to,  but  distinct  from,  argyraascin.  The 
symptoms  are  violent  emesis  and  catharsis,  convulsions, 
and  other  common  accompaniments  of  poisoning  by  the 
saponin  group.  It  would  appear  from  the  accounts  that 
narcosis  comes  on  rather  more  quickly  than  in  cases  of 
poisoning  by  other  saponin-containing  drugs. 

Poisonous  Bakks. 

In  the  nature  of  the  case  poisoning  of  human  beings  by 
harks  is  not  at  all  likely  to  occur,  except  in  medical  cases 
where  a  poisonous  bark  has  been  taken  by  mistake,  or 
overdoses  of  tlje  bark  have  otherwise  been  given.  It  is 
true  that  many  barks  are  employed  by  savages  as  arrow 
poisons  (see  Curare),  but  this  subject  scarcely  pertains  to 
the  present  article.  The  poisoning  of  stock  by  the  eat- 
mg  of  nutritive  barks  is  in  general  prevented  through 
the  natural  instioct  of  the  animal.  In  times  of  scarcity  of 
tood,  however,  grazing  animals  sometimes  eat  the  bark 
of  the  common  locust  tree  {Uohinia  pseudacacia  L  )  with 
poisonous  results.     This  tree  pertains  to  the  family  Le- 
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guminosse,  or  bean  family,  so  noted  for  Its  production  of 
albuminoid  nutrients.  Its  poisonous  constituent  has 
been  determined  by  Power  as  a  toxalbumin,  very  subtle 
and  difficult  of  isolation.  Nothing  is  known  of  the  treat- 
ment, except  wliat  is  derived  from  a  knowledge  that  the 
chief  symptom  is  extreme  nausea  with  violent  retching, 
persisting  for  days,  accompanied  by  dizziness  and  great 
depression.  In  animals  marked  salivation  has  been  no- 
ticed. The  barks  of  wild  cherry  and  of  several  Eii- 
caceous  plants  are  poisonous  to  stock  in  the  same  way  as 
their  foliage,  and  the  latter  will  he  considered  under 
Herbage.  The  barks  of  various  species  of  elder  {Satribu- 
cus)  are  more  or  less  poisonous,  though  it  does  not  appear 
that  they  produce  accidents.  This  subject  will  be  con- 
sidered under  Roots. 

Poisonous  Roots. 

Besides  the  true  roots,  that  name  is  generally  applied 
by  the  public  to  all  underground  parts,  such  as  man- 
drake, lily  of  the  valley,  Solomon's  seal  and  other  rhi- 
zomes, the  potato  and  the  artichoke,  which  are  tubers, 
and  the  onion  and  garlic  which  are  bulbs.  All  these  are 
therefore  here  considered  together. 

The  two  important  poisonous  roots  of  our  region  are 
pokeroot  and  Cicuta.  Probably  no  year  passes  without 
some  fatal  cases  of  poisoning  by  these,  and  it  occasion- 
ally happens  that  quite  a  number  of  them  occur  at  about 
the  same  time. 

Pokeroot  has  already  been  considered  at  length  as  a 
drug,  under  that  title,  and  its  fruits  have  been  elsewhere 
discussed  in  this  article.  The  root  has  been  quite  often 
eaten  by  mistake  for  horseradish,  which  it  rather  closely 
resembles,  and  for  other  edible  roots.  The  strong  acrid- 
ity of  horseradish  tends  to  avert  the  suspicion  which 
would  otherwise  be  excited  by  that  of  the  pokeroot. 
When  freshly  dug  it  is  quite  attractive,  being  large, 
whitish,  fleshy,  and  succulent,  and  containing  large 
amounts  of  starch  and  sugar,  so  that  it  is  readily  mis- 
taken for  a  wholesome  and  nutritious  article.  Suspicion 
once  aroused,  pokeroot  is  easily  recognized.  The  base 
of  the  stem,  which  is  usually  present  in  a  broken  condi- 
tion, is  seen  to  be  divided  by  thin  transverse  partitions. 
The  surface  is  finely  papillose,  and  usually  presents  a 
spiral  appearance,  and  the  cross  section  exhibits  a  con- 
spicuous concentric  arrangement  of  the  tissues.  Since 
the  young  shoots  are  often  cut  and  eaten  as  a  substitute 
for  asparagus,  portions  of  the  root  are  apt  to  be  thus^ 
taken  by  too  deep  cutting.  Thorough  cooking  amelio- 
rates, but  does  not  destroy  its  activity. 

Cicuta  (Water  Hemlock,  Cowbane,  Brook  Tongue, 
Children's  Death,  Spotted  Parsley,  Beaver  Poison,  Musk- 
uash  Poison,  etc. ;  Ger. ,  Wasserehierling,  Oiftwvetherich  ; 
Fr. ,  Oigue  mreuse)  is  the  root  of  various  species  of  the 
genus  Cicuta  L.,  fam.  Vmbelliferre,  a  genus  closely  re- 
lated and  very  similar  to  conium,  some  of  the  species 
even  having  gone  by  that  name  (see  Figs.  3850  and  3851). 
These  plants  grow  in  swamps  or  other  wet  locations,  along 
lakes,  streams,  and  ditches  througliout  almost  the  entire 
North  Temperate  zone,  and  are  particularly  common  and 
abundant  in  Eastern  and  Central  North  America.  Our 
illustrations  give  an  excellent  idea  of  the  roots,  foliage, 
inflorescence,  and  fruits.  The  plant  grows  to  a  height  of 
from  three  to  five  feet,  and  branches  and  spreads  rather 
widely.  The  stems  and  leaf  bases  are  thick,  hollow, 
crisp,  and  juicy,  and  the  former  are  usually  more  or  less 
purplish  and  glaucous.  The  base  of  the  petiole  clasps 
the  stem.  The  leaf  blade  as  a  whole,  though  successively 
much  divided  into  small  segments,  is  very  large,  often 
two  feet  or  more  broad  and  long,  and  is  thin  and  quite 
green.  The  entire  plant  is  smooth,  and  exhales  a  not  un- 
pleasant odor  when  bruised.  The  fine  white  flowers  are 
in  decompound  umbels,  terminating  the  branches.  The 
base  of  the  stem,  when  longitudinally  cut,  exhibits  thin 
transverse  partitions,  though  these  are  obscure  in  some 
species.  Tlie  roots,  in  fascicles  like  dahlia  roots,  are  usu- 
ally from  three  to  ten  in  number.  They  have  about  the 
consistency  of  a  raw  potato,  are  starchy,  crisp,  and  juicy^ 
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somewhat  aromatic,  and  not  unpleasant  to  the  taste. 
They  are  externally  of  a  brownish  color,  internally  white. 
They  are  about  the  size  of  Jerusalem  artichokes,  which 
they  somewhat  resemble,  and  for  which  they  have  been 
mistaken.  Boys  visiting  swamps  for  calamus  often  get 
hold  of  them.    Frequently  also  they  are  turned  out  in 


■Clcuta  raaculata.    (One-hall  natural  size.) 


ditching  operations,  and  they  have  then  been  experimen- 
tally eaten  by  workmen  with'  fatal  consequences.  The 
aromatic  stem  and  the  fruits  have  also  been  mistaken  for 
angelica.  The  constituents  are  believed  to  include  co- 
niine  (see  Gonium).  Cieutoxin  is  also  a  very  active  con- 
stituent.    Although  the  nature  of  the  poison  partakes  of 


Fis.  3851.— Cicuta  maculata.    (One-Iourth  natural  size.) 

that  of  conium,  yet  there  is  far  more  of  a  tendency  tow- 
ard irritation  and  convulsions.  Tremors,  violent  contrac- 
tions and  relaxations  of  the  muscles,  astonishing  mobil- 
ity of  the  eyeball  and  eyelashes,  widely  dilated  pupil, 
frothing,  often  bloody,  of  the  mouth  and  nose,  epilepsy, 
and  after  death  a  peculiar  greenish  fluid  in  the  stomach 


and  exuding  from  the  mouth,  cold,  contracted,  pale  sur- 
face and  some  diarrha3a  have  been  noted.    Prompt  emesis 


Fig.  3852.— CEnanthe  crocata.    Reduced.    (After  Holmes.) 

by  the  aid  of   zinc  sulphate  has  been  found  effective. 
The  further  treatment  is  indicated  by  the  symptoms. 


Fig.  3853.— Sambucus  Canadensis.    (One-third  natural  size.) 

(En'anihe  Crocata.— hi  Europe  this  species,  closely  re- 
lated and  rather  similar  to  cicuta,  is  regarded  as  taking 
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Fig.  3864,— Iris  versicolor, 
size.) 


(One-half  natural 


first  rank  among  poisonous  plants.  Like  cicuta,  it 
grows  in  damp  soil  and  produces  a  fascicle  of  fleshy  roots 
(see  Fig.  3852).  Its  leaves  bear  a  strong  general  resem- 
blance to  those  of  celery,  and  it  is  free  from  disagreeable 
or  warning  taste.  The  symptoms  of  poison- 
ing are  only  in  a  minor  degree  similar  to 
those  resulting  from  cicuta,  and  the  nature 
of  the  poison  is  probably  quite  different. 
The  symptoms  develop  very  rapidly,  deatli 
frequently  occurring  within  an  hour  or 
two.  Dryness  of  the  mouth,  with  great 
thirst,  vomiting,  then  dizziness,  slow  and 
weak  pulse,  pale  and  cold  skin,  reduced 
blood  pressure,  pupils  greatly  dilated  and 
failing  respiration,  inducing  convulsions, 
result.  Death 
occurs  appar- 
ently from  heart 
failure.  Judg- 
ing from  these 
symptoms,  it 
would  appear 
that  the  admin- 
istration of  digi- 
talis would  con- 
stitute a  rational 
line  of  treat- 
ment. 

.  Sambucus  or 
Mder(ta.m.  Gaxt- 
rifoliacec^.  (See 
Fig.  3853.)— Ap- 
parently closely 
related  to  cicuta 

as  a  poison,  is  the  root  of  the  common  elder,  and  prob- 
ably of  other  species  of  the  genus.  These  roots  (or  more 
properly  rhizomes)  are  elongated,  cylindrical,  crooked, 
somewhat  branched,  whitish,  and  possessed  of  a  rather 
thick,  juicy  bark.  Commonly,  some  small  shoots  can  be 
seen  upon  them,  and  these  are  usually  of  a  bluish-purple 
color  at  the  place  where  the  young  leaves  are  forming. 
When  bruised,  these  roots  exhale  a  rather  disagreeable 
odor,  and  the  after-taste  Is  acrid.  Coniine  is  said  to  have 
been  extracted  from  some  of  the  elders.  The  symp- 
toms of  poisoning  are  much  like  those  from  cicuta,  and 
promptly  fatal  results  have  been  recorded. 

Iris  or  Blvx  Flag  rhizome  (fam. ,  Iridacex),  growing 
commonly  in  swamps  or  low  ground,  along  with  calamus 
or  sweet  flag,  is  liable  to  be  mistaken  for  the  latter.  The 
distinctions  between  the  two,  once  known,  are  sufl5ciently 
easy  for  recognition.  Iris  grows  in  small  or  only  mode- 
rately large  clumps,  while  calamus  covers  large  patches, 
almost  to  the  exclusion  of  other  growth,  and  usually  in 
wetter  situations.  Its  leaves  are  longer,  narrower,  less 
thick  and  fleshy,  and  are  greener,  lacking  the  bluish- 
green  tinge  of  iris.  The  plant  is  also  taller.  The  rhi. 
zome  of  calamus  is  long  and  rather  uniform  in  thickness 
for  a  considerable  distance.  That  of  iris  is  much  thick- 
ened at  short  intervals.  Calamus  is  bitter  and  somewhat 
acrid,  so  that  the  acridity  of  iris,  though  greater,  is 
apt  to  be  endured  by  the  heroic  calamus  chewer, 
thinking  that  he  has  the  _  rhizome  of  the  latter.  The 
properties  of  iris  have  already  been  considered  (see  Fig. 
3854).  The  fresh  rhizome  is  much  more  irritant  and  vio- 
lently emetic  and  cathartic  than  the  dry  drug. 

Vemtrum  (fam.  Ifelant/iacecu). —Orov/ing  in  the  same 
swamps  with  iris,  though  usually  in  more  wooded  or 
shaded  situations,  veratrura  is  often  found.  Although  a 
mistake  is  here  not  easy,  such  a  possibility  should  not  be 
overlooked,  as  the  rhizome  is  fleshy  and  succulent.  Be- 
yond referring  to  our  illustration  and  to  our  account  of 
the  drug  (see  Fig.  3856)  this  subject  requires  no  discus- 
sion. 

OiMmas.— Various  western  species  of  the  genus  Zygade- 
nus  Mx.,  of  the  same  family  with  Veratrum,  are  known 
by  this  name,  and  several  of  them  are  recognized  poi- 
sons, especially  Z.  iiemnosus  Watson,  or  Death  camas  a 
name  which  has  been  applied  to  a  polymorphous  species, 
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or  a  group  of  very  similar  species,  according  to  the  vary- 
ing views  of  different  botanists.  In  all  probability  most, 
if  not  all,  of  the  species  of  this  genus  are  poisonous,  but 
only  the  death  camas  has  produced  serious  results.  The 
genus  is  characterized  as  follows :  Plants  smooth,  peren- 
nial, from  rhizomes  or  bulbous  bases,  the  stem  bearing 
linear,  somewhat  succulent  leaves,  and  terminating  in  a 
raceme  or  panicle  of  yellowish-white  or  greenish-white 
marcescent  flowers,  the  perigone  six-parted,  its  segments 
gland-bearing  near  the  base.  Stamens  six,  borne  at  the 
base  of  the  perigone  but  free  from  it,  the  anthers  cordate 
or  reniform.  Ovary  three-celled  with  three  styles.  Pod 
completely  dehiscent  and  containing  narrow,  angular 
seeds.  The  genus  is  closely  related  to  veratrum.  Z.  -uene- 
nosus  is  here  figured  (see  Fig.  3855).  It  Is  extremely 
common  and  abundant  in  Montana  and  other  Northwest- 
ern grazing  regions,  and  is  very  destructive  to  stock. 
All  parts  of  the  plant  appear  to  be  poisonous.  The  bulb, 
which  is  especially  so,  is  recognized  among  the  Indians  as 
dangerous  to  man  because  of  its  close  resemblance  to  sev- 
eral edible  species.  It  appears  to  be  bitter  at  times,  quite 
free  from  bitterness  at  other  times.  It  is  considered  fatal 
to  about  twenty  per  cent,  of  the  sheep  poisoned  by  it. 
The  symptoms  are  said  to  be  uneasiness  followed  by  in- 
coordination, then  muscular  paralysis,  especially  of  the 
posterior  limbs.  There  are  dizziness,  disordered  vision, 
regurgitation  of  frothy  matter,  salivation  and  weak  res- 
piration, with  little  cerebral  disorder.  The  nature  of  the 
poisoning  may  thus  be  regarded  as  paralysis  of  the  mo- 
tor centres,  progressing  from  below  upward.  The  nature 
of  the  poisons  is  unknown,  though  the  indications  are 
those  of  one  or  more 
glucosides.  They  are 
extracted  both  by 
alcohol  and  by  water. 
Potassium  perman- 
ganate appears  to  be 
a  very  efficient  anti- 
dote. 

Closely  related  to 
Zygadenus,  and  by 
some  botanists  re- 
garded as  pertaining 
to  it,  is  Chrosperma 
muaemtoxicwm  (Walt. ) 
Kuntze  (MelantMwm 
m.  Walt. ;  Amianthi- 
um  m.  Gray)  the  Fly 
poison.  Crow  poison, 
or  Fall  poison,  a  com- 
mon   bulbif- 


erous  peren 
hial    of    sandy 
soil  of   the  East 
ern    United    States, 
especially    near    the 
coast,   and   in   parts 
of  the  Southern  Cen- 
tral States.  It reaches 
a  height  of  two  to 
three  feet,  bears  long, 
linear   grass-like 
leaves,  nearly  an  inch 
in    breadth    at    the 
base,    and    large, 
much-branched  pan- 
icles   of  g  r  e  e  n  i  s  h- 
white  flowers,  about 
a    half   inch    broad. 
The    perigone    con- 
sists of   six  distinct 
parts,     without 
glands,  and  is   mar- 
cescent.     The     sta- 
mens are  six  in  number,  and  borne  upon  the  base  of  the 
perigone  segments.     Ovary  and  pod   are   three-celled, 
the  latter  splitting  only  at  its  upper  portion,  the  styles 
persistent  upon  the  valves.    The  ovoid  brown  seeds  are 


Fig.  38.55.— Deatli  Camas.  (One-fourth 
natural  size.)  (After  United  States  De- 
partment of  Agriculture.) 
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few  and  are  apparently  more  poisonous  than  any  other 
part  of  the  plant.  As  its  names  indicate,  tliis  plant,  es- 
pecially the  seeds,  is  in  use  as  an  Insecticide,  and  it  is 
poisonous  to  birds.  Little  is  known  about  the  nature 
and  treatment  of  the  poisoning,  but  it  appears  to  be  in  a 
general  way  quite  closely  related  to  veratrum. 

More  or  less  closely  allied  to  the  above-named  bulbs, 
as  well  as  to  colchicum,  are  tliose  of  various  species  of 
Narcissus,  Hippeastrum,  and  Amaryllis,  which  are  se- 
verely poisonous.  A  number  of  species  of  agave,  per- 
taining to  this  family  (the  Amaryllidacece),  as  well  as  of 
Liliaceae,  yield  so-called  soap  roots,  used  for  their  de- 
tergent properties  on  account  of  their  large  content  of 
saponin,  and  for  the  same  reason  actively  poisonous. 

Other  similar  articles,  poisonous  if  eaten,  but  not  liliely. 
to  be  eaten  except  through  mistake,  are  podophyllum, 
sanguinaria,  leptandra,  arum,  and  actsea,  all  elsewhere 
•considered,  and  all  so  strongly  acrid  and  disagreeable,  or 
even  painful,  that  no  considerable  amount  could  be  con- 
sumed by  a  sane  individual. 

With  convallaria,  aconite,  Solomon's  seal,  and  apocy- 
num  the  case  is  somewhat  different. 

Convallaria  (see  Lily  of  the  Valley)  rhizome  is  sweetish 
and  not  unpleasant  except  in  the  after-taste ;  and  it  is  so 
highly  poisonous  that  it  would  not  be  improbable  for  a 
child  to  eat  enough  to  produce  poisonous  symptoms.  So 
■common  an  ornamental  plant  requires  no  description. 

Aconite. — The  fresh  tuber  of  this  highly  ornamental 
garden  flower  is  said  not  infrequently  to  have  been  mis- 
taken for  horseradish,  incredible  as  this  may  seem.  Its 
biting  taste  is  even  exceeded  by  that  of  the  horseradish, 
:so  is  not  apt  to  excite  suspicion,  but  it  even  more  closely 
resembles  other  roots  which  might  grow  in  the  garden 
beside  it.  It  is  to  be  regarded  as  an  exceptionally  dan- 
gerous article.  Its  toxicology  has  been  sufficiently  de- 
scribed under  the  title  of  the  drug. 

Apoeynum  or  Dogbane  possesses  a  long  cylindrical  rhi- 
zome, running  horizontally  at  a  short  distance  below  the 
surface,  and  fleshy  and  milky-juiced.  It  has  an  amyla- 
ceous taste,  only  slightly  acrid,  and  might  be  eaten.  Its 
properties  have  already  been  discussed. 

Violet.— The  roots  of  pansies  and  all  other  violets, 
though  not  likely  to  be  eaten,  should  be  remembered  as 
possessing  emetico-cathartio  poisonous  properties,  almost 
identical  with  those  of  ipecac. 

Eu-plwrUa.—The  large,  fleshy,  and  milky-juiced  roots 
■of  M.  coroUata,  E.  ipecacuanha,  and  other  euphorbias, 
iave  been  well-known  and  much  used  cathartics. 

E.  corollata  is  known  as  the  Blooming,  White,  Purs- 
lane, or  Large-flowered  spurge,  Apple  root  or  Wild  hippo, 
and  is  abundant  in  Eastern  and  Central  North  America. 
It  reaches  a  height  of  about  three  feet,  is  slender,  widely 
branched  and  smooth,  and  the  flower  clusters  which 
terminate  its  branches  are  subtended  by  showy  and 
petallike  white  involucres,  each  bract  of  which  bears 
a  green  gland  at  its  base.  The  root  is  cylindrical,  an 
inch  or  more  in  thickness,  and  one  and  a  half  or  two 
feet  long,  of  a  very  dark  or  blackish-brown  externally 
when  dried,  much  lighter  brown  when  fresh.  It  has  a 
thick  white  bark  in  cross  section  and  a  radiate  spongy 
central  cylinder.  Its  taste  is  at  first  sweetish  and  pleas- 
ant, though  the  after-taste  is  a  little  acrid.  Its  active 
constituent  is  a  resin.  Overdoses  are  very  powerfully 
emetico-cathartic,  the  action  being  much  like  that  of 
ipecac. 

E.  ipecacuanha  is  known  as  the  White,  Wild,  North 
American,  Milk,  or  Spurge  ipecac  or  Ipecac  spurge,  and 
is  very  abundant  in  sandy  soil  along  the  Atlantic  coast. 
Its  very  slender,  much-branched  stems  are  numerous  and 
prostrate,  so  as  to  form  a  sort  of  a  mat-like  growth.  The 
leaves  are  of  most  diverse  forms  on  different  plants,  rang- 
ing from  narrowly  linear  to  broadly  oval.  The  herbage 
and  inflorescence  may  be  light  green  or  more  or  less  pur- 
ple The  root  itself  is  vertical,  much  longer  and  more 
slender  than  that  of  the  last,  rather  lighter  in  color,  but 
the  woody  centre  more  yellowish.  Its  properties,  as  well 
as  its  uses,  are  identical  with  those  of  the  last. 

Potato.— Om  consideration  of  poisonous  roots  may  well 
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close  with  a  few  words  concerning  the  poisonous  proper- 
ties of  the  tuber,  and  more  especially  of  the  sprouts,  of 
the  common  potato.  The  potato  at  all  times  contains 
traces  of  the  highly  poisonous  alkaloid  solanine,  and 
probably  others,  but  ordinarily  the  percentage  is  too 
slight  to  produce  perceptible  effects.  Since  the  greater 
portion  of  this  poison  exists  in  the  external  layer,  the 
peeling  of  potatoes  which  contain  it  in  excess,  may  eas- 
ily pi-event  trouble.  The  substance  appears  to  exist  in 
greatest  amount  in  the  rhizome  of  the  potato,  upon  the 
end  of  which  the  tuber  develops.  It  is  therefore  much 
more  likely  to  be  present  in  the  young  ("  unripe  ")  potato 
than  when  it  is  fully  developed.  Similarly,  when  the 
sprouts  (young  rhizomes)  develop  upon  potatoes  in  stor- 
age, the  solanine  becomes  present  in  them  in  considerable 
quantity.  When  the  sprouts  are  first  forming  and  of  a 
lurid  purple  color,  the  percentage  of  poison  is  large, 
gradually  decreasing  as  they  elongate,  thicken,  and 
whiten,  and  especially  as  they  put  forth  green  leaves. 
Wholesale  poisoning  has  resulted  when,  in  times  of  scarc- 
ity, an  attempt  has  been  made  to  eke  out  the  potato  sup- 
ply by  consuming  the  young  sprouts.  Potato  tubers 
which  form  above  ground  or  at  its  surface,  so  that  they 
are  exposed  to  the  atmosphere  and  develop  a  purplish- 
green  color,  also  contain  larger  amounts  of  solanine.  Fi- 
nally, it  may  be  mentioned  that  very  serious  results  have 
followed  the  eating  of  potatoes  containing  black  fungus 
spots,  the  solanine  percentage  being  greatly  increased  in 
and  just  about  the  spots  themselves. 

Similar  to  the  potato,  in  that  it  is  perfectly  wholesome 
under  some  conditions  and  highly  poisonous  under  others, 
is  the  cassava,  manihot,  or  tapioca  root  (fam.  EuphorM- 
acem),  so  largely  used  as  a  food  in  tropical  America.  Of 
this  root  there  are  two  varieties — the  one  sweet,  the  other, 
bitter.  The  former  is  in  general  not  poisonous,  or  not  so 
much  so  but  that  thorough  cooking  renders  it  whole- 
some. Nevertheless,  a  small  percentage  of  hydrocyanic 
acid  is  almost  always  contained  in  or  to  be  yielded  by 
its  bark  or  the  tissues  near  it.  In  the  bitter  variety  an 
important  amount  of  this  deadly  poison  is  always  found, 
so  that  it  is  not  safe  to  employ  it,  even  for  the  manufacture 
of  tapioca,  without  a  thorough  preliminary  maceration 
and  perfect  cleansing.  There  are  certain  species  of  yams 
eaten  in  the  East  Indies  which  also  have  to  be  treated  by 
thorough  washing  in  order  to  remove  a  poisonous  bitter 
constituent,  although  not  in  this  case  hydrocyanic  acid. 

The  poisonous  nature  of  the  roots  of  belladonna,  bry- 
onia,  spigelia,  eaulophyllum,  colchicum,  squill,  and  hel- 
lebore, will  be  found  discussed  under  those  respective 
titles,  as  drugs. 

Poisonous  Hekbagb. 

In  the  nature  of  the  case  poisonous  herbage  is  far  less 
likely  to  be  eaten  by  human  beings  than  are  fruits,  seeds, 
or  roots,  and  similar  organs.  Nevertheless,  the  use  of 
leaves  as  salads  and  potherbs,  especially  in  times  of  scarc- 
ity of  food,  as  during  famines  or  in  the  course  of  explor- 
ations, renders  necessary  a  careful  attention  to  some  of 
them.  Furthermore,  the  frequency  of  stock  poisoning 
through  their  use  is  greater  than  that  resulting  from  any 
other  portion  of  the  plant ;  and  a  reference  to  the  more 
serious  stock-poisoning  agents  is  not  out  of  place  in  an 
article  of  this  kind. 

As  human  poisons,  tansy,  aconite,  chelidonium,  lobelia, 
henbane,  conium,  belladonna,  and  viola,  may  be  dismissed 
with  the  statement  that  they  are  scarcely  likely  to  become 
effective  except  through  accidents  attending  their  use  as 
drugs,  which  subject  will  be  found  discussed  under  their 
respective  titles  in  that  connection.  Tobacco  may  poi- 
son, partly  in  this  way  and  partly  through  its  use  as  a 
popular  narcotic,  or  during  its  application  for  parasites 
infesting  plants  and  domestic  animals,  under  which  cir- 
cumstances it  has  frequently  caused  poisoning  by  its  en- 
trance to  the  system  through  wounds  or  other  openings 
in  the  skin.  The  symptoms  and  treatment  of  tobacco 
poisoning  are  elsewhere  fully  described.  Absinthium  is 
a  well-known  poison,  either  acute,  through  overdosage, 
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or  chronic,  through  the  use  of  beverages  containing  it. 
Both  forms  of  poisoning  are  described  under  its  title. 
A  sufficient  reference  to  poisoning  by  tlie  foliage  of  the 
cedars,  pines,  hemlock,  and  other  Coniferse  of  the  savin 


Fig.  3856.— Veratrum  Viride.    (One-fourth  natural  size.) 

or  arbor  vitse  type  will  be  found  under  the  poisonous 
family  Pinacese.  Related  to  these,  but  acting  through  its 
poisonous  alkaloid,  is  the  yew  or  taxus,  which  subject 
has  been  presented  in  speaking  of  its  fruit.  Poisoning 
by  any  of  these  is  extremely  tmlikely  to  occur.  The 
same  is  true  of  poisoning  by  the  buttercups,  clematis, 
etc.,  of  the  Pulsatilla  type,  in  the  poisonous  family 
Ranunculacese.  The  foliage  of  the  elder  has  already 
been  stated  as  open  to  the  same  suspicions  as  those  affect- 
ing its  bark  and  root,  and  it  need  not  be  further  consid- 
ered. The  foliage  and  flowers  of  lily  of  the  valley,  or 
convallaria,  contain  the  same  poisonous  constituents  as 
those  of  its  rhizome,  and  there  is  the  same  slight  possi- 
bility of  poisoning  accidents  being  caused  by  it.  The 
occasional  use  of  the  stem  and  herbage  of  cicuta,  mis- 
taken for  angelica,  has  already  been  mentioned.  It  con- 
tains the  same  constituents  as  the  roots,  and  the  symp- 
toms and  treatment  are  identical.  Poisoning  by  the  herb- 
age of  the  black  nightshade  (see  the  section  on  Fruits  and 
Seeds)  is  said  to  have  occurred,  although  it  is  claimed 
that  this  herbage  has  been  used  as  a  potherb,  after  cook- 
ing, without  injury.  It  is  certainly  open  to  grave  sus- 
picion. Should  poisoning  by  it  occur,  it  would  doubt- 
less be  found  identical  with  that  of  solanine  from  other 
sources.  Another  plant  whose  herbage  has  not  been 
recorded  as  causing  poisoning,  but  which,  for  obvious 
reasons,  is  to  be  regarded  with  caution,  is  the  pokeberry 
or  Phytolacca.  Watercresses,  though  commonly  re- 
garded as  quite  innocent,  are  capable,  when  eaten  in  large 
excess,  of  producing  dangevous  and  extremely  painful 
symptoms.  In  one  case  seen  by  the  writer,  a  painful 
severe  cystitis  was  established  in  this  way.     The  possi- 
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bility  of  an  abortion  being  produced  by  this  article,  a*, 
well  as  by  horseradish,  is  worthy  of  consideration. 

Probably  the  two  most  dangerous  leaf  poisons  in  exist- 
ence, all  things  considered,  are  stramonium  and  veratrum. 
The  former  has  been  fully  discussed  as  a  drug,  and  under- 
poisonous  seeds.  It  possesses  the  peculiarity  of  flourish- 
ing in  periods  of  drought,  resulting  in  famine  conditions. 
The  whole  aspect  of  the  plant  is  luxuriant  and  succulent, 
and  a  temptation  to  consume  it  under  such  circumstances 
may  often  be  great.  As  a  matter  of  history,  numer- 
ous poisoning  cases  have  occurred  in  this  way,  especially 
in  India.  Other  cases  are  recorded  in  which  travel- 
lers destitute  of  food  have  ignorantly  eaten  it.  Vera- 
trum (fam.  Melanthaeea)  is  a  plant  which  grows  in 
swamps  in  the  vicinity  of  caltha,  or  American  cowslip, 
the  herbage  of  which  is  eagerly  sought  in  many  sections 
for  cooking  purposes,  appearing  as  it  does  in  early  spring 
when  fresh  vegetables  are  scarce.  Various  cases  are  on 
record  in  which  the  foliage  of  veratrum  has  thus  been 
mistaken  and  eaten  with  serious  consequences.  Vera- 
trum poisoning  has  already  been  fully  discussed  (see  Fig. 
3856). 

The  young  shoots  of  Tamus  communis  (see  the  section 
on  Fruits)  have  been  eaten  like  asparagus  in  the  Old. 
World  with  serious  results. 

Sorrel. — This  name  has  been  applied  to  two  groups- 
of  plants,  very  different  from  a  botanical  standpoint, 
but  agreeing  in  their  sensible  properties,  constituents, 
and  toxicology.  The  name  Wood  Sorrel  has  been  ap- 
plied to  the  common  O.calis  acetosella  L.  (fam.  Oxalid- 
ooetE),  which  is  very  common  in  cool  woodlands  in  both 
the  Old  and  the  New  World,  and  bearing  white  or  pink- 
ish tinged  and  veined  flowers.  The  trifoliolate  leaves- 
closely  resemble  a  small  clover  leaf,  but  are  somewhat 
fleshy,  and  the  whole  herbage  is  strongly  acid.  Oxalic 
acid,  free  and  combined,  is  the  poisonous  constituent,  and 
is  said  to  have  been  first  derived  from  this  source.  A 
number  of  very  slender,  branching  species,  with  smaller 
and  yellow  flowers  and  smaller  leaves,  grow  commonly 
as  garden  and  roadside  weeds  and  are  known  as  ladies' 
sorrel  or  ladies'  sour-grass.  In  tropical  regions  hundreds- 
of  species  occur,  some  of  them  very  large.  Many  species 
are  favorites  among  household  flowers.  All  have  the- 
same  composition  and  properties. 

The  other  group  represents  the  sheep  sorrels  or  field 
sorrels,  namely,  liuniex  acetosa  L.  and  R.  acetosella  L. 
(fam.  PolygonacecB),  pernicious  weeds  growing  in  poor, 
gravelly,  or  sandy  soil  throughout  the  northern  hemi- 
sphere. They  are  used  to  some  extent  as  ingredients  of 
salads.  These  also  contain  oxalic  acid  and  have,  like 
oxalis,  caused  fatal  poisoning  of  both  children  and  adults. 
The  treatment  and  symptoms  may  be  inferred  from  the 
above  statement  that  oxalic  acid  is  the  active  agent. 
It  may  be  added  that  very  large  quantities  of  either  are 
required  to  produce  dangerous  effects. 

Ailanthus  or  Tree  of  Heaven  (fam.  Simarubaceae).— 
These  nasty -smelling  leaves  are  not  at  all  likely  to  be 
eaten  either  by  human  beings  or  by  domestic  animals.  It 
is  said  even  that  flies  will  not  visit  decayed  meat  when 
hung  in  the  branches  of  these  trees.  The  leaves  have 
been  utilized  for  the  manufacture  of  substances  both 
odious  and  toxic  to  flies.  They  have  also,  like  the 
bark,  been  somewhat  utilized  in  medicine ;  they  contain  a 
peculiar  nauseous  green  oil,  as  well  as  an  amaroid.  This 
oil  has  been  indefinitely  stated  as  possessing  poisonous 
properties.  The  bitter  substance,  though  stomachic  in 
medicinal  doses,  is  a  gastric  irritant  in  larger  doses. 
Chronic  gastritis  of  a  rather  serious  type  is  reported  as 
having  occurred  in  all  members  of  a  family,  as  the  result 
of  having  drunk  the  water  of  a  well  in  the  vicinity  of 
these  trees.  The  roots  extended  into  the  water  in  great 
numbers  and  probably  the  leaves  also  had  blown  into  and 
accumulated  in  the  water. 

-ffaimia.— The  members  of  this  genus,  the  American- 
laurels  (fam.  Ericacem),  are  distinctly  poisonous,  being- 
frequently  fatal  to  sheep,  though  not  at  all  likely  to  be 
eaten  by  man,  since  the  foliage  is  very  bitter  and  dis- 
agreeable.    The  large  species  (ji.  latifolia  L.)  is  the  well- 
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known  mountain  laurel  or  calico  bush,  spoon  wood,  or 
ivy  bush,  so  common  throughout  Eastern  North  Amer- 
ica. The  smaller  species  of  common  occurrence  is  K. 
angustifoUa  L.,  the  small,  dwarf,  or  sheep  laurel,  lamb- 
kill,  calfkill,  or  kidkill.  It  grows  in  more  open  situa- 
tions, on  dry  hillsides,  and  rarely  exceeds  three  feet  iu 
height.  Its  leaves  are  mostly  in  whorls  of  three,  its 
flowers  less  than  half  as  large  as  those  of  the  other,  and 
of  a  deep  rose  color.  Other  small  species  are  more  rare. 
The  poisonous  constituent  of  the  laurels  is  the  amaroid 
andromedotoxin  (CsiHbiOjo),  a  neutral  crystallizable  sub- 
stance, rather  soluble  in  both  alcohol  and  water.  Min- 
eral acids  color  its  solution  bright  red.  It  is  an  ex- 
tremely poisonous  substance,  and  has  been  said  to  be,  in 
the  pure  state,  more  emetic  than  either  emetine  or  apo- 
morphine,  and  more  toxic  than  aconitine.     Animals  are 

not  fond  of  laurel, 
eating  it  only 
when  other  food 
is  scarce.  The 
common  symptom 
of  poisoning  by 
laurel  is  narcosis 
with  muscular 
weakness.  Ani- 
mals become  qui- 
escent and  stupid. 
In  the  early  stages 
a  staring  glassy 
eye  is  notable, 
with  great  disor- 
der  of  vision, 
objects  being  ap- 
parently distort- 
ed. A  staggering 
gait  progressively 
develops,  and 
finally  the  animal 
lies  down  and  goes 
into  a  condition  of 
stupor.  There  is 
no  disposition 
either  to  eat  or  to 
drink,  the  reap- 
pearance of  such 
desire  being  a 
pretty  sure  indi- 
cation of  recov- 
ery. A  thin  liq- 
uid frequently 
flows  from  the 
(Two-thirds  mouth.  Stomach 
digestion  is  ap- 
parently com- 
pletely paralyzed.  There  are  faint  convulsive  move- 
ments of  the  limbs,  and  death  finally  ensues  from  general 
weakness,  specially  of  the  respiration. 

The  poisonous  constituent  described  above  occurs  com- 
monly in  this  family,  other  members  of  which  have  poi- 
sonous records  by  reason  thereof.  The  most  Important 
of  these  is  Pieris  Mariana  (L.)  B.  et  H.  (Andromeda  M. 
L.),  which  bears  the  suggestive  name  of  stagger  bush 
(see  Fig.  3857).  It  grows  throughout  the  Atlantic  re- 
gion as  far  north  as  New  England,  preferring  shrubbery 
along  the  salt  marshes.  It  is  a  shrub,  from  three  to  five 
or  six  feet  high,  and  its  profuse  flowers  are  whitish  or 
purplish  and  of  a  waxy  appearance.  A  flowering  branch 
is  here  figured.  The  symptoms  of  poisoning  by  stagger 
bush  are  identical  with  those  resulting  from  laurel.  In 
this  connection  the  BJiododendrons  may  be  mentioned  as 
having  precisely  similar  poisonous  properties. 

Ledum  or  Labrador  Tea,  Marsh,  Swamip,  Continental  or 
James  tea,  and  Marsh  rosemary,  are  names  applied  to  the 
two  species  (fam.  Bricacem)  Ledum  Oroenlandicum  Oeder. 
(L.  latifoUumA.it.),  the  broad-leaved  a.nd  L.  palustreL., 
the  narrow  leaved  (see  Pig.  3858).  They  are  marsh 
shrubs,  the  former  ranging  from  Greenland  through 
Northern    North    America,    the    latter    extending    also 


Fig.    3857.  —  pieris    Mariana, 
natural  size.) 


through  Northern  Europe  and  Asia.  The  broad-leaved 
species  has  been  a  much  used  substitute  for  tea  among 
British  Ameri- 
can  voyagers, 
and  is  only 
moderately  nar- 
cotic. The  nar- 
row-leaved spe- 
cies is  much 
more  active. 
Both  are  some- 
what used  me- 
dicinally in  do- 
mestic practice. 
The  narrow- 
leaved  species  is 
distinctly  nar- 
cotic, the  symp- 
toms closely  re- 
sembling those 
of  laurel  poison- 
ing.  If,  as 
claimed,  andro- 
medotoxin is  not 
a  constituent, 
some  very  simi- 
lar body  must  be 
present.  A  flow- 
ering branch  of 
ledum  is  here 
figured.  The 
leaves  are  well 
distinguished  by 
their  somewhat 
thick  and  leath- 
ery texture  and 
their  smooth  upper  and  brown  woolly  lower  surfaces. 
The  flowers  are  white. 

The  leaves  of  such  plants  as  the  cherry,  peach,  plum, 
etc.  (fam  DrupacecB  or  Bosacem)  yield  appreciable  amounts 
of  hydrocyanic  acid.  Although  the  consumption  of  in- 
jurious quantities  by  human  beings  is  not  at  all  likely  to 
occur,  yet  the  leaves  of  the  common  wild  cherry  con- 
stitute a  well-known  and  much-dreaded  stock  poison. 
The  branches,  trimmed  out  for  fence  rows  or  broken 
down  by  boys  in  search  of  the  fruit,  have  very  frequently 
been  recorded  as  poisoning  cattle,  often  fatally  (see  Fig. 
3859).  ^  An  unexplained  but  well-established  fact  is  that 


PIG.  3858. 


-  Ledum   latifollum. 
natural  size.) 


(Two-thirds 


FIG.  3859. — Prunus  serotina.    (One-hall  natural  size.) 

cattle  will  eat  them  from  the  living  trees  without  ill 
efEects,  but  will  be  poisoned  upon  eating  them  in  a  wilted 
condition.  That  the  effects  are  due  to  the  hydrocyanic 
acid  liberated  is  fully  evidenced  by  the  effects. 
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Delphinium  or  Larkspur  (fam.  BMnurwulacm).—'^h& 
general  subject  of  larkspur,  as  to  constituents  and  activ- 
ity has  been  considered  under  tlie  title  of  Sta  vesacre  Seed. 
So  well  known  a  garden  flower  scarcely  requires  descrip- 
tion The  accompanying  illustration  of  JD.  glaucum,  the 
tall  larkspur,  often  miscalled  aconite,  gives  a  sufHciently 
good  idea  of  the  genus  in  general  (see  Fig.  3860).  Some 
of  the  species  are  larger,  many  much  smaller.  The  flow- 
ers are  usually  of  some  shade  of  blue,  sometimes  pur- 


FIG.  3860.— DelphlDlum  glaucum.    (One-third  natural  size.) 
United  States  Department  of  Agriculture.) 
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plish.  Many  species  abound  in  the  grazing  regions  of 
Western  North  America,  and  they  are  much  dreaded  as 
stock  poisons  by  herders,  though  the  poisoning  of  human 
beings  is  not  recorded,  and  is  not  likely  to  occur.  These 
poisons  are  to  be  classed  partly  with  aconite,  to  a  lesser 
extent  with  stavesacre,  as  to  the  nature  of  their  effects. 
The  symptoms  are  muscular  incoordination,  motor  pa- 
ralysis, beginning  at  the  posterior  extremities,  great  car- 
diac and  arterial  weakness,  and  hypersensitive  skin,  with 
the  special  senses  not  affected.  Convulsive  tremors,  espe- 
cially of  the  posterior  limbs,  come  on  early  and  are  fol- 
lowed by  convulsions  which  increase  in  violence,  and  in 
one  of  which  the  animal  usually  dies.  Death  appears  to 
be  due  chiefly  to  failure  of  the  circulation.  Atropine  has 
been  found  a  fairly  good  antidote,  and  potassium  per- 
manganate has  also  been  found  useful. 

Loco  Weeds  (fam.  Leguminosm). — Althougli  poisoning 
by  this  famous  group  is  confined  practically  to  stock, 
especially  horses  and  sheep,  yet  no  article  on  poisonous 
plants  could  be  considered  complete  without  reference  to 
it,  particularly  as  it  represents  a  very  large  and  varied 
class  of  leguminous  poisons  which  more  or  less  affect  the 
human  system  as  well.  The  loco  weeds  pertain  to  the 
two  genera  Astragalus  and  Aragalus  (Oxytropis),  and 
knowledge  as  to  their  specific  identity  is  in  a  number  of 
cases  indefinite  and  uncertain.     They  are  perennial  herbs, 
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growing  mostly  in  tufts  or  hummocks,  with  a  dense  ro- 
sette of  radical  leaves  and  papilionaceous,  mostly  purple 
or  purplish  flowers  in  spikes  or  racemes.  The  leaves  are 
elongated  and  pinnate,  the  leaflets  mostly  numerous  and 
more  or  less  oblong  or  varying  from  ovate  to  obovate. 
The  fruits  are  constructed  like  small  pea  pods,  the  seeds 
mostly  resembling  small  peas  and  often  rattling  loosely 
in  the  dry  pod.  The  herbage  is  without  disagreeable 
taste.  Animals  are  not  naturally  dispose(J,  to  eat  it ;  but 
having  once  done  so,  in  case  of  scarcity  of  other  food, 
they  become  ravenously  fond  of  it  and  forsake  all  else  in 
order  to  eat  it.  The  poisonous  constituents  are  not 
known,  though  great  eitorts  have  been  made  to  isolate 
them.  All  indications  point  to  their  being  of  the  nature 
of  toxalbumins.  Whatever  they  are  they  are  excreted 
in  the  milk  of  the  mother,  since  suckling  lambs  are  fre- 
quently fatally  poisoned  together  with  the  mother.  Poi- 
soning may  be  either  acute  or  chronic,  the  latter  being 
much  more  common.  The  symptoms  are  chiefly  cere- 
bral. There  are  incoordination  and  remarkable  disorders 
of  vision,  though  rarely  blindness,  and  this  usually  in 
acute  poisoning.  The  effect  upon  the  vision  seems  to  be 
that  of  causing  objects  to  appear  distorted.  A  similar 
effect  upon  hearing  is  observed.  There  are  great  and 
progressive  disorders  of  nutrition,  and  these  are  especially 
referable  to  the  skin  and  its  appendages,  sheep  frequently 
losing  the  whole  or  part  of  their  fleece  and  the  teeth 
becoming  loosened.  Death,  in  cases  of  long  duration,  is 
usually  from  malnutrition.  Very  often  the  animal  dies 
as  a  result  of  accidents,  incurred  either  through  frenzy 
or  through  weakness  incident  to  the  poisoning,  such  as 
falling  into  the  water  while  drinking,  and  being  unable 
to  rise  again.  There  is  no  known  treatment  for  this  form 
of  poisoning  other  than  to  remove  the  cause  and  apply 
general  restorative  treatment. 

Henry  H.  Rushy. 

POISONOUS  REPTILES.— All  poisonous  reptiles,  with 
the  single  exception  of  the  lizard  Heloderma,  belong  to 
the  order  Ophidia — snakes.  It  is  a  popular  error  that 
snakes  are  easily  divided  into  harmless  and  poisonous 
ones  by  readily  recognized  characteristics.  Such  divi- 
sion, however,  is  by  no  means  a  simple  affair.  The  usual 
classification  into  Colubridae — comprising  all  harmless 
snakes, — ColubridiE  venenosse,  and  ViperidaB  indicates  the 
close  anatomical  relationship  between  harmless  and  veno- 
mous snakes,  and  in  external  appearance  mimicry  is  so 
frequently  displayed  that  no  one  at  a  hasty  glance  is 
able  to  distinguish  a  harmless  snake  from  its  venomous 
relation.  Thus,  even  experts  have  been  subject  to  fatal 
mistakes.  Indeed,  nothing  but  a  close  inspection  of  the 
dentition  can  determine  the  nature  of  a  specimen  in  ques- 
tion. 

Distribution  of  Snakes. — It  is  but  natural  that  the  popu- 
lar mind  and  imagination  should  have  been  occupied 
since  time  immemorial  with  poisonous  snakes.  The  fre- 
quent and  almost  mysterious  deaths  after  snake-bite  have 
surrounded  the  whole  class  with  a  halo  of  fear  and  rever- 
ence which  has  not  been  confined  to  a  few  localities,  but, 
in  fact,  has  spread  throughout  the  whole  inhabited  world, 
for  poisonous  snakes  are  found  in  all  countries  of  the 
temperate,  and  more  so,  of  the  tropical  zone.  Numerous  ■ 
genera  of  the  Hydrophids,  elegant  swimmers  with  a  later- 
ally compressed  tail,  swarm  throughout  the  whole  inter- 
tropical part  of  the  Pacific  Ocean.  Their  bite  is  justly 
dreaded.  The  tropical  islands,  however,  and  the  tropi- 
cal countries  of  the  old  continent  are  haunted  by  the 
worst  kind  of  snakes,  the  Elapidae.  A  large  number  of 
genera  and  innumerable  types  of  every  genus  render 
parts  of  those  countries,  and  especially  of  the  islands, 
almost  uninhabitable.  The  chief  representatives  of  this 
genus  are  the  Cobra  di  capello  (Naja  tripudians)  and  the 
somewhat  smaller,  though  not  less  dangerous  Krait  (Bun- 
garus  fasciatus),  both  living  throughout  the  whole  of 
East  India.  The  most  formidable  is  the  King-Cobra  or 
Hamadryas  (Ophiophagus  claps),  the  largest  of  all  poi- 
sonous snakes ;  it  attains  the  length  of  fourteen  feet  and 
it  alone  enjoys  the  reputation  of  attacking  and  even  pur- 
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suing  man.  Its  nearest  relative,  the  Aspis  of  Cleopatra 
(Naja  haje),  the  symbol  of  the  Egyptian  kings,  lives 
throughout  almost  the  whole  of  Africa.  In  the  Western 
world  this  genus  is  represented  by  the  beautiful  coral 
snakes  alone;  one  of  them,  Elaps  fulvius,  lives  in  our 
Southern  States,  where  it  is  little  feared  on  account  of 
its  alleged  good  nature,  or  rather  its  lack  of  irritability ; 
its  poison  is,  however,  as  active  as  that  of  its  East  Indian 
congener.  Snakes  are  very  numerous  in  Australia. 
Two-thirds  of  these  are  poisonous,  and  they  belong  ex- 
clusively to  the  family  Elapidse ;  the  Tiger  snake  (Hop- 
locephalus  curtus)  and  the'  black  snake  (Pseudechis 
porphyriacus)  have  a  fearful  reputation.  Europe  has 
none  but  various  species  of  vipers ;  the  well-known  com- 
mon viper  (Pelias  berus)  lives  in  England,  Germany,  and 
chiefly  in  France.  In  the  departments  of  Vendee  and 
Loire  Inferieure  alone  were  reported  331  cases  of  bites 
with  62  deaths  in  six  years,  in  Auvergne  14  cases  with  6 
deaths ;  in  the  South  around  the  Mediterranean  the  more 
dreaded  sand  viper  (Vipera  ammodytes)  is  found.  East 
India  again  has  one  of  the  most  formidable  vipers,  the 
chain  viper  (Daboia  Russelii),  and  in  Africa  there  is  the 
sluggish  but  very  poisonoiis  puff-adder  (Clotho  arietans). 
The  greatest  number  of  species  of  vipers  are  found  in 
America,  all  of  them  belonging  to  the  sub-family  of  the 
Crotalidfe  or  pit-vipers,  so  called  from  a  deep  pit  lying 
between  the  nostril  and  the  eye.* 

The  chief  representatives  of  the  pit  vipers  in  the  United 
States  are  the  rattlesnakes.  The  banded  rattlesnake 
(Crotalus  horridus)  is  present  throughout  the  whole  terri- 
tory from  the  Atlantic  to  the  Rocky  Mountains  and  far 
into  Canada.  Of  the  remaining  six  species  of  rattle- 
snakes we  have  to  note  the  largest  of  all  North  American 
snakes— the  diamond  back  (Crotalus  adamanteus)  of 
Florida  and  the  South,  and  the  swift  prairie  rattler  (Cro- 
talus confluentus)  in  the  Mississippi  Valley,  and  in  tlie 
great  Western  basin;  finally  the  smallest  of  all,  the  mas- 
sasauga  or  ground-rattler.  To  the  same  sub-family  be- 
long the  Southern  water-snakes,  the  moccasin  (Ankistro- 
don  piscivorus)— animals  so  sluggish  that  they  do  not  try 
to  escape  from  an  approaching  man,  and  hence  are  not  a 
little  dreaded  by  the  negroes  working  in  the  rice-fields; 
and  finally,  the  beautiful  copper  head  (Ankistrodon  con- 
tortrix),  which  is  not  at  all  rare  in  the  whole  East— in 
fact,  lives  almost  in  the  same  expanse  as  the  banded  rat- 
tlesnake. In  the  Tropics  almost  all  species  grow  to  a 
larger  size ;  thus  the  copper  head  is  repeated  in  the  larger 
fer  de  lance  (Bothrops  lanceolatus)  of  the  West  Indies; 
the  rattlesnakes  of  Central  America  grow  larger,  as  does 


Ficf.  3861.— Head  of  Rattlesnake. 

the  Crotalus  durissus;  and  in  the  Orinoco  Valley  there 
lives  the  bushmaster  of  the  Dutch  settlers  (Lachesis  mu- 
tus),  about  as  large  as  the  Hamadryas  of  India. 

*  The  object  of  this  pit,  which  sinks  into  a  cavity  of  the  maxllla--M 
It  were,  a  reversed  maxillary  sinus— is  unknown.  Leydip;  calls  it  the 
seat  of  a  sixth  sense,  which  means  nothing  else  but  that  he  has  iio  ex- 
planation. At  closer  inspection  I  found  the  bottom  of  the  pit  not 
lined,  but  overspread  by  a  thin  membrane,  the  continuation  of  the 
external  integument.  Under  this  membrane,  showing  abundant 
ramifications  of  nerves,  we  find  a  cavity  which  opens  by  a  duct  at  the 
anterior  margin  of  the  orbit.  According  to  the  careful  investigations 
of  Dr.  PoUitzer,  who  followed  It  up  by  serial  sections,  the  nerve  con- 
nects with  the  audltnry  nerve.  Pricking  or  any  other  irntation  did 
not  produce  any  reaction,  nor  did  the  destruction  of  one  or  both  mem- 
branes have  any  effect  upon  the  movements  or  the  heanng  of  the 
snake.  The  hearing  capacity  of  snakes  is  still  a  mooted  subject  with 
authorities  in  natural  history. 


Fig.  3863.— Skull  of  Harmless  Snake. 


Poison  Apparatus. — Snakes  are  provided  with  numer- 
ous teeth — solid,  pointed,  recurved  hooks,  which  serve 
rather  to  drag  the  prey  down  into  the  oesophagus  than 
for  purposes  of  at- 
tack and  defence. 
While  the  teeth 
stand  in  a  single 
row  along  either 
branch  of  the  man- 
dibula,  they  seem 
to  be  almost  indis- 
criminately s  c  a  t- 
teredall  over  the 
maxilla  and  palate ; 
nevertheless,    two 

rows  of  larger  maxillary  with  two  nearly  parallel  rows 
of  palatine  teeth  are  readily  distinguished.  These  are  the 
functionary  teeth  which,  after  being  shed, — a  frequent 
occurrence, — are  replaced  by  the  numerous  succedaneous 
teeth  scattered  throughout  the  mucous  membrane  of  the 
palate.  A  poisonous  snake  exhibits  the  same  arrange- 
ment of  palatine  teeth.  Almost  the  entire  row  of  maxil- 
lary teeth,  however,  is  wanting,  and  its  strength,  as  it 

were,  is  concentrated 
into  one  powerful 
tooth,  the  poison  fang, 
which  projects  at  the 
anterior  end  of  the 
maxilla.  It  is  true,  we 
often  find  two  or  three 
teeth  at  this  point; 
these  are  the  functional 
fangs  with  one  or  two 
succedaneous  ones  which  replace  the  primary  functionary 
whenever  lost  by  accident  or  shedding.  Only  the  Elapidse 
exhibit  one  or  two  ordinary  conical  teeth  which  are  situ- 
ated directly  behind  the  grooved  fang.  The  fangs  are  in 
all  cases  firmly  inserted  in  the  maxilla,  immovable,  al- 
most erect,  in  one  family,  the  ColubridiE  venenosse  (com- 
prising the  cobras  and  hydrophids) ;  in  the  Viperidse, 
however  (including  the  true  vipers  and  pit-vipers),  the 


FIG.  3863.— Skull  of  Cobra  (Elaps). 


FIG.  3864.— Skull  of  Rattlesnake. 

movable  fangs  are  only  erected  for  biting,  and  otherwise 
in  the  resting  they  are  folded  back  toward  the  palate  like 
the  blade  of  a  pocket-knife  in  a  pUca  of  mucous  mem- 
brane The  maxilla  of  the  Colubridse  venenosas  is  rather 
elongated  and  horizontal  like  that  of  the  harmless  snakes, 
but  it  is  considerably  shortened  and  placed  almost  verti- 
cally in  the  vipers.  This  short  jaw  bone,  bearing  at  its 
lower  end  the  firmly  socketed  fang,  articulates  at  its  up- 
per end  with 
the  lachrymal 
bone,  around 
which  it  ro- 
tates by  the 
action  of  the 
pterygoid 
rduscle. 

Some  writers 
are  of  the  opin- 
ion that,  by  .  ,  ,  ,  ,,  ■  t 
looking  at  a  wound  inflicted  by  a  snake,  the  species  ot 
the  animal  can  be  ascertained,  and  from  the  foregomg 
description  it  can  readily  be  understood  how  from  the 
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Fig.  3865.— Head  of  Cobra. 
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accompanyinff  figures  the  bite  of  a  harmless  or  poisonous 
snake  could  be  determined.  We  must,  however,  bear  m 
mind  that  a  snake,  while  biting,  very  seldom  implants 
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3866.— Impression  ol  the  Teeth  of  A,  harmless  snake ;  B,  cobra ; 
viper.   /,  lang ;  m,  maxillary ;  p,  palatine ;  pt,  pterygoid  teeth. 


all  its  teeth,  and  a  wound  scratched  sideways  by  a  glid- 
ing fang  may  be  more  dangerous  than  the  impression  of 
the  whole  dentition. 

Another  classification  is  sometimes  made  by  dividing 
the  venomous  snakes  according  to  the  shape  of  their 
fangs,  whether  they  carry  short,  cone-shaped,  furrowed 
fangs  or  long,  pointed,  tubular  ones.  This  condition  is 
brought  about  developmentally  in  the  first  instance  by 
the  folding  of  the  dentine  which  leaves  a  longitudinal 
furrow  with  an  indication  of  a  perforation  at  the  upper 
and  lower  end  along  the  anterior  surface;  and  in  the  sec- 
ond by  a  complete  approximation  which  produces  a  per- 
fect tube.  The  pulp  cavity  is  entirely  separated  from 
the  poison  canal.  To  the  first  class,  the  Proteroglypha, 
belong  the  Hydrophids  and  Elapidse,  or  cobras ;  the  lat- 
ter class,  the  Solenoglypha,  comprises  the  vipers  and  pit- 
vipers.  The  intensity  of  a  poisonous  bite  is  not  dependent 
upon  the  shape  of  the  fangs,  except  that  a  longer  tooth, 
such  as  that  of  the  viperine  snakes,  is  capable  of  inject- 
ing the  poison  to  a  greater  depth ;  indeed,  the  viperine 
poison  apparatus  is  the  most  perfect  of  any  in  the  veno- 
mous snakes. 

There  is  a  third  class  of  poisonous  serpents,  the  so- 
called  Opisthoglypha,  the  furrowed  fangs  of  which,  as 
the  name  indicates,  are  situated  toward  the  rear  of  the 
mouth.  It  has  long  been  doubted  whether  they  should 
be  classed  among  the  poisoners,  and  for  this  reason  they 
were  grouped  under  the  name  of  "  suspecti. "  Recent  in- 
vestigations, however,  have  proven  to  a  certainty  that 
they  also  poison  their  prey,  which  mostly  consists  of 
small,  cold-blooded  animals.     Catching  them  first  with 

the  innocuous  front 
teeth,  they  push  them 
gradually  backward 
into  the  reach  of  the 
poison  in  the  back 
teeth,  to  the  action  of 
which  they  soon  suc- 
cumb. 

The  poison  gland 
completes  the  poison 
apparatus;  the  former 
is  closely  in  contact 
with  either  side  of  the 
skull,  directly  below 
and  behind  the  eye, 
and  is  under  the  in- 
fluence of  the  different 
portions  of  the  tempo- 
ral muscle.  The  but- 
ton-, tube-,  or  almond-shaped  glands  taper  to  a  narrow 
anterior  duct,  which  carries  the  secretion  of  the  gland 
to  the  base  of  the  fang  and  is  provided  with  a  sphinc- 
ter muscle,  so  that  the  snake  is  able  to  retain  the  poison 
at  will,  and,  indeed,  may  do  so  for  months.     The  extra- 
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Fir,.  386r.-Proteroglypha.  A,  Elapldae. 
a.  Fang  o(  king  cobra,  eleven  feet 
long  (natural  size,  8  mm.  in  length) ; 
ft,  the  same  enlarged  (3  diam.);  c, 
cross  section.  B,  Hydrophidae.  d, 
Fang  of  pelamys  (natural  size,  3  mm. 
in  length) ;  e,  the  same  enlarged  (3 
diam.) ;  /,  front  vievf ;  g,  cross  section. 


ordinary  development  of  the  glands,  as  in  the  Crota- 
lids,  gives  to  the  head  that  triangular  shape  which  was 
erroneously  considered  the  characteristic  of  all  poisonous 
snakes,  and  which  gave  to  some  species  the  name  Tri- 
gonocephalus.  The  elongated  glands  of  the  Ethiopian 
snake  Caiisus  rhombeatus  extend  under  the  skin  on  both 
sides  of  the  spine  to  the  extent  of  one-sixth  of  the  body's 
length,  while  in  the  East  Indian  Callophis  they  reach 
from  the  head  into  the  abdominal  cavity  about  one- 
third  of  the  total  length  of  the  body.  In  spite  of  these 
abnormities  the  poison  gland  must  be  considered  physi- 
ologically as  the  homologue  of  the  mammalian  parotid ; 
the  latter  is  the  only  one  of  the  salivary  glands  which 
produces  an  albuminous  secretion.  It  is  anatomically  of 
great  interest  that  even  in  harmless  snakes  the  beginning 
of  a  poison  gland  can  be  traced.  It  was  long  known  that 
a  part  of  the  supralabial  gland— the  yellow  portion  (Du- 
vernoy,  Schlegel,  Leydig)— is  easily  separable  from  the 
rest ;  it  has  not  only  a  duct  of  its  own  which  in  the  "  sus- 
pecti "  leads  to  the  posterior  grooved  tooth,  but  it  also 
possesses  a  histological  structure  differing  from  that  of 
the  supralabial  gland.  Undoubtedly,  this  yellow  por- 
tion of  the  innocuous  snakes  is  the  analogue  of  the  poison 
gland ;  even  its  aqueous  extract  has'  been  shown  to  be 
poisonous  to  small  animals  (Blanchard).  The  structure 
of  the  poison  gland  is  that  of  a  Compound  racemose  gland 
with  elongated  acini ;  the  glandular  substance  has  colum- 
nar, the  duct  pavement  epithelium. 

Description  of  Venom.— The  secretion  of  the  other  sal- 
ivary glands  and  of  the  mouth  is  alkaline,  while  the 
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Fig.  3868.— Solenoglypha ;  Viperidae.  a.  Fang  of  banded  rattlesnake, 
three  feet  long  (natural  size) ;  b,  fang  of  diamond-back  rattlesnake, 
six  feet  long  (natural  size);  c,  the  same  enlarged  (2  diam.);  d,  front 
view  of  the  latter ;  e,  cross  section. 

poison  is  always  acid.'  The  color  of  the  latter  varies 
from  a  light  straw  or  greenish-yellow  to  a  deep  orange. 
The  viscous  fluid,  either  clear  or  turbid  (bitter  in  Naja) 
is  not  odorless  as  often  asserted ;  it  has  a  specific  smell 
for  every  species,  which  is  not  easy  to  describe,  but  easy 
to  recognize.  Thus  the  odor  of  crotalus  poison  may  be 
called  "mousy  " ;  that  of  thefer  de  lanceis  said  to  resem- 
ble the  odor  of  fresh  salt  water.  Its  specific  gravity  va- 
ries from  1.030  to  1.077;  the  solids  are  variously  stated 
as  from  twelve  to  sixty-seven  per  cent. ;  my  own  samples 
are  mostly  dried  down  to  twenty -five  or  twenty  per  cent, 
of  the  original  weight.  The  dry  poison  cracks  on  scaly 
translucent  chips  of  a  light  yellow  or  deep  brown  color 
and  also  has  a  characteristic  odor.  Fresh  poison  under 
the  microscope  shows  nothing  but  a  few  scaly  epithelia 
and  a  number  of  finely  granulated,  amorphous,  albu- 
minoid masses,  which  undergo  no  change  in  a  hanging 
drop,  even  after  a  long  while.  It  was  often,  and  even  is 
to-day,  asserted  that  bacteria  or  cocci  exist  in  the  poison. 
After  thoroughly  sterilizing  the  collecting  apparatus  I 
was  not  able  to  see  the  least  sign  of  bacterial  life  in  broth 
or  gelatin  cultures  of  the  fresh  poison;  also  in  acid  media 
in  which  the  experiments  were  repeated  no  trace  of  life 
was  to  be  found.  In  order  to  determine  whether  the 
poison,  which  itself  destroys  life,  might  for  that  reason  be 
free  from  microbes,  I  mixed  fresh  poison  with  B.  subtilis 
and  B.  coli  for  one-half  hour  and  then  inoculated  it  on 
gelatin.  The  growth  was  lively,  even  more  so  than  in 
the  control  plates,  probably  because  the  gelatin  was  lique- 
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:fled  at  the  points  of  contact  with  the  poison.*  A  bac- 
terial action,  therefore,  cannot  be  assumed ;  the  rapidity 
.alone  with  which  the  poison  acts  in  tlie  system  would  ex- 
-clude  bacterial  influence. 

Chemistry  of  the  Venom. — The  first  chemical  analysis 
was  made  in  1843  by  Prince  Lucien  Bonaparte,  who"  es- 
tablished the  proteid  nature  of  viper  poison  and  called 
the  poison  "  viperin."     Almost  twenty  years  later  (1861) 
Weir  Mitchell  found  a  similar  proteid  in  crotalus  poison, 
which  he  named  "  crotalin."     Other  investigators  claimed 
to  have  found  alkaloids  or  ptomains,  when  Weir  Mitchell, 
.associated  with  Reichert,  published  in  1883  the  re- 
sults of  their  studies,  that  the  active  principle  of 
isnake  poison  was  of  an  albuminoid  nature;   but 
instead  of    one   ingredient  they   had  discovered 
two.      One  of  them,    easily   dialyzable  and   not 
•coagulable  by  heat,  was  called  venom  peptone; 
the  other,  not  dialyzable  but  coagulable  by  heat, 
venom  globulin.    The  proportions  of  both  were 
not   alike  in    cobra  and    crotalus   poison;    even 
among  the  Crotalidae  they  found  wide  differences. 
Thus  cobra  poison  had  98  per  cent,  of  peptone 
and  3  per  cent,  of  globulin ;  but  moccasin  venom 
had  93  per  cent,  of  peptone  and  8  per  cent,  of 
globulin,  diamond-back  only  75  per  cent,  of  pep- 
tone and  25  per  cent,  of  globulin.     Besides  the 
proteid  there  are  a  coloring    substance,   several 
fialts,  and  some  fat.     Mitchell's  report  was  mainly  cor- 
roborated in  1886  by  Wolfenden,  who  discovered  globu- 
lin and  several  albumins  in  variable  proportion  in  the 
poison  of  cobra  and  daboia ;  one  of  the  latter  he  desig- 
nated serum  albumin ;  the  other,  corresponding  to  Mit- 
chell's peptone,  syntonin,  or  albumose.     Kanthack's  an- 
alyses likewise  demonstrated  the  presence  of  a  proto-and 
heteroalbumose  in  cobra  poison.     Martin  and  McGar- 
vey  Smith  found  a  harmless  albumin  and  two  very  toxic 
albumoses  in  the  poison  of  the  Australian  snakes.     It 
may  be  asserted  that  in  no  instance,  up  to  the  present 
time,  has  a  definitive  analysis  of  any  poison  been  worked 
out ;  but  all  investigations  centre  in  this  one  fact,  that 
the  active  principle  in  all  snake  poisons  is  some  form  of 
albumose.  f 

Although  probably  both  of  Weir  Mitchell's  bodies  are 
albumoses,  we  may  still,  in  default  of  accurate  analyses, 
use  the  convenient  terms  venom  peptone  and  venom 
globuhn  in  our  further  discussion.  Not  only  do  the  vari- 
ous poisons  differ  in  the  percentage  of  peptone  and  globu- 
lin, but  also  in  the  toxicity  of  the  constituents  themselves. 
The  venoms  retain  their  efficacy  for  long  periods  of  time 
under  suitable  conditions.  Poison,  when  dried  or  mixed 
with  glycerin,  has  proved  itself  as  active  as  fresh  poison, 
«ven  after  a  lapse  of  twenty -two  and  twenty  years  re- 
spectively. Putrefaction  de- 
stroys it  after  a  long  time; 
freezing,  continued  through 
weeks,  does  not  alter  it,  but  it 
is  soon  changed  by  heating 
when  the  temperature  is  raised 
to  different  heights,  according 
to  the  different  chemical  com- 
position. The  globulins  ^are 
rendered  innocuous  at  80°  C. 
after  fifteen  minutes,  while  the 
peptones  are  destroyed  only  by 
applying  higher  temperatures  for  hours.  The  coagulated 
proteids  are  inert  in  this  state,  but  they  regain  their 

*  Experiments  with  sterile  snake  poison  Have  demonstrated  that  it 
liquenes  gelatin  like  some  digestive  lerments,  e.ff.,  'rypsln.  Wehr- 
mann  finds  that  it  peptonizes  flhrin  weakly  and  does  not  clarify  amy- 
him  Flexner  states  that  in  agar  culture  of  B.  anthracis,  B.  coli,  and 
B  typhi  the  bacteria  underwent  rapid  involution.  My  own  numerous 
ohservations,  recorded  above,  do  not  conflrm  this  view. 

lit  is  well  known  that  albumoses,  the  products  of  the  hydration  ol 
albumin  formerly  called  propeptones  and  accurately  defined  by 
Mh"e  and  Chittenden  in  ISM,  differ  widely  as  to  their  toxicity 
While  our  modern  means  do  not  allow  yet  a  chemical  difllerentiation 
^  those  albumoses  which  are  generated  by  superheated  steam  by  gas- 
tric dleestion,  by  bacilli,  or— as  in  our  case— by  the  parenchyma  cell  of 
agl^d  the  varying  reaction  of  the  more  sensitive  living  organism 
towi^  them  demoMtrates  decisively  their  different  nature. 


toxicity  when  redissolved.*  It. is  the  more  or  less  evi- 
dent capability  of  chemicals  to  coagulate  proteids  which 
determines  their  relative  power  of  destroying  the  efB- 
cacy  of  venpms,  when  they  are  mixed  with  the  poison 


Tig.  3869. —  Location  of  the 
Poison  Gland  in  Tragops 
belonging  to  the  Opistho- 
glypha.  a.  Poison  gland; 
S,  supralablal  gland. 


Pig.  3870.— Head  of  Crotalus.    »,  Poison  gland ;  a',  poison  duct  with  sphincter 
muscle ;  b,  d,  portions  of  temporal  muscle ;  /,  plica  of  mucous  membrane. 


in  a  test  tube  for  experimental  purposes.  Alcohol  ren- 
ders it  inert  for  a  time  only.  Absolute  alcohol  seems  to 
coagulate  all  poisonous  ingredients,  but  the  presence  of 
an  infinitesimal  part  of  water  is  sufficient  to  retain  the 
toxicity  of  the  supernatant  fluid.  Poisonous  serpents, 
when  preserved  in  alcohol,  have  to  be  handled,  even  af- 
ter years,  with  the  greatest  care,  as  has  been  demon- 
strated by  a  fatal  accident  to  an  assistant  in  the  St. 
Petersburg  Museum. 

Physiological  Effects.— Khmr^iwn  of  venom  from  con- 
nective tissue,  whether  introduced  by  hypodermic  in- 
jection or  by  the  bite  of  a  snake,  takes  place  through 
the  blood-vessels,  more  rapidly  when  the  blood-vessel  is 
wounded  directly.  Serous  membranes  absorb  it  very 
readily.  Its  resorption  through  mucous  membranes  va- 
ries ;  rattlesnake  venom  seems  not  to  be  absorbed  in  this 
way ;  cobra  venom,  however,  passes  through  the  ileum 
and  conjunctiva,  but  not  through  the  stomach  and  rec- 
tum. Gastric  juice  and  bile  do  not  affect  it,  but  the  pan- 
creatic secretion  destroys  it.  The  resulting  complex  of 
symptoms  varies  partly  on  account  of  the  varying  ra- 
pidity of  absorption,  but  more  so  because  of  the  difference 
in  the  nature  of  the  several  venoms. 

The  physiological  effects  of  both  ingredients  named, 
whenever  they  are  tested  separately  in  animals,  are 
widely  different.  The  peptone,  though  causing  some 
local  oedema,  is  more  productive  of  general  nervous 
symptoms,  which,  commencing  as  irritation,  twitching, 
and  convulsions,  finally  end  in  paralysis;  paralysis  of 
the  respiratory  centre  is  especially  characteristic.  The 
globulin,  on  the  contrary,  incites  a  violent  local  reaction 
with  hemorrhages  around  the  point  of  injection,  hemor- 
rhages of  the  mucous  membranes,  and  destruction  of  the 
coagulability  of  the  blood.  The  latter  phenomenon  re- 
calls to  us  the  results  of  experiments  performed  on  ani- 
mals with  pure  peptones  and  albumoses  of  digestion; 
these  excite  not  only  characteristic  hemorrhages  and 
necroses,  but  also  paralyses,  the  intensityof  which  is  m 
correspondence  with  the  higher  hydrolysis  of  the  albu- 
moses And  thus,  to  go  one  step  farther:  all  the  symp- 
toms produced  by  snake  venoms  classify  them  distinctly 
among  the  toxins,  especially  those  of  bacterial  origin. 

Symptomatology.— Prom  the  foregoing  remarks  it 
will  be  perceived  that  different  cases  of  snake  poisoning 
cannot  have  an  identical  course,  and  that  the  numerous 
contradictions  of  the  mostly  incomplete  records  of  snake- 
bites are  to  be  explained  only  when  we  consider  each 


*Eecent  advices  of  researches  going  on  in  Germany  assure  me  that 
the  tS  principle  does  not  belong  to  the  albumoses,  m  fact,  that  It 
is  not  at  all  of  a  proteid  nature. 

711 


Poisonous  Reptiles.    pjjpERENOE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 
Poisonous  Reptiles. 


type  of  poisoning  separately.  Leaving  aside  the  cases 
of  almost  instantaneous  death  which  are  due  to  general 
thrombosis,  especially  when  the  venoin  has  been  acciden- 
tally injected  into  a  large  blood-vessel,  we  have  first  to 
make  a  distinction  between  the  two  great  classes  of 
snakes,  the  colubrines  and  the  vipers. 

To  illustrate  the  first  class,  let  us  briefly  describe  the 
effects  of  a  cobra  bite:  two  small,  scarcely  visible  punct- 
ures in  the  skin  are  found,  whence  radiates  a  burning 
and  stinging  pain  with  gradually  extending  moderate 
oedema  Within  an  hour,  on  an  average,  the  first  con- 
stitutional symptoms  appear— a  pronounced  vertigo,  like 
that  of  drunkenness,  quickly  followed  by  weakness  ot 
the  legs,  which  is  increaseed  to  paraplegia,  ptosis,  falhng 
of  the  lower  jaw  with  paralysis  of  the  tongue  and  epi- 
glottis inability  to  speak  and  swallow,  with  fully  pre- 
served sensorium.  A  mass  of  viscous,  frothy  saliva  is 
constantly  dribbling  from  the  open  mouth ;  nausea  and 
vomiting  set  in ;  the  paralysis  becomes  general,  the  pa- 
tient lies  motionless.  The  pulse,  a  little  accelerated,  is 
somewhat  weaker  in  the  beginning,  but  keeps  a  moder- 
ate strength  until  even  a  few  minutes  after  the  cessation 
of  respiration.  The  latter,  also  accelerated  in  the  begin- 
ning, soon  becomes  slower,  labored,  and  more  and  more 
superficial,  until  it  dies  out  almost  imperceptibly.  The 
pupils,  somewhat  contracted,  react  up  to  the  last  mo- 
ment. Slight  convulsions,  which  we  are  accustomed  to 
see  in  asphyxia,  sometimes  occur  shortly  before  death. 
Absorption  is  exceedingly  rapid;  already  after  thirty 
seconds  a  distinct  areola  is  visible  around  the  bite. 
Death  occurs  at  the  latest  within  fifteen  hours,  in  thirty- 
two  per  cent,  in  the  first  three  hours.  When  the  pa- 
tients do  not  die  of  paralysis,  they  recover  remarkably 
quickly  and  without  later  consequences.  The  autopsy 
reveals  no  changes  in  the  skin  at  the  point  of  injection; 
the  subcutaneous  tissue,  however,  is  thickly  infiltrated 
with  reddish  serum;  the  surrounding  blood-vessels  are 
congested.  All  the  internal  organs  are  congested,  and 
the  bronchi  are  filled  with  frothy  mucus  and  perhaps 
with  fluids  which  have  been  forced  into  the  patient's 
throat.     The  blood  is  mostly  liquid  and  dark. 

Viper.— After  the  bite  of  a  viper,  e.g.,  a  rattlesnake, 
the  local  disturbance  is  most  pronounced ;  violent  pains 
at  the  bleeding  wound,  hemorrhagic  discoloration  of  its 
surroundings,  and  later  also  of  more  distant  parts; 
bloody  exudations  on  all  the  mucous  membranes  (nose, 
mouth,  conjunctiva),  and  hsematuria  or  rather  hasmoglo- 
binuria.  Usually,  somewhat  later  than  after  cobra 
poisoning,  but  possibly  within  fifteen  minutes,  constitu- 
tional symptoms  develop,  viz.,  great  prostration  with 
nausea  and  vomiting.  A  con  tinuous  fall  of  blood  pressure 
is  noticed.  Respiration,  in  the  beginning  accelerated, 
grows  slow  and  stertorous.  After  a  temporary  increase 
of  reflexes,  which  in  susceptible  animals  and  after  large 
doses  may  rise  to  convulsions,  opisthotonos,  and  tetanus, 
paresis  supervenes,  with  paraplegia  of  the  lower  ex- 
tremities, which  progresses  in  an  upward  direction,  end- 
ing in  complete  paralysis.  Albuminuria  appears  after 
about  six  hours.  In  such  a  condition  death  may  result 
inside  of  twelve  hours.  If  the  patient  recovers  from  the 
paralysis,  a  septic  fever  may  develop  in  consequence  of 
the  enormous  and  multiple  hemorrhages,  to  which  he 
may  succumb  after  a  lapse  of  time.  Eventual  recovery 
sets  in  very  suddenly,  even  in  the  most  desperate  cases. 
Not  rarely,  however,  there  remain  suppurating  gangren- 
ous wounds  which  granulate  poorly,  break  open  repeat- 
edly, and  may  lead  later  on  to  a  deep  necrosis,  even  of 
the  bones. 

The  effect  of  the  bite  of  the  tropical  vipers,  especially 
the  East  Indian  Daboia  Russelii,  is  undoubtedly  more 
pronounced  and  violent.  Sanious  discharges  from  all 
mucous  membranes  are  prominent  features ;  such  hemor- 
rhagic extravasations  from  lungs  and  bowel's  may  persist 
even  during  recovery.  Albuminuria  is  never  missed; 
even  heematuria  is  observed  as  a  rule.  The  autopsy 
shows  a  deep  bloody  infiltration  at  the  bite,  down  into 
the  necrotic  muscles,  hemorrhages  of  distant  muscles, 
particularly  of  the  intercostals ;  all  serous  membranes, 
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chiefly  the  endocardium  and  the  peritoneum,  are  com- 
pletely covered  by  countless  ecchymoses  of  all  sizes ;  the 
lungs  show  subpleural  ecchymoses  and  infarctions;  the 
kidneys  are  hemorrhagic  in  the  glomeruli  and  pelvis,  and 
there  is  cloudy  swelling  of  the  epithelium  of  the  cana- 
liculi.  Hemorrhages  have  been  observed  also  in-the  se- 
rosa and  in  the  substance  of  the  central  nervous  system. 
The  blood  is  fluid  and  does  not  clot,  even  after  a  long 
time. 

A  disproportionate  swelling  is  to  be  noted  in  poisoning 
by  the  European  viper;  it  sometimes  extends  over  the 
whole  body.  The  poison  of  the  African  viper,  the  puff- 
adder,  acts  in  a  stupefying  manner  from  the  very  begin- 
ning; the  animal  stricken  stands  without  motion  or 
reaction  as  if  the  whole  cerebral  cortex  were  eliminated ; 
complete  sensory  and  motor  paraplegia  ascends  gradually 
with  sharply  defined  limits. 

The  Australian  snakes  occupy  an  intermediate  position 
between  the  two  types  just  described,  for,  besides  a 
prominent  cobra  effect,  they  produce  moderate  hemor- 
rhage and  always  liEEmoglobinuria. 

Wall  relates  a  peculiar  variation  after  the  bite  of  the 
East  Indian  Bungarus  fasciatus.  Some  cases  cannot  be 
distinguished  from  the  acute  cobra  poisoning,  yet  in 
others  a  certain  chronicity  of  symptoms  is  seen  which 
can  be  compared  only  to  the  incubation  period  of  infec- 
tious diseases.  From  two  to  six  days  may  have  elapsed 
after  the  bite  without  any  symptoms,  when  unexpectedly 
a  general  debility  sets  in  with  albuminuria  and  a  sanious 
discharge  from  the  eyes,  nose,  and  rectum.  The  patient 
invariably  succumbs  within  a  short  time. 

An  interesting  incident  is  the  periodical  relapse  of 
inflammation  and  suppuration  which  is  said  to  occur 
mostly  annually,  almost  to  the  day  of  the  first  injury. 
The  cases  reported  are  too  numerous,  and  have  been  ob- 
served by  too  good  authorities,  to  admit  of  a  doubt. 
While  in  some  instances  there  appeared  only  a  scaly  or 
vesicular  eruption  of  the  skin,  in  others  a  suppurating 
inflammation  set  in,  e.g.,  with  regular  loss  of  a  nail.  All 
the  cases  on  record  are  from  the  United  States  and  in- 
clude all  species  of  snakes — copperhead,  rattlesnakes, 
and  Elaps.  They  have  been  watched  for  six,  ten,  twelve, 
and  even  eighteen  successive  years.  Perhaps  the  best 
authenticated  case  is  that  of  a  draughtsman  of  the  Smith- 
sonian Institution,  who,  according  to  Yarrow  and  Stej- 
neger,  for  ten  years  had  the  same  inflammation  of  the 
finger,  bitten  by  an  Elaps,  almost  to  the  date  of  the 
accident.  A  cure  was  finally  effected  by  the  use  of  the 
South  American  herb,  Mioania  guacho. 

To  use  for  comparison  a  well-known  and  familiar  com- 
plex of  symptoms,  we  might  call  the  sequelae  of  a  cobra 
bite  an  acute  bulbar  paralysis  of  the  most  furious  and 
vehement  type.  Likewise,  for  the  second  type,  that  of 
viper  poisoning,  an  analogy  is  found  in  acute  ascending 
spinal  paralysis,  the  last  stage  of  which  exhibits  alike 
bulbar  symptoms  and  inhibition  of  respiration.  It 
should  be  remembered  that  the  common  ascending  spinal 
paralysis  is  also  ascribed  to  an  infection.  Yet,  whereas 
in  the  two  diseases  named,  the  development  of  the  ner- 
vous symptoms  is  very  slow  and  gradual,  and  they  may 
take  years  or  at  least  weeks  to  advance  to  a  fatal  exitus, 
in  snake  poisoning  the  eft'ect  is  almost  instantaneous.  It 
may,  therefore,  be  considered  firmly  established  that 
snake  venoms  affect  the  motor  ganglia  of  the  anterior 
horns  and  chiefly  the  medulla  oblongata,  exercising  a  se- 
lective influence  upon  the  adjacent  centres  of  respiration 
and  deglutition.  There  exist  records  of  a  few  accurate 
microscopic  examinations  of  all  organs  after  snake  poi- 
soning (Nowak).  In  general  they  resemble  the  changes 
which  we  are  wont  to  find  in  all  kinds  of  poisoning  c^f 
whatever  origin,  especially  by  the  toxins  of  zymotic  dis- 
eases— e.g. ,  fatty  degeneration  of  the  liver  with  inflamma- 
tion of  the  bile  ducts,  beginning  as  early  as  thirty -five 
minutes  after  poisoning ;  in  chronic  cases  focal  necrotic 
destruction  of  liver  cells,  acute  parenchymatous  nephri- 
tis, disseminated  pneumonic  patches,  slight  beginning 
of  fatty  degeneration  of  the  heart  muscle,  etc.  Of  the 
pathological  changes  in  the  central  nervous  organs,  we 
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also  have  some  accurate  records  (Ewlng,  Bailey).  As 
we  may  expect,  they  demonstrate  a  pronounced  acute 
degeneration  of  the  ganglion  cells  throughout  the  central 
nervous  system.  The  chromatic  bodies  generally  disin- 
tegrate with  some  loss  of  the  chromatic  substance,  the 
outlines  of  the  Nissl  bodies  being  completely  obscured ; 
the  nucleus  and  nucleolus  may  be  normal  or  swollen  and 
opaque;  the  dendrites  irregular,  shrunken,  or  detached. 
These  changes  are  to  be  found  in  the  cells  of  the  cortex, 
the  cerebellum,  olfactory  lobe,  basal  ganglia,  medullary 
nuclei,  anterior  horns,  and  spinal  ganglia,  most  marked, 
however,  in  the  anterior  horn  and  in  the  Purkinje  cells 
and  the  mitral  cells  of  the  olfactory  lobe.  These  changes 
were  exhibited  only  in  their  beginning  in  those  animals 
which  had  been  killed  in  a  short  time  by  a  large  dose  of 
venom,  but  were  more  advanced  and  involved  a  much 
greater  number  of  cells  in  the  cases  of  more  chronic  poi- 
soning. Alt,  after  poisoning  with  puff-adder  venom, 
finds  the  changes  in  the  posterior  columns  so  marked 
that  they  are  perceivable  to  the  naked  eye. 

The  old  question  whether  snake  venom  is  a  nerve  or  a 
blood  poison,  therefore,  must  receive  the  answer  that  it 
is  both  a  neurotoxic  and  a  lioemolytic  substance.  Nay, 
recent  investigations  have  shown  that  both  principles  are 
physiologically  distinct,  for  Flexner  has  demonstrated  in 
vitro  that  in  a  mixture  of  venom  with  an  emulsion  of 
brain  substance,  the  chief  (neuro)  toxic  constituent 
unites  with  nerve  cells  while  the  agglutinating  and  hse- 
molytic  element  combines  with  blood  corpuscles.  It  is 
of  considerable  interest  to  analyze  more  accurately  its 
influence  upon  the  circulatory  system,  which  is  such  a 
prominent  feature  in  viperine  poisoning,  but  is  neverthe- 
less of  paramount  influence  in  cobra  poisoning  as  well. 
The  assumption  that  the  action  on  nervous  tissue  is  but 
a  secondary  sequela  of  its  primary  action  upon  the  circu- 
lation must  be  positively  denied,  inasmuch  as  extremi- 
ties whose  circulation  is  entirely  obstructed  by  constric- 
tion respond  readily  to  the  action  of  the  venom  upon  the 
nervous  centres ;  neither  do  we  miss  any  of  the  charac- 
teristic nervous  symptoms  in  frogs,  in  which  the  blood 
has  been  entirely  replaced  by  decinormal  saline  solution. 

Notwithstanding  the  facts  just  related,  some  of  the 
phenomena  might  be  referred  to  a  disturbance  of  the 
vaso-motor  centres.  Some  investigators  ascribe  them  to 
an  enormously  increased  diapedesis,  as  is  seen  after  the 
local  application  of  poison  to  a  capillary  area;  while 
others  consider  it  to  be  a  rupture  of  the  capillary  walls. 
The  blood  cells  escape  after  a  hypodermic  injection  of 
venom,  and  are  destroyed  to  such  an  extent  that  a  few 
hours  later  but  one-half  of  the  normal  blood  corpuscles 
may  be  counted. 

The  point  which  has  been  creating  the  greatest  divers- 
ity of  opinions  is  the  poison's  influence  upon  the  coag- 
ulability of  the  blood.  Formerly  it  was  an  accepted 
dogma  that  cobra  venom  increased  and  viper  venom 
inhibited  clotting,  until  recent  investigations  of  Heiden- 
schild  and  the  more  accurate  experiments  of  Martin,  of 
Sydney,  have  cleared  up  the  matter.  The  doses  as  well 
as  the  mode  and  rapidity  of  introduction  are  matters  of 
the  greatest  importance.  As  a  rule  coagulation  is  inhib- 
ited for  a  long  period.  A  small  dose  injected  intrave- 
nously causes  a  positive  phase  of  coagulability  of  two  or 
three  minutes,  which  is  followed  by  a  negative  phase  of 
longer  duration.  A  second  larger  injection  brings  on  the 
same  positive  and  a  much  1  onger  negative  phase.  A  third 
still  larger  injection,  which  is  borne  remarkably  well,  de- 
stroys coagulability  for  a  long  period  and,  as  it  were,  im- 
munizes the  blood  against  further  coagulative  influence 
of  the  poison.  At  tlie  same  time  the  leucocytes  disap- 
,  pear  almost  entirely  from  the  circulating  blood ;  they  are 
massed  in  the  liver,  lungs,  and  bone  marrow,  and  reappear 
only  when  the  blood  regains  its  coagulabiUty  (or  perhaps 
inversely).  Auche  found  the  bone  marrow  much  con- 
gested soon  after  poisoning,  and  regards  it  as  evidence  of 
a  reaction  of  the  blood-forming  organs,— a  reaction  which, 
within  a  few  hours,  floods  the  circulation  with  an  abun- 
dance of  leucocytes.  A  hypodermic  injection,  and  there- 
fore the  majority  of  all  snake  bites,  acts  in  the  same  way 


as  a  small  intravenous  injection.  Immediate  introduc- 
tion of  a  larger  quantity  of  poison  into  a  blood-vessel 
may  cause  a  sudden  complete  clotting  of  the  whole  mass 
of  blood,  with  the  exception  of  that  in  the  pulmonary 
veins  and  the  left  heart.  Many  contradictory  reports  of 
the  blood  pressure,  sudden  stoppage  of  respiration,  etc., 
are  explained  by  the  sudden  massive  thrombosis.  The 
immediate  cause  of  coagulation  is  probably  a  nucleo- 
albumin,  analogous  to  the  fibrinogenic  substance  of  Wool- 
dridge,  also  a  nucleo-albumin.  It  is  not  preformed  in  the 
venom,  but,  as  Martin  has  it,  is  liberated  instantaneously 
by  the  action  of  the  poison,  from  the  stroma  of  the  de- 
stroyed erythrocytes  and  from  the  endothehum  of  the 
blood-vessels;  it  brings  on  extensive  thrombosis  at  one 
stroke.  Or,  according  to  the  theory  of  Delezenne,  which 
would  explain  the  different  phases  of  coagulability  and 
fluidity,  nucleo-histon  is  formed  which  splits  into  leuco- 
nuclein  and  histon ;  the  former,  which  is  retained  by  the 
liver,  accelerates  coagulation ;  the  latter,  which  remains, 
retards  it. 

Many  of  the  symptoms  noted  in  former  experiments 
are  now  explained  by  the  recent  interesting  methods  of 
study  in  haBmolysis.  The  first  effect  of  snake  venom 
upon  blood  in  vitro  is  agglutination,  speedily  followed 
by  haemolysis ;  the  escaping  hsemoglobin  is  not  changed, 
the  spectrum  remaining  normal.  A  great  variation  in 
susceptibility  to  this  latter  reaction  is  distinguished  in 
the  different  animals,  but  most  noticeable  is  the  differ- 
ence of  hfemolytic  power  in  the  several  varieties  of 
venom.  Contrary  to  what  we  should  expect  from  the 
prominent  symptoms,  cobra  venom  is  most  actively  hse- 
molytic;  those  of  moccasin,  copperhead,  and  rattlesnake 
are  hsemolytic  in  less  degree,  in  the  order  named.  The 
action  upon  leucocytes  is  similar  to  that  upon  erythro- 
cytes, although  the  several  varieties  of  white  cells  show 
different  susceptibility. 

Another  important  effect  of  snake  venom  is  the  loss  of 
the  germicidal  property  of  the  blood  plasma.  It  is  well 
known  that  normal  blood  serum  destroys  micro-organ- 
isms, or  at  least  retards  their  growth.  Ewing,  of  Wash- 
ington, was  the  first  to  show,  in  1894,  that  this  faculty 
was  annihilated  in  the  blood  of  animals  killed  by  crota- 
lus  poison,  and  Martin  has  confirmed  it  for  the  venom 
of  the  Australian  black  snake.  This  explains  both  the 
well-known  rapid  putrefaction  of  the  poisoned  organs- 
and  the  danger  of  subsequent  decomposition  of  the  ex- 
travasated  blood,  and  the  resulting  sepsis  during  con- 
valescence. The  recent  haemolytic  studies  mentioned 
above  have  shown  that  the  germicidal  power  of  serum, 
is  rendered  inactive  through  the  fixation  of  the  serum 
complements  by  the  venom. 

A  closer  similarity  in  the  two  types  of  poison  can  be 
created  in  an  artificial  way  by  heating.  The  aggluti- 
nating power  is  destroyed  by  a  temperature  of  from  75" 
to  80°  C,  a  temperature  which  leaves  the  haemolytic- 
power  undisturbed.  The  latter  is  somewhat  reduced  in 
crotalus  poison  by  90°  to  96°  C,  while  it  requires  100°  C. 
for  at  least  fifteen  minutes  to  make  an  impression  on 
cobra,  copperhead,  and  moccasin  venom.  A  prolonged 
heating,  however,  of  viperine  poison  destroys  the  in- 
tense influence  upon  the  circulation  to  be  ascribed  to  the 
globulin ;  after  such  heating  it  approaches  cobra  venom 
in  character. 

In  briefly  summarizing  the  mode  of  dying  from  snake 
poison,  we  might  say  that  death  occurring  within  a  few 
minutes  is  due  to  general  thrombosis;  a  patient  who  dies 
within  twenty -four  hours  may  succumb  in  the  first  hours 
to  paralysis  of  the  respiratory  centre,  later  to  general 
paralysis;  lethal  exitus,  after  such  a  period,  days  or  even 
weeks  after  the  bite,  may  be  the  result  of  sepsis  or  of 
general  prostration  following  prolonged  suppuration. 

From  what  has  been  said,  it  will  be  seen  that  the  dan- 
ger of  a  snake-bite  must  vary  considerably.  Statistics 
cannot  give  us  an  adequate  idea  as  regards  this  point. 
Not  all  cases  are  reported,  and  not  all  bites  reported  are 
those  of  venomous  snakes.  Moreover,  chance  is  an  im- 
portant factor  as  regards  the  sequelae:  e.g.,  in  what  con- 
dition was  the  snake  when  biting?    Were  one  or  both 
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fangs  deeply  implanted,  or  was  the  skin  merely  scratched  ? 
How  old  and  in  what  condition  of  health  was  the  bitten 
individual  ?  India,  as  is  generally  known,  has  the  largest 
mortality  from  snake-hites-a  fact  easily  explained  by  the 
enormous  number  of  snakes,  and  these  the  most  deadly 
of  all  the  cobras.  Nevertheless,  indolence  and  supersti- 
tion of  the  population  may  increase  the  number  ot  fatal 
accidents  considerably.  Those  may  be  right  who  con- 
sider the  smaller  number  of  deaths  m  America  and 
Australia  as  due  to  the  greater  intelligence  of  the  people, 
because  a  rational  treatment,  especially  the  early  appli- 
cation of  a  ligature,  is  instituted  in  time.*  In  default  ot 
reliable  analyses,  the  only  way  to  decide  this  point  has 
been  shown  by  Calmette  to  be  that  of  comparative  ex- 
periments. Aher  carefully  graded  hypodermic  injec- 
tions, to  determine  how  much  poison  may  kill  a  kilogram 
of  animals  (mostly  rabbits),  the  following  table  has  been 
■worked  out : 

1  gm.  of  cobra  and  aspis  kills 4,000  kgm.  of  rabbit. 

1  Im.  ot  hoplocephalus  kills 3,450  kgm.  of  rabbit. 

1  em.  ot  f  er  de  lance  and  pseudechls  kills.   30O  kgm.  ot  rabbit. 

1  gm.  ot  Crotalus  horridus  kills 600  kgm.  of  rabbit. 

1  gm.  of  Pellas  berus  kills 250  kgm.  of  rabbit. 

But  even  this  method  has  not  yet  yielded  undisputed 
results,  for  Martin  claims  for  hoplocephalus  4,000  and 
for  pseudechis  3,000  kgm.  At  any  rate  the  toxicity  of 
snake  venom  is  exceedingly  high.  A  comparison  with 
the  toxins  of  infectious  diseases  shows  that  only  that  of 
diphtheria  comes  up  to  4,000  kgm.,  toxopeptone  to  3 
kgm.,  and  the  albumose  of  anthrax  to  not  more  than  80 
^m.  Besides  the  high  toxicity  it  is  also  the  extremely 
rapid  absorption  and  consequent  early  appearance  of 
grave  symptoms  which  distinguish  snake  venom  from 
other  toxins. 

If  the  most  serious  cases  {e.g. ,  when  both  fangs,  and  espe- 
cially those  of  a  large  tropical  snake,  have  thrown  their 
full  dose  of  poison  into  the  tissues)  are  left  out  of  consid- 
■eration  the  prognosis  is  not  so  bad  as  is  generally  believed. 
Weir  Mitchell  gives  the  mortality  of  crotalus  bites  in  one 
place  as  35  per  cent.,  in  another  as  not  more  than  13  per 
cent. ;  that  of  the  Australian  snakes  is  said  to  be  only  7 
per  cent. ;  but  for  India  Fayrer  states  it  at  from  35  to  35 
per  cent.  It  has  been  mentioned  how  quickly  an  ameli- 
oration may  set  in,  even  after  the  most  serious  nervous 
symptoms  have  preceded.  This  is  undoubtedly  a  reason 
why  so  many  remedies  have  gained  the  undeserved  repu- 
-tation  of  being  a  sure  cure.  Most  of  the  patients  would 
have  recovered  without  them.  Comparing  these  condi- 
tions with  the  results  obtained  in  experimental  bacteriol- 
ogy, we  should  say  that  in  most  cases  of  snake-bite  the 
minimum  lethal  dose  of  toxin  is  seldom  injected,  so  that 
the  body  cells  are  still  able  to  combine  with  and  fix  the 
toxin,  in  consequence  of  which  they  not  only  speedily 
recover,  but  also,  as  we  shall  see  later  on,  develop  a  cer- 
tain immunity  by  casting  off  antitoxin. 

Treatment.— The  proof  of  the  utter  helplessness  of 
therapeutics  of  past  years  is  the  long  array  of  remedies 
recommended  and  used  at  all  times  for  snake-bite.  The 
object  of  treatment  is  threefold:  first,  to  prevent  absorp- 
tion of  the  poison;  second,  to  accelerate  its  elimination; 
third,  to  destroy  or  neutralize  it,  and  to  treat  symptoms 
of  imminent  danger.  If  the  wounded  limb,  e.g.,  a  finger, 
cannot  be  amputated  quickly,  at  least  the  circulation 
should  be  checked  or  retarded  by  a  ligature,  as  practised 
since  time  immemorial.  A  ligature  is  applied  as  tightly  as 
possible,  not  only  at  one,  but  at  two  or  three  places — e.g., 
when  a  finger  has  been  bitten,  round  the  finger  itself,  at 
the  wrist  and  at  the  elbow.  The  experienced  Wall  is  so 
convinced  of  the  advantages  of  Esmarch's  rubber  band 
that  he  not  only  recommends  every  physician  in  India  to 
have  one  in  readiness,  but  wants  to  see  it  in  every  well- 
regulated  household.     The  ligature  is  relaxed  at  inter- 

*The  statistics  of  the  Indian  Government  have  given  for  years  an 
.average  annual  mortality  ot  20,000  persons.  Recent  advices,  however, 
have  called  this  number  again  into  doubt,  as  baa  been  done  before. 
It  seems  to  be  the  practice  of  officials  in  remote,  isolated  districts  to 
ascribe  In  their  reports  any  case  of  death  to  snake-bite,  whenever  it 
is  thought  desirable  to  cover  a  crime  or  even  a  neglect  of  duty  on  the 
part  ot  the  official. 
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vals  of  some  hours  to  prevent  gangrene,  but  is  applied 
again  as  soon  as  practicable. 

"It  has  been  an  often  recommended  custom  to  suck  the 
wound  with  the  lips  or  to  apply  cups.  The  result  of 
such  a  measure  is  at  least  doubtful,  because  of  the  finely 
punctured  bites ;  the  sucking  ought  to  be  preceded  by  a 
long  scarification  into  the  deeper  tissues.  It  is  still  safer 
to  excise  a  large  area  of  these  tissues  or  to  destroy  them 
with  the  actual  cautery.  Wall,  taught  by  long  experi- 
ence, recommends  proceeding  in  the  most  ruthless  man- 
ner. By  these  means  the  absorption  of  poison  can  be 
limited  to  a  possible  minimum,  so  that  the  system  shall 
gain  time  to  overcome  the  whole  quantity  at  intervals. 

How  can  we  hasten  the  elimination  of  the  injurious 
substance?  The  kidneys  are  attacked  to  a  greater  or 
lesser  degree  by  the  poison,  especially  that  of  vipers; 
hence  it  is  doubtful  whether  we  should  be  permitted  to 
increase  their  activity.  The  vicarious  excretion  by  per- 
spiration, stimulated  by  diaphoretics  {e.g.,  jaborandi)  has 
had  dubious  results.  It  has  been  demonstrated,  however, 
that  part  of  the  poison  is  excreted  by  the  stomach.  Alt 
found  that  alkaloids,  chiefly  morphine,  after  hypodermic 
use  were  excreted  by  the  stomach  almost  to  one-half  of 
their  amount.  When  he  tried  the  same  method  for  snake 
venom,  it  was  discovered  that  the  animals  whose  stom- 
achs were  washed  out  were  saved,  whereas  the  controls 
died ;  at  the  same  time,  the  washed-out  fluid  was  again 
poisonous  to  other  animals.  Hence  it  is  probable  that 
the  use  of  the  stomach  pump  may  be  of  good  service. 
Those  who  have  read  a  minute  description  of,  or  have 
personally  witnessed,  the  snake  dance  of  the  !JIoki  and 
Zuni  Indians  of  Arizona  will  remember  that  after  the 
performance  the  dancers,  who  are  sometimes  bitten  by 
the  snakes,  receive  a  potion  prepared  by  the  priests 
which  contains  an  emetic.  The  whole  crowd  stand 
around  a  certain  part  of  the  parapet  to  empty  their 
stomachs  freely.  This  custom  has  undoubtedly  been 
justified  by  long  experience. 

The  question  then  remains.  Are  we  able  to  render  in- 
nocuous the  poison  in  the  tissues  surrounding  the  bite? 
This  efficacy  has  been  claimed  for  a  whole  series  of  spe- 
cifics, which  owe  their  reputation  partly  to  old  traditions, 
partly  to  experiments  in  the  test  tube.  The  majority  of 
these  specifics,  which  it  is  true  neutralize  the  poison  in 
vitro  after  a  shorter  or  longer  period  (carbolic  acid,  e.g., 
only  after  twenty-four  hours),  destroy  all  tissues  to  such 
an  extent  that  it  seems  preferable  to  apply  the  cautery. 
Even  the  much-praised  permanganate  of  potassium,  rec- 
ommended especially  by  Lacerda,  of  Rio,  Brazil,  has  not 
fulfilled  the  high  expectations,  for  neither  locally  applied 
in  a  one-per-cent.  solution  nor  injected  intravenously  has 
it  the  elective  faculty  to  single  out  snake  venom  for  oxi- 
dation In  presence  of  other  proteids.  One  per  cent,  of 
chromic  acid  has  gained  somewhat  of  a  reputation ;  it 
does  not  destroy  the  tissues  simultaneously  with  the  poi- 
son, but  it  merely  makes  them  shrink.  Calmette  has  fre- 
quently tested  hypochlorite  of  lime  in  a  solution  of  1  to 
60.*  He  found  both  its  local  and  repeated  hypodermic 
application  near  the  bite  as  well  as  its  internal  adminis- 
tration of  good  effect ;  not  less  so  a  one-percent,  solution 
of  chloride  of  gold  as  a  local  remedy. 

Ammonia,  extensively  used  Internally  and  externally, 
is  nothing  but  a  stimulant.  Feoktistow  actually  advises 
against  it,  because  he  thinks  he  has  seen  after  its  use  in- 
creasing hemorrhages,  caused  by  higher  blood  pressure. 
Wall  also  cautions  against  exciting  the.  circulation  by 
stimulants;  he  advises  to  keep  the  victim  as  quiet  as 
possible  and  to  husband  his  strength.  Neither  has  alcohol 
any  local  effect  as  a  coagulating  medium;  it  is  to  be 
rated  also  as  a  mere  stimulant.  It  has  always  met  with 
appreciation  on  the  part  of  the  real  or,  more  so,  of  the 
alleged  victim.  Indeed,  the  use  of  this  infallible  specific 
has  often  been  carried  to  such  an  extent  that  it  was 
impossible  to  decide  whether  the  patient  succumbed  to 
snake  venom  or  to  an  acute  alcoholism.     In  one  case, 

*  He  advises  against  the  employment  of  more  concentrated  solutions 
which  are  less  active  and  produce  eschars. 
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e.g. ,  the  use  of  five  quarts  of  whiskey  is  recorded.  It  is 
moreover,  a  fact  that  intoxicated  persons,  when  bitten  in 
this  state,  have  not  proved  to  be  better  protected  against 
snake-bites  than  sober  people ;  and  the  enormous  doses 
which  we  often  hear  of  as  having  been  administered  de- 
serve nothing  but  condemnation. 

As  to  a  rational  treatment,  it  is  necessary  to  inquire 
first  as  to  the  prominent  morbid  changes  which  threaten 
life.  Are  they  irremediable  or  are  they  transient?  That 
they  are  transient  is  proved  by  the  many  individuals  who 
survive  a  snake-bite  in  spite  of  the  gravest  symptoms. 
We  have  seen  that  the  poison  exerts,  first,  a  hsBmolytic 
action ;  seaond,  a  destructive  Influence  upon  the  cells  of 
the  medulla.  We  know  at  present  of  no  pharmaceutical 
remedy  which  will  arrest  either  the  escape  of  the  haemo- 
globin into  the  plasma  or  the  rupture  of  the  capillaries, 
nor  is  any  drug  known  that  will  check  the  influence  of 
toxin  upon  the  nerve  cells.  The  changes  in  the  ganglion 
cells,  the  dissemination  and  disappearance  of  the  Nissl 
granules,  whatever  this  may  mean,  must  be  fully  repara- 
ble, since,  as  we  have  seen,  rehabilitation  takes  place 
rather  suddenly  without  leaving  any  sequeloB.  If  we  are 
not  able,  e.g.,  to  re-establish  the  function  of  the  respira- 
tory centre  immediately,  could  we  not  at  least  tide  over 
the  dangerous  period  of  deep  depression?  One  method 
suggests  itself  to  a  medical  mind,  i.e.,  artificial  respira- 
tion. The  heart  beat  ceases  several  minutes  later  than 
respiration,  and  in  one  experiment  Fayrer  succeeded  in 
keeping  up  the  circulation  for  eight  hours  longer  by  arti- 
ficial respiration.  Fayrer  and  Lauder  Brunton  strenu- 
ously recommend  that  it  be  continued  not  only  for  hours 
but  for  days,  with  or  without  a  tracheal  cannula.  This 
advice  seems  to  have  fallen  somewhat  into  disuse,  espe- 
ciall}-,  since  Martin  claims  that  in  poisoning  by  Australian 
snakes  he  saw  no  good  results  from  artificial  respiration, 
death  occurring  in  spite  of  it  in  fifteen  minutes  after 
the  heart  stopped.  Notwithstanding  some  failures,  we 
are  justified  in  trying  it  for  an  extended  time,  always 
keeping  in  mind  tWat  an  abrupt  change  may  set  in  in  the 
most  desperate  cases. 

In  this  connection  we  have  to  consider  a  remedy  which 
€ven  recently  has  been  praised  with  a  certain  persistency 
as  a  specific,  i.e.,  strychnine.  First  used  by  Pringle  in 
Australia,  it  was  tested  in  India,  and  in  spite  of  the  little 
encouraging  reports  was  enthusiastically  championed 
by  Dr.  Muller,  of  Sydney.  He  declared  that  the  failures 
were  due  to  insufficient  doses,  and  he  began  with  a  dose 
of  at  least  0.01  gm.,  repeated  several  times  until  slight 
tetanic  symptoms  appeared.* 

Many  cases  in  Australia  have  been  treated  with  strych- 
nine, and  upon  the  advice  of  the  Government  Indian  sur- 
geons have  also  used  it  quite  extensively.  Nevertheless, 
the  results  are  not  so  convincing  that  we  could  rely  upon 
this  drug  as  a  specific.  The  experiments  of  Kanthack 
and  Feoktistow  were  negative.  Interesting,  however, 
is  the  latter's  positive  experiment  that  artificial  tetanus, 
brought  on  by  strychnine,  was  arrested  by  snake  venom. 
Roux  states  that  tetanus  antitoxin  has  a  certain  influence 
upon  snake  poison,  but  not  inversely.  Atropine  has 
been  recommended  as  a  stimulant  for  the  respiratory 
centre.  Not  many  instances  of  its  use  are  recorded,  but 
there  is  no  reason  why  it  should  not  be  resorted  to  as 
well  as  strychnine. 

It  may  be  appropriate  to  relate  the  few  instances  in 
which  snake  poison  has  been  used  therapeutically.  Dr. 
Amaden,  of  Glens  Falls,  near  Lake  George,  a  country 
abounding  in  rattlers,  cured  a  man,  aged  twenty -five 
years,  with  unmistakable  tetanus  by  two  injections  of 
one  drop  of  fresh  rattlesnake  poison.  It  should  be  men- 
tioned that  snake  venom  has  been  used  in  an  unsyste- 
matic way  for  several  other  diseases  (e.g. ,  yellow  fever),  of 
course  without  success.  Recently  it  has  been  asserted 
that  during  the  plague  in  India  some  successful  inocula- 

*  The  tolerance  toward  stryclinine  seems  to  be  quite  extraordinary 
In  these  cases :  thus  0.035  gm.  was  used  in  the  case  of  a  boy  thirteen 
years  of  age  within  three  and  three-quarter  hours,  0.05  gm.  in  five  and 
one-half  hours,  0.05  gm.  in  four  and  one-half  hours,  0.066  gm.  in  seven 
hours,  0.25  gm.  in  six  days. 


tions  of  cobra  poison  (gtt.  jV  and  ^V)  were  made,  and  that 
some  similar  experiments  in  monkeys  gave  equally  good 
results.  Later  correspondence,  however,  is  silent  regard- 
ing these  experiments.  The  treatment  of  lepra  with 
snake  venom  has  been  without  any  result 

AntiveTwmous  Serum.~The  therapeutics  of  snake-bite 
were  in  this  state  of  hopelessness  when  in  1895  Calmette 
and  almost  simultaneously  Eraser,  surprised  both  the 
scientific  and  the  lay  world  with  an  antivenomous  serum 
It  IS  to  serum  therapy  and  immunization,  as  we  shall 
presently  see,  that  we  have  to  look  for  the  successful 
treatment  of  snake-bites. 

Regarding  this  topic  the  question  first  arises :  Are  there 
animals,  as  often  asserted,  which  are  immune  to  snake 
poison?  In  East  India  the  mongoose,  a  kind  of  weasel, 
the  deadly  enemy  of  the  cobra,  has  the  reputation  of  im- 
munity; and  in  Europe  the  droll,  bristled  hedgehog 
(Erinaceus  europa;us)  is  considered  as  the  natural  de- 
stroyer of  vipers  because  of  its  reputed  invulnerability 
More  accurate  observers  have  shown  that  the  mongoose 
owes  its  apparent  safety  to  a  low  susceptibility  (from  ten 
to  twenty-five  times  less  than  rabbits,  Elliot)  against 
both  cobra  and  viper  venom,  but  more  to  its  agility,  and 
that  the  hedgehog  is  partly  protected  by  its  spinous  coat. 
It  possesses,  however,  a  higher  resistance  to  snake  poison 
than  other  animals,  and  from  my  own  investigations  I 
might  figure  a  resistance  of  about  four  times  that  of  a 
rabbit  of  equal  weight.  A  relative  immunity  toward 
various  toxins  is  well  known  to  exist  indifferent  animals. 
The  poisonous  snakes  themselves  possess  a  perfect  im- 
munity against  their  own  poison,  the  species  with  weaker 
poison  a  relative  immunity  toward  those  with  stronger 
venom,  and  even  the  non-poisonous  snakes  enjoy  a  cer- 
tain security  against  the  bites  of  the  poisonous  ones. 
The  king-snakes  of  our  Southern  States,  which  are  the 
enemies  and  destroyers  of  our  poisonous  serpents,  seem 
to  enjoy  a  perfect  immunity.*  Although  Weir  Mitchell 
finds  that,  at  least  in  some  cases,  crotalus  is  not  immune 
against  its  own  poison,  it  is  a  common  occurrence  among 
venomous  snakes  in  captivity  that  they  bite  each  other 
furiously  without  any  evil  effect.  One  of  Cunningham's 
cobras  resisted  inoculation  with  an  amount  of  cobra  ven- 
om sufficient  to  kill  one  thousand  fowls.  This  faculty 
is  ascribed  to  inner  secretion,  to  the  incessant  influx  of 
toxin  into  the  circulation.  The  discovery  of  Blanchard, 
that  the  extract  of  the  yellow  part  of  the  supralabial 
gland  of  Tropidonotus  natrix,  and  even  its  blood  serum, 
kills  small  animals  with  distinct  symptoms  of  poisoning, 
seems  to  corroborate  this  theory.  Cunningham,  how- 
ever, finding  after  many  experiments  with  cobras  that 
their  serum  has  no  antitoxic  action,  comes  to  the  conclu- 
sion "that  the  natural  immunity  of  cobras  is  perfectly 
distinct  in  its  nature  from  the  artificial  immunity,  which 
is  established  in  other  animals  as  the  result  of  .continued 
treatment  with  cobra  venom,  and  that  it  is  unconnected 
with  any  material  of  the  nature  of  an  antitoxin  in  the 
blood." 

The  idea  of  immunization  is  by  no  means  a  modern 
one.  Even  in  antiquity  we  hear  of  it,  and  among  savage 
tribes  of  ancient  and  modern  times,  wherever  poisonous 
snakes  abound,  attempts  at  protection  against  snake  ven- 
om are  made  under  various  forms,  sometimes  associated 
with  mystic  ceremonies.  The  poison  is  rubbed  into  the 
skin,  as  is  done  in  Bengal,  or  it  is  taken  internally  in  the 
fresh  state,  or  parts  of  the  dried  poison  glands  are  eaten 
(as  practised  by  the  savages  of  South  Africa).  A  shep- 
herd, immunized  in  this  way,  admitted  that  the  dried 
gland  of  the  cobra  had  an  intoxicating  effect,  which  he 
compared  to  that  of  Indian  hemp,  except  that,  whereas 
the  latter  lost  its  effect  gradually,  the  action  of  the  first 
was  not  impaired  by  habit.     Or  it  is  used  as  an  inocula- 

*  I  have  injected  a  king-snake  (Ophibnlus  getuhus)  of  Florida,  of 
700  gm.  weight,  with  1  gm.  of  fresh  moccasin  poison,  a  quantity  which 
can  never  he  injected  by  a  single  bite  of  the  largest  venomous  snake. 
With  the  exception  of  a  pronounced  local  swelling  and  some  apparent 
sick  feeling  for  a  few  days,  the  snake  survived  this  experiment  well. 
A  crotalus  of  three  feet  in  length  and  about  500  gm.  weight  received 
four  drops  of  cobra  venom :  it  sickened  within  half  an  hour  and  was 
found  dead  the  next  morning. 
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tion  in  the  interior  of  Africa  (Serpa  Pinto).  Sometimes 
one  of  the  reputed  antidotes  is  employed  for  an  extended 
time,  as,  e.q.,  the  curadoB  de  euleln-as  of  Mexico  use  a  com- 
posite plant,  Micania  guacho.* 

Sewall,  of  Ann  Arbor,  Mich.,  was  the  first  to  intro- 
duce methodical  inoculation  of  snake  venom  with  the 
idea  of  immunization.  His  experiments,  in  which,  by 
gradually  increased  doses,  he  made  his  pigeons  secure 
against  seven  times  the  lethal  dose  of  massasauga  poison, 
were  published  in  1887.  Calmette,  director  of  the  Pas- 
teur Institute  of  Lille,  France,  after  a  number  of  failures 
succeeded  in  securing  immunity,  and  at  the  same  time  in 
elaborating  a  protective  antivenomous  serum  which,  in 
spite  of  some  weighty  opposition,  must  be  considered  to- 
day the  only  reliable  antidote  to  the  deadly  action  of 
snake  poison.  Fraser,  who  worked  independently  of 
Calmette  for  six  years  on  the  same  subject,  has  produced 
a  similar  serum,  called  by  him  antivenene.  It  is  dried, 
in  which  state  it  is  said  to  keep  indefinitely.  Calmette 
manufactures  his  serum  by  inoculating  with  cobra  venom 
or  with  a  mixture  of  cobra,  crotalus,  viper,  and  hoplo- 
cephalus  venoms,  in  both  of  which  the  hsEmolytic  agent 
has  first  been  ehminated  by  heating  to  80°  C.  The  inocu- 
lation of  horses  has  been  carried  on  in  some  instances  for 
three  successive  years,  so  that  these  animals,  which  suc- 
cumb to  a  dose  of  15  mgm.  of  cobra  poison,  finally  toler- 
ate a  dose  of  3  gm.  A  prolonged  feeding  also  imparts 
immunity,  but  requires  larger  doses  and  induces  less  pro- 
tective power.  Antivenomous  serum  is  put  up  and  sold 
in  vials  of  10  c.c.  each.  Its  protective  value  is  calculated 
hy  Calmette  in  the  following  way:  If  1  c.c,  injected  into 
the  ear  vein,  is  found  to  protect  a  rabbit  of  3,000  gm.  (3 
kgm. )  against  a  dose  of  venom,  fatal  within  fifteen  to 
twenty  minutes,  it  is  said  to  contain  3,000  antivenomous 
units,  aod  avialoflOc.c.  consequently  30, 000  units.  No 
serum  is  sent  out  without  possessipg  a  strength  of  at 
least  10,000  units;  and  for  the  tropical  countries  serum 
of  as  high  as  40,000  units  is  manufactured. 

It  has  been  shown  by  experiment  (Myers,  Martin, 
Semple,  Flexner)  that  0.1  cgm.  of  Calmette's  serum  neu- 
tralizes 0.1  mgm.  of  dried  cobra  poison,  both  in  vitroa.nd 
in  corpore.  This  proportion  holds  good  for  the  haemo- 
lytic  and  antibacteriolytic  and  the  inhibitory  action  of 
venom  upon  clotting  of  the  blood.  Of  rattlesnake  venom 
even  8  mgm.  are  neutralized  by  1  c.c.  of  the  serum.  For 
the  counteraction  of  the  neurotoxic  principle  of  the  ven- 
om, somewhat  larger  doses  of  antivenomous  serum  are 
required.  For  practical  purposes  it  may  be  stated  that 
it  acts  as  a  full  protective  in  a  dose  of  from  5  to  30  c.c. ; 
and  the  10  c.c.  contained  in  Calmette's  vial  are  therefore 
amply  sufficient  for  the  average  case  of  snake-bite  when 
injected  even  one  and  a  half  hours  after  the  introduction 
of  venom.  If  more  time  has  elapsed,  or  graver  symp- 
toms have  set  in — as  may  occur  after  the  bite  of  a  large 
tropical  snake — it  is  advisable  to  inject  30  or  even  30 
c.c.  simultaneously.  Fraser  recommends  injections  into 
the  injured  limb  rather  than  into  distant  parts,  and  the 
administration  of  repeated  smaller  doses  instead  of  one 
large  dose ;  but  Calmette  thinks  they  are  best  made  into 
the  lax  skin  of  the  hypochondrium.  Although  antiveno- 
mous serum  is  absorbed  rapidly  from  the  subcutaneous 
tissue,  it  may  not  be  quick  enough  in  severe  and  belated 
cases ;_  then  it  is  advisable  to  resort  to  direct  intravenous 
injection.  Immunity  thus  conferred  by  antivenomous 
serum  acts  very  rapidly  and  energetically,  but  disap- 
pears very  soon  again,  inside  of  from  two  to  four  days, 
while  immunity,  created  by  gradually  increased  inocula- 
tions of  venom,  lasts  for  months  (five  to  eight),  the  longer 
the  larger  doses  were  finally  employed  (active  immunity). 
Even  the  young  guinea-pigs  of  a  mother  thus  immunized 
acquire  immunity  for  several  months. 

Calmette's  statements  have  not  been  accepted  without 
contradiction.  Fraser  does  not  agree  with  him  on  all 
points,  nor  did  the  experiments  and  practical  experience 
of  the  Indian  surgeons  and  of  Martin  thoroughly  confirm 

.h!/™'?  facts  to  be  reported  later  on,  It  seems  not  at  all  improbable 
Sn1ffi"toStyot''?erm'"  ™'''''°"''  ^""'^  ^^"'P^We  ol  re- 
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his  premises  and  predictions.  Not  only  has  controversy- 
arisen  as  to  the  curative  value  of  antivenomous  serum, 
but  also  other  questions  have  been  stirred  up  in  relation 
to  the  chemical  and  physiological  action  of  toxin  and  an- 
titoxin, questions  which  promise  to  be  of  the  greatest 
importance  in  settling  this  vital  problem  of  therapeutics. 
The  interest  of  the  subject  warrants  us  going  into  some 
details  as  regards  the  controversy. 

First,  it  was  objected  that  Calmette  asserted  his  anti- 
venomous serum  to  be  equally  effective  against  all  kinds 
of  venom,  in  direct  oppasition  to  Behring's  law  that 
every  toxin  requires  a  specific  antitoxin.  It  should  be 
borne  in  mind  that  Calmette's  horses  are  immunized  with 
a  venom  in  which  the  haemolytic  element  has  been  de- 
stroyed. Hence  while  he  may  work  out  an  antitoxin  to 
the  more  important  constituent,  the  nerve  poison,  he 
neglects  the  other  agent  entirely.  And  indeed  Cunning- 
ham declares  an  antivenomous  serum  which  is  efficient 
against  cobra  venom  entirely  valueless  against  Daboia 
venom  and  inversely,  while  Martin  claims  that  Cal- 
mette's serum  has  a  slight  but  distinct  protective  effect 
against  one  of  the  constituents  of  Australian  snake  venom ; 
but,  on  account  of  its  present  slight  antitoxic  strength, 
it  is  practically  valueless  in  Australia.  Calmette,  after 
having  elucidated  experimentally  all  these  points  of 
objection,  comes  to  the  conclusion  "that  his  antiveno- 
mous serum  acts  as  a  perfect  preventive  against  the  ven- 
om of  any  species  of  snake. "  He  admits  that  in  a  case  of 
viper  poisoning  some  local  disturbances  may  persist,  even 
with  consequent  suppuration,  but  that  fatal  exitus  is  at 
all  events  prevented.  Other  experiments  seem  to  prove 
that  also  the  haemolytic  agent  in  venom  as  well  is  de- 
cidedly influenced  by  antivenomous  serum  (Stephen  and 
Myers).  Furthermore,  we  must  consider  that  a  do.se  of 
venom  may  not  be  sufficient  to  kill,  even  though  only 
one  of  its  constituents  has  been  neutralized.  And  as  a 
most  decisive  proof,  a  number  of  reports  from  diiferent 
parts  of  the  globe  leave  no  doubt  of  the  curative  value 
of  Calmette's  serum.  It  has  been  used  with  beneficial 
effect  in  East  India,  in  Egypt,  Africa,  and  the  West  In- 
dies, against  the  different  serpents  of  those  countries. 
Some  of  the  failures  reported  by  the  Indian  surgeons  may 
be  accounted  for  by  the  deterioration  and  consequent  dim- 
inution of  power,  to  which  antivenomous  serum  is  sub- 
ject in  a  hot  climate.  Notwithstanding  this  impairment, 
however,  there  are  even  reports  of  the  effective  applica- 
tion of  such  weakened  samples  of  antivenene. 

Another  objection  was  made  that  the  curative  power 
was  entirely  overrated,  since  Calmette  used  as  a  test  for 
estimating  its  value  only  one  minimum  lethal  dose  of 
poison.  Fraser  thus  calculates  that  for  a  man  weighing 
60  kgm.  a  dose  of  330  c.c.  of  antivenene  would  be  re- 
quired,* an  amount  which  because  of  its  bulk  and  price 
would  preclude  its  practical  employment.  Statistics 
and  calculations  do  not,  however,  bear  out  this  objection, 
for,  with  rare  exceptions,  not  much  more  than  the  lethal 
dose  is  injected  by  the  snake  in  the  average  instance. 

More  theoretical,  but  not  less  interesting,  is  the  ques- 
tion of  action  of  the  antivenene,  whether  it  is  chemical  or 
physiological.  Whereas  Calmette  with  Roux  and  Buch- 
ner  insists  that  antitoxin  elicits  or  stimulates  the  resist- 
ance of  tissues.  Eraser  and  Martin  assert  with  Behring 
that  the  action  can  be  only  chemical.  The  experiments 
with  snake  poison  and  its  antidote  conducted  by  Martin 
and  others  point  positively  to  a  chemical  action. 

Observations  of  great  interest  were  reported  by  Phisa- 

*  The  logic  ol  this  argumentation  Is  not  quite  obvious.  Assuming 
that  more  or  less  power  of  natural  Immunity  is  dormant  in  every 
animal  which  enables  it  to  overcome  a  subminimal  lethal  dose  of 
poison,  we  ought  to  expect  that  this  power  Increases  in  the  same  ratio 
as  the  size  of  the  animal,  no  matter  whether  the  power  Is  ascribed  to 
the  whole  system  or  to  one  or  several  separate  organs.  The  average 
dose  of  poison  in  a  snake-bite  will  remain  the  same  in  the  large  as  in 
the  small  victim ;  part  of  it  is  immunized  by  the  injured  organism 
itself,  and  only  the  surplus  remains  for  the  action  of  the  antivenene. 
Consequently,  the  larger  animal  stands  a  better  chance  and  requires 
comparatively  less  antivenene.  Calmette  and  others  have  already 
expressed  this  opinion  by  formulating  a  law  that  the  quantity  of  an- 
tivenomous serum  required  is  not  only  In  Inverse  ratio  to  the  suscep- 
tibility of  an  animal,  but  also  to  its  weight.  Man  shows  more  power 
of  resistance  than  the  animals  experimented  upon. 
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lix.  While  experimenting  with  viper  venom  exclusively 
he  found  many  substances  vs^hich  exhibited  apparently  a 
decided  antitoxic  effect — e.g.,  cholesterin,  separated  from 
biliary  calculi  and  from  carrots,  or  tyrosin,  obtained  from 
the  bulbs  of  the  -well-known  flower  Dahlia,  and  from 
mushrooms.*  All  these  bodies,  some  of  vegetable  ori- 
gin and  the  highest  final  products  of  proteid  metabolism, 
had  a  decided  immunizing  effect  against  viper  venom,  as 
had  also  the  serum  of  the  animals  treated  with  these  sub- 
stances. They  were  capable,  however,  of  raising  the  re- 
sisting power  of  the  organism  but  little  above  the  mini- 
mum lethal  dose  of  venom ;  and,  moreover,  to  be  at  all 
efficacious,  they  had  to  be  injected  at  least  twenty-four 
hours  previous  to  the  administration  of  the  venom,  f  A 
similar  antitoxic  influence  is  exerted  by  the  cortical  sub- 
stance of  the  suprarenal  glands. 

Calmette,  after  repeating  the  above  experiments,  has 
extended  them  by  using  bouillon,  bile,  normal  and  anti- 
tetanic  serum,  etc.,  with  the  same  apparent  antitoxic 
effect,  which  is  little  pronounced  and  transient.  He 
claims  that  all  these  substances  act  only  as  cell  stimu- 
lants, to  counteract  the  deleterious  influence  of  the  ven- 
om. Advocates  of  Ehrlich's  theory  would  as  well  say 
that  they  stimulate  the  cell  to  the  overproduction  of  a 
toxophil  side  chain,  which  as  antitoxin  is  received  and 
kept  ready  for  use  by  the  blood  plasma.  It  is  immaterial 
which  theory  we  may  apply.  The  observations  of  Phisa- 
lix  are  still  in  an  experimental  stage,  and,  though  they 
may  result  in  very  practical  conclusions,  they  may  in  the 
mean  time  serve  to  unravel  the  mysteries  of  the  relation 
between  toxins  and  antitoxins.  And  to  investigations  of 
this  nature  snake  poisons,  as  Martin  has  pointed  out,  are 
particularly  well  adapted.  They  have  the  advantage  of 
being  less  sensitive  than  other  toxins  to  light  and  heat, 
and  of  being  comparatively  easy  to  obtain' in  a  form 
which  preserves  a  remarkably  constant  composition. 

To  sum  up,  the  most  commendable  treatment  would 
be: 

One  pr  several  tight  ligatures  should  be  made  above 
the  wound,  followed  perhaps  by  deep  scarifications; 
then  injection  of  antivenomous  serum,  if  at  hand.  If 
the  latter  cannot  be  had,  injections  should  be  made  of  20 
to  50  c.c.  of  a  solution  of  hypochlorite  of  lime,  1  to  60, 
at  several  points  near  the  bite  and  elsewhere.  Stimula- 
tion, if  necessary,  by  either  strychnine  or  atropipe  (or 
alcohol?) ;  lavage  of  the  stomach ;  artificial  respiration  for 
hours;  and,  not  least  of  all,  continuous  encouragement 
of  the  victim,  for  a  deep  mental  prostration  goes  together 
with  the  physical  depression  of  the  nervous  centres. 

Helodekma.  — It  remains  now  to  consider  the  only 
poisonous  reptile  not  belonging  to  the  snake  group,  the 
lizard  heloderma,  which  is  represented  by  two  species. 


Fig.  3871.— Head  of  Heloderma.    Side  view. 

The  habitat  of  one  of  them,  Heloderma  suspectum  Cope, 
is  in  the  southwest  of  the  United  States,  in  New  Mexico 

*  There  are,  no  doubt,  many  other  substances  of  similar  action,  and 
it  is  not  improbable  that  some  of  the  popular  antidotes  to  snake  venom, 
like  the  plant  mentioned  before,  Micania,  owe  their  partly  deserved 
reputation  to  an  influence  similar  to  that  stated  above  as  exerted  by 

+ Possibly  in  these  cases  the  presence  of  a  large  amount  of  choles- 
terin in  the  blood  serum  acts  in  the  same  way  as  it  does  with  other 
protoplasma  poisons,  e.g.,  saponin ;  it  combines  directly  with  the  toxic 
substance,  thus  preventing  the  cholesterin  of  the  blood  cells  them- 
selves from  doing  so,  and  from  being  destroyed.    (Ransom.) 


FIS.  3873.— Teeth  of  Helo- 
derma. a,  Natural  size 
(3  mm.  in  length);  b, 
enlarged  (3  dlam.);  c, 
cross  section. 


and  Arizona,  around  the  Gila  River,  while  its  somewhat 
larger  congener,  Heloderma  horridum,  lives  in  Central 
America.  Its  popular  name,  "Gila  monster,"  denotes 
the  awe  and  fear  with  which  the  animal  is  regarded  by 
the  native  population,  but  the  same  is  hardly  justified 
by  its  exterior  nor  by  its  habits.  The  length  attained  by 
the  adult  animal  varies  from  eigh- 
teen to  twenty-two  inches.  Its 
skin,  which  is  studded  with  in- 
numerable horny  elevations,  like 
small,  round  nail-heads,  exhibits  a 
salmon  or  orange  color,  interrupt- 
ed by  black  rings  and  irregular 
figures;  the  slow  and  sluggish, 
dragging  gait  does  not  enable  it 
to  make  an  attack  or  onslaught. 
The  breatli  is  said  to  be  offensive 
and  to  issue  from  the  mouth  in 
puffs  of  black  vapor;  but  only  the  black  tongue  is  some- 
times thrust  out,  and  the  exhalations  and  saliva  have 
the  pleasant  odor  of  fresh  calamus  or  swectflag.  Its 
reputation  as  a  monster  seems  to  be  founded  upon  the 
fact  that  the  natives  have  occasionally  observed  grave  con- 
sequences following  its  bite.  It  undoubtedly  bites  very 
rarely,  and  then  only  when  it  is  teased  or  cornered. 
"When  pursued  it  throws  itself  upon  its  back  and  bites  in 
this  position,  holding  on  as  tightly  as  a  bulldog. 

The  fact  that  but  occasionally  grave  sequelae  follow 
the  bite  of  a  Gila  monster  accounts  for  the  many  discrep- 
ancies that  have  prevailed  as  to  its  toxicity  until  very 
recently,  not  only  among  the  natives,  but  also  among 
the  best  scientific  observers.  The  first  confirmation  of 
its  poisonous  nature  seemed  to  be  established  by  the  dis- 
covery of  grooved  teeth,  about  3-4  mm.  long,  four  on 
either  branch  of  both  maxilla  and  mandibula,  in  shape 
similar  to  those  in  the  snakes  Opisthoglypha  or  "  suspec- 
ti."*  The  mandibula  appears  somewhat  swollen,  owing 
to  the  projection  of  its  disproportionately  large,  elon- 
gated submaxillary  glands,  whose  four  separate  ducts 
lead  to  the  base  of  the  above-described  grooved  teeth. 
The  buccal  secretion  is  whitish,  transparent,  slightly 
turbid,  somewhat  viscid,  alkaline,  mostly  contaminated 
with  traces  of  blood ;  it  has  the  fragrant  odor  of  calamus 
and  shows  some  scaly  epithelia,  salivary  corpuscles,  and 
some  amorphous  granules.  A  hanging  drop  soon  swarms 
with  bacteria.  Gelatin  is  liquefied  with  lemon-colored 
colonies.  When  biting  on  a  rubber  cord  an  animal  yields 
on  the  average  five  to  six  drops;  a  large  animal  once 
gave  twenty-two  drops.  The  saliva  dries  in  grayish- 
white  scales  to  one-eighth  or  one-tenth  of  its  original 
weight. 

The  arrangement  of  the  teeth  and  of  the  glands  makes 
us  understand  why  opinions  as  to  the  poisonous  nature 
of  heloderma  have  differed  so  widely.  When  an  animal 
seizes  its  victim  only  with  the  front  teeth,  or  does  not  lie 
on  its  back  while  biting,  none  or  very  little  of  the  buccal 
secretion  may  enter  the  wound.  When,  however,  a 
vigorous  bite  "has  been  inflicted,  the  consequent  phenom- 
ena have  proven  the  venomous  character  beyond  any 
doubt,  and  the  hypodermic  application  of  the  pure  saliva 
in  sufficient  doses  has  invariably  proved  fatal  to  the  ani- 
mals experimented  upon— rabbits,  mice,  and  frogs. 

The  first  effect  of  the  injection— an  inability  to  sit  or 
stand— is  manifested  after  a  short  time,  about  ten  to  fif- 
teen minutes  in  frogs,  thirty  minutes  in  rabbits.  A  cer- 
tain drowsiness,  similar  to  a  narcosis,  overpowers  the 
animal ;  paralysis  and  insensibility  seem  to  proceed  from 
behind  forward.  The  respiration  is  not  labored,  but  be- 
comes gradually  slower  and  superficial  until  the  animal 
expires  after  a  few  hours  with  some  hardly  noticeable 
twitchings.  The  heart  has  first  a  period  of  increased 
activity,  which  is  followed  by  gradual  paralysis  and  a 
great  fall  of  arterial  pressure,  due  to  vascular  dilatation. 
While  these  symptoms  prevail  after  a  small  dose  of  ven- 

*  There  is  possibly  another  poisonous  lizard  in  East  India,  Lantha- 
notus  Bomeensis,  which  differs  considerably  from  Heloderma,  but 
which  is  provided  with  shallow  grooved  teeth.  As  to  its  toxicity 
nothing  is  known  (Stelndachner) . 
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om,  large  doses  seem  to  act  directly  upon  the  heart  mus- 
cle,' the  animals  dying  within  ten  to  twenty  minutes  with 
dyspncea  and  convulsions.  Some  investigators  explain 
these  symptoms  as  the  consequence  of  general  muscular 
paralysis  (Santesson) ;  others,  as  a  paralysis  of  the  central 
nervous  organs  (Van  Denburgh).  A  faint  hsemolysis  is 
noticed  in  mtro,  but  in  the  body  no  effect  upon  the  blood 
is  visible,  no  exudation  or  hemorrhage  appears.  The  local 
symptoms,  with  rare  exceptions,  are  entirely  wanting; 
it  is  even  difficult  to  find  the  spot  where  the  venom  has 
been  injected.  Yet  it  ought  not  to  be  forgotten  that  a 
few  cases  of  persons  bitten  by  a  heloderma  are  on  record 
in  which  extensive  and  painful  loctil  swelling  is  noted. 

The  autopsy  shows  nothing  but  a  very  much  dilated 
heart  and  an  enormous  venous  congestion  of  all  internal 
organs.  The  microscopical  examination  of  the  spinal 
cord,  however,  reveals  extensive  changes  in  the  ganglion 
cells  of  the  anterior  horns;  in  fact,  Bailey  found  the 
changes  almost  identical  with  those  described  as  due  to 
the  a;ction  of  snake  venom.  It  is  not  hard  to  believe, 
therefore,  that  snake  venom  and  the  saliva  of  heloderma 
are  almost  identical  in  chemical  composition.  Santesson 
has  demonstrated  that  this  saliva  contains  albumoses  as 
well  as  some  nuclein  bodies,  the  latter  perhaps  responsi- 
ble for  the  slight  action  upon  the  blood. 

Treatment. — It  is  to  be  expected  that  the  persons  bitten 
by  a  heloderma  will  seldom  exhibit  grave  symptoms,  ex- 
cept when  accidentally  a  blood-vessel  has  been  struck 
directly.  A  treatment  after  general  surgical  principles 
will  suffice  to  subdue  the  local  phenomena,  while  the  or- 
ganism has  time  to  overcome  the  effects  of  the  injected 
toxin.  Yet  a  ligature  ought  not  to  be  omitted,  and 
otherwise  the  use  of  antivenomous  serum  should  be  re- 
sorted to  as  well.  The  similarity  of  the  toxins  of  snake 
venom  and  the  saliva  of  heloderma  justifies  the  adminis- 
tration of  the  same  antidote.  Calmette  even  claims  for 
his  antivenomous  serum  the  same  success  in  stings  of 
scorpions  as  for  snake-bite.  Oustav  Langmann. 
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POISONS.— A  concise  definition  of  the  term  poison 
T^t7"^}  f^'^'^yP'^  '"edical,  the  legal,  and  the  popul 
lar  acceptations,  is  a  practical  impossibility.    To  the 
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layman  a  poison  is  any  substance  which,  when  adminis- 
tered in  small  doses,  causes  disturbance  to  health  or  de- 
struction of  life ;  in  a  legal  sense  it  is  any  substance  of  a 
destructive  or  noxious  character,  whatsoever  its  nature 
or  mode  of  operation,  which,  taken  into  the  system,  pro- 
duces injurious  or  fatal  effects.  The  popular  definition 
excludes  many  well-recognized  poisons  which  act  injuri- 
ously only  in  large  doses ;  the  legal  includes,  or  may  be 
made  to  include,  many  substances  not  strictly  poisonous, 
such  as  powdered  glass,  iron  filings,  and  other  things  of  a 
similar  character,  which  are  merely  mechanical  irritants. 
To  the  physician  and  toxicologist  the  term  means  any 
substance  of  inherent  deleterious  character,  either  organic 
or  inorganic,  and  incapable  of  self -reproduction,  which, 
acting  chemically  upon  the  tissues  or  fluids  of  the  body, 
may,  by  causing  alteration  or  destruction  of  the  same,  or 
disturbance  of  function,  seriously  affect  the  health  or 
destroy  life.  This  definition  excludes  mechanical  agen- 
cies, direct  thermal  changes,  electricity,  bacteria,  and 
the  low  forms  of  animal  life. 

The  published  statistics  of  poisoning  are  very  meagre, 
but  the  few  tables  which  we  have  are  interesting  in  sev- 
eral ways,  indicating  the  classes  of  substances  and  spe- 
cial substances  most  frequently  selected  or  accidentally 
administered,  at  different  times  and  in  different  countries, 
and  showing  the  proportion  of  accidental,  suicidal,  and 
criminal  deaths  due  to  poisoning. 

The  returns  made  by  the  English  coroners  of  the  in- 
quests held  during  1837  and  1838  showed  the  whole 
number  of  deaths  by  poisoning  to  be  541.  Of  this  num- 
ber opium  was  the  cause  in  196  cases,  the  majority  of 
which  were  accidental  or  suicidal.  Arsenic  stood  next 
in  order,  with  185  cases,  the  majority  of  which  were 
criminal.  Thirty -two  cases  were  due  to  sulphuric  acid, 
37  to  prussic  acid,  19  to  oxalic  acid,  and  15  to  corrosive 
sublimate  and  other  preparations  of  mercury. 

During  the  years  1863  to  1867  there  occurred  in  Eng- 
land and  Wales  2,097  deaths  from  poison.  Of  this  num- 
ber no  less  than  628  were  due  to  opium  and  its  prepara- 
tions, 151  to  prussic  acid  and  potassic  cyanide,  83  to 
arsenic,  77  to  mineral  acids,  66  to  oxalic  acid,  61  to 
strychnine,  58  to  compounds  of  mercury,  15  to  phos- 
phorus, and  11  to  ammonia. 

In  France,  during  the  years  1851  to  1871,  out  of  873 
cases,  287  were  due  to  arsenic,  267  to  phosphorus,  159 
to  copper,  36  to  sulphuric  acid,  35  to  cantharides,  while 
opium  and  its  preparations  were  responsible  for  but  6. 

In  Finland,  of  30  fatal  cases  occurring  between  1860 
and  1866,  arsenic  caused  7,  phosphorus  5,  and  strych- 
nine 4. 

Out  of  45  cases  reported  in  Massachusetts  during  the 
period  1878  to  1881,  opium  was  responsible  for  18, 
arsenic  for  13,  and  all  others  for  14. 

Although  poisoning  is  a  frequent  means  of  suicide,  the 
percentage  of  these  cases  is  not  nearly  so  high  as  is  gen- 
erally supposed;  but  yet,  judging  from  what  figures  we 
have  been  able  to  obtain,  this  method  of  terminating  an 
unsatisfactory  existence  is  gradually  becoming  more 
popular.  In  Prussia,  for  instance,  while  there  was  a 
great  increase  in  the  number  of  suicides  from  all  causes 
during  the  period  1871  to  1876,  the  relative  frequency  of 
self-poisoning  was  very  much  greater.  The  increase  from 
all  causes  over  preceding  years  was  43.60  per  cent.,  but 
suicide  from  poisoning  alone  had  more  than  doubled  in 
frequency,  the  increase  being  126. 10  per  cent. ;  but, 
even  then,  poisoning  was  the  means  employed  by  but  a 
fraction  over  three  per  cent,  of  the  whole  number  of 
suicides.  During  the  eight  years  ending  with  1876,  the 
whole  number  of  these  cases  was  24,918,  and  of  this 
number  786  were  by  poisoning  (3.15  percent.).  Solid 
or  liquid  poisons  were  elected  by  707  persons,  and  gase- 
ous by  79.  It  is  interesting  to  note  further  that,  while 
by  far  the  greater  number  of  suicides  were  men,  the  pro- 
portion being  80.50  against  19.50,  or  more  than  4  to  1, 
the  786  suicides  by  poisons  were  nearly  evenly  divided 
between  the  two  sexes,  the  proportion  being  52.9  men  to 
47.1  women. 

Of  the  whole  number  of  suicides  reported  in  Bavaria 
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during  the  fourteen  years  ending  with  1870,  2  per  cent, 
were  due  to  poisoning.  In  1871  the  percentage  increased 
to  3.3;  during  1873  it  was  3.00;  in  1873  it  fell  to  3.20; 
increased  again  in  1874  to  3.70,  and  fell  off  again  slightly 
in  1875  to  3.50.  The  popularity  of  poisoning  as  a  means 
of  suicide  varies  greatly  in  different  countries.  In  Swe- 
den, from  1843  to  1855,  nearly  a  fourth  of  the  suicides 
chose  this  means  (21.7  per  cent.);  in  England,  in  1858 
and  1859,  9;  10  per  cent.;  and  in  other  countries  as  fol- 
lows: Prance,  1835-44,  2.48  percent.;  1848-57,  1.80  per 
cent.;  Belgium,  1840-49,  1.80  per  cent.;  Denmark, 
1840-56,  1.50  per  cent. ;  Wtlrtemberg,  1857-70,  1.30  per 
cent. ;  Geneva,  1838-55,  4.90  per  cent. 

Of  the  accidental  deaths  occurring  in  Prussia  during 
the  years  1869-76,  54,363  in  number,  3,448,  or  4.50  per 
cent.,  were  due  to  poison.  This  number  includes  1,873 
men  and  575  women;  348  of  the  victims  were  under  and 
2,100  over  fifteen  years  of  age.  During  the  fifteen 
years  ending  with  1877  there  were  77  cases  of  criminal 
poisoning  in  Prussia,  or  0.056  per  cent,  of  all  crimes. 
In  France,  during  1826-39,  out  of  2,663  capital  offences, 
150,  or  5.63  per  cent.,  were  for  poisoning.  In  England 
and  Wales,  during  1840,  there  occurred  349  deaths  from 
poisoning  (181  men,  168  women);  161  cases  were  suicidal 
(74  men,  87  women) ;  and  188  were  accidental  and  homi- 
cidal (107  men,  81  women).  Among  the  latter,  opium 
caused  the  death  in  43  children  under  five  years  of  age. 

Classification. — Various  methods  of  classification  of 
poisons  have  from  time  to  time  been  recommended ;  but 
no  system  has  as  yet  proved  wholly  satisfactory.  The 
old  classifications,  according  to  source  or  chemical  prop- 
erties, such  as:  (1)  animal;  (3)  mineral;  (3)  vegetable;  or, 
(1)  organic;  (3)  inorganic ;  or  (1)  acids;  (3)  alkalies;  (3) 
salts,  are  of  no  value,  since  they  convey  no  idea  regarding 
the  properties  of  a  poison  or  its  mode  of  action.  Orfila's 
division  into  (1)  irritants ;  (3)  narcotics,  and  (3)  narcotico- 
irritants;  Tardieu's  into  (1)  irritants  and  coirosives;  (3) 
hypostheniants ;  (3)  stupefacients ;  (4)  narcotics,  and  (5) 
tetanies ;  and  Taylor's  into  (1)  irritants,  and  (8)  neurotics, 
are  all  good ;  but  each  has  its  defective  points.  Taylor's 
is,  perhaps,  the  best.  The  irritants  are  derived  from  the 
animal,  vegetable,  and  mineral  kingdoms;  those  from 
the  latter  source  may  be  further  subdivided  into  acid, 
alkaline,  non-metallic,  and  metallic.  The  neurotics  are 
subdivided  into  (1)  cerebral;  (3)  spinal;  (3)  cerebro- 
spinal, and  (4)  cerebro-cardiac. 

The  irritant  poisons  Include  many  which  are  also  cor- 
rosive in  their  action,  causing  disintegration  of  the  parts 
with  which  they  come  in  contact.  The  pure  irritants 
exert  no  such  chemical  action,  and  are  much  slower  in 
the  development  of  symptoms.  They  cause  irritation 
and  inflammation  of  the  parts  to  which  they  are  applied, 
with  violent  vomiting  and  purging,  intense  pain,  and 
well-marked  effects  on  the  nervous  system.  These 
symptoms  occur  after  a  greater  or  lesser  interval,  accord- 
ing to  the  nature  of  the  particular  poison.  The  pain, 
which  is  usually  of  an  intense  burning  character,  is, 
unlike  that  due  to  colic,  much  increased  by  pressure. 
Septic  irritants  produce  additional  symptoms  of  a  char- 
acter formerly  known  as  typhoidal. 

The  neurotic  poisons  act  chiefly  on  the  brain,  cord,  and 
nerves;  occasionally,  the  symptoms  manifested  partake 
more  or  less  of  the  character  of  irritant  poisoning. 
Those  acting  chiefly  on  the  brain,  producing  stupor  and 
insensibility,  preceded  by  fulness  in  the  head,  vertigo, 
impaired  vision,  delirium,  etc.,  belong  to  the  cerebral; 
those  affecting  chiefly  the  cord,  producing  tetanic  or 
clonic  convulsions,  to  the  spinal;  those  producing  Symp- 
toms referable  to  the  brain  and  cord,  to  the  cerebro- 
spinal; and  those  affecting  the  brain  and  heart,  to  the 
cerebro-cardiac  class. 

Action. — The  action  of  poisons  may  be  local,  remote, 
or  both.  Local  action  is  physical  and  chemical,  and  is 
manifested  by  inflammation,  corrosion,  and  direct  effect 
upon  the  nerves,  whereby  the  functions  of  organs  are 
impaired  or  destroyed.  If  the  chemical  aflinity  of  the 
poison  for  the  tissues  at  the  point  of  application  be  not 
great,  the  result  is  irritation  and  inflammation ;  if,  how- 


ever, the  affinity  be  great,  the  action  is  most  intense,  and 
we  have  actual  corrosion.  Remote  action  depends  upon 
absorption  into,  and  transportation  by,  the  blood  to  the 
various  organs  which  may  be  affected.  Thus,  for  in- 
stance, digitalis  affects  the  heart,  strychnine  the  cord, 
and  opium  the  brain.  In  any  case  of  acute  fatal  poison- 
ing, death  is  the  result  of  the  remote  action  of  the  poison, 
which  may  or  may  not  have  a  local  action. 
_  The  ordinary  action  of  poisons  may  be  modified  by  the 
size  of  the  dose,  by  the  chemical  combination  of  the 
substance,  by  the  state  of  aggregation  or  admixture,  by 
the  condition  or  absorptive  power  of  the  part  or  mem- 
brane to  which  it  is  applied,  by  the  condition  of  the 
patient,  by  habit,  and  by  idiosyncrasy.  The  young  and 
old  are  more  susceptible,  as  a  rule,  than  the  middle- 
aged;  women  more  than  men;  and  fasting  more  than 
well-fed  persons.  Disease  also  may  render  the  subject 
less  susceptible,  or,  on  the  other  hand,  may  facilitate  the- 
action  of  the  poison.  Habit  diminishes  the  effect  of 
many  poisons,  so  that  a  much  larger  dose  is  required  for 
the  manifestation  of  symptoms  than  would  be  for  per- 
sons not  so  habituated.  Idiosyncrasy  is  a  peculiar  con- 
dition of  the  system  which  enables  harmless  substances 
to  produce  violent  symptoms  similar  to  those  of  irritant 
poisons.  Thus  many  persons  are  unable  to  eat  certain 
articles  of  food,  even  unknowingly' — such  as  shell-fish, 
fish,  strawberries,  some  kinds  of  meat,  butter,  honey, 
and  other  things.  In  the  same  way,  many  persons  are 
seriously  affected  by  small  medicinal  doses  of  opium, 
strychnine,  arsenic,  and  other  pharmaceutical  prepara- 
tions. A  second  form  of  idiosyncrasy  is  a  tolerance  for 
exceptionally  large  doses  of  poison  by  persons  in  no  way 
protected  by  the  influence  of  habit. 

Absorption. — In  order  to  produce  poisonous  symp- 
toms, the  presence  of  a  certain  amount  of  poison  in  the 
blood  is  usually  necessary,  and  the  amount  required  de- 
pends upon  rapidity  of  absorption  and  of  elimination. 
A  certain  amount  of  any  poison  in  the  blood  is  incapable 
of  producing  any  symptoms.  Beyond  this  is  that  amount 
which  is  capable  of  producing  characteristic  symptoms 
— the  poisonous  dose;  then  that  amount  capable  of 
destroying  life — the  minimum  fatal  dose;  and  beyond 
this  up  to  a  certain  point,  the  action  is  increased  in  vio- 
lence and  rapidity.  The  poisonous  and  minimum  fatal 
doses  are  relatively  large  if  absorption  is  slow  and  elimi- 
nation rapid,  and  small  if  the  latter  conditions  are  re- 
versed. The  rapidity  of  absorption  depends  greatly 
upon  the  physical  properties  of  tl'e  poison;  liquids  are 
more  rapidly  absorbable  than  solids,  soluble  solids  more 
than  insoluble,  and  gases  more  than  liquids  or  solids. 
Some  insoluble  solids  may  be  rendered  soluble,  and 
hence  more  absorbable,  by  the  action  of  the  juices  of  the 
stomach  and  intestines. 

Poisons  may  be  taken  into  the  system  directly  through 
the  blood,  as  in  absorption  from  wounds  or  injection  into 
blood-vessels ;  they  may  be  absorbed  through  the  skin  or 
from  the  cellular  membrane,  from  inflamed  serous  sur- 
faces, and  from  all  mucous  membranes.  Absorption 
directly  into  the  blood  from  wounds  occurs  with  great 
rapidity.  Through  healthy  skin  covered  with  cuticle, 
absorption  is  very  slow  and  in  small  amount.  It  is  in- 
creased by  rubbing  and  by  the  addition  of  fatty  sub- 
stances or  solvents  of  the  poisons.  Gaseous  substances 
are  more  absorbable  than  watery  solutions,  particularly 
if  the  latter  are  warm  or  hot.  On  the  other  hand,  ab- 
sorption from  a  diseased  skin  is  very  rapid,  and  many 
fatal  cases  have  been  noted  from  the  application  of 
washes,  ointments,  and  dressings  to  diseased  surfaces. 

Mucous  surfaces  absorb  poisons  in  the  following  order 
of  rapidity:  (1)  lungs;  (3)  stomach;  (3)  intestines;  (4) 
mouth ;  (5)  nose ;  (6)  eyes ;  (7)  tear  passages ;  (8)  rectum ;  (9) 
vagina;  (10)  uterus;  (11)  bladder;  (13)  prepuce.  The  mu- 
cous surfaces  of  the  lungs  and  the  air  passages  absorb 
poisons  with  great  rapidity,  and  particularly  those  in  the 
form  of  gas  or  dust.  The  lining  membrane  of  the  stom- 
ach and  intestines  is  usually  the  absorbent  surface  in 
ordinary  cases  of  poisoning.  Fulness  of  these  organs 
retards,  and  emptiness  favors,  absorption.     Certain  poi- 
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sons  which  are  rapidly  fatal  when  introduced  into  the 
circulation  (snake  poisons,  curare,  etc.)  are  harmless  m 
a  full  stomach,  and,  indeed,  are  absorbed  only  m  small 
amount  when  that  organ  is  empty. 

Concerning  the  absorbent  power  of  other  mucous  mem- 
branes, it  is  necessary  only  to  remark  that  all  are  efficient, 
though  in  a  somewhat  varying  degree.  ()n  account  of 
the  absorption  of  poisons  by  the  mucous  membranes  of 
the  intestines  and  bladder,  it  is  sometimes  necessary  in 
treatment  to  administer  cathartics,  or  to  catheterize,_  in 
order  to  prevent  the  reabsorption  of  substances  which 
are  undergoing  elimination  from  the  system  by  tlie  saliva, 
the  juices  of  the  stomach,  pancreas,  and  intestines,  the 
bile,  or  the  urine. 

Elimination. — As  soon  as  absorption  begins,  the  sub- 
stance is  diffused  through  the  whole  body  by  the  circula- 
tion, and  at  the  same  time  the  process  of  elimination  is 
begun.  Coincident  with  this  is  still  a  third  process,  that 
of  deposition  in  the  various  tissues  of  the  body,  from 
which,  however,  the  poison  is  eventually  eliminated,  un- 
less death  intervenes.  Deposition  goes  on  chiefly  in  the 
liver,  kidneys,  spleen,  brain,  and  heart.  The  effect  of  a 
poison  depends  upon  the  relative  rapidity  of  absorption 
and  elimination,  and  these  processes  go  on  with  greater 
or  lesser  rapidity  according  to  the  nature  of  the  sub- 
stance. If  elimination  proceeds  as  rapidly  as  absorption, 
fatal  results  do  not  occur ;  but  with  a  slower  elimination 
the  poison  accumulates  in  the  system,  and,  provided  a 
sufficiently  large  amount  has  been  administered,  destroys 
life.  Elimination  is  influenced  by  the  chemical  affinity 
of  the  poison  for  the  constituents  of  the  blood  or  of  the 
tissues  of  the  affected  organs.  If  this  affinity  is  great, 
the  process  is  slow ;  If  weak,  the  process  is  very  rapid. 

Gaseous  and  volatile  poisons  are  excreted  chiefly  by 
the  lungs;  others  chiefly  by  the  kidneys,  though  all 
secretions  of  the  body  play  a  more  or  less  important  part 
in  the  process.  Certain  poisons  appear  to  elect  particu- 
lar secretions,  though  the  kidneys  act  in  most  cases  as 
the  most  important  organ  of  elimination.  Thus  mercury 
elects  the  salivary  glands,  arsenic  and  antimony  the  mu- 
cous and  serous  membranes,  and  many  metallic  poisons 
the  liver. 

Diagnosis  of  Poisoning. — The  diagnosis  of  the  ad- 
ministration of  a  poison  is  based  on  the  symptoms  and 
their  course,  the  detection  of  poison  in  articles  of  food 
and  drink  or  in  the  ejecta  and  excreta,  on  the  post-mor- 
tem appearances,  and  on  the  detection  of  the  suspected 
substance  in  the  organs  of  the  deceased.  The  symptoms 
are  usually  of  sudden  onset,  in  a  person  previously  in 
good  health,  soon  after  eating  or  drinking.  If  several 
persons  are  affected  at  the  same  time,  there  is  commonly 
a  marked  similarity  in  the  symptoms.  Where  the  poison 
is  administered  to  a  sick  person,  the  diagnosis  is  rendered 
more  difficult  on  account  of  symptoms  already  present, 
which  may  appear  to  be  modified  or  exaggerated,  and 
the  phenomena  of  poisoning  may  seem  to  be  only  the 
natural  course  of  the  disease.  Too  much  importance 
should  not  be  attached  to  the  fact  of  recent  eating  or 
drinking,  since  a  poison  may  be  inhaled,  injected,  or  ap- 
plied externally.  The  diagnosis  of  the  particular  kind 
of  poison  involved  is  of  great  importance  for  the  deter- 
mination of  the  treatment  to  be  pursued,  and  it  is  there- 
fore essential  that  the  medical  attendant  should  know,  if 
possible,  the  exact  course  of  the  symptoms  from  their 
first  appearance,  the  previous- history  of  the  patient,  and 
the  exact  nature  of  any  medicines  which  may  have  been 
administered.  Owing  to  the  similarity  of  symptoms  of 
particular  diseases  to  those  produced  by  certain  poisons, 
one  must  often  exercise  great  care  in  making  a  differen- 
tial diagnosis.  The  physician  is  often  aided  in  forming 
an  opinion  by  the  moral  aspect  of  the  case. 

Acute  irritant  poisoning  may  be  suspected  when  vio- 
lent purging  and  vomiting,  accompanied  by  pain  in  the 
region  of  the  stomach  or  complete  prostration,  occur  in  a 
person  without  some  assignable  natural  cause.  Acute 
neurotic  poisoning  manifests  itself  by  more  or  less  sud- 
den symptoms  referable  to  the  nervous  system,  such  as 
stupor,  insensibility,  delirium,  or  convulsions.     Chronic 
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poisoning  is  more  difficult  of  diagnosis  than  acute  or 
subacute,  on  account  of  the  less  marked  character  of  the 
symptoms,  which  are  often,  or  indeed  usually,  ascrib- 
able  to  natural  causes. 

In  making  a  diagnosis  in  a  case  of  suspected  poison- 
ing, it  is  to  be  borne  in  mind  that  symptoms  may  be 
delayed  by  fulness  of  the  stomach,  sleep,  or  intoxication, 
or  may  be  modified  or  intensified  by  disease  or  debility. 
Among  the  diseases  which  may  be  confounded  with  irri- 
tant poisoning  may  be  mentioned  cholera  asiatica,  cholera 
morbus,  gastritis,  enteritis,  gastro-enteritis,  colic,  peri- 
tonitis, intussusception,  and  dysentery;  among  those 
which  may  simulate  neurotic  poisoning  are  apoplexy, 
sunstroke,  ursemia,  septicaemia,  epilepsy,  tetanus,  dis- 
eases of  the  brain  and  of  the  heart,  pulmonary  embolism, 
eerebro-spinal  meningitis,  rupture  of  the  stomach  or 
gall-bladder,  typhoid  fever,  and  coma  of  various  origin. 

Of  very  great  importance  in  the  diagnosis  and  subse- 
quent treatment  of  poisoning  is  the  detection  of  the 
substance  in  the  remains  of  food  or  drink,  or  in  the 
vomitus;  but  as  it  is  possible,  in  any  case  of  criminal 
poisoning,  that  these  substances  may  have  been  removed 
and  others  substituted,  or  in  cases  of  feigned  poisoning 
that  a  poison  may  be  introduced  into  the  food  remains  or 
vomited  matters,  reliance  cannot  always  be  placed  upon 
this  evidence.  But  the  detection  of  the  poison  in  the 
urine  of  the  patient  establishes  the  diagnosis  beyond  any 
doubt.  Yet,  at  the  same  time,  it  should  be  remembered 
that  the  non-detection  in  that  fluid  does  not  by  any 
means  prove  its  non-existence  in  the  body. 

The  Tebatment  in  cases  of  poisoning  depends  alto- 
gether upon  the  nature  of  the  particular  substance  in- 
volved. The  first  indication,  except  when  corrosives  or 
poisons  administered  otherwise  than  by  the  mouth  are  in- 
volved, is  evacuation  of  the  stomach  and  administration 
of  antidotes,  stimulants,  etc.  (See  special  poisons  under 
their  appropriate  heads.     Bee  also  article  on  Antidotes.) 

PosT-MOKTBM  INDICATIONS. — It  frequently  happens,  in 
cases  of  suspected  poisoning,  that  an  autopsy  is  all  that 
is  necessary  clearly  to  establish  the  cause  of  death,  par- 
ticularly in  cases  of  sudden  death,  which  to  the  unedu- 
cated mind  are  associated  usually  with  suspicious  cir- 
cumstances. The  popular  belief  in  poison  as  an  agent 
of  sudden  death  is  doubtless,  in  great  part,  due  to  works 
of  fiction  and  the  stage,  where  the  interval  occurring  be- 
tween the  swallowing  of  the  poison  and  the  termination 
of  life  is  so  short  that  the  two  events  are  almost  simul- 
taneous. As  a  matter  of  fact,  sudden  death  is  much 
more  likelj'  to  be  due  to  disease  than  to  poison,  and, 
indeed,  the  only  poison  which  approaches  heart  disease 
and  apoplexy  in  rapidity  of  fatal  effect  is  anhydrous 
prussic  acid,  a  poison  not  easily  obtainable.  But,  in 
consequence  of  the  popular  tendency  to  associate  the 
two  ideas,  innocent  persons  frequently  are  suspected  or 
accused  of  a  heinous  crime,  which  may  be  easily  dis- 
proved by  the  appearances  on  section.  On  the  other 
hand,  with  perhaps  equal  or  greater  frequency,  the 
autopsy  serves  to  direct  suspicion  or  to  strengthen  it  in 
cases  of  poisoning  which  have  resembled  disease.  But 
it  not  seldom  fails  to  throw  any  light  whatever  upon  the 
question  of  the  cause  of  death,  and  then  a  chemical 
examination  may  be  required. 

The  external  appearances  indicative  of  poison  are  very 
few,  and  of  no  great  value.  Evidence  of  corrosive  action 
is  sometimes  furnished  by  the  skin  and  clothing.  The 
presence  of  certain  poisons  may  be  betrayed  by  their 
odors,  and  of  others  by  stains.  There  Is  nothing  char- 
acteristic to  be  observed  from  the  attitude  of  the  body, 
rate  of  cooling  or  of  decomposition,  or  expression  of  the 
countenance.  Rigidity  is  usually  more  marked  and 
longer  continued  in  death  from  strychnine,  and  is  often 
diagnostic  of  this  poison ;  in  other  cases,  no  great  differ- 
ence is  to  be  observed.  Internal  appearances  vary  ac- 
cording to  the  poison  ;■  they  may  be  absent,  or  so  slight 
as  not  to  attract  attention  in  cases  of  death  by  neurotics, 
or  they  may  be  very  marked  and  characteristic  where  irri- 
tants, and  particularly  corrosives,  have  been  employed. 
The    chemical   and    physical  properties   of  the   blood 
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sometimes  undergo  marked  changes ;  it  is  darl<;ened  by 
ciiloroform,  etlier,  carbonic  acid,  sulphureted  hydrogen, 
and  other  gases,  and  by  prussic  acid  and  cyanides,  oxalic 
acid,  etc. ;  by  morphine,  strychnine,  and  some  others,  it 
is  both  darkened  and  rendered  more  fluid.  The  greater 
number  of  mineral  poisons  have  no  effect  on  the  blood. 
The  blood-vessels  of  the  brain  are  sometimes  observed  to 
be  engorged  in  narcotic  poisoning,  but  this  appearance 
may  be  very  slight  or  entirely  wanting.  The  principal 
post-mortem  appearances  due  to  poison  are  to  be  found 
in  the  alimentary  canal  and  abdominal  viscera.  Corro- 
sion of  any  part  of  the  alimentary  canal,  softening  of  the 
mucous  membrane,  which  is  changed  In  color  and  easily 
detached,  and  evidence  of  intense  inflammation  or  per- 
foration, are  diagnostic  of  corrosive  acids  or  alkalies,  etc. 
In  irritant  poisoning,  the  stomach  and  intestines  show 
signs  of  inflammation  of  a  more  or  less  intense  character, 
and  sometimes  ulceration  and  perforation,  thickening  of 
the  walls,  or  even  thickening  and  softening.  The  changes 
produced  in  other  organs  are  chiefly  engorgement  and 
fatty  degeneration;  the  latter  occurs  sometimes  with 
surprising  rapidity  in  the  liver  in  poisoning  by  arsenic 
and  phosphorus. 

The  post-mortem  appearances  in  any  case  of  suspected 
poisoning  will  be  but  imperfect  evidence  of  the  presence 
or  results  of  poison,  unless  it  is  possible  to  distinguish 
them  without  doubt  from  analogous  appearances  which 
miy  be  the  result  of  disease.  Otherwise  the  proof  of 
poisoning  must  rest  on  the  detection  of  the  poison  in  the 
body,  or  on  outside  evidence.  The  changes  which  may 
be  referable  to  disease  or  to  the  action  of  irritant  poisons 
as  well,  are  softening,  thickening,  reddening,  ulceration, 
and  perforation.  Softening  of  the  walls  of  the  stomach 
may  be  due  to  poison,  to  disease,  or  to  post-mortem 
change.  If  it  is  due  to  poison,  similar  changes  are  usually 
to  be  found  in  the  mouth  and  cesophagus ;  if  to  disease 
or  post-mortem  digestion,  these  additional  changes  are 
wanting.  Reddening  may  be  due  to  poisoning  or  to 
gastritis,  gastro-enteritis,  gravitation,  or  to  contact  with 
tlie  liver  or  spleen .  But  tlaese  appearances  are  not  likely 
to  be  mistaken  by  one  accustomed  to  post-mortem  exami- 
nations ;  the  redness  of  poisoning  is  usually  accompanied 
by  some  peculiarity  of  appearance  which  renders  it 
readily  distinguishable.  Ulceration  is  more  commonly 
referable  to  disease  than  to  poison.  When  it  is  due  to  the 
former,  the  accompanying  redness  is  confined  to  the  im- 
mediate locality,  whereas  in  poisoning  it  is  more  or  less 
widely  diffused.  There  is  also  a  considerable  difference 
in  the  symptoms.  Care  should  be  taken  not  to  confound 
ulceration,  which  is  a  vital  process,  with  corrosion, 
which  is  chemical.  Perforation  of  any  part  of  the  ah- 
mentary  canal  is,  like  ulceration,  of  more  common  occur- 
rence in  disease  than  in  poisoning.  When  due  to  disease 
perforation  of  the  stomach  is  accompanied  by  httle  if 
any  vomiting  and  no  purging,  and  death  is  due  to  peri- 
tonitis. The  aperture,  if  due  to  ulceration  and  not-  to 
corrosion,  is  usually  small  in  size,  and  with  smooth, 
regular  edges,  instead  of  large,  rough,  and  irregular. 
Perforation  from  post-mortem  digestion  is  very  rare; 
it  may  be  suspected  from  the  fact  that  there  has  been  no 
peritonitis,  nor  any  symptom  before  death,  to  indicate 
such  a  severe  process.  Perforations  of  the  cesophagus 
and  intestines  are  commonly  due  to  ulceration  from  the 
presence  of  a  foreign  body,  and  in  such  cases  the  latter 
is  usually  discoverable.  The  intestinal  wall  is  perforated 
frequently  in  disease,  as,  for  instance,  in  typhoid  fever. 

Chemical  Examination.— When  a  chemical  analysis 
of  the  body  is  deemed  necessary,  the  greatest  precautions 
should  be  observed  in  performing  the  autopsy,  and  m 
the  preservation  of  organs  and  fluids.  The  stomach 
should  be  ligatured  at  both  ends  before  removal.  On 
its  being  opened  the  contents  should  be  received  m  a 
clean  glass  or  porcelain  vessel,  and  their  quantity,  color, 
odor,  reaction,  and  consistency,  and  the  presence  of  any 
unusual  substances  should  be  noted ;  the  intestines  should 
be  treated  in  like  manner.  Each  organ  on  removal, 
should  be  placed  in  a  clean  vessel  by  itself,  sealed  with  a 
private  seal,  and  labelled.  .Any  suspicious  vials  or  pow- 
VoL.  VI.— 46 


ders,  and  all  remnants  of  food,  vomitus,  urine,  or  other 
substances  connected  with  the  case  should  be  sealed  at 
the  same  time  and  delivered  to  the  chemist.  In  case  of 
exhumed  bodies,  where  decomposition  has  proceeded  so 
far  that  the  coffin  is  no  longer  entire,  it  is  often  advisa- 
ble to  take,  in  addition,  a  sample  of  earth  from  above 
and  below  the  receptacle.  On  the  delivery  of  the 
organs,  et  cetera,  to  the  chemist,  it  is  well  to  give  also  a 
more  or  less  complete  history  of  the  case,  in  order  that 
he  may  have  an  idea  as  to  the  nature  of  the  poison  for 
which  he  has  to  search.  Prom  the  symptoms  and  post- 
mortem appearances,  it  is  frequently  possible  to  cut  the 
work  of  chemical  analysis  down  to  a  minimum.  Failure 
to  detect  a  poison  in  the  body  is  by  no  means  conclusive 
that  death  has  been  caused  naturally,  for  there  are  many 
poisons  which  cannot  be  isolated.  The  fatal  dose  of 
many  is  so  very  small  that,  even  if  not  eliminated  in 
great  part  before  death,  its  distribution  over  the  system 
renders  it  impossible,  with  our  as  yet  imperfect  means,  to 
be  isolated.  In  such  cases  the  proof  depends  on  symp- 
toms and  other  attendant  circumstances.  Nor  is  the 
presence  of  poison  in  the  dead  body  proof  that  it  has 
caused  death,  for  it  is  conceivable  that  poisonous  sub- 
stances may  be  introduced  into  the  body  after  death  has 
already  occurred,  or  may  have  been  used  in  the  process 
of  embalming.  But  the  discovery  of  the  poison  in  the 
liver  and  other  viscera,  and  particularly  in  the  urine, 
usually  indicates  ante-mortem  administration.  In  many 
cases  in  which  death  is  the  result  of  chronic  poisoning,  it 
may  be  impossible  to  detect  any  of  the  substance,  which, 
having  performed  its 'work,  has  been  eliminated  from 
the  system.  Volatile  poisons  also  may  be  lost  within  a 
very  short  interval  after  death,  and  others  may  be  de- 
composed or  oxidized  in  the  living  body.  In  most  cases, 
tlie  ability  to  detect  the  poison  depends  upon  the  length 
of  time  which  has  elapsed  after  death,  upon  the  interval 
between  the  first  manifestation  of  symptoms  and  dissolu- 
tion, upon  the  amount  taken,  and  upon  the  amount 
remaining  in  the  stomach  and  other  organs  when  death 
occurs,  for  reasons  which  have  be^n  given. 

Before  proceeding  to  a  chemical  analysis,  a  careful 
examination  of  the  stomach  with  the  aid  of  a  magnify- 
ing glass  should  be  made.  Such  inspection  may  reveal 
crystals  or  powders  admitting  of  ready  examination,  or 
particles  of  vegetable  matter  may  be  detected  which 
may  be  identified  from  their  botanical  characteristics 
with  the  aid  of  the  microscope.  The  organs  subjected 
to  analysis  should  be  accurately  weighed,  and  any  pecul- 
iarities observed  should  be  noted.  It  is  best  to  divide 
the  organs  into  several  portions:  one  for  preservation; 
one  for  volatile  substances ;  one  for  alkaloids,  etc. ;  one 
for  metallic  substances;  and  one  for  special  poisons. 
The  reagents  and  chemical  apparatus  used  in  an  investi- 
gation must  be  free  from  any  impurities.  The  work 
should  be  carried  on  with  great  precautions,  and  with- 
out assistance  except  such  as  is  absolutely  necessary; 
for  the  chemist  must  be  prepared  to  swear  to  the  identity 
of  the  organs,  and  to  the  impossibility  of  any  tampering 
with  his  work  on  the  part  of  others. 

The  methods  of  analysis  to  be  pursued  vary  with  the 
nature  of  the  poison.  Many  substances  require  special 
processes  for  themselves  alone,  while  others  may  be 
grouped  together  under  a  single  process.  It  is  best  to 
look  first  for  volatile  substances  which  are  easily  lost 
with  keeping,  such  as  chloroform,  ammonia,  volatile 
acids,  alcohol,  ethereal  oils,  etc.  The  substance  sus- 
pected of  containing  a  volatile  poison  is  rubbed  up  with 
sufficient  distilled  water,  made  acid  oi- alkaline  accord- 
ing to  the  substance  sought  for,  and  distilled;  the  dis- 
tillate is  then  further  examined  by  special  tests. 

The  analysis  for  metallic  compounds  requires  that  the 
organic  matter  of  the  examined  substances  shall  be  de- 
stroved  since  otherwise  it  interferes  with  the  character- 
istic reactions.  For  this  purpose  the  substance  is  heated 
in  an  open  dish,  or  glass  flask,  with  chemica  ly  pure  hy- 
drochloric acid  and  potassic  chlorate,  the  latter  being 
added  a  little  at  a  time  until  the  color  of  the  resulting 
liquid  remains  straw-yellow  for  half  an  hour  after  the  last 
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addition.  The  excess  of  chlorine  is  then  driven  ofE  by 
prolonged  heating  over  the  water-bath,  or  by  the  pas- 
sage of  a  stream  of  carbonic  acid  through  the  liquid, 
which  is  then  filtered  and  subjected  to  the  regular  proc- 
ess of  qualitative  analysis. 

The  analysis  for  alkaloids,  glucosides,  etc.,  is  one 
which  requires  great  care  and  delicacy  of  manipulation. 
The  amount  present  in  any  one  case  is  usually  very  small 
and  widely  distributed,  and  it  is,  therefore,  not  at  all 
surprising  that  an  analysis  for  this  class  of  poisons  often 
yields  negative  results  even  in  the  best  of  hands,  when 
the  administration  of  the  poison  may  be  proved  abso- 
lutely. The  method  of  Dragendorff  for  this  class  is  the 
■  one  most  favorably  regarded.  This  process  is  briefly 
as  follows:  The  tissues  are  cut  up  small  and  extracted 
with  acidulated  water  for  several  hours  at  40°  to  50°  C, 
strained  through  cloth,  and  filtered.  The  filtrate  is 
evaporated  to  beginning  syrupy  consistence,  mixed  with 
three  or  four  volumes  of  alcohol,  and  allowed  to  stand 
twenty-four  hours.  It  is  then  filtered,  the  alcohol  is 
driven  ofE  by  evaporation,  and  the  residue  is  transferred 
to  a  stoppered  flask  after  being  cooled  and  filtered. 
The  fluid  is  next  shaken  in  the  flask  with  freshly  rectified 
naphtha,  and  then  allowed  to  stand  until  the  two  fluids 
separate  into  two  layers.  The  naphtha  is  then  decanted, 
and  the  process  is  repeated  as  long  as  a  portion  of  tlie 
naphtha  decanted  each  time  leaves  any  residue  on  evap- 
oration. The  naphtha  removes  piperine,  picric  acid, 
camphor,  and  similar  substances,  a  constituent  of  the 
black  hellebore,  ethereal  oils,  capsicin,  carbolic  acid,  and 
decomposition  products  of  aconite.  The  fluid  is  next 
shaken  with  benzol,  which  removes  caffeine,  cantharidin, 
santonin,  caryophyllin,  cubebine,  aloetin,  digitaline,  col- 
chicine, chrysammic  acid,  picric  acid,  and  colocynthin. 
It  is  next  shaken  with  chloroform,  which  removes  cin- 
chonine,  theobromine,  papaverine,  narceine,  picrotoxin, 
helleborein,  digitalein,  saponin,  and  jervine.  It  is  then 
shaken  with  naphtha,  which  removes  the  excess  of  chloro- 
form, and  next  is  made  alkaline  with  ammonia,  and 
shaken  again  with  naphtha,  which  removes  strychnine, 
quinine,  sabadilline,  couhydrine,  brucine,  veratrine,  eme- 
tine, coniine,  lobeline,  nicotine,  aniline,  and  trimethyla- 
mine.  From  the  alkaline  fluid  benzol  removes  atropine, 
hyoscyamine,  strychnine,  brucine,  physostigmine,  qui- 
nine, cinchonine,  narcotine,  codeine,  thebaine,  veratrine, 
sabadilline,  delphinine,  nepaline,  aconitine,  napelline,  and 
emetine.  Chloroform  is  then  used  to  remove  morphine, 
papaverine,  and  narceine,  and  amyl  alcohol  for  morphine 
and  solanine.  The  fluid  is  then  evaporated  with  glass 
powder  and  extracted  with  chloroform,  which  removes 
curarine.  These  separate  extracts  are  evaporated  each 
in  several  watch-glasses,  and  the  residues  subjected  to 
chemical  and  physiological  tests. 
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POISONS,  ABSORPTION  AND  DISTRIBUTION  OF 
IN  BOTH  ACUTE  AND  CHRONIC  CASES.— All  poi- 
sons are  absorbed.  They  may  enter  the  body  by  various 
channels,  but  sooner  or  later  they  find  their  way  into  the 
circulating  blood  and  lymph,  and  are  then  distributed  in 
greater  or  less  quantity  throughout  the  body.  Toxic 
action  is  directly  dependent  on  tlie  absorption  of  the 
poison,  and  the  extent  of  action  is  in  direct  proportion 
to  the  rate  of  absorption.  A  substance  in  itself  insolu- 
ble and  indiffusible,  or  incapable  of  being  rendered  solu- 
ble and  diffusible  by  the  juices  of  the  body,  is  incapable 
of  being  absorbed,  and  hence  cannot  be  a  poison. 

The  fact  of  absorption  cannot  now  be  questioned.  All 
poisons  capable  of  detection  by  chemical  or  other  meth- 
ods are  found  after  death  in  the  blood  itself,  and  in  parts 
of  the  body  remote  from  the  point  of  introduction;  and 
this  IS  true  whether  the  poison  has  been  introduced  into 
the  body  through  the  mouth  or  rectum,  through  the 
lungs  by  inhalation  in  the  form  of  vapor,  by  hypodermic 
injection,  by  contact  with  an  abraded  surface,  or  even 
through  the  sound  skin. 

Circumstances  which  Modify  the  Absorption  of 
^•oisoNS.— Obviously,  one  of  the  most  important  circum- 
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stances  modifying  the  absorption  of  a  poison  is  its  solu- 
bility and  difllusibility.  Everything  else  being  equal, 
the  greater  the  solubility  and  dififusibility  of  a  poison,  the 
more  rapid  its  absorption,  and  hence  the  more  rapid  its 
manifestation  of  toxic  action.  As  a  rule,  the  salts  of  the 
alkaloids  are  more  soluble  than  the  alkaloids  themselves, 
and  hence  the  toxic  action  of  the  former  is  more  rapid 
than  that  of  the  latter.  Arsenite  of  potash  is  more  rapid 
in  its  action  than  arsenious  acid ;  and  this  is  due  in  great 
measure  to  the  rapid  absorption  of  the  more  soluble  com- 
pound. The  action  of  many  chemical  antidotes  is  confined 
wholly  to  the  conversion  of  the  rapidly  soluble  form  of 
the  poison  into  a  compound  either  wholly  insoluble,  or 
insoluble  to  such  an  extent  as  to  delay  its  absorption,  and 
thus  admit  of  its  removal  from  the  body  before  it  has  been 
absorbed  in  sufficient  amount  to  lead  to  a  fatal  result. 
Thus,  in  poisoning  with  oxalic  acid  the  exhibition  of  lime 
water  in  large  quantities  leads  to  the  formation  of  calcium 
oxalate,  a  compound  comparatively  insoluble  and  hence 
limited  in  its  toxic  action. 

Again,  the  absorption  of  a  poison  naturally  soluble  is. 
increased  by  introducing  it  in  the  form  of  a  solution. 
Thus  arsenious  oxide  introduced  into  the  stomach  dis- 
solved in  water,  is  more  rapidly  absorbed  than  when 
introduced  in  the  form  of  powder.  Further,  when  dis- 
solved in  dilute  alkalies,  thereby  being  converted  into  a. 
new  body,  it  is  still  more  rapidly  absorbed,  thus  intro- 
ducing another  feature  into  the  problem,  viz.,  that  of 
diffusibility.  It  is  here  much  the  same  as  it  is  with  cer- 
tain foods :  in  order  to  have  absorption  we  must  have 
not  only  solubility,  but  also  diffusibility.  Thus  raw 
egg  albumen,  while  readily  soluble,  is  of  little  use  as 
food  until  by  the  action  of  the  digestive  juices  it  is  con- 
verted into  diffusible  products.  Arsenious  oxide,  then, 
when  dissolved  in  a  given  volume  of  water,  is  rapidly 
absorbed;  but  the  same  equivalent  of  arsenic  introduced 
in  a  similar  manner,  in  the  form  of  an  alkali  arsenite, 
is  still  moie  rapidly  absorbed  by  virtue  of  its  greater 
diffusibility.  Hence,  everything  else  being  equal,  the 
more  soluble  and  diffusible  the  form  of  the  poison,  the 
more  rapid  is  its  absorption,  and  consequently  the  more' 
vigorous  its  toxic  action. 

Again,  the  nature  of  the  surface  to  which  the  poison  is- 
applied  modifies  materially  the  rate  of  absorption.  This, 
depends  mainly  on  vascularity ;  the  greater  the  supply 
of  blood,  the  more  rapidly  does  absorption  go  on.  Hence- 
the  introduction  of  a  poison  in  the  form  of  vapor  into 
the  lungs  leads  to  more  rapid  absorption  than  does  injec- 
tion into  the  intestine ;  and  similarly,  the  injection  of  a 
soluble  poison  into  the  intestines  or  vagina  is  ordinarily 
followed  by  more  rapid  absorption  than  when  it  is  intro- 
duced into  the  stomach.  While,  then,  the  natural  vas- 
cularity of  an  organ  or  tissue  has  some  modifying  influ- 
ence on  the  absorption  of  a  poison,  the  condition  of  the- 
blood-vessels  also  exerts  some  influence.  Fulness  of  the- 
blood-vessels  opposes  a  mechanical  obstacle  to  absorption 
and  this  no  doubt  explains,  in  part,  why  it  is  that  poisons 
taken  on  retiring  at  night  are  sometimes  delayed  in  their 
action  until  the  morning,  since  during  sleep  the  with- 
drawal of  blood  from  the  brain  leads  to  an  accumulation 
in  the  abdominal  organs,  and  hence  retards  absorption 
from  the  alimentary  canal.  For  a  similar  reason,  poisons- 
taken  on  a  full  stomach  are  much  less  rapidly  absorbed 
than  when  the  stomach  is  in  a  comparatively  empty  con- 
dition. The  delayed  absorption  incident  to  the  former 
state  is,  of  course,  due  in  part  also  to  the  mechanical 
obstacle  afforded  by  the  food  itself,  the  latter  keeping 
the  poison  for  a  time  away  from  the  stomach  walls. 
Hence  absorption,  and  consequently  toxic  action,  is  most  ■ 
rapid  when  the  poison  is  taken  into  an  empty  stomach, 
less  rapid  when  taken  with  food,  and  still  less  rapid 
when  taken  after  a  hearty  meal. 

In  considering  absorption  from  the  alimentary  canal, 
we  have  to  notice,  further,  the  modifying  action  of  the 
digestive  juices.  Insoluble  substances  are  not  directly 
absorbed,  but  many  compounds,  by  the  action  of  the 
digestive  juices,  are  so  altered  that  their  solubility  is. 
either  increased  or  diminished,  thus  modifying  their  ab- 
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sorption,  and  hence  their  toxic  action.  As  examples  of 
the  former  there  are  many  metallic  carbonates,  as  lead, 
copper,  zinc,  and  manganese  which,  when  taken  into 
the  stomach,  may  be  changed  by  the  acid  of  the  gastric 
juice  into  soluble  chlorides,  so  that  what  was  in  itself  an 
insoluble  and  non-poisonous  substance  may  be  converted 
into  a  vigorous  poison. 

Dtsposition  of  the  Poison  afteb  Absobption.— 
Once  entered  into  the  circulation,  there  is  a  twofold  dis- 
position of  the  poison  possible.  Either  it  is  deposited 
for  a  time  in  the  various  tissues  and  organs  of  the  body, 
or  else  it  is  at  once  eliminated  through  some  one  or  more 
of  the  various  emunctories.  Ordinarily,  if  sufficient 
time  intervenes  between  the  taking  of  the  poison  and 
death,  there  is  a  temporary  deposition  of  the  poison 
throughout  the  body — after  which,  however,  the  depos- 
ited poison  is  gradually  redissolved  and  eliminated. 
Careful  study  of  collected  facts  further  shows  that,  as  a 
rule,  the  poison  is  deposited  in  the  largest  amounts  in 
the  liver,  kidneys,  spleen,  heart,  lungs,  muscles,  brain, 
and  bones.  In  other  words,  these  organs  and  tissues 
have  the  power  of  absorbing  and  retaining  poisons,  and 
furthermore,  this  absorbing  power  is  not  the  same  for 
the  different  organs.  Chemical  analysis  in  poison  cases, 
and  in  experiments  on  animals  where  the  conditions  are 
known  with  much  more  detiniteness,  clearly  testifies  to 
the  accuracy  of  this  statement.  Further,  variation  in 
the  conditions  under  which  the  poison  is  taken  modifies 
not  only  absorption  as  a  whole,  as  already  indicated, 
but  also  the  absorption  by  individual  organs  and  tissues. 
The  form  of  the  poison;  the  character  of  the  dosage, 
whether  small  and  oft-repeated,  or  a  single  large  one; 
the  mode  of  administration,  etc.,  all  are  liable  to  exert 
their  own  modifying  influence  on  the  absorption  of  the 
poison  by  the  different  organs.  A  knowledge  of  such 
modifying  influence  must  then  necessarily  be  of  great 
value,  especially  in  medico-legal  cases;  for  in  time  the 
accumulated  facts  will  serve  as  data  on  which  to  found 
definite  conclusions  concerning  the  form  of  the  poison, 
the  mode  of  administration,  the  length  of  time  interven- 
ing before  death,  and  many  other  points  of  a  similar  na- 
ture, so  important  in  criminal  cases. 

In  this  connection,  therefore,  the  results  of  the  quanti- 
tative analysis  of  the  various  organs  and  tissues  of  the 
body  in  poison  cases  are  of  great  importance,  for,  as  they 
show  the  distribution  of  the  poison  under  known  condi- 
tions, the  time  may  come  when  it  will  be  possible  to 
draw  deductions  in  unknown  cases  from  the  analytical 
results. 

During  the  past  few  years  many  data  have  been  col- 
lected in  this  direction,  a  few  of  which  may  be  advan- 
tageously mentioned. 

Carbolic  Acid.— A.  man  swallowed  15  c.c.  of  an  official 
preparation  of  carbolic  acid  (100  parts  phenol  +  10  parts 
of  water'),  and  died  in  fifteen  minutes.  With  the  internal 
organs  Dr.  Bischoff '  obtained  the  following  results : 

113  em.  of  blood contained  0.0259  gm.  phenol  =  0.0231  per  cent. 

1,480       "    liver "         .6370    "       "       =    .0430      " 

322       "    kidney "         .2010   "        "       =    .0620      " 

508       "    heart  muscle         "         .1866    "        "       =    .0367      " 
1,445       "    brain "         .3140    "       "       =    .0217 

12.5       "    urine "        .0014   "       "       =   .0112     " 

This  case  is  particularly  interesting  as  showing  how 
rapidly  a  readily  soluble  and  diffusible  substance  may  be 
absorbed,  and  how  quickly  it  may  be  distributed  through- 
out the  body.  Further,  it  is  to  be  seen  that  the  poison 
was,  at  the  time  of  death,  in  position  to  be  eliminated, 
having  entered  into  the  urine. 

Oxalic  Acid.—Kn  unknown  dose  of  oxalic  acid,  fol- 
lowed by  death  in  fifteen  minutes.  The  amounts  of 
oxalic  acid  found  by  Dr.  Bischofl:  were  as  follows : 

In  3,240  gm.  stomach,  intestines,  etc '.  2.280  gm.  oxalic  acid. 

"  770  "  liver 285   "             ' 

"  180  "  heart  blood 043 

"  350  "  heart ^  ,, 

"  290  "  kidney 014 

"  40  "  urine 007 

"  730  "  brain 


223  gm.  stomach  and  contents 

595   "    intestines 

122   "    intestines.... 

505   "    liver 

138   "    heart 

352   "    brain 


Potamum  Cyanide.— Kn  unknown  case  of  potassium 
cyanide.     The  analysis  made  three  days  after  death.'' 

.  .contained  0.0692  gm.  HCN. 
.0186 
.0031 
.0170 
.0025 
.0144 

Arsenic— ThQ  case  of  an  adult  female  who  lived  two 
days  after  taking  a  fatal  dose,  furnishes  the  following 
results  reported  by  Dr.  E.  S.  Wood.^ 

179  gm.  stomach contained  0.0442  gm.  arsenic. 

D         stomach  contents "  0097  " 

490  "    Intestines "  .0638  " 

62  "    intestines  contents "  0205  " 

1,237  "    liver "  mA  " 

149  "    left  kidney "  0043  " 

125  "    right  kidney "  0036  " 

318  ''    uterus "  .0065 

o21         brain "  .oogg 

In  all  these  cases  of  poisoning  the  oider  of  distribution 
of  the  poison  is  much  the  same  as  that  previously  stated, 
tlie  liver  standing  first,  then  the  kidneys,  heart,  lungs, 
etc.  In  experimenting  on  animals,  however,  where  the 
poison  can  be  variously  introduced,  it  has  been  noticed 
that  the  distribution  of  the  absorbed  poison  is  not  always 
the  same.  It  is  easy  to  see  how  there  might  be  a  decided 
difference  in  an  acute  and  chronic  case  of  poisoning,  for 
if  elimination  of  the  poison  commences  at  once,  it  fol- 
lows that  the  relative  amount  of  poison  contained  in  the 
liver  and  kidneys  must  necessarily  be  different  in  a 
chronic  case  than  where  a  single  large  dose  of  the  poison 
is  taken.  Again,  it  is  not  difficult  to  see  how  the/orm 
of  the  poison  might  modify  the  rate  of  absorption  and 
the  order  of  distribution.  This  latter  fact  lias  been  clearly 
indicated  by  results  obtained  with  arsenic,  both  in  ex- 
periments on  animals  and  in  poison  cases.  Thus  Scolos- 
suboff,''  under  the  impression  that  the  muscular  paraly- 
sis noticed  in  the  extremities  of  animals  poisoned  with 
arsenic  was  accompanied  by  a  localization  of  the  poison 
in  the  muscles,  subjected  his  hypothesis  to  the  test  of  ex- 
periment, feeding  the  animals  experimented  on  with  a 
solution  of  sodium  arsenite.  The  results  obtained  in  this 
manner  were  all  of  a  like  nature,  and  in  several  respects 
different  from  all  preconceived  ideas.  Thus,  in  one  ex- 
periment with  a  bulldog,  which  had  been  fed  for  thirty- 
four  days  with  the  arsenite,  the  following  amounts  of 
absorbed  arsenic  were  found : 

100  gm.  of  muscle contained  0.35  mgm.  of  arsenic  (As). 

100       "    liver "        2.71 

100       "     brain "         8.85 

100       "     spinal  cord "         9.33 

It  is  to  be  noticed  in  this  experiment  that  the  amount 
of  ai'senic  in  the  brain  is  three  times  as  great  as  in  the 
liver.'  In  another  experiment,  with  a  griffin  dog,  the 
brain  contained,  per  100  gm.  of  tissue,  double  the 
amount  of  arsenic  contained  in  the  muscles.  In  every 
experiment,  comparatively  large  amounts  of  arsenic  were 
found  In  the  brain,  thus  giving  evidence  of  a  special 
localization  of  arsenic  in  nerve  tissue;  but  this  result 
was  contrary  to  the  experience  of  all  toxicologists  in 
arsenic  cases.  Scolossuboff  gave  his  results  to  the  world 
as  characteristic  of  arsenic  poisoning  in  general,  without 
apparently  considering  that  he  was  experimenting  with 
a  form  of  arsenic  seldom  used  as  a  poison,  and  with 
which  toxicologists  had  had  little  practical  experience. 

In  the  white  oxide  of  arsenic  (AsaOa),  the  arsenic  of 
commerce,  and  the  form  most  commonly  used  as  a 
poison,  we  have  to  deal  with  a  substance  but  slowly 
soluble,  while  in  sodium  arsenite  we  have  one  of  the 
most  readily  soluble  and  one  of  the  most  easily  diffusible 
of  the  solid  compounds  of  arsenic.  If  the  amount  of 
arsenic  in  the  brain  could  be  taken  as  an  index  of  the 
form  in  which  the  poison  was  taken,  whether  as  a  solu- 
ble or  as  a  comparatively  insoluble  compound,  it  would  in 
many  cases  of  poisoning  be  a  point  of  great  importance. 
But  in  order  to  have  the  point  in  question  of  any  practi- 
cal value,  we  must  be  certain,  on  the  one  hand,  that 
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under  no  circumstances  can  the  taking  of  tlie  white  oxide 
of  arsenic,  either  in  the  form  of  powder  or  dissolved  In 
water  or  other  neutral  fluids,  be  attended  with  accumu- 
lation of  arsenic  in  the  brain  other  than  In  the  merest 
trace;  while,  on  the  other  hand,  the  taking  of  a  soluble 
arsenite  should  be  attended  with  a  proportionally  large 
amount  In  the  brain.  It  might  be  argued  that  in  chronic 
cases  of  poisoning  with  arsenlous  oxide,  where  the  person 
has  for  weeks  or  months  been  taking  small  or  gradu- 
ally increasing  doses  of  the  oxide,  the  poison  might  then 
accumulate  in  the  brain.  Such  arguments  have  been 
made,  but  the  facts  at  our  disposal  tend  to  show  the  In- 
correctness of  such  a  theory.  On  the  other  hand,  the 
use  of  the  more  soluble  arsenite  (and  doubtless  all  of  the 
other  soluble  salts  of  arsenious  and  arsenic  acids)  should 
be  attended  with  a  noticeable  deposition  of  arsenic  in  the 
brain.  The  literature  of  the  subject  contains  but  little 
definite,  the  amount  of  arsenic  in  the  brain  being  gener- 
ally expressed  as  a  mere  trace  or  in  other  equally  am- 
biguous terms;  implying,  however,  in  the  generality  of 
cases,  that  when  present  it  was  only  In  very  small  quan- 
tity. But  recent  data  on  this  point  are  quite  decided. 
E.  Ludwig,''  of  Vienna,  writing  from  a  large  experience 
on  the  distribution  of  arsenic  In  the  organs  and  tissues 
of  suicides  poisoned  with  arsenioxis  oxide,  and  likewise 
in  the  organs  of  dogs  poisoned  with  the  same  form  of 
arsenic,  both  in  acute  and  in  chronic  cases,  says:  "In  all 
experiments  it  was  invariably  found  that  most  arsenic 
was  collected  in  the  liver,  that  in  acute  cases  the  kidneys 
also  contained  considerable  arsenic,  while  the  bones  and 
brain  showed  but  very  small  quantities  of  the  poison." 
Ludwig,  moreover,  states  that  "  in  chronic  poisoning  with 
arsenic,  where  death  does  not  result,  the  poison  remains 
longest  in  the  liver,  while  from  the'  other  organs  it  is 
,  excreted  much  earlier. "  Quoting  one  of  his  cases,  that 
of  a  suicide,  an  acute  case  of  poisoning  with  arHenious 
oxide,  the  following  results  are  worthy  of  notice : 

1,480  gm.  of  liver contained  51.90  mgm.  ol  arsenic  (As.) 

144       "     kidney "         7.69 

600       "     muscle "  .78 

1,461       "     brain "  .59 

bones "        only  a  trace. 

In  1880,  the  writer,'  in  conjunction  with  Professor 
Johnson,  reported  on  two  cases  of  poisoning  with  arseni- 
ous oxide,  in  which  the  poison  was  detected  and  deter- 
mined in  all  parts  of  the  body.  In  one  case  there  was  no 
question  whatever  as  to  the  form  in  which  the  poison  was 
taken,  for  a  mass  of  the  white  oxide  was  found  undis- 
solved in  the  stomach  itself.  Here  there  was  present  in 
the  stomach,  liver,  and  other  internal  organs,  83.3  grains 
of  the  poison,  while  the  brain  contained  a  hardly  per- 
ceptible trace  of  arsenic.  It  would  thus  appear  that 
the  amount  of  the  poison  taken  has  little  influence  on 
the  amount  absorbed  by  the  brain.  In  this  particular 
instance  there  was  as  large  an  amount  to  draw  upon  as 
is  often  found  in  cases  of  poisoning,  yet  the  quantity 
contained  in  the  brain  could  not  have  been  much  smaller 
and  been  recognizable.  The  length  of  time,  however, 
intervening  between  the  taking  of  the  poison  and  death 
was  probably  not  long,  although  there  had  been  time  for 
decided  absorption  by  the  liver  an^  other  organs.  In 
the  second  case  referred  to,  where  there  was  decided  evi- 
dence of  chronic  poisoning,  a  somewhat  similar  result 
was  obtained.  In  this  case  there  was  present  in  the  en- 
tire body  5.33  grains  of  arsenious  oxide,  most  thoroughly 
and  evenly  distributed,  even  to  the  bones,  and  yet  the 
brain  contained  only  an  unweighable  trace  of  the  poison. 
Again,  experiments  carried  on  in  the  writer's  laboratory, 
on_ animals  have  led  to  the  same  result;  whenever  the 
animals  have  been  fed  with  arsenious  oxide,  the  amount 
of  arsenic  found  in  the  brain  has  been  extremely  minute 
while  m  poisoning  with  a  soluble  arsenite  a  much  larger 
amount  has  been  found  in  the  brain.  At  one  time  it  was 
considered  that  the  presence  of  arsenic  in  the  brain  was 
proof  positive  of  the  ante-mortem  character  of  tlic  poi- 
son ;  that  in  no  case  would  the  poison,  introduced  into 
the  stomach  or  rectum  after  death,  find  its  way  by  os- 
mosis to  so  remote  a  part  as  the  brain.     Suttou,'  iiow- 
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ever,  by  experiments  conducted  on  dead  animals,  flnds 
that  arsenic  may  pass  by  diffusion  quite  rapidly  even  to 
the  brain.     Such  being  the  case,  the  only  way  to  distin- 
guish between  ante-  and  post-mortem  introduction  of 
arsenic  would  be  to  determine  the  amount  of  poison  con- 
tained, for  example,  in  the  outer  portions  of  the  liver,  as 
compared  with  the  percentage  amount  in  the  centre  of 
the  organ.     Guareschi  *  has  also  reported  on  the  distri- 
bution of  arsenic  in  a  case  of  poisoning  with  arsenious 
oxide,  and  he  likewise  found  only  traces  of  the  poison  in 
the  brain.     Many  other  cases  of  poisoning  with  the  more 
insoluble  forms  of  arsenic,  in  which  the  distribution  of 
the  poison  has  been  studied,  lend  favor  to  this  view,  that 
arsenic  is  to  be  found  in  the  brain  in  any  quantity  only 
when  the  poison  has  been  taken  in  a  readily  soluble 
form.     One  case  which  came  under  the  writer's  obser- 
vation is  particularly  important  in  this  connection.     A 
laboring  man  ate  for  his  dinner  a  quantity  of  bean  soup ; 
almost  immediately  after  he  was  seized  with  the  ordi- 
nary symptoms  of  acute  arsenic  poisoning,  and  died  in 
nine  hours.     The  autopsy  showed  a  marked  condition  of 
inflammation  of  the  alimentary  tract,  and  a  chemical 
analysis  showed  76.0  mgm.  of  arsenic  in  the  liver,  0.6 
mgm.  in  the  kidney,  while  one-half  of  the  entire  brain 
contained  only  a  recognizable  trace  of  the  poison.     A 
portion  of  the  soup   (125  c.c.)  yielded  314,6  mgm.  of 
arsenious  sulphide,  while  the  fact  that  the  arsenic  was 
introduced  in  the  form  of  arsenious  oxide  was  jDroved  by 
finding  in  the  sediment  from  the  soup  an  abundance  of 
the  octahedral  crystals  of  the  oxide.     Such  a  case  as 
this  must  necessarily  carry  considerable  weight  with  it. 
Everything  favored  the  absorption  of  the  arsenic,  yet 
the  brain  contained  only  the  merest  trace.     Again,  the 
writer  has  obtained  like  results  in  an  acute  case  of  poi- 
soning with  Paris  green,  or  aceto-arsenite  of  copper,  in 
which  the  liver  (2,984  gm.)  was  found  to  contain  13.7 
mgm.  of  arsenic;  the  kidneys  (515  gm.),  3.4  mgm. ;  735 
gm.  of  muscle,  0.9  mgm.,  and  the  brain  (1,179  gm.)only 
a  slight  trace.     These  results  certainly  indicate  that  the 
relative  distribution  of  the  poison  may  offer  some  sugges- 
tion as  to  the  form  in  which  the  poison  was  administered, 
and  that,  with  arsenic  at  least,  a  comparatively  large 
amount  in  the  brain  may  be  indicative  of  a  readily  soluble 
form  of  the  poison.     In  this  connection,  however,  there 
are  always  other  facts  to  be  learned  in  the  distribution  of 
the  poison,  which  may  substantiate  the  indications  ob- 
tained by  analysis  of  the  brain,  and  at  the  same  time, 
perhaps,  enable  us  to  distinguish  between  an  acute  and 
a  chronic  case  of  poisoning. 

It  is  a  favorite  defence  in  poison  cases,  particularly 
with  arsenic,  morphine,  and  some  other  poisons,  to  claim 
that  the  poison  found  in  the  body  of  the  deceased  came 
from  some  hypothetical  medicine  containing  the  poison, 
and  which  the  deceased  had  long  taken,  or  that  the  per 
son  was  habituated  to  the  daily  use  of  the  toxic  agent. 
A  study  of  the  distribution  of  arsenic  In  acute  and 
chronic  cases  of  poisoning  shows  plainly  that  many  times, 
with  this  poison  at  least,  it  is  quite  possible  to  decide 
definitely  whether  the  poison  has  been  for  a  long  time  in 
the  body,  taken  in  oft-repeated  doses,  or  whether  it  has 
been  introduced  in  one  or  two  large  doses. 

As  preliminary  to  a  discussion  of  this  point  I  will 
quote  two  results  of  my  own  experience. 

(a)  In  this  case  there  was  every  reason  to  suppose  a 
case  of  chronic  poisoning  with  arsenious  oxide.  The 
following  results  were  obtained  by  analysis  of  the  parts 
a  year  and  a  half  after  burial; 


stomach  and  spleen 

Kidneys  

Liver  

One  lung  and  heart 

Intestines  and  uterus 

One  lung  and  liquid  from  thora.x 

Bladder 

Brain 


Weight  of 
organs. 
Grams. 


514 
80 
590 
441 
978 
402 
73 
477 


Weight  of 
arsenic. 
Grams. 


0.a5359 
.00660 
.04788 
.01454 
.02582 
.00583 
Tnwje. 
Trace. 


Per  cent. 


0.01040 


.00811 
.00329 
.00260 
.00140 
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Upper  arm  (left) 

Forearm         "    

Hand  "    

Lower  leg  (right) .'. 

Thign  ''     

Foot  "     '/'" 

Thighbone    "     ,,[ 

Transverse  section  of  body  above  pel- 
vis   

Muscle  and  ribs  from  left  breast  ..... 
Abdominal  muscle,  right  side 


Weight  of 
organs. 
Grams. 


150 

1,323 

3,160 

468 

615 


406 
615 


Weight  of 
arsenic. 
Grams. 


.00542 
.001.58 
.00019 
.00864 
.01635 
.00105 
.00040 

.03011 
.00371 
.00358 


Per  cent. 


.00081 
.00055 
.00012 
.00065 
.00051 
.00032 
.00006 

.00156 
.00091 
.00058 


(b)  In  this  case  the  evidence  pointed  to  acute  poisoning 
with  some  readily  soluble  form  of  arsenic.  Followins' 
are  the  results  obtained  by  analysis : 

Arsenic  as 
AS2O3.    Grain. 

Stomach  and  oesophagus  * n  1 58 

Large  and  small  intestines ■.m 

Liver  (one-half) Vnq 

Kidneys f^ 

Heart  (one-fourth) qoh 

Lungs  ond  spleen  (two-thirds)  114 

Brain  (one-third) 025 

Diaphragm ' .' gio 

Trachea,  larynx,  and  tongue .............[[.    .081 

*The  internal  organs  were  preserved  separately  in  alcohol,  hence 
the  weights  of  tissue  analyzed  are  not  given. 


Weight  of 
tissue. 
Grams. 

Weight  of 
arsenic. 
Grams. 

Per  cent. 

Lett  arm 

Right  leg 

1,230 

4,650 

216 

4,060 

510 

620 

0.00609 
.00764 

'  '.bim 

.00635 
.02306 

0.000495 
.000164 

Thigh  bone 

Transver.se  section  of  body  at  pelvis. . 
Muscle  from  breast  (right) 

.000296 

.00124 

.00371 

Muscle  from  back  (left) 

In  (ffl)  the  total  amount  of  arsenic  was  5.36  grains,  in 
(J)  3.119  grains;  yet  it  is  to  be  noticed  in  (J)  that  the 
brain  contained  a  comparatively  large  amount  of  ar- 
senic, while  in  (a)  there  was  found  only  a  trace.  This 
fact,  if  our  theories  concerning  absorption  by  the  brain 
are  correct,  would  imply  the  administration  of  a  soluble 
form  of  the  poison.  Further  comparison  of  the  two 
series  of  analyses  shows  other  noticeable  points  of  differ- 
ence which  point  to  the  same  conclusion,  and  also  throw 
some  light  on  the  character  (acute  or  chronic)  of  the 
poisoning. 

When  there  has  been  time  for  even  distribution  of  the 
poison,  as  in  chronic  cases,  there  would  seem  to  be  no 
reason  why  one  set  of  muscles  should  contain  more  arsenic 
than  another,  aside  from  such  differences  as  might  arise 
from  differences  in  vascularity,  etc.  On  the  other  hand, 
there  is  every  reason  for  supposing  that  when  death 
ensues  only  a  few  hours  or  less  after  the  poison  has  been 
taken,  the  distribution  might  be  quite  irregular. 

The  following  table  shows  the  distribution  of  the 
arsenic  through  the  muscle  tissue  in  the  two  cases,  cal- 
culated to  grains  of  AS2O3  per  pound  of  tissue : 

(a)  (6) 

Thigh  bone 0.004 

Leg 033  .011 

Transverse  section 109  .021 

Arm 046  .034 

Muscle  from  breast 063  .087 

Muscle  from  back 260 

Muscle  from  abdomen 040  

In  (a)  the  results,  with  the  exception  of  the  transverse 
section,  show  a  fairly  close  agreement.  There  is  not  that 
gradual  increase  from  nothing  in  the  bone  up  to  a  fourth 
of  a  grain  per  pound  as  seen  in  (b).  The  irregular  dis- 
tribution of  the  poison  in  tissue  of  the  same  kind,  noticed 
in  (b),  is  certainly  indicative  of  the  arsenic  having  been 
taken  but  a  short  time  before  death,  particularly  as  there 
was  none  whatever  found  in  the  bones,  which  fact  would 
certainly  exclude  the  possibility  of  chronic  poisoning. 


Poisons. 
Poisons. 


nf^^' °i'i-^"  ^*^  *'?*'  **°  kidneys  yielded  only  1.5  mem 

(175  1  wn^^vff ''  ^"^"^  'i'^  *°°«"''  ^"1  adjacent  pfrTs 
11  ^^^^  ^^It  *  ™Sm.,  and  a  portion  of  the  muscles  (30O 
gm  )  gave  5. 65  mgm.  of  metallic  arsenic 

of  nrcT- "^'  "it  ''T-''}  °'''''^'"  °^  distribution,  the  amount 
ot  arsenic  in  the  kidneys  in  (J)  would  mssest  onlv  a 
proportionally  smaller  aUmt  in  the  musflfsfanKet 
nimd  in^^filn"^'"'  '"/'^''ce  the  amount  of  arsenic  con- 
tained in  620_  gm  of  muscle  tissue  is  greater  than  the 
amount  contained  m  the  entire  liver  and  kidneys  together 
inn.        H^""^"'  ''°weyer,  are  the  organs  above  all  others 
concerned   m  the  elimination  of   arsenic.     Ehmination 
usually  commences  almost  immediately,  and  yet  in  this 
particular  case  there  is  but  0.029  of  a  grain  of  arsenic  in 
the  kidneys,  while  m  less  than  three  pounds  of  muscle 
tissue  there  is  contained  half  a  grain  of  the  poison.     This 
tact  would  necessarily  imply  that  elimination  had  but 
just  commenced,  and  that  consequently  the  poison  had 
not  been  long  taken.     It  might,  perhaps,  be  argued  that 
the  proportionally  large  amount  of  poison  contained  in 
the  muscles,  as  compared  with  the  liver  and  kidneys 
might  imply   chronic  poisoning,  but  coupled  with  the 
peculiar  distribution  is  the  entire  absence  of  arsenic  from 
the   bones.     Ludwig,   moreover,   states  that   in   "both 
acute  and  chronic  poisoning  with  arsenious  oxide  most 
arsenic  IS  invariably  found  collected  in  the  liver,"  and 
that  "in  chronic  poisoning  with  arsenic,  where  death 
does  not  result,  the  poison  remains  longest  in  the  liver 
while  from  the  other  organs  it  is  excreted  much  earlier  " 
It  IS  impossible,  therefore,  to  make  the  results  obtained  in 
(*;  accord  with  a  case  of  chronic  poisoning  with  arsenious 
oxide ;  and  further,  the  amount  of  poison  found  in  the 
brain,   and  the  proportionally  large  amount  in  certain 
muscles,  would  apparently  indicate  an  extremely  soluble 
and  diffusible  form  of  arsenic  as  the  toxic  agent. 

Such  results  as  these  certainly  favor  the  behef  that 
it  is  quite  possible  to  draw  definite  conclusions  as  to 
whether  we  are  dealing  with  an  acute  or  a  chronic  case 
of  poisoning.  Further  than  that,  it  is  possible,  in  some 
cases,  to  decide  even  more  deiinitely  regarding  the  time 
at  which  the  poison  was  taken  prior  to  death.  In  this 
connection,  the  fact  to  be  considered  most  closely  is  the 
amount  of  poison  contained  in  the  liver,  as  compared 
with  the  amount  present  in  the  alimentary  canal  and  in 
the  different  organs  of  the  body.  When  arsenic,  for 
example,  is  taken  into  the  stomach,  absorption  by  the 
liver  through  the  portal  circulation  commences  almost 
immediately;  and,  as  Dr.  Geoghegan'  has  plainly  de- 
monstrated, deposition  of  arsenic  in  the  liver  continues 
to  increase  up  to  about  fifteen  hours  after  the  poison 
has  been  taken,  after  which  it  commences  to  diminish. 
Dogiel, '» who  has  confirmed  Geoghegan's  results  as  to  the 
time  required  for  maximum  saturation  of  the  liver,  says, 
"a  maximum  of  arsenic  in  the  liver  kills  the  animal." 
The  absolute  amount  of  arsenic  involved  in  maximum 
saturation  of  the  liver  must  necessarily  vary  somewhat 
in  different  cases.  Barker, ' '  from  his  analysis  of  portions 
of  the  liver  of  Horatio  Sherman,  concluded  that  the  en- 
tire liver  contained  nearly  five  grains  of  arsenic.  In  the 
case  of  Dennis  Hulburt,  also  analyzed  by  Professor 
Barker,  the  liver  contained  over  seven  grains  of  arsenic, 
and  it  would  seem  as  if  these  amounts  must  approach 
near  to  the  maximum.  When  such  large  amounts  of  the 
poison  are  found  in  the  liver,  it  is  safe  to  assume  that  the 
poison  must  have  been  taken  at  least  fifteen  hours  before 
death. 

In  recent  cases  of  administration  of  arsenic,  it  has 
been  claimed  by  Taylor  ''•'  that  the  poison  may  be  found 
in  the  stomach  and  intestines,  and  not  in  the  liver  or 
other  organs.  This  can  hardly  be  correct  under  ordinary 
circumstances,  since  death  seldom  results  so  quickly 
from  arsenical  poisoning  as  to  prevent  the  absorption  of 
at  least  a  small  trace  of  the  poison  by  the  liver.  Dogiel, '" 
who  has  experimented  somewhat  on  the  rapidity  of  ab- 
sorption by  the  liver,  found  that  on  forcing  500  mgm.  of 
arsenious  oxide  dissolved  in  water,  into  the  stomach  of  a 
dog,  death  resulted  in  one  hour  and  five  minutes.  In  a 
second  experiment,  conducted  in  the  same  manner,  death 
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resulted  In  one  hour  and  thirty -eight  minutes.  In  the 
first  case  the  liver  was  found  to  contain  94.5  mgm.  ot 
arsenious  oxide;  in  the  second  case,  187.8  mgm.  Ihus, 
iudffing  from  the  amount  in  the  liver  at  the  end  ot  an 
hour  certainly  but  a  few  minutes  would  have  been  re- 
quired for  the  absorption  of  a  detectable  quantity  of  ar- 

Arsenic  having  been  deposited  in  the  liver  or  else- 
where, gradually  diminishes,  and  if  the  person  should 
survive,  entirely  disappears  in  from  two  to  three  weeks. 
A  case  bearing  directly  on  this  point  came  under  the 
writer's  notice  some  time  ago.  An  entire  family  were 
taken  sick,  directly  after  eating,  with  all  the  symptoms 
of  arsenic  poisoning ;  all  of  them  recovered  except  one, 
a  middle-aged  man,  who  died  just  two  weeks  after  par- 
taking of  the  poisoned  food.  An  autopsy  was  made, 
the  internal  organs  were  delivered  to  the  writer  for 
analysis,  together  with  the  various  articles  of  food  par- 
taken of  by  the  family  at  the  time  of  their  sickness.  A 
portion  of  the. bread  (786  gm.)  contained  33.7  grains  of  ar- 
senious oxide,  while  a  piece  of  cake  (166  gm.)  was  found 
to  contain  55.5  grains  of  arsenious  oxide,  thus  proving 
the  character  of  the  poison. 

Analysis  of  the  internal  organs  gave  the  following  re- 
sults, showing  that  at  the  time  of  death  elimination  was 
nearly,  but  not  quite,  complete : 

stomach  (365  gm.) contained  0.10  mgm.  arsenic  (As) . 

One-third  liver  (428  gm.) "  .20 

One  kidney  (283  gm.) "  .15 

One-hall  intestine  (487  gm.) "  .20 

Thigh  muscle  (389  gm.) "  .25 

One-hall  brain  (390  gm.) "        trace 

Concise  experiments  on  animals,  carried  out  quantita- 
tively, are  capable  of  yielding  many  instructive  results 
in  reference  to  the  relative  distribution  of  a  poison  under 
difEerent  conditions.  The  writer  has  recently  conducted 
a  series  of  experiments  with  antimony, '^  a  few  of  the 
results  of  which  may  be  advantageously  given,  as  con- 
firmatory of  some  of  the  preceding  statements. 

(a)  Hypodermic  Injection  of  a  Solution  of  Tartar  Emetic. 
— 0.130  gm.  of  tartar  emetic  was  introduced  under  the 
skin  (right  thigh)  of  a  cat  weighing  1,362  gm.  The 
animal  died  in  two  hours.  Following  is  the  distribution 
of  the  poison : 


Sb.  per  100 
gm.  ot 
tissue. 

Milligrams. 


Liver  

Brain 

Heart  and  lungs 

Kidney  

Stomach  and  intestines.. 
Muscle  from  back 


Total 

Weight 

weight. 

olSb. 

Grams. 

Milligrams. 

52.0 

6.35 

27.5 

.60 

32 

.70 

13 

.15 

74 

.80 

138 

1.25 

335.5 

9.85 

12.21 
2.18 
2.18 
1.25 
1.08 
.90 


In  a  second  experiment  a  smaller  amount  of  tartar 
emetic  (0.083  gm.)  was  injected  hypodermatically,  and 
instead  of  being  introduced  in  a  single  dose,  it  was 
divided  into  three,  and  injected  separately,  several  hours 
apart.  As  a  result,  the  animal  lived  twenty-two  hours 
after  the  first  dose.  The  following  results  show  the  dis- 
tribution of  the  poison : 


Total 
weight. 
Grams. 

Weight 

olSb. 

Milligrams. 

Sb.  per  100 
gm.  of 
tissue. 

Milligrams. 

Kidneys 

n.5 

63 
9 

98 
17 
106 

0.60 

1.50 

.20 

2.00 

.25 

.70 

5.21 
2.38 
2.22 
2.04 
1.47 
.66 

Liver  

Brain 

Stomach  and  intestines. . 

Heart  and  lungs 

Muscle  from  back . 

304.5 

5.25 

The  only  difference  of  importance  between  these  two 
cases  is  the  element  of  time.  As  might  naturally  be  ex- 
pected, therefore,  there  is  a  more  even  distribution  of 
the  poison  in  the  second  case  than  in  the  first.  Further, 
in  the  second  case  the  kidneys  stand  first  in  their  content 
of  antimony,  the  liver  contains  a  proportionally  smaller 
amount — much  smaller  proportionally  than  was  found 
in  the  first  case.  This  Is,  of  course,  due  to  the  fact  that 
in  the  second  case  the  animal  had  lived  long  enough  to 
admit  of  extensive  elimination,  and,  consequently,  those 
parts  which  had  originally  contained  the  most,  particu- 
larly the  liver,  had  been  drawn  on  to  the  greatest  extent; 
so  that  at  the  time  of  death  the  excretory  organs,  nota- 
bly the  kidneys,  were  the  richest  in  poison.  Quite  no- 
ticeable in  both  of  these  cases  is  the  comparatively  large 
amount  of  antimony  in  the  brain — which  fact  would 
agree  with  the  previous  statements  regarding  absorption 
by  the  brain  when  a  readily  soluble  and  diffusible  form 
of  poison  is  used. 

(6)  Injection  of  a  Solution  of  Ta/rtar  Emetic  per  Bectum. 
— 0.24  gm.  of  tartar  emetic,  dissolved  in  a  little  water, 
was  injected  into  the  rectum  of  a  rabbit,  in  two  doses. 
Death  resulted  in  about  twelve  hours.  Following  was 
the  distribution  of  the  poison : 


stomach  and  small  intestines 

Brain 

Rectum  and  adjoining  intestines. 

Liver  

Kidneys  

Muscle 

Urine 

Heart  and  lungs 


Total 
weight. 
Grams. 


172 
9 
18 
54 
13 

100 
20 
17 


403 


Weight 

of  Sb. 

Milligrams. 


.40 

.55 
1.60 

.25 
1.10 

.20 
Trace. 


12.99 


Sb.  per  100 
gm.  of 
tissue. 

Milligrams. 


15.30 
4.40 
3.05 
2.96 
1.92 
1.11 
1.10 


Perhaps  the  most  noticeable  feature  of  these  results  is 
the  comparatively  large  amount  of  antimony  contained 
in  the  stomach  and  small  intestines;  a  result  which, 
taken  in  conjunction  with  other  similar  ones,  would  ap- 
pear to  indicat3  special  absorptive  action  on  the  part  of 
the  epithelial  cells  of  these  parts.  The  amount  of  anti- 
mony in  the  kidneys,  and  particularly  the  amount  in  the 
urine,  indicates  plainly  that  at  the  time  of  death  elimi- 
nation was  going  on  rapidly ;  but  the  fact  that  the  per- 
centage content  of  antimony  in  the  liver  was  greater 
than  in  the  kidneys,  might  perhaps  be  taken  as  an  in- 
dication that  absorption  was  not  completed. 

(c)  Experiment  on  a  Dog  with  Antimonious  Oxide. — A 
dog  weighing  14.3  kgm.  received,  with  his  food,  3.073 
gm.  of  antimonious  oxide,  during  a  period  of  seventeen 
days,  in  doses  of  from  0.032  to  0.125  gm.  per  day.  The 
dog  was  then  killed  by  chloroform  eighteen  hours  after 
the  last  dose  of  antimony  had  been  given.  The  follow- 
ing results  show  the  distribution  of  the  poison: 


Liver  

Lungs 

Muscle  (fore-leg) . 

Brain 

Muscle  (thigh) . . . 

Kidneys 

Heart 

Blood 


Total 
weight. 
Grams. 


452 
140 
157 

79 
200 

82 
117 
440 


1,667 


Weight 

of  Sb. 

Milligrams. 


23.7 

1.8 

1.2 

.4 

.9 

.1 

Trace. 

Trace. 


28.10 


Sb.  per  100 
gm.  of 
tissae. 

Milligrams. 


5.24 
1.28 
.76 
.50 
.45 
.13 


In  this  experiment,  which  may  be  termed  a  chronic 
case  of  poisoning  with  an  insoluble  form  of  antimony, 
the  relative  distribution  of  the  poison  is  seen  to  be  some- 
what difEerent  from  what  it  was  in  the  preceding  cases. 
First,  the  brain  contains  relatively  less  antimony  than  in 
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the  preceding;  secondly,  the  liver  contains  a  noticeably 
large  amount  of  the  poison,  while  the  kidneys  contain 
only  a  trace.  This  latter  result  would  seem  to  indicate 
that  elimination  was  going  on  quite  slowly ;  but  analysis 
of  the  twenty -four  hours'  urine  showed  that  the  amount 
eliminated  by  the  kidneys  in  an  entire  day  was  consid- 
erable. Thus  on  one  day,  the  entire  twenty -four  hours' 
urine  contained  13.5  mgm.  of  metallic  antimony;  on  an- 
other day,  23.5  mgm. 

With  copper,  EUenburger  and  Hof meister  have  found, 
by  experiments  on  sheep,'"'  that  the  liver  contains  the 
most  copper  when  small  doses  have  been  regularly  ad- 
ministered, and,  further,  that  this  organ  retains  the 
metal  with  the  greatest  tenacity,  they  having  found  it 
there  forty-one  days  after  the  last  dose.  The  pancreas 
was  also  found  to  retain  the  copper  with  nearly  equal 
tenacity;  the  kidneys  do  not  contain  so  much  of  the 
poison.  Elimination  is  mainly  by  the  bile  or  through  the 
intestine.  Deposition  of  copper  in  the  nerve  tissue  is 
quite  small,  but  still  smaller  in  the  muscles,  though 
copper  is  to  be  found  in  the  muscles  after  administration 
of  copper  salts.  EUenburger  and  Hofmeister  also  state 
that  the  deposition  of  copper  is  proportionally  much 
greater  if  it  is  administered  in  numerous  small  doses,  the 
cells  then  having  time  to  absorb  it. 

With  lead,  Victor  Lehmann  '^  has  obtained  some  inter- 
esting results.  In  his  experiments  the  lead  was  intro- 
duced by  hypodermic  injection  in  the  form  of  nitrate, 
the  animals  used  being  rabbits.  Two  of  his  series  of  re- 
sults are  given  in  full. 
(a)  0.5  gm.  of  lead  nitrate  introduced  at  one  dose. 
lb)  0.01  gm.  of  lead  nitrate  introduced  daily,  until 
finally  a  total  of  0.21  gm.  of  the  lead  salt  had  been  in- 
jected. 

Distribution  of  Lead  in  (a) 


Liver  . . . 
Kidneys. 
Heart . . . 
Lungs... 
Intestine 
Muscle .. 
Bones... 
Brain . . . 
Bile 


Weight  of 

the  organ. 

Grams. 

Content  of 

lead. 
MilUgram. 

40 
13 
3 
6 
16 
30 
7 
8 
3 

0.250 
.635 
.135 
.135 
.S\2 
.187 
.187 
.063 
.135 

Lead  per  100 

gm.  of 

tissue. 
Milligrams. 


0.635 

4.807 
4.166 
2.083 
1.953 

.625 
3.678 

.781 
4.166 


DiSTKIEnTION  OF  LEAD  IN    (Z)). 


Liver  

Kidneys . 
Heart . . . 
Lungs  .. 
Intestine 
Muscle.. 
Bones. . . 
Brain . . . 
Bile 


Weight  of 

Content  ol 

the  organ. 

lead. 

Grams. 

Milligram. 

25 

0.062 

4 

.125 

5 

.187 

2 

.063 

7 

.125 

10 

.031 

3 

.135 

3 

.125 

3 

.125 

Lead  per  100 

gm.  of 

tissue. 

Milligrams. 


0.250 
3.130 
3.750 
3.135 
1.785 
.312 
4.166 
4.166 
6.350 


Very  noticeable  in  both  series  is  the  small  content  of 
lead  in  the  liver,  an  organ  which,  as  a  rule,  contains  the 
largest  amount  of  absorbed  poison.  The  relatively  large 
amount  of  lead  in  the  bile  naturally  suggests  that  the 
elimination  of  the  metal  takes  place  mainly  through  this 
channel,  which  would  account  for  the  small  content  ot 
metal  in  the  liver.  Further,  experiments  conducted  on 
rabbits  show  plainly  that  more  lead  is  excreted  m  the 
fffices  than  in  the  urine,  the  lead  in  the  former  doubtless 
coming  from  the  bile  poured  into  the  intestines.  Quite 
noticeable  also  is  the  large  amount  of  lead  in  the  bones, 
which  amount  probably  grows  larger  the  longer  the  lead 
has  time  to  act.  ,        ,      ,.        j       • 

Naturally,  such  systematic  work  as  has  been  done  m 


studying  the  relative  distribution  of  poisons  has  been 
confined  mainly  to  mineral  substances,  but  it  is  to  be 
hoped  that  the  time  will  come  when  there  will  be  a  col- 
lection of  data  embracing  all  poisons  capable  of  detec- 
tion by  chemical  means.  When  such  a  time  does  come, 
it  will  doubtless  be  found  that  we  cannot  establish  any 
general  laws  regarding  the  relative  absorption  and  dis- 
tribution of  poisons  as  a  class,  but  rather  that  each  indi- 
vidual poison  or  group  of  poisons  will  show  some  pecul- 
iarity characteristic  of  itself — which  possibility,  or  rather 
probability,  makes  it  all  the  more  needful  for  us  to  ac- 
quire, as  speedily  as  possible,  accurate  knowledge  of  the 
relative  absorption  and  distribution  of  the  individual 
poisons. 

Post-mortem  Imbibition  of  Poisons. — Ante-mortem  dis- 
tribution of  poisons  is,  as  we  have  seen,  due  to  the  carry- 
ing power  of  the  blood  and  lymph.  Poisons  are  ab- 
sorbed, distributed,  and  temporarily  deposited.  Poisons 
may,  however,  travel  through  the  dead  body,  after  cir- 
culation has  ceased,  by  a  process  of  imbibition  or  diffusion, 
by  the  same  method  as  that  by  which  salt  works  its  way 
gradually  through  a  barrel  of  fresh  pork  when  placed  on 
the  upper  layers.  The  rate  of  imbition  of  poisons  depends 
in  large  measure  upon  the  interval  elapsing  between  the 
death  of  the  body  and  the  introduction  of  the  poison. 
Arsenic,  for  example,  introduced  into  the  rectum  shortly 
after  death,  before  the  tissues  have  become  rigid,  travels 
with  a  fair  degree  of  rapidity  and  in  time  may  be  found 
in  distinct  traces  even  in  the  brain  and  spinal  cord,  while 
in  the  abdominal  organs  the  amount  present  may  be  quite 
large.  Where  a  long  interval  elapses  after  death,  the 
poison  introduced  post  mortem  travels  more  slowly,  but 
even  in  this  case  it  gradually  penetrates  to  remote  parts. 
In  view  of  these  facts,  it  is  obvious  that  in  cases  of  poi- 
soning where  a  surplus  of  the  poison  remains  in  the  gas- 
tro-intestinal  tract  after  death,  and  the  body  is  buried  for 
some  time  prior  to  the  autopsy,  the  apparent  ante-mor- 
tem distribution  of  the  poison  is  liable  to  modification 
by  post-mortem  imbibition.  This  is  an  important  fact  to 
be  kept  in  mind  in  drawing  conclusions  from  the  analyti- 
cal data,  especially  in  cases  in  which  a  large  surplus  of  the 
poison  is  unabsorbed.  With  metallic  poisons,  however, 
putrefaction  may  quickly  put  a  stop  to  post-mortem  dis- 
tribution, since  the  formation  of  hydrogen  sulphide  from 
the  decomposing  proteid  material  is  very  liable  to  trans- 
form the  metallic  salts  into  insoluble  sulphides,  thereby 
preventing  further  migration.  B.  B..  Chittenden. 
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POKE  ROOT   AND    BERRy .—Phytolaco(E  radix,  and 
Phytolacece  fructus  (U.    S.   P.),  Scoke,  Garget.     These 
two  drugs  are  defined  respectively  as  "  the  dried  root 
and  "  the  fruit "  of  Phytolacca  decandra  L.  (fam.  Phytolac- 


This  plant  is  a  very  large  perennial  herb  with  a  thick, 
fleshy  root  and  bearing  cylindrical  racemes  of  dark-pur- 
ple luicy  berries.  The  root,  at  the  crown,  attains  a 
diameter  of  several  inches  and  divides  into  two  or  three 
large  branches.  It  is  brownish- white  externally  and 
faintly  yellowish- white  internally.  It  bears  quite  a  close 
general  resemblance  to  horseradish,  a  fact  which  has  led 
to  numerous  fatal  poisoning  accidents.  The  stems,  when 
vounff  are  bland  and  juicy  and  are  used  by  country 
people  in  some  localities  as  a  pot-herb  They  at  length 
attain  a  height  of  1  to  2,  in  the  Southern  States  3  or  4 
metres,   are  at  first  green,   afterward    red  or  purple, 
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Fig.  3873.— Poke  Weed  Flower. 


branched  widely,  are  smooth  and  cylindrical  and  hollow 
when  old,  though  with  thin  transverse  partitions.  The 
leaves  are  large,  alternate,  petioled,  ovate  or  oblong,  en- 
tire and  smooth.  The  flowers  are  in  terminal  racemes, 
becoming  lateral  and  extra-axillary  by  the  growth  of  the 

stem.  They  are  regular 
and  perfect,  having  five 
sepals,  ten  stamens,  and 
a  ten-celled  ovary.  The 
fruit  contains  ten  thin 
putamina,  enveloped  in 
a  purple  flesh,  and  each 
containing  a  single  seed. 
The  fruit,  when  fresh, 
is  about  1  cm.  (f  in.) 
broad. 

For  medicinal  pur- 
poses the  root  is  gath- 
ered in  the  autumn,  sliced  lengthwise  or  crosswise,  and 
dried.  The  berries  are  gathered  when  ripe  and  dried  in 
the  sun,  in  masses. 

Description  of  the  Boot. — Consisting  mostly  of  trans- 
verse or  longitudinal  slices  of  sparingly  branched,  cylin- 
drical, somewhat  tapering,  usually  twisted  roots,  rarely 
exceeding  7  cm.  (3  in.)  in  diameter,  externally  of  a  rich 
or  yellowish-brown,  finely  wrinkled  (longitudinally  or 
spirally)  and  thickly  annulate  with  lighter-colored,  low 
ridges;  transverse  slices  exhibiting  several  concentric 
rings  of  interrupted  wood  wedges,  the  intervening  zones 
much  retracted ;  longitudinal  slices  exhibiting  the  wood 
bundles  as  bands,  with  the  intervening  medullary  tissue 
greatly  retracted ;  fracture  fibrous;  internally  yellowish- 
gray;  inodorous,  the  powder  higlily  sternutatory;  taste 
sweetish,  afterward  highly  acrid. 

27*6  Fruit.  — The  dried  fruit  forms  a  close  and  heavy,  ag- 
glutinated, purple  black  mass,  the  stones  conspicuous  as 
brightly  shining  particles,  the  odor  slight,  the  taste  fruity, 
but  peculiar,  acidulous  and  sweetish,  somewhat  acrid. 
The  structure  of  an  individual  fruit  is  given  above.' 

Poke  root  contains  an  actively  poisonous,  bitter  and 
acrid,  amorphous  glucoside,  which  is  believed  to  be 
saponin,  a  small  amount  of  the  white  crystalline  alkaloid 
phytolaccine,  large  amounts  of  sugar  and  starch,  gum,  a 
little  fat,  resin,  etc.  The  tannin  has  been  called  pliyto- 
laccin.  Phytolaccic  acid  occurs  in  the  root  and  is,  next 
to  the  coloring  matter,  the  most  important  constituent  of 
the  fruit. 

Action  and  Use.— All  parts  of  the  adult  plant  are 
active,  and  cause  in  sufficient  doses  vomiting  and  purg- 
ing. It  has  also  some  narcotic  or  stupefying  power, 
and  in  poisonous  doses  causes,  in  addition  to  the  intes- 
tinal symptoms,  convulsions  and  coma.  Death  fre- 
quently follows.  Its  action  is  slow  and  protracted.  Poke 
root  has  been  administered  as  an  emetic,  but  the  prac- 
tice is  exceedingly  bad.  It  is  also  recommended  in 
rheumatism,  scrofula,  inflamed  breasts  and  testicles,  and 
as  a  dressing  for  cancers  and  indolent  ulcers,  but  is  in 
very  little  favor  in  regular  practice,  probably  not  nearly 
so  much  as  its  properties  warrant.  Enough  may  be  ab- 
sorbed from  washes  and  ointments  to  produce  its  consti- 
tutional effects.  It  is  said  to  be  useful  as  a  parasiticide 
in  sycosis,  tinea  capitis,  the  itch,  etc.,  but  there  are 
doubtless  many  better  drugs  for  this  purpose. 

The  Pharmacopoeia,  with  very  poor  reason,  provides  a 
fluid  extract  of  the  fruit  but  no  preparation  of  the  root, 
of  which  latter  the  best  form  of  administration  is  the 
fluid  extract.  The  root  has  been  given  in  1  gm.  (gr 
XV  )  doses  as  an  emetic,  as  an  alterative  in  doses  of  0  06 
to  O.d  gm.  (gr.  i.  to  v.),  and  the  dose  of  the  fluid  extract 
should  correspond.  The  fruit  and  its  fluid  extract  are 
given  m  doses_  five  or  six  times  as  large.  The  juice  of 
the  fresh  fruit  is  often  administered  in  country  practice 

wo  r-^'^  "*.,  ^  *°  *  *=■'=•  ^*^-  2  ^^■-'■).  l>it  its  action  is  very 
weak  indeed.  jj        ^  jj„^j     •^ 


POLAND   SPRINGS.-Androscoggin  County    Maine 
-^;'-^:^^'?^:~^ont\.^ol^^^.     Springs  Hotel. 

Ihis  resort  is  located  in  the  town  of  Poland,  twenty- 
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five  miles  north  of  Portland  and  ten  miles  west  of  Lewis- 
ton,  at  an  elevation  of  about  800  feet  above  the  sea-level. 
Poland  is  reached  from  Boston  by  the  Boston  and  Maine 
Railroad.  The  spring  boils  up  from  a  Assure  near  the 
crest  of  a  magnificent  mound  of  the  oldest  rocks  at  the 
rate  of  about  eight  gallons  of  water  per  minute.  _  The 
bed  of  the  spring  is  composed  of  gneiss,  scarcely  distin- 
guishable from  the  original  granite,  this  gneiss  being, 
as  the  geologists  inform  us,  the  oldest  of  the  sedimentary 
rocks.  The  unvarying  temperature  of  the  water  through- 
out the  year,  as  well  as  its  freedom  from  organic  matter, 
would  indicate  a  very  deep  origin.  The  surroundings 
of  the  spring  have  been  extensively  improved  since  1859, 
in  which  year,  it  is  said,  the  water  was  first  described  by 
a  physician.  The  Poland  Spring  House  was  erected  in 
1876,  and  after  various  alterations  and  additions  reached 
its  present  proportions  in  1889.  It  is  situated  upon  an 
elevated  plateau,  and  commands  a  beautiful  and  diversi- 
fied view  of  the  surrounding  landscape.  The  analysis  of 
the  water  made  la  1879  by  Prof.  F.  L.  Bartlett,  State 
Assay er  and  Chemist,  resulted  as  follows :  One  United 
States  gallon  contains:  Silica,  gr.  1.07;  calcium  carbo- 
nate, gr.  1.36;  calcium  fluoride,  a  trace;  lithia,  a  trace; 
organic  matter,  gr.  0.38;  potassium  sulphate,  gr.  0.18; 
sodium  chloride,  gr.  0.47;  alumina,  a  trace;  magnesium 
carbonate,  gr.  0.31;  iron  carbonate,  a  trace;  sodium  car- 
bonate, gr.  0.09.     Total,  3.76  grains. 

This  may  be  classed  as  a  mild  alkaline-calcic  water, 
with  very  slight  ferruginous  properties.  It  has  long 
had  an  extensive  reputation  in  the  treatment  of  rheuma- 
tism, gout,  and  dyspepsia,  and  in  renal  and  hepatic  dis- 
orders. It  is  best  known,  however,  as  a  table  water,  for 
which  purpose  it  has  an  extensive  sale  throughout  the 
United  States.  James  K.  Crook. 

POLARIMETRY. — Polarimetry  Is  the  measurement  of 
the  angle  of  rotation  of  a  ra}'  of  polarized  light,  and  in- 
struments adapted  to  the  purpose  are  termed  polarime- 
ters.  Polarized  light  is  light  which  (as  explained  by 
the  accepted  theory)  has  been  changed  so  that  vibrations 
transverse  to  the  path  of  propagation  have  been  reduced 
to  a  single  plane.  By  this  change  the  rays  become  much 
more  susceptible  to  interference  and  may  be  used  for 
detecting  difference  of  structure  not  appreciable  to  or- 
dinary light.  Polarization  may  be  brought  about  by 
reflexion  or  refraction  of  ordinary  light,  and  also  by 
direct  transmission  through  some  substances,  such  as 
tourmaline,  Iceland  spar,  and  quinine  iodosulphate.  Of 
these,  Iceland  spar  is  the  only  practicable  material,  and 
all  laboratory  instruments  employ  it.  The  crystal  in  its 
natural  state,  composed  of  pure  calcium  carbonate,  is 
rhombohedral  and  double-refracting,  that  is,  a  ray  pass- 
ing into  the  crystal  is  split  into  two  rays,  both  of  which 
are  polarized.  For  the  best  results  in  polarimeters  the 
crystal  is  cut  in  an  oblique  direction  and  the  pieces  are 
re-cemented  in  their  original  position  with  Canada  bal- 
sam. By  this  means  one  of  the  polarized  rays  is  pre- 
vented from  passing  through,  while  the  other  is  trans- 
mitted. A  crystal  so  prepared  is  called  a  Nicol's  prism. 
When  a  ray  of  light,  white  or  of  any  color,  passes  tlu-ough 
tills  prism,  it  will  not  be  completely  transmitted  through 
a  second  similar  prism  unless  the  latter  is  placed  in  the 
same  relative  position,  or  180°  of  arc  from  it.  At  any 
intermediate  position,  more  or  less  of  the  polarized  ray 
will  be  intercepted,  and  at  a  90°  position — technically 
termed  "  crossed  nicols  " — only  traces  of  the  light  pass. 
Many  substances  possess  power  to  affect  the  ray  in  such 
a  way  that  when  they  are  placed  between  the  nicols, these 
must  be  turned  slightly  from  the  above  angles  to  get 
the  maximum  effect  of  transmission  or  obstruction,  and 
such  an  effect  is  believed  to  be  due  to  the  fact  that  the  in- 
tervening body  twists  the  plane  of  vibration  of  the  polar- 
ized ray,  and  the  second  nicol  has  to  be  twisted  to  com- 
pensate for  this.  Any  substance  which  possesses  this 
twisting  (rotating)  power  is  termed  "optically  active." 
The  degree  of  rotation  is  fairly  constant  for  any  given 
substance  under  definite  conditions,  and  hence  the 
amount  of  an  optically  active  substance  may  be  meas- 
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ured  by  measuring  the  extent  to  which  the  nicols  have  to 
be  adjusted  in  order  to  correct  the  rotation  produced 

In  the  actual  construction  of  polarimeters  many  details 
have  to  be  regarded  in  order  to  secure  delicacy  and  accu- 
racy. Many  forms  have  been  devised,  but  only  a  few 
are  now  employed.  In  all  these  a  beam  of  light  passes 
through  a  Nicol's  prism,  called  the  "polarizer"  then 
through  the  substance  to  be  tested,  then  through  another 
Nicol's  prism,  called  the  "  analyzer, "  and  then  to  the  eye 
As  the  mind  cannot  carry  a  recollection  of  the  exact 
brightness  of  a  field  of  light,  some  comparison  is  pro- 
vided as  a  zero  point,  and  the  degree  of  alteration  of  the 
analyzer  required  to  bring  the  whole  field  to  uniformity 
IS  the  measure  of  rotation.  Substances  differ  as  to  the 
direction  in  which  the  light  is  rotated.  "When  this  rota- 
tion is  such  that  the  analyzer  has  to  be  moved  to  the 
right  in  order  to  compensate,  the  substance  is  termed 
dextrorotatory  and  designated  +;  when  the  opposite 
effect  is  produced  the  substance  is  termed  Isevorotatorv 
and  designated  — . 

The  adj  ustment  of  the  analyzer  to  restore  the  zero  may 
be  made  by  the  direct  rotation  of  it,  and  the  extent  meas- 
ured in  degrees  of  arc ;  but  in  the  instruments  now  usu- 
ally employed  the  compensation  is  made  by  means  of 
superposed  wedges  of  quartz,  which  are  shifted  horizon- 
tally to  the  right  or  left  as  required  and  the  amount 
of  shifting  indicated  on  an  arbitrary  scale  termed  the 
I' sugar  scale."  This  is  graduated  and  adjusted  so  that 
if  a  solution  containing  26  gm.  of  pure  cane  sugar  dis- 
solved in  suflScient  water  to  make  a  volume  of  100  c.c. 
at  30°  C,  is  examined  in  the  instrument,  the  rotation  will 
correspond  to  100.  This  scale  has  been  introduced  be- 
cause the  principal  use  of  the  polarimeter  is  the  deter- 
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is  the  best.  This  gives  a  pure  strong  yellow  light  The 
common  polarimeters  are  now  constructed  to  use  white 
light  from  any  ordinary  source. 

.,iV-  8874  shows  a  form  that  is  now  extensively  used, 
H?Pnth   nVp  P?'"^  Po>?™eter,  as  made  by  Schmidt  &, 

tfnr« nH'  P''^?.;  ^ ','  ^  ^^°^  '"'^  '""ror  for  illumina- 
tion and  reading  the  scale.  JS  is  the  analyzer  with  the 
compensatmg  quartz  wedges.  The  details  of  the  opti- 
cal tram  are  also  shown  in  outline.  At  the  polarizing 
end,  also  shown  in  detail,  a  large  Nicol's  prism,  which 
receives  and  polarizes  the  light  from  the  lamp,  bears  in 
Iront  two  small  similar  prisms,  so  arranged  that  the 
oS„7^''/[.?  unaffected  by  them.  By  this  means  is. 
obtained  a  field  unitormly  illuminated  when  the  adiust- 
ment  IS  at  zero;  but  when  any  rotating  body  is  intro- 
duced the  central  segment  becomes  darker  or  lighter 
than  the  side  segments.  In  a  cheaper  form  of  the  instru- 
ment only  one  accessory  prism  is  used,  and  a  "double 
field  instead  of  triple  field  "  is  obtained.  The  material 
to  be  examined  is  dissolved  in  a  suitable  solvent,  clari- 
hed  If  necessary,  and  a  portion  placed  in  a  tube  of  known 
length  closed  by  glass  caps.  On  now  viewing  the  field 
any  rotation  of  the  ray  will  be  marked  by  a  contrast  ii 
Illumination,  and  to  restore  the  uniformity  the  quartz 
wedges  must  be  shifted  more  or  less.  A  given  sub- 
stance has  usually  constant  rotating  power  under  given 
conditions,  but  temperature,  density  of  solution,  nature 
of  solvent,  and  many  other  factors  produce  variations. 


riG.  3874.— Triple  Field  Polarimeter  with  Details  of  Polarizln!?  and  Analyzing  Apparatus. 

Amend,  New  York.) 


(With  permission  ol  Eimer  & 


mination  of  the  amount  of  cane  sugar  in  raw  sugar  and 
syrups.  It  enables  the  analyst  to  read  directly  the  per- 
centage, but  this  applies  to  cane  sugar  only.  For  some 
purposes,  monochromatic  light  must  be  used,  for  which 
a  non-luminous  gas  flame  charged  with  some  sodium  salt 


Some  bodies  have  a  high  rotation  when  freshly  dissolved, 
but  fall  off  much  when  allowed  to  stand  or  when  heated 
to  boiling.  This  abnormal  effect  is  termed  "  birotation." 
Milk  sugar  shows  it  to  a  high  degree.  In  order  to  make- 
comparisons  between  different  bodies,  a  factor  termed 
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specific  rotatory  power,  indicated  by  [a],  is  calculated 
by  the  forinulai^,  m  which  a  is  the  angular  deviation 
observed  •  c  the  number  of  grams  of  the  substance  in  100 
cc  of  soution;  and  I  the  length,  in  decimetres,  of  col- 
umn of  liquid  examined.  As  the  rotation  differs  some- 
what with  light  of  different  colors,  the  specific  rotatory 
power  is  now  usually  given  for  yellow  light  correspond- 
iC  to  the  D  line  of  the  solar  spectrum  (see  Spectroscope), 
■and  the  symbol  is  written  [a]".  In  practice  certain 
weights,  termed  "normal  weights,"  of  material  are  em - 
nloved  At  the  International  Commission  for  Uniform 
Methods  of  Sugar  Analysis  held  at  Paris  1900,  it  was 
agreed  that  the  normal  weight  "shall  be  26  gm  of  pure 
sugar  weighed  in  air  with  brass  weights,"  and  dissolved 
in  100  true  cubic  centimetres.  Though  the  principle  ot 
the  operation  of  these  instruments  is  simple,  yet  accurate 
results  are  obtained  only  by  much  care  and  experience. 

The  expense  of  the  standard  form  of  polarimeter  has 
led  to  efforts  to  construct  cheaper  forms  for  clinical  use. 
The  instrument  of  vonFleischl  has  met  with  most  favor. 
It  employs  white  light  and  is  so  constructed  that  two 
spectra  are  shown  at  once  with  a  dark  band  in  each,  the 
two  being  coincident  when  there  is  no  rotating  body ;  but 
■one  of  the  bands  is  displaced  when  a  rotating  body  is 
introduced,  and  the  analyzer  can  be  revolved  until  the 
•coincidence  is  restored.  The  instrument  is  graduated 
:so  that  the  percentage  of  rotating  body  can  be  read  off 
■directly.     It  is  constructed  for  estimation  of  sugar. 

Clinical  Applicatiom.—Fo\a.nmeters  are  of  but  limited 
.application  in  clinical  diagnosis.  Apart  from  the  ex- 
pense, the  conditions  interfering  with  accuracy  are  nu- 
merous. Practically,  the  estimation  of  sugar  in  diabetic 
urine  is  the  only  medical  use  made  of  them.  Albumi- 
nous substances  rotate  polarized  light,  but  the  fact  has 
no  diagnostic  value.  Diabetic  urine  is  apt  to  contain  sev- 
.eral  optically  active  bodies,  not  all  of  which  are  dextro- 
rotatory ;  hence  the  observed  reading  will  be  a  resultant 
of  all  the  actions.  The  polarimeter  may  be  of  _  use  in 
making  routine  tests  in  a  given  case  to  determine  the 
■effects  of  treatment ;  but  even  then  it  will  be  necessary 
to  check  occasionally  by  the  chemical  tests  which  can 
now  be  performed  with  ease  and  celerity,  and  with  suffi- 
cient accuracy  for  clinical  purposes. 

Urine,  as  a  rule,  will  require  clarification  and  decolori- 
zation  for  examination  in  the  polarimeter.  A  solution  of 
lead  subacetate  is  commonly  employed;  50  c.c.  of  the 
.sample  are  added  to  5  c.c.  of  the  oflScial  solution,  the 
liquids  well  mixed  and  filtered  through  a  dry  filter.  The 
first  10  c.c.  are  rejected  and  the  examination  is  made 
on  the  next  portions.  The  dilution  must  of  course  be 
.allowed  for  by  increasing  the  reading  ten  per  cent. 

Henry  Leffmann. 

POLYCHROMATOPHILIA.  —  (Polychromasia.)  The 
term  applied  by  Ehrlich  to  that  condition  of  the  red  cells 
in  which  they  take,  not  only  the  diffuse  stain,  but  also 
the  nuclear,  so  that  they  exhibit  a  bluish-red  or  violet 
tinge,  or  may  even  take  a  deep  blue  stain  when  stained 
with  hsematoxylin  and  eosin,  or  methylene-blue  and 
eosin.  By  Ehrlich  and  others  this  phenomenon  is  re- 
garded as  essentially  degenerative,  a  progressive  "coagu- 
lation necrosis,"  whereby  the  cell  loses  its  affinity  for  acid 
stains.  They  are  supported  in  this  view  by  the  presence 
of  such  cells  shortly  after  hemorrhage  and  in  starving  ani- 
mals, and  by  the  polychromatophilic  character  of  mega- 
loblasts.  Further,  cells  showing  this  characteristic  are 
usually  ragged  in  contour  or  show  vacuoles.  On  the 
other  hand,  Askanazy  and  others  hold  that  the  poly- 
chromatophilic cells  are  the  youngest  cells  of  the  blood, 
and  are  not  degenerating  forms.  This  view  is  based 
chietly  upon  the  fact  that  a  large  portion  of  the  red 
cells  of  the  foetus  are  polychromatophilic.  According  to 
Sherrington,  the  brownish  color  frequently  seen  in  red 
•cells  is  to  be  regarded  as  due  to  an  incomplete  oxidation 
■of  hoemoglobin.  Ewing  would  regard  this  as  a  form  of 
"polychromatophilia  and  would  limit  the  term  polychro- 
masia to  this  diffuse  brownish  color  of  the  cell,  which 
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occurs  in  anaemias  and  is  also  seen  in  the  normal  marrow. 
On  the  other  hand,  he  would  class  the  bluish-staining 
granules  and  areas  in  red  cells,  originally  designated  as 
polychromatophilia,  with  Grawitz's  granular  degenera- 
tion of  red  cells.  Even  though  the  phenomenon  be 
proved  to  be  identical  in  significance  with  the  last-named, 
it  would  appear  best  to  use  the  term  polychromatophilia 
in  its  original  application  by  Ehrlich,  and  not  to  transfer 
it,  according  to  Ewing's  suggestion,  to  an  entirely  differ- 
ent process.  Aldred  Scott  Warthin. 

POLYCYTH/EMIA.— The  increase  in  number  of  the  red 
blood  cells,  due  either  to  an  absolute  increase  in  the 
number  of  the  red  cells  or  to  a  decrease  in  the  volume  of 
the  plasma.  An  absolute  Increase  in  the  number  of  red 
cells  above  the  normal  has  not  yet  been  demonstrated  to 
occur.  Theoretically,  such  an  increase  could  be  brought 
about  by  an  increased  formation  of  red  cells,  or  through 
a  longer  life  of  the  individual  cells.  A  relative  polycy- 
thfemia  is  of  frequent  occurrence.  It  occurs  in  the  new- 
born, and  is  usually  highest  before  nursing  begins,  and 
gradually  disappears  during  the  first  few  weeks.  Its 
cause  is  doubtless  to  be  found  in  the  temporary  concen- 
tration of  the  blood  due  to  various  factors.  Ewing  finds 
that  the  polycythaemia  bears  a  rather  close  relation  to 
the  degree  of  cyanosis  exhibited  by  the  expressed  drop, 
and  believes  that  the  concentration  of  blood  is  principally 
referable  to  a  state  of  relative  stasis  which  is  established 
in  the  peripheral  capillaries  in  the  first  hours  after  birth. 
The  average  count  of  red  cells  in  the  new-born  ranges 
from  5,368,000  to  6,500,000.  Too  early  ligation  of  the 
cord  may  cause  a  reduction  of  500,000  to  1,000,000 
(Hayem  and  Helot).  After  nursing  begins,  the  red  cells 
fall  about  250,000  a  week,  until  the  usual  average  is 
reached. 

According  to  many  observers  there  occurs  a  polycy- 
thsemia  in  individuals  residing  at  high  altitudes.  The 
change  may  take  place  within  twenty-four  hours,  the 
increase  amounting  to  a  million  or  more,  reaching  the 
limit  in  two  weeks  and  then  remaining  permanently 
high.  On  return  to  low  altitudes  the  polycythemia  dis- 
appears very  rapidly.  The  percentage  of  haemoglobin 
is  less  affected,  and  the  volume  of  the  red  cells  not  at  all. 
The  phenomenon  has  been  variously  explained :  by  some 
writers  as  a  compensatory  increased  production  of  red 
cells,  by  others  as  due  to  concentration  of  the  blood,  by 
still  others  as  an  error  in  estimation,  due  to  the  fact  that 
the  results  obtained  by  the  blood-counter  are  dependent 
upon  temperature  and  barometric  pressure. 

Polycythoemia  occurs  also  in  the  diarrhoeal  diseases, 
particularly  in  cholera,  as  a  result  of  the  concentration 
of  the  blood.  In  chronic  dysentery  it  may  be  offset 
by  the  ansemia  produced.  Similarly,  in  typhoid  fever 
the  progress  of  the  anjemia  may  be  obscured  by  the  con- 
centration of  the  blood.  A  relative  polycy thsemia  occurs 
also  in  chronic  valvular  disease  of  the  heart  with  passive 
congestion,  in  endocarditis,  in  excessive  sweating,  in  phos- 
phorus poisoning,  after  cold  baths  or  the  application  of 
drugs  causing  contraction  of  the  vessels  (alcohol,  etc.), 
and  in  cases  of  poisoning  with  illuminating  gas.  La 
phosphorus  poisoning  an  increase  to  over  8,000,000  has 
been  observed ;  it  is  probably  due  to  the  depletion  of  the 
blood  from  vomiting.  An  increase  of  3,000,000  to  3,000,- 
000  may  be  observed  after  large  doses  of  salts. 

Aldred  Scott  Warthin. 

POLYDACTYLISM.— See  Bands  and  Fingers,  etc. 

POLYFORMIN,  INSOLUBLE,  is  prepared  by  dissolv- 
ing resorcin  in  an  aqueous  solution  of  formaldehyde,  and 
adding  an  excess  of  ammonia.  It  is  an  odorless,  taste- 
less, yellowish-brown,  amorphous  powder,  insoluble  in  all 
ordinary  solvents  and  rich  in  formaldehyde.  It  is  used 
as  an  antiseptic.  W.  A.  Bastedo. 

POLYFORMIN,  SOLUBLE  —  di-resorcin-hexa-methyl- 
ene-tetramine — occurs  in  white  crystals  which  are  very 
soluble  in  water  or  alcohol,  but  insoluble  in  ether  or  oils. 
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It  is  decomposed  by  heating  in  solution,  setting  free 
formaldehyde.  Externally,  it  is  employed  in  parasitic 
skin  diseases,  and  internally  has  been  used  as  an  antisep- 
tic in  the  alimentary  and  urinary  tracts  and  as  a  diuretic. 
It  is  said  to  appear  as  formaldehyde  in  the  urine. 

W.  A.  Bastedo. 

POLYSOLVOL  —  Solvin,  sodium  sulphoricinate— is 
prepared  by  acting  on  castor  oil  with  strong  sulphuric 
acid,  adding  a  solution  of  sodium  chloride,  then  neutral- 
izing the  free  acid  with  soda.  It  is  a  thick,  clear, 
light-yellowish  oily  liquid,  insoluble  in  water,  but  form- 
ing with  it  a  good  emulsion.  Poly  sol  vol  possesses  the 
property  of  dissolving  thirty  per  cent,  of  phenol,  twenty- 
five  per  cent,  of  menthol,  ten  per  cent,  of  salicylic  acid, 
and  other  substances  in  like  proportion. 

W.  A.  Bastedo. 

POLYURIA. — (Synonyms:  Hyperuresis,  Diabetes  In- 
sipidus, Diuresis,  Essential  Polyuria.) 

Polyuria  means  an  excessive  flow  of  urine.  There 
are  numerous  cases  in  which  this  occurs  temporarily, 
and  is  due  to  dietetic  or  nervous  changes,  and  a  few  in 
which  it  occurs  persistently.  The  latter  are  best  named 
essential  polyuria  or  diabetes  insipidus.  I  shall  at  the 
present  time  describe  the  latter  cases.  Instances  of  per- 
sistent or  chronic  hyperuresis  were  recognized  and 
described  at  an  early  period  of  medical  history,  but  no 
attempt  was  made  to  classify  them.  In  1670,  however, 
Thomas  Willis  discovered  the  existence  of  sugar  In  the 
urine  of  some  of  them,  and  nearly  a  century  later  Bau- 
vages  described  anew  the  excretion  of  sweet  urine,  as 
a  distinct  form  of  disease,  under  the  name  of  diabetes 
anglicus.  But  it  was  not  until  near  the  end  of  the 
eighteenth  century  that  CuUen  and  P.  Frank  placed  all 
cases  of  persistent  polyuria  in  two  classes,  the  one  hav- 
ing sugar  in  the  urine  and  the  other  none,  the  first  being 
called  diabetes  mellitus  and  the  second  diabetes  insipi- 
dus. This  distinction  has  been  maintained  by  all  sub- 
sequent observers.  Diabetes  mellitus  is  now  classed 
with  the  morbid  conditions  of  assimilation  and  nutrition. 
Therefore  only  the  non-saccharine  cases,  or  those  of  dia- 
betes insipidus,  are  still  thought  of  as  essentially  poly- 
urias. 

Etiology.— Cases  of  temporary  polyuria  are  due  to  a 
variety  of  conditions  such  as  the  drinking  of  large  quan- 
tities of  fluid  or  the  eating  of  excessively  large  amounts 
of  sugar  It  is  also  caused  by  such  nervous  diseases 
as  hysteria  and  epilepsy.  Chronic  polyuria  has  been 
ascribed  to  exposure  to  cold,  and  to  a  residence  con- 
stantly in  damp  and  dark  rooms.  However,  the  causative 
influence  of  these  conditions  has  not  been  proved.  _  In- 
iuries  affecting  the  brain  and  spinal  cord,  more  especially 
penetrating  wounds  in  the  region  of  the  fourth  ventricle 
and  medulla  oblongata;  violent  mental  emotions  and 
persistent  functional  diseases  of  the  nervous  system  are 
known  causes  in  certain  instances.  But  many  cases  are 
on  record  which  can  be  traced  to  no  special  cause.  Age 
evidently  exerts  a  predisposing  influence,  as  shown  by 
the  following  statistics:  Of  343  recorded  cases  18  were 
under  five  years,  33  between  five  and  ten  years,  50  be- 
tween ten  and  twenty  years,  59  between  twenty  and 
thirty  years,  43  between  thirty  and  forty  years  30  be- 
tween forty  and  fifty  years,  13  between  fifty  and  sixty 
years,  and  8  between  sixty  and  seventy  years  which  is 
equivalent  to  75  per  cent,  between  the  ages  of  five  and 
forty  years.  Observations  in  regard  to  sex  show  more 
than  twice  as  many  cases  in  the  male  as  in  the  female. 

There  are  not  a  sufficient  number  of  rehable  observa- 
tions on  record  to  justify  the  conclusion  that  the  disease 
is  hereditary.  It  seems  probable  that  either  a  functional 
or  structural  disease  of  the  centre  in  the  medulla  which 
controls  the  blood  supply  to  the  kidneys  and  excretion 
by  them  exists  in  all  cases  of  diabetes  insipidus. 

Symptoms  and  Clinical  Histoby.— When  not  the 
result  of  direct  injuries  to  the  central  portions  of  the 
nervous  system,  or  of  sudden  mental  emotions,  the  symp- 
toms of  polyuria  generally  develop  slowly  and  without 


marked  changes,  except  the  gradually  increasing  quan- 
tity of  urine  which  is  voided  and  the  correspondingly  in- 
creased thirst. 

When  the  urine  is  greatly  in  excess,  the  skin  appears 
dry  and  somewhat  shrunken,  but  much  less  than  in  dia- 
betes mellitus.  There  are  some  paleness  of  the  features, 
mental  despondency,  disturbed  sleep,  unusual  weariness 
from  moderate  exercise,  excessive  appetite  for  food  as 
well  as  constant  thirst,  and  frequent  eructations  and 
flatulence,  with  constipation  of  the  bowels.  As  much 
as  twenty -five  to  fifty  pints  of  urine  may  be  voided  daily. 
In  most  cases  the  specific  gravity  of  the  urine  is  dimin- 
ished in  proportion  to  the  increase  of  its  quantity,  vary- 
ing from  1.001  to  1.008.  The  fluid  is  nearly  colorless. 
Its  reaction  is  often  neutral  or  feebly  alkaline.  There- 
fore it  readily  undergoes  decomposition.  Although  the 
amount  of  solids  in  the  urine  is  small,  the  proportion  of 
urea  is  often  great.  A  considerable  thirst  is  felt  and  the 
mouth  and  lips  rapidly  become  parched.  Appetite  is 
variable.  A  moderate  loss  of  flesh  is  the  rule,  but  such 
patients  do  not  become  emaciated.  In  spite  of  an  appear- 
ance of  average  plumpness  these  patients  lack  endurance 
and  ambition.  When  the  disease  is  not  caused  by,  or 
associated  with,  injuries  or  structural  diseases  of  the 
brain  or  spinal  cord,  it  may  continue  many  years,  and 
rarely  proves  fatal  unless  from  the  nature  and  extent  of 
complications.  Some  cases  have  been  observed  to  pre- 
sent great  variations  in  their  progress,  the  quantity  of 
urine  sometimes  diminishing  to  the  normal,  with  corre- 
sponding improvement  in  other  symptoms,  and  then 
increasing  again.  In  some  cases  exacerbations  are  trace- 
able to  unusual  mental  or  nervous  excitement,  in  others 
to  exposure  to  cold  and  damp  air,  and  in  still  others  to 
excesses  in  eating  and  drinking. 

During  the  active  progress  of  essential  polyuria  the 
increased  quantity  of  urine  consists  entirely  of  water, 
while  the  quantity  of  the  other  natural  constituents 
voided  in  the  twenty -four  hours  remains  nearly  the  same 
as  in  health. 

This  explains  why  the  waste  of  tissues  and  impairment 
of  health  is  so  much  less  in  this  form  of  disease  than  in 
diabetes  mellitus,  even  when  the  actual  quantity  of  urine 
discharged  in  the  twenty-four  hours  is  greater  in  the 
former  than  in  the  latter.  The  condition  of  the  diges- 
tive organs  varies  much;  sometimes  food  is  imperfect- 
ly digested,  causing  acid  and  gaseous  eructations,  flat- 
ulency, and  constipation,  alternating  with  diarrhoea. 
These  symptoms,  however,  appear  to  depend  more  di- 
rectly on  the  morbid  conditions  that  have  caused  the 
polyuria  or  have  existed  as  complications,  than  upon  the 
excessive  flow  of  urine. 

Pkognosis.— The  duration  of  the  disease  depends  al- 
most entirely  upon  the  nature  of  the  causes  and  compli- 
cations. Those  cases  which  are  associated  with  diseases 
or  injuries  of  the  cerebral  and  spinal  centres  usually 
either  recover  or  prove  fatal  at  an  early  period,  while 
those  which  are  dependent  upon  chronic  functional  dis- 
orders may  continue  for  many  years.  R.  Willis  has  left 
on  record  a  case  that  continued  for  fifty  years,  and  Neuf- 
fer  one  that  ended  fatally  in  four  months.  It  is  gener- 
ally conceded  that  permanent  recovery  from  this  disease 
is  rare,  but  it  does  occur  sometimes  spontaneously.  Com- 
plications or  intercurrent  diseases  cause  death  in  much  the 
larger  number  of  instances.  .    . 

Diagnosis.— The  most  reliable  and  characteristic  symp- 
toms of  diabetes  insipidus,  or  essential  polyuria,  are  per- 
sistent daily  excretion  of  quantities  of  urine  above  the 
ordinary  maximum  of  health,  or  of  low  specific  gravity 
(between  1.001  and  1.008),  and  destitute  of  sugar  and  al- 
bumin; unnatural  thirst,  increased  in  direct  ratio  to  the 
increase  in  the  quantity  of  urine  voided;  and  a  loss  ot 
endurance.  At  first,  cases  in  which  polyuria  is  caused 
bv  habitually  drinking  very  large  quantities  of  fluids, 
may  be  mistaken,  for  example,  for  cases  of  diabetes  m- 
sinidus  In  the  early  stage  chronic  interstitial  nephritis 
may  be  mistaken  for  it.  This  can  happen  only  when 
albumin  does  not  occur  in  the  urine  or  occurs  only  occa- 
sionally.    In  this  stage  of  interstitial  nephritis  the  in- 
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creased  flow  of  urine  is  moderate  ratber  than  excessive, 
and  the  specific  gravity  is  almost  uniformly  above  1.008. 
A  careful  study  of  the  circulatory  disturbances,  which 
are  a  part  of  interstitial  nephritis  and  do  not  exist  m  es- 
sential polyuria,  makes  a  diagnosis  easy. 

Pathological  Anatomy.— An  essential  polyuria  gen- 
erally continues  for  many  years,  and  rarely  terminates 
fatally  except  through  the  intervention  of  other  diseases ; 
few  opportunities,  therefore,  are  afforded  for  careful 
post-mortem  examination.  However,  in  some  cases  the 
kidneys  have  been  found  slightly  enlarged  and  more 
vascular  than  natural,  but  often  they  appeared  unaltered. 

Much  the  most  numerous  and  important  changes  have 
been  found  in  the  brain  and  cord.  These  consist  of  in- 
flammatory and  degenerative  changes  in  the  region  of 
the  fourth  ventricle,  and  less  frequently  in  the  menin- 
ges ;  of  gummata  and  exostoses ;  and  of  tumors.  Such 
changes  within  the  cranium  are  evidently  the  results  of 
prior  constitutional  disorders,  and  are  in  no  sense  depend- 
ent on  the  polyuria.  Chemical  analyses  of  the  blood  have 
shown  a  moderate  increase  of  the  solid  constituents  in 
proportion  to  the  water.  It  may  be  safely  assumed  that 
uncomplicated  polyuria  does  not  involve  uniform  struct- 
ural changes  either  in  the  kidneys  or  in  other  parts  of 
the  body,  but  rather  such  a  modification  of  the  renal 
vaso-motor  nervous  mechanism  as  to  induce  and  maintain 
an  increased  blood  pressure,  and  consequent  increased 
elimination  of  urine. 

Treatment. — In  the  treatment  of  this  affection,  it  is 
of  the  highest  importance  to  ascertain  from  the  history  of 
the  patient  what  accidents,  injuries,  coincident  diseases, 
or  constitutional  morbid  conditions,  hereditary  or  ac- 
quired, may  have  been  influential  in  developing  or  per- 
petuating the  disease.  In  all  cases  in  which  such  causa- 
tive conditions  can  be  found,  the  removal  when  possible, 
or  alleviation  when  removal  cannot  be  accomplished, 
should  demand  careful  and  persistent  attention. 

For  permanently  controlling  the  diuresis  no  remedies 
have  been  found  to  be  reliable  or  uniformly  successful. 
Those  who  suffer  from  this  disease  should  live  in  well- 
ventilated,  well-lighted,  warm  and  dry  rooms;  should 
wear  warm  flannel  underclothes,  take  a  warm-water 
bath,  followed  by  rapid  light  friction  with  dry  flannel, 
daily  or  at  least  two  or  three  times  a  week ;  and  take  as 
much  exercise  in  the  open  air  daily  as  is  possible  with- 
out fatigue.  Such  quantity  and  quality  of  food  may  be 
eaten  as  the  digestive  organs  of  the  patient  will  tolerate 
without  developing  gastric  distress  or  much  flatulency ; 
but  sugar  should  be  eaten  sparingly,  for  an  excess  of  the 
latter  in  the  blood  will  aggravate  the  polyuria.  Very  cold 
beverages  should  be  avoided,  and  especially  such  as  are 
diuretic,  like  beer,  cider,  and  milk.  Melons  and  grapes 
among  fruit  increase  diuresis  and  must  be  eschewed. 

Rest  and  sleep  should  be  had  at  regular  intervals  and 
in  sufficient  amounts.  Emotional  excitement  and  fatigue 
must  be  avoided.  To  promote  vicarious  elimination  by 
skin  and  lungs,  the  hot  baths  and  friction  of  the  skin, 
already  advised,  are  important.  Breathing  exercise,  slow 
climbing  of  hills,  and  a  residence  in  a  high  altitude  and 
dry  climates  are  useful. 

Among  the  numerous  drugs  which  have  been  em- 
ployed are  pilocarpine  and  cathartics  as  means  of  pro- 
voking elimination  by  other  channels  than  the  kidneys. 
Their  utility  is  transitory  and  slight. 

For  their  effect  upon  the  tone  of  the  renal  blood-vessels 
such  drugs  as  strychnine,  ergot,  and  astringents  have 
been  tried.  They  all  tend  to  increase  blood  pressure, 
which  we  would  expect  to  aggravate,  not  to  relieve, 
the_  important  symptoms  of  the  disease.  Although  in 
individual  cases  they  have  seemed  useful,  they  cannot 
be  said  to  have  a  specific  action. 

Valerian,  castor,  musk,  asafetida,  camphor,  belladonna, 
opium,  and  potassium  bromide  are  other  drugs  which 
have  occasionally  seemed  beneficial. 

Drugs,  however,  are  not  to  be  relied  upon.  They  may 
be  used  to  meet  indications  in  individual  patients,  and 
hygienic  and  dietetic  treatment  is  important. 

N.  S.  Dams,  Jr. 
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Fig.  3875.— Pomegranate  Bark. 


POMEGR^N^^E.—Granatum,  Granati  Cm'tex,  or 
C<n-tex  Oranati.  Grenadier.  "The  dried  bark  of  the 
stem  and  root  of  Punica  Oranatum  L.  (fam.  Puni- 
cacecey  VS.  S.  P. 

This  is  a  very  beautiful  shrub  or  small  tree,  producing 
a  dense  crown  of  glossy  dark-green  foliage,  handsome 
deep-scarlet  or  crimson  (in  one  form  white)  flowers,  and 
the  delicious  fruit  well 
known  under  this 
name.  It  is  a  native 
of  Southwestern  Asia 
and  is  now  everywhere 
cultivated  in  tropical 
and  subtropical  coun- 
tries. Some  pharma- 
copoeias require  the 
root  bark  only,  a  ju- 
dicious restriction  (see 
Constituents).  The 
French  Codex  recog- 
nizes also  the  flowers 
and  fruit,  and  the  rind 
of  the  latter,  but  all 
these  are  very  inferior. 

The  bark  occurs  in 
quills  several  inches  in 
length,  and  0.5  to  2 
cm.  (I  to  I  in. )  in  di- 
ameter, or  in  broken 
pieces  of  the  same,  the 
bark  1  to  3  mm.  {-i^to^  in.)  thick;  outer  surface  consist- 
ing of  broad,  shallow,  rough,  commonly  short  and  re- 
ticulated, yellow  Assures,  alternating  with  less  rough- 
ened, gray  or  slightly  purplish-gray  bands  having 
sharp,  lightly  elevated  margins,  and  usually  more  or 
less  marked  with  small  blackish  spots  of  lichen;  root 
bark,  especially  the  thicker  pieces,  browner,  less  fissured, 
and  more  or  less  scaly  and  roughened ;  inner  surface  finely 
striate,  with  some  longitudinally  elongated,  blister-like 
elevations,  and  varying  in  color  from  pale  greenish- 
yellow  to  cinnamon-brown;  fracture  short,  granular, 
greenish-yellow,  and  showing  a  somewhat  laminated 
structure ;  taste  astringent,  very  slightly  bitter. 

Constituents. — The  important  constituents  of  pome- 
granate bark  are  four  alkaloids,  together  aggregating 
from  one  per  cent,  to  three  per  cent,  of  the  weight  of  the 
drug.  Although  evidence  on  this  point  is  conti'adictory, 
it  appears  pretty  well  established  that  the  root  bark  con- 
tains about  a  half  more  alkaloid  than  the  stem  bark  and 
that  the  barks  of  the  white-flowered  variety  are  richer 
than  those  of  the  red-flowered.  There  is  a  large  amount 
of  tannin  (twenty  per  cent,  or  more),  some  mannit  ("  puni- 
cin  "  or  "  granatin  "),  much  yellow  coloring  matter,  and 
a  very  large  amount  (ten  to  fifteen  per  cent,  or  more)  of 
ash.  The  tannic  acid  is  interesting,  being  partly  gallo- 
tannic  and  partly  a  form  peculiar  to  this  drug.  The  al- 
kaloids exist  for  the  most  part  as  tannates.  The  most  im- 
portant is  pelletienne  or  "punicine"  (CeHjsNO),  which 
is  a  volatile  liquid,  soluble  in  water,  alcohol,  ether,  and 
chloroform,  and  rapidly  oxidizing,  upon  exposure,  into  a 
resin-like  body.  Its  salts  are  crystalline.  Methyl-pelletie- 
rine  (C9H17NO)  is  similar,  but  somewhat  less  soluble  in 
water.  This  alkaloid  is  more  abundant  in  the  root  bark, 
the  former  more  in  the  stem  bark.  The  other  alkaloids 
are  iso-pelletierine  and  pseudo-pelletierine  or  "  granatonine" 
(CnHi6N0.2H!!0),  the  latter  occurring  in  prismatic  crys- 
tals, soluble  in  water,  alcohol,  and  chloroform,  and  in 
nine  parts  of  ether. 

Pomegranate  bark  deteriorates  rapidly  on  keeping. 
The  alkaloids  undergo  a  change,  rendering  them  less 
soluble,  soon  after  which  they  become  decomposed.  It 
is  to  be  particularly  noted  that  the  commercial  substances 
passing  as  pelletierine  and  its  salts  are  in  reality  mixt- 
ures of  all  the  alkaloids  named  above. 

Action  and  Uses. — The  important  use  of  pomegran- 
ate bark  is  as  a  teenicide,  its  alkaloids  being  active. 
Opinions  differ  as  to  whether  the  parasite  is  killed  or 
merely  paralyzed  by  the  drug.    In  any  case,  a  brisk 
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cathartic  is  required  after  its  administration,  owing  to 
tlie  strongly  astringent  effect  of  its  tannin.  Its  astring- 
ent properties  are  often  utilized  for  gargling  and  similar 
purposes  and  have  been  used  internally,  though  the 
large  doses  thus  used  have  frequently  been  followed  by 
unpleasant  emetic,  and  to  some  extent  narcotic,  effects. 
There  is  no  oflflcial  preparation,  though  an  unofficial  fluid 
extract  is  often  employed,  in  doses  of  2  to  6  c.c.  (fl  Z 
ss.-iss.),  and  the  powdered  bark  is  given  in  correspond- 
ing doses.  A  very  good  method  is  to  suspend  the  latter 
in  mucilage.  The  ten-per-cent.  decoction  is  the  form 
probably  most  used,  in  wineglass  doses.  The  tannate  of 
the  alkaloids  (so-called  "  pelletierine-tannate ")  is  now 
very  largely  employed  in  doses  of  0.2  to  0.4  gm.  (gr.  iij. 
to  vi.).  This  is  after  all  the  best  form  of  administration, 
since  the  inhibiting  action  of  the  free  tannin  of  the  bark 
is  thus  avoided. 

The  rind  of  the  fruit  (Qranati  Fructus  Cortex/  Goi'tex 
Malicorii)  is  largely  utilized  for  its  astringent  properties. 
It  contains  rather  more  tannin  than  the  bark,  together 
with  a  still  larger  amount  of  gum,  and  is  free  from 
the  alkaloids  which,  as  stated  above,  often  render  the 
use  of  the  bark  as  an  astringent  undesirable.  This  rind 
occurs  in  irregular,  curved,  chip-like  fragments,  about  2 
mm.  (Ai'^-)  thick,  externally  brown,  with  a  yellowish  or 
sometimes  reddish  tint,  finely  tuberculate  roughened,  in- 
ternally of  a  lighter  or  whitish  color,  marked  with  con- 
choidal  depression  indicating  the  position  of  the  masses 
of  seeds.  The  terminal  pieces  bear  the  thick,  tubular, 
cup-shaped  remains  of  the  calyx  tube.  The  fracture  is 
short,  sharp,  and  granular.  The  drug  is  nearly  odorless 
and  strongly  astringent.  Henry  H.  Busby. 

POMPHOLYX.— (Synonyms:  Cheiro-Pompholyx ;  Fr., 
Dysidrosis;  Bysidrose.) 

Definition. — An  acute  exudative  eruption  character- 
ized by  the  formation  of  vesicles  and  blebs,  usually  of 
moderate  size,  and  occurring  for  the  most  part  on  the 
hands  and  feet ;  in  some  instances  it  may  be  limited  to 
the  palms  and  soles;  It  is  a  disease  seldom  encountered, 
and  is  liable  to  be  confounded  with  other  eruptions  of 
the  bullous  type. 

Symptoms. — The  clinical  features  of  pompholyx  are 
well-defined  and  distinctive,  and  in  most  works  on  der- 
matology the  disease  is  recognized  as  a  distinct  affection. 
It  was  first  described  by  Jonathan  Hutchinson  and  Til- 
beriy  Fox,  of  London.  The  former  gave  it  the  name  of 
cheiro-pompholyx,  while  the  latter  in  reporting  the  same 
case  gave  it  the  name  of  dysidrosis.  During  a  period  of 
twenty  years  the  present  writer,  in  encountering  many 
thousand  cases  of  skin  diseases,  has  seen  but  one  or  two 
instances  of  this  affection ;  nor  could  these  be  regarded  as 
typical  examples  of  the  disease,  for  the  eruption  during 
its  whole  course  was  not  confined  to  the  regions  most 
frequently  involved — namely,  the  hands  and  feet— but  ex- 
tended to  the  forearms  as  well.  While  a  student  in  the 
Black  Friars  Skin  Hospital  in  London  I  had  the  oppor- 
tunity of  studying  several  cases  that  were  regarded  by 
Mr.  Hutchinson  as  typical  examples  of  the  affection.  In 
some  of  these,  if  I  remember  correctly,  the  disease  like- 
wise extended  to  the  forearms,  and  frequently  the  feet 
were  exempted.  The  disease  usually  begins  in  the  sum- 
mer, especially  during  excessively  hot  weather.  The 
first  symptoms  complained  of  are  burning  and  tmgling, 
with  the  development  of  deeply  seated  vesicles  which  are 
single  and  later  become  grouped  by  the  development  of 
new  lesions;  the  most  characteristic  position  at  first 
being  the  sides  of  the  fingers,  and  the  eruption  gradually 
extending  to  the  palms.  When  the  lesions  are  confined 
to  the  thick  skin  of  the  palms  of  the  hands  and  the  soles 
■of  the  feet  they  have  been  very  aptly  compared  to  boiled 
sago  grains  embedded  in  the  skin.  This  appearance  is 
due  to  the  thickened  epidermis,  as  pointed  out  by 
Crocker,  rather  than  to  any  special  variation  in  the  le- 
sioiis  themselves.  The  eruption  is  usually  symmetri- 
cally distributed.  As  the  lesions  develop  the  groups  ot 
vesicles  not  infrequently  coalesce,  forming  large,  irregu- 
larly outlined  bullae  filled  with  a  serous  fluid,  and  pro- 


jecting above  the  level  of  the  skin.  At  first  the  contents 
are  translucent,  but  later  they  become  opaque.  In  reac- 
tion the  fluid  is  neutral  or  slightly  alkaline.  At  no  time 
is  there  much  inflammation  in  the  surrounding  skin,  in 
which  respect  the  disease  differs  from  certain  affections 
with  which  it  may  be  confounded.  In  the  course  of  two 
or  three  weeks  the  lesions  begin  to  subside,  although 
new  ones  appear  from  time  to  time.  The  contents  be- 
come absorbed  and  finally  the  outer  epidermic  wall  ex- 
foliates, exposing  a  reddish  area  of  delicate  new  skin, 
which  marks  the  site  of  the  former  lesion.  The  disease 
often  runs  its  course  in  a  few  weeks,  or  at  most  in  one  or 
two  months,  although  it  is  liable  to  recur  the  following 
year.  At  times,  in  debilitated  ^subjects,  the  lesions  may 
assume  a  red  color  and  the  surrounding  derma  become 
slightly  (Edematous.  The  epidermis  not  infrequently  be- 
comes undermined  and  then  soon  ruptures,  exposing  to 
view  a  red,  exudative  surface.  Gradually,  however,  this 
process  subsides,  and  recovery  may  take  place  as  before 
stated.  The  sulDjective  symptoms  are  usually  slight. 
Aside  from  the  burning  and  tingling  previously  men- 
tioned, there  may  be  marked  impairment  of  the  general 
health,  in  which  case  excessive  sweating  is  sometimes 
complained  of.     Itching  is  never  a  prominent  symptom. 

Pathology. — As  the  name  given  to  the  disease  by  Til- 
berry  Fox '  indicates,  this  writer  regarded  the  affection 
as  in  some  way  associated  with  the  sudoriparous  glands. 
Later  investigators,  and  especially  Robinson,'  have  de- 
monstrated that  the  lesions  show  no  especial  connection 
with  these  structures.  On  the  other  hand,  it  has  been 
shown  that  the  pathological  condition  is  one  of  inflam- 
mation which  takes  its  origin  in  the  rete,  gives  rise  to  a 
serous  exudate  from  the  capillary  blood-vessels,  and  then, 
collecting  between  the  rete  cells,  forms  variously  sized 
vesicles  or  bullae.  As  this  effusion  takes  place  there  fol- 
lows a  gradual  degeneration  of  the  cells  of  the  rete  mu- 
cosum.  While  some  of  the  vesicles,  especially  those 
situated  on  the  outer  surface,  may  rupture  when  the  in- 
flammatory process  is  more  extensive,  there  may  be  a 
general  extension  of  the  fluid  at  the  periphery,  thus  caus- 
ing the  undermining  previously  mentioned.  Later,  the 
entrance  of  pus  corpuscles  changes  the  translucent  fluid 
to  one  of  an  opaque  or  even  yellow  color. 

Etiology. — The  disease  is  nearly  always  associated 
with  general  debility,  or  it  occurs  in  those  whose  nerve 
tone  is  below  par.  It  is  especially  liable  to  occur  in 
women  who  have  been  subjected  to  excessive  mental 
strain  or  worry ;  and  yet,  while  it  is  more  frequently  met 
with  in  women,  men  are  by  no  means  exempted.  Middle 
age  seems  to  be  the  period  of  life  in  which  the  disease  is 
most  frequently  encountered ;  only  a  few  cases  have  been 
reported  in  children  and  the  disease  is  extremely  rare  in 
old  age.  Crocker  has  not  seen  it  under  twelve  years, 
and  the  oldest  patient  was  thirty-eight,  while  Hyde  ^  re- 
cords a  case  at  sixty.  The  disease  is  supposed  to  be  due 
to  some  abnormity  in  the  innervation  of  the  skin,  although 
its  exact  nature  has  not  been  determined.  On  the  other 
hand,  Unna  has  found  a  bacillus  resembling  the  tubercle 
bacillus,  although  slightly  thicker,  and  he  is  disposed  to 
regard  it  as  an  essential  pathological  factor  in  the  disease. 

Diagnosis.— The  limitation  of  the  disease  to  the  palnis 
of  the  hands  and  the  soles  of  the  feet— a  characteristic 
which  is  considered  by  some  authorities  to  be  essential — 
renders  the  affection  less  liable  to  be  confounded  with 
other  affections  to  which  it  bears  some  similarity ;  namely, 
with  eczema,  pemphigus,  and  dermatitis  herpetiformis. 
In  my  own  experience  the  line  of  demarcation  is  not  so 
sharply  drawn,  and  the  affection  gradually  merges  in 
type  with  other  well-recognized  diseases.  When  limited 
to  the  palms  and  plantar  surfaces  the  only  condition  to 
which  it  bears  a  close  resemblance  would  be  blisters  from 
slight  traumatism,  eczema,  and  an  accumulation  of  sweat 
under  the  thickened  epidermis.  Eczema  is  seldom  limited 
to  these  surfaces,  and  is  always  accompanied  by  inflam- 
mation and  marked  itching ;  while  inflammation  and  itch- 
ing are  usually  insignificant  features  in  pompholyx.  The 
persistence  of  the  eruption,  together  with  the  formation 
of  new  lesions  extending  over  a  period  of  a  week  or  more, 

733 


Ponce  de  I-eon  Sp'gs.    j^^FERENCE   HANDBOOK   OF 
Porokeratosis.  ^ ^ 


THE  MEDICAL  SCIENCES. 


would  enable  one  to  exclude  blisters  arising  from  slight 
toiuries  More  difficulty,  however,  would  be  encountered 
n  drflerentiating  the  affection  when  seen  on  the  lateral 
surfaces  of  the  fingers  and  on  the  backs  of  the  hands. 
Here  the°^ffection  bears  a  close  resemblance  to  eczema; 
but  in  eczema  there  are  more  extensive  inflammation  and 
'  le"s  tendency  to  the  formation  of  bullae,  and  in  eczema 
he  outer  wall  of  the  lesions  easily,  ruptures,  givmg  rise 
to  excoriated  itching  surfaces  of  irregular  outline  In 
Dompholyx,  on  the  other  hand,  the  epidermic  wall  sel- 
dom ruptures  and  the  lesions  remain  circumscribed  or 
coalesce  in  such  a  manner  as  to  form  bullae.  Further- 
more it  should  be  borne  in  mind  that  pompholyx  is 
most'liable  to  occur  in  adults,  and  especially  in  women 
who  are  debilitated  or  who  have  been  overwrought,  and 
that  the  disease  tends  to  a  spontaneous  recovery,  and  at 
the  same  time  is  likely  to  recur  upon  the  recurrence  of 
conditions  favorable  to  its  development.  Ivy  poisoning 
must  likewise  be  excluded  in  making  a  diagnosis,  but 
the  acute  inflammatory  character  of  this  disease  and  the 
tendency  of  the  eruption  to  appear  on  other  parts,  render 
it  as  a  rule,  easy  to  distinguish  it  from  pompholyx.  The 
last  doubts,  however,  would  be  removed  if  the  history 
of  an  exposure  to  the  poisonous  plant  could  be  obtained 
in  addition.  . 

Prognosis.— The  prognosis  in  pompholyx  is  good  so 
far  as  the  individual  attack  is  concerned,  although  there 
is  a  tendency  for  the  disease  to  return  with  successive 
years.  In  some  instances  the  irritation  to  which  pom- 
pholyx gives  rise  has  engendered  an  eczema  which  may 
persist  indefinitely.  On  the  other  hand,  the  disease 
may  not  return  for  several  years,  although,  upon  the 
return  of  ill  health,  it  will  be  very  likely  to  appear 
again. 

Treatment.— The  treatment  should  be  partly  consti- 
tutional or  general  and  partly  local.  The  former  seems 
to  be  of  the  more  importance,  as  the  individual  attack  is 
self-limited.  First,  all  debilitating  influences  should  be 
removed,  and  as  far  as  possible  the  patient  should  be 
urged  to  avoid  worry,  over-excitement,  or  intense  men- 
tal labor.  General  hygienic  measures  should  be  ad- 
vocated, namely,  exercise  in  the  open  air,  cold  bathing 
with  vigorous  friction  immediately  thereafter,  and  diver- 
sions of  a  relaxing  nature.  Change  of  location  from  in- 
land to  the  seashore,  or  from  the  seashore  to  the  moun- 
tains, is  in  some  cases  highly  beneficial.  In  addition  to 
this  the  patient  should  be  given  a  generous  diet  and  in 
some  instances  tonics,  and  the  room  which  he  occupies 
should  have  a  sunny  exposure  and  should  be  well  venti- 
lated. Aside  from  these  general  measures  individual 
cases  should  be  treated  according  to  the  indications  pres- 
ent. Strychnine  is  a  drug  which  must  frequently  be 
called  into  requisition.  Iron,  especially  in  its  more  as- 
similable forms,  quinine,  cod-liver  oil,  and  in  some  in- 
stances arsenic,  are  valuable  drugs. 

The  local  treatment  consists  partly  in  soothing  appli- 
cations and  partly  in  such  as  protect  the  surface  from  the 
air  and  from  the  irritation  of  clothing  and  other  extra- 
neous substances.  It  is  best  forcibly  to  rupture  the  le- 
sions, especially  when  large,  and  flush  out  the  cavity 
with  a  saturated  solution  of  boric  acid  and  water.  In 
some  cases,  when  the  lesions  rupture,  black  wash  may  be 
used.  I  can  also  recommend  the  following  application ; 
Salicylic  acid  3  per  cent.,  and  diachylon  ointment  q.  s. 
100  per  cent.  This  should  be  spread  on  some  firm  white 
cloth  and  kept  constantly  applied  to  the  diseased  area, 
Every  twenty-four  hours  the  surface  of  the  skin  should 
be  cleansed  with  a  saturated  solution  of  boric  acid,  or 
with  water  to  which  a  small  quantity  of  carbolic  acid  has 
been  added,  and  a  fresh  application  of  the  ointment 
should  be  made.  This  ointment  is  especially  valuable 
when  the  soles  of  the  feet  are  involved.  Stelwagon'' 
recommends  the  following:  Menthol,  gr.  ij. ;  acidi  sali- 
cylici,  gr.  x. ;  emplastri  plumbi,  emplastri  saponis,  aa 
I  iss. ;  petrolati,  j  v.  M.  The  prevention  of  local  in- 
fection is  one  of  the  main  objects  in  treatment,  and,  to 
accomplish  this,  we  may  with'benefit  apply  a  solution  of 
corrosive  sublimate  (1  to  3,000)  or  white  precipitate  oint- 
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ment  (five  per  cent.),  the  latter  serving  as  a  parasiticide 
as  well  as  a  protective  agent.  „    , 

William  Tlumas  Corlett. 
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PONCE  DE  LEON  SPRINGS.— Crawford  County, 
Pennsylvania.     Post-Ofpice— Meadville. 

Access.— Via  Erie  Railroad  or  by  Pittsburg,  She- 
nango  and  Lake  Erie  Railroad  to  Meadville  (separate 
depots),  thence  about  two  miles  to  springs. 

The  Ponce  de  Leon  Springs  may  be  said  to  be  in  a 
process  of  development.  An  electric  line  of  railway  from 
Meadville  is  now  being  constructed,  and  a  modern  first- 
class  hotel  will  soon  be  built.  The  location  is  very 
favorable  for  a  pleasant  summer  resort,  being  .twelve 
hundred  feet  above  the  sea-level  and  surrounded  by  pict- 
uresque hills.  There  are  six  mineral  springs,  only  one 
of  which  has  been  submitted  to  a  qualitative  examina- 
tion. An  analysis  by  Prof.  Henry  LefCmann,  of  Philadel- 
phia, resulted  as  follows:  One  United  States  gallon  con- 
tains:* Sodium  sulphate,  gr.  0.17;  sodium  chloride,  gr. 
0.90;  calcium  bicarbonate,  gr.  1.89;  magnesium  bicar- 
bonate, gr.  0.47;  sodium  bicarbonate,  gr.  16.73;  silica, 
gr.  0.70.     Total,  30.86  grains. 

A  second  analysis  by  J.  Singley,  Ph.D.,  professor  of 
chemistry  in  the  Western  Pennsylvania  Medical  College 
of  Pittsburg,  resulted  substantially  as  above.  The  fol- 
lowing gases  were  also  found:  Carbonic  acid,  1.33  cubic 
inches  per  gallon;  oxygen  and  nitrogen,  7. 33  cubic  inches 
per  gallon ;  hydrogen  sulphide,  abundant  traces. 

The  water  is  a  bland  antacid  and  diuretic.  It  will  be 
found  of  value  in  certain  stages  of  Bright's  disease,  espe- 
cially when  the  urine  is  scanty,  high-colored,  and  irri- 
tating. It  is  also  useful  in  assisting  the  diminution  of 
calcareous  deposits  and  of  uric  acid  in  gout  and  gravel. 
The  water  will  speedily  relieve  acidity  of  the  stomach 
and  heartburn.  It  is  used  commercially,  and  also  for  the 
manufacture  of  a  number  of  temperance  beverages. 

James  K.  Crook. 
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See  various  articles  under 


PONTRESINA.     See  Engadine. 
POPLAR.     See  Willow. 

POPPY. — The  principal  products  of  the  poppy  plant 
will  be  found  described  under  the  titles  of  opium  and  its. 
more  important  alkaloids.  Some  minor  products  are 
here  considered. 

Poppy  Capsules  {Papamris  capsulm  ;  'Pructus  or  Capita 
Papaveris  immatura)  are  more  or  less  employed  in  medi- 
cine for  the  opium  which  they  contain.  Their  botanical 
origin  has  been  fully  stated  under  Opium.  For  the  pur- 
poses here  considered,  they  are  gathered  when  nearly 
ripe  and  are  dried  in  the  sun.  They  are  more  or  less  sphe- 
roidal, but  vary  in  the  different  varieties,  from  strongly 
oblate  to  strongly  prolate,  and  they  range  from  one  and 
one-half  to  three  inches  in  diameter.  The  larger  ones, 
and  those  of  prolate  form,  known  as  the  "  black "  vari- 
ety, are  generally  regarded  as  superior.  The  color  is 
pale  brown,  and  the  surface  nearly  smooth.  At  the  sum- 
mit there  are  from  eight  to  sixteen,  or  occasionally  twenty 
short,  nearly  sessile,  recurved  stigmas,  indicating  an 
equal  number  of  placenta;,  the  latter  projecting  as  sharp 
ridges  upon  the  inside  of  the  capsule,  tartly  concealed 
under  the  stigmas  are  a  circle  of  small  pores  through 
which  the  mature  seeds  escape.  The  seeds  are  not  a  part 
of  the  capsule  considered  as  a  drug.  Numerous  constit- 
uents have  been  reported  as  occurring  in  these  capsules, 
but  from  a  medicinal  point  of  view  they  may  be  regarded 
as  identical  with  those  of  opium.     The  morphine  content 

•  Reduced  from  grains  per  imperial  gallon. 
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rarely  exceeds  a  fourth  of  one  per  cent.,  notwithstauding 
that  claims  for  a  mucli  larger  yield  have  been  made 
The  younger  the  pods  the  less  morphine  do  they  con- 
tain. 

Poppy  capsules  were  omcial  in  the  United  States  Pliar- 
macopteia  of  1870,  and  are  still  so  iu  the  British  Pharma- 
copoeia, but  their  use  in  the  United  States  has  almost  en- 
tirely given  place  to  that  of  other  and  more  detinite  forms 
and  preparations  of  opium.  In  Great  Biitain  the  syrup 
is  probably  the  most  largely  used  preparation,  and  is 
mostly  administered  to  children,  though  the  extract  is 
also  considerably  employed.  The  dose  of  any  prepara- 
tion should  represent  from  one  to  two  drachms  of  the 
capsule. 

Poppy ^  seedK  po.ssess  no  nai-cotic  properties  whatever, 
though  it  is  said  that  traces  of  morpliiue  can  he  found  in 
them..  They  are  used  purely 
for  their  ti.xed  oil,  which  is 
an  important  article  of  com- 
merce. The  oil  is  quite 
bland  and  possesses  only 
the  nutritive  and  demul- 
cent properties  of  vegetable 
fixed  oils  in  general. 

Poppy  Petiil.i,  or  Bid  Pop- 
py Petals  (Bhimdas  Petuhi) 
are  the  petals  of  Pipaivr 
Bliceas  L.,  the  conmion  red 
or  field  pop]iy  of  Europe. 
They  resemble  rose  petals, 
but  are  larger.  The  color 
of  the  fresh  petals  is  a  bril- 
liant scarlet  red,  with  a 
large  black  spot  at  the  base, 
but  the  color  becomes  pale 
and  dull  in  drying.  The}' 
are  used  entirely  for  their 
coloring  matter,  for  the  tint- 
ing of  pharmaceutical 
preparations,  and  hence  are 
greatly  preferred  in  the 
fresh  condition.  The  col- 
oring matter  is  divisible 
into  two  portions:  rhavjdic 
acid,  which  is  dark  red,  sol- 
uble in  both  water  and  al- 
cohol;  and  pnpareric  acid, 

which  is  of  a  brilliant  red,  soluble  in  water  hut  not  in 
alcohol.  An  alkaloid  (rhendiiu')  exists  in  very  small 
amount,  but  is  unimportant.  It  is  said  that  a  trace  of 
morphine  has  been  extracted,  but  the  article  can  scarce- 
ly be  regarded  as  medicinal.  Henry  H.  Bushy. 

POROKERATOSIS.— (Synonyms:  Hyperkeratosis  ec- 
centrica,  Keratodermia  eccentrica.  Hyperkeratosis  figu- 
rata  centrifuga  atrophicans.  Porokeratose.) 

DEFiNtTiON. — Avuiique  form  of  hyperkeratosis,  begin- 
ning as  a  small  papule.  This  papule  having  slowly  en- 
larged becf)mes  depressed  at  the  centre,  and  its  margin 
usually  develops  into  a  ridge  involving  a  rift  and  de- 
fining an  area  of  varying  extent. 

In  1887  Maioccln  rejjorted  a  case,  marked  hy  a  singular 
appearance  of  the  skin,  which  he  diagnosed  as  a  form  of 
ichthyosis  hystrix.  After  a  lapse  of  six  years  the  same 
case  was  brought  to  the  notice  of  Mibelli,  who  pro- 
nounced the  lesion  exceptional  and  peculiar,  claimed  that 
the  pathological  process  was  distinctive,  and  tinall}' char- 
acterized the  affection  by  the  name  of  porokeratosis. 
Simultaneously  witli  the  observation  by  Mibelli,  an 
article  was  published  by  Respighi  describing  a  num- 
ber of  similar  cases  under  the  name  of  hj'perkeratosis 
eccentrica.  The  disease  has  been  especially  observed 
in  Italy,  particularly  in  the  district  of  Parma.  Cases 
occurring  in  the  United  States  have  been  reported  by 
Hutchins,  Gilchrist,  and  Wende.  A  few  cases  have  been 
noted  in  Germany,  France  and,  very  recently,  in  Eng- 
land. 
Symptoms. — The  disease  is  of  slow  development,  first 


appearmg  as  a  papule  of  varying  size,  dirty  brown  dry 
and  mvanably  surrounded  at  the  base  by  a  collarette  of 
scales.  As  the  papule  iucrea.ses  it  takes  on  a  decided 
change.  The  lesion,  the  periphery  of  which  is  subject  to 
a  gradual  development,  extends  centrifugall v  (he  cen- 
tral portion  becomes  slightly  depressed,  and  "thi^  margin 
resolves  itself  into  a  unique  border  which  represents  a 
non-mllammatory  hypertrophy,  sluirply  detine.l  against 

he  outlying  sound  .skin,  and  f.,ni,ing  a  continuous  or 
l>n)ken  ndge.  In  the  middle  of  tins  ridge  is  found  a  rift 
somewhat  irregularly  dividing  the  same  info  two  lateral 
halves,  all  of  winch  eonstilules  a  lesion  unlike  any  othi'r 
known,  and  which  has  been  characteiized  as  a  "seam  " 

dike,"  or  "wall."  It  is  dirty  gray  or  blacki.sh  in  color 
and  usually  quite  pronounced,  tliough  inill-detined  cases 
It  may  appear  snnply  as  a  loose  rim  of  epidermis.     The 


w. 


Fig.  38i6.— Case  of  Porokeratosis  of  Five  Years'  Standing.    The  attected  area  is  bounded  by  the  char- 
acteristic rifted  ridffe.    The  lesion  shown  liere  was  tlie  only  one  present  in  this  case.     (From  (irover 
Weade's  collection  of  pbotogniplis  of  sliin  diseases.) 


ceuti-e,  so  long  as  the  lesion  is  small,  consists  of  a  horny, 
thickened,  epidermic  patch.  After  the  lesion  has  attained 
a  certain  size  the  centre  may  become  normal  in  appear- 
ance. Somi'times  the  natural  furrows  of  the  skin  are 
erased:  again,  there  is  clear  evidence  of  atrophj'.  The 
functions  of  the  sweat  and  sebaceous  glands  are  inter- 
rupted. In  some  areas  absence  of  iiair  is  observed.  Epi- 
dermic concretions,  the  size  of  a  millet-seed,  are  some- 
times present,  now  divided  by  the  furrow,  again  attached 
to  the  inner  side  of  the  seam;  or  they  may  appear  at  any 
point  within  the  affected  area. 

The  areas  affected  by  hyperkeratosis  vary  in  size — 
inanj'  do  not  measure  over  one-eighth  of  an  inch  in  di- 
ameter, while  some  become  much  larger  and  may  even 
cover  the  greater  portion  of  an  extremity.  As  a  rule, 
they  do  not  exceed  an  inch  in  diameter,  and  in  the  ma- 
jority of  cases  they  are  much  smaller. 

The  lesion  is  alwaysslow  in  development;  at  times  the 
condition  remains  stationary.  The  shapes  assumed  are 
round,  oval,  or  elliptic ;  they  may  become  polycj^clic 
by  confluence  or  may  all  run  together,  especialljf  when 
their  dimensions  are  greatly  increased. 

The  lesions  often  aifect  the  mucous  membranes  lining 
the  mouth.  All  or  any  part  of  the  skin  may  be  attacked. 
The  favorite  regions,  however,  are  the  face — especially 
the  nose,  forehead,  and  cheeks — the  ears  and  neck,  the 
dorsal  surfaces  of  the  hands  and  feet,  and  the  extensor 
surface  of  the  forearms. 

The  lesions  of  the  mouth  are  generally  not  very  nu- 
merous, although  present  iu  a  large  number  of  cases. 
They  consist  of  small  asymmetrical  spots  varj'ing  from. 
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thf.  si/c  of  a  pin  to  that  of  a  lentil.  Like  the  lesions  of 
the  sldn,  they  may  he  oval,  polycyclic,  or  irregular. 

The  subiective  .symptoms  are  without  special  impor- 
tance- only  occasionally  does  the  patient  complain  of 
pruritus  either  slight  or  intense.  When  the  feet  are  af- 
fected the  shoes  sometimes  cause  pain  by  pressure. 

The  evolution  of  the  lesions  is  essentially  slow ;  some- 
o-le  focus  continues  during  many  years,     bub- 


times  a  sms 
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Fig.  3877.— Cross  Section  of  the  Characteristic  Ridge  la  a  Case  of  Porokeratosis.  In  addition 
to  the  condition  of  marked  hyperkeratosis,  which  is  revealed  in  the  picture,  there  may  be 
seen  a  sweat  pore  which  is  obstructed  by  the  presence  of  a  black  horny  plug  that  extends 
down  to  the  level  of  the  acini.     (Grover  W.  Wende.) 


sequently  the  disease  extends  bj'  the  development  of  new 
lesions,  and,  in  the  end,  the  lesions  are  distributed  bilat- 
erally. 

Etiology. — The  cause  of  the  disease  is  largely  a  mat- 
ter of  conjecture.  It  ma}^  show  hereditary  tendencies, 
though  often  it  does  not.  The  possibility  of  hereditary 
transmission  is  shown  in  the  cases  published  by  Gilchrist, 
in  which  eleven  memljers  of  one  family  were  discovered 
to  be  affected  in  the  course  of  four  generations.  Res- 
pighi  also  reports  an  instance  of  the  malady  which  re- 
curred in  several  generations.  Most  of  the  cases  occur 
in  laborers.  Males  suffer  more  often  than  females ;  some- 
times the  affection  is  developed  in  children  between  the 
ages  of  two  and  eight;  generally,  however,  it  appears  in 
adolescents  or  adults. 

The  proof  that  the  affection  is  parasitic  in  its  nature  is 
wanting,  although  in  a  series  of  four  inoculations  made 
upon  as  many  diilVrent  individuals  by  Wcnde,  one  was 
successful,  undoubtedly  owing  to  local  irritation  upon  a 
susceptible  skin.  Rcspighi  luudc  experiments  in  trans- 
plantation, but  they  jiroved  to  be  iicgativ(^  All  exam- 
inations for  micro-orguiiisms  liuv(,'  been  without  result. 

Patiiot,o6y.— The  main  feature  of  this  di.sorder  is  a 
special  form  of  hyperkeratosis.  Tlie  elevated  and  cir- 
cinate  margin  is  composed  of  a  mass  of  eornilled  cells 
wlueL  however,  still  retain  their  nuclei  The  lesi 
forms  a  conical  plug  corresponding  to  thi 
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depression  into  which  the  enlarged  glandular  oriflces  com- 
bine, but  are  obliterated  by  horny  masses— a  condition 
which  strongly  resembles  lichen  spinulosus.  All  parts 
of  the  epidermis  are  involved,  especially  the  lower  horny 
and  upper  rete  layers.  A  small  amount  of  cellular  infil- 
tration with  rcdema  is  seen  in  the  papillary  layer  of  the 
cutis  immediately  underlying  the  affected  epithelium. 
The  derma  undergoes  a  sclerotic  degeneration  in  the 
upper  layers.  At  first  it  is  hyper- 
troiihied,  but  in  the  advanced  stage 
atrophied.  The  sweat  glands  are 
dilated  and  reveal  epithelial  pro- 
liferation and  hyperkeratinization. 
Epithelial  accumulations  in  the 
sweat  ducts  and  sebaceous  glands, 
as  well  as  in  the  hair  follicles,  have 
been  observed  by  Mibelli,  Respighi, 
and  Gilchrist. 

Diagnosis. — The  clinical  charac- 
teristics of  porokeratosis  are  so 
unique  that  a  mistake  in  diagnosis 
is  not  likely  to  occur.  In  the  early 
stage  the  lesions  may  be  mistaken 
for'lichen  planus,  but  this  is  gener- 
ally accompanied  by  itching,  is  not 
continuous,  and  docs  not  attack 
several  members  of  the  same  fam- 
il}'.  The  es.sential  le.sions  are  the 
characteristic  papules,  striated  on 
the  surface,  and  of  a  dark  red  color. 
There  are  instances  of  lichen  planus 
essentially  annular,  but  in  that  case 
the  rings  are  limited  b}'  a  red  prom- 
inence, and  one  does  not  see  either 
the  furrow  or  the  edge  of  the  poro- 
keratosic  circles  so  characteristic  of 
the  disease. 

Prognosis. — The  disease  does  not 
affect  the  general  health,  and,  be- 
yond the  possible  disfigurement, 
need  not  create  any  anxiety.  Some- 
times the  lesions  disappear  spon- 
taneously. When  located  about  the 
joints,  especiall}'  of  the  fingers  or 
feet,  the  affection  may  cause  some 
pain  from  pressure  and  the  inter- 
ruption of  functional  operations. 

Treat.ment. — The  same  treat- 
ment is  required  as  that  given  to 
some  forms  of  ichthyosis.  The 
lesions,  in  the  earlv  stages  of  the 
disease,  are  to  be  removed  by  salic_vlic-acid  plasters  or 
the  use  of  the  curette.  Joseph  has  obtained  good  results 
by  excision.  Gilchrist  recommends  electrolysis.  Both 
of  these  modes  of  treatment  were  employed  in  the  case 
illustrating  this  article,  but  without  favorable  results. 
Undoubtedly  this  peculiar  treatment  is  applicable  only 
to  small  lesions.  G/virr  11".   Wende. 
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PORRO  OPERATION.     See  Oranroaii  Section. 

PORTER      SPRINGS.— Lumpkin     County,     Georgia. 
Post-Ofi-'ice.— Porter  Springs.     Hotel. 

Access. — Via   tri- weekly  hack  line  from  Gainesville, 
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the  springs  being  twenty -eight  miles  north  of  that  city, 
and  ten  miles  north  of  Dahlonega.  They  were  discov- 
ered only  a  few  years  ago  in  a  beautiful  cove  on  the 
southern  slope  of  the  Blue  Ridge  Mountains.  The  waters 
have  acquired  an  extensive  reputation  on  account  of  their 
valuable  chalybeate  properties.  The  hotel  has  a  capac- 
ity for  about  one  hundred  and  fifty  guests,  and  is  kept 
open  from  June  15th  to  October  15th. 

The  situation  is  very  high  for  this  region,  being  more 
than  three  thousand  feet  above  the  sea-level,  an  elevation 
greater  than  the  top  of  Lookout  Mountain.  Some  of  the 
peaks  in  tne  vicinity  reach  an  altitude  of  almost  five 
thousand  feet.  Although  located  in  a  semi-tropical  lati- 
tude, the  high  elevation  of  Porter  Springs  gives  the  cli- 
mate an  invigorating,  bracing  character  not  subject  to 
exhausting  heated  spells.  The  waters  are  said  to  con- 
tain, besides  iron,  hydrogen  sulphide  gas  with  sulphates 
of  magnesia,  potassa,  and  soda.  Some  of  the  springs 
contain  also  small  quantities  of  iodine,  lithia,  and  man- 
ganese. It  is  unknown  by  whom  these  determinations 
were  made.     A  proper  quantitative  analysis  is  needed. 

James  li.  Crook. 

PORTLAND,  MAINE. — The  largest  city  and  commer- 
cial metropolis  of  Maine,  with  a  population  of  about  fifty 
thousand,  one  hundred  and  fifteen  miles  northeast  of 
Boston,  is  beautifully  situated  at  the  head  of  Casco  Bay. 
Portland  is  the  centre  of  a  number  of  attractive  seaside 
resorts  which  are  easily  reached  from  this  city  by  sea  or 
land.  Such  are  Old  Orchard  Beach,  Scarborough  Beach, 
Prout's  Neck,  Kennebunkport,  Pine  Point,  Saco  Pool, 
and  Wells  Beach  to  the  south ;  and  Boothbay,  Harpswell, 
Islesboro,  Isle  Au  Haut,  Vinal  Haven,  Deer  Isle,  Camden, 
and  Castine  to  the  northeast.  Indeed,  the  whole  coast 
of  Maine  with  its  innumerable  indentations  and  many 
islands  affords  a  great  variety  of  attractive  summer  re- 
sorts with  a  cool,  delightful  climate.  It  is  visited  at  this 
season  by  thousands  of  people  from  the  inland  cities  of 
the  North,  South,  and  West.  Portland  itself  and  its 
picturesque  surroundings  offer  very  many  attractions, 
and  possess  a  cool  summer  climate  and  a  steady  sea 
breeze. 

There  are  many  fine  buildings  and  churches  in  the  city, 
a  number  of  parks,  notably  the  Eastern  Promenade  with 
a  fine  view  of  the  city  and  harbor,  and  many  points  of 
historical  interest.  The  drives  are  delightful,  and  excur- 
sions by  water  through  the  harbor  and  Casco  Bay  with 
its  many  islands,  are  numerous  and  pleasing.  Diamond, 
Peak's,  and  Cushing  Islands  are  favorite  resorts  near  the 
city,  easily  and  quickly  reached  by  water.  The  accom- 
modations, both  in  Portland  and  the  various  other  resorts 
mentioned  above,  are  abundant,  good,  and  of  varying 
prices.  The  following  table  represents  the  climate  of 
Portland  and  will  also  convey  an  idea  of  the  climate  of 
the  resorts  lying  to  the  north  and  south.     In  general. 


the  summer  climate  is  seen  to  be  a  cool  marine  one,  with 
frequent  sea  breezes,  a  majority  of  pleasant  davs,  and 
a  humidity  of  about  seventy  per  cent.  There  are  often 
quite  sudden  and  marked  changes  in  temperature,  and 
fogs  are  not  infrequent.  Such  a  climate  is  a  stimulating 
one  and  well  suited  for  the  overworked,  for  neurasthenics, 
and  for  those  suffering  from  anremia,  scrofula,  and  bone 
and  joint  tuberculosis.  Convalescents  from  chronic  dis- 
eases also  do  well  in  this  climate.  It  is  too  damp  and 
variable  for  laryngeal  and  pulmonary  cases  and  those  sub- 
ject to  neuralgic  affections.  Especial  mention  should  be 
made  of  the  exceptionally  fine  beach  at  Old  Orchard,  the 
finest  in  New  England,  extending  for  a  distance  of  ten 
miles  and  affording  most  excellent  surf  bathing.  This  is 
a  very  much  frequented  resort,  and  offers  accommoda- 
tions of  every  kind  and  description.  Hinsdale  (vol.  iv., 
Book  II.,  "Health  Resorts,"  "Physiological  Therapeu- 
tics ")  says  that  the  climate  of  Kennebunkport  is  not  ex- 
celled on  the  New  England  coast.  "The  south  and 
southwest  breezes,"  he  says,  "are  from  tJie  water;  a  hot 
land  breeze  is  a  rarity,  and  fogs  are  not  of  frequent  oc- 
currence." He  recommends  the  climate  for  neurasthenics 
and  those  suffering  from  insomnia  and  melancholia. 

Portland,  as  well  as  the  various  resorts  about  it,  can 
be  easily  reached  from  Boston  either  by  rail  or  by  watei. 

Edward  0.  Otis. 

PORTLAND,  OREGON.— This  is  the  largest  city  in 
the  State  of  Oregon,  with  a  population  of  90,438,  and  is 
situated  at  the  head  of  ship  navigation  on  the  Willamette 
River  which  flows  into  the  Columbia.  It  is  in  no  sense 
a  health  resort,  but  it  is  mentioned  here,  and  a  climatic 
chart  is  given,  for  the  sake  of  contrasting  the  climate  of 
the  eastern  and  western  sides  of  the  North  American  con- 
tinent. By  comparing  the  charts  of  Portland,  Me.,  and 
Portland,  Ore.,  the  contrast  will  be  seen.  "Portland, 
Ore.,  lies  nearly  two  degrees  farther  north  than  Portland, 
Me. ,  yet  its  mean  winter  temperature  is  no  less  than  fif- 
teen and  one-half  degrees  warmer  than  that  of  its  name- 
sake on  the  Atlantic  coast .  It  is  within  one  degree  of 
being  as  warm  as  that  of  Norfolk,  Va.,  and  is  about  ten 
degrees  warmer  than  that  of  New  York  City.  On  the 
other  hand,  the  summer  at  Portland,  Ore.,  is  sUghtly 
cooler  than  at  Portland,  Me.,  and  is  about  seven  degrees 
cooler  than  that  of  New  York  City  and  almost  exactly 
the  same  as  that  of  Montreal. "  "  The  range  of  tempera- 
ture is  decidedly  less  at  Portland,  Ore.,  than  it  is  at  Port- 
land, Me.  The  rainfall  is  much  greater,  and  the  relative 
humidity  is  higher  (especially  in  winter),  and  the  number 
of  cloudy  days  is  much  greater.  The  great  cloudiness  of 
the  Oregon  winter  weather  is  a  feature  of  the  cUmate  not 
characteristic  of  any  other  part  of  the  United  States  ex- 
cept the  Lake  region  and  St.  Lawrence  Valley  district " 
(Richards).  Richards  (previous  edition  of  the  Hand- 
book) calls  attention  to  the  close  resemblance  between 


CMM.VTE  OF  Portland.  Me..  Latitude,  43'  39',  Longitude,  70°  l.T.     Pekiod  of  Observation  Twelve  Years. 


Temperature,  dejrrees  Fahr. — 

Average  mean  temperature 

Average  daily  range 

Mean  of  warmest 

Mean  ol  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  mean  relative 

Precipitation—' 
Average  in  inches  

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles . . . . 

Average  number  clear  days 

Average  number  fair  days  

Average  number  clear  and  fair  days. 

Vol.  VI.— 47 


23  3" 

\hl 

31.9 

16.1 

.58.0 

-11.5 

72.6^ 

3.22 

N.  W. 
7.6 

9.7 
12.0 
21.7 


32.6° 
14.2 
41.2 
27.0 
6.5.0 
-  7.0 

68.4^ 

3.25 

N.W. 
9.1 

7.2 
11.6 
18.8 


.54.8° 

16.2 

64.1 

47.9 

94.0 

34.0 

64.7^ 

2.94 


8.3 
11.8 
20.1 


69.7° 

16.6 

79. 

62.4 

97.0 

51.0 

70.1^ 

3.52 

S.  W. 
6.6 


14.2 
22.8 


60.6° 
14.4 
69.5 
55.1 
94.5 
37.0 

73.6^ 

3.16 


10.2 
11.1 
21.3 


50.4° 
14.2 
58.8 
44.0 
83  0 


70.8^ 
3.66 


S.  W. 
7.3 


11.5 

20.4 


la  S 


38.0° 
13.1 
46.7 
33.6 
66.U 
-  B.O 

3.85 

N.  W. 
8.3 

9.1 
10.6 
19.7 


65.3« 

8.95 

N.W. 
8.5 

23.2 
34.8 
58.0 


67.2° 


70.  W 
10.40 


27.8 
40.2 
68.0 


71.7^ 

10.67 

S.  W. 
7.4 

28.2 
33.2 
61.4 


71.8!< 
9.02 


N.W. 
8.0 


35.9 
64.4 


46.5° 


69.7iS 

39.04 

N.W. 
7.6 

107.7 
144.1 
251.8 


73Y 
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Climate  of  Portland,  Oregon,  Latitude,  45°  32';  Longitude,  123°  43'.     Period  of  Observation,  Twelve 

Years. 


Temperature,  Degrees  Fahr.— 

Meau  average  temperature 

Average  dally  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
Mean  average  relative 

Precipitation- 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather- 
Average  number  clear  days 

Average  number  talr  days 

Average  number  clear  and  fair  days 


10.8 
45.2 
84.4 
58.0 
3.0 

7SA% 

7.34 

s. 
u.o 

3.4 
7.0 
10.4 


47.3° 

1«.2 

55.8 

39.6 

76.5 

25.5 

7o.9S 

7.27 


5.1 

4.4 
7.0 
11.4 


.56.0° 

20.5 

07.4 

46.9 

86.0 

33.0 

64.9iS 

2.44 

N.  W. 

4.8 

.5.1 
9.9 

15.0 


66.2° 

21.9 

76.8 

54.9 

95.5 

46.0 

63.7? 


N.  W. 

4.7 

15.3 

7.4 
22  7 


Q..2 

^  a 


60.9° 

20.0 

70.7 

50.7 

90.0 

39.0 

69.2^ 

1.62 

.\.  W. 
4.2 

12.4 
9.5 
21.9 


53.0° 

14.2 

59.2 

45-0 

79.0 

31.0 

77.6!< 

4.95 

S. 
4.1 

7.1 

9.9 

17.0 


="2 

as 


45.1° 
12.3 
.51.4 
39.1 
68.0 
;.'2.5 

".s.l? 

7.37 

S. 
4.5 

4.T 
8.8 
13.5 


51.5° 


70.3i8 

13.19 

S. 
4.9 

14,7 
26.1 
40.8 


64.2° 


65.1!S 

3.34 

N.  W. 
4.5 

37.0 
26.4 
63.4 


53.0° 


75.W 

13.94 

S. 
4.3 

24.2 
28.2 
.52.4 


41.0' 


78.7^ 
23.72 


9.6 

21.1 
30.7 


72.3i 

54.18 

S. 
4.7 

85.5 
111.8 
187.3 


the  climatic  conditions  characteristic  of  Portland,  Ore., 
and  those  prevailing  along  the  western  coast  of  the  Euro- 
pean continent.  The  temperatures  of  the  Oregon  coast, 
he  says,  are  strongly  suggestive  of  those  found  tlirough- 
•out  northwestern  Europe;  furtlier,  the  almost  rainless 
•summer  with  heavy  winter  rainfall  is  a  feature  of  climate 
in  which  the  Oregon  coast  resembles  the  Mediterranean 
hasin  rather  than  the  more  northerly  parts  of  Europe. 

Eihrnrd  0.  Otis. 

PORTSMOUTH,  N.  H.,  AND  ADJACENT  RESORTS. 

— This  "  old  town  by  the  sea  "  is  noticed  here  not  only  on 
account  of  its  own  attractions,  but  because  in  its  vicinity 
are  a  number  of  well-known  summer  marine  health  re- 
sorts: the  Isles  of  Slioals;  Rye  and  Hampton  Beaclie.s  and 
Little  Boar's  Head ;  York  Harbor  and  Beach ;  Oguuquit, 
Passaconaway,  Kittery,  and  Newcastle. 

Portsmouth,  fifty-seven  miles  from  Boston,  is  situated 
a  few  miles  above  the  mouth  of  the  Piscataqua  River, 
and  possesses  an  excellent  harbor.  It  is  the  only  seaport 
of  New  Hampshire,  and  in  the  days  of  wooden  ship- 
building was  a  very  prosperous  town,  as  is  evident  from 
the  stately  mansions  still  I'emaiuing  there. 

The  present  population  is  about  ten  thousand,  and  the 
town  presents  a  quiet,  tranquil  aspect  quite  in  contrast 
to  Its  by-gone  activity  when  ships  were  launched  from  its 
yards  and  were  entering  and  departing  from  its  spacious 
harbor.  The  streets  are  beautifully  shaded,  and  tlie  old 
residences  of  tlie  architecture  of  seventy-five  or  a  hun- 
dred years  ago,  with  their  attractive  gardens,  together 
with  the  water  views  from  the  decaying  wharves,  all 
combine  to  give  this  old  city  a  most  picturesque  appear- 
ance. There  are  also  many  points  of  historic  interest  in 
and  about  the  city,  for  it  was  fli'st  settled  in  1633.  On 
an  island  opposite,  in  the  town  of  Kittery,  is  the  United 
States  navy  yard.  There  are  no  meteorological  obser- 
vations to  be  had  in  regard  to  Portsmouth,  but  a  fairly 
accurate  idea  of  the  climate  may  be  obtained  by  striking 
an  average  of  the  climatic  data  of  Boston  and  Portland 
which  are  on  the  coast  fifty  miles  east  and  west  of  Poi-ts- 
mouth,  and  which  differ  but  little  from  each  other  Esti- 
mating in  this  manner  we  have  the  following  figures  • 
Mean  average  yearly  temperature,  47.3°  F.  Mean  aver- 
age temperature  for  the  four  seasons:  spring  44.1°  sum- 
mer 68.1°,  autumn  50.3°,  winter  36.8°. 

TThe  annual  mean  relati  ve  humidity  of  Portland  and  that 
ot  Boston  are  almost  identical,  and  that  at  Portsmouth  is 
therefore,  probably  the  same,  which  is  69  6  per  cent  ' 
varying  but  little  during  the  year.  The  average  number 
of  clear  and  fair  days  is:  spring  58.3,  summer  65. 6,  autumn 
61,  wmter  59.6;  year,  244,7.  The  yearly  rainfall  is  43  6 
w2  t  A?,  ,  P'^f'^ail^'g  wind  is  from  the  southwest  and 
west.  All  along  this  coast  there  may  be  a  few  very  hot 
deH^ht^fnr^  T  summer  but  generally  the  air  is  cool  and 
delightful,  and  the  sea  Ijieeze  is  almost  a  daily  oecur- 
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rence.  The  accommodations  are  good,  among  them  one 
very  excellent  first-class  hotel.  Although  Portsmouth 
is  a  city,  yet  it  is  such  a  mild  and  quiet  one  that  it  offers 
many  advantages  for  even  a  whole  summer's  sojourn. 
The  society  is  exceptionally  good,  to  which  the  adjacent 
navy  yard  makes  valuable  contributions ;  the  air  pure  and 
cool ;  the  scenery  in  the  vicinity  very  attractive,  and  there 
are  many  excursions  both  by  land  and  water.  There  are 
various  churches,  one  the  historic  old  St..  John's,  a  good 
library,  a  well-equipped  hospital,  and  excellent  physi- 
cians. Frequently  some  of  the  vessels  of  the  North  At- 
lantic Squadron  visit  Portsmouth  during  the  summer, 
and  there  are  always  one  or  more  warships  at  the  navy 
yard. 

The  water  supply  of  Portsmouth  is  from  springs  and 
driven  wells  a  few  miles  from  the  city,  and  is  regarded 
as  of  excellent  quality.  Sewers  emptying  into  tide  water 
are  being  slowly  introduced,  although  many  of  the  old- 
time  vaults  still  remain. 

The  average  yearly  mortality  for  the  last  eight  years 
(1894^1901)  is  19.25  per  thousand. 

An  old  resident  and  practitioner  of  Portsmouth  assures 
the  writer  that  the  sanitary  condition  is  good,  and  that 
there  are  very  few  cases  of  sickness  which  can  be  attrib- 
uted to  unsanitary  conditions. 

One  is  referred  to  the  writings  of  T.  B.  Aldrich, 
Lowell,  and  Mrs.  Celia  Thaxter  for  charming  accounts  of 
Portsmouth  and  the  Isles  of  Shoals. 

Meweastle.— Tins,  small  island  at  the  mouth  of  the  Pis- 
cataqua River,  about  two  miles  from  Portsmouth,  is  a 
popular  summer  resort,  with  a  large  hotel,  boarding- 
houses,  and  cottages.  The  situation  of  Newcastle  is  very 
picturesque,  and  it  has  a  beautiful  and  extensive  ocean 
exposure.  It  is  connected  with  the  mainland  by  bridges, 
and  has  frequent  communication  with  Portsmouth  by 
land  and  water.  There  are  opportunities  for  golf,  tennis, 
boating,  and  bathing.  There  is  a  military  garrison  at 
Fort  Constitution.  The  climate  is  the  same  as  at  Ports- 
mouth, with  the  exception  that  being  directly  on  the 
ocean,  it  is  more  peculiarly  marine. 

Kittery  Point,  at  the  mouth  of  the  Piscataqua  River, 
opposite  Newcastle,  is  very  attractively  situated  and  is  a 
popular  summer  i-esort,  affording  good  accommodations, 
both  in  hotels  and  cottages.  It  has  frequent  communi- 
cation with  Portsmouth  both  by  trolley  and  by  boat. 

Isles  of  Shoals.— This  group  of  small,  rocky  islands  lies 
about  nine  miles  off  the  coast,  and  has  communication  in 
the  summer  with  Portsmouth  several  times  a  day  by  a 
comfortable  steamer,  the  voyage  occupying  about  an 
hour.  Appledore  is  the  largest  of  the  group,  which  con- 
sists of  eight  islands,  and  contains  two  hundred  and  fifty 
acres.  The  formation  of  these  islands  is  granitic,  and 
tliey  present  a  rugged  picturesque  appearance,  barren, 
and  with  very  sparse  vegetation.  Huge,  irregular  reefs 
jut  out  into  the  ocean,  and  after  a  storm  the  play  of  the 
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surf  is  very  imposing.  Ouly  two  of  the  islands  provide 
accommodations  for  summer  residents,  Appledore  and 
Star  Island,  there  being  extensive  liotels  on  both  islands. 
The  accommodations  are  rather  more  elaborate  and  ex- 
pensive on  the  former  (Appledore),  and  tliere  are  several 
cottage  annexes.  These  islands  have  been  a  popular 
summer  resort  for  many  years,  owing  to  the  cool,  equa- 
ble marine  climate  found  there,  with  an  absence  of  dust 
and  flies.  Here  one  can  experience  all  the  climatic  influ- 
ences of  a  sea  voyage  without  the  discomforts  incident  to 
ship  life.  They  are  far  enough  removed  from  the  main- 
land to  be  free  from  all  contaminating  influences,  and 
from  whatever  quarter  the  wind  blows  it  brings  pure  air. 
Prom  a  "weather  record"  for  the  summers  of  1897-98 
(June  35th  to  September  15th)  kindly  furnished  the  writ- 
er by  Dr.  J.  W.  Warren,  who  has  been  a  summer  resident 
of  Appledore  for  over  twenty  years,  the  following  data 
are  condensed : 

Mean  temperature  (Fahrenheit  scale)  from  two  daily 
observations  at  nine  and  four  o'clock.  June  (35th  to  30th) 
63.3°,  July  65.7°,  August  67°,  September  (1st  to  15th) 
64.8°.  The  maximum  temperature  for  this  period  was : 
June  (35th  to  30th)  70°,  July  81°,  August  78°,  September 


can  be  reached  from  the  latter  place  by  steam  railroad, 
or  by  ferry,  and  a  most  attractive  trolley  lide.  York 
Harbor  is  the  principal  resort,  and  enjoys  a  wide  popu- 
larity. Cottage  life  predominates,  although  there  are 
several  good  hotels.  The  coast  is  bold  and  rocky,  and 
the  York  River  winds  inland  for  some  nine  miles,  and 
has  a  large  flow  of  tide  water.  The  residential  portion 
of  the  town  is  built  upon  ledges  with  little  or  no  subsoil, 
so  that  there  is  good  surface  drainage,  aided  by  the  nat- 
ural declivity  of  the  land  toward  the  sea.  Further  in- 
land are  wooded  districts  and  tillage  lands.  The  climate 
is  a  particularly  stimulating  one,  favorable  for  convales- 
cents, for  whom  a  marine  climate  of  this  nature,  com- 
bined with  sea  bathing,  is  desired.  The  air  is  generally 
cool  and  the  temperature  equable,  an  extremely  hot  or 
cold  day  in  the  summer  being  rare.  Fogs  are  unusual. 
The  following  climatic  chart  was  obtained  through  the 
kindness  of  Dr.  Seabury  W.  Allen,  a  summer  resident  of 
York  Harbor,  as  also  much  of  the  information  contained 
in  this  account.  The  prevailing  wind  is  southwest  to 
southeast  during  the  summer  months,  and  is  only  excep- 
tionally of  suflicient  velocity  to  interfere  with  canoeing 
or  sailing. 


Climate  op  Yokk  Haebok— Pkbp.\eed  by  Dr.  Seauuey  W.  Allen. 


Temperature,  Degrees  Fahr.— 

Average  or  normal 

Highest  or  maximum 

Lowest  or  minimum 

Precipitation- 
Mean  annual  precipitation  for  twenty-live  years,  40  to  50  In. 
Mean  monthly  average    rainlall    (.April   to   September) 
twenty-five  years,  SA  in. 

Average  number  of  days  In  which  rain  fell  (tor  three  years). 

Average  daily  temperature  (for  nine  years) - 


June. 


62.3° 
92.3 

45.0 


11 
!  A.M. -67 
i  P.M.-68 


■July. 


95.5 
51.6 


i  A.M.-67 
i  P.M.-  67 


A  UgllSt. 


65.8° 
87.3 
48.3 


7 
S  A.M.-65 
i  P.M.— 70 


September. 


.58.4°  I  For  tbree 
79.3   >    years, 
39.6   i  1892-1894 


9 

iA.M.-,?6 

i  P.M.-57 


October. 


8  a.m. — 45 
8  P.M.-46 


{1st  to  15th)  80'.  JNIiuiinum,  June  (2.5th  to  30th)  56°,  July 
56°,  August  53°,  September  (1st  to  15th)  56°.  The  sum- 
mer temperature  is  said  to  be  several  degrees  cooler  than 
it  is  on  the  coast.  Cold,  raw  days  are  infrequent,  and 
the  difference  in  temperature  between  day  and  night  is 
sliglit,  so  that  one  can  generally  sit  out  in  the  evening. 
In  general,  the  variations  in  the  temperature  are  never  as 
pronounced  as  on  the  mainland. 

The  average  number  of  fair  days  for  the  two  years 
was:  June  (35th  to  30th)  4,  July  15,  August  17,  Septem- 
ber (1st  to  15th)  9.  Number  of  partly  cloudy,  misty,  or 
foggy  days:  June  (25th  to  30th)  2,  July  13,  August  10, 
September  (1st  to  15th)  2.  Partly  rainy  or  rainy  days : 
June  (35th  to  80th)  1,  July  1.5,  August  1.5,  September 
(1st  to  15th)  1.5. 

The  prevailing  summer  winds  are  southwest  and 
south-southwest,  and  are  not  generally  high.  Fogs  are 
not  so  prevalent  as  farther  east,  although  they  occasion- 
ally occur.  The  average  number  of  rainy  days  is  said  to 
be  much  less  than  at  Portland  or  Boston. 

Therapeutically  this  climate  has  been  found  to  be  of 
great  benefit  to  convalescents  and  to  certain  cases  of 
neurasthenia.  It  is  peculiarly  valuable  for  those  who, 
for  one  reason  or  another,  wish  to  be  much  in  the 
open  air  and  at  rest,  for  tliere  are  few  inducements 
or  opportunities  to  take  exercise.  Many  years  ago  the 
late  Dr.  H.  I.  Bowditch  considered  the  summer  climate 
of  these  islands  favorable  for  early  cases  of  pulinon- 
ary  tuberculosis,  and  they  surely  possess  the  requisite 
of  pure  air.  Many  cases  of  hay  fever  find  immunity 
here.  On  White  Island  is  a  lighthouse,  a  prominent  ob- 
ject from  the  mainland.  There  is  good  sea  fishing  and 
sailing  about  the  islands.  A  steam  launch  afl'ords  fre- 
quent communication  between  Appledore  and  Star  Isl- 
and. .    . 

For  much  of  the  above  information  the  writer  is  m- 
debted  to  Dr.  J.  W.  Warren. 

Tm-k  Harbor  and  BecteJi.— These  resorts,  on  the  Mame 
coast,  are  about  nine  miles  distant  from  Portsmouth,  and 


Thunder  storms  are  frequent  in  summer,  but  a  contin- 
uously rainy  day  is  the  exception.  The  water  supply  is 
excellent ;  it  is  obtained  from  an  inland  lake  some  five  miles 
distant.  The  ice,  milk,  and  farm  produce  are  also  of 
good  quality.  The  larger  houses  and  hotels  have  sewers 
running  into  the  sea,  the  smaller  ones  either  connect  with 
one  of  these  sewers  or  have  cesspools  of  their  own. 

So  far  as  known  there  have  been  no  cases  of  illness  at- 
tributable to  imperfect  drainage.  Indeed,  this  resort  en- 
joys almost  complete  immunity  from  zymotic  and  infec- 
tious diseases.  Gastro-intestinal  disorders,  especially  in 
children,  are  rare.  Such  a  climate,  or  indeed  any  cool 
marine  one,  is  obviously  not  suitable  for  patients  suffering 
from  rheumatism,  bronchial  and  pulmonary  afEections. 

York  Beach,  situated  a  few  miles  to  the  eastward  of 
York  Harbor,  possesses  essentially  the  same  characteris- 
tics as  the  latter,  with  the  exception  of  the  drainage. 
Here,  on  account  of  an  extended  swamp,  lying  behind 
the  beach  shingle,  and  which  is  imperfectly  drained, 
there  is  always  more  or  less  stagnant  surface  water,  and 
for  this  reason  this  locality  is  not  so  desirable  as  a  place 
of  summer  I'esidence. 

Several  miles  beyond  York  Beach  and  to  the  northward 
is  the  Passaconoway  Inn,  on  a  rocky  promontory,  afford- 
ing good  accommodations,  and  still  farther  along  the  coast 
is  the  extensive  Ogunquit  Beach,  reaching  toward  Wells. 

Bye  Beach.— Th.\s,  well-known  and  favorite  summer  re- 
sort is  eight  miles  distant  from  Portsmouth  by  electric 
road,  and  is  also  easily  reached  from  Boston  by  rail  to 
North  Hampton  and  thence  by  trolley.  The  ah-  is 
warmer  than  on  the  Maine  coast,  but  is  fresh  and  cool, 
with  an  almost  daily  sea  breeze.  Moreover,  the  humid- 
ity (about  seventy  per  cent.)  is  considerably  less  than  at 
many  other  marine  resorts.  The  majority  of  summer 
days  are  clear  or  fair,  and  the  rainfall  at  that  season  is 
moderate.  The  general  healthfulness  of  this  resort  is 
noteworthy,  and  children  especially  thrive  here.  The 
rapidity  with  which  delicate  and  sickly  children  improve 
in  this  climate  is  often  quite  remarkable.     It  is  also  fa- 
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vorable  for  the  aged  and  delicate  persons  and  convales- 
cents from  various  diseases.  Tlie  surf  bathing  is  good, 
although  the  water  is  cold,  averaging  about  60°  to  65  F. 
during  July  and  August. 

The  drives  are  very  delightful,  over  good  country 
roads,  and  through  pleasant  pastoral  scenery.  An  ocean 
boulevard  extending  along  the  whole  coast  of  New 
Hampshire  is  in  process  of  construction  at  Rye  Beach, 
and  when  completed  will  afford  an  exceedingly  attrac- 


sage  separates  the  island  from  Hayti,  and  on  the  east  lie 
the  Virgin  Islands  and  Saint  Thomas.  Porto  Rico  is 
about  1,000  miles  southeast  of  Florida,  and  about  1,500 
miles  from  New  York  City.  The  shape  of  the  Island  is 
that  of  an  elongated  quadrangle,  Its  long  axis  running 
east  and  west.  The  greatest  length  of  the  island  Is  108 
miles  and  its  average  breadth  is  37  miles.  The  estimated 
area  is  3,600  square  miles,  or  about  1,000  square  miles 
greater  than  that  of  the  State  of  Delaware  and  1,300  square 


Fig.  3878.— Island  of  Porto  Eico.    (Figures  near  names  of  places  indicate  altitude  In  feet.) 


tlve  drive  of  about  eighteen  miles  from  the  Piscataqua 
River,  on  the  north,  to  Hampton  River  on  the  south. 

There  are  well-kept  golf  grounds  with  an  attractive 
club-house,  and  a  picturesque  stone  Episcopal  church 
near  the  water,  "St.  Andrew's  by  the  Sea."  The  sani- 
tary conditions  are  generally  good,  and  all  the  hotels  and 
large  boarding-houses  have  sewers  running  to  the  sea. 
The  water  supply  is  from  springs,  artesian  and  surface 
wells.  The  accommodations  are  excellent,  though  rather 
expensive,  and  there  are  many  social  attractions.  Cottage 
life  here  as  well  as  at  the  neighboring  Little  Boar's  Head 
has  become  quite  an  important  feature. 

Little  Boar's  Head,  situated  about  a  mile  south  of  Rye 
Beach,  possesses  the  same  characteristics  as  the  latter. 
The  name  is  derived  from  the  bluff  upon  which  it  is  situ- 
ated. The  views  over  the  marshes  and  toward  the  sea 
are  particularly  charming.  The  accommodations  and 
class  of  visitors  are  quite  like  those  at  Rye  Beach.  In- 
deed, both  from  its  contiguity  and  identity  of  interests. 
Little  Boar's  Head  can  be  regarded  as  a  portion  of  Rye 
Beach.  It  is  reached  by  trolley  from  Portsmouth  or 
from  Boston  by  railroad  and  trolley. 

Hampton  Beach.  —Although  not  so  fashionable  as  Rye. 
Beach,  this  is  a  much-frequented  resort,  with  several 
hotels  of  moderate  price  and  fair  accommodations,  and 
many  small  cottages  stretching  along  the  beach.  There 
is  a  long,  hard,  sandy  beach  extending  for  some  miles,  and 
affording  excellent  surf  bathing.  In  the  rear  of  the  beach 
are  extensive  marshes.  There  are  many  attractive  drives 
in  the  vicinity,  although  the  wooded  and  cultivated  land 
does  not  approach  the  water  so  closely  as  at  Rye  Beach. 

This  is  a  favorite  resort  for  excursions,  and  conse- 
(Juently  might  not  be  so  attractive  to  the  permanent 
guest.  It  is  reached  by  electric  road  from  Portsmouth 
and  Exeter,  and  is  within  three  miles  of  the  steam  rail- 
way. Edwa/rd  0.  Otis. 

PORTO  RICO.— Porto  Rico  (Spanish,  Puerto  Rico) 
aboriginal  name  Borlnquen,  in  size  the  fourth  island  of 
the  West  Indies,  is  situated  between  latitudes  17°  50' 
and  18°  30'  north,  and  longitudes  65°  30'  and  67°  15' 
west  Greenwich.  On  the  north  is  the  Atlantic  Ocean 
on  the  south  the  Caribbean  Sea,  on  the  west  Mona  pas- 
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miles  less  than  that  of  Connecticut.  In  appearance  Por- 
to Rico  is  an  agglomeration  of  hills  and  mountains  chan- 
nelled with  innumerable  steep  and  narrow  valleys.  The 
hills  and  mountains  abut  more  or  less  abruptly  on  the 
ocean,  with  but  here  and  there  an  Intervening  strip  of 
flat  or  gently  sloping  shore.  Notwithstanding  the  strik- 
ing unevenness  of  the  island,  there  is  a  definite  orogra- 
phic system  traced  as  a  sinuous  crest  from  near  the 
southwestern  corner  eastwardly,  and  about  one-third 
nearer  the  southern  coast  than  the  northern.  In  the  east- 
ern part  of  the  island  this  crest  bends  sharply  and  termi- 
nates near  the  northeast  extremity  of  the  Island  in  the 
peak.  El  Yunque,  3,609  feet  above  sea-level,  the  highest 
point  in  Porto  Rico.  The  general  elevation  of  this  crest 
ranges  from  2,000  to  3,000  feet  above  sea-level,  with 
here  and  there  a  pass  somewhat  lower  or  a  peak  some- 
what higher.  From  this  general  crest  the  mountains 
and  hills  decline  coastward.  The  coastward  fall  is  much 
greater  toward  the  south  as  a  consequence  of  the  proxim- 
ity of  the  mountain  crest  to  the  southern  coast.  This 
crest  divides  the  island  into  practically  two  watersheds, 
the  larger  one  draining  north  and  west,  the  smaller 
draining  south  and  east.  Flowing  down  these  two 
sheds,  rapidly  and  often  precipitously,  are  more  than 
thirteen  hundred  named  streams.  But  few  are  naviga- 
ble, and  then  only  for  a  few  miles.  The  coast,  unlike 
that  of  Cuba,  has  but  few  fringing  reefs  to  interfere  with 
the  close  approach  of  vessels  to  the  shore.  There  are  a 
number  of  good  natural  harbors.  San  Juan,  on  the 
north,  is  the  most  important  commercially.  It  now  has 
a  depth  of  twenty -nine  feet  in  the  roadstead  and  twenty- 
two  feet  at  the  wharves.  Other  ports  that  may  be  entered 
by  the  average  ocean-going  vessels  are  Arecibo,  Aguadil- 
la,  Mayaguez,  Guanica,  Arrayo,  and  Fajardo.  When  it 
is  considered  that  the  total  coast  line  is  not  much  more 
than  three  hundred  miles,  Porto  Rico  appears  well  pro- 
vided with  harbors.  Viquez,  a  small  inlet  off  the  east 
coast,  has  two  excellent  harbors. 

Oeology. — Though  one  of  the  earliest  colonized  Islands 
of  the  New  World,  practically  nothing  is  known  of  the 
geology  and  mineral  resources  of  Porto  Rico.  The  early 
Spanish  settlers  worked  some  placer  gold,  and  some  is 
still  to  be  found  in  the  rivers  of  the  northeast  part  of  the 
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island.  Mercury,  magnetic  iron  ore,  copper,  coal,  salt, 
and  several  other  minerals  are  found,  but  till  a  systema- 
tic survey  is  made  no  estimate  of  the  actual  importance 
of  these  minerals  and  of  others  not  mentioned  can  be 
given.  Several  thermal  and  mineral  springs,  and  one 
or  two  caves  of  interesting  formation  and  beauty  are 
known. 

Fauna. — The  indigenous  mammalian  fauna  have  prac- 
tically disappeared  with  the  exception  of  a  few  species 
of  rodents,  of  which  the  only  peculiar  one  is  the  some- 
what squirrel-like  agouti  (common  also  to  all  the  other 
West  Indies).  A  number  of  bats  are  found.  The  cur- 
ious marine  mammal,  the  manatee,  frequents  the  shoal 
waters  of  the  coast.  Fish,  both  fresh-  and  salt-water  va- 
rieties, are  plentiful.  Noxious  reptiles  are  said  not  to 
exist,  and  insect  pests  are  not  over-plentiful.  The  usual 
domestic  animals  thrive  well,  and  good  beef  is  to  be  had 
throughout  the  island. 

Flvra. — Vegetable  life  flourishes  even  to  the  tops  of 
the  highest  peaks.  However,  it  is  now  only  on  the  more 
inaccessible  mountain  slopes  and  tops  that  considerable 
remnants  of  the  once  large  indigenous  forests  are  found. 
Some  of  the  native  woods  possess  properties  that  are  pe- 
culiarly suitable  for  certain  purposes,  but  their  scarcity 
precludes  their  general  use.  Intelligent  reforestation 
would  seem  to  offer  returns  of  commercial  value. 
Among  the  many  native  trees,  Baron  Eggers  describes  a 
beautiful  talauma  with  immense  white  odorous  flowers 
and  silvery  leaves,  a  hertella  with  crimson  flowers,  an 
unknown  tree  with  orange-like  foliage  and  large  purple 
flowers,  and  most  conspicuous  of  all,  the  Cocoloba  macro- 
phylla,  with  its  great  purple  spikes  of  more  than  a  yard 
long.  Of  woods  common  to  other  of  the  West  Indies, 
there  are  found  hard  and  soft  Spanish  cedar,  sandalwood, 
and  ebony.  Tree  ferns  are  numerous  and  of  large  size. 
The  absence  of  epiphytes  is  in  striking  contrast  to  their 
abundance  in  the  forests  of  the  neighboring  islands. 
Coffee,  of  excellent  quality,  sugar  cane,  yams,  oranges, 
cocoanuts,  and  many  of  the  other  tropical  fruits  are  cul- 
tivated and  yield  well.  A  species  of  rice,  requiring  no 
irrigation,  is  found  growing  upon  the  highlands,  and 
forms  one  of  the  staple  foods  of  the  laboring  class.  An 
excellent  grass,  Hymenachne  striatum,  covers  the  low- 
land pastures,  and  on  it  is  fattened  the  beef  for  which 
Porto  Rico  is  esteemed  by  its  neighboring  islands. 

Climate.— Though,  somewhat  nearer  the  equator  than 
Cuba,  Porto  Rico  is  not  correspondingly  warmer.  On 
the  contrary  its  temperature,  taken  as  a  whole,  is  slightly 
more  comfortable.  This  is  due  to  the  situation  of  the 
island  farther  out  in  the  ocean,  and  at  the  wmdward 
angle  of  the  Antillean  system.  This  position,  combmed 
with  its  slightly  more  southern  latitude,  gives  it  the  un- 
obstructed flow  of  the  northeast  trades  at  all  seasons  of 
the  year.  Porto  Rico,  again  compared  with  Cuba,  owes 
somewhat  of  its  more  agreeable  temperature  to  its  smaller 
size  giving  it  a  nearer  approximation  to  the  true  marine 
air  temperature  of  its  latitude.  The  only  statistical  data 
of  value  in  determining  the  climate  of  Porto  Rico  are  the 


observations  made  by  the  United  States  Weather  Bureau 
station  at  San  Juan.  This  station  was  established  late  in 
1898.  At  the  same  time  a  number  of  what  are  now  known 
as  voluntary  stations  were  established,  but  the  data  fur- 
nished by  them  are  not  yet  accurate  enough  to  be  of  much 
use,  climatologically.  The  table  given  below  shows  the 
principal  climatic  values  for  San  Juan,  as  determined 
from  four  years'  observations. 

Temperature. — A  record  of  temperature  was  kept  by 
the  Jefutura  de  Obras  Publicas,  prior  to  American  occu- 
pation of  the  island,  but  it  does  not  present  on  its  face 
that  evidence  of  accuracy  that  well-kept  meteorological 
records  exhibit.  However,  the  results  are  given  that 
they  may  be  compared  A-.'ith  those  of  the  annexed  table. 
The  average  annual  temperature  for  twelve  years  was 
78.9° ;  the  highest  recorded  temperature  100.8°  and  the 
lowest  56.1°  F. 

The  hottest  season  of  the  year  is  from  July  to  October, 
inclusive,  with  an  average  temperature  of  80°  to  81° 
The  coolest  season  is  from  December  to  March,  inclusive, 
with  an  average  temperature  of  75°  to  77°  It  appears 
probable  that  this  regimen  holds  for  the  island  generally. 
Local  differences  in  altitude  and  exposure  should  be  taken 
into  consideration  as  affecting  the  numerical  size  of  the 
values  given.  If  we  take  two  interior  stations,  Cayey, 
1,305  feet  elevation^  and  Adjuntas,  1,970  feet  elevation, 
the  records  of  which,  though  broken,  may  still  give  an 
approximation  of  the  inland  temperature,  we  shall  find 
that  the  average  seasonal  temperatures  are  from  two  to  six 
degrees  lower  than  those  of  San  Juan.  The  highest  tem- 
perature in  three  years  at  Cayey  was  97°,  and  at  Adjuntas 
in  the  same  years  93°.  The  lowest  recorded  was  53°  at 
both  places.  At  San  Juan  the  average  diurnal  range  of 
temperature  is  about  10°  to  11°,  and  at  the  two  other  sta- 
tions it  appears  to  be  about  30°.  Cayey  is  in  the  east  cen- 
tral part  and  Adjuntas  in  the  west  central  part  of  the 
island. 

Rainfall.— The  average  yearly  rainfall  at  San  Juan 
for  four  years  was  75.53  inches.  From  the  records  of 
the  Spanish  authorities  before  referred  to  it  appears  to 
have  been  61.3  inches.  Fair  records  of  the  rainfall  in 
other  parts  of  the  island  are  not  yet  to  be  had.  However, 
there  is  no  doubt  that  the  rainfall  varies  greatly,  even  in 
localities  but  few  miles  apart.  The  rainfall  is  much 
greater  on  the  northern  watershed  than  on  the  southern, 
and  much  greater  on  the  northeastern  part  of  the  first- 
named  shed.  Generally  speaking,  the  rainfall  is  every- 
where greater  on  northeast  exposures.  On  the  southern 
watershed  there  are  many  localities  where  the  rainfall  is 
insufficient  for  the  tropical  vegetation  and  barren  tracts 
are  not  uncommon.  Irrigation  is  necessary  in  many  lo- 
calities on  this  shed.  ^  ..  ,, 

The  greatest  amount  of  rain  falls  from  May  to  October. 
The  months  of  February  and  March  are  comparatively 
dry  February  noticeably  so  at  San  Juan.  In  Porto 
Rico,  as  in  other  tropical  regions,  the  greater  part  of  the 
rain  falls  as  an  accompaniment  of  the  almost  daily  thun- 
der storm.     The  usual  cloud  regimen  is  clear  skies  in  the 
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stations. 


Temperature,  Degrees  Fahr. 

Average  monthly 

Average  maximum 

Average  minimum 

Highest  (ahsolute) 

Lowest  (absolute) 

"Humidity- 
Average  relative 

Eainlall  (inches)— 

Average  monthly 

Greatest  fall  in  24  hours 

Average  number  rainy  days 

■Sunshine- 
Percentage  of  possible 

"Wind- 
Prevailing  direction 

Average      hourly     velocity 
(miles  per  hour) 


Jan. 


75° 
81 
70 


8W 

5.9!! 

3.07 

20 

64 

E. 

10 


Feb. 


76° 
83 
70 
89 
66 


.70 
8 

72 

E. 

9 


March. 


76° 
82 
70 


74^ 

3.14 

2.08 

15 


E. 
11 


April. 


78° 
83 

72 


76i< 

4.80 
4.34 
13 

65 

E. 

10 


May. 


79° 
85 
73 


80^ 

6.31 

4.81 

17 

60 

S.  E. 


JiJbe. 


85 
74 
91 
70 


8.51 
2.46 
22 

56 

S.  E. 

10 


July. 


August. 


80° 
85 
75 
89 
70 

8W 

7.36 

4.05 

23 

57 

E. 

13 


81° 
86 
75 
91 
70 


18 


E. 
11 


Sept. 


81° 
87 
75 
93 
71 


8.03 

3.76 

17 

61 

S.  E. 


80° 


74 
90 


83^ 

8.87 
3.35 
21 

58 

S.  E. 

7 


Nov. 


84 
73 
89 
65 


9.48 

2.93 

18 

61 

E. 


Dec. 


Annual. 


82 
71 
88 
65 


4.56 

3.03 

17 

63 


78° 
84 
73 
93 
65 

80^ 

75.52 

63 
E. 
10 
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mnrning,  cloudy  in  the  afternoon,  and  clearing  and  clear 
at  night. 

}find.—The  prevailing  winds  are  remarltably  constant 
from  the  east  or  between  northeast  and  southeast.  The 
velocity  is  steady  and  averages  ten  miles  an  hour.  It  is 
subject  to  a  regular  diurnal  range,  rising  gradually  to  a 
maximum  at  the  hottest  part  of  the  day  and  subsidnig 
from  that  time  to  a  minimum  at  the  coolest  part  of  the 
day,  just  about  sunrise.  This  regularity  and  steadiness 
of  the  wind  cannot  be  over-estimated  in  its  relation  to  the 
comfortable  habitability  of  Porto  Rico. 

Storms.— Though  visited  August  8th,  1899,  by  one  of 
the  most  destructive  storms  of  recent  years,  the  island  is 
well  to  the  east  of  the  usual  tracks  of  West  Indian  hurri- 
canes. Thunder  storms,  though  of  almost  daily  occur- 
rence and  accompanied  by  great  electrical  display,  are 
not  destructive,  and  one  soon  becomes  used  to  their  ap- 
parent violence. 

History.— Porto  Rico  was  discovered  by  Columbus  in 
1493.  The  first  settlement  was  made  by  a  party  of 
Spaniards  under  the  leadership  of  Ponce  de  Leon,  at  Ca- 
parra,  a.d.  1510,  but  it  was  shortly  afterward  abandoned. 
San  Juan  was  founded  by  the  same  leader  in  1511.  The 
town  was  sacked  by  the  English  under  Drake  in  1595, 
and  again  under  the  Earl  of  Cumberland  in  1598.  Since 
then  it  has  successfullv  withstood  the  assaults  of  the 
Dutch  in  1615,  the  English  in  1678  and  in  1797,  and  the 
United  States  in  1898.  On  July  25th,  1898,  the  island 
was  invaded  by  the  United  States  forces,  who  landed 
without  opposition  at  Guanica  on  the  southern  coast. 
Only  a  feeble  resistance  was  subsequently  encountered. 
The  Spanish  formally  evacuated  the  island  October  18th, 

1898.  By  the  treaty  of  Paris,  December  11th,  1898,  Por- 
to Rico  was  ceded  to  the  United  States.  A  census  taken 
by  direction  of  the  War  Department,  1899,  gave  a  total 
population  of  953,343  inhabitants.  Unlike  most,  if  not 
all,  the  other  West  Indian  islands,  Porto  Rico  has  a 
larger  white  than  black  population.  In  1899  there  were 
589,426  whites  and  363,817  blacks.  The  density  of  popu- 
lation is  also  great,  avei-aging  364  persons  to  the  square 
mile,  a  density  equal  to  that  of  New  Jersey  and  twice 
that  of  Pennsylvania.  The  greater  part  of  the  popula- 
tion is  rural.  The  population  of  the  largest  cities  in  1899 
was:  San  Juan  33,048,  Ponce  and  its  port  27,953,  Maya- 
guez  15,187,  and  Arecibo  8,008.  The  ratio  of  illiteracy 
is  high,  but  twenty-three  per  cent,  of  the  population 
over  ten  years  of  age  being  able  to  read.  Agriculture, 
such  as  it  is,  is  the  cliief  occupation,  employing  about 
sixty-three  per  cent,  of  the  working  population.  The 
most  important  products  are  coffee,  sugar,  and  tobacco. 
The  total  value  of  exports  from  Julv,  1898,  to  December, 

1899,  was  111,631,049.  The  imports  during  the  same 
period  amounted  to  ®12,654,543.  Transportation  facili- 
ties before  American  occupation  were  poor.  There  ex- 
isted but  one  hundred  and  thirty-seven  miles  of  railroad, 
and  with  the  exception  of  the  excellent  military  road 
from  San  Juan  to  Ponce,  and  a  few  connecting  branches, 
there  were  no  common  roads  at  all.  Much  has  been  done 
since  to  improve  matters  in  this  respect.  The  sanitary 
conditions  were  equally  in  keeping  with  the  general  in- 
difference shown  in  other  improvements.  Few,  very 
few,  houses  had  any  efficient  sewage  disposal  systems. 
In  many  the_  systems  were  even  worse  than  none,  being 
in  their  ultimate  workings  actually  pernicious.  The 
average  death  rate,  calculated  from  reported  deaths  for 
eleven  years,  is  30  per  thousand.  There  is  reason  to  think 
that  this  is  considerably  less  than  the  actual.  The  chief 
causes  appear  to  be:  Anremia,  33.50  per  cent. ;  tubercu- 
losis, 6.78;  diarrhoeal  diseases,  3.83;  cerebrospinal  men- 
mgitis,  1.12;  typhoid  fever,  1.43;  tetanus,  3.57.  Small- 
pox was,  prior  to  1899,  one  of  the  chief  causes  of 
mortahty,  averaging  annually  633  deaths.  It  is  now, 
happily,  no  longer  a  factor  of  importance,  owing  to  the 
thorough  vaccination  of  the  entire  population  carried  out 
Dy  the  United  States  military  authorities.  Yellow-fever 
epidemics  have  occurred  occasionally.  The  large  mor- 
tality from  anaemia  appears  to  be  due  to  the  general 
infection  of  the  drinking-water  by  the  intestinal  para- 
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site,  ankylostomum  duodenale.  Ordinary  care  exer- 
cised in  filtering  or  otherwise  purifying  the  water  used 
for  culinary  and  drinking  purposes  should  be  followed 
by  a  great  reduction  in  this  disease. 

W.  F.  B.  Phillips. 

POST-MORTEM  EXAMINATIONS.  See  Autopsies, 
and  New-Born,  Patlwlogy  of. 

POTASSIUM.— I.  General  Medicinal  Pkoperties 
OP  Compounds  of  Potassium. — In  its  physiological  re- 
lations potassium  is  the  most  individual  of  the  alkali  met- 
als, producing  effects  sufficiently  pronounced  to  be  seen 
characteristically  in  the  case  of  all  its  compounds  that 
are  capable  of  absorption.  Such  eilects  are  as  follows: 
Locally,  potassic  compounds  are  irritant — less  so  than 
the  average  of  soluble  compounds  of  the  heavy  metals, 
but  yet  sufficiently  so  to  make  a  large  portion  of  a  strong 
solution  of  a  potassic  salt  dangerous  on  the  score  of  irri- 
tation alone.  In  the  intestines,  potassic  salts  tend  to  in- 
crease the  secretion  of  fluid,  so  that  salts  of  this  base  that 
are  of  low  diffusion  power  prove  watery  purges.  Con- 
stitutionally, the  prominent  effects  are  certain  derange- 
ments of  function  and  certain  effects  that  find  their  sim- 
plest explanation  in  the  assumption  that  potassium 
quickens  the  rate  of  oxidation  within  the  organism  as  it 
does  in  laboratory  experiments.  The  derangements  of 
function  are,  first,  an  enfeeblement  of  the  heart's  action, 
passing,  in  poisonous  dosage,  to  permanent  arrest  in  dias- 
tole. The  effect  seems  to  be  due,  as  results  of  all  ex- 
perimentation agree,  to  a  directly  paralyzing  influence 
upon  the  musculature  of  the  organ  itself.  Secondly,  but 
requiring  relatively  larger  dosage,  there  follows  general 
motor  paralysis,  voluntary  and  reflex.  This  effect  is 
proportionately  much  more  strongly  marked  in  cold- 
blooded than  in  warm-blooded  animals,  and,  in  therapeu- 
tic dosage  in  man,  is  practically  not  seen  at  all.  It  is- 
probably  accomplished  by  an  action  on  nerve  centres, 
nerve  trunks,  and  muscles  conjointly,  but  an  action 
which  is  most  intense  upon  the  nerve  centres  and  least 
so  upon  the  muscles.'  The  effects  commonly  assigned  to 
a  quickening  of  oxidation  are,  in  the  healthy,  an  increase 
in  the  solid  excreta  of  the  kidneys,  with  a  proportionate 
increase  in  tlie  volume  of  the  urine,  and,  in  the  lithsemic 
individual,  a  diminution  in  the  amount  of  uric  acid  ex- 
creted, with  a  simultaneous  increase  of  urea  and  appear- 
ance of  calcium  oxalate.  Tliese  effects  in  litha;mia  are 
translated  to  mean  an  oxidation  of  much  of  the  uric  acid 
into  oxaluric  acid,  which  product  then  splits  into  urea 
and  oxalic  acid.''  In  large  doses,  long  continued,  potas- 
sic compounds  prove  noxious  to  nutrition,  the  blood  be- 
coming thin  and  unduly  fluid,  newly  formed  and  lowly 
vitalized  tissues,  such  as  cheesy  deposits,  tending  to 
liquefy,  and  health  and  strength  generally  to  suffer. 
Therapeutically,  the  effects  of  applications  of  potassic 
compounds,  determined  by  the  potassium  element  of 
their  composition,  are  to  depress  the  heart  in  sthenic  fe- 
ver, to  oppose  the  lithic  diathesis,  and  to  provoke  cathar- 
sis or  diuresis.  Other  uses  are  derived  from  individual 
peculiarities  of  the  different  compounds. 

II.  The  Compounds  op  Potassium  Used  in  Medi- 
cine.— The  compounds  of  potassium  official  in  the 
United  States  Pharmacopoeia  divide,  for  purposes  of 
study,  into  two  groups — the  one  embracing  compounds 
whose  effects  are  either  derived  from  the  potassium  or 
are  sui  generis  to  the  salt,  and  the  other  such  as  owe  their 
effects  mainly  to  the  acid  radical  of  their  composition. 
The  membeis  of.  the  former  group,  which  alone  will  be 
discussed  in  this  place,  are  the  hydroxide,  carbo7iates  (nor- 
mal and  acid),  citrate,  acetate,  tartrates  (acid  and  potas- 
sio-sodic),  sulphate,  nitrate,  and  chlorate.  The  second 
category  comprises  the  hypophospUte,  hrmnide,  iodide, 
sulphide  (in  the  preparation,  potassa  sulphtirata),  acid. 
chromate,  cyanide,  ferrocyanide,  permanganate,  arsenite, 
(in  the  preparation,  liqum'  potassii  arsenitis),  potassio- 
aluminum  sulphate  (alum),  and  potasHo-ferric  tartrate. 
For  discussion  of  these  compounds  see,  severally.  Hypo- 
phosphites,  Bromides,  Iodides,  Sulphides,  Chromium,  Cya- 
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nides,  Fem-ocyanidcs,    Manr/anese,   Arsenic,    Aluminum, 
and  Iron. 

Potassium  Hydroxide  (Potassium  Hydiiitt) :  KOH. 
This  is  the  compound  which  is  both  commonly  and  offi- 
cially known  as  Potassa,  Potassa,  called  also  caukio  potash. 
It  is  obtained  first  in  aqueous  solution  by  precipitating 
with  lime  a  solution  of  acid  potassium  carbonate.  Sucli 
aqueous  solution,  when  rapidly  boiled  down,  yields  a 
fluid  of  oily  consistence— simply  the  hydroxide  melted 
by  the  heat — which,  poured  into  cylindrical  paper 
moulds,  hardens  on  cooling  into  the  cylindrical  sticks  in 
which  form  potassa  is  commonly  met  with.  Potassa 
thus  obtained  is  a  white,  hard  substance,  having  a  faint 
alkaline  odor,  and  a  very  harsh,  caustic  taste.  It  is  ex- 
ceedingly deliquescent,  and  I'eadily  soluble  in  water  and 
alcohol. 

Beside  the  stick  form,  potassa  is  official  in  five  percent, 
aqueous  solution  under  the  title  Liquor  Potiiumi'.  Solution 
of  Potassa.  This  solution  is  made  as  just  described,  and 
is  a  clear,  colorless  liquid,  odorless,  but  with  the  acrid, 
caustic  taste  of  potassa.  It  should  be  kept  in  green 
glass  bottles,  glass  stoppered,  and  the  stoppers  should 
be  coated  with  vaseline  or  a  thin  layer  of  melted  paraffin. 
Specific  gravity  about  1.036. 

Potassa  produces  physiological  effects  which  spring  in 
part  from  an  intense  affinity  for  water,  in  part  from  its 
powerful  alkalinity,  and  in  part  from  its  operation  as  a 
compoimd  of  potassium.  Locally,  in  concentrated  ap- 
plication, potassa  is  intensely  caustic.  A  moistened  stick 
swept  even  lightly  over  a  tender  surface  produces  speedy 
corrosion,  which  extends  finally  beyond  the  area  of  origi- 
nal application,  the  tissues  breaking  down  widely  into  a 
brownish,  slimy,  pultaceous material.  Taken  internally, 
therefore,  in  strong  solution,  potassa  is  a  corrosive  poison. 
In  such  poisoning,  the  acrid,  alkaline  taste  of  the  potion 
is  followed  immediately  by  severe  pain  in  the  pharynx, 
oesophagus,  and  epigastric  region.  These  symptoms  are 
in  turn  speedily  succeeded  by  violent  vomiting,  where 
the  ejecta  have  the  greasy  aspect  and  pultaceous  consis- 
tency of  tissues  corroded  by  potassa,  and  prove  strongh' 
alkaline  to  test  paper.  The  mucous  membrane  of  the 
lips,  mouth,  and  throat  may  be  bright  red  from  irritation, 
if  tlae  solution  swallowed  were  not  ovcrstrong,  or  may, 
in  the  case  of  strong  potions,  show  direct  corrosion,  being- 
covered  by  a  brownish  film  having  a  greasy  or  soapy  feel. 
Loss  of  voice  and  extreme  difficulty  of  swallowing  arc 
exceedingly  common,  but  intestinal  symptoms  are  gener- 
ally wanting.  Constitutionally,  the  symptoms  are  those 
of  shock,  from  the  suddenness  and  severity  of  the  corro- 
sion. In  survival  from  serious  grades  of  the  poisoning, 
stricture  of  the  oesophagus  Is  a  very  common  sequel.  In 
the  treatment,  the  only  peculiar  feature  is  to  give  harm- 
less acids  to  neutralize  the  alkali,  but  since  the  damage 
is  generally  already  fully  done  before  the  physician  ar- 
rives, this  chemical  neutralization  rarely  avails  for  much. 
Vinegar  or  lemon  juice  are  the  acids  most  available,  from 
their  being  strong  but  non-corrosive  themselves,  and  at 
the  same  time  readily  procurable.  Locally  applied,  in 
non-corrosive  strength,  potassa  operates  as  a  powerful 
and  harsh  alkali.  Acids  are  neutralized,  grease  becomes 
saponified,  epithelial  tissues  swell  and  soften,  and  acid 
secretions,  such  as  the  gastric  juice  and  the  sweat,  tend 
to  be  called  forth.  Upon  the  skin,  potassa  lotions  cleanse 
from  dirt  or  the  crusts  of  dried  secretion  and  epithelium 
resulting  from  skin  disease.  Taken  internally,  the  rem- 
edy excites  appetite  and  increases  the  flow  of  the  gastric 
digestive  fluid,  or  in  cases  of  fermentation  of  the  food 
neutralizes  acidity  and  so  relieves  the  heartburn  and  nau- 
sea which  such  acidity  excites.  Constitutionally,  medi- 
cinal doses  of  potassa  produce,  of  course,  the  effects  of 
all  potassium  compounds  as  already  set  forth,  and  also, 
because  of  free  alkalinity,  tend  to  neutralize  morbidly 
developed  acid  in  the  blood  or  tissues,  to  diminish  the 
acidity  of  the  urine,  or  even  to  reverse  the  reaction  of 
that  secretion  to  the  alkaline.  Probably  in  part  becaiise 
of  the  peculiar  action  of  potassium  as  such,  and  partly 
because  of  the  alkalinity  of  potassa,  this  compound  is 
of  special  efficacy  in  the  diatheses  leading,  severally,  to 


rheumatism,  gout,  and  lithaemia,  and  in  the  skin  diseases 
urticaria,  psoriasis,  eczema,  lepra,  acne,  and  recnrriue 
boils.  ^ 

The  medical  uses  of  potas.sa  are  for  the  purposes  above 
detailed,  yet,  except  as  a  caustic,  it  is  not  so  much  used 
as  Its  acknowledged  potency  would  seem  to  suggest 
simply  because  it  is  rough  and  harsh,  while  at  the  same 
time  other  and  milder  polassic  comijounds  are  equally 
eflicient.  Thus  for  direct  local  alkaline  action  the  car- 
bonates, and  for  constitutional  alkalizing,  the  citrates  and 
tartrates,  are  respectively  preferable. 

To  canterue  with  potassa,  the  adjacent  parts  should  be 
protected  by  adhesive  plaster,  and  the  doomed  area,  if 
covered  by  skin,  should  then  be  rubbed  with  a  moistened 
stick  of  the  caustic  until  discoloration  appears.  If  the 
part  be  a  mucous  membrane  or  raw  tissue,  a  single  iigJit 
sweep  of  the  caustic  is  sufficient  for  even  a  profound 
cauterization.  In  no  case  should  the  agent  be  used 
^yhere  an  exact  limitation  of  the  caustic  effect  is  essen- 
tial, as  where  the  part  to  be  destroyed  is  in  close  conti- 
guity to  important,  or  large,  blood-vessels  or  organs.  To 
render  the  corrosion  of  potassa  less  spreading,  a  mixture 
of  equal  parts  of  potassa  and  quicklime  has  been  de- 
vised, and  is  official  in  the  United  States  Pharmacopoeia, 
under  the  title  Potassa  emn  Calce,  Potassa  witJi  Lime. 
This  mixture,  commonly  known  as  Vienna  caustic,  is  a 
grayish-white,  deliquescent  powder,  soluble  in  hydro- 
chloric acid.  It  is  less  diffusive  in  its  action  than  potas- 
sa, by  reason  of  the  peculiar  action  of  the  lime  of  its  con- 
stitution. For  use  the  powder  is  made  into  a  paste  with 
a  little  alcohol. 

For  a  potassa  lotion,  the  solution  of  the  Pharmacopo'ia 
is  to  be  prescribed,  diluted  with  several  volumes  of 
water.  For  internal  giving,  the  same  solution  is  employ- 
able, in  doses  ranging  from  0.65  to  4  gm.  (nt  x.  to  fl.  J  i.) 
greatly  diluted  with  some  syrupy  or  mucilaginous  fluid. 
But  potassa,  as  an  internal  remedy,  is  very  objectionable 
for  any  but  a  very  temporary  medication. 

Normal  Potassium  Carbonate:  (K2COa)2.3Il20.  The 
salt  is  official  in  the  United  States  Pharmacopoeia  under 
the  title  Potassii  Garbonas,  Potassium  Carbonate.  It  is 
a  white,  granular  powder,  very  deliquescent,  odorless, 
having  a  strongly  alkaline  taste,  and  an  alkaline  reaction. 
It  is  readily  soluble  in  water,  but  is  insoluble  in  alcohol. 
Potassium  carbonate  is  so  deliquescent  that  unless  care- 
fully put  up  in  well-stoppered  bottles  it  will  eventually 
transform  itself  into  an  oily  fluid,  by  dissolving  in  moist- 
ure attracted  from  the  atmosphere. 

Physiologically,  potassium  carbonate  is  simply  a  weak- 
ened potassa,  yet  not  so  weak  but  that,  in  strong  solution, 
it  may  prove  a  corrosive  poison.  Its  use  is  mainly  in 
ointment  or  in  aqueous  solution  as  a  strong  alkaline  po- 
tassic  application  in  skin  diseases.  Ointments  of  the  car- 
bonate are  made  with  lard,  the  strength  ranging  from  two 
to  ten  per  cent.  Solutions  of  the  salt  for  service  as  lo- 
tions range  in  strength  from  one-half  to  one  per  cent. 

Acid  Potassium  Carbonate:  KHCOj.  The  salt  is  offi- 
cial in  the  United  States  Pharmacopoeia  under  the  title, 
Potassii  Bicarbonas,  Potassium  Bicarbonate.  It  occurs  in 
colorless,  transparent,  prismatic  crystals,  and  differs  from 
the  normal  carbonate  in  being  permanent  in  the  air.  It 
is  odorless,  and  of  a  slightly  alkaline  taste  and  reaction. 
It  is  soluble  in  3.2  parts  of  cold  water  and  is  decomposed 
by  boiling  water.  It  is  practically  insoluble  in  alcohol. 
It  should  be  kept  in  well-stoppered  bottles. 

Physiologically,  this  carbonate  is  similar  to  the  normal 
salt,  but  weaker.  The  taste  is  mild,  though  mawkish; 
the  alkalinity  feeble,  and  the  salt  is  hardly  capable  of 
being  corrosive.  The  uses  are,  locally,  as  an  alkaline 
application  in  skin  disease,  in  preparations  such  as  are 
described  above  in  speaking  of  the  normal  carbonate, 
and,  internally,  as  a  stomachic  or  constitutional  alkali. 
But  for  stomachic  purposes  sodic  salts  are  more  agree- 
able, and  for  constitutional  alkalies  the  potassic  citrates 
and  tartrates.  If  given  internally,  the  dose  ranges  from 
1  to  4  gm.  (from  gr.  xv.  to  3  i-)- 

Normal  Potassium  Citrate:  KsCeHsOT.HjO.  This 
salt,  formerly  known  as  Salt  of  Bii:ervus,  is  official  in  the 
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United  States  Pharmacopoeia  under  tlie  title  Potami  Ci- 
tras  Potassium  Citrate.  It  is  a  deliquescent  salt  occur- 
a-ine  in  transparent  prismatic  crystals  or  as  a  granular 
powdfer  It  is  odorless  with  a  slightly  alkaline  and  cool- 
ing taste  It  dissolves  readily  in  water,  but  slightly  only 
in  alcohol.  Potassium  citrate  is  a  not  disagreeable  tast- 
ing cooling  salt,  which  is  devoid  of  all  local  harsh  effect, 
and  yet  after  absorption  seems  to  undergo  decomposition 
as  regards  its  acid  radical,  becoming  converted  into  a  car- 
bonate. Such  secondarily  formed  carbonate  thereupon 
exerts  the  usual  action  of  an  alkaline  potassic  compound, 
as  detailed  under  Potassa  above.  Potassium  citrate  is 
thus  available  as  a  gentle  diuretic,  diaphoretic,  and  car- 
diac sedative  in  fevers,  and  also  as  an  agreeable  and  yet 
efficient  agent  for  constitutional  alkalizing.  It  may  be 
given  freely  in  doses  of  from  1  to  2  gm.  (gr.  xv.  to  xxx.) 
in  water  or  in  effervescing  water,  sweetened  or  aroma- 
tized to  taste.  In  order  to  obtain  the  salt  in  effervescing 
solution,  in  which  condition  it  is  more  grateful  to  a  fe- 
vered stomach,  the  following  preparations  are  official  in 
the  United  States  Pharmacopoeia:  Potasdi  Citras  Effer- 
wscem,  Effervescent  Potassium  Citrate.  This  prepara- 
tion is  a  powder  consisting  of  a  dry  mixture  of  citric 
acid,  potassium  bicarbonate,  and  sugar.  When  added  to 
water,  reaction  instantly  takes  place  between  the  citric 
acid  anil  the  potassium  bicarbonate,  with  the  formation 
of  potassium  citrate  and  carbon  dioxide.  One  or  two 
teaspoonfuls  make  a  dose,  to  be  taken  in  water  and 
drunk  during  effervescence.  Such  effervescent  solution 
takes  the  place  of  the  old,  so-called  "neutral  mixture," 
or  "mixture  of  citrate  of  potassium,"  formerly  but  now 
no  longer  official.  Such  mixture  was  simply  fresh  lemon 
juice,  strained,  and  neutralized  with  potassium  bicarbon- 
ate. Liquirr  Potassii  Gitratis,  Solution  of  Potassium  Cit- 
rate :  This  is  a  simple  aqueous  solution  of  the  salt  effected 
by  bringing  together  in  water  six  per  cent,  of  citric  acid 
and  eight  per  cent,  of  acid  potas,sium  carbonate.  It  con- 
tains nine  per  cent,  of  potassium  citrate,  and  should  be 
made  fresh  Avhen  wanted.  But  the  effervescing  draught 
made  from  the  "effervescent  citrate"  is  a  better  way  of 
getting  the  same  solution. 

Potamum  Acetnte :  KC2H3O2.  Tlie  salt  is  official  as 
Potassii  Acetrm,  Potassium  Acetate.  This  is  an  exceed- 
ingly deliquescent  salt,  having  a  warming,  mildly  pun- 
gent, salty  taste.  Very  soluble  in  water  and  in  alcohol. 
It  must  be  kept  in  well-stoppered  bottles.  Potassium 
acetate  is  generally  similar  in  properties  to  the  citrate, 
undergoing,  like  that  salt,  conversion  into  a  carbonate 
after  absorption,  and  so  operating  constitutionally  as  a 
potassic  alkali.  It  is  not  so  agreeable  to  the  taste  nor  so 
grateful  to  the  stomach  as  the  citrate,  but  lias  a  consider- 
able reputation  as  a  diuretic,  as  evidenced  by  its  old  cant 
name  of  Sal  diureticum.  As  a  matter  of  fact,  however, 
it — often,  at  least— does  not  prove  more  diuretic  than  the 
citrate  or  other  potassic  salts.  Potassium  acetate  may  be 
used  for  the  same  purpose  and  in  the  same  doses  as  the 
citrate. 

Poiassio-sodinm  Tartrate:  KNaCiH40ii.4H20.  This 
well-known  salt,  commonly  called  Rochelle  or  Seig- 
nette's  Salt,  is  official  in  the  United  States  Pharmacopoeia 
under  the  title  Potassii  et  Sodii  TaHras,  Potassium  and 
Sodium  Tartrate.  This  salt  occurs  in  colorless,  rhombic 
crystals,  or  as  a  white  powder.  It  is  odorless,  with  a 
cooling,  saline  taste,  and  effloresces  slightly  in  dry  air. 
It  dissolves  readily  in  water,  but  is  almost  insoluble  in 
alcohol.  Tliis  salt  is  decomposed  by  acids,  with  the  pro- 
duction of  a  crystalline  precipitate  of  acid  potassium  tar- 
trate ("bi tartrate"),  and  also  by  soluble  plumbic,  calcic, 
and  basic  salts. 

Rochelle  salt  is  mild  in  flavor  and  local  action,  agrees 
well  with  even  a  sensitive  stomach,  and  differs  from  the 
citrate  and  acetate  in  being  of  low,  rather  than  high  dif- 
fusion power.  Hence  in  full  dose  it  is  purgative,  but  as 
compared  with  the  average  of  saline  purges  ranks  among 
the  milder.  In  non-purgative  dose,  especially  if  given 
well  diluted,  it  is  absorbed,  changes  to  carbonate  after 
the  manner  of  the  citrate  and  acetate,  and  then  exerts,  as 
efficiently  as  other  salts,  the  specific  action  of  alkaline 
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potassic  compounds.  From  its  mildness  it  is  preferred 
by  many  to  other  potassium  preparations  as  a  constitu 
tional  alkali  in  rheumatism,  lithsemia,  etc.  For  constitu- 
tional action  as  an  alkali  or  as  a  diuretic  the  salt  is  to  be 
given  in  comparatively  small  but  fiequently  repeated 
doses,  not  to  exceed,  as  a  rule,  4  gm.  (3i.)  at  a  time. 
As  a  purge,  the  dose  will  range,  according  to  the  inten- 
sity of  the  effect  desired,  from  8  gm.  to  30  gm.  f  3  ij.  to 
1  i.)  in  water,  plain  or  aromatized.  A  favorite  mode  of 
administration  is  in  effervescent  solution,  as  obtained  by 
use  of  the  official  Pulms  Efienescens  Compositus,  Com- 
pound Effervescing  Powder.  This  is  the  well-known 
Seidlitz  powder,  and  consists  of  two  parts,  one  a  powder 
in  blue  paper,  made  up  of  about  2.60  gm.  (gr.  xl.)  of 
acid  sodium  carbonate  ("  bicarbonate '")  and  about  8  gm. 
(  3  ij.)  of  Rochelle  salt,  and  the  other  a  smaller  powder 
in  white  paper,  consisting  of  about  2.25  gm.  (gr.  xxxv.) 
of  tartaric  acid.  Each  portion  is  to  be  dissolved  sepa- 
rately in  about  60  gm.  (fl.  |  ij.)  of  iced  water,  sweetened 
and  aromatized  if  so  desired,  and  the  solution  of  the  acid 
then  to  be  added,  half  at  a  time,  to  that  of  the  salts,  and 
the  potion  drunk  during  tlie  effervescence  which  imme- 
diately occurs.  The  reaction  upon  mixing  the  solu- 
tions is,  of  course,  the  decomposition  of  the  sodium 
carbonate  by  the  tartaric  acid,  with  the  formation  of  a 
sodium  tartrate  and  the  evolution  of  carbon-dioxide  gas. 
A  single  "  powder  "  is  a  medium  purgative  dose. 

Acid  Potassium  Tartrate:  KHC4H40ii. — This  well- 
known  salt,  the  cremor  tartari  or  cream,  of  tartar  of  com- 
mon parlance,  is  official  in  the  United  States  Pharma- 
copoeia under  the  title  Potassii  Bitartras,  Potassium 
Bitartrate.  It  is  prepared  bj"^  a  process  of  purification 
from  the  impure  salt  occurring  as  an  Incrustation  de- 
veloping in  casks  of  wine,  especially  of  acid  wines. 
Such  Incrustation  is  called  argol,  or  crude  tartar,  the  lat- 
ter name  being  derived  from  the  tart  quality  of  the  wines 
that  furnish  the  greatest  yield  of  the  substance.  The 
purified  salt  may  be  in  crystals,  but  as  furnished  to  phar- 
macists it  is  in  fine  powder,  to  which  condition  especially 
the  cant  name  of  "  cream  of  tartar  "  applies.  The  salt  is 
permanent  in  the  air,  and  has  an  agreeable,  subacid  taste. 
It  is  peculiar  in  being  comparatively  insoluble  in  cold 
water  (201  parts),  although  much  more  soluble  in  boiling 
water  (16.7  parts).  It  dissolves  sparingly  only  in  alco- 
hol. The  solubility  in  water  can  be  increased  till  the 
salt  dissolves  in  one  part,  by  the  addition  of  borax,  two 
parts  to  five  of  the  tartrate.  Commei-cial  cream  of  tar- 
tar always  contains  more  or  less  calcium  tartrate,  which 
salt  is  a  normal  constituent  of  crude  tartar,  but,  accord- 
ing to  the  pharmacopoeial  standard,  the  proportion 
should  not  rise  above  six  per  cent.  Besides  this  natural 
impurity  adulterations  are  often  found,  such  as  chalk, 
gypsum,  clay,  sand,  or  flour.  Purchase  of  the  article  in 
crystals  affords  the  surest  way  to  avoid  these  sophistica- 
tions. 

Cream  of  tartar  is  a  cooling,  acidulous  salt,  agreeing 
well  with  delicate  stomaclis.  Like  Rochelle  salt,  it  is  of 
low  diffusion  power  and  is  therefore  cathartic,  and  in  its 
purgative  action  is  characterized  by  the  copiousness  of 
the  watery  dejections  it  determines.  For  this  reason  it 
is  a  favorite  ingredient  of  cathartic  mixtures  intended  for 
carrying  off  a  dropsical  effusion,  such  as  tlie  compound 
powder  of  jalap  of  the  United  States  Pharmacopoeia.  In 
non-purgative  dosage  tlie  salt  is  refrigerant  and  diuretic 
—perhaps  more  generally  diuretic  than  any  other  potas- 
sic compound,  but,  unlike  the  other  potassic  salts  of  or- 
ganic acids,  it  does  not  appear  to  suffer  the  usual  con- 
version in  the  blood  into  a  carbonate.  Such,  at  least,  is 
the  inference  fi'om  the  clinical  observation  that  cream  of 
tartar  is  not  of  the  same  value  for  constitutional  alkaliz- 
ing as  are,  respectively,  the  other  tartrates,  the  citrate, 
and  the  acetate.  The  uses  of  the  present  salt  are  there- 
fore restricted  to  its  application  as  a  purge,  a  diuretic,  of 
a  grateful,  cooling  saline  in  feverishness.  The  doses  are 
substantially  the  same  as  those  of  Rochelle  salt  for  the 
same  several  purposes.  The  powdered  cream  of  tartar 
may  be  suspended  in  water  or  mixed  with  molasses  for 
giving  as  a  purgative,  or,  for  use  as  a  fever  draught, 
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may  be  dissolved  in  boiling  water,  and  the  solution, 
when  cold,  given  sweetened  with  sugar.  The  old-fash- 
ioned, so-called  imperial  draught  is  made  by  dissolving 
•one  per  cent,  of  cream  of  tartar  in  boiling  water,  adding 
•one  per  cent,  of  sliced  lemon  and  eight  of  white  sugar. 
Cream  of  tartar  whey,  so  called,  consists  of  one  and  a  half 
per  cent,  of  the  salt  in  milk. 

Normal  Potassium  Sulpliate  :  KjSO,.  The  salt  is  oflB- 
■cial  in  the  United  States  Pharmocopoeia  under  the  title 
Potassii  Snlplias,  Potassium  Sulphate.  It  is  a  permanent 
•salt,  occurring  either  in  transparent,  colorless  rhombic 
crystals,  or  as  a  white  powder.  It  dissolves  in  about  9.5 
parts  of  cold  water,  and  in  4  parts  of  boiling  water.  It 
is  insoluble  in  alcohol.  Potassium  sulphate  is,  like  all 
sulphates,  comparatively  harsh,  and  in  large  concentrated 
dose  has  caused  fatal  irritant  poisoning.  It  is  of  low 
diffusion  power,  therefore  purgative,  and  its  medical  use 
has  been  as  a  saline  cathartic.  It  is,  however,  little  used, 
because  of  its  occasional  harshness.  The  dose  will  range 
from  8  to  16  gra.  ( 3  ij.  to  iv.),  to  be  given  in  solution, 
well  diluted.  This  is  the  salt  formerly  called  mtriolated 
■tartar  and  sal  de  duobus. 

Potassium  A'itrate :  KNO3.  This  salt,  the  well-known 
■substance  nitre,  or  saltpetre,  is  official  in  the  United  States 
Pharmacopoeia  imder  the  title  Potassii  Nitras,  Potassium 
Nitrate.  This  is  a  permanent  salt,  occurring  in  color- 
less, transparent,  six-sided  rhombic  crj'stals,  or  in  a  crys- 
talline powder.  It  is  odorless,  with  a  cooling,  pungent 
taste.  It  dissolves  in  about  four  parts  of  cold  water  and 
in  less  than  one  part  of  boiling  water.  It  is  almost  in- 
soluble in  alcohol.  It  deflagrates  when  thrown  upon  red 
hot  coals.  Under  the  name  of  sal  prunelle  or  crystal  min- 
■eral,  nitre  is  also  to  be  found  in  the  shops  in  small  circu- 
lar cakes,  moulded  from  the  salt,  fused.  Commercial 
refined  saltpetre  is  the  quality  of  the  salt  to  be  employed 
in  medicine,  and  an  article  in  small  crystals  is  preferable 
to  one  in  large,  since  large  crystals  are  apt  to  contain 
some  water,  mechanically  entangled  in  the  process  of 
crystallization. 

Potassium  nitrate,  like  the  sulphate,  is  a  powerful  salt 
in  local  opeiation,  but,  unlike  the  sulphate,  is  of  high 
diffusion  power,  so  that  even  a  large  dose  will  be  com- 
parativel}'  quickly  absorbed.  Taken  internally  it  is 
therefore  doubly  potent,  and  even  poisonous,  a  large 
■dose  exciting  severe  irritant  poisoning,  and  consecutivelj'^ 
producing  in  the  highest  degree  the  dangerous  constitu- 
tional effects  of  the  potassic  compounds  generally.  The 
salt  undergoes  no  decomposition  in  the  system,  and  is 
therefore  incapable  of  exerting  any  alkaline  effects,  either 
local  or  constitutional.  In  medicinal  doses  nitre  produces 
the  antifebrile  effects  of  the  potassium  salts  generally, 
being  cooling  and  grateful  to  the  stomach,  and  tending, 
.after  absorption,  to  quiet  a  bounding  heart  and  at  the 
:same  time  to  prove  gently  diuretic  and  diaphoretic. 
Being  of  high  diffusion  power,  it  does  not  purge  except 
in  considerable  dose.  A  peculiar  property  of  nitre  is 
that,  mixed  with  fresh  venous  blood,  it  turns  the  blood 
bright  led  and  impairs  its  coagulability ;  but  in  spite  of 
much  theorizing,  the  fact  does  not  lead  to  any  special 
therapeusis.  Medicinally  nitre  is  nowadays  rarely  used 
internally,  except  as  an  ingredient  of  fever  draughts  or 
of  diuretic  mixtures.  Formerly  it  had  considerable  repu- 
tation in  the  treatment  of  acute  rheumatism,  being  pushed 
in  full  doses,  but  alkalies  and  salicylates  have  now  sup- 
planted the  salt  for  this  application.  The  single  dose 
■of  nitre  should  not  exceed  2  gm.  (gr.  xxx.),  and  the  salt 
is  best  given  in  dilute  solution.  Considerable  single 
■amounts,  especially  if  in  concentrated  condition,  are  dan- 
gerous, but  so  rap"id  are  the  absorption  and  elimination 
of  the  nitrate  that,  by  means  of  small  and  frequent  doses, 
properly  diluted  for  the  taking,  a  very  large  quantity— 
from  30  to  63  gm.  ( §  i.  or  ij.)— can  be  passed  through  the 
■svstem  in  the  course  of  a  single  day  without  injury..  A 
special  therapeutic  application  of  saltpetre  is  the  inhala- 
tion, for  the  relief  of  spasmodic  asthma,  of  the  fumes 
arising  from  its  combustion.  As  usual  in  antispasmodic 
medication,  some  cases  tind  relief  from  the  agent  and 
others  do  not,  or  even  suffer  aggravation  thereby.     For 


the  application,  white  unsized  paper,  free  from  wool, 
is  steeped  in  a  twenty-flve-per-cent.  aqueous  solution 
of  nitre  and  allowed  to  dry.  A  piece  is  then  burned, 
and  the  patient,  with  the  face  as  near  as  can  be  borne 
without  undue  irritation,  inhales  the  white  fumes  that 
are  given  off.  Such  prepared  paper  is  official  in  the 
United  States  Pharmacopoeia  under  the  title  Oliarta  Po- 
tassii Nitratis,  Nitrate  of  Potassium  Paper.  It  is  some- 
times called  asthma  paper.  Toxicologically  nitre  is  of 
some  importance,  cases  of  poisoning  by  the  salt  not 
infrequently  occurring.  An  ounce,  swallowed  at  a 
draught,  has  proved  fatal  in  a  number  of  instances. 
Taken,  as  it  commonly  is  in  such  cases,  in  pretty  strong 
solution  in  mistake  for  purgative  salts,  it  produces  symp- 
toms of  severe  gastro-intestinal  irritation— burning  pain 
in  the  stomach,  violent  vomiting  and  purging,  the  de- 
jecta being  sometimes  bloody,  and  general  collapse. 
Whethej  the  constitutional  symptoms  are  merely  symp- 
tomatic of  shock  from  the  irritation,  as  occurs  so  com- 
monly with  powerful  irritant  poisons  like  the  mineral 
acids,  or  whether  they  are  in  part  the  expression  of  the 
specific  potassium  poisoning  of  nerve  and  muscle,  is  not 
always  easy  to  determine,  and  is  of  no  practical  bearing 
on  the  treatment  of  the  poisoning.  Special  symptoms 
are  urinary  suppression,  with  strangury,  tenesmus,  and 
bloody  urine,  and  aphonia.  These  may  or  may  not  oc- 
cur. Death  may  take  place  in  two  hours  after  the  swal- 
lowing of  the  poison.  There  is  no  chemical  antidote  to 
nitre,  so  that  the  treatment  of  a  case  of  poisoning  must 
be  conducted  simply  on  general  medical  principles. 

Potassium  Ohloi'ate :  KClOa.  The  salt  is  official  in  the 
United  States  Pharmacopceia  under  the  title  Potassii 
Ohloras,  Potassium  Chlorate.  This  is  a  permanent  salt, 
occurring  in  colorless,  shining,  prismatic  crystals  or 
plates,  odorless,  and  having  a  cooling,  saline  taste.  It 
dissolves  in  16.7  parts  of  cold  water,  but  in  1.7  parts  of 
boiling  water.  It  is  slightly  soluble  only  in  alcohol.  If 
heated  or  triturated  with  organic  substances,  such  as 
sugar,  tannic  acid,  or  cork,  or  with  easily  oxidizable 
chemicals,  such  as  sulphur  or  phosphorus,  a  dangerous 
explosion  is  likely  to  occur.  The  salt  should,  therefore, 
be  kept  in  glass-stoppered  bottles  and  handled  with  care. 

The  chemical  relationship  bet^veen  chlorates  and  ni- 
trates is  paralleled,  as  usual  in  such  cases,  by  resemblance 
in  physiological  action.  The  present  salt  thus  closely 
resembles  nitre  in  its  effects,  the  principal  difference 
being  in  intensity  of  power,  the  chlorate  being  the 
weaker — ^a  fact  probably  in  part  due  to  the  less  ready 
solubility  of  the  salt.  Yet  the  chlorate  is  strong  enough, 
in  full  concentrated  dose,  to  be  fatally  poisonous,  with 
symptoms  of  intense  gastro-intestinal  irritation,  and,  in 
too  lavish  medicinal  use,  as  has  been  the  fashion  in  diph- 
theria, to  be  the  likely  cause  of  much  of  the  nephritic 
disorder  thoughtlessly  assigned,  in  etiology,  to  the  dis- 
ease instead  of  to  the  medicine.^  For,  like  the  nitrate, 
the  chlorate  of  potassium  has  a  distinct  tendency  to  irri- 
tate the  kidneys,  which,  in  the  choked  condition  of  the 
organs  common  in  diphtheria,  may  easily  lead  to  dan- 
gerous congestion.  Potassium  chlorate  was  forced  into 
medicinal  notoriety  largely  by  the  theoretical  consider- 
ation that,  since  chlorates  readily  part  with  some  of  their 
oxygen,  thus  proving  active  oxidizing  agents,  the  salt 
ought  to  serve  as  a  constitutional  source  of  oxygen  with- 
in the  animal  system,  and  so  prove  of  benefit  in  diseases 
that  tax  the  nutritive  powers  of  the  organism.  Clinical 
experience,  however,  does  not  bear  out  the  prognostica- 
tions of  theory,  and  physiological  chemistry  accounts  for 
the  failure  by  finding  that,  under  the  conditions  of  the 
animal  circulation,  potassium  chlorate  suffers  no  decom- 
position, but  is  eliminated  by  the  kidneys  and  other  or- 
gans unchanged.  The  only  rational  place  of  this  salt  in 
medicine  hinges  on  the  following  fact:  The  chlorate  is 
largely  eliminated  by  the  salivary  glands,  and  probably 
also  by  the  mucous  follicles  of  the  mouth  and  pharynx, 
and  in  inflammatory  conditions  of  the  surface  textures  of 
these  parts  distinctly  tends  to  healing.  Sore  mouth  or 
sore  throat,  catarrhal  or  ulcerative,  is  therefore  treated 
with  advantage  with  potassic  chlorate  in  the  form  of 
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wash  or  gargle,  or,  better  still,  for  the  sake  of  continuous 
application  to  the  parts  through  the  avenue  of  the  saliva 
and  huccal  mucus,  given  internally.  A  convenient  prac- 
tice is  to  prescribe  a  flve-per-cent.  aqueous  solution  of 
the  salt,  which  is  upon  the  verge  of  a  saturated  solution, 
and  direct  this  to  be  used  as  a  mouth  wash  or  gargle 
every  two  hours,  and  at  the  same  time  a  couple  of  tea- 
spoonfuls  to  be  taken  internally.  Such  quantity  will 
represent  about  0.50  gm.  (gr.  viij.)  of  the  salt— a  moder- 
ate single  internal  dose.  Among  the  varieties  of  buccal 
disorders  amenable  to  potassium  chlorate  may  be  men- 
tioned mercurial  stomatitis ;  and  some  practitioners  even 
combine  the  potassium  salt  with  their  mei'curial.5  in  con- 
stitutional mercurialization,  with  the  view  of  lessening 
the  risk  of  salivation.  In  diphtheria,  also,  the  chlorate 
is  a  good  deal  used,  the  good  effects  being  probably  the 
local  ones  only,  and  the  risk  to  kidneys  or  heart  from  too 
free  dosage  being  genuine  and  considerable.  Of  prepa- 
^  rations,  the  United  States  Pharmacopoeia  makes  official 
Trocliisci  Potassii  Ohloratis,  Troches  of  Potassium  Chlor- 
ate, the  ingredients  being  the  salt,  sugar,  and  tragacanth, 
and  a  little  of  spirit  of  lemon  for  flavoring.  Each  troche 
contains  0.80  gm.  (about  gr.  v.)  of  chlorate.  In  ordinary 
sore  throats  or  sore  mouths,  for  the  treatment  of  which 
affections  the  preparation  is  especially  intended,  these 
lozenges,  if  allowed  to  dissolve  naturally  without  chew- 
ing, may  be  taken  continuously  through  the  day. 

Edicard  Curtis. 

'  Ringer  and  Murrell :  Journal  of  Physiology,  1.,  p.  88. 
"  Basbam :  Practitioner,  vol.  v.,  p.  259. 
'  Jacob! :  Medical  Record,  vol.  xv.,  p.  241. 

POTASSIUM,  TOXICOLOGY  OF— Independently  of 
the  corrosive  action  which  characterizes  the  oxid,  hy- 
droxid,  and  carbonates  of  potassium,  those  compounds  of 
potassium  with  acids,  which  have  little  or  no  toxic  quali- 
ties, such  as  the  chlorld,  sulfate,  or  tartrate,  exert  a 
distinctly  poisonous  action.  In  this  respect  the  potas- 
sium compounds  differ  notably  from  those  of  sodium. 

Experiments  on  dogs  demonstrate  that  the  injection  of 
from  1  to  3  gm.  of  potassium  chlorid,  nitrate,  sulfate, 
etc.,  directly  into  the  circulation,  produces  death  very 
quickly  from  cessation  of  the  heart's  action.  Smaller 
quantities  produce  a  slowing  of  the  pulse,  more  or  less 
gastritis,  dyspnoea,  convulsions,  and  sometimes  death. 

Diluted  doses  seem  to  have  a  less  serious  effect  than  the 
same  weight  of  the  salt  in  a  concentrated  form. 

All  fatal  cases  of  poisoning  in  the  human  subject  by 
the  potassiiim  salts  of  non-toxic  acids  have  been  due  to 
ignorance  or  accident. 

Potassium  Bromid—KBr.—Two  cases  have  been  re- 
ported in  which  death  followed  the  administration  of 
very  large  quantities  of  potassium  bromid.  Duncan 
(British  Med.  Journal,  1882,  Part  I.,  p.  616)  relates  a 
case  of  a  child  three  years  old,  who  died  in  less  than  half 
an  hour  after  taking  between  5  and  6  gm.  of  the  drug 
The  other  case  was  that  of  an  adult  female,  to  whom  was 
administered  by  her  physician  4.2  gm.  every  four  lioiu's 
for  four  days.  The  patient  died  five  days  after  taking 
the  last  dose  (Hamer,  Columbus  Med.  Journal  vol  iii 
p.  S.'jQ).  ■      ■' 

Aside  from  bromism  several  non-fatal  cases  are  on  rec- 
ord, m  some  of  which  the  patient  exhibited  a  peculiar 
Idiosyncrasy  as  regards  the  tolerance  of  this  substance 

Potassium  Chloi-id—KC\.—The  poisonous  action  of 
this  compound  upon  animals  has  been  to  some  extent  in- 
vestigated. When  injected  into  the  blood  supply  of  a 
nerve,  the  latter  loses  its  excitability.  The  salt  is  elimi- 
nated with  the  urine,  but  much  more  slowly  than  so- 
dium chlorid.  I  find  no  fatal  cases  reported  as  a  result 
ot  the  poisonous  action  of  this  salt  upon  human  beiuEs 

Potassium  mtmte-K1^0:,.~ThU  substance  is  com- 
monly known  by  the  name  of  nitre  or  saltpetre      Its  use 

aLv^lh '■?*'^^  ?/  ""''**  ^""^  °^^^'-  '''•"'^'es,  and  among- 
agncultunsts  in  the  treatment  of  diseases  of  domesti? 
an  mals,  makes  it  one  of  the  common  household  drugs 
thn?tSrf°i°f  l'yPota?sium  nitrate  it  is  quite  certain 
that  the  acidulous  constituent  plays  no  small  part  in  the 
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toxic  action.  This  conclusion  follows  from  observations 
upon  man  and  lower  animals,  when  subjected  to  the  ac- 
tion of  sodium  nitrate  (see  two  cases  of  poisoning  by  so- 
dium nitrate,  Collischorm,  Deutsche  med.  WocheTischriJt, 
vol.  XV.,  p.  844).  Large  doses  (3-5  gm.)  cause  uneasi- 
ness in  the  stomach  and  intestines,  followed  by  vomiting, 
diarrhoea,  and  generally  a  frequent  desire  to  urinate. 
Fifteen  to  twenty  grams  produce  an  acute  gastro-enteri- 
tis,  the  vomit  tinged  with  blood,  pronounced  weakness, 
cold  sweats,  and  cramps,  especially  in  the  calves  of  the 
legs. 

Woodman  and  Tidy  ("Forensic  Medicine  and  To.xicol- 
ogy ")  report  six  fatal  cases  in  which  the  dose  varied 
from  15  to  45  gm.,  and  the  duration  from  two  to  sixty 
hours.  Wormley  ("Micro-Chemistry  of  Poisons,"  p. 
69)  mentions  an  instance  of  an  aged  man  who  died  in 
half  an  hour  after  taking  a  quantity  of  potassium  nitrate 
in  mistake  for  sodium  sulfate.  Size  of  dose  not  given. 
Bailey  (Phila.  Med.  and  Surg.  Peporter,  June,  1873,  p. 
75)  records  a  recovery  after  .taking  135  gm. 

Lesser  (.Vierteljahr.  f.  ger.  Med.,  1898,  3.  F.,  xvi.,  93) 
reports  the  case  of  a  woman  aged  forty-six,  who  died 
twelve  hours  after  taking  about  70  gm. 

Most  of  the  cases  of  poisoning  by  potassium  nitrate 
have  been  due  to  mistaking  the  substance  for  magnesium 
or  sodium  sulfate  or  sodium  chlorid.  In  several  instances 
overdoses  produced  serious  results. 

The  symptoms  consist  of  a  severe  burning  pain  in  the 
abdominal  region,  nausea,  vomiting,  purging,  vomit  and 
stools  containing  blood,  coldnc'ss  of  the  extremities,  fa- 
cial tremors,  weak  and  irregular  pulse,  and  collapse. 
Difficult  respiration  was  observed  in  some  cases. 

No  chemical  antidote  is  known.  The  treatment  should 
be  to  remove  the  poison  fi-om  the  stomach,  give  muci- 
laginous drinks,  and  treat  the  symptoms. 

Post-mortem  Appearances. — The  stomach  is  usually 
highly  inflamed,  with  dark-colored  ])atches,  and  the  mu- 
cous membrane  partially  detached.  Similar  appearances 
have  been  observed  in  the  duodenum  and  intestines. 
Sometimes  the  indications  of  aspliyxia  are  present;  the 
lungs  are  congested,  and  the  right  heart  is  filled  with 
thick,  very  dark  blood. 

Potassium  Sulfate— KSO,.— This  substance  was  for- 
merly employed  to  produce  abortion,  several  fatal  results 
having  occurred  from  such  use.  Bayard  reports  a  case 
(Ann.  d'Hygiine,  April,  1843)  in  which  33  gm.  of  potas- 
sium sulfate  were  administered  as  a  laxative  after 
delivery.  Death  followed  in  two  hours.  A  case  is 
recorded  in  the  Medical  Times  and  Gazette,  1856,  p.  430, 
in  which  8  gm.,  administered  to  produce  abortion,  caused! 
death. 

The  symptoms  noted  were  pain  in  the  stomach,  nausea, 
vomiting,  purging,  and  cramps  in  the  limbs.  A  post- 
mortem examination  showed  the  stomach  to  contain  a 
reddish  liquid,  and  the  mucous  membrane  to  be  of  a  pur- 
ple color. 

Potassium  hitartraU—KaCtR.Oc.—Mthovigh  this  sub- 
stance, commonly  called  cream  of  tartar,  may  be  found 
in  every  household,  I  find  recorded  but  two  fatal  cases  of 
poisoning  by  its  use.  In  Tyson's  case  (Lancet,  vol.  i., 
1837-38,  p.  163)  death  followed  in  four  days  the  taking 
of  135  gm.  Roger  reports  a  case  (Friedreich's  Blatter  f. 
ger.  Med.,  xxviii.,  1887,  p.  196)  in  which  200  gm.  caused 
death  in  twelve  hours. 

The  prominent  symptoms  were  severe  abdominal  pain, 
persistent  vomiting  and  diarrhrea,  thirst,  feeble  pulse, 
and  paralysis  of  the  legs.  A  post-mortem  examination 
showed  the  interior  surface  of  the  stomach  covered  w.ith 
red  streaks  and  patches,  and  the  intestines  somewhat  in- 
flamed. 

Analysis.- Since  potassium  compounds  are  normally 
present  in  the  body  fluids  and  tissues,  the  analyst  can- 
not report  them  as  having  been  introduced  into  the 
system,  unless  he  can  prove  them  present  in  abnormal 
quantity,  or  in  unusual  combination.  Cream  of  tartar, 
on  account  of  its  sparing  solubility,  may  be  found  in 
the  stomach  in  the  solid  form. 

Louis  Warner  Biggs. 
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POTT'S  DISEASE.     See  lipine.  Diseases  of. 

POWDER  SPRINGS.— Cobb  County,  Georgia.  Post- 
Officb. — Powder  Springs. 

Access. — Take  Western  and  Atlantic  Railroad  to  Ma- 
rietta, and  from  thence  private  conveyance  to  the  springs, 
ten  miles  distant. 

These  springs  were  discovered  about  fifty  years  ago, 
but  for  want  of  Improvements  their  reputation  has  been 
confined  to  the  surrounding  country.  There  are  four 
springs,  one  of  which  has  been  approximately  analyzed 
as  follows : 

One  United  States  gallon  contains:  Iron  sulphate,  gr. 
2;  calcium  sulphate,  gr.  1;  iron  oxide,  gr.  1.50.  Total 
solids,  4.50  grains.  The  contained  gases  are:  Carbonic 
acid,  1  cubic  inch;  hydrogen  sulphide,  1.5  cubic  inches. 

The  other  springs  contain  about  the  same  Ingredients. 
The  flow  of  water  is  about  two  and  a  half  gallons  per 
minute.  The  waters  are  evidently  chalybeate,  and  wo 
are  informed  that  they  have  been  found  highly  useful  in 
depressed  and  debilitated  states  of  the  system  where  a 
fairly  potent  ferruginous  tonic  is  indicated. 

James  K.  Crook. 

POWHATAN  LITHIA  AND  ALUM  SPRINGS.— Pow 

hatan  County,  Virginia.     Post-Office. — Tobaccoville. 

Access. — From  Richmond  viS  Parmville  and  Powha- 
tan Railroad  to  Tobaccoville  station,  forty-eight  miles 
west,  thence  three-quarters  of  a  mile  by  private  convey- 
ance to  springs. 

These  springs  are  two  in  number,  one  known  as  the 
Lithia,  the  other  as  the  Alum  Spring.  They  yield  about 
five  hundred  gallons  of  water  per  day.  A  qualitative 
analysis  of  the  lithia  water  by  Dr.  W.  H.  Taylor,  State 
chemist  at  Richmond,  showed  the  presence  of  lime,  mag- 
nesia, soda,  lithia,  potash,  iron,  silica,  sulphuric  acid, 
carbonic  acid,  and  chlorine.  The  alum  water  was  ana- 
lyzed at  the  Smithsonian  Institution  and  found  to  contain 
about  the  same  ingredients,  except  that  the  lithia  was  re- 
placed by  alum.  The  water  is  sold  to  some  extent,  but 
the  property  has  never  been  much  developed  and  no 
hotel  accommodations  have  been  provided. 

James  K.  Crook. 

POWNAL  SPRING.— Cumberland  County,  Maine.— 
Post-Office. — West  Pownal.     Hotel. 

Location. — Eighteen  miles  from  Portland  and  ten 
miles  from  Poland  Spring. 

Access.- Via  Grand  Trunk  Railroad  to  West  Hanover 
Station,  or  Maine  Central  Railroad  to  Pownal  Spring 
Station. 

The  surroundings  of  the  spring  are  very  pleasing 
to  the  eye.  The  White  Mountains,  in  the  distant  north- 
western horizon,  form  an  impressive  background,  while 
to  the  southward  a  wide  panorama  is  unfolded  to  the 
view  of  the  beholder,  even  Portland  harbor  being  easily 
seen  by  the  aid  of  a  small  glass.  The  location  of  the 
spring  is  upon  land  higher  than  any  other  in  the  im- 
mediate vicinity,  thus  giving  no  opportunity  for  surface 
pollution.  The  water  comes  apparently  from  the  solid 
rock,  and  is  clear  and  sparkling.  The  average  tempera- 
ture of  the  water  as  it  emerges  is  43°  F.  This  is  subject 
to  a  variation  of  only  one  degree  in  either  direction  during 
the  entire  year.  The  following  analysis  was  made  by 
State  Assayer  Franklin  C.  Robinson,  professor  of  chemis- 
try at  Bowdoin  College  in  1893 : 

Reaction  neutral.  One  United  States  gallon  contams ; 
Silica,  gr.  0.41;  iron  carbonate,  gr.  0.04;  calcium  carbon- 
ate, gr.  0.33;  magnesium  carbonate,  gr.  0.02;  sodium 
carbonate,  gr.  0.09;  sodium  sulphate,  gr.  0.08;  sodium 
chloride,  gr.  0.16;  potassium  carbonate,  gr.  0.03.  Total 
solids,  1.15  grains.  . 

Organic  and  volatile  matter,  0.01  grain.  The  water  is 
bottled  and  sold.  It  is  recommended  for  the  table,  and  is 
said  to  be  useful  in  dyspeptic  and  urinary  complaints, . 
but  the  remarkable  attenuation  of  the  water  would  ap- 
pear to  require  the  ingestion  of  large  quantities  in  order 
to  secure  appreciable  therapeutic  effects. 

James  K.  Crook. 


PREMATURE  INFANTS.— By  premature  infants  we 
mean  those  babies  which  are  born  before  the  two  hun- 
dred and  eighty  days,  considered  the  normal  length  of 
intra-uterine  gestation,  have  elapsed,  and  after  the  period 
of  viability  of  the  child.  This  period,  however,  is  only 
arbitrary,  and  varies  within  relatively  wide  limits.  In 
this  respect  much  depends  upon  the  nourishment  of  the 
foetus  prior  to  birth,  the  health  of  the  mother  during  preg- 
nancy, the  conditions  demanding  or  leading  up  to  the  in- 
terruption of  pregnancy,  the  character  and  duration  of 
labor,  the  difliculty  attending  its  birth,  as  well  as  the  care 
of  the  infant  after  its  advent  into  the  world.  Conse- 
quently, in  a  syphilitic,  tuberculous,  or  albuminous 
mother,  in  a  case  of  placenta  proBvia  or  of  accidental 
hemorrhage  or  eclampsia,  in  a  dry,  protracted  labor,  after 
a  breech,  forceps,  or  version  delivery — in  all  these  con- 
ditions, on  account  of  the  immatui-e  development  of  the 
vital  organs,  the  chance  of  survival  of  the  baby  is  very 
much  reduced. 

There  are  cases  on  record  in  which  it  is  claimed  that 
the  child  in  utero  reached  only  the  twenty-fourth  week 
and  yet  lived.  Perhaps,  in  the  future,  advances  in  our 
knowledge  of  their  care  will  enable  such  infants,  bom 
before  the  date  supposed  to  be  compatible  with  life,  to 
survive.  It  is  more  likely,  however,  that  such  cases  are 
reported  with  mistaken  calculations. 

There  are  no  characteristic  appearances,  no  exact  de- 
velopment upon  which  we  can  definitely  state  the  age  of 
the  infant  when  it  is  born.  The  weight,  the  length,  and 
development  all  vary  for  a  given  length  of  gestation  and 
statistics  given  are  only  approximate,  but  yet  of  sufli- 
cient  value  to  guide  us  somewhat  in  the  management  of 
such  infants.  It  is  therefore  generally  the  rule  that  if 
the  infant  is  born  alive,  we  must  endeavor,  without  re- 
gard to  size  and  characteristics,  by  the  best  care  and  latest 
knowledge,  to  preserve  its  existence. 

The  general  characteristics  in  the  clinical  picture  of  a 
premature  child  are  as  follows :  The  head  is  very  large 
in  proportion  to  the  body,  the  abdomen  is  prominent,  the 
movements  are  very  weak,  the  body  is  limp,  and  the 
child  has  a  senile,  emaciated,  and  wizened-up  appear- 
ance. 

At  the  twenty-fourth  week  of  intra-uterine  life  a  foetus, 
when  born,  usually  breathes  feebly.  Some  cannot  cry, 
although  others  will  give  a  faint  mewl.  The  infant  is 
covered  by  lanugo.  Its  eyelids  have  separated,  though 
it  is  so  feeble  that  it  cannot  often  open  and  shut  them. 
There  is  very  little  subcutaneous  adipose  tissue.  It 
measures  about  28-34  cm.  {lli-13i  in.)  in  length  and 
weighs  676  gm.  ( I  xxiii.).  The  testicles  are  only  at  the 
inguinal  rings.  This  foetus  may  live  from  a  few  hours  to 
fifteen  days,  but  would  in  all  probability  die  from  insuf- 
cient  assimilation  after  a  weak  digestion  of  food,  from 
rapid  loss  of  heat  or  from  imperfect  respiration.  At  the 
twenty-eighth  week  the  foetus  measures  in  length  from  35 
to  38'cm.  (13.75  to  15  in.)  and  weighs  1,170  gm.  (41i  oz.). 
The  soles  of  the  feet  and  palms  of  the  hands  are  not  cov- 
ered by  lanugo.  The  pupillary  membrane,  which  had 
hitherto  obscured  the  pupil,  has  now  disappeared.  The 
skin  is  still  wrinkled,  covered  by  vernix  caseosa.  The 
child  still  has  an  emaciated  appearance.  Such  an  infant 
with  good  care  can  live,  but  most  of  them  die.  There  per- 
sists, however,  in  the  minds  of  some  of  the  old  practition- 
ers and  among  the  laity,  the  idea  that  a  child  born  at  the 
seventh  month  is  more  apt  to  survive  than  one  born  at 
the  eighth  month.  Of  course  this  is  nonsense,  for  the 
development  and  functions  of  the  vital  organs  are  by  far 
less  advanced  at  the  earlier  than  at  the  later  date,  and  it 
stands  to  reason  that  the  elder  fcctus  will  be  stronger 
thereafter.  Professor  Parvin,  in  his  "  Science  and  Art  of 
Obstetrics,"  tells  how  this  superstition  has  descended 
through  more  than  two  thousand  years  from  Hippoc- 
rates The  Greek  explained  it  in  this  manner,  that  the 
foetus  is  placed  with  its  head  at  the  fundus  in  the  uterus 
until  the  seventh  month  when  the  increasing  weight  of 
the  head  causes  it  to  descend  to  the  lower  zone.  As  soon 
as  this  occurs,  the  foetus  attempts  to  escape,  and  if  it  is 
strong  it  succeeds ;  but  if  the  attempt  fails,  it  tries  again 
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at  the  eighth  month,  and  if  the  infant  now  succeeds  in 
escaping  from  the  uterus,  being  exhausted  by  its  previ- 
ous effort,  it  is  more  apt  to  succumb. 

At  the  thirty-second  week  the  foetus  measures  39-41  cm. 
(15i-16  in.)  in  length,  and  weighs  1,571  gm.  (3i  lbs.).  The 
hair  on  the  scalp  is  longer  and  more  abundant;  the  down 
on  the  face  is  disappearing.  One  of  the  testicles,  usually 
the  left,  has  descended  into  the  scrotum.  The  nails  are 
firmer,  but  do  not  quite  reach  the  finger  tips.  There  is 
ossification  beginning  in  the  lower  epiphysis  of  the  fe- 
mur. The  child  has  lost  some  of  its  senile  appearance 
and  emaciation  due  to  the  increased  deposition  of  subcu- 
taneous fat.  At  this  period,  with  proper  care,  the  child 
ought  to  live.  At  the  thirty-dxth  week  the  infant  meas- 
ures 43-44  cm.  (16|-17i  in.)  in  length,  and  weighs  1,943 
gm.  (4i  lbs.).  There  is  a  decided  increase  in  subcutane- 
ous fat.  The  nails  are  not  yet  perfectly  developed.  The 
lanugo  has  disappeared  and  the  bones  of  the  head  are  still 
soft  and  very  compressible.  The  infant  is  much  stronger, 
but  is  still  in  a  condition  to  die  easily  unless  well  cared 
for. 

A  detailed  description  of  a  premature  child  is  as  fol- 
lows: The  liead  is  excessively  developed  and  conse- 
quently its  contents  (the  brain)  are  excessively  developed 
in  comparison  with  the  diminutive  characteristics  of  the 
rest  of  the  body.  Yet  the  head  is  very  soft  and  compres- 
sible, for  the  bones  themselves  are  very  poorly  ossified, 
thin,  and  parchment-like,  crackling  under  pressure,  and 
the  sutures  and  the  fontanels  are  wide  open.  Conse- 
quently the  symmetry  of  the  head  is  easily  destroyed, 
considerably  so  in  the  moulding  of  deliverj',  not  only  by 
the  bony  pelvis,  but  also  even  by  a  rigid  cervix  or  peri- 
neum, yet  more  so  in  prolonged  positions  of  the  head 
after  birth.  The  moulding  is  usually  temporary  and  the 
bones  ordinarily  quickly  resume  their  proper  relations. 
However,  if  the  child  continuously  lies  on  one  side  of  Its 
head,  even  though  the  pillow  is  very  soft,  from  its  mere 
weight  a  marked  deformity  develops.  This  can  be 
avoided  by  letting  the  child  lie  on  alternate  days  first  on 
one  side  and  then  on  the  other. 

Abdomen. — The  abdomen  is  almost  always  relatively 
distended,  due  in  a  great  measure  to  the  large  size  of  the 
liver  and  the  accumulation  of  gas  in  the  intestines  whose 
peristaltic  movements  are  very  weak.  This  distention 
may  last  for  many  weeks,  and  the  gradual  return  of  the 
abdomen  to  a  normal  size  is  a  good  sign  in  the  gradual 
development  of  the  infant  to  the  status  of  a  child  born 
at  term. 

Skin. — The  skin  is  of  a  dull,  brownish-red,  more  mark- 
edly so  at  first  than  at  a  later  period ;  when  the  child 
cries  this  color  changes  to  a  brighter  and  healthier  red. 
Aside  from  this,  the  color  is  apt  to  vary  considerably 
at  different  times,  for  premature  infants  are  prone  to  ery- 
thematous rashes,  and  are  almost  regularly  icteric  after 
the  second  or  third  day.  If  the  child  is  doing  poorly  the 
skin  is  pale,  transparent,  dry,  scaly,  and  waxy  white, 
.sometimes  oedematous.  It  is  soft  and  delicate,  so  thin  in 
some  spots,  especially  over  the  forehead  and  skull,  that 
the  superficial  veins  shine  through.  In  other  places  it  is 
very  wrinkled,  due  to  lack  of  adipose  tissue ;  a  condition 
which  gives  to  the  body  and  extremities  an  emaciated 
appearance  and  to  the  face  a  senile  expression.  There  is 
present  a  varying  amount  of  lanugo,  depending  on  the 
■degree  of  prematurity.  The  nails  are  soft  and  short, 
they  do  not  reach  the  ends  of  the  digits;  this  is  more 
noticeable  on  the  toes.  The  sweat  glands  are  supposed 
to  be  undeveloped,  but  certainly  many  premature  babies 
perspire  profusely  if  the  temperature  of  the  incubators 
is  too  high.  On  the  other  hand,  the  sebaceous  glands  are 
moderately  active,  yet  more  so  before  birth  than  after- 
ward. 

The  extremities  are  thin  and  emaciated,  with  apparently 
atrophied  nmscles.  According  to  Dane  the  instep  is  as 
Tvell  developed  as  is  that  of  an  adult. 

The  movements  are  few  and  slow,  but  at  times  spas- 
modic. ' 

The  respirations  are  shallow,  irregular,  and  superficial 
and  often  suspended  for  a  time.     The  little  one  sucks 
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slowly  and  weakly,  and  swallows  with  difliculty,  and  the 
mere  effort  is  followed  by  more  or  less  exhaustion. 

The  tissues  of  the  infant  are  not  yet  sutficiently  devel- 
oped to  meet  the  demands  of  extra-uterine  life ;  this  is  es- 
pecially true  of  the  gastro-enterie  tract.  The  capacity  of 
the  stomach  is  small,  varying  with  the  weight  and  size 
of  the  child.  The  walls  are  weak  and  thin,  and  an  organ 
holding  at  first  two  or  three  drachms  will  easily  dilate 
until  it  has  a  capacity  of  an  ounce  or  even  an  ounce  and 
a  half,  much  to  the  infant's  loss.  Even  absorption  is 
slow  and  inefficient,  and  the  digestive  juices  are  lacking 
in  ferments.  The  amylolytic  function  is  practically  sus- 
pended, and  should  not  be  depended  upon  at  all  for  the 
digestion  of  starches.  Sugar,  on  the  other  hand,  is  a 
foodstuff  most  easily  taken  care  of  by  simple  absorption. 
It  is  needed  to  keep  up  the  animal  heat,  which  is  so  easily 
lowered  in  the  premature  child,  and  consequently  is  of 
great  importance.  At  first  it  sbould  be  given  in  lower 
percentages  till  the  gastro-enterie  tract  is  accustomed  to 
the  new  work  which  it  is  required  to  perform.  The  func- 
tion of  digesting  fats  and  albuminoids  is  far  inferior  to 
that  of  a  full-term  child ;  and  all  f ormulse  should  conse- 
quently at  the  beginning  be  very  low  in  such  ingredients ; 
even  breast  milk  must  be  well  diluted  in  the  more  pre- 
mature children  for  a  number  of  days  after  birth. 

The  intestines  of  a  premature  child  contain  meconium, 
and  after  a  few  days,  if  the  digestion  is  good,  the  faeces 
assume  the  normal  golden-yellow  color.  These  infants, 
however,  are  prone  to  constipation  on  account  of  weak 
peristalsis,  and  often  the  stools  contain  curds,  and  too 
easily  become  frequent,  green,  acid,  and  slimy. 

The  lieart  is  relatively  large,  but  its  action  is  weak. 
The  foramen  ovale  often  remains  patulous  for  a  longer 
period  than  if  the  infant  were  born  at  term.  Inasmuch  as 
the  air  cells  of  the  lungs  are  by  no  means  all  in  use  for 
oxygenation,  and  Inasmuch  as  the  blood  soon  becomes  im- 
poverished from  insufficent  nutrition,  large  demands  for 
increased  work  are  made  upon  this  vital  organ.  Conse- 
quently the  infant  should  be  kept  quiet  and  no  useless 
extra  work  should  be  put  on  the  circulation,  which  is  in 
such  a  precarious  condition,  not  only  on  account  of  the 
many  changes  which  occur  with  the  first  respirations  in 
different  structures  of  the  body,  but  also  for  the  reasons 
mentioned  above.  The  pulse  is  more  rapid  than  that  of 
a  normal  infant,  but  it  is  not  permissible  to  base  a  prog- 
nosis upon  this  fact. 

The  blood  at  birth  contains  an  excessive  amount  of  hae- 
moglobin, but  it  is  loosely  held  in  the  red  corpuscle,  and 
the  infant  readily  loses  it  and  becomes  anaemic.  De- 
struction of  haemoglobin  is  going  on  rapidly  and  its 
manufacture  progresses  but  slowly  and  for  many  days 
does  not  make  up  the  loss.  The  blood  itself,  especially 
in  those  cases  which  are  doing  poorly,  soon  becomes  thin, 
watery,  and  deficient  in  all  its  solid  and  vital  ingredients. 
The  child  consequently  often  becomes  waxy-white  and 
oedematous. 

The  animal  lieat  of  the  infant  is  easily  affected.  De- 
prived of  its  source  of  combustion  and  insulation  (the 
subcutaneous  fat),  variations  occur  quickly  and  readily. 
Thrust  at  birth  suddenly  into  an  atmosphere  twenty - 
eight  degrees  lower  than  that  to  which  it  had  been  accus- 
tomed hitherto,  no  wonder  the  temperature  falls  simply 
from  radiation.  The  metabolism  is  too  slow  to  manufac- 
ture enough  heat  to  maintain  a  constant  temperature,  and 
the  strain  upon  an  uneducated  heat  centre  is  not  borne. 
Again,  another  reason  why  the  temperature  is  subnor- 
mal is  that  the  premature  infant  with  all  its  vital  organs 
undeveloped  is  called  upon  to  furnish  more  heat  than  the 
child  at  term,  for  we  all  know  that  the  smaller  the  ani- 
mal the  greater  is  the  surface  exposed  for  radiation. 
Consequently  the  temperature  is  lowered  both  by  an  in- 
sufficient heat-production  and  by  an  excessive  loss  of 
heat,  which  the  heat  centre  is  powerless  to  control  and 
therefore  to  set  in  equilibrium.  So  spasmodically  does 
this  centre  act  that  the  temperature  of  the  child  will  for 
trivial  causes  run  very  high.  This  is  especially  the  case 
during  the  first  few  days  of  life,  and  it  is  often  very  diffi- 
cult, even  in  a  well-regulated  incubator,  to  keep  this 
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temperature  normal.  Besides,  slight  gastrointestinal 
troubles,  as  vomiting,  constipation,  or  diarrhoea,  -will 
cause  sudden  rises  which  do  not  occur  so  readily  in  the 
full-term  baby. 

The  lungs  are  also  in  a  very  undeveloped  state,  and  al- 
though they  are  sufficiently  developed  to  cany  on  their 
functions  in  extra-uterine  life,  the  tissues  of  the  re- 
spiratory tract  are  very  sensitive  and  easily  become  in- 
flamed. Especially  is  this  true  of  the  nose,  nasopha- 
rynx, and  mouth,  for  here  infection  readily  occurs 
from  Inhalations  of  dirt  and  dust.  Besides,  even  though 
the  baby  has  cried  very  well  at  birth,  the  respira- 
tory efforts  do  not  at  once  aSrate  more  than  the  an- 
terior lobules  of  the  lungs.  Some  of  the  children  re- 
main blue,  breathing  and  crying  weakly,  and  die  in  a 
few  days.  Others  gradually  make  a  greater  use  of  their 
lungs,  but  from  slight  causes  they  acquire  a  secondary 
atelectasis  in  addition  to  the  foetal  condition  posteriorly. 
The  irregularities  of  the  respiration  are  very  marked. 
Adriance  explains  this  condition  on  the  basis  of  his  studies 
of  the  embryology  and  pathology  of  the  lung.  Before 
the  fourth  month  of  festal  life  there  are  no  alveoli,  and 
the  bronchioles  are  far  apart  in  the  mesenchyma.  In  the 
development  the  tubes  ramify  rapidly.  From  this  we 
see  that,  if  a  child  is  born  prematurely,  the  bronchi  pre- 
dominate and  the  few  alveoli  are  enclosed  in  connective 
tissue.  The  blood-vessels  of  the  lungs  are  composed  of 
a  rich,  unsupported  capillary  network,  whose  elastic 
walls  are  readily  stretched  and  so  encroach  upon  the  air 
vesicles.  The  feeble  respiratory  movements  permit  of 
collapse  of  the  air  vesicles  and  engorgement  of  the  ves- 
sels— conditions  which  result  in  hypostasis  and  atelec- 
tasis, posteriorly  and  inf eriorly.  Besides,  the  bony  frame- 
work is  poorly  adapted  for  aeration.  Being  cartilaginous 
and  very  elastic,  even  with  a  strong  muscular  effort  at 
respiration,  the  lower  part  of  the  chest  is  drawn  in,  es- 
pecially over  the  sternum,  and  only  a  very  little  air  really 
enters  the  alveoli.  Cyanotic  attacks  consequently  are 
very  frequent  and  often  fatal.  The  respiratory  centre, 
like  that  of  heat  control,  is  spasmodic  and  weak  in  action. 
These  respirations  are  often  delayed,  feeble,  and  even 
Cheyne-Stokes  in  character,  and  this  undeveloped  centre 
is  often  responsible  for  the  cyanosis  which  ensues.  Every 
autopsy  on  premature  children  who  have  died  within  a 
week  or  so  after  death  shows  atelectasis,  and  the  weak 
pulmonary  organs  are  responsible  for  most  of  these 
deaths. 

The  liver  is  very  large  and  fills  over  one-half  the  space 
in  the  abdominal  cavity.  Bile  is  secreted  in  great  quanti- 
ties, and  it  is  probably  to  over-production  by  the  liver 
cells  and  to  engorgements  of  the  ducts  that  we  must  at- 
tribute the  regular  and  early  occurrence  of  icterus  neo- 
natorum. 

The  Udneys  also  perform  their  functions  irregularly. 
For  a  day  or  two  no  urine  is  voided.  Uric  acid  is  secreted 
in  abundance,  for  the  napkins  of  the  child  are  often 
stained  with  the  characteristic  pink  color,  and  the  pyra- 
mids almost  always  on  autopsy  are  found  to  be  plugged 
with  uric-acid  infarctions. 

Prognosis. — The  weight  of  a  premature  child  varies, 
for  the  same  duration  of  intra-uterine  life,  for  many  rea- 
sons ;  consequently  we  must  base  our  prognosis  less  upon 
the  weight  at  birth  than  upon  the  general  condition  of 
the  child.  Yet  it  goes  without  saying  that,  other  things 
being  equal,  the  more  premature  the  child  the  less  is  the 
probability  of  its  survival.  The  daily  progressive  gain, 
on  the  other  hand,  furnishes  by  far  the  best  indication 
that  matters  are  progressing  satisfactorily;  yet  one  has 
to  wait  a  long  time  before  this  is  manifest.  Prema- 
ture children,  even  though  weighing  less  at  birth,  have 
a  greater  initial  loss,  and  a  loss  which  extends  over 
a  longer  period,  than  the  full-term  child.  It  is  not  un- 
common for  a  child  weighing  three  and  three-quarters 
pounds  or  thereabouts  to  lose  from  ten  to  f oui-teen  ounces 
and  to  continue  to  lose  for  from  ten  to  seventeen  days. 
This  is  due  to  the  immaturity  of  the  digestive  tract,  and  , 
to  the  fact  that  the  babies  are  invariably  intensely  jaun- 
diced.    On  account  of  the  latter  condition  they  lie  m  a 


stupor,  are  with  difficulty  aroused,  and  take  their  nour- 
ishment very  poorly ;  then  besides,  they  gain  more  slowly. 
If  the  infant  has,  at  the  end  of  three  or  four  weeks,  re- 
gained the  weight  which  it  had  at  birth,  it  will  have 
done  very  well.  If,  on  the  other  hand,  the  loss  is  pro- 
gressive, sooner  or  later  there  will  be  a  fatal  outcome. 
The  prognosis  then  depends  on  the  general  condition  at- 
birth,  on  the  degree  of  prematurity,  and  most  of  all  on 
the  subsequent  care.  Extremes  of  temperature  must  be 
guarded  against.  Attacks  of  cyanosis  are  not  necessarily 
fatal,  but  they  render  the  chance  of  survival  very  doubt- 
ful. If  the  child  lives  for  four  or  five  days,  and  the- 
attacks  are  decreasing  in  number,  the  outlook  is  more^ 
hopeful. 

Treatment. — There  are  four  distinct  objects  which 
must  be  kept  in  view  in  the  care  and  management  of 
premature  children. 

1.  The  maintenance  of  a  proper  temperature. 

2.  The  prevention  of  exhaustion. 

3.  The  administration  of  the  proper  amount  and  kind 
of  nourishment. 

4.  The  avoidance  of  infection. 

Premature  children  can  be  divided  into  three  classes r 
(1)  Those  treated  as  babies  at  tenn.  (2)  Those  wrapped 
in  cotton.     (3)  Those  placed  in  the  incubator. 

The  weight,  length,  appearance  of  the  baby,  and  even 
the  assumed  period  of  gestation,  calculated  from  the 
mother's  last  menstruation,  are  simply  relative  in  esti- 
mating the  exact  duration  of  foetal  life.  It  is  by  far  a 
better  procedure  to  consider  the  general  condition  of  the 
infant,  together  with  the  above,  before  we  put  it  into 
one  class  or  the  other.  The  majority  of  the  babies  would 
do  better  if  they  were  to  be  placed  in  the  last  class  from 
the  beginning.  Without  a  couveuse  the  best  plan  is  to- 
put  a  baby  in  cotton  and  surround  it  by  hot  bottles. 
Some  babies  will  thrive  in  this  way,  but  most  of  the 
very  premature  will  not. 

There  are  many  kinds  of  incubators  in  use,  notably 
those  of  Denuce,  of  Bordeaux,  who  in  1857  produced  the- 
first  one  which  gave  satisfactory  results.  In  1880  Tar- 
nier  constructed  one  which  was  afterward  improved  by 
Auvard.  Crede  also  invented  one  which  was  success- 
fully used.  The  brooder  of  Dr.  Rotch,  of  Boston,  is  a 
very  intricate  and  elaborate  affair,  in  which  the  baby  can 
be  weighed  without  removal.  The  best  one  is  probably 
that  of  M.  Lion,  of  Nice,  first  used  in  1891.  It  is  com- 
posed of  a  parallelepiped  of  metal,  standing  on  iron  sup- 
ports. It  can  be  disinfected  without  deterioration  by 
means  of  a  steam  stove  under  pressure  or  by  cleansing 
with  a  solution  of  carbolic  acid  or  with  formalin  gas. 
(Fig.  3879).  Ventilation  is  obtained  by  means  of  a  tube, 
of  about  three  inches  in  diameter,  which  enters  the  com- 
partment low  down  on  the  left  side.  The  exit  is  through 
a  chimney  in  which  is  a  fan,  indicating  by  its  rotation  the 
strength  of  the  current  of  air.  The  air  on  entrance  is 
filtered  by  a  gauze  and  cotton  diaphragm.  The  front  is 
fitted  with  glass  doors,  through  which  the  infant  can  be 
seen,  while  at  the  side  is  a  glass  window  by  means  of 
which  the  nurse  can  attend  to  the  infant's  wants  without 
removing  it.  The  baby  is  placed  in  the  middle  on  a  soft 
pillow,  the  warm,  fresh  air  circulating  about  it.  The  air 
is  kept  moist  by  a  large  pan  of  water  placed  in  the  bot- 
tom. A  thermometer  is  hung  close  to  the  door,  and  a 
hygrometer  is  fastened  to  the  posterior  wall  of  the  cham- 
ber. The  heating  is  effected  by  means  of  a  siphon 
through  which  hot  water  circulates,  and  which  commu- 
nicated with  a  reservoir  at  the  side.  The  temperature  is 
automatically  regulated  by  a  metallic  thermostat,  which 
lifts  or  lowers  a  cap  over  a  flame.  This  apparatus  is 
very  expensive,  and  therefore  adapted  for  use  only  in 
hospitals  or  in  wealthy  families.  Besides  the  Lion  incu- 
bator, there  is  available  a  cheap  modification  of  the  Tarnier 
or  Auvard  couveuse,  which  any  carpenter  can  make  at  a 
small  expense.  The  main  point  in  its  construction  is 
that  there  should  be  plenty  of  inlets  and  outlets  for  free 
ventilation.  The  disadvantages  of  this  apparatus  are, 
first,  the  lack  of  filtration  of  the  air,  and,  second,  there  is 
no  thermostatic  regulation  of  the  temperature.     To  ob- 
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viatc  the  latter  tlitlifult}-,  tlicruloic,  careful  attention  will 
be  necessaiy.  A  temperature  as  near  eonstaut  as  possi- 
ble is  to  be  obtained  by  varj-iiig  tlie  size  of  the  flame  and 
its  distanee  from  the  tidje  eouueeting  with  the  main  tank 
of  water  (Fig.  a«7i)). 

In  order  to  secure  the  luaxiinum  amount  of  fresh  air 
the  incubator— wJiatever  kind  is  used— should  be  placed 
in  tlie  hall  or  in  a  lai'.yc  cool  room.  The  dii-eet  rays  of 
the  sun  ought  never  to  strike  it,  because  their  heat  would 
quickly  imbalance  a  coustant  temperature.  Before  put- 
ting a  baby  into  the  chamber  the  api)aratus  should  be 
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thoroughly  disiiifeetiMl,  us  tliese  iiifunts  are  very  suscep- 
tible to  mfeetion.  Tlir  bal)v  should  lie  on  a  Verv  soft 
pdlow. 

The  temperature  should  varv  willi  Uie  infant  It 
should  be  one  wliic^h  will  keep  "ihe  hahv's  temiKTature 
normal  without  e.xciting  perspiration.    Ihavc  found  that 
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a  temperature  of  from  86°  to  93'  F.  is  about  right.  A 
variation  of  a  degree  or  two  makes  but  little  difference. 
If  a  premature  baby  is  expected,  an  incubator,  the  air  of 
which  is  at  a  proper  temperature,  should  be  in  readiness, 
at  the  time  of  its  birth.  The  baby  itself  is  first  made  to 
cry  lustily  (not  with  harsh  methods  of  resuscitation,  but 
mainly  bj'  the  employment  of  hot  baths  and  light  titilla- 
tion,  and  perhaps  liy  easy  swinging),  and  then  the  cord  is 
quickly'  tied  off  and  suitable  dressings  are  applied.  After 
the  child  has  been  weighed  and  anointed  with  albolene, 
but  not  bathed,  it  is  dressed.  A  mistake  is  made  in  en- 
v(doping  these  infants  in  cotton.  So  wrapped  up  they 
will  be  too  warm  and  will  perspire  too  freely.  The  best 
clothing  is  a  small  light  shirt  and  a  napkin  from  the  waist 
down,  pinned  over  the  feet  and  legs  (Fig.  3881).  When 
the  baby  is  placed  in  the  incubator  it  should  not  be  re- 
moved, except  to  be  weighed  or  nursed.  The  latter  is 
not  permitted  until  it  is  thriving.  The  weight  is  taken 
every  five,  seven,  or  ten  days,  and  about  once  a  week  the 
infant  is  lightly'  sponged. 

The  napkins  should  be  changed  three  or  four  times  a 
day,  only  often  enough  tor  cleanliness,  and  in  such  a 
manner  as  to  disturb  the  baby  as  little  as  possible.  Before 
feeding,  however,  especially  when  the  bab}-  is  stupid  or 
sleepy,  a  light  tap  on  the  hand  will  make  it  take  the  bottle 
with  much  less  coaxing  and  more  rapidlj'. 

The  infant  should  be  kept  in  the  incubator  until  it  has 
reached  the  development  of  full  term,  or  longer  if  it  is 
not  improving.  Some  of  the  babies,  nevertheless,  will 
do  well  in  cotton  after  having  been  given  a  good  start  in 
the  couveuse.  If  possible,  the  temperature  of  the  incu- 
bator should  be  gradually  lowered  almost  to  that  of  the 
nursery,  before  the  baby  is  permanently  subjected  to  the 
variation  in  the  temperature  of  the  air  of  an  ordinary 
room. 

In  the  admini-stration  of  nourishment  the  amount  and 
quality  should  depend  on  the  age  and  digestive  powers  of 
the  infant.  Ordinarilj-,  six  hours  after  birth,  the  child 
should  be  given  a  warm  sugar  solution  (five  to  six  per  cent, 
lactose  in  distilled  water),  about  one-half  to  one  drachm 
every  hour.  After  from  twenty-four  to  thirt_y-six  hours 
an  equal  part  of  breast  milk  should  be  added.  '  This  is  ob- 
tained by  massage  and  expression,  by  the  breast  pump, 
or  b_y  spontaneous  expression  while  a  baby  is  nursing  the 
other  breast.  If  the  best  results  are  to  be  obtained,'  this 
milk  should  not  be  taken  from  the  mother,  but  fisom  a 
wet-nurse  at  least  seven  or  eight  days  ])ost  partum — i.e., 
at  a  time  when  the  quality  of  her  "milk  is  about  estab- 
lished, or  at  any  rate  when  it  is  comparatively  free  from 
colostrum. 

The  amount  of  fluid  nourishment  administered  is  to  be 
gradually  increased,  a  drachm  at  a  time,  so  that  by  the 
end  of  a  week  the  child  will  be  taking  from  six  drachms 
to  an  ounce  every  hour.  If  the  stools  are  normal,  the 
breast  milk  can  be  gradually  increased  and  the  sugar  so- 
lution gradually  diminished :  or.  by  the  addition  of  "a  little 
lime  water,  the  infant  can  often  be  put  on  pure  breast 
milk  at  the  end  of  two  weeks.  On  this  plan  there  should 
be  little  or  no  vomiting,  and  the  stools  should  be  normal, 
or  nearly  so,  from  the  beginning. 

^  The  method  of  feeding  can  in  almost  all  cases  be  car- 
ried on  by  means  of  sucking  through  a  small  nipple,  es- 
pecially if  a  little  coaxing  is  resorted  to.  In  some  cases 
a  medieine  dropper  or  a  feeder,  such  as  is  recommended 
by  Kotcli,  can  be  tried  if  the  baby  refuses  to  suck.  In 
others  who  are  extremely  Aveak  and  who  will  not  swallow, 
gavage  is  necessary.  In  the  expeiience  of  most  men 
tliese  cases  do  not  do  Avell ;  one  likes,  therefore,  to  get 
back  to  the  bottle  as  soon  as  possible.  Tlie  infants  are 
apt  to  regurgitate,  the  milk  fills  the  nares  or  nasopharynx, 
and  when  the  baby  takes  its  next  inspiration  sonie  of 
the  fluid  is  drawn  into  the  larynx  and  even  into  the  bron- 
chi. This  may  cause  an  immediate  asphyxia,  an  atelec- 
tatic area  in  the  lung,  a  bronchitis,  or  a  bronchopneu- 
monia, which  will  soon  end  in  death. 

As  soon  as  the  baby  is  strong  enough  and  is  percepti- 
bly gaining,  it  can  be  tried  at  the  mother's  breast.  At 
first,  two  or  three  times  a  day  is  suttieient.     If  the  child 
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<lors  "well,  the  iiumlicr  nf  inii'sin^s  is  giadimlly  iiiciuused 
to  every  two  Injurs.  At  I  lie  same  time  it  is  generally 
necessary  to  give  tlie  eliilil  the  lircast  between  these 
stated  periods,  and  also  to  siipiilement  the  nursing  liy 
the  bottle. 

Dr.  Rotch  says  that  the  best  luetliod  of  feeding  prema- 
ture infants  is  to  give  tliem  the  food  which  is  carefully 
prepared  ut  the  milk  laboratories;  this  food  being,  as  lie 
believes,  far  superior  to  mother's  milk.  In  the  experi- 
ence of  otliers,  aUhough  weak  moditications  of  cow's 
milk — as  fat  one  per  cent.,  sugar  si-\  per  ceiil.,  and  al- 
buminoids 0.33  per  cent.,  or  even  lower  penintages— 
have  been  used,  the  results  liave  not  proved  satisl'ar- 
tory,  except  in  a  verj'  few  ca.scs.  Mother's  milk  is  tin- 
idcid  food,  and  when  it  is  possible  to  obtain  it,  every  pn-- 
mature  cliild  should  have  it.  Yet  the  variation  in  the 
compo.sition  of  this  breast  milk  in  the  tirst  few  days  nuist 
be  thoroughly  understood  if  good  results  are  to  be  ob- 
tained, for  it  often  acts  as  a  rank  poison  to  the  child. 
Tlie  colostrum  is  already  well  known  as  ;i  liiglily  al- 
buminous laxative  secretion,  and  in  many  cases  it  purges 
the  new-born  infant  to  an  extreme.  For  a  more  com- 
plete and  positive  chemical  analysis  of  human  milk  we 
are  indebted  to  John  S.  Adriance.  He  has  demonstrated 
the  peculiarities  in  its  composition  during  certain  periods 
of  lactation.  His  results  are  as  follows:  During  the 
first  few  days  the  irregularities  are  most  marked.  The 
colostrum  in  the  breast  of  a  Avoman  delivered  at  term 
shows  a  wide  variation  in  amount  of  fat ;  the  sugar  is  low 
at  first,  but  increases  rapidly,  and  by  the  end  of  the  first 
two  weeks  makes  a  marked  increase;  the  proteids,  (m  the 
other  hand,  fail  rapidly  during  the  first  few  days  from 
a  maximum  amount  on  the  second  day,  but  less  nipidly 
thereafter.  This  colostrum  then  is  rich  in  proteids,  tlue 
to  the  sudden  assumption  of  the  mammary  function  turd 
to  the  transudation  of  serum  from  blood-vessels  into  the 
breast  secretion. 

Even  to  a  greater  degree  are  these  characteristics  shown 
in  the  colostrum  after  a  premature  labor,  and  the  high 
percentage  of  proteids  exists  for  a  much  longer  time. 
Consequently,  the  premature  child  should  not  at  first 
nurse  its  mother,  but  a  wet-nurse  secured  at  least  tem- 
poi'arilv. 

In  the  mean  time  the  mother's  breasts  should  be  pumped 
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and  massaged  or  nursed  by  a  Ijaby 
at  term,  so  that  they  willnot  dry- 
up.  After  a  time  the  mother's 
milk  can  be  given  diluted  with  a 
sugar  solution,  and  this  .should 
be  kept  up  until  the  mother's 
milk  becomes  normal,  the  change 
from  wet-nurse  to  mother  being 
made  gradually.  In  this  way  gas- 
Iro-enteric  symjitonis  may  be 
avoided. 

In  Some  babies  the  color  is 
poor  from  the  beginning,  and  at 
any  time  they  are  especially  lialjle 
to  attacks  of  cyanosis.  For  these 
conditions  si  little  slapping  to 
cause  a  good  cry  or  the  adminis- 
tration of  oxygen  will  dissipate 
the  blueness.  (Jften  the  adminis- 
tration of  a  few  drops  of  brandy 
in  hot  water  every  two  or  three 
hours  will  jjrevent  further  trouble. 
One  must  be  very  sure,  however, 
that  notliing  has  been  aspirated 
into  the  larynx. 

A  great  dangei'  in  the  care  of 
these  babies  is  their  susceptibility 
to  infectious.  The  incubator  it- 
self is  a  great  germ  carrier  and 
should  be  regularly  disinfected. 
The  weakness  of  the  lungs  and 
gastro-enterie  tract  makes  the  in- 
fants especially  vulnerable.  Un- 
less the  air  is  filtered,  dirt  is  car- 

inuously;    conseiitieiitly    the   streptococcus. 

■us.  and   piiriiiiiocoeciis  ale  always  present, 


Fig.  ;j!<si.— ciotlihisf  fur  Inc-iibatnr  Bab.v.    li'roiu  Itie  Ardiives  vf 
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seeking  an  avenue  of  entrance.  Through  the  skin  iu 
eczematous  spots  or  in  areas  of  irritation,  at  the  navel, 
through  the  eyes,  nose,  mouth,  larynx,  lungs,  stomach, 
and  rectum,  the  bacteria  can  gain  admission.  To  pre- 
vent infection,  then,  the  most  careful  cleansing  is  neces- 
sary, hoth  of  the  incubator  and  of  the  baby  itself.  Un- 
doubtedly many  of  the  later  deaths  can  be  traced  to 
this  source. 

Finally,  in  the  carrying  out  of  the  above  essentials  in 
the  proper  management  of  the  premature  infant,  the 
most  patient  and  painstaking  attention  on  the  part  of  the 
nurse  is  necessary,  and  upon  her  conscientiousness  de- 
pends the  chance  of  its  survival. 

BemUs.—Ihe  statistics  furnished  here  are  taken  from 
2,314  births  which  occurred  at  the  Sloane  Maternity  Hos- 
pital in  the  tviro  years  from  October  22d,  1897,  to  October 
22d,  1899,  before  which  time  there  had  been  no  incubator 
in  use. 

Four  hundred  and  ten  of  these  babies  were  premature, 
but  of  these  74  were  still-births,  which  included  macer- 
ated foetus  and  the  still-born  babies  of  cases  of  placenta 
prsevia,  accidental  hemorrhage,  eclampsia,  and  the  like. 
There  remained,  therefore,  336  which  were  suitable  for 
treatment. 

Among  these  cases  was  a  set  of  triplets  and  there  were 
18  pairs  of  twins ;  85  were  treated  as  infants  at  term,  and 
of  these  4  died — a  mortality  of  4f  per  cent. ;  145  were  put 
in  cotton,  and  of  these  12  died — a  mortality  of  8  per  cent. 
Some  of  this  class  should  have  been  placed  in  the  incu- 
bator, but  for  lack  of  room  it  was  Impossible  to  do  this ; 
106  were  incubator  babies.  These  are  divided  into  two 
classes:  I.  Those  that  died  within  four  days  of  birth; 
II.  Those  that  lived  longer  than  four  days. 

I.  Twenty-nine  of  the  incubator  babies  died  within 
four  days.  All  of  these  but  3  were  more  or  less  asphyx- 
iated at  birth ;  9  were  breech  cases,  and  of  these  5  were 
difficult  extractions;  3  were  delivered  after  an  accouche- 
ment force  in  placenta  prsevia.  The  rest  were  vertex 
presentations ;  but,  of  these,  2  were  forceps  deliveries ;  6 
were  under  seven  months  of  uterine  gestation ;  33  had 
reached  a  period  of  between  seven  and  eight  months,  and 
1  a  period  of  eight  and  a  quarter  months. 

The  causes  of  the  premature  labor  were  as  follows :  an 
endometritis  in  14,  syphilis  in  2,  albuminuria  in  1,  pla- 
centa priEvia  in  3,  accidental  hemorrhage  in  1,  persistent 
vomiting  in  1,  twin  iu  1,  violence  in  1,  and  in  4  the  labor 
was  induced.  The  largest  baby  weighed  5y\  lbs. ;  the 
smallest,  2/^  lbs.  Only  5  infants  lived  over  twenty-four 
hours;  24  were  in  such  poor  condition  at  birth  that  they 
survived  only  a  few  hours.  In  16  of  these  cases  autopsies 
were  held,  and  in  all  of  these  there  was  marked  atelec- 
tasis; in  7  hemorrhages  of  some  degree,  either  into  the 
brain  or  into  the  serous  membranes;  in  2  the  foramen 
ovale  was  still  patent. 

II.  Seventy-seven  incubator  infants  survived  the  first 
four  days;  51  were  children  of  primiparse,  37  of  whom 
were  out  of  wedlock;  3  infants  were  under  seven  months 
of  gestation;  8  were  over  eight  months,  and  the  rest  be- 
tween seven  and  eight  months  along;  9  were  breech  pres- 
entations ;  1  a  transverse  and  the  rest  vertices ;  3  were  of 
triplets  associated  with  albuminuria ;  18  were  in  twin  de- 
liveries, associated  with  albuminuria  or  hydramnios.  The 
causes  of  the  premature  labor  were :  endometritis  in  37 ; 
syphilis  in  4;  phthisis  in  3;  albuminuria  iu  7;  accidental 
hemorrhage  in  1 ;  placenta  prsevia  in  1 ;  in  3  the  labor 
was  induced  for  albuminuria  and  eclampsia;  1  was  a 
Csesarean  section;  another  an  ectopic  gestation;  the 
cause,  in  the  remainder,  was  unknown.  Seven  were 
delivered  by  forceps,  3  by  version,  1  by  accouchement 
lorce,  1  by  Csesarean  section,  and  the  ectopic  gestation  by 
a  laparotomy;  12  were  slightly  asphyxiated  at  birth,  9 
moderately  so,  and  5  deeply  asphyxiated ;  3  after  one  and 
a  half  hours'  work  or  resuscitation  were  put  in  the  incu- 
bator, head  downward,  and  their  condition  was  so  poor 
that  they  were  expected  soon  to  die,  but  they  left  the 
hospital  gaining  in  weight;  5  weighed  less  than  3  lbs., 
d»  between  3  and  4  lbs.,  33  between  4  and  5  lbs  1  over 
5  lbs. ;  the  average  weight  was  3-}f  lbs.     During  their  in- 
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cubator  life  38  had  one  or  more  attacks  of  atelectasis. 
All  but  10  were^more  or  less  jaundiced.  The  initial  loss- 
of  the  infants  was  from  1  to  17^  oz. ;  the  average  was  7 
oz.  These  figures  are  not  quite  correct,  as  the  babies- 
were  weighed  at  different  intervals,  some  on  the  fifth 
day,  some  on  the  seventh  day,  and  others  not  till  the 
fourteenth  day. 

The  period  of  loss  lasted  for  from  five  to  twenty-two- 
days,  the  average,  eleven  days ;  10  lost  steadily  till  death ; 
1  baby  was  in  the  incubator  only  three  days,  while  an- 
other lived  there  eighty-two  days.  The  average  time 
was  nineteen  days.  Some  were  removed  early  to  make 
room  for  others  who  needed  the  place  more  urgently. 

Only  3  of  the  77  cases  vomited.  The  stools  were  nor- 
mal in  33. 

One  was  discharged  from  the  hospital  as  early  as  the 
eleventh  day,  and  others  also  too  soon,  at  their  mothers' 
demand.  One  was  eighty -nine  days  old,  the  average 
was  twenty-four  days. 

In  16  diluted  breast  milk  was  supplemented,  at  times, 
with  a  mixture  of  cow's  milk  and  water  with  Russian 
gelatin  and  lactose.  In  10  a  1%  proteid,  &%  sugar,  and 
0.38^  albuminoid  modification  of  cow's  milk  was  used. 
In  all  the  rest  diluted  breast  milk  was  relied  upon. 
Twenty -seven  never  nursed  at  the  breast;  of  these  12 
died.  A  few  nursed  as  early  as  the  third  or  fourth  day, 
two  or  three  times  a  day;  others  not  for  three  weeks, 
and  one  not  till  the  sixty-eighth  day.  Of  the  77,  13  died 
in  the  hospital,  a  mortality  of  nearly  17  per  cent.  The 
cause  of  death  was  atelectasis  and  bronchitis  in  7,  acute 
asphyxia  from  a  curd  in  the  larynx  in  1,  syphilitic  pneu- 
monia in  1,  cerebral  ■  hemorrhage  in  1,  gastroenteritis  in 
3,  and  a  patent  foramen  ovale  and  ductus  arteriosus  in  1. 
The  condition  of  3  was  poor  at  time  of  discharge,  fair  in 
34,  and  very  good  in  37 ;  33  were  above  their  birth  weights 
and  57  were  gaining  in  weight.  To  letters  written  about 
January  1st,  1900,  no  answer  was  obtained  from  28. 
Thirteen  were  reported  as  having  died ;  1  of  these  lived 
fourteen  months,  1  nine  months,  1  four  and  a  half 
months,  3  lived  two  months,  6  lived  six  weeks,  1  only  a 
month.  Five  of  these  children  died  at  the  Nursery  and 
Child's  Hospital  and  3  died  at  Bellevue  Hospital.  They 
were  bottle-fed,  and  the  probable  cause  of  death  was 
gastro-enteritis.  Twenty-one  were  found  to  be  alive  and 
doing  well.  Some  had  nursed  and  the  others  were  bot- 
tle-fed. The  oldest  baby  was  twenty-two  months  and 
almost  all  were  good  specimens  of  healthy  children.  One 
baby  at  seven  months  weighed  16  pounds.  It  weighed 
4^*^  pounds  at  birth  and  nursed  its  mother  after  leaving 
the  hospital.  The  ectopic  and  the  Csesarean  babies  were 
in  tine  condition. 

Statistics. 


Incubators. 

Tamier. 

Charles.  • 

Sloane 
Hospital. 

At  tbe  Sloane 
Hospital,  not 

counting  those 
which  died 

in  a  few  hours. 

Saved  at  6  months. 

::  l^  :: 

IH  per  cent. 
36       " 

~     ;; 

88 

10  percent. 
20       " 
40 
7.5 

23  per  cent. 
41        '■ 

75        '• 
70       ," 

66  per  cent. 

71 

89 

91 

From  this  table  it  appears  that  the  statistics  *  at  the 
Sloane  Maternity  Hospital  are  not  so  good  as  Tarnier's, 
unless  those  babies  who  were  in  very  poor  condition  at 
birth  and  who  died  in  a  few  hours,  are  omitted. 

James  D.  Vom-hees. 
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*  Tables  containing  more  extensive  data  relating  to  these  seventy- 
seven  dases  will  be  found  In  the  Archives  of  Pediatrics  for  May  1st, 
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PRESBYOPIA — Pr — from  npia^ix,  old,  and  (Ji/>,  eye; 
Fr.,  presbytie,  from  npecfivTijQ,  an  old-sighted  person — is 
"  the  condition  in  which,  as  the  result  of  tlie  increase  of 
years,  the  range  of  accommodation  is  diminished,  and 
the  vision  of  near  objects  interfered  with"  (Donders'). 
The  range  of  accommodation  diminishes  year  by  year, 
from  about  15  dioptrics,  at  tlie  earliest  age  (ten  years)  at 
which  accurate  observations  have  been  made,  to  about 
1  dioptrie,  at  the  age  of  sixty -five  or  seventy ;  at  forty  it 
amounts  to  something  less  than  5  dioptrics,  and  at  forty- 
five  to  about  3.5  dioptries.' 

Of  the  15  dioptrics  of  accommodation  which  the  child 
of  ten  years  is  able  to  bring  into  exercise,  from  two-thirds 
to  three-fourths  (10  to  11  dioptrics)  may  be  lost  without 
greatly  incommoding  an  emmetrope  in  ordinary  near 
vision.  In  emmetropia  the  distance  (Ps)  of  the  binocular 
near-point  {p^)  is  the  reciprocal  of  the  number  of  dioptrics 
representing  the  binocular  range  of  accommodation ; 
hence,  with  a  binocular  range  of  accommodation  of  5 
dioptrics.  Pa  =  i  metre  (30  cm.),  at  which  distance  the 
smallest  print  in  ordinary  use  is  easily  deciphered  by  eyes 
of  average  visual  acuteness ;  when  the  binocular  range  of 
accommodation  is  reduced  to  4  dioptrics,  Ps  =  i  metre 
(25  cm.),  at  which  distance  ordinary  newspaper  print 
may  still  be  read  easily ;  with  the  loss  of  another  dioptrie 
of  accommodation  (leaving  but  3  dioptrics  available), 
Pj  =  i  metre  (33.3  cm.),  and  the  reading  of  fine  print  be- 
comes difficult,  except  under  the  conditions  of  good  illu- 
mination and  perfect  acuteness  of  vision.  These  several 
values  of  Ps  correspond,  in  emmetropia,  to  ages  ranging 
from  about  thirty-eight  to  about  forty-seven  years,  and 
comparatively  few  emmetropes  attain  the  latter  age  with- 
out seeking  aid  from  convex  glasses  in  reading  or  other 
fine  work;  the  adoption  of  convex  glasses  by  an  emme- 
trope under  forty  is  generally  determined  either  by  the 
exceptionally  exacting  nature  of  the  work  in  which  he 
habitually  employs  his  eyes,  or  by  the  fact  that  his  acute- 
ness of  vision  is  somewhat  below  the  normal.  When  at 
the  age  of  from  fifty  to  fifty -five  years  the  range  of  ac- 
commodation has  become  reduced  to  2  dioptrics,  Ps  —  i 
metre  (50  cm.),  and  the  book  must  then  be  held  at  arm  s 
length,  at  which  distance  only  the  larger  sizes  of  print 
can  be  read ;  but,  even  with  this  range  of  accommoda- 
tion, a  public  speaker  may  be  able  to  read  fluently  from 
a  plainly  written  manuscript  lying  before  him  upon  a 
reading-desk  or  table. 

The  diminution  of  the  range  of  accommodation  with 
advancing  years  is  a  strictly  physiological  change,  and 
is  directly  related  to  the  progressive  hardening  of  the 
crystalline  lens,  in  consequence  of  which  it  becomes  less 
and  less  capable  of  undergoing  the  change  in  curvature 
required  for  the  adjustment  of  the  eye  for  near  vision. 
As  this  hardening  of  the  crystalline  occurs  in  all  eyes  alike 
irrespective  of  their  refractive  condition  as  determined 
by  the  relation  of  the  curvature  of  the  refractive  surfaces 
to  the  length  of  the  axis  of  the  eyeball,  it  would  seem  to 
be  scientifically  correct  to  define  presbyopia  as  the  loss 
of  accommodative  power  incident  to  advancing  years. 
Immemorial  usage  has,  however,  associated  the  name 
with  the  particular  condition  in  which,  as  a  result  of  in- 
creasing age,  near  vision  becomes  indistinct  while  distaiit 
vision  remains  either  absolutely  or  relatively  unimpaired. 
As  thus  defined,  presbyopia  is  an  incident  m  the  lile- 
history  of  all  emmetropes  and  hypermetropes,  and  also 
of  myopes  whenever  the  myopia  is  of  low  grade— d  diop- 
trics or  less.  In  myopia  of  higher  grades,  4  dioptrics  or 
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more,  the  distance  of  the  far-point  remains  within  J  metre 
(25  cm.)  of  the  eyes;  so  that,  even  with  total  loss  of  ac- 
commodation, it  may  still  be  possible  to  read  fine  print 
without  the  aid  of  glasses. 

The  striking  contrast  between  the  vision  of  myopes, 
who  see  only  near  objects  distinctly,  and  that  of  pies- 
byopes,  who  see  distant  objects  clearly,  while  near  objects 
appear  confused,  was  very  early  recognized,'  and,  in  the 
absence  of  any  definite  theory  of  accommodation,  presby- 
opia was,  for  more  than  two  thousand  years,  regarded  as 
the  opposite  condition  to  myopia.  Hypermetropia,  the 
true  opposite  of  myopia,  remained  confounded  with 
presbyopia  until  after  the  middle  of  the  nineteenth  cen- 
tury, when  the  demonstration  of  a  change  in  the  form 
of  the  crystalline  lens  in  accommodation  by  Cramer,* 
and,  independently,  by  Helmholtz,'  and  the  masterly 
analysis  of  the  phenomena  of  accommodation  in  its  re- 
lation to  the  several  anomalies  of  refraction,  by  Don- 
ders," dispelled  the  cloud  of  obscurity  in  which  the  whole 
subject  had  been  so  long  enveloped,  and  through  which 
only  occasional  glimpses  of  the  truth  had  been  pre- 
viously enjoyed  by  a  few  exceptionally  acute  investi- 
gators.' 

Premonitory  signs  of  presbyopia  may  often  be  detected 
in  emmetropes  as  early  as  the  thirty-sixth  year;  excep- 
tionally fine  print,  such  as  No.  1  of  Jaeger's  scale,  being 
no  longer  read  with  the  same  perfect  fluency  as  in  youth, 
especially  if  the  illumination  is  defective.  Within  the 
next  five  years  newspaper  print  loses  a  little  in  sharpness 
of  definition,  and  the  finest  needlework  becomes  difficult 
and  perhaps  deteriorates  somewhat  in  quality.  If  the 
acuteness  of  vision  (V — see  Optometry)  is  normal,  and  the 
print  not  too  fine,  relief  from  the  increasing  strain  in  ac- 
commodation is  obtained  by  holding  the  book  or  work  a 
little  farther  from  the  eyes ;  but  if  vision  is  subnormal, 
or  if  the  print  is  bad  or  very  fine,  a  stronger  illuinination 
may  be  demanded,  without  increasing  the  reading  dis- 
tance. By  the  age  of  forty-five  the  disability  has  gener- 
ally increased  to  she  point  that  only  fairly  large  print 
can  be  read  with  ease  by  ordinary  artificial  light,  and  a 
more  powerful  lamp  is  procured  or  the  book  is  held  nearer 
to  the  light;  about  this  time  the  need  of  help  from 
glasses  commonly  suggests  itself. 

A  hypermetrope  habitually  wearing  neutralizing  (con- 
vex) glasses,  or  a  myope  wearing  neutralizing  (concave) 
glasses,  experiences  the  disabilities  of  presbyopic  vision 
at  about  the  same  age,  and  in  about  the  same  degree,  as 
the  emmetrope;  thus,  between  the  ages  of  forty  and 
forty-five,  the  hypermetrope  discovers  that  his  convex 
glasses  are  no  longer  quite  suflicient  in  reading,  and  sim- 
ilarly, the  myope  discovers  that  his  concave  glasses 
have  become  something  of  a  hindrance  in  near  vision, 
although  in  both  cases  the  neutralizing  (convex  or  con- 
cave) glasses  continue  to  serve  perfectly  for  distant 
vision.  A  change  to  stronger  convex  glasses  by  the  hy- 
permetrope. or  to  weaker  concave  glasses  (or,  perhaps, 
the  temporary  removal  of  his  glasses)  by  the  myope,  is 
the  remedy  which  now  suggests  itself,  and  which  is, 
sooner  or  later,  adopted.  With  a  change  of  glasses  read- 
ing again  becomes  easy,  but  with  a  corresponding  falling^ 
off  in  the  distinctness  of  distant  vision.  For  this  reason, 
an  elderly  emmetrope  either  removes  his  glasses  or  looka 
over  them  when  not  engaged  in  near  work,  and  a  presby- 
opic ametrope  ordinarily  requires  two  pairs  of  glasses, 
the  one  pair  (neutralizing)  for  distance,  the  other  pair 
(stronger  convex  or  weaker  concave)  for  reading  and 
other  near  work ;  the  inconvenience  attending  the  use  of 
two  pairs  of  glasses  may  be  obviated,  in  many  cases,  by 
wearing  so-called  bifocal  glasses,  in  which  both  correc- 
tions are  mounted  in  a  single  setting  before  each  eye  (see 
Spectacles). 

A  hypermetrope,  not  wearing  convex  glasses,  expe- 
riences the  disabilities  of  presbyopia  at  an  eariier  age. 
than  the  emmetrope,  after  having,  perhaps,  passed 
through  a  more  or  less  protracted  stage  of  suffering- 
from  asthenopia  (see  Asthenopia).  In  myopia,  on  the 
other  hand,  if  of  low  grade,  the  reading  power  with  the 
unaided  eyes  is  retained  to  a  more  advanced  age  than  in 
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emmetropia;  in  the  higher  grades  of  myopia  it  is  retained 

indefinitely.  .,     ,  .  ■     ^,  ■  ^ 

As  a  result  of  the  very  gradual  increase  in  the  resist- 
ance which  must  be  overcome  in  order  to  effect  such  de- 
gree of  accommodative  adjustment  as  is  still  possible  in 
presbyopia,  the  relation  of  the  accommodation  to  the 
convergence  undergoes  a  notable  change ;  the  binocular 
accommodation  (A  J  associated  with  convergence  for  the 
habitual  reading  distance  becoming  at  length  nearly 
equal  to  the  absolute  accommodation  (A).  In  other 
words,  the  binocular  near-point  (p^)  comes  more  and 
more  nearly  to  coincide  with  the  absolute  near-point  {p). 
Following  closely  .upon  the  acceptance  of  convex  glasses 
in  near  work,  the  distance  (Pj)  of  the  binocular  near- 
point  (ps)  undergoes  a  rapid  increase,  so  that  such  read- 
ing power  as  may  have  been  retained  up  to  the  time  of 
the  adoption  of  the  glasses  is  speedily  lost,  and  reading 
without  glasses  becomes  impossible.  Hence  the  common 
experience  of  presbyopes,  that  having  once  formed  the 
habit  of  using  convex  glasses,  their  continued  use  be- 
comes imperative;  and  this  whether  the  glasses  have 
been  adopted  somewhat  prematurely,  or  only  after  the 
need  of  them  has  become  urgent.  The  too  early  use  of 
convex  glasses  is,  therefore,  to  be  deprecated,  as  entailing 
the  disabihties  of  presbyopic  vision  several  years,  per- 
haps, before  the  normal  age ;  on  the  other  hand,  as  there 
is  a  positive  limit  to  the  range  of  accommodation  at  any 
given  age,  the  use  of  convex  glasses  cannot,  as  a  rule,  be 
deferred  by  an  emmetrope  much  beyond  the  forty -fifth 
year,  unless  he  be  content  to  forego  the  use  of  the  eyes  in 
leading  ordinary  print  or  in  other  fine  work. 

The  total  disuse  of  the  accommodation  for  a  consider- 
able period,  as  in  the  case  of  protracted  and  exhausting 
illness,  may  lead  to  the  premature  development  of  pres- 
byopic symptoms,  which  are  apt  to  be  interpreted  as  an 
indication  for  the  immediate  adoption  of  convex  glasses. 
If  glasses  are  used  in  such  a  case,  they  should  be  of  the 
least  power  compatible  with  the  use  of  Ihe  eyes  under 
favorable  conditions  of  illumination,  and  the  patient 
should  be  encouraged  in  the  hope  tliat,  as  the  accommo- 
dative power  increases  with  use,  the  glasses  may  be  laid 
aside.  In  cases  of  this  kind  it  is  often  possible  to  bring 
the  accommodation  again  into  effective  use  by  the  instil- 
lation, once  or  twice  daily  for  a  few  weeks,  of  a  weak 
solution  of  pilocarpine,  and  thus  to  put  off  the  use  of 
glasses  for  perhaps  several  years. 

In  addition  to  the  impairment  of  the  accommodation, 
which  is  the  essential  characteristic  of  presbyopia,  the 
refraction  undergoes,  in  the  course  of  time,  a  slight  but 
positive  diminution,  so  that  ultimately  an  emmetrope 
becomes  slightly  hypermetropic  (li  acquimta — see  Hyper- 
metropia),  a  hypermetrope  somewhat  more  hypermetro- 
pic, and  a  myope  somewhat  less  myopic;  a  very  low 
grade  of  myopia  may  thus  give  place  to  emmetropia,  or 
may  even  pass  through  emmetropia  to  hypermetropia  of 
low  grade.  A  low  grade  of  hypermetropia,  which  late 
in  life  necessarily  becomes  absolute  (H  absoluta),  is,  in 
fact,  the  ultimate  normal  condition  of  all  emmetropes,  so 
that  in  advanced  age  weak  convex  glasses  come  to  be 
required  for  perfect  vision  at  a  distance ;  hypermetropes 
similarly  require  a  moderate  increase  in  the  power  of 
their  convex  glasses,  and  myopes  require  a  corresponding 
diminution  in  the  power  of  their  concave  glasses.  This 
falling  off  in  the  refraction  is  ordinarily  scarcely  to  be 
detected  at  the  age  of  forty -five ;  at  sixty  it  may  amount 
to  perhaps  0.5  dioptric,  at  seventy  or  seventy -five  to  1 
dioptric,  and  at  eighty  to  3  dioptrics  or  more. 

The  treatment  of  presbyopia  consists  essentially  in  the 
palliation  of  the  disability  by  the  use  of  such  convex 
glasses  as  are  needed  to  supplement  the  failing  accommo- 
dation. A  person  originally  emmetropic  may,  at  the  age 
of  seventy,  require  convex  glasses  of  as  much  as  5  diop- 
trics, in  order  to  read  fairly  good  print  at  a  distance  of 
from  25  to  "30  cm. ;  and  if  the  acuteness  of  vision  is  below 
the  norma-1,  it  may  be  necessary  to  use  glasses  of  6  or  7 
or  even  8  dioptries,  in  order  to  admit  of  reading  at  some 
shorter  distance.  In  the  case  of  a  person  originally  hy- 
permetropic, the  measure  of  the  required  glasses  will  be 
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increased  by  a  quantity  equal  to  the  grade  of  the  hyper- 
metropia ;  in  myopia  the  measure  of  the  glasses  will  be 
similarly  diminished. 

The  convex  glasses  first  given  to  a  presbyopic  emme- 
trope of  from  forty  to  forty-five  years  of  age,  should 
ordinarily  not  much  exceed  1  dioptric,  and  in  some  cases 
even  weaker  glasses  may  be  more  acceptable  to  the  pa- 
tient. These  glasses  should  be  used  at  first  for  only  such 
work  as  is  performed  with  difficulty  without  glasses,  in 
order  that  the  habit  of  using  the  accommodation  may  not 
be  needlessly  or  prematurely  abandoned,  and  they  should 
not  be  exchanged  for  stronger  glasses  so  long  as  they 
continue  to  afford  the  needed  assistance.  Subsequent 
changes  should  always  be  made  with  reference  to  the 
glasses  already  in  use,  adding  perhaps  0.5  dioptrie  at 
each  change,  and  it  is  often  advisable  to  retain  the  old 
glasses  for  a  time  for  reading  by  daylight,  reserving  the 
stronger  glasses  for  more  exacting  work.  It  follows  that 
a  presbyope  should  always  preserve  a  record  of  the  power 
of  the  glasses  which  he  is  using,  in  order  that,  in  replac- 
ing a  lost  pair,  he  may  not  be  reduced  to  the  necessity  of 
selecting  new  glasses  at  random,  or  after  hasty  and  gen- 
erally imperfect  tests  made  by  a  shopman  whose  knowl- 
edge, very  probably,  may  be  limited  to  the  trick  of  sell- 
ing his  wares. 

A  presbyope,  using  glasses  perfectly  suited  to  his  con- 
dition, is  able  to  use  his  eyes  in  near  work  freely  and 
without  fatigue ;  glasses  of  insufficient  strength  fall  short 
of  affording  the  full  measure  of  relief,  and  glasses  of  ex- 
cessive strength  compel  the  holding  of  the  book  at  too 
short  a  distance,  thus  imposing  needless  work  upon  the 
recti  interni  muscles  and  so  possibly  giving  rise  to  mus- 
cular asthenopia  (see  Asthenopia). 

The  clinical  investigation  of  any  case  of  presbyopia  in- 
volves, first  of  all,  the  careful  testing  of  the  eyes  in  re- 
spect of  the  acuity  of  vision  and  for  the  estimation  of 
any  hypermetropia,  myopia,  or  astigmatism  that  may  be 
present  (see  these  titles).  As  has  been  already  explained, 
the  measure  of  any  hypermetropia  that  may  be  detected 
must  be  added  to,  and  the  measure  of  any  myopia  sub- 
tracted from,  the  value  of  the  glasses  ordinarily  required 
by  an  emmetrope  of  corresponding  age,  in  order  to  ar- 
rive at  an  approximation  to  the  glasses  to  be  given  for 
reading.  These  tests  are  best  conducted  at  a  range  of  at 
least  5  metres,  and  only  after  the  satisfactory  determina- 
tion of  the  refraction  should  a  trial  of  reading-glasses, 
chosen  with  reference  to  this  determination,  be  made. 
The  final  tests  are  made  in  reading  fine  print.  If  astig- 
matism is  present,  it  should,  as  a  rule,  be  accurately  cor- 
rected by  having  one  surface  of  the  glass  ground  to  the 
appropriate  cylindrical  curvature  (see  Astigmatism). 

A  rapid  falling  off  in  near  vision,  necessitating  fre- 
quent and  considerable  additions  to  the  power  of  the 
reading-glasses  used  by  a  presbyope,  should  be  regarded 
with  especial  solieitude  as  indicating  the  possible  begin- 
ning of  glaucoma.  In  view  of  the  recognized  danger  of 
precipitating  an  acute  glaucomatous  outbreak,  the  rou- 
tine employment  of  mydriatics  in  the  investigation  of 
the  refraction  of  presbyopes  is  to  be  especially  depre- 
cated. 

Repeated  changes  from  weaker  to  stronger  glasses,  at- 
tended with  a  shortening  of  the  reading  distance  after 
each  change,  point  to  a  falling  off  in  the  acuteness  of 
vision,  oftenest  from  failure  in  the  perceptive  power  of 
the  retina,  or  of  the  conductivity  of  the  optic  nerve. 

A  marked  diminution  in  the  apparent  grade  of  presby- 
opia is  occasionally  observed  late  in  life  as  a  result  of 
the  development  of  a  myopic  state  of  the  refraction;  this 
change,  which  is  popularly  known  as  "second  sight,"  is 
a  not  infrequent  symptom  of  incipient  cataract. 

John  Oreen. 

'  Bonders :  On  the  Anomalies  of  Accommodation  and  Refraction  of 
the  Eye,  p.  210.    The  New  Sydenham  Society,  London,  1864. 

^  Bonders :  Op.  cit.,  p.  207. 

=  Aristotelian  Treatise,  irpo/SA^^iaTa,  xxxi..  25;  Oribaslus:  Aetius; 
Paulus  jJSglneta ;  et  al. 

J  Cramer :  Tydschrlft  der  Maatsch.  voor  Geneeskunde,  1851. 
Helmholtz :   Monatsbertehte  der  Alcademie  der  Wissenschaften, 
Berlin,  February,  1853. 
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"  Bonders :  Archlv  fiir  Ophthalmologle,  vl.,  1860 ;  On  the  Anoma- 
Jtes  of  Accommodation  and  Refraction,  1884. 
'  Vide  Bonders :  Op.  cit.,  p.  325,  note. 
e  Ibid.,  p.  208. 

PRESERVATIVES. — Pood  preservation  has  been  em- 
ployed from  a  very  early  period.  Many  methods  are 
available ;  drying,  salting,  pickling,  smoking,  the  use  of 
heat  and  cold,  and  addition  of  sugar,  saltpetre,  and  vari- 
ous aromatic  and  astringent  substances.  The  exigencies 
of  modern  food  supply  have  greatly  extended  both  the 
number  of  preservatives  and  their  applications.  Low 
temperature  is  probably  the  least  objectionable  method  of 
preventing  decay,  but  its  application  is  limited  and 
costly.  It  is  unsuitable  for  some  articles.  In  food  pres- 
ervation reliance  is  now  largely  on  chemical  substances 
that  have  decided  antiseptic  or  germicide  effect. 

All  preservation,  even  that  by  cold  alone,  affects  to 
some  extent  the  digestibility  and  nutritive  value  of  food, 
but  these  changes  are  less  objectionable  than  those  caused 
by  decomposition.  Sterilization  by  heat  finds  wide  ap- 
plication and  has  the  advantage  of  producing  a  condition 
which  permits  of  some  exposure  to  the  air  without  decay 
occurring.  The  medical  questions  which  arise  in  this 
connection  are  mostly  those  concerning  the  newer  preser- 
vatives. These  are  salicylic  acid,  benzoic  acid,  sodium 
benzoate,  boric  acid,  borax,  formaldehyde,  sulphites, 
fluorides,  beta-naphthol,  saccharin,  and  a  few  synthetic 
products  of  complex  composition  and  limited  use.  Each 
substance  is  found  to  be  adapted  to  special  uses.  Thus, 
boric  acid  and  borax  are  used  largely  for  meats,  milk,, 
and  butter;  sulphites  and  fluorides  are  used  in  fermented 
beverages;  salicylic  acid,  saccharin,  benzoic  acid,  and 
sodium  benzoates  are  used  in  jams,  jellies,  mince-meat, 
and  preserved  fruits  and  fruit  juices.  Formaldehyde  is 
largely  used  in  milk,  and  is  tlie  most  common  preserva- 
tive in  market  milk  and  cream  in  the  summer  season. 
For  the  preservation  of  many  vegetable  products,  steril- 
ization in  liermetically  sealed  cans  is  employed  and  no 
preservative  material  is  needed. 

The  physiological  effects  and  methods  of  detecting  the 
different  preservatives  have  been  subjects  of  extended 
study.  The  latter  problem  has  been  solved  in  most  cases, 
but  the  former  is  still  under  active  discui^sion.  At  pres- 
ent, the  weight  of  information  seems  to  be  that  salicylic 
acid,  formaldehyde,  the  sulphites,  and  the  fluorides  are 
objectionable  either  from  inherent  toxic  qualities  or  by 
reason  of  interferences  with  digestive  functions.  Nu- 
merous investigations  into  the  effects  of  boric  acid  and 
borax  have  failed  to  show  that  in  moderate  amount  it 
has  any  injurious  action,  and  the  tendency  is  to  permit 
its  use  in  meats  and  butter,  in  which  it  satisfactorily  re- 
places common  salt.  Sodium  benzoate  seems  to  be  safe 
for  use  in  fermentable  foods,  such  asjams  and  jellies. 
Betanaphthol  is  but  little  used,  but  it  and  saccharin  are 
probably  objectionable  except  in  special  cases  and  under 
supervision. 

Most  of  the  substances  above  enumerated  are  not  ac- 
tively germicidal  nor  capable  of  coagulating  proteids, 
but  are  rather  inhibitory  of  bacterial  growth  and  enzy- 
mic  action,  and  thus  prevent  decomposition. 

A  dangerous  phase  of  the  modern  use  of  preservatives 
is  that  many  of  them  are  sold  under  misleading  names 
and  their  nature  and  effects  misrepresented  by  manufac- 
turers. Formaldehyde,  for  example,  is  sold  in  forty-per- 
cent, solution  as  "  formalin , "  which  is  not  an  objectionable 
title,  but  weaker  solutions  are  sold  to  milk  purveyors 
under  such  fanciful  names  as  "freezene,"  "icene,"  and 
the  sellers'  agents  assert  that  the  material  is  harmless  and 
permissible.  It  has  been  found  that  a  mixture  of  boric 
acid  and  borax  is  usually  more  eflficient  than  either  alone. 
This  mixture  is  often  sold  under  the  title  "  boron  preser- 
vative."  Another  danger  is  that  chemical  substances  may 
be  used  to  make  up  for  deficiency  in  quahty  or  steriliza- 
tion of  foods.  .       , 

The  regulation  by  law  of  the  use  of  preservatives  has 
so  far  been  unsatisfactory.  Wholesale  prohibition  of  any 
but  the  old-established  forms,  such  as  smoking  or  pick- 
ling or  salting,  has  been  attempted  in  some  places,  but 


has  resulted  in  much  litigation  and  quarrelling.  The  ■ 
question  must  be  approached  in  a  scientific  way,  and  the 
regulations  must  regard  the  exigencies  of  trade  as  well 
as  the  interest  of  the  consumer.  For  a  comprehensive 
study  of  the  main  questions  the  report  of  the  British 
Commission  (Blue-Book,  Cd.  838)  will  be  found  valuable. 

Henry  Lefmann. 

PRIMROSE,  EVENING.— The  leaves  and  tops  of  Ona- 
gra  biennis  (L.)  Scop.  ((Enotliera  biennis  L. — fam.  Ona- 
graceoe).  This  plant  is  an  exceedingly  common  weed  in 
waste  fields  and  along  roadsides  throughout  the  United 
States,  especially  in  the  northeastern  and  central  parts. 
It  is  hairy,  the  stem  stout,  erect,  and  branching,  and  is 
readily  recognized  by  tlie  large  yellow  fiowers,  with  four 
obcordate  petals,  eight  long  versatile  anthers,  four  linear 
stigmas,  forming  a  cross,  and  the  quadi'angular  ovary  at 
the  base  of  a  long  filiform  calyx  tube.  It  contains  much 
tannin,  with  considerable  gum,  thus  making  it  astringent 
and  at  the  same  time  emollient  to  the  intestine.  It  has 
consequently  a  considerable  employment  in  the  house- 
hold in  the  treatment  of  diarrho?a.  Tlie  dose  is  3-8  _gm. 
( 3  ss.-ij.),  and  the  infusion  is  the  best  form  of  adminis- 
tration. A  number  of  species  of  the  related  genera  (Eno- 
thera,  Epilobium,  etc.,  have  a  similar  composition  and 
use.  Henry  H.  Rusby. 

PROAMNION. — This  convenient  term  was  introduced 
by  Ed.  van  Beneden  to  designate  that  part  of  the  area 
embryonalis  at  tlie  sides  and  in  front  of  the  head  of  the 
developing  embryo,  which  remains  without  mesoderm 
for  a  considerable  period,  so  that  the  ectoderm  and  ento- 
derm are  brought,  in  tlie  region  of  the  proamnion,  into 
immediate  contact.     As  found  in  one  stage  of  the  rabbit, 
it  has  already  been  figured  in  this  work  (Fig.  367,  Vol. 
I.).  ■  A  later  stage  in  the  rabbit,  as  seen  in  longitudinal 
section,  is  figured  by  KOlliker  in-his  " Grundriss  d.  Ent- 
wickelungsges.,"  2te  Aufl.,  p.  107.     We  find  that  it  had 
been  observed  in  the  chick  by  Remak,  His,  and  K5lliker. 
Strahl  was  the  first  to  direct  special  attention  to  it.     It 
has  since  been  observed  by  various  writers ;  van  Beneden 
and  Julin  have  described  it  in  the  rabbit,  Heape  in  the 
mole,  Selenka  in  the  opossum,  and  recently  its  exact 
history  has  been  admirably  worked  out  in  the  chick  by 
Ravn,  and  in  many  birds  and  reptiles  by  Schauinsland. 
The  proamnion,  then,  has  been  observed  in  representa- 
tives of  the  classes  Reptilia,  Aves,  and  Mammalia ;  hence 
we  may  conclude  that  it   is  common  to  all  Amniota. 
It  will  be  remembered  that  the  mesoderm  grows  out  in 
all  directions  from  the  blastopore,  or  hinder  end  of  the 
primitive  streak.     In  a  chick  of  twenty-seven  hours, 
the  front  edge  of  the  mesoderm  is  a  somewhat  irregular 
transverse  line,  which  crosses  the  germinal  area  about  at 
the  front  border  of  the  head.     This  line  is  well  shown,  in 
His'  drawings,  loo.  cit.,  PI.  xii..  Fig.  14.     As, the  meso- 
derm expands,  it  "does  not  grow  forward  in  the  median 
line,  but  does  grow  forward  at  the  sides  of  the  area  pel- 
lucida  in  front  of  the  head  of  the  embryo.     A  space  is 
thus  enclosed  between  the  mesoderm  on  each  side ;   this 
space  later  becomes  the  proamnion ;  it  contains  no  meso-  -j 
derm.     Later  on,  the  lateral  .portions  of  the  mesoderm. ■'- 
approach  the  median  line  again,  some  distance  in  front  '•• 
of  the  head,  so  that  now  the  proamniotic  area  is  com- 
pletely surrounded  by  mesoderm.     We  see,  as  the  next 
phase  of  development,  the  head  amniotic  fold  arising  in 
such  a  position  that  the  proamnion  is  embraced  between 
the  arc  of  this  fold  and  the  head  of  the  embryo;  the  pro- 
amnion, therefore,  constitutes  the  floor  of  the  pit  formed 
by  the  upgrowth  of  the  head  amnion.     In  the  chick  the 
proamnion  never  acquires  any  considerable  development, 
but  gradually  disappears  by  encroachments  of  the  meso- 
derm upon  all  sides,  as  has  been  well  described  by  Ravn, 
whose  Fig.   3,  loc.  cit.,  PI.  xxi.,  will  serve  to  give  a 
clear  general  notion  of  the  relation  of  the  proamnion  to 
the  head,  and  to  the  true  amnion  in  the  chick.     The  dis- 
appearance of  the  proamnion  in  the  chick  involves  some 
curious  appearances  in  sections  of  embryos,  which  Ravn 
has  correctly  and  fully  elucidated. 
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In  the  rabbit,  according  to  van  Beneden  and  Julin, 
wliose  observations  liave  been  conflrmed  to  a  certain  ex- 
tent bv  KOUilcer  and  Heape,  tlie  r61e  of  the  proamnion 
is  more  considerable.  The  history  of  the  proamnion  as 
given  by  van  Beneden,  may  be  followed  easily  by  the 
lid  of  the  accompanying  diagrams  (Fig.  3883),  copied 


lost.  It  is  to  be  noted  especially  that  the  amnion  de- 
velops principally  over  the  posterior  end  of  the  embryo, 
and  grovifs  forward.  To  this  fact  reference  will  be  made 
again  directly.  _  ,       ^    ^i,       •  ^ 

We  possess  no  observations,  at  present,  as  to  the  exist- 
ence of  a  proamnion  in  man,  and  it  is  probable,  owing 


Fig.  3882.— Diagram  ot  the  Development  of  the  Foetal  Adnexa  in  the  Rabbit.  (After  van  Beneden  and  Julin.)  A,  B,  C,  X),  SuccesslTe 
stages ;  pro.A,  proamnion ;  Av,  area  vasculosa ;  Coe,  coelom ;  Coe',  Coe',  extra-embryonic  portion  ot  the  cuelom ;  En,  entodermlc  cavity 
ot  the  embryo ;  Ent,  extraembryonic  entoderm ;  Ec,  ectoderm ;  Mes,  mesoderm ;  Apl,  area  placentalis ;  Al,  allantois ;  T,  terminal  sinus 
of  the  area  vasculosa ;  Y,  yolk  sac ;  am,  amnion ;  am',  portion  of  the  amnion  united  with  the  wall  of  the  allantois ;  Cfi,  chorion. 


from  van  Beneden.  In  A,  the  proamnion,  pro.  A,  Is 
very  small,  and  the  allantois,  Al,  is  just  growing  out. 
In  B,  the  embryo,  which  for  greater  clearness  has  been 
shaded  with  stippling,  has  grown  very  much,  and  the 
anterior  half  of  its  body  is  bent  down  at  a  sharp  angle 
into  the  yolk  sac.  The  embryo,  however,  remains  sepa- 
rated from  the  cavity  T,  of  the  yolk  sac,  by  the  pro- 
amnion, which  forms  as  it  were  a  hood,  pro.  A,  over  the 
anterior  extremity  of  the  embryo.  The  amnion  proper 
is  as  yet  developed  only  over  the  posterior  end  of  the 
embryo.  For  the  further  history  of  the  amnion  see 
Amnion,  Vol.  I.  of  this  Handbook.  The  proamnion, 
as  can  be  seen  in  0  and  D,  retains  its  importance  as  a 
foetal  covering  for  a  considerable  period,  during  which 
the  amnion  am,  and  allantois  Al,  are  rapidly  pursuing 
their  development.  After  the  stage  shown  in  Fig.  3882, 
D,  by  the  expansion  of  the  cavity  marked  Ooe',  the  amnion 
■proper,  mn,  encroaches  more  and  more  upon  the  pro- 
amnion, pro.  A,  until  at  last  the  embryo  is  entirely  cov- 
ered by  the  true  amnion,  and  the  proamnion  is  altogether 


to  the  precocious  development  of  the  human  amnion  and 
of  the  extra-embryonic  mesoderm,  that  no  proamnion 
occurs  in  the  course  of  human  development. 

Clmrles  Sedgwick  Minot. 
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Proamnion. 
Prostate. 


PROFESSIONAL  NEUROSES.  See  Bands  and  Fin- 
gers, Diseases  and  Defwmities  of. 

PROPYLAMIN-CHa.CH2.CHa.NHs— forms  colorless 
crystals  of  ammoniacal  odor,  and  for  the  treatment  of 
chorea  is  administered  in  daily  dosage  of  3-4  gm. 
(  J  ss.-i.)  in  spirit  of  peppermint.  W.  A.  Bastedo. 

PROSECRETIN.     See  Secretin. 

PROSTATE,  THE.— The  prostate  gland  (Gr.  TrpoaraTve, 
from  Trpo  and  laTavai,  to  set,  or  iarTi/ii,  I  stand)  derives  its 
name  from  its  position  at  the  entrance  to  the  bladder. 

Anatomy. — The  prostate  is  a  body  largely  glandular 
in  character,  and  in  shape  much  like  a  Spanish  chestnut. 
In  the  upright  position  of  the  body  it  lies  just  below  the 
hladder  and  behind  the  symphysis  pubis.  The  base  of 
this  heart-shaped  gland  is  in  contact  with  the  bladder  and 
vesiculoe  seminales,  while  the  apex  rests  upon  the  poste- 
rior layer  of  the  deep  perineal  fascia ;  the  anterior  surface 
looks  toward  the  pubis,  and  the  posterior  surface  rests 
upon  the  anterior  rectal  wall. 

The  urethra,  as  it  leaves  the  bladder  (pars  prostatica 
urethrse),  traverses  the  prostate  from  near  the  middle  of 
its  base  to  its  apex,  and  rather  moi-e  than  one-half  of  the 
gland  lies  behind  the  canal. 

The  prostate  weighs  from  five  to  six  di-achms,  and 
measures  approximately  one  inch  and  a  half  in  length, 
one  and  a  half  to  two  inches  in  breadth,  and  one  inch 
in  thickness  (antero-posterior  diameter).  Slight  longitu- 
dinal furrows  along  its  anterior  and  posterior  surfaces 
show  an  indistinct  tendency  toward  a  division  into  two 
lateral  lobes,  although  the  two  halves  are  structurally 
continuous  with  each  other.  In  this  connection  it  is 
worthy  of  note  that  in  some  animals  the  prostate  consists 
of  two  separate  lobes. 

That  portion  of  the  gland  which  lies  between  the  ejacu- 
latory  ducts  and  the  urethra  (pars  supramontana,  Mercier) 
is  usually  known  as  the  middle  lobe  (Home).  Situated 
upon  the  floor  of  the  urethra,  just  at  the  entrance  to  the 
bladder,  it  often  forms  a  little  prominence  continuous 
with  an  elevation  of  the  vesical  floor  (uvula  vesicae). 

The  portions  of  the  gland  behind  and  in  front  of  the 
urethra,  connecting  the  lateral  lobes,  are  known  as  the 
posterior  and  anterior  commissures. 

The  substance  of  the  prostate  is  made  up  mainly  of 
three  tissues:  (1)  Glands;  (3)  unstriped  muscular  fibres ; 
and  (3)  fibrous  tissue. 

The  glands  are  of  the  acinous  variety,  and  are  most 
abundant  in  the  lateral  portions  of  the  organ,  their  ducts 
coalescing  and  opening  along  the  floor  of  the  urethra. 
The  muscular  fibres  are  disposed  in  circular  bands  which 
are  continuous  at  the  junction  of  the  bladder  with  the 
circular  fibres  of  that  viscus.  Hyrtl  also  describes  a 
system  of  these  fibres  radiating  from  the  caput  gallina- 
ginis.  The  fibrous  tissue  forms  a  firm  enveloping  cap- 
sule which  sends  off-shoots  through  the  substance  of  the 
gland. 

Just  below  the  point  of  entry  of  the  urethra  the  two 
ejaculatory  ducts  enter  the  prostate,  one  on  each  side, 
and,  running  forward  through  its  substance  and  converg- 
ing, they  enter  the  floor  of  the  urethra. 

The  prostatic  urethra  (pars  prostatica  urethrse)  is  slight- 
ly narrower  where  It  enters  and  leaves  the  gland  than  it 
is  within  it.  The  hollowed  floor  of  this  portion  of  the 
canal  Is  called  the  sinus  prostaticus,  and  is  divided  into 
two  equal  furrows  by  a  longitudinal  ridge  (verumonta- 
num),  the  end  of  which  farthest  from  the  bladder  is  com- 
posed of  erectile  tissue,  and  is  capable  of  considerable 
dilatation  into  a  little  round  prominence  which,  with  the 
verumontanum  running  back  from  it,  presents  a  fancied 
resemblance  to  the  head  of  a  snipe — hence  its  name  caput 


On  the  top , of  this  little  eminence  is  the  opening  of  a 
minute  sac— the  utricle  or  sinus  pocularis— which  is 
thought  to  be  the  analogue  of  the  uterine  cavity  in  the 
female.  Close  to  the  edge  of  this  sinus,  and  sometimes 
within    it,   are  the  orifices  of    the    ejaculatory  ducts. 


Along  the  sides  of  the  verumontanum  open  the  prostatic 
glands  proper,  to  the  number  of  from  twenty  to  thirty. 

The  prostate  is  enclosed  in  a  tough  fibrous  capsule 
which  is  a  part  of  the  pelvic  fascia.  Besides  its  attach- 
ments to  the  bladder  and  deep  perineal  fascia,  it  is 
further  held  anteriorly  by  the  pubo-prostatic  ligaments, 
and  posteriorly  by  the  recto-vesical  fascia.  Its  slight  mo- 
bility is  provided  for  by  the  levatores  prostata?— muscu- 
lar bundles,  really  parts  of  the  levator  ani — which,  arising 
from  the  posterior  surface  of  the  pubis,  are  inserted  along 
the  lateral  borders  of  the  gland. 

Its  blood  supply  is  derived  from  the  internal  pudic, 
the  vesical  and  hemorrhoidal  arteries,  and  the  veins 
which  form  a  plexus  around  the  gland  empty  through 
the  hypogastric  vein.  Tlie  nerves  are  branches  of  the 
hypogastric  plexus  of  the  sympathetic. 

Physiology. — The  prostate  is  a  sexual  gland.  After 
birth  it  remains  in  a  quiescent  state  up  to  puberty,  when 
it  begins  to  increase  in  size  and  development.  It  attains 
its  full  growth  at  about  the  twenty -fifth  year. 

The  secretion  of  the  glands,  which  are  esiaecially  active 
during  sexual  excitement,  is  a  slightly  turbid  fluid  of 
feebly  alkaline  reaction,  with  a  specific  gravity  of  1.010. 

It  is  especially  rich  in  chloride  of  sodium  (one  per  cent. ), 
and,  as  solutions  of  this  salt  are  known  to  excite  the  sper- 
matozoa to  movement,  its  presence  in  the  prostatic  fluid 
is  thought  by  some  to  perpetuate  their  activity.  Prob- 
abl}'  the  most  important  function  of  this  secretion  is  in 
producing  coagulation  of  the  secretion  of  the  seminal 
vesicles. 

The  prostate,  further,  in  its  character  as  a  muscular 
organ,  acts  as  an  involuntary  sphincter  of  the  bladder. 
As  the  urine  accumulates  a  point  is  finally  reached  at 
which  the  tension  of  the  detrusor  urinse  muscle  pulls 
open  the  rings  of  involuntary  fibres  around  the  neck  of 
the  bladder  and  allows  the  urine  to  enter  the  pars  pros- 
tatica urethrse.  Its  presence  there  causes  au  urgent  desire 
to  urinate,  and  the  escape  of  the  water  is  then  prevented 
only  by  the  compressor  urethras  muscle,  which  is  the 
voluntary  urinary  sphincter.  If  this  muscle  does  not 
relax  and  allow  urination  to  be  completed,  the  prostate 
closes  down  and  forces  the  contained  urine  back  into  the 
bladder,  where  it  stays  until  the  further  increased  tension 
brings  on  another  "  besoin  d'uriner." 

Malformations. — The  prostate  may  be  wholly  want- 
ing, in  connection  with  a  general  lack  of  development  of 
the  urinary  organs. 

In  exstrophy  of  the  bladder  there  is  no  roof  to  the  pros- 
tatic urethra,  and  the  gland  ducts  may  be  seen  opening 
through  the  mucous  membrane  over  the  site  of  the  organ. 

Injubibs  and  Wounds. — The  deep-seated  position  of 
the  prostate  makes  it  little  liable  to  injury  from  without. 
In  severe  crushes  of  the  pelvis  with  fracture  about  the 
pubis,  it  may  be  wounded.  In  perineal  lithotomy  it  is 
always  incised,  and  often  somewhat  contused  by  the  ex- 
traction of  the  stone.  If  the  crushing  and  laceration  of 
the  parts  have  not  been  serious,  healing  usually  takes 
place  kindly. 

Injury  of  the  prostate  occasionally  results  from  the 
passage  of  instruments  through  the  urethra.  This  oc- 
curs most  commonly  in  cases  of  hypertrophy,  in  which 
the  irregular  enlargement  of  parts  of  the  gland  has  made 
the  canal  tortuous. 

A  specimen  in  the  museum  of  the  Harvard  Medical 
School  shows  a  very  much  enlarged  middle  lobe  which 
so  obstructed  the  entrance  of  the  catheter  that  the  in- 
strument had  been  forced  directly  through  it  and  had  en- 
tered the  bladder  beyond. 

The  knowledge  that  such  injuries  are  possible  should 
lead  to  their  avoidance.  Mucii  force  is  never  needed  in 
the  passage  of  an  instrument  which  is  property  guided, 
but  a  thorough  understanding  of  the  nature  of  the  pos- 
sible obstacles,  and  considerable  patience  and  care  in 
overcoming  them,  are  necessary  to  success  in  these  cases. 

Inflammation  of  the  Pkostatb— Prostatitis— may 
be  either  acute  or  chronic. 

Acute  prostatitis  is  commonly  the  result  of  the  exten- 
sion of  an  inflammation  from  adjacent  parts. 
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A  ffonorrhoeal  urethritis  is  by  far  the  most  usual  excit- 
ing cause  In  this  case  the  inflammation  runs  back  along 
the  urethra  to  the  prostate.  That  this  is  not  the  usual 
course  of  a  gonorrhoea  is  due  to  the  protection  afforded 
by  the  constrictor  urethree  muscle.  This  sphincter,  sur- 
rounding the  membranous  urethra,  prevents  the  dis- 
charge from  penetrating  to  the  prostate  and  bladder,  and 
usually  protects  these  deeper  parts  from  participation  in 
anterior  inflammations.  Occasionally  the  passage  of  all 
instrument,  or  the  forcing  of  an  iniection  through  the 
constrictor,  may  convey  infective  discharges  past  this 
natural  barrier.  -  ,     , ,  j 

A  non-specific  urethritis  or  an  inflammation  of  the  blad- 
der may,  in  similar  manner,  extend  to  the  prostate.  The 
passage  of  instruments,  the  application  of  caustics,  the 
use  of  strong  injections,  the  presence  of  calculi  in  the 
bladder  or  prostate,  accidental  injuries,  or  _  operations 
may  be  the  exciting  cause  of  an  acute  prostatitis. 

Among  other  causes  cited  as  occasionally  giving  rise  to 
prostatitis  may  be  mentioned  sexual  abuses,  acrid  irri- 
tating conditions  of  the  urine,  the  use  of  stimulating  diu- 
retics such  as  cantharides  and  turpentine,  the  abuse  of 
stimulants,  and  the  presence  of  inflammation  in  the  rec- 
tum. Probably  these  conditions  are  rarely,  if  ever,  com- 
petent to  excite  an  acute  prostatitis  in  a  healthy  state  of 
the  gland,  but  only  act  to  aggravate  an  already  existing 
inflammation. 

A  stricture  of  the  urethra  greatly  aggravates  any  deep 
inflammation  of  that  canal,  and  makes  its  extension  to 
the  prostate  much  more  liable  to  occur. 

Pathology.  In  acute  inflammation  the  prostate  is 
much  congested,  with  great  swelling  and  oedema,  which 
extend  to  the  surrounding  parts.  The  prostate  itself 
may  be  enlarged  to  three  or  four  times  its  natural  size, 
and  even  with  this  degree  of  inflammation,  resolution 
and  a  return  to  a  comparatively  normal  condition  are 
p6ssible. 

If,  however,  the  inflammation  runs  a  more  acute  course, 
it  may  lead  to  the  formation  of  abscesses,  which,  starting 
as  minute  points  of  pus,  may  gradually  enlarge  and  co- 
alesce until,  in  an  extreme  case,  the  whole  organ  may  be 
reduced  to  one  abscess  cavity. 

Spontaneous  opening  may  take  place  backward  into  the 
rectum,  into  the  urethra,  or  into  the  bladder,  and  the  pus 
may  even  occasionally  find  its  way  down  through  the 
ischiorectal  fossa,  or  into  the  perineum,  and  point  exter- 
nally. Rarely,  the  abscess  may  open  into  the  peritoneal 
cavity,  or  into  an  adherent  coil  of  intestine. 

Symptotnatology.  The  prominent  symptoms  are  pain 
deep  in  the  perineum  and  in  the  rectum,  with  tenesmus 
of  the  bladder  and  the  rectum.  Urination  is  very  fre- 
quent, and  is  accompanied  by  great  pain,  especially  dur- 
ing the  passage  of  the  last  few  drops  of  water,  which  are 
frequently  colored  with  blood. 

Accompanying  these  local  symptoms  there  is  usually 
considerable  fever,  which  may  or  may  not  be  ushered 
in  by  a  chill.  There  is  also  often  severe  pain  in  the 
back,  loins,  and  thighs. 

As  the  inflammation  increases  the  pains  become  even 
more  severe,  the  urine  in  its  passage  scalds  intensely,  the 
pressure  and  throbbing  pain  in  the  rectum  become  very 
distressing,  and  defecation,  which  is  constantly  desired, 
is,  when  it  happens,  a  new  source  of  suffering. 

The  stream  of  urine  becomes  small  and  hard  to  start, 
'  owing  both  to  the  swelling  of  tlie  prostate  and  to  the 
spasmodic  contraction  of  the  constrictor  urethrse  muscle, 
and  finally  complete  retention  may  result. 

If  agonorrhoeal  discharge  previously  existed,  it  may 
disappear  at  the  onset  of  prostatic  inflammation,  or  it 
may  be  changed  into  a  slight  mucous  discharge. 

There  is  usually  a  good  deal  of  tenderness  in  the  peri- 
neum, and  sometimes  also  close  above  the  symphysis 
pubis.  A  rectal  examination  is  difficult  on  account  of  the 
extreme  sensitiveness  of  tlie  parts,  accompanied  by  spasm 
of  the  sphincter  muscle. 

If  the  inflammation  gives  rise  to  an  abscess,  its  forma- 
tion IS  often  heralded  by  rigors  with  high  fever.  If  the 
abscess  breaks  into  the  urethra  or  bladder,  there  may  be 
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a  sudden  escape  of  pus  in  the  urine,  with  an  improve- 
ment of  the  general  symptoms. 

If  the  pus  cavity  attains  any  considerable  size,  it» 
character  may  be  made  out  through  the  rectum,  where  it 
is  to  be  felt  first  as  a  hard,  boggy  swelling,  which  later 
softens  and  gives  evidence  of  fluctuation. 

If  the  abscess  extends  into  the  loose  cellular  tissue 
along  the  rectum  pyaemic  symptoms  may  develop,  and 
in  case  of  rupture  into  the  peritoneal  cavity  the  charac- 
teristic symptoms  of  peritonitis  will  come  on  abruptly, 
with  a  speedily  fatal  issue. 

Treatment.  Absolute  rest  is  the  first  and  most  impor- 
tant measure  when  acute  inflammation  of  the  prostate 
makes  its  appearance. 

The  patient  should  keep  in  a  horizontal  position  with 
the  hips  somewhat  raised. 

If  severe  pain  is  present— especially  if  frequent  spasms 
of  the  bladder  are  aggravating  the  inflamed  gland— opi- 
ates should  be  given ;  and  it  is  to  be  borne  in  mind  that 
these,  by  inducing  rest  from  spasm,  exert  a  really  cura- 
tive effect.  Morphine  and  atropine  subcutaneously,  or 
opium  and  belladonna  suppositories,  may  be  adminis- 
tered under  these  circumstances. 

All  irritations  from  instrumentation,  injections,  or 
stimulating  diuretics  should  be  avoided. 

The  bowels  should  be  kept  gently  open  by  aperients, 
if  necessary,  and  this  point  should  be  carefully  looked 
after  when  opiates  are  being  used. 

The  urine  should  be  rendered  as  unirritating  as  possi- 
ble by  the  use  of  diluents  and  alkaline  diuretics,  and 
nourishment  should  be  given  in  a  bland,  unstimulating 
form.  Farinaceous  gruels,  milk,  and  light  broths  may 
form  tlie  bulk  of  the  diet.  Alcohol  should  be  entirely 
avoided  in  the  acute  stage  of  the  disease. 

If  at  the  outset  the  fever  runs  high,  it  may  be  some- 
what mitigated  by  the  use  of  quinine  or  some  more  tem- 
porar}'  febrifuge,  such  as  aconite  or  phenacetin.  Late  in 
the  disease,  when  it  has  run  a  severe  course — especially 
in  case  of  exhausting  suppuration — strong  concentrated 
foods  and  alcoholic  stimulants  may  be  required. 

Locally,  all  possible  measures  for  limiting  the  severity 
of  the  inflammation  should  be  employed.  In  an  early 
stage  of  the  disease,  leeches  applied  to  the  perineum  may 
be  of  considerable  service.  From  six  to  eight  should  be 
put  on  along  the  raphe  and  close  to  the  anus.  The 
bleeding  may  be  encouraged,  especially  in  plethoric  per- 
sons, until  from  fourteen  to  sixteen  ounces  have  been 
withdrawn. 

Hot  applications,  either  by  fomentations  or  by  hot- 
water  bottles,  to  the  perineum  and  over  the  pubes,  are 
useful  in  diminishing  pain  and  spasm,  and  probably  as- 
sist somewhat  in  limiting  the  inflammation.  Hot  hip- 
baths are  recommended  for  this  same  purpose ;  but  the 
exertion  and  the  unfavorable  position  required  for  these 
add  so  much  to  the  pelvic  congestion  as  greatly  to  dimin- 
ish the  otherwise  favorable  effect  of  the  heat.  If  used, 
they  should  not  be  prolonged  for  more  than  five  or  eight 
minutes,  as  the  maximum  effect  on  the  surface  is  pro- 
duced in  that  time. 

If  retention  of  urine  occurs,  it  must  be  relieved  by  the 
careful  introduction  of  a  small,  soft  catheter  (Nos.  12-14 
French  scale). 

Sometimes,  when  there  is  a  spasmodic  stricture  at  the 
compressor  urethrse,  a  soft  catheter  will  not  pass,  and  a 
stiff  instrument  must  be  used,  requiring,  of  course,  the 
greatest  gentleness  of  manipulation.* 

When  the  retention  persists  and  requires  repeated  cath- 
eterization, an  instrument  tied  into  the  bladder  (sonde 
d  demeure)  will  often  cause  less  irritatidn  than  would  its 
frequent  introduction. 

The  possibility  of  abscess  formation  is  always  to  be 
kept  in  mind,  and  the  condition  of  the  gland  should  be 
watched  by  rectal  examinations.  If  fluctuation  is  made 
out,  the  abscess  should  be  opened  at  once.  This  may 
usually  be  done  through  the  rectal  wall  with  a  curved 

*  For  the  discussion  of  oatlieterization  see  under  Hypertropliy  ol  the 
prostate. 
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bistoun  cache,  and  the  opening  should  be  rather  a  punc- 
ture than  a  long  incision.  This  is  for  the  purpose  of 
avoiding  hemorrhage ;  and  it  is  a  good  plan,  with  this 
same  object  in  view,  to  make  a  careful  examination  be- 
sore  the  puncture,  to  see  that  no  vessel  of  any  size  in  the 
rectal  wall  stands  in  danger  of  injury  by  the  knife.  In 
case  of  bleeding,  ice  pellets  should  be  introduced  into  the 
rectum,  and  if  these  fail,  pressure  should  be  applied  by 
a  thorough  plugging  of  the  lower  part  of  the  bowel.  If 
the  abscess  is  a  large  one  a  drainage  tube  may  be  intro- 
duced into  it  through  the  rectal  opening. 

If  examination  shows  that  the  abscess  is  working  tow- 
ard the  perineum,  it  may  be  opened  by  an  incision  from 
that  direction,  and  thus  a  urethro-rectal  fistula  with  pro- 
longed suppuration  may  be  avoided. 

When  the  abscess  communicates  with  the  rectum  thor- 
ough irrigation  of  the  bowel  should  be  carried  out,  and 
an  antiseptic,  free  from  poisonous  properties,  should  be 
selected,  on  account  of  the  absorptive  power  of  the  rec- 
tal mucous  membrane. 

If  the  disease  ends  in  resolution,  care  should  be  taken 
that  the  recovery  is  complete,  for  an  acute  inflammation 
may,  if  neglected,  leave  a  chronic  condition  which  is 
sometimes  extremely  hard  to  relieve. 

Chronic  Prostatitis. — Chronic  inflammation  of  the  pros- 
tate may,  as  has  been  said,  follow  an  acute  attack.  It 
may,  however,  on  the  other  hand,  originate  as  a  chronic 
or  subacute  affection. 

What  has  been  said  in  regard  to  the  etiology  of  acute, 
will  for  the  most  part  apply  to  chronic,  prostatitis;  but 
while  the  former  is  seldom  the  result  of  sexual  errors 
alone,  these  are  not  infrequently  almost  wholly  respon- 
sible for  a  chronic  inflammation  of  the  gland ;  and  it  is  to 
be  noticed  that  the  imperfect  sexual  indulgence  of  mas- 
turbation, or  partial  intercourse,  is  much  more  produc- 
tive of  prostatic  trouble  than  is  the  normal  excitement 
of  proper  coition.  This  is  probably  due  to  the  unrelieved 
congestion  of  the  gland,  left  after  these  unnatural  prac- 
tices. 

Pathology.  A  chronically  inflamed  prostate  is  usually 
somewhat  enlarged,  but  may  be  natural  or  diminished  in 
size.  The  gland  is  less  firm  than  in  health,  and  its  text- 
ure is  more  open  and  spongy.  Upon  section  the  cut 
surface  is  red  or  dusky  in  hue,  and  moister  than  normal. 
Little  points  of  suppuration  may  exist,  but  are  usually 
few  and  small. 

The  mucous  membrane  has  an  increased  vascularity 
and  may  be  thinned,  particularly  if  the  prostatic  urethra 
is  dilated  in  consequence  of  an  anterior  stricture.  It 
may,  on  the  other  hand,  be  thick  and  spongy,  denuded 
partly  of  epithelium,  or  much  roughened  with  spots  of 
ulceration;  sometimes,  in  cases  of  long  standing,  it  is 
pigmented.  The  sinus  pocularis  and  dilated  gland  ducts 
about  it  may  contain  pus.  Sometimes  an  abscess  cavity 
exists  in  communication  with  the  urethra. 

Symptomatology.  Patients  with  chronic  prostatic  in- 
flammation are  troubled  with  increased  frequency  of  mic- 
turition, which  in  a  mild  case  may  be  scarcely  noticeable, 
but  is  often  very  troublesome — occurring  sometimes  with 
intervals  of  less  than  an  hour. 

There  is  sometimes  pain  of  a  dull,  heavy  character,  re- 
ferred to  the  perineum  and  lower  rectum.  There  may 
also  be  considerable  pain  low  down  in  the  back,  with 
twinges  shooting  into  the  thighs  and  testicles.  A  slight, 
persistent  urethral  discharge,  often  most  marked  in  the 
morning,  may  be  the  only  symptom.  In  some  cases  the 
symptoms  ma5'  be  almost  entirely  of  a  sexual  character, 
such  as  are  often  spoken  of  as  sexual  neurasthenia. 

The  bladder,,  when  full,  may  make  its  condition  known 
by  a  feeling  of  discomfort  or  actual  pain,  with  intensely 
urgent  call  to  urinate. 

The  passage  of  urine  may  be  accompanied  by  slight 
scalding  sensations,  and  there  maybe  a  twinge  at  the  end 
of  micturition,  when  the  bladder  shuts  down  upon  the 
sensitive  prostate.  Occasionally  tenderness  in  the  peri- 
neum may  be  felt  upon  deep  pressure. 

The  urine  may  be  cloudy  and  contain,  more  or  less 
abundantly,  clumps  of  muco-pus  mixed  with  epithelial 


cells.  These  are  little  accumulations  of  secretion  washed 
out  of  the  dilated  gland  ducts,  and  differ  from  the  loose 
threads  of  mucus  so  common  in  chronic  urethritis  in  being 
smaller,  more  coherent,  and  rounded  in  form.  When  the 
urine.is  passed  in  two  portions,  the  first  part  is  apt  to  be 
more  cloudy  and  to  contain  these  clumps  of  mucus  more 
abundantly  than  the  second  part.  Not  infrequently, 
however,  even  when  the  inflammation  is  confined  to  the 
prostate,  the  pus  is  distributed  throughout  the  urine  and 
both  portions  are  cloudy.  The  reason  for  this  has  been 
very  clearly  stated  by  Ultzmann,*  and  is  as  follows :  The 
internal  sphincter  of  involuntary  fibres  surrounding  the 
vesical  orifice  of  the  urethra  is  compai-atively  feeble, 
while  the  compressor  urethrse  muscle,  just  in  front  of  the 
prostate  and  surrounding  the  membranous  urethra,  is 
strong  and  competent,  and,  being  under  the  control  of  the 
will,  it  forms  the  voluntary  sphincter  of  the  bladder. 

As  discharges  collect  in  the  prostate  they  cannot  force 
their  way  forward  past  the  constrictor,  but  readily  escape 
backward  into  the  bladder,  where  they  diffuse  themselves 
through  the  urine.  Even  in  these  cases,  however,  when 
the  urine  is  universally  cloudy,  the  first  portion  will  still 
be  somewhat  more  cloudy  than  that  which  follows,  and 
will  contain  many  more  of  the  mucous  prostatic  clumps. 
The  urine  in  mild  cases  may  be  clear  with  a  moderate 
number  of  "  prostatic  plugs  "  which  settle  rapidly  to  the 
bottom  of  the  urine  glass. 

The  urine,  when  examined  microscopically,  will  often 
be  found  to  contain,  besides  the  pus,  a  considerable  num- 
ber of  blood  cells,  and  occasionally  also  a  few  spermato- 
zoa. The  blood  may  not  infrequently  be  perceived  to 
come  at  the  end  of  micturition,  when  the  bladder  closes 
down  upon  and  squeezes  the  congested  prostate. 

A  chemical  examination  frequently  shows  the  presence 
of  a  little  albumin,  often  in  larger  quantity  than  the  pus 
and  blood  would  account  for.  In  other  respects  the  urine 
is  usually  normal. 

If  the  character  of  the  stream  is  noticed,  it  will  often 
be  found  that  its  force  is  decidedly  diminished,  and  that 
after  the  completion  of  urination  a  few  drops  dribble 
away.     Sometimes- partial  or  total  retention  may  occur. 

This  interference  with  urination  is  to  be  partly  ac- 
counted for  by  the  swelling  of  the  prostatic  mucous 
membrane,  but  is  often  largely  dependent  on  a  spasmodic 
contraction  of  the  constrictor  urethras  muscle ;  and  if  un- 
der these  circumstances  a  sound  is  passed,  it  will  meet 
with  decided  resistance  when  it  reaches  the  voluntaiy 
sphincter.  This  spasmodic  stricture  may  be  so  close  as 
greatly  to  aggravate  the  difficulty  and  pain  of  micturition, 
for,  as  the  bladder  forces  the  urine  into  the  prostatic  ure- 
thra, if  its  further  escape  is  prevented,  the  undue  pressure 
in  this  sensitive  part  is  productive  of  very  great  suffering. 
Usually  the  spasm  of  the  constrictor  is  finally  overcome 
by  the  accumulating  intravesical  pressure,  and  urination, 
beginning  first  by  drops,  presently  comes  with  more  or 
less  freedom. 

As  we  have  said,  the  constrictor  muscle  hinders  pros- 
tatic secretions  from  escaping  anteriorly  and  appearing 
as  a  urethral  discharge.  A  very  slight  gleet  in  the  morn- 
ing is  not  infrequently  observed.  Sometimes  also  in  these 
cases  a  glairy  discharge  of  prostatic  mucus  is  pressed  out 
and  escapes  while  the  patient  is  at  stool;  especially  is  this 
the  case  when  the  bowels  are  constipated  and  much  strain- 
ing is  required.  This  is  commonly  interpreted  by  the 
patient  as  an  escape  of  semen,  and  he  becomes  convinced 
that  he  is  a  victim  of  spermatorrhoja. 

Usually  the  microscope  fails  to  find  spermatozoa  in 
this  discharge,  which  consists  mainly  of  mucus,  with 
sometimes  a  little  admixture  of  pus  and  blood. 

Besides  the  local  symptoms  and  manifestations  that 
have  been  described,  we  see  in  these  prostatic  cases  often 
marked  changes  in  the  general  condition  of  our  patients. 
They  are  nervous  and  hysterical,  or  may  be  depressed 
and  despondent,  with  often  a  hypochondriacal  over-esti- 
mate of  the  gravity  of  their  trouble.  Sometimes  a  true 
neurasthenic  condition  may  be  induced  in  a  case  of  long 

*  "  Pyuria,"  p.  26. 
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standing.     Digestive  disturbances  and  palpitation  of  the 
heart  may  occur. 

Physical  Signs.  An  examination  of  the  prostate 
through  the  rectum  shows  it  sometimes  slightly  enlarged, 
but  often  normal  or  diminished  in  size.  In  consistency  it 
is  usually  somewhat  softer  than  in  health. 

If  the  urethra  is  explored  A\ith  an  instrument  it  is  com- 
monly Ye»y  sensitive,  but  may  be  ansesthetic;  the  latter 
condition  being  noticed  usually  in  old  cases.  The  ure- 
thra should  be  carefully  examined  for  a  possible  stricture, 
and  it  is  to  be  remembered  that  the  constrictor  muscle 
will  often  be  found  to  make  a  spasmodic  contraction  just 
behind  the  triangular  ligament.  The  passage  of  the 
sound  through  the  prostatic  urethra  is  almost  always 
painful,  and  may  excite  an  intense  desire  to  urinate,  or 
an  ejaculation  of  semen. 

Diagnosis.  The  disease  which  we  are  considering  is 
peculiar  to  young  and  middle-aged  men,  and  is  to  be 
kept  distinctly  separate  from  hypertrophy  of  the  pros- 
tate, which  occurs  only  in  the  old.  Inflammatory  sj'mp- 
toms,  it  is  true,  are  not  uncommon  in  this  latter  affection, 
and  will  be  discussed  later. 

Tuberculosis  of  the  pi'ostate  offers  many  points  of  re- 
semblance to  chronic  prostatitis,  and  a  differential  diag- 
nosis is  often  difficult,  and  may  be  for  a  time  impossible. 
The  detection  of  small  nodules  in  the  prostate  and  a 
marked  tendency  of  the  disorder  to  become  worse  as  a 
result  of  local  treatment  are  suggestive  of  tuberculosis. 
The  constitutional  tendencies  of  the  patient  should  be 
taken  into  consideration,  and  a  careful  search  should  bo 
made  for  evidences  of  tuberculosis  in  other  organs.  An 
examination  of  the  urine  for  tubercle  bacilli  may  help  to 
a  solution,  but  a  failure  to  find  them  -even  after  careful 
search  leaves  the  question  where  it  was  befote,  for  they 
are  often  sought  in  vain  in  undoubted  cases  of  genito- 
urinary tuberculosis. 

The  discrimination  between  prostatitis  and  deep  ure- 
thritis after  gonorrhoea  is  sometimes  almost  impossible. 


^'S'  .S^;";^*"™'  ^''o™  Prostatic  Discharge,  Containing  Pus  and 
Epithelial  Cells,  Granules,  Amyloid  Bodies,  and  Bbttcher's  Crystals. 

The  rectal  examination  of  the  prostate  may  help  to  a 
decision,  but  not  infrequently  it  gives  negative  results. 

A  microscopical  examination  of  the  discharge  obtained 
by  pressure  on.  the  prostate  through  the  rectum  may  give 
valuable  information,  hut  this,  too,  is  often  misleading 
1  he  discharge  in  either  case  contains  pus  and  large  and 
small  round  epithelial  cells.  Amyloid  bodies  and  cylinder 
or  caudate  epithelium  may  be  found  in  considerable  abun- 
dance when  the  discharge  is  prostatic. 
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The  formation  of  B5ttcher's  crystals  upon  the  addition 
of  a  drop  of  a  one-per-cent.  solution  of  phosphate  of  am- 
monia to  a  drop  of  the  secretion  shows  beyond  question 
that  it  contains  prostatic  fluid. 

This  reaction  should  be  conducted  on  a  microscope  slide, 
under  a  cover-glass,  and  within  an  hour,  usually,  crystals 
such  as  are  shown  in  Fig.  3883  make  their  appearance. 
They  are  composed  of  a  phosphate  formed  from  a  base 
which  exists  in  prostatic  fluid,  and  which  is  supposed  to 
impart  to  it  its  peculiar  odor.  Unfortunately,  the  mix- 
ture of  urine  with  the  secretion  prevents  the  formation  of 
these  crystals,  and  so  limits  very  much  their  diagnostic 
usefulness. 

It  is  always  to  be  borne  in  mind  that  a  combination  of 
urethritis  and  prostatitis  is  not  uncommon. 

Treatment  should  be  addressed  to  both  the  general  and 
the  local  condition. 

The  general  treatment  should  be  tonic,  especially  in 
the  cases  in  Avhich  much  nervous  depression  exists. 

A  generous,  unstimulating  diet,  with  moderate  exercise 
in  the  open  air,  and  with  cold  sponge  baths  in  the  morn- 
ing, when  the  patient's  strength  will  admit  of  them,  are 
to  be  advised. 

The  laws  of  sexual  hygiene  should  be  carefully  ex- 
plained to  the  patient,  and  the  importance  of  their  ob- 
servance made  plain  to  him. 

Preparations  of  strychnine  and  iron  are  often  of  bene- 
fit, and  they  may  be  advantageously  combined  with 
quinine  or  ergot,  both  of  which  seem  to  exert  a  soothing 
influence  upon  the  prostate.  Iodide  of  potassium  may  be 
of  assistance  when  the  inflammation  affects  the  glandular 
portions  of  the  organ,  and  the  addition  of  bromide  of  po- 
tassium is  sometimes  distinctly  useful  in  quieting  sexual 
excitement. 

If  the  urine  is  highly  acid  or  otherwise  irritating,  its 
character  should  be  modified  by  demulcent  drinks  and  by 
alkaline  diuretics. 

For  a  more  direct  local  effect,  cantharides,  turpentine, 
sandal-wood  oil,  or  copaiba  may  sometimes  be  adminis- 
tered with  advantage,  especially  when  the  inflammation 
is  mostly  confined  to  the  prostatic  urethral  mucous  mem- 
brane. 

Various  local  measures  of  treatment  may  be  expected 
to  contribute  to  the  cure. 

Counter-irritation  to  the  permeum,  either  with  tincture 
of  iodine  or  with  fly  blisters,  is  often  of  great  use.  Can- 
tharidal  collodion  is  a  convenient  blistering  medium,  and 
should  be  applied  to  a  small  surface  close  to  the  raphe. 

"Whatever  counter-irritant  is  used,  care  should  be  taken 
that  it  does  not  come  in  contact  with  the  scrotum  or  anus. 
After  the  application  is  dry,  it  is  a  good  plan  to  fix  a  pad 
of  absorbent  cotton  in  the  perineum  with  a  T-bandage. 
This  takes  up  the  perspiration  and  prevents  the  blister 
from  spreading  to  the  side  opposite  to  that  where  it  was 
applied. 

When  there  is  much  pain  in  the  prostate  and  rectum, 
hot  mjections  into  the  bowel  may  help  to  palliate  it,  and 
to  reduce  the  congestion  in  the  same  manner  that  hot 
douches  act  upon  the  female  pelvic  organs. 

The  most  important  local  treatment,  however  is  that 
apphed  directly  to  the  prostate  itself,  and  consists  in  the 
passage  of  sounds,  massage  of  the  prostate  through  the 
rectum,  and  in  applications  and  injections  into  the  pros- 
tatic urethra. 

The  use  of  sounds  in  chronic  inflammation  of  the  pros- 
tate has  long  been  recognized  as  of  advantage,  and  the 
beuetit  from  them  has  been  variously  explained 

Some  surgeons  think  that  they  should  be  used  cold, 
and  ascribe  then-  eflSciency  to  the  astringent  action  of  the 
cold.  Others  consider  that  their  pressure  within  the  pros- 
tate exerts  some  beneficial  influence  by  forcing  the  blood 
out  of  the  gland. 

>.„]^'^'l^*f'"''  ^°°^  ^^y  periiaps  be  attained  in  either  or 
both  of  these  ways  it  is  probable  that  the  stretching  of 
the  constrictor  uretbrse  muscle,  and  the  consequent  rfiief 
trom  spasmodic  contraction  of  the  same,  will  account,  in 
a  large^  measure,  for  the  good  results  that  follow  their 
use.    As  has  been  said  above,  this  sphincter  is  not  infre- 
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quentljr  put  iu  a  spasmodic  state  of  contraction  by  the 

proximity  of  the  prostatic  Inflammation,  and  in  this  state 

of  stricture  it  has  a  tendency  to  aggra 

*vate  the  deep  inflammation,  just  as  an 
organic  stricture  tends  to  increase  and 
perpetuate  a  urethritis  posterior  to  it. 
It  can  be  readily  understood,  tlierefore, 
that  the  relief  of  this  spasmodic  contrac- 
tion would  act  favorably  upon  the  In- 
flammation behind  it. 

As  large  a  sound  as  ■will  pass  comfort- 
ably through  the  urethra  should  be  used, 
and  it  should  be  introduced  with  the 
greatest  gentleness.  A  sound  passed 
roughly  down  through  the  anterior  ure- 
thra will  sometimes  find  the  constrictor 
tightly  closed  against  it,  when,  had  more 
care  been  exercised,  the  urethra  would 
not  have  resented  its  introduction,  and 
it  would  have  readily  passed  the  mode- 
rately contracted  sphincter. 

If  the  spasmodic  stricture  is  a  tight 
one,  it  will  sometimes  be  found  necessary 
to  precede  the  introduction  of  the  sound 
by  the  passage  of  a  French,  olive-point- 
ed, conical  bougie;  which,  insinuating 
its  point  through  the  obstruction,  readily 
dilates  it  and  prepares  the  way  for  the 
larger  instrument. 

When  excessive  irritability  or  an  ac- 
cess of  inflammation  make  the  applica- 
tion of  cold  to  the  prostate  desirable,  it 
may  best  be  accomplished  by  the  use  of 
the  cold  sound.  This  is  a  hollow  in- 
strument, which  after  its  introduction 
can  be  chilled  down  by  passing  a  stream 
of  water  through  it.  It  should  usually 
be  kept  in  place  for  about  five  minutes. 

We  now  come  to  speak  of  local  ap- 
plications to  the  prostatic  urethra,  and 
in  these  we  recognize  the  most  efficient 
means  at  our  command  for  subduing 
chronic  inflammation  of  this  part. 

The  cases  which  are  particularly 
suited  to  this  form  of  treatment  are 
,  those  in  which  prostatic  clumps  are 
mann's  Prostatic  present  in  the  unne,  with  or  without  a 
Syringe.  A  cap-  purulent  secretion ;  in  short,  in  which 
eraduawd^  l^  ^^^  mucous  membrane  is  distinctly 
inge  lor  the  in-  affected.  Medication  may  be  con- 
troductlon  of  veyed  to  the  pars  prostatica  urethrse 
The°u??e"of  Ms  either  by  the  injection  of  a  few  drops 
and  of  the  irri-  of  a  strong  solu- 
gating  catheter  tion,  or  by  irriga- 
'^iSSiTnVT-  tion  with  consider- 
atruments.  See  able  quantities  ot  a 
text.  weak  solution. 

,  The  application 
of  soluble  drugs  to  the  prostatic 
urethra  is  probably  best  accom- 
plished by  the  injection  of  solu- 
tions. 

The  constrictor  muscle,  situated 
just  in  front  of  the  prostate,  pre- 
vents the  penetration  of  an  ordi- 
nary urethral  injection,  and  special 
instruments  are  therefore  needed 
for  medication  in  the  urethra  pos- 
terior to  it.  Pigs.  3884  and  3886 
represent  such  catheters  for  pros- 
tatic medication. 

The  curve  shown  in  these  instru- 
ments has  advantages  both  in  the 
ease  of  introduction,  and  in  the 
readiness  with  which  the  location 
of  the  point  can  be  determined  from 
the  position  of  the  handle. 
When  the    instrument    is  verti- 


Tio.  3884.— Ultz- 


/ 


Fig.  3885.— Diagram  showing  that  if  a  short-beaked 
Instrument  is  held  with  the  handle  yertical,  the 
point  rests  just  at  the  triangular  ligament.  The 
dotted  figure  shows  how  the  point  slips  through 
the  constrictor  muscle  when  the  handle  is  brought 
to  an  angle  of  forty-five  degrees  with  the  axis  ot 
the  body. 


cal*  the  point  necessarily  rests  just  in  front  of  the  trian- 
gular ligament ;  now,  upon  bringing  it  down  to  an  angle 
of  forty-five  degrees,  and  at  the  same  time  advancing  it 
slightly,  the  point  slips  on  through  the  constrictor  mus- 
cle, but  never  passes  beyond  the  prostate  unless  a  spe- 
cial effort  is  made  to  push  it  on  toward  the  bladder. 
Fluid  injected  through  the  catheter,  when  in  this  posi- 
tion, cannot  pass  forward  through  the  constrictor,  but 
washes  out  the  prostate  and  escapes  backward  into  the 
bladder. 

Of  the  various  drugs  used  for  prostatic  application, 
nitrate  of  silver  is  perhaps  the  most  valuable. 

Two  or  three  minims  of  a  one-  to  two-percent,  solu- 
tion should  be  thrown  into  the  prostatic  urethra  thiough 
the  capillary  catheter  (Fig.  8884). 
Some  pain  of  a  burning  charac- 
ter, with  often  considerable  tenes- 
mus, follows  the  application ;  but 
this  usually  passes  off  in  the 
course  of  an  hour  or  two.  The 
injection  should  be  repeated 
every  four  or  five  days,  and  its 
effect  may  sometimes  be  height- 
ened by  the  previous  passage  of 
a  sound.  As  convalescence  is  es- 
tablished, the  intervals  in  the 
treatment  should  be  gradually 
lengthened. 

Irrigation  of  the  prostatic  ure- 
thra may  often  be  practised  with 
great  benefit.  In  case  there  is 
much  irritability  of  the  neck  of 
the  bladder,  with  considerable 
muco-purulent  secretion,  a  sooth- 
ing antiseptic  wash  is  of  use.  A 
two-per-cent.  solution  of  borax 
or  boracic  acid,  with  the  addition 
of  a  little  glycerin,  is  a  good  in- 
jection for  this  purpose. 

If  the  use  of  an  astringent  wash 
seems  indicated,  any  of  the  mixt- 
ures useful  in  gonorrhoea  may  be 
tried.  Perhaps  a  one-per- 
cent, solution  of  acetate  of 
zinc  is  as  good  as  any.  The 
irrigating  fluid,  after  wash- 
ing out  the  prostate,  flows 
back  into  the  bladder,   as 

has  been  said,  and  from  there  it  may  either  be 
withdrawn  by  slightly  advancing  the  catheter,  or 
it  may  be  passed  by  the  natural  efforts. 

While  the  above-mentioned  procedures  are  ad- 
dressed to  the  urethral  aspect  of 
the  prostate,  further  relief  may  be 
afforded  by  massage  of  the  rectal 
face  of  the  prostate.     This  is  done 
by  the  forefinger  introduced  into 
the  rectum,  and  should  aim  at  ex- 
pressing the  contents  of  the  pros-, 
tate.      The    amount    of    pressure 
which    may   be    safely    used    will 
depend   on    the    acuteness  of    the 
inflammation,    of    which   the    ten- 
derness will    prove   a  safe  guide. 
Massage    should  not  be  given   at 
too  short   intervals,   and   is   often 
wisely  made  to  alternate  with   the 
other    local   measures   above    out- 
lined. 

After  any  manipulation  or  treat- 
ment of  the  prostate  the  patient 
should  keep  quiet,  if  possible  re- 
cumbent, until  all  serious  dis- 
comfort passes  away,  and  should 


Fig.  3886.— Irrigating  Car 
theter.  (After  Ultz- 
mann.) 


♦Throughout  this  article,  when  the  ma- 
nipulation of  instruments  is  described,  it  is 
supposed  that  the  patient  is  iu  a  horizontal 
position. 
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Fig.  3887.  — Diagram  to  Show  tbe  Shape  of  the 
Urethra  In  a  Vertical  Section  Through  a  Pros- 
tate with  an  Enlarged  Middle  Lobe. 


avoid  any  exposure   to    chill    or    fatigue    for   several 
hours. 

Hypektkopht  op  the  Prostate,  Enlakged  Pros- 
tate.—  Etiology.  —  The  causes  of  enlargement  of  the 

prostate  are 
»,  difficult  to  es- 
tablish by  any 
adequate 
proof. 

The  one 
thing  which 
seems  to  be  es- 
sential to  tlie 
existence  of 
the  disease  is 
the  advanqed 
age  of  the  pa- 
tients. Hyper- 
trophy of  the 
prostate  is 
practically  unknown  before  the  age  of  fifty,  whereas 
after  that  it  is  extremely  common. 

Stone  in  the  bladder,  stricture  of  the  urethra,  irritation 
by  the  frequent  use  of  instruments,  sedentary  habits, 
gouty  or  rheumatic  diathesis,  and  exposure  to  cold  and 
damp,  have  all  been  cited  by  surgical  writers  as  predis- 
posing circumstances ;  but  none  of  these  conditions  has 
ever  been  positively  shown  to  stand  in  a  causative  rela- 
tion to  the  disease. 

On  the  other  hand,  there  is  no  doubt  that,  when  pros- 
tatic hypertrophy  exists,  any  of  these  conditions  may 
greatly  aggravate  its  symptoms;  and  besides  those  al- 
ready named  we  may  mention  excesses  in  drink  or  in 
venery,  prolonged  voluntary  retention,  and  the  recum- 
bent posture  as  familiar  causes  of  increased  prostatic 
congestion. 

-P^i'^^W— Hypertrophy  of  the  prostate  may  occur 
through  hyperplasia  of  the  glandular  portions  of  the  or- 
gan, of  the  interstitial  tissue,  or  of  both. 

As  the  normal  size  of  a  particular  prostate  can  never 
be  known,  it  may  be  hard  to  say,  even  on  post-mortem 
examination,  whether  a  given  specimen  is  enlarged  or 
not.  For  approximate  determination,  however,  a  pros- 
tate weighing  six  drachms  may  be  regarded  as  normal  in 
size,  and  anything  over  that  is  to  be  considered  hvper- 
trophied.  ^ 

Upon  section  of  a  prostate  which  is  hypertrophied  the 
cut  surface  bulges  irregularly  above  the  capsule.  It  may 
be  grayish-yellow  in  color  or  mottled  with  blotches  of 
red,  yellow,  and  gray,  with 

occasional    dark    pigmented 

V     r         ^|H  spots. 

^ '  ^^K  If  the    glandular  element 

predominates  the  surface  is 
soft,  and  exudes  a  fluid  rich 
in  cells.  In  interstitial  hy- 
perplasia the  surface  is  dryer 
and  firmer. 

Sometimes  little  projecting 
bunches  announce  the  for- 
mation of  fibrous  or  glandu- 
lar tumors  within  the  organ. 
Usually  the  hypertrophy 
affects  all  parts  of  the  gland 
simultaneously,  but:  not  all 
in  the  same  degree. 

The  shape  of  the  prostatic 
urethra— a  matter  of  the  first 
„„„„  clinical  and  surgical   imnor- 

''lonfaMSlSr?ir^'u|h^?S^   tance-depends  fargely  u'^on 
same  Organ,  showing  how  the    ^"^   partial  or  general  char- 
nrethra  divides  and  goes  on   acter    of    the    hvDertronhv 
either  Side  Of  the  middle  lobe.    If  the  enlargement  is  pretty 
,  ,,  ,  evenly  distributed  through- 

out the  organ,  the  urethra  is  in  the  first  place  consider- 
amy    lengthened,    sometimes   measuring    even    7    cm 
When  the  hypertrophy  is  partial  the  elongation  is  less' 
though  it  IS  still  marked. 


Furthermore,  in  cases  of  general  hypertrophy,  as  the 
lateral  lobes  enlarge  they  compress  the  urethra  from  the 
sides,  until  it  becomes  a  slit-like  canal  with  tolerably 
firm  walls  in  close  apposition.  As  the  lateral  diameter 
is  thus  diminished,  the  antero-posterior  diameter  is  cor- 
respondingly increased. 

It  will  be  readily  seen  that,  as  long  as  the  enlargement 
is  symmetrical,  the  direction  of  the  urethra  is  not  mate- 
rially altered ;  but,  on  the  other  hand,  it  is  equally  evi- 
dent that,  if  the  hypertrophy  is  partial,  and  not  evenly 
distributed,  the  unequal  pressure  from  one  side  or  the 
other  of  the  canal  will  cause  lateral  deviations,  and  that, 
if  the  middle  lobe  is  unduly  enlarged,  the  posterior  por- 
tion of  the  urethral  floor  will  be  raised,  causing  a  devia- 
tion upward  or  toward  the  pubis  (see  Fig.  3887). 

The  projection  upward  of  this  lobe  may  make  the  in- 
ternal urethral  opening  crescentic  in  shape,  and  if  the 
middle  coalesces  with  either  of  the  lateral  lobes,  this  ori- 
fice is  pushed  over  toward  the  opposite  side. 

Sometimes  the  middle  lobe  grows  out  into  the  bladder 
as  a  distinct  tumor,  which  may  be  attached  by  a  broad 
base,  or  may  stand  off  in  a  pedunculated  polypoid  form. 
Besides  the  changes  in  the  prostate  itself,  there  are 
other  alterations  in  associated  organs  which  we  must 
consider  in  connection  with 
this  disease,  as  they  are  in- 
strumental in  producing 
many  of  the  symptoms  which 
we  shall  have  to  study. 

As  the  prostate  enlarges 
the  internal  meatus  is  raised 
and  a  pocket  is  formed  in  the 
bladder  just  behind  the  en- 
larged gland.     The  bladder 

wall  also  becomes  thickened,  f^  g 

partly  in  consequence  of  hy-  I 

pertrophy  of  the  muscular 
coat,  owing  to  the  increased 
resistance  against  which  it 
has  to  work,  and  partly  ow- 
ing to  a  sclerosis  of  the  inter- 
stitial fibrous  tissue,  like  that 
which  has  occurred  in  the 
prostate. 

Interlacing  muscular  "bands 
often  stand  out  from  the 
vesica]  wall  under  these  cir- 
cumstances, forming  trabec- 
ulae  between  which  there  are, 
not  infrequently,  consider- 
able pouches  of  mucous 
membrane. 

The  walls  of  the  ureters 
and   pelves  of    the    kidneys 

may  also  be  somewhat  thickened,  and  the  interstitial  renal 
tissue  undergoes  frequently  a  hyperplasia. 

As  a  later  result  of  the  prostatic  obstruction  the  bladder, 
d-' t     rt  T     ^''^^^^  °^  *'^®  kidneys  may  become  greatly 


\ 
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FIG.  3889.— Diagram  of  a  Hori- 
zontal Section  through  a  Pros- 
tate in  which  the  right  lobe, 
A.  is  moderately  enlarged, 
the  left  lobe,  JJ,  somewhat 
less  so,  while  the  middle  lobe, 
C,  is  much  enlarged  and  is 
joined  to  the  left  lobe,  causing 
a  deviation  of  the  vesical  end 
of  the  urethra  to  the  right. 
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distended. 

Guyon  and  Lannois  have  laid  particular  stress  upon 
the  tact,  already  hinted  at  and  partly  understood  by 
earlier  writers,  that  coincident  with  these  changes  in  the 
wiuf  "^f  .1°'  ?,  ^^i"''"*''  sclerosis,  affecting  specially  the 
walls  of  the  blood-vessels,  is  going  on  throughout  the 

When  from  any  cause  inflammation  of  the  bladder,  ure- 
ters or  kidneys  has  associated  Itself  with  hypertrophy 
ot  the  prostate,  we  have  the  familiar  pathological  appear- 
n^^I'if '^^^''*'''  ?y^""''  ^"d  Pyelo-nephritis  engmfted 
obstructio°n'^™^  already  seriously  altered  by  the  prostatic 

srHpiL^^"  D/'°,°f''^^!?V'°^  °*  *>>^«e  complications  see  the 
articles  on  BluiMer  of  tlie  Male  and  on  Kidneys,  Diseases  of. 
r^.nrlf  -ffij^^'-^^.-The  progress  of  the  disease  is  slow. 
rh.T.^i  •  1^"^'='^'^'^  ""''^  '*°*  °*'  ^i*al  importance,  and  the 
thPv^!t'''  them  may  reach  a  very  advanced  state  before 
they  seriously  threaten  life. 
Guyon  has  divided  the  history  of  the  disease  into  three 
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periods:  First,  that  of  congestion,  affecting  mainly  the 
prostate,  but  also  in  less  degree  the  bladder  and  kidneys. 
Secondly,  that  of  partial  retention  of  urine.  And,  thirdly, 
that  of  distention  of  the  bladder  with  usually  secondary 
changes  in  the  kidneys. 

This  somewhat  empirical  division  gives  us  perhaps 
as  good  a  framework  as  any  for  the  classification  of  the 
clinical  phenomena. 

In  the  first  stage,  that  of  congestion,  we  have  some  en- 
largement of  the  prostate  and  functional  disturbances, 
especially  in  the  matter  of  urination.  This  condition 
may  persist  for  a  long  time,  and  in  certain  cases,  in 
which  for  any  reason  the  calibre  of  the  urethra  is  not 
greatly  interfered  with,  it  may  exist  almost  indefinitely 
without  showing  any  tendency  to  pass  on  to  the  second 
stage,  that  of  retention. 

Usually,  however,  sooner  or  later  the  obstruction  to  the 
passage  of  the  urine  becomes  greater  than  the  force  of 
the  bladder  can  overcome,  and  a  state  of  habitual  partial 
retention  is  the  result. 

When  this  condition  comes  on  slowly,  the  accumula- 
tion of  residual  urine  may  be  very  insidious,  and  escape 
the  observation  of  patient  and  physician  alike;  on  the 
other  hand,  an  increase  in  the  prostatic  obstruction  may 
occur  suddenly,  and  the  unexpected  complete  stoppage 
of  the  urine  may  be  the  first  announcement  of  trouble. 

When  the  retention  of  the  second  stage  of  the  disease 
develops  gradually,  and  is  not  discovered  and  treated, 
the  point  may  be  finally  reached  where  the  bladder  has 
completely  lost  its  tone  and  is  so  distended  that  the 
urine  escapes  almost  constantly  by  an  overflow  (retention 
with  incontinence).  This  same  condition  of  things  may 
follow  also  an  acute  retention  which  has  not  been  relieved 
by  catheterization  and  in  which  nature  has  finally  estab- 
lished a  leakage. 

The  third  stage  of  the  disease  is  now  entered  upon,  and 
if  nothing  is  done  for  such  a  case  the  distention  of  the 
bladder  becomes  extreme,  and  a  secondary  dilatation  of 
the  ureter  and  of  the  pelves  of  the  kidneys  takes  place. 
This  is  soon  followed  by  atrophy  of  the  secreting  portion 
of  the  kidney,  and  an  increase  of  its  interstitial  tissue  (in- 
terstitial nephritis). 

The  secondary  changes  in  the  heart  and  blood-vessels, 
usually  associated  with  chronic  nephritis,  are  likely  to 
make  themselves  noticed  at  this  time,  if  they  have  not 
already  done  so,  and  the  disease  becomes  a  constant  and 
serious  menace  to  life. 

It  is  in  this  advanced  stage  of  the  disease  that  inflam- 
matory processes,  starting  in  the  bladder,  rapidly  extend 
backward  to  the  kidneys,  and  uraemic  symptoms  pres- 
ently usher  in  the  closing  scene. 

Bymiptomatology. — From  what  has  been  said  in  regard 
to  the  history  and  progress  of  the  disease,  it  will  be  seen 
that  the  symptoms  of  the  first  stage  are  mainly  dependent 
upon  the  condition  of  congestion  in  the  prostate,  bladder, 
and  kidneys.  And  as  this  congestion  is  most  considerable 
in  the  prostate,  the  most  noticeable  symptoms  caused  by 
it  are  disturbances  of  micturition  and  of  sensation,  due  to 
the  irritated  state  of  the  neck  of  the  bladder. 

In  the  second  and  third  stages  we  have,  in  addition,  a 
series  of  symptoms  due  to  the  mechanical  obstruction  to 
micturition,  and  to  the  changes  in  the  bladder  and  other 
organs  consequent  upon  this  obstruction. 

We  shall  have  finally  to  consider  the  symptoms  arising 
from  various  morbid  conditions  likely  to  appear  as  com- 
plications in  the  course  of  prostatic  disease. 

The  first  appearance  of  symptoms  usually  announces  a 
morbid  condition  which  has  already  been  coming  on  for 
some  time.  When  the  enlargement  takes  place  in  such 
direction  as  not  to  encroach  seriously  on  the  calibre  of 
the  urethra,  it  may  reach  very  considerable  proportions 
before  it  causes  any  inconvenience  to  the  patient. 

One  of  the  first  symptoms  to  be  noticed  is  an  increased 
frequency  of  micturition,  which  is  specially  marked  at 
night  or  early  in  the  morning.  Guyon  regards  this  as 
evidence  of  congestion,  which  is  aggravated  during  re- 
cumbeilcy  and  sleep.  He  calls  attention  also  to  the  fre- 
quent existence  of  erections  in  these  patients,  on  waking, 


as  further  evidence  of  an  increased  congestion  of  the  pros- 
tate during  sleep. 

Pain  is  ordinarily  not  very  noticeable  in  the  early  stages 
of  the  disease,  although  a  dull  aching  or  heavy  dragging 
sensation  in  the  perineum,  rectum,  and  behind  the  pubis 
IS  not  uncommon. 

If  attention  is  paid  to  the  manner  in  which  urination  is 
accomplished,  it  will  be  found  that  eariy  in  the  disease 
the  stream  is  slow  to  start  and  diminished  in  force.  This 
is  due  largely  to  a  loss  of  power  in  the  bladder,  but  is  to 
be  partly  explained  by  the  swelling  in  the  prostate,  and 
by  a  spasmodic  contraction  and  stammering  action  of  the 
constrictor  muscle. 

The  diminution  in  the  force  of  the  stream  in  a  prostatic 
patient  differs  from  that  seen  in  cases  of  stricture,  in  that, 
while  a  strictured  patient  can,  by  voluntary  effort,  in- 
crease the  force  of  his  stream,  a  man  with  enlarged  pros- 
tate cannot  do  so. 

Second  Period.  The  symptoms  which  have  their  origin 
in  congestion  continue  during  this  period,  and  are,  indeed, 
intensified.  Added  to  them  we  have  other  symptoms  due 
to  the  retention,  which  is  the  characteristic  condition  of 
this  stage  of  the  disease. 

The  retention  may  be  complete  or  incomplete. 

Complete  retention  may  be  acute  and  appear  suddenly, 
or  it  may  be  preceded  by  a  period  of  partial  retention 
which  always  develops  slowly. 

The  symptoms  which  accompany  a  complete  retention 
are  easy  of  recognition,  and  a  physical  examination  re- 
veals the  bladder  distended  above  the  pubis.  Incom- 
plete retention,  on  the  other  hand,  comes  on  very  insid- 
iously, and  is  often  overlooked  for  a  long  period,  at  just 
the  time  when  recognition  and  treatment  of  the  condition 
are  of  great  importance. 

Although,  as  has  been  said,  partial  retention  comes  on 
quietly,  still  a  careful  examination  of  the  symptoms  will 
usually  elicit  evidence  of  a  changed  condition  of  things, 
at  or  soon  after  the  time  when  the  bladder  begins  to  fail 
of  emptying  itself.  The  feeling  of  weight  behind  the 
pubis  is  likely  to  be  increased,  and  the  frequency  of  mic- 
turition, which  during  the  first  stage  was  decidedly  more 
pronounced  at  night,  begins  to  be  almost  equally  noticed 
in  the  daytime.  The  intervals  between  the  acts  of  uri- 
nation become  short,  and  the  call  is  imperative.  In  short, 
the  bladder  being  always  partly  full,  it  takes  but  a  small 
additional  quantity  to  distend  it  to  its  full  capacity. 

The  only  positive  means  of  determining  the  conditions 
of  the  bladder  is  by  a  physical  examination,  and  this 
should  be  made  in  every  doubtful  case. 

Sometimes  the  bladder  shows  extraordinary  tolerance, 
and  the  distention  becomes  so  extreme  as  to  cause  incon- 
tinence from  overflow,  before  the  patient  feels  obliged 
to  call  upon  a  physician;  and  sometimes  also,  unfortu- 
nately, before  the  medical  attendant  recognizes  the  na- 
ture of  the  difficulty. 

This  incontinence  is  evidence  of  a  very  great  degree  of 
distention,  and  shows  that  the  disease  has  entered  upon 
its  third  stage.  Usually,  before  it  appears,  the  disease 
has  already  extended  backward  and  has, begun  to  affect 
the  kidneys. 

There  is  one  symptom  which  may  appear  and  give  evi- 
dence that  the  disease  has  reached  the  third  stage,  before 
incontinence  begins.  This  is  polyuria.  If  the  quantity 
of  urine  in  the  twenty-four  hours  is  measured,  it  will  be 
found  considerably  to  exceed  the  normal. 

Pain,  which  was  an  insignificant  symptom  in  the  first 
stage,  may  assume  considerable  importance  in  the  second 
and  third  stages. 

Besides  the  discomfort  in  the  perineum  and  back  due 
to  the  congested  and  irritated  prostate,  there  is  also  con- 
siderable pain  before  and  during  micturition,  caused  by 
■  the  distention  of  the  bladder  and  its  unavailing  or  par- 
tially successful  attempts  to  empty  itself.  The  passage 
of  the  urine  through  the  prostate  is  also  sometimes  pain- 
ful, and  this  is  especially  the  case  when  the  occurrence 
of  inflammation  has  rendered  the  urine  pungently  alka- 
line and  has  made  the  parts  particularly  sensitive. 

Tlie  examination  of  the  urine  may  give  negative  results 
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during  the  early  stages  of  prostatic  disease;  but  when  the 
congestion  of  the  kidneys  is  considerable  there  are  usually 
albumin  and  a  few  casts.  During  the  last  stage  of  the 
disease,  when  polyuria  has  established  itself,  the  specific 
gravity  is  low  (1.003-1.006)  and  there  is  generally  a  small 
amount  of  albumin,  although  this  may  not  be  present. 
A  few  casts  will  generally  be  found  at  this  time,  too,  but 
they  may  be  absent  even  when  the  kidneys  are  exten- 
sively diseased. 

In  the  presence  of  inflammatory  complications  the 
character  of  the  urine  is  greatly  changed,  as  we  shall  see 
later. 

In  addition  to  the  more  local  symptoms  which  we  have 
been  considering,  there  are  also  certain  general  disturb- 
a,nces  which  are  likely  to  appear  in  advanced  prostatic 
disease.     These  are  of  two  kinds,  digestive  and  febrile. 

Obstinate  indigestion  in  an  old  man,  especially  if  ac- 
companied by  nausea,  should  always  lead  us  to  take  the 
condition  of  the  prostate  into  consideration.  These  pa- 
tients are  also  very  liable  to  a  low  feverish  condition, 
with  extremely  dry  mouth  and  tongue,  and  this  may  an- 
nounce the  extension  of  inflammation  from  the  bladder 
back  into  the  kidneys. 

We  now  come  to  the  consideration  of  the  complications 
which  are  likely  to  arise  in  prostatic  cases,  and  of  the 
symptoms,  or  variation  in  symptoms,  to  which  they  give 
rise. 

They  are  cystitis,  pyelitis  (pyelonephritis),  haimaturia, 
apd  stone  in  the  bladder. 

Cystitis  Is  so  common  in  prostatic  hypertrophy  that  it 
may  be  looked  upon  almost  as  a  necessary  result.  It 
sometimes  appears  without  apparent  cause,  sometimes  in 
consequence  of  excesses  in  drink,  or  from  exposure  to 
cold,  and  in  this  case  the  infection  probably  comes  from 
the  rectum  or  through  the  blood.  Far  more  commonly, 
however,  it  follows  as  a  consequence  of  the  use  of  the 
catheter  or  other  instrument,  and  when  it  is  once  estab- 
lished it  is  rarely  got  rid  of — but  may,  as  we  shall  see, 
by  appropriate  treatment,  be  kept  within  very  reason- 
able bounds. 

"When  the  inflammation  of  the  bladder  is  at  all  acute, 
the  pain  and  frequency  of  micturition  are  greatly  in- 
creased. If  the  prostate  shares  in  the  inflammation,  a 
great  weight  and  bearing -down  pain  in  the  rectum  may 
be  felt,  with  a  frequent  urgent  desire  for  defecation. 

The  urine  becomes  thick  from  the  admixture  of  pus 
and  mucus,  which  often  settles  at  the  bottom  of  the  ves- 
sel in  a  thick,  ropy  mass.  Presently,  in  the  majority  of 
cases,  it  undergoes  alkaline  fermentation,  becomes  am- 
moniacal,  and  has  a  strong  pungent,  often  fetid  odor. 
The  sediment  now  contains,  besides  the  pus,  prostatic 
cells  and  abundant  crystals  of  triple  phosphates,  often 
associated  with  finely  granular  amorphous  phosphates. 

If  the  inflammation  extends  from  the  bladder  back 
through  the  ureters  to  the  kidneys,  the  resulting  pyelitis 
or  pyelonephritis  makes  itself  known  by  pain  in  the  back, 
high  fever,  more  or  less  diminution  or  even  suppression 
•of  urine,  and  uraemic  symptoms. 

This  course  of  things  is  especially  liable  to  occur  late 
in  the  disease,  when  neglect  of  catheterization  has  allowed 
the  ureters  to  become  greatly  distended.  Under  these 
circumstances,  any  exposure  to  cold  or  instrumentation 
maybe  sufficient  to  start  the  fatal  access  of  inflammation 

Occasionally,  when  the  use  of  the  catheter  has  been 
neglected  after  the  time  when  it  should  have  been  begun 
the  final  entrance  upon  the  catheter  life,  instead  of  being 
a  conservative  measure,  gives  the  final  push  toward  a 
fatal  issue.  The  existence  of  polyuria,  with  urine  of  a 
low  specific  gravity,  should  always  lead  us  to  fear  this 
result. 

Stone  in  the  bladder  not  infrequently  occurs  in  pros- 
tatic patients  as  a  consequence  of  cystitis,  in  which  case 
the  stone  is  of  the  soft  phosphatic  variety ;  or  a  stone  com- 
posed of  uric  acid,  oxalate  of  lime,  or  cystin  may  form 
and  owe  Its  origin  primarily  to  a  constitutional  condition' 

In  either  case  the  prostatic  hypertrophy  may  be  re- 
calcul    ^^  ^'^''"^  responsible  for   the  formation  of  the 
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In  the  first  case,  that  of  the  phosphatic  stone,  the  ob- 
struction, by  causing  the  cystitis  and  fermentation  of  the 
urine,  stands  in  a  pretty  close  causative  relation  to  the 
calculus.  In  the  second  case,  in  which  the  deposit  of 
crystals  from  the  urine  is  due  to  a  constitutional  ten- 
dency, the  obstruction  at  the  prostate  may  be  the  condi- 
tion which  decides  whether  a  stone  shall  form  or  not. 
For,  when  the  bladder  is  completely  emptied  at  each 
urination,  the  crystals  as  they  form  are  thrown  out  and 
do  no  harm,  whereas  when  there  has  been  formed  behind 
the  prostate  a  pocket  in  which  there  is  always  residual 
urine,  the  sand  collects  there  and  soon  agglomerates  it- 
self into  a  concretion. 

When  a  stone  forms  behind  an  enlarged  prostate  the 
pain  is  usually  much  increased,  and  is  less  amenable  to 
treatment.  It  is  referred  often  to  the  glans  penis,  and  is 
greatly  aggravated  by  motion,  especially  by  riding  in  a 
jolting  vehicle.  It  is  commonly  less  marked  at  night  or 
during  rest. 

Hgematuria  in  case  of  stone  is  very  likely  to  appear 
after  exercise  or  riding,  while  prostatic  hemorrhage  from 
congestion  seems  to  be  independent  of  any  jarring  of  the 
bladder — in  fact,  is  rather  more  likely  to  come  at  night, 
when  recumbency  favors  prostatic  congestion. 

The  sudden  stoppage  of  the  stream  in  the  midst  of 
urination,  by  the  rolling  of  the  stone  against  the  opening 
of  the  urethra,  is  less  likely  to  occur  in  case  of  an  en- 
larged prostate  than  in  a  healthy  bladder,  owing  to  the 
lodgment  of  the  stone  behind  the  prostate,  below  the 
urethral  orifice. 

If  the  presence  of  the  stone  affects  the  frequency  of 
micturition,  it  tends  to  increase  it  rather  in  the  daytime, 
when  motion  causes  the  stone  to  move  about,  than  at 
night,  when  it  is  at  rest. 

Emmaturia,  as  has  been  said,  may  result  from  the  con- 
gestion of  the  prostate  with  or  without  ulceration,  or 
from  the  presence  of  a  stone.  We  may  also  have  hemor- 
rhage of  considerable  amount  and  duration,  following 
the  use  of  instruments;  and,  lastly,  the  too  sudden  emp- 
tying of  an  over-distended  bladder  may  lead  to  an  at- 
tack of  hsematuria,  from  the  capillary  oozing  from  the 
vesical  wall. 

Sometimes  clots  of  large  size  may  form  in  the  bladder, 
and  cause  much  pain  and  discomfort  before  they  are 
broken  up  and  expelled. 

Physical  Examination. — After  it  has  been  decided  from 
the  symptoms  that  there  is  a  probability  that  prostatic 
hypertrophy  exists,  a  thorough  examination  should  be 
made  of  the  prostate  and  bladder. 

The  objects  of  this  investigation  are  to  ascertain  the 
stage  at  which  the  disease  has  arrived,  to  learn  the 
amount  of  obstruction  and  the  configuration  of  the  pros- 
tatic urethra,  and  to  discover  any  complicating  conditions 
which  may  exist. 

The  patient  should  first  empty  the  bladder,  so  far  as 
possible  by  the  natural  efforts,  and  the  hypogastrium 
should  then  be  explored  by  palpation  and  percussion,  to 
see  whether  enough  distention  of  the  bladder  remains  to 
be  detected  in  this  region.  The  normal  variations  in  the 
position  of  the  bladder  and  intestines  render  this  exami- 
nation often  unsatisfactory,  especially  when  the  abdomi- 
nal wall  is  thick  or  rigid. 

The  examiner  should  then  explore  with  the  foreBnger 
the  rectum.  This  is  best  done  with  the  patient  on  the 
back. 

If  the  prostate  is  enlarged  it  will  be  felt  pressing  down 
the  anterior  rectal  wall.  Its  size,  shape,  and  consistency 
should  be  noticed. 

The  relative  enlargement  of  the  lateral  lobes  can  usu- 
ally be  well  made  out,  and  nodular  projections  are  some- ' 
*'i"iH  '^^''  caused  by  irregularities  in  the  hypertrophy' 
of  different  parts  of  the  gland.  Rectal  examination,  un- 
fortunately, gives  little  or  no  information  in  regard  to  the 
condition  of  the  third  lobe,  which  is  so  often  the  cause  of 
a  serious  obstruction  to  the  flow  of  urine. 

Incidentally,  the  degree  of  tenderness  to  palpation  will 
be  discovered. 

The  condition  of  the  prostate  itself  having  been  deter- 
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mined,  the  examining  finger  should  be  carried  up  along 
the  posterior  vesical  wall,  if  that  be  possible,  and  the 
condition  of  the  bladder  should  be  learned.  In  this  in- 
vestigation the  bimanual  manipulation  between  the  fin- 
ger in  the  rectum  and  the  hand  above  the  pubes,  so  com- 
monly practised  in  examinations  of  the  female  pelvic 
organs,  is  useful,  and  by  it  the  amount  of  distention  of 
the  bladder  can  often  be  most  accurately  made  out. 
Lastly,  the  urethra  and  bladder  should  be  explored. 
The  existence  of  a  stricture  will  probably  be  detected 
in  the  passage  of  instruments  for  deeper  exploration. 
But  in  case  of  doubt  the  canal  may  be  thoroughly  exam- 
ined with  large  bulbs.  A  short-beaked  sound  should  be 
passed,  and  as  it  runs  through  the  prostate  deviations  of 
the  urethra  will  often  be  shown,  by  the  feeling  of  resis- 
tance on  one  side  or  the  other  and  by  the  turning  of  the 
handle. 

The  sound  in  entering  the  bladder  may  sometimes  be 
felt  to  slip  up  over  a  bar,  or  may  turn  to  one  side  around 
a  prominent  third  lobe. 

After  a  proper  search  has  been  made  for  a  possible 
stone,  the  sound  should  be  depressed  until  it  lies  in  the 
axis  of  the  body,  and  then  withdrawn  until  the  concave 
side  of  the  beak  comes  against  the  neck  of  the  bladder ; 
it  may  then  be  rotated,  and,  as  the  beak  sweeps  the  vesi- 
cal face  of  the  prostate,  any  irregular  outgrowths  or  pro- 
jections will  be  felt  to  arrest  its  movements. 

If  the  sound  has  been  felt  to  ride  over  an  obstruction 
at  the  neck  of  the  bladder  and  if,  after  it  is  in,  it  rotates 
freely,  this  points  to  a  bar  rather  than  to  a  globular  en- 
largement of  the  third  lobe,  which  last  would  arrest  the 
beak  of  the  sound  in  rotation. 

As  the  instrument  is  withdrawn  slowly  through  the 
prostate,  the  deviations  due  to  projections  into  the  ure- 
thra are  often  felt  even  more  plainly  than  during  intro- 
duction. 

Finally,  the  urine  may  be  withdrawn  with  a  catheter 
and  the  exact  amount  of  residuum  thus  discovered.  This 
will  be  found  to  vary  much  at  different  times,  and  de- 
pends somewhat  upon  the  amount  of  urine  which  the 
bladder  contained  before  the  last  urination. 

When  the  bladder  is  full  and  the  urine  consequently 
rushes  out  with  some  force  in  a  considerable  stream,  it 
will  often  be  found  that  there  is  much  less  water  left  in 
the  bladder  than  is  the  case  when  urination  is  attempted 
before  complete  distention  has  been  reached. 

Diagnosis. — The  conditions  with  which  enlarged  pros- 
tate is  likely  to  be  confounded  are  stricture  of  the  ure- 
thra, stone  in  the  bladder,  atony  of  the  bladder,  cystitis, 
cancer  or  other  tumor  of  the  prostate,  tuberculosis  of  the 
prostate,  and  tumor  of  the  bladder. 

The  physical  examination,  if  thoroughly  made,  usually 
enables  us  to  eliminate  the  first  two  of  these  conditions, 
and  if  enlargement  of  the  prostate  with  residual  urine  is 
found  we  may,  in  the  absence  of  other  discoverable 
cause,  decide  that  an  existing  cystitis  is  dependent  upon 
the  prostatic  trouble.  It  may,  however,  be  impossible 
to  demonstrate  the  absence  of  stone  behind  an  enlarged 
prostate  except  by  a  thorough  examination  under  ether 
with  the  lithotrite. 

The  decision  between  a  tumor  of  the  prostate  and  sim- 
ple enlargement  is  extremely  difficult,  unless  the  tumor 
has  assumed  considerable  proportions  or  has  begun  to 
invade  surrounding  parts.  The  physical  examination  by 
way  of  the  rectum  gives  us  our  best  help  in  diagnosis, 
but  the  irregular  growth  of  a  tumor  may  at  first  simulate 
the  irregularities  sometimes  seen  in  hypertrophy. 

The  pain  attendant  upon  the  growth  of  a  tumor  is 
more  severe  than  that  appearing  early  in  hypertrophy, 
though  this  is  by  no  means  constant. 

In  case  of  a  cancer  the  enlargement  of  neighbormg 
glands  may  help  us  to  the  right  solution  of  the  question, 
and  occasionally  the  microscopic  examination  of  the  uri- 
nary sediment  will  show  the  presence  of  cells  character- 
istic of  a  new  growth.  Not  infrequently,  however,  it 
will  be  necessary  to  wait  until  the  progressive  growth  of 
the  tumor  declares  its  character.  _ 

Tuberculosis  of  the  prostate  usually  occurs  earlier  in 


life  than  we  could  look  for  hypertrophy.  In  case  of 
doubt,  tuberculous  deposits  must  be  sought  for  in  other 
organs  (epididymis,  seminal  vesicles,  lungs,  etc.). 

A  tumor  of  the  bladder  may  give  rise  to  hemorrhages 
and  difficulties  of  micturition  which  simulate  those  caused 
by  enlargement  of  the  prostate.  Also  a  tumor  may  be 
present  in  the  bladder  behind  an  enlarged  prostate,  and 
so  complicate  the  symptoms. 

The  hemorrhage  from  a  tumor  is  ordinarily  very  much 
greater  than  that  from  a  congested  prostate.  But  this  is 
not  always  the  case,  and  whenever  there  is  persistent  or 
intermittent  hfematuria,  however  slight,  a  careful  search 
should  be  made  for  villi  or  other  bits  of  the  tumor  which 
may  be  detached  and  passed  in  the  urine,  and  which  may 
be  recognized  under  the  microscope. 

Examination  of  the  bladder  with  the  sound  may,  when 
a  tumor  is  there,  reveal  a  projection  somewhere  from  its 
wall.  But  sensations  of  this  sort  are  very  misleading, 
and  it  is  well,  after  a  thorough  sounding,  to  wash  out 
the  bladder  with  the  litholapaxy  evacuator,  with  the  ob- 
ject of  obtaining  bits  of  the  tumor,  if  one  is  there. 

After  definitely  settling  the  diagnosis  of  prostatic  hy- 
pertrophy, it  is  always  important  to  go  further  and  to 
decide  in  what  stage  the  disease  is,  as  we  shall  see  that 
treatment  should  vary  according  to  the  varying  condi- 
tions. 

The  steps  to  this  decision  have  been  sufficiently  indi- 
cated above. 

Treatment. — As  has  been  described,  the  disease  under 
consideration  consists  essentially  in  a  tendency  to  con- 
gestion of  the  prostate,  bladder,  and  kidneys,  with  an  ac- 
companying hypertrophy  and  sclerosis. 

For  convenience  we  have  divided  it  into  three  stages : 
First,  of  congestion,  with  functional  disturbances;  sec- 
ond, of  simple  retention;  and,  third,  of  retention  with 
distention,  often  incontinence,  and  perhaps  involvement 
of  the  kidneys. 

First  we  will  consider  those  measures  of  treatment, 
hygienic  and  medical,  which  are  applicable  to  all  stages 
of  the  disease. 

Anything  which  has  a  tendency  to  increase  the  conges- 
tion should  be  carefully  avoided.  A  chill  of  the  surface 
should  be  especially  guarded  against.  The  patient 
should  wear  flannels  next  the  skin,  and  should  carefully 
avoid  draughts  or  long  exposure  to  chilly  and  damp 
air. 

The  feet  should  be  kept  dry  and  warm,  and  if  the  pa- 
tient gets  up  at  night  to  pass  water,  use  the  catheter,  or 
for  other  purpose,  he  sliould  cover  liis  feet  and  legs 
warmly.  Neglect  of  these  precautions  may  at  any  time 
bring  on  an  attack  of  retention,  of  cystitis,  or  even  of 
pyelonephritis. 

Excesses  in  eating  and  drinking  are  to  be  avoided. 
Large  quantities  of  rich  or  highly  seasoned  food  must 
not  be  indulged  in,  and  wine  and  beer  are  for  the  most 
part  better  left  alone.  This  caution  should  be  under- 
stood to  apply  only  to  overeating,  as  a  sufficient  quan- 
tity of  nourishing  food  is  of  importance.  If  the  patient 
has  been  in  the  habit  of  taking  a  stimulant,  a  little  light 
claret,  or  some  whiskey  and  water,  may  be  allowed  with 

Especial  warning  should  be  given  against  holding  the 
water  over  the  ordinary  time,  particularly  if  any  call  to 
pass  it  is  felt.  An  attack  of  complete  retention  or  of 
cystitis  may  result  from  disregard  of  this  rule. 

Venereal  excesses  are,  of  course,  to  be  avoided. 

The  effect  of  sedentary  liabits  and  of  horizontal  decu- 
bitus in  increasing  the  passive  congestion  must  be  borne 
in  mind,  and  moderate  gentle  exercise  is  to  be  advised. 
The  patient  will  do  well,  when  engaged  in  any  occupa- 
tion that  keeps  him  long  in  one  position,  to  take  an  oc- 
casional turn  through  the  room;  and  at  night  or  m  the 
morning,  when  he  gets  up  for  the  purpose  of  emptying 
his  bladder,  a  short  walk  about  his  chamber  will  often 
materially  assist  him  in  making  his  urination  thorough 
and  satisfactory.  ■     ,.     t 

Constipation  should  be  carefully  guarded  against,  in 
prescribing  for  this  condition,  the  violently  actmg  drugs, 
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which  produce  more  or  less  congestion  of  the  pelvic  or- 
gans, should  not  be  used. 

The  greatest  assistance  will  often  be  obtained  from  rec- 
tal injections.  These  are  especially  useful  when  the  me- 
chanical obstruction  of  the  prostate,  pressing  as  it  does 
upon  the  rectum,  is  largely  responsible  for  the  failure  of 
the  bowels  to  act. 

Cold  injections  are  usually  to  be  avoided,  though  they 
may  sometimes  render  good  service  in  helping  to  restore 
the  functions  of  an  atonic  bladder.  Hot  injections  (112°- 
115°  F.)  will  sometimes  assist  in  reducing  congestion. 

The  functions  of  the  skin  should  be  stimulated  as  far  as 
possible.  Rubbing  and  massage  are  to  be  employed  to 
this  end,  and  baths  also  serve  a  useful  purpose  if  care  is 
taken  against  a  subsequent  chill.  A  hot  bath  ending 
with  a  sponge  off  in  cold  water,  and  vigorous  friction 
with  a  rough  towel,  may  be  of  real  benefit,  by  bringing 
theblood  to  the  skin  and  so  relieving  internal  congestion. 
In  selecting  a  climate  for  a  prostatic  patient,  preference 
should  be  given  to  dry  inland  localities,  where  sudden 
changes  of  temperature  are  less  likely  to  occur  than  on 
the  seacoast.  Sometimes,  however,  when  the  general  con- 
dition is  depressed  and  a  stimulating  climate  is  desir- 
able, the  seaside  may  be  tried,  special  precautions  being 
taken  against  surface  chills. 

General  medication  directed  against  the  disease  itself 
has  but  little  to  offer. 

The  iodides  may  have  a  trial,  in  virtue  of  their  reputa- 
tion in  the  treatment  of  sclerotic  conditions  of  the  blood- 
vessels and  other  organs.  If  used  they  should  be  per- 
sisted in  for  a  long  time,  with  occasional  intermissions. 
They  have  the  disadvantage  of  sometimes  disagreeing 
with  the  stomach,  and  it  may  be  necessary  to  discontinue 
them  on  this  account. 

Of  the  medication  required  in  the  various  morbid  con- 
ditions which  may  from  time  to  time  need  correction,  we 
shall  speak  in  considering  the  treatment  of  the  various 
periods. 

Local  treatment  may  be  divided  into  palliative  and 
operative. 

PalUaim  Tb'eatment. — Treatment  in  the  first  period  is 
almost  wholly  hj'gienic  and  medical. 

In  the  absence  of  complications,  and  before  there  is 
any  retention,  the  less  instrumentation  the  better,  as  it 
only  aggravates  the  congestion,  and  introduces  the  dan- 
ger of  infection  from  dirty  instruments. 

If  the  urine  is  irritating  from  too  great  acidity,  an  alka- 
line diuretic,  such  as  citrate  or  acetate  of  potash,  is  in- 
dicated. 

In  case  of  pain,  belladonna  or  hyoscyamus  should  be 
administered  either  by  the  mouth  or  by  the  rectum. 
Opiates  should  be  avoided,  if  possible,  as  they  derange 
the  stomach  and  constipate  the  bowels.  When  urgently 
required,  however,  they  may  occasionally  be  re- 
sorted to. 

Ergot,  strychnine,  or  nux  vomica  in  some  form 
and  quinine  are  sometimes  useful,  and  act  ap- 
parently by  diminishing 
the  congestion,  and  per- 
haps also  by  stimulating 
the  contractions  of  the 
bladder.  If  the  circula- 
tion is  not  good,  cardiac 
stimulants  may  be  of  as- 
sistance. 

Second  Period, 
the  stage  of  par- 
tial retention  has 
set  in  and  the  pa- 
tient passes  wa- 
ter, but  is  hot  able 
completely  to 
empty  the  blad- 
der, it  is  necessary  to  resort  to  the  use  of  the  catheter 
fi?J^P.°''t'^°*  '^  ^^'^  that  every  patient  who  is  seen  in 
the  first  stage  and  put  upon  general  treatment,  should 
whPnTtl  t  ".'^\.*'^e  time  will  almost  certainly  come 
when  catheterization  will  be  required,  and  that  as  there 
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no.  3891.— Elbowed  Catheter  (Sonde  Cou- 
d^e  of  Mercier) . 


is  no  sure  means  by  which  he  can  tell  when  he  reaches 
this  state,  he  should  occasionally  present  himself  for  ex- 
amination to  decide  this  point. 

Sometimes  the  partial  retention  is  due  to  some  acciden- 
tal increase  of  congestion,  which  may  disappear  under 
the  use  of  antiphlo- 
gistics.  In  such  a 
case  the  patient 
may  be  put  to  bed 
with  leeches  to  the 
perineum,  followed 
by  hot  applications 
assisted  by  opiates, 
if  necessary. 

If  these  measures  fail,  it  will  be  necessary  to  draw  the 
water,  and  it  will  sometimes  be  found  that,  after  a  short 
systematic  use  of  the  catheter,  the  bladder  will  recover 
itself  and  again  become  able  fully  to  expel  its  contents. 
Thus  the  disease  may  occasionally  be  moved  back  from 
the  second  period  into  the  first. 

When  complete  retention  comes  on  suddenly  the  cathe- 
ter is  indispensable,  but  in  this  case  again  its  use  may 
perhaps  later  be  given  up. 

When  entering  upon  the  use  of  the  catheter,  we  may 
often  learn  whether  it  is  really  needed  by  noticing  the 
effect  upon  the  symptoms.  If  these  are  relieved  or  ame- 
liorated, we  are  evidently  on  the  right  track. 

It  is  to  be  remembered,  however,  that  not  infrequently, 
on  commencing  catheterization,  a  cystitis  develops  itself, 
owing  either  to  the  too  sudden  evacuation  of  a  distended 
bladder,  to  the  introduction  of  dirt  upon  the  catheter,  or 
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simply  to  the  irritation  from  the  constant  use  of  instru- 
ments. It  is  important  that  the  aggravation  of  symp- 
toms caused  by  this  inflammatory  onset  shall  not  lead  the 
patient  or  doctor  to  infer  that  the  catheter  is  doing  harm 
and  should  be  given  up,  for  it  is  by  continuing  its  use 
that  the  attack  of  cystitis  may  be  most  quickly  and  surely 
relieved. 

Let  us  now  consider  how  and  with  what  Instruments 
the  catheterization  is  to  be  carried  out. 

As  has  been  described,  the  walls  of  the  urethra  are 
pressed  together  and  may  be  somewhat  deviated  by  the 
inequalities  of  the  lateral  lobes.  The  posterior  part  of  the 
urethral  floor  is  also  often  raised  by  the  projection  of  the 
third  lobe. 

Our  object  is  to  reach  the  bladder  through  this  sinuous 
passage  with  the  least  possible  amount  of  irritation. 

If  a  soft,  red  rubber  catheter  will  find  its  way  into  the 
bladder,  it  is,  by  all  odds,  the  best  instrument  to  use.  It 
requires  no  skill  for  its  direction,  and  can  do  no  damage 
to  the  urethral  walls— a  point  of  great  importance,  as  it 
enables  us  to  entrust  its  use  to  an  unskilful  patient. 

When,  owing  to  the  narrowness  or  tortuousness  of  the 
urethra,  the  rubber  catheter  will  not  pass,  we  must  re- 
sort to  a  stiffer  instrument,  and  must  adapt  its  form  in 
reference  to  the  diflSculties  which  it  has  to  overcome. 

The  obstructions  which  it  will  meet  project  from  the 
lateral  walls  and  floor  of  the  canal,  and  our  efl'ort  must 
be  to  carry  the  point  of  the  instrument  along  the  upper 
or  anterior  wall. 

Mercier  devised  for  this  purpose  a  flexible  webbing 
catheter  with  the  point  sharply  turned  up  (sonde  coudee), 
so  that  it  might  ride  over  the  obstructions  on  the  floor. 

For  those  cases  in  which  the  hypertrophy  of  the  third 
lobe  was  very  pronounced,  he  used  a  catheter  with  a  sec- 
ond bend,  designed  to  lift  its  point  still  higher. 

Iq  introducing  these  instruments,  care  should  be  taken 
that  the  point  be  kept  turned  toward  the  roof  of  the  ca- 
nal, and  after  it  has  passed  the  triangular  ligament  the 
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penis  should  be  depressed  as  much  as  possible  between 
the  thighs,  so  that  the  catheter  may  be  pushed  straight 
upward  in  the  axis  of  the  body. 

The  English  gum-elastic  catheter  may  often  be  used 
with  advantage,  either  with  or  without  its  wire  stylet.  If 
it  is  introduced  without  a  stylet  it  is  a  good  plan  to  exag- 
gerate the  curve  of  the  instrument,  as  has  been  suggested 
by  Thompson.  When  used  thus  it  should  be  introduced 
cold  and  carried  as  rapidly  as  possible  through  the  ante- 
rior urethra,  for  as  it  warms  it  becomes  flexible  and  loses 
its  form.  By  passing  it  rapidly  but  carefully,  its  curve 
often  carries  it  over  the  obstructing  third  lobe. 

If  it  meets  an  obstruction  and,  warming  in  the  urethra, 
becomes  flexible,  the  forefinger  in  the  rectum  should  be 
used  to  lift  the  point  of  the  catheter  into  the  prostate, 
while  at  the  same  time  the  handle  should  be  brought 
down  to  the  axis  of  the  body,  and  tlie  instrument,  which 
is  then  practically  straight,  should  be  pushed  steadily 
into  the  bladder.  This  should  be  done  without  the  exer 
else  of  much  force,  as  the  point,  when  properly  guided, 
slips  along  quite  easily  and  when  it  catches  there  is  dan- 
ger of  its  making  a  false  passage  if  pushed. 

If  the  gum-elastic  catheter  is  introduced  with  a  stylet 
it  should  be  curved  into  the  form  of  a  prostatic  silver 
catheter.  Sometimes,  when  the  point  catches  it  may  be 
lifted  over  the  obstruction  by  the  simple  manoeuvre  of 
slowly  withdrawing  the  wire  while  slightly  advancing 
the  instrument.  This  curls  the  point  upward  and  often 
enables  it  to  ride  over  the  obstacle. 

Occasionally,  when  other  flexible  instruments  fail,  the 
French  conical  bougie  catheter  will  succeed  in  worming 
its  way  through  the  canal.  It  should  be  used  with  great 
caution,  as  its  comparatively  sharp  point  may  catch  in 
and  perforate  the  mucous  membrane. 

Failing  with  other  instruments,  we  may  have  recourse 
to  a  metallic  catheter  of  large  curve. 

The  beak  of  this  instrument  should  be  long  enough  to 
reach  easily  through  the  enlarged  prostate,  which  may 
be  one  inch  and  a  half  longer  than  in  the  normal  state. 
If  the  curve  is  too  short  the  point  does  not  reach  the  blad- 
der, but  being  engaged  in  the  prostate,  runs  considerable 
risk  of  making  a  false  passage  when  the  handle  of  the 
instrument  is  depressed. 

The  forefinger  in  the  rectum  may  give  great 
assistance  in  guiding  the  passage  of  this  cath- 
eter. 

In  using  any  instrument  in  a  urethra  with 
false  passages  it  is  a  good  plan  always  to  with- 
draw for  a  considerable  distance  when  the  point 
is  caught,  and  then  to  try  to  pass  the  pocket 
by  carrying  the  beak  down  first  one  wall  and 
then  another  until  the  right  passage  is  found. 
Ordinarily  the  false  passages  exist  in  the  floor 
of  the  urethra ;  but  this  rule  has  many  excep- 
tions. 

If,  in  a  case  of  complete  retention,  after  care- 
ful and  thorough 
attempts  we  do  not 
succeed  in  reaching 
the  bladder,  re- 
course must  be  liad 
to  puncture  with 
trocar  or  aspirating 
needle. 

This  was  for- 
merly done  through 
the  rectum  with 
curved  trocar,  but 
as  this  method  can- 
not be  used  antisep- 
tically  the  suprapu- 
bic puncture  is  to 
be  preferred.  This 
may  be  done  with 
a  fine  needle  introduced  close  above  the  pubis,  and,  if 
necessary,  may  be  repeated  two  or  three  times  daily  for 
a  considerable  time.  Usually,  however,  drawing  off  the 
urine  in  this  way  is  followed  by  such  a  subsidence  of 
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the  swelling  as  presently  to  allow  the  introduction  of 
the  catheter.  Leeching  the  perineum  and  the  adminis- 
tration of  ergot  may  also  be  of  service  in  reducing  the 
congestion. 

The  evacuation  of  a  distended  bladder,  whether  by 
catheter  or  by  aspiration,  should  be  performed  slowly 
and  carefully.      When 
the    distention   is    ex- 
treme, the  bladder 
should  not  be  wholly 
emptied    at   one    time, 
for  if  the  internal  press- 
ure is  too    suddenly  re- 
lieved  we    are    likely   to 
have  a  great  congestion  of 
the    vesical    mucous   mem- 
brane,  witli    the    escape  of 
blood  into  the  urine,  followed 
often    by  considerable  inflam- 
mation. 

The  greatest  care  should  like- 
wise be   taken  in  the  matter  of 
thorough  antiseptic  cleanliness,  as 
the  introduction  of  germs  into  the 
bladder  may  start  a  fermentation  of 
the  urine  with  cystitis.      It    is   of 
course  important,  whenever  a  catheter 
is  entrusted  to  a  patient,  that  careful 
instructions  should  be  given  to  him  in 
regard  to  this. 

Catheterization     having     been    com- 
menced, how  often  should  it  be  repeated? 

In  the  cases  of    partial   retention   with 
moderate  residuum,  the  use  of  the  catheter 
each  night  before  retiring  is  usually  suffi- 
cient.    As  the  disease  progresses,  however, 
a  point  is  presently  reached  when  the  blad- 
der habitually  holds  from  six  to  eight 
ounces  of  residual  urine,  and  the  calls 
to  urinate  are  consequently  pretty 
frequent.     Under  these  circum- 
stances the  regular  use 
of   the    catheter   is    re- 
quired. 

If  now  the  patient  can 
get  along  comfortably 
while  using  the  catheter 
four  times  a  day,  he  is 
fortunate,  and  may  live 

for  twenty  or  more  years  with  his  artificial  urination. 
Not  infrequently  catheterization  will  be  required  six, 
seven,  or  even  more  times  in  the  twenty-four  hours. 
Especially  is  this  the  case  when  cystitis  is  present.  The 
water  sliould  always  be  drawn  when  the  desire  to  mic- 
turate is  urgent  and  persistent. 

When  catheterization  is  required  so  often  as  to  become 
a  decided  source  of  irritation,  and  if  the  bladder  is  so 
irritable  as  to  be  constantly  liable  to  painful  contractions, 
it  will  be  found  best  to  tie  in  the  catheter  for  a  time  (sonde 
a,  demeure).  Usually  in  a  few  days,  after  the  bladder 
has  had  a  rest,  the  catheter  can  be  again  left  out  and  the 
patient  can  resume  regular  catheterization. 

During  the  time  while  the  patient  is  becoming  accus- 
tomed to  the  use  of  the  catheter  and  the  bladder  is 
acquiring  a  tolerance  of  instrumentation,  it  is  wise  to 
give  some  urinary  antiseptic  almost  as  a  routine  measure. 
Of  the  antiseptics  now  at  our  command  urotropin  and 
sandal  oil  are  the  most  useful.  Urotropin  may  be  given 
in  doses  of  five  to  eight  grains  two  or  three  times  a  day, 
and  is  a  most  useful  drug,  but  it  will  occasionally  act  as 
an  irritant,  especially  in  the  presence  of  ulceration  of  the 
prostate,  and  in  these  cases  sandal  oil  is  to  be  preferred. 
Sandal  oil  is  a  more  soothing  drug,  and  is  especially  use- 
ful where  the  tendency  to  irritability  of  the  bladder  ex- 
ists. ,.  .. 

Third  Period.  In  this  stage  of  the  disease,  systematic 
emptying  of  the  bladder  is  as  urgently  called  for  as  at 
any  earlier  time.     The  serious  changes,  however,  which 
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are  likely  to  have  occurred  in  the  ureters  and  kidneys, 
with  the  condition  of  passive  congestion  which  exists 
throughout  the  urinary  tract,  make  the  use  ot  the  cathe- 
ter a  matter  of  considerable  danger,  which  in  some  cases 
maybe  so  great  that  it  will  be  better  practice  to  leave  the 
bladder  undisturbed. 

In  these  cases  the  patient's  condition  of  comparative 
health— troubled,  it  is  true,  by  frequent  and  often  partly 
Involuntary  micturition,  but  not  debarred  from  ordinary 
occupations— makes  a  striking  contrast  with  the  state  of 
things  which  may  rapidly  develop  upon  entering  on  the 
"  catheter  life. "  For  a  slight  added  irritation  to  the  blad- 
der may  be  suddenly  followed  by  a  pyelonephritis,  or 
even  more  abruptly  by  renal  congestion  with  suppres- 
sion, uraemia,  and  death. 

These  dangers  are  alarming  and  imminent  enough  to 
make  us  hesitate,  but  what  is  to  be  hoped  from  allowing 
the  disease  to  take  its  course?  Nothing  but  a  certainly 
fatal  issue,  which  is  likely  to  come  in  a  few  weeks  or 
months,  and  which  may  be  precipitated  at  any  time  by 
an  exposure  to  cold,  by  fatigue,  or  by  a  slight  indiscre- 
tion in  diet. 

On  the  other  hand,  when  catheterization  is  successfully 
established,  the  disease  may  be  moved  back  from  the 
third  to  the  second  stage,  and  the  patient  who  was  in 
such  danger  may  be  put  in  a  state  of  comparative  se- 
curity. 

It  is,  then,  of  the  first  importance  to  distinguish  the 
cases  in  which  catheterization  is  so  dangerous  that  the 
patient  had  better  be  left  to  follow  out  the  natural  course 
of  the  disease;  and  in  all  except  these  most  advanced  cases 
the  catheter  should  be  used. 

Each  case  must  be  decided  on  its  merits,  and  so  much 
depends  on  attention  to  detail  that  we  should  sometimes 
be  deterred  from  commencing  catheterization  with  a  care- 
less and  slovenly  patient,  when  we  should  have  resorted 
to  it  could  we  have  counted  on  his  intelligent  co-oper- 
ation. 

Guyon  has  laid  down,  for  these  advanced  prostatic 
cases,  a  good  rule  of  practice.  He  puts  the  patient  upon 
general  tonic  treatment,  and  if  he  finds  that  he  is  want- 
ing in  strength  suflBcient  to  benefit  by  it,  he  does  not 
regard  him  as  in  a  state  likely  to  be  helped  by  inter- 
ference with  his  bladder.  If,  however,  he  improves  de- 
cidedly in  his  general  condition,  then  Guyon  regards  it 
as  wise  to  resort  to  the  catheter. 

The  precautions  to  be  observed  in  accustoming  the  pa- 
tient to  the  catheter  are  the  same  that  are  required  in  the 
second  stage  of  the  disease,  but  they  are  now  even  much 
more  important. 

Especially  should  the  sudden  emptying  of  a,  distended 
bladder  be  guarded  against.  It  may  often  require  two 
or  three  weeks  of  catheterization  before  the  bladder  ac- 
quires such  tolerance  that  it  may  safely  be  left  empty. 

During  the  preliminary  period  the  catheter  should  al- 
ways be  passed  with  the  patient  horizontal,  to  guard 
against  the  too  rapid  flow  of  water ;  afterward,  when  the 
complete  emptying  of  the  bladder  is  desired,  the  vertical 
position  is  the  best  for  this  operation. 

Operative  Treatment. — It  is  impossible  in  the  space  at 
our  command  here  to  do  more  than  suggest  the  outlines 
of  operative  treatment  and  of  the  more  important  pro- 
cedures. 

Radical  operations  aim  at  a  cure ;  that  is,  at  the  com- 
plete restoration  of  the  function  of  urination.  While 
they  often  fall  far  short  of  this  ideal,  yet  many  cases  are 
practically  cured.  Perhaps  the  main  reason  why  oper- 
ative treatment  lias  not  been  more  generally  successful  is 
to  be  found  in  the  age  of  the  patients,  for  in  the  majority 
of  cases  we  have  to  deal  with  men  between  fifty  and 
eighty  years  of  age,  and  it  is  obvious  that  severe  oper- 
ations become  more  dangerous  with  advancing  years. 
The  willingness  of  the  surgeon  to  operate  in  any  indi- 
vidual case  will  also  often  be  influenced  by  the  social 
condition  of  the  patient,  for  a  man  of  the  lower  classes 
who  cannot  aftord  the  time,  trouble,  and  careful  attention 
to  detail  necessary  to  make  catheter  life  tolerable,  may 
wisely  be  advised  to  have  some  operation  done,  whereas 
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a  man  in  easy  circumstances  may  be  kept  comfortable  by 
less  radical  and  safer  measures. 

Operation  during  First  Stage.— As  the  symptoms  of 
the  first  stage  are  largely  those  of  engorgement  and  irri- 
tability, comparatively  few  patients  will  be  seen  at  this 
time,  and  as  it  is  obviously  impossible  to  decide  definitely 
how  long  a  time  may  elapse  before  a  patient  reaches  the 
second  stage,  or  whether  this  stage  will  be  reached  at  all, 
it  is  seldom  that  patients  in  the  first  stage  are  to  be  ad- 
vised that  an  operation  should  be  done.  Of  course,  it 
must  be  admitted  that  the  earlier  such  operations  are 
done,  the  better,  if  they  are  to  be  done  at  all,  but  the 
progress  of  this  disease  is  so  variable  that  sound  conser- 
vatism will  rarely  be  found  in  favor  of  operation  at  this 
time. 

Operation  in  the  Second  Stage. — The  second  stage  of 
prostatic  enlargement  is,  as  will  be  remembered,  that  of 
beginning  obstruction.  At  this  time,  the  bladder  will 
usually  be  in  good,  or,  at  least,  fair  condition,  and  com- 
paratively little  damage  will  have  been  done  to  other 
parts  of  the  urinary  tract.  This  time  is,  therefore,  in 
most  cases  the  time  of  election  for  radical  operative 
procedures.  The  patient  is  usually  not  too  advanced  in 
age,  his  blood-vessels  are  probably  in  good  condition, 
and  the  bladder  and  kidneys  have  not  been  irreparably 
damaged.  If,  however,  a  patient,  though  in  the  second 
stage,  be  found  to  have  evidences  of  a  chronic  nephritis, 
a  damaged  heart,  or  sclerotic  arteries,  the  outlook  will 
be  correspondingly  less  favorable. 

Operation  during  the  Third  Stage. — The  third  stage 
being  that  of  complete  obstruction  accompanied  as  a  rule 
by  more  or  less  damage  to  the  kidney  will  be  an  unfavor- 
able time  for  radical  operation.  The  mortality  at  this 
time  is  almost  prohibitory,  and  there  is  little  hope  of  re- 
storing completelj',  or  even  in  great  measure,  the  func- 
tion of  the  bladder.  These  patients  may  sometimes, 
however,  by  careful  catheterization  or  drainage  of  the 
bladder,  be  so  improved  that  an  operation  can  later  be  re- 
sorted to  with  reasonable  hope  of  success.  Hitherto  the 
rule  has  been  to  resort  to  radical  operations  only  in  the 
more  difficult  and  desperate  cases.  As  a  result  of  this 
practice  the  mortality  of  such  operations  has  been  high. 

The  ideal  time  to  choose  for  interference  is  when  the 
obstruction  has  become  considerable,  but  before  it  has  led 
to  serious  changes  in  the  bladder,  kidneys,  and  heart. 
Could  most  of  the  operations  be  done  at  this  early  date, 
the  mortality  would  doubtless  be  much  lower. 

Unfortunately,  patients  at  this  stage  of  the  disease  are 
usually  too  comfortable  to  be  willing  to  face  the  risks  of 
operation. 

The  Various  Operative  Procedures. — The  radical 
operations  may  be  divided  into  two  general  groups :  the 
internal  ones,  or  those  done  through  the  urethra  or 
through  a  small  perineal  opening,  and  the  external,  or 
those  which  involve  suprapubic  cystotomy  or  a  large 
perineal  opening. 

Internal  Operations. — Of  these  the  so-called  Bottini 
operation  is  the  most  prominent.  This  is  done  with  an 
electro-cautery,  somewhat  resembling  a  lithotrite,  though 
much  smaller  and  more  delicately  made. 

The  male  blade  is  connected  with  an  electric  battery 
and  acts  as  the  cautery  knife.  The  instrument  is  intro- 
duced into  the  bladder,  and  the  beak  hooked  over  the 
prostate,  the  contour  of  which  is  mapped  out  as  accu- 
rately as  possible.  A  furrow  is  then  cut  with  the  cautery 
blade  through  the  prostate  in  the  middle  line,  the  lengtli 
of  the  furrow  being  regulated  accurately  by  a  scale  in 
the  handle  of  the  instrument.  Two  lateral  furrows  are 
then  also  cut  each  at  an  angle  of  about  forty-five  degrees 
from  the  median  furrow.  When  the  sloughs  caused  by 
the  cautery  have  come  away,  the  urethral  obstruction  is 
often  considerably  lessened. 

This  operation  is  applicable  to  some  cases  which  would 
not  stand  more  radical  procedures.  The  relief  is  often 
far  from  complete,  and  total  failures  are  not  uncommon. 
The  operation  may  be  done  under  local  or  under  general 
anaesthesia. 

Some  operators  prefer  to  introduce  the   instrument 
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through  a  small  Incision  in  the  membranous  urethra.  In 
this  way  shorter  instruments  are  required,  and  they  are 
more  easily  guided  by  the  hand.  The  operation  does 
not,  however,  essentially  difEer  in  its  results  from  the 
regular  Bottini  operation. 

Miternal  Operations. — Of  the  external  operations  there 
are  three  general  types :  suprapubic,  perineal,  and  com- 
bined. 

Suprapubic  Operations.- — All  of  the  suprapubic  oper- 
.ations  begin  with  an  ordinary  suprapubic  cystotomy. 
The  bladder  having  been  opened,  two  types  of  operation 
are  at  our  command.  First,  the  partial  operation  in  which 
portions  of  the  prostate,  such  as  a  projecting  third  lobe 
or  a  prominent  bar,  are  removed,  and  no  attempt  is  made 
to  remove  the  bulk  of  the  prostate.  This  method  may 
be  carried  further  and  the  prostate  may  be  nibbled  away 
with  cutting  forceps,  until  the  greater  part  of  the  ob- 
struction has  been  removed.  Operations  of  this  type 
have  been  practised  for  a  considerable  length  of  time,  and 
while  sometimes  giving  almost  or  quite  perfect  functional 
results,  they  very  frequently  fail  completel}"^  to  remove 
the  obstruction.  In  cases  in  which  only  a  polypoid  third 
lobe,  or  a  small  projecting  bar  is  removed,  the  operation 
is  of  less  severity,  and  carries  with  it  a  correspondingly 
lower  mortality  than  in  the  cases  in  which  complete  re- 
moval is  attempted,  and  it  may,  therefore,  occasionally 
l)e  applicable  to  cases  in  which  the  patient  cannot  stand 
a  more  extensive  operation. 

Of  late  years  complete  enucleation  of  the  prostate  by 
the  suprapubic  route  has  been  frequently  practised,  and 
in  selected  cases  it  is  an  operation  giving  brilliantly  suc- 
cessful results.  The  prostate  is  surrounded  by  a  very 
distinct  capsule,  formed  largely  from  the  layers  of  the 
pelvic  fasciae.  It  is,  therefore,  possible  to  shell  the  gland 
■out  from  this  capsule  without  excessive  hemorrhage, 
and  in  these  cases  the  operation  can  be  done  rapidly  and 
iDleeding  readily  controlled  by  packing  the  cavity  with 
gauze.  When  the  enlargement  is  very  great,  and  espe- 
cially when  the  glandular  type  of  hypertrophy  exists, 
the  hemorrhage  may  be  alarming  and  the  raw  surface 
left  behind  is  a  great  menace  on  account  of  absorption  of 
septic  materials  and  extensive  sloughing  of  torn  and 
"bruised  tissues.  The  cases  likely  to  prove  most  favor- 
able under  the  employment  of  this  method  are  those  in 
'which  the  prostatic  tumor  projects  chiefly  into  the  blad- 
der, is  not  of  excessive  size,  and  is  of  the  fibrous  rather 
than  the  glandular  type.  To  avoid  the  obvious  dangers 
of  leaving  a  large  wound  upon  the  floor  of  the  bladder  the 
perineal  operations  have  been  devised.  The  underlying 
principle  of  all  perineal  operations  is  to  bring  the  prostate 
into  view  by  a  free  perineal  incision,  which  may  be  verti- 
cal or  crescentic ;  then  to  separate  the  prostate  from  the 
lower  segment  of  the  rectum,  and,  after  incising  the  pros- 
tatic capsule,  to  proceed  to  enucleate  the  gland  with  the 
finger  much  as  in  the  suprapubic  operation.  In  favora- 
ble cases  this  may  be  done  without  damage  to  the  floor 
of  the  bladder,  and  is  at  times  also  a  very  successful  pro- 
cedure. The  obvious  dangers,  however,  are  those  result- 
ing from  extensive  tears  of  the  floor, of  the  bladder  and 
prostatic  urethra,  and  from  the  not  very  infrequent  acci- 
dent of  tearing  the  anterior  rectal  wall  in  the  course  of 
the  operation.  The  cases  most  suitable  for  operations  of 
this  type  are  those  in  which  the  prostate  is  well  within 
reach  of  the  finger,  and  in  which  the  outgrowth  has  been 
toward  the  rectal  aspect  of  the  prostate,  and  in  which 
ulceration  of  the  bladder  does  not  exist.  In  order  more 
accurately  to  study  the  requirements  of  each  case  Alex- 
ander has  devised  a  combined  operation  in  which  the  blad- 
der is  first  opened  above  the  pubis,  and  then  if  the  case 
be  favorable  for  perineal  enucleation,  a  perineal  incision 
is  made  and  the  fingers  of  one  hand  in  the  suprapubic 
wound  push  the  prostate  down  while  enucleation  is  done 
with  the  other  hand  through  the  perineal  incision.  Some 
operators  do  not  open  the  bladder  above  the  pubis,  but 
carry  the  suprapubic  incision  down  to  the  bladder  wall, 
and  then  with  the  fingers  above  press  down  the  prostate 
and  make  it  accessible  from  the  perineum. 

It  is  important  to  remember  that  the  careful  selection 
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of  the  operation  best  suited  to  each  case  is  of  the  first 
importance,  and  it  is,  therefore,  often  wise  to  examine 
the  bladder  carefully  with  the  cystoscope  before  deciding 
which  operation  should  be  undertaken,  or  whether  any 
operation  is  likely  to  give  permanent  relief. 

Orchideatomy  and  Vasectomy. — The  subject  of  operative 
treatment  of  prostatic  hypertrophy  can  hardly  be  dis- 
missed without  making  mention  of  two  operations  which 
have  been  advocated  for  the  relief  of  the  condition,  and 
which  may  still  be  done  from  time  to  time. 

The  operation  of  double  orchidectomy,  which  was  ably 
advocated  by  White,  had  many  advocates  at  the  time  of 
its  introduction.  In  some  cases  it  appears  to  give  very 
marked  relief  in  cases  of  congested  prostates,  but  this 
relief  is  likely  to  prove  but  temporary,  and  in  the  most 
favorable  cases  does  not  result  in  radical  cure.  It  has 
been  followed  in  a  few  instances  by  very  marked  mental 
symptoms,  amounting  in  certain  cases  to  insanity,  and 
this,  together  with  the  frequency  of  total  failure  to  relieve 
the  symptoms,  has  made  it  an  operation  which  is  very 
rarely  to  be  advised,  and  the  interest  in  it  at  present  is 
largely  historical. 

Vasectomy. — This  operation,  which  consists  of  the  liga- 
tion and  division  of  both  vasa  efferentia  in  the  region  of 
the  external  inguinal  ring,  was  strongly  advocated  by 
Mr.  Harrison.  It  was  hoped  that  it  would  have  a  result 
equally  favorable  with  that  of  orchidectomy,  but  with- 
out its  unfortunate  results.  This  hope  has  hardly  been 
justified,  and  the  operation  seems  to  be  valuable  largely 
for  the  relief  of  those  cases  in  which  recurrent  attacks  of 
acute  epididymitis  are  a  serious  cause  of  discomfort  to 
the  patient.  It  can  be  done  if  desired  under  local  anses- 
thesia,  and  its  technical  details  present  no  diflSculty. 

Treatment  of  Complications. — Cystitis,  which  is  the 
most  common  complication  of  prostatic  hypertrophy,  is 
to  be  treated  according  to  the  rules  laid  down  under  Blad- 
der, Diseases  of  The,  on  pages  795  and  796,  in  Vol.  I.  of 
this  Handbook.  When  it  occurs  in  the  first  stage  of  the 
disease,  general  treatment  is  first  to  be  thoroughly  tried, 
and  local  treatment  through  a  catheter  is  to  be  resorted 
to  only  when  simpler  measures  fail.  In  the  second  and 
third  stages,  when  partial  retention  exists,  the  systematic 
evacuation  and  irrigation  of  the  bladder  is  the  most  effi- 
cient means  of  treatment  at  our  command. 

Nephritis,  or  pyelonephritis,  must  be  treated  on  general 
principles.  Mustard  poultices  over  the  lower  dorsal  and 
lumbar  regions  are  indicated  during  the  acute  stage,  with, 
afterward,  careful  rubbing  and  friction  to  keep  up  the 
action  of  the  skin ;  a  bland,  non-stimulating,  but  nutri- 
tious diet  in  abundant  quantity ;  and  regulation  of  the 
bowels.  If  ursmia  threatens,  pilocarpine  and  hot-air 
baths  may  be  used  to  promote  elimination,  and  to  relieve 
the  congestion  of  the  kidneys. 

A  stone  in  the  bladder  can  usually  be  removed  readily 
by  litholapaxy  through  an  enlarged  prostate,  unless  it  is 
of  great  size  and  hardness,  or  unless  the  careless  use  of 
instruments  has  produced  false  passages.  The  pocket 
behind  the  prostate  often  holds  a  small  stone  concealed, 
and  makes  it  hard  to  seize,  in  which  case  the  hips  may 
be  raised  so  that  the  stone  rolls  back  toward  the  fundus, 
where  it  is  easily  found  and  crushed. 

When  micturition  is  very  difficult,  it  may  sometimes 
be  thought  wise  to  remove  small  stones  by  perineal  inci- 
sion, in  the  hope  of  at  the  same  tiipe  relieving  the  ob- 
struction. 

When  litholapaxy  is  impossible  on  account  of  the  size 
and  hardness  of  the  stone,  it  is  usually  necessary  to  re- 
sort to  the  suprapubic  incision.  By  this  operation,  too, 
a  prominent  middle  lobe,  or  other  cause  of  obstruction, 
may  sometimes  be  removed. 

Atrophy  of  the  prostate  may  occur  as  the  result  of 
mechanical  pressure,  or  of  destruction  of  portionsof  the 
organ  by  inflammation.  It  may  also  appear  in  the 
course  of  an  exhausting  disease,  or  as  a  consequence  of 
old  age.  It  gives  rise  to  no  symptoms  and  calls  for  no 
treatment.  ,       ,      -c  j 

TuMOKS  OF  THE  PROSTATE.— Thcsc  may  be  classified 

as  follows: 

T69 


Prostate, 
Pruritus. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


„    ^  (  Retention  cysts. 

Cysts \  Hydatids. 

Myoma [  Adeno-myoma. 

Adenoma ) 

( Round  cell. 
Sarcoma ■]  Spindle  cell. 

(  Lympho-. 
„      .  (  Scirrhus. 

Carcinoma -j  Colloid. 

Retention  cysts  formed  from  dilated  gland  acini  occur 
in  many  old  prostates.  They  are  always  small,  and  give 
rise  to  no  inconvenience.  Their  contents  are  sometimes 
inspissated,  forming  little  concretions. 

Hydatid  cysts  of  the  prostate  are  so  rare  that  Thomp- 
son could,  in  1883,  learn  of  but  one;  and  even  in  that 
case  it  is  doubtful  whether  the  cyst  started  in  the  pros- 
tate or  near  it.  When  discovered  they  should  be  at  once 
emptied. 

Pure  myoma  is  very  rare ;  adenoma  is  somewhat  less 
so,  but  adenomyoma  is  the  most  common  of  prostatic 
growths.  Paul  thinks  ordinary  hypertrophy  should  be 
ranked  under  this  head. 

The  universal,  symmetrical  enlargement  can  hardly,  as 
it  seems,  be  classified  as  a  tumor,  and  yet  the  pathologi- 
cal process  is  the  same  in  it  and  in  the  circumscribed 
masses  which  we  recognize  as  new  growths.  These  may 
project  into  the  urethra,  the  bladder,  and  in  other  direc- 
tions, or  they  may  be  buried  in  the  midst  of  the  gland 
tissue,  from  which  they  can  be  easily  shelled  out. 

These  tumors  have  sometimes  been  removed  during 
section  of  the  gland  in  lithotomy  or  other  operations,  and 
the  removal  of  projections  into  the  urethra  has  been  con- 
sidered above. 

Sarcoma  is  occasionally  observed  in  the  prostate,  where 
it  may  start  primarily,  or  to  which  it  may  transplant  it- 
self from  the  testicle  or  elsewhere.  It  usually  appears 
early,  but  may  develop  late  in  life. 

Carcinoma  is  more  common  than  sarcoma,  and  appears 
ordinarily  after  middle  life.  It  may  assume  a  scirrhus 
or  a  colloid  type. 

In  either  of  these  last  two  malignant  forms  of  growth 
there  may  be  a  good  deal  of  pain  and  considerable  hemor- 
rhages, especially  after  instrumentation. 

In  oarcinoma  the  neighboring  lymphatic  glands  are 
likely  to  be  early  involved. 

Any  cyst  or  tumor  of  the  prostate  may  give  rise  to 
symptoms  of  obstruction.  The  difficulty  of  micturition 
may  reach  a  point  at  which  some  operation  for  its  relief 
will  be  required.  In  opening  the  bladder  for  drainage 
under  these  circumstances,  either  the  perineal  or  the  su- 
prapubic incision  may  be  used,  and  the  selection  would 
dependsomewhat  upon  the  size  of  the  tumor. 

If  this  is  large  aud  of  a  malignant  character,  which 
makes  its  removal  evidently  impossible,  suprapubic 
dramage  would  be  preferable. 

On  the  other  hand,  in  the  case  of  a  smaller  or  non- 
malignant  tumor  the  perineal  incision  should  be  used,  as 
by  it  the  exact  condition  of  things  can  be  ascertained  and 
possibly  benefited.  Harrison  reports  a  case  in  which  he 
removed  a  cancerous  growth  as  large  as  the  last  phalanx 
ot  the  thumb  from  the  prostatic  urethra.  The  operation 
was  followed  by  great  relief  from  distress  in  micturition 
and  the  patient  lived  for  fourteen  months. 

Tuberculosis  of  the  Prostate  occurs  of  ten  second- 
arily to  tuberculous  conditions  in  other  parts  of  the  gen- 
ito-urinary  tract.  It  probably  also  sometimes  appears 
primarily  m  the  prostate. 

As  patients  with  genito-urinary  tuberculosis  usually 
die  when  the  disease  is  far  advanced,  it  is  rarely  possible 
to  decide  at  autopsy  where  the  disease  originated :  and  as 
the  organs  are  many  of  them  deep-seated  and  beyond  the 
ntfv^^r  r?  r'f-^  examination,  it  is  likewise  impossible 
affectfd  ^  ^''''''  *''^*  *^®  prostate  was  primarily 

tion''of*iL°*^'''-?r'^'.*^*'.  ^^^''^  i«  situated  at  the  junc- 
tion of  the  genital  and  urinary  passages,  is  as  it  were  at 
the  crossroads  through  which  any  tuberculous  material 
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from  the  kidneys  or  testicles  must  go  in  its  passage  from 
the  body.  This  situation  makes  it  peculiarly  liable  to 
secondary  infection,  and,  as  a  fact,  it  is  almost  always- 
sooner  or  later  involved. 

The  tubercles  may  appear  as  little  isolated  gray  gran- 
ules, scattered  throughout  the  tissue  of  the  organ,  or 
they  may  be  agglomerated  into  masses  which,  if  they 
reach  a  moderate  size,  ordinarily  become  cheesy  in  the 
centre  and  finally  break  down  into  abscesses. 

Sometimes  almost  the  whole  prostate  is  thus  destroyed, 
and  its  place  is  occupied  by  an  abscess  which  usually 
communicates  with  the  urethra  and  bladder.  It  may 
break  through  into  the  rectum,  forming  a  recto-vesical  or 
a  urethral  fistula  directly  through  the  prostate. 

The  spmptmns  are  those  of  a  chronic  prostatitis  (see 
above)  with  a  special  tendency  to  hemorrhage.  They 
may  be  associated  with  evidences  of  tuberculosis  else- 
where. 

Physical  examination  by  the  rectum  may  reveal  little 
or  no  alteration  in  the  gland.  Ordinarily,  however,  in- 
equalities are  felt  which  may  give  it  a  distinctly  nodular 
character.  This  may  be  associated  with  enlargement,  or 
the  prostate  may  preserve  almost  its  normal  size. 

The  ejaculatory  ducts  and  the  vesiculse  seminales 
should  be  felt  for,  and  if  the  disease  has  affected  them, 
they  may  be  found  as  thickened,  resistant,  cord-like 
bodies.  This  is  especially  to  be  observed  when  the  dis- 
ease started  in  the  testicle  and  worked  its  way  up  to  the 
prostate. 

Not  infrequently  a  little  shot-like  mass  is  felt  between 
the  rectum  and  the  prostate,  or  it  may  be  a  little  behind 
and  to  one  side  of  the  gland.  It  is  not  attached  to  the 
prostate,  rectal  wall,  or  seminal  vesicles,  but  is  loose  in 
the  tissues  between  them. 

Dr.  Bryson,  of  St.  Louis,  thought  that  in  one  case,  in 
which  he  had  an  autopsy,  he  made  it  out  to  be  a  cheesy 
mass  within  a  vein.  Possibly  it  is  sometimes  an  infected 
lymphatic  gland. 

The  testicles,  epididymides,  and  vasa  deferentia  should 
also  be  examined,  and  the  urine  should  be  investigated 
for  evidences  of  kidney  complication  and  for  tubercle 
bacilli. 

These  last  are  very  difficult  of  detection  in  the  urine, 
and  their  apparent  absence  does  not  argue  against  tuber- 
culosis. When  unmistakably  present  they  are  conclusive- 
confirmatory  evidence.  In  all  cases  of  doubt  the  urinary 
sediment  should  be  inoculated  into  a  guinea-pig. 

The  physical  investigation  should  also  include  the  ex- 
amination of  the  lungs,  which  may  share  in  the  tuber- 
culous process. 

Diagnosis.—The.  disease  may  be  (Confounded  with 
chronic  prostatitis  or  cystitis,  with  stone  or  tumor  in  the 
bladder,  or  with  pyelitis  when  accompanied  by  frequent 
micturition. 

While  a  careful  consideration  of  the  symptoms  and  in- 
herited tendencies  of  the  patient  may  enable  us  to  form 
a  probably  correct  idea  of  the  condition,  it  is  only  by  a 
careful  physical  examination  that  we  can  reach  a  positive 
diagnosis. 

Besides  the  examination  described  above,  an  explora- 
tion of  the  bladder,  under  ether  if  necessary,  will  be 
needed  for  the  detection  or  elimination  of  stone  and  of 
tumor  of  the  bladder. 

There  will  be  a  certain  number  of  cases  in  which  a 
diagnosis  is  at  first  impossible,  and  in  which  the  true  in- 
terpretation of  the  condition  can  be  reached  only  when 
time  has  developed  characteristic  symptoms. 

Treatment.— Kost  important  is  the  constitutional  treat- 
ment with  cod-liver  oil,  hypophosphites,  and  iodides. 
A  healthy  out-of-door  life,  with  moderate  exercise  and 
good  food,  is  to  be  enjoined. 

Thompson  advises  against  local  treatment,  and  it  is 
certainly  important  to  avoid  rough  manipulation 

In  the  eariy  stages  of  the  disease,  however,  gentle  local 
measures  may  serve  rather  to  allay  than  to  excite  irrita- 
tion, and  should  be  tried. 

Irrigation  of  the  prostate  and  bladder  and  the  intro- 
duction of  iodoform  pencils  may  be  of  service.    Occa- 
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Prostate. 
Pruritus. 


sionally  the  passage  of  a  sound  is  useful  by  removing  the 
contraction  of  the  constrictor  muscle.  The  pain  and  fre- 
quency of  micturition  may  sometimes  he  much  relieved 
by  these  means. 

While  the  prognosis  is  necessarily  grave,  and  the  per- 
manence of  improvement  is  always  doubtful,  still  these 
cases  are  not  always  hopeless  if  seen  early. 

Prostatic  Calculi. — In  the  ducts  and  dilated  tubules 
of  the  prostatic  glands  are  found  not  infrequently  little 
yellowish  or  brownish  bodies,  composed  of  an  organic 
substance  allied  to  protein. 

These,  if  they  increase  beyond  a  moderate  size,  begin 
to  have  earthy  salts  deposited  in  and  around  them,  and 
finally  become  prostatic  calculi,  which  may  reach  the  size 
of  a  walnut  or  even  of  a  larger  object. 

These  calculi  are  usually  multiple,  and  are  facetted 
from  mutual  attrition.  They  are  hard,  take  a  high  pol- 
ish like  porcelain,  and  are  white  or  light  brown  in  color. 

Chemically,  they  are  composed  almost  wholly  of  phos- 
phate, with  a  slight  admixture  of  carbonate  of  lime,  and 
are  to  be  distinguished  from  urinary  calculi  by  the  fact 
that  they  do  not  contain  any  of  the  triple  phosphate  of 
magnesia  and  lime,  which  is  so  large  a  constituent  of 
vesical  calculi. 

When  prostatic  calculi  are  made  out  they  may  be  re- 
moved by  a  median  or  lateral  perineal  incision.  The 
operation  is  usually  one  of  no  serious  danger,  as  the  blad- 
der is  not  opened.  Arthur  T.  Cabot. 

Hugh  Cabot. 

PROSTITUTION,     REGULATION     OF.      See    Cami^ 

;it«es. 


PROTAN  is  a  tannin  nucleo-proteid  employed  in  dose 
of  1-2  gm.  (gr.  XV. -XXX.)  as  an  intestinal  astringent  in 
diarrhcea.  W.  A.  Bastedo. 

PROTEINOCHROMOGEN,  PROTEINOCHROME.  See 

Tryptophan. 

PROTHROMBIN.     See  Coagulation. 
PROTOGEN.     See  Formaldehyde. 
PROTOPLASM.    See  Cell. 
PROTOZOA,  PARASITIC.    See  The  Appendix. 

PRUNE.— -PrimMm,  TJ.  S.,  Br.  The  partially  dried  ripe 
fruit  of  Prunus  dotmstica  L.,  or,  according  to  the  British 
and  some  other  pharmacopoeias,  P.  domestica  Juliana  De 
C.  (fam.  Bosaeex).  The  fresh  fruit  of  the  latter  variety 
is  oblong,  that  of  others  subspherical. 

The  prune,  coming  originally  from  southwestern  Asia, 
is  now  everywhere  cultivated  in  temperate  regions. 
Probably  the  best  prunes  for  medicinal  uses  are  those 
grown  in  southern  Europe,  since  they  are  more  acid.  The 
prune  requires  no  description.  It  should  not  be  over- 
dried,  should  possess  a  very  slight  odor  and  a  pleasantly 
sweet  and  acid  taste.  It  owes  its  slightly  laxative  prop- 
erties to  the  presence  of  acids,  chiefly  malic,  free,  and 
combined  with  potassium  and  other  bases.  There  is  pres- 
ent also  sugar,  to  the  extent  of  about  one-third  of  the 
weight.  The  seed  contains  amygdalin  and  yields  prussic 
acid,  and  should,  of  course,  be  removed. 

Prunes  have  no  other  medicinal  value  than  that  of  a 
very  mild  laxative,  similar  to  many  other  fruits,  but  the 
concentrated  juice  is  useful  for  administration  to  small 
children,  because  of  its  pleasant  taste.  The  only  official 
preparation  is  the  confection  of  senna  (see  Senna). 
Prunes  are  very  largely  consumed  upon  the  table  for 
then:  laxative  effects,  as  well  as  for  their  food  properties. 
As  served  upon  ocean  steamers,  they  usually  have  some 
senna  boiled  with  them.  Sen/ry  E.  Busby. 

PRURIGO.— Prurigo  is  a  malady  sui  generis.  The  con- 
dition usually  appears  about  the  end  of  the  first  year, 
but  may  appear  as  late  as  the  thirtieth  year.  The  affec- 
tion usually  starts  as  a  lichen  urticatus,  the  characteris- 
tic lesions  of  prurigo  appearing  later.  There  are  two 
forms:  prurigo  ferox  or  Hebra's  prurigo,  and  prurigo 


mitis,  but  a  distinct  line  cannot  be  drawn  between  the 
two.  In  prurigo  ferox  there  are  repeated  eruptions  of 
pale  red  or  skin-colored  miliary  papules,  which  itch  vio- 
lently. This  eruption  is  generalized,  but  it  is  thickest 
on  the  extensor  surfaces  of  the  lower  extremities.  The 
papules  are  so  small  and  project  so  slightly  that  they 
often  cannot  be  seen,  although  they  can  be  felt.  Scratch- 
ing produces  excoriated  tips,  and  these  become  covered 
with  blood  crusts.  Other  lesions  appear  as  the  result  of 
scratching,  such  as  excoriations,  pustules,  crusts,  pig- 
mented areas,  and  a  dry,  scaly,  and  thickened  skin. 

During  the  first  few  years  wheals  are  frequently 
found,  but  they  disappear  as  the  papules  increase.  A 
secondary  eczema  in  all  forms  may  also  be  seen.  In 
nearly  all  cases  there  is  enlargement  of  the  superficial 
lymphatic  glands,  the  femoral  being  most  marked.  The 
flexures  are  usually  free  from  eruption.  As  a  rule,  the 
eruption  diminishes  upon  the  advent  of  summer.  This 
form  is  incurable,  but  the  patient  can  be  relieved  to  such 
an  extent  as  to  be  free  from  the  eruption  at  times.  In 
prurigo  mitis  the  papules  are  fewer  and  the  itching  is  less ; 
consequently  the  secondary  lesions  are  much  milder. 
Most  of  the  cases  met  with  in  this  country  are  of  this  type. 
In  some  of  these  cases  a  perfect  cure  may  be  obtained  by 
careful  and  persistent  treatment.  When  untreated,  pru- 
rigo has  a  marked  effect  on  the  patient  both  mentally  and 
physically. 

Etiology. — In  discussing  the  causation  of  this  affec- 
tion we  can  do  no  more  than  mention  certain  conditions 
with  which  it  frequently  occurs.  It  is  usually  found  in 
poorly  nourished  and  scrofulous  children.  Occasionally 
there  seems  to  be  au  hereditary  predisposition,  several 
children  in  one  family  being  affected.  It  is  possible  that 
there  is  some  congenital  anatomical  malformation  of  the 
skin  as  is  seen  in  ichthyosis. 

Pathology. — The  affection  probably  starts  as  a  vaso- 
motor neurosis.  Microscopically  the  papules  are  com- 
posed of  a  round-cell  infiltration,  with  oedema  of  the 
papillfe.  Swelling  of  rete  cells  occurs  and  later  there  is 
a  hyperkeratosis. 

Diagnosis. — The  diagnosis  is  diflBcult  at  first,  as  in  the 
beginning  the  eruption  consists  mostly  of  wheals.  The 
condition  is  also  misleading  when  large  eczematous  areas 
cover  the  lesions  of  prurigo.  The  following  points  are 
characteristic,  and  when  they  are  present  the  disease  can- 
not be  mistaken  for  any  other  condition :  A  constantly 
recuiTing  eruption  of  miliary  papules,  resembling  in 
color  the  normal  skin,  appearing  in  early  childhood,  and 
most  marked  on  the  extensor  surfaces;  the  enlarged 
glands ;  and  secondary  lesions  from  scratching. 

Treatment. — Very  little  can  be  expected  from  inter- 
nal medication,  unless  the  patients  are  scrofulous  or 
poorly  nourished ;  in  which  case  cod-liver  oil  and  general 
hygienic  measures  will  be  beneficial. 

Crocker  speaks  highly  of  cannabis  indica  as  an  effective 
remedy  for  controUing  the  itching,  as  in  pruritus.  The 
dose  should  be  gradually  increased  to  thirty  minims  of 
the  tincture,  well  diluted,  after  each  meal.  Phenacetin 
and  antipyrin  are  among  the  most  valuable  remedies  for 
the  itching.  Rest,  an  even  temperature,  and  alkaline  or 
sulphur  baths  will  make  the  patient  more  comfortable. 
For  the  local  treatment,  naphtol,  sulphur,  and  tar  are 
the  remedies  most  hkely  to  relieve  the  itching  and  de- 
crease the  papular  eruption.  The  usual  way  of  using 
sulphur  is  by  the  application  of  the  ofiicial  ointment  or 
Wilkinson's  ointment.  Tar  can  be  used  pure  or  diluted 
with  oil  or  lanohn.  Naphtol  should  be  used  as  an  oint- 
ment in  the  strength  of  two  to  five  per  cent.  Whatever 
local  treatment  is  used,  it  should  be  vigorously  continued 
until  there  are  no  fresh  papules  and  the  skm  is  smooth 
and  flexible.  Occasionally  it  will  be  found  necessary  to 
use  first  some  bland  ointment  to  cure  the  secondary  ec- 
zema which  so  frequently  accompanies  this  condition. 

Howard  Mon-row. 

PRURITUS.— Pruritus  is  an  affection  of  the  skin  char- 
acterized by  itching  without  any  external  cause.  It  is 
an  independent  disease,  and  must  be  distinguished  from 
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the  symptomatic  itching  common  in  such  pruritic  condi- 
tions as  eczema,  scabies,  etc.  It  is  a  sensory  neurosis 
due  to  a  functional  disorder  of  the  nerves  mdependent  of 
any  source  of  irritation  on  the  sldn.  The  symptoms  may 
be  so  mild  as  to  produce  but  temporary  discomfort,  or  so 
severe  as  to  cause  profound  misery  or  even  such  a  degree 
of  nervous  depression  as  may  result  m  insanity.  Scratch- 
ing is  the  patient's  method  of  relief,  and  the  excoriations 
produced  are  often  preferable  to  the  itching.  Although 
scratching  frequently  relieves  the  itching  in  a  certain 
place,  it  usually  excites  it  in  other  parts.  From  the  scratch- 
ing vre  may  get  excoriations,  pustules,  wheals,  and  pig- 
mented areas.  A  rare  result  of  such  chronic  scratching 
is  the  condition  called  licheniflcation,  in  which  the  skin 
is  thickened  and  the  natural  lines  are  deepened,  leading 
to  the  formation  of  irregularly  shiny  papules.  This  con- 
dition is  usually  found  in  the  flexures,  and  is  often  mis- 
taken for  eczema  and  lichen  planus. 

Pruritus  is  either  general  or  confined  to  certain  areas. 
The  former  is  frequently  spoken  of  as  pruritus  univer- 
salis, and  although  the  itching  is  general,  it  is  seldom  felt 
all  over  at  the  same  moment,  and  there  are  frequent  re- 
missions from  any  itching.  The  most  frequent  causes  of 
this  affection  are  disorders  of  the  alimentary  tract,  func- 
tional derangement  of  the  liver,  cancer  of  the  stomach  or 
liver,  uterine  disorders,  malaria,  gout,  rheumatism,  and 
Bright's  disease.  Pruritus  is  always  worse  when  the  suf- 
ferer is  in  bed,  and  is  excited  by  exercise,  forced  rest, 
and  sudden  changes  of  temperature. 

The  itching  which  accompanies  jaundice  is  not  a  true 
pruritus,  for  it  is  produced  by  the  mechanical  pressure 
of  the  biliary  coloring  matter  which  is  deposited  in  the 
skin.  Senile  pruritus  is  an  accompaniment  of  senile  de- 
generation of  the  skin.  Although  it  is  general,  it  is  usu- 
ally most  marked  on  the  lower  extremities.  It  is  very 
persistent. 

Pruritus  hiemalisand  pruritus  sestivalis  are  terms  given 
to  varieties  of  generalized  pruritus  which  occur  during 
the  cold  and  hot  seasons  respectively.  Some  authors 
consider  these  forms  distinct  affections.  Pruritus  hie- 
malis  is  due  to  the  dryness  and  brittleness  of  the  epider- 
mis which  is  caused  by  the  cold  of  winter.  Pruritus 
gestivalis  is  occasionally  found  during  the  warm  weather 
of  summer. 

In  the  local  forms,  although  we  can  have  itching  in 
any  part  of  the  body,  the  following  varieties  are  most 
common:  pruritus  ani,  pruritus  vulvae,  pruritus  scroti, 
pruritus  palmre  et  plantae.  Pruritus  ani  may  be  due  to 
fissures,  hemorrhoids,  ascarides,  or  pelvic  tumors  pro- 
ducing local  congestion.  Pruritus  of  the  vulva  may  be 
cai»sed  by  ovarian  or  uterine  disease,  diabetes,  or  ure- 
thritis. Pruritus  of  the  scrotum  is  usually  associated 
with  eczema.  Pruritias  of  the  hands  and  feet  is  mostly 
found  in  the  gouty,  and  frequently  is  associated  with 
hyperidrosis. 

In  the  different  forms  of  local  pruritus  it  is  occasion- 
ally impossible  to  discover  the  cause.  The  prognosis  of 
senile  pruritus  is  unfavorable.  In  the  other  forms  the 
pruritus  will  usually  cease  if  the  cause  is  found  and  re- 
moved. 

Diagnosis. — All  chronic  diseases  which  are  associated 
with  itching,  such  as  prurigo,  urticaria,  scabies,  and  the 
irritation  from  fleas,  bedbugs,  and  lice  must  first  be  ex- 
cluded. It  is  often  impossible  to  differentiate  chronic 
urticaria,  as  these  two  affections  frequently  occur  under 
the  same  etiological  conditions.  Careful "  investigation 
must  be  made  as  to  the  presence  of  any  renal,  hepatic, 
or  digestive  disorders. 

The  diagnosis  of  senile  pruritus  must  be  made  by  ex- 
clusion. In  cases  of  persistent  itching  around  the  "anus 
and  vulva,  careful  examination  may  show  a  definite  point 
fromwhich  the  patient  says  the  itching  starts.  The  sldn 
at  this  point  may  appear  to  be  perfectly  normal,  but  it 
must  be  treated  before  the  itching  will  cease. 

Trkatment,— A  great  deal  depends  upon  the  cause, 
and  the  sooner  this  is  found  out  the  sooner  the  patient 
may  be  put  on  appropriate  ti'eatment.  The  internal 
treatment  is  dietetic  as  well  as  medicinal.     The  food- 
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should  be  easily  digestible  and  all  stimulating  liquidi 
should  be  avoided.  The  bowels  must  be  carefully  regu- 
lated. Calomel  followed  by  saline  aperients  is  often  nec- 
essary at  the  start.  From  now  on,  the  internal  treatment 
must  be  in  accordance  with  the  general  principles  of 
medicine,  and  the  condition  of  each  internal  organ  should 
be  investigated.  Of  the  various  internal  remedies  which 
are  used  as  nerve  sedatives,  cannabis  indica  is  the  best. 
Ten  to  twenty  minims  of  the  tincture  should  be  given, 
well  diluted,  after  each  meal.  Carbolic  acid,  gr.  ij.  in 
each  pill,  one  after  each  meal,  is  recommended  by  Brocq. 
Antipyrin  acts  well  at  times. 

External  treatment  is  necessary  even  if  it  is  not  cura- 
tive, because  it  enables  the  patient  to  abstain  from  scratch  - 
ing,  and  this  temporarily  relieves  the  irritated  nerves. 
In  the  mean  time  other  remedies  can  be  directed  to  the 
origin  of  the  trouble. 

For  general  pruritus  lotions  are  preferable  to  oint- 
ments. One  of  the  best  is  composed  of  liquor  carbonis 
detergens,  3  iij . ;  liquor  plumbi  subacetatis,  3  iv. ;  glyce- 
rin., 3  iv. ;  distilled  water,  q.s.  ad  |  viij.  Another  is  car- 
bolic acid,  two  per  cent.,  in  camphor  water.  Bichloride 
of  mercury,  gr.  ij.  to  an  ounce  of  fifty-per-cent.  alcohol, 
is  a  good  odorless  lotion.  A  mixture  of  aromatic  spirit 
of  ammonia  and  water,  equal  parts,  is  frequently  used. 

Five  or  six  ounces  of  bicarbonate  of  sodium  to  an  ordi- 
nary bathtubful  of  hot  water  may  be  used  with  advan- 
tage. Bran  baths  are  soothing.  They  should  be  made 
by  adding  from  four  to  six  pounds  of  bran  to  a  tubful  of 
water.  After  a  bath  the  surface  should  not  be  rubbed  dry, 
but  should  be  patted  gently  with  a  soft  cloth  and  dusted 
with  some  soothing  powder. 

For  pruritus  hiemalis  alkaline  baths  and  emollient 
preparations  have  proved  most  serviceable.  A  two-per- 
cent, solution  of  salicylic  acid  in  almond  oil  is  an  excel- 
lent remedy.  Similar  applications  are  Indicated  in  senile 
pruritus. 

For  local  pruritus,  dozens  of  remedies  have  been  rec- 
ommended, but  until  the  cause  is  ascertained  most  of 
them  will  give  but  temporary  results.  If  the  patient  can 
locate  a  definite  point  from  which  the  itching  starts,  the 
destruction  of  this  point  by  the  actual  cautery  gives  im- 
mediate relief.  Simpler  methods,  as  a  matter  of  course, 
should  be  used  at  first. 

For  pruritus  ani,  mercurial  applications  give  the  most 
satisfaction;  such  are:  ammoniated  mercury,  gr.  xx.,  in 
zinc  ointment,  §  i. ;  calomel,  3  i.,  in  lard,  |  i.  These  two 
are  frequently  combined.  Hot  compresses  are  very  agree- 
able. Carbolic  acid  in  two-per-cent.  solution  can  be  used 
in  a  compress  or  in  an  ointment.  A  suppository  of  ex- 
tract of  belladonna,  gr.  ss.  at  bedtime,  often  gives  relief; 
morphine  maj'  be  added  to  this.  Cocaine,  gr.  ss.  in  a 
suppository,  gives  temporary  relief.  On  the  surface  co- 
caine is  frequjently  used  in  a  boric-acid  ointment,  or  in 
combination  with  menthol,  two  per  cent,  of  each.  Cam- 
phor-chloral is  commonly  used.  Hydrocyanic  acid, 
naphtol,  and  ichthyol  are  useful  at  times. 

For  pruritus  vulvte,  hot  compresses  of  a  saturated  solu- 
tion of  boric  acid  sometimes  give  relief.  Tincture  of 
benzoin  painted  on  the  parts  daily  with  a  camel's  hair 
brush  is  also  an  excellent  remedy.        Howard  Morrow. 

PSAMMOMA.     See  Sarcoma. 

PSEUDOLEUK/EMIA.     See  Hodgkin's  Disease. 

PSEUDOLEUK^EMIA  INFANTUM.-(Synonyms:  An- 
aemia infantum  pseudoleuksmica ;  Anaamia  splenica  in- 
fettiva  del  bambini;  Anuemia  splenica  [Splenomegalie 
primitive] ;  von  Jaksch's  anaemia.) 

Definition. —A  disease  occurring  in  infants,  usually 
in  the  first  two  years  of  life,  characterized  by  great  pal- 
lor, considerable  enlargement  of  the  spleen,  moderate 
enlargement  of  the  liver,  a  low  erythrocyte  count,  a  mod- 
erate leucocytosis,  consisting  chiefly  of  an  increase  of  the 
lymphocytes,  numerous  erythroblasts,  low  heemoglobin, 
the  absence  of  especial  enlargement  of  the  lymph  nodes, 
and  at  times  accompanied  by  hemorrhages  (haemateme- 
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sis,  hsematuria,  purpura)  without  any  known  cause.     Tlie 
course  of  the  disease  is  usually  subacute  or  chronic. 

Historical  Notice. — The  term  "ansemia  infantum 
pseudoleuksemica "  *  was  originally  adopted  on  the 
ground  that  the  disease  was  one  form  of  pseudoleukffi- 
mia  (Hodgkin's  disease).  Of  late  years  it  has  been  so 
clearly  shown  to  be  different  from  Hodgkin's  disease,  in 
that  the  condition  of  the  spleen  is  not  the  same,  that  the 
name  "  pseudoleukemia  "  is  evidently  a  misnomer  and, 
strictly  speaking,  should  not  be  used  in  connection  with 
the  class  of  cases  under  consideration.  On  the  other 
hand,  there  are  as  yet  so  much  dispute  and  such  varying 
opinions  among  those  who  have  carefully  studied  the 
group  of  symptoms  which  are  supposed  to  represent  the 
disease,  that  there  is  no  other  name  which  at  present  had 
better  be  applied  to  it,  since  the  evidence  is  very  strong 
that  no  such  disease  exists  apart  from  severe  cases  of  sec- 
ondary ansemia  with  enlarged  spleen.  It  is  supposed  at 
present  to  correspond  to  the  so-called  cases  of  splenic 
anaemia  in  adults.  The  same  difference  of  opinion  exists 
as  to  the  recognition  of  a  splenic  ansemia  in  adults  as 
separate  from  severe  cases  of  secondary  an;Emia  with  en- 
larged spleen.  It  is  thought  better,  therefore,  to  describe 
the  symptoms  of  what  has  been  supposed  to  be  a  sepa- 
rate disease  by  the  name  under  which  it  was  first  spoken 
of,  always  wishing  it  to  be  fully  understood  that  this 
description  merely  represents  what  is  known  about  the 
subject  up  to  the  present  time,  and  does  not  intend  to 
give  the  impression  that  the  author  necessarily  believes 
that  it  is  a  separate  disease  because  he  describes  a  set  of 
symptoms  under  the  term  "ansemia  infantum  pseudo- 
leuksemica." The  subject  is  still  suhjudiee,  and  much 
further  investigation  must  be  carried  out  before  a  final 
decision  can  be  made  to  give  up  the  idea  that  there  is 
such  a  disease  separate  from  severe  cases  of  secondary 
anaemia. 

We  wish,  however,  to  have  it  understood  that  it  is  the 
so-called  "  splenic  anaemia  "  of  adults  with  which  the  dis- 
ease, if  such  disease  exists,  is  associated  rather  than  with 
pseudoleuksemia. 

Formerly,  ansemia  infantum  pseudoleuksemica  was 
considered  a  primary  disease  of  the  blood,  but  it  was  soon 
differentiated  from  the  different  forms  of  leukaemia,  and 
later  from  pseudoleuksemia  (Hodgkin's  disease).  It  is, 
however,  still  believed  by  some  writers  to  be  a  primary 
disease  of  the  spleen. 

As  far  back  as  1866  a  case  of  a  child  suffering  from  a 
severe  form  of  anaemia  accompanied  by  an  enlarged 
spleen  was  reported  by  Gretsel.  Cases  have  since  been 
described,  but  in  a  somewhat  indefinite  manner,  and  the 
next  important  work  which  appeared  on  the  subject 
was  that  of  Banti  in  1883.  Banti,  however,  although 
believing  that  ansemia  splenica  was  a  primary  disease  of 
the  spleen,  considers  it  also  a  splenic  form  of  pseudo- 
leukaamia,  and  it  is  from  Banti's  description  that  the 
characteristic  symptoms  of  the  disease  are  taken  as  well 
as  the  pathology.  Following  Banti  a  number  of  writers 
have  recorded  cases  which  they  considered  to  represent 
the  disease  splenic  ansemia ;  but  their  cases,  in  the  light  of 
more  modern  investigation,  are  so  closely  allied  in  their 
description  to  those  of  pseudoleuksemia  that  they  would 
at  the  present  time  scarcely  be  accepted. 

In  1891  Bruhl  published  an  article  on  splenic  anemia, 
and  suggested  the  name  " splenomegalie  primitive." 
Bruhl's  work,  however,  was  very  much  in  the  same  line  as 
Banti's,  and  therefore  need  not  be  further  referred  to. 
Wilhamson  in  1893  reported  a  case  of  a  boy  nine  years  old 
who  died,  and  a  description  of  the  lesions  found  in  this 
case  will  be  given  under  pathology.  Later  writers,  such 
as  Hawthorne  in  1895,  in  the  case  of  a  child  eleven  years 
old  who  recovered,  and  Taylor  in  1896,  in  the  case  of  a 
girl  thirteen  years  old  in  whom  the  symptoms  were  very 
similar  to  those  of  pseudoleukaamia,  have  added  nothing 
new  to  our  knowledge  of  the  subject.     In  like  manner 

*  The  title  which  is  placed  at  the  head  of  this  paper  was  chosen 
merely  tor  reasons  of  convenience,  i.e.,  simply  because  the  time  had 
gone  by  when  the  article  might  have  been  placed  under  the  title 
which  I  consider  to  be  preferable. 


Goepel  reported  the  case  of  a  boy  eleven  years  old  on 
whom  splenectomy  had  been  performed  with  recovery, 
but  no  histological  report  was  made  as  to  the  condition 
of  the  spleen,  and  although  he  stated  that  the  operation 
was  performed  for  pseudoleukasmia,  no  enlargement  of 
the  superficial  lymphatics  was  present  at  the  time  the 
operation  was  performed,  and  the  blood  was  stated  to 
have  been  normal. 

In  1900  Osier  reported  fifteen  cases  which  he  consid- 
ered to  be  cases  of  "  primitive  splenomegalie, "  but  his 
cases  occurred  in  adults.  He  also  reported  some  addi- 
tional cases  of  splenic  ansemia  at  the  annual  meeting  of 
the  Association  of  American  Physicians  in  Washington, 
April  39th  and  30th,  1902.  The  opinion  of  those  who 
discussed  Osier's  paper  gives  the  impression  that  splenic 
ansemia  as  a  primary  disease  is  not  universally  accepted, 
and,  in  fact,  most  authors  consider  it  to  be  a  form  of 
secondary  ansemia. 

In  1884Somma,  under  the  title  of  "ansemia  splenica  in- 
fantilis," reported  thirteen  cases  in  infants  and  young 
children.  Pedde  in  1889  and  in  1890  spoke  of  this  disease 
under  the  title  of  "  ansemia  splenica  inf ettiva, "  believing 
it  to  be  an  infectious  disease  of  infants.  No  details  of  his 
cases,  however,  were  given. 

In  1890  at  the  Pediatric  Congress  in  Rome,  Somma  and 
Fedde  presented  papers  on  "  Ansemia  Splenica  Infettiva 
dei  Bambini."  Somma's  conclusions  are  that  "anaemia 
splenica  infantilis  "  is  a  disease  which  occurs  in  infancy 
as  a  rule,  but  that  adults  are  not  exempt. 

It  is  significant  that  a  number  of  the  cases,  reported 
by  various  authors,  of  the  disease  in  early  life  show  a 
condition  of  rhachitis. 

Cases  have  also  been  reported  by  Senator,  Luzet, 
Baginski,  Alt,  Weiss,  Hook,  Schlesinger,  Koplik,  Monti, 
Berggruu,  Audioud,  Glockner,  and  others,  but  in  all 
these  cases  rhachitis  or  some  other  condition  of  malnutri- 
tion was  present  which  could  produce  changes  in  the 
blood  identical  with  those  which  occur  in  the  secondary 
ansemias  of  early  life. 

Pathology.  ^ — The  pathology  of  splenic  ansemia  has 
mostly  rested  on  the  findings  in  the  autopsies  described 
by  Banti  previous  to  1883.  The  pathological  lesions  in 
these  cases  were  not  those  of  leuksemia  or  pseudoleukae- 
mia,  and  on  this  fact  Banti  laid  much  stress  in  his  argu- 
ment that  the  condition  is  due  to  a  primary  disease  of  the 
spleen.  In  Williamson's  case,  that  of  a  boy  nine  years  of 
age,  the  patient  was  under  observation  for  four  months, 
and  finally  died.  The 'pathological  lesions  as  described  by 
Banti  were  marked  fibrous  changes  in  the  trabeculse  and 
the  follicles  of  the  spleen,  and  a  great  diminution  of  the 
cells.  There  were  many  large  phagocytic  cells  contain- 
ing re(il  corpuscles,  the  bone  marrow  was  red  and  showed 
a  lymphoid  condition,  but  the  lymph  nodes  were  not  en- 
larged. The  spleen  weighed  two  pounds  seven  ounces, 
the  liver  weighed  two  pounds  twelve  and  one-half  ounces. 
The  blood  showed  a  diminution  of  leucocytes,  and  the 
red  corpuscles  were  between  3,000,000  and  8,000,000 
per  cubic  millimetre.  The  temperature  varied  for  four 
months,  sometimes  as  much  as  four  degrees  between 
morning  and  evening.  There  was  no  history  of  rhachitis, 
syphilis,  or  malaria. 

In  the  reports  of  the  autopsies  of  Somma's  cases  of 
ansemia  splenica  infettiva  dei  bambini  nothing  very  defi- 
nite is  added  to  our  knowledge  of  the  disease,  nor  are 
the  reports  satisfactory  or  conclusive.  The  spleen  is 
firm  and  large,  sometimes  congested,  sometimes  with  a 
thickened  capsule.  Various  conditions,  such  as  ansemia 
of  the  organs,  pulmonary  congestion,  serum  in  the  ven- 
tricles of  the  brain,  and  enterocohtis,  and  in  one  case 
pneumonia  of  both  lungs,  are  recorded.  Lorenzo  reports 
the  autopsy  of  one  case  in  which  there  was  an  increase 
of  the  connective  tissue  of  the  spleen  and  sclerosis  of 
the  follicles.  .... 

Fedde  states  that  the  only  characteristic  lesions  are 
found  in  the  spleen,  liver,  and  blood,  that  the  glands  are 
normal  or  slightly  enlarged,  the  liver  often  enlarged  from 
congestion  and  from  a  slight  increase  of  the  connective 
tissue,  with  fatty  degeneration  and  atrophy  of  the  liver 
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cells;  the  spleen  large  and  firm,  with  hypertrophy  of  the 
connective  tissue,  and  the  pulp  rich  in  lymph  cells  and 
with  the  follicles  hyperplastic.  .    ,  ^    -,. 

Gianturco  and  Pianese  report  the  pathological  findings 
in  a  case  of  Fedde's  as  a  spleen  showing  no  increase  m 
interstitial  tissue  and  with  the  follicles  little  developed. 

Mya  and  Trambusti  reviewed  the  lesions  found  in  the 
spleen  and  liver,  and  came  to  the  conclusion  that  they 
were  more  or  less  diverse.  In  one  of  their  cases  the 
lesions  in  the  spleen  were  similar  to  those  found  by  Banti 
in  cases  of  adult  splenic  anemia,  there  being  marked  in- 
crease in  the  fibrous  tissue,  together  with  atrophied  folli- 
cles and  thickened  trabeculse. 

Von  Jaksch,  in  his  description  of  anremia  infantum 
pseudoleukaemica,  gives  very  few  and  very  unsatisfac- 
tory reports  as  to  the  pathological  appearances  of  the 
disease ;  he  considers  them  to  be  a  chronic  hyperplasia 
of  the  spleen  affecting  in  different  degrees  parts  of  the 
organ,  with  the  liver  showing  slight  increase  in  the  con- 
nective tissue. 

Hayem  and  Luzet  report  in  their  examination  of  the 
blood  in  anaemia  infantum  pseudoleukaemica  large  num- 
bers of  nucleated  red  corpuscles,  in  some  of  which  there 
was  evidence  of  karyokinesis  of  some  of  the  nuclei,  and 
they  consider  this  to  be  of  great  diagnostic  value.  Fowler 
also  lays  great  stress  upon  the  presence  of  large  numbers 
of  nucleated  red  cells  out  of  proportion  to  the  diminu- 
tion of  the  erythrocytes. 

It  is  very  evident  that  there  does  not  seem  to  be  satis- 
factory post-mortem  evidence  to  warrant  a  definite  patho- 
logical condition  representing  the  splenic  anasmia  of  in- 
fants. There  seems  to  be  present  in  most  cases  a  chrOnic 
hyperplasia  of  the  spleen,  while  in  other  doubtful  cases 
the  spleen  is  not  altered. 

Etiology. — In  regard  to  the  etiology  of  anaemia  infan- 
tum pseudoleuksmica  nothing  definite  has  been  proved. 
Although  pathological  micro-organisms,  finding  condi- 
tions favorable  for  their  growth  in  the  spleen,  may,  accord- 
ing to  Somma,  find  their  way  into  the  circulation  and  thus 
produce  changes  which  are  represented  by  certain  clinical 
symptoms,  yet  there  is  no  doubt  that  the  true  nature  of 
the  disease,  if  such  exists,  has  not  yet  been  discovered. 
Nothing  has  ever  been  found  bacteriologically  to  show 
a  direct  relation  between  the  micro-organisms  present 
and  the  production  of  the  disease. 

Symptoms. — It  is  difficult  to  describe  the  symptoma- 
tology of  a  disease  which  is  so  closely  identified  with 
cases  of  secondary  anaemia  with  enlarged  spleen,  and  in 
which  the  group  of  symptoms  that  are  supposed  to  repre- 
sent anaemia  infantum  pseudoleukaemica,  are  somewhat 
diverse.  Both  sexes  are  equally  liable  to  present  these 
symptoms,  and  the  patients  are  usually  between  the  ages 
of  ten  and  eighteen  months;  one  has  been  reported  of 
seven  and  one-half  months,  and  one  at  three  and  one-half 
years.  The  onset  of  the  disease  is  gradual,  the  nutrition  is 
poor ;  there  are  considerable  emaciation,  awaxytintof  the 
skin,  at  times  hemorrhages  from  the  mucous  membranes 
and  the  skin,  a  spleen  much  enlarged,  and  the  liver  mod- 
erately enlarged.  There  is  no  tenderness  over  the  bones, 
and  there  are  often  a  venous  bruit  in  the  neck  and  func- 
tional cardiac  murmurs.  The  blood  shows  the  character- 
istics of  a  secondary  anaemia  of  varying  intensity,  that  is, 
a  diminished  number  of  erythrocytes,  low  hoBmoglobin, 
variations  in  the  size  and  shape  of  the  erythrocytes  and 
in  the  number  of  erythroblasts  present.  The  leucocytes 
are  not  characteristic,  being  markedly  increased  in  some 
cases  and  in  normal  proportion  in  others.  The  lympho- 
cytosis, reported  by  many  writers,  may  occur  under  anv 
condition,  giving  rise  to  an  increased  number  of  white 
cells. 

_  Diagnosis.— There  seems  to  be  no  doubt  that  anaemia 
infantum  pseudoleukaemica  and  anaemia  splenica  infet- 
tiva  are  the  same  condition,  and,  as  there  does  not  seem 
to  be  reason  for  believing  that  the  spleen  is  primarily 
afl:eoted  in  either  of  them,  they  need  not  be  differentiated 
one  from  the  other.  The  differential  diagnosis  should 
nrst  be  made  from  leukaemia  and  pseudoleukfEmia  The 
proportionately  low  leucocytosis  and  the  absence  of  either 
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a  general  lymphatic  enlargement  or  an  excess  of  mye- 
locytes in  the  blood  would  differentiate  it  from  the 
former,  while  the  absence  of  enlarged  lymph  nodes 
would  exclude  pseudoleukaemia.  As  there  are  so  few 
cases  in  which  a  thorough  and  reliable  examination  of  the 
organs  has  been  made  in  which  rhachitis  was  not  present, 
the  diagnosis  between  rhachitis  with  enlarged  spleen  and 
secondary  anaemia,  and  this  supposed  especial  group  of 
symptoms,  would  be  very  diflScult  and  seemingly  impos- 
sible. 

We  know  that  in  infants  the  same  blood  changes 
which  have  been  mentioned  above  often  occur  in  con- 
nection with  an  enlarged  spleen  in  the  course  of  or  follow- 
ing any  disease  of  nutrition.  We  are  therefore  in  the 
position  of  attempting  to  make  a  diagnosis  between  two 
conditions  which  may  in  the  future  be  proved  to  be 
practically  the  same.  In  making  a  diagnosis  we  should 
limit  the  term  anaemia  infantum  pseudoleukaemica  to 
those  cases  in  which  no  cause  for  secondary  anaemia  can 
be  found,  and  in  which  the  clinical  symptoms  and 
changes  in  the  blood  already  described  are  present. 

Peoqnosis. — The  prognosis  varies  according  to  the  ex- 
tent and  serious  nature  of  the  cause  which  produces  the 
condition.  The  symptoms  run  an  essentially  subacute 
or  chronic  course ;  the  large  size  of  the  spleen  does  not 
necessarily  imply  a  fatal  ending.  When,  however,  sec- 
ondary changes  in  the  blood  have  occurred  to  such  an 
extent  as  to  warrant  the  diagnosis  of  a  severe  form  of 
anaemia,  and  when  a  spleen  of  considerable  size  is  de- 
tected in  connection  with  these  blood  changes,  the  prog- 
nosis is  very  bad,  as  the  infants  usually  die. 

Treatment. — What  has  just  been  said  of  the  progno- 
sis in  this  class  of  cases  may  also  be  said  of  the  treatment, 
which  is,  in  fact,  that  of  a  case  of  secondary  anaemia,  and 
depends  upon  what  is  most  reasonably  supposed  to  be 
causing  the  condition  that  is  present.  This  may  be  ma- 
laria, rhachitis,  gastro-enteric  disease,  or  some  unknown 
cause  which,  simply  representing  the  conditions  of  anae- 
mia, calls  for  the  usual  treatment  of  arsenic,  iron,  proper 
food,  and  hygiene. 

An  extensive  bibliography  of  the  subject  will  be  found 
in  an  article  by  Dr.  A.  H.  Wentworth  in  the  "  Medical 
Communications  of  the  Massachusetts  Medical  Society," 
vol.  xviii.,  No.  3,  1901.  TJtomas  Morgan  Botch. 

PSEUDOMYXOMA  PERITONEI.— The  occurrence  of 
free  mucoid  or  colloid-like  material  within  the  peritoneal 
cavity,  as  the  result  of  the  rupture  of  an  ovarian  cyst  or 
cystadenoma,  or  of  the  direct  secretion  of  a  neoplasm  into 
the  cavity,  gives  rise  to  a  reactive  proliferation  of  the 
peritoneal  surfaces  covered  by  such  substance  and  the 
more  or  less  complete  organization  of  the  latter.  As  a 
result  of  such  partial  organization  the  peritoneal  surface 
is  found  to  be  covered  with  a  jelly-like  layer  containing 
blood-vessels  and  strands  of  connective  tissue,  closely  re- 
sembling myxomatous  tissue.  To  this  condition  the  term 
pseudomyxoma  peritonei  is  applied. 

The  gross  appearances  vary  with  the  amount  of  colloid 
or  mucoid  material  lying  on  the  peritoneal  surfaces,  and 
with  the  degree  of  organization.  In  the  very  early 
stages  the  surfaces  of  the  peritoneum  are  covered  with  a 
jelly-like  substance  of  varying  thickness,  which  is  easily 
scraped  off,  or  may  even  be  scooped  out  of  the  peritoneal 
cavity  owing  to  the  fact  that  it  lies  free  therein.  If  organ- 
ization has  begun,  the  portion  of  the  colloid  material  lying 
next  to  the  peritoneum  is  not  so  easily  scraped  away,  ap- 
pears more  opaque,  and  contains  minute  vessels,  as  shown 
by  the  fine  red  lines  running  through  it.  The  peritoneal 
surface  has  therefore  a  reddish,  roughened  appearance,  and 
is  covered  with  fine  whitish  or  reddish  strands  enclosing 
jelly-like  colloid  substance.  As  organization  progresses 
there  is  developed  above  the  peritoneal  surface  a  zone  of 
fibroblastic  tissue  which  in  time  becomes  changed  into 
fibrous  connective  tissue,  so  that  the  peritoneum  becomes 
greatly  thickened,  the  condition  resembling  that  of  a 
chronic  fibroid  peritonitis.  If  the  amount  of  colloid  ma- 
terial scattered  over  the  peritoneum  is  small,  it  may  be 
completely  organized  and  the  peritoneum  become  more  or 
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less  thickened.  On  the  other  hand,  a  thick  layer  of  col- 
loid (several  inches)  is  but  slowly  absorbed  and  organized, 
and  may  remain  in  the  abdomen  for  a  long  time  with  but 
little  change  except  where  it  comes  into  contact  with  the 
peritoneal  surfaces.  The  reaction  on  the  part  of  the 
peritoneum  appears  to  vary  greatly;  in  some  cases  it 
occurs  immediately,  in  others  it  may  be  delayed  for  a 
long  time. 

Microscopically,  sections  cut  through  the  peritoneum 
and  the  overlying  mass  of  colloid  show  a  fibroblastic 
proliferation  of  the  subendothelial  layer  of  the  perito- 
neum, a  wandering  of  fibroblasts  into  the  colloid,  and  the 
formation  of  new  blood-vessels  which  run  out  into  the 
colloid  substance.  As  organization  progresses  interlacing 
strands  of  connective  tissue  supporting  blood-vessels  are 
formed  throughout  the  colloid  substance,  enclosing  be- 
tween them  masses  of  the  jelly  material  which  have  not 
yet  been  absorbed.  These  give  the  tissue  an  appearance 
resembling  myxomatous  tissue,  even  under  the  micro- 
scope. It  is  easily  seen,  however,  that  the  structure  is 
not  that  of  a  true  myxomatous  tissue,  but  represents  an 
organization  of  a  jelly-like  foreign  substance.  All  stages 
of  organization  may  sometimes  be  seen  in  the  same  case. 
The  writer  has  seen  a  number  of  cases  representing  dif- 
ferent stages;  in  one  of  two  years'  duration  the  organiza- 
tion of  the  colloid  was  almost  complete,  the  peritoneum 
being  converted  into  a  thick  hyaline  layer  of  connective 
tissue,  enclosing  here  and  there  bits  of  unabsorbed  col- 
loid. Contraction  of  the  mesentery  and  matting  of  the 
intestinal  coils  occur  in  this  stage,  and  the  appearance 
resembles  very  much  the  condition  of  the  peritoneum  in 
diffuse  scirrhous  carcinoma.  The  surfaces  of  the  liver 
and  spleen  are  similarly  involved,  and  in  the  late  stages 
present  a  picture  of  marked  perihepatitis  and  peri- 
splenitis. 

Localized  pseudomyxoma  occui-s  when,  from  the  rupt- 
ure of  a  small  ovarian  cyst  or  cystoma,  a  small  mass  of 
mucoid  substance  is  distributed  in  small  portions  over 
the  peritoneal  surface.  These  show  the  same  stages  of 
organization,  hyaline  change,  etc.,  and  finally  come  to 
represent  localized  thickenings  of  the  peritoneum.  This 
condition  occurs  most  frequently  in  the  pelvis. 

If  portions  of  living  epithelium  or  of  papillse  are  set 
free  into  the  peritoneal  cavity  with  the  mucoid  material, 
after  the  rupture  of  an  ovarian  cystoma,  these  may  pro- 
liferate and  set  up  implantation  metastases.  These  may 
become  malignant ;  if  the  primary  tumor  has  already  un- 
dergone carcinomatous  change,  these  implantations  are 
likewise  carcinomatous.  In  the  case  of  the  ordinary  cys- 
toma the  implanted  epithelium  forms  small  cysts  which 
become  stationary  after  a  while  and  do  not  form  large 
growths.  When  the  primary  is  a  papuliferous  cystade- 
noma  the  implantation  metastases  are  much  more  likely 
to  develop  into  larger  tumors.  It  is  conceivable  that  the 
implantation  metastases  of  epithelium  arising  from  a  be- 
nign growth  may  later  become  malignant. 

Small  cysts  lined  with  hypertrophic  endothelium  may 
also  be  found  in  the  pseudomyxomatous  tissue  of  the 
peritoneal  covering.  These  are  probably  derived  from 
the  remains  of  the  surface  endothelium.  It  is  also  within 
the  range  of  possibility  that  these  may  form  centres  for 
the  formation  of  a  new  growth  of  malignant  character. 

Pseudomyxoma  of  the  peritoneum  is  not  in  all  cases 
formed  by  the  rupture  and  discharge  into  the  peritoneal 
cavity  of  an  ovarian  tumor  containing  mucoid  or  colloid 
material.  Surface  papillomata  of  the  ovary  may  secrete 
such  material  directly  into  the  peritoneal  cavity;  further, 
cystic  carcinomata  of  the  stomach,  intestines,  or  testicles 
may  give  rise  to  the  presence  of  mucoid  or  colloid  sub- 
stance in  the  peritoneal  cavity,  either  from  rupture  of  the 
primary  or  from  secondaries  located  in  the  peritoneum. 

In  the  great  majority  of  cases,  however,  the  mucoid  or 
colloid  substance  comes  from  the  rupture  of  a  large  ovar- 
ian multilocular  cystoma,  in  which  one  chamber  has  been 
developed  at  the  expense  of  the  others ;  or  from  a  pri- 
mary unilocular  cystoma.  If  the  cyst  contents  are 
of  a  thin  serous  character  they  may  be  absorbed  by  the 
peritoneum  without  the  production  of  peritoneal  prohf- 


eration.  The  more  jelly-like  or  colloid  the  contents  the 
more  likely  the  occurrence  of  pseudomyxoma.  In  order 
to  excite  peritoneal  proliferation  the  substance  must  be 
of  a  fairly  firm  consistency  and  not  easily  absorbed. 
Pseudomucin  may  or  may  not  be  present  in  the  cyst  con- 
tents, but  in  the  majority  of  cases  it  is  a  pseudomucin 
cyst  that  ruptures.  The  jelly-like  material  of  the  pseudo- 
myxomatous tissue  may  give  both  mucin  and  pseudo- 
mucin reactions.  Pseudomucin  is,  however,  not  neces- 
sary to  the  production  of  pseudomyxoma.  This  term 
should  be  taken  as  signifying  the  formation  of  a  tissue 
resembling  myxomatous  tissue.  Though  spoken  of  as 
colloid,  the  cyst  contents  in  all  cases  are  mucoid,  but 
when  firm  and  jelly-like  they  maybe  appropriately  desig- 
nated as  colloid  or  colloid-like. 

The  cyst  contents  when  poured  over  the  peritoneum 
act  as  a  foreign  body  and  set  up  a  reactive  proliferation 
which  is  of  the  nature  of  an  inflammatory  process.  The 
presence  of  fibrin  throughout  the  pseudomyxomatous  tis- 
sue may  often  be  shown  by  Weigert's  fibrin  stain.  Lo- 
calized collections  of  leucocj^tes  may  also  occur  through- 
out the  organizing  zone.  In  case  of  an  infected  cyst,  or 
following  infection  as  a  result  of  operation,  the  picture 
of  pseudomyxoma  and  that  of  a  fibrinous  peritonitis  may 
be  combined.  The  writer  has  seen  one  case  of  pseudo- 
myxoma in  which  the  cyst  contents  were  scattered  over 
a  peritoneum  showing  a  marked  subacute  fibrinous  peri- 
tonitis. The  colloid  material  was  deposited  on  top  of  a 
thick  fibrinous  exudate  which  was  undergoing  organiza- 
tion. Organization  of  the  colloid  from  the  new  fibro- 
blastic tissue  had  begun  in  some  areas. 

To  recapitulate,  the  writer  holds  that  pseudomyxoma 
peritonei  is  a  condition  of  the  peritoneum  due  to  a  partial 
organization  of  a  mucoid  or  colloid  material,  which  has 
been  deposited  over  the  peritoneum  as  the  result  of  the 
rupture  of  an  ovarian  cystoma  or  of  other  cystic  tumor 
containing  such  material,  or  from  the  secretion  of  certain 
tumors  directly  into  the  peritoneal  cavity.  This  view, 
however,  is  not  held  by  all  authors.  Netzel,  Wendeler, 
and  others  regard  the  condition  as  due,  at  least  in  part, 
to  a  chronic  productive  inflammation  of  the  peritoneum 
associated  with  myxomatous  degeneration.  This  view 
may  be  explained  by  the  presence  of  pseudomucin  in  the 
lymph  spaces  of  the  peritoneum,  following  an  absorption 
from  the  peritoneal  cavity.  Westermark  and  Annell  re- 
gard the  jelly  masses  on  the  peritoneum  as  the  product 
of  a  specific  form  of  peritoneal  disease.  Alshauser, 
Strassmann,  Pfannenstiel,  and  others  regard  the  process 
as  due  essentially  to  an  implantation  metastasis  of  tumor 
cells  over  the  peritoneum.  On  the  other  hand,  Werth  (to 
whom  we  owe  the  designation  pseudomyxoma),  Veit, 
Kretschmar,  and  others  hold  practically  the  same  view  as 
the  writer,  namely,  that  the  colloid  masses  are  not  metas- 
tases but  are  to  be  explained  as  the  non-absorbable  mucoid 
contents  of  a  ruptured  cyst,  which,  scattered  over  the  peri- 
toneum, act  upon  it  as  a  foreign  body,  become  enclosed  in 
inflammatory  adhesions,  and  undergo  organization  after 
the  manner  of  a  thrombus,  finally  being  replaced  by  hya- 
line connective  tissue. 

The  prognosis  in  pseudomyxoma  is  not  necessarily  bad. 
Large  masses  of  colloid  material  may  be  kept  within  the 
peritoneal  cavity  for  a  long  time  without  especial  symp- 
toms. Small  amounts  may  be  completely  absorbed  and 
organized,  and  the  resulting  condition  of  the  peritoneum 
may  give  rise  to  the  same  sequelae  as  those  which  follow 
chronic  adhesive  peritonitis.  In  operations  for  the  relief 
of  pseudomyxoma  after  the  rupture  of  ovarian  cysts,  it 
'should  be  borne  in  mind  that  the  peritoneum,  after  the 
removal  of  the  overlying  colloid  material,  represents  a 
more  or  less  denuded,  hypersemic  surface,  through  which 
infection  may  easily  take  place,  giving  rise  to  a  fibrino- 
purulent  peritonitis.  The  general  resistance  of  the  peri- 
toneum appears  to  be  lowered  as  the  result  of  the  pres- 
ence of  the  foreign  substance  in  the  cavity.  The  danger 
that  a  malignant  growth  will  arise  from  the  implantation 
metastases  is  not  very  great  in  the  case  of  a  simple  multi- 
locular cystoma,  but  in  the  case  of  a  papuliferous  cys- 
toma the  danger  of  such  an  occurrence  is  much  greater. 
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Such  metastases  may  occur  in  the  operation  wound.  On 
the  whole  the  safest  procedure  is  to  operate  as  soon  as 
possible  after  the  rupture  of  the  cyst,  before  organization 
has  begun.  A  more  or  less  marked  ascites,  which  com- 
plicates the  diagnosis,  is  often  associated  with  pseudo- 
myxoma ;  this  is  particularly  true  in  the  case  of  associated 
infection.  It  may  occur,  however,  as  the  result  of  the 
irritation  produced  by  the  presence  of  the  foreign  body. 
Recurrence  takes  place  when  the  primary  tumor  or  the 
metastases  which  produce  the  mucoid  or  colloid  are  not 
removed;  or  when  the  implantation  metastases  become 
active,  and  either  burst  or  secrete  into  the  cavity.  Re- 
currence is  much  more  likely  to  take  place  in  the  case  of 
papuliferous  growths.  Aldred  Scott  Warthiii. 

PSEUDOPEPSIN.— When  the  gastric  mucosa  is  al- 
lowed to  digest  for  some  time  in  a  slightly  alkaline  me- 
dium and  in  the  presence  of  an  antiseptic  like  toluol, 
some  of  the  proteids  enter  into  solution  and  the  trypto- 
phan reaction  (see  Tryptophan)  ca.a  be  demonstrated  witii 
the  latter.  According  to  Glaessner  this  self-digestion  is 
due  to  a  specific  proteolytic  enzyme,  to  which  he  has  ap- 
plied the  name  pseudopepsin,  and  which  in  some  respects 
resembles  the  trypsin  df  the  pancreas  and  the  autolytic 
enzyme  of  the  liver.  Pseudopepsin  is  characterized :  (1) 
By  acting  in  alkaline  solutions,  in  which  pepsin  is  de- 
stroyed ;  (3)  by  forming  tryptophan  as  a  product  of  its  ac- 
tivity ;  (3)  by  acting  in  the  presence  of  free  acid  even  to 
the  extent  of  0.3  per  cent.  HCl,  and  in  the  presence  of  pep- 
sin which  destroys  some  enzymes.  This  behavior  toward 
acids  distinguishes  it  from  trypsin.  Pseudopepsin  occurs 
in  both  the  fundus  and  the  pyloric  portions  of  the  gastric 
membrane,  and  in  about  equally  small  amounts.  Accord- 
ing to  Glaessner  the  proteolytic  action  of  the  pylorus  mu- 
cosa is  probably  entirely  due  to  pseudopepsin.  It  is  also 
apparently  the  characteristic  proteolytic  enzyme  of  the 
glands  of  Brunner — an  observation  which  is  of  interest  in 
view  of  the  assumed  histological  resemblance  between 
these  glands  and  those  of  the  pyloric  portion  of  the  stom- 
ach. It  is  not  unlikely  that  pseudopepsin,  or  a  similar 
enzyme,  occurs  in  the  pyloric  appendages  of  many  fishes. 
Pepsin  can  be  obtained  free  from  pseudopepsin  by  appro- 
priate chemical  methods.  In  ordinary  commercial  prepa- 
rations the  writer  has  found  evidences  of  tryptophan- 
forming  enzymes  in  very  few  instances.  The  existence 
of  pseudopepsin  as  a  specific  enzyme  of  the  stomach  has 
been  denied  by  Klug.  Lafayette  B.  Mendel. 

Glaessner :  Holmeister's  BeitrSge  zur  chemisclien  Physiologie,  1902, 

i.,  pp.  26,  38,  31,  111. 
Klug :  Pfluger's  Archiv  f .  die  gesammte  Physiol.,  1902,  xcii.,  p.  280. 

PSEUDOTUBERCULOSIS— It  seems  that  the  word 
pseudotuberculosis  was  first  used  by  Eberth  in  1885  as  a 
name  for  a  disease  in  rabbits,  which,  although  it  resem- 
bled ordinary  tuberculosis  of  these  animals  somewhat, 
was  not  caused  by  the  bacillus  tuberculosis  Kochii. 
Later,  the  term  has  been  used  in  a  broader  sense  for  all 
conditions  which  resemble  genuine  tuberculosis,  but 
which  are  produced  by  organisms  other  than  the  tubercle 
bacillus.  Baumgarten  and  others  have  objected  to  the 
use  of  the  term,  and  it  certainly  is  not  a  very  good  one. 
If  we  use  the  word  tuberculosis  in  an  etiological  sense, 
meaning  a  disease  produced  by  the  tubercle  bacillus, 
pseudotuberculosis  might  be  interpreted  as  meaning  a 
disease  caused  by  pseudotubercle  bacilli,  that  is,  by  those 
bacilh  which  resemble  the  tubercle  bacillus  more  or  less 
closely ;  which,  at  least  according  to  the  common  accep- 
tation of  the  term,  it  does  not,  altho  pseudo-tubercle' 
bacilli  sometimes  may  produce  pseudotuberculosis.  If 
on  the  other  hand,  we  prefer  to  use  tuberculosis  in  its 
anatomical  sense,  meaning  a  disease  in  which  there  is  a 
production  of  tubercles,  that  is,  nodules  in  the  tissues 
even  then  the  term  "pseudotuberculosis"  is  not  very 
fortunate.  The  nodules  in  this  disease  also  are  certainly 
present  and  not  in  any  way  spurious,  coinciding,  in  some 
instances  at  least,  with  true  tubercles  in  all  respects,  even 
down  to  the  least  histological  detail.  Nevertheless,  de- 
spite all  these  objections,  the  word  will  have  to  be  re- 
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tained  for  the  want  of  a  better  one  until,  perhaps,  medical 
nomenclature  is  revised  and  put  on  a  scientific  basis,  a 
revision  of  which  it  certainly  is  very  much  in  need.  _ 

Taking  the  word  in  its  broadest  sense  as  meaning  a 
disease  with  the  production  of  tubercles,  that  is,  nodules 
of  some  sort,  but  not  caused  by  the  tubercle  bacillus,  we 
find  that  such  a  condition  may  be  produced  by  many 
different  etiological  factors. 

There  is  first  the  pseudotuberculosis  of  the  rodents  (the 
tuberculose  zoogleique  of  the  French  authors).  This 
form  of  pseudotuberculosis  occurs  chiefly  among  rodents 
(guinea-pigs,  rabbits,  hares,  mice),  but  also  among  birds, 
particularly  chickens,  in  the  form  of  epizootics.  Occa- 
sionally it  has  been  produced  by  the  inoculation  of  the 
most  varying  materials — e.g.,  tissue  from  a  hypertrophied 
tonsil  (Bettencourt),  cotton  through  which  the  air  of  the 
robms  of  phthisical  patients  had  been  filtered  (Chante- 
messe),  material  from  a  case  of  suspected  tuberculosis  of 
the  elbow,  and  also  from  a  nodule  from  a  cow  with 
pearl  disease  (Courmont),  material  from  a  caseous  nodule 
from  a  child  (Malassez  and  Vignal),  pus  from  a  cow  sus- 
pected of  suffering  from  tuberculosis  (Nocard  and  Mas- 
selin),  and  milk  (Parietti).  The  disease  runs  a  more  rapid 
course  than  ordinary  tuberculosis.  At  the  post-mortem 
examination  one  finds  small  caseous  nodules  in  the  spleen, 
liver,  often  in  the  kidneys,  more  rarely  in  the  lungs,  heart, 
brain,  peritoneum.  Quite  frequently  the  Peyer's  patches 
in  the  intestines  are  diseased  and  the  mesenteric  lymph 
nodes  show  large  irregular  areas  of  caseation  and  sup- 
puration. On  microscopical  examination  the  nodules 
show  more  the  appearance  of  chronic  abscesses  than  that 
of  typical  tubercles,  but  at  times  nodules  with  large 
giant  cells  and  typical  caseation  have  been  found. 
WoronofE  and  Sineff  report  that  giant  cells  are  very  nu- 
merous in  the  lesions  in  chickens,  whereas  in  rodents  they 
found  them  occasionally  only.  Apostopoulos  found 
nodules  with  all  the  characteristics  of  genuine  tubercles 
in  the  liver  of  rabbits  which  he  had  inoculated  by  way 
of  the  anterior  chamber  of  the  eye.  The  disease  is  pro- 
duced by  a  short,  rather  coarse,  non-motile  or  very 
slightly  motile  bacillus,  which  does  not  stain  with  Gram's 
method,  does  not  form  any  spores,  and  does  not  liquefy 
the  gelatin.  It  grows  luxuriantly  except  on  potato.  It 
does  not  ferment  sugar,  does  not  coagulate  milk,  does 
not  produce  any  indol.  Some  authors  describe  irregular 
polar  staining.  At  times  the  bacilli  are  arranged  in  short 
chains.  It  is  difficult  to  stain  them  in  the  tissues.  Tar- 
takowsky  has  announced  recently  that  in  beef  tea  they 
form  growths  resembling  stalactites,  like  those  of  the 
bacillus  of  bubonic  plague.  The  cultures  have  an  un- 
pleasant odor,  which  is  variously  described  by  different 
authors.  The  organism  seems  to  belong  to  the  group  of 
bacteria  called  by  Kruse  in  FlUgge's  text-book  "bacteria 
of  hemorrhagic  septicaemia,"  although  Kruse  himself 
classifies  it  with  the  bacillus  mallei,  to  which  it  certainly 
does  not  show  much  similarity.  Lehmann  and  Neumann 
put  it  with  the  bacilli  of  hemorrhagic  septicaemia. 

There  are  two  cases  on  record  purporting  to  be  cases 
of  infection  with  the  bacillus  pseudotuberculosis  roden- 
tium  in  the  human  being.  One  of  these  was  published  in 
1891  by  Hayem  and  Lesage.  The  patient  suffered  from 
Addison's  disease.  At  the  necropsy  the  left  adrenal  was 
found  destroyed  by  caseation.  Tubercle  bacilli  could 
not  be  demonstrated,  nor  were  there  any  typical  tuber- 
cles or  giant  cells  in  the  sections.  From  the  blood  and 
the  caseous  areas  the  bacillus  pseudotuberculosis  roden- 
tium  was  obtained.  The  other  case  is  that  of  a  child 
suffering  from  bronchopneumonia  and  empyema.  In 
the  pus  from  the  empyema,  Massa  and  Mensi  (1895) 
claim  to  have. found  the  bacilli.  We  might  also  cite  a 
case  of  Courmont,  who  inoculated  a  guinea-pig  with 
material  from  a  case  of  what  was  suspected  to  be  tuber- 
culosis of  the  elbow.  The  guinea-pig  developed  a  typical 
pseudotuberculosis.  In  view  of  the  small  number  of 
cases  recorded,  and  the  possibility  of  error  in  the  bac- 
teriological diagnosis  of  the  organism,  and  also  in  view 
of  the  fact  that  the  bacillus  pseudotuberculosis  roden- 
tium  seems  to  be  quite  common,  and  therefore  frequently 
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found  as  a  contamination  in  all  sorts  of  material,  I  believe 
we  are  justified  in  being  a  little  sceptical  about  the  na- 
ture and  importance  of  the  bacteria  found  in  these  cases, 
until  more  abundant  and  absolutely  conclusive  evidence 
shall  have  been  furnished. 

Then,  besides,  we  find  reported  in  literature  isolated 
cases  in  which  a  similar  disease  was  caused  by  other  bac- 
teria. Some  of  them  are  more  or  less  closely  related  to 
the  bacillus  pseudotuberculosis  rodentium.  In  Du  Ca- 
zal's  two  cases,  for  instance  (both  in  man,  one  with  case- 
ous nodules  on  the  surface  of  the  peritoneum  and  similar 
nodules  of  the  size  of  a  nut  in  pancreas  and  liver;  the 
other  with  large  caseous  nodules  in  brain,  in  pleura,  along 
spinal  column  and  in  both  kidheys),  he  found  a  bacte- 
rium which  differed  from  the  bacillus  pseudotuberculosis 
rodentium  largely  only  by  the  fact  that  it  liquefied  gela- 
tin. Legrain  found  a  similar  organism  in  the  pseudo- 
tuberculous lesions  of  a  rabbit  that  had  been  inoculated 
with  sputum  from  a  case  of  pulmonary  phthisis.* 

In  other  cases  the  bacteria  encountered  were  quite  dif- 
ferent. Preisz,  for  instance,  and  also  Kutscher  found 
organisms  which  resembled  diphtheria  bacilli.  Still  other 
and  even  more  uncommon  bacterial  forms  of  pseudotu- 
berculosis in  animals  have  been  reported  by  Cherry  and 
Bull,  Galli- Valeric,  Vallee,  and  others  but  we  cannot  very 
well  enter  here  into  a  fiiller  consideration  of  these  forms. 
Again  other  forms  of  pseudotuberculosis  are  caused  by 
certain  filamentous  bacteria.  In  Eppinger's  case  of  this 
kind  there  were  a  cerebral  abscess,  a  very  chronic  tuber- 
culosis with  calcification  of  lungs  and  peribronchial  lymph 
nodes,  and  tuberculosis  of  the  pleura.  The  disease  was 
caused  by  a  form  of  cladothrix  (asteroides),  which  when 
inoculated  into  rabbits  and  guinea-pigs  produced  pseudo- 
tuberculosis. Flexner  reports  a  case  which  clinically  had 
all  the  symptoms  of  pulmonary  phthisis.  At  the  nec- 
ropsy he  found  pulmonary  cavities  and  tubercle-like 
nodules  in  the  lungs,  omentum,  peritoneum,  liver,  and 
spleen.  Although  histologically  the  nodules  were  iden- 
tical with  tubercles,  no  tubercle  bacilli  were  found,  but 
instead  branching  threads  which  stained  well  with  Gram's 
method.  Cultures  could  not  be  obtained.  An  inocu- 
lated guinea-pig  died,  but  not  of  tuberculosis. 

Infection  with  certain  mould  fungi  is  also  one  of  the 
many  causes  of  pseudotuberculosis.  By  intravenous  in- 
jection  of  the  spores  of  certain  moulds  in  rabbits,  for  in- 
stance, one  can  produce  a  most  beautiful  disseminated 
pseudotuberculosis,  as  Grawitz  has  demonstrated  long 
ago.  An  interesting  form  of  pseudotuberculosis,  pro- 
duced by  mould  infection,  is  described  by  Chantemesse 
and  others  as  occurring  in  pigeons.  The  disease  starts 
with  a  caseous  ulcer  in  the  mouth,  which  is  later  followed 
by  the  formation  of  nodules  in  lungs,  liver,  more  rarely 
oesophagus,  intestines,  kidneys.  Histologically  the  le- 
sions resemble  tubercles  very  closely.  The  cause  of  the 
disease  is  the  aspergillus  f  umigatus.  The  disease  seems 
to  be  communicated  at  times  to  breeders  of  pigeons,  who 
stuff  young  pigeons  by  introducing  food  into  the  mouth 
of  the  animals  directly  from  their  own  mouths,  in  imita- 
tion of  the  parent  birds. 

Nodules  which  resemble  tubercles  very  closely  are  pro- 
duced in  the  skin  in  certain  forms  of  blastomycetic  der- 
matitis, and  even  more  regularly  are  they  found  m  an- 
other rarer  form  of  fungus  disease,  which  has  been  first 
described  by  Wernicke  in  Buenos  Ayres,  and  has  since 
then  been  observed  several  times  in  California.  The  dis- 
ease generally  begins  as  a  chronic  cutaneous  trouble  re- 
sembling hypertrophic  lupus;  later,  a  disseminated  pseu- 
dotuberculosis of  nearly  all  the  internal  organs  except 
the  heart  and  gastro-intestinal  canal  develops.  I  have 
seen  cases,  however,  which  did  not  show  any  cutaneous 
lesions,  but  in  which  the  primary  infection  seems  to  have 
taken  place  by  inspiration  into  the  lungs.     The  fungus 


*In  the  last  issue  M  Zlegler's  Beitrage  (1902  xxxi .,  526>  ^rede 
reports  an  Interesting  case  of  pseudotuberculosis  in  an  inlant. 
Pharynx,  oesophagus,  intestines,  liver,  and  adrenals  were  full  of  gray 
submlliary  nodules.  The  condition  was  mused  by  a  bacil  us  which 
closely  resembled  the  bacillus  pseudotuberculosis  rodentium,  but 
which  aiftered  from  it  in  staining  with  Gram's  method. 


which  causes  the  disease  in  the  tissues  multiplies  by  en- 
dogenous sporulation,  only  without  formation  of  mycelia 
or  budding,  and  was  on  that  account  first  described  as  a 
protozoan  by  Wernicke  and  Rixford  and  Gilchrist,  who 
studied  the  earliest  cases  in  California.  I  succeeded, 
however,  in  cultivating  the  organism  in  artificial  culture 
media,  and  in  these  it  grows  out  into  long  spore-bearing 
hyplioe.  The  classification  of  the  fungus  is  as  yet  doubt- 
ful, and  until  our  knowledge  of  it  is  more  complete  I  have 
proposed  the  name  fungus  coccidioides.  I  can  only  con- 
firm the  reports  of  earlier  investigators  that  the  similarity 
in  the  histological  structure  of  the  lesions  produced  by 
this  fungus  to  typical  tubercles  at  times  is  truly  remark- 
able. A  histological  differenWal  diagnosis  between  them, 
apart  from  the  difference  in  the  causative  factor,  is  in 
these  instances  absolutely  impossible.  With  such  typical 
tubercles  one  finds  simultaneously  in  the  lesions  numer- 
ous submiliary  chronic  abscesses,  very  much  like  those, 
which  commonly  occur  in  glanders. 

With  this  long  list  of  vegetable  parasites  our  liat  of 
producers  of  pseudotuberculosis  is  by  no  means  ex- 
hausted. Among  the  animal  parasites  we  find  quite  a 
few  of  the  smaller  parasites  or  their  eggs,  which  when 
accidentally  disseminated  in  the  tissues  can  cause  the 
formation  of  tubercle-like  nodules  around  them.  De 
Jong,  for  instance,  describes  casei  of  pseudotuberculosis 
in  sheep  and  goats  produced  by  intestinal  worms  (strongy- 
lus  rufescens),  and  claims  that  to  the  naked  eye  the  dif- 
ferential diagnosis  from  ordinary  tuberculosis  is  difficult. 
Marsdeu  also  reports  cases  of  large,  more  or  less  tubercle- 
like nodules  in  lungs,  liver,  and  kidneys  of  sheep,  hogs,, 
and  goats,  due  to  the  eggs  of  filaria  strongylus.  In 
1884  Laulanie  entertained  the  Societe  Biologique  in  Paris; 
with  the  account  of  pseudotuberculosis  of  dogs  produced 
by  demodex  foUiculorum,  and  in  1899  Helbing  read  a 
paper  at  a  meeting  of  the  Freie  Vereinigung  der  Chirur- 
gen  Berlins,  in  which  he  describes  a  case  of  pseudotu- 
berculosis of  the  peritoneum  in  man  caused  by  the  dis- 
semination of  the  eggs  of  a  tapeworm.  The  nodules  had 
the  typical  histological  structure  of  tubercles ;  the  eggs, 
or  fragments  of  them  were  enclosed  in  giant  cells,  but 
there  was  no  caseation. 

Even  small  dead  foreign  bodies,  particularly  when 
they  are  of  a  somewhat  irritating  nature,  will  cause  the 
formation  of  nodules  in  the  tissues.  As  early  as  1869 
Waldenburg  proved  this  by  experiments,  which  he  re- 
lates in  his  monograph  on  "Tuberculosis,  Pulmonary 
Phthisis,  and  Scrofulosis  "  (Berlin,  1869),  a  piece  of  work 
which  is  not  so  well  known  as  it  deserves  to  be ;  and  even 
before  him  Cruveilhier  ("  Traite  d' Anatomic  pathologique 
generale,"  iv.,  1862)  had  attempted  to  produce,  and  to  his- 
own  satisfaction  succeeded  in  producing,  tubercles  in  the 
lungs  by  injection  of  small  droplets  of  metallic  mercury* 
into  the  trachea  of  dogs.  Only  recently  Meyer  described 
a  case,  observed  in  Hanau's  laboratory,  of  pseudotuber- 
culosis produced  by  foreign  bodies.  In  this  instance  a. 
gastric  ulcer  had  perforated  and  small  particles  of  food 
had  been  scattered  through  the  peritoneal  cavity.  Around 
these  small  particles  of  food  a  development  of  tubercles, 
had  taken  place.  A  similar  observation  was  made  in  an- 
other case  in  which  an  ovarian  cyst  had  ruptured  and  a. 
large  number  of  cholesterin  masses  were  disseminated 
through  the  peritoneum. 

When  we  consider  the  great  variety  of  causes  which, 
have  just  been  enumerated,  the  question  seems  natural. 
Are  we  really  justified  in  calling  all  these  conditions, 
which  are  so  manifold  etiologically,  by  the  one  name 
pseudotuberculosis?  We  shall  be  all  the  more  inclined 
to  ask  this  question  when  we  learn  that  in  many  in- 
stances the  lesions  histologically  do  not  resemble  one  an- 
other entirely.  In  the  pseudotuberculosis  of  the  rodents, 
for  instance,  the  nodules  on  microscopical  examina- 
tion usually  present  the  appearance  of  chronic  mihary 
abscesses,  such  as  they  are  observed,  for  instance,  m 
glanders  and  not  that  of  typical  tubercles.  The  same 
is  true  of  the  lesions  caused  by  infection  with  certain 
nathoKenic  moulds.  In  these  lesions  giant  cells  and 
caseation  which  are  considered  to  be  the  more  important 
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characteristics  of  true  tubercles,  are  often  absent.  Yet 
under  other  conditions  the  same  parasites  may  produce 
nodules  which  in  histological  structure  resemble  ordinary 
tubercles  very  closely.  In  chickens,  for  instance,  we  learn 
from  WoronofE  and  SinefE  that  the  nodules  produced  by 
the  bacillus  pseudotuberculosis  rodentium  contain  many 
siant  cells.  One  must  also  not  forget  that  in  ordinary 
tuberculosis  the  nodules  show  remarkable  differences  in 
histological  structure  according  to  the  age  of  the  nodule 
and  the  number  and  virulence  of  the  tubercle  bacilli  pres- 
ent. Tubercle  bacilli  also  at  times  may  produce  chronic 
miliary  abscesses.  Since  my  attention  has  been  called  to 
this  occurrence  by  some  observations  made  while  study- 
ing the  ependyma  of  the  ventricles  of  the  brain  in  tuber- 
culous meningitis  ("  Ueber  Ependymveranderungen  bei 
tuberculoser  Meningitis,"  Virch.  Arch.,  cl.,  1897,  305), 
I  have  seen  chronic  miliary  abscesses  produced  by  tubercle 
hacilli— and  by  tubercle  bacilli  alone  without  associated 
infections— quite  frequently  in  other  parts  of  the  body  in 
man»and  animals.  In  infe«tions  with  the  fungus  cocci- 
dioides  the  simultaneous  occurrence  of  "  typical "  tu- 
bercles and  chronic  miliary  abscesses  in  the  same  organ, 
produced  by  the  same  parasite,  is  very  bewildering;  in- 
deed one  is  finally  forced  to  recognize  that  the  difference 
between  these  two  conditions  is  not  a  fundamental  one 
— as  a  matter  of  fact,  I  have  seen  transitional  forms  of 
otherwise  typical  tubercles  with  central  abscess  cavity 
:fllled  with  pus  cells, — and  that  whether  the  tissues  re- 
spond in  one  way  or  the  other  depends  only  on  the 
amount  of  irritation  to  which  they  are  subjected.  If  the 
irritation  is  less  marked,  a  "  typical "  tubercle  develops ; 
if  it  is  more  intense,  a  chronic  miliary  abscess  is  pro- 
duced. It  seems,  therefore,  that  in  spite  of  the  variety 
of  causes,  and  in  spite  of  the  varying  appearance  of  the 
nodules  under  the  microscope,  it  is  advisable  to  group 
all  these  conditions  which  are  closely  akin  to  one  an- 
other under  one  name,  "pseudotuberculosis,"  provided 
we  keep  in  mind  that  in  so  doing  we  use  the  word 
"  tubercle  "  in  its  broadest  sense  for  a  nodule,  without  as- 
suming anything  too  definite  about  its  exact  histological 
structure.  William  Ophiils. 
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PSEUDOTUMOR. — The  term  psevdotumor  is  applied 
to  certain  enlargements  or  swellings  of  non-neoplastio 
character  which  clinically  present  features  by  which 
they  may  be  mistaken  for  true  neoplasms.  In  the  ma- 
jority of  cases  such  false  tumors  are  found  in  the  abdom- 
inal region.  They  may  be  produced  by  a  great  variety 
of  causes.  When  the  swelling  cannot  be  constantly  felt, 
but  comes  and  goes,  it  may  be  designated  as  a  phantom 
tumor.  Such  enlargements  have  no  organic  pathological 
foundation,  and  are  dependent  upon  temporary  condi- 
tions. On  the  other  hand,  enlargements  or  swellings  of 
the  abdominal  organs  due  to  organic  disease  may  also 
simulate  neoplasms ;  these  conditions  should  be  included 
under  the  designation  of  pseudotumor  or  apparent  tumor 
proper.  When  caused  by  inflammatory  masses  of  gran- 
ulation tissue  which  later  contract  and  disappear,  the 
condition  may  be  spoken  of  as  •oaniahing  or  disappearing 
tumor. 

Phantom  tumors  may  be  caused  by  a  contraction  of  the 
abdominal  muscles  or  by  meteorism.  Those  caused  by 
muscle  contractions  are  found  usually  in  the  upper  part 
of  the  abdomen.  The  right  rectus  near  its  costal  margin 
is  most  frequently  the  part  contracted,  but  the  contraction 
may  afiect  any  segment  or  portion  of  the  abdominal  mus- 
cles. The  contractions  are  often  spasmodic.  The  entire 
rectus  may  be  rigid.  Usually,  however,  but  a  single 
segment  is  ailected,  the  contraction  being  almost  always 
unilateral.  The  patients  are  usually  hysterical  females 
who  present  marked  stigmata  of  hysteria ;  there  are  usu- 
ally coexisting  constipation  and  enteroptosis.  The  con- 
traction may  sometimes  be  made  to  disappear  in  a  hot 
bath;  but  in  cases  of  marked  hysteria  anaesthesia  or  hyp- 
notic suggestion  may  be  necessary  for  the  differential 
diagnosis.  The  superficial  character  of  the  tumor,  its 
flat,  horizontal  shape,  slightly  rounded  and  indistinct 
edges,  etc.,  in  connection  with  the  stigmata  of  hysteria, 
make  the  diagnosis  easy. 

_  Phantom  tumors,  due  to  meteorism  or  localized  disten- 
tion of  the  intestines  with  gas,  are  of  frequent  occurrence 
in  the  same  class  of  patients  as  described  above,  and  are 
often  found  in  connection  with  the  muscle  contraction. 
The  character  of  the  swelling,  the  percussion  signs,  etc., 
paake  the  diagnosis  easy.  The  swellings  occur  usually 
in  the  lower  portion  of  the  abdomen,  particularly  in  the 
appendix  region,  and  above  the  pubis.  They  are  found 
frequently  in  women  who  either  pretend  or  believe  that 
they  are  pregnant  (pseudocyesis).  The  associated  stig- 
mata of  hysteria,  and  the  characteristic  physical  signs 
render  the  diagnosis  of  slight  difficulty. 
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Apparent  tumors  of  the  epigastrium  are,  according  to 
Einliorn,  of  infrequent  occurrence.  He  reports  forty-two 
cases,  eight  occurring  in  men  and  thirty-four  in  women. 
Tlie  tumors  presented  in  the  epigastrium  or  in  the  left  or 
right  hypocliondrium,  and  formed  in  the  majority  of  cases 
smooth  masses  of  the  size  of  a  hen's  egg  or  a  man's  fist. 
They  were  frequently  pulsating,  could  not  always  be 
distinctly  felt,  and  on  light  percussion  yielded  a  dull 
sound.  They  ran  a  long  course,  and  there  was  usually 
a  history  of  a  long-continued  malnutrition.  The  tumors 
remained  unchanged  or  diminished  in  size^  They  were 
caused  by  prolapse  of  the  left  lobe  of  the  liver,  exposure 
and  thickening  of  the  abdominal  aorta,  hypertrophic  con- 
ditions of  the  muscles  of  the  abdominal  walls,  and  prob- 
ably adhesions  around  the  lesser  curvature  of  the  stom- 
ach. If  the  tumor  is  caused  by  the  prolapse  of  the  left 
lobe  of  the  liver,  it  is  found  usually  in  the  median  line 
below  the  ensiform ;  it  is  of  large  size  and  gives  a  dull  tone 
on  percussion.  Between  the  dulness  of  the  tumor  and 
the  ensiform  there  may  be  an  area  of  tympanitic  tone. 
If  the  tumor  is  the  aorta,  it  is  deep,  usually  about  two 
inches  long,  and  one  to  two  thumbs  in  breadth,  and  pul- 
sates. Hypertrophic  conditions  of  the  abdominal  mus- 
cles are  superiicial,  usually  horizontal,  and  not  globular, 
and  are  located  at  one  side  of  the  median  line. 

In  very  thin  individuals  the  head  of  the  pancreas  may 
be  felt  and  mistaken  for  a  tumor.  Likewise  floating 
kidney,  liver  or  spleen,  rolled-up  omentum,  excessively 
fat  mesentery,  faecal  impaction,  distended  urinary  or  gall 
bladder,  tuberculous  thickenings  of  omentum  or  mesen- 
tery, hydro-  or  pyosalpinx,  cystic  dilatation  of  the  ap- 
pendix, etc.,  may  sometimes  be  regarded  as  presenting 
the  clinical  appearances  of  malignant  tumors  of  these 
regions. 

Inflammatory  thickenings,  tuberculous  and  syphilitic 
nodules,  encapsulated  bsematomata,  encysted  parasites, 
infective  granulomata  of  unknown  origin,  localized  hy- 
pertrophy of  muscle,  local  oadema,  etc.,  are  also  often 
mistaken  clinically  for  malignant  tumors. 

The  term  pseudotumor  is  also  applied  to  the  nodules 
of  a  chronic  inflammatory  nature  caused  by  the  experi- 
mental injection  of  blastomycetes  and  other  fungi. 
Similar  nodules  may  be  produced  by  the  introduction 
of  foreign  bodies  or  the  injection  of  certain  chemical  sub- 
stances into  the  tissues. 

Disappearing  tumors  of  the  abdomen  are  usually  the 
result  of  acute  inflammatory  tumors  of  the  omentum, 
following  appendicitis  or  salpingitis.  The  absorption  of 
■exudates  and  the  contraction  of  the  granulation  tissue 
lead  to  the  diminution  in  size  or  total  disappearance  of 
the  tumor.  Similar  disappearing  tumors  occur  in  the 
skin,  subcutaneous  tissues,  periosteum,  and  intermuscu- 
lar connective  tissue  as  the  result  of  the  formation  of 
granulation  tissue  following  trauma  or  hemorrhagic 
extravasation.  These  may  sometimes  be  mistaken  for 
sarcoinata,  both  clinically  and  microscopically.  The 
presence  of  numerous  plasma  cells,  the  character  of  the 
blood-vessels,  and  the  general  appearance  of  the  granu- 
lation tissue  are  points  upon  which  the  differential  diag- 
nosis should  be  based.  (See  also  Omentum  and  Abdominal 
Tumors.)  Aldred  8eott  Warthin. 

PSITTACOSIS.— An  infectious  disease  occurring  in 
birds,  particularly  in  parrots,  and  transmissible  to  man. 
The  disease  in  parrots  is  of  the  nature  of  a  chronic  en- 
teritis, characterized  by  diarrhoea,  wasting,  loss  of  appe- 
tite, and  falling  of  feathers.  In  man  the  symptoms  are 
those  of  a  grave  typhoid,  with  diarrhoea  and  a  malignant 
atypical  pneumonia.  The  disease  may  be  transmitted 
directly  from  parrots  to  man  or  through  intermediate 
objects,  and,  according  to  some  observers,  from  man  to 
man.  The  period  of  incubation  is  from  seven  to  twelve 
days ;  the  symptoms  begin  with  malaise,  epistaxis,  and 
digestive  disturbances,  followed  by  bronchitis  and  pneu- 
monia. The  urine  contains  a  small  amount  of  albumin. 
There  is  high  fever  lasting  for  from  three  to  four  days, 
and  falling  by  crisis.  These  symptoms  then  recur  in  this 
order  several  times,  defervescence  finally  taking  place  by 


lysis.  During  the  attack  the  spleen  is  enlarged.  Some- 
times there  may  be  seen  a  roseolar  or  petechial  eruption. 
The  disease  lasts  about  thirty  days.  The  mortality  is 
about  thirty-seven  per  cent.  The  prognosis  is  good  if 
complications  do  not  occur.  In  the  majority  of  fatal 
cases,  death  is  due  to  pneumonia. 

Eberth  in  1880,  and  Wolff  in  1883,  observed  the  occur- 
rence of  a  fatal  mycosis  in  parrots  which  had  been  im- 
ported in  great  number  from  the  west  coast  of  Africa 
during  1880.  Transmission  to  man  was  not  observed. 
In  1879  Ritter  saw  a  house  epidemic  of  severe  pneumonia 
which  he  thought  was  referable  to  a  contagion  from  par- 
rots, or  rather  from  the  cages  in  which  the  birds  had 
been  transported.  The  clinical  and  anatomical  picture 
of  the  disease  was  that  of  an  atypical  pneumonia.  Simi- 
lar cases  were  observed  in  1882  by  Ost,  and  by  Wagner 
in  1883  and  1886.  The  disease  was  introduced  into  Paris 
in  1891  by  some  parrots  from  South  America.  In  1892 
there  was  an  epidemic  of  the  disease  in  this  city,  in  which 
fifty  persons  were  affected.  Cases  of  the  disease  were 
also  observed  in  Paris  during  the  next  four  years,  and 
advantage  was  taken  of  the  opportunity  to  study  the 
disease  closely.  The  relation  of  the  disease  in  man  to  the 
affection  of  the  parrot  was  clearly  proved.  Cases  have 
been  observed  also  in  Italy  and  Germany. 

According  to  Nocard,  the  cause  of  the  disease  is  a  spe- 
cific bacillus  resembling  that  of  typhoid  fever.  The 
organism  is  short,  rather  thick,  with  rounded  poles,  is 
motile,  and  is  a  facultative  aiSrobe.  It  does  not  stain 
with  Gram's  method,  does  not  ferment  sugar,  does  not 
coagulate  milk,  and  does  not  form  indol.  The  bacillus 
is  very  virulent;  subcutaneous  injections  in  rabbits,  mice, 
and  pigeons  kill  within  from  fourteen  to  fort3'-eight  hours. 
In  the  Paris  epidemic  this  bacillus  was  not  found  in  the 
hu]nan  body ;  but,  three  years  later,  Gilbert  and  Fournier 
found  it  in  one  case,  in  the  heart  blood  of  a  woman  dying 
from  the  disease.  Palamidessi  observed  an  infectious 
disease  transmitted  from  parrots  which  he  regarded  as 
resembling  chicken  cholera.  The  organism  obtained  by 
him  was  regarded  as  identical  with  that  observed  by 
Nocard.  Other  observers  have  failed  to  find  the  Nocard 
bacillus;  and  Leichtenstern  and  others  believe  that  the 
disease  of  the  parrots  known  as  psittacosis  may  be  caused 
by  various  bacteria  (staphylococcus,  streptococcus,  pneu- 
mococcus,  colon  bacillus,  and  proteus),  and  that  house 
epidemics  of  atypical  pneumonia  in  man  may  occur  with- 
out such  diseases  of  the  parrot  playing  any  etiological 
role  therein.  These  writers,  however,  admit  the  proba- 
bility of  such  a  relation  in  certain  cases,  as  in  the  Paris 
epidemic  of  1893. 

On  the  other  hand,  NicoUe  reports  an  epidemic  attack- 
ing eight  persons  (four  dying),  in  which  the  Nocard 
bacillus  could  not  be  found ;  but  the  serum  from  these 
cases  produced  a  typical  agglutination  of  a  culture  of 
the  bacillus  furnished  by  Nocard,  in  dilutions  of  1  to  50 
and  1  to  60.  The  blood  of  one  of  the  cases  also  aggluti- 
nated typhoid  bacilli,  although  the  patient  had  never  had 
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Widal  and  Sicard  claim  that  typhoid  and  psittacosis 
can  be  differentiated  by  the  Widal  reaction.  In  dilutions 
of  1  to  10  the  reaction  occurs  with  both ;  but  the  masses 
of  psittacosis  bacilli  are  smaller  and  more  crowded.  In 
dilutions  of  1  to  40  there  arrives  a  moment  when  the 
bacilli  of  psittacosis  no  longer  react.  _ 

The  bacteriology  of  psittacosis  and  the  true  relations  of 
the  parrot  disease  to  the  atypical  pneumonia  in  man  re- 
main yet  to  be  determined  definitely.  Further,  it  should 
be  observed  that  in  the  popular  mind  psittacosis  is  re- 
garded as  a  form  of  avian  tuberculosis,  and  that  cases 
have  been  reported  of  a  supposed  transmission  of  tuber- 
culosis from  the  parrot,  to  man,  whence  the  origin  of  the 
gPi-Qj^  Aldred  Scott  Warthin. 

PSOAS  ABSCESS  is  a  cold  abscess  located  in  the  psoas 
muscle  The  purulent  material  gains  entrance  into  the 
muscle  after  destroying  the  vitality  of  a  portion  of  the 
sheath  by  pressure  and  infiltration. 

The  iliac  fascia  which  ensheaths  the  whole  muscle  con- 
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fines  the  pus  and  directs  its  course  through  the  substance 
of  the  muscle,  the  result  of  such  burrowing  being  exten- 
sive destruction  of  tissue.  The  infiltration  may  involve 
the  muscle  on  either  or  both  sides  of  the  body.  The  pur- 
ulent material  may  accumulate  until  the  sheath  becomes 
a  mere  pus  sac  with  the  lumbar  plexus  of  nerves  crossing 
its  cavity,  the  muscular  tissue  being  destroyed. 

The  cavity  is  irrregular  in  shape,  bulging  laterally, 
constricted,  and  sometimes  closed  at  the  diaphragm  and 
beneath  Poupart's  ligament. 

An  abscess  resulting  from  tuberculosis  of  the  bodies 
of  the  lower  dorsal  or  upper  lumbar  vertebrae  will,  as  a 
rule,  perforate  the  psoas  sheath. 

The  pyriform  pus  sac  so  formed  lies  along  the  sides  of 
the  dorsal  vertebrae,  this  lateral  position  being  determined 
by  the  presence  of  the  anterior  and  posterior  common 
ligaments. 

When  the  source  of  the  pus  is  situated  above  the  dia- 
phragm, its  entrance  into  the  psoas  is  facilitated  by  the 
intimate  connection  of  the  iliac  fascia  with  the  ligamen- 
tum  arcuatum  internum. 

In  the  lumbar  region  the  entrance  of  pus  into  the  psoas 
is  aided  by  the  formation  of  pouches  between  the  heads  of 
origin  of  the  muscle  (body  of  the  vertebra  and  interver- 
tebral sabstance  and  front  of  the  transverse  process  of 
the  vertebra).  These  pus  pouches  rupture  into  the  body 
of  the  muscle. 

Abscesses  resulting  from  tuberculosis  of  the  sacrum, 
from  sacro-iliac  disease  or  from  tuberculosis  of  the  lum- 
bar glands,  may  also  perforate  the  sheath  of  the  psoas 
muscle. 

Rigidity  or  contraction  of  the  affected  psoas  muscle 
and  perhaps  neuralgia  of  the  anterior  crural  nerve  are 
the  most  frequent  symptoms.  The  contraction  of  the 
muscle  may  lead  to  great  deformity,  demanding  weight- 
and-puUey  extension,  or  even  tenotomy  for  its  correction. 

Frequently  the  distended  psoas  sheath  can  be  detected 
by  palpation,  and  if  the  pus  has  reached  Scarpa's  trian- 
gle it  can  be  pressed  up  and  down  under  Poupart's  liga- 
ment, following  the  course  of  the  psoas  muscle. 

This  is  the  usual  course  taken  by  the  pus,  which  is 
directed  by  the  ^sheath  toward  the  insertion  of  the  psoas 
and  iliacus muscles;  but  it  may  burrow  farther,  pointing 
lower  down  on  the  limb. 

The  pus  on  reaching  Poupart's  ligament  may  enter  the 
Iliacus  muscle,  or  may  leave  the  psoas  sheath  along  its 
external  border  and  burrow  to  the  surface  in  the  loin ;  or 
it  may  invade  the  gluteal  or  the  ischiorectal  region. 

The  direction  taken  by  the  abscess  is  determined  by  the 
usual  position  of  the  body.  If  the  dorsal  position  is 
most  constant,  the  pus  may  point  in  the  loin  or  may  even 
sink  upward  into  the  pleural  cavity.  Other  organs  and 
tissues  are  occasionally  invaded,  and  the  pus  may  open 
into  the  lungs,  bladder,  intestines,  blood-vessels,  or  peri- 
toneum. 

An  early  diagnosis  will  often  allow  of  a  successful 
operation  through  an  incision  in  the  loin.  The  abscess 
cavity  should  be  made  aseptic  and  any  diseased  bone 
scraped  away.  The  drainage  must  be  free  and  into  an 
antiseptic  and  elastic  dressing. 

Curetting  the  sac  wall  should  not  be  attempted  unless 
the  whole  cavity  is  accessible. 

Although  a  large  collection  of  pus  may  become  cheesy 
or  encapsulated,  yet  its  presence  is  a  possible  focus  for 
the  development  of  miliary  tuberculosis  or  cerebrospinal 
meningitis.  Amyloid  changes  in  the  viscera  are  liable 
to  occur  if  expectant  treatment  allows  of  prolonged  sup- 
puration. 

The  disappearance  of  the  signs  of  amyloid  kidneys 
—which  degeneration  is  likely  to  follow  the  tardy  cure 
of  the  abscess— is  a  strong  argument  in  favor  of  earlv 
operative  interference.  ' 

When  the  pus  approaches  the  surface,  especially  in  the 
groin  where  antiseptic  treatment  is  difficult,  and  when 
the  sac  is  known  to  be  large,  aspiration  is  to  be  preferred 
to  incision  and  drainage.  The  trocar  should  be  passed 
in  a  slanting_ direction,  piercing  the  tissues  about  an  inch 
before  entering  the  pus  sac.     The  lumen  of  the  trocar 
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should  be  frequently  cleaned  with  a  plunger  or  wire 
hook,  as  the  pus  contains  much  semi-solid  necrotic  gran- 
ulation tissue,  cheesy  matter,  and  often  small  particles  of 
bone. 

After  the  sac  has  been  washed  out  with  a  weak  boracic- 
acid  or  tincture-of -iodine  solution,  it  should  be  injected 
with  twenty  or  thirty  grains  of  iodoform  dissolved  in 
ether  or  suspended  in  glycerin. 

The  trocar  should  then  be  withdrawn,  its  retiring  point 
being  followed  by  the  finger  from  the  sac  to  the  exit  so 
as  to  prevent  the  entranceT)f  any  purulent  material  into 
its  track.  The  wound  should  then  be  sealed  with  collo- 
dion. 

During  the  process  of  aspiration  and  flushing  of  the 
abscess  cavity  the  entrance  of  air  must  be  prevented  by 
pressure  upon  the  sac.  The  quantity  of  flushing  fluid 
should  not  exceed  that  of  the  pus  withdrawn.  Com- 
presses should  be  applied  in  such  a  way  as  to  insure  the 
apposition  of  the  walls  of  the  sac,  in  order  to  promote 
healing  and  to  lessen  the  oozing  of  serum  or  blood  be- 
cause of  the  diminished  pressure  within  the  cavity. 

Aspiration  aseptically  performed  gives  good  results, 
although  it  may  require  to  be  repeated  several  times. 
The  pus  becomes  more  viscid,  and  the  semi-solid  masses 
of  necrosed  tissue  and  fibrin  disappear  as  the  healing 
progresses. 

If  the  abscess  has  opened  spontaneously  it  should  be 
protected  with  dressings  which  promote  drainage  by 
capillarity,  such  as  jute  or  lambs'  wool.  At  each  daily 
dressing  two  grains  of  carbolic  acid  in  about  fifty  parts 
of  water  should  be  injected  into  the  sinus. 

The  treatment  may  extend  over  weeks  or  months,  but 
the  danger  from  infection  becomes  less  as  healthy  granu- 
lations form  in  the  cavity.  Sometimes  a  counter  open- 
ing becomes  necessary  in  order  to  allow  of  better  drainage 
and  more  thorough  disinfection  of  the  sac. 

Pus  from  an  inflamed  appendix,  a  perinephritic  abscess, 
or  an  empyema  may  invade  the  psoas  muscle,  but  a 
study  of  the  constitutional  disturbances  will  facilitate 
the  differential  diagnosis  in  such  cases.  The  differential 
diagnosis  of  diffuse  abdominal  aneurism  may  be  made  by 
its  impulse  and  perhaps  bruit. 

The  diagnosis  from  iliac  abscess  rests  chiefly  on  the 
age  of  the  patient,  for  psoas  abscess  occurs  generally  in 
the  young  with  tuberculous  history,  and  iliac  abscess  in 
the  adult. 

The  impulse  transmitted  to  the  swelling  by  coughing 
must  be  carefully  distinguished  from  that  present  in 
hernia ;  a  diagnosis  may  be  made  by  observing  the  man- 
ner in  which  the  tumor  can  be  reduced  and  in  which  it 
reappears  after  reduction,  and  also  by  the  fulness  of  the 
iliac  fossa,  apparent  on  palpation. 

Varicose  veins,  cysts,  undescended  testicle,  and  glan- 
dular swellings  in  Scarpa's  triangle  must  also  be  differ- 
entiated. Jasper  J.  Oarmany. 

PSORIASIS.— Psoriasis  is  a  disease  of  the  skin  which 
possesses  three  characteristics  that  should  render  its 
diagnosis  easy.  These  are:  1.  The  formation  of  dry, 
papery,  thin,  silvery-gray  scales,  mica-like  in  their  ar- 
rangement, and  as  a  rule  easily  detached,  is  a  constant 
phenomenon.  2.  Dryness  is  an  absolute  characteristic 
of  the  disease  at  all  stages  and  in  every  situation.  There 
is  never,  in  a  pure  type  of  the  affection,  the  slightest 
moisture,  greasiness,  or  tendency  to  ulceration.  3.  The 
development  of  points  or  discs  of  a  color  varying  from 
pale  red  to  a  red  of  a  brighter  hue,  and  showing  a  certain 
degree  of  inflammatory  thickening— sometimes  quite 
marked,  but  usually  only  moderate  or  slight— is  another 
characteristic  of  the  disease.  These  lesions  are  always, 
well  defined  at  their  borders  and  tend  to  enlarge  periph- 
erally, sometimes  with  evidence  of  greater  activity  at 
the  border  than  in  the  centre.  Contiguous  lesions  often 
meet,  forming  irregular,  map-like  figures,  the  points  of 
confluence  becoming  like  the  centre  of  the  original  patch 
or  disc. 

At  the  onset  of  the  disease  there  is  noticed,  commonly 
at  some  part  of  the  surface  of  the  body  where  the  skin  ia 
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thicker  than  elsewhere,  a  well-deflued  spot  or  pateh  of 
a  pale  red  color  (but  of  a  somewhat  brighter  red  in  an 
acute  outbreak  of  the  disease)  and  of  variable  size  (from 
the  head  of  a  pin  to  a  half -dime  silver  piece).  At  the 
affected  spot  the  skin  is  a  little  thickened,  and  its  surface 
consists  of  one  or  two  layers  of  thin,  dry,  easily  remov- 
able scales  which  are  quite  small  in  proportion  to  the  size 
of  the  lesion.  This  lesion  gradually  enlarges — as  a  rule, 
symmetrically — and  in  the  part  newly  involved  the  char- 
acteristic slight  thickening  of  the  skin  and  the  formation 
of  loosely  attached  scales  may  be  observed.  When  the 
loose  scales  are  removed  it  will  be  seen  that  the  natural 
lines  of  the  skin,  which 
under  normal  conditions 
are  quite  faint,  are  now  — ■ 

accentuated  by  the  up- 
raising of  the  intermedi- 
ate areas  through  the 
products    of    inllamma-  • 

tion.     When   the  lesion 
attains     the     full    limit         I 
of  its    growth,    it   may 
be  as  large  as  a   silver 
half-dollar  and  of  about         I 
the     same     thickness.  | 

Through     coalescence 
two   or    three    adjacent 
lesions  may    eventually 
form  quite  a  large  area,         i 
of    irregular   shape.      I 
have   known  an  appar- 
ently  single    lesion,    on 
the  extensor   surface  of 
the    forearm,    to    attain 
an  area  of    about    four         J 
by   six    inches.     At    no         [ 
time  in  the  course  of  its 
development     did     this  ^ 

patch  fail  to  show  the 
pathological  alterations 
which  are  so  character- 
istic of  the  affection  and 
which  have  already  been 
enumerated. 

If    the   scales  are   al- 
lowed     to     accumulate 

they  form  dry,  mortar- 

like    masses.     In    some 
cases  the   central   parts         fig.  3895, 
of  the  large  lesions  will 
remain  relatively  ciuies- 
eent   for  a   considerable 

period  of  time;  the  thickening  process  and  the  forma- 
tion of  scales  being  confined  to  a  narrow  border  (from 
one-twelfth  to  one-fourth  of  an  inch  wide). 

"Punctate  hemorrhage"  constitutes  another  and  thor- 
oughly characteristic  distinguishing  feature  of  the  dis- 
ease. If,  in  the  younger  or  thinner  lesions,  the  scales  are 
removed 'down  to  and  including  the  basal  layer,  bleeding 
will  take  place  from  a  number  of  isolated  spots,  not  largcT 
than  the  point  of  a  pin  and  corresponding  to  mflamed 
papilla;,  the  blood-vessels  of  which  have  been  torn. 

Upon  the  scalp,  when  covered  with  the  natural  .grovrth 
of  hair  the  disease  presents  an  appearance  somewhat  dif- 
ferent from  that  which  it  generally  does  on  other  parts  of 
the  body  There  is  less  infiltration,  as  a  rule,  although 
quite  characteristic  discs  and  patches,  like  those  observed 
on  other  parts  of  the  body,  may  occur.  The  sealing  is 
often  excessive,  forming  piled-up  masses  of  the  dry  sil- 
very papery,  and  quite  easily  removable  scales.  Along 
the  margin  of  the  hairy  region,  especially  on  the  fore- 
head, there  often  appears  a  gyrate  band  of  the  disease, 
one-half  of  it  being  located  on  the  hairy  surface  and  the 
other  half  on  the  natural  skin  surface.  Then  again,  in 
other  ca,ses,  the  disease  develops  in  the  skm  of  the  fore- 
head and  extends  to  a  greater  or  less  extent  upon  the 
hairy  surface  of  the  scalp.  In  this  extended  area  of 
the  'disease  the  affected  skin  is  red  and  slightly  thick- 


ened, and  upon  it  are  seated  the  irrepressible  dry,  gray 
scales. 

Wherever  the  disease  as.sumes  a  somewhat  acute  char- 
acter there  we  may  be  sure  of  finding  more  marked  red- 
ness and  a  more  rapid  formation  of  scales  of  varying  size, 
but  always  of  marked  thinness. 

Although  itcliing  is  not  a  characteristic  .sj'mptoin  of 
psoriasis,  my  records  sliow  that  it  was  present  in  some 
degree  in  nearly  all  my  cases.  In  some  of  these  cases  the 
symptom  appeared  in  connection  witli  an  acute  outbreak 
of  the  disease — either  simultaneously  with  or  just  pre- 
ceding the  outbreak, — but  in  others  it  appeared  to  be  due 

simply  to  the  accumula- 
tion of  scales. 

While  it  is  generally 
held  that  the  disease 
shows  a  predilection  for 
the  regions  of  the  knees 
and  elijows,  my  own  ex- 
perience does  not  give 
any  very  strong  support 
to  this  belief.  It  cer- 
tainly has  a  preference 
for  the  scalp  and  for  the 
extensor  or  thick-skin 
surfaces,  but  in  a  gen- 
eral outbreak  the  dis- 
ease respects  no  limits. 
In  one  case,  for  exam- 
ple, its  manifestations 
were  to  be  seen  on  prac- 
tically every  part  of  the 
surface  of  the  body 
save  the  scrotum  and 
feet. 

Exfoliative  dermatitis 
may  occur  as  the  result 
of  an  acute  outbreak  of 
psoriasis,  the  entire  skin 
being  involved  in  the 
attack.  Such  an  attack 
is  characterized  by  gen- 
eral redness  of  the  skin 
(although  there  may  be 
free  or  partially  free 
areas)  and  by  the  rapid 
and  constant  formation 
and  throwing  off  of  pa- 
per-like, thin,  dry  scales; 
often  surprising  quan- 
tities being  exfoliated  in 
a  day.  The  skin  is  not 
much  thickened,  the  redness  varies  from  a  bright  red  to 
a  red  of  a  dull  lustre,  and  the  inflammatory  action  is  of 
moderate  degree.  Itching  in  some  measure  may  be  pres- 
ent. These  extensive  outbreaks  usually  subside,  thus 
differing  from  pityriasis  rubra,  which  ends  only  with 
loss  of  hair  and  nails,  wasting  away,  involvement  of 
vital  organs,  and,  finally,  death. 

Psoriasis  has  been  called  a  disease  of  the  healthy. 
While  this  is  to  some  extent  true,  my  observation  leads 
me  to  amend  this  statement  by  saying  that  the  people 
who  have  it  are  in  as  good  average  health  as  their  less 
atilicted  fellows,  while  some  of  them  even  deserve  the 
appellation  of  robust.  . 

I  have  been  unable  to  trace  this  disease  to  heredity, 
and  have  seen  but  slight  evidence  in  favor  of  the  belief 
that  it  affects  the  members  of  certain  families,  it  de- 
velops, according  to  my  experience,  in  the  more  vigor- 
ous years  of  life-that  is,  from  infancy  to  middle  age; 
my  cases  being  mostly  adults  and  under  the  middle  de- 
cennium  of  life.  The  duration  of  the  disease  in  these 
cases  has  varied  from  a  short  time  to  a  period  of  a  tew 
years  Furthermore,  males  have  preponderated  over 
females  in  the  proportion  of  two  to  one.  On^  the  other 
hand  it  must  be  remembered  that  psoriasis  is  quite  a 
rare  disease  in  this  latitude,  and  that  there  have_  been 
too  few  cases  to  justify  us  in  formulating  any  statistics. 
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Prosperity  and  poverty,  sobriety  and  intemperance, 
cleanliness  and  fllth,  seem  to  exert  no  appreciable  influ- 
ence in  warding  ofE  the  disease  or  in  favoring  its  devel- 
opment These  influences,  however,  when  once  the  dis- 
ease has  become  established,  may  turn  its  further  course 
toward  the  better  or  toward  the  worse. 

The  disease  does  not  appear  to  have  any  depressing 
influence  upon  the  general  health.  Often  it  constitutes 
simply  a  bodily  discomfort,  with  perhaps,  in  addition, 
a  certain  amount  of  mental  worry  consequent  upon  its 
presence.  .    . 

Etiology.— As  to  the  cause  of.  psoriasis,  we  know 
nothing  positively.  There  are  many  theories.  In  some 
respects  the  disease  behaves  as  if  it  were  due  to  germ  in- 
fluence, the  manifestations  resembling  somewhat  those  of 
an  exaggerated  action  of  the  ringworm  fungi— as,  for 
example,  the  peripheral  extension,  the  frequent  clear- 
ing up  at  the  centre,  and  the  persistent  activity  at  the 
border.  Psoriasis  presents  a  further  resemblance  to  a 
parasitic  disease  in  the  character  of  its  relapses ;  it  being 
an  easy  matter  to  ascribe  them  to  re-infection  from  small 
uncured  points,  such  as  can  always  be  found  on  some 
part  of  the  body. 

Course  op  the  Disease. — Recurrences  are  the  rule; 
often  the  central  parts  of  the  pale  patches  left  afterthe 
subsidence  of  an  outbreak  are  the  sites  of  a  new  eruption. 
These  relapses  often  occur  immediately  or  very  soon  after 
the  subsidence  of  an  acute  outbreak.  It  is  probable  that 
a  person  affected  with  psoriasis  is  never  absolutely  free 
from  the  disease  after  the  first  onset.  I  have  been  able 
to  follow  one  such  case  for  a  period  of  over  ten  years — 
that  is,  from  the  time  when  the  patient  was  only  three 
and  a  half  years  of  age  to  that  when  he  was  fourteen , 
years  old.  It  is  interesting  to  note  that  this  patient  has 
always  been  strong  and  robust  and  that  he  has  been  in 
no  way  retarded  in  his  development. 

Diagnosis. — The  diagnosis  of  psoriasis  should  offer 
little  difficulty,  if  the  features  already  described  are  kept 
in  mind.  In  the  following  paragraphs  I  will  mention 
briefly  the  characteristics  which  should  enable  the  physi- 
cian to  distinguish  it  from  the  various  affections  with 
which  it  is  most  likely  to  be  confounded. 

Dry  seborrhcea  of  the  scalp  shows  little  if  any  inflam- 
mation or  thickening.  The  scales  in  this  affection  are 
smaller  than  those  observed  in  psoriasis,  and  if  they  are 
present  in  a  mass  the  latter  is  usually  more  friable ;  often, 
too,  these  scales  form  sheaths  around  the  hairs  at  their 
insertion  in  the  follicles.  Removal  of  the  masses  of  scales 
may  show  a  reddening  beneath  and  a  slight  moisture. 

Seborrhceic  eczema  of  the  scalp  usually  shows  fewer 
scales ;  if  there  are  patches  tliey  are  thinner  and  slightly 
moist,  and  the  scales  are  greasy.  When  the  disease  ex- 
tends from  the  scalp  upon  the  forehead  it  may  resemble 
psoriasis,  but  there  is  little  infiltration,  the  scales  are  not 
dry  and  papery,  and  the  inflamed  surface  presents  a 
somewhat  more  moist  appearance. 

Syphilis  of  the  scalp  may  show  the  so-called  corona 
or  frontal  extension.  The  color  is,  however,  of  a  deeper 
shade,  the  infiltration  more  marked,  and  the  scales  are 
smaller,  more  adherent,  less  papery  looking,  and  less 
abundant.  Syphilitic  patches  on  the  scalp  lack  the  feat- 
ures which  have  already  been  described  as  characteristic 
of  psoriasis. 

Ringworm  of  the  scalp  is  dry,  scaly,  not  in61trated  in 
any  marked  degree,  has  fewer,  finer  scales,  and  shows  a 
well-marked,  not  greatly  elevated  border  which  bears 
evidence  of  slight  exudation.  The  hairs  in  the  patch  are 
broken  or  lustreless  from  the  growth  of  the  micro- 
organism. 

Eczema  of  the  scalp  does  not  occur  in  the  form  of 
sharply  limited  patches;  then,  besides,  there  is  a  pecul- 
iar stiffening  and  thickening  of  the  parts  affected,  and 
there  is  either  a  frank,  sticky  exudation  upon  the  sur- 
face or  there  are  points  and  lines  of  broken  epidermis 
where  the  exudation  is  just  beginning  to  break  forth. 
Upon  drying,  the  exudation  assumes  the  form  of  gummy 
brownish,  or  yellowish  crusts. 
Seborrhceic  eczema  on  the  body  shows  scarcely  any 
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infiltration,  the  scales  are  few  and  often  greasy,  and  the- 
affected  surface  has  not  the  absolute  dryness  of  psoriasis. 

Syphilitic  patches  of  the  dryest  form,  when  located 
elsewhere  than  on  the  scalp,  often  show  a  tint  of  lividity, 
and  they  have  a  less  regular  shape  than  the  patches  of 
psoriasis ;  the  scales  also  are  smaller  and  less  plentiful, 
and  they  are  formed  at  a  less  rapid  rate  than  in  the  latter 
disease. 

In  none  of  the  diseases  enumerated  above  can  the 
punctate  hemorrhage  be  produced. 

When  compared  with  psoriasis  even  the  dryest  eczema 
of  the  body  shows  less  symmetry  of  lesions,  more  thick- 
ening, a  less  well-defined  border,  fewer  scales,  and  these 
not  like  the  scales  of  psoriasis.  Furthermore,  the  patches 
have  a  stifler  look  and  feel,  and  itching  is  more  marked. 

Ringworm  of  the  body  shows  fewer  scales,  and  less, 
if  any,  thickening  of  the  part  affected.  On  the  other 
hand,  the  lesion  has  a  sharply  defined  border,  which 
appears  to  be  the  seat  of  an  exudative  inflammation.  At 
the  centre  of  the  lesion  the  skin  is  generally  found  to  be 
nearly  free  from  inflammatory  action. 

When  psoriasis  is  associated  with  other  morbid  condi- 
tions of  the  skin  the  physician  will  have  to  base  his  diag- 
nosis upon  the  presence  of  certain  features  which  are 
characteristic  of  this  disease. 

Peognosis. — The  prognosis  of  psoriasis  is  unfavorable 
as  regards  a  cure,  and  doubtful  as  regards  the  removal 
of  the  eruption.  In  all  my  experience  I  have  seen  but 
one  case  of  psoriasis — at  least  so,  diagnosed — in  which  re- 
covery was  perfect ;  but  even  in  this  case  it  is  not  perfectly 
clear  that  an  error  in  diagnosis  may  not  have  been  made, 
for  upon  reading  my  notes  of  the  case  again  at  the  pres- 
ent time  I  find  that  it  may  possibly  have  been  one  of  a 
slightly  atypical  seborrhceic  eczema.  Recovery  followed 
the  use  of  treatment  administered  on  the  supposition  that 
the  case  was  one  of  psoriasis.  This  patient  was  a  woman 
in  good  circumstances  who  died  of  alcoholism. 

It  is  best  to  promise  a  patient  with  psoriasis  nothing 
more  than  a  certain  amount  of  relief. 

Treatment. — The  treatment  of  psoriasis  is  both  ex- 
ternal and  internal,  the  former  being  the  more  efficaciou& 
of  the  two.  Arsenic  has  been  for  years  the  chief  reliance 
in  the  internal  treatment  of  the  disease,  it  being  often 
pushed  to  large  dosage  and  continued  for  long  periods  of 
time.  Its  effects  show  such  a  mixture  of  good  and  evil 
that  I  seriously  question  whether  the  benefits  of  the  rem- 
edy are  not  more  than  offset  by  its  disadvantages.  Some 
people  reach  the  limit  of  tolerance  (conjunctival  irrita- 
tion, pufEness  of  lids,  gastric  irritation)  very  early.  If 
they  escape  these,  they  may,  under  a  long-continued  use 
of  the  drug,  acquire  other  dermatoses  scarcely  preferable 
to  psoriasis.  However,  it  is  well  to  give  arsenic  a  trial, 
but  only  in  cases  in  which  there  is  but  a  small  degree  of 
cutaneous  irritation.  It  is  usually  employed  in  the  form 
of  Fowler's  solution  (liquor  potass,  arsenit.);  the  dose 
being,  for  an  adult,  five  drops  after  each  meal.  This 
dose  should  be  gradually  increased  (an  additional  drop 
at  the  end  of  every  twenty-four  hours)  until  the  limit  of 
tolerance  is  reached. 

Another  arsenical  preparation  is  what  is  called  "  Asiatic 
pills,"  the  formula  for  which  is  as  follows:  If  Acid,  ar- 
senics., gr.  i. ;  piper,  nigris,  gr.  xx. ;  pjl.  mas.  q.s.  M. 
ft.  pill.  XX.  Sig. :  Begin  with  one  after  each  meal ;  in- 
crease by  one  every  day.  As  a  result  of  taking  these 
pills,  some  patients  have  complained  of  stomachic  irrita- 
tion which  they,  quite  reasonably,  attributed  to  the  black 
pepper,  this  irritation  preventing  in  itself  the  object 
sought — viz.,  to  obviate  irritation  by  the  arsenic. 

Iodide  of  potassium  administered  in  large  doses  has 
acquired  considerable  renown  as  a  means  of  relief  for 
psoriasis,  but  my  experience  with  this  drug  has  been  of 
such  a  discouraging  character  that  I  have  given  it  up  in 
the  treatment  of  this  disease. 

Thyroid  extract,  in  the  form  of  tablets  (gr.  ij.-x.  t.  i. 
d.),  has  seemed,  by  actual  comparison  with  other  reme- 
dies, to  be  decidedly  beneficial ;  it  constitutes,  perhaps, 
our  best  remedy  for  use  internally  in  the  treatment  of 
psoriasis.    This  opinion  is  at  variance  with  that  of  excel- 
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lent  authorities,  but  is  entirely  sustained  by  my  observa- 
tion. All  depends  upon  obtaining  the  pure,  and  there- 
fore not  inert,  substance.  As  thyroid  extract  is  capable 
of  inducing  depression  of  the  heart's  action  and  possibly 
dizziness,  the  dose  must  be  small  at  first,  the  efEect 
■watched,  and  it  may  even  be  necessary  to  attempt  to 
neutralize  these  effects  by  the  administration  of  strych- 
nine. 

As  is  self-evident,  the  patient's  general  condition  must 
be  kept  at  its  best  by  such  internal  treatment  as  the 
symptoms  may  require,  just  as  if  there  were  no  psoriasis. 

Faithful  following  of  directions  as  to  external  treat- 
ment, while  onerous,  must  be  required.  The  first  re- 
quisite is  the  removal  of  scales  to  permit  the  action  of 
remedies.  Naturally,  the  treatment  generally  outlined 
below  is  to  be  much  modified  if  the  skin  is  found  to  be 
abnormally  irritable. 

Hot  baths  at  night,  in  combination  with  the  liberal  use 
of  soap,  •  greatly  assist  in  removing  the  scales.  Sapo 
viridis  may  be  used  in  full  strength  for  removing  scales, 
or  an  alcoholic  solution  (sap.  vir.,  1  ij. ;  alcohol,  |  i.) 
may  be  employed ;  but  any  strong  soap  will  do  quite  as 
well.  As  alkalies  exert  a  special  efEect  upon  epidermic 
scales  it  is  easy  to  understand  the  beneficial  action  of 
soaps  in  removing  them  in  psoriasis.  Hot  tar  baths  or 
tar  well  rubbed  into  the  patches  before  an  ordinary  hot 
bath  is  taken  will  often  be  found  helpful. 

To  aid  in  the  removal' of  accumulated  scales  from  the 
scalp,  it  is  advisable  to  apply  freely  a  mixture  containing 
salicylic  acid  and  olive  oil  in  the  proportion  of  one  part  of 
the  former  to  eight  of  the  latter.  After  the  mixture  has 
been  well  rubbed  in,  it  should  be  allowed  to  soak  into  the 
parts  for  some  time  before  it  is  finally  washed  away.  The 
addition  of  formalin  to  this  mixture  (two  and  a  half  min- 
ims to  each  ounce)  seems  to  heighten  its  beneficial  efEect. 
If  a  milder  application  is  desired,  the  addition  of  twenty 
grains  of  salicylic  acid  to  one  ounce  of  simple  ointment 
will  be  found  to  answer  satisfactorily. 

In  my  own  experience  with  the  treatment  of  psoriasis 
of  the  scalp,  the  ammoniate  of  mercury,  preferably  in 
salve  form,  has  proven  the  most  useful  remedy.  The 
following  are  some  of  the  formulae  used :  (1)  IJ  Hg.  am- 
moniat.,  3  ss.-i. ;  TJng.  simp.  (seu.  Ung.  aq.  ros.),  %  i.  M. 
Rub  well  in  at  night.  (3)  I^  Ung.  hg.  ammon.,  ol.  oliv., 
aa  I  ss.  M.  Sig. :  Use  at  night.  If  there  is  not  much 
irritation,  Ung.  hg.  ammon.  (U.  S.  P.)  may  also  be  used. 

These  mercurial  preparations  can  be  employed  only  on 
a  limited  portion  of  the  general  cutaneous  surface,  as 
there  is  always  some  risk  of  inducing  salivation  if  the 
drug  is  too  extensively  applied. 

I  have  used  the  following,  but  it  produced  slight  ptya- 
lism:  IJ  Hg.  ammon.,  gr.  xl. ;  acid,  salioyl.,  3  i. ;  Ung.  zn. 
ox.,§i.  M.  Sig. :  Apply  well  morning  and  night.  This 
ointment  may  be  considered  perfectly  safe  if  it  is  applied 
over  a  limited  area. 

When  there  is  a  more  general  involvement  of  the  skin, 
chry  sarobin  in  salve  form  is  the  best  local  remedy.  Chry- 
sophanic  acid  is  much  weaker  in  its  action,  and  I  have 
abandoned  its  use.  Chrysarobin  usually  exerts  its  best 
action  when  its  characteristic  dermatitis  is  produced. 
Under  its  action  the  skin  becomes  deep  red,  almost  lilac 
in  color,  hot,  and  itches.  The  subsiding,  clearing  patches 
stand  out  as  gray -white  and  uninflamed  upon  this  red- 
dened surface.  The  proneness  of  chrysarobin  to  cause 
irritation  precludes  its  use  on  the  scalp  or  face,  for  fear 
that  this  irritation  may  involve  the  eyes. 

The  most  useful  salve  is  the  folio  wing:  ^  Chrysarobin, 
3ss.-ij.;  Ung.  zn.  ox.,  §i.  M.  Sig.:  Rub  well  in 
patches  freed  of  scales  at  night— leave  some  on.  To  this 
may  be  added  acid,  salicylic,  3  ss.-i.,  which  often  in- 
creases its  efEect. 

The  varnishes  so  frequently  employed  in  affections  of 
the  skin  seem  to  interfere  with  the  action  of  the  drugs 
contained,  but  occasionally  a  varnish  containing  chryso- 
phanic  acid  has  proved  somewhat  beneficial  in  the  treat- 
ment of  psoriasis.  -  ,     ,i  ^  t. 

The  following  formulse  have  been  found  useful:  (1)  IJ 
Chrysarobin.,  gr.   xv.-3i. ;   liq.  gutt.  perchse,  §  i.     M. 


Sig. :  Shake.  Paint  on  patches  freed  of  scales.  (2)  I^ 
Acid,  chry  sophanic,  3i. ;  collodii  fiex.,  §  i.  M.  Sig.: 
Paint  on.     (3)  I^  Chrysarobin.,   3  i. ;  collodii,  §i.     M. 

Lanolin,  when  used  as  the  base,  makes  a  more  adhesive 
ointment,  but  the  zinc  oxide  salve  seems  to  prevent  severe 
irritation.  It  is  customary  to  suspend  the  chrysarobin 
treatment  upon  the  appearance  of  marked  dermatitis,, 
but  if  this  is  not  severe  the  use  of  the  drug  may  be  con- 
tinued. To  relieve  this  dermatitis,  one  of  the  follow- 
ing preparations  may  be  employed  after  suspending  the 
chrysarobin:  (1)  ^  Zn.  ox.  pulv.,  3  iv. ;  phenol,  (ninety- 
flve  per  cent.),  31.;  amyli  pulv.,  31].;  aq.,  J  iv.  M. 
Sig.:  Shake;  apply  often.  (3)  I?  Zn.  ox.  pulv.,  3ij.; 
amyli  pulv.,  3  i. ;  ol.  oliv.,  5  ij.    M.    Sig. :  Shake ;  apply. 

Pyrogallic  acid  at  one  time  was  considered  a  good 
second  to  chrysarobin  as  regards  its  efficacy  in  the  treat- 
ment of  psoriasis ;  and  it  may  still  be  found  an  efficient 
remedy.  The  following  is  a  suitable  form  in  which  it 
maybe  employed:  IJ  Acid,  pyrogallic,  3  ss.-ij. ;  Ung. 
zn.  ox.,  §i.  M.  Sig.:  Use  in  the  same  manner  as  the 
chrysarobin  ointment,  and  in  those  cases  in  which  the 
chrysarobin  ointment  proves  too  irritating. 

The  tar  preparations  have  proven  useful  in  some  cases, 
especially  where  the  skin  will  not  bear  stronger  treat- 
ment. The  following  are  convenient  formulae :  (1)  I{  01. 
cadenii,  3  ij.;  acid,  pyrogallic,  3i. ;  ether,  sulphuric, 
alcohol,  aa  |  i.  M.  Sig. :  Apply  night  and  morning. 
(3)  1}  Picis  liq.,  3i.-ij.;  Ung.  zn.  ox.,  Ung.  diachyli,, 
aa  §  ss.  (or  omit  the  diachylon).  M.  Sig. :  Rub  well  in 
once  or  twice  a  day.  Leave  on.  (3)  §  Picis  liquid., 
3iii.-iv. ;  acid,  salicyl.,  3  i. ;  Ung.  zn.  ox.,  |  iv.  M. 
Sig. :  Apply  in  the  usual  manner. 

In  the  employment  of  these  difEerent  remedial  pro- 
cedures it  is  well  to  remember  that  a  lotion  must  be  re- 
applied so  often  that  the  parts  will  be  kept  constantly  cov- 
ered with  the  fluid ;  that  a  varnish  must  be  re-applied  as 
soon  as  it  peels  ofE ;  that  a  salve  must  be  well  rubbed  in, 
and  a  sufficient  quantity  must  always  be  left  on  to  keep 
the  drugs  in  continuous  action  upon  the  skin ;  and,  finally, 
that  soap  and  baths  and  other  scale-removing  measures 
must  be  employed  often  enough  for  the  attainment  of  the 
object  desired.  Then,  when  all  this  has  been  done,  the 
patient  will  probably  still  have  some  psoriasis,  or  a  new 
attack  will  supersede  the  old  one,  and  the  only  certain 
hope  of  an  end  to  the  disease  is  such  as  is  offered  by  his 
decease.  M.  B.  Hutchins. 

PTERYGIUIVI.    See  Conjunctiva,  Diseases  of . 

PTOMATNS. — Ptomalns  are  basic,  nitrogenous  organic 
substances  produced  by  bacteria. 

The  first  writer  to  suggest  the  probability  of  the  forma- 
tion of  a  poison  coming  within  the  above  definition  dur- 
ing putrefaction  seems  to  have  been  Kastner  {Areh.f. 
gesam.  Naturlehre,  1834,  Bd.  i.,  448,  488;  Bd.  ii.,  499), 
who  advanced  the  hypothesis  that  poisonous  sausages 
contained  an  "alkaloid  of  decay"  (Mbderalkaloid)  com- 
bined with  an  organic  acid. 

In  1852  Schlossberger,  in  an  extended  paper  upon  the 
sausage  poison  {Arch.  f.  physiol.  Heilk.,  Erganzhft., 
1853)  supposed  "  the  poisonous  substances  occurring  in 
sausages  and  cheese  to  be  organic  bases,  which  have 
their  origin  in  the  decomposition  of  the  protein  materials 
rich  in  nitrogen,  under  certain  conditions."  He  sup- 
ported this  hypothesis  by  the  following  observations:  (1) 
When  ammonia  is  produced  in  considerable  amount  by 
the  decomposition  of  animal  or  vegetable  substances,  it 
is  accompanied  by  volatile  bases;  (3)  by  the  action  of 
dilute  potash  upon  poisonous  sausages,  much  ammonia, 
accompanied  by  a  peculiar  repulsive  odor,  is  given  ofE ; 
(3)  the  physiological  action  of  the  putrid  poison  is  very 
similar  to  those  of  the  known  volatile  alkaloids  nicotin, 
coniln,  spartein,  and  to  those  of  the  artificial  amid,  imid, 
and  n'itril  bases  of  Hofmann;  (4)  one  of  these  bases, 
trimethylamin,  is  contained  in  herring  pickle. 

Four  years  later  (1856)  Panum  was  probably  the  first 
to  obtain  a  ptomain,  although  in  an  impure  condition, 
and  to  demonstrate  that  the  putrid  poison  is  a  chemical 
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substance  and  not  a  living  organism  ("  Bibl.  for  Laeger 
1856-  Schmidt's  Jahrb.,  1859,  ci.,  313;  Arch.  f.  path. 
Anat  1874,  Ix.,  338-353).  This  substance  was  described 
by  Pa'num  as  being  soluble  in  water,  from  which  it  was 
precipitable  by  alcohol ;  capable  of  extraction  from  pu- 
trid meat,  and  not  identical  with  any  of  the  known  odor- 
ous products  of  putrefaction.  It  is  capable  of  withstand- 
ing a  boiling  temperature,  evaporation,  and  the  influence 
of  absolute  alcohol,  conditions  inconsistent  with  the  pres- 
■ence  of  organized  life. 

In  1866  Beuce  Jones  and  Dupre  obtained  from  animal 
matters  a  substance  which  they  called  "animal  chi- 
noidine,"  which  gave  precipitates  with  the  general  re- 
agents for  the  alkaloids  then  known,  and  whose  solution 
exhibited  a  blue  fluorescence  {Med.  Times  and  Oaz.,  1866, 
163).  In  1868  Bergmann  and  Schmiedeberg  obtained 
from  putrid  blood  a  small  quantity  of  a  crystalline  sub- 
stance, which  was  poisonous  to  dogs  and  to  frogs,  and  to 
which  the  name  "sepsine"was  applied  (ilf«d  Oentralbl, 
1869,  497).  In  1869  Zuelzer  and  Sonnenscheln  obtained 
fi-om  cadavers  a  crystalline  substance  having  physiologi- 
■cal  actions  resembling  those  of  atropin  (Berl.  klin. 
WocJienschr.,  1869,  vi.,  131). 

Between  1873  and  1878  Selmi  published  an  extended 
series  of  observations  upon  the  reactions  and  properties 
of  putrid  products,  without,  however,  having  deter- 
mined their  chemical  composition ;  and  in  1875  proposed 
the  name  "ptomain,"  written  by  some  recent  German 
authors,  "ptomatine,"  derived  from  the  Greek,  nrafia, 
i.e.,  that  which  is  fallen;  a  corpse.  The  contributions 
of  Selmi  and  his  Italian  followers — Morrigia  and  Battls- 
tini,  Trottarelli,  Raffaele,  Ziino,  Albertoni  and  Lussana, 
Paterno,  Spica,  Brugnatelli  and  Zenoni,  Bocci,  Guareschi 
and  Mosso,  and  Monari — have  been  numerous  and  impor- 
tant. It  remained,  however,  for  Nencki  and  his  pupil 
Brieger  to  determine  the  chemical  character  of  these  com- 
pounds. The  former  was  the  first  to  establish  the  com- 
position of  a  ptomain  by  the  analysis  of  a  base  having 
■the  formula  CsHuN,  probably  a-phenyl-ethylamln,  in 
1876.  The  latter,  in  the  most  important  researches  upon 
the  chemistry  of  the  ptomains  ("Ueber  Ptomaine,"  i., 
1885;  ii.,  1885;  iii.,  1886;  Berl.  klin.  Wochenschr.,  1890, 
xxvii.,  241,  267,  1183),  established  the  constitution  of  a 
number  of  the  putrid  liases. 

The  ptomains  have  been,  and  still  are,  frequently  re- 
ferred to  as  "animal  alkaloids,"  a  designation  which  is 
misleading  and  improper  for  two  reasons:  They  are  not 
necessarily  produced  from  animal  substances,  but  many 
are  formed  by  putrefaction  of  vegetable  proteins ;  nor 
are  they  usually  the  products  of  animal  metabolism,  as 
are  their  relatives,  the  leucomains.  Only  a  few  of  them 
are  known  to  be  alkaloids  in  the  present  acceptation  of 
the  term,  i.e.,  basic  substances  derived  from  heterocyclic 
nuclei  containing  but  one  nitrogen  atom  in  any  nucleus. 
The  great  majority,  and  those  best  known,  are  of  much 
simpler  molecular  structure,  and  are  monamins,  diamins, 
guanidins,  hydramins,  betains,  or  amido-acids.  It  will 
be  observed,  therefore,  that  the  designation  "  ptomain  " 
applies,  not  to  the  individuals  of  a  distinct  class  of  chemi- 
cal compounds,  but  rather  to  the  bacterial  origin  of  mem- 
bers of  several  different  chemical  functions,  which  may 
also  be  produced  by  synthetic  methods,  having  in  com- 
mon only  the  two  qualities  that  they  contain  nitrogen 
and  are  basic.  Strict  regard  for  the  derivation  of  the 
name  would  limit  its  applicability  to  ptomains  produced 
by  saprophytic  bacteria,  either  outside  of  the  living  body 
or  within  it,  as  in  intestinal  putrefaction  or  in  gangrene ; 
but  it  is  now  applied  also  to  the  basic  products  of  para- 
sitic bacteria,  the  "toxins"  of  Brieger. 

Some  of  the  ptomains,  as  the  diamins  and  the  lower 
terms  of  the  monamin  series,  are  either  non-poisonous  or 
poisonous  only  in  very  large  doses.  Others,  and  notably 
those  formed  by  pathogenic  bacteria,  are  actively  poison- 
ous When  It  had  been  found  that  pathogenic  bacteria 
produced  in  culture  media  and  in  the  living  body  definits 
basic  substances,  such  as  Brieger's  tetanin,  Avhich,  when 
injected  into  animals,  produced  symptoms  similar  to 
those  caused  by  the  bacteria  themselves,  it  was  inferred 
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that  the  manifestations  of  the  disease  were  caused  by 
these  ptomains.  It  has  been  shown,  however,  that  the 
basic  substances  obtained  from  cultures  of  the  tetanus 
bacilli,  for  example,  are  vastly  inferior  in  toxic  potency 
to  the  bacteria-free  cultures  themselves.  The  inference 
is  plain  that  the  bacteria  produce  other  substances  more 
actively  toxic  than  the  ptomains,  and  it  is  now  considered 
as  proven  that  the  basic  bacterial  products  play  but  a  sec- 
ondary part  in  the  production  of  the  manifestations  of 
disease  caused  by  bacteria,  while  these  other  substances, 
the  "toxins,"  concerning  whose  chemistry  but  little  is 
known,  beyond  the  facts  that  they  are  non-basic,  and 
that  some  are  possibly  proteins,  while  others  are  certainly 
not,  are  the  essential  bacterial  poisons. 

While  the  toxins  are  in  all  probability  synthetic  prod- 
ucts, the  ptomains  are  undoubtedly  decomposition  prod- 
ucts derived  from  the  proteins  or  from  complex  phos- 
phorus-containing organic  substances,  either  by  simple 
cleavage  or  by  hydrolysis,  and  many  of  them  are  thus 
produced  from  the  parent  substances  by  agencies  other 
than  bacterial  life.  Cholin  is  thus  produced  from  the 
lecithins  by  hydrolysis  by  barium  hydroxid ;  the  amido 
acids  and  indole  and  skatole  are  similarly  formed  from 
the  proteins ;  the  pyridin  bases  are  found  in  oil  of  Dip- 
pel,  produced  by  the  dry  distillation  of  bones;  and 
arginin,  the  most  abundant  of  the  hexon  bases,  formed 
by  the  action  of  hydrochloric  acid  and  tin  chlorid  upon 
the  proteins,  yields  putrescin  on  further  decomposition. 

As  the  process  of  putrefaction  is  a  gradual  and  pro- 
gressive one,  different  basic  products  ai'e  produced  at 
different  stages,  and  bases  obtainable  in  considerable 
amount  during  the  first  days  of  putrefaction  will  have 
more  or  less  completely  disappeared  at  a  later  stage, 
when  other  bases,  not  previously  present,  will  have  made 
their  appearance.  The  nature  of  the  bases  (as  well  as  of 
other  products)  produced  varies  also  with  those  condi- 
tions which  modify  the  progress  and  nature  of  putrefac- 
tive changes,  viz. :  (1)  The  kind  of  bacteria,  particularly 
whether  aerobic  or  anaerobic,  and,  consequently,  the  ac- 
cess or  non-access  of  air;  (2)  the  nature  of  the  protein 
undergoing  decomposition ;  (3)  the  temperature ;  (4)  the 
degree  of  moisture.  It  is  also  probable  that  in  cadaveric 
putrefaction  the  nature  of  the  ptomains  produced  is 
influenced  by  the  results  of  the  simultaneous  changes 
which  the  carbohydrate  and  fatty  constituents  undergo ; 
as,  for  example,  in  the  formation  of  adipocere. 

As  the  ptomains  represent  several  different  classes  of 
chemical  compounds,  no  general  characters  other  than 
those  above  indicated  can  be  ascribed  to  them.  Nor  can 
it  be  expected  that  they  should  exhibit  any  qualities  or 
reactions  which  could  serve  to  distinguish  them  as  a  class 
from  other  compounds. 

Although  the  chemical  constitution  of  many  of  the 
ptomains  remains  to  be  determined,  that  of  quite  a  num- 
ber has  been  established,  suflScient  to  warrant  their  classi- 
fication, so  far  as  possible,  according  to  chemical  function. 
Such  a  classification  is  here  attempted. 

TyloTSAMms.—Methplamin,  CHs.NHj,  and dimethylamin, 
(CHa)3 :  NH,  gases,  and  trimethylamin  (CH3)3  :.N,  a  liquid, 
boiling  point  9°,  have  long  been  known  to  exist  in  htr- 
ring  brine,  and  together  constitute  the  greater  part  of  the 
commercial  "trimethylamin,"  prepared  by  distillation  of 
beet-sugar  vinasse.  They  are  also  formed  during  the  de- 
composition of  fish  and  of  a  number  of  other  animal  and 
vegetable  substances.  Trimethylamin  occurs  naturally 
in,  or  is  easily  liberated  from,  cod-liver  oil,  ergot,  cheno- 
podium,  yeast,  guano,  human  urine,  the  blood  of  the 
calf,  and  many  flowers.  It  probably  originates  from  the 
decomposition  of  cholin  (see  below),  from  which  it  may 
be  obtained,  along  with  glycol,  by  the  action  of  caustic 
potash :CHaOH.CH,N  :  :  (OH)  (CH3)3=  CH.OH.CH^OH 
-j-  N(CHs)3.  All  three  of  these  bases  have  the  odor  of  stale 
fish,  are  very  soluble  in  water,  forming  strongly  alkaline 
solutions  of  hydroxids,  and  soluble,  deliquescent  hydro- 
chlorids.  Each  forms  a  platinochlorid,  easily  soluble  in 
hot  but  sparingly  soluble  in  cold  water,  and  a  readily 
soluble  aurochlorid.  They  are  practically  non-poison- 
ous. 
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Ethylamin,  C2H5.NH3,  diethylamiit  (CaHo)^ ;  NH,  and 
triethylamiii  {CJiiisN ,  are  strongly  alkaline,  oily  liquids, 
boiling  points,  18°,  56°,  89",  which  accompany  the  methyl- 
amins  in  herring  pickle,  beet-sugar  vinasse,  and  the 
products  of  putrid  fish,  yeast,  and  gluten.  Their  hydro- 
chlorids  and  platiuochlorids  are  easily  soluble  in  water. 
They  are  practically  non-poisonous. 

Propylamin,  probably  the  iso-compound  (CH3)ii:CH.- 
NHj,  boiling  point  33°,  butylamin  (iso?),  (CH3)a: 
CH.CH2.NH2,  boiling  point  68°,  iso-amylamin,  (CHa)^: 
CH.CHa.CH2.NH2,  boiling  point  95°,  and  a  Jiexylamin 
<CH8)2:CH.(CH2)3.NH2,  are  colorless,  strongly  alkaline 
liquids  occurring  in  cod-liver  oil,  beet-sugar  vinasse,  and 
decomposing  yeast.  The  amyl  compound  is  actively 
poisonous. 

Nencki's  base,  CsHnN,  obtained  from  a  mixture  of 
pancreas  and  gelatin  after  five  days'  putrefaction  at  40°, 
seems  to  have  been  /3-phenyl-ethylamin,  CeHB.CHa.CHj.- 
NHs,  boiling  point  197°  The  free  base  is  oily,  has  a  pe- 
culiar, not  disagreeable  odor,  absorbs  carbon  dioxid  from 
the  air  to  form  a  crystalline  carbonate,  and  forms  a  spar- 
ingly soluble  platlnochlorld,  crystallizing  in  long  flat 
prisms.  Its  aurochlorid  is  a  yellow  oil,  which  is  rapidly 
decomposed  by  reduction.  A  base,  probably  identical 
with  this.  Is  formed  by  decomposition  of  ^-phenyl-a- 
amido  propionic  acid,  or  phenyl  alanin,  CeHjCHj.- 
CHiNHj).  COOH,  itself  a  product  of  putrefaction  (see 
below). 

Mydin,  CeH,iNO,  is  a  base  obtained  by  Brieger  from 
human  cadaveric  matter  which  had  been  in  putrefac- 
tion four  months  at  a  temperature  from  -|-  5°  to  —  9° 
in  closed  vessels.  The  free  base  is  strongly  alkaline, 
has  an  ammoniacal  odor,  and  is  a  strong  reducing  agent, 
and  therefore  forms  no  stable  aurochlorid.  Its  platino- 
chlorid  is  very  soluble.  This  base  is  believed  to  be 
j3-oxyphenylethylamin,  HO.CeH4.CH2.CH2.NH2,  derived 
from  the  decomposition  of  tyrosin,  which  is  p-oxy- 
phenyl-alanln,  HO.C6H4.CH2.CH(NH2).COOH,   by  loss 

of  CO2. 

DiAMiNS.  —  Tetramethylenediamin,  H2N. CH2. CHj. - 
CH2.CH2.NH2;  putrescin—i&  one  of  several  diamins 
which  were  found  by  Brieger  to  be  products  of  putrefac- 
tion. It  is  formed,  along  with  penta-  and  hexamethy- 
lenediamin,  during  the  putrefaction  of  flsh,  muscular  tis- 
sue, gelatin,  and  other  animal  tissues,  appearing  about 
the  third  day  and  increasing  in  quantity  for  two  to  three 
weeks.  It  is  found  in  the  urine  and  faeces  in  cystinuria, 
in  amounts  proportionate  to  the  quantity  of  cystin  elim- 
inated (diaminuria),  and  also  in  cholera  stools.  Putrescin 
has  been  shown  to  be  a  diamin,  and  to  be  identical  with 
the  tetramethylenediamin  synthetically  prepared  by  La- 
denburg's  method,  although  with  methyl  iodid  it  yields 
only  a  tetramethylated  derivative,  but  no  hexamethy- 
lated  derivative. '  The  origin  of  putrescin  from  the  pro- 
teins occurs  through  the  hexon  base  arginin  ((5-guamdm- 
a-amido  valerianic  acid:  HN:  (NH2):.C.NH.CH2.CH2.- 
CH2.CH(NH2).COOH,  which  is  formed  from  the  protems 
by  tryptic  digestion.  Arginin  is  split  by  hydrolysis  mto 
urea  and  ornithln  (d-a-diamido  valerianic  acid),  and  or- 
nithin  has  in  turn  been  converted  into  putrescin,  by  loss 
of  carbon  dioxid,  by  bacterial  action: CHiCNHsXCHa.- 
CH2.CH(NH2).COOH  =  H2N.CH2.CH2.CH2.CH2.NH2  + 
CO2.  Putrescin  and  other  diamins  may  be  separated 
from  most  other  substances  by  taking  advantage  of  the 
formation  of  the  insoluble  dibenzoyl  compounds  which 
they  form  with  benzoyl  chlorid  in  presence  of  alkalies ;  a 
property  which  they  share  with  polyatomic  alcohols  and 
aldo-  and  keto-alcohols.  Its  dibenzoyl  compound  crystal- 
lizes in  plates  or  needles,  difficultly  soluble  in  alcohol,  in- 
soluble in  water.  .,,.,.  .  , 
The  free  base  is  a  clear,  rather  thin  liquid,  boiling  point 
156°-157°,  having  a  disagreeable,  seminal  odor,  strongly 
alkaline,  and  absorbing  carbon  dioxid  from  the  air  Its 
hydrochlorid  crystallizes  in  colorless  needles,  soluble  _m 
water,  insoluble  in  absolute  alcohol,  not  hygroscopic 
Its  platlnochlorld  and  aurochlorid  both  form  hexagonal 
plates,  difficultly  soluble  in  cold,  more  soluble  m  hot 
water.  Its  picrate  crystallizes  in  needles,  spanngly 
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soluble  in  water  or  in  cold  alcohol,  soluble  in  hot  alcohol. 
It  is  practically  non-poisonous. 

Pentamethylenediamin,  H2N.(CH2)6.NH2,  cadaterin,  is 
another  diamin  found  by  Brieger  to  accompany  putrescin 
as  a  product  of  putrefaction  of  muscular  tissue,  heart, 
lung,  liver,  and  other  animal  protein  material,  from  the 
third  day  to  four  months.  It  also  accompanies  putrescin 
in  the  urine  and  faeces  in  cystinuria,  and  in  cholera  stools. 
It  has  been  found  in  the  intestinal  contents  in  a  case  of 
intestinal  fistula,  and  is  probably  a  normal  product  of 
tryptic  digestion,  although  it  is  not  found  in  normal  fos- 
ces.  It  has  been  shown  to  be  identical  with  the  normal 
pentamethylenediamin  (formula  above)  prepared  by  La- 
denburg's  method.  Cadaverin  originates  through  the 
hexon  base,  lysin  (probably  a-e-diamido  caproic  acid, 
CH2(NH2).(CH2)3.CH(NH2).COOH,  from  which  it  is  pro- 
duced by  putrefaction,  as  putrescin  is  formed  from 
arginin.  Cadaverin  is  a  thick,  transparent  liquid,  hav- 
ing a  very  disagreeable  odor,  somewhat  resembling  that 
of  coniln ;  boils  a"t  175° ;  fumes,  and  absorbs  carbon  di- 
oxid rapidly  when  exposed  to  air,  being  converted  into  a 
crystalline  compound.  With  methyl  iodid  it  forms  a 
dimethylated  derivative.  Its  hydrochlorid  is  crystalline, 
deliquescent,  readily  soluble  in  water  and  in  dilute  alco- 
hol, but  insoluble  in  absolute  alcohol  and  in  ether.  Oa 
dry  distillation  it  splits  off  hydrochloric  acid  and  ammo- 
nium chlorid  and  forms  piperidin:  CBHi4Na.3HCl  =  HCl 
-j-NH4Cl-)-CiiHiiN,  an  instance  of  the  pyrogenic  origin 
of  a  cyclic  from  an  acyclic  compound,  of  an  alkaloid 
from  an  amin.  Its  platlnochlorld  forms  needles  or  short 
rhombic  prisms,  soluble  in  alcohol,  difficultly  soluble  in 
water.  Its  aurochlorid  crystallizes  in  cubes,  needles,  or 
plates,  easily  soluble  in  water.  Its  picrate  forms  plates, 
soluble  in  hot  water,  sparingly  soluble  in  cold  water  or 
in  alcohol.  Its  dibenzoyl  compound  crystallizes  in 
needles,  soluble  in  alcohol,  insoluble  in  water.  "With 
potassium  chromate  and  sulfuric  acid  it  gives  a  reddish- 
brown,  evanescent  precipitate.  It  is  practically  non- 
poisonous. 

Neuridin,  H2N.(C6H,„).NH2,  another  of  Brieger's  dia- 
mins, is  isomeric  with  cadaverin,  but  of  unknown  con- 
stitution. When  heated  with  caustic  potash  it  yields 
dimethylamin  and  trimethylamin,  a  decomposition  which 
shows  it  to  be  not  identical  with  amylamin,  with  which 
it  is  also  isomeric.  Indeed,  there  are  twelve  possible 
isomeres  of  this  amin.  Neuridin  is  produced,  along  with 
cholin,  during  the  first  stages  of  putrefaction,  particu- 
larly of  gelatinoid  substances,  and  increases  in  quantity 
as  putrefaction  advances,  while  the  quantity  of  cholin 
diminishes.  It  is  no  longer  present  after  fourteen  days. 
The  free  base  is  gelatinous,  and  decomposes  even  during 
evaporation  of  its  solution.  It  has  a  disagreeable,  sper- 
matic odor,  and  is  insoluble  in  absolute  alcohol  and  in 
ether,  difficultly  soluble  in  amylic  alcohol,  readily  solu- 
ble in  water.  It  forms  white  precipitates  with  mercuric 
chlorid  and  with  neutral  and  basic  lead  acetate.  Its 
hydrochlorid  crystallizes  in  long  needles,  and  is  very 
soluble  In  water,  insoluble  in  alcohol,  ether,  chloroform, 
petroleum-ether,  benzene,  or  amylic  alcohol,  except  in 
presence  of  other  animal  substances,  when  it  dissolves  in 
the  immiscible  solvents  mentioned.  Its  platlnochlorld 
forms  flat  needles,  soluble  in  water,  insoluble  in  alcohol. 
Its  aurochlorid  crystallizes  in  short  needles,  difficultly 
soluble  in  cold  water.  Its  picrate  forms  needles,  almost 
insoluble  in  water,  sparingly  soluble  in  alcohol.  When 
pure  it  is  non-poisonous.  .„       ^       . 

Savrin  is  another  diamin,  formed  along  with  putrescin, 
cadaverin,  and  mydalein,  during  the  putrefaction  of  glan- 
dular tissues.  Brieger  assigned  to  it  the  formula  Cettts- 
N2  but  it  is  now  believed  to  be  isomeric  with  cadaverin 
and  neuridin,  C5H.4N2.  It  is  distingmshed  from  cada- 
verin by  the  greater  solubility  and  different  crystalline 
form  of  its  platinochlorid,  bj^  the  absence  of  an  auro- 
chlorid by  the  permanence  of  its  hydrochlorid  m  air,  and 
by  its  failure  to  give  the  reaction  with  potassium  chro- 
mate and  sulfuric  acid.     It  is  non-poisonous.   _ 

Hexmiethylenediamin,  H2N.(CH2)6.NH2,  is  formed 
during  putrefaction  of  muscular  tissue  and  pancreas.     It 
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is  a  crystalline  solid,  fusing  at  40°  and  boiling  at  19o  . 
Its  platinochlorid  forms  rhombic  needles,  soluble  m  wa- 
ter sparingly  soluble  in  alcohol. 

Brieqer's  base,  CaHsNj,  isomeric  but  not  identical  with 
ethylenediamin,  H2N.(CH2)s.NH2,  and  supposed  to  be 
etliylidenediamin,  CHs.OHCNH,)^,  was  obtained  from  pu- 
trefying fish.  Its  liydrochlorid  crystallizes  in  long,  bril- 
liant needles,  easily  soluble  in  water,  insoluble  in  abso- 
lute alcohol.  It  does  not  form  an  aurochlorid.  Its 
platinochlorid  crystallizes  in  small  scales,  sparingly  solu- 
ble in  water.  This  base,  administered  hypodermically 
in  small  quantity  to  mice  and  guinea-pigs,  produces  in  a 
short  time  increased  secretion  of  the  nasal  mucus,  saliva, 
and  tears,  which  are  subsequently  temporarily  arrested, 
to  begin  again  later.  The  pupils  are  dilated  and  the 
globes  protruded.  There  is  marked  dyspnoea,  which 
continues  until  the  death  of  the  animal,  within  twenty- 
four  hours. 

Another  base  was  obtained  by  Brieger  in  very  small 
quantity  from  cultures  of  the  comma  bacillus,  which 
may  possibly  be  trimetliyUnediamin,  H2N.(CH2)3.NHa. 

Mydalein  was  obtained  by  Brieger  in  small  quantity 
after  seven  days'  exposure  to  air  of  putrefying  viscera, 
and  increased  in  amount  up  to  three  weeks.  The 
amount  obtained  was  insufficient  to  determine  its  com- 
position further  than  that  Its  platinochlorid  contained 
Pt  38.74,  C  10.83,  H  3.33  per  cent.,  from  which  the 
inference  is  drawn  that  It  is  a  diamin,  probably  contain- 
ing four  or  five  carbon  atoms.  Its  hydrochlorid  crystal- 
lizes with  greai;  difficulty,  and  is  very  hygroscopic.  Its 
platinochlorid  forms  needles,  very  soluble  in  water. 

This  base  is  actively  poisonous.  In  small  doses  in  rab- 
bits and  guinea-pigs  it  causes  greatly  increased  nasal  and 
lachrymal  secretion,  dilatation  and  insensibility  of  the 
pupils,  increased  body  temperature,  acceleration  of  respi- 
ration and  cardiac  action,  a  tendency  to  sleep,  and  in- 
creased peristalsis.  With  larger  doses  (less  than  0.005 
gm.)  the  increased  secretions  become  very  profuse,  the 
pupils  are  widely  dilated,  and  the  eyes  protruded.  The 
animal  falls,  the  posterior  extremities  being  first  para- 
lyzed, then  the  anterior,  and  there  occur  fibrillar  spasms 
of  various  groups  of  muscles.  Sometimes  the  animal 
springs  up  and  immediately,  falls,  making  faint  move- 
ments of  the  legs.  The  respiration,  at  first  very  fre- 
quent, becomes  slow  and  labored.  The  body  tempera- 
ture diminishes  gradually,  the  movements  become  more 
and  more  faint,  and  the  animal  dies  in  a  condition  of  so- 
por. The  heart  is  arrested  in  diastole,  and  the  intestines 
and  bladder  are  found  contracted  after  death. 

Spermin,  CaH6N(?),  a  base  of  uncertain  composition, 
but  probably  an  imin,  has  been  obtained  from  semen, 
testicles,  ovaries,  thyroid,  pancreas,  and  spleen,  and  from 
cultures  of  the  comma  bacillus.-  Its  phosphate  forms  crys- 
tals, known  as  Leyden,  BSttcher's,  or  Charcot's  crystals, 
which  are  met  with  in  anatomical  preparations  preserved 
in  alcohol,  in  dried  semen,  in'  sputa  and  nasal  secretions, 
in  the  blood,  spleen,  and  other  organs  of  leucocythaemics 
and  anffimics,  and  in  faeces.  These  crystals  are  insoluble 
in  alcohol,  ether,  or  chloroform,  difficultly  soluble  in 
water,  easily  soluble  in  dilute  acids  or  alkalies.  The  free 
base  forms  crystals,  which  rapidly  absorb  carbon  dioxid 
from  the  air,  are  readily  soluble  in  water  and  in  alcohol, 
insoluble  in  ether,  and  strongly  alkaline  in  reaction.  Its 
hydrochlorid  crystallizes  in  hexagonal  prisms,  very  solu- 
ble in  water,  insoluble  in  absolute  alcohol  or  ether.  Its 
platinochlorid  crystallizes  in  plates,  its  aurochlorid  in 
prisms.     It  is  non-poisonous. 

Triamins.— Guanldin  or  carbotriamin,  HN :  C :  (NH,)^, 
is  formed  by  oxidation  of  guanin,  but  is  not  a  ptomaln. 
Its  methyl  derivative,  Methyl-guanidinov  methyl-uramin 
HN:C:(NH5)(NH.CH!,),  which  is  a  product  of  oxidation 
of  creatin  and  of  creatinin,  was  obtained  by  Brieger  from 
horseflesh  which  had  undergone  putrefaction  at  a  low 
temperature  and  without  exposure  to  air  for  four  months, 
and  it  has  since  been  obtained  from  the  cultures  of  several 
species  of  bacilli.  It  is  undoubtedly  derived  from  cre- 
atin to  which  it  Is  closely  related.  It  is  a  colorless  im- 
perfectly crystalline,  highly  hygroscopic  and  strongly 
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alkaline  base.  Its  hydrochlorid  crystallizes  in  prisms, 
insoluble  in  alcohol.  Its  platinochlorid  forms  very  solu- 
ble needles.  Its  aurochlorid  crystallizes  in  short  rhombic 
prisms,  soluble  in  ether,  sparingly  soluble  in  water  and 
in  alcohol.  Its  picrate  crystallizes  in  needles,  sparingly 
soluble  in  water,  which  fuse  at  193°. 

In  guinea-pigs  methylguanidin  causes  copious  diar- 
rhoea and  increased  secretion  of  urine.  The  pupils  are 
dilated  and  insensible  to  light.  The  animal  remains  in 
one  position,  even  when  irritated,  but  soon  becomes  rest- 
less and  seeks  to  move  the  anterior  extremities,  while  the 
posterior  are  paralyzed.  The  respiration  becomes  pro- 
gressively deeper  and  more  labored,  and  there  is  marked 
dyspnoea.  The  legs  become  paralyzed,  and  the  animal 
falls  on  its  side  and  dies,  after  short,  general  clonic  con- 
vulsions. After  death  the  heart  is  found  in  diastole  the 
intestine  filled  with  fluid,  the  bladder  contracted,  the 
cortical  portion  of  the  kidneys  hypersemic,  and  the  papil- 
lary portion  pale. 

Hydkamins  ( Oa!^(»m«?i«). — These  are  derivatives  of  the 
dihydric  alcohols,  retaining  one  hydroxyl,  and  contain- 
ing one  amido  group,  more  or  less  modified  by  substitu- 
tion. The  ptomains  of  this  class  are  trimethylated 
quarternary  ammonium  hydroxids. 

Olwlin,  '  (CHjOH).  CHt,.  N :  :  (CHa)3(0H),  irimethylox- 
ethyla/mmonium  hydroxid,  was  originally  obtained  by 
Strecker  from  ox  bile  in  1849,  and  was  subsequently 
shown  by  Diakonow  to  be  derived  from  the  lecithins, 
which,  when  hydrolyzed,  yield  cholin,  phosphoglyceric 
acid,  and  fatty  acids.  It  is  now  known  to  be  very  widely 
distributed  in  both  animal  and  vegetable  organisms,  and 
it  is  one  of  the  first  of  the  ptomaifns  to  be  produced  by  a 
number  of  bacteria,  having  its  origin  undoubtedly  in  the 
decomposition  of  the  lecithins,  which  occur  in  almost  all 
animal  tissues,  and  are  very  prone  to  decomposition.  As 
putrefaction  advances,  cholin  gradually  disappears, 
partly  by  conversion  into  neurin,  or  possibly  into  mus- 
carin,  and  partly  by  more  complete  decomposition,  with 
formation  of  trimethylamin,  until  after  seven  days  It  is 
no  longer  present.  Cholin  is  a  syrupy,  highly  alkaline 
liquid  soluble  in  all  proportions  in  water,  which  absorbs 
carbon  dioxid  rapidly  from  air,  with  formation  of  a  crys- 
talline carbonate.  Its  chlorid  forms  highly  deliquescent 
needles,  very  soluble  in  water  and  in  alcohol,  insoluble 
in  ether,  chloroform,  or  benzene.  Its  platinochlorid 
crystallizes  in  prisms  or  in  plates,  readily  soluble  in 
water,  insoluble  in  alcohol  or  ether.  Its  aurocWorld 
crystallizes  in  prisms,  soluble  in  hot  water  or  In  alcohol, 
almost  insoluble  in  cold  water.  Its  picrate  forms  needles, 
soluble  in  water  and  in  alcohol.  It  is  not  poisonous  ex- 
cept in  large  doses,  when  it  produces  effects  similar  to 
those  of  muscarin. 

Neurin,  CHsiCH.N  :  :  (CH3)3(OH),  tnmethylvinylamr 
monium  hydroxid,  an  unsaturated  compound,  differing 
from  cholin  by  HjO  less,  was  obtained  by  Liebreich  from 
protagon,  and  has  been  obtained  from  brain  tissue  and 
suprarenal  capsule,  and  by  the  action  of  boiling  baryta 
water  upon  cholin.  It  was  found  by  Brieger,  along  with 
neuridin,  in  the  products  of  putrefaction  of  horseflesh  for 
five  or  six  days  at  the  temperature  of  incubation.  It 
may  originate  by  dehydration  of  cholin  or  by  decom- 
position of  lecithins,  in  whose  constitution  it  replaces 
cholin,  the  existence  of  which  is  probable.  The  free  base 
is  a  syrupy,  highly  alkaline  liquid,  soluble  in  water  in  all 
proportions,  and  decomposed  by  boiling  of  its  aqueous 
solution,  with  liberation  of  trimethylamin.  Its  chlorid 
crystallizes  in  needles,  hygroscopic,  and  very  soluble  in 
water  and  in  alcohol.  Its  platinochlorid  forms  octahe- 
dra,  almost  insoluble  in  water.  Its  aurochlorid  crystal- 
lizes in  prisms,  difficultly  soluble  in  water.  Its  picrate 
forms  long  needles,  sparingly  soluble  in  water  and  in 
alcohol. 

It  Is  actively  poisonous,  producing  effects  resembling 
those  of  muscarin.  When  administered  to  rabbits  it 
causes  movements  of  mastication,  accompanied  by  pro- 
fuse secretion  of  saliva,  which  is  at  first  thick  and  viscid, 
then  thin  and  alkaline.  The  Increased  secretion  of  saliva 
continues  until  the  terminaton  of  the  poisoning,  and  varies 
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in  degree  with  the  magnitude  of  the  dose.     Subsequently 
there  is  increased  secretion  from  the  Schneiderian  mucous 
membrane  and  the  lachrymal  glands,  the  latter  of  short 
duration.     The  respiratory  movements  are  at  first  more 
frequent  and  deeper  than  normal ;  the  extraordinary  re- 
spiratory muscles  are  brought  into  action,  the  head  is 
thrown  back,  and  the  nostrils  are  dilated.     These  symp- 
toms of  dyspnoea  alter  in  character  as  death  approaches,  in 
that  the  movements  become  irregular,  superficial,  and  less 
frequent.     The  heart's  action  immediately  after  the  injec- 
tion is  accelerated,  so  that  the  pulse  cannot  be  counted ;  in 
a  short  time  it  becomes  slower,  and  diminishes  constantly 
in  frequency.     The  pulsations  are  at  first  very  strong, 
but  subsequently  become  progressively  weaker  until  the 
heart  is  arrested  in  complete  diastole.     The  heart's  action 
continues  after  cessation  of  respiration.     Section  of  the 
vagi  has  no  influence,  and  the  heart  responds  to  artificial 
stimuli.     Occasionally  contraction  of  the  pupils  occurs, 
an  effect  which  almost  always  follows  an  application  of 
a  strong  solution  of  the  poison  to  the  eye.     Powerful 
peristalsis  is  an  early  symptom,  causing  an  uninterrupted 
voiding  of  matters,  at  first  consistent,  subsequentljr  wa- 
tery.   Ejaculation  and  dripping  of  urine  also  occur.     If 
the  abdomen  be  opened  at  this  stage,  tetanic  contractions 
of  greater  or  lesser  portions  of  the  intestine  are  seen. 
The  spleen  is  also  strongly  contracted.     Only  when  lethal 
doses  are  given  do  strong  clonic  convulsions  occur,  in 
which  the  animal  soon  dies.     These  convulsions  are  par- 
tially controlled  by  artificial  respiration,  but  they  soon 
recur.     Locomotion  is  interfered  with,  the  posterior  ex- 
tremities being  first  paralyzed,  then  the  anterior,  before 
the  beginning  of  the  convulsions.     In  cats  there  is  an_ in- 
creased secretion  of  alkaline  perspiration.     Atropin  is  a 
powerful  antidote ;  but  atropinized  animals  are  still  sub- 
ject to  the  action  of  the  poison.     "When  taken  by  the 
mouth  this  alkaloid  produces  the  same  effects  as  when 
administered  hypodermically,  but  ten  times  the  dose  is 
required. 

Musca/rin  (?),  CbHibNOs,  abase  having  the  above  com- 
position, and  corresponding  in  physiological  action  to  the 
musearin  which  occurs  in  toadstools  (agaricus,  boletus, 
araanita),  was  obtained  by  Brieger  from  putrefying  fish. 
It  foi-ms  a  deliquescent,  difficultly  crystallizable  chlorid ; 
a  platinochlorid  which  crystallizes  in  sparingly  soluble 
octahedra;  and  an  aurochlorid  which  forms  needles,  also 
difficultly  soluble  in  water.  It  is  not  certain  that  this 
base  is  identical  with  the  musearin  of  fungi,  or  that 
either  is  identical  with  the  "  synthetic  musearin  "  obtained 
by  oxidation  of  cholin.  The  last  named  undoubtedly  has 
the  constitution  sometimes  assigned  to  oxycholin,  and 
expressed  by  the  formula  CH,OH.CHOH.N::(CH3)3- 
(OH),  from  its  derivation  from  cholin:  CH5OH.CH3.N:: 
(CH3)3(OH). 

Brieger's  ptomain,  administered  in  very  small  quanti- 
ties to  frogs,  causes  total  paralysis,  and  arrest  of  the  heart 
in  diastole.  The  administration  of  atropin  to  frogs  un- 
der the  influence  of  this  base  revives  the  action  of  the 
heart,  and  the  effects  of  the  ptomain  are  not  observed 
in  atropinized  animals.  Minute  doses,  administered  to 
rabbits,  cause  greatly  increased  salivary  and  lachrymal 
secretions,  contraction  of  the  pupils,  profuse  diarrhffia, 
ejaculation,  voiding  of  urine,  and  death  after  convulsions 
of  short  duration.  ,  ^  j   .1     iu 

BbtaIns.— 'These  compounds,  closely  related  to  the 
hydramins,  are  anhydrids,  or,  more  properly,  lactams,  de- 
rived from  acids  corresponding  to  the  hydramins,  such 
as  (COOH).CH,.N::(CH3)3(OH)  (see  cholin),  by  ehmina- 
tion  of  H  from  COOH  and  OH  from  the  ammonium 
hydroxid  group.     Thus: 

\j\JKj 

Betdin     or    trimeihylaeetic  betdin—  \      \  ,  is 

CHj.JN  :  .(Crlsjs 
ranked  as  a  ptomain  because  of  its  occurrence  in  fresh 
poisonous  muscles  (which  undoubtedly  owe  their  toxicity 
to  bacterial  action)  and  among  the  products  of  putrefying 
gluten  It  was  first  obtained  from  beet  root  (whence  its 
name),  and  also  exists  in  malt,  in  cotton  seed,  and  in  a 
number  of  other  vegetables;  and  is  formed  by  several 


synthetic  methods,  as  by  the  interaction  of  monochlorace- 
tic  acid  and  trimethylamin. 

It  forms  large,  deliquescent  crystals,  with  one  molecule 
of  water  of  crystallization,  very  soluble  in  water  and  al- 
cohol. It  is  strongly  basic  and  forms  crystalline  salts. 
Heat  decomposes  it,  with  evolution  of  trimethylamin. 
Its  chlorid  forms  non-deliquescent  plates,  insoluble  in 
absolute  alcohol.  Its  platinochlorid  forms  soluble 
prisms;  and  its  aurochlorid  sparingly  soluble  plates  or 
needles.  It  is  non-poisonous. 
Mydatoxin,  CeHisNOa,  which  may  be  trimethylpropionic 
COO 
betdin,  |       "^---^  ,  or  the  corresponding  iso-com- 

CH,.CH,.N:.(CH3)3 
pound,  was  obtained  by  Brieger  from  decomposing  horse- 
flesh under  the  same  conditions  asmydin.  The  free  base 
is  a  strongly  alkaline  syrup,  which  crystallizes  in  vacuo, 
insoluble  in  alcohol  and  ether,  decomposed  by  distilla- 
tion. Its  chlorid  is  a  thin,  colorless  syrup,  which  forms 
no  double  salt  with  auric  chlorid,  and  with  platinic 
chlorid  a  very  soluble  double  salt  which  fuses  and  is 
decomposed  at  193°. 

Mydatoxin  is  not  very  actively  poisonous.  Adminis- 
tered subcutaueously  to  guinea-pigs,  the  chlorid  of  this 
base  causes  increase  in  the  frequency  of  the  respiration; 
at  first  contraction,  and  later  dilatation  and  insensibility, 
of  the  pupils ;  and  diminution  of  temperature  with  short 
chills.  Clonic  convulsions,  frequently  of  such  intensity 
that  the  animal  is  involuntarily  projected  forward,  recur 
at  short  intervals.  The  secretions  of  the  salivary  and 
lachrymal  glands  become  more  abundant.  The  body 
temperature  falls,  and  the  respiration  becomes  less  fre- 
quent. The  ears,  at  first  injected,  become  pale  and  cold. 
The  extremities  are  paralyzed.  The  cardiac  action  be- 
comes irregular  and  less  frequent.  Convulsions  are  pro- 
voked by  striking  upon  the  table  supporting  the  animal. 
Shortly  before  death  the  convulsions  become  less  strong, 
the  extremities  are  extended,  the  animal  falls  upon  its 
side  and  dies.  After  death  the  heart  is  found  arrested  in 
diastolf ,  the  intestines  are  strongly  contracted,  and  the 
bladder  is  empty  and  contracted. 

Myiilitoxin  CeHisNOa,  a  base  of  undetermined  consti- 
tution but  also  possibly  a  betain,  was  obtained  by  Brieger 
from  the  poisonous  mussels  which  caused  the  poisonings 
at  "Wilhelmshaven.  The  free  base  has  a  disagreeable 
odor  which  it  loses  on  exposure  to  air  and  at  the  same 
time  becomes  non-poisonous.  It  is  decomposed  by  heat- 
ing with  caustic  potash.  Its  chlorid  crystallizes  in  tet- 
rahedra  and  is  intensely  poisonous,  causing  the  same 
symptoms  as  do  the  mussels  (see  Vol.  IV.,  p.  189].  The 
aurochlorid  crystallizes  in  microscopic  cubes  which  fuse 
at  182". 

Amido  Acids.— The  amido  acids,  formed  by  substitution 
of  one  or  more  amido  groups  (NHO  for  hydrogen  in  the 
hydrocarbon  groups  of  other  acids,  are  not  usually  con- 
sidered as  ptomains,  probably  because  they  were  known 
as  products  of  the  decomposition  of  proteins,  by  putre- 
faction or  otherv.'ise,  long  before  Selmi  suggested  the 
name  "  ptomain  "  for  substances  which  he  considered  to 
be  alkaloidal.  Thus  tyrosin  was  found  to  be  a  product 
of  decomposition  of  casein  by  Liebig  in  1846 ;  and  Proust 
discovered  leucin  as  a  product  of  putrefaction  of  gluten 
and  of  cheese  in  1819.  But  these  bodies  contain  nitrogen, 
and  although  they  are  acids  by  virtue  of  their  carboxyl 
groups  (COOH),  they  are  also  distinctly  basic,  by  virtue 
of  their  amido  groups.  They  therefore  come  within  the 
limitations  of  the  class  of  ptomains  as  given  above. 
Among  the  diamido  acids  are  included  substances,  such 
as  lysin  and  ornithin,  and  among  their  guanidin  deriv- 
atives substances,  such  as  arginin  and  probably  histidm, 
which  although  not  ptomains,  so  far  as  is  known,  are 
products  of  the  earlier  steps  in  the  decomposition  of  the 
proteins,  and  intermediate  in  the  generation  of  some,  at 
least,  of  the  ptomains.  _  ^      -u^  ■     ^ 

The  amido  acids  of  the  acetic  series  may  be  obtained 
synthetically,  either  by  the  action  of  ammonia  upon  the 
monochloro  derivatives  of  the  acids,  or  by  the  action  of 
nascent  hydrogen  upon  the  cyano  derivatives,  as  well  as 
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by  other  methods.  Thus  glycocoll,  or  amido-acetic  acid, 
mav  be  derived  from  monoehloracetic  acid:  CH2CI.- 
COOH4-NH3  =  CH2(NH,).COOH  +  HCl,  or  from  cya- 
noformit  acid :  CN.COOH  +  3H..  =  CH.(NH.).COOH. 
Tliey  appear  to  be  practically  non-poisonous. 

BeUaamido-n-mlerianic  acid,  CH2(NIl2).(CH2)3.COOH, 
one  of  tlie  butalanins  (Salkowski's  base),  is  tlie  lowest 
term  of  the  series  which  is  known  to  be  a  putrid  product, 
and  is  formed  by  decomposition  of  fibrin  and  of  muscular 
tissue.  It  is  a  solid,  fusing  point  156",  very  soluble  in 
water.  Its  hydrochlorid  crystallizes  in  stellate  bundles, 
and  is  very  soluble  in  water  and  in  alcohol.  Its  platino- 
chlorid  is  soluble  in  hot  water,  difficultly  soluble  in  cold 
water  and  in  alcohol.  It  is  not  identical  with  the  amido- 
valeriauic  acid  obtained  by  Gorup-Besanez  from  ox 
pancreas,  or  produced  synthetically  from  monochloro- 
valerianic  acid,  as  it  does  not  form  precipitates  with  am- 
nioniaoal  silver  nitrate  or  with  cupric  acetate. 

Inacliiie-a-amido-isohutyl-aceiie  acid.  (CH3):  CH.2CH2.- 
*CH(NH2).C00H,  animal  leucin,  is  one  of  the  twenty- 
nine  isomeric  amido-caproic  acids,  or  Icucins,  whose  con- 
stitution is  demonstrated  by  its  formation  from  isovaleric 
aldehyd,  (CHs)!:  CH.CH2.CHO.  It  is  produced,  along 
with  tyrosin,  in  the  decomposition  of  proteins  with 
dilute  acids  or  alkalies,  by  putrefaction,  and  by  tryptic 
digestion.  It  is  found  in  the  cultures  of  the  bacillus  of 
malignant  oedema,  and,  along  with  tyrosin,  in  those  of 
anthrax  and  comma  bacilli,  and  in  the  products  of  de- 
composition of  fibrin  by  streptococci.  It  appears  to  exist 
also  as  a  normal  constituent  of  the  pancreas,  spleen,  thy- 
mus, lymphatic  and  salivary  glands,  liver,  and  kidneys. 
Pathologically  the  quantity  of  leucin  is  much  increased 
in  the  liver  in  diseases  of  that  organ,  in  typhus  and  in 
variola ;  in  the  bile  in  typhus ;  in  the  blood  in  leukaemia, 
and  in  yellow  atrophy  of  the  liver;  in  the  urine  in  yellow 
atrophy  of  the  liver,  in  typhus,  in  variola,  and  in  phos- 
phorus poisoning;  in  choleraic  discharges;  in  pus;  and 
in  the  fluids  of  dropsy  and  of  atheromatous  cysts.  It  is 
probable  that  leucin  exists  as  a  constituent  factor  of  the 
proteins,  and  is  split  off  during  their  decomposition,  as 
is  the  case  with  the  hexon  bases,  arginin  and  lysin,  both . 
of  which  are  related  to  it,  the  former  being  the  guanidin 
compound  of  a  diamido-valerianic  acid,  and  the  latter  a 
diamidocaproic  acid. 

Leucin  crystallizes  from  alcohol  in  pearly  plates ;  but 
is  more  usually  met  with  in  rounded  masses  of  closely 
grouped,  radiating  needles.  It  is  sparingly  soluble  in 
water,  almost  insoluble  in  alcohol  and  ether,  but  readily 
soluble  in  hot  water  or  alcohol.  It  is  odorless  and  taste- 
less, and  its  solutions  are  neutral.  It  dissolves  readily  in 
acids  and  in  alkalies,  forming  crystalline  compounds  with 
the  former.  It  fuses  without  decomposition,  and  sub- 
limes at  170°  Hydriodic  acid  under  the  influehce  of 
pressure  and  heat  decomposes  it  into  caproic  acid  and 
ammonia.  Its  hot  solutions  form  precipitates  with  hot 
solutions  of  cupilc  acetate ;  and  they  dissolve  cupric  hy- 
droxid,  but  do  not  reduce  it  on  boiling.  When  heated 
with  mercurous  nitrate  solution  it  liberates  metallic  mer- 
cury. 

Anddostearic  acid,  C18H35  (NHa)0.2,  has  been  found  by 
Schutzenberger  among  the  products  of  putrefaction  of 
muscular  tissue.  The  amido  acids,  CuHacNaOo  and  CjHjo- 
NiiOa,  obtained  by  the  same  experimenter,  are  probably 
mixtures.  The  former,  on  decomposition  by  caustic 
potash,  yields,  besides  ammonia,  potassium  carbonate, 
valerate  and  butyrate,  while  the  latter  under  like  treat- 
ment yields  caproate,  caprylate,  and  acetate. 

Schutzenberger  has  also  described  a  class  of  substances 
to  which  he  has  given  the  name  "leuceins,"  differing 
from  the  leucins  by  containing  two  hydrogen  atoms  less, 
possibly  amidoacrylic  acids.  Of  these  he  found  butyric 
leucein,  CiHr,(NH2)02,  and  valeric  leuceiu,  C  JI,(NH2)02 
among  the  products  of  putrefaction  of  muscular  tissue. 

Asparticacid,  or  amidosuccinic  acid,  C00H.CH(NH2).- 
^'^S?;!^!*-**^-^'  ^"'^  glutamic  acid,  or  amidoglutaric  acid, 
COOH.CH(NH.2).CH2.CH2.COOH,  although  known  as 
products  of  decomposition  of  proteins  by  the  action  of 
acids  and  in  tryptic  digestion,  have  not  been  found  to  be 
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products  of  putrefaction.  Schutzenberger  obtained  an 
amido  acid  having  the  formula  CsHieNO,,  which  yielded 
an  isomere  of  allylamin,  CHisN,  on  decomposition,  from 
putrefying  muscular  tissue,  and  Guareschi  obtained  a 
base,  CnHjoNjOi,  from  putrid  fibrin.  These  two  bases 
appear  to  be  amido  derivatives  of  dicarboxylic  acids,  al- 
though they  are  not  homologues  of  the  aspartic  series. 

Tyrosin,  or  p-oxyphenylalanin  (HO)(4)C6H4.CHs.CH- 
(NH2).C00H,  is  one  of  the  earliest  known  products  of 
decomposition  of  the  proteins,  and  is  formed  from  them 
by  the  action  of  proteolytic  enzymes,  by  putrefaction, 
and  by  the  action  of  acids  or  of  alkalies,  always  accom- 
panied by  leucin.  It  also  exists  normally  in  the  intes- 
tinal contents,  and  pathologically  in  the  urine..  It  has 
been  obtained  synthetically  from  phenyl-acetaldehyde, 
C6H6.CH2.CHO.  It  crystallizes  in  silky  needles,  ar- 
ranged in  stellate  bundles,  difficultly  soluble  in  cold 
water,  soluble  in  150  parts  of  hot  water,  insoluble  in  al- 
cohol or  in  ether,  rather  soluble  in  the  presence  of  acids 
or  of  alkalies.  It  is  not  poisonous.  Tyrosin  is  a  phenolic 
derivative  of  ji-phenyl-a-amidopropionic  acid,  C6H6.CH2.- 
CH(NH2)COOH,  or  phenylalanin,  which  is  also  a  product 
of  putrefaction. 

Alkaloids. — There  are  nine  ptomalns  known  which 
may,  with  more  or  less  reason,  be  called  alkaloids.  Of 
these  seven  are  pyridin  or  dihydropyridin  derivatives, 
related  to  the  bases  which  occur  in  bone  oil.  The  other 
two  are  benzopyrrole  derivatives. 

DeConinck'sbase,  CeHuN,  {a  eollidin?) -viaA  obtained, 
along  with  the  base  C10H15N,  from  putrid  jelly-fish  after 
one  to  two  weeks.  It  is  a  yellowish,  mobile  liquid,  hav- 
ing an  acrid  odor,  very  sparingly  soluble  in  water,  solu- 
ble in  ethylic  and  methylic  alcohols,  ether  and  acetone. 
Spec.  grav.  0.9865.  Boils  without  decomposition  at  302°. 
Turns  brown,  and  absorbs  water  rapidly  from  air,  but 
dose  not  appear  to  absorb  carbon  dioxid.  Its  hydro- 
chlorid forms  a  fine,  yellowish,  crystalline,  deliquescent 
mass,  very  soluble  in  water.  Its  platinochlorid  is  an 
orange-colored  powder,  almost  insoluble  in  cold  water, 
soluble  in  hot  water,  and  is  moderately  stable.  It  forms 
a  modified  platinochlorid  (CsHuN)  PtCL,  with  boiling 
water.  Its  aurochlorid  is  a  yellow  precipitate,  perma- 
nent in  the  cold.  It  forms  two  crystalline  mercuro- 
chlorids.  Its  iodomethylate  crystallizes  in  needles,  and 
is  colored  red  by  caustic  potash.  When  oxidized  by 
potassium  permanganate  it  yields  nicotinic,  or  ^-picolinic 
acid,  also  formed  by  oxidation  of  /3-picolin,  which  by  dis- 
tillation with  lime  yields  pyridin  (CsHbN).  This  base  is 
isomeric  with  Nencki's  base,  /3-phenyl-ethylamin  (see 
above),  and  appears  to  be  one  of  the  twenty-two  possible 
collidins,  the  third  superior  homologues  of  pyridin.  It 
is  not  a-propylpyridin,  or  conyrin,  a  product  of  the  ac- 
tion of  zinc  chlorid  and  heat  upon  conil'n,  which  boils  at 
165°-166°,  but  is  said  to  be  either  ;8-propyI-  or  /3-isopro- 
pylpyridin.  It  it  be  the  former,  CeHiNCCsH,)^,  it  is  that 
ptomain  which  most  nearly  approaches  the  constitution 
of  the  most  simply  constituted  of  the  vegetable  alkaloids, 
coniin,  which  is  o-propylpiperidin,2C6HioN(CsH,)(i). 

Oautier  and  Etard's  base,  CaHisN,  {a  pa/reoUn?)  was 
found,  along  with  the  base  CsHuN,  among  the  products 
of  the  prolonged  putrefaction  of  fish  and  of  horseflesh. 
It  is  an  amber-colored  liquid,  having  the  odor  of  haw- 
thorn, sparingly  soluble  in  water,  turning  brown  and 
resinous  in  air,  and  boiling  above  310°,  at  which  tem- 
perature it  also  decomposes  into  ammonia  and  a  substance 
having  a  phenolic  odor.  Its  platinochlorid  is  crystalline, 
flesh-colored,  sparingly  soluble  in  water,  and  decomposed 
by  light.  Its  aurochlorid  is  rather  soluble  in  water. 
Whether  or  not  this  base  is  one  of  the  fifty-seven  possible 
parvolins,  of  which  five  only  are  at  present  known,  re- 
mains to  jje  determined. 

OuarescM  and  Mosso's  base,  CioHibN,  (a  coridiii?)  was 
obtained  from  fibrin  after  five  months'  putrefaction.  It 
is  a  brownish  oil  with  a  faint  odor  of  pyridin  and  of  co- 
niin, sparingly  soluble  in  water,  strongly  alkaline,  and 
resinifies  rapidly  in  air.  Its  hydrochlorid  crystallizes  in 
thin,  colorless  plates,  slightly  deliquescent,  resembling 
cholesterin.     Its  platinochlorid  is  flesh-colored,  crystal- 
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line,  insoluble  in  water,  alcohol,  or  ether,  not  decomposed 
at  100°,  and  does  not  resinify.  The  same  base  was  also 
extracted  from  fibrin  after  eight  to  nine  months'  putre- 
faction. The  quantity  of  hydrogen  obtained  in  all  ana- 
lyses of  this  base  caused  the  authors  to  doubt  whether  its 
formula  should  not  be  CioHiaN,  in  place  of  CioHisN, 
which  would  make  it  an  isomere  of  tetrahydromethyl- 
quinolin.  On  dry  distillation  the  base  yields  ammonia 
and  a  liquid  boiling  at  200°,  which  had  a  composition 
neighboring  to  that  of  Gautier's  hydrocollidin.  Qautier 
and  other  chemists  called  this  base  corindin,  or  better, 
coridin,  a  name  already  given  by  Thenius  to  the  base 
OioHi6,N  which  he  extracted  from  coal  tar.  It  Is  not 
demonstrated  that  this  base  is  identical  with  Thenius'  base, 
which  boils  at  311°,  spec.  grav.  0.950;  whose  platino- 
chlorid  is  dark  orange,  sparingly  soluble  in  water,  alco- 
hol, and  ether;  and  whose  aui-ochlorid  is  dark  yellow. 
Guareschi  and  Mosso's  base  has  a  poisonous  action  re- 
sembling that  of  curare,  but  much  less  intense. 

De  Coninck  obtained  from  jelly-fish,  after  one  to  two 
weeUs'-putrefaction,  a  base  having  the  same  composition 
as  the  above,  which  forms  yellowish  needles,  which  be- 
comes viscid  and  resinous  in  air,  has  an  odor  which  is  not 
disagreeable,  spec.  grav.  1.18,  boiling  at  230°,  sparingly 
soluble  in  water,  soluble  in  alcohol,  ether,  and  acetone. 
Its  hydrochlorid  crystallizes  in  yellowish,  very  deliques- 
cent needles.  Its  platinochlorid  forms  a  reddish  powder, 
insoluble  in  water,  but  forming  a  modified  platinochlorid 
(CioHisN)  PtCli,  which  fuses  at  206°.  Gautier  considers 
this  as  identical  with  Guareschi  and  Mosso's  base.  It 
docs  not  seem,  however,  to  be  identical  either  with  tiiat 
or  with  Thenius'  base.  It  is  probable  that  each  of  the 
three  is  one  of  the  one  hundred  and  five  possible  coridins. 
The  formation  of  the  modified  platinochlorid  is  strong 
evidence  that  de  Coninck's  base  is  a  pyridiu  homologue. 

Qautier  and  Mourgues'  base,  CtHuN,  (a  diliydroluti- 
(ZjTi.^)  constitutes  about  one-ninth  of  the  bases  obtained 
by  them  from  brown  cod-liver  oil.  It  is  a  colorless  liquid, 
oily,  alkaline,  not  disagreeable  in  odor,  absorbs  car- 
bon dioxid  from  the  air,  lighter  than  water,  boiling  point 
199°,  and  sparingly  soluble  in  water.  Its  hydrochlorid 
crystallizes  in  flat  needles,  bitter  in  taste.  Its  nitrate 
reduces  silver  nitrate.  Its  platinochlorid  forms  a  silky, 
yellow  precipitate,  and  yields  the  modified  platinochlo- 
rid (CvHuN)  PtCU,  when  boiled  with  water.  Its  auro- 
chlorid  crystallizes  in  needles  or  in  lozenges.  The  base 
unites  with  methyl  iodid,  forming  a  colorless  iodomethyl- 
ate,  C7H11K.OH3I,  soluble  in  water  and  in  ether,  and 
having  a  disagreeable,  nauseous  odor.  Caustic  potash 
separates  from  it  a  colorless,  highly  alkaline  oil,  which  is 
said  to  be  dihydromethyllutidin.  When  oxidized  by  po- 
tassium permanganate  in  boiling  solution  it  gives  off  an 
agreeable  odor  of  coumarin,  and,  on  continuing  the  heat- 
ing at  100°  In  sealed  tubes,  a  methyl-carbopyridic  acid, 
C5Hs(CH3)N.COOH,  is  obtained.  That  this  base  is  a 
hydropyridic  compound  is  shown  by  the  action  with  sil- 
ver nitrate,  the  formation  of  the  modified  platinochlorid, 
ind  the  composition  of  the  iodomethylate.  The  forma- 
tion of  the  methylcarbopyridic  acid  shows  that  it  is  not 
one  of  the  three  ethyldihydro  derivatives,  but  one  of  the 
six  dimethyl  compounds. 

It  is  very  poisonous.  In  small  doses  it  diminishes  the 
general  sensibility.  In  larger  doses  it  causes  localized 
tremors,  particularly  in  the  head,  deep  depression,  with 
periods  of  extreme  excitement,  paralysis,  beginning  with 
the  posterior  extremities,  and  death. 

Qautier  andEta/rd'shase,0>Tliz^,  {a  dihydroeollidin?) 
was  obtained  from  the  products  of  the  prolonged  putre- 
faction of  fish.  It  is  an  oily  liquid,  having  a  tenacious 
odorof  hlac,  spec.  grav.  1.0296,  boiling  point  about  210°. 
In  air  it  absorbs  carbon  dioxid,  and  resinifies  rapidly.  It 
has  an  energetic  reducing  action.  Its  hydrochlorid  crys- 
tallizes in  needles,  soluble  in  water  and  in  alcohol.  Its 
platinochlorid  is  flesh-colored,  sparingly  soluble,  and  is 
decomposed  by  light  or  heat.  Its  aurochlorid  is  soluble 
and  reduces  easily.  It  was  supposed  by  Gautier  and  Etard 
to  be  identical  with  the  dihydroeollidin  obtained  by  Ca- 
hours  and  Etard  by  the  action  of  selenium  upon  nicotin ; 


but  as  that  base  boils  at  305',  and  is  lighter  than  water, 
it  is  inore  probably  an  isomere.  It  is  actively  poisonous. 
Even  in  small  doses  it  causes  vomiting,  staggering,  tetanic 
spasms,  followed  by  paralysis  and  death,  with  the  heart 
in  diastole. 

The  existence  of  the  base  Ci„H„N,  described  by  Grif- 
fiths,  requires  confirmation.  The  composition  is  that  of 
the  dihydrocoridins. 

Morrhuic  acid,  CgHisNOs,  was  obtained  by  Gautier  and 
Mourgues,  along  with  the  bases  elsewhere  referred  to, 
from  brown  cod -liver  oil,  It  is  oily  or  resinous,  but  crys- 
tallizes in  flat  prisms,  or  lozenges  on  standing.  It  has 
an  odor  resembling  that  of  seaweed.  It  is  both  acid  and 
base,  and  decomposes  the  carbonates.  It  forms  no  pre- 
cipitate with  cupric  acetate,  even  on  boihng.  Distilled 
with  lime,  it  yields  an  oily,  alkaline  base,  which  forms  an 
iodomethylate  with  methyl  iodid.  It  is  a  pyridin  deriva- 
tive, and  is  supposed  by  Gautier  and  Mourgues  to  be  a 
monocarboxyhc  oxyacid,  CsHsN(0H)(C3H«.C00H),  de- 
rivable from  a  dihydropropylpyridin.  It  is  said  to  yield 
a  monobasic  acid  on  oxidation,  but  it  is  such  itself. 

Indole,  C8H7N,  is  benzopyrrole,  theoretically  formed 
by  fusion  of  a  pyrrole  ring,  C4H6N,  upon  a  benzene  ring, 
CiiHe,  with  loss  of  C2II4,  the  nitrogen  atom  occupying  a 
position  vicinal  to  the  benzene  ring.  It  is  one  of  the 
products  of  putrefaction  of  the  proteins  by  anaerobic 
bacteria,  occurs  in  the  cultures  of  the  comma  bacillus  and 
of  that  of  tetanus,  and  is  formed  in  the  intestine.  When 
produced  by  intestinal  putrefaction  it  is  partly  discharged 
in  the  fseces,  and  is  in  part  reabsorbed,  appearing  in  the 
urine  in  combination  with  sulfuric  and  glucuronic  acids 
as  the  so-called  urinary  indican.  It  crystallizes  in  large, 
shining,  colorless  plates,  having  the  disagreeable  odor  of 
naphthylamin,  sparingly  soluble  in  water,  soluble  in  al- 
cohol and  in  ether,  fuses  at  52"  and  distils  with  vapor  of 
water.  It  is  weak  base,  and  its  salts  are  decomposed  by 
boiling  water.  Its  aqueous  solution,  acidulated  with 
hydrochloric  acid,  is  colored  rose-red  by  potassium  ni- 
trite. By  fusion  with  caustic  potash  it  yields  anllin. 
Its  alcoholic  solution,  acidulated  with  hydrochloric  acid, 
colors  a  pine  shaving  red.  With  picric  acid  it  forms  a 
compound  crystallizing  in  red  needles.  With  sodium 
nitroprussid  and  alkali  it  produces  a  red -violet  color, 
which  changes  to  blue  with  acetic  acid  (Legal). 

Skatole,  C9H9N,  is  (3-methyl-indole.  It  accompanies 
indole  in  the  intestinal  contents  and  in  fseces,  in  which  it 
is  the  more  abundant  of  the  two,  and  is  also  formed  dur- 
ing putrefaction  of  the  proteins,  or  by  the  action  upon 
them  of  caustic  potash  in  fusion.  It  crystallizes  in  bril- 
liant plates,  fusing  point  95°,  insoluble  in  cold  water, 
less  soluble  than  indole  in  boiling  water,  soluble  in  alcohol 
and  in  ether,  has  a  strong  fsecal  odor.  Its  solution  in  con- 
centrated -hydrochloric  acid  is  violet.  Its  solution  in  sul- 
furic acid  is  colored  deep  purple  when  heated.  It  forms  a 
red,  crystalline  compound  with  picric  acid.  It  docs  not 
give  the  pine-shaving  reaction,  nor  the  red  color  with  acid 
and  nitrite,  and  with  Legal's  reaction  the  alkaline  solu- 
tion is  yellow,  and  turns  violet  with  acetic  acid  and  heat. 
Like  Indole,  it  is  in  part  reabsorbed  from  the  intestine 
and  eliminated  with  the  urine  in  combination  with  sul- 
furic and  glucuronic  acids.  Neither  indole  nor  skatole 
has  any  notably  toxic  action. 

PtomaIns  of  Uk  known  Constitution. — Moi'rlmin, 
CjsHjtNs,  and  aBellin,  C25ri32N4,  are  two  of  the  six 
bases  obtained  by  Gautier  and  Mourgues  from  brown 
cod-liver  oil,  the  former  constituting  about  one-third  of 
the  total,  and  the  latter  a  small  fraction.  Morrhuin  is  a 
thick,  yellowish  liquid,  having  the  odor  of  hawthorn  and 
of  lilac,  lighter  than  water,  in  which  it  is  sparingly  solu- 
ble, strongly  alkaline  and  caustic,  and  absorbs  carbon  di- 
oxid from  air.  Its  hydrochlorid  is  very  deliquescent. 
Its  platinochlorid  crystallizes  in  needles,  soluble  in 
water,  and  is  decomposed  by  heat.  Its  aurochlorid_  is 
soluble  in  water.  It  is  non-poisonous,  but  is  an  active 
diuretic.  Asellin  is  an  amorphous,  white  solid,  odorless 
in  the  cold,  but  fusing  and  giving  off  an  aromatic  odor 
when  heated.  It  is  almost  insoluble  in  water,  soluble  in 
alcohol  and  in  ether,  alkaline,  and  bitter  in  taste.     Its 
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salts  are  soluble  in  water.  Its  hydrochlorid  is  crystal- 
line •  its  platinochlorid  and  auroohlorid  are  unstable,  in 
smail  doses  it  produces  disturbances  of  respiration  and 
stupor  and  in  larger  doses  convulsions  and  death.  Pos- 
sibly tiie  former,  or  both,  of  these  bases  may  be  complex 

amido  acids.  j   ■■     -i,    ti 

Scomlyrin,  OnHssNi,  (not  to  be  confounded  with  the 
protamln  of  the  same  name  obtained  from  the  milt  of  the 
mackerel)  was  obtained  in  very  small  quantity  by  Gau- 
tier  and  Etardfrom  the  mother  liquors  of  their  alkaloidal 
bases,  above  referred  to.  Its  hydrochlorid  crystallizes  in 
needles,  soluble  in  water,  which  decompose  slowly  at 
100",  giving  off  an  odor  of  lilac.  Its  platinochlorid  crys- 
tallizes in  light  yellow  needles,  and  is  soluble  in  water. 

Brieger's  base,  CaHiaNO^,  isomeric  with  mydatoxin  and 
with  leucin,  and  probably  a  betai'n,  was  obtained  from 
telanus  cultures,  and  is  formed  by  decomposition  of  tet- 
anin,  CiHaoNsO,.  Its  platinochlorid  crystallizes  in 
plates,  soluble  in  water  and  in  alcohol,  fusing  point  197,° 
at  which  temperature  it  decomposes. 

Brieger's  bases,  CHitNOs.  Brieger  has  described  three 
bases  having  this  coniposition :  OaMnin,  from  putrid 
iish,  after  five  days;  typliotoxin,  from  cultures  of  the 
Koch-Bberth  bacillus;  and  an  unnamed  base  from  horse- 
flesh after  prolonged  putrefaction  at  low  temperature 
with  limited  access  of  air. 

OaMnin  (not  to  be  confounded  with  the  brown  sub- 
stance of  the  same  name  obtained  by  De  Jongh  from  cod- 
liver  oil),  obtained  from  the  mother  liquors  of  Brieger's 
"muscarin,"  forms  a  hydrochlorid  which  crystallizes  in 
thick  needles,  soluble  in  water,  insoluble  in  alcohol.  Its 
platinochlorid  crystallizes  in  scales,  sparingly  soluble  in 
water.  It  forms  no  aurochlorid.  It  appears  to  be  non- 
poisonous. 

Typliotoxin  is  a  strongly  alkaline  base.  Its  hydrochlo- 
rid is  deliquescent.  Its  platinochlorid  crystallizes  in 
needles,  easily  soluble  in  water.  Its  aurochloiid  crystal- 
lizes in  prisms,  difficultly  soluble  in  water,  fusing  point 
176°.  It  forms  a  difficultly  soluble  picrate.  With  Ehr- 
lich's  reagent  (sulfodiazobenzene)  it  immediately  gives  a 
yellow  color,  which  is  discharged  by  bases.  In  moderate 
doses  typhotoxin  causes  increased  flow  of  saliya,  and  ac- 
celeration of  respiration.  Latel-  there  is  loss  of  control  of 
the  muscles  of  the  extremities,  without  true  paralysis, 
the  animal  falling  upon  its  side.  The  pupils  gradually 
dilate  widely,  and  become  insensible.  Convulsions  do  not 
occur.  The  frequency  of  the  heart's  action  and  respira- 
tion gradually  diminishes.  During  the  entire  poisoning 
there  is  copious  diarrhoea.  After  death  the  heart  is 
found  contracted  in  systole,  the  lungs  are  highly  hyperse- 
mic,  the  other  organs  pale.  The  intestines  are  strongly 
contracted,  and  their  walls  pale. 

The  unnamed  base,  CvHivNOa,  crystallizes  in  very  de- 
liquescent plates,  and  has  a  faintly  acid  reaction,  but  it 
does  not  form  salts  with  bases,  and  does  not  respond  with 
Hofmeister's  reaction  with  ferric  chlorid.  It  is  not  an 
amido  acid.  Its  hydrochlorid  crystallizes  in  needles,  in- 
soluble in  absolute  alcohol.  Its  aurochlorid  crystallizes 
in  plates  or  in  needles,  difficultly  soluble  in  water,  fus- 
ing point  176°.  It  does  not  react  with  Ehrlich's  reaction, 
and  forms  no  picrate.  It  has  the  physiological  action  of 
curare.  A  base  having  this  composition  has  also  been  ob- 
tained by  Baginsky  and  Stadthagen  from  cultures  of  a 
bacillus  allied  to  the  Pinkler-Prior  spirillum. 

Tetanin,  CiaHaoNjOi. — Brieger,  in  his  earlier  experi- 
ments with  cultures  of  an  anaerobic  bacillus  found  by 
Nicolaier  in  earth  samples,  and  capable  of  producing 
symptoms  of  traumatic  tetanus  in  animals,  and  with  cul- 
tures of  the  same  bacillus  bred  by  Rosenbach  from  the 
wound  of  a  man  who  died  with  tetanus,  obtained  two 
bases  with  a  similar  physiological  action— tetanin  and 
tetanotoxin. 

Tetanin  is  a  yellow,  strongly  alkaline  syrup,  which 
gives  no  blue  color  with  ferric  chlorid  and  potassium 
ferricyanid.  Its  hydrochlorid  is  deliquescent,  and  forms 
an  easily  soluble,  crystalline  compound  with  phospho- 
molybdio  acid.  Its  platinochlorid  crystallizes  from  al- 
cohol in  light  yellow  plates,  very  soluble  in  water.     The 
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free  base,  or  its  hydrochlorid,  when  injected  into  inice  or 
guinea-pigs,  soon  causes  clonic  or  tonic  convulsions  of 
the  greatest  intensity,  which  terminate  in  death.  The 
course  of  the  poisoning  is  divisible  into  two  stages:  In 
the  first  the  animal  is  depressed  and  lethargic,  then  it 
suddenly  becomes  uneasy,  and  the  diaphragm  contracts 
energetically.  The  second  is  marked  by  convulsions, 
usually  tonic,  but  occasionally  clonic.  Death  occurs  fre- 
quently in  a  violent  convulsion.  Frogs  withstand  the 
action  of  the  poison  better  than  warm-blooded  animals, 
but  when  they  succumb  they  become  perfectly  rigid  in  a 
position  of  pronounced  opisthotonos.  Guinea-pigs,  when 
thoroughly  under  the  influence  of  the  poison,  exhibit  very 
clearly  the  characteristic  spasms  of  tetanus  in  the  human 
subject  and  marked  opisthotonos. 

Tetanotoxin,  CbHi,N(?),  is  a  volatile  substance,  boiling 
at  100°.  In  relatively  large  doses  it  produces  in  animals 
fibrillar  contractions  of  diverse  groups  of  muscles,  par- 
ticularly those  of  the  neck  and  face.  Motion  is  more  or 
less  interfered  with,  until  paralysis  is  established.  Con- 
vulsions increase  in  intensity,  attacking  groups  of  mus- 
cles very  violently.  The  animal  lies  with  the  head 
thrown  back  and  the  extremities  extended,  and,  when 
pressed  upon,  makes  movements  as  in  swimming.  Fi- 
nally the  animal  falls  upon  its  side,  and  dies  in  a  violent 
convulsion. 

Two  other  bases  have  subsequently  been  obtained  by 
Brieger  from  cultures  of  the  tetanus  bacillus,  both  of  un- 
known composition. 

Spasmotoxin,  which  forms  a  soluble  platinochlorid,  . 
fusing  point  310°,  causes  violent  tonic  and  clonic  convul- 
sions In  animals.  The  other  base,  unnamed,  forms  a  very 
deliquescent  hydrochlorid;  a  platinochlorid  which  crys- 
tallizes in  scales,  decomposed  at  240° ;  and  a  very  soluble 
aurochlorid  and  picrate.  It  produces  complete  tetanus, 
salivation,  and  lachrymation  in  animals. 

It  is  not  surprising  that  when  the  physiological  action 
of  these  bases  was  first  recognized  they  were  considered 
to  be  the  specific  poisons  produced  by  the  bacillus  of  tet- 
anus. But  it  has  been  shown  that  the  filtered  culture  is 
vastly  more  active  than  the  combined  bases,  and  that  the 
culture  contains  a  non-basic,  non-albuminous  toxin, 
which,  still  in  an  impure  condition,  has  a  lethal  toxicity 
estimated  at  0.23  mgm.  for  the  human  subject.  There- 
fore, while  the  bases  above  mentioned  undoubtedly  have 
some  action  in  producing  the  manifestation  of  tetanus, 
such  action  is  greatly  subordinate  to  that  of  the  toxin. 

Lepiei're'sbase,  CieHssNaO,,  obtained  in  small  amount 
from  poisonous  cheese,  is  crystalline,  odorless,  bitter, 
faintly  acid,  and  sparingly  soluble  in  water.  Its  hydro- 
chlorid crystallizes  in  needles,  very  soluble  in  water.  Its 
platinochlorid  and  aurochlorid  are  crystalline.  It  causes 
diarrhoea  in  guinea-pigs. 

Delezinier's  base,  C32H31N  or  CS4H33N"  (?),  whoso  com- 
position is  quite  uncertain,  is  an  almost  colorless,  oily 
liquid,  very  sparingly  soluble  in  water,  soluble  in  al- 
cohol, ether,  and  benzene,  rapidly  oxidized  in  air,  and 
forming  deliquescent  salts.  It  is  supposed  to  be  identi- 
cal with  a  base  obtained  by  Brouardel  and  Boutmy, 
which  bore  some  resemblance  to  veratrin. 

Susotoxin,  CioHaoNj  (?),  abase  whose  hydrochlorid  was 
obtained  by  Novy  from  cultures  of  the  hog-cholera  bacil- 
lus. The  free  base  was  not  isolated.  The  hydrochlorid 
is  a  light  yellow  syrup  which  does  not  crystallize,  some- 
what hygroscopic,  and  soluble  in  water  and  in  alcohol. 
It  gives  off  an  amin  odor  when  heated  with  fixed  alkali. 
Its  platinochlorid  is  granular  and  light  flesh  colored,  or 
crystallizes  in  long,  thick  needles,  soluble  in  water,  from 
which  it  is  precipitated  by  alcohol.  It  is  toxic  only  in 
large  doses.  It  is  said  to  be  identical  with  the  siicolotoxin 
of  von  Schweinitz. 

Pyocyanin,  dHuNOs  (?),  is  the  coloring  matter  oi 
blue  pus,  first  obtained  by  Fordos.  It  crystallizes  in 
blue  prisms  or  scales,  soluble  in  water,  alcohol,  and  chlo- 
roform, less  soluble  in  ether.  Its  blue  aqueous  solution 
is  neutral,  and  is  changed  to  cherry -red  by  acids,  and  back 
to  blue  by  alkalies.  It  is  oxidized  in  air  to  the  yellow 
pioxanthose,  which  also  accompanies  it  in  the  pus.    Ac- 
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cording  to  Kunz,  it  contains  sulfur.     It  is  supposed  to 
be  an  antliracene  derivative. 

Anthracin  is  the  name  given  by  HofEa  to  a  base, 
CaHeNa  (?)  obtained  from  cultures  of  the  anthrax  bacil- 
lus. 
The  following  bases  are  of  unknown  composition : 
A  base  obtained  by  Brieger  from  human  livers  and 
spleens  after  two  weeks'  putrefaction  with  free  access  of 
air.  Its  h3'drochlorid  crystallizes  in  small,  deliquescent 
needles ;  and  its  platinochlorid  in  fine  needles,  containing 
41.80  per  cent,  of  platinum.  It  causes  long-continued 
diarrhoea  in  rabbits  and  guinea-pigs. 

Another  base  obtained  by  Brieger  from  the  same 
source;  fluorescent,  boiling  point  about  284°,  whose  hy- 
drochlorid  crystallizes  in  long  needles,  soluble  in  absolute 
alcohol.  Its  platinochlorid  crystallizes  in  fine  needles, 
very  soluble  in  water,  or  in  plates,  containing  30.36  per 
cent.  Pt. 

A  base  obtained  by  Brieger  from  putrid  fish.  Its  hy- 
drochlorid  and  platinochlorid  crystallize  in  small  needles ; 
the  latter  containing  36.03  per  cent.  Pt  and  7.81  per 
cent.  N. 

A  base  obtained  by  Bocklisch  from  herring  after  twelve 
days  of  putrefaction,  whose  platinochlorid  crystallizes  in 
large,  thin  plates,  easily  soluble  in  water,  and  containing 
28.57  per  cent.  Pt. 

Peptotoxin  is  the  name  given  by  Brieger  to  a  toxic  sub- 
stance (or  mixture  of  substances)  having  some  of  the 
characters  of  the  nitrogenous  bases,  obtained  from  pep- 
tone, produced  by  the  action  of  pepsin  from  the  pig 
upon  fresh  fibrin.  The  same  body  was  obtained  from 
Witte's  peptone,  and  from  putrefying  fibrin,  casein,  and 
brain,  liver,  and  muscular  tissues.  If  putrefaction  has 
continued  for  eight  days,  it  is  no  longer  obtainable.  It 
crystallizes  with  difliculty,  passes  from  both  acid  and  al- 
kaline solutions  into  amyiic  alcohol,  is  Insoluble  in  ether, 
benzene,  or  chloroform,  but  very  soluble  in  water.  Its 
solutions  are  neutral.  It  is  quite  stable,  and  is  not  de- 
composed by  boiling,  or  by  treatment  with  hydrogen 
sulfid  or  with  caustic  alkalies.  With  Millon's  reagent  it 
gives  a  white  precipitate,  which  turns  bright  red  on  the 
application  of  heat.  It  precipitates  with  many  of  the 
general  reagents  for  alkaloids,  and  gives  the  blue  reaction 
with  freric  chlorid  and  potassium  ferricyanid.  It  is  ac- 
tively poisonous  in  small  doses,  causing  paralysis  of  the 
posterior  extremities,  sopor,  and  death. 

Phlogosin  is  the  name  given  by  Leber  to  a  substance 
which  is  probably  not  a  base,  obtained  from  cultures  of 
staphylococcus  aureus.  It  crystallizes  in  needles,  soluble 
in  alcohol  and  in  ether,  sparingly  soluble  in  water,  and 
may  be  sublimed.  It  forms  no  compound  with  platinic 
or  auric  chlond,  and  does  not  precipitate  with  phospho- 
tungstic,  phosphomolybdic,  picric,  or  tannic  acid.  It 
appears  to  contain  sulfur  and  no  nitrogen. 

Tyrotoxicon  is  the  name  given  by  Vaughan  to  a  mate- 
rial extracted  from  poisonous  cheese,  whose  chemical 
characters  are  not  well  defined. 

The  individual  existence  of  the  numerous  bases  de- 
scribed by  Griffiths  requires  confirmation. 

Nitrogenous  bases  are  also  formed  during  alcoholic 
fermentation.  These  are  not  property  ptomains,  being 
produced  by  yeast  fungi,  which  are  not  bacteria. 

Morin's  base,  CHioNii,  is  the  best  known  of  these.  It 
was  obtained  from  the  fraction  of  crude  fusel  oil,  distil- 
ling at  171°-172°.  It  is  a  colorless,  mobile,  oily  liquid, 
having  a  nauseous  odor,  spec.  grav.  0.9836,  not  alkaline 
in  reaction.  Its  hydrochlorid  forms  needles,  soluble  m 
water  and  in  alcohol,  very  sparingly  soluble  in  ether. 
Its  platinochlorid  is  crystalline,  soluble  in  water  and  in 
alcohol,  very  sparingly  soluble  in  ether.  It  is  decom- 
posed by  hot  hydrochloric  acid,  with  formation  of  am- 
monia. It  combines  with  ethyl  iodid  to  form  a  yellow, 
crystalline  compound,  very  soluble  in  alcohol  and  m 
water,  very  sparinglv  soluble  in  ether.  Its  aqueous  solu- 
tion does  not  precipitate  with  Mayer's  reagent,  but  on 
acidulation  with  hydrochloric  acid  there  forms  a  floccu- 
lent  yellow  precipitate,  which  unites  into  long,  brilliant, 
yellow  needles— a  reaction  which  is  not  given  by  the 


pyridic  or  quinolinic  bases.  It  is  poisonous,  and  in  i-ab- 
bits  causes  stupor  and  paralysis,  beginning  with  the  pos- 
terior extremities,  diminished  sensibility,  dilatation  and 
insensibility  of  the  pupils,  diminution  of  the  temperature 
and  cardiac  action,  and  death  in  coma.  This  base  is 
probably  identical  with  Tanret's  glmosin,  obtained  by 
the  action  of  ammonia  and  ammonium  salts  upon  glu- 
cose. 

Oaer's  base,  C1SH20N4,  is  produced  during  the  fermen- 
tation of  pure  saccharose  by  yeast.  It  is  not  volatile, 
and  is  decomposed  when  heated  with  acids.  Its  hydro- 
chlorid is  very  hygroscopic,  very  unstable,  and  turns 
brown  in  air.  Its  aurochlorid  is  a  yellow,  flocculent  pre- 
cipitate, which  becomes  crystalline,  and  is  very  sparingly 
soluble  in  water. 

A  base,  said  to  be  pyridin,  has  been  found  in  commer- 
cial alcohol  by  Haitinger  and  by  Guareschi  and  Mosso 
to  the  amount  of  0.4  to  0.5  in  1,000.  SchrOtter  has  de- 
scribed two  bases,  CsHuNs  and  OioHibNs,  obtained  from 
the  fraction  of  molasses-fusel  distilling  at  180-233°. 
Kramer  and  Pinner  obtained  bases,  which  they  consid- 
ered to  be  pyridic,  from  commercial  alcohol.  Other  im- 
perfectly defined  bases  have  been  described  as  existing 
in  beer  or  in  distilled  spirits  by  SurgSres,  Lindet,  Moder- 
mann,  Lermer,  von  Geldern,  Dannenberg,  Meyer,  and 
Fassbender  and  Schoepp. 

PoucheVs  bases,  CsHuNjOj  and  CTHisNiiOo,  cannot  be 
regarded  as  ptomains,  as  they  were  obtained  from  the 
liquid  residues  of  an  industrial  process  of  treatment  of 
bones,  flesh,  and  other  animal  refuse  by  sulfuric  acid, 
and  the  action  of  the  acid  was  undoubtedly  a  factor  iu 
their  production. 

The  ptomains  and  basic  products  of  yeast  fungi  above 
described  are  split  products  of  protein  material,  elimi- 
nated by  the  organisms  producing  them,  and  not  con- 
stituents of  those  organisms.  The  distinction  between 
constituent  and  excretory  bacterial  products  is  one  of 
importance  biologicallj'  and  pathologically,  but  is  one 
which  is  undesirable  from  the  point  of  view  of  analytical 
toxicology,  because  the  bacteria,  as  well  as  their  elimina- 
tion products,  are  present  in  materials  submitted  to  anal- 
ysis, and,  although  the  entire  bacteria  do  not  give  up 
their  constituent  substances  to  solvents  by  any  means  as 
readily  as  they  do  after  comminution  by  Koch's  method, 
they  do  so  to  a  certain  extent. 

The  only  instance  of  the  formation  of  a  protamin  by 
bacteria  of  which  we  have  knowledge,  is  the  tubeirulo- 
samin  of  Ruppel,  which  he  obtained  from  the  tubercle 
bacilli,  but  not  from  their  cultures.  It  is,  therefore,  a 
constituent  of  their  organism,  in  which  it  exists  in  com- 
bination with  a  nucleic  acid,  and  not  an  elimination  prod- 
uct. Tuberculosamin  has  the  properties  of  the  prota- 
mins:  it  is  extracted  by  cold,  dilute  sulfuric  acid  (one 
per  cent.),  is  precipitated  from  neutral  solution  of  the 
sulfate  by  sodium  picrate,  forms  an  alkaline  solution  in 
water,  is  strongly  basic,  does  not  give  the  color  reactions 
of  the  proteins  except  the  biuret  reaction,  contains  no 
phosphorus,  and  precipitates  the  proteins  from  aramoni- 
acal  solutions.  The  protamins  form  precipitates  with 
phosphotungstic  acid,  Mayer's  reagent,  and  other  gen- 
eral reagents  for  alkaloids.  They  are  actively  poisonous, 
causing  at  first  acceleration,  then  slowing  of  the  respi- 
ration,  marked  diminution  of  the  blood  pressure,  and 

death.  m,       .       .. 

Ohemico-Legal  Considbeations.— The  ptomains  are 
now  mainly  of  interest  in  connection  with  forensic  toxi- 
cology. From  the  first  discovery  of  these  substances, 
and  until  their  cliemistry  and  that  of  the  vegetable  alka- 
loids became  better  known,  it  was  feared  that  their  ex- 
istence might  seriously  interfere  with  or  entirely  prevent 
the  detection  of  vegetable  alkaloids,  with  sufficient  cer- 
tainty for  the  purposes  of  justice,  in  cases  of  criminal 
poisoning.  The  ptomains  were  called  "putrid  alka- 
loids "  were  considered  to  be  of  the  same  chemical  class  as 
the  vegetable  alkaloids,  and  almost  all  were  found  to  re- 
spond to  many  of  the  general  tests  for  the  alkaloids.  In 
short,  everything  seemed  to  point  to  a  much  closer  rela- 
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tionship  between  the  ptomains  and  the  vegetable  bases 
than  that  which  actually  exists.  But  the  development 
of  the  chemistry  of  the  ptomains  has  shown  that  those  ot 
them  which  have  the  most  complex  molecular  structure 
are  more  simple  in  constitution  than  their  nearest  rela- 
tives among  the  vegetable  alkaloids,  and  very  much  more 
simple  than  the  ester-alkaloids,  such  as  atropin,  or  the 
still  more  complex  polynuclear  alkaloids,  such  as  mor- 

phin.  .  ,    , ,  ^,    , . 

While  the  parasitic  bacteria  probably  cause  synthetic 
combinations,  as  in  the  generation  of  the  toxins,  the  func- 
tion of  the  saprophytic  bacteria,  which  alone  are  of  in- 
terest in  this  connection,  is  essentially  analytical.  It  may 
be  considered  to, be  within  the  limits  of  possibility  that, 
starting  with  the  complex  protein  molecule,  a  substance 
having  the  constitution  of  a  vegetable  alkaloid  might  be 
produced  during  the  series  of  hydrolytic  decompositions 
caused  by  the  saprophytes.  But  all  observations  are 
against  such  an  hypothesis,  no  such  substance  has  been 
found  among  all  of  the  putrid  products  which  have  been 
obtained.  Moreover,  the  known  products  of  decompo- 
sition of  the  proteins  by  other  means,  through  the  prota- 
mins,  the  hexon  bases,  the  nucleins,  the  purin  bases,  the 
amido  acids,  and  the  amins,  lead  in  a  direction  not  tend- 
ing to  the  formation  of  the  alkaloids,  except  in  the  case 
of  the  formation  of  the  pyridic  bases  by  the  action  of 
heat.  The  formation,  however,  of  pyridic  and,  particu- 
larly, of  hydropyridic  ptomains  as  late  products  of  putre- 
faction indicates  the  possibility  that  the  analytical  proc- 
esses of  the  saprophytes  may  be  followed  by  the 
transformation  of  certain  of  the  acyclic  products  into 
heterocyclic  compounds,  in  a  manner  similar  to  the  con- 
version of  pentamethylene  hydrochlorid  (cadaverin)  into 
piperidin :  H,N. (CH j)5.NHs :  HCl  =  NHjCl  +  C^H, iN. 

No  ptomain  has  been  discovered  which  corresponds  in 
all  of  its  characters  with  a  vegetable  alkaloid.  Two  sub- 
tances  alike  In  all  respects  are  two  samples  of  the  same 
substance,  and  no  vegetable  alkaloid  is  known  which  is 
also  a  product  of  putrefaction.  But  there  are  certain 
vegetable  alkaloids  which  resemble  certain  ptoma'ins  in 
several  of  their  properties,  while  differing  in  others,  and, 
at  the  same  time,  exhibit  no  known  well-marked  and  dis- 
tinctive chemical  reactions.  Probably  the  closest  resem- 
blance is  that  between  the  so-called  cadaveric  coniVn  and 
true  conil'n.  Both  are  liquid,  oily,  volatile,  intensely 
alkaline,  similar  in  odor,  soluble  in  water  and  in  petro- 
leum ether,  and  form  precipitates  with  platinic  chlorid, 
auric  chlorid,  mercuric  chlorid,  and  several  of  the  general 
reagents.  They  differ  in  that  coniin  is  actively  poison- 
ous, while  the  ptomain  has  been  found  to  be  inert,  ex- 
cept in  one  case  in  which  Otto  obtained  a  poisonous  sub- 
stance, which  probably  owed  its  toxicity  to  the  presence 
of  another  ptomain.  The  "  cadaveric  coniin  "  is,  how- 
ever, not  coniin  (a-propyl  piperidin)  but  cadaverin 
(pentamethylenediamin).  Therefore,  while  it  must  be 
admitted  that  we  have  no  method  to  separate  conil'n 
from  a  putrid  cadaver,  and,  in  the  minute  quantity  in 
which  it  would  probably  be  obtained,  distinguish  it  from 
cadaverin,  or  from  a  mixture  of  ptomains  containing  ca- 
daverin; it  may  also  be  anticipated,  the  two  substances 
not  being  identical,  that  distinguishing  characters  of  suf- 
ficient delicacy  will  be  found  to  exist. 
_  Attempts  have  been  made  to  find  a  characterizing  reac- 
tion common  to  all  ptomains,  whereby  they  might  be  dis- 
tinguished from  the  vegetable  alkaloids.  Among  those 
suggested  were  the  reactions  of  Brouardel  and  Boutmy, 
and  of  Trotarelli.  But  no  such  reaction  can  exist,  be- 
cause the  ptomains  do  not  constitute  a  distinct  chemical 
class,  but  include  among  their  number  I'epresentatives  of 
several  chemical  classes  of  tolerably  diverse  character; 
and  for  the  further  reason  that,  while  the  great  majority 
of  ptomains  are  uon-alkaloidal,  some  are  pyridin  or  hy- 
dropyndin  derivatives,  as  are  also  the  alkaloids.  As  the 
general  tests  "  for  the  alkaloids  for  the  most  part  form 
precipitates  with  ptomains,  albumins,  and  nitrogenized 
bases  other  than  alkaloids,  they  are  only  of  negative 
value  in  the  rare  cases  in  which  they  fail  to  react,  or  of 
confirmatory  value  by  reason  of  peculiarities  in  the  quali- 
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ties  of  the  precipitates  which  they  produce  with  certain 
alkaloids. 

The  ptomains  which  are  frequently  referred  to  as 
"  strychnin-like  "  or  "  morphin-like  "  are  quite  as  notice- 
able because  of  the  differences  from  those  alkaloids  which 
they  present,  as  by  reason  of  their  resemblances  thereto. 

The  bases  obtained  by  Brieger  from  the  cultures  of  the 
tetanus  bacillus,  while  resembling  strychnin  in  the  pro- 
duction of  tetanic  spasms,  differ  from  the  alkaloid  in  not 
giving  the  color  reaction,  in  not  being  bitter,  and  in  crys- 
talline form.  Amthor's  product  was  neither  bitter  nor 
crystalline,  nor  did  it  give  the  color  reaction  of  strych- 
nin, but  an  entirely  different  one.  In  Ciotto's  case  the 
material  supposed  to  have  been  strychnin  appears  to 
have  given  the  color  reaction,  as  Selmi,  who  differed 
from  Giotto  in  his  conclusions  from  the  observed  facts, 
concedes  this  much.  But  the  colors  obtained  are  not 
described  beyond  the  statement  that  they  were  "the 
colors  proper  to  the  reaction  of  strychnin,"  and  Selmi,  in 
the  course  of  the  same  paper,  says  that  aspidospermin 
"behaves  with  bichromate  as  does  strychnin,"  while  in 
fact  there  are  marked  differences  between  the  color  reac- 
tions of  strychnin  and  of  aspidospermin  under  like  treat- 
ment. But  Ciotto's  substance  was  not  shown  to  be  either 
crystalline,  alkaline,  or  distinctly  bitter,  and  when  ad- 
ministered to  frogs  in  quantity  sufficient  to  kill  them  it 
did  not  cause  tetanic  spasms.  Lombroso  and  Dupre  ob- 
tained from  the  spoiled  maize  which  is  regarded  as  the 
cause  of  pellagra  a  mixture  of  bases  (pellagrozein)  which 
is  bitter  in  taste,  causes  tetanus  in  frogs,  and  is  said  to 
give  the  color  reaction  of  strychnin,  but  whose  reaction 
only  resembles  that  of  strychnin  in  its  initial  stage.  It 
also  differs  from  strychnin  in  its  crystalline  form,  and  in 
that  its  sulfuric-acid  solution  assumes  a  permanent  violet 
color  when  exposed  to  vapor  of  bromin.  But  pellagra  is 
confined  to  a  comparatively  narrow  strip  of  territory  (six 
degrees)  in  the  south  of  Europe.  Moreover  it  is  not 
proven  that  the  constituents  of  pellagrozein  are  bacterial 
products;  certainly  they  are  not  cadaveric  ptomains. 

We  find  reference  in  toxicological  literature  to  alleged 
"  morphin-like  "  ptomains  in  three  cases.  In  the  Sonsog- 
no  case,  in  Italy,  the  substance  mistaken  for  morphin  did 
not  give  either  the  Pellagri  reaction,  the  ferric-chlorid 
reaction,  the  nitric-acid  reaction,  or  the  Erdmann  reac- 
tion ;  and  it  only  resembled  morphin  in  that  it  behaved 
as  a  reducing  agent  toward  iodic  acid,  auric  chlorid,  and 
certain  other  reducible  substances.  In  the  Portuguese 
case  of  Urbino  de  Freitas  not  one  of  the  three  most  nearly 
characteristic  of  the  tests  for  morphin,  the  Pellagri,  the 
Husemann,  and  the  ferric  chlorid  was  even  tried,  and  the 
experts  erred  in  asserting  the  presence  of  morphin  in  a 
cadaver  upon  the  evidence  of  a  not  entirely  satisfactory 
FrOhde  reaction,  the  iodic  reaction,  and  the  formation  of 
a  green  color  with  the  Lafontest,  the  last  a  reagent  whose 
merits  had  been  insufficiently  tested.  In  the  Buchanan 
case  in  New  York,  Vaughan  makes  the  unwarranted  as- 
sertion that  "  all  the  tests  obtained  by  the  experts  were 
duplicated  with  putrefactive  products."  This  alleged 
duplication  was  attempted  in  open  court,  in  the  presence 
of  the  author,  with  the  following  results:  The  ferric 
chlorid  gave  a  brilliant  grass-green,  not  a  blue  color. 
The  Husemann  was  improperly  applied,  and  failed,  as  it 
would  have  done  had  morphin  been  present.  The  Pella- 
gri was  also  improperly  applied,  and  failed,  as  it  would 
have  failed  with  morphin  in  the  manner  in  which  it  was 
used.  The  PrOhde  gave  a  distinct  orange  color,  passing 
to  yellow,  in  place  of  the  purple,  passing  through  blue, 
dirty  green,  and  yellow  to  pink  as  it  gives  with  morphin. 
The  nitric  acid  gave  an  immediate  yellow,  but  not  the 
orange-red  changing  to  yellow  of  morphin.  The  iodic 
acid  gave  a  faint  reaction  similar  to  that  obtained  with 
morphin  and  with  many  other  reducing  agents.  The  six 
"  duplications  "  therefore  consisted  of  five  failures  to  pro- 
duce similarity,  and  one  faint  resemblance. 

Whether  a  vegetable  alkaloid  is  detectable  in  cadaveric 
material  or  no  depends  now,  as  it  did  before  our  knowl- 
edge of  the  existence  of  the  ptomains  was  gained,  upon 
the  existence  or  non-existence  of  a  sufficient  number  of 
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well-marked  physical  qualities,  chemical  reactions,  or 
physiological  actions  of  that  allsaloid.  If  such  exist,  and 
are  not  duplicated  or  interfered  with  by  ptomalns,  the 
alkaloid  may  be  detected  with  certainty.  If  they  do  not, 
it  cannot  be,  ptomain  or  no  ptomain.  In  the  frequently 
cited  case  of  General  Gibbone  in  Rome,  it  was  shown  by 
Selmi  that  the  substance  which  was  claimed  to  have  been 
delphinin  could  not  be  that  alkaloid,  because  it  did  not 
have  its  physiological  action.  But  this  alHrmative  proof 
was  simply  confirmative  of  the  already  convincing  argu- 
ment that  delphinin  has  no  physical  characters  and  gives 
no  chemical  reactions  which  are  sufficiently  distinctive  to 
permit  of  its  identification  when  present  in  the  minute 
quantity  obtainable  in  such  an  analysis. 

That  the  presence  of  ptomalns  may  militate  against  the 
detection  of  a  vegetable  alkaloid,  both  by  interference 
with  its  reactions  and  by  similarity  of  its  physiological 
action,  is  ;well  shown  in  the  case  of  atropin.  Prom  the 
viscera  of  a  woman,  after  nine  months'  burial,  the  author 
obtained  a  residue  (which  would  have  contained  atropin 
had  it  been  present)  which  caused  wide  dilatation  of  the 
pupil  and  insensibility  to  light,  persisting  for  several 
hours,  gave  the  peculiar  crystals  with  bromin  in  hydro- 
bromic  acid,  and  reddened  phenolphthalein ;  but  did  not 
produce  Kratter's  crystals,  or  respond  to  the  Vitali  reac- 
tion. But  portions  of  the  same  residue,  to  which  atropin 
sulfate  was  added  in  notable  proportion,  also  failed  to 
give  the  Vitali  reaction. 

While,  therefore,  the  presence  of  ptomains  may  inter- 
fere to  prevent  the  detection  of  certain  alkaloids  which 
may  be  actually  present  in  the  materials  examined,  we 
know  of  no  Instance  in  which  a  ptomain  or  mixture  of 
ptomains  has  given  reactions  which  would  cause  it  to  be 
mistaken  for  an  alkaloid  possessed  of  sufficiently  distinc- 
tive characteristics  to  permit  of  its  certain  identification 
in  the  assured  absence  of  all  ptomains.  A  survey  of  the 
reactions  manifested  by  the  reputed  "alkaloid-like  "  pto- 
malns shows  that  their  similarities  to  those  of  the  vege- 
table alkaloids  consist  chiefly  in  resemblances  of  physi- 
ological action,  and  in  tlieir  behavior  toward  "general 
reagents  "  and  toward  iodic  acid.  We  have  stated  above 
that  the  general  reagents  play  only  a  very  secondary  role 
in  the  identification  of  vegetable  alkaloids,  and  iodic  acid 
is  merely  a  test  for  reducing  agents,  which  is  used  for 
morphin  because  the  reducing  action  of  that  alkaloid  is 
one  of  the  characters  which  difEerentiates  it  from  most  of 
the  other  vegetable  bases.  If  we  except  one  veratrin  re- 
action obtained  by  Brouardel  and  Boutmy,  the  somewhat 
doubtful  case  of  Ciotto  mentioned  above,  and  the  state- 
ments of  Vaughan,  there  is  no  reference  in  toxicological 
literature  to  a  ptomain  which  has  given  a  well-character- 
ized reaction  of  a  vegetable  alkaloid. 

Budolph  A.  Witihaua. 

PTYALIN.     See  Saliva. 

PTYALISM.  See  Mouth,  Diseases  oj,  in  The  Appen- 
dix. 

PUBERTY. — DEriNiTiON. — The  term  puberty  was 
formerly  used  to  designate  the  whole  period  of  sexual 
development,  and  is  still  occasionally  so  used.  Jules 
Voisin  1  refers  to  the  age  of  puberty  as  the  time  between 
the  ages  of  fourteen  and  twenty-two  years.  In  general, 
however,  writers  now  confine  the  term  puberty  to  the 
initiatory  and  formative  period  of  sexual  development, 
while  to  the  entire  period  of  sexual  development  is  ap- 
plied the  broader  term  adolescence. 

The  Age  of  Puberty.— The  average  age  of  puberty  in 
the  male  is  14.3  years;  the  average  age  of  first  menstru- 
ation in  the  female  is  about  13.7  years.  The  period  dif- 
fers according  to  race  and  climate,  and  may  be  hastened 
by  the  reading  of  erotic  literature,  by  suggestion,  and  by 
an  early  participation  in  social  life. 

The  pubescent  period  begins  in  girls  at  least  a  year  and 
a  half  before  the  first  menstruation.  This  preliminary 
period  is,  according  to  Armand  Delpeuch,''  the  time 
when  the  child  needs  the  greatest  care,  for  at  this  time 


the  trunk  is  relatively  the  shortest,  the  thorax  relatively 
the  narrowest,  and  the  heart  relatively  the  smallest,  and 
at  the  same  time  the  ciiild  is  doing  his  most  rapid  grow- 
ing. The  female  makes  the  most  rapid  growth  from 
twelve  to  fourteen,  and  the  male  from  fourteen  to  seven- 
teen. The  pubescent  child  should,  therefore,  be  guarded 
against  too  violent  exercise,  and  yet  should  be  provided 
with  much  pure  air. 

Physical  Changes.— A.  general  physical  disturbance 
takes  place,  shown  by  the  rapid  bodily  growth,  the  elonga- 
tion of  the  vocal  cords,  increased  pilosity,  a  change  in 
the  size  and  condition  of  the  reproductive  organs,  and  a 
profound  disturbance  of  the  nervous  system.  Indeed, 
muscles,  blood-vessels,  glands,  and  all  organs  share  in  the 
general  disturbance. 

Psychical  Changes.— Thu  psychical  no  less  than  the 
physical  being  is  affected  by  puberty.  Marro  of  Turin ' 
says  that  "  puberty  exercises  a  notable  influence  upon  the 
psychical  life,  which  is  manifested,  in  some  instances,  by 
giving  to  mental  symptoms  qualities  which  they  did  not 
have  before  or  which  they  had  only  to  a  slight  degree,  and 
in  others  by  preparing  a  way  for  the  invasion  of  psychoses. 
Hereditary  predisposition  is  the  prominent  cause  of  the 
affection." 

Periodic  Phenomena. — Tiie  most  notable  accompani- 
ment of  puberty  in  the  female  is  inenstruation  (which 
see).  In  the  male  there  is  throughout  sexual  life  and 
beginning  with  puberty  a  periodicity  which  is  probably 
analogous  to  that  of  the  female.  The  seminal  vesicles 
possess  glandular  walls  and  retain  the  secretion  of  these 
walls  for  periods  varying  from  one  to  four  weeks  nor- 
mally. 

The  retained  secretion  distends  the  walls,  and  through 
pressure  stimulates  nerves  which  pass  to  the  erection, 
centre,  which  is  in  turn  excited. 

By  day  erotic  emotions  are  easily  aroused;  at  night 
when  the  subject  sleeps  he  may  experience  an  erection 
accompanied  by  an  erotic  dream  and  culminating  in 
an  emission  ("nocturnal  emission").  In  this  way  is  the 
pressure  of  accumulating  vesicular  secretion  relieved  and 
the  subject  should  pass  another  period  free  from  sexual 
impulses.  After  the  period  of  pubescence  is  established, 
the  testes  of  the  male  form  spermatozoa  rapidly  under 
sexual  excitement  and  slowly  during  periods  which  are 
free  from  excitement.  In  neither  case  do  the  spermatozoa 
pass  into  the  seminal  vesicles ;  they  are  retained  in  the 
testes,  the  vasa  deferentia,  and  ampullae.  The  testes  form 
not  only  the  spermatozoa  but  a  milky  fluid  in  which  the 
spermatozoa  float.  The  secretion  of  the  testes  contains- 
a  mysterious  principle  whose  reabsorption  gives  to  the 
male  those  characteristics  which  we  recognize  as  distinc- 
tive of  virility.  In  the  nocturnal  emission  coming  with- 
out sexual  excitement  no  spermatozoa  are  lost;  hence 
these  emissions  cause  no  depletion.  J.  W.  Hall. 

>  St.  Louis  Med.  Review,  October  13tli,  1901. 

'  La  Presse  m^a.,  August  17th,  1898. 

s  St.  Louis  Med.  Keview,  October  13tli,  1901. 

PUERPERAL  INFECTION.— (Puerperal  fever,  puer- 
peral sepsis,  puerperal  seplicsemia,  childbed  fever.) 

Depinition. — An  acute  contagious  disease  of  the  puer- 
perium  characterized  by  an  inflammation  of  some  part  of 
the  genital  tract,  and  frequently  associated  with  a  vari- 
ety of  systemic  manifestations.  It  is  caused  by  a  num- 
ber of  pathogenic  and  saprophytic  micro-organisms. 

History. — The  disease  has  been  known  from  the  ear- 
liest times.  Hippocrates,  Galen,  Avicenna,  and  others  of 
the  early  writers,  as  well  as  many  in  the  sixteenth,  seven- 
teenth, and  eighteenth  centuries,  have  described  cases.  In 
the  first  half  of  the  nineteenth  century  there  were  many 
frightful  epidemics  of  the  disease.'  It  was  the  scourge 
of  the  great  lying-in  hospitals  of  Europe,  and  patients 
were  decimated  regularly  by  its  ravages.  Oliver  Wen- 
dell Holmes  in  his  essay,  "The  Contagiousness  of  Puer- 
peral Pever,"  published  in  1843,  logically  proved  the 
contagious  nature  of  the  disease;  and  Ignaz  Philipp 
Semmelweiss,  who  recognized  the  identity  of  the  disease 
with  wound  infection  and  devised  a  practical  method 

793 


Puerperal  Infection.    REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 
Puerperal  Infection.  


of  hand  disinfection,  published,  in  1861,  his  monograph, 
"  Die  Etiologie  des  Begriffs  und  die  Prophylaxis  des  Kind- 
bettfiebers  "  He  introduced  hand  disinfection  in  the 
great  Maternity  Hospital  in  Vienna,  and  immediately  the 
mortality  fell  from  ten  per  cent,  to  about  one  per  cent. 
The  teachings  of  these  classical  essays  were  bitterly  op- 
posed, however,  and  it  was  not  until  after  Lister  had  in- 
troduced antisepsis  in  surgery  that  its  importance  in 
obstetrics  was  generally  recognized.  The  ancients  at- 
tributed the  affection  to  a  retention  of  the  lochia,  and  this 
has  been  the  most  common  explanation  until  recent 
times.  After  the  introduction  of  antiseptic  and  aseptic 
methods  in  obstetrics,  there  was  a  marked  reduction  in 
the  mortality  from  puerperal  infection  in  hospital  prac- 
tice. At  the  present  time,  in  the  better  maternity  hospi- 
tals, the  mortality  is  a  small  fraction  of  one  per  cent.  In 
private  practice,'  however,  cases  are  frequently  seen,  es- 
pecially in  the  hands  of  untrained  midwives  and  careless 
or  ignorant  physicians. 

Etiology. — Puerperal  infection  is  essentially  wound 
infection.  As  Semmelweiss  and  others  have  shown,  the 
materies  contagii  is  carried  to  the  parturient  woman  on  the 
hands  of  those  who  have  made  recent  autopsies  or  dissec- 
tions, or  who  have  dressed  suppurating  or  inflammatory 
cases  of  any  kind.  With  the  advance  of  our  knowledge 
of  the  causal  relation  of  bacteria  to  disease  in  the  last 
fifty  years,  the  infectious  nature  of  the  disease  has  been 
clearly  established.  Puerperal  infection,  however,  is  not 
a  specific  disease,  but  like  wound  infection  in  general 
may  be  caused  by  a  variety  of  micro-organisms.  Among 
these  the  streptococcus  is  found  most  frequently,  and  is 
present  in  nearly  all  the  fatal  and  most  serious  cases. 
The  gonococcus  comes  next  in  frequency  of  occurrence, 
but  causes  much  less  serious  infections,  and  few  fatal 
cases  have  been  caused  by  it  alone.  The  staphylococci, 
the  colon  bacillus,  and  a  number  of  putrefactive  anaero- 
bic bacilli  are  frequently  found.  Among  the  rare  forms 
are  the  gas  bacillus  (aBrogenes  capsulatus,^  Welch),  the 
peumococcus,''  the  diphtheria  bacillus''  (Bumm,  Nisot, 
Williams),  and  the  typhoid  bacillus'^  (Williams).  In 
addition  to  these  a  number  of  unidentified  aerobic  bacilli 
have  been  found. 

Mixed  infections,  as  the  streptococcus  with  the  colon 
bacillus,  the  staphylococci  with  anaerobes,  etc.,  occur 
more  frequently  than  infections  with  a  single  organism. 

The  recently  emptied  uterus  with  its  lacerated  bleeding 
surface  presents  a  peculiarly  favorable  field  for  the  inva- 
sion and  growth  of  micro-organisms.  The  retention  of 
blood  clots  and  fragments  of  the  placenta  or  membranes 
favors  infection.  Incomplete  contraction  of  the  uterus 
with  consequent  dilatation  of  the  lymphatics  and  the 
formation  of  large  thrombi  in  the  venous  sinuses  is  also 
a  factor,  for  it  is  along  these  vessels  that  infection  most 
readily  extends. 

SouKCB  OF  Infection. — Bacteria  must  either  be  pres- 
ent in  the  uterus  or  vagina  or  be  introduced  from  without. 
The  doctrine  of  auto-infection  has  been  advanced  by  a 
few  observers.  Albert «  attributes  to  a  latent  microbic 
endometritis,  which  does  not  prevent  conception,  many 
cases  of  abortion  and  premature  labor  as  well  as  some 
cases  of  puerperal  infection. 

The  normal  uterine  cavity,  however,  is  generally  con- 
ceded to  be  sterile, 'but  there  has  been  a  long  controversy 
over  the  bacterial  flora  of  the  vagina.  Bacterial  exami- 
nations of  the  vaginae  of  a  large  number  of  pregnant 
women  have  led  to  contradictory  results.  DSderlein,' 
Winter,  and  others  found  pathogenic  bacteria  in  a  varying 
percentage  of  cases;  while  KrOnig,' Menge,  and  others, 
found  none,  with  the  exception  of  the  gonococcus.  D5- 
derlein,i«  made  further  studies  and  divided  his  cases  into 
two  classes:  {a)  Tliosewith  "normal  "acid  vaginal  secre- 
tion m  which  he  found  no  pathogenic  bacteria ;  and  (h) 
those  with  an  "abnormal "  weakly  acid,  neutral,  or  alka- 
line secretion,  in  ten  per  cent,  of  which  he  found  strepto- 
cocci Later  KrOnig,"  with  improved  technique  by 
which  he  avoided  contamination  from  the  vulva,  found  no 
streptococci  in  either  normal  or  abnormal  cases.  These 
results  have  been  confirmed  recently  by  Williams.''' 
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The  bulk  of  the  evidence  is  now  in  favor  of  the  view 
that  infection  comes  from  without  in  practicalljr  all  cases. 
Experiments  have  shown  that  the  normal  vaginal  secre- 
tion has  distinct  bactericidal  power.  Cultures  of  strep- 
tococci and  other  pathogenic  bacteria,  introduced  into  tlie 
vagina  of  a  pregnant  woman,  have  been  destroyed,  and 
disappear  in  from  twenty-four  to  forty-eight  hours. 
The  gonococcus  forms  an  exception ;  as  far  as  known,  it 
is  the  only  pyogenic  coccus  which  can  live  and  thrive  in 
the  vaginal  secretion. 

Morbid  Anatomy. — Any  part  of  the  genital  tract  may 
be  infected,  and  accordingly  we  may  have,  primarily, 
puerperal  vulvitis,  vaginitis,  endometritis,  metritis,  me- 
tro-lymphangitis, metro-phlebitis,  or  salpingitis.  Exten- 
sion of  the  infection  to  adjacent  structures  may  give  rise 
to  parametritis,  peritonitis,  o8phoritis,  or  phlegmasia 
alba  dolens.  Further,  with  any  of  these  conditions  vary- 
ing degrees  of  toxaemia  and  bactcriaemia  may  occur. 

Puerperal  vulvitis  and  vaginitis  present  no  characteris- 
tics differing  materially  from  those  of  ordinary  infections 
of  lacerated  wounds.  The  so-called  diphtheritic  forms 
are  usually  due  to  mixed  streptococcus  infection,  although 
true  diphtheritic  inflammation  has  been  reported  in  a  few 
rare  cases  (Bumm,  Nisot,  Williams). 

Endometritis,  or  an  inflammation  of  the  uterine  mu- 
cosa, is  the  most  common  form  of  puerperal  infection. 

It  is  a  help  in  the  study  of  the  lesions  to  divide  the 
cases  into  those  which  are  due  to  the  streptococcus,  the 
septic  cases,  and  those  which  are  due  to  putrefactive 
bacteria,  the  putrid  cases. 

In  the  pure  streptococcus  cases  the  walls  of  the  uterus 
are  comparatively  smooth,  there  is  little  or  no  accumula- 
tion of  necrotic  material,  and  the  discharge  is  correspond- 
ingly small  in  amount  and  devoid  of  offensive  odor. 

In  the  cases  in  which  putrefactive  bacteria  (colon  and 
anaerobic  bacilli)  are  present  at  the  same  time  with  the 
streptococci,  and  in  the  simple  putrefactive  cases  the  walls 
are  rough,  the  cavity  of  the  uterus  is  filled  with  masses  of 
foul-smelling  necrotic  material,  and  the  discharge  is  pro- 
fuse, offensive,  and  frequently  contains  gas  bubbles. 

Microscopically  there  is  in  general  a  typical  inflamma- 
tory reaction  in  the  endometrium.  The  cavity  of  the 
uterus  is  lined  by  a  surface  layer  of  necrotic  tissue  which 
is  filled  with  bacteria ;  beneath  this  is  a  layer  of  leuco- 
cytes, the  so-called  "protective  wall"  of  leucocytes.  In 
the  virulent  streptococcus  cases  the  necrotic  layer  is  slight 
or  absent,  and  the  protective  wall  of  leucocytes  is  poorly 
developed ;  the  streptococci  invade  the  wall  of  the  uterus 
along  the  lymphatics  or  veins,  and  can  be  traced  to  the 
peritoneum,  the  parametrium,  and  the  ovary,  and,  in 
many  cases  of  peritonitis,  parametritis,  oophoritis,  and 
phlegmasia  alba  dolens,  to  the  veins  of  the  pelvis  and  of 
the  leg. 

Infected  emboli  from  thrombosed  veins  may  be  carried 
to  distant  organs  and  there  set  up  secondary  septic  in- 
flammations, or  they  may  cause  a  general  systemic  infec- 
tion. 

In  the  milder  streptococcus  and  staphylococcus  infec- 
tions the  inflammation  may  be  limited  to  the  endometrium, 
with  little  or  no  invasion  of  the  protective  wall  of  leuco- 
cytes, and  the  general  symptoms  may  be  due  largely, 
as  in  the  simple  putrefactive  cases,  to  absorption  of 
toxins. 

In  the  simple  putrefactive  infections  the  necrotic  layer 
and  the  protective  wall  of  leucocytes  are  well  developed, 
and  the  bacteria  are  confined  to  the  necrotic  layer. 

In  the  mixed  infections  of  streptococcus  with  putre- 
factive bacteria  we  may  have  a  more  or  less  composite 
picture  of  the  conditions  above  described. 

Since  the  discovery  of  the  gas  bacillus  (aBrogenes  cap- 
sulatus)  by  Welch,  in  1891,  it  has  been  found  in  a  num- 
ber of  puerperal  infections.  These  include  cases  of 
emphysema  of  the  foetus,  puerperal  endometritis,  physo- 
metra,  emphysema  of  the  uterine  wall,  and  puerperal  gas 
sepsis.  Many  of  the  patients  recovered.  The  fatal  cases 
were  characterized  by  an  extraordinarily  rapid  develop- 
ment, post  mortem,  of  gas  in  the  tissues  and  blood  chan- 
nels of  the  foetus  and  mother.    It  seems  probable  that 


REFERENCE   ITANDBOOK  OP  THE   MEDICAL  SCIENCES. 


Puerperal  Infection. 
Puerperal  Infection. 


most  of  the  fatal  cases  of  air  embolism  previously  re- 
ported were  cases  of  gas-bacillus  infection. 

Symptoms. — Cases  differ  greatly  in  their  character  ac- 
cording to  the  variety  and  virulence  of  the  micro-organ- 
isms, the  site  of  the  primary  infection,  and  the  degree  of 
extension  of  the  disease.  As  has  been  noted,  the  infec- 
tion usually  takes  the  form  of  an  endometritis. 

In  general,  the  symptoms  are  those  of  a  wound  infec- 
jtion  with  more  or  less  toxaemia.  A  chill,  fever,  general 
malaise,  rapid  weak  pulse,  restlessness,  and  headache  are 
most  frequent. 

The  patient  will  have  done  well  during  the  first  few 
days  of  the  puerperium,  and  then  on  the  third  or  fourth 
day  she  will  have  headache  and  malaise,  followed  by  a 
chill  and  a  rapid  rise  of  temperature  to  103°  F.  or  higher. 
In  the  simple  cases  there  is  but  one  chill,  while  the  fever 
remains  high  for  some  days  and  then  subsides.  The 
lower  abdomen  is  tender  on  pressure.  The  uterus  also 
manifests  Increased  tenderness,  and  is  larger  and  more 
"  doughy  "  in  consistency  than  normal.  The  character  of 
the  lochia  is  changed.  There  is  apt  to  be  constipation 
and  the  urine  is  scanty  and  highly  colored. 

Clinically,  the  cases  may  be  divided  into  the  septic 
and  the  putrid  forms.  The  well-known  variation  in 
the  virulence  of  cultures,  of  the  streptococcus  explains 
the  not  infrequent  mild  cases  due  to  streptococcus  in- 
fection. 

The  severer  streptococcus  cases  are  characterized  by 
rapid  onset,  often  with  early  delirium,  or  great  mental 
!  prostration  and  apathy,  although  some  show  a  remark- 
able absence  of  mental  symptoms.  With  the  invasion  of 
the  lymphatics  and  blood-vessels  come  the  symptoms  of 
general  septicsemia,  recurring  chills,  and  high,  irregular 
temperature ;  in  such  cases  death  usually  follows  within 
a  week. 

In  the  milder  septic  cases,  if  tlie  infection  is  limited  to 
the  endometrium,  the  initial  cliill  and  rise  of  temperature 
are  followed  by  a  gradual  decrease  of  the  fever.  The 
lochia  are  purulent  but  not  profuse,  and  they  are  devoid 
of  marked  odor.  The  general  symptoms  subside  after 
the  uterus  is  washed  out,  and  recovery  usually  follows, 
but  a  condition  of  subacute  or  chronic  endometritis  may 
persist  for  a  long  time. 

If  the  infection  is  not  limited  to  the  endometrium,  but 
extends  along  the  lymphatics,  it  may  give  rise  to  abscess 
formation  in  the  walls  of  the  uterus,  in  the  broad  liga- 
ment, in  the  retroperitoneal  tissues,  or  in  tlie  inguinal 
region ;  or  it  may  extend  to  the  peritoneum  and  set  up  a 
local  or  a  general  peritonitis.  Tiie  latter  is  usually  fatal. 
Again,  there  may  be  a  direct  extension  of  the  infection  to 
the  Fallopian  tubes  with  development  of  salpingitis  or 
an  abscess.  Such  extensions  are  accompanied  by  chills 
and  a  fresh  access  of  fever.  The  abscess  may  rupture  mto 
the  bladder,  the  rectum,  through  the  skin  in  the  mgumal 
region,  or  into  the  peritoneal  cavity.  If  the  abscess  is 
drained  satisfactorily  the  symptoms  rapidly  subside  and 
recovery  follows.  Rarely  an  abscess  may  undergo  grad- 
ual resorption.  ,         ,        ,       • 

Extension  of  the  infection  along  the  thrombosed  veins 
of  the  uterus  may  give  rise  to  pyajmia.  In  such  cases 
the  Initial  chill  may  be  delayed,  the  temperature  does  not 
remain  constantly  high,  but  instead  there  is  atypical  hec- 
tic fever  with  alternating  chill,  fever,  and  remissions. 
The  symptoms  vary  according  to  the  number  and  size  of 
the  infected  emboli,  the  organs  to  which  they  are  carried, 
and  the  virulence  of  the  micro-organisms.  These  emboli 
frequently  give  rise  to  an  often  fatal  bronchopneumonia, 
or  less  frequently  to  destructive  inflammations  in  various 
joints.  In  a  few  cases  the  thrombosis  extends  to  the 
femoral  veins  and  causes  phlegmasia  alba  dolens.  This 
usually  occurs  in  the  second  week  and  is  characterized 
by  severe  pain  and  swelling  of  the  leg,  with  fever.  The 
pain  and  swelling  may  persist  for  a  long  time,  but  un_ 
complicated  cases  end  in  recovery.  The  symptoms  of 
thrombosis  of  the  femoral  vein  may  be  the  first  evidence 
of  an  infection,  the  primary  inflammation  in  the  uterus 
having  been  so  slight  as  to  escape  notice.     _ 

Putrid  endometritis  differs  somewhat  in  its  symptoms 


and  course  from  the  septic  forms.  The  onset  is  usually 
on  the  third  or  fourth  day,  and  the  initial  chill  and  rise  of 
temperature  may  be  as  marked  or  even  higher  than  in 
the  septic  cases,  but  the  general  condition  is  not  so  se- 
rious. The  main  difference  is  in  the  character  of  the  lo- 
chia, which  in  the  putrid  form  are  profuse,  offensive,  and 
frequently  have  a  frothy  appearance  owing  to  the  presence 
of  large  numbers  of  gas  bubbles.  The  cases  improve 
rapidly  after  the  masses  of  necrotic  material  have  been 
removed  and  the  uterus  has  teen  washed  out.  Nearly 
all  of  the  putrid  cases  terminate  in  recovery. 

Diagnosis. — Typical  cases  give  no  diflScultyin  diagno- 
sis. In  distinguishing  between  the  septic  and  the  putrid 
forms  of  endometritis  the  changes  in  the  lochia  are  im- 
portant. The  profuse  malodorous  discharge  and  the 
roughened  surface  of  the  uterine  mucosa  are  very  dis- 
tinctive in  the  putrid  types;  while  a  smooth  uterine  sur- 
face with  scanty  purulent  discharge  and  high  fever  sug- 
gests a  streptococcus  infection. 

In  the  mixed  streptococcus  cases,  however,  the  uterine 
wall  may  be  rough  and  the  discharge  profuse  and  offen- 
sive. Here  the  value  of  a  bacteriological  examination  of 
the  uterine  lochia  is  particularly  evident. 

Fever,  during  the  puerperium,  may  be  due  to  diseases 
other  than  puerperal  infection.  Angina,  acute  pulmo- 
nary affections,  influenza,  acute  inflammatory  conditions 
of  the  breasts,  typhoid  fever,  and  malaria  occasionally 
occur. 

Some  cases  of  puerperal  infection  are  undoubtedly 
diagnosed  as  malaria.  But  we  are  not  justified  in  attrib- 
uting the  fever  to  malaria  unless  we  find  the  Plasmo- 
dium in  the  blood,  and  even  then  we  cannot  exclude 
puerperal  infection  until  we  have  proved  that  the  uterine 
lochia  are  sterile. 

"  "We  might  say  that  every  rise  in  temperature  in  the  ' 
puerperium  should  be  regarded  as  due  to  puerperal  in- 
fection, unless  we  can  clearly  demonstrate  some  other  in- 
fection to  be  its  cause  "  (Williams). 

Fever  due  to  auto-infection  from  the  intestinal  tract  is 
promptly  reduced  by  the  effective  action  of  a  strong  lax- 
ative. Certain  mental  disturbances,  such  as  emotional 
excitement,  fright,  or  grief,  may  be  attended  with  a  sud- 
den rise  of  temperature,  which  falls  to  normal  in  a  few 
hours. 

The  absorption  of  sterile  exudates  and  blood  clots  is 
usually  associated  with  a  rise  of  temperature  often  to 
100°,  but  rarely  above  101°  F.,  and  this  rise  occurs  in  the 
first  thirty-six  hours. 

Pkophtl AXIS.— Puerperal  infection  is  wound  infec- 
tion. Therefore  in  order  to  avoid  infection  scrupulous 
care,  according  to  the  principles  of  surgical  technique, 
must  be  taken  from  the  beginning  of  labor  to  the  end  of 
the  puerperium. 

Vaginal  examinations  in  the  last  days  of  pregnancy 
should  be  made  with  antiseptic  precautions.  During 
and  after  labor  they  should  be  reduced  to  a  minimum. 
Preliminary  antiseptic  douches  in  normal  cases  are  to  be 
avoided,  since  they  decidedly  decrease  the  bactericidal 
power  and  resistance  of  the  vagina  and  its  secretion. 
The  use  of  the  ordinary  douche  and  the  making  of  a 
vaginal  examination  by  the  nurse  should  be  prohibited. 
If  the  vagina  is  known  to  contain  pathogenic  bacteria, 
the  obstetrician  himself  should  cleanse  it  with  the  utmost 
care ;  but  such  conditions  should  be  corrected,  if  possible, 
long' before  the  onset  of  labor.  „ .  ,    ,. 

Since  the  hands  are  the  chief  carriers  of  infection,  they 
should  receive  careful  attention.  The  following  is  one 
of  the  most  satisfactory  methods  of  hand  disinfection: 

1  Scrub  the  hands  and  forearms  up  to  the  elbows 
with  a  sterile  brush,  green  soap,  and  hot  water  for  three 
minutes  paying  especial  attention  to  the  finger  nails  and 
palmar  surfaces  of  the  fingers— change  the  water  at  least 

3  Trim  the  finger  nails  with  a  sterile  knife  or  scissors, 
and  clean  the  finger  nails  with  a  nail  cleaner. 

3.  Repeat  the  washing  for  five  minutes  by  the  clock, 
using  a  fresh  brush. 

4.  Rinse  in  fresh  water. 
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5  Soak  hands  in  a  hot  saturated  solution  of  potassium 
permanganate  until  they  are  of  a  deep  mahogany  color. 

6.  Decolorize  completely  in  a  hot  saturated  solution 
of  oxalic  acid.  . 

7.  Soak  forearms  and  hands  in  a  1  to  1,000  solution  of 
bichloride  of  mercury  for  three  minutes  by  the  clock,  or 
until  the  patient  is  ready  for  examination. 

It  should  not  be  forgotten  that  sterile  hands  may  be 
contaminated  readily  at  the  bedside. 

The  patient  also  should  be  carefully  prepared.  At  the 
onset  of  labor  she  should  be  bathed  and  given  a  rectal 
enema.  The  external  genitals  frequently  harbor  strep- 
tococci and  various  pathogenic  and  putrefactive  bac- 
teria. They  should  be  carefully  washed,  before  each  vag- 
inal examination,  first  with  soap  and  hot  water,  and  then 
with  a  1  to  3,000  solution  of  bichloride  of  mercury;  after- 
ward they  should  be  protected,  with  a  towel  soaked  in 
the  bichloride,  until  the  physician  is  ready  to  make  his 
examination. 

During  the  second  stage  an  antiseptic  towel  should  be 
kept  over  the  vulva  and  sterile  sheets  and  towels  should 
be  arranged  in  such  a  manner  as  to  prevent  contamina- 
tion. 

In  operative  procedures  rubber  gloves  may  be  worn 
to  give  added  protection.  They  should  be  thoroughly 
boiled  and  then  drawn  over  the  sterilized  hands. 

Perineal  tears  offer  ready  entrance  to  bacteria  and 
should  be  repaired.  The  sutures  may  be  placed  during 
the  third  stage  and  tied  after  the  expulsion  of  the  pla- 
centa. 

Operations  for  the  repair  of  lacerations  of  the  cervix 
greatly  increase  the  cliance  for  infection,  and  should  not 
be  done  unless  imperatively  demanded  for  the  control  of 
hemorrhage. 

After  the  birth  of  the  placenta  the  patient  should  be 
cleaned  and  the  vulva  covered  with  an  ample  sterile 
dressing,  which  is  held  in  place  by  a  T-bandage. 

Ergot  may  be  used  to  secure  better  contraction  of  the 
uterus,  but  should  not  be  given  until  the  placenta  has 
been  expelled. 

During  the  puerperium  the  external  genitals  should  be 
kept  clean  by  frequent  irrigation  with  a  1  to  4,000  solu- 
tion of  bichloride,  and  the  vulval  pads  frequently  re- 
newed. Vaginal  douches  should  be  used  only  in  excep- 
tional cases,  and  then  with  the  utmost  regard  for  surgical 
cleanliness.  Infections  have  been  caused  by  the  careless 
use  of  the  vaginal  douche,  even  in  the  later  stages  of  the 
purperium. 

Treatment. — General  treatment  alone  often  gives  the 
best  results  in  the  severe  streptococcus  cases.  Strych- 
nine, gr.  -^^,  may  be  given  every  two  hours  with  half  an 
ounce  of  whiskey  every  hour,  but  the  quantity  should  be 
reduced  promptly  when  the  pulse  shows  improvement. 
The  patient  should  be  kept  on  the  verge  of  strychnine 
poisoning  and  a  state  of  drunkenness,  if  necessary.  Mild 
cases  require  little  medicine.  The  bowels  should  be  kept 
open  and  good  food  given  in  all  cases. 

Antistreptococcus  serum  has  given  very  unsatisfactory 
results.  Laboratory  experiments  have  shown  that  serum 
prepared  from  a  given  culture  is  protective  for  that  par- 
ticular culture  and  no  other.  Recent  reports  by  Labus- 
quijre,"  Savor,  Blumberg,  and  Scharfe  show  results  of 
doubtful  or  no  value. 

The  cases  of  true  diphtheritic  infection  reported  by 
Bumm,  Nisot,  and  Williams  showed  rapid  improvement 
and  recovery  following  the  use  of  diphtheria  antitoxin. 

Salt-solution  enemata  eveiy  six  hours,  given  through 
the  long  rectal  tube,  are  often  of  value  in  relieving 
syraptoms  and  promoting  diuresis.  The  subcutaneous 
mjection  of  sterile  decinormal  salt  solution  has  been  of 
apparent  benefit  in  some  cases.  Tincture  of  ferric  chlo- 
ride m  large  doses  is  of  vahie. 

Local  treatment  in  the  streptococcus  cases  should  be 
Iiinited  to  douches,  preferably  of  hot  sterile  decinormal 
salt  solution  These  may  be  repeated  every  six  hours  if 
necessary.  Dilute  bichloride  douches,  1  to  10,000  im- 
mediately followed  by  the  salt  solution,  may  be  used. 
aut  antiseptic  douches  are  dangerous  and  should  be  used 
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with  great  care.     Forty  cases  of  death  from  bichloride- 
poisoning  have  been  reported. 

Clots  and  fragments  of  the  placenta  may  be  removed 
with  the  finger  or  the  dull  curette.  Curetting  on  the 
whole  is  dangerous,  especially  If  streptococci  are  present, 
for  by  it  we  may  break  down  the  protective  wall  of  leu- 
cocytes and  expose  fresh  areas  to  infection,  the  very  thing 
we  wish  to  avoid. 

Hysterectomy  has  been  advocated  for  severe  cases, 
but  the  results  reported  by  Rocliard,  Bazy,  Terrier,  and 
Tuffier,  with  a  mortality  of  from  thirty -three  to  one  hun- 
dred ijer  cent. ,  hardly  justify  a  resort  to  the  operation. 
Leopold  '■'  and  Fehling  do  not  favor  it.  As  they  show,  to- 
be  of  value  it  must  be  done  early,  before  the  infection  has 
extended  through  the  uterine  wall.  But  at  present  we 
have  no  lueans  of  determining  in  which  cases  the  infec- 
tion will  extend,  and  in  which  it  will  remain  limited  to 
the  uterus.  Ricard  has  collected  eight  hundred  and  fifty- 
one  cases  with  fever  at  103.2'  F.  and  higher,  showing  a. 
mortality  of  thirteen  per  cent,  under  general  treatment. 

Abscesses  and  dense  areas  of  cellulitis  in  the  parame- 
trium should  be  opened  through  the  vagina  or  through 
the  abdominal  wall. 

Putrefactive  cases  with  abundant  foul  discharge  are 
greatly  helped  by  cleaning  out  the  masses  of  necrotic 
material  with  the  finger  or  curette,  and  following  this  by 
a  large  douche  of  salt  solution,  the  douche  to  be  repeated 
every  six  hours.  Otto  O.  Ramsay. 
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PULLER  SPRINGS.  —  Madison  County,  Montana. 
Post-Office.— Puller  Springs.     Hotel. 

This  resort  is  reached  by  a  good  wagon-road,  and  has 
semi-weekly  mails.  The  location  is  in  a  beautiful  valley, 
having  an  elevation  of  5,530  feet  above  the  sea-level. 
The  springs  are  two  in  number,  the  temperature  of  the 
water  being  95°  P.  for  the  larger  and  105°  P.  for  the 
smaller  spring.  No  analysis.  The  waters  have  been 
found  beneficial  in  rheumatism  and  allied  disorders.  The 
beautiful  location  of  these  springs,  coupled  with  the  po- 
tential therapeutic  properties  of  the  water,  will  undoubt- 
edly bring  them  into  extensive  use  as  the  State  becomes 
more  thickly  settled.  James  E.  Crook. 

PULSATILLA.— TJ.  S.  Pasque  Flowers.  The  dried  herb 
of  Anemone  Puhrttilla  L.  and  A.  pratensis  L.  (fam.  Ba- 
nunciilacca;),  collected  soon  after  flowering,  carefully  pre- 
served and  kept  not  longer  than  one  year.  Both  are  low, 
hairy  herbs  and  among  the  earliest  and  most  beloved  of 
spring  flowers.  For  medicinal  purposes  the  plant  should 
be  dried  in  the  shade  and  stored  in  a  cool  and  dry  place 
The  drug  is  thus  described:  Silky-villous ;  leaves  radical, 
lougpetioled,  the  petioles  usually  purplish,  the  blades 
twice  or  thrice  deeply  three-parted  or  pinnately  cleft,  the 
lobes  linear  and  acute ;  flowers  long-peduncled,  subtended 
by  an  involucre  of  three  pinnately  parted  sessile  leaves; 
calyx  of  (usually  six)  large,  dull  purple,  hairy  sepals ; 
petals  obsolete ;   stamens  numerous ;   pistils  several,  be- 
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coming  in  fruit  long,  plumose-tailed  aketies ;  inodorous 
and  very  acrid. 

Constituents. — Pulsatilla  yields  upon  distillation  with 
■water  a  very  pungent,  volatile,  oil-like  principle,  from 
wliicli  etlier  or  chloroform  extracts  a  pe- 
culiar camphor,  which  has  been  called 
Anemone  camphor,  and  which  possesses  the 
acridity  of  the  oil  to  such  a  degree  that 
it  is  capable  of  blistering  tlie  skin.  This 
camphor  is  divisible  into  anemonin  and 
iso-anemonic  acid.  Tlie  former  is  a  col- 
orless, crystalline,  neutral  substance,  of 
but  little  taste  when  cold,  but  intensely 
pungent  when  melted.  It  is  but  slightly 
soluble  in  cold  alcohol,  ether,  or  water, 
more  so  in  those  liquids  when  hot,  and 
is  readily  soluble  in  chloroform.  Iso- 
■anemonie  acid  is  a  white,  amorphous,  in- 
soluble substance,  without  odor,  taste,  or 
medicinal  property. 

Action  and  Use. — The  clinical  investi- 
gation of  Pulsatilla  has  been 
greatly  neglected  by  physi- 
cians, apparently  with  little 
better  reason  than  that  it  is 
a  favorite  medicine  with 
homoeopaths  and  eclectics. 
That  it  possesses  powerfully 
active  properties  is  sufBcient- 
ly  proven  by  its  action  upon 
the  skin  and  the 
mucous  membrane. 
Its  action  is  fairly 
well  described  in  a 
general  way  by  say- 
ing that  it  resem- 
bles that  of  aconite, 
but  its  special  field 
of  usefulness  is  well 
worthy  of  careful 
■determination.  It  is  a 
fairly  active  counter-irri- 
tant, and  is  frequently  so 
employed.  Although  ca- 
pable of  blistering,  if  ap- 
plied with  friction,  such  a 
use  of  it  is  not  wise,  since 
the  blister  is  rather  un- 
controllable. Applied  to 
the  mucous  membrane, 
it  produces  a  burning  and 
tingling,  followed  by 
numbness,  much  as  does  aconite.  In 
the  stomach  it  acts  as  a  stimulant,  or 
in  larger  amount  as  an  irritant  emetic. 
■Systemically,  it  reduces  both  the  rate 
and  the  force  of  the  heart  and  of  the 
respiration.  It  is  therefore  an  anti- 
phlogistic, and  is  somewhat  used  as  a  respiratory  seda- 
tive. Among  the  homoeopaths  and  eclectics  its  sedative 
action  is  largely  utilized  in  the  treatment  of  inflammatory 
conditions  of  the  genitals,  although  it  is  also  a  favorite 
•emmenagogue. 

There  is  no  official  preparation.  The  powdered  drug 
may  be  given  in  doses  of  0.06-0.3  gm.  (gr.  i.-v  )  or  the 
fluid  extract  in  an  equal  number  of  minims.  The  tinct- 
ure is  probably  more  used  than  all  other  of  its  prepara- 
tions combined.  It  is  commonly  made  of  t  wenty-per-cen  t. 
strength,  and  the  dose  is  0.5-1  c.c.  (niviij.-xv,).  Ihe 
extract  is  used  in  doses  of  one-half  to  two  grains  and 
anemonin  in  doses  of  one-fifth  to  one-half  a  grain. 

AijLibd  Dkugs. — Anemone  nemorosa  L.,  the  comrnon 
wind-flower  and  various  other  anemones,  have  a  similar 
composition  to  that  of  Pulsatilla,  and  are  similarly  used. 
Va,vious  species  of  Barmnculus  or  buttercup,  and  otClem- 
■atia  or  virgin's  bower,  also  exhibit  resemblances  in  the 
same  direction,  as  does  Hepatica  or  Hver-leaf.  AH  these 
pertain  to  the  family  Banunculacex.    lienry  H.  Kiisby. 


PULSE,  THE. — Introductoey  and  Historical. — 
Tlie  pulse,  literally  a  beating  or  throbbing,  may  be 
broadly  defined  as  periodic  movements  caused  by  the 
rliythmic  action  of  the  heart.  The  term  is  commonlj' 
applied  to  the  changes  in  size  and  tension  of  tlie 
blood-vessels  which  may  be  seen  or  felt  at  each 
heart  beat.  In  the  history  of  medicine  the  obser- 
vation of  the  pulse,  and  also  its  employment  in 
diagnosis,  preceded  by  many  centuries  the  dis- 
coveries which  opened  the  way  for  its  intei'pre- 
tation.  Aristotle  refers  to  the  pulse,  and  states 
that  it  is  simultaneous  in  all  parts  of  the  body; 
but  he  was  not  aware  of  its  relation  to  the  activity 
of  the  lieart.  Galen,  equally  ignorant 
of  its  origin,  devoted  much  attention 
to  it,  but  his  lack  of  physiological 
knowledge  led  him  to  form  many  false 
conceptions,  and  he  attached  a  signifi- 
cance to  minor  variations  which  later 
experience  has  not  justified.  He  be- 
lieved that  the  arteries  expanded  and 
contracted  actively  by  some  force 
which  tliey  possessed  within  them- 
selves. In  China  medical  science,  like 
other  things,  has 
changed  little  in 
thousands  of  years. 
The  native  physi- 
cians there  have 
very  crude  ideas  of 
both  anatomy  and 
physiology,  and  yet 
they  describe  and 
even  graphically 
depict  the  pulse  in 
great  detail.  They 
imagine  they  find 
indications  in  it  of 
the  exact  seat  no 
less  than  the  nature 
of  nearly  every  dis- 
ease. 

A   more    reason- 
able   claim,    where 
the  indications 
given     are     better 
supported  by  other 
symptoms.  Is  ascribed  by  the  poet 
Browning  to  Paracelsus,  that  err- 
ing Moses  who  in  the  sixteenth 
century  began  to  lead  the  profes- 
sion out  of  the  Egypt  of  tradition. 

"  When  we  would  thoroughly  know  the 

sick  man's  state 
We  feel  awhile  the  fluttering  pulse, 

press  soft 
The  hot  brow,  look  upon  the  languid 


Fig.  3896.— Anemone  Pulsatilla.    (Baillon.) 


eyes 
And  thence  divine  the  rest." 


The  foundation  for  the  scientific  study  of  the  pulse 
was  laid  by  William  Harvey,  who  discovered  and  de- 
scribed the  circulation  early  in  the  seventeerith  century. 
Among  his  conclusions  we  find  that  "  the  heart  is  the 
organ  of  propulsion  for  the  blood  "  and  that  the  pulsa- 
tion of  the  arteries  is  nothing  else  than  the  impulse  of  the 
blood  within  them."  In  1707  Sir  John  Ployer  states  a 
little  more  definitely:  "The  pulse  is  that  sensible  motion 
which  is  given  to  the  artery  by  the  blood  which  the  heart 
injects  into  it."  Still  fuller  is  the  account  given  in 
Haller's  "Elements  of  Physiology,"  published  in  1760: 
"  The  arteries  are,  in  a  living  person,  always  full  ot  blood, 
since  the  jet  or  stream  that  starts  from  an  artery  is  not 
interrupted  by  alternate  stops,  while  the  heart  rests  oi 
relaxes  itself,  but  it  flows  on  in  a  continued  thread 
Since  therefore,  a  new  wave  or  column  of  blood  is  sent 
into  the  arteries  already  full,  although  it  bears  but  a 
small  proportion  to  the  whole  mass  contained  m  the  arte- 
rial system  throughout  the  body,  .  .  .  yetby  Its  imme- 
diate contact  with  the  precedent  wave  or  column,  which 
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moves  slower  as  it  gets  farther  from  tlie  lieart  it  conse- 
Quently  drives  the  same  forward,  lengthens  the  artery, 
and  makes  it  assume  a  cylindrical  form,  augments  its 
diameter,  etc.  This  dilatation  of  the  artery,  whereby  its 
light  or  capacity  is  changed  from  a  less  to  a  greater  circle, 
is  called  the  pulse."    In  1767 Henri  Pouquct  described  in 


Fig.  3897.— Normal  Pulse  Tracing. 

detail  the  sensations  imparted  to  his  finger  by  the  pulse 
and  was  the  first  in  Europe  (the  Chinese  were  before 
him)  to  represent  the  pulse  by  drawings.  In  1855  K. 
Vierordt  describes  a  rough  means  of  recording  the  move- 
ments of  the  arteries  automatically,  thus  laying  the 
foundation  of  modern  sphygmography.  On  this  founda- 
tion a  host  of  modern  investigators,  both  laboratory  and 
clinical,  have  raised  a  substantial  structure  of  useful 
knowledge. 

AiiTERiAii  Pulse.  —  Description  and  Explanativn.  — 
The  arterial  pulse  comprises  a  succession  of  waves  initi- 
ated in  and  near  the  heart  and  propagated  through  the 
arteries.  As  the  contents  of  the  left  ventricle  are  forced 
through  the  semilunar  valves,  room  is  made  for  the  blood, 
partly  by  the  distention  of  the  aorta,  and  partly  by  a 
pushing  on  of  what  is  already  there  into  the  smaller 
arteries,  causing  the  latter  to  be  distended  in  turn.  This 
distention  slightly  increases  the  calibre  of  the  arteries ; 
but  what  we  recognize  as  the  pulse,  when  we  lay  our 
finger  on  the  wrist,  is  rather  the  increase  of  tension  or 
pressure  within  the  vessel  which  occurs  at  the  same  time. 
In  some  cases  an  artery  may  become  more  tortuous  as 
the  wave  of  increased  tension  is  passing  over  it.  With 
the  finger  on  the  pulse,  it  is  sometimes  possible  to  recog- 
nize more  than  one  impact  or  wave.  It  is  difficult,  how- 
ever, and  often  impossible  to  be  sure  of  these  so-called 
secondary  waves  by  the  sensation  imparted  to  the  finger, 
and  we  should  know  very  little  about  them  were  it  not 
for  the  assistance  furnished  by  the  sphygmograph.  By 
means  of  this  instrument  it  is  possible  to  communicate 
the  movements  of  the  artery  to  a  lever  supplied  with  a 
writing  point.  This  is  brought  to  bear  upon  a  piece  of 
smoked  paper  moved  by  clockwork.  The  result  is  a 
graphic  representation  of  the  variations  in  pressure  oc- 
curring within  the  artery.  Some  of  the  many  forms  of 
instrument  and  the  method  of  employing  them  will  be 
described  in  the  article  on  Sphygmography.  Fig.  3897 
represents  the  tracing  obtained  by  one  of  these  instru- 
ments (Dudgeon's  sphygmograph)  from  the  radial  pulse 
of  a  healthy  man. 

If  it  be  examined  it  will  be  seen  that  each  pulse  beat  is 
represented  by  a  sudden  rise  followed  by  a  more  gradual 
fall.  The  sudden  rise  is  known  as  the  primary  or  per- 
cussion wave  and  can  be  traced  to  the  contraction  of  the 
ventricle.  The  descent  is  broken  by  two  secondary 
waves,  of  which  the  second,  known  as  the  dicrotic  wave, 
is  in  this  case  the  largest  and  most  distinct.  This  wave 
is  very  constant,  being  found  in  almost  all  pulse  tracings. 
It  is  preceded  by  a  depression  known  as  the  dicrotic  rwtch. 
There  has  been  much  controversy  as  to  the  cause  of  the 
dicrotic  wave,  one  view  being  that  it  is  due  to  a  rebound 
of  the  blood  from  the  aortic  valves  at  the  moment  when 
they  close,  and  the  other  that  it  is  a  wave  reflected  back 
from  the  small  peripheral  vessels.  While  a  very  few  still 
hold  the  latter  view,  it  has  been  discarded  by  most  phys- 
iologists as  a  result  of  overwhelming  evidence  that  has 
been  advanced  in  favor  of  the  rebound  theory  If  the 
wave  were  due  to  a  reflection  of  the  percussion  wave 
from  the  penphery,  it  would  occur  earlier  in  the  periph- 
eral than  in  the  central  vessels,  which  is  not  the  case 
Moreover,  a  number  of  physiologists,  notably  Karl  Htlrl 
thle,  have  shown  that  the  dicrotic  notch  which  marks  the 
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beginning  of  this  wave  follows  immediately  the  closure 
of  the  aortic  valves.  He  has  Invented  the  so-called  dif- 
ferential manometer  to  record  the  time  of  closure  of  the 
valves.  This  instrument  records  the  relation  of  the  press- 
ure in  any  two  cavities.  If  connected  with  the  aorta 
and  left  ventricle  through  a  Hiirthle's  heart  catheter,  it 
indicates  the  moment  when  the  pressure  in  the  ventricle 
falls  below  that  in  the  aorta.  This  moment  corresponds 
of  necessity  with  the  beginning  of  a  back  flow  into  the 
ventricle,  and  must  be  directly  followed  by  closure  of 
the  valves.  In  Fig.  3898  from  Hurthle's  "BeitrSge 
zur  Hsemodynamik "  A  is  the  curve  of  pressure  at 
the  root  of  the  aorta,  that  of  the  left  ventricle,  and 
D  the  curve  of  the  differential  manometer  showing  the 
relation  between  the  pressure  in  the  ventricle  and  that  in 
the  aorta.  When  the  curve  I>  rises  above  the  base  line 
the  pressure  is  higher  in  the  ventricle,  and  blood  begins 
to  flow  into  the  arteries;  when  it  falls  below  the  line, 
there  is  a  tendency  for  a  back  flow  to  take  place  and  the 
semilunar  valves  close.  The  vertical  lines  1,  2,  3,  4,  5 
show  corresponding  points  of  time  in  the  three  tracings. 
The  aortic  valves  close  directly  after  the  line  3,  which 
marks  the  beginning  of  a  backward  flow  into  the  ventri- 
cle. This  corresponds  in  time  very  closely  with  vertical 
line  4,  indicating  the  commencement  of  the  dicrotic  wave. 
The  close  agreement  in  time  between  these  two  events 
is  strongly  suggestive  of  a  causal  relation.  The  corre- 
spondence between  the  closure  of  the  aortic  valves  and 
the  dicrotic  wave  has  also  been  successfully  demonstrated 
by  Martins,  Karl  Schmid,  Jr.,  and  others  by  marking  the 
time  of  the  second  sound  of  the  heart  as  heard  with  a 
stethoscope  upon  the  pulse  curve. 

The  rebound  from  the  semilunar  valves  may  be  ex- 
plained as  follows:  The  blood  is  thrown  out  of  the  ven- 
tricle at  a  certain  speed  and  with  a  certain  momentum. 
When  the  ventricle  has  emptied  itself  the  momentum 
of  the  blood  in  the  aorta  tends  to  caiTy  it  forward  away 
from  the  ventricle.  This  cannot  actually  take  place,  or 
a  vacuum  would  be  left  at  the  root  of  the  aorta,  b>it  the 
tendency  in  that  direction  causes  a  low  pressure  and  con- 
sequent suction  action  at  the  aortic  orifice.  This  lower 
pressure  or  suction  leads  to  a  wave  in  a  backward  direc- 
tion, completing  the  closure  of  the  semilunar  valves. 
This  is  reflected  forward  again  as  the  dicrotic  wave.  The 
dicrotic  wave  is  most  pronounced  when  the  smaller  arter- 
ies are  dilated  and  the  peripheral  resistance  is  low.  In 
this  case  the  column  of  blood,  meeting  with  little  opposi- 
tion, is  thrown  out  of  the  ventricle  with  greater  speed 
and  momentum,  and  the 
recoil  against  the  semi- 
lunar valves  consequent- 
ly occurs  with  greater 
force. 

Immediately  preced- 
ing the  dicrotic  wave 
another,  and  in  this  case 
(Fig.  3897)  smaller, 
wave  may  be  seen  which 
is  known  as  the  predi- 
crotic  or  tidal  wave. 
The  cause  of  this  is 
more  doubtful  than  that 
of  the  dicrotic  wave.  It 
is  found  in  the  curve  of 
intraventricular  press- 
ure, and  may  even  be 
present  under  certain 
conditions  in  the  tracing 
of  the  transverse  diam- 
eter of  the  frog's  ventri- 
cle (Marey),  so  that  it  is 
frequently  ascribed  to  a 
peculiarity  in  the  con- 
traction of  the  ventricu- 
lar walls, "  the  systole  not 
being  equally  sustained  "  (Foster)  or  "  the  outflow  remain- 
der wave  "  (Roy  and  Adami).  There  are  those  who  ascribe 
this  wave  entirely  to  inertia  and  recoil  of  the  instrument 
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Fig.  3898.— Shows  Eelationshlp  be- 
tween the  Pressure  In  the  Ventricle 
and  that  in  the  Aorta.  (From  Hur- 
thle.) 
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used.  The  instrument  may,  and  often  does,  exaggeiate 
it,  but  there  is  little  doubt  of  another  factor  being  pres- 
ent. The  most  plausible  explanation  is  perhaps  some- 
thing like  this:  both  the  percussion  wave  and  the  pre- 
dicrotic  originate  within  the  ventricle  during  its  systole ; 
the  reason  of  there  being  a  depression  or  notch  "divid- 
ing them  into  two  is  that  a  slight  fall  of  pressure  oc- 
curs when  the  semilunar  valves  open  and  afford  a  pas- 
sage for  the  blood  into  the  aorta ;  the  physical  laws  here 
exemplified  may  be  studied  in  the  mechanism  of  the 
hydraulic  ram  as  has  been  pointed  out  by  Karl  Schmid, 
father  and  son.  If  the  pressure  in  the  arteries  is  low,  the 
ventricle  nearly  empties  itself  with  one  effort,  and  ths 
predicrotic  wave  is  scarcely  seen ;  but  if  the  pressure  is 
high,  only  part  of.  the  blood  is  forced  out  at  first,  and 
after  a  slight  fall  in  pressure  at  the  opening  of  the  semi- 
lunar valves,  the  continued  contraction  of  the  ventricle 
raises  it  again  up  to  or  beyond  its  original  height,  form- 
ing the  predicrotic  wave.  It  is  certainly  a  practical  rule 
that  where  the  predicrotic  wave  is  pronounced  and 
reaches  a  high  level  the  blood  pressure  is  high  relatively 
to  the  strength  of  the  ventricle. 

Other  secondary  waves  are  sometimes  seen  upon  pulse 
tracings  and  are  probably  due  to  oscillations  taking  place 
within  the  vessels,  or  in  some  cases  they  may  be  instru- 
mental in  origin.  A  multiplicity  of  secondary  waves 
points  to  high  blood  pressure  and  consequent  tension  of 
the  arterial  walls.  Elevations  or  depressions  occurring 
upon  the  descending  limb  of  a  tracing  are  called  kata- 
crotio,  those  more  rarely  seen  upon  the  ascending  limb  are 
called  anacrotic.  A  tracing  with  interruptions  upon  the 
ascent  is  called  an  anacrotic  tracing,  and  we  may  also 
speak  of  an  anacrotic  pulse.  Similarly,  where  there  are  in- 
terruptions on  the  descent  we  speak  of  a  katacrotic  trac- 
ing and  katacrotic  pulse.  A  pulse  may  be  both  anacrotic 
and  katacrotic.  The  normal  tracing  in  Pig.  3897  is  kata- 
crotic only.  The  tracing  shown  in  Fig.  3899,  taken  from 
a  case  of  aortic  stenosis,  could  be  classed  as  both  anacrotic 
and  katacrotic.  The  predicrotic  wave  forms  the  summit 
of  the  tracing  and  indicates  resistance  to  the  outflow  of 
blood  from  the  ventricle ;  the  primary  or  percussion  wave 
forms  an  anacrotic  crest  or  angle  on  the  ascent,  and  the 
dicrotic  wave  is  seen  as  an  elevation  on  the  descent  (kata- 
crotic). 

Factohs  Contributing  to  the  Chaeacteb  of  thb 
Pulse. — The  exact  character  of  the  pulse  depends  on 
three  principal  factors:  the  force  of  the  ventricular  con- 
traction, the  degree  of  elasticity  of  the  arteries,  and  the 
resistance  offei'ed  to  the  outflow  of  blood  from  the  arter- 
ies into  the  capillaries  and  veins.  The  quantity  of  blood 
in  the  body  naturally  occurs  to  one  as  a  modifying  factor, 
but  its  influence  is  difficult  to  trace,  and  in  any  case  it 
probably  acts  chiefly  b}'  modifying  the  ventricular  con- 
traction. An  additional  factor  that  does,  without  doubt, 
however,  exert  a  modifying  influence  in  special  cases  is 
the  condition  of  the  aortic  and  to  a  much  less  extent  of 
the  mitral  valves.  Of  the  three  principal  factors  men- 
tioned tlie  ventricular  contraction  determines  the  rate  and 
combines  with  the  other  two  factors  to  give  the  pulse  its 
other  qualities.  The  elasticity  of  the  arteries  modifies  the 
pulse  in  the  direction  of  less  abruptness.  The  more  elas- 
tic the  larger  arteries  are,  the  less  sudden  is  the  increase 
of  tension  in  the  smaller  ones.  The  diminished  elasticity 
of  age  tends  to  make  the  rise  of  the  pulse  wave  steeper. 
In  cases  of  low  blood  pressure  the  same  effect  is  noted, 
because  the  elasticity  of  the  arteries  is  not  fully  brought 
into  play.  The  peripheral  resistance  depends  largely 
upon  the  degree  of  activity  of  the  muscular  coats  of  the 
arterioles.  "When  these  are  relaxed  the  blood  pressure 
falls,  the  ventricle  empties  itself  easily,  and  the  pulse  is 
large  and  soft.  When  the  arterioles  are  contracted  the 
blood  pressure  rises,  the  work  of  the  ventricle  is  increased, 
and  this  is  indicated  in  the  pulse  by  hardness  and  a  prom- 
inent predicrotic  wave.  Advancing  age  tends  to  raise 
the  peripheral  resistance  by  the  withering  of  many  of  the 
capillaries  and  consequent  narrowing  of  the  channel  by 
which  the  blood  must  flow  from  the  arteries  into  the 
veins.    Age  also  affects  the  force  of  the  ventricles  and 


the  elasticity  of  the  arteries  so  that  the  pulse  in  old  peo- 
ple varies  according  to  the  part  of  their  vascular  system 
where  degenerative  changes  have  been  most  active.  As 
the  thoughtful  observer  notes  in  the  pulse  the  modifica- 
tions brought  about  by  ventricular  activity  and  periph- 
eral resistance,  he  will  find  there  suggestions  of  many 
possible  influences  acting  through  the  cardiac  and  vaso- 
motor nerves. 

Rate  op  Propagation.— It  takes  a  certain  measura- 
ble time  for  the  effect  of  the  ventricular  contraction  to 
make  itself  felt  in  increased  tension  of  the  peripheral 
arteries.  In  other  words,  the  pulse  waves  travel  at  a 
certain  rate.  This  "rate  of  propagation"  varies  some- 
what, but  is  usually  given  as  between  three  and  ten 
metres  a  second.     It  is  considerably  influenced  by  varia- 


FiG.  3899.— Anacrotic  Pulse  Caortlc  stenosis). 

tions  in  blood  pressure  and  by  the  degree  of  rigidity  or 
elasticity  of  the  arteries;  the  more  rigid  the  vessels  the 
more  rapid  the  propagation  of  the  pulse. 

Further  information  on  some  of  the  subjects  treated  of 
above  will  be  found  in  tlie  article  on  Girc^dation. 

The  Examination  op  the  Pulse  and  What  it  Shows. 
—One  should  not  make  any  direct  examination  of  the  ra- 
dial pulse  until  he  has  obtained  what  information  he  can 
by  inspection  of  the  visible  parts  of  the  body.  A  glance 
is  often  suiiicient.  In  the  face  one  can  find  indications 
of  the  condition  of  the  capillary  circulation  in  the  glow 
of  health  or  in  pallor  or  lividity.  In  the  neck  there  may 
be  violent  throbbing  of  the  arteries  or  distention  and  pul- 
sation of  the  veins.  In  the  fingers  one  may  find  lividity 
and  clubbing  or  a  capillary  pulse.  The  pulsation  of  the 
temporal  and  radial  arteries  may  be  visible. 

It  is  important  to  choose  for  the  examination  of  the  pulse 
a  time  when  the  patient  is  as  little  excited  as  possible.  It 
is  well  to  distract  his  attention  by  conversation.  To  obtain 
the  best  results  the  patient  should  lie  or  sit  in  a  comfort- 
able position.  The  observer  should  be  in  front  of  the 
patient  or  to  his  right  side.  The  patient's  right  arm 
should  be  supported  with  the  elbow  flexed  and  the  fore- 
arm half  pronated.  Two  or  three  fingers  of  the  observer's 
right  hand  should  be  laid  upon  the  radial  artery  where 
it  passes  over  the  lower  end  of  the  radius  between  the 
styloid  process  and  the  flexor  tendons.  The  fingers  are 
to  be  moved  up  and  down  the  artery  and  across  it,  first 
with  light  pressure  and  then  with  sufficient  to  flatten 
out  the  vessel  so  as  to  bring  out  the  condition  of  the  arte- 
rial wall.  If  the  artery  can  be  felt  and  rolled  beneath 
the  fingers  when  flattened  out  it  indicates  tlie  thickening 
of  arteriosclerosis  or  the  rigidity  of  atheromatous  or  cal- 
careous degeneration.  If  the  latter  change  has  taken 
place  to  a  marked  degree,  one  can  often  feel  the  arterial 
wall  to  be  uneven  and  ribbed.  If  the  artery  can  be  felt 
to  be  tortuous,  one  is  justified  in  inferring  that  the  pa- 
tient has  been  the  subject  of  relatively  high  blood  press- 
ure extending  over  a  long  period.  In  examining  the 
wall,  as  described  above,  an  impression  will  often  be  re- 
ceived of  tlw  calibre  or  fulness  of  tlie  artery.  One  is  very 
apt  to  be  misled  on  this  point,  according  to  Leonard  Hill, 
by  the  fact  that  the  vense  comites  accompany  the  ar- 
tery and  contribute  to  the  sensation  of  size  given  to  the 
finger. 

The  arterial  pressure  may  be  roughly  estimated  by  the 
amount  of  pressure  which  must  be  exerted  by  the  finger 
to  obliterate  the  pulse  in  the  portion  below.  The  artery 
should  be  pressed  directly  backward  against  the  radial 
bone,  and  it  is  well  to  compress  it  below  as  well  as  above 
the  examining  finger  so  as  to  exclude  any  "  anastomotic 
pulse"  from  a  communicating  vessel.     A  correct  judg- 
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ment  as  to  arterial  pressure  can  be  acquired  only  by 
much  practice.  One  is  very  liable  to  confuse  the  sensa- 
tion given  by  high  arterial  pressure  with  that  of  a  thick- 
ened or  calcareous  artery.  _ 

Low  arterial  pressure  is  found  in  fevers,  especially  the 
later  stages,  in  most  wasting  diseases,  and  in  many  forms 
of  heart  disease.  High  pressure  is  seen  especially  in 
nephritis,  lithsemia,  and  lead  poisoning. 

The  pulse  proper  should  be  examined  with  reference  to 
its  rate,  regularity,  size,  and  quicliness.  The  so-called 
Mrdness  or  softness  of  the  pulse  is  practically  identical  with 
the  arterial  pressure  which  has  just  been  discussed.  The 
rate  of  the  pulse,  whether  frequent  or  infrequent,  is  to  be 
determined  by  counting  the  pulse  beats  by  a  watch  for 
not  less  than  half  a  minute.  It  is  well  to  note  the  num- 
ber of  beats  in  each  period  of  five  seconds  so  as  to  deter- 
mine whether  or  not  the  rate  is  variable. 

When  the  pulse  is  too  frequent  to  be  successfully 
counted  in  the  ordinary  way  it  is  sometimes  possible  to 
calculate  its  rate  by  counting  every  second  beat  and 
■doubling  the  result.  When  some  or  all  of  the  beats  are 
too  feeble  to  be  distinguished,  the  rate  can  be  obtained 
by  auscultation  of  the  heart.  A  record  of  the  variations 
in  the  pulse  rate  from  day  to  day  is  often  valuable.  Be- 
fore drawing  conclusions  from  the  rate  of  the  pulse,  due 
weight  must  be  given  to  the  fact  that  it  may  be  modified 
by  very  slight  influences  such  as  the  position  of  the  pa- 
tient or  slight  mental  excitement.  If  the  rate  be  abnor- 
mally high  it  should  be  counted  again  when  any  excite- 
ment has  had  time  to  subside.  The  rate  of  the  pulse 
varies  much  within  the  limits  of  health.  Age  has  a  very 
great  influence.  The  average  rate  is  something  over  130 
in  the  first  year  of  life,  about  90  in  the  tenth  year,  70  in 
adult  life,  and  75  or  80  in  those  who  have  passed  the 
allotted  span.  Sex  has  little  influence,  the  average  in 
females  being  only  a  few  beats  per  minute  more  than  in 
males  of  the  same  age.  What  little  difference  there  is  in 
the  two  sexes  may  with  reason  be  attributed  to  size,  for, 
as  a  rule,  the  larger  the  body  the  less  frequent  the  pulse. 
Tables  showing  in  more  detail  the  effects  of  age,  sex,  and 
size  on  the  rate  are  given  in  the  article  on  Circulation. 
The  time  of  day  has  a  slight  influence  on  the  pulse  rate, 
which  is  usually  five  or  ten  beats  higher  in  the  afternoon 
and  evening  than  in  the  morning.  Meals,  especially  if 
hot,  may  increase  the  rate  for  one  or  two  hours.  Change 
^f  position,  from  lying  to  sitting  raises  the  rate  from  two 
to  five  beats  per  minute.  On  standing  a  further  increase 
■of  four  to  eight  beats  may  result.  Exercise  has  a  still 
greater  influence,  very  slight  exertion  sending  the  pulse 
Tip  twenty  or  thirty  beats,  and  violent  exercise  may  more 
than  double  the  rate.  An  increased  frequency  out  of  all 
proportion  to  the  effort  made  is  commonly  seen  in  the 
■debilitated  and  the  diseased. 

Pathological  frequency  of  the  pulse  may  be  conveniently 
divided  into  three  groups  (Mackenzie).  First,  those  in 
which  the  heart  responds  to  an  extra  call  upon  it  by  an 
excessive  increase  of  rate;  second,  those  in  which  the 
pulse  rate  is  continuously  increased;  third,  those  in 
which  periods  of  increased  rapidity  take  place  in  irregu- 
lar paroxysmal  attacks. 

To  the  first  group  of  abnormal  excitability  belong  all 
cases  in  which  the  reserve  power  of  the  heart  is  impaired. 
This  may  be  the  result  of  some  general  disease  or  of  val- 
vular or  other  heart  affection.  When  no  other  sufficient 
cause  can  be  found,  one  may  suspect  a  neurotic  tempera- 
ment or  the  abuse  of  some  stimulant  or  narcotic  (alcohol, 
tea,  or  tobacco). 

In  the  second  group  of  continued  frequency  we  may 
place  (a)  most  febrile  diseases.  In  fever  the  pulse  usu- 
ally bears  some  relation  to  the  temperature.  It  is  com- 
monly increased  about  ten  beats  per  minute  for  each  de- 
gree Fahrenheit  of  pyrexia.  Marked  exceptions  to  this 
rule  are  found  in  typhoid  fever  where  the  increase  in  the 
pulse  rate  is  usually  small  for  the  amount  of  pyrexia 
and  in  meningitis  where  the  rate  is  very  variable,  but 
may  be  lower  than  normal  in  spite  of  considerable  fever. 
(6)  Diseases  of  the  heart.  Increased  frequency  of  the 
pulse  IS  a  common  but  by  no  means  an  invariable  symp- 
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torn  of  valvular  disease.  In  disease  of  the  aortic  valves, 
especially  aortic  stenosis,  the  pulse  rate  is  less  likely  to 
be  increased  than  in  mitral  disease.  In  degeneration  of 
the  heart  muscle  the  pulse  rate  is  very  variable,  and  may 
be  either  higher  or  lower  than  normal.  The  rate  is  usu- 
ally increased  in  pericarditis  and  in  overstrain  from  ex- 
cessive work,  (c)  Exophthalmic  goitre,  {d)  Numerous 
other  conditions  such  as  incipient  tuberculosis,  exhaust- 
ing diseases,  neuroses,  pregnancy,  hemorrhage,  alcohol- 
ism, great  anxiety,  severe  pain. 

The  third  group  of  pa/roxysmal  attacks  embraces  palj)!- 
tation  and  paroxysmal  tachycardia.  In  palpitation  we 
have  a  sudden  onset  of  rapid,  violent  heart  action  accom- 
panied by  throbbing  of  the  larger  arteries.  This  exces- 
sive throbbing  does  not  extend  to  the  smaller  arteries, 
"  the  radial  pulse,  for  instance,  being  rapid  but  having 
no  excess  of  force  "  (Balfour).  True  palpitation  occurs  in 
weakly  anaemic  individuals,  and  is  induced  by  psychical 
and  gastric  reflexes  of  various  origins,  "  never  by  exer- 
cise." The  patient  is  usually  painfully  conscious  of  the 
violent  action  of  his  heart. 

In  paroxysmal  tachycardia  the  subjective  symptoms  are 
less  pronounced.  The  heart  may  be  beating  even  more 
frequently  than  in  palpitation,  and  yet  the  patient  be  un- 
conscious of  the  fact.  The  attacks  are  variable  in  dura- 
tion, but  may  last  several  days.  During  the  attack  the 
heart  frequently  dilates  as  a  result  of  incomplete  empty- 
ing by  the  rapid  feeble  beats.  Mackenzie  looks  upon  the 
disease  as  caused  by  some  local  heart  stimulation  giving 
rise  to  a  prolonged  series  of  premature  systoles. 

Diminished  frequency  of  the  pulse  must  always  be  care- 
fully distinguished  from  those  cases  of  missed  beat  in 
which  only  every  second  pulse  is  strong  enough  to  be  felt 
at  the  wrist.  It  is  a  safe  rule  to  count  the  heart  sounds 
before  diagnosing  an  abnormally  slow  pulse.  An  infre- 
quent pulse  is  sometimes  present  in  individuals  who 
show  no  other  signs  of  disease.  It  is  said  that  the  pulse 
of  Napoleon  Bonaparte  was  never  over  forty.  An  infre- 
quent pulse  is  most  common  in  the  latter  half  of  life. 
It  may  sometimes  be  a  symptom  of  degeneration  of  the 
myocardium.  It  is  often  seen  in  diseases  accompanied 
by  high  blood  pressure,  such  as  chronic  nephritis,  and 
as  a  result  of  poisons  produced  within  the  body,  as  in 
jaundice,  or  introduced  from  without,  as  digitalis.  The 
most  marked  instances  of  infrequent  pulse,  or  bi'ody- 
eardia,  as  it  is  called,  are  those  following  injury  to  the 
spinal  accessory  nerve.  This  nerve  arises  from  the  spinal 
cord  as  far  down  as  the  fifth  or  sixth  cervical  vertebra, 
and  may  be  implicated  in  fracture  of  the  spine  or  inflam- 
matory compression  of  the  cord  in  this  region.  In  such 
cases  the  pulse  may  fall  to  thirty,  twenty,  or  even  lower. 
A  pulse  rate  of  eight  per  minute  has  been  recorded.  In 
such  cases  syncopal  attacks  and  epileptiform  seizures 
are  common. 

Begularity  of  the  Pulse.— In  healthy  people  who  are  not 
suffering  from  any  disturbing  influences,  the  pulse  beats 
are  usually  regular  in  rhythm  and  volume.  This  may 
be  recognized  by  the  examining  finger.  In  some  cases, 
however,  we  find  variation  in  the  intervals  between  the 
beats  or  in  their  volume  or  both.  Such  departures  from 
the  normal  present  themselves  in  a  great  variety  of  types 
which  are  often  referred  to  by  different  names  in  the 
various  books  on  the  subject,  so  that  considerable  confu- 
sion of  terms  exists.  The  following  table  is  suggested 
as  a  classification  of  the  different  kinds  of  irregularity, 
although  I  am  quite  aware  of  its  imperfections  and  rec- 
ognize the  fact  that  there  is  some  overlapping  so  that  the 
same  pulse  might  be  put  under  more  than  one  beading  i 
Allorrhythmia  (Greek,  another  rhythm). 

P.  alternans. 

P.  bigeminus. 

P.  trigeminus. 

P.  paradoxus. 
Arrhythmia  (without  rhythm). 

P.  intermittens  (dropped  beat). 
P.  deficiens. 
P.  pseudo-intermittens  (hemisystole). 

P.  intercidiens  (premature  systole). 
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Pulse. 


P.  irregularis. 
Diastolic. 
Systolic. 

In  allori'hythmia  the  variations  in  rhythm  are  them- 
selves rhythmical.  Thus  in  the  first  subdivision,  pulsus 
aliernans,  we  have  alternately  a  strong  pulse  beat  and  a 
weak  one.  This  is  sometimes  ascribed  to  a  strong  beat 
of  the  left  ventricle  and  a  weak  beat  of  the  right  ventri- 
cle alternating  with  a  weak  beat  of  the  left  side  and  a 
strong  beat  of  the  right  side.  In  P.  bigeminus  the  beats 
are  in  pairs,  two  beats  with  a  short  interval  between  and 
then  a  pause.  P.  bigeminus  must  be  carefully  distin- 
guished frorn  P.  bujeriens  which  is  a  pulse  where  the 
predicrotic  wave  is  w^ell  marked  so  that  each  single  pulse 
has  a  double  crest.  In  P.  trigeminus  there  are  three  beats 
and  then  a  pause.  Cases  are  reported  in  which  there  are 
two  beats  and  a  pause  followed  by  three  beats  and  a 
pause.  P.  paradoxus  is  where  the  pulse  becomes  ex- 
tremely feeble  or  fails  altogether  at  the  end  of  each  in- 
spiration. When  pronounced  this  form  of  pulse  usually 
indicates  adhesive  pericarditis  or  great  obstruction  of  the 
respiratory  passages.  A  slight  variation  in  the  pulse  at 
different  stages  of  respiration  may  be  present  in  healthy 
people. 

AivhytJiniia  includes  those  forms  of  pulse  irregularity 
which  have  no  rhythm  of  their  own.  P.  intermittens  is 
where  from  time  to  time  the  finger  misses  a  beat.  It  is 
sometimes  spoken  of  as  dropped  beat.  Where  the  ven- 
tricle misses  a  contraction  altogether  we  speak  of  a  P. 
deficiens.  Where  there  is  a  beat  of  the  ventricle  which, 
while  it  can  be  heard  over  the  heart,  is  too  weak  to  prop- 
agate a  pulse  to  the  wrist,  we  speak  of  a  hemisystole,  caus- 
ing a  false  intermission.  In  P.  intercidiens  instead  of  a 
beat  being  dropped  out  we  have  one  occurring  before  its 
proper  time.  We  may  refer  to  this  event  as  a  premature 
.systole.  Such  a  premature  systole  is  often  too  feeble  to 
be  felt  at  the  wrist,  and  is  then  a  hemisystole  also.  At 
other  times  it  is  distinctly  felt,  and  when  it  occurs  at  reg- 
ular intervals  maj'  give  rise  to  a  pulsus  alternans  or  pulsus 
bigeminus.  Where  there  are  one  full  beat  and  two  prema- 
ture systoles  regularly  repeated  we  get  a  pulsus  trigemi- 
nus. Under  the  heading  simply  of  pulsus  irregularis 
we  may  put  any  irregular  pulse  that  cannot  be  classified 
in  any  other  group.  This  and  pulses  of  the  other  groups 
as  well,  may  be  separated  into  two  divisions  of  some  prac- 
tical importance.  In  the  first  of  these  the  irregularity  is 
due  to  a  variation  in  the  length  of  the  pause  (diastolic). 
Such  irregularity  is  frequently  found  in  the  healthy,  and 
is  of  little  importance.  In  the  other  division  the  irregu- 
larity is  due  to  variation  in  the  force  and  duration  of  the 
ventricular  contraction  (systolic),  and  the  pulse  beats  are 
felt  to  vary  in  strength.  Pulses  of  this  kind  are  more 
apt  to  indicate  danger  and  should  be  carefully  considered 
after  thorough  examination  of  the  heart.  Diastolic  irreg- 
ularity is  frequently  seen  in  children,  and  Mackenzie 
proposes  to  call  it  ttie  youthful  type  of  irregularity,  al- 
though it  is  often  seen  in  adults  too,  especially  as  the 
pulse  is  slowing  down  during  convalescence  from  a  fever. 
For  systolic  irregularity  Mackenzie  proposes  the  term 
adult  type  of  irregularity.  The  terms  systolic  and  dias- 
tolic seem  to  the  present  writer  less  open  to  objection. 

In  looking  for  the  cause  of  pulse  irregularity  we  first  turn 
to  the  heart  and  find  that  sometimes  the  lack  of  normal 
rhythm  is  due  to  independent  action  of  the  ventricle  and 
sometimes  may  be  traced  back  to  the  auricle.  To  deter- 
mine which  chamber  is  primarily  at  fault  may  best  be 
complished  by  taking  simultaneous  tracings  from  the 
radial  and  jugular,  as  will  be  further  explained  shortly  in 
connection  with  the  venous  pulse  and  also  in  the  article 
on  BpliygTnogra/pliy.  Irregularity  is  frequently  a  result 
of  the  strain  put  upon  the  heart  by  valvular  disease,  but 
is  not  often  seen  in  pure  aortic  cases.  It  is  especially 
in  cases  of  advanced  mitral  disease  in  which  the  auricles 
are  overworked  and  distended,  perhaps  paralyzed,  that 
we  get  the  most  pronounced  forms.  Among  other  causes 
of  irregularity  are  myocarditis  and  fatty  degeneration, 
anaemia,  strain,  and  digitalis  poisoning.  The  latter  is 
said  to  be  often  characterized  by  a  pulsus  trigeminus. 
Vol.  VI.— 51 


One  cause  of  pulse  irregularity  that  requires  special  dis- 
cussion IS  vagus  inhibition.  Some  writers  go  so  far  as 
to  make  influences  reaching  the  heart  through  this  nerve 
almost  the  sole  cause.  Such  a  statement  is  doubtless 
an  exaggeration,  and  yet  many  influences  act  reflexly 
through  the  vagus  in  such  a  way  as  to  cause  irregularity. 
Among  these  we  may  include  emotional  shocks,  such  as 
sudden  joy,  sorrow  or  fear,  mental  strain  and  worry, 
gastrointestinal  disturbance,  pain,  injury,  cold,  either 
external  or  internal. 

Fig.  3900  is  a  tracing  from  a  patient  in  whom  the 
heart  appeared  quite  normal.  She  had  suffered  much 
from  domestic  trouble  for  several  months  and  it  is 
possible  that  that  was  the  cause  of  the  irregularity. 


Fig.  3900.— Pulse  showing  Premature  Systole. 

To  the  finger  on  the  wrist  it  seemed  as  though  there 
were  an  occasional  intermission.  The  pulse  tracing 
shows  that  this  was  not  a  pulsus  deficiens  but  merely  a 
weak  beat  (hemisystole).  If  careful  measurements  be 
made  it  will  be  seen  that  the  weak  pulse  beat  comes  a 
little  before  it  is  expected  (premature  systole).  One  fre- 
quently finds  irregularities  of  this  kind  in  people  with- 
out any  other  symptoms  of  disease.  An  instance  which 
came  under  my  notice  recently  would  suggest  that  it 
may  sometimes  be  an  hereditary  peculiarity.  I  had  the 
opportunity  of  examining  a  father  and  son,  both  of  whose 
pulses  were  irregular.  In  the  father's  pulse  thei-e  was 
a  weak  premature  systole  at  intervals  varying  from  a  few 
beats  up  to  thirty  or  more.  In  the  son  they  occurred 
every  four  or  five  beats  if  he  kept  very  quiet,  but  slight 
exertion  caused  the  entire  disappearance  of  the  irregular- 
ity. Both  of  these  men  have  hearts  rather  below  than 
above  the  average  size,  and  neither  of  them  has  any 
symptoms  of  disease. 

As  to  prognosis  in  cases  of  irregularity,  such  cases  as 
those  just  mentioned  in  which  the  heart  appears  quite 
soimd  need  not  excite  any  alarm,  especially  if  the  irregu- 
larity be  known  to  be  of  long  standing'.  If  the  heart  is 
dilated  the  case  should  receive  more  consideration.  Cases 
of  diastolic  irregularity  in  the  young  or  convalescent  need 
not  excite  any  alarm.  It  is  a  totally  different  thing  when 
an  irregularit}'-  develops  in  a  case  of  old  heart  disease  or 
in  the  course  of  a  fever.  In  both  of  these  cases  it  suggests 
overloading  or  paralysis  of  the  auricles,  and  is  a  symp- 
tom of  danger.  Cases  of  pneumonia  in  which  the  pulse 
becomes  intermittent  before  the  crisis  are  usually  fatal. 
As  a  rule,  where  people  have  an  intermittent  pulse  dur- 
ing health  the  onset  of  fever  causes  the  intermission  to 
disappear.  When  this  does  not  occur,  it  may  be  taken 
as  a  danger  signal.  Generally  speaking,  the  more  rapid 
the  pulse  the  more  serious  is  the  occurrence  of  intermis- 
sion or  other  irregularity.  Irregularity  can  be  given  its 
proper  importance  only  when  considered  with  other  symp- 
toms. If  there  are  no  other  serious  symptoms  and  the 
heart  can  respond  well  to  extra  calls  upon  it,  then  irreg- 
ularity is  of  little  importance.  When,  on  the  contrary, 
there  are  other  symptoms  that  the  heart  is  laboring  under 
stress  of  work,  then  irregularity  may  be  taken  as  an  ad- 
ditional bad  sign,  and  the  more  so  the  higher  the  temper- 
ature and  the  more  frequent  the  pulse. 

Size  or  Excursion  of  the  P«?se.— Pulsus  magnus  or 
parvus,  large  or  small  pulse.  These  terms  are  used  to 
describe  the  sensation  that  the  finger  has  of  being  lifted 
as  the  pulse  wave  passes.  When  the  sensation  is  very 
considerable  we  speak  of  a  large  pulse,  when  it  is  slight 
of  a  small  pulse.  One  naturally  explains  this  sensation 
by  supposing  that  the  artery  expands  as  the  result  of 
increased  tension.     Many  writers,  however,  among  whom 
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Fig.  3901.— Oliver's  Arteriomnter. 


Sir  William  Bmiulbeut  is  prominent,  minimize  the  effect 
of  urterial  expansion  or  deny  its  occurrence.     According 

to  tlieni  the  finger 
pressing  upon  the 
wrist  pushes  in 
or  Hattens  the  ar- 
tery' between  tlie 
beats,  but  feels  a 
tendency  of  the 
vessel  to  resume 
its  cylindrical 
shaiie  under  1he 
increased  tension 
of  the  pulse  wave. 
This  latter  view 
seems  very  reason- 
able, but  some 
slight  expansion 
must  certainly 
take  place. 

A  large  pulse 
means  that  a  large 
quantity  of  blood 
is  being  forced 
into  the  arteriid 
system  at  each 
heart  beat  an<l 
points  to  a  power- 
fully acting  ventricle  and  vmobslructed  vessels. 

A  small  pulse  may  be  present  in  a  variety  of  condi- 
tions. It  may  be  from  the  presence  of  some  disease  of 
the  valves  of  the  heart  putting  the  ventricle  at  a  disad- 
vantage. It  may  be  from  soiue  obstruction  between  the 
ventricle  and  the  wrist,  such  as  aortic  stenosis,  aneurisiu, 
or  tumor.  Or  the  artery  being  examined  may  be  abnor- 
mally small  ou  account  of  some  other  artery  like  the  ulnar 
being  larger  than  usual.  The  most  obvious  cause  of  all 
is  a  heart  beating  feebly. 

If  Ave  get  a  small  pulse  in  a  contracted  artery  we  call 
it  a  wiry  pulse,  if  the  arterial  tension  is  still  considerable  ; 
if  the  tension  is  low  and  the  pulse  very  small,  we  speak 
of  a  thready  pulse,  which  is  seen  in  cases  of  severe  shock 
or  where  a  patient  is  in  extremis.  A  small  pulse  in  a 
relaxed  ves.sel  is  sometimes  spoken  of  as  a  trembling  or 
a  running  pulse. 

Quickness  of  the  Pulse. — Pulsus  celer  or  tardus,  quick 
or  slow  pulse.  These  terms  are  properly  applied  not  to 
the  rate  of  the  pulse,  but  to  the  suddenness  with  which 
the  expansion  of  the  vessel  takes  place.  In  the  quick 
pulse  the  sensation  imparted  to  the  finger  is  that  of  a 
sudden  tap.  In  the  slow  pulse  there  is  a  sensation  of 
more  gradual  lifting  or  heaving,  and  the  feeling  of  pi-ess- 
ure  lasts  for  an  appreciable  time.  A  quick 
pulse  is  seen  when  the  ventricle  empties  itself 
ea.sily.  It  is  iisually  present  when  the  blood 
pi'essure  is  low,  but  not  in  aortic  stenosis,  for 
then  there  is  obstruction  to  the  work  of  the 
ventricle.  The  most  characteristic  form  of 
quick  pulse  is  the  Corrigan  's  or  water-haiumer 
pulse  of  aortic  regurgitati(jn.  The  character 
of  a  slow  pulse  diiiers  according  to  the  posi- 
tion where  the  obstruction  to  the  outflow  of 
blood  from  the  ventricle  may  be.  If  the  ol)- 
struction  is  at  the  aortic  valves  the  puls(^  is 
slow  and  of  low  tension,  as  in  aortic  sti'uosis 
If  the  obstruction  lie  in  contracted  peiipheral 
ves.sels,  then  the  judse  is  slow  and  of  high 
tension,  as  in  chronic  nephritis. 

A   cKcrotic  pulse  is  one  where  the  dicrotic 
wave  can  be  felt  as  Avell  as  the  primary  wave 
It  is  characteristic  of  relaxed  vessels  with  a 
fairly  strong  lieart  action.     It  is  most  com- 
mon in  fever  wliere   the  arterial   tension   is 
usually  rather  low.      When  the  blood  pressure  falls  very 
low,  as  ma  failing  heart,  the  dicrotic  wave  tends  to  dis- 
appear.    It  will  be  more  fully  discussed  in  connection 
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is  not  complete  without  comparing  the  corresponding 
arteries  on  the  two  sides  of  the  body.  When  there  is  a 
difference  on  the  two  sides,  it  is  necessary  to  trace  up  the 
course  of  the  vessel  on  the  side  wliere  the  pulse  is  weak- 
est. Somewhere  in  its  course  from  the  heart  to  the  wrist 
one  may  find  a  tumor  or  aneurism  or  deformity  causing 
pressure  and  partial  obstruction.  Dr.  Allison,  of  Edin- 
burgh, made  the  claim  in  a  clinical  lecture  some  seventy 
years  ago  that  he  had  observed  in  a  severe  case  of  fever 
that  the  pulse  had  a  fuller  character  on  the  side  on  which 
the  patient  was  l.ying. 
He  ascribed  this  to  the 
influence  of  gravity  act- 
ing on  weakened  re- 
laxed vessels  much  as 
it  would  do  after  death. 
I  do  not  think  there  is 
anything  in  (Oliver's  re- 
cent experiments  to  ren- 
der this  unlikely. 

Field  of  Res'ponse.  — 
Tliis  is  a  term  suggested 
by  Jhickenzie  for  the 
ability  of  the  heart  to 
rise  to  occasions.  We 
may  also  speak  figura- 
tively-of    the     heart's 

"  bank  account. "  This  may  be  investigated  by  noting 
the  effect  upon  the  pulse  of  various  degrees  of  exertion. 
Sometimes  a  pulse  which  seems  good  when  the  patient  is 
resting  changes  its  rate  and  character  to  such  an  extent 
on  slight  exertion  as  to  indicate  serious  weakness.  The 
breathing  should  be  noted  and  maj'  furnish  confirmation 
of  the  opinion  formed  from  the  pul.se.  This  is  a  method 
of  considerable  value  in  estimating  the  seriousness  of  an 
irregular  ]uilse.  The  less  dangerous  forms  of  irregular- 
ity tend  to  disappear  ou  slight  exertion,  whereas  cases, 
due  to  a  failing  heart  may  be 
expected  to  show  increase 
of  irregularity  and  breath- 
lessness. 

Instiu'mental  Aids  in  the 
examination  of  the  pulse. 
The  cnlilire  of  the  ressel  may 
be  approximately  measured 
by  Olirer's  arteriometer  of 
which  an  illustration  is  given 
in  Fig.  B901.  The  principle  is 
that  a  pointer  on  the  gradu- 
ated dial  marks  the  distance 
which  the  central  foot  lias  to 
be    pushed   down    from    the 


-Vnn    Basiii's   Sphyp:mo- 
manometer. 


with  pulse  tracings. 
Symmetry  of  the  Pulse.- 
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-An  examination  of  the  pulse 


Fio.  .3fl03.— Gaertner's  Tonometer. 

time  it  begins  to  press  on  the  artery  till  it  quite  oblit- 
erates it.  The  readings  of  this  instrument  may  not  be 
absolutely  reliable,  but  it  is  sutlicicntly  accurate  for  com- 
paring the  size  of  the  same  artery  under  different  cir- 
cumstances.    In   this   way  it  has  "been  used  by  the  in- 
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ventor  for  working  out  the  effect  of  various  influences 
on  the  vasomotor  tone  and  the  distribution  of  the  blood 
in  the  body. 

Arterial  Pressure. — A  number  of  instruments  are  on 
the  market  for  measuring  the  arterial  pressure  in  man 
and  several  different  principles  are  represented.  The 
best  known  instrument  for  the  purpose  is  perhaps  the 
sphygmomanometer  of  mn  Basch.  This  is  shown  in  Pig. 
3903.  It  consists  of  a  capsule  which  is  pressed  upon  the 
radial  artery  until  the  pulse  is  obliterated  below,  and  a 
dial  and  pointer  which  indicate  how  much  pressure  has 
been  exerted.  It  is  only  moderately  accurate.  Leonard 
Hill  claims  that  errors  as  great  as  from  30-70  mm.  of 
mercury  are  made  with  it.  Much  would  doubtless  de- 
pend upon  the  man  using  it.  The  tonometer  of  Oaertner 
(Fig.  3903)  seems  to  be  a  very  good  instrument.  Dr.  Orr, 
of  Montreal,  reported  at  a  recent  meeting  of  the  Canadian 
Medical  Association  an  exhaustive  study  of  the  pressure 
in  different  diseases  in  which  this  instrument  was  used. 
The  most  striking  results  were  the  high  pressures  ob- 
tained in  many  cases  of  nephritis,  and  the  fact  that  in 
cases  of  valvular  disease  of  the  heart  the  pressure  average 
was  not  very  different  from  that  found  with  sound  hearts. 
With  this  instrument  we  measure  the  amount  of  pressure 
which  must  be  exerted  around  a  finger  to  prevent  the 
blood  flowing  through  its  vessels.  The  instrument  as 
shown  is  well  adapted  for  the  oiflce,  and  a 
more  portable  modification  may  be  obtained 
for  carrying  about. 

_Other    instruments   for    measuring    blood 
pressure  depend  upon  the  principle  that  the 
excursion  of  the  pulse  is  greatest  when  the 
pressures  inside  and  outside  the  artery  are 
equal.     The  sphygmometers  of  Hill  and  Bar- 
nard, the  sphygmomanometer  of  Rita  Bocci, 
and  the  mod- 
ification of  it 
used    in   the 
Johns    Hop- 
kins   Hospi- 
tal,  and  the 
hmmodyna- 
mometer  of 
Oliiier  are  all 
of  this  type. 
Of  all  these 
the   simplest 
is  one  of  the 
two  forms 
invented    by 

Hill  and  Bar-  .     ,      ,        ^  u 

nard  (Fig  3904).  It  consists  of  a  vertical  glass  tube 
five  inches  in  length  which  expands  above  into  a  small 
bulb  and  is  closed  at  the  top  by  a  glass  top.  A  small 
india-rubber  bag  partly  protected  by  a  metal  cup  is 
fixed  to  the  tube  below.  The  bag  is  filled  with  col- 
ored fluid,  and  on  pressing  it  down  upon  an  artery  the 
fluid  rises  in  the  tube  and  compresses  the  air  in  the  bulb. 
The  more  one  presses  the  more  the  fluid  rises;  at  a  cer- 
tain height  the  meniscus  of  the  fluid  exhibits  more  pulsa- 
tion than  at  any  other  height.  At  this  point  the  top  ot 
the  meniscus  indicates  the  arterial  pressure.  This  instru- 
ment has  been  described  at  length  because  it  is  cheap, 
simple,  and  fairly  accurate  if  carefully  used. 

The  pulse  loa^es  may  be  made  to  record  themselves 
automatically  by  one  of  the  various  forms  of  sphygmo- 
qraphs.  These  instruments,  as  already  said,  are  contri- 
vances by  which  movements  of  a  blood-vessel  are  trans- 
mitted to  a  lever,  which  records  them  on  smoked  paper_ 
For  the  various  forms  of  instrument  and  the  method  ot 
using  them  the  reader  is  referred  to  the  article  on  Sphyg- 
mography.  The  product  is  a  tracing,  of  which  a  normal 
example  has  already  been  given  m  1  ig.  3897. 

Criticism  and  Appreciation  of  the  Sphygmograph.-li 
was  thought  for  a  time  that  the  sphygmograph  would 
todicate,  to  that  he  who  ran  might  read,  t^e  pressure, 
size  and  quickness  of  the  pulse,  as  well  as  the  pecul- 
iarities incident  to  various  diseases;   these  hopes  have 


proved  vain,  and  we  now  know  that  the  sphygmograph 
is  inferior  to  the  finger  in  most  of  these  points.  Oae 
great  difiiculty  in  the  interpretation  of  the  sphygmogram 
ia  that  a  great  variety  of  tracings  may  be  obtained  from 
the  same  pulse  by  simply  varying  the  pressure  of  the 


Fig.  3904.-Spliygmometer  of  Hill  and  Barnard. 


Fis.  3905.— Pulse  Tracings  which  show  Effect  ol  Varying  Pressure. 

instrument  or  by  employing  different  makes.  Pig.  3905 
shows  three  pulse  tracings  taken  within  a  few  seconds  of 
each  other  from  the  radia  1  artery  of  the  writer.  The  difl'er- 
ences  are  due  to  the  pad  being  pressed  down  upon  the 
artery  witli  varying  force.  Fig.  3906  shows  tracings 
taken,  the  upper  from  the  carotid,  and  the  lower  from 
the  radial  of  the  same  subject,  within  a  few  minutes  of 
one  another.  In  this  case  the  carotid  was  recorded  by 
air  transmission  and  the  radial  by  transmission  through  a 
spring.  Features  are  sometimes  found  in  pulse  tracings 
which  do  not  represent  anything  in  the  pulse  at  all,  but  are 
dependent  on  inertia  or  rebound  of  the  instrument. 

In  spite  of  all  these  pitfalls  that  beset  us,  however,  it  is 
possible  to  take  sphygmograms  that  will  afford  us  much 
information  about  the  pulse  and  the  conditions  which 
determine  its  character.  In  tracings  we  can  see  the  prin- 
cipal events  of  the  pulse  in  their  proper  time  relations. 
They  show  us  what  to  feel  for,  and  corroborate  or  con- 
trovert the  opinions  we  have  formed  of  the  pulse  from 
our  tactile  examination.  The  sphygmograph  is  very 
useful  as  a  guide  -to  those  who  are  learning  to  feel  the 
pulse  and  in  whose  finger  tips  the  tactile  sense  is  not 
fully  educated.  There  are  points  about  the  pulse,  too, 
that  even  the  most  highly  trained  "thumb  and  finger 
fail  to  plumb "  which  are  shown  with  ease  by  this  in- 
strument. The  dicrotic  wave  and  the  predicrotic  wave 
usually  belong  to  this  category.  In  irregular  pulses 
we  often  have  premature  systoles  or  other  weak  heart 
beats  causing  pulse  waves  too  weak  to  be  felt  by  the 
finger,  but  not  too  weak  to  be  shown  by  the  instrument. 
Then  tracings  enable  us  to  compare  the  time  relations  o£ 
the  waves,  in  difl'erent  arteries  or  to  compare  the  time  of 
the  arterial  pulse  with  the  heart  beat  or  with  the  venous 
pulse.  Such  tracings  are  of  value  in  working  out  the 
rate  of  propagation  of  the  pulse  and  the  direction  in 
which  the  waves  travel.  The  venous  pulse  very  often 
can  only  be  safely  interpreted  in  the  light  of  such  simul- 
taneous tracings. 

It  is  doubtful  whether  sphygniography  wiU  ever  be  a 
routine  method  in  general  practice,  but  for  the  speciahst, 
the  teacher,  and  the  investigator  it  is  very  valuable,  and, 
when  the  elements  are  mastered,  becomes  an  interestmg 
and  instructive  practice.  ,.       „  rr.i. 

Normal  Pulse  Tracinqn—IIigh  aiul  Low  Pressiirr.  —  ltie 
four  tracings  shown  in  Pig.  8907  are  all  taken  from  peo- 
ple in  good  health  without  any  circulatory  or  general 

diSC3iSG 

As  far  as  tracings  can  do  so,  the  first  of  these  four 
sphygmograms  indicates  rather  high  blood  pressure  and 


FIG   3906.-Pulse  Tracings  Taken  Irom   the    Carotid   (O    and   the 
Radial  (K). 

the  last  one  low  pressure.  ^^''"'^  «ie. two  between  repre^ 
sent  intermediate  conditions.  One  is  safer  in  trusting 
the  finger  for  indications  of  the  arterial  pressure  than  m 
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trvinff  to  read  it  from  a  tracing,  but  attention  to  the  fol- 
lowing points  usually  enables  one  to  form  a  fairly  correct 
opinion  from  a  tracing.  In  the  first  place  the  tracing 
must  be  taken  by  a  person  of  experience.     A  poorly 


Fig.   3907.— Normal   Pulse   Tracings,  Indicating  DUIerent   Arterial 
Pressures. 

taken  tracing  is  very  misleading.  Where  the  blood  press- 
ure is  high  the  rise  and  fall  of  the  waves  are  more  grad- 
ual, in  low  blood  pressure  quick  or  steep.  In  high  blood 
pressure  the  dicrotic  wave  is  small  and  high  up  on  the 
descent.  As  the  blood  pressure  becomes  lower  this  wave 
becomes  more  distinct  and  approaches  nearer  to  the  base 
line,  and  may  appear  as  a  wave  rivalling  the  primary 
wave  in  size  and  separated  from  it  by  a  distinct  interval. 
If  the  blood  pressure  becomes  very  low  indeed,  as  in  car- 
diac failure,  then  the  dicrotic  wave  becomes  smaller  again 
and  may  quite  disappear.  A  well-marked  dicrotic  wave 
is  a  sign  of  relaxed  peripheral  vessels  and  not  of  a  weakly 
beating  heart.  It  is  seen  best  developed  at  the  beginning 
of  fevers  when  the  skin  is  hot  and  the  blood  distributed 
to  the  surface,  but  the  heart  still  beating  stronglj'. 

The  predicrotic  wave  is  most  pronounced  in  cases  in 
which  there  is  most  resistance  to  the  outflow  from  the 
ventricle,  and  therefore  usually  indicates  high  blood 
pressure.  It  is  also  seen,  however,  in  aortic  stenosis  (see 
Fig.  3899).  A  practical  rule  for  judging  of  the  predicrotic 
wave  is  given  by  Gibson :  "  Draw  a  line  from  the  top  of 
the  primary  wave  to  the  lowest  point  of  the  dicrotic 
notch. "  If  the  predicrotic  wave  fails  to  reach  this  line 
the  pulse  is  of  low  or  medium  pressure.  If  the  predi- 
crotic wave  rises  higher  and  crosses  this  line  the  pulse  is 
of  high  pressure  (better,  the  resistance  to  outflow  of  blood 
from  the  ventricle  is  great).     Another  peculiarity  often 


Iio.  3908.-Higli-Tension  Pulse.    CHutchison  and  Balney.) 


seen  in  high-pressure  pulse  tracings  is  the  presence  of 
several  oscillation  waves  on  the  descent  such  as  those  seen 
in  parts  of  Fig.  3908. 
When  interpreting  tracings  it  is  well  to  bear  in  mind 
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that  the  part  from  the  beginning  of  the  primary  wave  to 
the  bottom  of  the  dicrotic  notch  corresponds  to  the  time 
when  the  blood  is  being  driven  out  of  the  ventricle  into 
the  arterial  system.  This  almost  corresponds  with  the 
ventricular  systole,  and  may  conveniently  be  called  the 
systoUo  portion  of  the  tracing.  From  the  bottom  of  the 
dicrotic  notch  to  the  beginning  of  the  next  primary  wave 
the  aortic  valves  are  closed  and  no  blood  is  leaving  the 
ventricle.  This  may  be  called  the  diastoUe  portion  of  the 
tracing. 

Any  peculiarities  in  the  systolic  portion  may  usually 
be  traced  to  the  ventricle;  biit  the  diastolic  portion  can- 
not depend  directly  upon  the  ventricle,  as  during  this 
time  the  aortic  valves  shut  off  the  arteries  from  the  heart. 
Variation  in  the  rate  of  the  pulse  is  brought  about  prin- 
cipally by  shortening  or  lengthening  of  the  diastolic  por- 


Fio.  3909.— Frequent  Pulse. 

tion.  Thus  in  an  infrequent  pulse  like  that  in  Fig.  3908 
the  diastolic  portion  which  I  have  marked  I)  is  about 
twice  as  long  as  the  systolic  portion  8,  whereas  in  Fig. 
3909  where  the  pulse  was  130  as  the  result  of  a  fever,  the 
two  portions  are  of  about  equal  duration. 

In  some  cases  the  shortening  of  the  diastolic  portion 
takes  place  to  such  an  extent  that  the  next  percussion 
wave  commences  before  the  dicrotic  wave  is  complete 
and  cuts  into  the  descending  limb  of  the  latter.  The 
result  is  a  tracing  like  that  shown  in  Fig.  3910.  ,8  is 
the  percussion  and  D  the  dicrotic  wave.  It  will  be 
noticed  that  the  dicrotic  notch  N\s  the  lowest  part  of 
the  tracing.  Such  a  tracing  is  called  hyperdicrotic  or  mi- 
perdicrotic. 

The  Pdlsb  in  Various  Pathological  Conditions. 
— Affections  of  the  Aoi-tic  Valve. — The  pulse  of  aortic 
regurgitation  is  one  of  the  most  typical,  and  is  known  as 
Corrigan' 8 pvUe,  from  Sir  Dominic  Corrigan,  who  was  one 
of  the  first  to  describe  it,  or  as  the  water-liammer  pulse 
from  a  toy  of  that  name  that  gives  a  sudden  shock  to  the 


FIQ.  3910.— Hyperdicrotic  Pulse.    (Mackenzie.) 

fingers.  Corrlgan's  pulse  may  be  described  as  large  and 
quick,  usually  infrequent  and  regular.  It  is  sometimes 
described  as  collapsing  because  the  vessel  seems  to  be- 
come empty  between  the  pulse  beats.  The  impression 
given  to  the  finger  is  that  of  a  momentary  tap. 

The  peculiarities  of  Corrigan 's  pulse  are  best  made  out 
by  raising  the  patient's  arm  high  above  his  head  while 
feeling  his  radial. 

The  statement  made  by  Henderson,  Balfour,  and  others 
that  the  rate  of  propagation  is  slower  in  aortic  regurgi- 
tation than  where  the  heart  and  vessels  are  normal  has 
been  shown  by  Francois  Frank,  Keyt,  and  Mackenzie  to 
be  without  foundation.  A  prominent  feature  of  aortic 
regurgitation  is  the  violent  throbbing  of  the  vessels  of 
the  neck.  A  capillary  pulse  may  also  usually  be  seen. 
In  some  cases  the  pulse  wave  passes  right  thi-ough  the 
capillaries  into  the  veins  and  may  be  obiserved  in  the 
veins  of  the  back  of  the  hand,  and,  sometimes,  a  tracing 
may  be  obtained  of  this  rare  form  of  venous  pulse.  Such 
a  tracing  is  figured  in  Gibson's  book  on  the  heart. 
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Tracings  from  the  radial  in  aortic  regurgitation  are 
characterized  by  a  steep  rise  and  fall  of  the  percussion 
wave  and  by  the  fact  that  the  predicrotic  wave  is  usually 
more  pronounced  than  the  dicrotic.     The  tracing  shown 


Fio.  3911.— Aortic  Regurgitation. 

in  Fig.  3911  is  from  a  case  of  moderate  severity  and  illus- 
trates these  points.  In  a  more  pronounced  case  the  di- 
crotic wave  would  be  still  less  marked  or  even  absent  al- 
together, and  the  percussion  wave  might  be  even  steeper 
in  its  rise  and  fall.  The  presence  of  a  fairly  pronounced 
dicrotic  wave  does  not,  be  it  noted,  exclude  a  moderate 
degree  of  aortic  regurgitation. 

The  pulse  of  aortic  stenosis  is  not  so  characteristic  as 
that  of  regurgitation.  It  usually  feels  slow  and  sustained 
to  the  examining  finger,  is  of  normal  or  diminished  fre- 
quency, and,  like  that  of  aortic  regurgitation,  regular  in 
rhythm  and  volume.  The  tracing  is  usually  anacrotic 
(see  Fig.  3899).  The  predicrotic  wave  rises  higher  than 
the  primary,  indicating  the  difficulty  the  ventricle  has  in 
emptying  itself.  The  details  vary  in  different  cases. 
Sometimes  the  primary  and  predicrotic  waves  form  two 
well-marked  crests  separated  by  a  distinct  depression, 
forming  the  so-called  pulsus  bisfei'iens.  In  other  cases  in- 
stead of  the  tracing  being  anacrotic  we  may  simply  have 
a  primary  wave  with  a  gradual  rise  and  a  rounded  crest, 
followed  by  a  poorly  marked  dicrotic  wave. 

In  mitral  regurgitation  and  mitral  stenosis  the  pulse 
may  be  quite  indistinguishable  from  the  normal.  As 
one  or  other  of  these  diseases  progresses,  however,  di- 
latation of  the  ventricle,  and  especially  of  the  auricle, 
takes  place;  then  the  pulse  tends  to  become  weak,  rapid, 
and  markedly  irregular  in  both  rhythm  and  volume,  con- 
stituting the  so-called  "  mitral  pulse. "  This  pulse  varies 
so  much  in  its  details  in  different  cases  that  it  is  useless 
to  figure  any  one  form  as  typical. 

Affeetio7is  of  the  Heart  Muscle. — There  is  nothing  uni- 
form or  typical  about  the  pulse  in  these  conditions.  It 
may  be  abnormally  slow  or  fast  or  irregular.  The  car- 
diac field  of  response  is  diminished.  Any  departure  of 
the  pulse  from  the  normal  rate  or  rhythm  should  lead  one 
among  other  things  to  consider  the  probability  of  the 
heart  muscle  being  diseased,  but  other  considerations  be- 
sides the  pulse  will  have  to  be  depended  on  for  the  solu- 
tion of  the  question. 

The  presence  of  the  pulsus  paradoxus  in  certain  cases 
of  oMesitie  pericarditis  has  already  been  referred  to. 

In  anmrism  of  the  transverse  part  of  the  aorta  the  left 
radial  pulse  is  often  smaller  and  slower  than  the  right. 
It  sometimes  feels  delayed  too,  but  this  is  questioned  by 
some  writers.  The  exact  character  of  the  radial  pulse 
varies  greatly  in  cases  of  aneurism  according  to  the  situ- 
ation of  the  disease,  the  degree  of  degeneration  of  the 
vessels  generally,  and  the  condition  of  the  aortic  valves. 
Fig.  3912  shows  simultaneous  tracings  from  the  aneurism 
and  the  right  radial  in  a  case  in  which  a  large  pulsating 
aneurism  extended  from  the  chest  up  the  right  side  of  the 
neck.  The  exaggeration  of  the  predicrotic  wave  seen  in 
this  tracing  seems  to  be  very  common  in  aneurism,  as  it 
is  in  both  forms  of  aortic  valvular  disease. 

In  f ever  we  have  to  distinguish  between  the  effect  of 
the  pyrexia  as  such  upon  the  pulse  and  the  effect  of  the 
disease  causing  the  pyrexia.  Moderate  pyrexia  tends  to 
modify  the  pulse  through  both  the  heart  and  the  periph- 
eral resistance.  The  heart  is  made  to  beat  more  rapidly, 
partly  by  a  direct  action  of  the  increased  temperature  on 
the  heart  tissue  itself,  and  partly  indirectly  through  the 
cardiac  centres  in  the  medulla.  The  superficial  arteries 
are  dilated  and  an  increased  amount  of  blood  is  carried  to 
the  skin     The  effect  of  these  changes  is  to  cause  a  pulse 


of  increased  frequency  and  diminished  pressure  with  ex- 
aggeration of  the  dicrotic  wave.  To  the  finger  such  a 
pulse  feels  frequent,  large,  and  soft.  It  is  often  referred 
to  as  bounding.  A  tracing  would  more  or  less  approach 
the  type  shown  in  Fig.  3913. 

If  the  pyrexia  runs  high  or  lasts  long  the  heart  suffers 
and  becomes  feeble  and  often  irregular.  In  such  cases 
the  pulse  is  very  frequent  and  is  small,  soft,  and  com- 
pressible. Tracings  taken  at  intervals,  when  the  heart 
is  failing,  show  gradual  disappearance  of  the  dicrotic 
wave,  the  absence  of  which  in  a  case  of  fever  is  usually 
a  very  bad  sign.  Irregularity  of  the  pulse  in  the  early 
stages  of  a  fever  or  increase  of  rate  in  an  adult  beyond 
140  per  minute  are  symptoms  which  usually  indicate 
great  danger.  During  convalescence  slight  irregularity 
is  common  and  of  little  significance.  Tlie  character  of 
the  pulse  in  fever  may  be  much  modified  by  other  influ- 
ences, such  as  specific  poisons  or  mechanical  interference. 

Summary  of  the  DiAiiNOSTio  Value  of  the  Pulse. 
— The  pulse  furnishes  the  best  single  indication  of  the 
state  of  efficiency  of  the  circulation.  In  it  we  find  indi- 
cations both  of  the  condition  of  the  vessel  walls  and  of 
the  strength  of  the  heart  beat. 

Very  important  information  may  be  obtained  by  ob- 
serving the  changes  in  the  pulse  during  bodily  activity. 

The  discovery  of  high  tension  may  direct  our  attention 
to  the  presence  of  nephritis  or  lithsemia. 

In  aortic  valvular  disease  a  quick  collapsing  pulse  or  a 


Fig.  3913.— simultaneous  Tracings  from  a  Thoracic  Aneurism  and 
Irom  the  Right  Radial  Artery. 

slow,  small  pulse  will  indicate  the  predominance  of  re- 
gurgitation or  stenosis. 

In  mitral  valvular  disease  a  rapid  irregular  pulse  is 
suggestive  of  loss  of  compensation  and  dilated  or  para- 
lyzed auricles. 

In  pericarditis  with  effusion,  where  the  heart  sounds 
are  faint,  the  pulse  is  of  especial  value  in  Indicating  the 
degree  of  cardiac  failure. 

In  fever  the  rate,  the  tension,  and  the  presence  or  ab- 
sence of  irregularity  are  of  great  prognostic  value.  A 
sudden  change  in  the  pulse  may  be  the  first  indication  of 
a  crisis  or  a  fresh  complication.  In  many  diseases  the 
pulse  is  of  value  in  furnishing  indications  for  treatment 
(stimulants)  and  in  exhibiting  the  effect  of  the  remedies 
used. 

In  the  search  for  all  these  indications  the  finger  is  the 
best  means  to  employ.  In  special  cases  some  of  the  more 
elaborate  instruments  may  furnish  additional  or  confir- 
matory informaticyi. 

The  Venous  Pulse. — Introductory. — The  term  venous 
pulse  is  applied  to  changes  in  size  and  tension  occurring 
in  the  veins  as  the  result  of  the  action  of  the  heart.     The 


Fig.  3913.— Pulse  in  Sthenic  Fever.    (Mackenzie.) 

distention  and  collapse  of  the  veins  caused  by  the  alter- 
nate phases  of  respiration  are  not  included.  A  true 
venous  pulse  in  a  healthy  animal  seems  to  have  been  first 
described  by  Wedemeyer  of  Hamburg,  in  1828.  He 
made  his  observations  on  a  horse.  Since  that  time  nu- 
merous physiologists  have  seen  and  recorded  the  venous 
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pulse  iu  healthy  dogs,  cats,  rabbits,  and  othej-  animals. 
It  lias  been  noted  in  the  veins  of  the  thorax,  neck,  abdo- 
men, and  limbs.  Mosso  obtained  the  tirst  venous  pulse 
tracin"-  from  a  human  subject  iu  1879.     Since  then  those 


Fig.  3914.— Negative  Venous  Pulse  (dog). 

who  have  looked  for  it  in  man  have  fouud  it  to  be  very 
common.  In  the  \vritei''s  experience  it  may  be  seen  and 
recorded  in  the  majority  of  people  by  those  vv^ho  make 
the  examination  under  suitable  conditious.  It  is  most 
frequently  seen  in  the  jugular  veins,  external  and  inter- 
nal. In  the  case  of  the  external  jugular  one  can  usually 
see  the  blue  vein  through  the  skin ;  in  the  case  of  the  in- 
ternal jugular  one  can  see  the  movements  imparted  to  the 
skin  over  it.  Sometimes  one  vein  can  be  seen  best,  some- 
times the  other.  For  the  observation  of  the  venous  pulse 
two  conditions  are  usually  necessary,  viz.,  that  the  veins 
be  reasonably  distended  with  blood,  and  that  the  neck  be 
not  too  fat.  Pi'obably  in  the  majority  of  people  the  re- 
cumbent position  is  necessary  for  it  to  be  recognizable. 
For  the  method  of  taking  tracings  of  the  venous  pulse 
see  Sphygmograpliy. 

Various  Fokms  of  Venous  Pulse.  —  The  venous 
pulse  is  seen  in  many  different  forms.  This  renders  its 
study  more  dilflcult  than  that  of  the  arterial  and  has  dis- 
couraged many  from  undertaking  it.  Its  modifications, 
however,  may  be  traced  with  considerable  confidence  to 
their  respective  causes,  and  are  replete  with  indications 
of  the  condition  of  the  heart  for  those  who  will  take  the 
trouble  to  familiarize  themselves  with  them.  James 
Mackenzie,  who  has  written  more  exhaustively  on  the 
venous  pulse  than  any  other  English  writer,  claims  that 
it  "  gives  us  far  more  information  of  what  is  actually 
going  on  within  the  chambers  of  the  heart"  than  the 

arterial  pulse. 
The  princi- 
pal forms  met 
with  may  be 
designated  ac- 
cording to 
their  place  of 
origin  as: 

1.  Auricu- 
lar, negative, 
or  normal. 

2.  Ventricu- 
lar, positive,  or 
pathological. 

3.  Arterial. 

4.  The  mod- 
ified negative 
of  auricular 
paralysis. 

The  auricu- 
lar or  negative 
venous  pulse 
follows  very 
closely  t he 
cur VI- of  press- 
u  r e  in  the 
right  auricle. 
It  is  obtained 
in  its  most 
complete  form 
^  ^      ,.  „  when  the  pulse 

is  not  tuo  Irequeut.     Fi-.  3i)14  is  taken  from  the  internal 
jugular  of  a  dog  under  the  influence  of  itiorphine  with 
a  pulse  rate  of  45  per  minute. 
It  will  be  observed  that  the  down  strokes  in  the  trac- 
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Fig.   :!9]r,.-Clurves    of    Auric^ular    (above")    and 
ventricular  I'reasures,  from  a  Doif.    Tinin 


Ing  which  denote  the  collapse  of  the  vein  (negative  pulse) 
are  far  stepper  than  the  rises  which  Indicate  refilling. 
The  fall  beginning  at  1  is  called  the  systolic  collapse,  and 
is  due  to  the  diastole  of  the  auricle  drawing  in  blood 
from  the  veins  during  the  ventricular  systole.  The  fall 
beginning  at  2  is  the  diastolic  collapse  due  to  the  dias- 
tole of  the  ventricle.  The  ascending  portions  of  the  trac- 
ing, which  indicate  filling  of  the  veins,  are  caused  princi- 
pally by  the  blood  flowing  in  from  the  capillaries  faster 
than  the  heart  can  receive  it.  Just  before  the  systolic 
collapse  (1),  however,  we  may  in  some  cases  observe  two 
smallelevations,  tiie  presystolic?inAViie  systolic  rise.  These 
may  be  traced  back  to  their  origin  in  the  systole  of  the 
auricle  and  of  the  ventricle.  We  speak  of  the  long  ascent 
leading  up  to  these  waves  as  the  diastolic  rise.  The 
irregularities  at  the  beginning  and  in  the  middle  of  this 
diastolic  rise  are  unexplained.  The  interpretation  given 
above  of  the  systolic  rise  as  due  to  an  impact -propagated 
backward  through  the  auricle  and  veins  by  the  ventric- 
ular systole  is  disputed  by  some  writers  (Mackenzie),  who 
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3916.— Three   Types  ol  Negative  or  Auricular  Venous  Pulse 
(human). 


ascribe  it  entirely  to  a  shock  imparted  to  the  vein  by  the 
pulse  in  the  carotid.  This  view  is  doubtless  partly  true, 
as  there  is  often  a  wave  in  the  venous  pulse  due  to  the 
carotid  impact;  but  it  is  equally  true  that  there  is  quite 
frequently  a  wave  at  the  top  of  the  diastolic  rise  that  can 
be  found  both  in  the  venous  pulse  and  in  the  curve  of 
auricular  pressure,  and  that  may  be  shown  to  be  syn- 
chronous with  the  ventricular  systole.  In  Fig.  3915 
simultaneous  tracings  are  shown  of  the  pressures  in  the 
right  auricle  and  ventricle  of  a  dog  taken  with  Hilrthle's 
catheter.  Corresponding  points  of  time  are  marked  by 
the  vertical  lines.  It  will  be  noted  that  there  is  a  very 
distinct  wave  in  the  auricle  synchronous  with  the  ven- 
tricular systole.  This  is  no  doubt  due  to  the  rise  of  press- 
ure iu  the  ventricle  pushing  the  tricuspid  valves  back 
and  thus  imparting  a  shock  to  the  auricle. 

For  the  rise  in  the  tracing  (Fig.  8914),  leading  up  to  2 
there  is,  so  far  as  I  know,  no  satisfactory  name.  Some 
writers  call  it  the  first  diastolic  rise,  but  it  is  systolic  in 
time.  Others  call  it  the  ventricular  rise,  but  it  is  not 
caused  by  the  ventricle  but  by  the  blood  flowing  in  from 
the  periphery.  A  rational  term  to  apply  to  it  would  be 
the  prediastolic  rise,  for  it  leads  up  to  and  is  interrupted 
by  the  ventricular  diastole. 

When  the  pulse  is  frequent  the  waves  are  crowded  to- 
gether, and  some  of  those  described  are  not  seen  at  all  or 
cannot  be  identified.  Take,  for  instance.  Fig.  3916  where 
three  examples  are  given  of  venous  pulse  tracings  from 
human  subjects.  It  is  very  difficult  to  distinguish  the 
different  waves  described  above  in  these  three  tracings. 
In  the  last  of  the  three  a  method  is  shown  by  which  the 
difficulty  may  be  partially  solved.     In  this,  simultaneous 
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records  are  taken  from  the  external  jugular  vein  (above) 
and  the  radial  artery  (below).  Corresponding  points  of 
time  are  marked  on  the  two  tracings,  and  by  these  it  can 
be  seen  that  synchronous  with  the  rise  of  the  radial  pulse 
tracing  there  is  a  fall  in  the  venous,  the  systolic  collapse 


/   nn 


Fig.  3917.-Ventricular  Venous  Pulse  ftelow);  Radial  Pulse  (above) 
(Mackenzie.) 

This  systolic  collapse  alone  is  sufficient  to  prove  the  ven- 
ous pulse  to  be  of  the  auricular  or  negative  variety 
Using  the  radial  pulse  as  a  guide,  it  is  possible  to  find 
traces  of  the  other  waves  described  as  typical,  although 
they  are  not  very  distinct.  Be  it  noted  here  that  the 
systolic  and  diastolic  portions  of  the  jugular  pulse  corre- 
spond very  closely  in  time  with  the  systolic  and  diastolic 
portions  of  the  radial  pulse,  because,  as  has  been  pointed 
out  by  the  writer,  the  greater  distance  of  the  radial  from 
the  heart  is  compensated  for  by  the  fact  that  the  rate  of 
propagation  of  the  venous  pulse  is  only  about  one-third 
that  of  the  arterial. 

As  a  rule,  the  auricular  venous  pulse  can  be  readily 
recognized  without  taking  a  tracing.  It  is  characterized 
by  a  sudden  collapse  of  the  veins  of  the  neck  followed  by 
amore  gradual  filling.  Where  the  pulse  is  infrequent  the 
collapse  is  double,  corresponding  to  the  systolic  and  dias- 
tolic collapse  seen  in  a  tracing  (Fig.  3914).  The  proper 
organ  for  the  examination  of  the  venous  pulse  is  the 
eye,  and  it  is  best  seen  with  the  patient  reclining  with 
the  head  on  a  level  with  the  body  (no  pillow).  The  finger 
is  of  little  use  as  the  changes  in  tension  are  too  slight  to 
be  appreciated  by  it.  It  is  a  good  plan  to  have  the  finger 
on  the  radial  as  a  guide  to  the  time  relations.  In  cases  of 
doubt,  as  when  the  pulse  is  frequent,  simultaneous  trac- 
ings must  be  taken  of  the  jugular  pulse,  and  either  the 
apex  beat,  or  the  carotid,  or  the  radial. 

The  presence  of  the  auricular  venous  pulse  has  little 
significance.  I  have  seen  it  at  all  ages  from  infancy  to 
old  age,  and  have  recognized  and  recorded  it  in  healthy 
and  athletic  young  men  as  well  as  in  a  variety  of  diseased 
conditions.  It  is  practically  never  absent  from  healthy 
dogs,  and  I  believe  that  when  it  cannot  be  observed  in  a 
human  subject,  who  is  in  a  proper  position  for  observation, 
it  is  because  the  tissues  of  the  neck  are  too  thick  for  it  to 
show  through  rather  than  because  it  is  not  there.  It  is 
more  marked  than  usual  when  the  tissues  of  the  neck  are 
specially  thin  or  when  the  veins  of  the  neck  are  distended. 
For  it  to  be  seen  at  its  best  the  heart  must  still  be  beating 
with  fair  vigor.  Among  the  conditions  in  which  the  auric- 
ular venous  pulse  is  pronounced  are  nearly  all  forms  of 
emaciation  and  general  debility,  diseases  in  which  the 
entrance  of  blood  into  the  cliest  is  interfered  with,  such 
as  rickets  and  chronic  coughs,  conditions  in  which  there 
is  slight  dilatation  of  the  heart  as  at  the  end  of  long  con- 
tinued fevers  or  in  the  various  forms  of  anaemia. 

The  ventricular  or  positive  venous  pulse  is  seen  where 
the  high  pressure  existing  in  the  ventricle  during  systole 
is  transmitted  to  the  veins  so  as  to  prevent  the  usual 
systolic  collapse.  In  a  typical  ventricular  venous  pulse 
the  only  collapse  we  have  in  the  veins  is  the  diastolic 
collapse  caused  by  the  blood  being  sucked  in  by  the 
diastole  of  the  ventricle.  In  these  cases  the  veins  of  the 
neck  can  usually  be  seen  to  be  distended,  and  the  pulse 
can  be  seen  in  them  even  with  the  patient  standing  or 
sitting  up.  Moreover,  the  filling  or  distention  of  the 
veins  is  seen  to  take  place,  or,  at  least,  to  be  completed 
suddenly,  and  the  finger  can  detect  a  positive  impact 
corresponding  in  time  with  the  carotid  pulse.  Simulta- 
neous tracings  from  the  jugular  vein  and  the  radial  artery 
show  absence  of  the  usual  systolic  collapse.    Instead,  we  1 


Pulse. 
Pulse. 


see  a  continued  rise  or  a  sustained  elevation  of  the  tracing 
ri,wl  "f, jentricular  systole,  succeeded  by  a  sudden 

^t  qQi7  T  T^'"iP°'''''  """^y  ^«  ^ery  well  seen  in 
J^ig.  d917  In  this  figure  simultaneous  points  of  time 
n  the  radial  and  jugular  pulses  are  marked  by  vertical 
lines  including  between  them  the  systolic  period  E  It 
will  be  noted  that  the  venous  pulse  consists  of  a  single 
large  wave  with  a  divided  crest,  and  that  the  only  pro 
nounced  collapse  is  after  the  systole  is  over.  A  somewhat 
Sfil^^'rj,°^^  ^"^^^  observed  by  the  writer  is  shown  in  Fig 
dyi».  Ihis  was  taken  from  a  case  of  tricuspid  regurgi- 
tation in  which  compensation  had  been  partly  restofed  bv 
digitalis.  c       J  J 

The  ventricular  venous  pulse  is  found  in  three  con- 
ditions. By  far  the  most  usual  cause  of  it  is  tricuspid 
regurgitation,  but  it  cannot  quite  be  called  patho^o- 
monic  of  this  lesion,  as  there  are  two  other  rare  condi- 
tions in  which  it  is  found.  One  of  these  is  mitral  regur- 
gitation with  patent  foramen  ovale,  of  which  a  case  was 
recently  reported  in  "The  Johns  Hopkins'  Hospital  Bul- 
letin" by  W.  8.  MacCallum.  The  other  is  adhesive 
pericaMitis,  in  which  the  contraction  of  the  ventricle 
draws  in  the  thoracic  wall  and  causes  compression  of  the 
thoracic  viscera ;  sufficient  pressure  is  thus  exerted  on  the 
great  veins  to  initiate  a  positive  wave  which  is  propa- 
gated into  the  veins  of  the  neck. 

The  ventricular  pulse  may  in  some  cases  be  confounded 
with  the  pulse  of  auricular  paralysis  which  will  be  de- 
scribed shortly. 

The  arterial  venous  pulse  includes  four  different  forms 
of  pulsation  in  the  veins,  of  which  none  call  for  more 
than  a  mention. 

1.  A  pulse  may  be  transmitted  from  the  arteries 
through  the  capillaries  in  aortic  regurgitation  or  where 
there  is  great  dilatation  of  the  peripheral  vessels. 

3.  Cases  are  on  record  in  which  there  has  been  an  anas- 
tomosis between  a  peripheral  artery  and  vein  with  conse- 
quent transmission  of  a  pulse. 

3.  Pulsations  which  are  arterial  in  origin  are  sometimes 
seen  in  the  veins  of  closed  cavities  like  the  eyeball. 

4.  Veins  may  have  a  pulsation  transmitted  to  them 
from  arteries  as  a  result  of  mere  juxtaposition.  This 
last  fact  must  be  remembered  in  interpreting  the  tracings 
obtained  from  the  veins  of  the  neck,  especially  the  inter- 
nal jugular,  as  frequently  one  of  the  waves  seen  is  due 
to  the  impact  of  the  carotid  upon  the  vein.  Such  waves 
are  best  identified  by  comparing  the  tracing  with  a  simul- 
taneous one  from  an  artery. 

The  Venous  Pulse  of  Auricular  Paralysis. — When  the 
auricle  is  paralyzed  the  presystolic  (auricular)  wave  is 
absent  and  so  is  the  systolic  collapse  (auricular  diastole). 
The  tracings  obtained  are  very  similar  in  form  to  those 
of  tricuspid  regurgitation,  as  the  tracing  continues  to  rise 
until  the  ventricular  systole  is  complete,  and  then  a  fall 
due  to  the  ventricular  diastole  occurs.  The  venous  pulse 
of  auricular  paralysis  with  competent  tricuspid  valves 
can  be  distinguished  from  the  systolic  pulse  of  tricuspid 
regurgitation  better  by  the  finger  than  from  a  tracing. 
In  a  tracing,  it  is  true,  the  rise  is  more  uniform  and  grad- 
ual in  auricular  paralysis  than  in  the  ventricular  pulse 
where  a  systolic  elevation  may  be  made  out ;  but  in  some 


Fig.  3918.— Venous  Pulse  from  External  Juptular  (above);  Arterial 
Pulse  from  Eadial  (below). 

cases  it  is  difficult  to  decide  from  a  tracing  which  we  have 
to  deal  with.  The  finger,  on  the  contrary,  can  recognize 
a  distinct  positive  impact  in  the  veins  in  the  case  of  a 
ventricular  venous  pulse,  whereas  in  the  pulse  of  auric- 
ular paralysis  no  such  positive  impact  is  felt.     Fig.  3919 
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shows  a  traciug  such  as  we  sometimes  meet  with  This  is 
from  an  old  woman  with  a  dilated  and  irregular  heart, 
but  no  murmurs.     The  venous  tracing  shows,  as  a  rule, 


FIG.  3919.— Jugular  Pulse  (above),  Badlal  (below), 
points  are  marked. 


Corresponding 


the  most  pronounced  collapse  during  diastole  and  re- 
sembles somewhat  the  ventricular  pulse  shown  in  Fig. 
3918.  There  was  no  positive  beat  in  the  veing  of  the  neck, 
however,  and  there  were  no  heart  murmurs,  so  I  ascribed 
the  condition  to  dilatation  and  threatening  paralysis  of 
the  auricles  without  any  serious  amount  of  regurgitation. 
In  this  tracing  a  presystolic  rise  and  systolic  collapse  are 
occasionally  seen,  so  that  the  paralysis  of  the  auricles  was 
not  absolute. 

The  Venous  Pulse  in  Irregular  Heart  Action. 
-^A  number  of  observers  have  recently  been  making  use 
of  the  venous  pulse  as  a  means  of  deciding  the  primary 
seat  of  irregularity  in  the  rhythm  of  the  heart.  One  ex- 
ample will  have  to  suflice.  Fig.  3930  is  a  tracing  taken 
from  one  of  the  cases  referred  to,  in  discussing  the  arte- 
rial pulse,  of  a  father  and  son,  both  in  good  health  and 
■  both  with  irregular  pulses.  This  tracing  is  taken  from 
the  son.     The  venous  pulse  is  small,  as  is  usually  the  case 


Tig.  3920.— Jugular  Pulse  (above);  Radial  (below), 
pointa  are  marked. 


Corresponding 


in  a  healthy  adult,  but  suffices  for  the  purpose.  An  irreg- 
ularity may  be  seen  in  both  the  arterial  and  the  venous 
pulse  of  the  nature  of  a  premature  beat.  In  the  ordinary 
beats  preceding  and  following  the  premature  one,  a  faint 
wave  may  be  detected  in  the  venous  pulse  synchronous 
with  the  primary  wave  in  the  radial.  This  is  the  systolic 
wave.  Just  preceding  the  systolic  wave  a  fainter  one 
which  is  presystolic  and  due  to  the  auricular  systole  may 
be  seen.  In  the  venous  beat  corresponding  to  the  prema- 
ture wave  in  the  radial  a  systolic  wave  may  also  be  seen, 
but  the  auricular  wave  follows  it  instead  of  preceding  it, 
showing  that  the  auricle  in  this  case  contracts  after  the 
ventricle,  and  therefore  the  anomalous  stimulus  causing 
the  premature  beat  must  have  acted  on  the  ventricle.  If 
measurements  be  made  it  will  be  found  that  the  pulse 
intervals  on  either  side  of  the  premature  beat  are  together 
equal  to  the  preceding  and  succeeding  ones,  or  to  two 
average  pulses.     This,  according  to  Heriiig,  Cushny,  and 
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Iio.  3921.— Auricular  Liver  Pulse. 

others,  points  to  the  auricle  not  being  implicated  in  the 
'™gVla"ty.  When  the  auricle  is  the  primary  seat  of 
the  disturbed  rliythm,  such  a  correspondence  is  not  usu- 
ally found.     This  rule  is  said  by  Gerhardt,  however,  to 
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be  not  without  exceptions.  The  full  importance  of  thus 
differentiating  the  seat  of  the  irregularity  is  not  fully 
worked  out,  but  on  the  whole  those  cases  in  which  the 
irregularity  is  confined  to  the  ventricle  are  less  serious 
than  those  in  which  the  auricle  is  also  irregular  in  its 
rhythm. 

The  Liver  Pulse. — A  pulsation  can  be  felt  and  re- 
corded in  the  liver  in  certain  cases  in  which  the  right 
side  of  the  heart  and  the  veins  are  much  distended. 
In  some  cases  the  tracing  has  the  form  corresponding 
to  the  auricular  venous  pulse.  In  these  cases,  accord- 
ing to  Mackenzie,  there  are  usually  tricuspid  stenosis 
and  auricular  hypertrophy,  as  the  normally  weak  auricu- 
lar waves  have  not  force  enough  to  make  themselves 
felt  in  the  liver. 

In  other  cases  the  liver  pulse  has  the  characters  of  the 
ventricular  venous  pulse,  and  then  we  may  be  reasonably 
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J.— Ventricular  Liver  Pulse.    (Carotid  above ;  liver  below.) 


certain  of  the  existence  of  tricuspid  regurgitation.  Trac- 
ings of  these  two  forms  of  liver  pulse  taken  from  Mac- 
kenzie's book  are  shown  in  Fig.  3921  and  Fig.  3933. 

Capillary  Pulse. — This  consists  in  alternate  redden- 
ing and  paling  of  an  area  of  the  skin  with  each  heart 
beat.  It  is  most  frequently  looked  for  in  the  bed  of  the 
finger  nails,  and  may  be  brought  out  most  distinctly  by 
raising  the  arm.  Quincke,  who  first  described  the  capil- 
lary pulse,  recommends  rubbing  gently  a  spot  upon  the 
forehead  and  looking  for  it  there.  The  capillary  pulse 
may  be  taken  as  an  indication  of  aortic  regurgitation 
with  a  strongly  acting  ventricle  (hypertrophied). 

William  8.  Morrow. 

Eeferences. 

I  desire  to  aoknowledpe  my  special  indebtedness  to  the  book  on 
tbe  pulse,  by  James  Mackenzie,  and  warmly  to  recommend  it  to  tbose 
desiring  to  read  sometblng  more  exhaustive  than  this  article. 

I  have  also  received  help  from  the  following :  The  physiologies  of 
Schaef er,  Halliburton,  Howell  and  Hall ;  Vierordt's  "  Medical  Diagno- 
sis " ;  Hutchison  and  Rainy's  "  Clinical  Methods  " ;  Gibson's  "  Diseases 
of  the  Heart "  ;  Balfour's  "  Diseases  of  the  Heart " ;  Fagge's  "  Practice 
of  Medicine";  Green's  "Examination  for  Life  Insurance";  Ewart's 
"  Heart  Studies  " ;  Hiirthle's  "  Beitrage  zur  Hsemodynamlk  "  In  Pdu- 
ger's  Archiv,  vol.  xlix. ;  D.  Gerhardt's  "  Klinische  Untersuchungen 
uber  Venenpulsationen  "  and  "  Einige  Beobachtungen  an  Venenpulsen  " 
in  Archiv  fur  experimental  Path.  u.  Phar.,  vols,  xxxiv.  and  xlvil. ; 
Karl  Schmidt,  Jr.,  "  Herz-Kammer  Systole  und  Pulsecurve,"  PflOger's 
Archiv,  1902,  Heft  5  u.  6;  W.  S.  MacCaJlum,  Johns  Hopkins  Hospital 
Bulletin,  March,  1900;  Cushny,  "On  Intermittent  Pulse,"  British  Med. 
Journ.,  September  29th,  1900.  A  good  bibliography  will  be  found  in 
Gibson's  "  Diseases  of  Heart  and  Aorta." 

PUMPKIN  SEEDS.— Pe^w,  U.  S.  P.  Semen  Peponis. 
The  dried  ripe  seed  of  Ciicut-bHa  pepoh.  (fam.  Cucurhi- 


The  nativity  of  the  pumpkin  is  not  certainly  known, 
though  it  was  probably  North  American.  It  presents 
numerous  varieties,  and  the  squashes,  at  least  some  of 
them,  have  been  regarded  by  some  botanists  as  pertaining 
to  the  same  species.  Although  squash  seeds  appear  to 
possess  similar  properties,  they  are  not  included,  as  a 
drug,  under  the  above  title. 

Pumpkin  seeds  are  about  2  cm.  (^  in.)  long,  broadly 
ovate,  fiat,  white,  or  whitish,  nearly  smooth,  having  a 
shallow  groove  near  to  and  parallel  with  the  edge ;  con- 
taining a  short  conical  radicle  and  two  flat  cotyledons ; 
inodorous ;  taste,  bland  and  oily. 

The  active  constituent  is  supposed  to  be  a  small  amount 
of  a  soft,  green,  acrid,  and  bitter  resin,  which  possesses 
the  same  properties  as  the  entire  drug.    With  this  there 
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exists  a  yellow  or  somewhat  reddish-yellow,  bland  fixed 
oil,  to  the  extent  of  about  thirty-five  per  cent. ,  a  little 
sugar,  crystallizable  albumin,  and  other  unimportant 
constituents.  The  oil,  which  consists  of  glycerides  of 
palmitic,  m^ristic,  and  oleic  acid,  portions  of  which 
acids  also  exist  in  a  free  state,  has  been  credited  with  the 
properties  of  the  drug,  but  possibly,  if  pure,  does  not 
possess  them. 

Pumpkin  seeds  are  markedly  diuretic,  but  their  medic- 
inal use  is  as  a  pleasant  and  moderately  certain  tjenicide. 
Only  the  kernel  should  be  used,  and  it  is  commonly  given 
in  the  form  of  an  electuary  or  emulsion,  the  dose  amount- 
ing to  from  25  to  50  gm.  ( 1  f  to  %  iss.).  Fifteen  grains 
of  the  resin  is  an  equally  efllcient  dose,  though  not  so 
pleasant. 

Throughout  the  West  Indies,  Mexico,  Central  America, 
and  many  other  countries,  pumpkin  seeds,  as  well  as 
squash  seeds,  are  largely  consumed  as  food. 

Henry  H.  Busby. 

PURGATIN. — Purgatol,  anthrapurpurin  diacetyl  ester, 
is  an  odorless,  tasteless,  yellowish -brown  powder  recom- 
mended by  von  Hbsslin  as  an  agreeable  laxative.  It  acts 
slowly,  requiring  thirteen  to  twenty -four  hours,  and  pro- 
duces a  copious,  non-liquid  stool.  The  urine  is  colored 
red.     Dose,  0.5-2  gm.  (gr.  viij.-xxx.). 

W.  A.  Bastedo. 

PURGATIVES,  OR  CATHARTICS,  are  medicines 
which  are  used  to  produce  alvine  evacuations.  Accord- 
ing to  their  activity  and  power,  they  are  divided  into 
laxatives  and  mild  and  drastic  purgatives. 

Purgatives  which  act  very  gently,  producing  soft,  fec- 
ulent stools  without  notable  irritation,  are  called  laxa- 
tives. This  term  is  also  applied  to  more  powerful  pur- 
gatives when  they  are  given  in  small  doses,  so  as  to  act 
mildly.     (See  Laxatives  in  Vol.  V.) 

Purgatives  which  operate  briskly,  usually  producing 
more  or  less  fluid  evacuations,  sometimes  with  griping 
and  tenesmus,  but  without  serious  irritation,  are  called 
mild  or  a^imple  purgatives.  To  this  group  belong  some  of 
the  salts  of  magnesium,  sodium,  and  potassium,  which, 
from  their  resemblance  in  chemical  and  physical  proper- 
ties, and  in  physiological  action,  are  termed  saline  pur- 
gatives. 

The  term  drastic  is  applied  to  those  purgatives  which 
operate  energetically,  producing  numerous  evacuations, 
and,  in  excessive  doses,  more  or  less  gastrointestinal  irri- 
tation. 

Purgatives  which  produce  watery  stools,  especially  the 
salines  and  some  of  the  drastics,  are  called  hydragogues, 
and  those  which  cause  the  evacuation  of  large  quantities 
of  bile,  eholagogues. 

Mode  of  Action.  —All  purgatives  accelerate  the  peri- 
staltic movements  of  the  intestines.  Radziejewsky  care- 
fully observed  the  rapidity  of  peristalsis  in  dogs,  both 
before  and  after  the  administration  of  purgatives.  In 
the  normal  state  the  movements  of  the  small  intestine 
were  rapid,  those  of  the  large  intestine  very  slow.  After 
the  administration  of  purgatives,  the  movernents  of  both 
became  much  accelerated,  but  most  markedly  those  of 
the  large  intestine. 

It  was  assumed  that  purgatives,  especially  the  hydra- 
gogues, also  induce  a  discharge  of  fluid  from  the  intes- 
tinal mucous  membrane.  Experiments  on  animals  at 
first  seemed  to  show  that  this  was  an  error.  Thiry  com- 
pletely separated  a  portion  of  the  small  intestine  from 
the  rest  of  the  bowel,  without  dividing  its  vessels  and 
nerves,  sewed  up  one  end,  which  was  returned  into  the 
abdominal  cavity,  and  attached  the  open  end  to  the 
wound  in  the  abdominal  wall.  Into  the  cul-de-sac  thus 
formed  he  introduced  croton  oil,  senna,  and  Epsom  salt. 
No  accumulation  of  fluid  took  place.  Schiff  experi- 
mented in  a  similar  manner  with  aloes,  jalap,  and  sul- 
phate of  sodium,  and  Radziejewsky  with  croton  oil  and 
sulphate  of  magnesium,  both  with  the  same  negative 
result.  Radziejewsky  also  analyzed  the  fa;ces  before 
and  after  the  administration  of  purgatives.     The  evacu- 


ations produced  by  purgatives  contained  more  water  and 
sodium  salts  than  normal  fseces,  and  sometimes  products 
of  pancreatic  digestion,  but  never  as  much  albumin  as 
should  have  been  present  if  transudation  of  fluid  from 
the  intestinal  blood-vessels  had  taken  place.  It  was  there- 
fore concluded  by  these  investigators,  and  is  still  main- 
tained by  some  recent  authors,  that  purgatives  do  not 
induce  either  transudation  or  increased  secretion,  and 
that  the  watery  character  of  the  stools  results  only  from 
the  greatly  accelerated  peristalsis,  which  interferes  with 
the  absorption  of  the  fluid  normally  secreted. 

But  subsequent  investigations  yielded  different  results. 
Moreau  introduced  sulphate  of  magnesium  into  a  portion 
of  intestine  isolated  by  means  of  two  ligatures,  and  after 
some  hours  found  a  decided  accumulation  of  fluid. 
Brunton,  experimenting  in  a  similar  manner,  found  that 
croton  oil,  gamboge,  elaterin,  and  Epsom  salt  caused  a 
decided  accumulation  of  fluid.  That  the  accumulated 
fluid  was  not  a  transudation  was  evident  from  the  fact 
that  it  contained  very  little  albumin.  Brieger  injected 
into  an  isolated  portion  of  intestine  very  small  quantities 
of  colocynth.  No  accumulation  of  fluid  took  place,  but 
the  bowel  was  contracted  and  slightly  reddened.  Larger 
quantities  of  colocynth,  as  well  as  croton  oil,  caused  an 
accumulation  of  bloody  fluid,  with  decided  inflammation 
of  the  mucous  membrane.  After  injecting  calomel, 
senna,  rhubarb,  aloes,  and  castor  oil,  Brieger  found  the 
bowel  empty  and  firmly  contracted.  Sulphate  of  mag- 
nesium in  very  dilute  solution  caused  no  accumulation 
of  fluid,  but  concentrated  solutions  of  this  salt,  so  also 
Glauber  salt,  caused  very  decided  accumulation.  That 
the  fluid  was  a  secretion,  and  not  a  transudation,  was 
evident  from  the  fact  that  it  readily  converted  starch  into 
sugar  and  dissolved  raw  fibrin. 

Thus  it  has  been  found  in  experiments  that  sulphate  of 
majgnesium,  sulphate  of  sodium,  croton  oil,  gamboge, 
colocynth,  and  elaterin,  not  only  accelerate  the  peristaltic 
movements  of  the  intestines,  but  also  induce  a  secretion 
of  watery  fluid  from  the  intestinal  mucous  membrane; 
and  that  castor  oil,  rhubarb,  aloes,^  senna,  calomel,  and 
minute  quantities  of  colocynth  accelerate  peristalsis,  but 
do  not  notably  increase  secretion. 

Hess,  in  experiments  on  dogs,  endeavored  to  determine 
the  manner  in  which  purgatives  increase  the  peristaltic 
contractions.  He  made  gastric  flstulfe  a  short  distance 
from  the  pylorus,  so  that  he  could  easily  introduce  pur- 
gatives into  the  duodenum.  After  paving  determined 
the  quantity  of  the  purgative  (sulphate  of  sodium,  castor 
oil,  croton  oil,  senna,  colocynth,  gamboge,  and  calomel) 
which  would  act  briskly,  he  introduced  into  the  duode- 
num a  small,  empty  india-rubber  ball,  to  which  was  at- 
tached a  long,  fine  india-rubber  tube.  After  this  had 
been  carried  by  the  normal  peristaltic  contractions  a  cer- 
tain distance,  which  varied  in  the  different  experiments, 
he  filled  it  with  water  to  such  a  degree  as  to  obstruct  the 
bowel.  The  purgatives  which  previously  had  acted 
briskly  then  completely  failed.  Hess  therefore  concluded 
that  the  peristaltic  movements  excited  by  purgatives  are 
probably  not  propagated  through  long  distances  by  means 
of  nervous  apparatus,  or,  according  to  Engelmann,  from 
muscle  to  muscle,  but  that  they  are  reflexly  excited  in 
each  part  of  the  intestine  by  direct  stimulation  of  its 
mucous  membrane. 

Mild  Purgatives.— Of  the  purgatives  which  act  vig- 
orously, without  causing  severe  irritation  of  the  intes- 
tines, the  following  are  commonly  employed :  aloes,  rhu- 
barb, senna,  castor  oil,  salines,  and  mercurials. 

Aloes. — In  large  doses,  from  five  to  twenty  grains,  aloes 
produces  semi-liquid  or  liquid  stools.  The  first  evacua- 
tion rarely  occurs  before  six  hours,  and  often  not  before 
ten  or  twelve  hours.  Some  griping  usually  precedes  the 
evacuations,  and  they  are  often  attended  by  a  feeling  of 
heat  in  the  anus,  and  by  straining,  especially  if  the  medi- 
cine be  repeatedly  taken.  From  the  slow  action  and  the 
tenesmus,  it  is  supposed  that  aloes  influences  the  rectum 
more  than  other  parts  of  the  intestines. 

In  experiments  on  rabbits,  Kohn  found  that  aloes 
caused  moderate  hypersemia  of  the  stomach,  intestines. 
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and  kidneys.  In  various  animals  large  doses  of  aloin, 
iniected  into  the  subcutaneous  tissue,  were  followed  by 
gastritis  sometimes  with  hemorrhage  and  ulceration,  and 
in  rabbits  by  degeneration  of  the  epithehum  of   the 

According  to  the  experiments  of  Rutherford,  aloes  in- 
creases the  secretion  of  bile  and  rendsrs  it  more  watery. 
Various  observers  have  found  that  it  does  not  act  when 
bile  is  absent  from  the  intestines. 

Aloes  was  formerly  employed  in  large  doses  to  pro- 
duce brisk  purgation,  when  acute  disorder  of  any  organ 
of  the  body  supervened  soon  after  the  cessation  of  an 
habitual  hemorrhoidal  discharge.  It  was  sometimes 
given  to  produce  a  revulsive  effect  in  cases  of  congestion 
of  the  brain,  apoplexy,  hemiplegia,  and  insanity.  At 
the  present  time  it  is  rarely  used,  except  in  small  doses 
as  a  laxative.  According  to  G.  B.  Wood,  it  sometimes 
quickly  cures  jaundice  when  other  remedies  have  failed. 

Aloes  is  ooutraindicatcd  in  inflammatory  affections  of 
the  intestines  and  kidneys,  in  irritable  and  bleeding  piles, 
in  uterine  hemorrhage,  and  during  menstruation. 

It  is  generally  administered  in  pillular  form,  and  the 
official  pills  of  aloes  are  preferable  to  other  preparations. 
Each  pill  contains  two  grains  of  aloes. 

Mheum. — In  dose  of  thirty  to  forty  grains,  taken  at  one 
time,  or  ten  to  twenty  grains,  repeated  several  times  at 
short  intervals,  rhubarb  produces  semi-liquid  stools  in 
from  five  to  ten  hours,  usually  with  griping,  but  without 
severe  irritation.  Some  constipation  generally  follows. 
Recent  experiments  have  confirmed  the  ancient  opinion 
that  rhubarb  increases  the  secretion  of  bile. 

Rhubarb  is  a  suitable  purgative  when  the  bowels  re- 
quire thorough  evacuation  in  patients  who  are  occasion- 
ally subject  to  diarrhoea.  Sometimes  it  is  preferred  to 
■other  purgatives  in  catarrhal  jaundice. 

It  may  be  given  in  the  form  of  powder,  fluid  extract, 
tincture,  or  vyine.  Aromatics  are  generally  associated 
with  it  to  prevent  its  griping  effect.  I^  Pulv.  rhei,  3ij. ; 
pulv.  aromatici,  3i.  M.  Div.  in  pulv.  iv.  Sig. :  One 
powder  every  two  hours.  They  may  be  conveniently 
taken  in  syrup  or  molasses,  or  in  wafers.  The  fluid  ex- 
tract is  given  in  doses  of  fifteen  to  thirty  minims,  mixed 
with  syrup  and  an  aromatic  water.  I^  Extr.  rhei  fluid., 
3  iss. ;  syr.  zingiberis,  §  ss. ;  aq.  cinnam.,  §  iss.  M.  Sig. : 
One  tablespoonful  every  two  hours  till  the  bowels  move. 
The  tincture  and  wine  are  suitable  for  feeble  patients, 
especially  if  they  are  accustomed  to  alcoholic  beverages, 
and  may  be  given  in  doses  of  half  an  ounce,  repeated,  if 
necessary,  at  convenient  intervals. 

Senna.— Senna,  operates  gently  and  slowly  in  doses  of 
fifteen  to  thirty  grains,  producing  one  or  two  pultaceous 
stools  in  from  five  to  ten  hours.  Large  doses  act  more 
briskly.  Two  or  three  drachms  usually  produce  semi- 
fluid discharges  in  three  or  four  hours.  The  evacuations 
are  preceded  by  pretty  severe  tormina,  and  sometimes  by 
nausea  and  eructations.  Borborygml  and  occasional 
small  fluid  stools  often  continue  for  from  twelve  to 
twenty-four  hours. 

Though  it  acts  vigorously,  and  produces  quite  liquid 
stools,  containing  about  eighty-five  per  cent,  of  water, 
senna  never  causes  severe  irritation  or  inflammation  of 
the  intestines.  It  is  supposed,  however,  that  large  doses 
may  influence  the  uterus,  and,  given  during  pregnancy, 
induce  hemorrhage  and  abortion. 

The  watery  cliaracter  of  senna  stools  is  generally  re- 
garded as  evidence  of  increased  intestinal  secretion ;  but 
in  careful  experiments  Brieger  found  no  accumulation  of 
fluid  in  an  isolated  loop  of  intestine  with  which  senna 
had  been  in  contact  some  hours.  That  it  greatly  acceler- 
ates the  peristaltic  contractions  of  the  small  intestine  ap- 
pears from  Radziejewsky's  experiments.  This  investi- 
gator found  that  in  dogs,  normally  from  seven  to  nine 
■discharges  took  place  from  a  fistula  in  the  ascending  colon 
in  three  or^  four  hours  after  a  feeding ;  but  when  senna 
was  administered  the  discharges  began  in  ten  or  fifteen 
minutes,  and  numbered  about  thirty  in  four  hours. 

Cathartin,  the  active  principle  of  senna,  in  doses  of  gr 
iss.-uss.,  produces  thin  stools  with  colicky  pains  in  frSm 
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three  to  fourteen  hours.  An  amount  equal  to  two  grains, 
injected  into  the  subcutaneous  tissue,  was  followed  by 
copious  evacuations  in  from  eight  to  twelve  hours. 

As  senna  acts  rapidly  and  efliciently,  it  is  suitable  when 
the  contents  of  the  intestines  require  speedy  removal. 
Combined  with  Epsom  salt,  as  in  the  official  compound 
infusion  of  senna,  it  is  frequently  employed  in  the  early- 
stage  of  inflammatory  diseases,  except  those  of  the  ali- 
mentary canal.  It  is  better  adapted  than  rhubarb  and 
some  other  mild  purgatives  for  patients  disposed  to  cos- 
tiveness. 

Senna,  in  large  doses,  is  contraindicated  in  inflamma- 
tion of  the  intestines,  hemorrhoids,  menorrhagia,  threat- 
ening abortion,  and  prolapse  of  the  uterus  or  rectum. 

It  is  generally  given  in  the  form  of  the  infusum  sennae 
compontum,  which,  in  quantities  of  about  two  ounces, 
repeated  several  times  at  intervals  of  one  or  two  hours, 
soon  produces  copious  watery  discharges.  The  fluid  ex- 
tract of  senna  may  be  given  in  doses  of  half  a  drachm  to 
two  drachms  with  syrup  and  an  aromatic  water.  IJ 
Extr.  sennas  fluid.,  §  ss. ;  syr.  zingiber.,  §  ss. ;  aq.  cin- 
nam., §iij.  M.  Sig. :  A  tablespoonful  every  hour  until 
the  bowels  act.  The  syrup  of  senna  is  a  convenient  prep- 
aration for  children  in  doses  of  from  one  to  four  drachms. 

Oleum  Bicini. — Castor  oil,  in  doses  of  half  an  ounce  to 
an  ounce,  usually  produces  semi-fluid  evacuations  in 
from  three  to  six  hours,  generally  with  little  or  no  griping 
or  other  symptoms  indicating  irritation  of  the  intestines. 
Nausea  and  vomiting  may  occur  in  very  susceptible  per- 
sons, especially  if  the  oil  is  rancid  or  the  stomach  dis- 
ordered. 

Prom  its  efficient  and  speedy  operation,  castor  oil  is 
well  adapted  to  all  cases  requiring  a  thorough  cleansing 
of  the  alimentary  canal,  as  when  the  presence  of  poisons, 
undigested  food,  or  products  of  decomposition  in  the  in- 
testines indicates  the  use  of  a  brisk  purgative.  Its  gen- 
tle, unirritating  action  renders  it  suitable  when  a  purga- 
tive is  required  in  inflammation  of  the  intestines,  inflamed 
hemorrhoids,  fissure  of  the  anus,  metrorrhagia,  and  after 
parturition.  For  methods  of  disguising  its  taste,  see 
article  on  Laxatives. 

Saline  PuKaATrvES. — The  following  saline  purgatives 
are  commonly  employed:  Sulphate  of  magnesium,  sul- 
phate of  sodium,  citrate  of  magnesium,  tartrate  of  potas- 
sium and  sodium,  and  bitartrate  of  potassium. 

Large  doses  of  saline  purgatives  produce  copious 
watery  stools.  This  peculiar  action  was  explained  by 
chemists  as  resulting  from  osmosis,  the  dense  saline  solu- 
tions within  the  intestines  causing  the  less  dense  fluid  of 
the  blood  to  pass  through  the  walls  of  the  blood-vessels. 
But  the  fact  that  large  doses  of  salines,  when  given  in 
very  dilute  solution,  so  as  to  be  less  dense  than  the  fluid 
of  the  blood,  act  as  efficiently  and  often  more  speedily 
than  concentrated  solutions  proved  that  this  theory  was 
untenable.  Subsequently  it  was  shown,  by  Buchheim 
and  others,  that  only  salts  of  low  diflfusibility  are  efficient 
purgatives,  and  that  this  property  impedes  their  absorp- 
tion in  the  intestines,  causing  them  to  pass  nearly  entire 
into  the  lower  part  of  the  large  bowel  and  to  excite  pur- 
gation. 

For  a  time  it  was  supposed  that  the  accelerated  peri- 
stalsis resulting  from  the  presence  of  saline  solutions  was 
sufficient  to  explain  their  rapid  and  peculiar  action.  But 
the  investigations  of  Moreau,  Brunton,  Brieger,  Hay,  and 
others,  have  conclusively  shown  that  dense'  saline  solu- 
tions produce  an  active  secretion  of  watery  fluid  from 
the  intestinal  mucous  membrane.  Brieger  and  Hay  found 
that  very  dilute  solutions,  although  they  may  purge 
rapidly,  do  not  cause  an  increase  of  secretion;  and  Hay 
observed  that  when  concentrated  solutions  are  given,  the 
quantity  of  fluid  secreted  depends  upon  the  degree  of 
concentration.  Solutions  coutaining  less  than  five  per 
cent,  of  a  salt,  produce  little  or  no  secretion,  but  stronger 
solutions  always  have  this  effect.  Under  ordinary  cir- 
cumstances, the  amount  of  fluid  secreted  corresponds 
very  nearly  to  the  quantity  required  to  form  a  flve-per- 
cent.  solution  of  the  amount  of  salt  administered.  In 
consequence  of  the  secretion  of  a  large  quantity  of  fluid, 
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when  concentrated  saline  solutions  are  given,  the  fluid 
of  the  blood  becomes  proprotionately  diminished.  This 
■continues  only  a  short  time,  as  the  blood  absorbs  fluid 
from  the  tissues  until  it  has  nearly  regained  the  quantity 
lost  by  increased  secretion. 

Thus  the  mode  of  action  of  saline  purgatives  depends 
upon  the  quantity  administered  and  the  degree  of  dilu- 
tion. Very  dilute  solutions  excite  no  intestinal  secretion, 
but  rapidly  produce  watery  stools ;  while  concentrated 
solutions  cause  a  decided  increase  of  secretion,  diminish 
the  fluid  of  the  blood,  excite  absorption  of  fluid  from  the 
tissues,  and  in  a  short  time  produce  watery  evacu- 
ations. 

Saline  purgatives  are  preferredto  other  mild  cathartics 
for  evacuating  inspissated  fa;cal  masses.  As  a  rule,  they 
should  be  given  in  very  dilute  solution.  In  the  early 
stage  of  Inflammatory  diseases,  salines  are  often  employed 
for  the  purpose  of  lowering  temperature  and  blood  press- 
ure, and  thus  diminishing  the  inflammation.  They  are 
of  little  use  in  such  cases  unless  given  in  concentrated 
solution,  so  as  to  excite  a  decided  increase  of  the  intes- 
tinal secretion.  The  utility  of  salines  is  most  conspicu- 
ous in  cases  of  ascites  and  general  dropsy.  Administered 
in  very  concentrated  solution,  they  often  in  a  short  time 
produce  a  very  notable  effect,  especially  if  the  patient 
have  entirely  abstained  from  food  and  drink  for  some 
Lours  before  taking  the  saline. 

Magnesii  Sulphas. — Epsom  salt  is  generally  preferred 
to  other  saline  purgatives.  In  doses  of  half  an  ounce  to 
an  ounce  it  usually  produces  watery  stools  in  several 
hours,  the  first  discharge  sometimes  taking  place  in  one 
hoiu-.  This  rapid  action  is  rarely  attended  by  severe 
griping.  As  it  is  readily  soluble  in  water,  it  may  be 
given  in  very  concentrated  solution,  a  method  strongly 
recommended  by  Hay  in  cases  of  dropsy.  It  is  fre- 
quently associated  with  senna,  as  in  the  compound  infu- 
sion of  senna. 

Its  taste  is  somewhat  improved  and  its  activity  in- 
creased by  sulphuric  acid.  If  Magnesii  sulph.,  §  i. ;  aq. 
destill.,  gij.;  acid,  sulph.  arom.,  3  ss. ;  syrupi,  5  i.  M. 
Sig. :  One  or  two  tablespoonfuls  every  hour.  The  bit- 
terness of  Epsom  salt  may  be  disguised  by  strong  coffee 
and  aromatics,  especially  cinnamon  water.  If  Magn. 
sulph.,  |i. ;  aq.  cinnam.,  liij.;  syr.  aurant,  |i.  M. 
Sig. :  A  tablespoonful  every  hour. 

Sodii  Sulphas.— Qclaxiber's  salt  has  a  still  more  repul- 
sive taste  than  Epsom  salt.  It  is  therefore  rarely  em- 
ployed when  saline  purgatives  are  indicated.  According 
to  recent  researches,  it  causes  a  decided  increase  of  the 
secretion  of  bile  and  renders  it  more  watery.  In  all  other 
respects  its  action  closely  resembles  that  of  Epsom  salt. 
The  following  substances  have  been  employed  to  correct 
its  disagreeable  taste :  Lemon  juice,  aromatic  sulphuric 
acid,  carbonated  water  flavored  with  syrup,  and  extract 
or  fluid  extract  of  licorice. 

Sodii  Phosphas.— This  salt,  although  an  effective  pur- 
gative in  doses  of  |  ss.-i.,  is  rarely  employed  in  the  dis- 
eases of  adults.  It  is  sometimes  used  in  laxative  doses 
3ss.-ij.,  several  times  daily_  in  catarrhal  jaundice  and 
other  diseases  supposed  to  indicate  a  cholagogue.  On 
account  of  its  not  unpleasant  taste,  it  is  frequently  used 
as  a  purgative  in  the  diseases  of  children.  The  following 
is  an  agreeable  mixture :  If  Sodii  phosphatis,  3ij.;  syr, 
rubi  idsei,  |  ss. ;  aq.  destill.  q.s.  ad  §iij.  M.  Sig.: 
One  teaspoonful  every  hour.  .     ■      ^      c 

Liquor  Magnesii  Citratis.— The  solution  of  citrate  ot 
magnesium  has  an  agreeable  taste,  and  is  therefore  often 
preferred  to  other  saline  purgatives  for  unloading  the 
bowels  in  simple  constipation.  It  is,  however,  less  effi- 
cient than  the  sulphates  of  magnesium  and  sodium,  some- 
times operating  briskly,  sometimes  producmgno  purga- 
tive effect.  Usually  a  whole  bottle,  containing  twelve 
ounces  taken  in  several  portions  at  short  intervals,  is 
required.  In  cases  of  dropsy  and  inflammatory  diseases 
other  saline  purgatives  are  preferable. 

Potassii  et  Sodii  Tartms.—ln  doses  of  half  an  ounce  to 
an  ounce,  Rochelle  salt  usually  produces  liquid  stools 
in  a  few  hours.     As  it  has  a  less  disagreeable  taste  than 


Epsom  salt,  generally  agrees  well  with  the  stomach,  and 
acts  gently,  it  is  often  employed  when  a  mild  purgative 
is  indicated  in  the  diseases  of  children,  females,  and  deli- 
cate persons.  It  somewhat  increases  the  secretion  of  bile. 
From  two  to  four  drachms,  dissolved  in  sweetened  water, 
may  be  taken  at  intervals  of  two  hours  till  the  bowels  re- 
spond. 

Potassii  Bitartras.—Large  doses  of  cream  of  tartar, 
half  an  ounce  to  an  ounce,  are  followed  by  watery  stools, 
which  are  often  preceded  by  flatulence  and  griping.  It 
is  rarely  used  alone,  but  frequently  in  combination  with 
jalap.  When  given  in  large  doses,  it  should  be  sus- 
pended in  an  aromatic  water  to  prevent  griping. 

Mercurial  Purgatives. — Of  the  preparations  of  mer- 
cury which  produce  catharsis,  calomel  and  blue  mass  are 
frequently  used.  Metallic  mercury  is  sometimes  em- 
ployed in  obstruction  Of  the  bowels. 

Hydrargyri  Chloridiim  Mite. — Calomel,  in  doses  of  from 
five  to  ten  grains,  usually  acts  in  about  six  or  eight  hours, 
producing  copious  semi-liquid,  dark  brown  or  green 
evacuations.  As  a  rule,  no  marked  incidental  eflfects  are 
observed ;  but  sometimes,  especially  after  the  larger 
quantity,  the  evacuations  arc  preceded  by  griping,  nau- 
sea, and  depression.  Smaller  doses,  one  to  three  grains, 
act  more  slowly  and  very  gently.  Accurate  chemical 
analyses  have  discovered  in  calomel  stools  bile  pigments, 
leucin,  tyrosin,  peptones,  sulphide  of  mercury,  and  un- 
changed calomel,  but  no  skatol  and  indol. 

The  presence  of  bile  in  the  stools  was  formerly  regard- 
ed as  a  certain  evidence  of  an  increased  secretion  of  bile. 
But  in  numerous  careful  experiments  on  dogs,  and  in 
some  observations  made  on  patients  having  accidental 
biliary  fistulse,  it  was  found  that  purgative  doses  of  calo- 
mel notably  lessen  the  secretion  of  bile.  To  explain  the 
presence  of  bile  in  the  stools  notwithstanding  diminished 
secretion,  it  was  then  assumed  that  calomel  greatly  in- 
creases the  peristaltic  contractions  of  the  small  intestine, 
especially  of  the  duodenum,  and  thus  hurries  tjie  bile 
already  secreted  downward  so  rapidly  that  reabsorption 
cannot  take  place.  The  presence  of  leucin  and  tyrosin 
in  calomel  stools  rendered  this  view  very  plausible.  But 
the  fact  that  some  purgatives,  which  act  more  rapidly 
than  calomel,  and  doubtless  strongly  accelerate  the  peri- 
staltic contractions  of  all  parts  of  the  intestines,  do  not 
produce  markedly  bilious  discharges  seemed  to  show  that 
this  assumption  was  incorrect. 

The  recent  experiments  of  Wassilieff  show  conclusively 
that  calomel  produces  bilious  stools,  by  arresting  decom- 
position in  the  intestines.  He  divided  fresh  oxgall  into 
three  portions,  each  weighing  300  gm. ;  to  one  portion 
was  added  3  gm.  of  calomel,  to  another  3  gm.,  and  to  the 
third  none.  They  were  kept  in  a  warm  room,  and  occa- 
sionally agitated.  The  portions  containing  calomel  at 
once  became  green,  and  retained  this  color  as  long  as  the 
experiment  was  continued,  which  was  six  days.  They 
readily  responded  to  Gmelin's  test  for  bile  pigment,  and 
showed  no  trace  of  decomposition.  The  portion  not  con- 
taining calomel  had  become  brownish-yellow  in  one  day, 
did  not  exhibit  the  reaction  of  bile  pigment,  and  was 
soon  putrid.  Doubtless  calomel  exerts  the  same  anti- 
septic influence  in  the  intestines.  Under  ordinary  cir- 
cumstances the  bile  pigments,  bilirubin  and  biliverdin, 
become  converted  into  hydrobilirubin,  and  hence  cannot 
be  detected  in  the  faeces.  Calomel  prevents  this  decom- 
position, and  by  increasing  peristalsis  causes  the  un- 
changed bile  pigments  to  be  evacuated.  In  the  same 
manner  it  prevents  further  changes  of  leucin  and  tyro- 
sin, and  the  formation  of  skatol  and  indol. 

Calomel  is  a  very  effectual  purgative  in  the  morbid 
state  called  biliousness— marked  by  a  sallpw  complexion, 
yellowness  of  the  white  of  the  eyes,  a  bitter  taste,  defec- 
tive appetite,  and  sometimes  nausea;  by  headache,  mental 
dulness,  and  depression;  and  sometimes  by  light-colored 
stools  and  sedimentary  urine.  By  arresting  decomposi- 
tion and  removing  bile  and  other  substances  before  they 
can  be  absorbed,  it  thoroughly  relieves  both  the  intes- 
tines and  the  liver.  t  i  ■  <.u 
In  small  doses  calomel  has  been  found  useful  in  the 
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gastroenteritis  of  children.  Its  utility  is  probably  due 
chiefly  to  its  antiseptic  action.  . 

Administered  in  doses  of  from  five  to  seven  grams,  tor 
one  or  two  days,  in  the  first  week  of  typhoid  fever,  cal- 
omel somewhat  lowers  the  febrile  temperature  and  ren- 
ders the  disease  milder.  As  other  purgatives  are  less 
useful,  it  probably  exerts  a  destructive  influence  upon 
the  micro-organisms  which  cause  the  disease. 

As  a  rule,  calomel  is  indicated  as  a  purgative  in  all 
acute  affections  of  the  intestines  resulting  from  fermen- 
tation and  putrefaction. 

Together  with  jalap  or  rhubarb,  calomel  is  sometimes 
administered  in  the  early  stage  of  inflammatory  disorders 
of  the  intei-nal  organs.  Though  not  useless,  it  produces 
very  much  less  effect  on  the  quantity  of  fluid  in  the 
blood-vessels  and  on  the  blood  pressure  than  large  doses 
of  the  saline  purgatives. 

Calomel  should  not  be  used  in  habitual  constipation. 

It  is  usually  ordered  in  powder  with  sugar,  or  with 
jalap,  rhubarb,  or  bicarbonate  of  sodium.  ^  Hydrarg. 
chlor.  mitis,  gr.  v. ;  sacch.  albi,  gr.  x.  M.  Sig. :  Take 
at  once.  ^  Hydrarg.  chlor.  mitis,  gr.  iij. ;  pulv.  jalapse, 
gr.  X.  M.  Sig. :  Take  at  once  in  syrup  or  molasses.  I^ 
Hydrarg.  chlor.  mitis,  gr.  v.;  sodii  bicarbon.,  gr.  xv. 
M.  Sig. :  Take  in  molasses  or  syrup.  In  all  cases,  if 
calomel  have  failed  to  act  after  eight  or  ten  hours,  a 
saline  purgative  or  castor  oil  should  be  given. 

Masm  Eydrargyri. — Blue  mass  is  a  somewhat  uncer- 
tain purgative  when  given  in  doses  of  from  five  to  ten 
grains.  It  is,  therefore,  usually  combined  with  rhubarb, 
aloes,  podophyllin,  or  compound  extract  of  colocynth, 
or,  if  given  alone,  a  dose  of  castor  oil.  Rochelle  salt,  Ep- 
som salt,  a  senna  draught,  or  a  seidlitz  powder,  is  admin- 
istered after  eight  or  ten  hours.  It  is  held  to  be  efficient 
in  biliousness,  and  is  usually  given  in  the  evening. 

Hydrargyrum. — Metallic  mercury  in  large  doses  quickly 
passes.through  the  alimentary  canal  in  consequence  of  its 
great  weight.  Probably  the  dragging  and  stretching  of 
the  mucous  membrane,  resulting  from  the  presence  of 
large  quantities,  excite  very  powerful  peristaltic  contrac- 
tions, which  rapidly  carry  the  metal  through  the  intes- 
tines. 

Metallic  mercury  has  been  employed  in  intestinal  ob- 
struction when  all  other  ordinary  means  had  failed  to 
give  relief.  Bettelheim  {Deutsches  Archivf.  kl.  Med.,  Bd. 
33,  p.  53)  carefully  studied  seventy  cases  of  obstruction, 
reported  during  the  last  fifty  years,  in  which  mercury 
was  used.  In  fifty-seven  cases  a  cure  resulted,  that  is, 
the  obstruction  was  relieved  either  temporarily  or  perma- 
nently. In  no  case  did  it  cause  rupture,  inflammation, 
or  gangrene  of  the  bowel,  while  in  some  instances  it 
saved  life.  Bettelheim  therefore  considers  it  proper  to 
administer  mercury  in  cases  of  obstruction  due  to  fa!ces, 
ascarides,  and  even  to  intussusception  or  torsion,  if  other 
ordinary  means  have  failed  to  give  relief. 

The  dose  of  inetallic  mercury  varies  from  one  to  ten 
ounces. 

Deastic  Purgatives.— Of  the  cathartics  which  oper- 
ate violently  and  produce  serious  irritation  of  the  intes- 
tines, when  given  in  excessive  doses,  only  the  following 
are  commonly  employed :  jalap,  scammony,  colocynth, 
podophyllum,  gamboge,  croton  oil,  and  elaterin. 

JaZospas.— Jalap  is  the  mildest  drastic,  and  resembles 
senna  in  its  action.  In  doses  of  fifteen  to  thirty  grains  it 
usually  soon  causes  a  feeling  of  discomfort  in  {he  epigas- 
trium, and  sometimes  nausea.  After  two  or  three  hours 
tormina  and  several  liquid  stools  occur.  Smaller  doses, 
five  to  ten  grains,  act  gently,  producing  one  or  two  pul- 
taceous  evacuations.  In  very  excessive  doses  jalap  causes 
yomitmg  and  profuse  rice-water  discharges,  with  great 
depression. 

The  resin  of  jalap,  in  doses  of  from  one  to  three  grains, 
acts  as  a  laxative,  but  in  larger  doses,  from  five  to  fifteen 
grams,  it  produces  watery  stools  in  a  few  hours 

According  to  recent  investigations,  jalap  does  not  act 
well  when  bile  is  absent  from  the  intestines.  In  experi- 
ments on  dogs  it  was  found  to  increase  moderately  the 
secretion  of  bile.  ^ 
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On  account  of  its  rapid,  safe,  efficient,  and  hydragogue 
action,  jalap  is  frequently  employed  when  a  brisk  cathar- 
tic Is  indicated.  In  cases  of  acute  constipation,  and  in 
inflammatory  diseases,  it  is  usually  associated  with  calo- 
mel, and  in  ascites  and  anasarca  with  bitartrate  of  potas- 
sium. The  official  pulmsjalapce  composiius,  consisting  of 
thirty-five  parts  of  jalap  and  sixty-five  parts  of  cream 
of  tartar,  is  generally  preferred  to  other  hydragogues  in 
dropsy.  In  doses  of  half  a  drachm  to  one  drachm,  it 
usually  produces  watery  discharges  in  a  few  hours. 

The  resin  of  jalap  may  be  given  in  doses  of  from  one 
to  eight  grains  in  powder  or  emulsion.  ^  Resin,  jalaps, 
pulv.  acacijE,  aa  gr.  viij. ;  sacch.  albi,  3  ss.  M.  Div.  in 
part,  sequal.  iv.  Sig. :  One  powder  every  two  hours  till 
the  bowels  move.  ^  Resin,  jalapse,  gr.  viij. ;  pulv. 
acaciee,  sacch.  albi,  aa  3i. ;  aq.  menth.  pip.,  §ij.  M. 
Sig. :  One  tablespoonful  every  two  hours.  Sometimes 
resin  of  jalap  is  given  in  combination  with  calomel.  ^ 
Resin,  jalapre,  hydrarg.  chlor.  mitis,  aa  g;r.  iv. ;  sacch. 
albi,  3i.  M.  Div.inpart.sequal.lv.  Sig.:  One  pow- 
der every  two  hours. 

Jalap  is  contraindicated  in  inflammatory  affections  of 
the  alimentary  canal. 

Scammonium. — Scammony  resembles  jalap  in  action, 
but  is  less  certain,  sometimes  producing  little  or  no  effect, 
at  other  times  acting  harshly,  with  griping  and  tenes- 
mus. Usually  it  is  followed  by  watery  stools  in  a  few 
hours.  The  presence  of  bile  in  the  intestines  is  necessary 
for  its  action.  It  is  rarely  used  except  in  combination 
with  other  purgatives,  as  in  the  official  compound  catlwr- 
tie  pills.  The  dose  of  scammony,  to  act  briskly,  is  from 
ten  to  twenty  grains,  and  of  its  resin,  from  five  to  ten 
grains. 

Colocyntlds. — Large  doses  of  colocynth  produce  numer- 
ous fluid  evacuations,  with  griping  and  tenesmus.  Ex- 
cessive doses  cause  sanguinolent  stools,  great  abdominal 
pain,  intense  depression,  and  sometimes  death. 

Small  doses,  one  to  three  grains,  act  gently,  producing 
loose  stools  without  notable  griping.  But  if  frequently 
repeated,  such  doses  soon  cause  tormina  and  tenesmus, 
and  slimy  stools. 

According  to  Brieger,  small  quantities  of  extract  of 
colocynth,  0.02  gm.  dissolved  in  3  gm.  of  water,  in- 
jected into  isolated  portions  of  intestine,  produce  slight 
hyperaemia  and  peristaltic  contraction,  but  no  accumula- 
tion of  fluid.  But  larger  quantities  produce  decided  in- 
flammation and  an  effusion  of  bloody  fluid. 

In  experiments  on  dogs  Rutherford  found  colocynth  to 
cause  an  increased  flow  of  watery  bile. 

On  account  of  its  harsh  operation,  colocynth  is  rarely 
employed  alone  to  produce  brisk  purgation;  but  in  small 
doses,  in  combination  with  other  laxatives,  it  is  frequently 
given  in  habitual  constipation. 

The  dose  of  the  extract  of  colocynth,  as  a  laxative,  is 
one-sixth  to  two-thirds  of  a  grain,  and  of  the  compound 
extract,  from  one  to  five  grains.  The  latter  preparation 
is  sometimes  given  in  doses  of  five  to  fifteen  grains,  to 
purge  briskly.  Usually  the  extract  of  hyoscyamus,  or 
the  extract  of  belladonna,  is  combined  with  it,  to  prevent 
griping.  'B,  Extr.  colocynth.,  gr.  i. ;  aloes,  gr.  vi. ;  extr. 
hyoscyami,  gr.  vi.  M.  Ft.  pil.  vi.  Sig. :  One  pill  at 
bedtime.  1}  Extract,  colocynth.  comp.,  gr.  xij. ;  extr. 
bellad.,  gr.  ij.  M.  Ft.  pih  vi.  Sig. :  One  pill  at  bed- 
time. 

Cambogia. — Gamboge  is  held  to  be  still  more  imtant 
than  colocynth.  In  experiments  Rutherford  found,  after 
large  doses,  violent  irritation  of  the  duodenum  and  small 
intestine  generally,  with  profuse  catharsis,  but  no  in- 
crease of  the  bile  flow. 

It  is,  perhaps,  never  given  alone,  but  is  sometimes 
added  to  other  purgatives  to  increase  their  action,  as  in 
the  compound  cathartic  pills.  Very  small  doses,  one- 
sixth  to  one-half  grain,  are  said  to  produce  pultaceous 
stools  without  much  griping.  Generally,  doses  of  three 
to  four  grains  cause  some  nausea  and  colicky  pain,  and 
several  watery  stools.  Excessively  large  doses,  one 
drachm,  have  caused  fatal  gastro-enteritis. 

Formerly  gamboge  was  frequently  employed  in  obsti- 
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nate  constipation,  ascites,  anasarca,  paralysis,  insanity, 
gout,  and  skin  diseases.  Generally  it  was  given  together 
with  aloes,  jalap,  bitartrate  of  potassium,  and  calomel. 
If  Cambogise,  gr.  iv. ;  pulv.  jalapse  comp.,  3  ij.  M. 
Div.  in  pulv.  iv.  Sig. :  One  powder  every  two  hours  till 
the  bowels  act,  in  cases  of  dropsy. 

Pilulm  Catliarticm  Compositde. — The  compound  catliartic 
pills  contain  small  quantities  of  aloes,  scammony,  colo- 
cynth,  jalap,  gamboge,  and  calomel.  On  account  of 
their  complex  composition  they  are  supposed  to  affect 
all  parts  of  the  intestines,  and  to  increase  the  secretion  of 
bile.  One  pill  usually  acts  as  a  laxative,  while  three  or 
four  produce  free  purgation.  They  are  suitable  to  acute 
constipation  not  complicated  with  inflammation  of  the 
intestines,  but  should  not  be  employed  in  habitual  con- 
stipation. 

Podophyllum. — This  purgative,  even  in  large  doses, 
nsually  acts  slowly,  from  six  to  ten  hours  elapsing  before 
the  bowels  move.  Doses  of  ten  grains  rarely  cause 
marked  incidental  effects,  but  twenty  or  thirty  grains  are 
usually  followed  by  nausea,  and  sometimes  vomiting  and 
depression,  and  severe  colicky  pain.  The  evacuations 
sometimes  have  a  dark  color,  from  which  it  was  assumed 
that  they  contain  a  large  quantity  of  bile.  In  experi- 
ments on  dogs  Rutherford  found  that  moderate  doses  of 
podophyllin  cause  an  increased  flow  of  bile. 

The  resin  of  podophyllum,  commonlj'^  called  podo- 
phyllin, is  used  as  a  laxative.  Doses  of  one-eighth  to 
one-half  grain  usually  produce  a  gentle  movement  in 
eight  or  ten  hours.  Large  doses,  from  two  to  four  grains, 
cause  nausea,  sometimes  vomiting,  severe  griping,  and 
numerous  stools,  which  may  be  slimy  and  bloody  and 
followed  by  intense  depression. 

Podophyllin  is  not  suitable  in  cases  requiring  brisk 
pui'gation.  But  in  chronic  constipation  it  is  much  used, 
because  it  continues  to  act  for  a  long  time  without  neces- 
sitating an  increase  of  dose.  It  is  frequently  employed 
when  symptoms  are  present  which  show  that  the  secre- 
tion of  bile  is  abnormal.  Usually  it  is  given  in  pillular 
form,  with  extract  of  hyoscyamus  or  extract  of  bella- 
donna. IJ  Podophyllini,  gr.  ij.;  extr.  hyoscyami,  gr. 
viij.  M.  Ft.  pil.  No.  viij.  Sig.:  One  pill  at  bedtime. 
It  has  also  been  given  in  solution  as  follows:  IJ  Podo- 
phyllini, gr.  ij. ;  alcohol,  dil.,  |  ij". ;  tinct.  zingiberis,  3  ij. 
M.     Sig. :  Ateaspoonful  in  a  wineglassful  of  water. 

Podophyllotoxin  is  said  to  act  more  regularly  than  the 
official  resin.  It  has  been  given  to  adults  in  doses  of  one- 
sixth  to  one-fourth  of  a  grain,  and  to  children  in  doses  of 
one-sixtieth  to  one-twelfth  of  a  grain.  Brun  employed  it 
in  alcoholic  solution  as  follows:  'B,  Podophyllotoxini,  0.5 
gm. ;  spir.  viui  rectif,,  7.5  gm.  M.  Sig. :  From  five  to 
fifteen  drops  in  sweetened  water. 

Oleum  Tiglii. — Croton  oil  is  a  very  energetic  drastic,  a 
drop  sometimes  producing  from  five  to  fifteen  watery 
evacuations.  Often  the  first  evacuation  occurs  in  one  or 
two  hours. 

The  susceptibility  of  different  persons  to  its  action 
varies,  in  some  one  drop  acting  intensely,  while  in  others 
it  produces  only  a  few  semi-liquid  stools.  In  rare  in- 
stances purgation  does  not  result  from  the  dose  men- 
tioned, but  there  takes  place  general  disorder,  marked  by 
palpitation  of  the  heart,  pain  in  the  extremities,  severe 
headache,  giddiness,  and  prostration. 

Frequently  the  action  of  croton  oil  is  attended  by  symp- 
toms indicating  irritation  of  the  stomach  and  intestines — 
a  sensation  of  heat  in  the  epigastrium,  more  or  less  nau- 
sea, sometimes  vomiting,  borborygmi,  colicky  pain,  and 
tenesmus. 

Excessive  doses  quickly  induce  vomiting  and  purg- 
ing, and  great  prostration.  Twenty  drops  have  proved 
fatal. 

Croton  oil  is  used  when  a  powerful  purgative  is  indi- 
cated, and  milder  medicines  have  failed  to  act  or  cannot 
be  administered.  Sometimes  this  is  the  case  in  obstinate 
constipation,  lead  colic,  and  diseases  of  the  brain  and 
spinal  cord.  When  brisk  purgation  is  necessary,  and 
swallowing  is  very  difficult,  the  oil  is  preferred  to  more 
bulky  cathartics,  a  drop  being  mixed  with  a  little  sugar. 


or  a  little  bread  crumb,  and  placed  on  the  back  of  the 
tongue. 

The  oil  has  been  strongly  recommended  for  the  removal 
of  tapeworm— one  drop  mixed  with  one  drachm  of  chlor- 
oform and  one  ounce  of  glycerin,  to  be  given  early  in  the 
morning. 

Croton  oil  is  usually  given  in  pillular  form.  "B,  01. 
tiglii,  gtt.  i. ;  mic8e  panis,  q.  s.  M.  Ft.  pil.  iv.  Sig.: 
One  pill  every  hour.  It  is  said  that  the  oil  acts  more 
gently  when  combined  with  compound  extract  of  colo- 
cynth  and  extract  of  belladonna.  "S,  01.  tiglii,  gtt.  i. ; 
extract,  colocynth.  comp.,  gr.  viij. ;  extr.  bellad.,  gr.  i. 
M.  Ft.  pil.  iv.  Sig. :  One  pill  every  two  hours.  Some- 
times it  is  given  mixed  with  sugar.  "S,  01.  tiglii,  gtt.  i. ; 
sacch.  lactis,  3  i.  M.  Div.  in  part.  ceq.  iv.  Sig. :  One 
powder  every  hour.  It  may  also  be  mixed  with  castor 
oil,  or  made  into  an  emulsion,  as  follows :  B,  01.  tiglii, 
gtt.  i. ;  pulv.  acacise,  3  ij. ;  syr.  amygdalae,  §  ss. ;  aq. 
destill.,  liiiss.  M.  Ft.  emuls.  Sig.:  One  tablespoon- 
ful  every  hour. 

Blaterinum. — Elaterin  is  the  most  powerful  and  drastic 
of  all  purgative  medicines.  The  twentieth  of  a  grain, 
given  to  an  adult,  will  generally  produce  watery  stools 
in  one  or  two  hours.  ^Sometimes  this  speedy  action  is 
not  attended  by  marked  incidental  effects;  but  often, 
especially  if  it  is  given  alone,  nausea,  severe  griping, 
borborygmi,  and  some  prostration  are  produced.  Ex- 
cessive doses  may  cause  intense  gastro-enteritis  and  fatal 
collapse. 

Elaterin  is  employed  in  ascites  and  anasarca,  when 
gentler  hydragogues  have  failed  to  act  efficiently.  As  a 
rule,  it  is  given  only  every  other  day,  and  not  continued 
longer  than  a  week  or  ten  days,  lest  it  excite  serious  in- 
testinal inflammation.  After  an  interval  of  a  week  its 
use,  if  necessary,  may  be  resumed.  It  is  contraindicated 
in  dropsies  complicated  with  intestinal  irritation,  and 
must  be  used  with  extreme  caution  in  very  young,  aged, 
and  feeble  patients. 

It  may  be  ordered  in  solution,  pill,  or  powder.  If 
Elaterin,  gr.  ss. ;  alcohol.,  §  ss. ;  acidi  nitrici,  gtt.  ij.  M. 
Sig. :  From  twenty  to  forty  drops  in  an  aromatic  water. 
^  Elaterini,  gr.  i;  extr.  hyoscyami,  gr.  vi.  M.  Ft.  pil. 
vi.  Sig. .  One  pill  every  hour  till  stools  take  place.  If 
Elaterini,  gr.  i;  sacch.  albi,  3  i. ;  ol.  menth.  pip.,  gtt. 
ij.  M.  Div.  inpart.  eequal.  vi.  Sig. :  One  powder  every 
hour  until  the  bowels  act. 

General  Indications. — Purgatives  are  used  (1)  to 
evacuate  the  intestines ;  (2)  to  diminish  hypersemia  of 
remote  parts  or  organs ;  (3)  to  promote  the  absorption  of 
exudations  and  transudations ;  and  (4)  to  eliminate  nox- 
ious substances. 

1.  All  purgatives  evacuate  the  contents  of  the  intestines; 
but  when  this  is  the  sole  indication  for  their  use,  only 
laxatives  and  mild  purgatives  should  be  given.  In 
chronic  or  habitual  constipation  those  laxatives  are  most 
suitable  which  act  slowly,  producing  normal  or  nearly 
normal  fsecal  evacuations,  without  losing  their  activity 
in  small  doses  after  frequent  repetition,  and  without  in- 
terfering with  general  nutrition.  Experience  has  shown 
that  aloes  possesses  these  properties  in  the  most  eminent 
degree.  Podophyllin,  cascara  sagrada,  -  rhubarb,  and 
compound  extract  of  colocynth  are  also  eligible.  The 
saline  laxatives  are  sometimes  used  in  habitual  constipa- 
tion ;  but  as  their  prolonged  use  is  followed  by  impair- 
ment of  nutrition,  they  should  not  be  given  to  feeble 
patients  unless  required  by  other  indications. 

In  occasional  or  acute  constipation  any  laxative  or  mild 
purgative  may' be  employed.  If  hardened  fsecal  masses 
are  present  in  the  intestines,  the  saline  laxatives  and  cas- 
tor oil  are  most  suitable.  Sometimes  all  the  mild  purga- 
tives fail  to  act  in  acute  constipation,  especially  when  the 
cause  of  the  constipation  is  still  present,  as  in  lead  poi- 
soning. Drastics,  if  carefully  used,  are  then  appropriate, 
and  croton  oil  is  usually  preferred.  Metallic  mercury 
has  been  successfully  used  after  all  ordinary  purgatives 
had  proved  ineffectual. 

To  remove  poisons  and  irritating  substances  from  the 
intestines,  those  purgatives  which  act  speedily  and  gently 
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should  be  preferred,  especially  castor  oil  and  salines. 
When  irritation  of  the  intestines  results  from  decomposi- 
tion or  fermentation,  calomel  is  the  best  purgative. 

2  To  (H'liriidnh  hi/permnia  of  remote  parts  or  organs 
puro-atives  which  act  rapidly  and  iiroduce  semi -liquid 
or  AN-atery  discharges  are  required.  Mild  purgatives  de- 
plete indirectly  by  hastening  tlie  intestinal  .secretions  and 
partially  digested'food  downward  so  rapidly  tlwt  absorp- 
tion is  impeded.  Saline  purgatives,  in  strong  solution, 
excite  a  copious  secretion  of  watery  fluid,  and  tlius  di- 
rectly ileplete  the  blood.  Drastics  act  in  a  threefold 
manner,  accelerating  peristalsis,  increasing  secretion,  and 
exciting  intestinal  hvi)enemia'.  Tiie  choice  of  a  purga- 
tive will,  therefore,  depend  upon  the  inten.sity  and  duia- 
tion  of  the  disease  to  be  influenced,  the  organ  alTected, 
and  the  character  of  the  general  symptoms.  In  conges- 
tion of  the  liver,  calomel,  followed  by  a  saline  laxative, 
is  the  most  suitable  purgative.  In  congestion  or  inflam- 
mation of  most  organs,  saline  cathartics  and  compound 
infusion  of  .senna  are  usually  employed;  but  in  very 
severe  congestion  or  inflammation  of  ver}'  important 
organs— such  as  the  brain  and  spinal  cord— drastics  are 
preferred,  especially  croton  oil. 

3.  To  proiiioie  absorption  of  e.riiiJ/i/ioiin  and  ti'ansiida- 
tious,  the  hydragogues  are  most  suitable.  Generally  the 
saline  hydragogues,  given  so  as  to  produce  copious 
watery  stools,  soon  cause  rapid  absorption.  In  cardiac 
dropsy  they  often  diminish  the  dropsical  swelling  very 
notably  in  a  few  hours.  Of  the  drastic  hydragogues  the 
compound  powder  of  jalap  and  elaterin  are  the  most  use- 
ful. Generally  the  former  is  preferred  on  account  of  its 
mild  action.  But  when  it  fails  to  act  efficiently,  or  when 
an  effusion  of  scrum  occurs  rapidly,  and  in  such  lai'ge 
quantity  as  to  produce  extreme  distress,  such  as  alarming 
dyspnfca  in  pleuritis,  elaterin  is  usually  given.  Some- 
times it  so  rapidly  induces  absorption  of  the  effusion  as 
to  give  decided  relief  in  a  few  hours. 

4.  To  eliminate  nonous  svb.ito iires,  calomel,  salines,  and 
drastics  are  used.  The  utility  of  calomel  in  biliousness 
and  congestion  of  the  liver  is  in  part  due  to  the  rapid 
removal  of  irritating  and  decomposing  substances  from 
the  alimentary  canal.  Saline  laxatives,  especiallj'  sul- 
phate of  magnesium,  are  indicated  in  chronic  lead 
poisoning,  to  remove  the  poison  from  the  intestines 
as  fast  as  it  is  eliminated  by  the  liver.  They  are  also 
suitable  in  cases  of  uraemia,  especially  if  at  the  same 
time  it  is  necessary  to  induce  absorption.  In  urasmic 
coma,  croton  oil  is  sometimes  preferred  to  milder  purga- 
tives. 

Contraindications. — All  purgatives  are  contraindi- 
cated  in  peritonitis,  intestinal  hemorrhage,  perforation 
of  the  bowels,  strangulated  hernia,  and  extreme  debility. 

Brisk  purgatives  are  generally  inappropriate  during 
pregnancy,  especially  if  previous  abortions  have  oc- 
curred, and  during  menstruation.  They  .should  not  be 
used  if  there  exist  severe  rectal  lesions,  or  a  tendency  to 
looseness  of  the  bowels.  Even  laxatives  are  contrain- 
dicated  in  habitual  constipation,  until  all  other  known 
means  have  failed  to  establish  a  normal  habit  of  defeca- 
tion. Siiiiiuii  jVw'AYcs. 

PURPURA. — (Synonyms:  IlipmorrJiu-a  jieiechiali/i  ;  Fi-., 
Pm-pura. :  Ger. ,  Blntflerkeii.)  Pui-pui'a  is  a  disease  char- 
acterized by  the  extravasation  of  blood  into  the  skin.  In 
many  instances,  however,  it  is  not  limilcd  to  this  oryaii 
and  may  be  encountered  in  almost  any  struct\ire  of  flu.; 
body.  The  parts  coining  most  readily  under  visual  in- 
spection are  naturally  the  skin  and  mucous  membranes, 
although  in  severe  and  fatal  cases  the  autopsy  shows  that 
the  inteinal  viscera  are  likewise  involved.  "  It  may  be 
asked  whether  iiurpura  is  not  rather  a  symptom  complex 
than  a  well-defined  affection  ?)cc  ,«(;.  It  occurs  under  so 
many  apparently  varied  condiUons  that  one  is  at  a  loss 
to  ascribe  to  it  definite  limitations.  In  this  connection 
however,  it  will  be  considered  from  a  dermatologieai 
standpoint,  the  .skin  being  the  organ  most  extensively 
involved.  I  he  clinical  nuinifestarions  of  purpura  vai\-- 
hence   several  varieties    have  been  described,   although 
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the  essential  feature  is  the  occurrence  of  hemorrhage  into 
the  structures  surrounding  the  blood-vessels.  In  severity 
purpura  likewise  varies  greatly,  being  in  some  instances 
an  exceedingly  mild  affection  with  extravasation  only  in 
dependent  parts,  as  the  legs;  or  it  may  be  an  extremely 
severe  and  rapidly  fatal  disease.  Between  these  extremes- 
numerous  grades,  both  in  appearance  and  in  severity,  oc- 
cur. Usually  purpura  is  accompanied  by  constitutional 
symptoms  which  to  a  great  extent  depend  upon  the 
amount  of  cutaneous  hemorrhage. 

For  convenience  of  descriprion  the  various  lesions  have 
received  distinct  names.  Thus  we  speak  of  mbices  when 
the  extravasation  of  blood  into  the  skin  assumes  a  streaked 
or  elongated  foi'm.  Ecehyuioses  are  irregular  extravasa- 
tions of  blcjod  involving  consideiable  areas,  and  giving 


Fig.  3923.— Purpura  simplex.     (Case  of  Dr.  William  T.  Corlett.) 

the  appearance  of  bruises.  Ecrhyiiifiinata  or  hcfwatomatw 
are  terms  used  to  designate  tumors  formed  by  the  ex- 
travasation of  blood,  usuall}'  occurring  when  a  large 
vessel  wall  has  given  waj'.  The  term  f/urpvra  papulvsa 
is  employed  to  designate  pinhead-sized  extravasations 
which  are  usuallj'  situated  in  the  upper  part  of  the 
derma.  Heinorr?K(f/ie  bi/lke  are  extravasations  underneath 
or  between  the  layers  of  the  ejiidermis,  while  hnnatidro- 
tdx  is  a  rai'e  condition  in  which  the  sweat  glands  give 
f(>rth  a  blood}^  exudate.  Peleeliio;  are  cutaneous  areas  of 
extravasation  of  various  shapes  and  sizes. 

The  cutaneous  lesions  of  purpura  are  characteristic  in 
that  they  are  symmetrically  arranged,  are  <jf  a  dark  bluish 
color,  and  do  not  disappear  on  pressure.  At  first  they 
maybe  of  a  bright  red  or  claret  color,  although  at  an 
eai'ly  stage  they  take  on  a  purplish  hue;  as  absorption 
goes  on  the  cohu"  undergoes  various  changes  from  a  brown 
to  a  greenish-yellow  tint,  such  as  may  be  observed  in  an 
ordinary  bruise.  The  cutaneous  manifestations  occur  in 
successive  crops;  hence  various  shades  of  color  mav  be 
seen  at  the  same  time.  j\[ost  cases  of  cutaneous  hemor- 
rhage may  be  grouped  under  three  heads,  which  will  be 
ti'cated  as  varieties  of  the  disease. 

Piirjiiim  Simpler  re])resents  the  mildest  form  of  the 
disease.  This  is  commonly  observed  in  the  skin,  and  is 
ficqucntly  limited  to  this  structure.  As  a  rule,  it  is  un- 
a(  eoiuiianied  by  constitutional  symptoms.  It  usually 
makes  its  a|ii)earance  suddenly,  and  is  first  seen  on  the 
<li'j»'iiilent  parts,  as  the  legs  (see  Fig.  3928),  although  in 
<'hil<li'en  tlieai'ius,  neck,  and  olher  jiarts  of  the  bodj'may 
lie  inxiilved.  The  most  usual  sitesare  the  inner  aspect  of 
the  legs,  the  dorsum  of  the  feet,  and  the  jiosterior  surface 
of  the  forearms.  In  this  form  the  mucous  membranes  may 
be  involved  to  a  slight  extent,  that  most  frequently  impli- 
cated being  the  mucous  menilirane  of  the  mouth,  although 
\Yc  have  reason  to  believe  that  the  hemorrhagic  process 
is  not  limiled  lo  these  structures,  but  that,  on  account 
of  the  mildness  of  the  symiitoms,  it  escapes  notice  when 
occurring  in  parts  not  easily  inspected.  In  this  vaiiety 
the  lesions  consist  of  variously  sized  and  shaped  petechia 
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■which  are  at  first  roundish  or  oval,  and  which  sometimes 
extend  at  the  periphery ;  at  other  times  they  remain  sta- 
tionary until  absorption  takes  place.  A  more  infrequent 
form,  in  which  the  lesions  are  punctate  (lichen  lividus  of 
Willan)  and  surround  the  exit  of  a  hair  shaft,  is  also  en- 
countered. The  lesions  in  purpura  usually  continue  to 
appear  for  several  days  or  weeks,  although  the  disease 
is  self -limited  and  as  a  rule  terminates  in  recovery  within 
one  or  two  months.  The  cutaneous  lesions  soon  undergo 
resorption  and  deposition  of  hsematin  which  leaves  an  in- 
delible stain  in  the  tissue. 

Purpura  Blieumatica,  Peliosis  Blieumatica,  Toxic  Pur- 
pura {Purpura  exantliematique  of  the  French)  is  a  more 
severe  form  of  the  disease,  so  called  because  of  its  associ- 
ation with  vague  pains  which  are  usually  referred  to  the 
joints  or  muscles,  and  are  supposed  by  some  to  be  closely 
related  to  acute  articular  rheumatism.  In  this  variety 
constitutional  symptoms  are  more  marked.  In  some 
cases  distinct  swellings  occur  about  the  joints,  there  is 
a  slight  elevation  of  temperature,  the  tongue  is  fre- 
quently coated,  and  usually  there  is  anorexia,  sometimes 
with  nausea  and  vomiting.  Extravasation  of  serum 
alone  may  likewise  take  place,  giving  rise  to  urticarial 
lesions  in  the  skin  ('purpura  urticaria).  In  very  rare  in- 
stances the  serous  exudate  occurs  In  the  epidermis,  giving 
rise  to  bulto  and  oedematous  plaques.  Stelwagon  ("  Dis- 
eases of  the  Skin,"  1902,  p.  466)  has  observed  swelling 
of  the  lips  and  throat  which  he  describes  as  a.  febrile,  pur- 
puric cedema.  Sometimes  the  eruption  becomes  associated 
with  symptoms  of  a  multiform  erythema,  the  lesions 
varying  in  appearance,  although  always  associated  with 
cutaneous  hemorrhage.  From  the  foregoing  It  may  be 
seen  that  this  form  of  purpura  is  closely  allied  to  the  ex- 
udative erythemata. 

This  toxic  form  of  purpura  is  sometimes  associated 
with  complications  of  a  grave  nature.  Thus  endocarditis 
and  pericarditis,  together  with  necrosis  and  sloughing  of 
the  mucous  membrane  of  the  mouth,  have  been  observed 
by  Osier.  ^  It  is  sometimes  recurrent  and  may  appear 
annually  throughout  a  period  of  several  years.  Henoch  ^ 
has  called  attention  to  gastro-intestiual  symptoms  occa- 
sioned by  hemorrhages  into  the  intestinal  mucosa ;  this 
has  been  accompanied  by  vomiting  and  diarrhoea,  the 
stools  not  infrequently  being  tinged  with  blood.  Hemor- 
rhage may  likewise  take  place  to  a  slight  extent  into  the 
bladder.  This  has  been  most  frequently  observed  in 
children.  In  severe  cases  the  kidneys  are  affected,  giv- 
ing rise  to  the  symptoms  of  acute  hemorrhagic  nephritis. 
In  these  cases  albumin  is  usiially  present  in  the  urine. 
The  spleen  is  sometimes  easily  palpable. 

Punpara  Homuyi-rhagiea,  sometimes  known  as  morbus 
maculosus  Werlhofii  (which  see),  and  also  as  land  scurvy. 
This  is  a  more  grave  affection  than  the  two  preceding 
varieties.  The  severity  of  the  disease,  however,  largely 
depends  upon  the  cause  as  well  as  on  the  extent  of  the 
cutaneous  hemorrhage.  The  onset  of  this  variety  varies ; 
it  may  be  insidious,  appearing  as  a  mild  attack  with  few 
or  no  constitutional  symptoms ;  soon  gradual  impairment 
of  the  health  becomes  manifest,  and  the  patient  becomes 
weak  from  loss  of  blood.  The  appetite  disappears,  as- 
similation is  interfered  with  on  account  of  intestinal 
hemorrhage,  and  diarrhoea  with  bloody  stools  finally  oc- 
curs. The  gums  bleed  easily,  and  there  is  not  infre- 
quently hfematuria,  epistaxis,  or  hsemoptysis.  The 
lesions  usually  assume  the  form  of  large  ecchymoses  or 
ecchymomata,  and  the  mucous  membranes  are  apparently 
involved  to  an  equal,  if  not  greater,  extent  than  the  skin. 
In  the  latter  the  disease  may  appear  on  the  more  de- 
pendent parts,  although  the  whole  body  soon  becomes 
involved.  In  severe  cases  symptoms  of  collapse  occur, 
and  the  disease  may  soon  terminate  in  death  (purpura 
fulminans).  At  other  times  the  disease  pursues  an  un- 
interrupted course  for  several  months,  when  finally  reso- 
lution takes  place  and  the  patient  recovers.  At  other 
times  extravasation  of  blood  takes  place  into  the  brain 
or  spinal  cord,  giving  rise  to  symptoms  referable  to  a 
tumor  in  these  parts.  There  is  usually  but  slight  eleva- 
tion of  temperature  in  this  form,  although  the  disease  is 


sometimes  noted  to  be  ushered  in  with  a  slight  fever  the 
temperature  rising  one  or  two  degrees. 

Cutaneous  hemorrhage  may  also  occur  as  a  symptom 
ot  other  well-recognized  diseases,  such  as  variola  the 
plague,  and  cerebro-spinal  fever,  and  in  cases  of  poison- 
mg  from  the  bite  of  poisonous  reptiles. 

Etiology.— The  disease  occurs  in  both  sexes,  and  is 
met  with  at  all  ages.  It  is  a  fairly  common  disease  in 
my  experience,  and  has  been  most  frequently  encoun- 
tered between  the  ages  of  sixteen  and  forty -five.  The 
general  health  of  the  cases  that  have  come  under  my 
observation,  previous  to  the  advent  of  the  cutaneous 
hemorrhages,  has  been  good,  although,  as  has  been  stated, 
there  is  sometimes  a  tendency  for  the  disease  to  recur 
from  time  to  time  during  a  period  of  several  years.  In  a 
series  of  cases  which  I  had  the  opportunity  of  observing 
a  number  of  years  ago,  bad  hygienic  conditions  with  a 
defective  food  supply  were  undoubtedly  the  chief  etio- 
logical factors  in  the  disease.  Of  these  the  chief  r61e 
must  be  given  to  the  withdrawal  of  green  vegetables  from 
the  dietary,  most  notably  potatoes,  cabbage,  and  greens; 
at  any  rate,  on  supplying  these  articles  in  moderation  the 
disease  disappeared  from  various  families  in  which  it  had 
been  observed  to  occur  for  a  long  time.  Further,  in  my 
experience  the  disease  has  been  met  with  more  frequently 
in  women  than  in  men,  the  nationality  most  frequently  af- 
fected being  the  Bohemian.  It  has  occurred  usually  in 
people  in  the  lower  walks  of  life.  Various  drugs  have 
been  known  to  produce  cutaneous  hemorrhage,  notably/ 
potassium  iodide,  chloral,  belladonna,  ergot,  phosphorus, 
iodine,  quinine,  copaiba.  These  drugs  do  not  produce 
the  same  effect  in  all  people,  there  being  in  some  indi- 
viduals an  idiosyncrasy  by  which  the  ingestion  of  certain 
siibstances,  innocuous  to  others,  gives  rise  to  toxic  effects. 
Again,  toxic  substances  or  their  ptomains,  by  acting  on 
the  nerve  centres,  are  thought  to  be  potent  factors  in  the 
causation  of  purpura,  notably  in  the  erythematous  or 
toxic  form. 

As  malaria  undermines  the  general  health,  it  is  thought 
by  some  to  contribute  to  this  condition.  Other  diseases- 
contribute  in  like  manner  to  purpui-a,  most  notably  those 
which  tend  to  profound  anaemia,  such  as  scorbutus,  hsemo- 
philia,  pyaemia,  sarcoma,  nephritis,  scarlatina,  typhus 
fever,  cerebro-spinal  fever,  variola,  and  rubeola,  as  well 
as  various  diseases  of  the  nerve  centres,  such  as  locomo- 
tor ataxia  and  hysteria.  The  venom  of  serpents  must 
likewise  be  mentioned  in  this  connection.  In  new-born 
infants  the  sudden  change  to  which  the  circulation  is 
subjected  may  give  rise  to  cutaneous  hemorrhage,  which 
should  be  looked  upon  as  purely  mechanical.  Various 
micro-organisms  have  likewise  been  desci-ibed  as  associ- 
ated with  purpura.  Martin  de  Gimard,^  Letzerich,*  and 
Kolb '  have  succeeded  in  producing  the  disease  in  animals 
by  inoculating  with  pure  cultures,  and  doubtless  this 
accounts  for  some  cases,  especially  among  the  severe 
forms.  From  the  foregoing  it  will  appear  that  the  cause 
of  purpura  varies  in  different  cases,  and  no  one  condition 
can  be  assigned  as  invariably  producing  the  disease. 

Stelwagon,  in  summarizing  the  various  causes  of  pur- 
pura, believes  that  the  etiological  factors  may  be  divided 
into  classes,  most  conspicuous  of  which  are  the  vaso- 
motor, toxic,  and  infectious ;  and  that  some  ot  the  latter 
arise  from  auto-intoxications,  which  have  their  origin  in 
the  intestinal  tract.  This  latter  seems  especially  true  in 
those  cases  which  are  marked  by  a  multiform  erythema 
and  urticarial  lesions.  It  is  evident,  therefore,  that  we 
have  in  purpura  a  condition  of  variable  appearance  and 
widespread  distribution,  affecting  almost  every  organ 
and  structure  of  the  body  and  producing  symptoms  which 
vary  according  to  the  part  attacked.  What  we  know, 
therefore,  is  this :  purpura  is  a  symptom,  in  the  broad 
sense  of  the  term,  of  many  conditions,  many  of  which  at 
the  present  time  are  wholly  unknown. 

Pathology.— The  most  constant  findings  in  purpura 
are  circumscribed  areas  of  blood  extravasation,  which 
are  usually  found  in  the  papillary  layer  of  the  derma. 
Less  frequently  the  epidermis  may  be  invaded,  the  latter 
occurring  only  when  the  blood  extravasation  has  been 
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excessive,  as  from  rupture  of  an  arteriole,  or  when  the 
disease  assumes  a  toxic  form  {peliosis  rUurmUca).  Wlien 
the  disease  is  not  limited  to  the  skm,  the  deeper  part  of 
the  derma  or  even  the  subcutaneous  structures  (purpura 
hEemoiThagica)  may  be  involved.  Again,  there  may  be 
only  a  few  red  blood  cells  surrounding  the  vessel  (dia- 
pedesis)  in  which  case  the  lesions  are  usually  limited  to 
the  superficial  stratum  of  the  derma.  If  the  disease  has 
existed  for  some  days  the  characteristic  retrogressive 
changes  are  found,  namely,  the  presence  of  coloring  mat- 
ter from  the  blood  giving  rise  to  a  rust-like  stain,  which 
gradually  fades  away,  leaving  only  a  slight  pigmenta- 
tion. Frequently  these  are  the  only  changes  found.  At 
other  times  the  vessels  in  the  area  involved  are  markedly 
dilated  {purpura  ectaaique  of  the  French),  and  red  blood 
cells  are  found  outside  the  vessel  wall.  This  Leredde 
regards  as  due  to  paralysis  of  the  vasomotor  filaments 
distributed  to  the  vessel.  This  form  is  supposed  to  be 
of  toxic  origin  involving  primarily  the  nerve  centres. 
Aside  from  these  changes  there  have  "been  noted  dilatation 
of  the  vessels  with  proliferation  of  the  endothelium,  to- 
gether with  an  accumulation  of  blood  cells,  fibrinous 
thrombi,  and  microbic  emboli.  Furthermore,  amyloid 
degeneration  of  the  vessels  has  been  noted,  together  with 
proliferation  of  the  connective-tissue  cells  and  necrosis  of 
the  vessel  wall.  The  study  of  the  blood  has  of  late  at- 
tracted close  attention,  and  Lenoble «  holds  that  true  pur- 
pura (P.  myeloide)  or  the  toxic  form  is  invariably  due  to 
alterations  in  the  blood.  The  following,  according  to 
this  observer,  are  always  present  and  may  be  regarded  as 
characteristic : 

1.  Absence  of  contraction  of  the  clot  and  consequent 
expression  of  the  serum.  This  is  constant,  and  it  is  only 
after  recovery  that  the  expression  of  serum  becomes 
normal.  In  light  cases  one  can  see  a  certain  degree  of 
contraction  of  the  clot,  although  occurring  a  little  later 
than  usual. 

3.  The  appearance  of  bone-marrow  cells  which  are  al- 
ways present,  sometimes  abundant,  and  are  characterized 
a)  by  the  apparition  of  nucleated  red  blood  cells,  few  in 
Ihe  chronic,  but  more  abundant  in  the  acute  form ;  in  the 
latter  case,  however,  they  are  not  permanent.  These  red 
cells  are  in  the  group  of  Ehrlich's  normoblasts,  more  rarely 
megaloblasts  or  even  microblasts  (one  case) ;  (S)  by  the 
appearance  in  the  circulation  of  myelocytes  which  are 
usually  neutrophilic,  more  rarely  eosinophilic.  This  re- 
action is  always  slight  or  feeble,  and  varies  from  a  frac- 
tion of  one  per  cent,  in  the  chronic  type  to  six  or  seven 
per  cent,  in  the  acute  form. 

3.  Marked  changes  in  the  blood  platelets,  which  are 
diminished  in  number  and  increased  in  volume,  but 
whose  chief  alteration  is  in  the  more  or  less  complete  loss 
of  their  characteristic  grouping.  This  loss  of  the  power 
of  clumping  explains  the  lack  of  contraction  of  the  clot, 
the  special  anremia,  and  the  profuse  hemorrhages  which 
are  characteristic  of  the  disease. 

These  changes,  which  are  constant,  may  persist  indefi- 
nitely in  the  chronic  form.  In  the  subacute  form  the 
duration  is  variable,  and  normoblasts  may  be  found  long 
after  recovery  is  apparently  complete. 

The  following  are  given  as  accessory  and  inconstant 
blood  changes: 

1.  Leucocytosis  with  increase  of  the  polynuclear  eosin- 
ophiles  and  especially  of  the  lymphocytes.  These  last 
are  always  increased,  and  were  omitted  from  the  primary 
changes  mentioned  because  they  are  found  in  all  forms 
of  purpura.  Their  presence  is  as  important  as  is  that  of 
the  myelocytes,  whose  office  it  is  to  repair  the  constant 
loss  of  the  large  mononuclears  which  undoubtedly  act  as 
macrophages.  According  to  the  Dominici  these  cells  also 
give  rise  to  parent  cells  of  the  elements  which  are  de- 
stroyed by  the  circulating  toxins. 

3.  Frequent  but  inconstant  is  the  appearance  in  the 
pure  blood  of  a  reticulum  either  with  a  coarse  or  with  a 
line  network. 

3.  Contrast  between  the  number  of  red  corpuscles, 
which  may  be  much  increased,  and  the  amount  of  hemo- 
globin per  cell,  which  may  remain  small. 
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This  disease  is  thus  controlled  by  a  double  cause,  viz., 
an  infection  and  an  anaemia.  The  intensity  of  the  symp- 
toms varies  with  the  intensity  of  the  infection.  The 
blood  shows  few  changes  in  chronic,  subacute,  and  tran- 
sient types,  but  in  the  acute  form  the  blood  appears  dis- 
organized and  shows  the  presence  of  bone-marrow  cells, 
while  the  red  blood  cells  have  become  very  vulnerable. 
This  is  shown  by  the  large  number  of  pseudoparasites 
whose  importance  hasbeen  dwelt  on  by  Hayem.'' 

Diagnosis.— Little  difficulty  need  be  experienced  in 
recognizing  a  well-marked  case  of  purpura.  In  purpura 
simplex  the  lesions  sometimes  resemble  flea-bites  or  the 
bites  produced  by  other  insects  (purpura  pulieom).  In 
the  latter,  however,  there  may  be  seen  a  characteristic  in- 
flammatory halo  surrounding  a  deep  red  punctate  centre, 
which  is  never  present  in  purpura.  Erythema  nodosum 
■might,  late  in  its  course,  be  mistaken  for  purpura,  espe- 
cially when  the  dark-red  inflammatory  nodules  of  the 
erythema  have  receded,  leaving  bruise-like  areas.  The 
location  and  history  of  the  affection  should  enable  one  to 
differentiate  between  them.  It  should  be  borne  in  mind 
that  erythema  is  an  acute  affection  of  two  or  three  weeks' 
duration,  with  large,  elevated,  slightly  inflamed  and 
painful  nodules,  usually  limited  to  the  anterior  surface 
of  the  legs  and  to  the  forearms ;  while  the  lesions  of  pur- 
pura appear  in  successive  crops  lasting  from  four  to 
twelve  weeks,  are  of  a  dark  color,  usually  not  elevated 
except  in  the  form  of  bullae,  and  are  not  inflammatory 
nor  painful.  In  erythema  the  redness  disappears  on 
pressure,  while  this  does  not  take  place  in  purpura.  Pain 
has  been  experienced  on  pressure  in  erythema,  but  press- 
ure does  not  cause  pain  in  purpura.  From  trauma  pur- 
pura may  be  distinguished  by  the  multiform  character 
and  distribution  of  the  lesions,  and  by  the  absence  of  any 
history  of  injury. 

The  late  manifestations  of  syphilis  likewise  give  rise 
to  pigmentation,  but  they  are  also  preceded  by  inflam- 
mation, and  are  always  chronic,  which  offers  a  sharp 
contrast  to  the  lesions  of  purpura.  Even  in  the  necrotic 
form  of  purpura  the  lesions  are  smaller,  are  multiform, 
and  are  of  comparatively  shorter  duration  than  those  of 
syphilis.  From  the  various  drug  eruptions,  noticeably 
that  of  cubebs  and  copaiba,  the  erythema  is  of  a  brighter 
red  and  disappears  on  pressure.  In  the  acute  infectious 
exanthemata  cutaneous  hemorrhages  are  not  uncommon, 
notably  in  variola  and  rubeola;  but  in  the  former  we 
have  a  grave  affection  which,  as  a  rule,  rapidly  advances 
to  a  fatal  termination,  and  in  measles  the  coryza  and  other 
characteristic  features  of  the  rash  would  enable  one  to 
exclude  purpura  which  has  a  slower  evolution  and  less 
often  terminates  fatally.' 

Pkognosis. — This  depends  on  the  extent  of  the  cuta- 
neous hemorrhage,  the  cause  of  the  disease,  and  the  com- 
plications present.  In  simple  purpura  the  prognosis  may 
be  considered  favorable,  whereas  in  toxic  cases,  or  in 
those  accompanied  by  marked  involvement  of  the  viscera, 
the  prognosis  must  be  guarded.  In  purpura  simplex  the 
majority  of  patients  recover  in  from  four  to  twelve  weeks. 
In  purpura  rheumatica  the  disease  is  liable  to  return,  al- 
though it  is  seldom  from  the  primary  affection  that  a 
fatal  issue  ensues.  In  severe  forms  the  disease  is  always 
grave,  if  not  fatal. 

TuBATMENT. — The  first  consideration  is  rest  in  a  hori- 
zontal position.  Except  in  very  mild  cases  this  should  be 
maintained  very  strictly  throughout  the  whole  course  of 
he  disease.  Many  cases  are  reported  in  which  fresh  crops 
of  eruption  have  appeared  after  the  patient  assumed  the 
erect  posture.  When  the  lower  extremities  are  mainly  in- 
volved, it  is  well  to  elevate  the  feet  above  the  horizontal 
plane  by  means  of  pillows.  When  the  extremities  are 
the  chief  seats  of  predilection,  flannel  bandages  may  be 
applied  so  as  to  give  support  by  gentle  pressure.  The 
room  should  be  well  ventilated  and  an  abundance  of  di- 
rect sunlight  admitted.  The  diet  should  be  simple,  nutri- 
tious, and  easy  to  digest.  In  toxic  cases  diffusible 
stimulants  may  be  indicated.    The  drugs  which  have 

fiven  the  best  results  are:   turpentine,  in  doses  of  five 
rops  three  times  a  day,  or  by  inhalation ;  ergot,  or  the 
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subcutaneous  injection  of  ergotin,  wbicli  is  highly  spo- 
ken of  by  Crocker;  silver  nitrate,  gr.  i  to  gr.  ^  in  pill 
form ;  aromatic  sulphuric  acid ;  and  chloride  of  lime  in 
doses  of  from  fifteen  to  thirty  grains  three  times  a  day. 
The  latter  remedy  should  not  be  given  for  a  longer  period 
than  two  or  three  days,  as  it  acts  directly  on  the  coagula- 
tion of  the  blood.  Astringents  in  the  form  of  iron  or  a 
four-per-cent.  solution  of  hydrochlorato  of  cocaine  have 
been  resorted  to  in  severe  cases.  Ice  in  the  mouth,  or  else- 
where, may  be  indicated  as  a  local  application.  Boul- 
loche'  recommends  the  injection  of  artificial  serum,  and 
relates  a  case  of  fulminating  purpura  in  which  death 
seemed  imminent,  but  which,  under  this  treatment,  made 
a  complete  recovery.  In  this  case  130  c.c.  were  given. 
Absolute  cleanliness  should  be  insisted  upon,  and  some 
mild  astringent  and  antiseptic  gargle  may  be  applied  to 
the  mouth  and  fauces.  Further  than  this  the  treatment 
depends  largely  on  the  cause  of  the  disease  and  the  com- 
plications which  are  encountered. 

William  Thomas  Gorlett. 
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PUS.    See  Inflammation,  and  Exudation,  Patliological. 

PUTREFACTION.     See  Bacteria,  and  PtomMna. 

PY/EMIA.     See  Septiecemia  and  Pyxmia. 

PYELOTOMY.    See  Kidneys,  Surgical  Affections  of. 

PYKNOSIS  (also  spelled  Pycnosis)  is  the  term  applied 
to  that  condition  of  the  nucleus  in  which,  in  the  early 
stages  of  necrosis  or  just  preceding  necrosis,  it  stains 
more  intensely  with  nuclear  stains.  At  the  same  time 
there  is  usually  a  contraction  of  the  nucleus ;  but  the 
nucleus  may  remain  of  normal  size  or  even  swell.  Kary- 
■orrhexis  may  follow  pyknosis,  or  there  may  occur  a 
gradual  karyolysis  without  a  disintegration  of  the  chro- 
matin elements.  In  sections  stained  with  haematoxylin 
the  pyknotic  nuclei  may  appear  almost  black.  This 
phenomenon  is  usually  explained  as  due  to  a  condensa- 
tion of  the  chromatin.  Pyknosis  may  be  observed  in 
necrosing  cells  of  all  organs  and  tissues;  it  is  seen  par- 
ticularly in  necrosing  syncytial  cells,  bone-marrow  giant 
■cells,  muscle  cells,  sarcoma  cells,  etc.  Pyknotic  cells  are 
sometimes  mistaken  for  newly  formed  cells;  and  in  some 
■cases  the  differential  diagnosis  is  difficult.  This  is  par- 
ticularly the  case  in  striped  muscle.  Undoubtedly  many 
■of  the  cells  regarded  as  evidences  of  muscle  regeneration 
have  been  cells  in  a  condition  of  pyknosis. 

Aldred  Scott  WdrtMn. 

PYLORECTOMY,  '  See  Stomach,  Surgery  of  the. 

P\OKTM\ti.—(M'ethyl  violet.)  An  aniline  dye  intro- 
duced in  1890,  by  Prof.  J.  Stilling,  as  a  powerful  anti- 
septic for,  surgical  purposes. 

Dr.  Stilling  summarized  its  quahties  as  follows:  (1) 
Pyoktanin  is  an  antiseptic  surpassing  all  others.  The 
bacteriological  researches  have  shown  blue  pyoktanin  to 
be  about  three  times  as  strongly  antiseptic  against  anthrax 
bacilli  as  sublimate  is,  and  to  be  quite  as  efficacious  as 
sublimate  toward  the  staphylococcus  aureus.  (3)  It  is 
an  absolutely  non-toxic  substance.  (3)  In  consequence 
of  this  non-toxicity  it  is  a  matter  of  indifference  in  many 
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cases  of  wounds,  etc.,  whether  somewhat  weaker  or 
stronger  solutions,  or  even  the  pure  drug,  be  used.  (4) 
It  does  not  coagulate  albumin — a  negative  quality  of 
high  value  physiologically,  which  pertains  to  no  one  of 
the  antiseptics  heretofore  known.  (5)  It  possesses  an 
extremely  high  degree  of  difEusibility,  permeates  the  in- 
terior of  the  eye  like  atropine,  and  acta  similarly  in  other 
tissues. 

It  was  recommended  to  be  used  in  all  inflammatory 
affections  accompanied  by  the  formation  of  pus.  Con- 
junctivitis, urethritis,  and  inflammation  of  mucous  sur- 
faces were  especially  benefited,  but  it  was  also  used  with 
success  in  the  treatment  of  ulcers  and  other  suppurating 
wounds.  Methyl  violet  failed  to  prove  itself  of  particu- 
lar value,  and  has  fallen  into  disuse.  In  many  instances 
favorable  results  were  not  obtained,  and  it  frequently 
produced  marked  irritation.  Its  intense  coloring  proper- 
ties also  proved  particularly  objectionable.  Probably  its 
most  important  use  has  been  in  the  treatment  of  inoper- 
able malignant  disease. 

In  1891,  Professor  von  Mosetig  reported  a  number  of 
cases  treated  by  injections  of  pyoktanin,  with  very  fa- 
vorable results.  For  some  time  he  had  used  the  different 
forms  of  aniline  as  an  injection,  with  the  purpose  of  stain- 
ing the  nuclei  of  the  cells  and  thus  checking  their  growth, 
but  the  constitutional  symptoms  produced  had  always 
been  a  hindrance  to  the  treatment.  When  Professor  Stil- 
ling introduced  methyl  violet  he  at  once  began  to  use  it 
for  this  purpose.  The  germ-destroying  power  of  the 
agent,  in  connection  with  its  difEusibility  in  healthy  and 
diseased  tissues,  made  it  a  very  promising  agent,  espe- 
cially as  it  was  also  harmless  and  devoid  of  any  injurious 
eilect  on  the  human  economy.  The  first  case  was  in  a 
woman,  sixty-six  years  of  age,  with  a  large  tumor  of  the 
lower  jaw  which  prevented  her  from  swallowing  and 
cavised  great  suffering.  After  thirty-five  injections  of  6 
gm.  of  a  1  to  500,  and  afterward  of  a  1  to  300,  solution, 
the  tumor  was  so  much  reduced  without  ulceration  that 
the  patient  could  eat  without  discomfort.  In  the  case  of 
a  man,  fifty-eight  years  of  age,  with  a  cystosarcoma  of 
the  chest  wall,  measuring  13  cm.  in  width  by  18  in 
length,  after  twelve  injections  of  6  gm.  of  a  1  to  300 
solution,  the  measurements  were  reduced  to  10  by  12  cm. 
In  two  cases  of  adenocarcinoma  of  the  neck,  the  same 
treatment  proved  so  effectual  that  the  patients  considered 
themselves  cured.  Another  case  was  that  of  a  woman, 
sixty  years  of  age,  with  papilloma  of  the  bladder ;  for 
which  30  gm.  of  a  1  to  1,000  solution  was  injected  into 
the  bladder  every  second  day.  After  the  injections  there 
was  notable  improvement,  the  hsematuria  had  ceased,  and 
there  was  little  or  no  pain.  Professor  Mosetig  also  cited 
a  case  of  a  man,  sixty  years  of  age,  with  an  enormous 
sarcoma  of  the  pelvis;  colotomy.had  been  performed. 
After  sixteen  injections  of  6  gm.  of  a  1  to  500  solution 
into  different  parts  of  the  mass,  it  had  shrunk  to  one- 
half  its  former  size,  and  the  patient  was  greatly  relieved 
and  able  to  walk  about  for  a  few  hours  daily. 

Since  Professor  Mosetig 's  announcement  numerous 
cases  have  been  treated  and  reported.  The  results  have 
varied  greatly,  some  surgeons  claiming  very  remarkable 
cures,  while  others  have  failed  to  observe  any  signs  of 
benefit,  and  look  upon  it  as  a  perfectly  useless  procedure. 
The  greater  number  of  those  who  look  with  favor  upon 
the  treatment,  including  its  author,  do  not  claim  that  it 
is  a  curative  agent  for  cancerous  diseases,  but  simply  that 
during  its  use  the  progress  of  the  growth  is  checked,  the 
local  condition  improved,  and  a  temporary  rehef  obtained. 
The  following  directions  are  given  for  its  employment: 
Under  proper  antiseptic  precautions  the  part  is  to  be 
carefully  curetted  until  all  the  diseased  tissue  that  is  ac- 
cessible is  removed.  When  there  is  no  ulceration  of  the 
surface,  the  curetting  is  omitted.  .After  the  curetting,  a 
tampon  of  iodoform  gauze  is  placed  in  the  wound  and  al- 
lowed to  remain  for  forty -eight  hours.  The  surface  is  then 
washed  and  carefully  dried  and  the  injections  are  made 
into  the  tissue,  to  the  depth  of  the  needle  if  necessary, 
according  to  the  extent  of  the  tissue  involved.  Other  in- 
jections are  made  into  the  surrounding  tissues,  as  many 
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as  fifteen  punctures  being  made  at  one  sitting.  It  is 
advised  to  begin  with  the  deeper  injections,  m  order  to 
avoid  a  discoloration  of  the  tissues  on  the  surface  m  the 
early  stages.  After  the  injections  have  all  been  made,  pure 
pvoktanin  powder  is  introduced  into  the  cavity,  or  gauze 
or  cotton,  medicated,  may  be  used.  The  tampon  is  left  m 
position  until  the  second  day.'when  it  is  removed  and  the 
parts  are  thoroughly  washed  and  the  injections  repeated. 
The  introduction  of  the  solution  exerts  an  analgesic  ac- 
tion, and  also  checks  the  profuse  hemorrhage  that  is  fre- 
quently present. 

Intrapulmonary  injections  have  also  been  used  tor  the 
treatment  of  pulmonary  tuberculosis.  The  liquid  em- 
ployed was  a  1  to  500  solution,  of  which  eight  to  sixteen 
minims  were  injected.  The  injections  are  reported  to 
have  been  well  borne,  but  when  the  liquid  penetrated  to 
the  bronchi,  a  violent  attack  of  coughing  was  provoked. 
Therapeutically,  it  is  said  to  have  produced  a  lessening 
of  the  hectic  condition  and  reduced  the  number  of  bacilli 
in  the  sputa.  Beaumont  Small. 

PYRAMIDON  —  dimethyl-amido-dimethyl-phenyl-  py- 
razolon,  dimethyl-amido-antipyrin,  C6H8N.N(CHs)2.CO.- 
CH.NCHs.CCHs— is  a  yellowish-white,  tasteless  crystal- 
line powder,  which  is  soluble  in  ten  parts  of  water.  "With 
ferric  chloride  it  gives  an  evanescent  deep  bluish-violet 
color,  a  distinction  from  antipyrin  which  gives  a  red 
color. 

Employed  in  smaller  dosage  than  antipyrin  It  has  an 
antipyretic  action  like  that  body  and  a  more  sedative  ac- 
tion on  the  nerves.  Robin  et  Bardet  found  prompt  relief 
in  trigeminal  neuralgia.  Laudenheimer  praises  it  in  the 
pains  of  tabes,  alcoholism,  chorea,  neurasthenia,  and 
hysterical  conditions.  Pollak  notes  sweating  and  some 
flushing  of  the  face,  but  reports  the  drug  specially  ap- 
plicable in  the  hectic  fever  of  pulmonary  tuberculosis. 
Horneffer  found  it  effective  in  facial  neuralgia  but  not  in 
sciatica.  Bertherand  ascertained  that  doses  of  0.3  gm. 
(gr.  V.)  increased  the  coefficient  of  nitrogen  elimination 
ten  per  cent,  in  eight  days.  In  a  diabetic  who  was  ex- 
creting 2-3  gm.  (gr.  xxx.-xlv.)  of  sugar  a  day,  pyra- 
midon  sent  the  sugar  up  to  15-30  gm.  (gr.  ccxxv.-ccc); 
so  it  is  contraindicated  in  this  disease.  This  Investigator 
found  the  profuse  sweating  an  objection,  especially  in 
tuberculous  patients.  In  sciatica  he  obtained  good  re- 
sults from  hypodermic  injection.  Albrecht  was  able  to 
shorten  and  modify  severe  asthmatic  attacks  in  emphy- 
sema by  doses  of  0.3  gm.  (gr.  v.)  two  or  three  times  a 
day  for  several  days.  In  pneumonia,  typhoid,  scarlet 
and  other  fevers  the  drug  has  been  used  with  asserted 
good  results.  The  dose  is  0.06-0.65  gm.  (gr.  i.-x.),  and 
3  gm.  have  been  given  in  one  day  without  ill  effects. 

The  pyramidon  camphorates,  both  the  acid  and  tlie  neu- 
tral salts,  are  preferred  by  some  therapists  in  tuberculosis. 
Bertherand  recommends  these  compounds  for  preventing 
the  excessive  sweating  of  pyramidon.  The  dose  of  the 
neutral  salt  is  0. 5-0.75  gm.  (gr.  viij.-xij.),  the  larger  dose 
representing  0.5  gm.  (gr.  viij.)  of  pyramidon;  the  dose 
of  the  acid  salt  is  0.75-1  gm.  (gr.  xij.-xv.). 

Pyramichn  salicylate  is  claimed  to  b;  especially  valu- 
able in  neuralgia  and  rheumatism  in  dose  of  0.75-1  gm. 
(gr.  xij.-xv.).  W.  A.  Bastedo. 

PYRANTIN.    See  Phenosuccin. 

PYRIDINE  (CsHsN)— a  liquid  base  present  in  coal  tar 
and  separated  by  fractional  distillation.  It  is  also  ob- 
tained from  bone  oil,  or  Dippel's  oil.  It  is  a  decomposi- 
tion product  of  various  alkaloids,  and  is  present  in 
tobacco  smoke. 

It  is  a  colorless  liquid,  with  a  peculiar  empyreumatic 
odor  and  pungent  taste.  It  is  very  hygroscopic  and 
mixes  freely  with  water,  alcohol,  and  oils.  Its  specific 
gravity  at  32-  F.  is  0.9858.  Pyridine  resembles  alkaloids 
in  its  property  of  forming  salts  with  acids.  In  toxic 
doses  pyridine  is  a  powerful  depressant,  causing  paraly- 
sis and  death  from  failure  of  respiration.  The  blood  is 
also  altered  and  destroyed.     Germain  See  has  studied  its 
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action  in  various  forms  of  asthma  and  recommends  it 
when  the  disease  is  of  a  nervous  origin.  One  drachm  is 
placed  in  a  saucer  in  a  closed  room,  at  a  temperature  of 
68°  to  77°  P.  In  about  an  hour  evaporation  will  have 
taken  place,  and  the  patient  should  then  inhale  the  im- 
pregnated atmosphere  for  fifteen  or  twenty  minutes, 
which  may  be  repeated  two  or  three  times  a  day.  The 
drug  may  also  be  inhaled  by  placing  ten  or  fifteen  drops 
on  a  handkerchief. 

The  drug  has  not,  however,  established  itself  as  a  rem- 
edy of  much  value,  and  is  rarely  employed  in  this  coun- 
try. It  must  not  be  confounded  with  pyrodine,  which  is 
a  preparation  of  hydracetine.  Beaumont  Small. 

PYROGALLOL:  PYROGALLIC  ACID.— Pyrogallol  is 
a  triatomic  phenol,  C6H3(OH)3,  producible  by  the  action 
of  heat  on  gallic  acid,  whence  the  common  name  "  pyro- 
gallic  acid."  It  is  oiHcial  in  the  United  States  Pharma- 
copoeia under  the  title  Pyrogallol,  Pyrogallol.  It  occurs 
in  long  flattened  prisms,  or  in  needles ;  colorless,  odor- 
less, but  with  a  bitter  taste.  It  dissolves  in  1.7  parts  of 
cold  water,  and  very  readily  in  boiling  water  and  in  alco- 
hol. In  solution,  exposed,  it  oxidizes,  turning  brown. 
Pyrogallol  possesses  the  poisonous  property,  more  or  less 
common  to  the  group  of  phenols,  of  affecting  the  blood 
and  bringing  about  hsemoglobinuria.  Administered  by 
injection  to  rabbits,  this  medicine  has  speedily  caused 
chill,  dyspnoea,  tremor  of  the  extremities  coming  on  in 
paroxysms,  and  death.  The  urine  in  such  cases  has 
shown  the  characteristic  features  of  hsemoglobinuria,  and 
the  blood  lias  exhibited  discoloration  and  destruction  of 
the  red  blood  corpuscles.  In  rapidly  produced  death  by 
large  doses,  the  blood  has  turned  black  or,  in  some  cases, 
of  a  chocolate  color  and  jelly-like  consistence.  In  the 
human  subject  death  has  resulted,  in  one  instance,  from 
the  application,  to  one-half  the  body  at  once,  of  a  ten- 
per-cent.  pyrogallol  ointment.  In  this  case  a  violent 
chill,  with  vomiting  and  collapse,  set  in  six  hours  after 
making  the  application  of  the  salve.  The  patient  rallied, 
but  forty  hours  later  a  second  attack  ensued,  ending  in 
coma,  with  great  reduction  of  temperature.  Death  oc- 
curred on  the  fourth  &a,y.  During  the  illness  the  urine 
was  much  diminished  in  quantity,  and  showed,  in  high- 
est degree,  the  condition  of  hsemoglobinuria,  being  dark 
brown  in  color  and,  upon  standing,  depositing  a  thick 
sediment  of  amorphous,  blackish  material.  The  blood 
was  found,  post  mortem,  disintegrated,  and  the  kidneys 
bluish-black  and  stuffed  with  the  same  material  as  the 
urinary  sediment.  Pyrogallol  has  been  used  in  medicine 
almost  exclusively  as  a  local  application  for  the  relief  of 
certain  skin  diseases,  notably  psoriaMs — an  application 
often  successful  when  other  remedies  may  have  failed. 
Applied  in  solution  or  in  ointment,  pyrogallol  stains  the 
skin  somewhat,  but  the  stain  speedily  disappears.  Linen 
clothing,  however,  may  be  permanently  injured  by  the 
action  of  the  medicine.  To  avoid  this  latter  effect,  a 
solution  of  pyrogallol  in  flexible  collodion  has  been  pro- 
posed (Elliot).  Such  preparation,  when  dried  to  a  film 
upon  the  skin,  seems  still  to  exert  the  therapeutic  action 
of  the  medicine,  but,  being  dried,  is  without  action  upon 
the  clothing.  Pyrogallol  may  be  applied  in  ointment  or 
in  solution,  and  strengths  are  used  ranging  from  five  to 
fifteen  per  cent,  of  the  remedy.  The  higher  percentages, 
in  ointment  certainly,  may  irritate  severely,  and  should 
be  used  with  caution.  Applications  should  never  be  ex- 
tensive at  any  one  sitting,  for  fear  of  enough  absorption 
to  bring  about  constitutional  poisoning. 

Edward  Curtis. 

PYROSAL— antipyrin  salicyl-acetate— occurs  in  color- 
less crystals  of  acidulous  taste  and  difficult  solubil- 
ity in  water.  It  contains  fifty  per  cent,  of  antipyrin 
and  thirty-seven  per  cent,  of  salicylic  acid.  Introduced 
by  Riedel,  this  compound  has  been  used  as  an  antipyretic 
and  analgesic  in  rheumatism,  influenza,  migraine,  sciatica, 
etc.  The  action  is  prompt,  and  no  untoward  effects  have 
been  noted.  The  dose  is  0.3-0.7  gm.  (gr.  v.-x.),  repeated 
frequently.  W.  A.  Bastedo. 
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QUARANTINE. — The  term  "  quarantine  "  hasits  origin 
from  the  Italian  "quaranta,"  meaning  forty,  this  being 
the  number  of  days  for  which  vessels  were,  in  the  fif- 
teenth century,  held  under  observation  on  account  of 
epidemic  disease.  It  is  now  applied  to  what  should  more 
properly  be  known  as  maritime  sanitation.  In  addition 
to  this,  it  is  also  applied  to  restrictions  against  the  ad- 
vance of  epidemic  disease  on  land. 

While  it  may  be  fairly  assumed  that  all  who  are  in 
anywise  interested  in  the  subject  of  quarantine  are  al- 
ready fully  conversant  with  the  history  of  such  measures 
as  have  been  taken  in  the  past  for  preventing  the  spread 
of  epidemic  disease,  nevertheless,  for  the  sake  of  com- 
parison with  what  is  now  considered  proper,  and  to  set 
forth  more  clearly  the  great  strides  which  have  been  taken 
in  sanitary  science  and  in  the  methods  employed  in  the  ex- 
clusion of  exotic  disease,  a  short  resume  will  not  be  amiss. 

It  is  generally  understood  that  the  quarantine  which 
was  established  by  Venice  in  1403  for  the  exclusion  of 
plague  was  the  first  systematic  attempt  to  exercise  any 
kind  of  surveillance  over  commerce  for  the  conservation 
of  public  health.  It  may  be  remarked,  however,  that  a 
species  of  land  quarantine,  namely,  the  Isolation  of  lep- 
ers, was  certainly  existent  fourteen  centuries  before  that 
time,  possibly  at  a  much  earlier  period. 

The  general  idea  in  the  fifteenth  centurj'  seems  to  have 
been  that  no  measures  of  purification  were  indicated,  but 
that  detentions  for  a  period  of  forty  days  would  suflice 
to  allow  the  disease  to  die  out ;  and  in  truth  this  was  what 
frequently  happened.  The  unfortunate  individuals  com- 
prising the  personnel  of  a  vessel  in  quarantine  had  to  take 
their  chances,  and  these  were  admittedly  slight,  of  escap- 
ing the  scourge  while  they  were  huddled  together  with  its 
already  stricken  victims,  the  authorities  believing  that 
the  lives  of  a  few  were  well  sacrificed  in  the  interest  of 
the  many,  and  that  their  duty  ended  with  providing 
food,  for  these  unfortunates  and  keeping  them  within 
fixed  bounds. 

The  foregoing  statement  may  be  said  to  sum  up  the 
maritime  quarantine  system  as  it  existed  five  hundred 
years  ago.  Of  land  quarantine  there  seems  to  have  been 
none,  or,  if  it  existed  at  all,  it  was  of  the  same  brutal 
character  as  that  applied  to  the  shipping. 

When  the  bubonic  plague  swept  over  Europe  with 
such  appalling  results  in  this  same  fifteenth  century,  the 
people  fled  unrestrictedly  from  any  stricken  community 
and  scattered  death  in  their  wake.  Abject  cowardice 
and  sublime  courage  shone  out  in  vivid  contrast  to  one 
another. 

Coming  down  to  more  recent  times,  we  find  that  as  late 
as  1850  a  very  nebulous  idea  held  sway  in  the  minds  of 
men  as  to  proper  methods  for  preventing  the  ingress  of 
pestiferous  diseases,  and  the  forty -days  detention  period 
which  was  instituted  by  Venice  four  hundred  and  fifty 
years  before,  and  which  Spain  adopted  against  yellow 
fever  from  the  West  Indies  a  century  later,  was  still  in 
vogue  and  constituted  practically  the  sole  maritime 
guard  of  most  states  against  disease;  while,  on  the  other 
hand,  some  few  advanced  communities,  in  sheer  disgust 
at  measures  which,  while  destroying  their  cominerce, 
gave  no  adequate  protection  against  the  ravages  of  yel- 
low fever,  smallpox,  and  cholera,  the  preventable  dis- 
eases then  uppermost  in  men's  minds,  had  thrown  off  all 
restraints  and  were  willing  to  risk  the  disasters  incident 
to  an  epidemic,  rather  than  the  ills  of  ruined  commerce. 
And  this  indeed  was  a  rational  decision ;  for,  however 
we  may  view  the  matter  from  a  theoretical  standpoint, 
the  question  practically  put  is  this:  Can  a  community 
better  afEord  to  take  a  slight  or  even  a  pronounced  risk 
of  disease  which  will  destroy  a  certain  percentage  of  its 
population,  than  to  take  the  risk  of  commercial  death 
which  will  annihilate  it  as  a  community?  The  former 
risk  is  the  more  rational,  and  especially  when  we  bear  m 
mind  that  all  quarantine  must  of  necessity  involve  a  cer- 
tain feature  of  necessary  risk ;  for,  even  were  it  possible  to 
evolve  an  absolutely  safe  system,  no  community  would 
allow  such  a  system  to  stand,  involving  as  it  would  most 
serious  hindrances  to  commerce. 


One  of  the  most  talented  editors  of  the  American  press, 
some  years  ago,  denounced  the  then  existent  system  as 
"sanitary  savagery,"  and  we  must  admit  that  there  is 
some  justification  for  this  appellation. 

The  sole  aim,  the  very  raison  d'etre,  of  a  quarantine  is 
the  exclusion  of  exotic  disease.  If  it  does  much  less  than 
this  it_  fails  to  fulfil  its  obligations  to  the  community ;  and, 
by  doing  more  than  this,  it  retards  commerce,  interferes 
with  legitimate  vested  right,  and  becomes  an  object'  of 
well-merited  aversion. 

Quarantine  is  the  sanitary  vidette  and  skirmish  line, 
and  it  may,  and  often  does,  fail  to  keep  out  exotic  dis- 
ease even  though  carefully  and  scientiflally  conducted. 
Nothing  short  of  correct  laboratory  methods  (absolutely 
inapplicable  to  practical  quarantine)  could  under  all  con- 
ditions exclude  disease.  Such  being  the  case,  we  must 
view  a  proper  quarantine,  to  express  the  matter  in 
homely  parlance,  very  much  as  a  sieve,  which  will  ex- 
clude the  major  part  of  the  solids  from  a  given  volume 
of  water  passing  through.  Now,  if  we  apply  such  a 
sieve  to  a  river,  so  long  as  the  water  can  pass  by,  leaving 
behind  most  of  the  detritus  carried  in  suspension,  all  will 
be  well;  but  substitute  for  that  sieve  an  impervious  dam, 
and  so  surely  as  you  do,  that  dam  will  be  swept  away. 
So,  likewise,  if  we  place  a  quarantine  of  scientific  accu- 
racy at  the  gateway  of  any  of  our  large  commercial  cities, 
we  shall  have  built  practically  a  sanitary  dam,  and  we 
shall  soon  find  that  commerce,  having  submitted  to  what 
it  considers  a  reasonable  amount  of  obstruction,  will  re- 
fuse to  accept  further  restriction,  and  our  sanitary  dam 
will  be  swept  away  by  the  overwhelming  onflow  of  pub- 
lic opinion,  which  will,  rightly  or  wrongly,  tell  us,  and 
tell  us  in  unmistakable  terms,  that  the  public  is  willing 
to  take  some  slight  risks  for  the  sake  of  commerce,  and 
does  take  these  risks,  and  will  not  submit  to  any  system 
which  seriously  interferes  with  the  community's  means 
of  obtaining  a  livelihood. 

We  must  bear  in  mind  that  while  the  sanitary  aspect 
of  a  quarantine  is  undoubtedly  of  primary  importance, 
commercial  interests  demand  and  should  be  granted  con- 
sideration in  such  matters,  and  while  commercial  interests 
are  secondary,  they  are  entitled  to  careful  thought;  for 
we  must  not  forget  that  the  condition  brought  about  by 
a  stoppage  or  even  a  slowing  of  business  in  any  large 
community  means  sufliering  and  privation  to  thousands. 
When  you  stop  the  wages  of  the  breadwinner,  you  in- 
evitably, though  indirectly,  produce  sickness,  the  very 
thing  we  propose  to  prevent,  and  it  matters  little  to  the 
victim  whether  that  sickness  be  of  an  epidemic  or  a  non- 
epidemic  character. 

When,  in  the  early  eighties,  the  Marine  Hospital  Ser- 
vice assumed  the  small  quarantine  functions  previously 
assigned  to  the  National  Board  of  Health,  and  with  these 
functions  took  over  the  quarantine  stations  which  had 
been  established  by  the  National  Board  of  Health  at  Ship 
Island,  Mississippi,  and  Blackboard  Island,  Georgia,  the 
system  of  long-drawn-out  detention,  plus  a  fumigation 
with  sulphur  dioxide  and  some  spraying  with  solution  of 
bichloride  of  mercury,  was  still  in  vogue ;  but  there  was 
no  clearly  defined  idea  as  to  how,  or  why,  or  when  things 
should  be  done. 

Dr.  A.  N.  Bell,  who  was  at  the  time  an  oflScer  in  the 
United  States  Navy,  had  indeed  in  the  fifties  made  a 
most  valuable  contribution  to  sanitary  science  in  the 
shape  of  a  report  of  the  disinfection  done  by  steam  on 
board  a  United  States  man-of-war,  which  had  become  in- 
fected by  yellow  fever  during  a  cruise  in  the  West  Indies, 
but  no  one  seems  to  have  taken  any  particular  interest  in 
the  matter,  and  it  had  been  practically  forgotten  until 
about  1883,  when  Dr.  Joseph  Holt,  of  New  Orleans,  the 
president  of  the  Louisiana  State  Board  of  Health,  inau- 
gurated a  system  of  disinfection  near  the  mouth  of  the 
Mississippi  River,  the  mainstay  of  which  was  the  appli- 
cation of  steam.  It  is  probable,  however,  that  the  first 
really  scientific  application  of  live  steam  to  the  disinfec- 
tion of  textiles,  etc.,  was  made  by  Dr.  H.  R.  Carter,  Sur- 
geon of  the  United  States  Marine  Hospital  Service,  at  the 
Gulf  Quarantine,  Chandeleur  Island,  Mississippi,  in  1888. 
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He  there  demonstrated  the  principle  that  steam,  to  be 
pracdcally  effective,  must  be  diffused  through  the  matter 
to  be  treated  (must  circulate),  or  else  that  a  vacuum  must 
first  be  provided  to  insure  the  penetration  ot  the  steam, 
as  otherwise  there  would  be  dead  air  spaces  m  which  only 
dry  heat  of  not  more  than  90°  C.  would  be  secured ;  m 
other  words,  these  areas  would  not  really  be  disinfected. 
Dr  Carter,  at  the  Gulf  Quarantine,  and  the  writer,  at 
Blackbeard  Island,  Georgia,  were  during  that  year  simul- 
taneously working  toward  the  same  end,  and  endeavor- 
iog  to  bring  about  improvements  which  establish  the 
following  basic  principles  that  are  now,  it  is  believed, 
universally  acknowledged : 

1.  That  a  suspected  ship  must— if  we  wish  to  make 
sure  that  she  shall  do  no  harm— be  considered  to  all  in- 
tents and  purposes  as  an  infected  ship. 

2.  That  members  of  the  personnel  must  be  removed 
from  possible  infection  as  soon  as  practicable  after  the 
ship  arrives  in  quarantine. 

3.  That  so  far  as  the  ship  itself  is  concerned,  it  is  as 
free  from  danger  five  minutes  after  tlie  completion  of  a 
proper  disinfection  as  it  would  be  in  five  years. 

4.  That  the  longer  the  ship  lies  without  disinfection, 
the  more  infected,  other  things  being  equal,  will  she  be- 
come. 

5.  That  the  period  of  incubation  of  the  given  disease 
having  elapsed  since  the  person  was  removed  from  pos- 
sible exposure,  such  person  can  safely  go  at  large. 

These  hypotheses  all  seem  very  plain  and  simple. 
Doubtless  they  are  at  the  present  time,  but  prior  to  the 
time  mentioned,  as  a  survey  of  the  then  exising  state  of 
municipal  quarantine  regulations  will  show,  it  had  been 
at  many  places  the  custom  to  detain  a  vessel  from  a  yel- 
low-fever port  for  anywhere  from  fourteen  to  forty  days, 
and  to  disinfect  her  at  some  time  during  this  detention, 
no  particular  time  being  stated.  • 

To  Dr.  Joseph  Holt,  of  New  Orleans,  belongs  the  credit 
for  the  first  real  awakening  to  the  fact  that  quarantine 
should  mean  sanitation  and  not  punishment  of  the  unfor- 
tunate victims  of  epidemic  disease. 

To  Dr.  H.  R.  Carter  belongs  the  credit  for  the  enunci- 
ation of  the  principle  that  detention  of  persons  under 
observation  must  be  rational,  and  must  of  necessity  fol- 
low their  complete  disinfection  or,  to  state  the  matter 
more  clearly,  their  complete  removal  from  sources  of  in- 
fection; that,  scientifically  speaking,  detention  applies 
alone  to  personnel,  and  not  to  inanimate  things ;  that  such 
detention  need  be  only  for  the  period  of  incubation,  and 
must  be  for  the  full  period  of  incubation.  He  worked  as- 
siduously to  inculcate  these  ideas,  and  succeeded. 

Another  point  of  interest  in  quarantine,  as  it  existed  in 
the  eighties,  is  the  absolute  inadequacy  of  the  appliances 
for  disinfection  and  for  the  general  handling  of  vessels. 
It  is  true,  as  above  stated,  that  Dr.  Bell  had,  in  the  fifties, 
proved  the  adequacy  of  steam  disinfection  extempo- 
raneously applied,  and  that  Dr.  Joseph  Holt,  president  of 
the  Louisiana  State  Board  of  Health,  had  announced  and 
proved  his  idea  of  steam  disinfection. 

These  ideas,  however,  were  slow  in  taking  root ;  and, 
as  late  as  1890,  there  were  only  three  quarantines 
equipped  with  steam  disinfecting  apparatus.  It  was 
about  1890  that  Dr.  Oliphant,  of  New  Orleans,  the  then 
president  of  the  Louisiana  State  Board  of  Health,  and 
Dr.  Kinyoun,  of  the  Marine  Hospital  Service,  promul- 
gated the  idea  of  generating  sulphur  dioxide  by  a  fur- 
nace and  obtaining  a  higher  percentage  than  the  4.5  per 
cent,  (by  volume)  of  the  gas  obtainable  by  the  pot  plan. 

The  foregoing  is  an  amply  sufficient  summary  of  what 
quarantine  was. 

The  system  now  in  practice  under  the  administration 
of  the  United  States  Public  Health  and  Marine  Hospital 
Service  and  of  the  most  advanced  State  authorities  is,  like 
almost  all  institutions  which  have  arisen  under  the  segls 
of  our  race,  a  conservatively  constructed  plan,  arrived  at 
by  slow,  steady  advances,  by  careful  trial  of  methods, 
by  rejection  of  unfit  and  acceptance  of  well-proven 
methods,  and  with  the  end  constantly  in  view  that  every 
protection  must  be  given  to  the  people,  but  that  nothing 
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should  be  done  which  will  unnecessarily  hamper  the  com- 
merce of  the  nation  or  of  any  local  community. 

All  methods  of  disinfection  are  thoroughly  tried  in  the 
Hygienic  Laboratory,  and,  if  proven  acceptable  there,  are 
then  given  what  may  be  termed  a  field  trial,  i.e.,  a  test 
under  very  practical  conditions,  but  under  the  eye  of 
scientists  who  are  able  to  determine  their  exact  value. 
Careful  investigations  are  made  into  the  nature  of  the 
various  infectious  diseases,  and  the  findings  of  all  scien- 
tists regarding  their  causative  agencies  and  methods  of 
propagation  receive  thoughtful  consideration  by  those 
who  are  working  out  the  problem  of  how  to  deal  with 
each  upon  the  arrival  of  a  ship  in  quarantine  infected 
therewith.  These  investigations  are  going  on  day  by 
day  without  ceasing,  to  the  end  that  nothing  shall  be 
done  that  ought  not  to  be  done,  and  nothing  left  undone 
that  ought  to  be  done. 

No  other  of  the  great  powers  has  such  strong  reasons 
as  the  United  States  for  the  establishment  and  mainten- 
ance of  a  strict  system  of  maritime  sanitation,  for  the 
reason  that  no  other  nation  of  prime  importance  has  at 
its  very  doors  an  endemic  disease  (yellow  fever)  con- 
stantly demanding  admission.  It  is  true  that  cholera  and 
plague  do  on  occasion  threaten  the  nations  of  Europe, 
but  this  is  at  long  intervals.  One  result  of  this  necessity 
for  vigilance  has  been  a  largely  increased  interest  in  such 
matters,  and,  as  the  outcome  of  this  interest,  there  has 
been  established  by  the  United  States  a  system  (not  as 
yet  perfect  or  general,  but  widely  distributed)  of  foreign 
inspection  of  vessels  and  personnel  bound  for  the  United 
States.  That  this  foreign  service  is  valuable  there  can  be 
no  denial ;  but  equally  certain  is  it  that  it  can  only  be  an 
outpost,  and  must  be  strongly  backed  up  by  a  thoroughly 
efiicient  service  at  our  own  ports. 

The  United  States  Public  Health  and  Marine  Hospital 
Service  has,  at  the  present  writing,  inspectors  stationed  at 
the  principal  ports  of  China,  Japan,  the  Island  of  Cuba, 
Mexico,  and  Central  America,  and  it  has  also  in  the  past, 
as  occasion  demanded,  placed  inspectors  at  various  other 
ports.  It  is  the  policy  of  the  service  to  meet,  by  detail- 
ing inspectors  to  that  point,  any  exigency  which  arises 
in  the  shape  of  epidemic  disease  at  any  given  point,  and 
which  threatens  the  sanitary  integrity  of  the  United 
States.  As  illustrative  of  the  latter  statement,  it  may 
be  said  that  during  the  major  part  of  1893  the  service 
had  twelve  medical  officers  stationed  at  those  European 
ports  from  which  the  passenger  traffic  to  this  country 
was  heaviest.  In  addition,  the  State  of  Louisiana  has 
inspectors  at  West  Indian  and  at  several  Central  Ameri- 
can ports,  which  they  deem  it  advisable  to  watch  on  ac- 
count of  the  large  commerce  between  those  ports  and 
their  own.  As  the  writer  has  had  no  accurate  knowl- 
edge of  State  inspection  and  the  work  of  State  inspectors, 
he  will  limit  this  discussion  to  the  subject  of  national 
foreign  inspection. 

At  Havana,  Cuba,  the  Marine  Hospital  Service,  for 
several  years  before  the  Spanish  War,  maintained  an  in- 
spection service  which  was  of  great  value  to  commercial 
and  sanitary  interests  in  that  it  gave  data  to  the  consul- 
general  upon  which  to  issue  bills  of  health,  which  data, 
as  a  whole,  formed  an  abstract  of  the  sanitary  condition 
of  the  port  and  vessel,  and  enabled  quarantine  officers  to 
decide  more  promptly  than  they  otherwise  could,  what 
treatment  should  be  accorded  each  vessel  upon  her  arrival 
in  this  country.  It  is  well  known  that  the  Southern  ports 
and  New  York  placed  great  reliance  upon  this  Havana 
bill  of  health. 

At  the  beginning  of  the  Spanish  War  this  inspection 
service  was,  of  course,  discontinued,  but  at  the  close  of 
that  war  there  was  established  in  the  whole  Island  of 
Cuba  a  regular  system  of  maritime  quarantine,  providing 
for  the  inspection  and  disinfection  of  both  incoming  and 
outgoing  vessels,  which  system  was  as  near  perfect  as 
circumstances  would  permit;  and  this  was  continued  un- 
til the  spring  ot  1902,  when,  the  Cuban  Government  as- 
suming charge  of  its  own  functions,  the  quarantine  was 
turned  over  to  them,  and  the  system  of  inspection  which 
had  hitherto  existed  was  resumed. 
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The  same  class  of  work  is  now  done  at  other  Cuban 
ports  as  at  Havana,  and  while  the  Havana  Inspection  is 
the  most  important  one  in  the  inland,  others  ai'e  none  the 
less  valuable  as  giving  a  clean-cut  idea  of  the  status  of  the 
port  and  ship  on  the  day  of  sailing. 

The  inspectors  in  Europe  in  1893  had  tlie  difficult  task 
of  endeavoring  to  prevent,  by  strict  surveillance  of  ports, 
ships,  and  passengers,  the  introduction  of  cholera  into 
the  United  States.  Whether  or  not  this  effort  was 
worthy  of  being  made  may  be  judged  by  the  facts. 
Two  ships  brouglit  each  from  Europe  with  them  cases  of 
cholera  to  the  United  States.  While  this  was  all  that 
came  to  our  shores,  the  non-inspected  ships  from  Europe 
for  South  America,  Africa,  and  other  continents  at  times 
had  many  victims  of  cholera,  and  it  is  doubtful  if  tliere 
be  any  sanitarian  who  has  been  interested  in  such  mat- 
ters who  does  not  remember  the  dreadful  state  of  affairs 
aboard  the  unfortunate  Neapolitan  steamers  bound  to 
Kio  in  1893.  The  facts  are  quoted  from  a  report  written 
at  the  time  from  Naples : 

"  The  four  for  South  America,  with  the  result  in  each 
case,  were  as  follows :  The  figures  are  not  official,  but  are 
pi-actically  accurate  in  every  respect.  All  were  turned 
back  by  the  South  American  authorities:  Yeneinzio 
Florio,  about  50  deaths ;  Andrea  JDorio,  90  on  way  out, 
total  not  ascertained;  JEl  Remo,  84  deaths;  Carlo  B., 
about  280  deaths. 

"To  summarize,  then,  eight  ships  left  Naples.  The 
water  supply  was  the  same  and  the  food  about  the  same ; 
the  class  of  passengers  identical,  and  their  places  of  origin 
similar,  in  many  cases  identical.  All  four  leaving  [for 
South  America]  without  precautions  became  floating 
pest-houses.  Of  the  four  for  the  United  States,  the  one 
leaving  before  cholera  appeared  in  Naples  had  three 
deaths ;  the  other  three  were  made  to  conform  to  the  regu- 
lations, and  all  escaped. " 

The  benefits  to  be  derived  from  foreign  inspection, 
however,  are  not  by  any  means  comprised  in  the  present 
statement  of  what  has  thus  far  been  accomplished  by 
tills  agency.  An  honest  and  well-trained  sanitarian  at 
each  port,  which  by  virtue  of  its  unsanitary  surround- 
ings menaces  our  healtli,  if  he  be  provided  with  the  nec- 
essary authoritv,  can  and  will  do  a  great  amount  of  good ; 
possibly,  nay  probably,  not  what  the  general  public  may 
expect,  certainly  not  an  absolute  sanitation  of  departing 
ships,  obviating  all  necessity  of  quarantine  at  home,  but 
work  of  great  practical  value  none  the  less.  Under  no 
condition  should  we  accept  a  bill  of  health  from  these 
inspectors  as  pratique;  such  bills  should  only  be  con- 
strued as  information,  and,  when  properly  made,  as  ex- 
tremely valuable  information. 

Inspectors  should  have  the  several  duties  of,  first, 
keeping  themselves  posted,  not  only  as  to  the  health  of 
the  city  where  each  is  located,  but  of  all  the  country 
commercially  tributary  to  that  city;  second,  reporting  at 
stated  intervals  to  the  home  office  any  facts  bearing  on 
the  possibility  of  the  introduction  of  disease  from  their 
ports,  and  in  extra  emergencies  they  should  make  cable 
reports  of  such  facts;  third,  supervising  all  vessels,  car- 
goes, and  passengers  for  the  United  States  in  times  of 
actual  epidemic ;  fourth,  collating  and  submitting  for  the 
benefit  of  the  health  authorities  at  home  new  facts  on  the 
subject  of  State  and  municipal  sanitation  independent  ot 
epidemic  disease;  that  is  to  say,  new  ideas  as  to  drainage, 
sewerage  irrigation,  and  ventilation,  and  all  such  otner 
matters  as  may  bear  upon  the  public  health  in  any  way 
whatever.  In  a  word,  these  inspectors  should  develop, 
for  sanitary  purposes,  as  has  already  been  done  for  busi- 
ness purposes,  a  full-fledged  system,  a  medical  consular 
system,  if  you  choose  to  designate  it,  which  may  gather 
unto  itself  all  matters  which  may  in  any  way  help  us  to 
attain  to  the  end  we  have  in  view,  and  let  that  end  be  the 
conservation  of  the  health  of  this  nation.  To  accomplish 
this  there  is  only  one  path  open.  It  is  assumed,  m  the  first 
place  that  to  enable  an  inspector  to  enforce  his  demands 
and  be  something  more  than  a  mere  spy  upon  conimerce, 
much  authority  is  needed.  This  authority  can  be  con- 
ferred only  by  the  national  Government,  and  by  it  only 


through  treaty  with  the  nation  whose  ports  we  should 
inspect,  unless  we  evade  this  by  having  our  inspectors 
appointed  deputy  consuls,  or  by  having  them  serve  in  the 
office  of  the  consuls  as,  under  the  law  of  1893,  was  done 
in  Europe,  and  is  now  done  in  the  tropics.  Inspectors, 
then,  to  have  autliority,  must  be  national  inspectors,  be- 
cause even  though  their  reports  and  their  work  are  public 
property  and  would  be  for  the  public  weal,  their  work  is 
not  intended  alone  to  benefit  Louisiana  or  New  York,  Mas- 
sachusetts or  Georgia,  but  every  State  in  the  Union .  Ohio 
and  Kansas  have  as  much  interest  in  the  health  of  the  na- 
tion as  any  seaboard  State,  and  only  by  national  service 
can  the  whole  nation  be  fully  and  equally  served  at  an 
equal  cost  to  all.  It  is  not  certainly  known  to  whom  be- 
longs the  credit  of  first  using  this  very  valuable  adjuvant 
to  an  efficient  quarantine  service,  but  it  is  reasonably  sure 
that  it  was  inaugurated  by  the  State  of  Louisiana,  and 
when  we  have  come  to  learn  the  full  value  of  a  rightly 
applied  foreign  inspection,  it  is  fair  to  say  that  the  whole 
nation  will  owe  a  vote  of  thanks  to  that  State. 

Let  us  practically  illustrate  some  of  the  workings  of  an 
inspector  abroad,  from  both  a  sanitary  and  a  commercial 
standpoint.  In  September,  1898,  becoming  cognizant  of 
the  presence  of  the  cholera  spirilla  in  the  Elbe  River  at 
Hamburg,  and  consequently  expecting  an  outbreak  of 
cholera,  the  Inspector  began  to  put  all  emigrants  for  the 
United  States  under  observation,  and  confiscated  all  food- 
stuffs whose  history  was  not  clearly  known.  After  taking 
away  about  twenty-five  bushels  of  such  food  from  a  lot 
of  five  hundred  and  seventy -five  people  bound  for  New 
York  he  permitted  the  vessel  to  sail.  A  case  of  cholera 
developed  on  the  second  day  out.  It  was  afterward  clearly 
shown  that  this  case  developed  from  the  eating  of  a  piece 
of  sausage  which  an  emigrant  had  concealed  in  his  shirt 
bosom.  Now  let  us  suppose  that  nothing  had  been  done 
with  these  people ;  that  they  had  not  been  kept  under 
observation;  that  they  had  been  allowed  to  take  their 
twenty-five  bushels  of  possibly  infected  foodstuff  along 
with  them,  and  then  let  us  conjecture  how  many  cases 
might  have  developed,  if  one  developed  from  one  joint 
of  sausage.  This  is  cited  to  show  what  it  is  believed  any 
fair-minded  man  will  concede,  viz.,  that  even  though 
there  are  occasional  errors  of  omission  (and  such  will  occur 
in  all  inspections),  an  inspection  is  of  immense  value. 
With  the  exception  of  the  instance  just  narrated,  and 
one  other  of  a  similar  character,  infection  occurred  only 
on  one  ship  out  of  the  hundreds  which  were  given  bills 
of  health  in  Hamburg  in  1898,  and  all  ships  sailed  on 
time.  This  result  forms  a  striking  contrast  with  the  cases 
of  the  vessels  bound  from  Naples  to  South  America. 

Now,  as  to  the  commercial  aspect  of  the  matter.  Upon 
the  beginning  of  the  inspection  work  on  April  1st,  1898, 
it  was  found  that  a  majority  of  articles  were  being  sub- 
jected to  a  so-called  disinfection— one  that  was  absurd, 
uncalled  for,  and  in  some  instances  fraudulent,  not  a  true 
disinfection  in  any  sense;  that  other  articles  were  being 
shipped  which  it  was  impossible  to  disinfect  and  which 
should  not  have  been  allowed  shipment.  The  report  of 
the  Chamber  of  Commerce  was  promptly  obtained,  and 
from  that  was  drawn  a  full  list  of  all  articles  ever  shipped 
from  Hamburg  to  the  United  States.  From  this  list  the 
following  classification  was  made:  "A,"  articles  to  be 
shipped  free  from  any  inspection;  "B,"  articles  requir- 
ing a  permit  from  the  inspector  and  possible  disinfec- 
tion- "C  "  articles  which  must  be  disinfected ;_  D, 
articles  forbidden  shipment  on  account  of  the  impos- 
sibility of  disinfecting  them.  Disinfection  establisli- 
ments  which  did  a  reliable  disinfection  were  then  sought 
out  and  specified,  and  their  certificates  accepted.  At 
the  hour  of  sailing  the  ship  was  boarded  and  her  cus- 
tom's manifest  presented  for  inspection.  This  enabled 
the  inspector  to  see  at  once  of  what  her  cargo  consisted. 
One  shFp  only  was  held,  and  compelled  to  dischai-ge  her 
forbidden  cargo;  but  during  the  remainder  of  the  year 
1893  no  other  such  trouble  occurred.  The  shippers  ex- 
pressed themselves  as  gratified  at  the  facilitation  of  their 
business  by  first,  an  exact  knowledge  of  what  they  were 
to  do  o?  noUo  do ;  second,  by  the  removal  of  an  embargo  on 
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manv  articles;  third,  by  a  lessening  of  expenses  Incurred 
trough  unnecessary  disinfection.  Although  the  systein 
has  bfen  discontinued  since  December,  1893,  the  good 
rpsults  of  this  European  inspection  have  not  altogether 
ceased  up  to  the  present  moment.  One  of  those  results 
was  the  establishment,  hy  German  authority  —at  bpan- 
dau  and  subsequently  at  Tilsit  andlllowa  the  latter  two 
on  the  Russian  frontier— of  stations  for  the  cleansmg  ot 
persons  and  baggage  of  the  hunted  and  hated  Russiaii  Jew. 
These  stations  handle  nearly  all  of  that  class,  and,  m  the 
event  of  another  outbreak  of  cholera  in  Russia,  they  will 
be  of  untold  advantage  both  to  the  emigrant  and  to  the 
public.  It  is  not  unfair  to  claim  that  these  stations  would 
not  have  been  established  except  for  the  example  of 
American  inspection  abroad.  A  system  almost  identical 
with  that  at  Hamburg  was  pursued  in  Bremen,  Antwerp, 
Rotterdam,  Havre,  Naples,  and  in  the  chief  ports  of 
Great  Britain,  and  it  is  a  matter  of  history  that  only  two 
very  slight  infections  developed  aboard  ships,  although 
three  hundred  thousand  people  were  inspected,  kept  un- 
der observation,  and  embarked  during  the  period  alluded 
to. 

"We  are  compelled  to  admit  that  we  cannot  remedy  the 
sanitary  condition  of  any  foreign  port  except  in  so  far  as 
criticism  may  serve  to  arouse  a  sense  of  shame  in  a  muni- 
cipality, just  as  the  same  weapon  might  compel  a  dirty 
boy  to  wash  his  face. 

Of  course,  after  the  actual  outbreak  of  disease,  we  can, 
by  delaying  the  commerce  of  the  infected  town,  compel 
the  authorities  to  remedy,  in  some  measure,  the  defects; 
but  it  is  doubtful  if  we  could  accomplish  this  except  at 
such  a  time,  and  then  it  would  be  too  late. 

Finally,  it  is  probable  that  our  strongest  protection  lies 
in  stationing  the  best  available  men  as  inspectors  at  all 
such  ports,  and  by  this  means  obtaining  timely  warning 
of  approaching  danger.  Then,  when  the  disease  arrives, 
we  should  be  ready  to  fight  it  with  the  most  approved 
appliances  known  to  modern  science,  operated  by  the 
most  skilled  physicians  the  Government  can  assign  to 
this  work. 

"We  now  come  to  the  discussion  of  what  a  maritime 
quarantine  under  the  best  modern  conditions  actually  is, 
how  it  should  be  equipped,  and  how  operated. 

The  Quarantine  Itself. 

In  the  selection  of  a  site  for  a  quarantine  station,  the 
following  points  should  be  borne  in  mind :  The  station 
should  be  accessible  to  incoming  vessels,  and  should  de- 
flect them  from  their  regular  course,  in  coming  Into  port, 
only  to  the  minimum  extent.  There  should  be  as  great  a 
depth  of  water  at  the  quarantine  station  as  the  maximum 
draft  of  vessels  entering  at  that  port.  It  should  be  so  far 
away  from  the  port  as  not  to  be  in  the  way  of  the  further 
growth  of  the  city,  thus  preventing  any  necessity  for  the 
future  removal  of  the  station,  and  also  avoiding  antagon- 
ism of  public  sentiment.  A  quarantine  plant,  to  be  com- 
plete in  all  repects,  should  comprise : 

1.  Boarding  Facilities. — The  necessities  vary  from  a 
small  rowboat  at  some  stations  to  an  able  seagoing  tug 
at  others.  It  may  be  stated  as  a  general  rule  that  for  a 
land-locked  station,  south  of  the  territory  in  which  harbors 
become  icebound,  a  good,  stanch  naphtha  launch,  not 
only  will  suffice  for  boarding  purposes,  but  will  be  pref- 
erable to  almost  any  other  type  of  vessel,  because  of  the 
case  with  which  it  can  be  handled. 

2.  Anchorages.— At  a  complete  quarantine  station 
two  anchorages  should  be  provided,  one  for  infected  and 
one  for  non-infected  vessels,  and  they  should  be  suffi- 
ciently removed  from  one  another  to  prevent  vessels  un- 
dergoing inspection  at  the  non-infected  anchorage  being 
infected  from  the  other,  or  infected  anchorage. 

3.  Disinfecting  Plant.— The  disinfecting  plant  may 
be  either  on  a  wharf  or  on  a  floating  platform.  It  is  be- 
lieved that,  other  things  being  equal,  a  wharf  is  superior 
tw  the  floating  platform,  and  that  the  latter  should  be  re- 
sorted to  only  where  natural  conditions  interfere  with  the 
erection  of  a  proper  wharf  or  make  such  construction  too 
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expensive.  The  disinfecting  plant  itself  should  consist 
of:  (1)  Steam  disinfecting  chambers;  (3)  means  for  gen- 
erating sulphur  dioxide;  (3)  machines  for  generating 
formaldehyde  gas ;  (4)  vats  for  holding  disinfection  solu- 
tions; (5)  large,  air-tight  wooden  chambers  for  the  appli- 
cation of  gaseous  disinfection  to  large  quantities  of  ma- 
terial ;  (6)  force  pumps  for  applying  disinfecting  fluids. 

Steam  Disinfecting  Chambers.— The  probably  most  ef- 
fective and  mechanically  as  well  as  scientiflcally  most 
perfect  steam  disinfecting  chamber  in  use  to-day  is  what 
is  known  as  the  Kinyoun-Francis  steam  chamber,  devised 
by  Dr.  J.  J.  Kinyoun,  with  the  assistance  of  Mr.  Francis, 
of  the  kensington  Engine  "Works,  of  Philadelphia.  "When, 
as  is  now  generally  done,  there  is  attached  to  this  cham- 
ber a  formaldehyde  retort,  it  becomes  a  doubly  useful 
appliance.  The  chamber  is  provided  with  an  ejector 
which  will  produce  a  vacuum  of  fifteen  inches  In  the 
largest-sized  chamber— a  chamber,  for  example,  approxi- 
mately five  feet  in  diameter  and  sixteen  feet  long— in  one 
minute.  This  is,  according  to  the  observation  of  the 
writer,  about  five  times  as  rapid  work  as  can  possibly  be 
accomplished  in  the  production  of  a  vacuum  by  the  ordi- 
nary air  pump.  The  chamber  is  double-jacketed,  and  by 
a  system  of  pipes  and  valves  the  steam  may  be  forced 
through  the  chamber  in  various  directions,  causing  a  cir- 
culation of  steam,  and  resulting  in  increased  efficiency  in 
disinfection.  "When  it  is  desired  to  use  formaldehyde 
from  the  retort  attached  to  the  side  of  the  chamber,  a  vac- 
uum is  produced,  the  pressure  raised  in  the  formalde- 
hyde retort  to  about  sixty  pounds,  and  the  valve  leading 
into  the  vacuum  barely  opened.  It  should  not  be  for- 
gotten that  if  the  valve  is  opened  wide,  the  fluid  contents 
of  the  formaldehyde  retort  will  be  carried  over  into  the 
chamber,  thus  spoiling  the  articles  to  be  disinfected. 
Lack  of  space  forbids  a  more  thorough  description  of 
this  apparatus,  which  has  been  exhaustively  described 
by  Dr.  M.  J.  Rosenau  ("Disinfection  and  Disinfectants," 
p.  57,  et  seq.). 

Means  for  Generating  Sulphur  Dioxide. — The  sulphur 
furnace  mentioned  above,  which  was  invented  by  Dr.  J. 
J.  Kinyoun,  then  a  medical  officer  of  the  Marine  Hospital 
Service,  was  designed  to  meet  the  existing  demand  for  a 
greater  percentage  of  sulphur  than  could  be  produced  by 
the  pot  method,  and  in  careful  hands  it  is  capable  of  gen- 
erating a  much  larger  percentage  of  sulphur  dioxide  than 
the  pot  method  does.  It  has  now,  however,  been  very 
definitely  ascertained  that  such  large  percentages  of  sul- 
phur dioxide  are  not  only  unnecessary,  but  are  so  destruc- 
tive in  their  action  as  to  render  it  inadvisable  to  use  them; 
consequently,  the  much  simpler  method  of  placing  the  re- 
quired amount  of  sulphur  in  an  ordinary  pot,  which  in  its 
turn  is  placed  in  a  vessel  of  water,  and  the  sulphur  then 
lighted  by  the  use  of  a  few  ounces  of  alcohol,  has  largely 
superseded  the  furnace  and  answers  every  purpose. 

Machines  for  Generating  Formaldehyde  Gas. — (1)  Auto- 
clave under  pressure.  (2)  Retort  without  pressure.  (8) 
Generator,  or  lamp. 

The  above-mentioned  three  methods  are  given,  and  all 
of  them ,  within  their  proper  limitations  and  properly  used, 
are  effective.  It  may  be  well  to  say  that,  as  a  general  rule, 
formaldehyde  disinfection  should  be  confined  to  small 
spaces,  and  not  undertaken  in  such  large  compartments 
as  the  hold  of  a  vessel,  something  like  two  thousand 
cubic  feet  of  air  space  being  the  maximum  limit  wherein 
efficiency  can  be  attained.  In  addition  to  the  three  ap- 
pliances mentioned  above  there  is  a  means,  which  has 
previously  been  mentioned,  of  applying  formaldehyde 
and  dry  heat  in  partial  vacuum  in  a  steam  chamber. 

Tanks  should  be  provided  for  holding  solutions  of  car- 
bolic acid,  bichloride  of  mercury,  permanganate  of  pot- 
ash, or  other  solutions  which  may  be  desirable  for  use  at 
the  station. 

Air-tight  loooden  chambers  for  the  application  of  gaseous 
disinfectants  to  large  quantities  of  material  consist  simply 
of  an  ordinary  room  having  but  one  door,  which  is  ad- 
justed to  fit  as  tightly  as  possible.  The  room  itself 
should  have  a  triple  lining  ;  it  should  be  celled  first  with 
wood ;  then  upon  this  should  be  placed  a  lining  of  tarred 
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paper;  and  finally  over  this  should  be  fastened  a  tightly 
fitting  wooden  ceiling.  In  this  are  arranged  racks  and 
hooks  for  spreading  out  or  hanging  up  the  articles  to  be 
disinfected. 

Force  pumps  are  simply  ordinary  Worthington  or  other 
pumps  of  equal  force,  made  to  resist,  so  far  as  possible, 
the  action  of  bichloride  of  mercury. 

Detention  Barbacks. — There  should  be  provided  at 
every  quarantine  station  adequate  quarters  for  the  com- 
fortable housing,  without  crowding,  and  for  the  segre- 
gation, if  necessary,  of  such  a  number  of  people  as  may 
ordinarily  be  expected  to  be  held  in  detention  at  any 
given  time.  These  quarters  should  be,  as  elsewhere 
stated,  very  thoroughly  screened  to  prevent  the  ingress 
and  egress  of  mosquitoes,  flies,  and  other  insects.  The 
plumbing  should  be  of  the  best  and  the  sewers  should  be 
so  arranged  as  to  make  it  possible  entirelj''  to  disinfect 
the  dejecta.  The  kitchen,  which  is  to  provide  food  for 
the  occupants  of  these  quarters,  should  be  far  enough 
away  to  prevent  any  possible  risk  of  contamination  of 
food ;  and  at  the  same  time  arrangements  should  be  pro- 
vided for  the  disinfection — before  they  are  returned  to  the 
kitchen — of  any  food  carriers  which  may  be  used  in  the 
barracks  or  hospital. 

A  steam  laundry  is  a  very  useful  adjunct  to  this  por- 
tion of  the  station. 

Crematory. — The  station  should  be  provided  with  a 
crematory  capable  of  handling  a  human  body  in  a  decent 
and  proper  manner,  or  of  disposing  of  any  contaminated 
material  which  is  deemed  to  be  beyond  the  reach  of  mere 
disinfection. 

Inspection  of  Vessels. — Experience  has  demonstrated 
that,  prompted  by  anxiety  to  avoid  delays  and  to  save  ex- 
pense to  owners,  the  average  ship  master  has  no  coin- 
punctions  of  conscience  regarding  deception,  and  will 
often  deceive  the  boarding  officer  if  he  is  not  very  acute. 
In  view  of  this  fact,  many  of  the  ablest  officers  in  the 
national  service  make  it  a  custom  to  indulge  in  cursory 
inquiries  and  to  stroll  about  the  ship  for  a  few  mo- 
ments, asking  apparently  careless  questions  of  subalterns 
and  crew,  before  beginning  the  regular  inspection.  The 
writer  on  one  occasion  found  a  man  in  his  bunk  (con- 
valescent from  yellow  fever),  who  subsequently  stood  in 
line  for  inspection  and  declared  himself  well. 

After  such  a  cursory  glance  at  ship  and  personnel,  it  is 
customary  to  call  for  the  ship's  papers,  including  the  bill 
of  health  which,  under  the  law  of  February  1.5th,  1893, 
all  vessels  entering  a  port  of  the  United  States  must  bring 
from  the  United  States  consul  at  the  port  whence  they 
sailed.  The  captain,  and  the  ship's  surgeon,  if  one  be 
carried,  are  then  carefully  interrogated  as  to  the  minutest 
details  of  the  voyage,  and  as  to  the  health  of  the  crew  and 
passengers,  if  the  ship  has  within  recent  date  come  from 
a  suspected  port.  All  hands  are  then  mustered  and  com- 
pared with  the  ship's  papers. 

This  muster  is  one  of  the  choice  occasions  for  decep- 
tion by  the  master.  He  may  report  any  missing  man 
as  being  on  duty  with  the  engines,  and,  if  told  to  send 
a  substitute  to  duty  and  bring  the  man,  will  even  en- 
deavor to  pass  off  upon  the  inspecting  officer  a  man  al- 
ready before  him.  In  dealing  with  the  fire-room  force 
of  an  Atlantic  liner  (often  one  hundred  and  fifty  or  more) 
the  inspecting  officer  must  remember  that  this  is  a  trick 
easily  accomplished. 

When  the  inspection  of  the  pefsomiel  has  been  com- 
pleted, it  is  then  necessary  to  go  through  the  whole  ship, 
and  especially  those  compartments  devoted  to  the  occu- 
pancy of  crew  or  passengers.  Every  hole  and  corner  in 
every  compartment  is  to  be  searchingly  invest]gated._  It 
any  inspection  is  needed,  an  absolutely  complete  one  is  an 
imperative  demand.  Firemen  have  been  known  to  put 
their  belongings  in  the  firebox  of  a  boiler  which  was  tem- 
porarily disused,  and  cover  them  with  cinders.  In  view 
of  the  known  occurrences  of  this  kind,  it  is  absolutely 
necessary  to  use  the  most  stringent  care  in  searching 
every  possible  hiding  place,  and  to  bear  in  mind  another 
fact  which,  while  well  recognized  by  most  quarantine 
officers,  seems  beyond  belief,  viz.,  that  the  article  most 


likely  to  be  so  hidden  is  always  that  wMch  with  greatest 
certainty  is  infected. 

The  clothing  of  a  man  dead  of  communicable  disease 
was  secreted  by  his  comrades  in  the  furled  sails  of  a  bark 
at  the  South  Atlantic  quarantine,  and  only  the  large  and 
badly  distributed  bulk  opened  the  way  for  its  discovery. 

Fortunately,  cargo  is,  as  a  rule,  composed  of  new 
goods,  and  it  is  therefore  hardly  probable  that  it  contains 
any  infection.  Indeed,  while  I  am  not  as  yet  willing  to 
subscribe  absolutely  to  the  innocuousness  of  cargo,  I  must 
admit  that  it  is  likely  to  come  up  for  serious  considera- 
tion only  as  regards  one  particular;  I  refer  to  the  question 
of  food-stuffs  coming  from  some  cholera  centre.  These 
food-stuffs,  however,  are  not,  as  a  rule,  of  such  a  char- 
acter that  they  would  be  likely  to  transport  the  comma 
bacillus  in  a  living  state  across  the  Atlantic  Ocean.  An 
examination  of  the  ship's  manifest  will,  therefore,  show 
fairly  well  whether  there  is  a  necessity  for  taking  any 
measures  regarding  cargo,  and  such  measures  belong  to 
the  disinfection  rather  than  the  inspection  of  the  vessel. 

Pood  and  water  supply  should  be  investigated  if  such 
a  disease  as  cholera  is  aboard,  and  water  supply  alone  for 
mosquitoes  if  yellow  fever  is  found.  In  the  absence  of 
either,  no  attention  need  be  paid  to  these  supplies. 

Ballast  has  long  been  a  bugaboo  at  Southern  quarantine 
stations,  and  the  writer  confesses  to  having  been  at  one 
time  a  strong  believer  in  the  transmission  of  yellow  fever 
through  infected  ballast,  but  he  is  now  fully  convinced 
(through  the  findings  of  the  Army  Yellow-Fever  Commis- 
sion) that  yellow  fever  cannot  be  conveyed  through  the 
medium  of  clean,  dry  ballast,  of  the  character  ordinarily 
used,  be  it  either  rock  or  sand.  Nor  would  there  be  any 
danger  in  sea-water  ballast  in  tanks. 

There  is  probably  no  doubt  that  dirty  and  damp  rub- 
bish might  convey  plague  or  cholera,  and  even  yellow 
fever  by  serving  as  a  brooding  place  for  mosquitoes;  but 
clean,  dry  rock  or  sand  would  almost  certainly  convey 
nothing  of  an  infectious  nature.  Dirty  rubbish  ballast 
should  be  debarred  at  all  ports,  and  ships  which  insist  on 
bringing  such  stuff  should  pay  the  penalty  of  disinfection. 

The  inspection  of  ballast  and  the  determination  of  its 
character  are,  as  a  rule,  easy  of  accomplishment.  If  the 
inspection  satisfies  the  quarantine  officer  that  the  vessel 
can  be  admitted  to  entry  without  jeopardy  to  public 
health,  she  is  given  pratique  and  concerns  him  no  further. 
If,  however,  it  is  decided  that  she  is  infected,  measures 
appropriate  for  the  eradication  of  the  disease  with  which 
she  is  known  to  be  infected  must  be  taken. 

In  order  that  we  may  properly  consider  what  measures 
are  necessary  for  the  correct  treatment  of  a  vessel  in- 
fected with  any  given  quarantinable  disease,  a  brief  re- 
sume of  the  salient  points  of  each  of  these  diseases  will  be 
in  order,  such  resume  to  include,  so  far  as  is  possible  in 
each  case,  the  period  of  incubation,  the  actual  cause  of  the 
disease,  the  characteristics  and  viability  of  the  causative 
micvo-organism,  when  known,  and  its  manner  of  spread. 
Symptoms  of  diseases  will  not  be  considered,  such  being 
oiit  of  place  in  an  article  of  this  character. 

Yellow  Fever.— Considerable  space  will  be  given  to 
the  discussion  of  this  disease  because,  as  above  stated,  it 
is  the  one  perennial  threat  against  the  Southern  borders  of 
the  United  States.  Its  period  of  incubation  varies  from 
a  few  hours  to  five  days,  and  in  a  few  rare  instances 
slightly  more  than  five  days.  Its  cause  is  as  yet  unde- 
termined Its  method  of  transmission  has,  fortunately, 
been  determined  to  be  through  the  medium  of  the  mos- 
quito and  that  it  is  most  probably  not  conveyed  in  any 
other  way.  It  is  now  known,  therefore,  that  yellow 
fever  is  not  a  contagious  disease  in  the  same  sense  as 
scarlet  fever  or  smallpox  is  contagious.  Consequently 
there  is  no  danger  to  be  apprehended  from  a  yellow-fever 
patient,  provided  the  presence  of  the  mosquito  can  be  en- 
tirely excluded.  It  is  evident,  therefore,  that  our  whole 
effort  in  prophylaxis  against  yellow  fever  must  be  de- 
voted to  the  exclusion,  and,  wherever  possible,  to  the  ex- 
tinction, of  this  insect. 

In  view  of  the  recent  findings  of  the  Army  Yellow- 
Fever  Commission,  to  the  effect  that  yellow  fever  is  con- 
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veved  from  man  to  man  solely  through  the  agency  of  an 
intermediary  host  (the  Stegomyia  fasciata),  it  becomes  at 
once  necessary  to  inquire  what  bearing  the  acceptance  ot 
these  findings  in  their  entirety  will  have  upon  the  ques- 
tion of  precautions  to  be  taken  against  the  admission  ot 
yellow  fever  into  our  ports.  „        ,       ,  ., 

Vessels  should  be  inspected  now  before  they  leave  the 
yellow-fever  port  and  all  mosquitoes  destroyed. 

The  PubUc  Health  and  Marine  Hospital  Service,  fully 
alive  to  the  importance  of  the  facts  above  stated,  has 
stationed  officers  at  foreign  ports  to  do  this  work  wherever 
it  can  be  done  without  conflict  with  the  laws  and  regu- 
lations of  the  place.  It  will  not  do  to  assume  that  ves- 
sels cannot  carry  mosquitoes,  as  some  have  asserted ;  as 
a  matter  of  fact,  they  do  carry  them.  Thus,  for  example, 
one  vessel,  the  Maria  Blaiiquier,  arrived  at  Sapelo  Sound, 
Georgia,  after  a  voyage  of  about  forty  days  from  Rio, 
with  myriads  of  Stegomyia  fasciata  aboard,  and  it  only 
needed  that  she  should  have  had  one  case  of  yellow  fever 
in  Rio  to  have  had  every  soul  on  board  stricken  en  route, 
and  the  vessel  (short-handed)  be  perhaps  a  castaway. 

To  sum  up,  then,  we  find  that  the  disinfection  of  ves- 
sels from  a  yellow-fever  port,  and  only  a  few  days  out 
from  such  port,  is  still  necessary,  and  that  such  disinfec- 
tion should  compass  the  entire  destruction  of  all  mos- 
quitoes on  board  the  ship.  The  best  means  to  this  end 
will  be  a  gaseous  disinfection  by  SO3  of  not  less  than  four 
per  cent,  volume  strength  for  a  period  of  at  least  six 
hours,  and  better  twelve.  This  disinfection  should  be 
carried  out  simultaneously  in  all  parts  of  the  vessel,  and 
scrupulous  care  should  be  taken  to  see  that  the  fumes 
reach  all  dead  air  spaces,  and  particularly  all  parts  of 
the  living  apartments. 

■  If  a  vessel  has  been  away  from  a  yellow-fever  port  for 
more  than  ten  days, — i.e.,  several  days  beyond  the  incu- 
bative period  ot  yellow  fever, — and  if  at  the  same  time  a 
well -authenticated  history  of  no  sickness  en  route  has 
been  obtained,  it  would  be  very  natural  to  assume,  espe- 
cially if  the  Stegomyia  had  not  been  found  in  the  vessel, 
that  she  was  not  infected  and  that  consequently  she 
might  safely  be  allowed  to  pass  on  without  subjecting  her 
to  a  process  of  disinfection.  The  records,  however,  show 
plainly  that  it  is  not  always  safe  to  reason  in  this  manner. 
Thus,  for  example.  Surgeon  H.  R.  Carter,  of  the  Public 
Health  and  Marine  Hospital  Service,  has  published  in 
Bulletin  IX.  of  the  Yellow-Fever  Institute,  July,  1902,  a 
report  of  a  number  of  instances  in  which  yellow  fever 
was  apparently  contracted  on  board  an  infected  ship. 
Owing  to  the  lack  of  space  I  shall  be  able  to  quote  only 
one  of  the  instances  mentioned  in  this  report. 

"  III.  British  ship  A-oon,  in  rock  ballast ;  twenty-two 
in  crew,  four  immune  to  yellow  fever.  Sailed  from  Rio 
de  Janeiro  April  20th.  All  well  in  port  and  en  route  un- 
til thirty-eight  days  out,  when  a  boy  in  port  watch  sick- 
ened with  yellow  fever.  Taken  to  hospital.  Gulf  Quar- 
antine, on  third  day,  and  died  on  sixth  day.  Another 
case  developed  two  weeks  later  in  a  quarantine  attendant 
who  helped  me  clean  up  the  room,  sail  locker,  in  which 
the  boy  was  sick  aboard  ship. 

"  It  is  remarkable  that  there  should  have  been  only  one 
case  of  yellow  fever  among  the  crew  aboard  this  vessel. 
At  the  time,  it  was  ascribed  to  the  fact  that  this  boy,  the 
only  one  on  the  port  watch,  helped  a  man,  shipped  in 
Rio  de  Janeiro  and  immune  to  yellow  fever,  overhaul  his 
chest  a  few  days  before  the  boy  was  taken  sick.  Whether 
there  was  an  infected  mosquito  in  the  chest  which  had 
survived  this  length  of  time,  or  whether  there  was  any 
relation  between  the  chest  and  the  fever,  may  be  a  ques- 
tion. It  in  no  wise  afEects  the  present  question  that  the 
disease  was  contracted  aboard.  It  was  the  first  case  seen 
at  this  station  that  year. " 

Cholera.— The  period  of  incubation  of  this  disease  is 
from  a  few  hours  to  five  days ;  more  often  it  is  about  three 
days.  The  cause  is  the  comma  bacillus  of  Koch,  now 
generally  known  as  the  Spirillum  cholerae  asiaticie  (For 
details  in  regard  to  this  disease  see  the  article  on  Asiatic 
vlwlera  m  The  Appendix.) 

The  manner  of  spread  of  this  disease,  the  introduction 
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of  which  into  the  human  system  is  by  the  alimentary 
canal,  is  through  the  medium  of  dirty  hands,  polluted 
food,  polluted  water.  Both  food  and  water  may  be  pol- 
luted, and  probably  are,  by  flies,  which,  having  come  into 
contact  with  cholera  dejecta,  subsequently  make  their 
way  to  the  food  supply.  These  insects  probably  played 
an  important  part  in  the  great  epidemic  of  cholera  in 
Hamburg  in  1892,  after  the  disease  became  general  in  the 
city,  though  in  the  beginning  it  undoubtedly  arose  from 
the  presence  of  the  spirillum  in  the  main  water  supply 
of  the  city,  the  Elbe  River,  and  it  was  the  ultimate  cor- 
rection of  this  water  supply  which  had  more  to  do,  than 
any  other  one  factor,  with  the  wiping  out  of  the  disease. 
In  fact,  it  appears  doubtful  whether  more  than  occasional 
cases  of  cholera  would  occur  in  any  community  where  the 
water  supply  is  guarded  with  great  care.  It  is  not  simply 
through  drinking  it,  however,  that  individuals  may  con- 
tract cholera  from  infected  water ;  they  may  also  acquire 
the  disease  by  eating  fruits  and  vegetables  which  have 
been  washed  in  such  infected  water. 

Bubonic  Plague. — The  period  of  incubation  of  this 
disease  rareTy  exceeds  seven  days,  and  is  more  generally 
from  three  to  five  days.  The  cause  is  the  Bacillus  pestis, 
a  short  rod  which  is  capable  of  bipolar  staining  with  ani- 
line dyes,  and  whose  viability  and  general  characteristics 
have  been  well  stated  by  Dr.  M.  J.  Rosenau  in  his  work 
on  "  Disinfection  and  Disinfectants. "  It  will  suffice  here 
to  state  that  it  survives  in  moist  and  albuminous  sur- 
roundings for  quite  a  long  time,  and  in  test  tubes  in 
laboratory  work  for  months  and  even  years.  It  dies 
quickly  when  dried,  but  retains  life  longer  when  dried 
upon  textiles  and  other  similar  fomites  than  in  any  other 
form  of  dryness,  especially  if  the  temperature  is  under 
19°  C.  It  is,  therefore,  to  be  borne  in  mind  that  the  colder 
the  climate  the  greater  is  the  danger  to  be  feared  from  in- 
fected fomites,  and  the  more  thorough  should  be  the 
procedures  adopted  for  effecting  disinfection.  A  dry  at- 
mosphere and  sunlight  kill  the  bacillus  quickly,  and  in- 
versely, darkness  and  damp  atmospheres  promote  its  vital- 
ity. It  is  not  a  water-borne  infection,  though  it  may  live 
for  a  time  in  water.  It  is  largely  spread  to  man  through 
the  agency  of  rats,  fleas,  flies,  and  other  small  animal  life. 
It  therefore  follows  that,  to  disinfect  for  plague,  it  is  nec- 
essary to  use  such  agents  as  will  destroy  this  small  animal 
life,  as  well  as  the  plague  organism  itself. 

The  past  history  of  this  disease,  although  it  has  been 
written  in  a  very  unsatisfactory  manner,  is  nevertheless 
sufficiently  full  to  indicate  that  it  has  probably  obtained 
a  foothold  in  communities,  in  almost  every  instance,  for 
a  relatively  long  time  before  it  has  been  recognized.  It 
may  be  that  it  has  existed  among  the  rats  and  other  ani- 
mals for  many  months  before  any  human  being  has  be- 
come infected  thereby,  and  a  study  of  all  the  great  epi- 
demics of  plague  will  indicate  that  it  has  existed  among 
men  for  a  very  considerable  period  of  time  before  it  has 
been  recognized  as  plague,  and  before  measures  have  been 
taken  to  prevent  its  spread.  There  is  little  doubt  that 
the  great  plague  in  London  did  not  occur  within  one 
month  or  one  year  after  the  disease  first  gained  a  foothold 
in  that  city.  It  appears  very  probable  that  it  had  already 
been  there  for  several  years,  slowly  and  steadily  gaining 
a  foothold  for  the  great  outbreak.  Again,  it  is  apparent 
that  in  the  beginning  of  an  outbreak  this  disease  is  more 
mild  in  character  than  later  on  in  the  epidemic.  This 
characteristic  has  been  observed  in  the  case  of  yellow  fever 
also.  There  are  apt  to  be  mild,  so-called  ambulatory 
cases,  which  would  not  be  recognized  as  plague  under 
any  other  condition  than  that  of  an  active  epidemic,  and 
these  may  spread  the  disease  just  as  surely  as  a  virulent 
case ;  and  it  is  these  which  doubtless  do  spread  the  dis- 
ease from  person  to  person  and  from  place  to  place  long 
before  there  is  any  general  recognition  of  its  existence. 

Smallpox.— The  incubative  period  of  this  disease  has 
been  variously  stated  as  being  from  five  to  thirty  days. 
These  wide  limits,  however,  are  exceptional,  and  most 
authors  agree  upon  an  incubative  period  of  from  ten  to 
twelve  days  in  a  majority  of  cases.  An  experience  ex- 
tending over  many  hundreds  of  cases  justifies  the  state- 
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pent  that  in  at  least  ninety  per  cent,  of  all  cases,  the 
initial  fever  of  the  disease  will  begin  in  approximately 
ten  days  from  the  time  of  exposure,  and  will  hardly  vary 
twenty -four  hours  from  this  time.  The  causative  agency 
of  this  disease  is  not  known.  Its  mode  of  transmission 
IS  generally  through  actual  contact  with  a  person  who 
has  the  disease  in  the  eruptive  stage.  It  is  not  denied  that 
intermediate  contact,  such  as  the  carrying  of  the  disease 
by  a  careless  doctor  from  a  smallpox  patient  to  a  healthy 
family  at  a  distance,  may  be  possible,  but  such  occurrences 
are  so  rare  as  to  be  hardly  worthy  of  consideration  in  act- 
ual practice.  In  other  words,  while  such  carelessness 
might  result  in  carrying  some  of  the  contagium  upon  tlie 
clothing  of  the  person,  and  thus  the  question  of  interme- 
diate fomites  be  brought  into  play,  it  is  very  much  more 
generally  true  that  when  the  disease  is  carried  by  fomites 
it  IS  carried  by  clothing  actually  worn  and  used  by  a  per- 
son infected  with  smallpox,  and  subsequently  taken  to  a 
healthy  person.  There  has  been  much  discussion  as  to 
the  period  when  smallpox  becomes  contagious  While 
generally  speaking,  it  may  be  safe  to  take  precautions 
with  regard  to  an  exposure  to  a  smallpox  patient  in  the 
febrile  stage,  it  has  been  found  that  almost  without  ex- 
ception—and, so  far  as  the  writer  is  aware,  absolutely 
without  exception— no  infection  has  ever  resulted  from 
exposure  to  either  the  febrile  or  the  papular  stage  of  small- 
pox. Itis  only  after  desquamation  has  begun  that  the 
patient  is  liable  to  communicate  the  disease  to  others; 
and  this  contagiousness  will  continue  until  desquamation 
has  thoroughly  ceased.  Consequently,  it  is  important, 
before  discharging  a  convalescent  from  smallpox,  to  ascer- 
tain if  every  single  scale  has  been  cast  off  from  the  scalp 
and  from  the  palmar  surfaces  of  the  hands  and  feet ;  for 
it  should  be  borne  in  mind  that  the  desquamation  from 
the  scalp  is  retarded  by  the  hair,  and  that  this  is  particu- 
larly so  with  regard  to  the  negro,  while  the  thick  epi- 
dermis o(  the  palmar  surfaces  makes  them  the  last  to 
desquamate. 

Typhus  Fever.— The  incubative  period  of  typhus 
fever  is  ordinarily  stated  at  about  two  weeks ;  it  is  prob- 
ably a  little  less  than  this,  some  authors  giving  it  as 
twelve  days.  The  exact  cause  of  the  disease  is  unknown. 
It  is  exceedingly  contagious,  probably  the  most  pro- 
nouncedly contagious  of  all  the  quarantinable  diseases. 

To  quote  Dr.  Rosenau :  "  Typhus  fever  is  believed  to 
be  'contagious.'  in  the  sense  that  it  is  communicated  by 
contact  between  the  sick  and  the  well.  When  the  disease 
exists  in  epidemic  form  it  is  the  most  highly  contagious 
of  all  the  diseases  of  man.  The  nurses,  physicians,  and 
those  who  come  in  contact  with  the  patient  are  the  first 
to  take  the  disease.     Few  escape. 

"  It  is  evident  that  sanitation  is  much  more  needed  to 
prevent  the  spread  of  this  disease  than  disinfection ;  in 
fact,  while  disinfection  is  practised  for  typhus  fever, 
there  is  nothing  to  indicate  that  it  is  efficacious  in  pre- 
venting the  spread  of  the  disease. " 

Disinfection  of  Vessels  for  Various  Diseases. 

Yellow  Fever. — As  stated  in  the  discussion  of  yellow 
fever,  the  disinfection  of  a  vessel  infected  with  this  dis- 
ease necessarily  involves  the  destruction  of  all  the  mos- 
quitoes aboard  such  a  vessel ;  and  while  this  is  probably 
all  that  should  be  done,  it  is  nevertheless  still  the  cus- 
tom— and  one  which  probably  will  continue  until  all 
health  authorities  are  fully  convinced  that  there  is  no 
other  means  of  transmission  than  that  afforded  by  the 
mosquito — to  carry  this  disinfection  somewhat  further. 
To  compass  the  destruction  of  the  mosquito,  it  is  simply 
necessary  to  introduce  simultaneously  into  each  and  every 
part  of  the  vessel — cabin,  forecastle,  between-deeks,  hold, 
and  any  other  compartments  in  the  vessel — sulphur  di- 
oxide gas  of  a  minimum  strength  of  four  per  cent,  per 
volume  for  each  thousand  cubic  feet  of  air  space  of  the 
vessel.  In  an  empty  vessel  it  is  desirable  to  continue  in- 
troducing the  gas  for  from  six  to  twelve  hours ;  in  a  vessel 
containing  cargo  it  will  be  necessary  to  provide  chan- 
nels through  the  cargo,  in  order  that  the  gas  may  per- 
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!rf'?f,ol'.!^f  as  possible  and  to  continue  the  introduction 
of  the  gas  for  twenty-four  hours,  in  order  to  insure  the 
destructK.n  of  all  the  insects.     If  the  disinfecdon  of  bag 

if  fn.f  f  '.f '^''«  ^  °"'''''  '"°^1«  ^«  t°  I'e  undertaken,  this 
s  done  for  the  different  articles,  according  to  their  class, 
m  the  manner  described  in  detail  in  the  article  on  Dis- 
injection. 

From  a  sanitary  standpoint  the  vessel  and  its  inanimate 
contents  may  now,  after  such  a  thorough  disinfection,  be 
considered  no  longer  a  source  of  danger,  and  the  owner 
may  be  permitted  to  remove  his  ship  from  quarantine 

As  regards  those  who  were  on  board  the  vessel  at  the 
time  of  her  arnval,  it  will  be  necessary,  before  carryinff 
out  the  measures  for  disinfection  described  above  to  dis- 
pose of  them  on  shore,  at  the  station.  The  sooner  any 
intected  persons  are  isolated  or  segregated,  in  order  to 
prevent  a  further  spread  of  infection,  the  better  it  will 
be  tor  all_  parties  concerned.  The  sick  should  be  taken 
to  a  hospital  so  thoroughly  provided  with  screens  as  to 
prevent  the  ingress  or  egress  of  mosquitoes;  the  healthy 
persons  should  be  placed  in  barracks  similarly  provided 
in  order  to  prevent  the  spread,  to  the  remaining  healthy 
patients,  of  infection  from  any  one  of  them  who  may  sub- 
sequently be  taken  sick.  This  screening  must  be  so  ab- 
solutely perfect  in  character  that  it  shall  not  only  exclude 
the  most  of  the  mosquitoes,  but  all  of  them;  and  in  the 
event  that  some  solitary  mosquito  should  find  access  to 
any  of  the  rooms,  steps  should  be  taken  to  insure  its  de- 
struction. To  prevent  the  harm  which  might  result  from 
the  accidental  contamination,  by  one  or  two  of  these  in- 
sects, of  any  ward  or  barrack  building,  it  will  be  neces- 
sary every  day  to  burn  a  certain  quantity  of  the.  so-called 
Persian  insect  powder  in  every  apartment,  and  then  after- 
ward to  sweep  up  and  kill  the  stupefied  insects  which 
will  fall  to  the  floor  upon  the  inhalation  of  the  fumes. 

Finally,  any  person  effectually  isolated  from  infection, 
and  remaining  healthy  more  than  five  days,  may  be  re- 
leased. 

Cholera.— U-pon.  the  arrival  of  a  vessel  at  a  quarantine 
station  with  cholera  on  board,  or  liaving  had  cholera  on 
board  at  a  recent  period  during  the  voyage,  it  is  advis- 
able, when  possible,  to  remove  from  the  vessel  all  of  her 
personnel  (both  crew  and  passengers),  isolating  and  segre- 
gating these  people  ashore  very  much  after  the  method 
prescribed  in  dealing  with  a  yellow-fever  ship.  In  addi- 
tion to  the  precautions  to  be  taken  against  insects  in  the 
case  of  yellow  fever,  it  is  necessary  to  provide,  in  the  case 
of  the  cholera  suspects,  recently  cooked  food  which  shall 
not  have  been  contaminated  by  an  insect,  and  a  water  sup- 
ply of  undoubted  purity.  It  will  also  be  necessary  to  make 
arrangements  for  either  the  disinfection  or  destruction  by 
fire  of  all  the  dejecta  of  all  persons  kept  under  observa- 
tion ;  for  it  should  not  be  forgotten  that  the  apparently 
healthy  person  may  carry  within  his  alimentary  canal  the 
cholera  spirillum,  and  may  infect  sewage,  which  in  its 
turn  may  ultimately  infect  a  water  supply. 

For  the  ship  itself,  the  measures  to  be  taken  are  as  fol- 
lows :  1st.  A  thorough  mechanical  cleansing,  such  as  is 
very  admirably  done  by  the  Hamburg-American  and 
North  German  steamship  companies  on  their  passenger 
steamers  when  they  arrive  at  the  home  port.  This  con- 
sists in  washing  the  vessel  with  what  they  know  as  Seifen-  ' 
lager,  a  very  strong  solution  of  soap  and  water,  plus  a 
certain  amount  of  caustic  potash.  When  every  part  of 
the  vessel,  which  may  properly  be  so  treated,  has  been 
cleansed  in  this  manner,  and  when  the  ornamental  wood 
and  bright  work  finish,  which  cannot  be  so  treated,  has 
been  washed  with  a  solution  of  carbolic  acid  or  other 
agent  which  will  not  damage  it,  thorough  dryness,  so  far 
as  practicable,  should  be  obtained,  and  the  gaseous  disin- 
fection applied  simultaneously  to  every  part  of  the  ves- 
sel. This  gaseous  disinfection  should  be  preferably  of 
sulphur  dioxide,  four  per  cent,  twelve  hours'  exposure, 
as  elsewhere  stated ;  but,  in  certain  compartments  on  the 
finer  class  of  vessels,  this  style  of  disinfection  would  re- 
sult in  damage,  which  can  be  obviated  by  using  instead, 
in  such  apartments,  a  six-per-cent.  volume  of  formalde- 
hyde gas  for  a  period  of  from  six  to  twelve  hours.    All 
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textiles  which  will  not  be  damaged  thereby  should  be 
subjected  to  live  steam  for  a  period  of  thirty  minutes ; 
and  such  as  will  not  bear  this  treatment  should  be  disin- 
fected by  the  conjoint  use  of  a  vacuum  and  formalde- 
hyde gas,  six  per  cent,  volume,  for  an  exposure  of  one 
hour's  duration.  All  textiles  which  have  been  polluted 
by  cholera  dejecta  should  without  exception  be  burned, 
and  no  attempt  should  be  made  to  disinfect  and  re-use 
such  articles.  The  detained  personnel  may  be  released 
when  five  days  have  elapsed  since  their  last  possible  ex- 
posure to  infection. 

Plague. — Measures  to  be  taken  in  the  treatment  of  a 
vessel  infected  with  plague  are  identical  with  those  used 
in  the  case  of  a  cholera-infected  ship,  except  that  on  ac- 
count of  the  peculiar  methods  of  transmission  of  this  dis- 
ease (partly  through  small  animals),  it  is  necessary  to  use 
a  germicidal  agent  which  will  destroy  animal  life  as  well 
as  bacteria;  and  for  this  purpose  formaldehyde  is  not 
strictly  reliable;  consequently,  all  gaseous  disinfection 
done  on  a  plague-infected  vessel  must  and  should  be 
done  with  sulphur  dioxide.  The  segregation  and  care- 
ful attention  to  the  individuals,  including  the  adoption 
of  stringent  measures  capable  of  preventing  the  pollu- 
tion of  either  dejecta  or  sewage,  apply  to  this  disease  as 
strongly  as  to  cholera ;  and  for  the  reason  that  small  in- 
sect life  has  a  bearing  in  the  transmission  of  the  disease, 
the  screening  provided  for  cholera  and  yellow  fever, 
while  not  so  absolutel3'  essential,  is  nevertheless  advis- 
able, and,  wherever  possible,  should  be  used.  Manifestly 
the  persons  under  detention  may  be  released  at  the  ex- 
piration of  from  seven  to  eight  days  since  their  last  pos- 
sible exposure  to  infection. 

Smallpox.— Hen  we  have  to  deal  with  a  disease  which 
does  not  require  such  rigid  measures  as  have  been  applied 
to  any  of  the  other  quarantinabie  diseases.  If  a  person  in 
any  given  apartment  of  a  vessel  has  been  aiflicted  with 
smallpox,  it  does  not  necessarily  follow  that  all  the  per- 
sons on  the  vessel  are  to  be  detained  in  quarantine,  nor 
that  the  whole  ship  is  to  be  disinfected.  It  will  be  sufl3- 
cient  if  we  disinfect  with  scrupulous  care  all  possibly  in- 
fected personal  belongings,  and,  in  the  same  manner  as  is 
applied  for  yellow  fever,  all  portions  of  the  vessel  which 
have  been  invaded  by  the  disease.  At  the  same  time  it 
is  important  to  keep  under  observation  those  persons  who 
have  been  in  direct  contact  witli  the  afBicted  party,  or 
who  have  not  been  vaccinated.  The  usual  custom  is  to 
vaccinate  immediately  all  exposed  persons  and  hold  them 
under  observation  for  fourteen  days ;  to  release  at  once 
all  those  who  have  not  been  exposed  and  who  are  vac- 
cmated ;  and  to  disinfect  such  parts  of  the  vessel  as  have 
been  m  touch  with  the  actual  case,  releasing  the  vessel  at 
once  and  holding  only  the  suspects.  Should  the  Infection 
on^  the  smallpox  vessel  be  so  general  as  to  justify  the 
opinion  that  all  on  the  vessel  have  been  more  or  less  ex- 
posed, then  it  becomes  necessary  to  disinfect  the  vessel  in 
the  same  manner  in  which  it  would  be  done  for  yellow 
tever,  and  to  disinfect  it  throughout,  holding  under  ob- 
servation for  fourteen  days  all  of  iti  personnel 

Typhus  Fever.~ln  view  of  the  little  that  is  known  of 
typhus  fever,  i.e.,  as  to  its  manner  of  transmission,  pe- 
nod  ot  incubation,  etc.,  it  is  exceedingly  fortunate  that 
we  seldom  or  never  find  a  general  infection  of  typhus 
fever  aboard  ship.  Should  such  a  calamity  supervene, 
Mthe  personnel  should  be  immediately  segregated  ashore 

Sounn'^f^h'^P'  ?^rf  ^^^  '°°"eh  apart,  if  sufficient 
ground  IS  obtainable,  to  prevent  the  infection  of  one  by 
X,°„"''l'-*'T.°?,.been  claimed  that  aerial  infection 
^Im!a-  ''?r  ""  *'^  ^^^"^^^^  Tlie  vessel  should  be  disin- 
tected  m  the  same  manner  as  for  cholera,  and  the  verson- 

fromTheir  W  °^««^^^«°°  ^^^  ^  Penod  of  fourteen  da^s 
irom  their  last  exposure  to  possible  infection 

^f«/£''T  i'!,'!'^^™*'"''  regulations  of  the  United 
Wv  .nnT""^  *''  '■'''°*'°°  ^'  quarantine  of  any  al  en 
Wd       ^'^'■^Pl'^^ement  upon  the  vessel  when  outward 

Minor  Communicable  Diseases—There  are  in  addition 
to  the  diseases  above  discussed,  several  o  hers  which 
at  times  call  for  treatment,  but  which  are  not  genTrailJ 
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classed  as  quarantinabie  diseases.  These  diseases— scar- 
let fever,  measles,  diphtheria,  and  even  some  others — 
are  as  a  rule  passed  up  to  the  local  board  of  health  for 
proper  handling. 

When  treated  at  quarantine,  they  call  for  the  same 
measures  as  are  applied  to  smallpox  (except  of  course 
vaccination). 

Land  Quakantinb. 

Because  of  lack  of  space  only  brief  notice  can  be  given 
this  subject,  which  after  all  is  simply  a  common-sense 
application  of  maritime  rules  to  exactly  the  same  diseases 
on  land.  The  people  are  to  be  handled  in  precisely  the 
same  manner  as  at  a  maritime  station,  and  if  we  simply 
transfer  our  disinfecting  agents  from  a  ship  to  a  house, 
the  methods  remain  the  same.  The  difficulties  of  admin- 
istration are  greater  because,  while  at  a  maritime  station 
the  quarantine  officer  is  practically  supreme,  in  land 
quarantine  he  has  to  meet  the  whims  and  foibles  of  local 
lay  authority,  or  even  of  individuals. 

Joseph  H.  White. 

QUASSIA. —  Qiiassim  lignum  or  Lignum  Quassim.  Ja- 
maica Quassia,  Bitier-wood,  Bitter-ash.  The  dried  wood 
of  Picrasma  excelsa  (Swz.)  Planch  (^Quassia  e.  Swz. ;  Pi- 
crana  e.  Lindl. ;  Simaruba  e.  DeC. — Fam.,  Simarubacea), 
V.  8.  P. 

The  Jamaica  quassia  tree  is  said  closely  to  resemble  a 
small  or  medium-sized  ash  tree.  It  occurs  chiefly  in  Ja- 
maica, but  to  some  extent  in  other  parts  of  the  West  In- 
dies. Quassia  was  originally  derived  from  a  different 
plant,  considered  below,  but  was  later  replaced  by  this 
one.  The  wood  occurs 
in  billets  of  various 
sizes,  dense,  tough,  of 
medium  hardness,  and 
of  a  nearly  uniform  yel- 
lowish-white color;  in- 
ternally porous,  with  a 
minute  pith,  indistinct 
rings,  and  medullary 
rays  which,  on  tangen- 
tial section,  exhibit  from 
two  to  five  vertical  rows, 
of  cells;  inodorous  and 
intensely  bitter. 

It  is  usually  met  with 
in  the  form  of  chips  or 
raspings. 

The  powdered  wood 
is  devoid  of  stone  cells 
contains  crystals  of  cal 
cium  oxalate,  and  ex- 
hibits the  tangential  appearance  of  the  medullary  rays 
described  above. 

Quassia  contains  neither  tannin  nor  starch,  and,  if  pure 
yields  not  more  than  four  per  cent,  of  ash.  Its  bitter 
principle  is  the  crystalline  substance  qtiassiin  freely 
soluble  in  alcohol  and  chlorofom.  Although  it  requires 
1,800  parts  of  water  for  solution,  the  dose  is  so  very  small 
that  water  constitutes  a  satisfactory  menstruum.  Quassiin 
IS  further  resolvable  into  two  crystalline  bodies,  called 
respectively  a-picrasmin  and  0-pierasmin.  A  minute 
amount  of  alkaloid  has  been  reported,  but  is  probably 
of  no  medicinal  importance. 

Action  and  Uses. —Quassia  is  generally  regarded  as  a 
pure  or  simple  bitter  tonic,  like  gentian,  and  is  mostly 
used  as  such,  being  given,  either  alone  or  in  combination 
with  aromatics  and  stimulants,  as  a  stomachic  and  appe- 
tizer. In  debility,  in  convalescence  from  fevers,  in  dys- 
pepsia, it  has  been,  and  is  still,  in  considerable  use  Its 
taste  is,  however,  more  bitter  and  disagreeable  than  that 
ot  gentian  or  quinine. 

Quassiin  is  a  powerful  irritant  and  convulsive  poison 
when  concentrated  or  used  in  overdoses,  and  is  apt  after 
long  administration  to  set  up  a  gastric  irritation.  Its  use 
is  therefore  better  alternated  with  that  of  other  medicines 


Fig.  3924.— Section  of  Quassia  Wood. 
(BaUlou.) 
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It  is  particularly  poisonous  to  the  lower  animals,  on  ac- 
count of  which  it  is  much  used  as  a  rectal  injection  for 
the  destruction  of  ascarides.  For  the  latter  purpose, 
from  a  half-pint  to  a  pint  of  the  ten-percent,  infusion 
is  employed.  The  death  of  an  infant  has  followed  such 
use.  The  freedom  of  quassia  from  tanniu  renders  it  a 
desirable  bitter  for  mixing,  in  prescription,  with  the  iron 
preparations.  The  Pharmacopoeia  provides  an  extract 
{Extractum  Quamm),  the  dose  of  which  is  0.03-0.3  gm. 
(gr.  ss.-ii].),  but  this  is  the  least  desirable  preparation  for 
use,  since  the  patient  fails  to  receive  the  beneficial  effect 
of  the  bitter  taste.  The  dose  of  the  official  fluid  extract 
is  1-4  c.c.  (fl.  3  i-i.)  and  of  the  tincture,  which  is  by  far 
the  most  efficient  of  all  preparations,  2-8  c.c.  (fl.  3  sa.-ij.). 
The  infusion  is  a  popular  form  of  administration,  and 
should  be  of  five-per-cent.  strength.  Another  excellent 
method  is  to  introduce  cold  water  into  cups  made  of  quas- 
sia wood.  The  water  becomes  almost  at  once  intensely 
bitter,  the  patient  receiving  the  full  benefit  of  the  bitter 
taste,  with  little  systemic  effect. 

Surinam  Quassia.— 1h\i,  the  original  quassia,  is  still 
the  one  chiefly  employed  in  Southern  Europe,  and  is  offi- 
cial in  nearly  all  pharmacopceias.  It  is  the  product  of 
Quassia  amara  L.,  of  the  same  family,  a  shrub  or  small 
tree  of  Northern  South  America,  whence  it  extends  up 
into  Central  America  and  into  the  West  Indies.  The  bil- 
lets are  much  smaller,  usually  from  one  to  three  inches  in 
diameter,  crooked,  and  still  bearing  the  bark,  which  is  of 
an  ashy  gray  color  and  nearly  smooth.  The  wood  is 
somewhat  heavier  than  that  of  the  Jamaica  variety,  and 
exhibits  medullary  rays  only  one  row  of  cells  wide  on 
tangential  section.  The  bark  is  full  of  large  stone  cells, 
which  are  seen  in  the  powder,  since  bark  and  wood  are 
usually  ground  together.  The  active  principle  of  this 
variety  is  practically  identical  with  that  of  the  other,  and 
the  properties,  uses,  and  doses  are  the  same. 

The  same  statements  may  be  made  concerning  East  In- 
dian quassia  and  Japanese  quassia,  derived  from  other 
species  of  Picrasma.  Henry  H.  Busby. 

QUEBRACHINOFORM.    See  Formaldehyde. 

QUEENS  ROOT.     See  Stillingia. 

QUERCIFORM.     Bee  Formaldehyde. 

QUINAMINE.     See  OincJwna. 

QUINCE  SEED.— Cydonium  (U.  S.  P.,  1880).— The 
dried  ripe  seeds  of  the  common  quince,  Cydonia  Gyd/>nia 
(L  )  Lyons  {Pyrus  Cydonia  L. ;  Cydonia  vulgaris  Pers. 
fam.  Rosacea))  together  with  the  gum  in  which  they  are 
naturally  embedded. 

The  quince  is  a  native  of  Southwestern  Asia  and  adja- 
cent Europe,  but  the  seeds  are  wholly  the  product  of  cul- 
tivated plants.  They  occur  agglutinated  m  masses  of 
eight  to  ten  or  more,  being  embedded  in  a  colorless,  trans- 
parent gum,  of  which  about  twenty  per  cent,  is  obtain- 
able, and  for  which  they  are  valued.  One  part  of  this 
gum  makes  about  100  parts  of  mucilage.  This  has  little 
adhesive  power,  but  is  excellent  for  the  ordinary  medici- 
nal uses  of  mucilage,  such  as  the  making  of  wllyria 
demulcent  drinks,  etc.  When  the  drug  was  official,  it 
was  directed  that  the  official  mucilage  be  made  by  taking 
3  parts  of  the  seeds  with  98  parts  of  water. 

Henry  H.  Bushy. 

QUINETUM.     See  Ginclwna. 

QUINIDINE.    See  Cinchona. 

QUININE.     See  Cinchona. 

QUININE,  NEW  COMPOUNDS  OF.--In  the  follow- 
ing preparations,  the  dose,  unless  specified,  is  that  of 

quinine  sulphate. 

Acetyl-salicylate— iorrheum-dUsm. 

Arseniie-sixtj-mne  per  cent,  qumine.  Dose  0.005- 
0.03  gm.  (gr.  yV  to  gr.  ss.). 


Bichloride — very  soluble.  Improvement  in  recurrent 
cancer  followed  daily  injections  of  0.5-1  gm.  (gr.  viij.- 
XV.)  by  Jaboulay  in  Prance  and  Trible  in  America. 

Borate — a  yellow  insoluble  powder,  antiseptic. 

Caseinate. 

Chloro-carbonate — freely  soluble,  almost  free  from  bit- 
ter taste. 

Chloro-phosphaie — fifty  per  cent,  quinine;  soluble  in 
two  parts  of  water. 

CMoro-sulphate — seventy -four  percent,  quinine;  solu- 
ble in  one  part  of  water. 

Bibromc/uaiacolate — guaiaquinol. 

Dihydrobromate,  dihydrochloride,  dihydroiodate — all 
readily  soluble  and  used  by  hypodermic  injection  for 
whooping-cough.     Dose,  0.06-0.2  gm.  (gr.  i.-iij.). 

I)i7tydrochloride-ca,rbamate—muTia,te  of  quinine  and 
urea.     Seventy  per  cent,  quinine ;  very  soluble. 

Ethyl  carbonic  ester — Euquinine  (see  Vol.  IV.). 

Ferri-chlorid — dark  reddish-brown  crystals  used  in  two- 
per-cent.  solution  as  a  hfemostatic  in  internal  hemorrhage 
and  in  uterine  hemorrhage. 

Qlyceropliosphate  ■ —  kinewin,  especially  employed  in 
neuralgia.     Dose,  0.1  gm.  (gr.  iss.). 

Ouaiaeol  bisalfonate — guaiaquin,  an  odorless,  non-caus- 
tic substitute  for  guaiacol. 

HydD'oquin-one-hydTochloTide — antipyretic. 

Ichthyol-sulfonate — sulpho-ichthyolate,  employed  in  tu- 
berculosis. 

lodo-liydroiodate — insoluble  in  water.  Used  as  substi- 
tute for  iodides  in  syphilis,  and  in  the  same  dosage. 

Lactate — readily  soluble. 

Lygosinate — antiseptic  compound  of  di-ortho-cumar- 
ketone  (lygosin). 

Methyl-di-hydrazin-perc7ilorate— corn-pound  of  quinine 
hydrochlorate,  caffeine,  and  antipyrin. 

PhospJw-hydroc/Umide— soluble. 

BIwsphm-ic  acid  ester — phosphorylquinine. 

Salicylic  acid  «ster— salicyl  quinine  or  saloquinine  (see 
Saloquinine). 

Salieyl-salieylate — (see  Blieumatin). 

Silico-fluoride — soluble  in  water. 

Sulpho-creosotate — used  in  tuberculosis. 

Urethane—^ery  soluble,  made  by  mixing  3  parts  of 
quinine  hydrochloride,  1.5  parts  of  urethane,  and  3  parts 
of  water.  W.  A.  Bastedo. 

QUININE.  (TOXICOLOGICAL.)— Any  high  degree  of 
toxicity  can  hardly  be  said  to  exist  in  the  ordinary  use  of 
cinchona  and  its  alkaloids  or  their  salts.  There  are  cer- 
tainly symptoms  very  commonly  associated  with  their 
therapeutic  uses,  even  in  most  moderate  doses,  which  are 
characteristic  and  indicate  some  functional  disturbance 
of  various  organs.  Such  are  the  sense  of  constriction 
about  the  forehead,  the  ringing  of  the  ears,  and  occasion- 
ally nausea.  In  many  persons  these  are  not  sufficiently 
marked  to  attract  attention  unless  the  doses  given  are 
very  large  or  long  continued.  Of  these  the  sense  of  ful- 
ness and  the  deafness  are  the  commonest,  and  are  looked 
upon  as  necessary  accompaniments  of  the  administration 
of  the  drug,  not  giving  rise  to  uneasiness  either  in  the 
patient's  or  in  the  physician's  mind,  and  expected  to 
disappear  promptly  when  the  medication  is  stopped. 
They  are  the  physiological  evidence  of  mild  cmchomsm. 
The  susceptibility  of  individuals  varies  greatly  as  to  the 
amount  of  the  drug  which  will  produce  such  manifesta- 
tions Some  persons  are  occasionally  met  with  who  sut- 
f er  so  promptly  and  acutely  from  these  troubles  that  treat- 
ment to  counteract  them  has  to  be  instituted  in  order  that 
enough  of  tlie  required  drug  may  be  taken  into  the  sys- 
tem to  produce  the  desired  effect  upon  the  primary  dis- 
ease Many,  on  the  other  hand,  show  so  little  suscepti- 
bility that  astonishingly  large  and  rapidly  repeated  doses 
may  be  given  with  only  beneficial  results. 

Liebermeister  (quoted  by  Kunkel)  says :  I  have  up  to 
this  time  employed  quinine  in  large  doses  in  more  than 
fifteen  hundred  patients  with  abdominal  typhus,  and  also 
in  hundreds  of  pneumonias  and  other  diseases  Ihe 
number  of  single  doses,  of  from  1  to  3,  up  to  3  gm.. 

827 


Quinine. 
Qninlue. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


which  I  have  prescribed,  may  run  up  to  ten  thousand 
Tnd  not  once  have  I  seen  any  essential  or  lasting  injury 
which  one  might  seem  warranted  in  ascribing  to  qumine  " 
The  cause  of  the  disturbances  produced  by  quinine  has 
not  vet  found  a  satisfactory  explanation.      _ 

Notwithstanding  the  infrequency  of  toxic  manifesta- 
tions from  the  use  of  quinine,  a  large  number  of  cases  can 
be  found  in  the  periodical  literature  of  the  last  halt-cen- 
turv  some  of  an  acute  character  after  minimum  doses,  and 
sonie  in  which  the  most  inordinate  quantities  have  been 
taken  It  is  these  latter  which  present  the  most  serious 
symptoms,  and  are  even  followed  by  death.  The  former 
must  be  regarded  as  due  to  an  idiosyncrasy,  which  also 
is  not  infrequently  hereditary,  while  the  latter  may  prop- 
erly be  classified  as  cases  of  poisoning,  whatever  the 
action  of  the  drug  or  whatever  organs  are  specially  in- 
volved. There  is  still  another  class  of  cases,  viz.,  those  in 
which  quinine,  given  in  very  moderate  doses,  especially  in 
certain  tropical  districts  of  Africa,  to  persons  who  are  al- 
ready the  subjects  of  malarial  dyscrasia,  quite  promptly 
causes  a  sharp  advance  in  temperature  accompanied  by 
hemoglobinuria— the  Schwarzwasserfieber  of  German 
writers.     The  following  may  serve  as  illustrations : 

Hare  reports  the  case  of  a  man  of  fifty-three  for  whom 
two  grains  of  quinine,  three  times  a  day,  was  prescribed. 
It  produced  an  intense  erythematous  rash,  which  was 
subsequently  followed  by  desquamation,  including  the 
palms  of  the  hands  and  soles  of  the  feet.  On  learning 
that  quinine  was  contained  in  the  medicine  prescribed  for 
him,  he  said  that  he  had  once  before  had  the  same  experi- 
ence, an  eruption  having  developed  after  he  had  taken  a 
cocktail  containing  a  few  drops  of  elixir  of  calisaya. 
This  man's  daughter,  twenty  years  of  age,  also  suffered 
from  a  rose  rash  followed  by  desquamation  after  taking 
a  small  dose  of  quinine. 

Husemann  reports  the  case  of  a  soldier  in  good  health 
who  took  12  gm.  of  sulphate  of  quinine  in  a  five-per-cent. 
solution.  He  died  in  four  hours  in  an  access  of  heart 
weakness.  A  third  report  is  by  Guersaut.  A  French 
physician  in  a  rural  district  was  in  the  midst  of  an  out- 
break of  malarial  fever.  When  his  wife  was  taken  ill  he 
gave  her  240  grains  of  quinine  in  the  course  of  a  short 
time,  and  she  fell  into  a  state  of  stupor  with  amaurosis, 
deafness,  and  difficulty  of  moving,  whereupon  he  gave 
her  375  grains  more,  and  the  serious  symptoms  increased. 
Fortunately  for  her  he  was  about  this  time  taken  ill  with 
the  fever  himself,  and  she  finally  recovered.  He  admin- 
istered to  himself,  however,  900  grains  by  mouth  and 
rectum,  which  brought  him  to  a  condition  resembling 
that  of  a  man  affected  with  pneumonia  terminating  in 
^hepatization ;  but  he  managed  to  take  in  the  course  of 
eight  or  nine  days  five  ounces  more  of  quinine.  When 
at  last  he  came  under  the  observation  of  another  phy- 
sician he  was  in  a  cold  sweat,  deaf,  blind,  his  respiration 
difficult  and  rattling,  and  in  a  profound  stupor,  looking 
like  a  drunken  man.  Delirium  and  death  soon  closed  the 
scene. 

I.  B.  Yeo  reports  his  own  experience  as  follows :  Fear- 
ing that  he  had  taken  cold,  he  administered  to  himself 
two  doses  of  two  or  three  grains  each  of  quinine.  The 
next  morning  he  found  upon  his  legs  an  erythema  with 
much  itching,  which  faded  in  three  or  four  days.  He 
repeated  this  experience  twice  at  intervals  of  two  months, 
the  last  time  taking  three  grains  and  the  rash  appearing 
in  a  few  hours.  Five  months  later,  imagining  that  the 
former  doses  might  have  containe(l  some  impurity,  he 
took  pains  to  get  the  sulphate  of  quinine  from  a  druggist 
of  the  best  repute,  and  the  usual  eruption  in  three  and  a 
half  hours  followed  the  taking  of  three  grains.  Six  weeks 
later,  a  dose  of  one  fourth  of  a  grain,  directly  after  break- 
fast, was  followed  by  the  rash  in  five  hours. 

Not  to  burden  this  paper  with  the  details  of  the  action 
of  quinine  in  disturbance  of  all  the  various  organs,  it  will 
suffice  to  mention  those  of  special  interest  and  importance, 
whether  such  toxic  efEect  is  manifested  after  the  introduc- 
tion into  the  system  of  such  quantities  as  would  every- 
where be  considered  large  if  not  excessive,  or  of  such 
minute  doses  that  their  poisonous  activity  is  the  evidence 
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of  an  individual  idiosyncrasy.  Of  these  the  most  promi- 
nent are  the  effects  upon  the  skin,  upon  the  eyesight  and 
hearing,  upon  the  kidneys,  and  upon  the  pregnant  uterus. 
Some  reference  should  also  be  made  to  effects  upon  the 
general  nervous  system.  .    , 

Cutaneous  disorders  may  arise  from  the  local  irritating 
action  of  quinine  when  the  skin  is  denuded,  according  to 
Hugounenq,  and  it  has  frequently  been  observed  that  the 
operatives  in  quinine  factories  suffer  from  similar  local 
troubles,  with  also  a  certain  amount  of  constitutional  dis- 
turbance, even  when  the  skin  is  sound. 

Authorities  differ  in  their  views  of  the  pathogenesis  of 
these  eruptions,  Lewin  saying  that  no  absorption  of  qui- 
nine takes  place  through  the  sound  skin,  and  that  the 
eruption  occurring  in  quinine  workers  is  not  to  be  re- 
garded as  an  occupation  disease,  but  as  an  idiosyncrasy 
against  quinine,  which  seems  not  a  very  tenable  theory 
in  view  of  the  frequency  with  which  such  cases  occur. 
He  says  also  on  the  next  page  that  it  is  the  direct  contact 
of  the  quinine  with  the  skin,  its  excretion  through  the 
medium  of  the  sweat  glands,  among  other  like  possibili- 
ties, which  chiefly  furnishes  the  explanation  of  this  irri- 
tation rather  than  a  disturbance  of  the  stomach  or  bowels 
producing  a  reflex  irritation  of  the  skin  or  any  action  of 
the  drug  in  solution  in  the  blood  acting  upon  trophic  or 
vaso-motor  nerve  tissues. 

Morrow  considers  that  the  theory  of  the  stimulation  of 
the  sensory  nerves  of  the  gastric  mucous  membrane,  pro- 
ducing reflex  dilatation  of  the  cutaneous  vessels,  is  appli- 
cable to  only  the  milder  and  superficial  forms  of  erup- 
tion. He  also  refers  to  the  theory  of  an  elective  affinity 
of  the  sweat  glands  for  the  drug,  its  attempted  elimina- 
tion through  this  channel  causing  local  irritation.  He 
says  that  the  toxic  action  of  quinine  upon  the  skin  may 
result  from  electrolytic  action,  from  its  use  in  pomades 
or  lotions,  and  from  subcutaneous  injection  as  well  as 
from  ingestion  of  the  drug. 

Writers  report  many  forms  of  quinine  eruption,  al- 
though that  resembling  scarlatina  is  the  commonest  and 
most  important  from  the  point  of  view  of  diagnosis.  It 
is  most  apt  to  follow  the  taking  of  sulphate  of  quinine 
rather  than  other  preparations. 

Thus  there  is  pruritus,  which  is  often  limited  to  cer- 
tain regions,  such  as  the  glans  penis,  the  hands,  or  the 
legs.  Erysipelatous  and  gangrenous  forms  are  reported, 
although  the  latter  is  very  rare.  The  urticarial  form  is 
wont  to  be  accompanied  with  much  constitutional  dis- 
turbance. Hyde  and  Montgomery  remark  that  it  is 
hardly  to  be  distinguished  from  an  urticaria  ab  ingestis. 
The  mucous  membrane  of  the  throat  and  fauces  may  be 
involved  in  this  form.  Eczema  tons  and  bullous  forms 
are  mentioned,  and  finallj''  the  petechial,  which  may  be 
accompanied  by  bleeding  from  the  buccal  mucous  mem- 
brane or  by  sanguinolent  stools,  sometimes  following 
very  small  doses  of  the  drug.  Desquamation  of  greater 
or  less  extent  is  a  not  infrequent  sequela  of  these  various 
forms  of  eruption.  In  the  matter  of  differential  diagno- 
sis the  greatest  interest  attaches  to  the  exanthematous 
form  from  Its  likeness  to  scarlatina.  The  eruption  is  of 
a  vivid  hue  and  disappears  under  pressure.  The  history 
of  the  case,  as  to  whether  quinine  has  been  given  or  not, 
is  of  the  utmost  importance,  and  Morrow  points  out  that 
there  is  usually  no  fever,  and  that  the  eruption  subsides 
when  the  drug  is  discontinued.  Quinine  can  also  be 
easily  detected  in  the  urine. 

With  reference  to  the  effects  of  quinine  upon  the  sight 
and  hearing  it  is  observed  that  they  are  wont  to  be  more 
persistent  than  other  toxic  effects  of  the  drug,  lasting 
often  for  years  or  permanently,  while  the  others  disap- 
pear on  its  discontinuance.  The  symptoms  of  its  injur- 
ious action  on  the  eye  are  increased  lachrymation,  itching 
and  oedema  of  the  lids,  photophobia  (which  may  be  only 
transient,  but  may  persist),  diminished  or  lost  pupillary 
reaction,  and  sometimes  complete  but  usually  temporary 
loss  of  sight,  either  in  one  or  in  both  eyes.  But  the  most 
typical  and  persistent  lesion  is  concentric  limitation  of 
the  visual  field,  which  may  exist  even  though  the  acuity 
of  vision  is  little  impaired,  and  which  may  be  demon- 
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strable  even  when  the  acuity  of  vision  is  completely  re- 
stored. At  the  same  time  there  may  be  a  diminished  sense 
of  light,  as  if  a  veil  vpere  interposed.  There  may  also  be 
color  blindness,  which  but  slowly  disappears.  The  changes 
appreciable  by  the  oplithalmoscope  are  in  the  papilla  of 
tlie  optic  nerve  and  the  vessels  of  tlie  retina,  the  media 
remaining  clear.  There  is  a  high  degree  of  constriction 
of  all  the  vessels,  tending  to  atrophy,  and  the  optic  nerve 
is  pale  (Lewiu  and  Kunkel). 

Quinine  given  in  even  very  modei-ate  doses  generally 
causes  some  hardness  of  hearing  with  tinnitus  or  roaring 
in  the  ears.  There  may  even  be  complete  deafness  last- 
ing for  twelve  or  twenty-four  hours.  Existing  middle- 
ear  disease  may  be  exacerbated  or  an  otitis  externa  may 
develop.  Under  these  conditions  may  be  observed  a 
slight  injection  of  the  vessels  of  the  handle  of  the  malleus 
and  some  degree  of  opacity  and  retraction  of  the  mem- 
brana  tympani. 

It  has  been  observed  that  what  has  been  called  quinine 
fever  sometimes  supervenes  upon  the  administration  of 
small  doses  of  the  drug  in  persons  who  are  the  subjects  of 
malarial  infection,  the  symptoms  consisting  in  the  rather 
prompt  appearance  of  chill,  fever,  and  sweating,  with 
sometimes  disorders  of  the  alimentary  canal  and  bloody 
urine.  No  satisfactory  explanation  has  been  offered  for 
these  manifestations.  When  it  is  added  that  to  quinine 
is  attributed  an  occasional  irritation  of  the  urinary  pas- 
sages leading  to  albuminuria,  and  that  sometimes  the 
urine  also  contains  blood,  hsemoglobin,  and  methaemoglo- 
bin,  we  are  very  near  to  the  condition  known  under  the 
German  name  of  Schwarzwasserfleber  (black-water  fever), 
which  Kunkel  describes  as  follows :  "  This  is  a  disease  of 
the  African  tropics,  and  is  so  far  directly  associated  with 
malarial  infection  that  it  occurs  only  in  men  who  have 
been  infected  with  malarial  virus.  They  are  apt  to  be 
only  apparently  in  good  health,  or  have  a  malarial  dy  scra- 
sia.  There  is  always  a  chill,  followed  by  nausea,  intract- 
able vomiting,  and  other  signs  of  severe  constitutional 
disturbance,  such  as  diarrhoea,  dulness  of  mind,  restless- 
ness, dyspncEa,  and  irregular  febrile  movement,  as  in 
cases  of  septic  infection.  There  are  indications  of  serious 
blood  decomposition.  The  urine  is  of  a  dark  reddish- 
black  color,  and  contains  pigment  granules,  renal  epithe- 
lium, and  casts,  but  no  erythrocytes.  The  symptoms  of 
acute  nephritis  are  alwaj's  present.  The  prognosis  is 
bad  and  death  follows  with  signs  of  heart  failure  or  of 
uraemia.  In  cases  that  do  not  succumb  kidney  lesions 
remain,  and  after  the  seizure  the  blood  corpuscles  and 
haemoglobin  are  enormously  diminished." 

Kunkel  enters  quite  extensively  into  the  discussion  of 
this  subject,  and  cites  many  authorities  who  furnish  good 
•evidence  that  in  the  course  of  malarial  disease,  when  qui- 
nine has  not  been  given,  attacks  of  haemoglobinuria  oc- 
cur, and  that  they  seem  to  occur  most  often  in  regions 
where  the  local  perniciousness  of  the  disease  is  greatest. 
Thus  they  occur  in  Greece  more  than  in  Germany,  and  in 
Africa  more  than  in  India. 

Again,  in  cases  in  which  small  doses  of  quinine  are 
given  to  the  subjects  of  malarial  infection,  but  who  are 
not  seriously  ill  at  the  time,  bloody  urine  will  quite 
promptly  appear.  Thus  good  authorities  agree  that  in 
certain  persons  saturated  with  malaria  the  blood  corpus- 
cles become  very  sensitive  to  the  action  of  quinine  and 
readily  break  down.  The  question  also  comes  up,  in  this 
connection,  regarding  the  similar  action  of  chlorate  of 
potash,  of  carbolic  acid,  and  of  arseniuretted  hydrogen  as 
blood  poisons.  There  seems  good  evidence  also  that  not 
only  are  small  doses  of  quinine  not  curative  in  these  con- 
ditions, but  that  they  excite  the  disease,  which  can  be 
cured  by  large  doses  only,  4  gm.  for  example.  Welstord, 
however,  is  of  the  opinion  that  black- water  fever  is  a 
localized  disease,  and  that  some  malarious  districts  in 
Africa  are  free  from  it ;  also  that  quinine  certainly  does 
cause  haemoglobinuria,  but  only  rarely.  He  reports  a 
case  in  which  two  ten-grain  doses  on  two  occasions  in- 
duced black  urine. 

The  action  of  quinine  as  an  ecbolic  is  based  on  the  oc- 
casional occurrence  of  abortion  in  malarial  districts  after 


this  drug  has  been  given.  It  is  also  reported  that  in 
China  it  is  depended  on  to  produce  abortion,  and  that 
female  operatives  in  quinine  factories  frequently  abort. 
There  is  by  no  means  an  agreement  of  good  authorities 
on  this  subject,  however,  and  the  best  opinion  favors  the 
belief  that  this  action  is  occasional  rather  than  regular, 
and  should  be  regarded  as  an  incidental  or  by-effect 
rather  than  an  evidence  of  toxicity. 

It  remains  to  consider  the  poisonous  action  of  quinine 
upon  the  central  nervous  system.  It  is  by  no  means  easy 
to  discriminate  between  the  effects  of  quinine  itself  an'd 
those  due  to  the  disease  for  which  it  is  given,  especially 
as  in  severe  cases,  hke  pneumonia,  intermittent  and  con- 
tinued fevers,  where  large  doses  might  probably  be  used, 
the  disease  itself  might  present  such  symptoms  as  head- 
ache, sleeplessness,  and  a  stale  of  collapse  with  loss  of 
consciousness,  delirium,  or  even  tetanic  or  convulsive 
manifestations,  such  as  are  said  to  be  due  to  the  action  of 
the  drug  upon  the  nervous  system.  Therefore  cases 
illustrative  of  these  effects  are  the  unusual  ones  in  which 
great  quantities  of  quinine  have  been  rapidly  taken  into 
the  system  when  not  called  for  by  the  existing  disease, 
or  far  beyond  its  requirements,  such  as  some  already 
cited  in  this  article,  or  the  following,  reported  by  A.  E. 
Roberts : 

_  "A  woman,  aged  thirty-five,  took  about  20  gm.  of  qui- 
nine, became  insensible  in  an  hour,  and  this  state  lasted 
until  the  next  day.  She  was  cold  and  cyanotic,  with 
slow  and  feeble  respiration,  pulse  45  and  very  weak,  pu- 
pils widely  dilated  and  insensible.  Still  she  recovered. 
Her  hearing  became  normal  in  a  week,  but  it  was  two 
weeks  before  she  had  even  a  slight  perception  of  light, 
and  this  was  not  wholly  regained  for  months." 

Such  histories  are  the  basis  for  the  opinions  of  Briquet, 
A.  B.  Palmer,  and  Kunkel,  the  former  of  whom  says: 
"  If  3  gm.  or  more  are  taken  and  continued  for  several 
days,  we  observe  an  overwhelming,  an  exhaustion, 
stupor,  somnolence,  weakness  of  sight,  dilatation  of  the 
pupils,  and  tremblings  of  the  limbs.  Very  large  doses 
lead  to  complete  loss  of  consciousness,  loss  of  sight  and 
hearing,  and  complete  immobility  of  the  limbs.  The  de- 
lirium or  intoxication  of  quinine  is  usually  gay.  He  con- 
cludes that  quinine  produces  a  slight  and  temporary  ex- 
citation of  the  encephalon,  then  soon  a  sedative  action, 
which  gradually  increases,  and  which  may  go  on  to  the 
destruction  of  nervous  pow^r." 

Palmer  describes  as  quininism  ("cinchonism,"  Foster's 
"  Medical  Dictionary ")  those  disorders  of  the  cerebro- 
spinal functions  indicated  by  headache,  giddiness,  con- 
traction or  sometimes  dilatation  of  the  pupil,  ringing  or 
roaring  in  the  ears,  deafness,  partial  blindness,  abnormal 
touch  and  smell,  difficulty  of  controlling  muscular  acts, 
somnolency,  sometimes  delirium,  at  other  times  stupor, 
sometimes  a  severe  sense  ot  stricture  about  the  chest. 
These  effects  are  for  the  most  part  temporary,  but 
sometimes  more  permanent.  Kunkel  concludes  that 
with  poisonous  doses  of  quinine  the  central  nervous  sys- 
tem is  progressively  paralyzed  in  all  parts.  In  case  of 
severe  acute  poisoning  death  occurs  from  paralysis  of 
respiration,  artificial  respiration  prolonging  life  until 
paralysis  of  the  heart  occurs. 

When  we  come  to  look  for  the  lessons  to  be  drawn  in 
the  way  of  prophylaxis  against  the  possibly  toxic  action 
of  quinine  it  is  clear  that  the  dangers  due  to  idiosyncrasy 
are  not  serious,  for  its  results  are  so  soon  in  evidence  from 
such  small  doses,  and  so  very  uncomfortable  to  the  sub- 
ject, that  he  will  be  quite  apt  to  remember  them,  and  to 
avoid  the  drug  in  the  future.  The  injurious  effects  of 
quinine,  Lewin  tells  us,  are  more  apt  to  be  observed  in 
women  and  aged  people  than  in  others,  while  persons 
with  delicate  skins  and  those  subject  to  eczema  are  par- 
ticularly liable  to  quinine  exanthemata.  To  these  classes 
then,  and  especially  to  persons  suffering  from  eye  and  ear 
diseases,  quinine  should  be  given  most  cautiously  or  not 

at  all.  .  .  .     .     ■     J 

There  is  little  likelihood  that  any  impurities  in  the  drug 
are  responsible  for  the  toxic  effects  attributed  to  quinine. 
In  fact,  Lewin  declares  that  there  are  no  dangerous  adul- 
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terations  of  it  unless  salicj;lic  acid  is  the  adulterant.  He 
also  warns  against  prescribing  sulphate  of  quinine  and 
iodide  of  potassium  together,  lest  iodine  should  be  set  free 
in  the  intestinal  canal. 

There  is  not  much  to  be  said  about  the  treatment  of 
the  toxic  effects  of  quinine.  Usually  stopping  the  ad- 
ministration of  the  drug  is  soon  followed  by  relief  of  the 
symptoms.  When  it  is  esteemed  necessary  to  give  the 
medicine,  although  unpleasant  effects  are  already  present 
or  may  be  anticipated,  several  means  of  counteracting 
them  are  recommended.  The  bromides,  and  particularly 
hydrobromic  acid,  have  quite  a  reputation,  while  Lewin 
and  others  have  found  ergotin,  given  in  about  equal  doses 
■with  the  quinine,  efficient.  Morrow  and  others  recom- 
mend tincture  of  hyoscyamus.  In  dangerous  cases  in 
which  there  is  collapse,  the  usual  measures  for  stimulat- 
ing the  circulation  by  external  applications  and  friction 
are  in  order,  as  well  as  the  internal  use  of  hot  tea  and 
coffee,  and  perhaps  the  subcutaneous  injection  of  tinct- 
ure of  musk. 

MacGregor  favors  subcutaneous  saline  injections  in 
treating  black-water  fever.  J.  Ramn  Emerson. 
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QUINOFORM.     ^en  Pormaldshyde. 

QUINOIDINE.    See  Cinchona. 

QUINOLINE-BISMUTH-SULPHOCYANATE,  or  RHO 
DANATE.    See  Crurin. 

QUINOPYRIN  is  an  aqueous  solution  of  quinine  hy- 
drochloride and  antipyrin.  It  is  used  by  hypodermic 
injection  as  an  antipyretic  and  nerve  sedative  in  dose  of 
I  c.c.  (n  XV.)  several  times  a  day.  W.  A.  Bastedo. 

QUINOSOL.    See  Cldnosol. 

,  RABIES  OR  HYDROPHOBIA.— Rabiesorhydrophobia 
IS  an  acute  infectious  disease  of  the  central  nervous  sys- 
tem which  occurs  in  man  as  well  as  in  other  warm- 
blooded animals.  As  a  spontaneous  disease,  as  distin- 
guished from  that  due  to  intentional  inoculation  it- is 
met  with  in  the  dog  and  allied  species,  the  wolf,  the  fox 
the  jackal,  the  hyena.  Cats  are  also  more  or  less  often 
affected.  Osier  states  that  the  disease  is  said  to  prevail 
among  the  skunks  of  the  Western  States  of  North  Amer- 
ica, bo  far,  no  species  of  animal  except  pigeons  has  been 
tound  to  be  refractory  to  intentional  inoculation  with  the 
rabies  virus.  In  these  bird  s  the  older  indi  viduals  are  not 
normally  susceptible,  but  they  become  so  on  the  depriva- 
tion of  food,  and  the  young  birds  are  normally  susceptible. 
^  rom  the  many  points  of  analogy  which  exists  between 
rabies  and  other  acute  infectious  diseases,  the  conclusion 
would  seem  unavoidable  that  rabies  is  caused  by  a  spe- 
cific micro-organism ;  but  all  efforts  to  establish  this  by 
thnnTff  ^""^  observation  have  so  far  proven  futile, 
Wn^ln  -f  "T^'**"/'^*^"^  <='^™s  t°  t'^is  effect  have 
a^ent  k  nn^  t''  *'"?;  ^l"^0"gh  the  specific  infectious 
agent  is  not  known,  it  can  be  propagated  in  the  central 
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nervous  system  of  living  animals,  not  of  dead  animals. 
By  inoculation  of  animals  it  has  been  shown  that  the 
poison  is  always  present,  sooner  or  later  after  infection, 
in  the  brain,  spinal  cord,  nerve  trunks,  and  saliva  of  in- 
fected animals.  It  is  present  in  these  situations  even 
before  any  symptoms  have  developed,  during  the  incu- 
bation period,  while  the  animal  is  apparently  well.  It  is 
usually  not  present  at  any  time  in  the  milk,  lachrymal 
secretion,  pancreas,  testicle  or  semen,  aqueous  humor  of 
the  eye,  cerebrospinal  fluid,  or  in  the  foetus,  though  it 
has  been  found  occasionally  in  one  or  other  of  these  situ- 
ations. 

Accidental  infection  usually  results  from  the  bite  of  a 
mad  dog,  and  therefore  is  due  to  the  introduction  of  the 
saliva  of  the  rabid  animal  into  the  wounds  made  by  the 
teeth.    Sometimes  infection  results  from  the  licking  of 
an  abrasion  by  a  pet  dog  that  is  going  through  the  incu- 
bation period  and  before  any  symptoms  of  the  disease 
have  manifested  themselves  in  the  animal.     For  this  rea- 
son mad  dogs  are  specially  dangerous  while  they  are 
going  through  this  stage.     They  are  not  suspected  of 
being  mad,  and  are  not  avoided  as  they  are  after  the 
symptoms  appear.     Novi  states  that  midges  and  flies  are 
also  capable  of  carrying  the  contagium.     Artificially,  as 
already  stated,  the  disease  may  be  produced  by  inoculat- 
ing animals  with  tissues  from  an  infected  animal.     Injec- 
tion under  the  dura  mater  of  suspensions  of  the  spinal 
cord  from  an  animal  dead  of  rabies  in  neutral  beef  broth, 
is  the  method  very  commonly  resorted  to,  and  this  pro- 
duces the  disease  very  uniformly.    The  point  of  the  hy- 
podermic needle  is  inserted   beneath  the    dura    mater 
through  a  small  trephined  opening  at  the  summit  of  the 
cranium  a  little  to  one  side  of  the  median  line.     With 
aseptic  precautions  and  with  ordinary  care  in  manipula- 
tion, there  is  no  immediate  danger  to  the  animal  from  the 
operation  itself,  either  as  regards  the  effect  of  the  trauma 
or  from  infection  with  pyogenic  organisms.     Occasional 
failures  to  produce  the  disease  by  the  method  just  de- 
scribed have  been  reported,  it  is  true,  but  the  failure 
was  probably  due,  at  least  in  most  of  these  cases,  to  the 
use  of  too  small  an  amount  of  material  for  the  injec- 
tion.    To  insure  success,  the  amount  used  must  not  be 
less  than  one-thirtieth  of  a  gram  by  weight  of  the  cord, 
according  to  Kruse,  although  even  smaller  amounts  are 
usually  effectual.     Johne,  Dawson,  Osbida,  and  others 
recommend  injecting  suspensions  of  the  cord  through  the 
optic  foramen.     If  this  method  is  resorted  to  it  is  recom- 
mended to  anaesthetize  the  animal,  or  to  keep  it  perfectly 
still  by  any  method,  otherwise  there  may  result  a  fatal 
trauma  of  the  brain.     Oshida  has  successfully  inoculated 
rabbits  by  using  a  long  needle  and  passing  this  through 
the  optic  foramen,  through  the  brain,  up  to  the  dura 
mater.     Similar  injections  into  the  sciatic  nerve  or  other 
large  nerve  trunks,  or  into  the  anterior  chamber  of  the 
eye,  are  also  usually  successful.     Intravenous  injections 
are  also  usually  successful  in  small  animals,  but  not  in 
large.     The  same  is  true  of  intraperitoneal  injections. 
Subcutaneous  injection  is  very  uncertain.     The  reason 
that  has  been  suggested  for  the  frequent  failure  of  sub- 
cutaneous injection  is  that  by  this  method  the  virus  is 
not  brought  in  contact  with  an  injured  nerve,  an  essen- 
tial condition  for  successful  inoculation,  according  to  this 
view.     Those  offering  this  explanation  cite  in  support  of 
their  position  the  facts  that  the  disease  is  more  apt  to  fol- 
low from  the  bito  of  a  mad  dog  if  the  injury  is  situated 
on  the  hands  or  face  where  the  nerve  supply  is  specially 
abundant;  also  that  injections  into  nerve  trunks,  the 
brain,  or  the  spinal  cord,  are  uniformly  successful,  and 
less  so  in  other  situations,  as  has  been  said ;  and,  finally, 
*"at  deep  lacerated  wounds  are  particularly  dangerous. 

Whether  the  abundant  nerve  supply  renders  a  part 
specially  liable  to  infection  or  no,  the  danger  of  infection 
from  bites  on  the  hands  and  face  is  at  least  enhanced  in- 
dependently of  this  by  the  fact  that  these  are  usually 
bare,  whereas  the  clothing  over  the  rest  of  the  body  may 
prevent  the  infectious  saliva  from  coming  in  contact  with 
the  wounds.  On  the  other  hand,  it  lias  been  shown  that 
application  of  the  infectious  material  to  the  uninjured 
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conjunctiva,  the  uninjured  genital  mucous  membrane,  or 
to  the  uninjured  alimentary  mucous  membrane  may  be 
followed  by  the  disease ;  so  it  does  not  seem  necessary  for 
the  nerves  of  a  part  to  be  injured,  in  all  cases  at  least, 
unless  we  assume  that  where  infection  follows  applica- 
tions of  the  virus  to  the  mucous  membrane  there  are  mi- 
nute abrasions  too  small  to  be  detected  with  the  naked  eye. 
But  whatever  the  portal  of  entry,  the  disease  develops 
only  where  the  poison  invades  the  central  nervous  sys- 
tem, and  all  observation  goes  to  show  that  the  course  of 
the  poison  from  the  seat  of  infection  to  the  brain  and 
spinal  cord  is  not  through  the  blood  or  lymph  channels, 
which  are  the  distributors  of  the  micro-organisms  and 
toxins  usually  in  other  infectious  diseases,  but  that  the 
virus  travels  for  the  most  part,  if  not  exclusively,  by 
way  of  the  nerves  themselves. 

In  rabies,  as  in  other  infectious  diseases,  there  is  al- 
ways a  period  of  incubation  between  infection  and  the  ap- 
pearance of  the  symptoms  of  the  disease.  This  period  of 
incubation  varies  in  rabies  not  only  in  different  species  of 
animal,  but  also  in  different  individuals  of  the  same  spe- 
cies, lu  dogs  it  lasts  for  from  three  to  five  weeks,  seldom 
more,  and  seldom  less.  Bollinger  states  that  in  one  case 
in  a  dog  it  lasted  for  eight  months,  and  that  is  the  maxi- 
mum. In  human  beings  the  period  of  incubation  varies 
greatly  in  length  in  different  cases ;  from  six  weeks  to 
two  months  is  common,  though  cases  have  been  reported 
in  which  the  period  of  incubation  is  said  to  have  lasted 
for  one  or  even  two  years;  but  these  long  periods  of  in- 
cubation are  certainly  rare,  if  they  occur  at  all.  The 
disease  usually  shows  itself  in  the  course  of  the  second 
month  after  the  person  has  been  bitten,  rarely  in  less 
than  fifteen  days,  more  rarely  still  after  three  months  or 
longer.  In  the  rabbit  the  period  of  incubation  is  twelve 
to  fourteen  days  when  the  animal  is  inoculated  with  cord 
from  a  mad  dog,  but  it  becomes  shorter  and  shorter  by 
successive  inoculations  of  suspensions  of  the  cord  from 
one  rabbit  to  another  through  a  series— in  other  words, 
the  virus  becomes  more  and  more  virulent  by  successive 
passages  through  rabbits.  This  increase  of  virulence, 
however,  cannot  be  carried  on  indefinitely,  for  there 
comes  a  time  when  further  inoculations  do  not  increase 
the  virulence,  and  the  virulence  is  then  said  to  be  fixed. 
Pasteur's  "  virus  fixe  "  is  obtained  in  this  way,  and  consists 
of  a  portion  of  cord  from  a  rabbit  dead  in  nine  or  ten  days 
of  rabies.  This  explanation  of  what  is  meant  by  "  virus 
fixe"  should  be  carefully  borne  in  mind  in  order  to  under- 
stand much  of  that  which  follows,  for  it  will  be  necessary 
to  use  the  term  frequently.  It  may  also  be  noted  in 
passing  that  this  "  virus  fixe  "  is  made  use  of  in  the  pro- 
duction of  the  "  vaccines  "  for  treating  persons  who  have 
been  bitten  by  a  mad  dog,  as  explained  below.  By  the 
use  of  large  rabbits  the  potency  of  the  virus  may  be  so 
increased  by  successive  passages  that  the  period  of  incu- 
bation finally  will  be  six  or  seven  days ;  and  by  the  use 
of  small  Russian  rabbits  the  period  of  incubation  may  be 
still  further  reduced  to  five  or  six  days.  Successive  pas- 
sages of  the  virus  through  apes,  on  the  other  hand,  de- 
creases the  virulence,  the  period  of  incubation  becomes 
longer.  In  ducks  and  geese  the  period  of  incubation  is 
fourteen  days.  In  chickens  the  disease  has  a  period  of 
incubation  of  forty  days.  Chickens,  like  pigeons,  are 
partly  refractory  to  rabies,  as  shown  by  Dr.  Paul  Gibier 
in  1884  (ThSse  de  Doctoral,  Paris,  1884). 

But  the  symptoms  do  not  appear  as  soon  as  the  rabies 
poison  invades  the  brain  and  spinal  cord,  for  these  are 
infectious  for  other  animals  before  any  signs  of  the  dis- 
ease have  shown  themselves  in  an  infected  animal.  Roux 
and  his  pupils,  and  others,  have  found  that  not  only  the 
medulla,  but  also  the  saliva  of  infected  animals  is  infec- 
tious for  other  animals  for  from  twenty-four  to  forty -eight 
hours— sometimes  for  three  days— before  any  symptoms 
have  developed.  The  different  parts  of  the  spinal  cord 
become  infectious  for  other  animals  at  dififerent  times ;  the 
part  nearest  the  seat  of  inoculation  becomes  infectious 
first,  as  a  rule.  Hogyes  found  that  the  brains  of  rabbits 
inoculated  under  the  dura  mater  are  fully  virulent  in  six 
days,  as  soon  as  the  first  characteristic  symptoms  appear. 


but  that  the  medulla  is  fully  virulent  before  this  time  on 
the  last  part  of  the  fourth  or  on  the  first  part  of  the  fifth 
day,  a,t  the  beginning  of  the  febrile  symptoms.  Vestea 
and  Zigari  and  others  found  that  after  subdural  inocula- 
tion the  medulla  becomes  infectious  for  other  animals 
several  days  before  the  lumbar  cord.  By  inoculation 
mto  the  sciatic  nerve,  on  the  other  hand,  the  lumbar  cord 
usually  becomes  infectious  for  other  animals  before  the 
medulla.  Nevertheless,  this  is  not  always  the  case,  for 
Kraus,  Clairmont,  andKellerhaveshownthatthemeduUa 
is  sometimes  infectious  after  inoculation  into  the  sciatic 
nerve  at  a  time  when  the  lumbar  cord  is  not  infectious  at 
all.  This  is  not  the  rule,  however,  for  usually  the  lum- 
bar cord  is  infectious  for  other  animals  in  six  or  seven 
days  after  inoculation  of  the  "  virus  fixe  "  into  the  sciatic 
nerve,  whereas  the  medulla  does  not  usually  become  in- 
fectious by  this  time  by  similar  inoculation.  On  the 
other  hand,  the  medulla  becomes  infectious  for  other  ani- 
mals in  one  day  after  intracerebral  inoculation  with  "  virus 
fixe,"  and  in  three  days,  or  even  in  a  shorter  time,  after 
subdural  inoculation  with  "  virus  fixe,"  less  than  half  the 
time  required  by  inoculation  into  the  sciatic  nerve  for  the 
poison  to  accumulate  in  the  lumbar  cord  in  sufficient 
amount  to  be  infectious  for  other  animals.  Enough  of 
the  poison,  however,  gets  into  the  lumbar  cord  in  twenty- 
four  hours  after  inoculation  into  the  sciatic  nerve  finally 
to  cause  the  disease  in  the  infected  animal,  as  explained 
more  fully  below. 

Kraus,  Keller,  and  Clairmont  have  furthermore  shown 
that  intracerebral  injection  of  the  "virus  fixe"  causes  the 
development  of  the  poison  more  quickly  than  tlie  sub- 
dural injection.  In  intracerebral  inoculation  with  "  virus 
fixe  "  the  poison  is  present  in  the  medulla  in  twenty -four 
hours  in  sufficient  amount  to  cause  the  disease  on  inocu- 
lation into  other  animals.  In  subdural  inoculation,  on 
the  other  hand,  it  is  not  certain  that  the  medulla  is  ever 
infectious  in  as  short  a  time  as  twenty-four  hours  after 
inoculation.  It  is  true  that  rabbits  inoculated  with  the 
medulla  of  rabbits  taken  out  twenty-four  hours  after  sub- 
dural inoculation  usually  die  of  gradual  emaciation,  a 
sort  of  marasmus,  but  they  show  no  symptoms  typical 
of  rabies,  and  the  medulla  of  these  rabbits  is  not  infec- 
tious. 

Subdural  inoculation,  intra-orbital  inoculation,  and  in- 
oculation into  a  large  nerve  trunk,  as  into  the  sciatic 
nerve,  all  have  about  tlie  same  effect  as  regards  the  ap- 
pearance of  the  poison  in  the  spinal  cord.  In  no  case 
does  the  poison  invade  the  entire  nervous  system  all  at 
once;  on  the  contrary,  there  is  always  a  more  or  less 
gradual  extension  along  the  course  of  the  nerves  or  the 
spinal  cord. 

Kraus  and  his  colleagues  report  one  experiment  in 
which  the  inoculation  was  made  with  "  virus  fixe  "  into 
the  lumbar  cord  in  a  rabbit.  The  cord  in  this  case  was 
cut  out  twenty-four  hours  after  inoculation,  and  different 
portions  of  it  were  inoculated  under  the  dura  of  different 
rabbits.  The  results  of  these  inoculations  showed  that 
the  lumbar  portion  was  typically  virulent;  the  rabbit 
inoculated  with  this  died  of  unmistakable  rabies.  The 
dorsal  portion  produced  no  symptoms.  The  medulla 
caused  the  death  of  the  rabbit  in  fourteen  days  without 
any  symptoms  of  rabies,  it  is  true,  but  the  medulla  of 
this  animal  caused  death  in  another  rabbit  in  sixteen  days 
with  all  the  symptoms  of  rabies.  The  reason  why  the 
virus  in  its  passage  through  the  dorsal  cord  to  the 
medulla  from  the  seat  of  inoculation  in  the  lumbar  cord 
should  not  have  found  conditions  for  lodgment  and  de- 
velopment in  the  dorsal  cord  is  not  apparent.  It  would 
seem  as  if  this  observation  shows  that  the  medulla  and 
lumbar  cord  have  special  affinity  and  attraction  for  the 
rabies  virus.  Some  of  the  other  observations  mentioned 
above  also  seem  to  indicate  that  the  most  favorable  situ- 
ations for  the  development  of  the  virus  are,  first,  the 
medulla,  and  next  to  this  the  lumbar  cord ;  and  that  the 
rest  of  the  central  nervous  system  becomes  invaded  only 
after  these  two  locations  have  been  fully  impregnated. 

The  source  of  the  rabies  virus  also  affects  the  length  of 
time  of  the  development  of  the  disease  as  well  as  the  ac- 
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cumulation  of  the  poison  in  the  central  nervous  system. 
Tests  upon  animals  show  that  the  virus  present  in  the 
cord  of  a  dog  suffering  from  an  ordmary  case  of  rabies, 
the  "street  rabies,"  takes  longer  to  invade  the  nervous 
svstem  and  produce  the  disease  than  the  virus  flxe  the 
virus  obtained  by  successive  passages  through  rabbits 
This  is  shown  not  only  in  the  difference  between  the  period 
of  incubation  in  the  disease  produced  by  inoculation  with 
"  virus  fixe  "  on  the  one  hand,  and  that  produced  by  in- 
oculation with  the  "street  virus"  on  the  other,  but  also 
by  the  fact  that  the  cord  of  an  animal  inoculated  with 
the  "  virus  flxe  "  is  infectious  for  other  animals  in  a  much 
shorter  time  after  inoculation  than  is  the  cord  of  an  ani- 
mal inoculated  with  "street  virus."  It  has  been  stated 
that  the  medulla  of  an  animal  inoculated  under  the  dura 
with  the  "virus flxe"  becomes  virulent  in  two  or  three 
days  after  inoculation.  The  medulla  of  an  animal  inoc- 
ulated under  the  dura  with  the  "street  virus,"  on  the 
contrary,  does  not  become  virulent  for  other  animals  be- 
fore the  sixth  day,  and  usually  is  not  virulent  before  nine 
or  ten  days,-  and  the  lumbar  cord  is  frequently  not  viru- 
lent at  any  time  after  inoculation  with  the  "  street  virus. " 
The  reason  for  this  difference  between  the  "  virus  fixe  " 
on  the  one  hand,  and  the  "  street  virus  "  on  the  other,  is 
not  apparent.  The  disease  without  proper  treatment  is 
just  as  surely  fatal  in  the  one  case  as  in  the  other,  and 
the  symptoms  in  both  seem  to  be  of  equal  severity.  The 
only  difference  seems  to  be  that  in  the  one  case  the  poison 
is  generated  more  quickly  than  in  the  other. 

But,  although,  as  has  been  stated,  the  lumbar  cord  does 
not  contain  enough  of  the  rabies  virus  to  be  infectious 
for  other  animals  for  several  days  after  inoculation  into 
the  sciatic  nerve,  enough  of  the  poison  gets  to  the  cord 
in  twenty-four  hours  by  this  method  of  inoculation  to 
cause  the  disease  in  the  animal  itself ;  for  Kraus  and  his 
co-workers  inoculated  a  rabbit  in  the  sciatic  nerve  with 
"  virus  fixe, "  and  the  animal  died  of  typical  rabies  in  spite 
of  the  fact  that  a  portion  of  the  sciatic  nerve  was  excised 
at  a  point  situated  between  the  seat  of  inoculation  and 
the  cord.  On  the  other  hand,  Bombicci  prevented  the 
disease  from  developing  after  intra-ocular  inoculation  by 
enucleation  of  the  eye  twenty-four  hours  after  infection, 
and  Babes  and  Talasescu  also  prevented  the  disease  by 
cauterization  of  the  seat  of  infection  twenty-four  hours 
after  inoculation.  But  Babes  has  shown  that  even  com- 
paratively late  cauterization  or  excision  of  the  seat  of  in- 
fection delays  the  appearance  of  the  symptoms,  even  if 
it  does  not  prevent  the  disease,  an  important  factor  in  the 
proper  treatment  of  the  disease,  as  will  appear  in  the 
proper  place. 

The  virulence  of  the  virus  may  be  destroyed,  decreased, 
or  increased  in  various  ways.  Light,  temperatures  of 
50°  to  60°  C,  drying,  various  antiseptics,  and  artificial 
digestion  all  weaken  or  destroy  the  virulence.  Caterina 
found  that  formalin  destroys  the  virus  in  fifteen  minutes, 
but  not  in  five  or  ten  minutes.  Putrefaction  has  but  lit- 
tle or  no  effect  on  the  virulence.  The  virulence  is  re- 
tained by  preserving  the  infectious  material  iu  neutral 
glycerin  and  in  the  cold.  Reference  has  already  been 
made  to  the  fact  that  successive  inoculation  through  cer- 
tain animals  weakens  the  virulence  for  other  animals,  it 
even  destroys  the  virulence  in  some  cases,  while  similar 
inoculations  through  other  animals  increases  the  viru- 
lence. In  other  words,  the  rabies  virus  assumes  a  certain 
definite  degree  of  virulence,  which  is  different  and  char- 
acteristic for  each  species  of  animal ;  and  the  degree  of 
virulence  peculiar  to  a  species  of  animal  is  attained  by  a 
sufficient  number  of  successive  passages  through  individ- 
uals of  the  species.  If  the  virus  used  for  the  first  inocu- 
lation in  the  series  has  a  shorter  period  of  incubation  and 
kills  more  quickly  than  is  normal  for  the  species  of  ani- 
mal under  experiment,  the  subsequent  inoculations  of 
the  series  will  take  longer  and  longer  to  produce  the 
symptoms  and  death  till  the  normal  degree  of  virulence 
tor  the  species  is  reached.  It  does  not  appear  from  the 
literature  at  hand  just  how  many  passages  are  necessary 
to  reduce  the  virulence  in  a  given  case,  probably  very 
tew.     On  the  other  hand,  if  the  virus  used  for  the  first 
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inoculation  has  a  period  of  incubation  lon;§er  than  is  nor- 
mal for  the  species  under  observation,  it  will  have  a 
shorter  and  shorter  period  of  incubation  after  each  pas- 
sage till  the  norm  is  reached.  The  acquisition  of  a  high 
degree  of  virulence  is  slow ;  starting  with  the  virus  from 
a  mad  dog,  it  takes  a  year  or  more  to  obtain  virus  of  the 
highest  degree  of  potency  in  the  rabbit.  The  virulence 
of  the  virus  is  in  inverse  proportion  to  the  length  of  the 
period  of  incubation.  Thus,  as  has  been  already  men- 
tioned, the  virus  of  rabbits  is  more  virulent  than  that 
from  dogs,  because  the  period  of  incubation  between  the 
inoculation  and  the  outbreak  of  the  symptoms  of  the  dis- 
ease is  shorter  in  the  rabbit,  after  a  series  of  inoculations 
in  these  animals,  than  it  is  in  the  dog  under  similar  cir- 
cumstances. The  virus  from  the  dog  is  more  virulent 
than  that  from  apes  for  the  same  reason,  and  while  it  is 
true  that,  starting  with  the  virus  from  a  dog,  this  be- 
comes more  and  more  virulent  for  rabbits  by  successive 
passages  through  these  animals,  a  degree  of  virulence  is 
finally  reached  beyond  which  it  is  impossible  to  increase 
the  virulence.  When  the  period  of  incubation  is  reduced 
to  five  or  six  days  it  is  impossible  to  reduce  this  any  fur- 
ther, the  virulence  becomes  fixed.  So  that  for  each  spe- 
cies of  animal  there  appears  to  be  a  normal  fixed  period 
of  incubation.  And  although  increased  virulence  for  the 
animal  through  which  the  virus  is  passed  is  usually  ac- 
companied by  an  increased  virulence  for  other  animals, 
it  is  not  always  so ;  for  recent  observations  tend  to  show 
that  the  "virus  fixe,"  the  most  virulent  virus  for  rab- 
bits, is  decidedly  less  virulent  for  man.  At  least  human 
beings  inoculated  with  this  virus  do  not  develop  rabies, 
in  spite  of  the  fact  that  they  are  not  previously  prepared 
by  inoculations  with  attenuated  virus.  It  is  true  that  in 
the  cases  of  this  kind  so  far  reported,  the  persons  had 
been  bitten  by  mad  wolves,  but  it  is  not  clear  how  this 
could  diminish  the  action  of  the  "virus  fixe";  on  the 
contrary,  it  would  seem  more  probable  that  it  would  in- 
crease the  action  of  the  latter.  After  all,  it  would  seem 
hardly  correct  to  measure  the  virulence  of  rabies  virus 
by  its  relation  to  the  period  of  incubation  on  inoculation, 
for  the  virus  from  an  ordinary  case  of  spontaneous  rabies 
in  a  dog  causes  the  disease  apparently  with  just  the  same 
certainty  and  with  equal  severity  as  the  "virus  fixe," 
only  the  period  of  incubation  is  longer  with  the  former 
than  with  the  latter.  The  disease,  if  not  treated,  is  as 
surely  fatal  with  the  one  kind  of  virus  as  with  the  other. 
Pigeons  are  not  susceptible  to  rabies,  but  they  become 
so  by  starvation,  as  already  stated.  In  chickens  the  dis- 
ease has  a  period  of  incubation  of  forty  days,  and  it  can 
be  propagated  by  inoculation  through  a  series  of  chick- 
ens. For  these  birds  the  period  of  incubation  is  just  the 
same  with  the  "  virus  of  the  street, "  from  a  case  of  spon- 
taneous rabies  in  a  dog,  as  it  is  with  the  "virus  fixe." 
With  either  virus  the  disease  progresses  slowly  after  the 
appearance  of  the  symptoms;  the  fowls  usually  live 
fourteen  days  after  symptoms  appear,  and  finally  die  of 
progressive  paralysis.  In  ducks  and  geese  the  period  of 
incubation  is  fourteen  days.  Inoculation  of  rabbits  with 
the  brain  of  birds  dead  of  rabies  is  rarely  followed  by  the 
disease;  so  while  the  virulence  of  the  virus  by  successive 
passage  through  birds  is  preserved  for  these,  it  becomes 
weakened  for  rabbits. 

Kraus  and  Maresch  have  studied  the  effect  upon  the 
rabies  virus  of  blood  serum  of  normal  animals,  and  of 
blood  serum  of  animals  possessing  artificial  immunity. 
Their  results  show  that  the  blood  serum  of  ordinary  non- 
immune dogs  and  rabbits  has  no  effect  upon  the  rabies 
virus ;  but  the  blood  serum  of  dogs  and  rabbits  that  have 
been  given  artificial  immunity  destroys  the  virulence  of 
the  virus.  Of  this  serum  0. 01  c.  c.  destroys  0. 5  c.  c.  of  the 
"  virus  fixe  "  diluted  in  the  proportion  of  one  part  of  the 
virus  to  fifty  of  indifferent  fluid.  Pigeons'  blood  has  no 
effect,  neither  the  blood  from  normal  pigeons,  nor  that 
from  pigeons  that  have  been  previously  inoculated  with 
the  virus.  Chicken's  blood  serum,  on  the  other  hand, 
has  the  property  of  destroying  the  virulence  of  the  virus. 
This  property  is  possessed  by  the  blood  serum  of  ordi- 
nary, untreated  chickens,  and  it  does  not  seem  to  be  in- 
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creased  by  previously  producing  immunity  in  the  chick- 
ens. The  serum  from  a  normal  chicken  destroys  the 
virulence  of  the  virus  in  the  proportion  of  0.5  c.c.  of  the 
serum  to  1  c.c.  of  "  virus  fixe  "  diluted  in  the  proportion 
of  1  part  of  "  virus  fixe  "  to  100  of  indifferent  fluid.  A 
smaller  amount  of  the  serum,  0.35  c.c,  does  not  destroy 
the  virulence  of  1  c.c.  of  the  virus. 

HOgyes  found  by  using  dilutions  of  various  concentra- 
tion that  all  strengths  above  1  to  200  of  the  usual  thick 
suspension  of  the  cord  constituting  "  virus  fixe  "  kill  rab- 
bits as  promptly  as  the  undiluted  virus.  Even  1  to  250 
kills,  but  less  promptly  than  the  undiluted  virus.  A 
strength  of  only  1  to  5,000  occasionally  produces  death 
with  prolonged  incubation  of  the  disease.  Very  feeble 
preparations,  1  to  10,000,  fail  to  produce  the  disease. 

During  the  period  of  incubation  the  individual  suffers 
no  special  inconvenience,  not  more  than  would  be  caused 
by  a  wound  of  equal  severity  resulting  from  the  bite  of 
an  animal  that  is  not  rabid.  Indeed,  it  is  stated  by  Till- 
mann  that  a  wound  inflicted  by  a  rabid  animal  heals 
usually  with  exceptional  rapidity  in  human  beings ;  nor 
are  there  any  other  symptoms  during  the  period  of  incu- 
bation to  indicate  whether  the  person  has  been  bitten  by 
a  rabid  animal  or  no.  This  lack  of  anything  to  charac- 
terize the  period  of  incubation  applies  to  rabies  in  beasts 
as  well  as  in  man. 

In  dogs  the  first  syinptoms  of  the  disease  consist  of 
melancholia  and  moroseness,  with  restlessness  and  irri- 
tability, loss  of  appetite,  dysphagia,  and  nausea.  The 
dysphagia  is  specially  noticeable  in  the  case  of  liquids, 
and  the  name  hydrophobia  is  given  to  the  disease  on  this 
account.  Abnormal  appetite  is  also  present;  the  animal 
endeavors  to  eat  straw  or  dirt  or  anything  lying  around, 
no  matter  how  unsuitable  it  may  be  as  food.  These 
symptoms  may  be  insignificant  at  first,  and  for  this  reason 
the  animal  is  more  dangerous  at  this  time  than  at  a  later 
period  when  the  symptoms  are  more  manifest.  This  stage 
lasts  from  a  half  day  to  two  or  three  days,  and  is  usually 
followed  by  the  stage  of  raging  madness.  This,  however. 
Is  not  always  the  case,  for  sometimes  the  morose  stage 
Is  followed  by  paralysis  affecting  the  muscles  of  the  jaws 
and  later  of  the  hindquarters.  The  lower  jaw  drops,  the 
mouth  remains  wide  open,  the  bark  is  peculiar  and  hoarse, 
(here  are  also  rapid  emaciation,  tottering,  and  final  com- 
plete paralysis  of  the  hindquarters,  and  the  animal  dies 
in  two  or  three  days.  This  form  of  the  disease  is  spoken 
of  as  "  dumb  rabies,"  or  as  "  quiet  or  melancholy  rabies," 
and  runs  a  more  rapid  course  than  the  "raging  mad- 
ness "  In  the  latter  form  of  the  disease  the  animal  is  sullen 
and  morose  as  in  the  dumb  form ;  there  are  also  the  same 
restlessness,  loss  of  appetite,  and  emaciation,  but  m  ad- 
dition to  this  the  animal  has  paroxysms  of  maniacal  rage 
characterized  by  a  desire  to  snap  and  bite  at  everything 
around.  Bollinger  states  that  the  great  aversion  to  water 
seen  in  the  earlier  stage  of  the  disease  is  lacking  in  the 
maniacal  stage,  and  in  this  stage  there  is  only  exception- 
ally spasm  of  the  muscles  of  deglutition.  The  maniacal 
stage  lasts  for  three  or  four  days  and  then  passes  into  the 
paralytic  stage,  which  is  the  final  stage  as  m  dumb  rabies, 
and  lasts  for  from  three  to  six  days.  In  the  paralytic  stage 
the  animal  has  a  bristling  coat,  the  voice  is  hoarse,  dysp- 
noea Increases,  and  there  are  local  or  general  convulsions. 
The  termination  is  always  fatal. 

In  rabbits  inoculated  with  unattenuated  rabies  virus, 
eitlier  "virus  fixe  "  or  virus  from  " street  rabies,  the  dis- 
ease always  takes  the  form  of  "  dumb  rabies.  But  ^e- 
naro  has  described  a  peculiar  form  of  the  disease  m  rab- 
bits inoculated  with  attenuated  virus.  In  this  form  ot 
the  disease  the  animals  die  with  Progressive  emaciation 
without  any  of  the  ordinary  symptoms  of  rabies,  but  the 
brain  and  spinal  cord  of  these  animals  produce  typical 
rabies  when  inoculated  into  other  animals.  An  example 
of  this  form  of  the  disease  has  been  noted  above  in  the 
citation  from  Kraus,  Keller,  and  Clairmont  s  jes" It  with 
inoculation  of  a  rabbit  with  the  njedullaof  a  rabbit  taken 
out  twenty-four  hours  after  injection  of  "virus  fixe  mto 
the  lumbar  cord.  It  will  be  remembered  also  that  these 
observel-s  noticed  that  some  of  their  rabbits  died  of  a 
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sort  of  marasmus  after  infection  with  attenuated  cord, 
but  that  the  cord  in  these  cases  was  not  infectious  for 
other  rabbits. 

In  the  human  subject  the  first  symptoms  to  appear 
after  the  stage  of  incubation  are  psychical.  The  individ- 
ual is  depressed  in  spirits,  excitable,  irritable,  and  rest- 
less. He  also  suffers  from  sleeplessness  and  loss  of  appe- 
tite, and  in  some  cases  even  at  this  stage  there  is  antipathy 
toward  liquids.  He  is  also  oppressed  with  a  feeling  of 
impending  danger.  The  reflexes  and  sensibility  are  often 
greatly  increased.  A  noise,  even  loud  talking,  and  a 
bright  light  ai'e  distressing.  The  injection  of  the  larynx 
and  consequent  ditficulty  of  swallowing,  which  is  the 
most  distressing  as  well  as  the  most  characteristic  symp- 
tom of  the  disease  in  man,  is  included  in  this  stage  by 
Osier.  Tillmaim  regards  this  symptom  as  marking  the 
onset  of  the  second  stage.  Some  authors  note  a  rise  of 
temperature  and  acceleration  of  pulse  during  this  period, 
others  not.  Huskiness  of  the  voice  is  also  present,  but 
this  symptom  depends  upon  the  injection  of  the  larynx, 
and  is  not  always  included  in  the  prodromal  stage.  Al- 
though the  wound  is  usually  healed  by  this  time,  there 
is  sometimes  a  return  of  inflammation  in  the  cicatrix  ac- 
companied by  pain,  burning,  and  itching  at  this  point. 
Pain  in  the  bitten  part  is  often  the  first  manifestation  of 
the  disease  and  may  be  present  several  days  before  the 
onset  of  the  other  symptoms. 

If  the  injection  of  the  larynx  with  its  accompanying 
manifestations  is  regarded  as  the  beginning  of  the  second 
stage,  the  prodromal  stage  seldom  lasts  more  than  twenty- 
four  hours ;  for  the  injection  of  the  larynx,  with  spasm 
of  the  muscles  of  deglutition  and  inability  to  swallow, 
appears  rarely  later  than  at  this  time.  Along  with  these 
symptoms  there  appear  severe  spasms  of  the  muscles  of 
respiration.  These  occur  in  paroxysms  along  with  the 
cramps  of  the  pharynx,  and  are  brought  on  by  the 
slightest  excitation  of  the  nerves;  even  the  sight  of 
liquids  is  enough  to  cause  them.  The  spasms  are  not 
confined  to  the  larynx  and  respiration,  but  soon  become 
general,  and  are  usually  clonic,  sometimes  tetanic.  The 
nerves  of  special  sense  are  also  affected,  not  only  the 
sight  and  hearing,  as  already  noted,  but  also  the  sense  of 
smell.  The  salivary  secretion  is  also  increased.  The 
mind  is  for  the  most  part  clear,  but  there  are  apt  to  be 
maniacal  seizures  from  time  to  time.  The  pulse  becomes 
gradually  weaker.  After  a  paroxysm  it  is  greatly_  accel- 
erated The  temperature  is  somewhat  elevated ;  it  usu- 
ally runs  to  38°  or  38.5°  C.  (100.4°  to  101.3°  F.).  Dating 
from  the  laryngeal  symptoms,  the  second  stage  lasts  tor 
from  one  to  three  days.  . 

The  third  stage  is  marked  by  weakness,  paralysis,  ana 
exhaustion.  There  is  abatement  of  the  spasms  and  of  the 
difiiculty  in  swallowing  and  breathing.  This  stage  lasts 
for  from  six  to  eighteen  hours,  when  death  takes  place, 
sometimes  with  recurrence  of  convulsions,  but  oftener 
Quietly  By  some  authors  consciousness  is  said  to  be  pre- 
served to  the  last,  by  others  it  is  stated  that  unconscious- 
ness supervenes.  .  4.1  fl„„4 
The  total  duration  of  the  disease  in  man,  from  the  first 
appearance  of  the  prodromal  symptoms  to  death,  is  rarely 
less  than  two  days  or  more  than  four  days.  The  ter- 
mination is  always  fatal  if  the  symptoms  once  develop. 

The  macroscopic  changes  shown  at  autopsy  are  not 
characteristic  either  in  man  or  in  beasts.  The  blood  shows 
insufficient  aeration,  is  dark  and  thick.  The  mucous 
membranes  show  a  catarrhal  condition  writh  hypersemia 
and  ecchymoses,  specially  pronounced  in  the  mucous 
membranes  of  the  respiratory  and  digestive  tracts.  There 
are  general  parenchymatous  hyperemia  and  cyanosis 
In  dogs  the  stomach  usually  contains  various  indigestible 
substSnces  which  the  animalhas  swallowed  to  satisfy  the 
abnormal  appetite.  Emaciation  is  also  pronounced.  But 
the  most  marked  lesions  are  met  with  in  the  central  ner- 
vous system.  Besides  extensive  (edema  ot  the  brain,  there 
Ire  very  considerable  microscopic  changes.  These  cons^t 
of  difliuse  myelitis  of  both  white  and  gray  matter,  accom-  , 
nanied  by  degeneration  of  the  nerve  fibres  and  ganglia. 
The  axis  cylinders  of  the  nerve  fibres  of  the  central  ner- 

833 


Babies. 

Ballway  Medicine. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


vous  system  are  hypertrophied.  The  nerve  cells  are  atro- 
phied and  contain  pigment.  These  changes  are  most 
marked  in  the  motor  centres.  The  most  characteristic 
lesions,  however,  are  seen  in  the  cerebrospinal  ganglia, 
in  which  there  is  a  proliferation  of  the  endothelial  cap- 
sule of  the  ganglion  cells  and  a  corresponding  destruc- 
tion of  the  latter  cells  (Van  Gehuchten  and  Nelis).  _ 

The  diagnosis  of  rabies  presents  no  difficulty.  It  is 
true  that  the  disease  is  simulated  by  tetanus  arising  froni 
an  infected  wound  in  the  regions  supplied  by  the  cranial 
nerves ;  then,  besides,  pharyngeal  spasms  are  also  a  marked 
symptom  of  this  affection.  But  the  history  of  the  injury 
would  suffice  in  most  cases  for  a  diagnosis;  this  would 
be  misleading  only  in  case  the  tetanus  bacilli  are  intro- 
duced into  a  wound  caused  by  a  dog  bite,  a  contingency 
which  is  not  at  all  probable.  The  different  lengths  of 
the  periods  of  incubation  of  the  two  diseases  also  afford 
a  point  of  differentiation.  But  the  surest  method  of 
diagnosis  is  the  inoculation  of  a  rabbit  under  the  dura 
mater  with  a  bit  of  the  cord  or  brain  (rubbed  up  in 
bouillon  or  glycerin)  of  the  animal  that  has  inflicted 
the  bite.  If  this  animal  was  really  affected  with  rabies, 
this  inoculation  would  produce  the  disease  in  the  rabbit 
in  from  twelve  to  twenty-one  days.  Consequently,^  if 
this  step  be  taken  promptly  after  the  bite  has  been  in- 
flicted, there  will  still  be  time  enough  to  prevent  the 
development  of  the  disease  by  a  resort  to  the  Pasteur 
method,  to  be  described  later.  However,  in  cases  of 
bites  on  the  head  or  face,  the  treatment  must  be  begun 
as  soon  as  possible  after  the  accident,  and  It  would  be 
very  unwise  to  wait  for  the  result  of  such  an  experiment. 
A  diagnosis  may  be  reached  in  twenty-four  hours,  if  the 
dog  died  of  rabies  or  was  at  least  in  the  paralytic  stage, 
by  the  method  of  Van  Gehuchten  and  Nelis,  i.e.,  by  the 
microscopical  examination  of  some  of  the  cerebro-spinal 
ganglia,  especially  the  vagus  ganglia  which  are  easily 
found. 

If  facilities  for  inoculating  a  rabbit  are  not  at  hand,  ma- 
terial from  the  animal  should  be  sent  for  diagnosis  to  some 
convenient  laboratory.  It  suffices  fully  for  all  purposes 
to  send  the  medulla  in  a  small  vessel  containing  glycerin, 
as  recommended  by  Kempner.  This  method  not  only  pos- 
sesses the  advantage  of  great  convenience,  but  the  mate- 
rial aiTives  at  the  laboratory  in  good  condition  for  in- 
oculation, which  is  not  always  the  case  with  the  other 
methods  of  shipment  that  are  recommended. 

The  disease  can  be  cured,  or,  rather,  prevented  from 
developing,  only  during  the  incubation  period,  before 
any  symptoms  have  developed ;  after  this,  the  treatment 
is  only  palliative,  and  consists  in  keeping  the  patient  as 
quiet  and  undisturbed  as  possible  in  a  darkened  room, 
and  in  the  administration  of  quieting  drugs.  Curare  is 
strongly  advised  by  some,  while  by  others  it  is  not  even 
mentioned  in  the  list  of  suitable  drugs.  Chloral  hydrate, 
potassium  bromide,  and  similar  drugs  are  also  advised 
by  some.  Osier  advises  resorting  to  morphine  hypoder- 
matically  and  to  the  use  of  chloroform  at  the  start.  Dr. 
Rambaud  reports  that  he  has  obtained  the  best  results 
(experience  of  about  thirty  cases)  from  the  employment 
of  hyoscine  hydrobromate  in  doses  of  gr.  -jl^  injected 
hypodermatically.  Cocaine  applied  locally  may  be  used 
to  diminish  the  sensibility  of  the  pharynx  so  as  to  enable 
the  patient  to  take  liquid  nourishment  where  swallowing 
is  otherwise  impossible.  Nutrient  enemata  are  also  rec- 
ommended. 

The  disease  may  be  prevented  from  developing  by 
speedy  excision,  or  by  thorough  cauterization  with  the 
actual  cautery  or  the  strong  mineral  acids,  not  with  nitrate 
of  silver.  These  are  usually  of  no  avail  when  not  resorted 
to  within  a  short  time  after  the  bile.  But  cauterization 
or  excision  would  seem  advisable,  nevertheless,  even  sev- 
eral hours  after  the  bite,  for,  as  stated  above,  the  absorp- 
tion of  the  virus  into  the  nervous  system  from  the  seat 
ot  inoculation  is  sometimes  delayed  as  long  as  twenty- 
lour  hours.  Moreover,  as  already  stated,  Babes  has 
snown  that  even  when  the  disease  is  not  prevented  in 
tins  way,  the  period  of  incubation  is  lengthened  by  ex- 
cision or  cauterization,  a  most  desirable  result  when  the 
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Pasteur  treatment  is  resorted  to,  as  it  should  be,  and  in- 
deed now  universally  is. 

Although  the  disease  is  altogether  beyond  treatment 
after  symptoms  develop,  and  although  cauterization  and 
excision  are  uncertain,  the  Pasteur  method  of  inoculation 
affords  a  means  of  prevention  that  very  rarely  fails. 
The  principle  of  this  treatment,  or,  rather  the  object 
aimed  at,  is  the  rapid  production  of  immunity  in  the  pa- 
tient during  the  period  of  incubation  of  the  disease.  If 
immunity  can  be  established  before  the  termination  of 
the  period  of  incubation,  before  any  symptoms  have  de- 
veloped, the  progress  of  infection  is  arrested.  The  method 
consists  in  inoculation  once  a  day,  for  from  fifteen  to 
twenty-one  days,  with  virus  of  graded  potency.  The 
virus  employed  consists  of  bits  of  the  spinal  cord  of 
rabbits  possessing  such  potency,  by  repeated  passages 
through  the  central  nervous  system  of  these  animals,  that 
it  produces  death  from  rabies  in  nine  or  ten  days  in  rab- 
bits by  subdural  inoculation.  As  indicated  on  more  than 
one  occasion  above,  this  constitutes  the  "  virus  flxe  "  of 
Pasteur.  The  graded  potency  which  is  required  if  the 
virus  is  to  be  used  upon  human  beings,  is  obtained  in  the 
following  manner:  The  spinal  cord  of  a  rabbit  that  has 
died  of  rabies  on  the  ninth  or  tenth  day  after  inoculation 
is  carefully  removed  and  hung  up  in  a  flask,  at  the  bottom 
of  which  are  placed  a  few  pieces  of  caustic  potash.  Pro- 
tection against  dust,  etc. ,  is  secured  by  stuffing  sterilized 
cotton  into  the  neck  of  the  flask  which  is  kept  in  a  dark 
room,  at  a  constant  temperature.  In  this  way  the  cord 
is  subjected  to  a  slowly  advancing  process  of  desicca- 
tion, as  a  result  of  which  tlie  rabies  virus  is  rendered 
progressively  less  virulent.  On  the  day  following  that  on 
which  the  cord  was  introduced  into  the  flask,  it  is  spoken 
of  as  cord  of  the  second  day,  or  No.  2.  On  the  third  day 
it  becomes  cord  No.  3 ;  and  so  on  up  to  the  fourteenth 
day.  After  the  fourteenth  day  what  remains  of  it,  if  not 
entirely  used,  is  discarded.  It  is  customary,  at  the 
Pasteur  Institute  in  Paris,  to  use  for  the  first  injection 
an  emulsion  made  from  portions  of  the  cord  of  both 
the  fourteenth  and  the  thirteenth  days.  In  the  New 
York  Pasteur  Institute,  however,  the  first  injection  con- 
tains portions  of  the  cord  of  the  twelfth  and  eleventh 
days.  An  emulsion  is  made  by  rubbing  up  a  segment  of 
cord  measuring  0.5  cm.  in  length  in  6  c.c.  of  normal  salt 
solution  (sterilized)  for  one  patient.  Two  separate  in- 
jections are  made  simultaneously,  one  in  the  right  and 
the  other  in  the  left  hypochondriac  region.  Each  suc- 
ceeding couple  of  injections  is  made  with  a  stronger 
emulsion,  that  is,  with  an  emulsion  made  from  a  segment 
of  the  cord  that  has  been  subjected  to  one  day  less  of 
drying  than  the  preceding  one.  The  most  virulent  cord 
used  in  Paris  is  that  of  the  third  day ;  in  New  York,  that 
of  the  second  day.  The  time  for  using  this  is  reached 
somewhere  between  the  seventh  and  the  tenth  days,  and 
then  a  return  is  made  to  the  cord  of  the  sixth  or  fifth  day, 
after  which  a  gradual  increase  is  again  made  until  cord 
of  the  third  or  second  day  is  reached.  But  if  the  treat- 
ment has  been  deferred,  for  any  reason,  so  long  that 
there  is  danger  of  the  disease  developing  before  the  en- 
tire series  of  injections  can  be  administered  one  day 
apart,  the  interval  between  the  injections  is  shortened, 
and  two  or  more  injections  of  increasing  strength  are 
given  daily  instead  of  one  each  day  for  the  first  three 
or  four  days.  Finally,  when  the  case  comes  for  treat- 
ment very  late,  and  the  necessity  for  such  treatment  is 
therefore  urgent,  it  is  maintained  by  some  that  all  the 
twelve  or  thirteen  injections  should  be  administered  in 
twenty-four  hours,  or  that  the  preliminary  injections 
should  even  be  dispensed  with  entirely,  and  virus  of  full 
potency  administered  at  the  start.  The  procedure  men- 
tioned last,  the  use  of  unattenuated  "  virus  flxe  "  without 
any  preliminary  Inoculation  with  attenuated  virus,  has 
been  practised  with  good  results  in  cases  of  persons  bitten 
by  wolves,  the  most  dangerous  of  all  forms  of  infection. 
This  procedure,  however,  is  condemned  by  the  Pasteur 
Institute  in  Paris  as  well  as  by  the  New  York  Institute, 
as  it  has  caused  several  deaths. 

Babes  has  advanced  the  theory  that  the  reason  why  the 
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"  virus  flxe  "  does  not  itself  produce  tlie  disease  in  man  is 
tliat  the  injections  are  always  made  under  tlie  skin  of  tlie 
abdomen  where  it  is  not  likely,  owing  to  the  presence  of 
abundant  adipose  tissue,  that  any  nerves  are  injured. 
But  Marx  is  quoted  by  Babes  as  authority  for  the  view 
that  the  virus  becomes  attenuated  for  human  beings  and 
for  monkeys  by  being  passed  through  rabbits,  although 
enhanced  in  virulence  for  rabbits  themselves. 

The  writer  desires  to  acknowledge  his  indebtedness  to 
Dr.  George  G.  Rambaud,  of  the  New  York  Pasteur  Insti- 
tute, for  assistance  kindly  rendered  in  revising  that  por- 
tion of  the  text  which  relates  to  preventive  treatment. 

B.  Meade  Bolton. 

RACHISCHISIS.    See  ^ina  Bifida. 

RACHITIS.— See  Rickets. 

RAG-WEED.— Ambrosia.  Ambrosia  is  a  genus  of  the 
Compositse,  containing  about  a  dozen  species,  mostly 
North  American.  The  best-known  species  is  A.  artemisii 
folia  1,.,  the  common  annual  rag- weed,  and  one  of  the 
most  abundant  and  troublesome  of  weeds.  It  is  best 
known  to  medicine  because  the  presence  of  the  pollen  in 
the  nares  is  believed  to  be  the  principal  cause  or  occasion 
of  the  disease  hay  fever.  This  and  other  species  contain 
small  amounts  of  amaroid  and  volatile  oil,  and  have  been 
employed,  especially  in  domestic  practice,  as  aromatic 
bitters.  The  idea  that  a  preparation  of  rag-weed  can  act 
as  a  specific  in  hay  fever  is  in  the  highest  degree  fanciful. 

Henry  H.  Bvsby. 

RAILWAY  MEDICINE  AND  SURGERY.— While,  as  a 

matter  of  course,  passengers  and  employees  have  been 
killed  and  in j  ured  ever  since  the  inception  of  railways,  and 
railway  surgeons  have  been  known  over  fifty  years  (Dr. 
W.  W.  Apply  was  appointed  surgeon  for  the  Erie  R.  R. 
in  1849),  the  recognition  of  railway  surgery  as  a  special 
brancli  of  the  healing  art  is  a  matter  of  the  last  twenty 
years,  and  has  reached  its  highest  degree  of  development 
in  the  Western  United  States.  It  seems  as  fully  entitled 
to  recognition  as  military  surgery,  with  which  it  has 
many  features  in  common. 

Prior  to  the  War  of  the  Rebellion,  the  mileage  was 
mostly  east  of  the  Mississippi;  skilled  assistance  being  as 
a  rule  easily  obtainable,  there  was  little  demand  for  sys- 
tematic surgical  service  such  as  is  now  met  with.  Even 
at  the  present  day  in  the  Eastern  States,  where  railways 
traverse  thickly  populated  communities,  the  stations  are 
almost  in  sight  of  each  other,  and  cities  and  towns  with 
well-appointed  hospitals  occur  at  frequent  intervals.  In 
the  extreme  Western  States,  however,  perhaps  several 
hundred  miles  of  unsettled  or  sparsely  inhabited  terri- 
tory may  intervene  between  the  locations  of  properly 
equipped  hospitals.  Hence  during  the  building  of  the 
great  transcontinental  lines,  provision  had  to  be  made  for 
the  care  of  employees  injured  during  the  construction  of 
the  road,  all  of  them  away  from  their  homes  and  in  un- 
inhabited districts.  In  many  instances  this  hospital  de- 
partment became  a  permanent  feature  after  the  roads  com- 
menced operation. 

Except  for  the  fact  that  it  will  have  a  larger  propor- 
tion of  emergency  cases,  the  practice  of  the  railway  sur- 
geon will  not  differ  materially  from  that  of  his  surgical 
brethren  in  general.  The  injuries  with  which  he  has  to 
deal  are  very  similar  to  the  severe  crushing  injuries  from 
machinery  or  heavy  vulnerating  bodies  in  ordinary  sur- 
gical practice.  They,  however,  present  some  special 
features.  Thus,  for  example,  owing  to  the  fact  that  the 
extremities  often  become  engaged  between  two  unyield- 
ing surfaces — the  rail  and  the  flange  of  the  car-wheel,— 
these  railroad  injuries  are  often  extremely  severe  in  char- 
acter, with  great  destruction  and  laceration  of  the  soft 
parts,  and  comminution  of  bones.  Again,  they  are  at- 
tended by  a  high  degree  of  mortality,  and  their  effect  on 
the  nervous  system  is  overwhelming,  shock  being  espe- 
cially noticeable  in  this  class  of  injuries.  In  addition  to 
the  crushing  force,  there  should  be  taken  into  account  the 
weight  and  velocity  of  the  moving  train.     The  weight 


varies  from  ten  tons  for  empty  flat  cars  to  twelve  or  fif- 
teen for  box  cars ;  from  twenty  to  sixty  for  coaches ;  and 
It  amounts  to  one  hundred  tons  or  more  for  locomotives 
Ihe  railway  surgeon  often  has  to  exert  his  skill  under 
tne  most  unfavorable  circumstances  and  the  most  de- 
pressing surroundings,  laboring  at  night  with  no  light 
but  the  trainmen's  lanterns,  far  from  skilled  assistance 
or  even  habitations,  and  amid  rain,  sleet,  and  snow. 
_  The  present  mileage  of  steam  roads  in  the  United  States 
IS  over  300,000,  on  which  over  600,000,000  passengers 
were  carried  last  year  (1901-03).  To  operate  this  system 
required  m  1895  an  army  of  785,000  men;  in  1901  this 
number  had  grown  to  1,071,000.  In  the  Middle  Atlantic 
btates  the  number  of  employees  per  one  hundred  miles  is 
1,140 ;  next  come  the  New  England  States  with  837;  and 
so  on,  the  lowest  being  the  Middle  Northwestern  States 
with  303.  For  the  year  ending  June  30th,  1903,  the  total 
number  of  casualties  to  passengers  and  employees  reported 
was  43,619  (3,819  killed;  39,800  injured).  Passengers 
killed,  303;  injured,  6,089;  employees  killed,  3,516;  in- 
jured, 33,711.  (Report  of  Interstate  Commerce  Commis- 
sion.) 

As  regards  the  different  classes  of  employees,  brakemen 
are  injured  most  frequently,  then  come  switchmen,  fire- 
men, and  engineers  in  the  order  named.  In  former  years 
the  largest  number  of  injuries  resulted  from  coupling 
and  uncoupling  cars.  In  1893  the  "  Safety  Appliance  " 
law  was  enacted,  requiring  the  use  of  automatic  coup- 
lers. This  law  went  into  full  effect  in  August,  1900, 
and  the  results  from  this  humane  legislation  are  both 
surprising  and  gratifying.  The  number  of  employees 
killed  in  1903  as  compared  with  1893  is  sixty-eight  per 
cent,  less,  and  the  diminution  in  the  number  of  those  in- 
jured is  no  less  than  eighty-one  per  cent.,  notwithstand- 
ing the  much  larger  number  of  employees.  Other  fre- 
quent sources  of  accidents  to  trainmen  are  getting  on  or 
off  trains  in  motion,  falling  from  the  cars,  collisions,  and 
derailment.  The  principal  causes  of  accidents  to  passen- 
gers are  collisions,  derailment,  and  falls  from  the  cars. 
According  to  Herrick,  about  fifty  per  cent,  of  injuries  to 
employees  involve  the  upper  extremity,  thirty-three  per 
cent,  the  lower  extremity,  twelve  per  cent,  the  head  and 
face,  and  eight  per  cent,  the  trunk. 

To  furnish  relief  for  sick  and  injured  employees  there 
are  four  principal  methods  in  operation  at  present:  (1) 
the  relief  system ;  (3)  the  surgical  service  without  a  chief 
surgeon ;  (3)  the  surgical  service  with  a  chief  surgeon ; 
(4)  the  hospital  system. 

1.  The  relief  system  is  in  operation  on  a  number  of 
roads,  among  them  the  Baltimore  &  Ohio,  Pennsylvania, 
Reading,  Burlington,  and  Plant  System.  Membership 
may  be  either  voluntary  or  compulsory.  Under  this  plan 
the  employee  is  assessed  monthly  according  to  the  amount 
of  his  wages — usually  from  twenty -five  cents  to  two  dol- 
lars. When  injured,  he  receives  a  certain  sum  monthly 
during  this  period  of  disability.  Provision  is  also  made 
for  death,  and  for  benefits  in  case  of  permanent  disabil- 
ity. In  some  associations  membership  lapses  if  the  em- 
ployee quits  the  service  of  the  company,  in  others  the 
death  benefits  may  be  retained.  In  others  again,  addi- 
tional features  are  found  in  the  shape  of  savings,  build- 
ing and  loan  departments,  and  old-age  pensions.  The 
scope  of  such  a  system  on  a  large  trunk  line  may  be 
gleaned  from  the  last  annual  report  of  the  one  in  operation 
on  the  Pennsylvania  west  of  Pittsburg.  The  membership 
was  33, 179,  an  increase  of  3, 133.  The  average  number  of 
members  disabled  per  day  was  778,  or  35  for  each  1,000. 
The  death  rate  was  13  for  each  1,000.  Applications  for 
membership  were  11,010,  while  the  cessations  of  member- 
ship were  8,868,  of  this  number  8,090  having  left  the  ser- 
vice. The  total  receipts  for  the  year  were  1415,643,  the 
disbursements  $349,104. 

3.  The  local  surgeons  are  appointed  by  the  superin- 
tendent or  general  manager.  Local  surgeons  are  gener- 
ally located  at  divisional  or  terminal  points,  and  along 
the  remainder  of  the  route,- as  a  rule,  about  fifty  miles 
apart. 

3.  A  chief  surgeon  is  appointed  who  selects  his  own 
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assistants.  It  is  asserted  for  this  plan  that  it  reduces  the 
number  of  damage  claims.  There  being  more  miles  ot 
railroad  in  "the  rural  districts  than  in  cities  and  towns, 
accidents  frequently  occur  at  remote  points.  Conse- 
quently it  is  often  the  practice  to  locate,  at  convenient 
points,  division  surgeons  who  are  subordinate  to  the  chief 
surgeon  and  who  in  their  turn  have  charge  of  a  division 
or  branch  of  the  line,  and  of  the  local  surgeons  in  their 
territory.  .  ^,  , 

4.  The  hospital  plan  is  in  operation  among  other  roads 
—on  the  Missouri  Pacific.  Chesapeake  &  Ohio,  Wabash, 
Southern  Pacific,  Santa  Fe,  St.  Louis,  and  San  Francisco. 
It  embraces  the  care  of  the  employee  whether  sick  or  in- 
jured, and  whether  his  illness  occurs  on  duty  or  not. 
The  chief  surgeon  is  in  charge,  and  the  executive  board 
or  board  of  governors  is  composed  of  representatives  both 
from  the  employees  and  from  the  railroad.company.  As 
in  the  relief  sj^stem  there  is  a  monthly  assessment,  and 
in  addition  the  company  either  makes  an  annual  donation 
or  meets  a  deficiency  should  one  arise.  Minor  ailments 
and  injuries  are  attended  to  by  the  local  surgeons,  but  if 
the  illness  proves  to  be  serious  or  lasting,  patients  are 
sent  to  the  main  hospital,  or  on  the  longer  systems  to  a 
branch  hospital  which  is  located  at  some  accessible  point. 
The  Northern  Pacific  Beneficial  Association,  which  was 
founded  in  1883,  may  be  selected  as  a  type  of  this  plan. 
This  body  maintains  two  hospitals — one  at  Braiuerd, 
Minn.,  for  the  eastern  division,  and  another  at  Missoula, 
Mont.,  for  the  western.  For  the  year  ending  June  30th, 
1903,  the  receipts  were  $165,865.77,  and  the  expenses 
$164,068.40.  The  cases  treated  at  the  Brainerd  hospital 
were  3,150  in  number,  and  by  the  line  surgeons  of  the 
eastern  division,  13,333.  The  Missoula  hospital  cared 
for  1,994  cases,  and  the  surgeons  on  the  western  division, 
for  13,966  cases.  A  training  school  for  nurses  is  main- 
tained at  Brainerd. 

For  transporting  the  injured,  several  roads  have 
equipped  hospital  cars  which  are  kept  constantly  ready 
for  use,  and  are  despatched  wherever  they  may  be  needed. 
The  first  one  to  be  placed  in  commission  seems  to  have 
been  that  which  was  installed  on  the  Baltimore  &  Ohio 
Southwestern  in  1894.  A  general  idea  of  their  fittings 
may  be  derived  from  Fig.  3925  (from  Herrickis  "  Railway 
Surgery  "). 

Nussbaum's  dictum  that  the  fate  of  the  wounded  de- 
pends on  the  individual  who  makes  the  first  dressing  is 
now  firmly  established,  and  railway  employees  often  in- 
fect wounds  received  by  them  by  applying  to  them 


stretcher  drill,  and  those  employees  who  are  fouud  to  be 
proficient  are,  after  examination,  formed  into  ambulance 
corps.  To  keep  up  interest  in  the  work  annual  compe- 
titions in  stretcher  drill  are  held,  and  the  winning  team 
retains  the  trophy  for  the  year  ensuing.  A  small  man- 
ual on  first  aid  has  been  compiled  by  C.  R.  Dickson 
especially  for  railroad  men. 

In  line  with  this  work  some  roads  equip  their  trains 
with  "emergency  boxes,"  containing  a  supply  of  gauze, 
bandages,  etc.,  which  are  replaced  when  used.  These 
are  placed  in  depots,  freight  houses,  or  car  shops.  The 
contents  vary  somewhat;  the  following  is  an  average 
assortment : 

1  Heavy  rubber  bandage. 
13  Assorted  muslin  bandages. 

5  Yards  sublimate  gauze. 

1  Ounce  absorbent  lint. 

1  Ounce  styptic  cotton. 

4  Ounces  absorbent  cotton. 
35  Corrosive  sublimate  tablets. 

3  Ounces  bicarbonate  soda. 

4  Surgical  needles. 
1  Pair  scissors. 

1  Pair  forceps. 

1  Case  carbolized  silk. 

1  Roll  rubber  adhesive  plaster. 

1  Dozen  safety  pins. 

1  Pyramid  of  pins. 

1  Esmarch  tourniquet. 

1  Ounce  iodoform. 

1  Case  for  scissors,  forceps,  needles,  etc. 

'  Splints. 
The  idea  is  to  have  wounds  protected  by  clean  gauze 
held  in  place  by  a  clean  bandage,  in  order  that  they  may 
reach  the  surgeon  in  an  aseptic  condition,  or  as  nearly  so 
as  possible.  Directions  for  using  the  various  articles  are 
pasted  on  the  lid  of  the  box.  The  following  are  those 
used  on  the  Southern  Pacific : 

"These  supplies  are  for  temporary  relief,  until  a  sur- 
geon can  be  obtained. 

"  In  case  of  a  broken  bone  straighten  out  the  limb  by 
stretching  it,  and  fit  a  splint  on  it  by  padding  with  sheet 
cotton.     Apply  a  bandage  over  the  splint  to  hold  it  on. 

"  In  case  the  skin  is  broken,  making  an  open  wound, 
apply  moist  gauze,  and  cover  with  cotton  or  lint  and  a 
bandage. 

"  If  there  is  severe  bleeding,  apply  the  strip  of  duck- 
webbing  above  or  toward  the  body  from  the  wound,  put 


^        ^ 


^        ^ 


^"^'n^'I^^^rtL^'^"  °*  '^  Hosjwtal  Car  4  Sitting-room ;  U,  operating-room ;  C,  transportation-room ;  a.  closet :  SS,  seats ; 
Sn?iJ?}f  aressing  case;  OT,  operating  table;  SW,  sterilized  water  and  solutions,  in  racks;  EX,  extra  sheets,  blanlsets, 
materials,  />,  i,,  beds.    (Herrick:      Railway  Surgery.") 


ID,  Instru- 
and  otber 


tobacco  cuds,  soiled  waste,  or  dirty  handkerchiefs  To 
guard  against  this,  "first-aid"  instruction,  so  successful 
in  Great  Britain,  has  been  introduced  into  this  country 
and  is  slowly  finding  its  way  into  favor.  Classes  of  the 
employees  are  formed  at  convenient  points,  and  a  course 
of  lectures  couched  in  simple  language,  and  illustrated 
by  a  manikin,  etc.,  is  delivered  to  them  by  tlie  surgeons 
A  course  may  consist  of  five  lectures,  the  first  one  is 
devoted  to  elementary  anatomy  and  physiology;  the 
second,  to  arrest  of  hemorrhage;  the  third,  to  sprains 
dislocations,  and  fractures;  the  fourth,  to  asphyxiation, 
artificial  respiration,  poisons,  etc. ;  and  the  last  to  trans- 
portation of  the  injured.     Instruction  is  also  given  in 
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a  stick  under  it,  and  turn  until  the  bleeding  ceases.  Do 
not  stop  the  circulation  altogether.  If  bleeding  does  not 
cease  apply  bandage  on  other  side  of  wound. 

"  For  burns  or  scalds,  apply  the  oxide  of  zinc  ointment, 
and  cover  with  moist  gauze,  cotton  or  lint,  and  a  bandage. 

"In  case  of  a  cut,  where  the  wound  gaps,  apply  a 
strip  of  adhesive  plaster  so  as  to  hold  the  wound  together, 
and  apply  gauze  and  a  bandage  over  it. 

"To  relieve  pain,  give  one  or  two  opium  pills  every 
three  hours,  until  it  is  bearable. 

"For  pain  in  thee3'es  due  to  cinder:  Dissolve  a  cocaine 
tablet  in  a  few  drops  of  water  and  apply  to  the  eyeball 
or  lids  by  dropping,  or  by  means  of  a  bit  of  cotton  wrapped 
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around  a  piece  of  wood  the  size  of  a  toothpick  or  match. 
The  cinder  will  often  come  away  with  the  cotton." 

The  physical  examination  of  employees  is  becoming 
more  and  more  important  of  late.  It  is  claimed  on  one 
road,  where  the  examination  is  rigid  and  great  care  is 
taken  in  the  selection  of  new  men,  that  the  number  of 
accidents  and  suits  for  damages  has  been  lessened  over 
one-half.  Claims  for  damages  are  sometimes  brought  to 
recover  for  hernia  or  other  conditions  stated  to  have  been 
received  while  at  work,  and  proved  to  have  been  present 
before  the  litigant  entered  the  employ  of  the  company. 
Defective  vision  and  color  blindness  are  frequent  causes 
of  rejection,  both  for  admission  to  the  service  and  for  pro- 
motion. Thus,  on  the  Cliicago  &  Northwestern,  fifteen 
per  cent,  of  the  firemen,  and  ten  per  cent,  of  the  brake- 
men  examined  were  rejected  for  these  reasons.  Out  of 
31,473  examinations  on  this  road  since  this  plan  was  first 
adopted  in  1895,  some  3,785  applicants  were  found  phys- 
ically disqualified.  Of  these,  1,469  had  defective  vision, 
664  were  color-blind,  and  653  were  rejected  for  other 
physical  defects.  On  some  roads  applicants  are  rejected 
for  varicose  veins,  hernia,  epilepsy,  heart  disease,  and 
hemorrhoids;  others  exclude  applicants  with  hydrocele, 
suppumtive  otitis,  rheumatism,  etc.  The  mental  quali- 
fications are  generally  taken  into  account  also,  and  the 
examinations,  as  a  rule,  are  repeated  at  stated  intervals, 
or  whenever  occasion  arises  for  promotion.  In  this  con- 
nection the  age  at  which  applicants  enter  the  company's 
employ  is  becoming  important  since  the  adoption  of  old- 
age  pensions  on  a  gradually  increasing  number  of  rail- 
roads. At  present  the  extreme  limit  at  which  applica- 
tions are  received  on  most  roads  seems  to  be  thirty -five 
years ;  on  one  road  (Erie)  it  is  forty -five.  In  the  first  two 
years'  operation  of  the  pension  plan  on  the  Pennsylvania 
road  1,574  employees  were  retired. 

A  constantly  increasing  field  of  usefulness  for  the  rail- 
way surgeon  is  that  of  hygiene.  The  freedom  of  the  ice 
and  of  the  drinking-water  from  contamination ;  the  dis- 
infection of  coaches  after  cases  of  contagious  disease  have 
been  unwittingly  transported,  or  where,  as  frequently 
happens  on  some  roads,  tuberculous  passengers  are  car- 
ried to  health  resorts ;  the  cleanliness  of  cars  and  depots 
— all  these  are  subjects  which  come  properly  within  his 
sphere. 

In  common  with  the  members  of  other  branches  of 
medicine  and  surgery,  the  railway  surgeons  early  felt 
the  need  of  societies  for  the  interchange  of  views  and 
opinions,  and  as  a  result  several  national,  state,  and  local 
societies  have  been  organized.  The  first,  composed  of 
surgeons  on  the  Wabash  Railroad,  was  organized  on  Janu- 
ary 35th,  1883,  at  Decatur,  111. ;  in  tlie  same  year  the 
Pennsylvania  system's  surgeons  met  and  organized.  The 
National  Association  was  formed  mainly  through  the 
efforts  of  the  late  Dr.  A.  W.  Ridenour,  of  Massillon, 
Ohio,  and  its  first  meeting  was  held  June  38th,  1888.  In 
1897  it  increased  its  scope  to  include  surgeons  from  Can- 
ada and  Mexico,  changing  the  name  to  International,  and 
at  present  it  has  a  membership  of  nearly  one  thousand. 
The  American  Academy  of  Railway  Surgeons,  organized 
in  1894,  limits  its  members,  and  is  made  up  prmcipally 
of  chief  surgeons.  Flourishing  state  associations  are 
those  of  Iowa  and  New  York.  There  are  numerous 
bodies  composed  of  surgeons  connected  with  the  larger 
systems  of  roads ;  among  them  may  be  mentioned  the 
Milwaukee  &  St.  Paul,  Wabash,  Santa  Fe,  Pennsylvania, 
Erie,  and  Southern.  .  . 

A  few  colleges  in  the  West  have  chairs,  either  of  rail- 
way surgery  or  of  accident  surgery  in  general. 

The  literature  comprises  two  treatises,  annual  trans- 
actions of  the  national  bodies,  and  a  monthly  journal, 
besides  many  contributions  to  current  medical  journals. 

Louis  J.  Mitchell. 

refekenoes. 

Stemen,  C.  B. :  Railway  Surgery,  St.  Louis,  1891. 
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Transactions  National  Association  of  Railway  Surgeons. 

Transactions  American  Academy  of  Railway  Surgeons 

The  Railway  Surgeon  (current),  bi-weekly,  1894-1900,  monthly,  1900-. 

RAILWAY  SPINE.  See  Nervous  System,  Traumatic 
Affections  of. 

A 

RALES.— This  term  is  applied  to  certain  abnormal 
sounds  heard  in  the  chest.  It  is  customary  with  many 
authors  to  speak  of  dry  and  moist  rSles.  Sibilant  and 
sonorous  breath  sounds  are  called  dry  rales,  although 
there  is  no  more  reason  for  calling  these  sounds  rales 
than  there  is  for  applying  the  same  term  to  cavernous 
breathing.  Certain  authors  also  call  these  forms  of 
breathing  rhonchi,  and  use  the  word  rSle  to  designate 
only  the  moist  sounds.  Rhonchus,  again,  by  others,  is 
used  as  exactly  synonymous  witli  rale. 

The  causes  of  these  abnormal  sounds  vary  consider- 
ably. We  may  have  a  considerable  accumulation  of  ex- 
udation in  the  trachea  and  larger  bronchi,  producing 
large  bubbles,  or  the  smaller  bronchi  may  be  more  or  less 
filled,  giving  rise  to  small  bubbles,  or  perhaps  the  sounds 
may  be  produced  in  the  alveoli  themselves.  RSles  may 
also  be  produced  by  the  rubbing  of  roughened  pleural 
surfaces,  by  the  presence  of  fibrinous  exudate  on  the 
pleura,  and  by  the  stretching  of  pleuritic  adhesions. 

Coarse  Mucous  Rales  are  coarse  bubbling  sounds 
produced  in  the  trachea  and  larger  bronchi.  They  are 
heard  with  both  inspiration  and  expiration.  They  may 
sometimes  be  made  to  disappear  for  a  time  by  causing  the 
patient  to  cough.  Sometimes,  especially  in  children, 
they  may  produce  a  fremitus  easily  felt  througU  the  chest 
wall.  They  are  heard  most  commonly  with  acute  bron- 
chitis in  its  exudative  stage,  and  with  bronchopneumonia, 
also  with  chronic  bronchitis  and  phthisis,  some  cases  of 
oedema  of  the  lungs,  lobar  pneumonia,  compression  of 
bronchi  or  trachea  due  to  neoplasm  or  aneurism,  some 
cases  of  pleurisy  with  effusion,  and  empyema,  especially 
with  perforation  of  the  lung. 

Ftne  Mucocrs  Rales  are  sounds  of  the  same  quality  as 
the  former,  but  finer.  They  are  heard  under  the  same 
conditions. 

SuBCKBPiTANT  Rales. — Thesc  are  fine,  high-pitched, 
bubbling  sounds,  heard  during  both  inspiration  and  ex- 
piration. They  may  be  produced  by  the  bursting  of" 
small  bubbles  in  the  finest  bronchioles  or  air  passages,  or 
they  may  be  caused  by  fibrin  on  the  pleura,  and  by  pleu- 
ritic adhesions.  The  cause  of  this  rSle  has  been  a  matter 
of  considerable  dispute.  On  the  one  hand,  it  is  held  that 
the  sound  is  invariably  produced  in  the  finer  air  passages ; 
on  the  other,  that  pleural  changes  alone  can  give  rise  to 
it.  The  advocates  of  the  former  view  hold  that  sounds 
resembling  the  subcrepitant  rSle  may  be  produced  in  the 
pleura,  but  that  a  good  ear  can  distinguish  these  from 
the  true  subcrepitant,  by  a  slight  difference  in  quality. 
Believers  in  the  second  dictum  say  that  there  is  not 
enough  motion  in  the  air  in  the  finer  air  passages  to  give 
rise  to  the  rSle.  Both  of  these  views  are  extreme.  There 
are  cases  in  whicli  the  subcrepitant  rftle  is  heard  which 
show,  post  mortem,  nothing  but  pleurisy  as  a  possible 
cause,  and  there  are  cases  of  oedema  of  the  lungs,  with 
no  pleuritic  changes,  in  which  this  rale  has  been  clearly 
heard,  and  in  which  the  serum  in  the  lungs  is  the  only 
demonstrable  factor  in  its  ijroduction.  It  cannot  be  de- 
nied that  the  sound  may  be  due  to  either  of  these  causes. 
This  rftle  may  be  heard  in  pleurisy,  in  bronchitis  of  the 
smaller  tubes,  in  bronchopneumonia,  in  lobar  pneumonia 
during  the  stage  of  resolution,  and  occasionally,  during 
other  stages,  in  phthisis,  and  in  oedema  of  the  lungs. 

Crepitant  Rales. — These  are  very  fine  sounds  neard 
only  at  the  end  of  inspiration,  and  sounding  very  near 
the  ear.  They  occur  in  abrupt  explosions.  They  are 
much  finer  than  the  subcrepitant  rales,  and  are  usually 
compared  to  the  sound  produced  by  rubbing  a  lock  of 
hair  between  the  fingers.  The  causes  of  this  rale  are  the 
rubbing  together  of  inflamed  pleural  surfaces,  the  en- 
trance of  air  into  ultimate  bronchioles  oi  alveoli,  the 
walls  of  which  are  partly  stuck  together  by  exudate,  or 
perhaps  the  breaking  of  very  fine  bubbles.     Of  these 
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three  possible  causes  the  first  seems  most  common,  and 
it  is  not  unlikely  that  this  is  really  the  only  cause.  It  is 
conceivable  that  if  the  pleura  be  coated  with  a  thin  layer 
of  sticky  exudation,  its  surfaces  will  tend  to  stick  to- 
gether until  the  end  of  inspiration,  and  then,  in  slipping 
over  one  another,  give  rise  to  the  sound.  This  rftle  is 
often  said  to  be  pathognomonic  of  acute  lobar  pneu- 
monia. This  is  not  so.  The  rale  is  frequently  heard  in 
the  first  stage  of  this  disease,  but  it  is  also  heard  in  pleu- 
risy, bronchopneumonia,  and  phthisis.  Taken  in  con- 
nection with  a  rational  history  of  acute  lobar  pneumonia, 
the  rale  is  of  great  value  as  a  sign,  especially  if  with  it 
other  signs  be  found,  but  it  is  not  to  be  called  pathog- 
nomonic. 

Pletjkitic  Feiotion  Sounds  are  rftles  produced  in  the 
pleura  when  it  is  diseased.  They  may  he  of  a  rather 
moist,  grazing  character,  or  may  be  creaking  and  dry. 
They  may  be  heard  in  all  diseases  in  which  the  pleura  is 
involved.  As  has  been  mentioned,  the  pleural  surfaces, 
when  diseased,  may  give  rise  to  crepitant  and  subcrepi- 
tant  rfiles. 

Plbukitio  Adhesion  Sounds. — In  some  cases  of  old 
pleurisy,  with  adhesions,  peculiar  sounds  are  heard, 
which  may  be  accurately  imitated  by  applying  one  end 
or  a  rubber  band  to  the  ear  and  stretching  it.  The  adhe- 
sion sounds  are  probably  produced  by  stretching  of  old 
adhesions. 

The  Metallic  Tinkle  is  a  sound  resembling  that 
produced  by  pouring  water  in  drops  into  a  bottle.  It  is 
produced  either  by  drops  of  fluid  falhng  from  the  roof 
of  a  large  cavity  in  the  lung,  or  from  the  walls  of  the 
cavity  of  a  hydropneumothorax,  or  by  bubbles  breaking 
in  fluid  under  similar  circumstances.  In  difll'erent  cases 
one  or  the  other  of  these  causes  may  produce  the  sound. 
It  is  heard  over  some  large  cavities,  and,  in  some  cases  of 
pneumothorax,  it  may  occur  either  when  the  patient 
speaks  or  while  he  is  breathing. 

Gurgles  are  coarse  r^les  which  are  more  liquid  than 
mucous  rales.  They  are  sometimes  heard  in  bronchitis, 
in  some  cases  of  solidified  or  compressed  lung,  and  in 
some  cavities. 

The  Mucous  Click  is  a  peculiar  dry  sound,  occasion- 
ally heard  at  the  end  of  inspiration.  Its  cause  and  sig- 
nificance are  not  clear. 

Dry  and  Moist  Crackles  are  sometimes  mentioned. 
They  are  difficult  to  distinguish  from  subcrepitant  rSles. 

Sibilant  Breathing,  sometimes  called  sibilant  rhon- 
ehus  or  rfile,  is  a  whistling  or  hissing  sound  heard  in 
cases  in  which  a  bronchus  is  narrowed  by  inflammatory 
thickening  of  its  mucous  membrane  or  by  other  causes. 

Sonorous  Breathing  is  produced  in  the  same  manner 
as  the  former.     It  is  of  lower  pitch  and  softer  quality. 

J.  West  Roosevelt. 

RAMSGATE  AND  MARGATE,  ENGLAND.— These 
two  popular  though  not  the  most  fashionable  English 
coast  resorts  are  situated  on  the  Isle  of  Thanet,  about 
seventy -five  miles  east  of  London.  Margate  lies  to  the 
north,  with  an  eastern  sea  exposure,  while  Ramsgate, 
about  five  miles  to  the  south  of  it,  has  a  southern  as 
well  as  an  eastern  sea  front.  Similar  but  quieter  resorts 
in  the  near  vicinity  are  Broadstairs,  Westgate-on-Sea, 
and  Birchington. 

The  general  climatic  characteristics  represented  by 
these  resorts  are  those  of  a  cool  marine  climate,  with 
moderate  or  quite  considerable  humidity.  Owing  to  the 
influence  of  the  Gulf  Stream  here,  as  throughout  all 
England,  the  mean  temperature  is  much  higher  than 
IS  due  to  latitude.  The  winters  are  mild,  the  summers 
cool;  there  are  no  great  extremes  of  temperature;  and 
there  is  great  seasonal  and  diurnal  equability.  There 
IS  only  a  moderate  amount  of  sunshine,  and  there  is  al- 
ways wind.  Such  a  climatic  combination  is  stimulating 
and  bracing,  and  has  been  found  valuable  for  anremia 
malaria,  convalescence  from  various  diseases,  dyspepsia 
resulting  from  debility,  certain  nervous  affections,  and 
particularly  scrofula  and  tuberculous  conditions  other 
than  pulmonary. 
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These  resorts  are  available  all  the  year,  although  they 
are  naturally  most  frequented  in  the  summer. 

The  soil  is  of  chalk  covered  with  a  foot  or  two  of 
earth,  and,  consequently,  is  dry  and  quickly  absorbs 
moisture. 

Ramsgate,  like  its  neighbor  Margate,  presents  to  the 
sea  high  chalk  cliffs,  with  an  abrupt  descent  to  the 
"sands,"  which,  being  thus  sheltered  from  the  winds, 
affords  an  attractive  resort  for  the  invalid  and  visitor, 
and  good  bathing.  In  general,  however,  here  as  at  Mar- 
gate, the  winds  are  frequent  and  trying,  particularly  at 
certain  seasons  of  the  year.  By  the  construction  of  ter- 
races and  crescents  a  certain  amount  of  artificial  shelter 
is  obtained.  Nevertheless,  "  even  in  its  stillest  corners  the 
keen  Thanet  air  is  constantly  moving. "  The  southern 
exposure  afi'ords  more  sun,  though  the  general  percent- 
age of  cloudiness  is  6.7.  On  account  of  its  situation  it  is 
a  little  warmer  here  than  at  Margate. 

The  town  contains  about  25,000  inhabitants,  and  ap- 
pears to  be  very  healthy,  as  the  death  rate  in  1891  was 
only  14.6,  and  more  than  one-third  of  the  deaths  oc- 
curred at  over  sixty  years  of  age ;  the  infant  mortality 
was  118  per  1,000  births.  The  drainage  is  thorough  and 
good,  and  the  water  supply  is  constant  and  pure.  If 
one  desired  to  live  long  this  would  appear  to  be  a  de- 
sirable resort,  as  in  1890  one-twelfth  of  the  total  num- 
ber of  deaths  was  of  individuals  at  or  upward  of  eighty 
years. 

Besides  the  cliffs  and  sands  there  are  piers  for  prome- 
nading ;  and  the  marine  view,  and  the  almost  daily  ar- 
rival of  foreign  fishing  smacks  afford  a  constant  source 
of  interest.  There  are  also  attractive  drives  in  the  vicin- 
ity. The  temperature  of  the  sea  water  is  61°  F.  in  the 
summer,  thus  affording  opportunities  for  bathing.  Ewart 
("Climates  and  Baths  of  Great  Britain,"  1895)  says  that 
Ramsgate  has  an  "  admirable  winter  climate  for  most  in- 
valids," and  "many," he  continues,  "are  so  fortified  by  a 
winter  residence  as  to  be  able  to  meet  the  spring  winds 
without  risk. " 

A  climatic  table  of  Ramsgate  is  appended ;  it  also  sub- 
stantially represents  that  of  Margate,  which  is  only  about  . 
five  miles  distant: 

Climate  of  Ramsgate,  Lat.  51°  19'  (from  "  Climates  and  Baths 
or  Great  Britain"). 


Temperature — 
Average  or  normal  . . . 

Mean  daily  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum . 
Lowest  or  minimum . . 

Humidity- 
Mean  relative  at  9  a.m. 

Precipitation- 
Average  in  incbes 

Days  in  which  rain  fell 

Wind- 
Prevailing  

Weather- 
Cloud  at  9  A.M 


8.9 
43.3 
34.4 

55.3 
20.3 


15 
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so 
Ju 

7.3 


40.3° 
11.1 
45.8 
34.7 
63.6 
20.1 

83^ 

1.14 

14 
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ne. 

0.9 


52.2° 

14.2 

59.3 

45.1 

77.3 

32.9 

76^ 

1.73 

12 

vaili 
est  e 

6.1 


61.2° 
15.2 
68.8 
53.6 
83.6 
42.3 

74^ 

2.33 
13 

ng  w 
xcep 

6.3 


61.4' 
15.4 
69.1 
53.7 
83.2 
44.2 

74i« 

1.35 


indis 
t  In 


6.0 


49.8' 
11.8 
55.7 
43.9 

72.9 
27.8 


2.86 
15 

from 
Aprl 

6.6 


45.0° 
9.7 
49.8 
40.1 
61.3 


2.84 
16 


the 
land 


7.5 


49.3° 
12  0 
55.3 
43.3 
83.6 
19.0 

82* 

24.23 
163 

S.W. 
6.7 


Margate  (about  19,000  inhabitants)  has  been  noted  for 
a  century  for  the  treatment  of  scrofula  and  tuberculous 
diseases,  especially  in  children,  and  here  is  situated  one 
of  the  oldest  and  most  famous  seaside  sanatoria  for  those 
suffering  from  these  diseases— "The  Royal  Sea-Bathing 
Infirmary."  There  are  also  many  other  similar  insti- 
tutions. The  town  stands  on  two  hills  separated  by  a 
valley,  and  facing  the  north  are  high  chalk  cliffs  at  the 
base  of  which  is  a  shallow  beach  that  is  quite  covered  at 
high  tide.  It  is  upon  these  cliffs  that  the  new  portion 
of  the  town  is  situated.  The  town  also  stretches  some 
distance  back  from  the  sea  over  undulating  ground,  af- 
fording opportunities  to  gain  a  certain  amount  of  protec- 
tion from  the  winds.    The  water  supply  is  good,  and  the 
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drainage  is  efficiently  accomplished  both  by  natural  and 
by  artificial  means. 

The  table  shows  the  various  meteorological  data  in 
detail.  Fogs  are  not  frequent.  It  is  rarely  uncomfort- 
ably hot  or  cold  in  summer.  January  is  the  coldest  month 
in  the  year,  the  average  temperature  being  38.9°  F. 

Large  numbers  of  children  are  sent  to  this  resort  for 
the  effect  of  the  sea  air  and  sea  bathing,  the  majority 
suffering  from  scrofula  and  tuberculous  diseases  other 
than  pulmonary  tuberculosis.  The  benefits  obtained  in 
these  maladies  in  some  cases  are  said  to  be  extraordinary. 
At  the  Royal  Sea-Bathing  Infirmary  the  following  per- 
centages of  cures  are  given :  1886,  23. 5  per  cent. ;  1887, 
27.84  per  cent. ;  1888,  38  per  cent. ;  1889,  46.1  per  cent. ; 
1890,  52.35  per  cent.  As  it  requires  a  certain  vigor  of 
constitution  to  endure  this  climate,  weakly  children  would 
probably  do  better  in  the  milder  climate  of  the  Mediter- 
ranean shores. 

The  accommodations  at  Ramsgate  and  Margate  are 
good  and  of  varying  price,  and  there  are  excellent  facili- 
ties for  all  sorts  of  sea-baths. 

For  a  more  extended  description  of  this  region  and  its 
climate  the  reader  is  referred  to  the  article  of  Ewart  in 
"Climates  and  Baths  of  Great  Britain,"  to  whom  the 
writer  acknowledges  his  indebtedness. 

Edward  0.  Otis. 

RANULA. — A  cystic  tumor  in  the  floor  of  the  mouth, 
formed  by  the  dilatation  of  one  or  more  of  the  acini  of 
the  anterior  lingual  glands  (Ward  '),  which  are  known 
also  as  the  " Blandin-Nuhn "  glands  (von  Reckling- 
hausen '),  and  are  situated  at  the  under  side  of  the  tongue 
on  either  side  of  the  frsenum  linguae,  near  the  apex. 

This  definition,  the  correctness  of  which  has  been  con- 
firmed by  later  investigations,''  *  is  founded  on  the  result 
of  a  characteristically  thorough  investigation,  by  the 
accomplished  Strassburg  pathologist,  of  a  typical  ranula 
accidentally  found  at  a  necropsy  made  in  his  pathologi- 
cal institute.  The  cyst,  about  the  size  of  a  pigeon's  egg, 
was  found  on  the  under  side  of  the  left  half  of  the  tongue ; 
it  extended  to  a  little  beyond  the  median  line  upon  the 
right  side,  and  penetrated  into  the  intermuscular  spaces 
in  different  directions.  The  wall  of  the  cyst  was  of  a 
nearly  uniform  thickness  of  from  1  to  3  mm. ;  the  internal 
surface  was  nearly  smooth,  except  in  the  upper  part, 
where,  anteriorly,  toward  the  apex,  there  was  a  promi- 
nence of  some  5  mm.  in  height,  upon  which  were  two 
furrows;  one  of  these,  situated  near  the  top  of  the  prom- 
inence, allowed  the  passage  of  a  bristle  to  the  depth  of 
2.5  mm.,  while  the  other,  situated  near  the  base  and  away 
from  the  apex,  was  impervious.  The  cyst  was  every- 
where colorless  and  translucent,  except  at  the  inferior 
part,  where  there  was  an  opaque  spot  of  about  20  mm. 
in  diameter,  of  a  brownish  color,  having  at  its  edges  two 
more  cysts,  each  about  the  size  of  a  pin's  head.  The 
ducts  of  the  various  salivary  glands,  Wharton's  and  Ri- 
vinus',  as  well  as  Bartolini's,  were  all  to  be  traced  outside 
of  the  cyst,  having  no  other  relation  with  it  than  that  of 
proximity.  The  microscopic  examination  showed  that 
the  epithelial  lining  of  the  cyst  wall  was  in  two  layers, 
the  inner  one  of  ciliated  cylindrical  epithelium,  and  be- 
neath this  a  layer  of  small  polygonal  cells  with  large 
nuclei.  The  cyst  contained  a  clear,  somewhat  thick, 
glairy,  and  viscid  mucus,  faintly  yellow  in  color.  The 
morphological  elements  were  cells  of  an  epithelial  char- 
acter in  various  stages  of  "  colloid  "  degeneration,  large 
brownish  granular  bodies,  and  numerous  hyaline  corpus- 
cles, among  which  were  some  quite  large,  of  a  diffused, 
faint  greenish-yellow  shade,  permeated  with  countless 
"  vacuoles. "  The  chemical  examination  showed  a  consid- 
erable amount  of  mucus,  but  no  evidence  either  of  sul- 
phocyanide  of  potassium  or  of  any  fermentative  material 
for  the  saccharine  conversion  of  starch;  therefore  the 
fluid  was  not  saliva.  This  confirmed  the  investigation 
of  Besanez  ^  made  in  1845.  F6derl «  describes  a  ranula 
which  he  dissected  as  consisting  of  the  dilated  duct  of  the 
Blandin-Nuhn  gland.     .  ..        ,         * 

Ranulse,  in  general,  present  themselves  as  translucent 


pink  or  bluish  tumors,  generally  globular  in  shape  and 
fluctuating,  lying  either  wholly  in  the  mouth  or  between 
the  mouth  and  chin,  according  to  their  size.  They  pro- 
ject into  the  floor  of  the  mouth  from  beneath  the  tongue, 
at  first  quite  to  one  side  of  the  fraenum  linguae ;  but  as 
they  increase  in  size  toward  the  mouth  they  elevate  the 
tongue,  push  it  over  to  the  opposite  side,  and  in  time 
present  themselves  against  the  teeth  in  front,  and  may 
even  prevent  their  closure.  They  push  the  fraenum  tow- 
ard the  opposite  side,  but  may  project  beyond  it,  giving 
the  appearance  of  two  tumors,  or  of  one  tumor  divided 
into  a  larger  and  a  smaller  portion.  As  the  tumor  in- 
creases in  size  the  interference  with  speech  and  deglu- 
tition becomes  steadily  more  noticeable.  The  elder  Cline ' 
relates  the  case  of  a  person  who  was  in  great  danger  of 
immediate  suffocation  by  a  large  ranula  which  thrust  the 
tongue  back  into  the  fauces.  When  not  interfered  with 
the  tumor  will  project  in  the  neck  below  the  angle  of  the 
chin,  and  fluctuation  may  be  felt  in  this  situation.  When 
the  tumor  is  large  the  alteration  of  the  patient's  expres- 
sion is  marked ;  the  region  of  his  mouth  looks  like  that 
of  a  frog,  the  pale  bluish,  translucent  hue  increasing  the 
resemblance.  Hence  the  name,  from  rana,  frog  Ger., 
IProscligeschwiilste  J  Pr.,  grenouilktte). 

Cysts  of  other  organs  than  the  Blandin-Nuhn  glands 
are  also  found  in  this  situation.  Wharton's  duct  may  be 
dilated  by  the  damming  back  of  the  secretion  of  the  sub- 
maxillary gland  from  the  formation  of  a  salivary  concre- 
tion in  the  duct,  either  at  its  orifice  or  in  its  course ;  and 
dermoid  cysts,  often  of  considerable  size,  are  also  found. 
The  latter  are  especially  interesting  pathologically,  as 
they  undoubtedly  represent  here  the  remains  of  a  festal 
organ  which  normally  entirely  disappears.  The  branch- 
ial fissures  of  the  fcetus  are  normally  obliterated  early  in 
foetal  life,  but  occasionally  a  fold  of  the  tegumentary  or 
epiblastic  layer  becomes  included  in  the  deeper  tissues  in 
the  process  of  closing  in  from  the  sides  to  form  the  face, 
and  finally  it  becomes  entirely  separated  from  its  attach- 
ment to  the  external  skin.  It  may  remain  quiescent, 
giving  no  evidence  of  its  presence,  or  the  cells  of  the  epi- 
thelial lining  may  be  excited  to  growth  and  the  interior 
become  filled  with  the  products,  consisting  of  broken- 
down  epithelium,  fat,  cholesterin  crystals,  and  debris, 
i.e.,  the  usual  contents  of  cysts  developed  from  the  der- 
moid layer.  Indeed,  hairs,  bone,  and  teeth  have  been 
found  in  them.*  These  dermoid  cysts,  however,  do  not 
spring  from  the  same  point  as  do  true  ranulse.  They  are 
situated  either  in  the  median  line,  between  the  two  genio- 
liyoglossi  muscles,  or  between  one  of  these  and  the  mylo- 
hyoid; but  as  they  grow  they  extend  upward  into  the 
floor  of  the  mouth,  or  downward  in  the  neck,  as  far,  per- 
haps, as  the  larynx.' 

Diagnosis.— These  various  tumors  present  points  of 
differentiation  sufficiently  marked,  usually,  to  .allow  them 
to  be  recognized,  and  as  the  treatment  of  each  is  different, 
it  is  important  to  have  them  well  in  mind.  The  positions 
of  true  ranula  and  of  the  dilated  Whartonian  duct  are, 
by  the  time  they  have  aroused  sufficient  attention  to  be 
brought  to  the  notice  of  the  surgeon,  very  nearly  the 
same;  they  both  lie  just  under  the  tongue,  to  one  side  of 
the  fraenum,  and  fill  up  the  floor  of  the  mouth,  elevat- 
ing the  tongue  above  it,  and  appearing  as  a  thin-walled, 
fluctuating,  and  translucent  tumor.  In  the  case  of  the 
ranula,  this  tumor  has  upon  its  surface  Wharton  s  duct, 
the  orifice  of  which  can  usually  be  detected  near  the 
median  line,  and  into  which  a  fine  probe  or  bristle  may 
be  passed,  and  be  seen  to  glide  along  the  surface  to  the 
submaxillary  gland,  external  to  and  beyond  the  cyst. 
Careful  search  will  often  also  reveal  the  orifices  of  the  sub- 
lingual gland,  the  ducts  of  Rivinus.  Blood-vessels  are 
frequently  seen  coursing  in  waving  lines  over  the  cyst. 
When  Wharton's  duct  is  the  seat  of  the  tumor,  the  en- 
trance of  the  probe  into  it  will  be  prevented  by  the  ob- 
stacle which  is  blocking  it,  be  it  salivary  concretion  or 
inflammatory  product,  and  removal  of  the  obstacle  will 
usually  allow  the  escape  of  the  fluid.  In  these  cases  there 
are  usually  considerable  pain  and  circum]acent_swelling, 
with  other  evidences  of  inflammatory  action  in  all  the 
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carts  implicated ;  the  floor  of  the  mouth  is  hot  and  tender, 
the  tongue  is  painful  on  motion,  and  under  the  jaw  the 
submaxillary  gland  is  swollen  and  tender. 

The  clinical  features  of  the  dermoid  cyst  are  different; 
indeed  there  should  be  no  confusion  between  them,  but 
inasmuch  as,  from  its  situation  and  gross  appearances, 
It  is  sometimes  described  as  ranula,  it  is  well  to  point 
out  the  differences.  The  wall  is  usually  thick  and  firm, 
the  contents  may  be  quite  thick,  even  mortar-like,  some- 
times purulent,  or  the  contained  fluid  may  be  thin  or  vis- 
cid There  may  be  fluctuation,  but  it  is  less  distinct  than 
in  ranula,  and  the  surface  often  pits  on  pressure.  The 
tumor  is  situated  more  deeply  under  the  muscles  of  the 
mouth,  and,  when  presenting  under  the  jaw,  is  embedded 
among  those  of  the  neck,  and  may  penetrate  even  as  far 
down  as  the  larynx.  In  the  mouth  it  arises  nearer  the 
median  line,  although  as  it  grows  its  origin  becomes 
obscured,  and  may  not  be  readily  determined  at  the  time 
when  the  case  comes  under  the  observation  of  the  sur- 
geon. 

Teeatmeht.— No  other  than  operative  interference  is 
of  any  avail  in  the  treatment  of  these  cysts,  and  it  is  usu- 
ally necessary  to  do  more  than  simply  to  evacuate  their 
contents.  If  it  be  a  dilated  Whartonian  duet,  the  re- 
moval of  the  concretion  blocking  up  the  orifice  is  usually 
suflicient ;  but  this  requires  some  care,  as  it  is  often  very 
brittle,  and  if  any  fragments  remain  they  set  up  a  good 
deal  of  irritation  in  the  duct  itself,  and  serve  as  nuclei 
for  further  collections.  Therefore  an  opening  should  be 
made  in  the  duct  suflBciently  large  to  "shell  out  "the 
stone  entire.  As  these  are  occasionally  quite  long,  it 
may  require  a  considerable  incision  in  the  length  of  the 
duct,  but  this  is  preferable  to  making  a  small  opening 
and  endeavoring  to  drag  the  stone  out ;  for  if  this  is  at- 
tempted it  is  liable  to  break,  to  the  subsequent  annoyance 
of  both  patient  and  surgeon. 

It  is  better,  when  practicable,  to  remove  the  dermoid 
cyst  entirely,  though,  when  it  extends  deeply  and  has 
very  firm  attachments,  this  will  be  difficult,  and  may  be 
impossible  with  safety  to  the  patient.  When  the  cyst 
is  not  large  it  is  usually  easiest  to  make  a  free  incision 
through  its  wall — whether  in  the  mouth  or  under  the 
chin,  depends  upon  its  accessibility — and  evacuate  the 
contents.  When  these  are  thick  and  tenacious  this  may 
be  a  matter  of  some  difficulty.  After  this,  the  cyst  wall 
being  tolerably  firm,  it  will  bear  considerable  dragging 
upon,  and  may  be  enucleated  with  the  handle  of  the 
scalpel,  aided  by  occasional  snips  with  the  blade  or  with 
scissors.  Cases  are  occasionally  met,  however,  in  which 
the  operation  of  entire  removal  is  both  difficult  and 
dangerous.  In  Mr.  Mayo's'  case  the  tumor  extended 
down  nearly  to  the  clavicle,  passing  between  the  sterno- 
mastoid  muscle  and  the  trachea.  After  scooping  out  the 
contents  and  removing  a  part  of  the  wall,  he  left  the  rest 
to  suppurate,  first  filling  the  cavity  with  lint  soaked  in 
turpentine,  in  order  both  to  arrest  the  hemorrhage  and  to 
hasten  the  suppuration.  The  patient  recovered  after  a 
considerable  time. 

Sir  William  Fergusson's '"  case  filled  the  mouth  so  as 
to  threaten  suffocation,  keeping  the  teeth  forcibly  apart 
and  projecting  prominently  under  the  chin.  He  feared 
to  leave  "  a  sac  so  large  and  thick  to  the  certainty  of  a 
violent  inflammation,"  .  .  and  "resolved  instead  to  at- 
tempt the  extraction  of  the  whole  cyst."  Incisions  were 
made  both  in  the  mouth  and  in  the  neck,  but  "  the  sac 
was  so  amalgamated  with  the  surrounding  tissues  that  a 
free  use  of  the  knife  was  required."  No  large  vessel  was 
cut,  but  there  was  much  loss  of  blood  both  at  the  opera- 
tion and  subsequently ;  the  ultimate  result,  however,  was 
entirely  satisfactory. 

The  true  thin-walled  ranula  requires  a  different  treat- 
ment. Simple  incision  is  not  sufficient,  for  the  edges  of 
rtie  wound  usually  reunite  and  the  cyst  forms  again. 
The  wall  is  also  too  thin  to  allow  its  enucleation  in  toto. 
A  seton  introduced  through  its  walls,  aud  allowed  to  re- 
mam  for  a  couple  of  weeks,  more  or  less,  will  sometimes, 
but  not  always,  cure  it,  and  is  to  be  tried  first.  This  fail- 
ing, some  surgeons  recommend  the  removal  of  a  large 
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part  of  the  thin  wall,  in  the  expectation  that  the  re- 
mainder of  the  cyst  will  collapse  and  the  walls  unite,  thus 
obliterating  its  cavity ;  but,  like  the  seton,  this  often  fails. 
A  sort  of  plastic  operation  has,  therefore,  been  tried, 
and  it  has  usually  proved  successful.  This  consists  in 
forming  a  triangular  flap  by  a  couple  of  converging  inci- 
sions in  the  anterior  wall,  and  fastening  the  apex  by  two 
or  three  sutures  to  the  opposite  wall;  adhesions  are  thus 
formed,  and  the  cyst  is  kept  open  until  the  wall  shrivels 
up.  Sonnenberg  recommends  that  the  remainder  of  the 
gland  be  dissected  out  of  its  bed  in  the  apex  of  the 
tongue,  thus  preventing  the  development  of  any  other 
cysts  afterward.  Tliis  is  occasionally  done,  with  very 
satisfactory  results,  when  milder  measures  have  failed. 
Hippel"  advises  the  removal  of  both  cyst  and  gland 
through  an  incision  under  the  chin,  as  bfeing  more  acces- 
sible and  more  sure  against  recurrence.  Felizet  ■''  thinks 
that  he  simplifies  the  procedure  of  extirpating  the  sac 
by  first  injecting  a  solution  of  boric  acid  into  the  tissues 
around  it ;  after  which  he  opens  and  empties  the  cyst, 
stuffs  it  full  with  a  sponge,  and  shells  it  out  as  a  solid 
tumor  ( !)  William  H.  Carmalt. 

1  Ward,  Nathaniel :  Article  Salivary  Glands,  in  Todd  and  Bowman's 
Encyclopsedia  of  Anatomy  and  Physiology,  vol.  Iv.,  pt.  1,  p.  426. 

^  von  Recklingliausen :  Vlrchow's  Archly,  Bd.  84,  p.  435. 

s  Sultan :  Deutsch.  Zeitschrift  filr  Chiriirgie,  Bd.  xlviii.,  1868. 

*  Mlntz :  Deutsch.  Zeitschrift  fiir  Chirurgie,  Bd.  11.,  1899. 

'  Besanez,  Dr.  Gorup:  Heller's  Archiv  liir  Phys.  und  patholog. 
Chemle  u.  Mleroscopie,  vol.  11.,  quoted  by  Dr.  Owen  Eels  in  the  article 
Saliva,  In  Todd  and  Bowman's  Encycl.  ol  Anat.  and  Phys.,  vol.  iy., 
pt.  1,  p.  420. 

»  FOderl :  Langenbeck's  ArcMv,  Bd.  49, 1895. 

'  Chelius's  System  of  Surgery,  vol.  ill.,  p.  121.  Edited  by  J.  F.  South, 
Philadelphia,  1847. 

8  Butlin,  Henry  S. :  Diseases  of  the  Tongue,  p.  239.  Lea  Brothers  & 
Co.,  Philadelphia,  1885. 

'  Mr.  Mayo,  of  Winchester,  England :  Lancet,  1847, 1.,  p.  667,  quoted 
in  Druitt's  Surgery,  p.  423,  Philadelphia,  1860. 

> »  Fergusson's  Practical  Surgery,  p.  445,  Philadelphia,  1853. 

' '  Hippel :  Langenbeck's  Archiv,  Bd.  55, 1897. 

"  Felizet :  Bull,  de  Chirurgie,  1891,  October  21st,  p.  603. 

RAPE,  MEDICO-LEGAL  ASPECTS    OF.— Rape   may 

be  defined  as  the  carnal  knowledge  of  a  woman  through 
force  and  without  her  consent;  or,  as  it  is  generally  ex- 
pressed, "forcibly  and  against  her  will." 

The  physician  is  concerned  but  little  with  the  legal 
aspects  of  the  subject.  Only  the  more  important  facts 
will  therefore  be  stated,  greater  space  being  given  to  the 
duties  of  the  medical  examiner. 

General  Gonsiderations. — Rape  has  always  been  re- 
garded by  civilized  nations  as  one  of  the  most  heinous 
crimes.  It  is  a  felony  in  all  the  United  States,  and  its 
punishment  varies  from  fine  and  imprisonment  for  a  term 
of  years  to  life  imprisonment  or  death.  The  severest 
penalty  is  imposed  in  several  of  the  Southern  States. 

Assault  with  intent  to  rape  is  recognized  as  a  distinct 
offense  in  some  of  the  States,  but  not  in  others.  Where 
so  recognized,  it  is  punished  with  fine  and  imprisonment. 
Handling,  touching,  or  attempting  to  touch  the  genital 
organs  of  a  female,  or  her  breasts,  forcibly  and  without 
consent,  is  regarded  in  some  States  as  a  felony  or  crimi- 
nal assault;  in  others,  as  a  misdemeanor. 

If  it  can  be  shown  that  the  woman  gave  her  consent, 
the  guilt  of  the  man  is  removed,  providing  the  woman  is 
capable  of  legally  giving  consent.  Under  the  old  "  com- 
mon law  "  the  age  limit,  under  which  a  female  was  not 
capable  of  giving  consent,  was  thirteen  years.  In  most 
of  the  States  this  limit  has  been  raised  to  fourteen  or  six- 
teen years;  in  Wyoming,  to  eighteen  years.  Carnal 
knowledge  of  a  girl  under  this  limit,  even  at  her  solicita- 
tion, is  a  felony.  An  idiotic  or  insane  woman  cannot 
give  consent,  and  an  assault  or  rape  committed  upon  one 
in  a  state  of  anfesthesia  or  in  a  hypnotic  sleep  is  generally 
regarded  as  being  committed  against  her  will.  Consent 
obtained  by  fraud,  as  when  a  man  represents  himself,  in 
the  dark,  to  be  the  husband,  or  when  the  woman  unwit- 
tingly assumes  that  he  is  her  husband,  does  not  mitigate 
the  offense,  although  a  decision  was  once  given  in  Eng- 
land in  which  such  deception  was  permitted  to  pass 
without  punishment.  Previous  repeated  cohabitation 
between  the  man  and  woman  does  not  remove  the  guilt 
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of  rape,  if  force  has  been  \ised,  for  the  common  law  holds 
that  even  a  prostitute  may  reform  or  withhold  her  con- 
sent. A  woman  cannot  charge  her  husband  with  rape, 
for  the  marriage  contract  involves  her  consent.  Finally, 
all  persons  aiding  in  the  commission  of  a  rape  or  assault 
are  regarded  as  principals  in  the  second  degree. 

The  testimony  of  the  prosecuting  witness  is  accepted 
as  competent  through  recognition  of  the  fact  that  the 
crime  is  generally  committed  in  secret  when  no  other 
persons  are  near.  But  the  character  of  the  prosecuting 
witness  is  important  and  may  be  impeached.  The  wit- 
ness is  required  to  answer  all  questions  put  by  the  de- 
fence without  privilege. 

Duties  of  the  Examiner. — The  testimony  of  the  medical 
examiner  is  generally  employed  to  corroborate  that  of 
the  prosecuting  witness,  and  there  are  few  positions  in 
which  greater  care  and  discrimination  must  be  used.  It 
is  the  duty  of  the  physician  to  make  an  impartial  exam- 
ination and  to  submit  the  facts  just  as  he  finds  them. 
The  statements  of  the  victim  and  those  of  her  friends  are 
matters  for  the  consideration  of  the  court  and  should  not 
in  the  least  influence  the  examiner.  In  a  large  majority 
of  all  cases  of  alleged  assault  the  allegation  is  accidentally 
or  maliciously  false.  Amos  was  doubtless  correct  in  his 
estimate  that  there  are  twelve  false  charges  to  every  true 
one.  The  estimate  Js  true  also  of  cases  in  which  a  child 
is  the  principal  witness.  Even  young  children  are  taught 
by  designing  women  to  tell  the  story  of  an  assault;  but 
they  are  often  taught  to  use  language  most  unnatural  to 
their  age,  and  the  absolute  precision  of  their  statements 
is  often  a  ground  for  suspicion.  It  is  rarely  indeed  that 
an  adult  can  reiterate  a  false  story  without  introducing 
discrepancies.  The  motives  for  such  deception  need  not 
be  discussed.  The  chief  of  them  is  revenge,  and  this  is 
often  for  the  most  trivial  offense,  an  unpaid  debt,  a  fan- 
cied slight  or  insult,  or  a  cessation  of  improper  relations 
with  the  mother.  In  such  cases  the  report  of  the  exam- 
iner should  prevent  the  case  from  coming  to  trial.  In 
cities  where  these  examinations  are  entrusted  to  a  medi- 
cal officer  of  the  court  or  Police  Department,  his  decision 
is  usually  accepted  and  the  case  is  disposed  of  accord- 
ingly, but  a  physician  is  generally  found  by  the  friends 
of  the  prosecution  whose  sympathy  masters  his  judg- 
ment, or  one  who  may  innocently  err  through  lack  of 
ejcperience.  The  inexperienced  physician  should  be  ex- 
ceedingly careful  in  all  cases. 

The  examiner,  on  the  other  hand,  would  often  err  if  he 
confined  his  opinion  too  rigidly  to  the  physical  condition 
of  the  victim.  He  can  often  further  the  ends  of  justice 
by  carefully  interrogating  her  apart  from  her  friends  and 
the  officers  in  charge  of  the  case.  For  his  own  protec- 
tion, however,  he  shoiild  never  examine  her  alone  in  a 
closed  room.  A  child  when  privately  questioned  may 
admit  that  she  has  been  instructed  and  perhaps  injured 
by  her  mother ;  but  the  testimony  of  a  young  child  is  so 
unreliable  that  even  this  admission  may  be  false.  The 
slightest  discrepancy  should  arouse  suspicion,  especially 
In  the  case  of  a  girl  approaching  the  age  of  consent,  and 
in  all  cases  a  careful  inquiry  should  be  made  into  the 
possibility  of  a  motive  for  false  accusation.  In  a  case 
examined  by  the  writer,  a  girl  of  fifteen  years  charged 
her  father  with  Incest  on  two  occasions.  Her  condition 
suggested  more  frequent  intercourse,  and  she  finally  ad- 
mitted that  the  charge  had  been  brought  through  re- 
venge for  being  forbidden  the  attentions  of  the  young 
man  who  had  been  guilty  of  her  downfall. 

The  examination  should  be  made  at  the  earhest  possi- 
ble moment  after  the  assault,  but  in  the  case  of  an  adult 
woman  only  with  her  consent.  Refusal  to  submit  to 
examination  may  be  taken  as  an  indication  of  false  accu- 
sation, but  no  more  extensive  injuries  were  ever  found 
by  the  writer  than  in  a  young  woman  who,  after  reciting 
a  most  incredible  account  of  Imprisonment  and  rape  by 
five  young  men,  was  with  the  greatest  difficulty  per- 
suaded to  undergo  an  examination.  _ 

A  complete  record  should  be  kept  of  the  examination 
Including  the  name,  residence,  age,  and  apparent  age  of 
the  subject,  the  exact  time  and  place  at  which  the  as- 


sault is  alleged  to  have  been  committed,  and  the  place 
and  exact  time  at  which  the  examination  is  made.  The 
injuries,  if  any,  should  be  described  with  minuteness. 
The  most  trivial  circumstances  often  prove  of  value  in 
the  hearing  of  the  case,  but  particularly  the  time  at 
which  the  crime  is  said  to  have  been  committed  and  the 
time  which  was  permitted  to  elapse  before  complaint  was 
made.  An  excellent  form  for  this  record  is  given  in  the 
"  Medical  Jurisprudence  "  of  Witthaus  and  Becker,  vol. 
ii.,  p.  419. 

The  principal  facts  to  be  established  by  the  physician's 
examination  are :  (1)  Marks  of  violence  on  the  woman's 
genitals;  (3)  marks  of  violence  on  her  person  or  on  that 
of  the  accused ;  (3)  stains  of  blood  or  semen  on  the  person 
or  clothing  of  either ;  and  (4)  the  presence  of  venereal  dis- 
ease, gonorrhcea,  syphilis,  or  chancroid  in  one  or  both. 
It  is  better  to  make  the  examination  of  the  defendant 
with  his  consent  and  under  full  knowledge  of  its  purpose, 
for  it  may  otherwise  be  excluded  as  being  in  the  nature 
of  an  involuntary  confession.  For  the  same  reason  the 
consent  must  be  obtained  without  threat  or  promise.  In 
a  recent  case  the  victim,  a  child  of  four  j^ears,  was  found 
to  be  Infected  with  gonorrhoea,  and  the  accused  in  a  late 
stage  of  the  disease.  The  latter,  distinctly  degenerate, 
willingly  submitted  to  the  examinatiouj  and  admitted, 
in  the  presence  of  the  examiner  and  an  officer,  that  he  had 
had  the  disease  and  had  committed  the  assault.  The  case 
was  closely  contested,  but  the  evidence  was  finally  ad- 
mitted entire  as  a  voluntary  confession,  for  it  was  shown 
that  he  had  been  informed  beforehand  of  the  purpose  of 
the  examination  and  of  the  official  position  of  both  wit- 
nesses. 

The  examiner  is  generally  expected  to  testify  that  he 
has  found,  or  that  he  has  not  found,  evidence  of  the  pen- 
etration of  some  blunt  instrument.  It  is  sufficient  that 
the  penetration  has  been  only  slight,  as  a  separation  of 
the  labia.  A  recent  rent  of  the  hymen  is  one  of  the  most 
positive  signs  that  force  has  been  employed  and  that  pen- 
etration has  been  effected,  but  it  is  not  essential.  The 
fact  that  the  hymen  is  Intact  is  of  little  value  as  negative 
evidence,  for  its  firmness  must  be  taken  into  account. 
Repeated  intercourse  is  sometimes  possible  without  its 
rupture.  And,  on  the  other  hand,  the  membrane  may  be 
torn  in  many  ways  other  than  by  sexual  intercourse.  It 
is  probably  conge nitally  absent  in  rare  Instances.  The 
vaginal  wall  may  also  be  torn.  Comparatively  few  ex- 
aminations are  made  early  enough  to  discover  a  recent 
bleeding  rent  of  the  hymen,  and  after  the  third  day  it  is 
extremely  difficult  to  determine  the  recentness  of  an  in- 
jury. More  than  one  examination  should  generally  be 
made,  and  the  statements  made  at  each  should  be  care- 
fully compared.  In  many  cases  the  injury  is  limited  to 
one  or  more  abrasions  just  within  the  labia  minora.  The 
examiner  should  see  that  this  corresponds  to  a  possible 
injury  by  sexual  contact,  and  that  it  is  not  an  excoriation 
such  as  might  be  made  with  the  finger-nail.  He  cannot, 
of  course,  testify  as  to  the  manner  in  which  the  injury 
was  Inflicted,  but  he  may  state  that  the  injury  corre- 
sponds exactly  to  an  injury  inflicted  in  a  forcible  effort 
at  sexual  intercourse. 

Complete  penetration  of  the  vagina  of  a  young  child 
by  an  adult  male  penis  is  impossible  without  the  most  ex- 
tensive laceration,  and  this  is  generally  prevented  by  the 
outcry.  In  more  than  one  hundred  examinations  of 
youno-  girls  the  writer  has- seen  but  one  case  in  which 
such  tnjury  had  been  inflicted.  When  there  has  been  re- 
cent complete  defloration,  complete  penetration  of  a  vir- 
gin there  are  generally  well-marked  signs  of  violence. 
The  hymen  is  lacerated  and  the  external  genitalia  are 
inflamed  to  a  variable  degree.  There  may  be  only  slight 
redness  heat,  and  sensitiveness,  or  the  swelling  and  ten- 
derness may  be  so  great  as  to  render  a  thorough  exami- 
nation almost  impossible.  The  woman  walks  with  diffi- 
culty and  separation  of  the  thighs  causes  intense  pam. 
In  the  course  of  from  forty-eight  to  seventy -two  hours 
these  conditions  may  subside  or  they  may  become  more 
marked  as  suppuration  develops  in  the  lacerations.  Other 
evidences  of  a  struggle  are  generally  revealed  in  cases  of 
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extreme  injury,  especially  contusions,  abrasions,  and  lac- 
erations of '  the  thighs.  ^  ,  -J 

Evidence  of  seminal  emission  was  formerly  required 
as  a  proof  of  guilt,  but  it  has  been  abandoned. 
Such  evidence,  if  present,  however,  is  of  great  value 
as  corroborative  of  the  other  facts.  If  stains  are  found 
upon  the  clothing  a  small  piece  should  be  cut  out 
and  submitted  to  careful  microscopic  examination. 
Spermatozoa  may  be  found  also  in  the  vaginal  mucus,  on 
the  skin,  or  on  the  pubic  hair.  (See  article  on  Seminal 
Stains.) 

Marks  of  violence  on  either  person  are  of  value  chiefly 
in  determining  that  consent  was  not  given  and  that  force 
was  employed.  They  are  of  greater  importance,  there- 
fore, in  the  case  of  a  woman  above  the  age  of  consent. 
In  the  case  of  the  prosecuting  witness  it  is  necessary  to 
exclude  the  possibility  that  the  wounds  were  self-inflicted. 
This  is  to  be  suspected  especially  in  the  case  of  a  neurotic 
or  evidently  erotic  girl,  and  when  the  marks  consist  of 
parallel  lines  corresponding  in  size  and  position  to  possi- 
ble positions  of  her  own  fingers. 

The  much-discussed  question  of  the  possibility  of  rape 
upon  an  able-bodied  woman  by  a  man  unaided  resolves 
itself  into  a  question  of  the  comparative  strength  and 
endurance  of  the  two  individuals,  allowance  being  always 
made  for  the  influence  of  fright  and  excitement  upon  the 
woman. 

The  presence  of  venereal  disease  in  both  persons  is 
highly  corroborative  of  the  charge,  providing  the  disease 
has  appeared  in  one  at  a  time  corresponding  to  probable 
inoculation  at  the  time  of  the  alleged  assault.  Great  care 
must  be  exercised,  however,  in  the  diagnostication  of  a 
muco-purulent  discharge.'  Microscopic  examination  is 
generally  necessary.  It  is  especially  important  when 
the  defendant  is  accused  with  having  inoculated  the 
victim,  with  gonorrhoea.  Such  inoculation  is  possi- 
ble after  the  discharge  from  the  male  urethra  has  be- 
come extremely  scant  and  has  even  lost  its  purulent 
appearance.  The  discovery  of  gonococci  in  it  is  suffi- 
cient evidence  of  the  inoculability  of  the  disease  and 
goes  far  toward  establishing  the  guilt  of  the  defendant. 

James  M.  French. 

RASPBERRY.    See  Bosacece. 

RAVENDEN  SPRINGS.— Randolph  County,  Arkansas. 
Post-Opficb. — Ravenden  Springs.  Hotel  Southern,  and 
numerous  smaller  hotels  and  inns. 

Access.— Via  Kansas  City,  Port  Scott  &  Memphis  Rail- 
road to  Ravenden  Station,  thence  five  miles  by  coach  or 
hack  to  springs. 

This  resort  is  located  in  the  northern  part  of  Arkansas 
near  the  White  River  Mountains,  the  range  in  which  the 
Eureka  Springs  have  their  origin.  The  elevation  is 
twelve  hundred  feet.  The  geological  formation  is  the 
same  as  that  at  Eureka,  but  the  mountains  are  not  so 
high  or  so  rugged.  The  surrounding  scenery  is,  how- 
ever, exceedingly  fine,  and  many  features  of  interest  are 
pointed  out  to  visitors.  The  place  takes  its  name  from 
the  "Raven's  Den,"  a  small  cave  with  a  circular  opening 
a  few  feet  from  the  top  of  the  highest  mountain.  In  this 
cave  it  is  said  that  many  of  the  feathered  denizens  of  the 
forest,  particularly  the  raven,  or  black  crow,  made  their 
homes  and  hatched  their  young  for  a  long  period  of 
time.  Fish  and  game  are  abundant,  and  it  is  stated 
that  many  deer  are  killed  in  the  vicinity  during  the 
winter  months.  The  folio  win  g  analysis  of  the  water  was 
inade  by  Messrs.  Wright  &  Merritt,  analytical  chemists 
of  St.  Louis,  in  1885:  One  United  States  gallon  contains 
(sphds):  Lithium  carbonate,  gr.  1.36;  calcium  carbonate, 
gr.  4.61;  magnesium  carbonate,  gr.  4.48;  calcium  chlor- 
ide, gr.  1.24;  magnesium  chloride,  gr.  2.99;  sodium 
chlonde,  gr.  3.19;  alumina,  gr.  2.36;  silica,  gr  0  83- 
iodine,  iron,  and  calcium  sulphate,  of  each  a  trace  •  or- 
ganic matter,  gr.  1.86.  Total,  21.82  grains.  Gases:  Car- 
ponic  acid,  21.5  cubic  inches;  atmospheric  air,  13.3  cubic 
inches.     Temperature  of  water,  59°  P. 

James  K.  Crook. 
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RAWLEY  SPRINGS.— Rockingham  County,  Virginia. 
Post-Officb. — Rawley  Springs.    Hotel. 

Access.— -Via  Baltimore  &  Ohio  Railroad  to  Harrison- 
burg, thence  a  two-hours  drive  over  a  macadamized  turn- 
pike to  springs. 

This  is  one  of  the  famous  old  Virginia  mountain  re- 
sorts, and  it  unites  many  of  the  best  features  of  a  sum- 
mer resting-place.  The  elevation  is  two  thousand  feet 
above  the  sea-level,  and  the  climate  peculiarly  dry  and 
equable.  The  surrounding  scenery  is  wild  and  rugged, 
but  at  the  same  time  picturesquely  attractive.  The  hotel 
at  the  springs  is  a  comfortable  and  handsomely  furnished 
building  containing  seventy -seven  rooms,  with  a  dining- 
room  capacity  of  one  hundred  and  fifty  guests.  It  is 
well  supplied  with  modern  comforts  and  conveniences 
and  facilities  for  amusement.  The  springs  here  are  three 
in  number.  The  water  of  each  fountain  seems  to  possess 
the  same  general  characteristics.  It  is  without  odor,  and 
possesses  a  strongly  marked  chalybeate  taste.  It  exhibits 
a  faintly  acid  odor  from  the  presence  of  carbonic-acid  gas. 
This  disappears  as  the  paper  saturated  with  it  dries.  The 
water  is  perfectly  clear  and  transparent  as  it  flows  from  the 
earth,  but  on  exposure  to  the  air  it  soon  begins  to  deposit 
a  rust-colored  precipitate  of  the  oxide  of  iron.  The  tem- 
perature of  the  main  spring  is  about  51°  F.  According 
to  the  analysis  made  by  Prof.  J.  W.  Mallet,  one  United 
States  gallon  contains:  Iron  protoxide,  gr.  1.09;  organic 
matter,  gr.  0.03;  and  very  small  amounts  of  manganese 
protoxide,  alumina,  magnesia,  lime,  lithia,  soda,  potash, 
ammonia,  sulphuric  acid,  chlorine,  and  silicic  acid.  The 
qualities  of  the  water  are  improved  by  the  presence  of 
carbonic  acid.  It  is  a  very  useful,  lightly  carbonated, 
chalybeate  water,  and  has  an  extensive  sale  even  at  dis- 
tant points.  Jamss  K.  Crook. 

RAWLINS  SULPHUR  SPRINGS.-Carbon  County, 
Wyoming.     Post-Office. — Rawlins.     Hotels. 

These  springs  are  pleasantly  located  about  two  miles 
from  the  enterprising  town  of  Rawlins.  The  situation  is 
on  an  elevated  plateau,  at  an  altitude  of  sixty-four  hun- 
dred feet  above  the  sea-level.  The  surrounding  country 
is  rugged  and  mountainous.  The  following  analysis  was 
made  in  1894  by  E.  E.  Slosson,  of  the  School  of  llines  of 
the  University  of  Wyoming,  at  Laramie:  One  United 
States  gallon  contains  (solids):  Potassium  chloride,  gr. 
1.40;  sodium  chloride,  gr.  12.18;  sodium  sulphate,  gr. 
854;  magnesium  sulphate,  gr.  18.23;  calcium  sulphate, 
gr.  19.38;  calcium  carbonate,  gr.  7.41;  silica,  gr.  8.23; 
carbonic  acid,  gr.  0.82.  Total,  76.09  grains.  Tempera- 
ture of  water  at  spring,  48°  P. 

The  water  is  said  to  be  highly  sulphurated  as  it  flows. 
The  above  analysis  having  been  made  at  a  distance  from 
the  springs,  this  gas  was  lost  by  volatilization.  Thera- 
peutically, the  water  has  been  fully  tested  in  only  one 
disease,  viz.,  rheumatism.  In  this  afEection  it  is  stated 
to  be  very  efficacious,  both  when  taken  internally  and 
when  used  in  the  form  of  hot  baths.  The  water,  as 
shown  by  the  analysis,  should  possess  very  good  diuretic 
and  laxative  properties.  A  first-class  hotel  and  bath- 
house are  much  needed  to  put  the  resort  on  a  good  foot- 
ing. The  natural  advantages  of  the  place  appear  to  oflEer 
excellent  inducements  for  the  establishment  of  a  sana- 
torium. JaTTiesK.  Crook. 

RAY  FUNGUS.    See  Actinomycosis. 

RAYNAUD'S  DISEASE.— Laveran  was  the  first  to  ap- 
ply to  this  disease  the  name  of  its  discoverer.  To  the 
literature  of  the  condition  Raynaud  made  three  contribu- 
tions: his  thesis  in  1863,  his  article  on  "Gangrene,"  1873, 
and  his  "  New  Researches,"  1874.  His  attention  was  first 
attracted  to  the  subject  by  a  case  of  spontaneous  symmet- 
rical gangrene  which  came  under  his  observation  in  1861. 
As  the  result  of  personal  observation  and  a  searching  of 
medical  literature  he  brought  together  twenty -five  cases 
(Monro)  upon  which  he  based  his  thesis.  After  a  study 
of  the  varied  phenomena  of  these  cases,  he  elaborated  his 
theory  of  spasm  of  the  arterioles  and  venules  in  the 
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affected  parts,  and  suggested  that,  therapeutically,  elec- 
tricity might  be  of  value.  He  believed  symmetry  of  the 
lesions  and  absence  of  demonstrable  changesin  the  vessels 
to  be  two  essential  features  in  the  disease.  He  also 
thought  that  the  larger  arteries  might  be  affected  by  the 
spasm  to  such  an  extent  that  the  radial  pulse  might  be 
temporarily  lost. 

In  the  "  New  Researches  "  he  describes  a  contraction 
of  the  arteries  of  the  fundus  oculi  observed  in  two  cases. 
He  also  elucidates  more  fully  the  theory  of  abnormal 
irritability  of  the  vaso-motor  centres  with  consequent 
vascular  spasm  of  a  reflex  nature. 

It  has  long  been  known  that  under  the  influence  of  cold 
the  fingers  may  undergo  a  change  of  color,  becoming 
white  and  even  blue.  The  former  condition  has  been 
designated  the  "dead  finger"  {digitus  mortuus);  Ray- 
naud called  it  "local  syncope,"  and  other  names,  such  as 
"  local  anaemia  "  (Hardy),  or  "  regional  ischaBmia  "  (Weiss) 
have  been  used  to  describe  it.  Raynaud  applied  the  term 
"local  asphyxia"  to  the  affected  part  when  it  manifested 
a  blue  appearance ;  Weiss  suggested  the  term  "  regional 
cyanosis  "  and  Barlow  that  of  "  local  cyanosis  "  as  more 
appropirate  than  Raynaud's  appellation.  The  same  con- 
dition was  called  by  Boiseau  "  uterine  cyanosis  "  because 
of  its  relation  to  the  suppression  of  the  menses.  Monro 
thinks  that,  one  tymological  grounds.  Sir  George  John- 
son's criticism  of  Raynaud's  use  of  these  terms  was  cor- 
rect, viz.,  that  "local  syncope"  should  be  called  "local 
asphyxia  "  and  "  local  asphyxia  "  should  be  termed  "  local 
apnoea,"  but  that  the  attempt  to  put  this  into  practice 
would  cause  much  confusion.  Symmetrical  gangrene  is 
the  culmination,  and  one  of  the  most  distinctive  features, 
of  Raynaud's  disease.  Raynaud's  clinical  tripod,  then, 
is  local  syncope,  local  asphyxia,  and  symmetrical  gan- 
grene. Writers  have  multiplied  terms  in  their  endeavoi- 
to  describe  the  various  phases  of  this  syndrome,  but  the 
clarity  of  our  conception  of  the  subject  will  be  gfeatly 
enhanced  by  utterly  disregarding  the  same. 

Symmetrical  gangrene  is  a  rare  condition,  but  "Ray- 
naud's phenomena"  (Hutchinson),  local  syncope  and 
local  asphyxia  or  either,  may  occur  for  years,  finally  dis- 
appearing without  any  gangrenous  manifestation.  An 
illustration  of  this  is  Mrs.  M.,  now  under  my  observa- 
tion. When  nine  years  of  age,  were  she  to  write,  knit, 
sew,  or  do  any  work  requiring  the  dexterous  use  of  the 
fingers,  the  first  phalanx  of  the  fingers  of  the  right  hand 
would  become  white,  cold,  and  numb,  eventually  assum- 
ing a  purple  of  bluish  aspect;  she  could  not  again  use 
them  until  the  attack  had  passed  and  feeling  had  re- 
turned. This  condition  continued  until  her  fifteenth 
year  when  it  ceased  and  did  not  again  show  itself  until  a 
few  months  ago. 

Raynaud's  disease  usually  develops  before  the  thirtieth 
year.  Children,  even  infants,  may  be  subject  to  it,  but 
I  have  known  it  to  occur  after  the  seventieth  year  as 
well.  Females  are  more  susceptible  to  it  than  males. 
According  to  Monro  the  ratio,  as  found  in  the  medical 
wards  of  the  Glasgow  Royal  Infirmary,  has  been  about 
one  in  three  thousand  cases,  but  this  proportion  he  re- 
gards as  an  underestimate, — i.e.,  if  the  disease  be  con- 
sidered purely  as  a  neurosis,  and  not  in  its  relation  to 
other  diseases  of  which  it  was  an  incident  only.  In  my 
own  experience  "Raynaud's  phenomena"  constitute  a 
not  very  infrequent  condition. 

Raynaud's  disease  may  occur  as  a  pure  neurosis  or  it 
may  be  associated  with  a  great  variety  of  morbid  condi- 
tions such  as  hysteria,  insanity,  epilepsy,  tabes  dorsalis, 
syringomyelia,  myelitis,  neurasthenia,  spinal  tumors, 
chorea,  Graves'  disease,  lead  poisoning,  syphilis,  phthisis, 
infectious  fevers,  Bright's  disease,  chlorosis,  ansemia, 
diabetes  insipidus,  and  a  congenitally  small  aorta;  it 
sometimes  appears  also  in  connection  with  certain  der- 
matoneuroses,  as  urticaria,  scleroderma,  and  erythro- 
melalgia.  Heredity  is  present  in  about  eight  per  cent,  of 
the  cases  (Monro).  The  most  important  causative  agent  is 
cold.  Emotional  influences,  malaria,  diseases  of  the  female 
generative  organs,  and  the  breaking  off  of  the  morphine 
and  chloral  habits  are  all  important  etiological  factors. 


Local  syncope  comes  first  in  the  trinity  of  symptoms 
which  charactei-ize  Raynaud's  disease.  It  may  exist 
alone  or  it  may  be  associated  with  local  asphyxia,  a  very 
trequent  combination;  or,  as  is  more  usual,  all  three 
symptoms— local  syncope,  local  asphyxia,  and  gangrene 
--are  present.  Numbness  and  stiffness  in  the  digit 
affected  may  usher  in  an  attack,  or  thei'e  may  have  been 
in  the  extremity  or  parts  involved,  for  days  or  even 
weeks  previous,  severe  pain  which  is  intensified  as  the 
attack  develops. 

The  seizures  are  paroxysmal.  The  parts  involved  be- 
come pale  or  even  corpse-like ;  they  do  not  bleed  when 
pricked,  are  cold,  and  movement  is  difficult.  This  latter, 
Raynaud  suggests,  is  due  to  a  defect  of  afferent  impulses 
and  not  to  muscular  weakness.  The  nose,  cheeks,  chin, 
and  ears  are  but  seldom  invaded.  The  case  of  Mr.  G.i 
who  consulted  me  a  short  time  ago,  well  illustrates  this 
phase.  In  September,  1903,  he  noticed  that  the  first 
phalanx  of  the  thumb,  first  and  second  phalanges  of  the 
index,  and  first  phalanx  of  the  ring  finger  became  cold 
and  white  when  exposed  to  the  air  or  on  touching  some- 
thing cold.  The  local  syncope  was  at  first  attended  by 
pain  in  the  thumb  and  index  finger,  and  there  were  also 
isolated  white  spots  distributed  over  the  unaffected  sur- 
face of  the  ring  finger.  Occasionally,  should  the  hand 
become  very  cold,  local  asphyxia  would  occur  on  its  dor- 
sal surface.  Sometimes,  as  the  local  syncope  disappeared, 
local  asphyxia  would  take  its  place.  The  involvement 
of  the  thumb  here  observed  is  very  exceptional;  it  is 
usually  unaffected. 

Local  syncope  may  be  unilateral  or  bilateral.  The 
upper  extremities  are  more  frequently  involved  than  the 
lower.  The  syncope  ma}'  attack  one  finger  or  all,  or  it  may 
attack  the  different  phalanges  in  an  irregular  manner. 
There  is  no  regularity  in  the  frequency  of  the  seizures; 
they  may  occur  once  or  many  times  daily,  or  there  may 
be  intervals  of  uncertain  length.  They  may  occur  for 
weeks,  months,  or  years  and  then  cease,  either  abso- 
lutely or  for  an  indefinite  period.  In  my  case  of  Mrs. 
M. ,  already  referred  to,  there  was  an  interval  of  twenty- 
seven  years. 

The  part  affected  is  cold  to  the  touch,  tactile  sense  is 
impaired,  and  the  various  forms  of  sensibility  are  irregu- 
larly and  unequally  involved.  Temperature  sense  and 
pain  sense  may  be  lost,  or  that  of  temperature  may 
be  present  and  those  of  touch  and  pain  lost.  Local  syn- 
cope may  disappear  without  leaving  any  trace  or  causing 
any  pain.  Frequently  there  occurs  a  decided  reaction  ac- 
companied by  pain  and  by  annoying  pareesthesias. 

Local  asphyxia  constitutes  the  second  stage  of  this 
symptom  complex.  Usually  it  is  preceded  by  local  syn- 
cojje,  but  not  invariably  so.  As  already  stated,  local 
syncope  may  disappear,  leaving  no  trace  and  causing  but 
slight  discomfort,  or  it  may  be  followed  by  a  blue,  bluish- 
black,  bluish-white,  purple,  violet  or  reddish  discoloration 
of  the  skin  affecting,  sometimes  symmetrically,  some- 
times unilaterally,  the  hand,  fingers,  feet,  and  toes.  A 
livid  marbling  of  the  adjacent  parts  may  be  associated 
with  this  characteristic  discoloration. 

Local  cyanosis  differs  from  local  syncope  in  not  being 
confined  chiefiy  to  the  limbs,  but  in  attacking  as  well  the 
ears,  face,  lips,  chin,  tongue,  and  trunk.  Raynaud  de- 
scribes a  lividity  of  the  breasts,  a  painful  neurosis  which 
merits  the  appellation  of  local  asphyxia  of  the  mammae. 
The  extreme  sluggishness  of  the  circulation  in  the  cya- 
notic area  is  shown  by  the  slow  disappearance  of  the 
white  spot  made  by  pressure. 

The  manner  in  which  the  parts  are  involved  is  most 
irregular,  there  being  no  definite  order  of  sequence.  The 
lower  extremities  are  less  frequently  attacked  than  the 
upper.  Sometimes  an  oedematous  condition  develops  in 
the  asphyxiated  parts  and  instead  of  a  blue  or  black  dis- 
coloration of  the  skin,  with  a  lowered  temperature,  the 
affected  area  assumes  a  bright  red  hue,  is  hot,  and  be- 
comes covered  with  perspiration.  The  cedema  pits  upon 
pressure  and  may  precede  or  even  take  the  place  of  the 
cyanosis.  One  part  may  be  cyanotic  and  swollen,  while 
at  the  same  time  another  may  be  only  swollen.     The  oede- 
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ma  is  not  confined  to  the  extremities,  as  the  ears,  the  face, 
and  the  tongue  may  also  be  affected  (Monro). 

Local  asphyxia  may  or  may  not  be  attended  by  pam; 
often  this  is  absent  unless  the  cyanotic  part  is  handled. 
The  pain  at  times  becomes  neuralgic  in  character,  or  it 
may  be  continuous,  and  it  varies  from  a  slight  discomfort 
to  an  intense  agony.  A  patient  of  my  own  complained 
of  irregular  attacks  of  numbness  for  two  years  before  the 
onset  of  the  disease.  In  this  case  the  pain  was  most  ago- 
nizing from  the  very  inception  of  the  local  syncope,  which 
was  in  a  few  hours  followed  by  local  asphyxia,  the  ap- 
pearance of  the  latter  in  no  way  mitigating  the  suffering. 

There  may  be  loss  of  motion,  temperature  sense,  and 
tactile  sense.  Electrical  sensibility  may  also  be  affected. 
Monro  has  collated  some  interesting  cases  showing  that 
vaso-motor  instability  is  certainly  a  marked  feature  of 
this  condition.  Calmette  could  readily  Induce  an  attack 
in  the  susceptible  parts  by  putting  cold  water  on  any 
portion  of  the  body.  Raynaud,  by  using  electricity  on 
one  hand,  caused  the  disappearance  of  cyanosis  from 
both,  while  Israel  Sohn,  by  applying  friction  to  the 
upper  limbs,  caused  the  disappearance  of  local  asphyxia 
from  all  four  extremities. 

The  character  of  the  onset  in  local  asphyxia  is  most 
erratic.  Discoloration  may  precede  or  follow  the  pain, 
or  the  two  may  be  associated.  The  development  of  the 
cyanosis  may  be  very  sudden ;  it  may  take  the  place  of, 
precede,  or  follow  the  local  syncope;  its  duration  may 
be  a  few  minutes,  hours,  or  days ;  there  is  no  regularity 
in  the  occurrence  of  the  attacks.  The  pulse  may  be  nor- 
mal or  absent.  There  is  no  fever,  but  occasionally  there 
are  depression,  headache,  insomnia,  aphasia,  convulsions, 
and  even  unconsciousness. 

.  Patients  who  have  long  been  subject  to  local  asphyxia 
may  suffer  from  changes  in  the  skin  called  "  tachetic  " 
patches ;  these  purple  areas  are  very  persistent,  are  un- 
affected by  pressure,  and  are  probably  due  to  extrava- 
sated  blood  pigment  in  the  deep  layers  of  the  skin 
(Monro).  Local  asphyxia,  once  having  been  developed,  is 
very  likely  to  recur ;  this  liability  is  not,  however,  so  great 
as  in  syncope.  The  Scotch  verdict,  "  not  pi-oven  "  should 
be  applied  to  those  cases  which  are  reported  as  cured. 

The  idea  that  a  disturbed  innervation  might  bear  a 
causative  relation  to  gangrene  was  entertained  long  be- 
fore Raynaud  wrote  his  now  celebrated  thesis.  His  con- 
tributions gave  to  the  medical  profession  a  new  clinical 
concept,  a  disease  with  certain  definite  characteristics, 
viz.,  local  syncope,  local  asphyxia,  and  symmetrical 
gangrene,  a  distinct  morbid  entity.  For  more  than 
twenty  years  medical  men  regarded  this  disease  as  an 
idiopathic  affection  dependent  upon  a  vaso-motor  dis- 
turbance. Although  the  clinical  entity  described  by 
Raynaud  is  generally  accepted,  it  is  now  believed  to  be, 
in  the  majority  of  cases,  merely  a  symptom  (symptom 
complex)  occurring  in  a  great  variety  of  diseases. 

Symmetrical  gangrene  is  the  last  and  most  important 
of  this  trinity  of  symptoms.  Gangrene  is  usually  asso- 
ciated with  local  asphyxia ;  in  a  very  few  instances  local 
syncope  and  gangrene  are  combined;  often  the  three 
classical  symptoms  are  all  present,  while  in  about  two 
per  cent,  of  the  cases  gangrene  occurs  alone. 

Raynaud  emphasized  its  symmetrical  nature,  but  it 
may  occur  unilaterally  as  well. 

The  parts  most  likely  to  be  affected  are  the  extremities 
and  ears ;  the  thumbs  suffer  less  frequently  than  the  fin- 
gers. The  tip  of  the  nose,  the  cheeks,  lips,  and  chin 
may  be  affected.  Desquamation  of  the  epithelium  may 
be  the  only  evidence  of  the  necrosis.  Unfortunately  this 
is  but  infrequent.  The  nails  may  fall  off,  but  usually 
reappear.  Raynaud  describes  a  peculiar  type  of  blister 
a  large  bulla,  of  a  deep  brown  color  when  dry,  due  to 
gangrene  of  the  papillary  layer  of  the  derma.  Necrosis 
may  attack  one  or  more  of  the  phalanges  of  the  digits,  or 
a  portion  of  the  foot,  or  even  the  entire  foot.  In  one  of 
my  oases  both  legs  were  gangrenous. 

The  attack  may  be  so  severe  that  spontaneous  ampu- 
tation of  the  extremities  may  occur.  Recovery  is  slow 
usually  extending  over    months.     If    the   gangrenous 
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process  is  limited  to  small  necrotic  areas,  the  only  evi- 
dence of  its  existence,  discoverable  after  recovery,  will  be 
the  presence  of  a  slight  scar  or  scars,  and  the  number  of 
these  is  an  index  of  the  number  of  previous  attacks. 
The  gangrene  is  dry  and  the  parts  become  mummified. 
It  is  usually  accompanied  by  pain  which,  in  grave  cases, 
is  most  agonizing.  The  general  health  may  suffer  seri- 
ously through  insomnia,  pain,  and  suppurative  processes. 
Fortunately,  "Raynaud's  phenomena"  often  occur  for 
years  without  the  presence  of  gangrene ;  indeed  it  may 
never  supervene,  but  its  appearance  is  always  a  matter 
of  grave  importance. 

The  prognosis  of  Raynaud's  disease,  considered  as  a 
pure  neurosis,  is,  if  children  are  excluded,  always  good. 
When  associated  with  other  morbid  conditions  it  is  that 
of  the  underlj'ing  disease.  For  example,  a  patient  of  my 
own  died  during  a  very  severe  attack  of  Raynaud's 
disease,  gangrene  and  mummification  being  very  pro- 
nounced, but  death  was  evidently  the  result  of  a  chronic 
Bright's  disease,  from  which  she  had  suffered  for  years. 

Diagnosis  is  easy  when  the  three  typical  stages  are 
present.  The  occurrence  of  local  syncope  and  local 
asphyxia,  either  separate  or  associated,  constitutes  what 
is  known  as  "  Raynaud's  phenomena,"  but  the  additional 
element  of  gangrene  is  necessary  to  justify  a  diagnosis  of 
Raynaud's  disease.  The  age_,  the  sensory,  motor,  and 
trophic  symptoms,  together  with  the  symmetry  of  evolu- 
tion, will  usually  enable  one  to  form  a  correct  conclusion. 
Gangrene  due  to  old  age,  ergot,  and  trauma  is  wanting 
absolutely  in  etiological  and  clinical  characteristics. 

There  is  a  consensus  of  opinion  among  authors  that 
local  syncope  and  local  asphyxia  are  of  vaso-motor  ori- 
gin. Local  syncope  is  undoubtedly  due  to  spasm  of  the 
arterioles ;  authorities  are  at  variance  as  to  whether  the 
venules  do  or  do  not  participate  in  this  spasm.  Local 
asphyxia  is  due  to  an  isolated  spasm  of  the  smallest  ven- 
ules which  impedes  the  outflow  of  the  venous  blood  from 
the  capillaries,  thus  producing  stasis  (Weiss).  The  seat 
of  these  disturbances  is  situated  in  the  vasomotor  centre 
of  the  medulla  oblongata,  which  regulates  blood  pressure 
through  the  innervation  of  the  muscle  fibres  of  the  blood- 
vessels ;  and  this  centre,  like  any  other,  may  be  irritated 
reflexly  or  directly,  and  in  each  case,  varying  with  the 
intensity  of  the  irritation,  will  there  be  an  increased 
tonus  of  the  vaso-motor  constrictors  and  a  spasm  of  the 
vessels  will  result  (Burdach). 

The  explanation  of  the  occurrence  of  the  gangrene  is 
more  plausible  on  the  supposition  of  the  existence  of 
trophic  nerves  and  a  consequent  perversion  of  trophic 
influence,  than  it  is  under  Raynaud's  theory  of  insuffi- 
cient nutrition  due  to  the  occurrence  of  local  syncope 
and  local  asphyxia. 

We  now  come  to  the  important  question:  Is  Raynaud's 
disease  to  be  regarded  in  all  cases  as  merely  a  symptom 
complex  of  other  morbid  conditions,  or  may  it  occur  at 
times  as  an  uncomplicated  neurosis?  There  can  be  no 
doubt  that  the  proper  conception  would  be  to  class  it  un- 
der both  heads,  with  which  the  present  tendency  is  in 
accord.  In  a  majority  of  instances  it  is  to  be  regarded 
purely  as  a  symptom,  while  in  rare  and  exceptional  cases 
it  is,  without  doubt,  a  genuine  neurosis. 

Raynaud's  disease  offers  an  excellent  example  of  per- 
nicious habit  on  the  part  of  the  vaso-motor  system.  The 
therapeutic  problem  is  how  to  overcome  its  morbid  par- 
oxysmal manifestations,  and,  above  all,  to  prevent  by 
proper  hygiene  and  appropriate  treatment  the  tendency 
to  recurrence.  If  the  attack  is  severe  and  occurs  in  win- 
ter, and  especially  if  the  patient  is  debilitated  and  ad- 
vanced in  years,  a  change  to  a  warm  climate  is  advisable. 
The  effort  should  always  be  made,  during  the  interval 
between  the  attacks,  to  build  up  the  general  and  nervous 
strength,  for  by  this  alone  can  the  paroxysmal  tendencies 
be  retarded  and  possibly  overcome.  Everything  that 
favors  a  seizure,  especially  undue  exposure  to  cold,  must 
be  carefully  avoided.  Appropriate  clothing,  suitable  to 
the  season,  should  be  worn,  constriction  of  the  circulation 
guarded  against,  and  the  water  used  in  washing  ought  to 
be  at  blood  heat. 
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If  the  attack  is  at  all  pronounced,  it  would  be  best  for 
tliQ  patient  to  remain  indoors  in  a  uniform  temperature. 
A  mixed  diet  is  tlie  most  suitable.  Great  caution  sliould 
be  employed  in  the  use  of  stimulants,  as  the  liability  on 
the  part  of  tlie  neurotic  to  acquire  a  taste  for  alcoholics 
must  never  be  lost  sight  of.  If  the  patient  has  been  at 
all  subject  to  malarial  influences  quinine  is  the  remedy 
par  excellence ;  in  any  event  it  is  a  drug  of  unquestioned 
value.  Opium  has  been  greatly  lauded ;  its  chief  efficacy, 
however,  lies  in  its  power  to  alleviate  pain,  to  promote 
sleep,  and  thus  to  conserve  the  strength  of  the  patient. 
Should  the  severity  of  the  symptoms  demand  morphine, 
it  ought  never  to  be  given  hypodermically  at  the  seat  of 
pain,  as  the  resulting  irritation  may  cause  gangrene. 
Nitrite  of  amyland  niti-oglycerin  should  be  given  a  trial. 
The  use  of  thyroid  extract  is  spoken  higlily  of  by  Short. 
Iron,  arsenic,  nux  vomica,  strychnine,  cod-liver  oil,  and 
malt  are  all  useful  drugs  and  potential  aids  in  the  proc- 
ess of  upbuilding. 

Spinal  galvanization  is  perhaps-one  of  the  most  efficient 
remedies.  The  negative  pole  should  remain  stationary 
over  the  sacrum,  wliile  the  positive  is  slowly  moved  up 
and  down  the  entire  length  of  the  spine,  care  being  taken 
not  to  interrupt  the  current.  The  current  strength 
should  not  exceed  fifteen  milliampfires ;  seances  should 
be  daily,  lasting  not  over  five  minutes ;  if  the  room  is 
suitably  warm,  it  would  be  advantageous  to  vary  the 
spinal  treatment  by  applying  the  positive  electrode 
directly  over  tlie  affected  area.  Galvanization  of  the 
cervical  sympathetic  is  recommended.  Static  electricity 
is  an  agent  of  no  mean  value,  general  franklinization 
being  the  method  employed,  together  with  a  local  appli- 
cation of  tlie  static  spray.  Tliis  form  of  the  current  is 
much  more  easily  applied  than  faradism,  and  is  in  eveiy 
way  as  effective. 

Massage,  general  and  local,  has  in  certain  cases  proved 
very  efficacious,  but  great  care  must  be  exercised  in  its 
application,  as  the  devitalized  skin  is  liable  to  ulcerate  if 
roughly  handled.  Should  the  immediate  area  affected  be 
too  sensitive  to  allow  of  its  use,  the  adjacent  parts  may 
be  treated.  Warm  fomentations  have  been  found  useful. 
A  fifty-per-cent.  alcoholic  solution  of  menthol  applied  to 
the  members  involved,  which  should  then  be  wrapped  in 
cotton  and  covered  with  oiled  silk,  is  to  be  recommended. 
It  is  of  first  importance  that  the  extremities  affected  be 
kept  carefully  wrapjjed  in  flannel.  I  have  known  this 
simple  precaution  to  be  of  more  value  than  all  medica- 
tion. 

The  treatment  of  the  gangrene  is  a  purely  surgical 
matter.  Sufficient  time,  however,  should  be  allowed  for 
the  demarcation  line  clearlj'  to  show  itself,  as  the  actual 
gangrene  may  include  but  a  small  part  of  the  affected 
extremities. 

Much  will  depend  upon  the  tact  and  resourcefulness  of 
the  physician,  and  with  all  his  remedies  he  must  not  for- 
get the  therapeutic  value  of  hope.        C.  Eugene  Riggs. 

REACTION  OF  DEGENERATION  (De  R)  is  the  term 
applied  to  certain  changes  in  electrical  excitability,  pro- 
duced by  a  lesion  of  the  spino-peripheral  neuron  in  any 
part  of  its  course  (the  anterior  horns  of  the  spinal  cord, 
or  the  cerebral  motor  nuclei,  the  motor  roots  of  the 
nerves,  or  the  peripheral  nerves).  When  the  anatomical 
lesion  is  profound  complete  De  R  is  the  result.  Partial 
De  R  is  found  in  less  severe  lesions.  The  nerves  and 
muscles  exhibit  different  reactions  to  the  current.  In 
complete  De  R,  within  a  few  days  after  the  onset,  of  the 
primary  disease,  the  nerve  exhibits  a  gradual  diminution 
of  reaction  to  the  faradic  and  galvanic  currents,  and 
within  from  one  to  two  weeks  its  irritability  is  entirely 
lost.  The  muscles  supplied  by  the  nerve  react  differently 
to  the  two  currents.  Their  faradic  excitability  gradually 
diminishes  with  the  corresponding  loss  of  nerve  excita- 
bility. The  galvanic  excitability,  on  the  other  hand, 
presents  very  peculiar  changes.  These  are  best  seen 
when  an  electrode  (preferably  a  large  one)  is  placed  upon 
an  indifferent  spot,  and  the  other  small  electrode  is  placed 
directly  over  the  muscle  to  be  tested.     Normally,  it  is 


found  that  the  muscle  responds  most  promptly  to  the 
closure  of  the  cathode  (CaCl),  then  to  the  opening  or  clos- 
ing of  the  anode  (AnO  or  AnCl),  and  finally  to  the  open- 
ing of  the  cathode  (CaO).  The  contraction  of  the  healthy 
muscle  is  quick,  lightning-like.  In'  complete  De  R  the 
response  of  the  muscle  is  slow  and,  on  passing  the  elec- 
trode over  tlie  belly  of  the  muscle,  one  set  of  fibres  con 
tracts  after  the  other.  This  slowness  is  the  most  con- 
stant feature  of  the  De  R  and  in  itself  suffices  for  the 
diagnosis.  In  addition,  the  diseased  muscle  reacts  to  an 
unusually  mild  current.  This  is  seen  very  well,  for  ex- 
ample, in  Bell's  palsy  by  placing  one  electrode  upon  the 
cliin,  when  it  will  be  found  that  the  paralyzed  chin  mus- 
cles react  to  a  current  which  is  utterly  inadequate  to 
produce  a  response  in  the  unparalyzed  muscles.  Com- 
plete De  R  is  also  attended  by  the  so-called  reversal  of 
the  formula.  It  is  found  that  contraction  (C)  is  obtained 
most  readily  on  AnCl.  CaCO  also  increases  relatively 
and  may  be  greater  than  AnCO.  As  the  disease  pro- 
gresses and  the  electrical  excitabihty  is  gradually  lost, 
AuClC  with  very  strong  currents  may  furnish  the  last 
evidence  of  the  all  but  extinct  muscular  vitality.  This 
is  sometimes  found  even  after  the  muscle  has  been  com- 
pletely paralyzed  for  a  year  or  more. 

In  partial  De  R  tlie  excitability  of  the  nerves  may  be 
merely  lessened,  the  muscles  may  still  react  to  the  faradic 
current,  but  the  contraction  to  the  galvanic  current  is 
slow  and  perhaps  shows  some  changes  from  the  normal 
formula.  If  recovery  takes  place  there  is  a  gradual  in- 
verse return  to  the  normal  conditions. 

Leopold  Putzel. 

RECRUITS,  EXAMINATION  OF.— The  army  of  the 
United  States  is  ordinarily  recruited  b}'  voluntary  enlist- 
ment; in  time  of  war  enlistment  may  be  compulsory, 
under  Enrollment  Acts. 

The  Recruiting  Service  is  under  the  direction  of  the 
adjutant-general  of  the  army,  and  is  organized  into  two 
branches :  the  general,  for  infantry  and  artillery,  and  the 
mounted,  for  cavalrj'. 

The  Lbgal  Requirements  for  Enlistment. — Any 
male  person  above  the  age  of  sixteen  and  under  the  age 
of  thirty  years,  effective,  able-bodied,  and  free  from  dis- 
ease, of  good  character,  who  does  not  appear  to  be  of  in- 
temperate habits,  and  who  has  a  competent  knowledge 
of  the  English  language,  may  be  enhsted,  due  attention 
being  given  to  the  restrictions  in  this  article  concerning 
minors.  Tliis  regulation,  in  so  far  as  it  relates  to  age, 
does  not  apply  to  soldiers  who  may  re-enlist,  nor  to  those 
who  have  served  honestly  and  faithfully  a  previous  en- 
listment in  the  army.  Applicants  for  enlistment  are 
required  to  furnish  such  evidence  of  good  character  as 
they  can  obtain.  With  a  view  to  determine  their  fitness 
and  aptitude  for  the  service,  and  to  give  them  an  oppor- 
tunity to  secure  testimonials,  as  well  as  for  the  inquiry 
and  deliberation  contemplated  by  the  Second  Article  of 
War,  they  may  be  retained  and  provided  for  at  rendez- 
vous, for  a  period  not  to  exceed  six  days,  after  having 
signed  the  declaration  of  intention  to  enlist  and  passed 
the  medical  examination.  Men  so  retained  are  known  as 
recruits  on  probation.  The  enlistment  papers  of  any  such 
recruit  who  may  be  unfit  or  undesirable  for  the  service, 
or  who  may  not  desire  to  remain  in  the  service,  will  not 
be  completed.  Tlie  enlistment  papers  of  recruits  who 
are  accepted  and  duly  sworn  will  bear  the  date  on  which 
the  enlistment  is  completed  by  administering  the  oath  (A. 
R.,  Art.  Ixxi,,  908).  .  .  .  The  major-general  command- 
ing the  army  is  of  opinion  that  if  satisfactory  evidence  of 
good  character,  habits,  and  condition  cannot  be  furnished 
by  the  recruit,  or  be  otherwise  obtained,  the  presumption 
should  be  against  him  and  he  should  not  be  accepted ;  and, 
further,  that  these  views  are  concurred  in  by  the  Secre- 
tary of  War  and  should  govern  in  all  cases  (G.  O.,  No. 
1,  Headquarters  Recruiting  Service,  1890). 

These  rules  and  articles  shall  be  read  to  every  enhsted 
man  at  the  time  of,  or  within  six  days  after,  his  enlist- 
ment and  he  shall  thereupon  take  an  oath  or  affirmation 
in  the  following  form:  "I,  A.  B.,  do  solemnly  swear  (or 
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afflrm)  that  I  will  bear  true  faith  and  allegiance  to  the 
United  States  of  America ;  that  I  will  serve  them  honestly 
and  faithfully  against  all  their  enemies  whomsoever,  and 
that  I  will  obey  the  orders  of  the  President  of  the  United 
States  and  the  orders  of  the  oflScers  appointed  over  me 
according  to  the  Rules  and  Articles  of  War. "  This  oath 
may  be  taken  before  any  commissioned  officer  of  the  army 
(Article  of  War).  .       .  ^    .,, 

Every  offiicer  who  knowingly  enlists  or  musters  into  the 
military  service  any  minor  over  the  age  of  sixteen  years 
without  the  written  consent  of  his  parents  or  guardians, 
or  any  minor  under  the  age  of  sixteen,  or  any  insane  or 
intoxicated  persons,  or  any  deserter  from  the  military  or 
naval  service  of  the  United  States,  or  any  person  who  has 
been  convicted  of  any  infamous  criminal  offence,  shall, 
upon  conviction,  be  dismissed  from  the  service,  or  suffer 
such  other  punishment  as  a  court-martial  may  direct 
(Article  of  War). 

Under  a  recent  act  of  Congress  fraudulent  enlistment 
is  declared  a  military  offence,  and  is  punishable  by  court- 
martial  under  the  Sixty -second  Article  of  War;  the  pro- 
visions of  this  law  are  fully  explained  to  every  applicant 
presenting  himself  for  enlistment  with  the  information 
that  any  person  procuring  his  enlistment  on  or  after  the 
25th  day  of  Septemher,  1893,  by  false  representations  or 
other  fraudulent  means,  will  render  himself  liable  to  trial 
and  punishment  by  court-martial.  "  Fraudulent  enlist- 
ment "  is  defined  by  the  law  oiflcers  of  the  department  as 
"  an  enlistment  procured  by  means  of  a  wilful  misrepre- 
sentation in  regard  to  a  qualification  or  disqualification 
for  enlistment,  or  by  an  intentional  concealment  of  a  dis- 
qualification which  had  the  effect  of  causing  the  enlist- 
ment of  a  man  not  qualitied  to  be  a  soldier,  and  who  but 
for  such  false  representation  or  concealment  would  have 
been  rejected." 

The  regulations  above  quoted  sketch  in  outline  the  re- 
quirements for  admission  to  the  enlisted  branch  of  the 
military  service  and  the  duties  of  officers  in  connection 
therewith.  For  the  recruiting  officer  an  essential  to  suc- 
cess is  a  knowledge  of  men  and  their  character,  and  for 
the  medical  officer  a  painstaking  application  of  profes- 
sional skill.  The  duty  is  a  most  important  one,  and  in 
its  faithful  and  thorough  performance  these  officers  share 
a  grave  responsibility.  The  influence  of  their  judgment 
and  discretion  is  felt  throughout  the  entire  military  es- 
tablishment, the  efficiency  of  wliich  depends  in  great 
measure  upon  the  sound  mental  and  physical  condition 
and  the  intelligence  of  its  enlisted  force.  From  the  va- 
ried classes  and  conditions  of  men  presenting  themselves 
for  enlistment  they  are  to  eliminate  not  only  those  who 
are  defective  physically  and  mentally,  but  those  who  are 
defective  morally,  and  if  this  duty  be  performed  care- 
lessly or  indifferently,  men  will  be  admitted  to  the  service 
with  defects  which  will  soon  render  them  unfit  for  duty, 
or  with  moral  obliquities  that  will  induce  malingering 
and  desertion. 

Re-enlistments. — Soldiers  who  are  unable  to  pass  the 
required  examination  in  all  respects  will  not  be  re-enlisted 
without  special  authority  from  the  adjutant-general's 
office,  and  then  only  for  their  former  commands ;  appli- 
cation for  such  authority  should  be  recommended  only 
when  it  is  shown  that  any  existing  defects  will  not  pre- 
vent the  full  discharge  of  duty  as  a  soldier,  and  that  a  con- 
tinuance in  service  will  be  a  positive  benefit  to  the  army. 

Soldiers  discharged  as  privates  upon  expiration  of  term 
of  service  and  failing  to  re  en  list  within  one  month,  will 
not  be  again  enlisted  after  they  have  passed  the  age  of 
thirty-five  years,  unless  for  some  good  reason  in  the  in- 
terest of  the  public  service,  and  tlien  only  for  their  former 
commands  upon  special  authority  from  the  adiutant-gen- 
eral's  office. 

This  limitation  as  to  age  will  not  apply  to  a  soldier  dis- 
charged &a  anon-commissioned  officer  with  excellent  charac- 
ter, and  desiring  again  to  enlist  for  assignment  to  a  former 
command  (not  already  full),  either  at  the  station  thereof, 
or  at  a  recruiting  depot,  provided  he  passes  the  required 
examination  and  furnishes  satisfactory  evidence  in  regard 
to  character  and  habits  since  discharge. 
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Soldiers  who  have  been  discharged  with  good  character 
under  the  provisions  of  law  may  be  again  enlisted  without 
special  authority  after  a  period  of  two  months  from  date 
of  discharge,  upon  passing  the  required  examination  and 
furnishing  satisfactory  evidence  in  regard  to  character 
and  habits  since  discharge,  provided  such  enlistment  is 
not  barred  by  any  of  the  above  provisions. 

Soldiers  discharged  before  expiration  of  term  of  service 
for  any  other  cause  will  not  be  again  enlisted  without 
special  authority  from  the  adjutant-general's  office. 

These  restrictions,  which  are  intended  more  particu- 
larly to  govern  re-enlistments  for  the  line  of  the  army, 
need  not  necessarily  be  applied  to  the  hospital  corps;  the 
approval  of  the  surgeon-general  will  be  sufficient  warrant 
for  the  re-enlistment  of  soldiers  into  that  corps. 

The  position  of  a  medical  officer  at  a  recruiting  rendez- 
vous is  an  advisory  one  (as  a  medico-military  expert)  to 
the  recruiting  officer;  unlike  the  medical  examiner  in  life 
insurance,  he,  in  addition  to  his  strictly  professional  in- 
spection of  an  applicant  for  enlistment,  must  express  an 
opinion  upon  his  aptitude,  both  mentally  and  physically, 
for  the  military  service.  In  times  past,  this  latter  duty 
was  restricted  entirely  to  the  recruiting  officer,  who  was 
also  the  sole  judge  of  height,  weight,  and  chest  measure- 
ments ;  but  experience  has  demonstrated  the  importance 
of  professional  skill  in  the  formation  of  an  opinion  as  to 
the  general  efficiency  of  a  man  for  the  military  service, 
and  it  is  now  quite  as  much  the  province  of  the  medical 
officer  to  decide  upon  the  military  aptitude  of  a  recruit, 
as  upon  his  freedom  from  grosser  pliysical  defects.  Of 
course,  his  decisions  are  conveyed  as  opinions  to  the  re- 
cruiting officer,  who  alone  is  legally  authorized  to  make 
an  enlistment. 

In  entering  upon  these  duties,  tiie  medical  officer  should 
bear  in  mind  the  important  fact  that  upon  "  the  faithful- 
ness and  thoroughness  "  with  which  they  are  performed 
depends  in  a  great  measure  the  health  of  the  army,  its 
mental  and  physical  efficiency,  and  especially  its  mobil- 
ity; carelessness  or  inattention  on  his  part  may  permit 
the  admission  to  its  ranks  of  men  who  soon  find  their 
way  into  the  hospital,  whose  undiscovered  diseases  may 
be  transmitted  to  innocent  comrades,  or  whose  defects 
may  furnish  groundwork  for  the  demoralizing  practice 
of  malingering;  examinations  made  in  a  perfunctory 
manner  will  surely  result  in  the  unwitting  acceptance  of 
men  whose  mental  and  physical  defects  are  only  too 
clearly  displayed  in  the  company  organization,  and 
whose  enforced  discharge  from  the  service  will  bring  dis- 
credit upon  the  professional  skill  of  the  examiner,  and 
undeserved  censure  upon  the  recruiting  officer  with 
whom  he  has  been  associated ;  he  should  reflect  that,  in 
the  sudden  emergencies  which  our  troops  are  so  fre- 
quently required  to  meet  on  the  frontier,  able-bodied  sol- 
diers are  indispensable  to  success,  or  to  the  saving  of  life 
and  property  from  destruction ;  and  that  with  an  army 
so  small  as  ours,  in  time  of  peace,  every  man  enlisted 
must  be  relied  upon  to  endure  all  the  hardship  of  which 
a  physically  perfect  human  being  is  capable.  Nor  is  this 
less  a  necessity  in  time  of  war  with  troops  of  the  line, 
when  celerity  of  movement  and  ability  to  endure  great 
privations,  as  lack  of  food  and  inclemency  of  weather, 
are  imperatively  demanded  in  the  manipulation  of  armies 
under  the  modern  science  of  war. 

"The  experience  of  all  nations  has  demonstrated  the 
uselessness  of  attempting  to  conduct  military  operations 
to  advantage  unless  the  rigid  scrutiny  of  the  surgeon  has 
been  exerted  to  exclude  such  men  as  were  subjects  of,  or 
predisposed  to,  disease,  or  were  unfitted  to  sustain  the 
continued  fatigue  and  exposure  of  the  march."  ^ 

There  are,  however,  conditions  of  the  service  in  time 
of  war  which  warrant  a  departure  from  this  standard  in 
some  respects,  and  the  acceptance  of  recruits  with  defects 
which,  in  time  of  peace,  would  be  positive  disqualifica- 
tions; farther  on,  reference  will  be  made,  under  the  ap- 
propriate headings,  to  these  deviations  from  the  peace 
standard. 

In  time  of  peace  every  enlisted  man  is  presumed  to  be 
wholly  efficient,  and  fit  for  duty  at  all  times ;  he  who  to- 
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day  is  nursing  tlie  sick  in  hospital  may  to-morrow  be  in 
his  place  in  a  company,  or  a  member  of  the  garrison 
guard ;  in  time  of  war  men  may  be  enlisted  who  cannot 
be  strictly  classed  as  "fighting  men,"  but  who  may  be 
equally  effective  as  soldiers  in  other  departments ;  a  man 
with  a  hernia,  whicli  is  kept  in  place  by  a  truss  that  is 
well-fltting,  is  in  every  way  able  to  cook  for  a  company, 
although  not  fitted  to  wear  a  cartridge  belt  and  do  active 
duty  in  the  field ;  so,  also,  the  loss  of  certain  members — 
fingers  or  toes — .would  not  necessarily  disqualify  a  man 
from  guarding  a  hospital,  or  driving  a  team,  and  thus 
taking  the  place  of  an  able-bodied  soldier  whose  services 
are  more  urgently  needed  at  the  front.  For  this  reason 
it  has  been  the  custom  in  all  armies  to  relax  in  certain 
particulars  their  peace  regulations,  and  diminish  their 
list  of  disabilities  in  time  of  war,  holding  to  service  many 
men  who  in  time  of  peace  would  have  been  rejected. 

Properly  to  conduct  his  examinations  the  medical  offi- 
cer should  have  plenty  of  light,  air,  and  time,  and  good 
floors. 

The  room  in  which  the  examinations  are  made  should 
be  well  lighted  and  ventilated,  not  less  than  forty  feet 
long  and  twenty  feet  wide,  with  a  well-laid,  solid  floor; 
its  furniture  should  consist  of  a  fixed  measui-ing  rod  and 
slide,  good  platform  scales,  steel  tape  measure,  vision  test 
cards,  and  a  set  of  test  wools  for  determining  color  blind- 
ness ;  in  one  corner  there  should  be  a  bed  arranged  after 
the  fashion  of  an  operating  table,  upon  which  applicants 
can  be  placed  for  the  examination  of  suspected  strictures, 
and  heights  verified,  if  necessary,  by  horizontal  measure- 
ment, etc. ;  the  instruments  required  are  a  set  of  steel 
sounds,  a  Cammann's  stethoscope,  an  ophthalmoscope, 
a  set  of  Snellen's  test  types,  an  astigmatic  chart,  the  nec- 
essary apparatus  for  a  rough  analysis  of  the  urine  in  cases 
of  suspected  lesions  of  the  kidney,  and  the  appliances  for 
immediate  vaccination  after  acceptance  of  the  recruit. 

There  should  also  be-  adjoining  the  examination  room, 
one  fitted  with  bath-tulDS,  and  liberally  supplied  with 
soap  and  towels,  where  every  applicant  for  enlistment 
(who  must  be  carefully  and  thoroughly  washed  before 
examination)  can  perform  his  ablutions  under  the  super- 
vision of  the  recruiting  sergeant. 

The  recruiting  officer  should  always  be  present  at  the 
examinations,'  and,  for  obvious  reasons,  all  other  persons 
excepting  the  recruiting  sergeant  should  be  excluded 
from  the  room. 

A  very  considerable  and  important  part  of  the  exami- 
nation can  be  made  before  the  applicant  is  stripped,  dur- 
ing which  defects  may  be  discovered  that  will  render 
further  procedure  unnecessary;  he  should  be  closely 
questioned  as  to  his  personal  and  family  history,  his  pre- 
vious service  in  military  or  naval  life,  his  habits,  his 
health  in  the  past,  and  the  receipt  of  injuries  or  wounds, 
or  any  surgical  operations  which  may  have  been  per- 
formed upon  him.  The  examiner,  during  this  question- 
ing, can  form  an  opinion  as  to  the  knowledge  of  the 
English  language  possessed  by  the  applicant,  his  age,' 
intelligence,  and  general  fitness,  both  as  to  physique  and 
morale,  for  the  duties  of  a  soldier. 

A  thorough  and  satisfactory  examination  can  be  made 
only  by  pursuing  a  systematic  course,  without  the  adop- 
tion of  which  the  most  expert  examiner  will  omit  impor- 
tant points,  and,  probably,  lose  sight  even  of  glaring  de- 
fects. To  accomphsh  this  the  War  Department,  upon 
the  recommendation  of  the  writer,  adopted  a  "  form  for 
the  examination  of  recruits,  which  contains  a  series  ot 
questions,  to  be  answered  by  the  applicant,  and  recorded 
by  the  inspecting  or  examining  officer.  These  forms  are 
furnished  by  the  adjutant-general  of  the  army  to  all 
recruiting  rendezvous.  . 

When  the  applicant  is  ready  for  the  inspection  of  the 
surgeon,  let  him  take  the  position  of  a  soldier  m  the  best 
lighted  part  of  the  room;  then  examine  him  m  the  fol- 
lowing order  after  the  methods  elsewhere  set  forth 

1.  Inspect  his  general  physique,  skin,  scalp,  and  cra- 
nium, ears,  eyes,  nose,  mouth,  face,  neck,  and  chest. 

3  The  arms  should  be  extended  above  the  head,  the 
backs  of  the  hands  being  together,  and  the  apphcant  be 


required  to  cough  vigorously ;  any  form  of  hernia  may 
now  be  discovered  by  the  eye  and  finger. 

3.  The  man  should  be  required  to  take  a  long  step  for- 
ward with  the  right  foot,  and  bend  the  knee,  the  hands 
remaining  extended  above  the  head;  this  exposes  the 
genital  organs,  and  varicocele  or  other  defects  in  the 
scrotum  may  be  recognized  by  the  hand. 

4.  The  arms  should  now  be  brought  to  the  sides,  and 
the  man  required  to  separate  his  buttocks  with  his  hands, 
bending  forward  at  the  same  time ;  this  exposes  the  anus. 

5.  Examine  the  heart. 

6.  The  elbows  should  be  brought  firmly  to  the  sides  of 
the  body,  and  the  forearms  extended  to  the  front,  palms 
of  the  hands  uppermost.  Extend  and  flex  each  finger 
separately ;  bring  the  points  of  the  thumbs  to  the  base  of 
the  little  fingers;  extend  and  flex  the  hands  upon  the 
wrists ;  rotate  the  hands  so  that  the  finger-nails  will  first 
be  up  and  then  down;  movefile  hands  from  side  to  side; 
flex  the  forearms  on  the  arms  sliwrply,  striking  the  shoul- 
ders with  the  fists;  extend  the  arms  outward,  at  right 
angles  with  the  body,  and  flex  the  forearm  upon  the  arm 
until  the  thumbs  rest  on  the  points  of  the  shoulders; 
while  in  this  position  raise  and  lower  the  arms,  bringing 
them  sharply  to  the  sides  at  each  motion ;  let  the  arms 
hang  loosely  by  the  side ;  swing  the  right  arm  in  a  circle 
rapidlj'  from  the  shoulder,  first  to  the  front  and  then  to 
the  rear;  swing  the  left  arm  in  the  same  manner,  extend 
the  arms  fully  to  the  front,  keeping  the  palms  of  the 
hands  together ;  observe  carefully  the  elbows;  carry  the 
arms  quickly  back  as  far  as  possible,  keeping  the  thumbs 
up,  and  at  the  same  time  raise  the  body  on  the  toes. 

7.  Extend  the  legs  alternately,  resting  the  heel  upon 
the  fioor ;  move  all  the  toes ;  raise  the  heel  from  the  floor, 
moving  the  foot  up  and  down,  then  from  side  to  side; 
present  the  sole  of  the  foot  for  inspection ;  bend  the  knee 
and  strike  the  shoulder  with  it,  bending  the  body  slightly 
forward  at  the  same  time ;  throw  the  leg  out  to  the  side 
as  high  as  possible,  keeping  the  body  squarely  to  the 
front;  take  the  military  position  "to  kneel  firing,"  first 
on  one  knee,  then  on  the  other ;  get  down  on  both  knees ; 
squat  sharply  several  times  in  succession ;  hop  the  length 
of  the  room  on  the  toes,  first  of  one  foot  and  then  of  the 
other;  take  a  standing  jump  as  far  as  possible;  jump  up 
and  strike  the  buttocks  with  the  heels. 

8.  Auscultate  the  lungs. 

9.  Test  the  hearing. 

10.  Test  the  vision,  and  for  color  blindness. 

11.  Vaccinate  the  applicant,  if  accepted. 

Mr.  Marshall,  in  his  excellent  treatise  on  the  examina- 
tion of  recruits,  arranges  the  causes  on  account  of  which 
recruits  are  rejected  under  three  headings: 

First.  "  Diseases  or  deformities  which  a  medical  officer 
from  his  professional  knowledge  and  acquaintance  with 
the  duties  of  soldiers  considers  are  infirmities  which  dis- 
qualify men  for  service  in  the  army." 

Second.  "  Slight  blemishes  which  do  not  disqualify  a 
man  for  the  army,  but  which  an  unwilling  soldier  may 
exaggerate,  and  allege  that  he  is  thereby  rendered  unfit 
for  military  duty." 

Third.  "Unimportant  deviations  from  symmetry,  or 
slight  variations  from  the  usual  form  or  condition  of  the 
body  •  technical  or  nominal  blemishes  which  do  not  in- 
capacitate a  man  for  the  army,  or  in  the  slightest  degree 
impair  his  efficiency."  .,      ,        j 

Experienced  surgeons  will  reject  all  recruits  whose  de- 
fects fall  under  the  first  two  headings,  from  a  conviction 
that  they  render  the  men  unfit  or  ineligible  for  the  armj' ;. 
but  those  under  the  third  heading  are  frequently  rejected 
from  fear  of  responsibility— a  dread  of  official  correspond- 
ence if  objected'  to,  and  an  ultimate  damage  to  profes- 
sional reputation.  ^    ,  ,      j- 

In  time  of  war  cases  coming  under  the  first  heading 
should  be  rigidly  excluded,  while  those  coming  under  the 
second  and  third  headings  should  be  as  rigidly  held  to 

The'Gbneeai,  Examination.— Ci9?repe«6n«  Tcmmledge  of 
the  English  language  is  defined  by  the  War  Department  as 
the  ability  of  the  applicant  to  "speak  fluently,  converse 
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intelligently,  and  fully  understand  the  orders  and  in- 
structions given  in  that  language." 

It  would  seem  almost  superfluous  to  refer  to  this  mat- 
ter, the  importance  of  which  is  self-evident,  were  it  not 
for  the  fact  that  so  large  a  number  of  foreigners  have 
been  enlisted,  who  were  utterly  ignorant  of  our  language, 
whose  blunders  and  mistakes  have  caused  annoyances 
and  impediments  to  the  public  service,  and  whose  effi- 
ciency as  soldiers  has  been  thereby  seriously  impaired. 
It  is  of  paramount  importance  that  the  soldier  should  be 
able  clearly  to  understand  the  orders  which  are  given  to 
him,  and  to  ascertain  this  fact  beyond  a  doubt  is  one  of 
the  first  duties  required  of  the  medical  officer.  Excep- 
tion to  this  rule  is  made  in  the  cases  of  skilled  artisans 
and  tailors,  and  more  particular  baud  musicians. 

In  time  of  war  familiarity  with  the  language  is  not  so 
necessar}',  as  foreigners  are  more  likely  to  be  assigned  to 
regiments  made  up  of  their  own  countrymen,  with  offi- 
cers who  speak  their  language ;  they  can  also  be  made 
usefxil  in  the  administrative  departments  of  the  army, 
taking  the  places  of  men  better  fitted  for  field  service. 

Age.—Ks.  has  been  already  stated,  the  limits  of  age  for 
enlistment  in  time  of  peace  are,  "not  less  than  sixteen 
years,  nor  more  than  thirty -five  years  " ;  "  minors  under 
eighteen  years  will  not  be  enlisted  except  for  musicians, 
.  .  .  and  then  only  under  authority  from  the  superin- 
tendent."* 

The  regulations  of  the  army  require  that  when  minors 
present  themselves  for  enlistment,  they  shall  be  treated 
with  great  candor;  the  names  and  residences  of  their 
parents  and  guardians,  if  they  have  any,  shall  be  ascer- 
tained, and  notice  sent  to  them  of  the  minor's  wish  to 
enlist,  that  they  may  have  an  opportunity  to  make  their 
objections  or  give  their  consent.  When  consent  is  given 
it  must  be  in  writing.  All  recruiting  officers  are  enjoined 
to  be  very  particular  in  ascertaining  the  true  age  of  the 
recruit.  If  any  doubt  upon  the  point  exists  in  the  mind 
of  the  recruiting  officer,  he  must  not  be  satisfied  with  the 
oath  of  the  applicant  as  the  sole  evidence  of  legal  age, 
but  if  he  cannot,  in  addition,  furnish  undoubted  proof  of 
the  fact,  he  must  be  rejected.* 

The  maximum  limit  of  age  does  not  apply  to  soldiers 
who  may  re-enlist,  or  who  have  served  honestly  and 
faithfully  a  previous  enlistment  in  the  army." 

In  time  of  war  the  limitations  of  age  in  compulsory 
enlistment,  under  the  Enrolment  Acts,  are  twenty  and 
forty -five  years;  the  question  of  minority  between  the 
twentieth  and  twenty-first  years  is  not  considered,  ex- 
cept in  voluntary  enlistments,  which  are  under  the  same 
restrictions  as  in  time  of  peace. 

The  medical  examiner  must  form  his  opinion  of  the 
age  of  an  applicant  from  his  personal  observation  of  men 
and  upon  physiological  grounds.  It  is  a  point  about 
which  the  greatest  amount  of  deceit  is  practised ;  con- 
cealment being  attempted  in  voluntary  enlistments  with 
a  view  of  getting  into  the  service,  and  in  compulsory 
enlistments  with  a  view  of  exemption  therefrom.  He 
BQUst,  therefore,  be  always  upon  guard  against  imposi- 
tion. Young  men  who  would  scorn  to  tell  an  untruth 
in  other  matters  will  lie  about  their  age  with  the  utmost 
effrontery,  and  old  men  will  resort  to  every  artifice  to 
conceal  theirs. 

While  the  divisions  of  life  into  periods,  by  years  of 
existence,  are  in  a  measure  arbitrary,  some  men  maturing 
at  an  earlier  age  than  others,  it  is  important  to  consider 
certain  common  evidences  of  maturity  as  fixing  the  pe- 
riod of  legal  majority,  and  furnishing  a  standard,  indefi- 
nite though  it  may  be,  of  eligibility  for  the  military  ser- 
vice. Among  the  most  prominent  of  these  evidences  are 
the  presence  of  the  wisdom  teeth,  a  plentiful  supply  of 
hair  in  the  axillae,  and  over  the  pubes,  well-formed  testi- 
cles, and  complete  corrugation  of  the  scrotal  skin.  While 
these  conditions  are  liable  to  variation  in  individuals  they 
may  be  regarded  as  common  to  most  youth  at  maturity 
atthough  no  one  condition  can  be  regarded  as  more  fre- 
quently present  than  another.  It  has,  however,  been  the 
■experience  of  the  writer  to  find  a  peculiarly  smooth  con- 
dition of  the  skin  of  the  scrotum  in  everv  case  of  minority 


1  every  case  of  minority 


examined  by  him.  This  may  be  due  to  lack  of  develop- 
ment of  the  dartos.  Men  of  mature  age  do  not  display 
it,  but  it  is  very  noticeable  in  minors.  The  general  ap- 
pearance and  bearing  of  a  young  man  will,  in  conjunction 
with  physical  peculiarities,  give  the  surgeon  a  very  fair 
idea  of  his  age,  and  there  are  few  possessed  with  suflj- 
cient  hardihood  to  deny  a  firm  and  decidedly  expressed 
opinion  by  an  observant  surgeon  upon  the  subject.  In 
those  whose  age  exceeds  the  maximum  there  will  prob- 
ably be  found  presbyopia,  the  arcus  senilis  in  one  or  both 
eyes,  a  wrinkled  skin,  especially  about  the  outer  angles 
of  the  eyes  and  on  the  forehead,  gray  hair,  and  a  peculiar 
hardness  of  the  nails  of  the  fingers  and  toes. 

Height,  Weight,  and  Chest  Measurements. — "The 
minimumlisiglitof  a  recruit  is  at  present  fixed  at  five  feet 
four  inches  for  all  branches  of  the  service,  although  re- 
cruiting officers  are  allowed  to  exercise  their  discretion  as 
to  the  enlistment  of  desirable  recruits  (such  as  band  musi- 
cians, school  teachers,  tailors,  etc.)  who  may  fall  not  more 
than  one-fourth  of  an  inch  below  the  minimum  standard 
of  height;  the  maximum  height  for  the  cavalry  service  is 
five  feet  ten  inches ;  that  for  infantry  and  artillery  is  gov- 
erned by  the  maximum  of  weight,  to  which  should  be 
applied  the  rule  for  proportion  in  height." 

"  The  minimum  weight  for  all  recruits  is  128  pounds, 
except  for  the  cavalry,  in  which  enlistments  may  be 
made  without  regard  to  a  minimum  of  weight,  provided 
the  chest  measurement  and  chest  mobility  are  satisfac- 
tory. The  maximum  for  infantry  and  artillery  is  190 
pounds;  for  cavalry  and  light  artillery,  165  pounds." 

The  standards  of  height  and  weight  are,  however,  sub- 
ject to  change,  instructions  to  that  effect  being  issued 
from  the  adjutant-general's  office  "from  time  to  time  as 
the  requirements  of  the  service  may  dictate." 

These  standards  are  based  upon  results  obtained  by 
skilled  observers  who,  after  careful  study  and  the  exami- 
nation of  large  numbers  of  men  in  civil  and  military  life, 
have  established  the  fact  that  there  is  an  average  propor- 
tion in  healthy,  fully  developed  men  between  the  height, 
weight,  chest  measurement,  and  chest  mobility  which 
will  admit  of  slight  variations  without  indicating  a  de- 
parture from  health.  The  rules  of  this  proportion  may 
be  formulated  as  follows : 

For  each  inch  of  height  from  5  feet  4  inches  to  5  feet  7 
inches,  inclusive,  there  should  be  calculated  3  pounds  of 
weight.  When  the  height  exceeds  5  feet  7  inches,  calcu- 
late 2  pounds  of  weight  for  the  wJiole  numher  of  inches  of 
height ;  add  to  this  product  5  pounds  of  weight  for  each 
inch  of  difference  between  5  feet  7  inches  and  the  actual 
height ;  the  sum  will  be  the  normal  weight  in  pounds. 

The  chest  iiieasurement  at  expiration  in  men  from  5  feet 
4  inches  to  5  feet  7  inches  in  height  should  exceed  the 
half  height  about  half  an  inch ;  in  those  from  5  feet  8 
inches  to  5  feet  10  inches  it  should  equal  the  half  height, 
while  in  those  from  5  feet  11  inches  upward  it  should  be 
slightly  less  than  the  half  height. 

The  chest  mobiUty--i.e.,  the  difference  between  the 
measurement  at  inspiration  and  expiration — should  be  at 
least  2  inches  in  men  below  5  feet  7  inches  in  height,  and 
2^  inches  in  those  above  that  height. 

The  following  table  shows  this  concisely: 


Height. 

Weight. 

Allow  for  each  inch 

of  height. 

Chest  measure- 
ment. 

Chest 
mobility. 

5  feet  4  to  5  feet  7 

3  pounds 

Half  height  plus 

half  inch. 
Half  height 

Slightly  less  than 
half  height. 

inches. 

5  feet  8  to  5  feet  10 
inches. 

6  feet  11  to 

'2  pounds  and  5" 

pounds  Tad dl- 

■    tional  for  each  ■ 

inch  over  5  feet 

.  7  inches. 

^  inches 
2}^  inches 

For  example,  a  man  who  measures  5  feet  4  inches 
should  weigh  138  pounds— 8.6. ,  5  feet  4 inches  =  64  inches ; 
64  X  3  =  128,  the  normal  weight.  He  should  have  a  chest 
measurement  of  32^  inches  at   expiration,   being  half 


848 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Rei'i-uits. 
Recruits, 


height;  33  inches  plus  -^10011  =  321;  the  chest  mobility- 
should  be  .about  2  inches. 

A  man  who  measures  5  feet  9  inches  should  weigh  148 
povinds— ».«.,  5  feet  9  inches  =  69  inches;  69  X  2  =  138; 
difference  between  5  feet  9  inches  and  5  feet  7  inches  is  a ; 
2  X  5  =  10 ;  138  + 10  =  148,  the  normal  weight  in  pounds. 
He  should  have  a  chest  measurement  of  34^  inches  (his 
half  height),  and  a  chest  mobility  of  at  least  2^  inches. 

It  is  not  necessary  that  the  applicant  should  conform 
exactly  to  the  figures  indicated  in  the  rules,  a  variation  of 
a  few  pounds  from  either  side  of  the  standard  in  the 
minimum,  medium,  and  maximum  weights,  and  of  a 
fraction  of  an  inch  in  chest  measures  being  permissihle  if 
the  applicant  is  otherwise  in  good  health  and  desirable  as 
a  recruit.  The  rules  are  given  to  show  what  is  regarded 
as  a  fair  proportion,  but  the  weight  must  be  at  least  125 
pounds  except  when  less  is  especially  authorized  by  the 
superintendent  or  the  adjutant-general. 

In  such  cases  the  recruiting  officer's  reasons  and  the 
superintendent's  order  should  be  noted  in  full  on  the  en- 
listment papers.  Any  considerable  disproportion,  how- 
ever, of  height  over  weight  is  cause  for  rejection;  but  a 
marked  disproportion  of  weight  over  heigJtt  does  not  reject 
unless  the  applicant  is  positively  obese. 

In  order  that  an  intelligent  application  of  these  rules 
and  their  variations  may  be  made,  the  attention  of  re- 
cruiting officers  is  called  to  the  manner  in  which  a  man's 
height  is  made  up. 

The  chest,  containing  the  heart  and  lungs,  is  the  most 
important  division  of  the  body.  It  contains  the  vital 
machinery  and  represents  the  staying  power  ot  the  man. 
It  must,  therefore,  be  ample.  The  function  of  the  legs 
is  to  transport  the  body ;  they  should  be  well  formed  and 
s\ifflcient,  but  not  unduly  long,  for  length  of  limb  at  the 
expense  of  the  chest  is  a  disadvantage.  A  long-legged, 
long-necked  man  with  a  short  chest  is  objectionable  as  a 
recruit. 

The  average  height  of  a  youth  of  eighteen  years  of  age, 
a  "growing  lad,"  is  a  little  over  5  feet  4  inches,  and  in- 
creases gradually  until  he  reaches  the  age  of  twenty-five 
years— the  stage  of  physical  maturity  or  manhood— when 
his  average  height  is  between  5  feet  7  inches  and  5  feet  8 
inches.  j     •    i 

During  the  growing  period  the  framework  and  vital 
organs  receive  their  proper  development,  and  consider- 
able departures  from  the  given  average  of  proportionate 
height  to  weight  indicate  an  impairment  of  these  organs 
which  may,  and  probably  will,  develop  into  positive  dis- 
ease after  exposure  to  the  hardships  incident  to  the  life 
of  a  soldier;  hence  they  are  of  greater  significance  in  men 
of  these  heights  than  in  taller  men,  who  are  presumably 
of  greater  age  and  more  mature  growth. 

After  twenty-five  years  of  age,  the  body  being  fully 
developed,  the  excess  of  nutritive  material  over  and 
above  that  required  for  its  maintenance  in  health  is  de- 
posited in  the  tissues  as  fat,  and  it  will  be  found  that  a 
disproportion  of  weight  over  height  occurs  usually  in 
adults  or  men  in  middle  life.  It  is  rare  to  meet  in  the  re- 
cruiting rendezvous  with  very  fleshy  young  men. 
The  following  table  is  given  for  convenience  ot  reter- 


Table  of  physical  proportions  for  Height,  Weight,  and 
Chest  Measurement. 


HEIGHT. 

WEIGHT. 

CHEST  Measurement. 

At  expiration; 

Mobility ; 

Feet. 

InoSes. 

inches. 

inches. 

1 

64 
65 

128 
130 

32J 
33 

2 
2 

66 

132 

334 

2 

67 

134 

34 

5iS 

68 
69 
70 
71 

72 

141 
148 
155 
162 
169 

34 

34i 

35 

35J 

35 

2 
2 
2 
2 

2 

6A 

73 

176 

36i 

3 

YoL.  VI.-54 


A  deviation  from  the  rules  of  physical  proportions  may 
be  made  in  the  examination  of  candidates  for  admission 
to  the  United  States  Military  Academy  at  West  Point, 
and  for  members  of  the  graduating  class,  whenever  this 
is  deemed  desirable  by  the  Medical  Examining  Board. 

Habits. — Drunkenness,  or  habits  of  intemperance,  is  the 
cause  of  a  very  large  number  of  the  rejections  made  at 
rendezvous.  It  is  the  vice  of  the  army,  as  well  as  of 
most  walks  in  civil  life,  and  the  medical  examiner  cannot 
be  too  careful  in  scrutinizing  every  applicant  for  evi- 
dences of  this  demoralizing  habit.  The  regulations  of 
the  array  are  very  emphatic  on  the  point,  declaring  that 
every  man  shall  be  sober  when  enlisted,  and  that  men 
having  the  aippeairance  of  being  hard  drinkers  will  be  re- 
jected, "though  they  may  not  at  the  time  be  intoxi- 
cated."' 

Some  recruiting  officers  go  so  far  as  to  reject  men  on 
whom  the  smell  of  liquor  can  be  detected  at  the  time, 
and  they  are  without  doubt  correct  in  their  opinions  and 
practice.  It  is  a  great  mistake  to  "  suspend  a  final  de- 
cision .  .  .  for  a  sufficient  length  of  time  to  enable  a  man 
to  recover  from  the  effects  of  a  mere  temporary  de- 
bauch," as  is  recommended  by  Tripler,^  as  the  man  who 
will  indulge  in  such  debauchery  before  enlistment  will  be 
pretty  sure  to  repeat  it  afterward ;  and  such  men  are  not 
wanted  in  the  army.  If  a  man  has  to  resort  to  the  stimu- 
lation of  alcohol  to  "brace  himself  up  "  for  the  ordeal  of 
the  examination,  it  is  a  fair  presumption  that  his  habits 
as  to  the  general  use  of  stimulants  will  not  bear  much 
criticism.  The  evil  wrought  to  the  service  by  men  hav- 
ing these  habits  is  so  great  that  it  is  far  better  to  err,  and 
run  the  risk  of  occasionally  rejecting  temperate  men,  than, 
by  relaxing  any  vigilance,  to  enlist  those  who  may  event- 
ually prove  themselves  sots. 

While  it  is  sometimes  difficult  to  detect  the  habitual 
drunkard,  and  the  medical  examiner  is  forced  to  rely,  to 
some  extent,  upon  the  man  himself  for  such  information 
as  he  may  be  willing  to  give,  yet  the  long  indulgence  in 
habits  of  intemperance  will  almost  surely  be  indicated  by 
persistent  redness  of  the  eyes,  tremulousness  of  the  hands, 
attenuation  of  the  muscles— particularly  of  the  lower 
extremities,— sluggishness  of  the  intellect,  an  eczematous 
eruption  upon  the  face,  and  purple  blotches  upon  the 
legs.'  Close  and  skilful  questioning  will  often  develop 
the  facts  connected  with  the  antecedents  of  the  applicant, 
and  materially  assist  the  examiner  informing  his  opinion 

of  the  case.  ,  ^    ,     ,    j .         , 

Masturbatorsand  Sodomites  are  also  to  be  looked  tor  and 
rigidly  excluded.  In  addition  to  the  well-known  general 
signs  of  physical  prostration  due  to  indulgence  in  mas- 
turbation, Howe,  in  his-  Uttle  work  on  "Excessive  Ven- 
ery, "  "•  says,  "  the  local  signs  are  sufficient  for  a  diagnosis. 
The  penis  is  thinner  and  smaller  than  usual.  It  is 
often  elongated,  and  cold  to  the  touch  at  different  points. 
The  glans  is  much  larger  than  the  rest  of  the  organ.  .  .  . 
The  veins  of  the  integumental  covering  are  dilated  and 
varicose.  In  many  patients  the  penis  is  bent  laterally, 
andtheinclinationisgenerallytoward  the  left  side.  .  .  . 
The  scrotum  is  also  relaxed  and  elongated,  the  testicles 
are  small  and  soft;  .  .  sometimes  they  are  extremely 
sensitive  "  The  air  of  embarrassment  which  so  otten 
overtakes  subjects  of  this  vice,  when  closely  questioned, 
will  also  lead  to  their  detection.  _  ,  j.,  ^   -, 

Sodomy  may  be  suspected  if  the  anus  is  much  dilated, 
or  is  infundibuliform  in  shape:  "The  absence  of  the 
radiating  folds  is  considered  one  of  the  best  medico-legal 
proofs  of  the  vice. "  "  Tidy  says, "  "  a  peculiar  funnel- 
like depression  or  hollow  of  the  nates  toward  the  anus 
the  anus  gaping  and  the  sphincter  relaxed,"  are  signs  of 
the  practice  of  this  vice,  to  which  greater  or  less  impor- 
tance may  be  attached  as  the  circumstances  of  the  case 

'^Itmtal  Disorders.— Insanity,  idiocy,  imbecility,  and  de- 
mentia are  disorders  which  will  call  for  the  closest  scru- 
tiny and  observation  by  the  medical  exammer;  their  na- 
ture is  such  that  a  careful  diagnosis  in  the  limited  time 
allotted  to  the  examination  of  a  recruit  is  rarely  possible. 
The  necessity,  therefore;  of  an  acquamtance  with  their 
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Dhvsiognomy  is  apparent.  To  one  skilled  m  this  means 
of  diagnosis  the  detection  of  the  less  obscure  grades  is 
not  a  matter  of  great  difficulty.  The  idiot  the  imbecile, 
or  the  demented  patient  presents  such  well-marked  char- 
acteristics that  an  error  can  hardly  be  made  It  is  in 
those  unfortunate  persons  who  are  on  the  borderland  of 
mental  deficiency,  and  the  insane,  that  the  greatest  difh- 
culties  of  diagnosis  may  be  expected.  Unless  an  insane 
person  betrays  by  action  or  speech  some  evidence  ot  this 
disease,  a  correct  diagnosis  would  be  a  matter  of  great 
difficulty,  and  no  surgeon  would  be  held  responsiblefor 
accepting  one  who  afterward  manifested  insanity. 
Should  the  examiner  have  reason  to  suppose  that  the  ap- 
plicant is  deficient  in  mental  capacity,  or  has  not  the  ap- 
titude to  acquire  readily  a  knowledge  of  his  duties  as  a 
soldier,  he  should  be  rejected.  It  is  much  safer  to  take 
even  an  extreme  view  of  such  cases,  and  run  the  risk  of 
an  erroneous  rejection,  than  to  accept  one  about  whom  a 
suspicion  of  mental  alienation  can  rest. 

P%S8g««.— While  a  decision  of  cases  under  this  head- 
ing does  not  always  fall  within  the  province  of  the 
medical  examiner,  his  opinion  is  entitled  to  great  weight 
with  the  recruiting  officer.  His  knowledge  of  anatomy 
and  the  proper  proportions  of  the  human  frame,  as  well 
as  his  familiarity  with  physiognomy,  eminently  qualify 
him  to  form  a  correct  opinion  as  to  the  general  appear- 
ance, both  physical  and  moral,  of  the  applicant,  and  his 
fitness  for  the  duties  of  a  soldier,  in  cases  in  which  no 
technical  disability  exists  or  can  be  discovered  by  a  non- 
professional man.  His  experience  with  the  effects  of  dis- 
ease, bad  habits,  food,  and  living  upon  the  constitution 
will  enable  him  to  judge  as  to  future  efficiency,  although 
there  may  be  no  direct  evidence  in  the  case  before  him  that 
the  applicant  has  ever  been  subjected  to  such  hardships. 

There  is  probably  no  one  class  of  men  which  furnishes 
such  large  numbers  to  the  hospitals,  the  guard-house,  and 
the  list  of  deserters  as  this,  designated  indifEerently  by 
military  men  as  "  poor  physique, "  "  feeble  constitution, " 
or  "  general  unfitness. " 

The  leading  characteristics  of  a  good  physique  may  be 
briefly  enumerated :  "  A  tolerably  just  proportion  between 
the  different  parts  of  the  trunk  and  members ;  a  well- 
shaped  head,  thick  hair,  a  countenance  expressive  of 
health,  with  a  lively  eye,  skin  not  too  white,  lips  red, 
teeth  white  and  in  good  condition,  voice  strong,  skin 
firm,  chest  well  formed,  belly  lank,  parts  of  generation 
well  developed,  limbs  muscular,  feet  arched  and  of  a 
moderate  length,  hands  large.'"'  The  gait  should  be 
sprightlj'  and  springy,  speech  prompt  and  clear,  and 
manner  cheerful.  The  medical  examiner  should  endeavor 
to  judge  from  the  eyes,  from  the  whole  expression  of  the 
countenance,  from  the  conformation  of  the  limbs,  which 
of  the  candidates  are  capable  of  making  the  best  sol- 
diers; there  are  as  certain  and  as  well  understood  indica- 
tions fur  judging  of  the  soldierly  qualities  of  men  as  there 
are  for  ascertaining  the  value  of  a  horse  or  a  hunting- 
dog.'^  All  lank,  slight,  puny  men,  with  contracted  fig- 
ures, whose  development  is,  as  it  were,  arrested,  should 
be  set  aside.  The  reverse  of  the  characteristics  of  a  good 
constitution,  already  enumerated,  will  indicate  infirm 
health  or  a  weakly  habit  of  body :  loose,  flabby,  white 
skin;  long  cylindrical  neck;  long,  flat  feet;  very  fair 
complexion,  fine  hair;  wan,  sallow  countenance,  etc. 

Under  our  present  system  of  recruiting  in  large  cities  a 
very  objectionable  description  of  men  present  themselves 
for  enlistment,  whose  health  has  sufEered  from  debauch- 
ery of  various  kinds.  They  are  tramps ;  men  who  wan- 
der about  over  the  face  of  the  country,  too  lazy  to  work 
and  too  vicious  to  live  in  a  well-regulated  community— 
a  set  of  Ishmaelites  who  seek  service  in  the  army  as  the 
easiest  method  of  getting  food,  clothing,  and  shelter,  but 
without  the  slightest  design  of  performing  any  more  duty 
than  they  are  compelled  to.  They  generally  appear  as 
winter  approaches,  driven  by  inclement  weather  to  seek 
an  asylum  until  the  opening  of  spring.  No  more  unde- 
sirable or  unfit  class  of  men  come  before  a  recruiting  ofli- 
cer.  They  are  seldom,  after  enlistment,  out  of  the  guard- 
house or  hospital,  and  the  company  to  which  they  belong 
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is  fortunate  if,  when  they  take  their  flight  in  the  spring, 
they  do  not  carry  away  with  them  all  the  available  cash, 
or  articles  of  value,  upon  which  they  can  lay  their  hands. 
Another  class  of  men,  having  neither  apparent  disease  nor 
well-characterized  physical  or  moral  defect,  are  equally 
objectionable ;  there  is  a  "  something  "  about  them  which 
satisfies  an  expert  that  they  will  make  either  indifferent 
or  bad  soldiers,  for  which  reason  they  should  be  rejected. 
The  power  of  recognizing  these  two  classes  of  men  is  a 
talent  which  is  greatly  improved  by  practice,  and  which 
the  medical  examiner  should  cultivate  to  the  highest  de- 
gree, persistently  rejecting  all  about  whose  ultimate  efii- 
ciency  he  has  the  slightest  doubt. 

Even  in  time,  of  war,  when  the  urgency  for  men  may  be 
ever  so  great,  there  should  be  no  deviation  from  the  gen- 
eral rule  as  to  men  pf  this  stamp  and  character,  who,  if 
once  admitted  will  serve  only  to  encumber  the  army 
either  by  their  shiftlessness  or  by  their  viciousness.  An 
army,  in  whatever  strait  it  may  be,  is  vastly  better  with- 
out than  with  them. 

General  Intelligence.— A  higher  degree  of  intelli- 
gence is  now  expected  from  the  soldier  than  was  the  case 
in  the  earlier  days  of  the  republic.  Promotion  is  open  to 
him,  and  he  is  encouraged  in  every  way  to  improve  him- 
self ;  libraries  are  established  to  which  he  has  ready  ac- 
cess ;  reading-rooms,  with  liberal  supplies  of  newspapers, 
are  prepared  for  him,  and  schools  are  organized  in  which 
he  has  opportunities  for  study.  "  It  is  worthy  of  notice 
that  much  of  the  advantage  to  be  derived  from  modern 
improvements  in  the  mode  of  educating,  training,  diet- 
ing, and  clothing  the  soldier  depends  upon  his  capability 
of  appreciating  the  objects  with  which  they  have  been 
introduced," '*  and  while  it  is  impossible  to  formulate 
any  specific  standard  of  intelligence  b}''  which  his  eligi- 
bility is  to  be  judged,  such  a  direction  can  be  given  to 
the  questions  necessarily  asked  during  the  physical  ex- 
amination as  will  enable  the  medical  oflicer  to  form  a 
very  good  opinion  of  his  general  intelligence,  and  afford 
an  opportunity  to  exclude  men  who,  while  they  may  not 
be  exactly  idiotic,  are  "a  sort  of  demi-simpleton."' 

The  remarkable  strides  which  have  been  made  during 
the  past  quarter  of  a  century  in  the  science  and  art  of 
war;  the  superior  mechanism  of  the  rifle  now  in  use;  the 
attention  that  is  paid  to  target  practice,  and  the  efforts 
that  are  made  to  instruct  the  soldier  in  the  management 
and  care  of  his  weapon  and  ammunition,  tend  to  make 
his  profession  both  instructive  and  Interesting,  and  jus- 
tify the  expectation  that  men  of  better  tastes  and  habits 
than  those  obtained  in  the  past  will,  in  the  future,  be  at- 
tracted to  the  profession  of  arms. 

It  is  well  stated  by  Dr.  Crawford,  in  the  article  from 
which  quotation  has  been  made,  that  the  criminal  and  in- 
validing statistics  of  the  army  leave  no  doubt  as  to  the 
frequent  enlistment  of  the  fatuous  and  imbecile,  as  well 
as  the  criminally  vicious,  and  that  if  the  development  of 
the  head,  and  the  symmetry  of  its  proportions  were  as 
carefully  examined  and  as  dogmatically  insisted  upon  as 
is  customary  in  determining  the  form,  development,  and 
symmetry  of  other  organs  and  regions,  a  proportion,  at 
least,  of  such  men  might  be  excluded  from  the  service. 

Special  Examinations.— T/je  Cerebrospinal  System. — 
Epilepsy,  cJiorea,  stuttering  or  siammering,  all  forms  of 
paralysis,  tabes  dorsalis,  neuralgia,  disqualify. 

It  is  not  to  be  expected  that  the  medical  examiner  will 
make  a  diagnosis  of  all  the  ditterent  forms  and  phases  of 
this  class  of  diseases.  It  is  sufficient  for  practical  pur- 
poses that  he  should  recognize  such  general  symptoms  as 
are  indicative  of  grave  lesions  of  the  system,  and  should 
satisfy  himself  of  the  incapacity  of  the  applicant  for 
military  duty;  in  their  later  stages  the  manifestations  are 
so  well  pronounced  that  it  is  hardly  possible  for  errors  of 
diagnosis  to  occur;  but  the  earlier  symptoms  are  in  many 
instances  obscure,  requiring  close  observation  for  their 
detection.  The  personal  appearance,  facial  expression, 
and  gait  will  often  betray  the  existence  of  many  forms  of 
nervous  disorder,  for  which  reason  the  medical  examiner 
should  require  each  applicant,  after  being  stripped,  to 
approach  him  from  a  distance,  and  if  necessary,  walk 
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about  the  room,  during  ■which  time  he  can  thoroughly 
scan  his  person,  observing  particularly  any  deviations 
from  the  normal  conditions.  By  this  means  the  halting 
gait  of  paralysis  of  the  lower  extremities,  or  the  shuffling 
unsteady  step  of  tabes  may  be  detected.  A  careful  ex- 
amination of  the  spine  should  be  made  by  pressure  upon 
the  spinous  processes  from  the  cervical  to  the  lumbar 
vertebrsE,  and  any  tenderness  or  pain  manifested  by 
flinching  made  mental  note  of.  Unsteadiness  of  the 
hands  and  arms  should  suggest  a  suspicion  of  tabes  dor- 
sails,  and  the  simple  tests  of  standing  or  walking  while 
blindfolded,  the  tendon  reflex,  and  the  tactile  sense,  should 
be  made  with  care. 

Stammering  may  be  congenital,  due  to  habits  contracted 
in  childhood,  to  malformations  of  the  vocal  apparatus,  or 
to  organic  lesions  in  the  nervoiis  system ;  by  whatever 
cause  it  may  have  been  produced,  if"it  is  sufficient  in  de- 
gree to  interfere  materiall}''  with  ordinary  conversation,  the 
applicant  should  be  rejected.  Some  care  will  be  necessary 
in  arriving  at  the  degree  of  this  affection,  because  the  nerv- 
ous excitement  incident  to  the  examination  will  of  itself 
react  upon  the  patient,  whose  embarrassment  will  increase 
his  difSculty  of  speech.  A  little  patience  and  kindliness 
of  manner  will,  however,  soon  reassure  him,  and  the  true 
extent  of  the  difficulty  be  appreciated.  In  time  of  war  at- 
tempts will  often  be  made  to  simulate  disorders  of  this  class 
for  the  purpose  of  securing  exemption  from  military  duty. 
The  different  forms  of  paralysis  and  tabes  can,  by  the  ex- 
ercise of  some  patience  and  care,  be  detected ;  indeed,  it 
would  require  a  man  to  be  possessed  of  great  self-control, 
shrewdness,  and  a  considerable  knowledge  of  the  symp- 
tomatology of  disease  to  simulate,  with  any  reasonable 
prospect  of  success,  any  form  of  paralysis.  Ocular  evi- 
dence of  a  convulsion  should  always  be  obtained  by  the 
examiner  before  he  is  justified  in  exempting  a  man  from 
military  service  on  the  ground  of  epilepsy.  No  state- 
ments, however  well  substantiated,  should  lead  him  to 
deviate  from  this  rule.  He  should  satisfy  himself  by  the 
absolute  loss  of  sensibility  of  the  conjunctivse,  the  dilata- 
tion and  immobility  of  the  pupil,  and  the  character  of  the 
convulsions,  that  the  attack  is  one  of  true  epilepsy  before 
recommending  the  case  for  exemption.  The  pain  of  neu- 
ralgia may  be  simulated ;  but  true  neuralgia  of  sufficient 
intensity  to  disqualify  can  hardly  exist  without  producing 
such  decided  constitutional  effects  as  will  be  visible  to 
the  eye  of  the  examiner. 

Constitutional  syphilis  disqualifies. 

The  late  forms  of  this  disease,  as  gummata,  rupia,  peri- 
ostitis, ostitis,  caries,  etc.,  are  rarely  brought  to  the  notice 
of  the  examining  surgeon,  or  if  such  cases  should  be  pre- 
sented, the  cachexia  will  be  so  well  marked  that  there  can 
be  but  little  difficulty  in  making  a  diagnosis.  It  is  the 
early  manifestations  of  the  disease  which  he  is  to  watch 
for  with  great  care,  particularly  as  men  are  often  the  sub- 
jects of  syphilitic  infection  without  being  aware  of  its 
existence,  and  therefore  truthfully  disclaim  any  knowl- 
edge of  a  disability  for  the  service  on  that  account. 

Careful  examination  should  be  made  of  the  cervical, 
epitrochlear,  and  inguinal  glands,  as  one  of  the  earliest 
and  most  important  manifestations  of  constitutional 
syphilis  consists  in  their  enlargement  and  induration. 
Otis,  in  his  work  on  "  Syphilis, "  states  that  this  abnormal 
change  extends,  to  a  greater  or  less  degree,  throughout 
the  entire  lymphatic  system.  He  describes  the  enlarged 
glands  as  varying  in  size  from  a  small  shot  to  a  pigeon 
egg;  as  being  hard,  movable,  and  painless:  those  in  the 
epitrochlear  region  being  the  most  valuable  in  a  diagnos- 
tic point  of  view,  and  rarely  present  before,  or  absent 
after,  the  tenth  or  twelfth  week  succeeding  inoculation 
of  syphilis,  whether  any  roseola  can  be  detected  or  not. 
Sometimes  only  one  gland  is  enlarged,  which  may  be 
above  the  trochlea,  along  the  inner  border  of  the  biceps, 
and  therefore  difficult  to  find.  There  is  variation,  also, 
as  to  locality  in  the  different  cervical  and  inguinal  glands 
that  are  enlarged,  a  patient  search  for  which  will  gener- 
ally be  successful.  The  next  evidence  in  order  is  the 
classical  roseola,  with  its  bright  hue  in  the  early  stages, 
and  its  faucial  inflammatory  engorgement ;  the  papular 


eruption  with  its  crop  of  papules  along  the  upper  border 
of  the  forehead,  hard  to  tlie  touch,  and  painless  (t)ie 
corona  veneris  of  Ricord);  the  circle  of  white  scales  ar- 
ranged about  the  base  of  the  papules  on  the  body  (the 
collarette  of  Biett);  the  coppery-colored  stain  left  after 
the  disappearance  of  this  papular  eruption ;  alopecia,  and 
mucous  patches.  These,  either  ulooe  or  taken  together,, 
should  be  sufficient  evidence  of  the  existence  of  tlie  dis- 
ease in  its  earlier  stages  to  warrant  the  examiner  in  le- 
jecting  the  applicant.  As  the  eicatrices  of  buboes  are 
not  evidences  of  the  existence  of  syphilis,  they  should 
not  be  made  a  cause  for  rejection,  although  their  pres- 
ence should  lead  to  careful  examination  for  signs  of  the 
disease,  as  heretofore  mentioned. 

In  time  of  war  this  disease  (syphilis)  is  cause  for  re- 
jection. 

Cancer,  in  whatever  form  or  stage  of  development,  is  a 
cause  for  rejection.  The  "  pipe-smoker's  cancer, "  epithe- 
lioma of  the  lip  or  tongue,  and  cancerous  affections  of 
the  testicles,  are  the  forms  most  likely  to  be  seen  among 
men  desiring  enlistment.  As,  however,  the  disease  is  one 
of  middle  or  advanced  age,  it  is  very  rarely  met  with  at 
recruiting  rendezvous,  and  is  only  mentioned  in  this  place 
as  one  of  a  class  of  diseases  which  the  surgeon  may  be 
called  upon  to  reject. 

The  Skin. — All  chronic,  contagious,  and  parasitic  diseases 
of  the  shin  ;  noem  ;  extensive,  deep,  and  adlierent  cicatrices  ; 
chronic  ulcers ;  vermin,  and  indecent  tattooing,  disqualify. 

Although  vermin  may  be  considered  to  be  only  tempor- 
ary annoyances,  it  will  be  found,  as  a  rule,  that  the  men 
upon  whom  they  take  up  a  residence  are  undesirable  by 
reason  of  filthy  habits.  The  fecundity  of  vermin  is  so 
great,  so  many  opportunities  are  afforded  for  their  migra- 
tion where  numbers  of  men  are  associated  together,  and 
their  presence  is  so  disgusting,  that,  in  time  of  peace,  men 
infested  with  them  should  either  be  summarily  rejected, 
or  acceptance  deferred  until  their  persons  are  rid  of  the 
parasites.  The  most  common  form  met  with  at  recruiting 
stations  is  the  crab  louse  (pediculus  pubis).  Of  parasitic 
diseases  scaJ4««, /«?)««,  tinea  tonsurans,  and  sycosis  arc  most 
frequently  met  with,  and  should  be  causes  for  rejection, 
or  action  should  be  deferred  until  a  cure  has  been  effected. 
The  tattooing  of  indecent  devices  uijon  the  skin,  on  any  part 
of  the  body,  is  cause  for  rejection,  upon  the  ground  that 
a  man  who  will  voluntarily  submit  to  such  defacement  is 
morally  unfit  to  be  a  soldier.  The  presence  of  cicatrices 
from  cupping  should  lead  to  a  close  examination  of  the 
internal  organs  in  their  vicinity,  which  may  have  been 
seriously  damaged  by  disease,  or  are  liable  to  become 
again  affected  after  exposure  to  the  hardships  of  a  winter 
campaign.  When  extensive  adherent  cicatrices  impede  the 
free  motions  of  the  limbs,  they  are  absolute  causes  for  re- 
jection; but  when  seated  on  other  parts,  as,  fo?  example, 
the  head  or  trunk,  they  are  not  in  themselves  objections 
in  a  recruit;  as  indications,  however,  of  constitutional 
cachexia  they  are  important.'*  Cicatrices,  non-adherent, 
white  and  smooth,  resulting  from  an  incised  or  lacerated 
wound,  or  a  burn,  and  not  involving  much  loss  of  sub- 
stance or  lesion  of  subjacent  organs,  are  not  causes  for 
rejection.  Chronic  ulcers  are  not  likely  to  be  found,  ex- 
cept in  persons  of  broken-down  constitution.  Those  re- 
sulting from  abrasions  or  shght  wounds,  in  persons  who 
do  not  present  any  evidence  of  constitutional  disorder, 
have  probably  been  kept  active  from  some  local  cause, 
upon  the  removal  of  which  they  will  heal ;  but  those  in- 
volving much  loss  of  substance,  with  atrophy  of  a  limb, 
with  a  general  constitutional  disorder,  or  with  varicose 
veins,  especially  when  located  on  the  lower  extremities, 
should  disqualify;  even  when  healed  they  are  apt  to 
open  again,  so  soon  as  the  soldier  is  exposed  to  any  cause 
of  irritation,  such  as  long  marching  or  inclement  weather. 
The  skin  of  the  negro  seems  especially  prone  to  ichthy- 
osis, and  to  keloid  growths  at  the  seat  of  even  trivial  in- 
juries ;  unless  the  affections  are  extensive,  or  the  keloid 
growths  so  situated  as  to  interfere  with  the  motion  of 
limbs,  or  otherwise  impair  the  efficiency  of  an  applicant, 
they  should  not  be  considered  causes  for  rejection.  Jn 
time  of  war  exemption  should  be  given  only  on  account  of 
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loug-atanding  or  Incurable  diseases  of  the  skin ;  the  milder 
forms,  as  acne,  herpes,  urticaria,  etc.,  as  also  some  of  the 
parasitic  diseases,  including  scabies,  may  be  treated  with 
reasonable  prospect  of  recovery  in  a  short  time,  and  the 
men  accordingly  should  be  held  to  service.  Ulcers  may 
be  produced  and  purposely  kept  open  with  the  view  of 
evading  service  under  Conscription.  Suspicion  will  nat- 
urally be  aroused  when  an  otherwise  healthy  man  claims 
exemption  from  service  on  account  of  an  ulcer  of  long 
standing,  as  this  lesion  is  seldom  seen  except  in  persons 
of  broken-down  constitution,  and  generally  in  middle  or 
advanced  age.  The  appearance  of  tlie  ulcer,  and  the  tis- 
sues surrounding  it,  will  furnish  some  evidence  as  to  its 
age,  active  inflammation  pointing  to  voluntary  irritation 
and  a  recent  lesion,  while  an  old  ulcer  presents  character- 
istics the  reverse  of  this.  Such  cases  should  be  placed 
under  close  observation  in  hospital,  and  every  means 
taken  to  prevent  the  patient  from  keeping  up  any  irrita- 
tion of  the  parts,  the  fact  being  borne  in  mind  that  an  al- 
most endless  variety  of  foreign  substances  are  used  for  this 
purpose,  and  that  the  finger-nails  are  especially  conven- 
ient for  such  use ;  it  may  eveh  become  necessary  to  put 
the  patient  into  a  straitjacket  before  a  correct  diagnosis 
can  be  made. 

The  Head. — Abnormally  large  head;  considerable  de- 
formities, the  consequence  of  fractures  ;  serious  lesions  of 
the  sktill,  the  consequence  of  complicated  wounds  or  tlie 
operation  of  trephininrj ;  caries  and  exfoliation  of  tlie 
bone;  injuries  of  cranial  nerves ;  tinea  capitis;  alopecia, 
disqualify. 

Any  injury  of  the  skull  aifords  ground  for  suspicion  of 
consequent  injurj'  to  the  brain,  and  the  existence  of  epi- 
lepsy or  some  disorder,  greater  or  less,  of  the  mental 
faculties;  hence  all  such  injuries  should  be  cai-efully  ex- 
amined as  to  their  extent  and  seat.  It  is  well  known 
that  the  skull  may  receive  extensive  inj.ury  without  any 
subsequent  impairment  of  the  faculties,  and  also  that 
very  slight  injuries  may  be  followed  by  serious  conse- 
quences, more  especially  by  epilepsy;  hence,  although 
no  positive  disease  may  be  detected,  it  is  safe  to  reject 
any  applicant  who  has  evidence  of  considerable  injury 
to  the  skull,  if  for  no  other  reason  than  that  its  presence 
affords  the  man  an  opportunity  for  evasion  of  duty,  and, 
if  he  choose  to  make  it,  a  claim  for  discharge  from  the 
service  on  account  of  some  alleged  nervous  affection, 
should  military  duty  becorhe  distasteful  to  him  after 
joining  his  command.  With  the  evidence  of  an  injury 
to  the  head  before  him,  it  would  be  difficult  for  a  medi- 
cal officer  to  disprove  any  assertion  by  a  malingerer  of 
the  existence  of  disease. 

Wounds  of  tlie  scalp,  especially  if  non-adherent,  should 
not  reject;  injuries  of  the  crinnal  nerves,  producing  paraly- 
sis or  impairment  of  function  in  the  parts  to  which  they 
are  distributed,  are  causes  for  rejection ;  tinea  capitis  is 
laid  down  in  many  works  on  recruiting  as  a  disqualifica- 
tion. It  is  a  disease  almost  exclusively  confined  to  child- 
hood, and  is  very  rarely  met  with  at  a  recruiting  station. 
In  the  examination  ot  several  thousand  men  at  the  depot 
at  Columbus  Barracks,  Ohio,  the  writer  did  not  see  a 
case,  nor  has  he  ever  seen  one  among  the  soldiers  with 
whom  he  has  served.  The  discovery  of  any  disease  of 
this  genus  in  the  hairy  scalp  would  be  cause  for  rejec- 
tion, not  only  on  account  of  its  contagiousness,  but  be- 
cause it  is  both  unsightly  and  offensive.  The  papular 
eruption  of  syphilis  is  frequently  situated  in  the  hairy 
scalp,  and  may  be  easily  felt  l)y  an  examination  of  that 
part  with  the  fingers.  Alopecia  is  occasionally  met  with 
in  recruits,  and  has  given  rise  to  much  difference  of  opin- 
ion among  army  surgeons  as  to  its  being  a  disqualifying 
cause ;  if  it  is  the  result  of  a  pre-existing  disease,  which 
will  be  manifest  by  the  appearance  of  the  scalp,  if  the 
loss  of  hair  is  total,  or  if  but  a  few  tufts  remain  about 
the  back  of  the  head  and  in  the  neighborhood  of  the  ears 
the  man  is  unfitted  for  service ;  the  head  coverings  issued 
to  the  soldier  not  being  sufficient,  in  the  absence  of  the 
natural  covering,  to  protect  liimfrom  accidents  resulting 
trom  exposure  to  the  heat  of  the  sun  or  to  the  inclemency 
ot  the  weather;  partial  loss  of  tlic  hair,  either  over  the 

852 


crown  or  above  the  forehead,  is  not  cause  for  rejection; 
in  time  of  war  baldness  is  not  cause  for  exemption. 

Tlie  ^ine.— Caries ;  spina  bifida;  lateral  curvature  of 
the  eeriiieal,  dorsal,  or  lumbar  regions ;  lumbar  abscess; 
rickets;  fracture  and  dislocation  of  the  vertebrm;  angu- 
lar curvatures,  including  gibbosity  of  the  anterior  and 
posterior  parts  of  the  tliorax,  disqualify. 

Lateral  curvatures  of  the  spine  are  often  the  result  of 
some  particular  trade  or  occupation ;  if  the  curvature  is 
slight,  and  unaccompanied  by  signs  of  constitutional 
weakness,  it  should  not  disqualify.  An  appearance  of 
lateral  curvature  frequently  results  from  undue  develop- 
ment of  the  muscles  of  one  shoulder.  This  will  be  read- 
ily detected  by  making  the  recruit  stoop  forward  from 
the  attitude  of  attention,  stretching  out  his  hands  over 
his  head,  and  curving  the  back  until  his  fingers  reach  the 
ground.  A  glance  at  the  recruit's  spine,  when  so  bent, 
from  before  backward,  will  enable  the  surgeon  to  esti- 
mate the  extent  of  lateral  curvature,  if  it  really  exists." 
The  following  good  rule  for  the  determination  of  the  de- 
gree of  curvature  which  demands  rejection  has  been 
suggested  by  Major  Daingerfleld  Parker,  U.  S.  A.  The 
recruit  standing  erect,  draw  an  imaginary  line  from  the 
base  of  the  skull  to  the  end  of  the  spine ;  If  the  spinal 
prominences  are  curved  one  inch  either  side  of  the  line, 
reject.  Any  prorwunced  angularity  of  the  spine  (gibbos- 
ity) sufficient  to  impair  the  symmetry  of  a  man's  figure, 
or  distortion  of  the  chest  interfering  with  respiration, 
should  reject.  The  fact  that  knapsacks  and  other  heavy 
weights  are  no  longer  carried  by  soldiers  upon  their  backs 
in  modern  campaigning  removes  the  objection  formerly 
made  to  men  having  this '  defect  in  a  moderate  degree. 
In  young  men  posterior  curvature  may  be  overcome  by 
attention  to  drills  and  gymnastics,  but  in  men  beyond 
twenty -five  years  of  age  it  is  useless  to  attempt  an  Im- 
provement. 

In  time  of  war  slight  curvatures,  lateral  or  angular, 
should  not  exempt. 

The  Ear. — Deafness  of  one  or  both  ears ;  all  eata/rrhal 
and  purulent  fwms  of  acute  and  chronic  otitis  media; 
polypi,  and  other  growths  or  diseases  of  the  tympanum, 
labyrinth,  or  mastoid  cells;  perforation  of  the  membrana 
tympani ;  closure  of  tlie  auditory  canal,  pa/rtial  or  com- 
plete, except  from  acute  abscess  or  furuncle;  malformation 
or  loss  of  the  external  ear,  and  all  diseases  thereof,  'except 
those  which  are  slight  and  non-pivgressive,  disqualify. 

Diseases  of  the  ear  inducing  deafness  are  not  often 
symmetrical,  and  affections  of  one  ear  are  much  more 
likely  to  be  met  with  than  those  of  both;  hence  the  fact 
should  be  borne  in  mind  that  while  an  applicant  for  en- 
listment may  apparently  hear  perfectly,  a  careful  exami- 
nation of  both  ears  will  show  that  he  may  be  deaf  in  one. 

To  pioperlj'  make  a  preliminary  examination  of  hearing 
power  for  the  voice,  the  examiner  should  stand  at  the 
side  and  in  rear  of  the  applicant,  at  least  forty  feet  dis- 
tant, while  the  recruiting  sergeant  closes  the  external 
meatus  of  one  ear  by  pressing  the  tragus  gently  back- 
ward and  inward.  A  few  words  are  then  to  be  addressed 
to  the  applicant,  distinctly,  in  a  middle  tone,  and  not  too 
rapidly.  If  there  is  any  defect  in  the  hearing  of  the  un- 
covered ear,  it  will  at  once  be  discovered  by  the  failure 
to  repeat  what  is  said ;  the  same  manoeuvre  should  be 
practised  with  the  opposite  side.  The  voice  may  be 
heard  at  least  fifty  feet  distant  in  a  closed  room  when 
both  ears  are  normal;  should  there  be  deafness  of  either 
ear,  the  applicant  must  be  rejected. 

It  will  be  found  that  deafness  is  occasionally  caused  by 
the  accumulation  of  cerumen  ia  the  ear;  in  which  case, 
should  the  recruit  be  otherwise  desirable,  it  would  be 
proper  to  defer  final  action,  and  an  opportunity  given 
him  to  have  the  obstruction  removed,  when,  if  hearing  is 
restored,  he  could  be  accepted, 

la  time  of  war  deafness  is  frequently  simulated.  Real 
deafness  cannot  be  concealed,  but  the  detection  of  simu- 
lated deafness  is  at  times  a  somewhat  difficult  matter. 
Here  every  artifice  which  ingenuity  may  suggest  will  be 
employed  to  deceive  the  examiner,  whose  opinion  of  the 
case  must  be  made  up  of  negative  evidence  entirely,  the 
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only  positive  evidence  available  being  the  motive  of  the 
conscript,  if  this  can  be  styled  evidence. 

Besides  that  by  means  of  the  voice  there  are  three 
methods  to  be  employed  in  testing  the  power  of  hearing 
VIZ.,  the  watch,  the  tuning-fork,  and  the  double  stetho- 
scope ot  Cammaun,  although  an  opinion  should  not  be 
formed  from  any  single  test,  but  from  the  results  ob- 
tained by  all. 

In  using  the  first  test,  the  applicant  should  be  blind- 
folded while  one  ear  is  closed ;  the  watch  is  to  be  held 
in  the  air  at  various  distances  from  his  head— above  be- 
low, in  front  of,  and  behind  the  unclosed  ear.  The' dis- 
tance at  which  its  ticking  can  be  heard  by  the  normal 
ear  may  be  determined  by  the  operator's  sense  of  hearing 
This  being  used  as  a  standard,  the  degree  of  hearing  by 
the  appHcant  can  be  approximately  determined.  Each 
ear  should  be  carefully  tested  [by  this  method,  and  the 
result  noted. 

To  use  the  second  test,  uniform  sound  can  be  obtained 
by  striking  the  tuning-fork  on  the  knee  while  the  leg  is 
flexed  upon  the  thigh,  or  even  by  extending  the  palm  of 
the  hand  and  striking  the  tines  of  the  fork  upon  its  fleshy 
part.  In  the  normal  ear  the  tuning-fork,  when  placed 
on  the  central  incisors,  is  heard  equally  well  in  both  ears; 
the  same  is  true  if  the  fork  is  placed  on  the  vertex  or  on 
the  centre  of  the  forehead ;  if  placed  on  the  mastoid  proc- 
ess, it  is  heard  better  in  the  ear  of  the  same  side ;  it  is 
heard  longer  when  placed  in  the  air  near  the  meatus,  than 
on  the  teeth,  etc. 

When  there  is  some  defect  in  the  hearing  dependent  on 
disease  located  in  the  middle  or  external  car,  the  tuning- 
fork  placed  by  its  base  upon  the  teeth,  or  on  any  of  the 
central  portions  of  the  skull,  will  be  heard  better  in  the 
diseased  ear.  If  placed  in  the  air  near  the  ear,  it  may  not 
be  heard  as  well  as  in  the  previous  position.  In  doubtful 
cases,  if  the  fork  is  laid  a  little  to  one  side  of  the  median 
line,  it  assists  to  confirm  the  diagnosis.  For  instance,  the 
patient  thinks  he  hears  the  fork  best  in  the  right  ear,  and 
it  is  then  moved  to  the  left  side  a  little.  If  he  still  hears 
it  as  well  in  the  right  ear,  or  even  hears  it  equally  well 
in  both  ears,  there  is  no  question  of  his  hearing  it  better 
in  the  right.'* 

In  diseases  of  the  labyrinth  having  a  nervous  origin 
these  conditions  are  reversed,  and  the  tuning-fork  will  be 
heard  better  in  the  good  ear — both  ears  being  stopped. 
Hence  the  examiner  must  be  on  liis  guard,  when  inves- 
tigating a  case  of  suspected  simulation,  that  he  does  not 
have  a  case  of  labyrinth  disease  before  him.  In  such  in- 
stances ocular  inspection  of  the  middle  ear  will  be  of 
value  in  completing  a  diagnosis. 

The  third  test,  by  the  use  of  Cammann's  binaural  steth- 
oscope, is  a  very  ingenious  one,  and  is  best  described  in 
the  language  of  its  originator.  Dr.  David  Coggin."  It 
is,  however,  serviceable  only  in  simulated  absolute  deaf- 
ness of  one  ear:  "The  patient  affirmed  that  he  was  deaf 
of  the  left  ear.  I  therefore  inserted  a  tightly  fitting 
wooden  plug  into  the  right  caoutchouc  tube,  and  then 
put  the  two  caoutchouc  tubes  into  the  metal  ones. 
When  I  tried  the  instrument  on  myself,  I  found  that 
words  spoken  could  not  be  understood  by  the  right  ear. 
After  the  patient  had  adjusted  the  stethoscope,  he  re- 
peated without  hesitation  the  words  which  I  had  whis- 
pered into  the  bell  of  the  instrument,  which  served  as  a 
mouthpiece.  The  tube  containing  the  plug  was  then 
taken  out  of  the  right  ear,  which  was  firmly  closed  by 
pressure  on  the  tragus.  When  I  again  spoke  into  the^ 
stethoscope,  which  was  still  in  connection  with  the  left 
ear,  the  patient  positively  assured  me  that  he  could  no 
longer  distinguish  the  words.  He  was,  of  course,  aware 
that  the  tube  through  which  he  had  before  heard  was  no 
longer  in  connection  with  the  right  ear. " 

It  is  more  than  probable,  before  the  examiner  has  com- 
pleted these  tests,  that  the  simulator  will  have  become  so 
confused  as  to  betray  himself,  when,  of  course,  the  ex- 
amination would  cease.  He  must,  however,  be  prepared 
to  find  men  very  obstinate,  who  have  made  up  their  minds 
to  deceive,  and  he  may,  therefore,  be  obliged  to  employ 
all  the  methods  at  his  command  in  making  a  diagnosis. 


The  preference  of  the  wiiter  is  for  the  tuning-fork 
about  the  use  of  which  men  are  ordinarily  ignorint  al- 
though  the  tests  by  the  watch  and  stethoscope  give 

shon  H  hP  '''h"'^  ^'^'.'i"'  "^Pe'^tion  ot-  the  meatus 
should  be  made  for  evidence  of  inflammatory  affections 
or  for  morbid  growths. 

In  time  of  war  cases  of  otitis  may  be  placed  in  hospital 
tor  observation,  to  be  exempted  from  service  if  subse- 
quent treatment  develops  the  fact  that  organic  changes 
have  taken  place,  or  that  permanent  deafness  has  resulted ; 
deafness  of  one  ear  is  not  an  objection,  but  when  both  ears 
are  thus  affected  the  man  should  be  exempted 

lU  Eyes.^Class  1.  Loss  of  an  eye  ;  total  losss  of  sinJit 
of  either  eye;  conjunctival  affections,  iacludino  trachoma 
entropion;  opacities  of  the  cornea,  if  catering  part  of  a 
moderately  dilated  pupil ;  ptei'ygium,  if  extensive;  strabis- 
mus;  hydroplithalmia ;  exophthalmia ;  conical  cornea  ■ 
cataract;  loss  of  crystalline  lens;  diseases  of  tU  lachrymal 
apparatus;  ectropion;  ptosis;  incessant  spasmodic  motion 
of  the  hds;  adhesion  of  the  lids;  large  encysted  tumors; 
abscess  of  tlie  orbits;  muscular  asthenopia;  nystagmus 

Class  3.  Any  affection  of  the  globe  of  the  eye  m-  its  con- 
tents; defective  vision,  including  anomcdies  of  accommo- 
dation and  refraction;  myopia;  hypermetropia,  if  ae^ 
companied  h/  asthenopia;  pi-esbyopia;  astigmatism; 
arnhlyopia  ;  glaucoma;  diplopia;  color-blindness  (for  tU 
Signal  Service  only),  disqualify. 

For  convenience  of  examination  the  foregoing  list  of 
disqualifications  has  been  separated  into  two  classes:  the 
first  including  those  defects  which  may  be  discovered  by 
the  unaided  eye;  the  second  requiring  for  their  detection 
the  use  of  special  instruments.  Loss  of  sight  of  the  right 
eye,  or  loss  of  the  entire  globe,  as  well  as  other  defects 
interfering  with  the  vision,  has  been  held  by  the  War 
Department  as  cause  for  rejection.  The  writer  is  of  the 
opinion  that  these  disqualifications  should  apply  to  either 
eye,  exceptions  thereto  being  confined  entirely  to  men 
desiring  to  re-enlist.  Aside  from  the  disfigurement, 
there  are  certain  manoeuvres  in  the  drill  and  other  exer- 
cises in  military  life  which  cannot  be  properly  performed 
by  recruits  unless  they  have  the  perfect  use  of  both  eyes. 
Old  soldiers  are  so  well  instructed  in  their  duties  and 
familiar  with  drills  that  nearly  all  mihtary  movements 
may  be  exercised  by  them  without  the  use  of  both  eyes, 
dependence  being  placed  upon  the  word  of  command. 

The  acceptance  of  one-eyed  men  has  been  advised,  pro- 
vided the  sight  of  the  remaining  eye  is  perfect,  and  it  is 
asserted  as  a  fact  that  some  of  our  best  rifle  shots  among 
frontiersmen  are  thus  mutilated.  This  may  be  true,  and 
there  could  be  no  objection  to  such  enlistments  if  the 
terms  of  the  proviso  could  be  made  continuous ;  but  it  is 
a  well-known  fact  that  when  one  eye  has  been  perma- 
nently injured  or  diseased,  the  remaining  organ  is  more 
or  less  liable  to  attacks  of  sympathetic  ophthalmia,  to 
avert  which  enucleation  of  the  defective  eye  is  often  the 
sole  resort.  The  slighter  forms  of  injury  or  disease 
which  may  aifect  vision,  if  uncomplicated  by  an  aifec- 
tion  of  the  iris  or  ciliary  body,  are  not  followed  by  this 
result;  but  it  is  after  the  more  severe  injuries  and  dis- 
eases, particularly  when  these  bodies  are  involved,  that 
sympathetic  inflammation  is  to  be  anticipated.  It  is  not 
always  possible  for  the  surgeon  to  form  an  opinion  as  to 
the  cause  of  blindness  in  these  severe  forms  of  injury 
without  careful  ophthalmoscopic  investigation,  to  make 
which  it  is  neither  desirable  nor  proper  for  him  to  spend 
time.  The  fact  that  a  disease  affecting  the  integrity  of 
the  sound  eye  is  likely  to  occur  at  any  time  would  seem 
sufficient  reason  for  objecting  to  the  admission  of  such 
cases  to  the  armj^.  The  writer  is,  therefore,  of  the  opin- 
ion that  loss  of  sight  of  either  eye  should  in  time  of  peace 
disqualify.  Catarrhal  affections  of  the  conjunctiva, 
whether  acute  or  chronic,  are  causes  for  rejection,  as  it 
is  impossible  to  predict  what  their  terminations  may  be; 
a  very  mild  conjunctivitis  may  develop  into  a  most  vio- 
lent disorder,  attended  with  total  loss  of  the  eye ;  or  a 
chronic  affection  may  linger  for  years,  producing  tracho- 
ma, affections  of  the  lids,  etc.  Pterygium,  if  large  and 
encroaching  upon  the  cornea  to  an  extent  that  interferes 
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in  the  slightest  degree  with  vision,  and  strabismus,  either 
convergent  or  divergent,  if  decided,  reject.  Any  affec- 
tions of  the  globe  of  the  eye,  as  keratitis,  sclerotitis,  reti- 
nitis, iritis,  etc.,  whether  acute  or  chronic,  should  reject. 
Careful  examination  should  be  made  for  the  divergence 
of  one  or  both  eyes,  when  the  applicant  is  required  to 
look  steadily  at  an  object  (asthenopia),  or  their  oscilla- 
tion (nystagmus) ;  both  of  which  conditions  are  likely  to 
become  more  pronounced  from  the  nervous  excitement 
incident  to  the  examination.  . 

Examination  of  the  sight  should  be  made  with  the  ut- 
most care,  as  perfectly  clear  vision  is  demanded  for  rifle 
practice  as  conducted  at  the  present  day.  The  medical 
examiner  should  have  a  reliable  sergeant  to  assist  him. 
The  applicant  should  stand  facing  the  surgeon,  and 
twenty  feet  from  him,  with  his  face  to  the  light,  as  in 
this  position  the  iris  is  moderately  contracted,  and  opaci- 
ties of  the  cornea,  which  may  cover  any  part  of  the  pu- 
pil, will  be  more  readily  discovered;  the  sergeant  should 
cover  one  eye  with  a  card,  instead  of  the  hand,  as  is  di- 
rected in  most  instances ;  if  the  hand  is  used,  undue  press- 
ure is,  unconsciously,  liable  to  be  made  on  the  globe,  the 
circulation  is  interfered  with,  and  more  or  less  discomfort 
and  dimness  of  vision  experienced  when  the  eye  is  un- 
covered; or  a  careless  sergeant  may,  when  covering  the 
eye,  so  spread  his  fingers  that  the  applicant  can  see  the 
objects  placed  before  him  with  the  so-called  covered  eye, 
should  the  one  uncovered  be  defective. 

The  instructions  given  by  the  War  Department  for 
conducting  this  examination  are  contained  in  a  general 
order,  from  which  the  following  extract  is  made:  "1. 
Range  of  vision  necessary  in  recruits.  Hereafter  no  re- 
cruit shall  be  enlisted  who  cannot  see  well,  at  six  hun- 
dred yards,  a  black  centre  three  feet  in  diameter  on  a 
white  ground.  This  test  will  be  made  by  means  of 
cards  prepared  under  the  direction  of  the  surgeon-general 
of  the  army.  The  black  spots  on  the  cards  will  be  circu- 
lar, four-tenths  of  an  inch  in  diameter,  and  the  recruit 
must  be  able  to  count  them  with  facility  at  twenty  feet 
distance. "  '■">  In  compliance  with  that  order  the  surgeon- 
general  issued  instructions  from  which  the  following  ex- 
tract is  made :  "  These  test  cards  are  ten  in  number,  with 
black  spots  arranged  like  those  on  pia,ying-cards,  and 
ranging  from  one  to  ten  on  each  card ;  .  .  .  the  surgeon 

.  .  exposes  successively  the  faces  of  two  or  three  of  the 
cards  to  the  applicant,  who  must  be  able  to  state  prompt- 
ly the  number  of  dots  on  each.  This  examination  must 
be  made  with  each  eye  separately,  and  may  be  varied  by 
showing  to  the  applicant  one  of  the  higher  numbers,  such 
as  the  nine  or  ten  card,  and  covering  up  a  part  of  its  face 
with  another  card  so  as  to  expose  one  or  more  spots  at  a 
time.  This  test  does  not  represent  absolutely  perfect 
vision,  but  admits  recruits  with  minor  degrees  of  refrac- 
tive anomalies.  It  has  been  thought  best,  however,  that 
recruits  with  these  minor  anomalies  should  not  be  ex- 
cluded on  account  of  them,  provided  their  eyes  are 
healthy  in  other  respects. " 

If  there  should  be  any  doubt  upon  the  subject  with 
this  simple  test,  the  test  types  of  Snellen  should  be  used 

To_ determine  the  degree  of  errors  of  refraction,  either 
the  simple  optometer  or  the  test  glasses  should  be  used 

Ihe  writer  is  free  to  confess  that  he  has  failed  to  obtain 
any  satisfactory  results  with  the  optometer,  and  has  been 
compelled  m  all  cases  to  resort  to  the  trial  glasses  for  the 
desired  information.  Astigmatism  may  be  determined 
by  the  optometer,  or  by  the  use  of  the  astigmatic  charts 
furnished  with  the  cases  of  trial  glasses.  To  detect  color 
blindness  a  set  of  test  wools  is  required,  which  should  be 
used  in  accordance  with  the  directions  published  bv 
Holmgren  reprinted  in  Jeffries'  work  on  "Color  Blind- 
ness,    p,  310  et  seg. 

In  time  of  war  the  following  defects,  which  disqualify 
ser^i^P^-  °Lf  T'  ■}i°''^^  not  exempt  drafted  men  from 
IZmJ.^It.'^  '*'"^''  '^''  '"''  "f  '^9^^  of  either  eye; 
T27tl  t.Tr'''V'  *«"*'■*»«».  «»?««*  extreme;  diL 
a^LtJT  r^^-'^^f''*^''  P*""^'-  ™^ess  complete 
r^sta^TTi  °^  ''"""'  *'■""'  ^'^'^:  astherwpia  and 
nystagmus,  unless  excessive;  anomalies  of  refraction,  un- 
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less  extreme.  The  most  common  defect  of  vision  among 
persons  in  this  country  is  myopia,  the  degree  of  which 
to  disqualify  in  time  of  peace,  or  exempt  in  time  of  war, 
has  not  been  determined  for  the  United  States  Army. 
Dr.  Baxter,  in  his  "  Report  of  the  Medical  Statistics  of 
the  Provost  Marshal  General's  Office, "  states  that  "  near- 
sightedness does  not  exempt  " ;  Dr.  Bartholow  states, 
"  Myopia  ...  is  not  a  ground  for  exemption  under  the 
Enrolment  Act,  unless  decided. " ''  Tripler  says,  "  Myopia 
is  an  objection  to  a  recruit."  ^^ 

As  has  been  stated,  the  range  of  vision  for  recruits,  de- 
termined by  the  test  dot  cards,  admits  them  "  with  minor 
degrees  of  refractive  anomalies  " ;  so  far  as  myopia  is  con- 
cerned, these  degrees  are  such  as  to  admit  men  from 
whom  efficiency  as  riflemen  cannot  possibly  be  expected. 
A  man  whose  degree  of  myopia  is  as  high  as  -^  can,  with 
each  eye  separately,  count  the  dots  at  twenty  feet,  al- 
though he  does  it  with  difficulty ;  but  it  is  not  possible 
for  him  to  read  the  test  types  of  Snellen,  that  should  be 
normally  seen  at  that  distance,  nor  to  see  the  bull's  eye 
on  a  target  at  any  of  the  ordinary  firing  ranges,  and  if 
accepted  as  a  soldier,  he  is  therefore  useless  as  a  rifleman. 
Even  with  so  low  a  degree  of  myopia  as  ■^j  the  target  is 
seen  very  indistinctly,  and  it  is  a  question  admitting  of 
considerable  doubt  whether  in  such  a  case  the  soldier 
would  ever  become  efficient  as  a  marksman  without  the 
aid  of  spectacles;  his  vision  would,  however,  be  suffi- 
ciently acute  for  all  ordinary  purposes,  and  hence,  if 
otherwise  a  desirable  man,  he  might  be  accepted.  'The 
order  promulgating  the  vision  test  is  so  worded  that  but 
few  recruiting  officers  would  feel  themselves  compelled 
to  exact  a  literal  compliance  with  its  requirement  for  the 
recruit  to  "count  with  facility,"  and  considering  that  he 
could  "see  well,"  if  able  to  count  the  dots  even  with 
the  difficulty  encountered  by  a  myope  of  ^  degree,  they 
would  accept  him. 

In  time  of  war,  however,  higher  degrees  of  myopia 
may  be  admitted  without  serious  detriment  to  the  service, 
especially  if  a  system  were  adopted  by  which  men  so  de- 
fective could  be  utilized  in  branches  of  the  service  other 
than  the  line,  as  is  the  case  in  foreign  armies,  where,  for 
example,  as  in  France,  myopes  of  i  and  higher,  and  those 
of  tV  and  higher  in  Italy,  Austria,  Switzerland,  and  Hol- 
land, are  accepted;  to  do  this,  the  use  of  spectacles 
would,  of  course,  be  necessary.  In  the  English  army  re- 
cruits are  admitted  to  the  general  service,  and  without 
being  graded,  with  ^myopia;  although  Professor  Long- 
more  states  it  "  to  be  very  questionable  whether  any  man 
with  myopia  =  ^  ought  to  be  accepted  as  a  recruit. "  " 

When  the  facts  are  considered  tliat  the  character  of  our 
service  necessitates  acuteness  of  vision  in  the  use  of  the 
rifle,  and  that  we  have  a  vast  population  from  which  to 
recruit  a  small  army,  it  seems  proper  that  the  highest 
standard  of  vision  should  be  insisted  upon,  and  that  re- 
cruits should  not  be  accepted  in  time  of  peace  unless  they 
have  normal  vision,  as  determined  by  test  types,  or  are 
myopic  to  a  degree  not  exceeding  ^V.  when  otherwise  very 
desirable  men.  In  time  of  war  all  degrees  of  myopia 
above  ^  should  exempt,  unless  the  use  of  spectacles  is 
permitted,  in  which  event,  of  course,  most  higher  de- 
grees could  be  accepted.  A  very  simple  method  for 
roughly  determining  the  higher  degrees  of  myopia  in 
cases  which  are  free  from  astigmatism  and  other  defects 
of  vision  is  to  ascertain  the  distance  at  which  ordinary 
newspaper  type  can  be  read  by  the  myope.  With  the 
normal  eye  this  type  is  distinct  at  forty  or  forty-eight 
inches,  and  the  distance  less  than  this  at  which  vision  is 
distinct  in  the  myope  will  express  the  denominator  of  a 
fraction  indicative  of  the  degree  of  his  myopia;  for  in- 
stance, if  the  type  can  be  read  at  fifteen  or  twenty  inches, 
the  person  examined  is  about  ^  or  ^  myopic,  etc. 

As  in  the  case  of  deafness,  the  surgeon  must  be  pre- 
pared, in  the  examination  of  a  conscript's  vision  for  the 
most  artfully  laid  schemes  of  deception;  but  if  he  has 
patience,  and  works  systematically,  he  will,  in  a  large 
niajonty  of  instances,  be  able  to  ascertain  the  true  state 
ot  the  case,  and  expose  deceit  if  it  be  attempted 

Several  excellent  tests  for  the  exposure  of  simulated 
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defects  of  vision  have  been  published,  of  which,  doubt- 
less, the  most  convenient  for  use  at  a  recruiting  rendez- 
vous is  that  suggested  by  Dr.  Howard  Culbertson,  U.  S. 
A. ,  and  styled  by  him  "  the  prismometer."  He  desciibes 
it  as  follows:  "The  prismometer  detects  errors  of  refrac- 
tion by  means  of  the  displacement  of  the  false  image 
seen  through  a  prism.  Its  essentials  are:  a  perforated 
disc  carrying  a  prism  which  covers  one-half  of  the  per- 
foration, its  truncated,  thin  edge  dividing  the  perforation 
into  two  equal  parts,  and  a  sharply  outlined,  dead-white 
disc,  about  22  mm.  in  diameter,  on  a  black,  lustreless 
ground  placed  at  a  distance  from  the  prism  of  15'  to  20'. 
This  distance  and  the  strength  of  the  prism  must  be  in 
such  proportion  that  when  an  emmetropic  eye  is  placed 
back  of  the  perforation  and  directed  to  the  white  disc,  a 
true  and  a  false  image  will  be  formed,  whose  peripheries 
will  be  exactly  tangent. 

"  In  case  the  examined  eye  is  hypermetropic  the  images 
will  stand  apart  to  a  degree  varying  with  the  degree  of 
hypermetropia ;  in  the  case  of  myopia,  on  the  other  hand, 
they  will  overlap.  Tlie  degree"  of  ametropia  in  either 
case  is  measured  by  the  lens,  which,  when  held  before 
the  perforation,  will  render  these  discs  tangent.  By  re- 
volving the  disc  bearing  the  prism  through  an  angle  of 
180°  the  false  image  appears  to  revolve  about  the  true, 
and  in  case  of  astigmatism  the  separation  or  overlapping 
is  greatest  in  the  meridian  in  which  the  astigmatism  is 
greatest.  Its  axis  may  be  determined  by  an  index  point- 
ing to  a  graduated  arc  in  contact  with  the  disc;  its  de- 
gree by  the  spherical  or  cylindrical  glass  which  renders 
the  discs  tangent  in  the  meridian  in  which  they  varied 
most  from  tangency." 

Professor  Longmore  '"^  describes  the  prism  test  of  von 
Graefe  and  the  test  by  the  stereoscope  suggested  by  Mr. 
Lawrence. 

All  of  these  tests  depend  for  their  success  on  the  con- 
fused statements  of  the  simulator,  when  compelled  to  look 
with  his  normal  eyes  through  a  prism,  or  to  describe  ob- 
jects especially  prepared  for  view  through  a  stereoscope. 
The  stereoscopic  objects  require  special  preparation,  and 
while  a  most  excellent  test  upon  men  of  more  than  ordi- 
nary intelligence,  who  may  understand  the  effect  of 
prism  on  vision,  it  is  not  always  practicable ;  any  test  by 
a  prism  is  a  good  one,  but  that  proposed  by  Dr.  Culbert- 
son is  not  only  simple  but  effective,  both  against  simula- 
tion and  in  the  detection  of  refractive  errors;  besides 
these  are  the  Snellen  test  with  colored  glasses  and  test 
types;  the  use  of  various  trial  glasses,  the  ruler  test,  etc., 
the  description  of  which  may  Ije  found  in  most  works  on 
diseases  of  the  eye.  Valuable  information  may  be  gained 
by  a  careful  examination  of  the  pupil  in  simulated  blind- 
ness of  one  eye ;  in  an  eye  suffering  from  complete  amau- 
rosis the  pupil  is  moderately  dilated,  and  but  feebly  re- 
sponds, or  not  at  all,  to  the  stimulus  of  light  falling  into 
it;  but  does  respond  to  the  stimulus  of  light  thrown  into 
the  other  eye.  In  the  simulator,  of  course,  the  pupil  is 
normal.  Other  defects  of  the  eye  mentioned  in  the  fore- 
going list  should  not  exempt  a  conscript  from  duty,  un- 
less the  vision  is  very  materially  interfered  with,  or,  as 
in  the  case  of  disease  of  the  lachrymal  apparatus,  the 
irritation  produced  by  them  keeps  up  a  chronic  inflam- 
mation. 

TJie  Nose.  —Loss  of  the  whole  or  part  of  the  nose  ;  deformi- 
ties of  the  nose  disfiguring  the  face,  sensibly  altering^  t?w 
voice,  and  impeding  respiration;  stenosis  and  atresia  of 
the  nasal  cavity  ;  chronic  rhinitis  (ozostm)  ;  polypus;  puru- 
lent and  fmtid  discharge  from  the  nose,  whether  due  to  old 
and  incurable  ulcerations,  or  to  any  other  lesion  of  the  nasal 
mucous  membrane,  disqualify. 

Loss  of  the  nose  or  parts  thereof  may  be  congenital, 
accidental,  or  the  result  of  syphilitic  or  scrofulous  ulcer- 
ations; in  the  two  former  instances,  unless  the  mutilation 
is  of  sufficient  degree  to  make  a  noticeable  disfigurement, 
or  interfere  with  respiration,  it  is  not  cause  for  rejection ; 
in  the  latter  instances  it  would,  of  course,  disqualify. 
Deformities  of  the  nose  are  generally  produced  by  acci- 
dent or  by  disease,  congenital  deformities  being  rare ;  the 
nasal  bones  may  be  so  flattened,  distorted,  or  destroyed 
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by  caries  as  to  interfere  with  respiration  and  speech. 
Syphilis  creates  great  havoc  in  this  location,  hence  these 
deformities  should  lead  to  suspicion  of  that  disease,  and 
careful  investigation  of  the  case.  Stenosis  and  atresia  are 
either  congenital  or  due  to  alterations  in  the  natural  posi- 
tion of  the  septum,  or  to  hypertrophies  of  the  erectile  tis- 
sue lining  the  cavity ;  in  which  latter  condition  the  over- 
grown tissue  covering  the  turbinated  bones  is  forced 
against  the  septum,  or  projected  in  comb-like  growths 
into  the  naso-pharyngeal  space ;  the  breathing  of  persons 
laboring  under  this  defect  is  entirely  by  the  mouth,  and 
their  facial  expression  is  often  vacant  and  silly;  the  irri- 
tation produced  by  the  hypertrophied  tissue  keeps  up 
an  excessive  mucous  secretion,  to  relieve  which  there  is 
an  incessant  hawking  and  spitting,  and  unless  the  cavi- 
ties are  cleared,  decomposition  takes  place  and  is  attended 
by  its  peculiar  and  nauseous  odor.  Deflection  of  the 
nasal  septum  is  probably  the  most  common  cause  of  ste- 
nosis and  atresia,  the  bone,  in  some  instances,  being 
forced  against  the  side  of  the  nostril,  to  which  its  mucous 
tissue  may  become  adherent.  Chronic  rhinitis  (ozssna) 
is  readily  detected  by  the  horrible  stench  which  patients 
carry  about  with  them;  it  is  generally  an  evidence  of  a 
low  grade  of  constitution,  and  aside  from  its  disgusting 
local  symptom  would  require  rejection.  Polypi,  puru- 
lent discharges,  etc.,  are  all  causes  for  rejection.  In  time 
of  war,  los.ses  and  'deformities  of  the  nose  and  ozaena,  are 
the  only  defects  which  should  exempt  from  military 
duty. 

The  Face, — Nmvi ;  unsightly  hairy  spots;  extensive  ci- 
catrices on  the  face,  disqualifj' ;  "their  presence  would 
subject  tlie  man  to  the  impertinent  jests  of  his  comrades, 
to  his  personal  annoyance,  and  to  the  prejudice  of  good 
order  in  his  corps. " 

The  Mouth  and  Fauces. — Harelip,  simple,  double,  or 
complicated  ;  loss  of  the  whole  or  a  considerable  part  ofeithev 
lip  ;  unsightly  mutilation  of  the  lips  from  wounds,  burns, 
or  disease  ;  loss  of  the  whole  or  part  of  either  maxilla  ;  un- 
united fractures  ;  ankylosis;  deformities  of  eithsr  jaw,  in- 
terfering with  mastication  oi'  speech;  loss  of  certain  teeth; 
cancerous  or  erectile  tumors;  hypertrophy  or  atrophy  of  the 
tongue ;  mutilation  of  the  tongue  ;  adhesion  of  the  tongue 
to  anypa/rts,  preventing  its  free  motion  ;  malignant  disease 
of  tlie  tongue  ;  chronic  ulcerations  ;  fissures  or  perforations 
of  the  Jiard  palate  ;  salivary  oi-  bucco-nasal  fistul(e ;  hyper- 
trophy of  tlie  tonsils  sufficient  to  interfere  with  respiration 
or  phonation,  disqualify. 

At  the  present  day  the  army  surgeon  has  to  consider 
only  the  number  and  condition  of  teeth  required  for  the 
proper  mastication  of  food ;  the  question  of  bygone  days 
as  to  their  utihty  or  necessity  in  biting  cartridges  having 
been  settled  by  the  introduction  of  breech-loading  rifles, 
and  the  substitution  of  metallic  for  paper  cartridges.  It 
is  probable  that  for  many  years  to  come  the  majority  of 
our  army  will  be  stationed  in  the  sparsely  settled  Terri- 
tories, and  be  compelled  to  make  annual  campaigns,  as 
has  been  done  in  the  past,  for  the  protection  of  settlers 
from  the  lawless  people  and  disaffected  or  vicious  Indians 
among  whom  they  have  cast  their  lot.  These  campaigns, 
from  a  food  standpoint,  are  as  trying  to  the  digestion  of 
the  men  engaged  in  them  as  can  be  any  campaigns  in  civi- 
lized countries  in  times  of  war ;  for,  as  the  men  are  moving 
constantly  from  one  camp  to  another,  there  is  but  little 
opportunity  for  the  preparation  of  soft  bread,  and  the  hard 
biscuit  must  be  used  instead  thereof;  if  cattle  are  driven 
with  the  command,  they  soon  become  poor  from  constant 
travel,  scanty  food,  etc.,  and  their  meat  is  so  tough  and 
stringy  that  the  best  of  teeth  can  make  but  little  impres- 
sion upon  it,  and  the  strongest  stomachs  have  difficulty 
in  digesting  it.  Since  the  abolition  of  the  paper  car- 
tridge, the  tendency  among  military  writers  on  this  sub- 
ject has  been  to  underestimate  the  necessity  for  sound 
teeth,  apparently  forgetting  the  fact  that  the  soldier  is 
often  placed  in  circumstances  in  which  they  are  an  abso- 
lute necessity  for  his  health,  and  certainly  indispensable 
for  his  comfort.  The  statement  made  by  Dr.  Baxter  ^^ 
that, "  as  a  matter  of  fact,  there  are  not  many  day s  in  which 
the  soldier  is  not  supplied  with  soft  bread,"  is  a  grave 
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mistake;  if  lie  had  plenty  of  soft  bread  the  mastication 
of  commissary  beef  in  the  field  would  still  require  the  as- 
sistance of  a  goodly  number  of  sound  teeth;  hard  biscuit 
can  be  softened  by  a  variety  of  processes,  but  no  amount 
of  cpoking  will  ever  succeed  in  doing  this  for  the  beef  re- 
ferred to.  It  has  been  witliin  the  experience  of  the  writer 
that  men  have  been  disabled  through  sheer  debility,  while 
on  a  protracted  "  scout, "  because  of  their  inability  to  mas- 
"ticate  the  food  on  which  the  command  was  obliged  to 
subsist.  The  molars  and  bicuspids,  as  the  principal 
agents  in  mastication,  should  therefore  be  in  good  condi- 
tion ;  it  is  not  necessary  that  they  should  all  be  present, 
but  the  smallest  number  should  be  six,  viz.,  two  upper 
and  lower  molars,  and  one  upper  and  lower  bicuspid  on 
the  same  side,  all  sound,  and  opposed  to  each  other;  if 
the  incisors  and  canines  are  perfect,  but  the  molars  and 
bicuspids  gone,  or  extensively  carious,  rejection  is  de- 
manded. Caries  of  a  large  number  of  the  teeth,  particu- 
larly if  advanced,  with  destruction  of  considerable  por- 
tions of  the  crowns,  should  reject,  because  it  is  probable 
that,  before  the  expiration  of  an  enlistment,  they  will  be 
so  far  destroyed  as  seriously  to  interfere  with  mastication. 
The  irritation  of  the  gums  caused  by  carious  teeth  is  also 
frequently  followed  by  abscess  and  troublesome  swellings 
of  the  face  and  jaws.  If  artificial  teeth  are  worn,  the  fact 
should  be  noted  on  the  enlistment  papers,  but  the  arti- 
ficial substitutes  cannot  be  regarded  as  taking  the 
places  of  the  natural  teeth,  nor  as  removing  the  disability 
for  the  military  service  arising  from  their  loss.  Lesions 
of  the  hard  and  soft  palate  must  be  carefully  looked  for, 
and  the  tonsils  thoroughly  examined;  ulcerations  and 
consequent  perforations  of  the  hard  palate  are  often  situ- 
ated in  the  anterior  part  of  the  roof  of  the  mouth,  and  un- 
less the  head  is  thrown  well  back,  and  the  jaws  are  widely 
separated,  they  may  be  overlooked.  Ulcerations  of  the 
cheeks  and  gums,  and  especially  on  the  sides  and  back  of 
the  tongue,  must  also  be  carefully  searched  for;  in  the 
latter  situations  they  are  often  difficult  to  see,  unless  at- 
tention Is  called  to  them  by  the  patient,  as  their  location, 
either  between  the  papillse  or  following  the  course  of  the 
muscular  fibres,  conceals  them  from  ordinary  observation, 
especially  if  the  tongue  lies  quiescent  in  the  floor  of  the 
mouth,  with  its  sides  protected  by  the  teeth.  The  sub- 
jects of  excessive  hypertrophy  of  the  tonsils  are  undesir- 
able as  recruits,  because  of  the  likelihood  that,  at  most 
inopportune  times,  they  may  be  seized  with  an  acute  at- 
tack of  inflammation  of  the  parts,  It  being  a  well-estab- 
lished fact  that  previous  attacks,  of  which  the  hypertro- 
phy is  the  sequel,  predispose  to  subsequent  and  more 
severe  ones  at  any  time;  phonation,  too,  is  materially 
interfered  with,  unfitting  the  man  for  certain  important 
duties,  especially  while  detailed  as  a  sentinel. 

In  time  of  war,  simple  harelip,  loss  of  teeth,  cicatrices, 
hypertrophy  of  tonsils,  should  not  exempt. 

Exemption  on  account  of  loss  of  teeth  is  frequently 
claimed  by  conscripts,  and  has  been  regarded  as  good 
cause;  men  with  such  defects  can,  however,  be  made  use- 
ful in  the  various  administrative  departments  of  the 
army,  where  the  necessity  for  having  sound  teeth  does 
not  exist;  therefore  exemptions  should  not  be  granted 
for  this  cause ;  the  wearing  of  artificial  teeth  may,  under 
these  circumstances,  be  favorably  considered. 

The  Neck. — Goitre;  ulcerations  of  the  cervical  glands ; 
cicatrices  of  scrofulous  ulcerations  ;  traclieal  openings  ;  wry- 
neck; chronic  laryngitis,  or  any  other  disease  of  the  larynx 
which  would  produce  aphonia;  stricture  of  the  cesophaovs 
disqualify. 

Goitre  is  not  often  met  with  among  the  class  of  men 
who  are  applicants  for  enlistment ;  should  it  be  recent 
and  growing,  or  of  sufficient  size  to  interfere  with  respi- 
ration, or  with  the  hooking  of  the  coat  collar,  or  button- 
ing of  the  coat,  it  is  cause  for  rejection.  The  cicatrices 
which  are  found  in  scrofulous  subjects,  who  in  childhood 
have  had  suppuration  of  the  cervical  glands,  are  both 
unsiglitly  and  liable  to  become  irritated  in  hot  weather 
By  tlie  coat  collar;  of  course,  as  being  indications  of  the 
presence  of  scrofula  either  in  the  past  or  present  thev 
lender  it  necessary  that  a  careful  inspection  should  be 
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made  of  the  person  for  other  signs  of  that  disease;  if 
none  exist,  and  the  cicatrices  are  healthy,  the  applicant, 
if  otherwise  desirable,  may  be  accepted ;  but  if  they  are 
numerous,  purplish  colored,  or  adherent,  rejection  is  de- 
manded. Any  ulceration  about  the  neck,  either  of  the 
lymphatics  or  in  the  tissues,  is  cause  for  rejection;  wry- 
neck, if  permanent  from  any  cause,  should  reject.  Any- 
chronic  Inflammation  of  the  larynx,  producing  a  huski- 
ness  of  voice  sufficient  to  render  speech  indistinct,  or  to 
induce  actual  aphonia,  should  reject.  Of  course  the 
simple  hoarseness  of  ordinary  colds  is  not  to  be  con- 
sidered, but  any  well-marked  alteration  of  the  voice 
should  lead  to  an  examination  of  the  larynx  in  which 
the  existence  of  organic  changes  would  be  cause  for  re- 
jection. 

1)1  time  of  war,  only  very  extensive  cicatrices,  active 
ulcerations,  or  tracheal  openings,  should  exempt;  the 
presence  of  goitre,  unless  very  large  and  unsightly,  and 
wry-neck,  if  caused  by  rheumatism  or  any  curable  dis- 
ease, should  not  exempt. 

The  Ohcst. — Malformation  of  the  elieat,  or  hoMy  united 
fractures  of  ribs  or  sternum  sufficient  to  interfere  with  res- 
piration; caries  or  necrosis  of  ribs;  deficient  expansive 
mobility  ;  evident  predisposition  to  phthisis  ;  phthisis  pul- 
monMis  ;  chronic  pn,eumoma ;  emphysema,  chronic  pleu- 
risy ;  pleural  effusions ;  chronic  bronchitis  ;  asthma  ;  or- 
ganic diseases  of  the  heart  or  large  arteries ;  serious  and 
protracted  functional  derangement  of  the  lieart ;  dropsy 
dependent  upon  a  disease  of  the  heart,  disqualify. 

In  obtaining  measurements  of  the  chest  the  movements 
of  inspiration  and  expiration  should  be  confined  entirely 
to  the  muscles  of  respiration ;  the  applicant  should  be  re- 
quired to  inflate  the  lungs  to  their  fullest  extent  by  an 
easy,  though  complete,  inspiration ;  expiration  should  be 
made  in  the  same  quiet  manner,  and  is  most  completely 
accomplished  by  requiring  the  applicant  to  count  aloud 
until  the  necessity  for  a  fresh  supply  of  air  compels  him 
to  inspire  again.  No  contortions  of  the  body  should  be 
permitted^such  as  throwing  the  chest  forward  and 
shoulders  backward  during  inspiration,  nor  forcing  the 
shoulders  forward  during  expiration, — as  these  move- 
ments can  do  nothing  more  than  produce  erroneous  re- 
sults. The  measurements  are  to  be  taken  when  the  man 
is  stripped ;  the  arms  are  extended  above  the  head,  the 
tape  is  brought  around  the  chest  in  such  a  manner  as  to 
fall  just  below  the  points  of  the  scapulas  behind,  and  the 
nipples  in  front ;  the  arms  are  then  to  be  brought  down 
by  the  sides  of  the  body,  and  while  the  tape  is  held  tight 
enough  to  lie  snugly  against  the  skin,  the  man  is  di- 
rected to  respire  after  the  manner  before  related. 

Attention  must  be  paid  to  the  proper  proportion  of 
the  chest ;  the  fact,  however,  being  borne  in  mind,  that 
certain  occupations  have  a  tendency  to  change  its  shape 
without  producing  any  lesion  of  the  lung  tissue;  the  lat- 
eral flattening  o"f  the  chest  walls  so  often  found  in  tall, 
slender  men,  or  those  of  slight  frame,  with  projection  of 
the  sternum— the  "  pigeon  breast " — is  more  likely  to  be 
associated  with  organic  changes  in  the  lungs  than  is  the 
flat  or  hollow  chest— the  antero-posterlor  flattening. 
Malformations  of  the  sternum  and  cartilages  of  the  ribs 
are  less  likely  to  be  present  in  the  puny  or  phthisical  sub- 
ject, and  have  little  or  no  significance  in  pulmonary  dis- 
orders. It  should  be  the  object  of  the  medical  examiner 
to  accept  only  men  who  have  well-formed  chests,  or,  as 
it  is  expressed  in  the  Army  Regulations,  "  whose  chests 
are  ample";  any  deviation  from  the  typical  healthy 
thorax  being  considered  good  ground  for  suspicion  of 
changes  in  the  normal  character  of  its  contents. 

It  is  entirely  beyond  the  scope  of  this  article  to  go  into 
the  details  of  a  physical  examination  of  the  lungs;  hence 
it  will  be  sufficient  to  say  that  both  auscultation  and  per- 
cussion should  be  performed  before  the  examiner  is  satis- 
fled  to  pronounce  upon  the  availability  of  his  patient  for 
the  military  service ;  with  the  exception  of  the  examina- 
tion of  the  heart,  there  is  none  other  which  demands  the 
exercise  of  so  much  care.  Close  questioning  should  be 
made  into  the  family  history  of  every  applicant,  as  well 
as  into  his  own  life  and  habits,  for  any  evidence  of  a  pre- 
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disposition  to  phthisis  or  the  occurrence  of  attacks  of 
pneumonia  or  pleurisy;  for  a  general  susceptibility  to 
changes  of  climate,  weather,  etc. ;  for  the  occurrence  of 
asthmatic  attacks,  spitting  of  blood,  etc. ;  in  fine,  for  any- 
thing which  would  bring  out  a  clew  to  the  previous  ex- 
istence of  any  afEection  connected  with  the  pulmonary 
apparatus.  Particular  stress  is  laid  upon  this  subject, 
because  it  is  no  uncommon  thing  to  find  men  seeking 
army  life  with  a  hope  that  its  supposed  freedom,  regular- 
ity of  habit,  and  their  own  location  in  particularly  salu- 
brious climates,  might  benefit  an  already  existing  lung 
trouble.  Parents  consent  to  the  enlistment,  of  their  boys 
under  the  impression  that  the  life  of  a  soldier  will  "  har- 
den their  lungs,"  and  recruiting  officers  will  often  urge 
the  acceptance  of  applicants  whose  skin  is  suspiciously 
clear,  upon  the  ground  that  the  service  will  "  bring  them 
out";  "make  new  men  of  them,"  etc. ;  the  medical  ex- 
aminer must,  therefore,  be  especially  on  his  guard  against 
the  admission  of  such  men  into  the  service,  and  recollect 
that  he  is  not  required  to  diagnosticate  any  particular  le- 
sion of  a  lung  in  order  to  reject  an  applicant,  but,  if  he 
has  reason  to  suspect  a  predisposition  thereto — unhesitat- 
ingly to  reject. 

Dr.  Tripler  quotes  very  aptly  from  Bezin,  as  follows: 
"It  is  true  we  run  the  risk  of  rejecting  men  who  may 
afterward  become  very  robust,  and  who,  by  a  long  and 
successful  life,  may  contradict  the  prognosis  we  may 
have  pronounced  in  their  cases,  but  .  .  .  you  will  be  as- 
tonished at  the  number  of  young  men  who,  received  be- 
cause no  determined  lesion  of  the  thorax  was  recognized 
when  they  were  inspected,  succumb  afterward  with 
phthisis,  or  whom  it  was  necessary  to  send  back  to  their 
friends  and  families  with  broken  health,  after  their 
strength  had  been  exhausted. "    (Aide-Memoire.) 

Of  organic  diseases  of  the  heart,  those  affecting  the 
valves  are  easily  detected,  and  require  no  detailed  notice 
here ;  there  is  occasionally  heard,  however,  a  cardiac  mur- 
mur which  is  not  indicative  of  any  disease  of  either  heart 
or  lungs,  and  about  which  the  text- books  on  the  general 
subject  are  silent.  It  has  been  described  by  Dr.  Hamilton 
Osgood,  in  a  paper  read  in  March,  1883,  before  the  Boston 
Society  for  Medical  Improvement,  and  published  in  vol. 
eviii. ,  No.  13,  of  the  Boston  Medical  and  Surgical  Journal. 
Dr.  Osgood  gives  to  it  the  very  appropriate  name  of  a 
"  misleading  cardiac  murmur  " ;  it  is  heard  during  the  re- 
spiratory act,  with  a  portion  of  which  it  is  synchronous 
(especially  inspiration),  and  is  located  at  the  base  of  the 
heart.  When  respiration  is  temporarily  suspended  it 
may  be  heard,  although  not  so  distinctly  as  during  the 
normal  act ;  its  true  nature  is  to  be  discovered  by  auscul- 
tation during  forced  coUapse  of  the  lungs;  mere  ordinary 
expiration  will  not  uncover  the  heart,  and  the  patient 
must  be  instructed  to  force  out  all  the  air  possible,  con- 
tinuing his  efforts  until  air  can  no  longer  be  expelled 
from  the  lungs;  after  which  the  lungs  must  be  kept  im- 
movable. By  this  procedure  the  heart  is  brought  more 
closely  in  contact  with  the  ear,  and  is  freed  from  the 
presence  of  lung  tissue,  which,  in  the  inflated  lung,  par- 
tially covers  it ;  the  "  misleading  murmur  "  will  now  be 
found  to  have  disappeared.  Aside  from  its  value  in  de- 
termining this  point  of  doubt,  forced  expiration  of  the 
lungs  is  a  valuable  adjunct  in  the  examination  of  the 
heart  under  any  circumstances ;  when  that  organ  is  un- 
covered, the  natural  as  well  as  morbid  sounds  are  more 
sharply  accentuated,  and  deviations  from  the  normal 
will  be  more  easily  discovered.  If  the  patient  is  required 
to  put  the  anterior  chest  wall  on  the  stretch  by  standing 
with  his  back  against  a  door  or  post,  and  his  hands  car- 
ried forcibly  behind  his  back,  the  results  will  be  much 
more  satisfactory. 

In  the  diagnosis  of  cardiac  hypertrophy,  associated  or 
not  with  dilatation,  the  inexperienced  medical  examiner 
may  be  easily  misled.  The  movements  of  the  heart  are 
so  largely  under  the  influence  of  the  sympathetic  nervous 
system  that  any  cause  acting  directly  through  that  sys- 
tem may  produce  such  alterations  of  its  rhythmical  action 
as  will  lead  to  the  opinion  that  they  are  the  result  of  or- 
ganic change.     When  the  hand  is  placed  upon  the  chest 


of  an  applicant  who  has  just  passed  through  the  prelimi- 
nary questioning,  and  has  been  stripped  for  examination, 
the  heart  will  probably  be  found  in  tumultuous  action ;  in 
some  instances  so  violent  as  to  produce  a  feeling  of  faint- 
ness.  The  excessive  use  of  tobacco  and  coffee,  or  either, 
will  also  produce  so  much  functional  disturbance,  irregu- 
larity of  action,  and  palpitation,  that  organic  changes 
may  be  suspected.  Tlie  powerful,  rhythmical  action  of 
the  enlarged  organ  in  true  hypertrophy,  taken  in  con- 
nection with  the  permanent  change  in  the  location  of  its 
apex  beat,  will  supply  the  evidence  mostly  to  be  relied 
upon  in  forming  a  correct  opinion  of  the  case  presented. 
It  is  not,  however,  always  possible,  in  the  short  time  al- 
lotted to  the  preliminary  examination,  to  decide  whether 
the  abnormal  action  is  functional  or  organic,  and  in  all 
cases  of  doubt  the  applicant,  if  otherwise  desirable, 
should  be  kept  under  observation  for  two  or  three  days, 
in  order  that  he  may  become  accustomed  to  his  surround- 
ings, and  recover  somewhat  control  of  his  nervous 
system.  Should  it  become  apparent  that  even  a  func- 
tional disorder  of  the  heart  is  persistent,  or  so  serious  as 
to  interfere  with  the  usefulness  of  the  applicant,  he 
should  be  rejected.  The  sequelse  of  cardiac  lesions, 
dropsies,  pulmonary  engorgements,  etc.,  will  require 
close  consideration,  particularly  in  their  earlier  stages; 
but  it  is  a  rare  occurrence  for  men  in  a  state  of  disease  so 
far  advanced  as  these  symptoms  would  indicate,  to  come 
to  a  rendezvous.  In  all  cases  of  suspected  cardiac  le- 
sions, the  urine  should  be  carefully  examined. 

The  directions  stated  in  the  "mode  of  examination,''  on 
a  previous  page, — viz.,  to  auscultate  the  heart  before  re- 
quiring the  applicant  to  go  through  the  violent  exercise 
of  running,  jumping,  etc., — were  given  for  the  reason 
that  the  sounds  of  the  heart  are  best  heard  when  the  pa- 
tient is  at  rest.  The  lungs  are  best  examined  while  rapid 
breathing  is  induced ;  hence  the  directions  for  their  ex- 
amination after  the  exercise  mentioned.  Should  any 
lesion  of  the  heart  have  been  suspected,  its  rapid  action 
after  exercise  will  tend  to  bring  out  more  prominently 
the  abnormal  sound.  Advantage  should  be  taken  of  this 
excessive  action  to  examine  the  course  of  the  blood- 
vessels in  the  neck  and  other  parts  of  the  body,  with  a 
view  to  the  detection  of  aneurisms. 

In  time  of  war  all  diseases  of  the  heart  and  lungs  should 
be  cause  for  exemption,  without  exception. 

The  Abdomen. — All  chronic  inflammations  of  the  gas- 
tro-intestinal  tract,  including  diarrhoia  and  dysentery  ; 
diseases  of  the  liver  or  spleen,  including  those  caused  by  mal- 
arial poisoning  ;  ascites;  obesity;  dyspepsia,  if  confirmed; 
hemorrlwids ;  prolapsus  ani;  fistula  in  ana;  considerable 
fissures  of  the  anus  ;  hernia  in  all  situations,  disqualify. 

Among  the  list  of  disqualifications  mentioned  by  Trip- 
ler and  Baxter  are  engorgement  of  the  mesenteric  glands, 
chronic  peritonitis,  stricture  of  the  rectum,  and  tseniaB. 
The  first  three  of  these  diseases  are  exceedingly  rare,  and 
their  diagnosis  is  a  matter  of  considerable  difficulty  at  best. 
It  is  not  very  likely  that  the  subjects  of  them  will  present 
themselves  for  enUstment,  and  they  are  accordingly 
omitted  from  the  disqualifying  list,  because  they  fall 
within  the  list  of  general  affections  impairing  the  effi- 
ciency of  men  for  military  duty,  the  mere  mention  of 
which  would  extend  an  article  into  the  Umits  of  an  elab- 
orate treatise,  and  the  discovery  of  which  would  natur- 
ally be  cause  for  rejection.  The  existence  ef  any  species 
of  tapeworm  is  not  considered  a  disqualification,  their 
expulsion  from  the  intestine  being  so  easily  accomplished, 
and  their  presence  producing  so  little  constitutional  dis- 
turbance in  the  adult.  To  ascertain  whether  chronic  m- 
flammation  of  the  gastro-intestinal  tract,  or  dyspepsia  of 
an  aggravated  form,  is  present,  the  medical  examiner 
will  be  compelled  to  rely  largely  upon  the  statements  of 
the  man  himself.  Accuracy  of  diagnosis  cannot  be  ex- 
pected except  after  observations  conducted  for  a  greater 
or  less  period  of  time;  many  instances  terminating  only 
in  negative  results.  The  grosser  signs  of  these  disorders 
may  lead  to  suspicion  of  their  existence,  but  in  men  anx- 
ious for  enlistment,  all  evidence  tending  to  estabhsh  the 
fact  will  be  concealed,  although  the  emaciation  attendant 
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upon  long-standing  and  serious  cases  should  put  the  ex- 
aminer on  his  guard.  Fortunately,  but  very  few  of  them 
are  presented,  and  the  mere  mention  of  their  names  is 
enough  to  draw  attention  to  the  probabilities  of  their 
presence.  Affections  of  the  liver  and  spleen  are  of  more 
practical  moment,  when  one  considers  the  fact  that  a 
large  proportion  of  our  recruits  is  drawn  from  sections 
of  the  country  in  which  malaria  is  rife,  and  where  men 
whose  systems  are  broken  down  by  the  influence  of  this 
poison  are  forced  to  quit  their  ordinary  employments 
and  seek  a  livelihood  in  some  other  and  more  healthful 
region ;  the  army  offering  the  easiest  means  for  accom- 
plishing the  object.  In  these  instances  enlargements  of 
the  liver  and  spleen  will  be  found,  and  associated  with 
them  the  ansemia  and  generally  debilitated  condition 
characteristic  of  malarial  poisoning.  From  some  of  the 
rendezvous  subsidiary  to  the  dep6t  at  Columbus,  .0., 
which  were  located  in  malarious  regions,  the  men  en- 
listed were  feeble  and  aneemic,  with  enlarged  spleens, 
dropsical  legs,  and  a  mental  depression  which  was  an 
apparent  bar  to  improvement  under  their  changed  condi- 
tion of  life;  in  many  instances  this  change  of  climate, 
etc.,  brought  about  a  recurrence  of  the  periodic  fever, 
necessitating  admission  to,  and  protracted  treatment  in, 
hospital,  and  leaving  the  men  utterly  useless  for  future 
service.  The  evil  became  so  great  that  orders  were 
finally  issued  to  discontinue  the  objectionable  rendez- 
vous, and  abandon  the  infected  districts;  attention, 
then,  must  be  given  to  the  condition  of  these  organs,  in 
all  cases  in  which  the  general  appearance  indicates  mal- 
arial poisoning.  Obesity,  or  pendulous  abdomen,  im- 
pairs the  efiiciency  of  men  for  military  duty ;  they  cannot 
take  active  exercise  without  loss  of  breath,  or  in  warm 
weather  without  suffering  from  excoriations,  prickly 
heat,  etc. ;  and  moreover,  in  all  such  cases  the  presence 
of  fatty  degeneration  of  the  heart  and  arteries  is  to  be 
suspected.  Hemorrhoids  are  so  very  common,  and  of  so 
many  degrees  of  severity,  that  it  is  impossible  to  lay 
down  any  fixed  rule  by  which  all  cases  are  to  be  decided ; 
each  must  be  judged  upon  its  own  merits,  and  rather  by 
the  effects  of  the  disease  upon  the  individual,  than  by 
the  size  of  the  tumors  or  their  age.  Internal  hemor- 
rhoids, except  when  protruding,  cannot  be  discovered 
unless  they  are  bleeding  at,  or  just  before,  the  time  of 
examination,  the  evidences  of  which  will  appear  upon 
the  person  or  clothing  of  the  applicant ;  they  may  possi- 
bly be  ulcerated,  in  which  event  there  will  be  a  purulent 
discharge  from  the  anus,  which,  however,  may  occur 
from  other  causes ;  but  its  appearance  should  be  the  oc- 
casion for  a  careful  inspection  of  the  rectum,  if  the  man 
denies  being  the  subject  of  piles.  Their  existence  is  an 
absolute  cause  for  rejection.  External  hemorrhoids,  if 
multiple  and  large,  ulcerated  or  inflamed,  should  reject. 
The  small,  accidental  pile,  commonly  met  with  in  men 
of  constipated  habits;  the  pedunculations  found  in  men 
of  lax  fibre,  or  old  piles  in  which  the  former  mucous  lin- 
ing has  become  transformed  into  a  hard  and  insensitive 
covering  similar  to  true  skin,  are  not  causes  for  rejection, 
if  the  man  states  that  they  have  not  given  him  trouble. 
These  statements  should,  however,  be  taken  with  many 
doubts,  as  the  desire  to  enlist  will  lead  men  to  prevaricate 
about  that  point,  and  the  medical  examiner  will  be  obliged 
to  form  his  own  opinion  from  the  appearances  presented 
by  the  tumors,  and  from  their  effects  upon  the  surround- 
ing parts. 

Although  fistula  in  ano  may  be  discovered  by  means 
of  the  discharge  from  its  track  in  most  cases,  a  careful 
inspection  of  the  parts  near  the  anus,  for  the  external 
opening  of  the  fistula,  is  necessary ;  in  very  hairy  men, 
the  hair  must  be  pushed  aside  and  every  point  suggestive 
of  the  appearance  of  a  fistula  explored  with  a  probe 

There  should  be  but  little  diflaculty  in  discovering  any 
well-developed  forms  of  hernia;  it  is  those  cases  which 
are  incomplete  or  partially  developed  about  which  the 
surgeon  may  be  perplexed.  The  examination  should  al- 
ways be  made  while  the  man  is  standing,  and  with  his 
hands  extended  above  his  head;  the  surgeon  should  ex- 
amine the  umbilicus,  and  afterward  each  inguinal  canal, 
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carrying  his  finger  well  up  to  the  internal  ring,  and  re- 
quiring the  man  to  cough  vigorously;  if  the  bowel 
protrudes  to  any  degree  from  the  abdominal  cavity  into 
the  canal,  it  can  easily  be  felt.  There  can  be  no  doubt 
as  to  the  unfitness  for  service,  In  time  of  peace,  of  an 
applicant  who  has  a  hernia,  all  varieties  of  which, 
whether  complete  or  incomplete,  are  absolute  causes  for 
rejection ;  cases,  however,  in  which  the  inguinal  rings  are 
relaxed,  in  which  there  is  supposed  to  exist  a  "  tendency 
to  hernia, "  are  not  so  easily  disposed  of ;  the  question  as 
to  the  acceptance  of  men  having  this  tendency  being  still 
an  open  one.  In  some  foreign  armies  it  is  considered  a 
sufficient  cause  for  rejection,  but  incur  service  the  judg- 
ment of  most  medical  officers  is  adverse  to  such  an  opin- 
ion. While  it  is  true  that  the  exertion  incident  to  certain 
phases  of  military  life  may  produce  a  hernia  in  men  hav- 
ing relaxed  inguinal  rings,  it  is  equally  true  that  the  ac- 
cident may  happen  quite  as  often  (relatively)  to  men  who 
do  not  have  this  defect;  indeed,  there  is  no  especial  evi- 
dence to  show  that  this  is  more  frequently  a  predisposing 
cause  than  is  any  other.  The  experience  of  the  writer 
fully  confirms  the  statement  made  by  Tripler,^^  that  "by 
far  the  greater  number  of  hernise  that  have  fallen  under 
our  observation  have  occurred  in  comparatively  robust, 
thick-set  men ;  just  the  men  who  rarely  have  relaxed  ex- 
ternal rings. "  The  exclusion  of  this  class  of  cases  would, 
it  is  believed,  result  in  the  loss  to  the  service  of  many 
excellent  men,  and  until  it  is  shown  that  they  are  more 
liable  to  the  defect  than  others,  rejection  is  not  demanded. 
The  examination  for  a  hernia  should,  however,  be  very 
carefully  made,  and  the  applicant  required  previously 
thereto  to  run,  jump,  or  take  other  violent  exercise ;  care 
must  be  used  in  the  examination  of  a  scrotal  hernia,  that 
a  mistake  be  not  made  in  confounding  it  with  other  tu- 
mors connected  with  the  cord  or-  testicle — an  error  one 
might  very  easily  fall  into  when  examining  any  large 
number  of  men.  The  tissues  covering  an  umbilical  her- 
nia are  so  very  thin  that  there  can  be  but  little  room  for 
error  in  diagnosis ;  indeed,  the  fact  is  that  any  thinning 
of  the  abdominal  walls  in  that  vicinity  amounts  practi- 
cally to  a  hernia;  but  one  must  not  confound  with  a  her- 
nia a  not  uncommon  malformation  of  the  umbilicus,  in 
which,  through  some  morbid  process  during  the  separa- 
tion of  the  cord,  a  nipple-like  tumor  has  been  left  that 
bears  no  small  resemblance  to  an  umbilical  hernia. 

In  time  of  war  it  would  not  be  proper  to  reject  men 
who  had  hemorrhoids,  unless,  if  internal,  they  were  very 
large,  and  the  constitutional  effects  produced  by  the 
bleeding,  or  the  irritation  set  up  by  their  presence,  was 
plainly  visible;  in  case  of  external  hemorrhoids  they 
should  be  very  large,  painful,  and  of  long  standing,  to 
be  cause  for  rejection.  Herniee  which  are  easily  reduc- 
ible and  retained  in  position  by  a  well-fitting  truss,  or 
those  which  are  incomplete,  should  not  be  cause  for  ex- 
emption. All  other  defects  which  disqualify  in  time  of 
peace  do  so  equally  in  time  of  war. 

The  Oenito- Urinary  Organs. — Any  acute  affection  of  fht 
genital  organs,  in  eluding  gorwrrhaa  and  venereal  sores  ;  loss 
of  the  penis  ;  p7iimosis;  stricture  of  the  urethra;  loss  of 
both  testicles;  permanent  retraction  of  one  or  both  testicles 
within  the  external  ring  ;  any  chronic  disease  of  the  testi- 
cle; hydrocele  of  the  tunic  and  cord;  atrophy  of  tlie  testi- 
cle; varicocele;  malformations  of  the  genitalia;  inconti- 
nence of  urine;  urinary  fistulm;  enlargement  of  the 
prostate;  stone  in  the  bladder-;  chronic  cystitis ;  all  dis- 
eases of  the  hidney,  disqualify. 

The  existence  of  gonorrhoea,  or  a  venereal  sore  upon 
the  penis,  should  be  cause  for  rejection;  aside  from  the 
fact  that  the  subject  of  either  of  these  affections  is  liable 
at  any  time  to  communicate  it  to  his  comrades,  it  is  not 
possible  for  any  one  to  foresee  the  complications  which 
may  arise  during  the  course  of  either  form,  nor  the  se- 
quelse  it  may  leave  behind.  Venereal  diseases  are  so 
very  common,  and  held  in  such  light  estimation  by  the 
laity,  and  indeed  by  many  of  the  profession,  that  their 
existence  is  looked  upon  rather  as  an  incident  in  the  ordi- 
nary life  of  a  soldier,  than  as  a  serious  matter  which  may 
disable  the  victim  for  life.    Men  who  have  been  inadver- 
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tently  enlisted  with  some  form  of  venereal  disease  should 
be  placed  in  hospital  at  once,  both  as  a  measure  of  cure 
and  for  the  purpose  of  isolation.  It  is  to  the  interest  of 
the  service  that  such  cases  should  receive  prompt  attention 
as,  even  if  their  progress  toward  a  cure  is  not  delayed  by 
complications,  their  terminations  are  liable  to  be  marked 
by  permanent  disabilities,  demanding  final  discharge. 
Cases  of  gonorrhcea  are  frequently  followed  by  stricture 
of  the  urethra,  and  venereal  sores  are  almost  as  likely  to 
prove  syphilitic  as  innocent.  The  instructions  laid  down 
in  text-books  for  the  differential  diagnosis  between  chan- 
croids and  chancres  will  prove  but  a  poor  defence  should 
a  recruit  who  at  the  time  of  enlistment  is  the  subject  of 
a  chancroid  be  afterward  discharged  on  account  of  con- 
stitutional syphilis.  The  principle  that  the  Government 
is  justified  in  caring  for  such  cases  in  its  hospitals,  for 
the  purpose  of  securing  the  services  of  good  men  tem- 
porarily unfortunate,  is  entirely  wrong,  and  the  desired 
result  is  seldom  attained.  The  experience  of  the  writer 
is  to  the  efEect  that  the  large  majority  of  such  cases  ter- 
minate by  discharge,  before  the  subject  has  been  able  to 
render  any  considerable  portion  of  the  service  for  which 
he  was  enlisted. 

The  existence  of  any  stricture  of  the  urethra  is  cause  for 
rejection ;  its  presence  can  be  definitely  determined  only 
by  the  use  of  the  sound,  a  procedure  demanded  in  all 
cases  giving  ground  for  a  suspicion  of  disease ;  the  con- 
dition of  the  stream  passed  in  urinating  must  be  carefully 
inquired  into,  and  all  information  relative  to  a  history  of 
the  case  ehcited  by  closely  questioning  the  patient,  before 
resorting  to  the  use  of  an  instrument.  Simple  narrowing 
of  the  meatus,  which  is  congenital  in  many  persons, 
should  not  be  considered  a  cause  for  rejection. 

Phimosis,  if  complete,  is  liable  to  give  a  great  deal  of 
trouble  to  a 'soldier  by  repeated  attacks  of  balanitis;  if 
there  is  adhesion  between  the  prepuce  and  the  glans, 
partial  or  complete,  graver  symptoms  may  present  them- 
selves, and  his  efficiency  may  be  impaired  by  reflex  pa- 
ralyses, epilepsy,  or  other  nervous  affections,  for  the  relief 
of  which  surgery  is  required ;  for  these  reasons  it  is  made 
a  cause  for  rejection.  When  both  testicles  are  absent 
from  the  scrotum,  the  inguinal  canals  must  be  carefully 
examined  for  evidence  of  their  retention  therein ;  loss  by 
injury  may  be  known  by  the  scar  remaining  on  the  scro- 
tum ;  should  one  or  both  testicles  be  found  permanently 
resting  in  the  inguinal  canal,  or  absent  from  the  scrotum 
from  any  cause,  the  applicant  should  be  rejected.  In 
affections  of  the  testicle,  discrimination  must  be  made 
between  true  diseases  of  this  organ  and  morbid  changes 
in  the  epididymis,  the  result  of  inflammatory  action. 
The  most  common  defect  among  the  class  of  men  who 
present  themselves  for  enlistment  is  the  enlargement 
from  interstitial  deposits  following  orchitis— sarcocele— 
which  when  inconsiderable  in  size,  is  not  a  cause  for  re- 
iection;  a  diagnosis  must,  however,  be  made  between  it 
and  other  enlargements  of  the  testicle,  either  syphilitic 
or  malignant;  and  should  there  be  reason  to  believe  that 
the  enlargement  is  due  to  either  of  the  latter  causes,  or 
should  its  size  be  such  as  to  give  annoyance  to  tlie  pa- 
tient rejection  is  demanded.  A  hydrocele  may  mislead 
one  in  cases  of  this  nature,  and  the  test  by  transmission 
of  light  should  therefore  not  be  omitted  in  any  examina- 
tion of  the  organs.  .        ,      „        _     . 

It  is  exceedingly  rare  to  find  a  varicocele  of  such  size 
as  to  become  a  real  disability  to  a  willing  soldier  in  any 
branch  of  the  service,  excepting  perhaps  that  requiring 
him  to  be  mounted— under  which  circumstances  he  may 
iniure  it  or  the  testicle— which  in  these  cases  hangs  very 
low— against  the  saddle;  but  as  it  is  a  defect  which  may 
be  made  to  appear  a  disability,  the  soldier  has  an  ever- 
present  excuse  for  the  evasion  of  duty,  or  a  ground  upon 
which  to  base  an  application  for  discharge.  So  long  as 
he  can  demonstrate  the  existence  of  a  disease  or  detect  m 
anv  organ,  so  long  will  it  be  impracticable  to  insist  upon 
a  performance  of  his  duty,  and  it  is  this  circumstance 
rather  than  any  well-grounded  behef  in  the  disquahfymg 
nature  of  a  varicocele,  as  well  as  the  more  general  princi- 
ple that  no  men  should  be  enlisted  who  are  the  subjects 


of  any  recognizable  physical  defects,  which  leads  to  its 
being  placed  upon  the  list  of  causes  for  rejection.  The 
rule  laid  down  l)y  Tripler  is  an  excellent  one  for  the  de- 
termination of  the  degree  of  varicocele  which  should  re- 
ject: "  If  the  testicle  on  that  side  is  atrophied,  whatever 
may  be  the  volume  of  the  circocele  (varicocele),  or  if  the 
volume  of  the  latter  exceed  that  of  the  former,  the  recruit 
should  be  rejected."  " 

Among  malformations  may  be  mentioned  epi-  and  hy- 
posijadia,  where  the  urethra  terminates  at  a  distance 
nearer  the  body  than  one-fourth  the  length  of  the  penis. 
Incontinence  of  urine  may  be  suspected  by  a  urinous  odor 
about  the  person  of  the  applicant,  or  by  the  appearance 
of  his  clothing,  which  may  be  stained ;  of  course  there  can 
be  no  evidence  of  the  fact  except  after  certain  observa- 
tion, and,  therefore,  the  statement  of  the  man  must  be 
taken  as  to  its  absence  before  he  can  be  accepted. 

If  any  disease  of  the  kidney  is  suspected,  a  careful  ex- 
amination of  the  urine  should  be  made  by  chemical  rea- 
gents, extended  if  necessary  to  an  examination  by  the 
microscope.  It  is,  of  course,  presumed  that  the  applicant 
will  be  closely  questioned  as  to  the  existence  of  any  symp- 
tom which  would  point  to  renal  trouble;  the  presence  of 
albumin,  sugar,  blood,  or  pus  in  the  urine,  although  due 
to  temporary  ailments,  is  ground  for  absolute  rejection, 
as  would  also  be  dropsical  effusions  into  any  of  the  tis- 
sues in  the  body. 

In  time  of  war  acute  affections  of  the  generative  organs 
should  not  exempt ;  the  subjects  thereof  can  be  placed  in 
hospital  until  cured  of  the  primary  difficulty,  and  those 
who  are  free  from  constitutional  taint,  or  who  have  very 
slight  strictures,  should  be  sent  to  active  duty.  Phimo- 
sis, loss  of  testicles,  hydrocele  of  the  tunics  and  cord,  un- 
less interfering  with  locomotion,  and  spermatorrhcea,  are 
not  causes  for  exemption,  as  men  suffering  from  these 
defects  can  be  made  useful  in  the  administrative  depart- 
ment, and  in  some  cases  in  the  hne  of  the  army. 

Affections  Common  to  both  Upper  and  Lower  Extremities. 
—Ohronic  rhevmatism;  chronic  diseases  of  joints ;  oldor 
irreducible  dislocations  or  false  joints  ;  severe  sprains  ;  re- 
laxation of  the  ligaments  or  capsules  of  joints  ;  dislocations  ; 
fistulm  connected  with  joints  or  any  pa/rt  of  bonss ;  dropsy 
of  joints;  badly  united  fractures ;  defectim  or  excessive 
curvature  of  long  bones;  rickets ;  caries;  necrosis;  exos- 
tosis;  atrophy  or  paralysis  of  a  limb;  extensim,  deep,  or 
adherent  cicatrices  ;  contraction  or  permanent  retraction  of 
a  limb  or  portion  thereof;  loss  of  a  limJ>  or  portion  thereof, 
disqualify. 

Nearly  all  defects  in  the  extremities  are  apparent  by 
some  impairment  of  the  natural  shape  or  motion  of  the 
limb,  and  can  hardly  escape  the  notice  of  one  who  exam- 
ines attentively  his  cases ;  indeed,  in  the  inspection  of 
large  numbers  of  men  one  becomes  so  expert  as  to  dis- 
cover departures  from  normal  shape  and  motion  as  if  by 
intuition.  Diseases  which  affect  the  continuity  of  limbs 
but  which  do  not  necessarily  interfere  with  motion  or 
alter  shape,  may  occasionally  require  careful  search  for 
their  detection.  .       „  j 

It  is  more  frequently  the  case  that  the  surgeon  is  called 
upon  to  exercise  his  judgment  in  deciding  how  far  an 
existing  blemish  may  impair  the  efficiency  of  an  appli- 
cant, than  he  is  to  exercise  his  skill  in  searching  for  hid- 
den or  obscure  disqualifications;  this  is  particularly  the 
case  in  severe  sprains,  dislocations,  large  cicatrices,  and 
chronic  rheumatism.  It  should  be  remembered,  in  the 
preliminary  examination  of  the  shoulder-jomts,  that  it 
occasionally  happens  that  men  cannot  touch  the  point  of 
the  shoulder  with  their  fingers,  and  a  careful  search  fails 
to  reveal  any  imperfection  of  the  joints  of  the  extremity 
It  is  important,  in  such  a  case,  that  the  elbow  and  wrist 
should  receive  especial  inspection,  as  a  defect  is  most 
likely  located  at  one  or  both  of  these  points;  but  rejec- 
tion is  not  demanded  unless  a  defect  is  clearly  made  out, 
as  an  extreme  muscular  development  may  be  the  cause, 
or  a  congeStal  shortening  of  some  of  the  bones  exis  s 
without  In  interference  with  any  other  than  this  particu_ 
lar  movement.  Men  desiring  to  enlist  will  seldom  f 
ever,  admit  the  presence  of  chrome  rheumatism,  and  it  is 
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nnlv  When  as  a  result  of  this  disease,  one  or  more  joints 
a?e^wollen  m-  otherwise  disabled,  that  the  surgeon  can 
be  aware  of  its  existence.  The  absence  of  any  of  these 
evidrnces  will  occasionally  enable  a  man  to  enhst  who 
his  been  previously  discharged  from  the  service  on  ac- 
count of  alleged  chronic  rheumatism,  in  which  event 
tSemedcalelaminer  would  be  blameless  of  the  charge 
of  crrekssness,  as  ip  all  probability,  the  discharge  was 
procured  through  fraud  and  mahngering.  Chronic  iheu- 
Siatism  of  sufBcient  severity  to  warrant  a  discharge  from 
service  should  be  followed  by  tangible  evidence,  in  the 
shape  of  swollen  or  distorted  limbs,  deposits  in  the  joints, 
or  enlargements  in  the  surrounding  tissues,  and  these  are 
not  likely  to  disappear;  close  inspection  must  be  made  ot 
all  ioints  to  discover  any  swelling  or  other  evidence  ot 
sprain;  lameness  of  an  inferior  extremity,  or  stiffness  ot 
a  superior  one,  should  be  an  indication  for  careful  ques- 
tioning as  to  the  receipt  of  injury. 

It  is  not  always  wise  to  place  too  much  confidence  m 
the  statements  of  men  as  to  their  freedom  from  pain  or 
ability  to  move  joints  which  have  been  injured.  It  is 
well  known  that  the  remote  effects  of  sprains  and  other 
ioint  Injuries,  particularly  of  the  ankle  and  wijst,  are  lia- 
ble to  manifest  themselves,  even  at  a  late  period,  in  swell- 
ings or  pain  after  severe  exertion ;  and  however  honest 
one  may  be  in  the  belief  of  his  perfect  cure  from  such  an 
injury,  and  ability  to  perform  all  duty  required  of  him, 
there  may  be  an  actual  defect  of  which  he  is  ignorant. 
The  medical  examiner,  therefore,  must  exercise  his  own 
judgment  from  the  appearance  of  the  parts,  their  sensi- 
tiveness, etc.,  as  to  whether  this  is  the  case  or  not,  and  he 
should  reject  in  all  instances  which  give  room  for  doubt. 
Fractures  which  have  been  properly  treated,  and  have 
united  without  deformity,  are  not  of  themselves  causes  for 
rejection,  but  when  they  are  followed  by  neuralgic  pains, 
or  if  there  has  been  much  displacement  of  fragments,  so 
that  the  symmetry  of  the  limb  is  destroyed,  or  if  from 
excessive  bony  deposits  there  is  impairment  of  motion, 
they  are  causes  for  rejection.  Fractures  of  the  bones  of 
the  forearmare  very  likely  to  give  trouble  by  interference 
with  the  motions  of  pronation  and  supination,  both  of 
which  are  necessary  in  handling  the  rifle  during  the  exer- 
cises in  the  manual  of  arms.  Malformations  of  the  limbs, 
as  excessive  curvature— bow-legs— are  objections  rather 
because  of  the  awkward  gait  they  induce  than  from  any 
interference  with  the  ability  of  the  man  to  march;  when 
the  curvature  is  caused  by  a  constitutional  taint,  as  rick- 
ets, etc.,  there  can  be  no  question  as  to  the  propriety  of  a 
rejection.  Abnormal  cartilaginous  or  bony  formations  in 
the  muscles,  or  loose  cartilages  in  the  knee-joint,  are  ob- 
jections when  they  impair  the  use  of  the  joint. 

In  time  of  war  especial  care  is  necessary,  particularly 
in  those  affections  which  present  but  little  external  evi- 
dence of  injury,  to  detect  deception;  chronic  rheuma- 
tism, sprains,  alleged  dislocations  and  fractures,  must  not 
be  made  causes  for  exemption  unless  the  evidences  of 
impaired  strength  and  motion  of  the  parts  in  which  they 
are  located  are  indisputable.  Allegations  of  pain,  loss  of 
motion,  involuntary  contractions,  etc.,  will  constantly  be 
made,  and  it  the  surgeon  has  no  other  means  of  complet- 
ing his  diagnosis  in  a  case  of  suspicion,  he  should  resort 
to  the  use  of  anaBsthetics,  under  which  simulation  ceases, 
and  the  true  state  of  an  alleged  disability  will  be  made 
apparent.  One  must,  however,  bear  in  mind  the  fact  that 
in  central  lesions  of  the  brain  contractions  disappear  dur- 
ing chloroform  narcosis.  It  should  be  stated  that  author- 
ity for  the  use  of  ansesthetics  is  limited  "  to  cases  of  pro- 
fessed rheumatic  contraction  of  joints  when  unattended 
with  perceptible  alteration  of  form  or  structure,"'^' al- 
though it  is  recommended  in  a  wider  range  of  cases  by 
Tripler  and  Bartholow,  both  authorities  recognized  by 
the  War  Department.  An  ingenious  test  for  simulated 
contractions  of  limbs— flexures — has  been  suggested  by  a 
Russian  military  surgeon,  and  is  published  by  Zuber.^' 
It  consists  in  applying  tightly  to  the  affected  limb  an 
Esmarch  bandage,  as  if  for  amputation ;  when  the  band- 
age is  removed,  the  rubber  cord  remaining,  the  limb 
straightens  itself  involuntarily.     The  test  has  been  tried 


in  but  few  cases,  and  may  not  invariably  succeed,  but  it 
is  worthy  of  further  trial. 

All  officers  of  experience  in  the  examination  of  mahn- 
gering soldiers  agree  hpon  the  fact  that  their  most  vul- 
nerable point  is  in  an  exaggeration  of  the  symptoms  which 
they  endeavor  to  simulate.  When  a  man  comes  limping 
before  a  surgeon  with  every  expression  of  pain  upon  his 
countenance,  or  assumes  the  most  unnatural  and  con- 
strained positions  of  body  or  limb,  he  may,  in  nine  in- 
stances out  of  ten,  be  set  down  as  a  malingerer,  if  he 
presents  no  external  physical  signs  of  disease ;  there  is 
something  about  a  real  sufferer  or  cripple  which  is  very 
hard  to  describe,  but  which  every  surgeon  will  recog- 
nize; and  in  a  large  number  of  instances  the  problem 
will  be,  not  so  much  in  recognizing  the  deception,  as  in 
compelling  the  subject  to  admit  it. 

Tits  Superior  Extremities.— Fi-aeture  of  tlis  clamcle; 
fracture  of  the  radius  and  ulna;  webbed  finders;  perma- 
nent flexion  or  extension  of  one  or  more  fliigers,  as  well  as 
irremediable  loss  of  motion  of  these  parts;  total  loss  of 
either  thumb  ;  mutilation  of  right  thumb  ;  total  loss  of  the 
index  finger  of  the  right  hand;  loss  of  thefvrst  and  second 
phalanges  of  all  the  fingers  of  eitlier  hand  ;  total  loss  of  any 
two  fingers  of  tlie  same  hand,  disqualify. 

Fractures  of  the  clavicle,  which  are  almost  invariably 
followed  by  more  or  less  deformity,  are  causes  for  rejec- 
tion in  consequence  of  the  painful  pressure  made  at  the 
seat  of  injury  by  the  rifle,  during  certain  movements  in 
the  manual  of  arms,  and  by  the  "  sling  straps "  when 
carrying  the  knapsack  or  haversack.     The  mere  fact  that 
the  clavicle  has  been  fractured  is  not  of  itself  cause  for 
rejection,  and  even  the  presence  of  a  slight  deformity 
should  not  be  objectionable,  provided  there  is  neither 
pain  on  pressure  nor  interference  with  the  free  motion  of 
the  arm.     The  improved  means  of  transporting  the  bag- 
gage of  the  soldier  have  in  a  great  measure  done  away 
with  the  necessity  for  his  knapsack ;  the  few  articles  of 
clothing  which  he  requires  in  the  field  are  rolled  in  his 
blanket,  which  is  slung  over  the  shoulder  and  across  the 
chest,  and  thus  carried  without  inconvenience  or  pain  to 
any  part  of  the  clavicle  which  may  have  sustained  an 
injury.    The  haversack  strap  may,  however,  on  long 
marches,  or  when  the  sack  is  well  filled,  produce  painful 
pressure,  or  even  excoriate  the  skin,  and  the  gun  is  very 
liable  to  injure  a  prominent  deformity  on  this  bone. 
Therefore  a  tumor  at  the  seat  of  fracture,  from  whatever 
cause,  if  considerable,  would  be  a  valid  objection  to  en- 
listment.    Any  fracture  of  the  radius  and  ulna,  particu- 
larly Colles',  is  liable  to  be  followed  by  impairment  of  the 
motions  of  pronation  and  supination  of  the  forearm — 
movements  indispensably  necessary  in  the  drill  of  the 
manual  of  arms,  the  "  set  up  "  drill,  and  other  military  ex- 
ercises.    Should  this  be  the  case,  rejection  is  demanded; 
otherwise,  union  and  motion  being  perfect,  the  injury  is 
not  a  cause  for  rejection.     The  degree  of  mutilation  of 
the  hand  which  should  disqualify  can  be  determined  only 
by  the  facility  with  which  a  man  so  injured  can  handle  a 
rifle.     In  loading  the  Springfield  (army)  rifle,  the  breech 
block  is  thrown  open  and  the  cartridge  thrust  home  by 
pressure  of  the  right  thumb,  the  rifle  is  also  cocked  by  the 
same  member;  hence  it  is  very  important  that  it  should  be 
intact ;  and  any  injury  which  materially  interferes  with  its 
flexion  or  strength  is  a  cause  for  rejection.    The  common 
distortion  of  the  extremity  due  to  contusion  or  felon  need 
not  disqualify ;  the  loss  of  the  entire  member  would,  of 
course,  reject;  loss  or  mutilation  of  the  last  phalanx  of 
the  left  thumb  need  not  disqualify.     The  first  and  second 
phalanges  of  the  right  index  finger  may  be  lost  or  muti- 
lated without  necessarily  disqualifying  an  otherwise  very 
desirable  recruit,  or  a  soldier  who  desired  to  re-enlist;  it 
is  ordinarily  the  finger  used  in  pulling  the  trigger,  but 
this  can  be  done  with  facility  by  a  stump,  or  by  the  mid- 
dle finger,  as  is  the  case  with  many  marksmen  whose 
fingers  are  perfect ;  it  should,  however,  be  the  rule  for 
recruits  to  have  a  perfect  right  forefinger,   departures 
from  which  rule  should  be  made  only  in  rare  instances  and 
for  very  good  reasons.     Permanent  flexion  or  extension, 
or  loss  of  motion  of  any  fingers,  so  materially  interferes 
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Ilecrults. 
Rectum. 


with  a  military  use  of  the  hand  as  to  demand  rejection. 
The  congenital  malformation  of  the  little  finger  of  one  or 
both  hands,  which  is  so  common,  is  not  considered  a  dis- 
qualification. 

In  time  of  war,  the  loss  of  the  right  thumb ;  loss  of 
any  two  fingers  of  the  same  hand ;  loss  of  the  first  and 
second  phalanges  of  the  fingers  on  the  right  hand ;  per- 
manent flexion  or  extension  of  two  fingers  of  the  right 
hand,  or  all  the  fingers  united  (webbed),  are  causes  for  ex- 
emption. 

Tlie  Lower  Extremities. ^yaricose  veins ;  knock-knees  ; 
club-feet;  splay  or  fat  feet ;  webbed  toes  ;  iJie  toes  double  or 
branching;  the  great  toe  crossing  the  other  toes;  bunions; 
corns  ;  overriding  or  superposition  of  any  of  the  toes  to  an 
extreme  degree;  loss  of  a  great  toe;  loss  of  any  tioo  toes  of 
the  same  foot;  permanent  retraction  of  the  last  phalanx  of 
any  of  the  toes,  or  flexion  at  a  right  angle  of  the  first  phalanx 
of  a  toe  upon  the  second,  with  ankylosis  of  the  articulation  ; 
ingrowing  of  the  nail  of  the  great  toe;  bad-smelling  feet, 
disqualify. 

Dr.  Baxter,  in  his  "  Report  of  the  Provost  Marshal  Gen- 
eral's Bureau,"  says  that  to  be  cause  for  rejection  vari- 
cose veins  must  be  "  voluminous  and  multiplied. "    There 
is  no  doubt  of  the  fact  that  the  judgment  of  many  sur- 
geons is  in  error  as  to  the  degree  of  varicosity  of  the  veins 
of  the  leg  which  should  disqualify,  and  men  have  been 
discarded  with  veins  so  slightly  enlarged  that  they  could 
hardly  be  called  varicose.     The  network  of  small  veins  so 
often  seen  in  the  popliteal  space,  and  inside  of  the  thigh, 
upon  men  of  spare  habit,  or  in  those  whose  occupations 
have  required  them  to  stand  a  great  deal,  are  not  suffi- 
cient in  degree  to  cause  rejection;  nor,  indeed,  is  such 
the  case  when  a  single  vein  may  be  more  or  less  enlarged 
without  the  function  of  its  valves  being  impaired.     It  is 
only  when  several  veins  are  very  large  and  tortuous,  with 
failure  of  their  valves,  or  when  there  is  oedema,  thicken- 
ing of  the  integument,  or  much  ulceration,  that  they  be- 
come disqualifications.     An  exception  to  this  rule  should 
be  made  in  cases  in  which  hemorrhoids  are  present,  when 
even  slightly  varicose  veins  are  causes  for  re  j  ection.     One 
may  see  occasionally  an  instance  in  a  very  muscular  man, 
where  there  has  been  a  rupture  of  the  sheath  of  some 
muscles  in  the  leg,  which  closely  resembles  a  varix;  if 
the  finger  is  placed  over  such  a  tumor  during  the  con- 
traction of  the  muscle,  its  true  nature  will  be  apparent. 
Knock-knees,  if  existing  to  such  a  degree  as  to  interfere 
with  the  free  use  of  the  limbs,  should  disqualify ;  as  a 
general  rule,  if  the  inner  borders  of  the  feet,  from  the 
heel  to  the  ball  of  the  great  toe,  cannot  be  brought  withm 
one  inch  of  each  other  without  passing  the  mner  condyles 
of  the  femur,  respectively,  in  front  of  and  behmd  each 
other,  the  applicant  should  be  rejected.     Flatness  of  the 
feet  to  a  degree  requiring  rejection  is  very  seldom  met 
with  among  applicants  for  enlistment,  notwithstandmg 
the  fact  that  it  is  supposed  to  be  very  common  among 
the  laboring  population;  as  a  cause  for  rejection  it  has 
been  very  much  exaggerated ;  the  ordinary  flatness  ot 
foot  so  often  seen,  especially  among  negroes,  is  not  more 
Hkely  to  become  a  cause  of  disability  in  marching  than 
is  the  more  shapely  foot,  unless  an  ill-fitting  shoe  is  worn ; 
the  anatomical  peculiarity  which  disquahfies  has  been 
described  by  Gorcke,  of  the  Prussian  service,  substan- 
tially as  follows:  The  inner  ankle  is  very  prominent,  and 
is  placed  lower  than  usual ;  a  hollow  exists  below  the 
outer  ankle  of  a  greater  or  less  extent ;  the  dorsum  ot  tie 
foot  is  not  sufficiently  arched ;  the  foot  is  broader  at  the 
ankle  than  near  the  toes;  the  inner  side  is  flat  and  some- 
times convex,  and  when  the  foot  is  placed  on  the  ground 
the  sole  projects  so  much  on  the  inside  that  the  finger 
cannot  be  introduced  below  it;  the  body  rests  on  the  in- 
ner side  of  the  sole,  and  the  usual  motion  of  the  ankle- 
joint  is  impeded.  _ 

Bunions,  if  large  and  presenting  evidences  ot  old  or  re- 
cent inflammation,  should  always  reject;  they  are  a,  fruit- 
ful source  of  disabiUty  on  long  marches  and  in  hot 
weather,  the  pain  produced  by  the  pressure  of  the  shoe 
setting  up  an  irritation  which  extends  to  the  entire  toot. 
The  same  may  be  said  of  corns  when  located  on  the  sole 


of  the  foot ;  those  under  the  head  of  the  metatarsal  bone 
of  the  great  toe  are  the  most  painful,  and  produce  lame- 
ness sooner  than  any  others;  they  are,  moreover,  very 
intractable.  Of  the  malpositions  of  the  toes,  that  in 
which  the  first  phalanx  is  flexed  at  right  angles  upon  the 
second  to  such  an  extent  that  the  man  walks  upon  the 
end  of  the  nail  (hammer  toe)  is  the  most  painful,  and 
will  disable  more  speedily  than  the  otliers;  there  is  no 
shoe  which  can  be  made  that  will  remedy  the  defect,  and 
it  is  in  consequence  an  absolute  cause  for  rejection.  In- 
growing of  the  nail  of  the  great  toe,  if  deep  and  accom- 
panied with  signs  of  irritation,  inflammation,  or  suppu- 
ration, renders  a  man  unfit  for  service;  if,  however,  he  is 
veiy  desirable  otherwise,  the  simple  operation  of  shaving 
away  the  redundant  tissue  on  the  border  of  tlie  toe,  in  a 
majority  of  instances  effectually  cures  the  disease,  after 
which  he  may  be  accepted. 

The  fetid  odor  exhaled  from  the  feet  of  some  men  is  such 
as  to  make  their  presence  in  a  squad-room  unbearable  to 
their  comrades.  The  excessive  perspiration  causing  this 
odor  keeps  the  toes  and  under  surface  of  the  feet  soft  and 
the  skin  macerated,  for  which  reason  very  slight  exercise 
produces  painful  excoriations  and  unfits  the  man  for 
duty.  When  the  feet  show  evidence  of  this  condition 
the  applicant  should  be  rejected. 

In  time  of  war  very  large  varicose  veins,  club-feet,  an 
excessive  knock-knee,  loss  of  great  toe,  and  flexion  of  the 
phalanges  of  the  other  toes  to  an  extreme  degree,  should 
exempt ;  men  having  other  defects  of  the  feet,  if  unfit  to 
join  the  active  line,  can  be  made  useful  in  the  administra- 
tive departments  and  should  be  held  to  service. 

Charles  B.  Oreenleaf. 
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RECTO-VAGINAL  FISTUL/E.   SeeFag'Wffl,  Diseases  of. 

RECTUM,  MANUAL  EXPLORATION    OF   THE.-In 

1873  Professor  Simon,  of  Heidelberg,  published,  m  the 
Atchiv  fur  /din.  Ghirurgie,  an  article  "  On  the  Artificial 
Dilatation  of  the  Anus  and  Rectum  for  Exploration  and 
Operation,"  in  which  he  first  described  a  method  of  ex- 
ploring the  lower  bowel  by  the  introduction  of  the  entire 
hand  By  this  method  of  examination  he  asserted  that 
not  only  was  he  able  to  explore  all  of  the  pelvic  organs 
and  to  distinguish  any  pathological  changes  they  might 
have  undergone,  but  that  the  greater  part  of  the  abdomi- 
nal cavity  could  also  be  reached.  He  further  asserted 
that  this  method  was  so  entirely  free  from  danger  that  he 
had  not  iiesitated  to  practise  it  on  patients  ansesthetized 
for  other  purposes.  .  ■,      s- ■,  ■ 

Manual  exploration  of  the  rectum  is  now  only  of  his- 
torical interest.  It  is  no  longer  employed,  and  has  been 
superseded  by  the  no  more  dangerous  and  much  more 
wide-reaching  and  satisfactory  method  of  exploration, 
viz.,  by  abdominal  section.  N.  P.  Bandndge.     ' 

RECTUM,  SURGERY  OF  THE.  See  Anus  and  Eec- 
tum.    (Surgical.) 
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RED  BOILING  SPRINGS.— Mucoii  County,  Tennessee. 
PosT-OFFiCB.-Ked  Boiling  Springs.     Hotel 

j^ccESS  —Via  Louisville  and  Nashville  Railroad  to  Cfal- 
latin-  thence  by  private  conveyance  to  the  springs. 

TJiis  resort  is  located  in  the  foothills  of  the  Cumber- 
land Mountains,  sixty-tive  miles  northeast  of  Nashville 
and  seven  miles  fi'om  the  Kentucky  line.  It  Las  an  ele- 
vation of  about  twelve  hundred  feet  above  the  sea-level. 
The  visitor  will  at  this  resort  find  a  cool  and  pleasant 
retreat  for  the  summer  months.  The  hotel  is  said  to  be 
well  kept  and  comfortable,  and  the  cuisine  of  an  excel- 
lent character.  There  are  three  springs  in  the  group- 
two  red  sulphur  springs  and  one  black  sulphur  spring. 
Those  most  generally  used  are  the  "  Little  Red  "  and  the 
"Black  Sulphur"  Springs.  The  former  was  analyzed 
by  Lucius  Pitkin,  analytical  and  consulting  chemist,  of 
New  York  City,  in  1890,  with  the  following  results: 

Little  Red  Spriiiff.— One  United  States  gallon  contains 
(solids):  Sodium  chloride,  gr.  r).o7;  sodium  sulphate,  gr. 
0.94;  calcium  sulphate,  gr.  8.18;  potassium  sulphate,  gr. 
0.41;  calcium  bicarbonate,  gr.  3.30;  magnesium  bicar- 
bonate, gr.  4.55;  iron  bicarbonate,  gr.  0.15;  silica,  gr. 
O.SO.     Total,  33.80  grains. 

Sulphureted  hydrogen  gas  is  present  in  large  quanti- 
ties. 

The  following  analysis  was  made  by  James  T.  Ander- 
son, of  the  Alabama  State  Agricultural  and  Mechanical 
College  at  Auburn: 

Bed  Spring  No.  2. — One  United  States  gallon  contains 
(solids):  Sodium  chloride,  gr.  10.73;  sodium  carbonate, 
gr.  1.03;  calcium  carbonate,  gr.  9.64;  calcium  sulphate, 
gr.  15.36;  magnesium  sulphate,  gr.  7.97;  alumina,  gr. 
0.13;  iron  oxide,  gr.  0.08;  silica,  gr.  0.58;  organic  and 
volatile  matter,  gr.  8.31.  Total,  47.83  grains.  Sulphu- 
reted hydrogen  gas  is  present  in  only  small  quantity. 
The  temperatures  of  the  waters  are  54"  and  53°  F. ,  re- 
spectively, and  they  do  not  vary  during  the  year. 

These  waters  are  said  to  be  actively  diuretic,  and  to 
exert  a  general  tonic  and  alterative  effect  upon  the  sys- 
tem. Hot  and  cold  sulphur  baths  may  also  be  had  at  all 
hours.  A  competent  physician  is  always  at  hand  to  ex- 
plain the  proper  use  of  the  waters.       James  K.  Crook. 

REDLANDS  AND  RIVERSIDE,  SOUTHERN  CALI- 
FORNIA.— These  two  places  may  be  taken  as  represent- 
ing the  climate  of  the  eastern  foothills  of  Southern  Cali- 
fornia, where  are  to  be  found  many  resorts  favorable  for 
a  winter  or  an  all-the-year-round  residence. 

Redlands  (1,350  feet),  in  San  Bernardino  County,  lies  in 
the  East  San  Bernardino  valley,  and  is  surrounded  by 
mountains  from  5,000  to  13,000  feet  high  on  the  north, 
east,  and  south,  and  lies  open  to  the  sea  on  the  west, 
from  which  it  is  distant  about  eighty  miles.  The  city  is 
beautifully  situated  and  substantially  built,  and  contains 
about  six  thousand  inhabitants.  It  is  a  favorite  place  of 
winter  residence  for  Eastern  people,  and  in  attractive- 
ness of  situation  and  the  character  of  its  inhabitants 
and  residences  is  comparable  to  Pasadena.  Parks,  many 
churches,  a  fine  public  library,  excellent  schools,  clubs, 
golf  links,  good  hotels,  are  all  to  be  found  here.  The  soil 
is  porous  and  rich,  and  especially  favorable  for  the  cul- 
tivation of  the  orange,  which  is  the  principal  fruit  grown 
here.  The  water-supply  is  a  fine  one,  and  affords  irriga- 
tion for  the  orange  groves.  There  is  a  sewer  and  storm- 
water  system,  and  the  sanitary  condition  appears  to  be  of 
the  best. 

Redlands  has  good  railroad  connections  and  electric 
roads;  and  from  it  one  can  easily  reach  the  various  at- 
tractive mountain  resorts  on  the  one  side  and  those  of 
the  coast  on  the  other. 

One  rarely  meets  with  a  more  attractive  town,  even  in 
Southern  California-,  than  Redlands,  exhibiting  as  it  does 
so  many  of  the  natural  attractions  peculiar  to  all  this  re- 
gion. Wherever  there  is  irrigation,  flowers  of  endless 
'  variety  abound,  and  the  most  luxuriant  vegetation  flour- 
ishes The  dust  of  the  streets  is  laid  by  the  crude 
petroleum,  so  abundant  in  Southern  California  By  this 
process  an  almost  perfectly  dustless  road  is  obtained,  and 

862 


remains  so  for  many  weeks  from  a  single  application  of 
the  oil. 

The  chai'acteristics  of  the  climate  of  Redlands,  as,  in- 
deed, of  all  this  eastern  foothill  region,  are  equability, 
comparative  dryness,  abundant  sunshine,  and  a  small 
rainfall  occurring  mostly  in  the  winter  and  spring.  Early 
morning  fogs,  so-called  "high  fogs,"  may  also  be  consid- 
ered a  climatic  characteristic,  for  they  are  not  of  infre- 
quent occurrence  here,  as  elsewhere  in  Southern  Califor- 
nia. 

The  average  rainfall  is  15.59  inches,  of  which  7.45 
inches  falls  in  the  spring  and  6.55  in  the  winter.  The 
mean  annual  relative  humidity  as  given  by  Bridge  ("  The 
Climate  of  Southern  California,"  Transactions  of  the 
American  Climatological  Association,  1901)  is  64.4  per 
cent.  The  average  mean  winter  temperature  as  given 
by  the  same  authority  is  54.7°;  for  summer,  75.3°; 
spring,  63° ;  autumn,  66°  F.  (Solly).  Sanborn  ("  The  Cli- 
mate of  the  Eastern  Foothills,"  by  Dr.  C.  A.  Sanborn, 
Redlands,  Cal.,  Transactions  of  the  American  Climato- 
logical Association,  1903)  gives  for  Redlands  the  follow- 
ing extremes  of  temperature  from  an  average  of  three 
years  for  the  three  months  exhibiting  the  greatest  ex- 
tremes of  heat  and  cold : 


January 
February 
July 

August 


Mean  maximum  temperature. 

Meau  minimum  " 

Mean  maximum  " 

Mean  minimum  " 

Mean  maximum  " 

Mean  minimum  " 

Mean  maximum  " 

\  Mean  minimum  " 


40 

.  about  69 

42 

.  about  95 

59 

.  about  91 
.58 


i  degrees. 


The  average  mean  relative  humidity  of  Redlands  for  these 
months  is  given  by  the  same  authority  as  55.7  per  cent. 

In  the  summer  the  temperature  occasionally  goes  above 
100°  F.  in  the  middle  of  the  day,  but  with  the  dry  atmos- 
phere this  is  not  so  uncomfortable  as  might  be  supposed. 
The  difference  between  the  day  and  night  temperatures  is 
great,  something  like  30°  to  30°.  Similarly,  there  is  a 
great  difference  between  the  night  humidity  and  the  day 
humidity.  "This  means  to  an  invalid,"  as  Solly  remarks 
("  Medical  Climatology  "),  "  a  climate  possessing,  in  the 
course  of  the  day,  perhaps  six  hours  of  moderate  dryness, 
and  eighteen  hours  of  positive  dampness." 

These  two  characteristics  of  the  fall  in  temperature  and 
increase  in  dampness  at  night  probably  account  for  the 
apparent  chariness  with  which  the  residents  open  and 
keep  open  their  windows,  and  the  fear  they  have  of  sit- 
ting out  of  doors  at  night.  As  paradoxical  as  it  may 
seem,  one  can  evidently  sit  out  of  doors  more  evenings  in 
the  year  in  New  England  than  in  Southern  California;  or 
else  the  New  Englander  is  more  venturesome  and  hard- 
ened in  enduring  the  evening  air  than  is  the  Callfornian 
of  the  South. 

Freezing  weather  is  very  rare. 

The  mountains  to  the  north  of  this  valley  shut  off  the 
winds  from  the  desert,  but  the  sea  breeze  blows  daily, 
beginning  usually  about  ten  o'clock  in  the  forenoon,  and 
lasts  until  sunset.  There  are  said  to  be  over  three  hun- 
dred sunshiny  days  in  the  year  at  Redlands.  At  San 
Bernardino,  about  eight  miles  to  the  northwest,  the  total 
number  of  clear  days,  as  given  by  Dr.  A.  K.  Johnson,  a 
volunteer  observer  (period  not  given),  is  335 ;  fair  days, 
95 ;  cloudy,  35 ;  rainy,  33 J.  According  to  Sanborn  (loc. 
cit.)  "  patients  with  pulmonary  lesions,  not  far  advanced, 
do  well  in  this  climate  (Redlands  and  vicinity),  especially 
in  that  part  of  the  valley  where  orange  growing  and  the 
consequent  dampness  from  irrigation  do  not  prevail." 
Sanborn  also  refers  to  the  irritation  of  the  respiratory 
tract  brought  about  by  the  extensive  use  of  commercial 
fertilizers.  He  has  noticed  a  prevalence  of  tonsillitis  and 
pharyngitis  occurring  at  the  time  of  using  this  material. 
"  Nervousness  "  is  said  to  be  increasing  here  as  well  as  in 
other  portions  of  Southern  California,  and  it  is  attributed 
by  Sanborn  to  various  causes,  climatic  and  others,  such 
as  eye  strain  from  a  succession  of  bright  days,  and  nos- 
talgia. 

Five  miles  from  Redlands,  on  the  line  of  the  Southern 
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Pacific  Railroad,  is  tlie  Loma  Linda  Sanatorium  (about 
twelve  hundred  feet),  beautifully  situated  ou  the  hillside 
about  two  hundred  feet  above  the  surrounding  country. 
It  is  approached  through  a  stately  avenue  of  pepper 
trees,  and  is  surrounded  by  orange  groves  and  beautiful 
gardens.  The  view  from  the  sanatorium  is  extensive  and 
grand,  the  lofty  "Arrowhead"  and  its  hot  springs  Iving 
directly  in  front.  The  buildings  of  this  institution  are 
well  equipped,  containing  operating-rooms,  etc.,  and  ex- 
cellent accommodations  are  offered  to  the  nervous  and 
other  invalids,  as  well  as  to  those  who  only  desire  to  rest 
under  such  favorable  conditions  of  situation  and  climate. 
The  tuberculous  are  not  received  here. 

Eiverside  (elevation  eight  hundred  and  fifty  feet)  is  a 
city  of  ten  thousand  inhabitants,  about  sixteen  miles  by 
rail  southwest  from  Redlands.  It  is  the  most  famous 
orange-growing  district  in  Southern  California,  and  is 
well  supplied  with  water  for  irrigation  and  domestic 
purposes,  from  a  number  of  artesian  wells  near  the 
mountains.  The  drainage  is  good,  and  the  city  affords 
every  opportunity  for  comfortable  living,  either  for  the 
transient  or  for  the  permanent  resident.  There  are  at- 
tractive parks,  in  one  of  which  is  the  curious  "cacti  gar- 
den." There  are  also  beautiful  estates,  many  churches, 
fine  school  buildings,  a  Carnegie  library,  miles  of  pleasant 
roads  through  the  orange  groves,  and  avenues  shaded  by 
the  eucalyptus,  the  pepper,  and  the  palm,  among  them 
the  famous  Magnolia  Avenue. 

The  vegetation,  as  at  Redlands,  is  most  luxuriant,  and 
besides  the  orange,  the  pomegranate,  olive,  persimmon, 
fig,  and  other  fruits  are  found  here.  Flowers  abound  in 
a  wild  profusion,  and  this  whole  area  seems  like  one  vast 
park  or  garden. 

The  accommodations  are  good.  Besides  the  lovely 
drives  and  walks,  there  are  opportunities  for  golf,  polo, 
and  tennis. 

The  climate  is  similar  to  that  of  Redlands.  The  aver- 
age yearly  rainfall  for  fourteen  years  was  ten  Inches, 
February  and  March  being  the  rainiest  months  (Solly, 
"  Medical  Climatology  ").  The  relative  humidity  for  the 
year  1888  was  65.5  per  cent.  The  mean  monthly  tempera- 
ture for  the  seasons,  covering  a  period  of  twelve  years 
is  as  follows :  Spring,  60° ;  summer,  74° ;  autumn,  74° ; 
winter,  51°  F.*  The  mean  for  July  Is  76° ;  maximum, 
106°;  mean  for  August,  76°;  maximum,  104°;  mean  for 
January,  50°;  minimum,  29°.  The  average  variation  be- 
tween the  day  and  night  temperatures,  as  given  by  Saw- 
yer ("A  Study  of  Riverside  Climate,"  etc.,  Southern 
California  Practitioner,  1887),  for  January  is  20°,  and  for 
July,  34".  "The  ordinary  wet  season  at  Riverside,"  says 
the  same  author,  "  Is  much  drier,  has  less  rain,  and  a 
larger  proportion  of  dry,  clear  sunshiny  days  than  the 
average  summer  in  New  York,  Boston,  or  Chicago." 
The  amount  of  sunshine  is  great,  and,  according  to 
Sawyer,  there  were  two  hundred  and  eighty  absolutely 
clear  days  from  July,  1885,  to  July,  1886. 

Thirfy-flve  miles  southeast  of  Colton,  which  Is  eight 
miles  north  of  Riverside,  is  the  little  town  of  Hemet,  the 
starting-point  for  the  carriage  ride  to  the  health  resort  of 
Idyllwild.  This  is  a  journey  of  twenty  miles,  the  last  ten 
of  which  are  up  a  steep  mountain  road.  Idyllwild  has 
an  elevation  of  5,250  feet,  and  is  situated  in  the  Straw- 
berry Valltty,  in  a  large  forest  tract  of  fifteen  hundred 
acres,  which  is  again  bounded  by  extensive  government 
forest  reservations.  The  valley  is  well  timbered,  the  pine, 
cedar,  and  live  oak  predominating.  The  climate  possesses 
the  characteristics  of  the  high  altitudes  in  a  comparatively 
warm  latitude,  the  atmosphere  being  dry  and  pure;  and 
the  temperature  warm  but  not  hot  in  summer,  and  in 
winter  cool,  but  not  generally  going  below  the  freezing 
point.  As  is  generally  true  of  this  whole  region  the  ma- 
jority of  the  days  are  sunny. 

The  Idyllwild  Sanatorium  occupies  a  well-protected 
situation,  and  besides  a  large,  well-appointed  central 
building  containing  fifty-one  rooms,  there  are  several 
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side Board  of  Trade.  I 


cottages  of  three  and  six  rooms,  tents,  etc.  There  are 
appliances  for  furnishing  steam  heat  and  electricity  an 
ice  plant,  and  a  steam  laundry.  Families  who  come  with 
then-  mvahds  can  also  find  accommodations  here  and 
means  of  recreation  in  riding,  golf,  tennis,  etc.  There  is 
also  a  school  for  the  younger  children.  The  sanitary 
conditions  are  well  looked  after.  The  water  comes  from 
a  pure  mountain  spring,  and  there  is  a  well-constructed 
sewer  system.     The  plumbing  is  modern  and  good 

Pulmonary  tuberculosis  in  the  curable  stages  is  the 
principal  disease  treated  here,  and  there  are  a  resident 
physician  and  nurses. 

From  a  personal  visit  the  writer  can  testify  to  the  wild 
beauty  of  the  scenery,  the  delicious  purity  of  the  air  and 
the  energy  and  devotion  of  the  managers  in  building  on 
this  mountain  plateau  a  well-equipped  and  extensive 
sanatorium,  with  all  modern  improvements.  For  one 
who  desires  to  take  the  open-air  treatment  in  the  high 
altitudes,  and  at  the  same  time  avoid  the  severity  of  the 
winter  climate  found  in  the  altitudes  farther  north,  such 
as  at  Colorado  and  in  the  Alpine  resorts  of  Europe,  Idyll- 
wild would  seem  to  afford  ideal  conditions,  not  only  of 
climate,  but  of  accommodations.  The  only  drawback  Is 
the  long,  tiresome  carriage  ride,  but  this  In  time  will 
probably  be  obviated  by  a  mountain  railway. 

Edward  0.  Otis. 

RED  SULPHUR  SPRINGS.— Monroe  County,  West 
Virginia.     Post-Opfice.— Red  Sulphur  Springs.     Hotel. 

Access.— Via  Chesapeake  and  Ohio  Railroad  to  Alder- 
son's,  thence  by  stage  to  springs. 

These  springs  are  beautifully  situated  on  Indian  Creek, 
and  are  surrounded  by  pine-clad  mountains.  They  are 
two  in  number,  and  flow  two  hundred  and  ten  gallons 
per  hour.  The  water  has  a  temperature  of  51°  F.  It 
was  analyzed  in  1843,  but  the  results  were  not  very  satis- 
factory. The  total  solids  found  to  be  present  in  one 
United  States  gallon  amounted  to  about  twenty-four 
grains,  and  approximately  one-third  of  this  consisted  of 
sulphur. 

A  new  analysis  of  this  water  is  very  much  to  be  de- 
sired. Its  virtues  are  presumed  to  rest  to  a  great  extent 
upon  the  sulphur  which  it  contains.  Aside  from  this 
substance  it  contains  ingredients  which  justify  us  In 
classing  it  as  a  light  saHne  calcic  water.  From  abundant 
corroborative  medical  testimony  there  seems  to  be  no 
doubt  that  the  water  causes  a  decided  slowing  of  the 
heart's  action  in  an  excited  state  of  the  circulation.  The 
water  further  seems  to  exert  a  soothing  influence  upon 
the  mucous  membrane  of  the  lungs  and  bronchi,  allaying 
irritation  and  diminishing  expectoration.  In  virtue  of 
these  properties  it  has  often  proved  decidedly  beneficial 
in  haemoptysis,  early  phthisis,  chronic  bronchitis,  chronic 
pharyngitis,  and  chronic  laryngitis.  In  small  quantities 
the  water  is  said  to  be  cathartic,  while  in  larger  doses  it 
is  diuretic.  James  X.  Crook. 

REDUCTION-DIVISION.— When  in  the  course  of  ceU 
division  the  chromatin  is  distributed  to  the  daughter  nu- 
clei in  such  a  way  that  the  material  forming  one  daugh- 
ter nucleus  has  a  different  ancestral  history  from  the 
material  forming  the  other,  the  division  is  called  a  reduc- 
tion, or,  better,  reducing  division ;  and  is  thus  distin- 
guished from  the  ordinary  equal  division,  in  which  every 
particle  of  the  chromatin  is  divided  equally  between  the 
two  daughter  nuclei  (see  article  CeU). 

Theoretical. — If  we  suppose  that  the  physical  basis  of 
heredity  consists  of  distinct  units  in  the  chromatin  ma- 
terial of  the  nuclei  of  the  germ  cells,  then  at  each  union 
of  two  germ  cells  in  sexual  reproduction  the  number 
of  ancestral  units,  or  ancestral  germ -plasms,  will  be 
doubled.  And,  unless  prevented  in  some  way,  this 
doubling  will  continue  with  each  successive  sexual 
union,  until  either  the  germ  cells  will  be  increased  to  an 
enormous  size,  or  else  the  units  will  be  reduced  in  size  so 
much  that  they  are  smaller  than  the  proteid  molecule. 

Roux  in  1884  published  an  elaborate  review  of  the 
whole  subject  of  mitotic  cell  division,  so  far  as  it  had 
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been  developed  at  that  time,  and  his  conclusion  was  that 
the  longitudinal  splitting  of  the  chromosomes  and  the 
whole  mechanism  by  which  the  two  halves  of  an  origi- 
nally single  chromosome  are  always  carried  to  opposite 
poles  of  the  spindle,  has  for  its  object  the  distribution  of 
the  chromatin,  both  as  to  quantity  and  as  to  quality,  in 
exactly  equal  proportions  to  the  two  daughter  cells  (see 
Gliromosome). 

A  study  of  the  phenomena  of  heredity  led  Weismann 
to  suppose  the  chromatin  to  be  made  up  of  elements  as 
indicated  in  the  previous  paragraph  (see  also  article  He- 
redity) and  that  these  ancestral  germ-plasms  maintain 
their  individuality  through  successive  generations.  And 
this  led  to  the  further  supposition  that  sexual  reproduc- 
tion can  be  continued  only  in  case  there  is  a  reduction  in 
the  number  of  ancestral  germ  plasms,  a  reduction  that 
must  be  repeated  in  every  generation.  But  Roux's  con- 
clusions would  seem  to  make  such  a  reduction  improbable 
so  long  as  the  division  takes  place  by  the  ordinary  method 
accompanied  by  a  longitudinal  splitting  of  the  chromo- 
somes. 

Writing  in  1887,  Weismann  says:  "This  is  the  only 
kind  of  karyokinesis  which  has  been  observed  until  re- 
cently ;  but  if  the  supposed  nuclear  division  leading  to  a 
reduction  in  the  number  of  ancestral  germ-plasms  has 
any  real  existence,  there  must  be  yet  another  kind  of 
karyokinesis  in  which  the  primary  equatorial  loops  are 
not  split  longitudinally,  but  are  separated  without  divi- 
sion into  two  groups,  each  of  which  forms  one  of  the  two 
daughter  nuclei.  In  such  a  case  the  required  reduction 
in  the  number  of  ancestral  germ-plasms  would  take  place, 
for  each  daughter  nucleus  would  receive  only  half  the 
number  which  was  contained  in  the  mother  nucleus." 
After  discussing  the  work  of  van  Beneden  (1883)  and 
Carnoy  (1886),  then  recently  published,  Weismann  defines 
the  terms  " reducing  division  "  and  "  equal  division,"  and 
then  adds  the  following  explanation  of  his  prediction: 
"The  ' reducing  division '  must  be  always  accompanied 
by  a  reduction  of  the  loops  to  half  their  original  number, 
or  by  a  transverse  division  of  the  loops  (if  such  division 
ever  occurs) ;  although  reduction  can  only  occur  when 
the  loops  are  not  made  up  of  identical  pairs.  And  it  will 
not  always  be  easy  to  decide  whether  this  is  the  case. 
On  the  other  hand,  the  form  of  karyokinesis  to  which  a 
longitudinal  splitting  of  the  loops  takes  place  before  they 
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separate  to  form  the  daughter  nuclei  must  always,  as  far 
as  1  can  see,  be  considered  as  an  '  equal  division' '  " 
Ihis  prophecy  is  one  of  the  most  famous  in  the  annals 

0  result^'  \T^''  '',  ""^^^T  """^  °*'  *hose  most  fe°Mle 
ot  results  havmg  furnished  the  stimulus  for  a  larce 
number  of  very  careful  investigations.  It  is  the  purnofe 
of  the  present  article  to  descrn,e  some  of  these  results! 
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and  to  consider  whether  they  show  a  fulfilment  of  this 
prediction. 

Tlie  Germinal  Gyde. — The  complete  history  of  the  germ 
cells  has  not  yet  been  followed  through  all  its  stages  in 
any  animal  or  plant.    But  enough  is  known  to  make  it 
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Fig.  3937.— Diagram  showing  the  Genesis  of  the  Egg.    (Modified 
from  Boyeri.) 

clear  that  there  is  a  complete  continuity  of  generations 
of  cells  in  this  history,  which  consists  of  a  series  of 
cycles,  and  we  may  consider  each  cycle  as  having  its  be- 
ginning and  its  end  in  the  act  of  fertilization.  These 
cycles  follow  one  another  in  unending  sequence  so  long 
as  the  race  remains  extant. 

The  germ  cells  are  those  which  have  for  their  purpose 
the  provision  of  the  material  out  of  which  future  gener- 
ations are  to  be  produced,  and  they  form  but  a  small 
portion  of  the  body  of  any  multicellular  organism.  The 
greater  part  of  the  body  is  made  up  of  somatic  cells,  which 
serve  to  shelter  and  nourish  the  germ  cells.  The  history 
of  the  somatic  cells  is  likewise  a  series  of  cycles  having 
their  beginnings  in  the  act  of  fertilization.  But  there  is 
no  continuity  between  the  cycles.  For  the  somatic  cells, 
having  fulfilled  the  purpose  of  their  being,  die,  and  have 
no  genetic  relation  to  the  cells  forming  the  body  of  the 
next  generation,  except  community  of  origin  in  the  ances- 
tral germ  cells. 

In  the  history  of  the  germ  cells  each  cycle  may  be  di- 
vided into  several  periods,  and  the  cells  in  each  period 
have  been  given  distinctive  names.  We  shall  follow  in 
the  main  the  terminology  recently  adopted  by  Waldeyer 

By  the  union  of  an  ovum  and  a  spermatozoon  there  is 
formed  a  single  cell  with  a  nucleus  of  double  origin  (see 
Imjyregnation).  This  cell  is  the  fertilized  egg,  or  oosper- 
mium.  Immediately  after  fertilization  there  follows  a 
series  of  cell  divisions  resulting  in  what  is  known  as  the 
segmentation  of  the  ovum  (see  article  Segmentation  oftlw 
0mm).  The  result  of  the  first  division  is  the  fonnation 
of  two  cells— the  first  primary  somatic  cell  and  the  first 
stem  cell,  or  protogonocyte  (5,  and  P,,  Fig.  3936).  The 
latter  divides  again  to  form  a  second  primary  somatic  cell 
and  the  second  protogonocyte  (5,  and  P,).  This  series 
ot  divisions  continues  through  a  series  of  generations  of 
cells,  the  number  of  which  varies  with  the  species  (see 
Heredity),  until  finally  the  last  protogonocyte  gives  rise 
to  a  primary  somatic  cell  and  the  primary  germ  cell  or 
(wehigonocyte  (8,  and  O,  Fig.  8926).  In  the  mean  time, 
ot  course,  the  somatic  cells  have  been  dividing  to  form 
the  tissues  of  the  embryo. 

The  second  period  begins  with  the  division  of  the 
arclugonocyte  to  form  two  gonocytes.  These  continue  to 
multiply  by  division  until,  according  to  Beard,  they  reach 
a  certain  number,  which  may  be  approximately  constant 
tor  the  species.  Finally,  whether  by  migration  or  other- 
wise, the  gonocytes  come  to  lie  in  the  germinal  epithelium 
upon  the  genital  ridge.    (For  the  sake  of  clearness  we 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Reduction-Division, 
Rednctlon-Dlvlslon. 


■will  confine  our  attention  to  the  higher  animals  for  the 
present. ) 

The  beginning  of  the  third  period  coincides  -with  the 
differentiation  of  the  genital  ridge  into  ovary  or  testis, 
and  in  this  period  the  history  of  the  germ  cells  begins  to 
diverge  in  the  two  sexes.  In  the  female  the  last  gener- 
ation of  the  gonocytes  may  produce  two  kinds  of  cells. 
Some  produce  follicle  cells  or  other  cells  serving  to 
nourish  the  eggs,  while  others  give  rise  to  the  first  gener- 
ation of  oogonia,  or  primordial  eggs.  The  oOgonia  con- 
tinue to  multiply  for  an  undetermined  number  of  gener- 
ations. Finally  this  period  of  multiplication  is  followed 
by  a  period  of  growth  during  which  division  ceases. 
The  oOgonia  have  now  become  primary  oocytes  (see  Fig. 
3937). 

The  period  of  growth  is  followed  by  the  period  of  ma- 
turation, during  which  two  cell  divisions  occur,  usually 
in  rapid  succession.  The  primary  o6cyte,  having  at- 
tained its  full  size,  divides  very  unequally  to  form  the 
secondary  o5cyte  and  the  first  polar  body.  Then  the 
oBcyte  divides  again  unequally,  forming  the  second 
polar  body  and  the  ripe  ovum,  or  oHum  (Greek  blm,  egg), 
as  Waldeyer  prefers  to  call  it.  The  first  polar  body  may 
divide  also  at  tlie  same  time,  so  the  maturation  divisions 
result  in  the  formation  of  four  cells — the  relatively  large 
ripe  egg  and  three  very  small  polar  bodies.  The  view 
now  universally  held,  that  the  polar  bodies  are  abortive 
eggs,  was  first  stated  by  Mark  in  1881. 

These  periods  in  the  history  of  the  egg  are  exactly 
parallel  in  the  history  of  the  spermatozoon.  In  the  male 
the  last  generation  of  gonocytes  may  likewise  give  rise 
to  nutritive  cells  and  to  spermatogonia.  The  latter  mul- 
tiply by  division  for  an  indefinite  number  of  generations 
of  cells  and  the  last  generation  gives  rise  to  primary  sper- 
matocytes, which  then  enter  upon  a  period  of  growth  (Fig. 
3938).  This  is  followed,  as  in  the  egg,  by  two  matur- 
ation divisions.  In  the  first  the  primary  spermatocyte 
separates  into  two  secondary  spermatocytes,  and  by  the 
second  division  each  secondary  spermatocyte  produces 
two  spermatids.  Thus  the  maturation  divisions  reshlt  in 
the  production  of  four  cells,  but  in  the  male  these  are  all 
of  the  same  size  and  all  are  capable  of  becoming  func- 
tional. 

But  in  order  to  become  functional  the  cell  must  pass 
through  another  period,  not  represented  in  the  history  of 
the  egg.     This  is  the  period  of  histogenesis,  d  uring  which 
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FIG    3938.— Diagram    showing   the   Genesis   of  the   Spermatozoa. 
(Modifled  from  Boveri.) 

the  spermatid' undergoes  a  remarkable  metamorphosis  by 
which  it  becomes  transformed  into  a  spermatozoon  with, 
the  characteristics  peculiar  to  its  species  (see  article  Sper- 
matozoa). With  the  entrance  of  the  spermatozoon  mto 
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the  egg  and  the  union  of  the  sperm  nucleus  with  the  egg 
nucleus  the  old  cycle  ends  and  a  new  one  begins. 

During  the  periods  from  the  first  cleavage  of  the  ovum 
to  the  last  division  of  the  oOgonia  or  spermatogonia  the 
number  of  chromosomes  present  during  the  prophases  of 
division  is  always  the  same  in  individuals  of  the  same 
species  and  is,  with  rare  exceptions,  the  same  as  the 
number  found  in  the  somatic  cells  (Figs.  3936,  3937,  and 
3939,  B) .  But  at  the  beginning  of  the  growth  period  the 
nuclei  of  the  germ  cells  undergo  a  remarkable  series  of 
transformations,  which  result  in  the  reduction  of  the 
number  of  chromosomes  to  one-half  the  number  present 
in  the  earlier  periods;  and  the  reduced  number  is  found 
in  the  oScytes,  spermatocytes,  and  spermatids,  and  in  the 
egg  and  sperm  nuclei  previous  to  their  union.  (Com- 
pare the  figures  cited  above  with  Figs.  3938,  3940,  and 
3939  L.) 

Therefore,  if  a  reducing  division,  as  defined  by  Weis- 
mann,  really  occurs,  it  is  to  be  sought  for  in  one  of  the 
two  divisions  immediately  following  the  growth  period. 
These  are  the  maturation  divisions. 

In  considering  the  results  of  investigations  upon  this 
subject,  the  reader  should  bear  in  mind  that  before  the 
material  can  be  studied  it  must  be  killed,  hardened,  em- 
bedded in  paraflin,  cut  into  sections,  stained,  and 
mounted  in  balsam;  and  that  each  one  of  these  oper- 
ations is  a  possible  source  of  error.  Moreover,  the  ob- 
jects are  so  minute  that  they  can  be  studied  only  with 
the  aid  of  a  microscope  of  high  magnifying  power,  and, 
further,  it  is  impossible  to  view  any  one  of  these  objiects 
from  more  than  one  side.  It  is  doubtless  due  to  these 
difficulties  of  observation  that  the  published  descriptions 
of  what  takes  place  during  this  most  interesting  and  im- 
portant period  in  the  history  of  the  germ  cells  are  so  di- 
verse and  so  often  contradict  one  another.  Altliougli 
much  has  been  written  on  the  subject,  the  diversity  of 
results  is  so  confusing  that  it  is  impossible  to  formulate 
any  general  description  that  will  apply  to  all  species. 
Nevertheless  there  is  sufficient  agreement  to  encourage 
the  hope  that  the  progress  in  the  improvement  of  meth- 
ods will  eventually  lead  to  such  a  uniformity  of  results 
as  to  make  it  possible  to  formulate  a  general  law  appli- 
cable alike  to  all  species  of  animals  and  plants. 

At  present  the  most  complete  and  consistent  account 
is  to  be  found  in  a  series  of  papers  by  Montgomery,  who 
has  studied  the  spermatogenesis  in  forty-two  species  of 
bugs,  hemiptera  heteroptera,  and  in  Peripatus,  a  form  of 
special  interest  on  account  of  its  supposed  relation  to  the 
ancestral  type  of  the  insects  and  their  allies.  The  follow- 
ing general  description  will  be  based,  therefore,  chiefly 
upon  Montgomery's  results,  supplemented  by  the  work 
of  Paulmier  upon  spermatogenesis  in  the  squash  bug, 
Anasa  tristis  (Fig.  3939).  The  general  account  will  be 
followed  by  sections,  treating  briefly  of  the  parallel  phe- 
nomena in  oogenesis,  and  by  others  referring  to  variations 
to  be  found  in  other  animals  and  in  plants. 

The  Last  Spermatogonia  Division.— In  the  resting  sper- 
matogonia the  chromatin  appears  to  be  scattered  irregu- 
larly throughout  the  nucleus,  but  the  granules  are  con- 
nected by  the  threads  of  linin.  The  nucleus  is  like  a 
lacework  ball  made  of  strings  of  beads,  in  which  the 
thread  is  the  linin  and  beads  the  chromatin.  In  the  early 
prophase  of  division  the  chromatin  becomes  arranged 
in  a  single  long  winding  thread  covering;  according  to 
Montgomery,  a  single  strand  of  linin.  This  is  the  dense  ' 
soireme  stage.  The  spireme  continues  to  shorten,  and  at 
the  same  time  the  chromatin  becomes  segmented  into  the 
number  of  chromosomes  characteristic  of  the  species. 
This  number  varies  from  eleven  to  twenty -eight  in  the 
bugs  But  the  linin  remains  intact  and  connects  the 
chromosomes  by  their  ends.  The  achromatic  spindle  is 
formed,  the  chromosomes  are  arranged  m  the  equatorial 
plane,  split  longitudinally,  and  the  halves  are  drawn  to 
opposite  poles  in  the  typical  manner.  ■■     ^  .,  • 

In  Peripatus  the  chromosomes  are  rod-shaped  at  this 
stage,  and  in  the  late  anaphase  they  lie  parallel  to  the 
spindle  fibres.  The  ends  pointing  toward  the  centro- 
some  are  called  the  central  ends  and  the  opposite  ones  are 
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the  distal  ends.  The  distal  ends  of  sister  chromosomes 
are  joined  by  "connecting  fibres  "  of  linin,  and  although 
unable  to  prove  it,  Montgomery  thinks  that  probably  the 
linin  in  each  daughter  group  of  chromosomes  still  forms 
a  continuous  spireme,  so  that  each  chromosome  is  con- 
nected by  it  at  the  central  end  Avitli  its  neighbor  on  one 
side,  and"  at  the  distal  end  to  the  neighbor  on  the  other 
Side.  Finally  the  chromosomes  become  massed  in  a  dense 
group,  but  not  fused,  near  each  centrosome,  and  the  cell 
body  becomes  constricted  in  the  middle.  The  two 
daughter  cells  are  primary  spermatocytes. 

Synapsis. — The  young  primary  spermatocytes  are  ea- 
sily distinguished  from  J'oung  spermatogonia  by  the 
peculiar  condition  of  tlie  nucleus.     The  changes  which 
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take  place  at  this  stage  were  first  described  by  J.  E.  S. 
Moore  in  1895,  under  the  title  synap.iis  (aitvanTu,  to  fuse 
together).  And  it  now  seems  probable  that  the  synapsis 
is  a  stage  of  universal  occurrence  in  the  history  of  the 
germ  cells  of  both  animals  and  plants.  An  especially 
characteristic  feature  of  the  synapsis  is  the  grouping  of 
the  chromatin  in  a  dense  mass  on  one  side  of  the  nucleus, 
leaving  a  large  clear  space  on  the  other  side,  between  the 
chromatin  and  the  nuclear  membrane.  (Compare  Figs. 
3939  Z>  and  E,  3933  B,  3934,  and  3938.)  The  interest 
attached  to  this  phase  is  due  to  the  fact  that  when  the 
chromatin  emerges  from  this  tangle  it  is  found  to  be 
divided  into  segments  of  just  luilf  the  number  pres- 
ent in  the  previous  anaphase,  and  these  segments  are 
either  sjilit  longitudinally  or  soon  after  be- 
come split.  It  is  at  this  time,  then,  that 
the  reduction  in  the  number  of  chromo- 
somes takes  place ;  and  it  would  seem  that 
this  reduction  without  division,  as  has 
been  held  by  Moore,  Farmer,  and  others, 
destroys  all  groimd  for  Weismann's  theory 
of  a  reducing  division. 

In  most  forms  the  mass  of  chromatin 
during  the  sj'napsis  is  so  den.se  that  it  is 
impossible  to  see  what  takes  place  within 
it.  But  in  Peripatus  Montgomery  was  so 
fortimate  as  to  find  a  form  in  which  it  is 
possible  to  distinguish  the  individual  chro- 
mosomes, and  he  was  able  to  determine 
that  they  beconre  fused  in  pairs  by  their 
centrid  ends,  and  a  similar  result  has  been 
obtained  by  Sutton  in  the  grasshopper 
(Fig.  3938).  Thus  if  the  twenty-eight 
chromosomes  that  enter  the  synapsis  stage 
in  Peripatus  are  univalent,  the  fourteen 
that  emerge  from  it  are  bivalent,  and  no 
true  reduction  has  taken  place  after  all, 
for  there  has  been  no  discharge  of  chro- 
matin from  the  nucleus.  The  bivalent 
chromosomes  have  the  form  of  the  letter 
V  or  U,  and  the  angle  of  the  V  or  U  marks 
the  position  of  the  central  ends,  which  in 
some  cases  can  be  seen  to  be  connected  by 
a  short  band  of  linin. 

On  emerging  fr..)m  the  synapsis  stage 
the  chromosomes  gradually  "elongate,  and 
finalljr  (ill  the  nuclear  space  again.  Dur- 
ing this  process  tlie  chromatin  becomes 
separated  into  granules,  all  connected  by 
an  axial  band  of  linin.  Then  the  granules 
become  flattened  and  fiiuillv  divide  in  the 
plane  of  the  longitudinal  a.xis  of  the  chro- 
mosome, forming  a  row  of  granules  on 
each  of  the  opposite  edijes  of  the  now  ilat- 
tened  axial  baud  (Figs."3929  i^'and  3939). 
Finally  the  axiariiand  splits  and  the 
rows  of  chromatin  granules  become  more 
widely  separated.  At  the  same  time  very 
fine  filaments  of  linin  appear  to  connect 
each  pair  of  granules,  and  to  connect  there 
in  turn  with  pairs  of  graiuiles  in  neigh- 
boring chromosomes.  "Thus  the  nucleus 
passes  gradually  into  the  resting  condi- 
tion of  the  growth  period,  in  which  it  is 
rarely  possible  to  distinguish  the  boun- 
daries of  individual  chromosomes.  In  ex- 
ceptional cases  the  resting  condition  of 
the  nucleus  appears  to  be  entirelv  omit- 
ted at  this  stage,  as  in  two  faniilies  of 
bugs,  the  Coreidaj  and  Reduviditc,  and 
also  in  plants  (Figs.  3939  and  3938). 

7/(0  First  Maturation  Division.— The 
prophase  of  the  first  maturation  division 
m  Peripatus  begins  with  the  coming  to- 
gether of  the  chromatin  granules  to  form 
an  irregular  reticulum.  "There  is  no  spi- 
reme, but  the  reticulum  appears  to  give 
the    chromosomes    directly,    and 
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Montgomery  gives  reasons  for  believing  tliat  the  reticu- 
lum IS  only  apparent,  and  is  really  formed  of  overlap- 
ping and  interlacing  chromosomes  that  have  never  lost 


Fig.  3930— Chromosomes  from  Primary  Spermatocytes  of  the  Squash 
Bug,  showing  changes  of  shape  leading  to  the  formation  of  tetrad 
a,  Distal  end  ;  6,  central  end  ;  6,  completed  tetrad  with  long  axis 
correspondingto  the  longitudinal  split.     (After  Paulmier.) 

their  identity.  The  chromosomes  shorten  and  assume 
a  great  variety  of  form,  most  of  them  being  more  or 
less  U- or  V-shaped.  Sometimes  the  two  limbs  of  the 
U  are  twisted  together,  sometimes  tliey  are  united  at 
the  ends  to  form  a  ring.  These  chromosomes  are  seen  to 
be  bivalent,  that  is,  coiuposed  of  two  univalent  chromo- 
somes united  by  a  band  of  linin  at  the  bend  of  the  U,  and 
each  univaleirt  component  is  split  longitudinally.  The 
chromosomes  which  take  part  in  the  first  maturation  di- 
vision are  therefore  similar  in  form  as  well  as  equal  in 
number  to  those  at  the  end  of  synapsis. 

By  the  thne  that  the  chromosomes  reach  the  equators  of 
the  spindle  they  have  become  very  much  condensed,  so 
that  the  central  liuiu  band  is  covered  with  chromatin  and 
the  longitudinal  split  is  represented  by  a  mere  notch  at 
the  distal  end.  In  Peripatus  the  chromosomes  at  this 
:  most  frequently  have  the  form  of  a  bent  dumbbell, 
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Fig.  3931.— Primary  Spermatocyte  of  Batrachoseps  in  a  Stage  Im- 
mediately Preceding  the  Metaphase.  Eight  of  the  twelve  chromo- 
somes are  seen  approaching  the  equator  of  the  spindle.  X  about 
1,500.     (After  Eisen.) 

sometimes  it  is  a  straight  dumbbell,  sometimes  two  thick 
parallel  rods,  and  more  rarely  a  ring-shaped  chromosome 
is  found.     In  many  insects  and  Crustacea  the   chromo- 


somes at  this  stage  have  the  form  of  tetraOs  (Fi,"-  .3929  K)  ■ 
that  IS,  each  bivalent  chromosome  is  seen  to  be'composed 
of  four  mmute  balls  of  chromatin  more  or  less  oloselv 
pressed  together.  In  vertebrates  and  in  the  higher 
plants  the  chromosomes  are  more  or  less  ring-shaned  at 
this  stage  (Fig.  3931). 

The  chromosomes  now  divide  in  a  plane  at  right  angles 
to  the  axis  of  the  spindle,  and  the  halves  are  drawn  tow- 
ard the  opposite  centrosomes.  In  the  case  of  Peripatus 
the  dumbbells  are  divided  transversely.  Where  the 
tetrads  are  present,  the  daughter  chroiiiosomes  are  dyadit 
each  composed  of  two  balls  of  chromatin  (M  and  N, 
Pig.  3939).  The  ringshaped  chromosomes  are  broken  so 
as  to  form  two  horseshoe-shaped  bodies  (Fig.  3932). 
^  If  this  division  of  the  bivalent  chromosomes  takes  place 
in  such  a  way  that  their  original  univalent  components 
are  separated,  we  have  here  ^  reducing  dirision,  as  de- 


FiG.    3933.— Primary  Spermatocyte  of    Batrachoseps   in   the    Meta- 
phase, Chromosomes  Dividing.    X  about  1,500.     (After  Eisen.) 

scribed  hj  Weismann.  But  if  the  daughter  chromo- 
somes consist  of  parts  of  two  originally  separate  chromo- 
somes, then  we  shall  have  to  seek  farther  for  the  reducing 
division. 

The  question  can  be  decided  only  by  very  careful  study 
of  the  changes  in  form  and  structure  exhibited  by  the 
chromosomes  from  the  beginning  of  the  synapsis  to  the 
completion  of  this  division.  This  has  been  done  by  Paul- 
mier in  the  case  of  the  scpiash  bug,  and  by  Montgomery 
in  forty-two  Hemiptera  and  in  Peripatus.  They  find  that 
in  all  of  these  species  the  first  maturation  division  is 
transverse,  and  is  a  true  reducing  dimsion,  separating  each 
bivalent  chroiuosome  into  its  original  components. 

Both  Montgomery  and  Paulmier  figure  each  daughter 
chromosome  as  being  drawn  toward  its  respective  ceutro- 
some  b}^  two  spindle  fibres  (li.  Fig.  3939).  Soon  each  cen- 
trosome  divides  into  two  preparatory  to  the  next  cell 
division,  and  it  is  found  in  Euchistus  and  in  the  squash 
bug  that  of  each  pair  of  spindle  fibres  one  is  connected 
with  one  daughter  centrosome,  and  tlie  other  libre  is  at- 
tached to  the  other  one  (M,  Fig.  3929).  With  the  divi- 
sion of  the  cell  bodies  the  first  maturation  division  is 
completed,  forming  two  secondary  spermatocytes. 

The  Second  Maturation  Dimsion.— VaualXj  there  is  no 
resting  condition  of  the  nucleus  between  the  first  and 
second  maturation  divisions.  The  longitudinal  spht 
which  appeared  in  the  chromosomes  during  the  prophase 
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of  the  first  division  lias  reappcurcd  during  tlie  anapliase. 
At  the  beginning  of  tlie  second  division  the  daugliter 
centrosomes  move  through  an  angle  of  ninety  degrees, 
and  a  spindle  is  formed  with  the  ehromosomes  arranged 
in  an  equatorial  plate.  The}'  are  arranged  now  so  that 
the  split  is  at  right  angles  to  the  spindle.  During  the 
anaphase  the  halves  of  the  chromosomes  are  drawn  to 
opposite  poles  (0  and  /'.  Fig.  8929). 

The  .secondary  spermatocyte  then  divides,  forming  two 
spermatidn.  The  change  from  a  group  of  chromosomes 
to  a  resting  nucleus,  which  ensues  at  this  stage,  is  pecul- 
iar in  that  it  is  effected  by  the  swelling  of  the  clii-omo- 
somes.  A  vacuole  appears  in  each  chromosome,  so  that 
each  one  becomes  a  small  vesicle.  These  vesicles  uniting 
form  the  resting  nucleus,  around  which  there  is  finally 
developed  a  nuclear  membrane. 

The  history  of  the  spermatid  in  the  final  jieriod  of  his- 
togenesis, during  which  it  becomes  transformed  into  a 
functional  spermatozoon,  will  be  treated  elsewhere  (see 
article  Spermatozoa). 

Tlie  Maturation  of  the  Erjfi. — The  parallel  between  the 
course  of  development  of  tlie  egg  and  that  of  tJie  sper- 
matozoon in  their  external  features  has  been  pointed  out 
in  a  preceding  paragrai)h.  The  parallel  extends  also  to 
the  nuclear  clianges,  as  was  first  clearly  suggested  by 
Plainer  in  1889.  Comparison  of  the  processes  of  sperma- 
togenesis and  oogenesis  in  Ascaris  led  Boveri  to  make  a 
more  po.sitive  statement  in  1890,  and  its  truth  was  com- 
pletely' demonstrated,  so  far  as  A.scaris  is  concerned,  by 
O.  Hertwig  a  few  mouths  later. 

These  discoveries  relate  chiefly  to  the  divisions  of  the 
chromosomes.  The  synapsis  stage  was  first  clearly  rec- 
ognized in  the  development  of  eggs  by  Woltereck  (1898) 
through    his   .studies  on   the   Ostracoda.     In   1900    von 
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Winiwarter  published  an  elaborate  description  (,f  tliis 
stage  in  the  history  of  mammalian  ova  (Fig  393:!)  \_u 
abstract  of  his  results  is  given  in  the  article  Opiim 

As  m  the  corresponding  stages  in  spermatogenesis 
shortly  after  the  last  division  of  oiigonia,  the  nuclei  of 
ne?erit'in^i""?i^''''  P''-^«  ""'""Sl'  the  .synapsis  stage,  cliar- 
siVle  nt  V'^  tl.e  massing  of  <.|iromatin  filament?  /it  one 
side  of  the  nucleus  (Fig.  3933  />■).  Tin-  chromosomes 
emerge  from  the  tanglewith  their  number  red!,,  el  , 
ha  t  the  number  present  during  the  previous  anaphase 

nallj.     Ihey  continue  to  el.uigate,  and  finally  the  nu- 
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cleus  enters  into  the  resting  condition.  It  remains  in 
this  condition  during  the  growth  period,  during  whicli 
the  oocyte  increases  enormously  in  size.  This  period 
maj'  extend  through  many  years,  as  in  man. 

Just  before,  or  very  soon  after,  the  egg  is  discharged 
from  the  ovary  the  first  maturation  division  occurs,  which 
results  in  the  budding  off  of  the  very  small  fir.st  jiolar 
body  from  the  egg,  which  then  becomes  a  secondary 
oocyte.  The  nuclear  phenomena  at  this  time  are  exactly 
like  those  to  be  observed  during  the  division  of  the  pri- 
mary s]iermatocytes  of  the  same  species. 

In  the  .same  way  the  process  of  formation  of  the  second 
polar  body  is  like  the  division  of  the  secondary  sperma- 
tocytes of  the  .same  species. 

Thus  the  proce.s.ses  of  oogenesis  and  spermatogenesis 
are  parallel  in  every  es.sential  particular;  the  main  dif- 
ference being  that  in  the  maturation  divisions  of  the 
spermatocytes,  the  resulting  cells  are  equal  in  size,  while 
those  that  result  from  the  divisions  of  the  oocytes  are 
veiy  unetiual;  and  the  spermatids  undergo  a  further 
metamorphosis  associated  with  the  special  function  of 
the  spermatozoa,  a  cliange  which  the  special  function  of 
the  egg  renders  entirely  unnecessary. 

Variations  in,  tlie  Process  of  Maturation. — The  forms  of 
the  chromosomes  and  the  details  of  their  divisions  during 
maturation  differ  widely  in  different  groups  of  animals, 
and  this  has  resulted  in  various  interpretations  of  the 
process  by  different  writers. 

Many  authors  have  confirmed  Weismanu's  prediction 
that  a  reducing  division  takes  place.  But  they  are  not 
all  agreed  as  to  the  time  when  the  reducing  division  oc- 
curs. Weissmann  predicted  on  theoretical  grounds  that 
the  reducing  division  would  occur  during  the  formation 
of  the  second  polar  body.  Paulmier  and  JNIontgomery 
found,  on  the  contraiy,  that  in  Hemiptera  the  first  is  a 
reducing  division,  the  second  an  equal  division.  Similar 
results  were  obtained  previously  bj'  Koscheldt  in  an  an- 
nelid, Ophryotrocha,  by  Wilco.K  in  a  grasshopper,  Calop- 
tcuus,  and  by  Henking  in  a  firefly,  Pyrrhocoris.  On 
the  other  hand.  Hacker,  von  Rath,  and  Ruckert  are 
agreed  that  in  the  copepoda  the  reducing  division  comes 
after  an  equal  division,  as  predicted  by  Weismann. 
Similar  results  have  been  obtained  bv  von  Rath  in  the 
mole  cricket,  Gryllotalpa,  by  Calkins  in  the  earth-worm, 
Lumbricus,  by  Gritfin  in  Thalassema,  and  by  Sutton  in 
Brachj'stola. 

In  Ascaris  and  various  vertebrates,  chiefly  selachians 
and  amphibia,  it  has  been  found  that  both  maturation 
divisions  are  accompanied  by  longitudinal  splitting  of 
the  chromosomes,  and  authors  working  upon  these  forms 
have  been  led  thus  to  deny  the  existence  of  any  reducing 
division.  In  Ascaris  the  two  chromosomes,  which  ap- 
pear in  the  oocyte  preparing  for  division,  are  elongated 
and  split  longitudinally  in  two  planes  at  right  angles  to 
one  another.  By  the  shortening  of  these  rods  each  chro- 
mosome becomes  a  typical  tetrad,  which  divides  in  the 
usual  manner;  that  is,  in  the  first  maturation  each  tetrad 
divides,  forming  two  dyads.  One  dyad  of  each  pair  re- 
mains lu  the  egg  and  separates  into  two  single  chromo- 
somes, one  of  each  jiair  going  to  the  second  polar  body, 
so  that  the  first  jiolar  body  receives  two  dyads,  the 
second  jiolar  body  and  the  ripe  egg  each  two  single 
chromo.somes. 

In  the  veitebrates  the  chromosomes  in  the  spermato- 
cytes ineiiaring  fm-  the  first  division  are  U-shaped.  At 
an  early  iMTiod  a  longitudinal  split  appears  at  the  bend 
ot  tlie  I  ,  but  the  two  halves  remain  united  at  the  ends 
and  open  out  to  form  a  ring  (Fig.  3931).  In  the  meta- 
phasi'  the  ring-shaped  chromosomes  separate  into  two 
I  s  by  breaking  across  at  the  points  of  union  (Fig.  3932). 
I  his  form  of  mitosis  was  called  lieterotypical  by  Flem- 
iiimg  and  is  highly  characteristic  of  this  stage  in  the 
vertebrates.  In  the  next  division  each  chromosome  again 
splits  longitudinally.  Montgomery  lias  riehtly  contended 
that  it  does  not  necessarily  follow  that  both  divisions  are 
equal,  even  if  they  are  both  longitudinal.  In  the  Hemip- 
lera  it  was  shown  that  the  chromosomes  of  the  first  sper- 
matocyte arc  bivalent,  having  been  formed  by  the  union 
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FIG.  3934.— Pollen  Mother- 
Cell  of  the  Lily  with  Nu- 
cleus In  Synapsis.  X  585. 
(After  Sargant.) 


of  two  univalent  chromosomes  end  to  end,  and  it  is  per- 
fectly possible  that  in  the  vertebrates  the  corresponding 
bivalent  chromosomes  are  formed  by  the  union  of  two 
univalent  ones  side  by  side.  In  this  case  one  of  the  lon- 
gitudinal splittings  would  be  a 
true  reducing  division,  separat- 
ing the  original  chromosomes  or 
the  halves  of  originally  separate 
ones.  This  question  can  be  set- 
tled only  by  a  very  careful  study 
of  the  fusion  of  the  chromosomes 
during  synapsis. 

Meduetion  in  Plants. — In  the 
vascular  cryptogams  and  the 
flowering  plants  the  plienomena 
attending  a  reduction  in  tlie 
number  of  chromosomes  pre- 
paratory to  sexual  reproduction 
are  closely  parallel  with  those  found  in  animals,  but 
present  interesting  differences. 

In  these  plants  the  cell  corresponding  to  the  last  gen- 
eration of  oSgonia  or  spermatogonia  in  animals  usually 
lies  just  beneath  the  epidermis  and  divides  parallel  to  the 
surface  into  an  outer  tapetal  cell  and  an  inner  cell,  the 
arcliesporium.  The  mitosis  is  typical  with  the  normal 
number  of  chromosomes.  When  the  archesporium  pre- 
pares for  division  the  chromosomes  reappear  reduced  in 
number  to  one-half,  and  the  normal  number  is  not  re- 
stored until  the  male  and  female  pi'onuclei  unite  in  fer- 
tilization. Usually  the  archesporium  divides  twice  in 
rapid  succession.  The  result  in  the  Hepaticae  and  ferns 
is  tlie  production  of  four  spores.  Bach  spore  may  then 
divide  by  typical  mitosis,  but  with  half  tlie  normal  num- 
ber of  chromosomes.  It  thus,  by  continued  cell  division, 
forms  a  prothallium,  which  exists  for  some  time  as  an 
independent  plant,  and  bears  tlie  sexual  organs,  in  which 
the  ova  and  spermatozoa  are  produced. 

In  the  male  flowering  plants,  the  archesporium  gives  rise 
to  four  pollen  grains.  It  is  not,  however,  the  primary 
nucleus  of  the  pollen  grain  that  forms  the  male  pronu- 
cleus, but  it  is  its  granddaughter  nucleus.  In  the  female 
flowering  plants  Schniewind-Thies  (1901)  has  found  three 
types  of  development.  In  the  first  the  archesporium 
divides  into  two  daughter  cells,  and  each  of  these  divides 
into  two,  making  four  cells  in  a  row  perpendicular  to  the 
surface.  One  of  these  cells  is  the  young  "embryo  sac," 
the  others  are  cover  cells,  which  subsequently  undergo 
degeneration,  and  may  be  compared  to  the  polar  bodies 
of  animals.  Within  the  embryo  sac  three  nuclear  divi- 
sions occur,  and  one  of  the  resulting  nuclei  is  the  female 
pronucleus.  In  the  second  type  the  archesporium  divides 
into  two  daughter  cells,  one  of  which  becomes  the  em- 
byro  sac,  in  which  three  divisions 
occur  as  before.  Finally  in  the 
third  type  the  archesporium  itself 
becomes  the  embryo  sac.  In  each 
case  the  reduced  number  of  chro- 
mosomes first  appears  in  the  arch- 
esporium and  the  divisions  of  the 
archesporium  and  its  two  daugli- 
ter  cells  differ  from  the  typical 
mitoses,  being  described  as  hetero- 
typical  and  homoeotypical  respec- 
tively. These  terms  were  applied 
originally  to  the  first  and  second 
maturation  divisions  in  verte- 
brates, and  their  use  here  indicates 
the  striking  similarity  of  tlie  phe- 
nomena. 

As  to  whether  a  reducing  divis- 
ion does  or  does  not  take  place, 
opinion  is  much  divided.  Some 
good  observers,  notably  Ishikawa 

and  BelajefE,  regard  the  first  as  an  equal  division  and  the 
second  as  a  reducing  division.     But  the  majority  of  au- 
thorities, led  by  Strasburger,  insist  that  both  divisions 
are  equal. 
This  result  may  be  due  in  part  to  the  fact  that  most  of 


FIG.  3935.  —  Section  of  a 
Pollen  Mother-Cell  in  a 
Later  Stage,  showing 
twisted  chromosomes 
with  double  row  of 
granules,  n,  Nucleolus. 
X585.    (AfterSargant.) 


Fig.  3936.-  Spermatogonium  of  Lub- 
ber Grasshopper  In  Early  Prophase, 
showing  very  tine  spiremes  ar- 
ranged in  their  respective  diverti- 
cula of  the  nucleus.  From  a  sec- 
tion.    (After  Sutton.) 


these  authors  have  completely  ignored  the  synapsis  stage, 
and  in  their  search  for  a  reducing  division,  undoubtedly 
influenced  by  Weismann  and  Hacker,  have  concentrated 
their  attention  upon  the  daughter  cells  instead  of  upon 
the  archesporium. 

The  history  of  both  the  pollen  grain  and  the  embryo 
sac  of  Liliu'iit  martacjon  has  been  studied  and  described 
with  great  care  by  Miss  Sargant.  In  both  series  she  finds 
a  typical  synapsis;  but  it  is  at  the  end,  instead  of  at  the 
beginning,  of  the  growth  period  (Fig.  8934).  The  chro- 
matic filaments,  which 
showed  signs  of  split- 
ting before  the  synapsis, 
emerge  from  that  stage 
as  long  flattened  bands 
of  linin  bearing  a  row 
of  chromatin  granules 
upon  each  edge,  as  in 
Peripatus.  These  bands 
are  bent  and  twisted  to- 
gether (Fig.  3935).  As 
the  chromosomes  be- 
come more  condensed 
the  granules  merge  into 
a  solid  mass  of  chroma- 
tin, apparently  covering 
up  the  linin;  and  when 
it  reaches  its  place  at 
the  equator  of  the  spin- 
dle, each  chromosome  is 
composed  of  two  limbs 
tightly  twisted  togetlier, 
giving  the  appearance  of 
a  minute  skein  of  yarn; 
or,  better,  a  very  much  twisted  doughnut.  In  the  meta- 
phase  the  two  limbs  of  the  chromosomes  are  separated, 
and  as  they  are  pulled  apart,  they  often  assume  a  V  shape ; 
and  apparently  the  original  longitudinal  split  may  reap- 
pear at  this  stage,  as  is  indicated  by  Strasburger's  figures. 
At  any  rate  Miss  Sargant  finds,  and  her  results  are  con- 
firmed by  many  others,  that  in  the  second  division  the 
chromosomes  are  separated  into  two  equal  halves  by  a 
longitudinal  split. 

But,  aside  from  their  inferences  to  the  contrary,  the 
writer  is  unable  to  find  anything  in  the  facts,  as  shown 
by  the  descriptions  and  figures  published  by  Miss  Sar- 
gant, Strasburger,  Farmer,  and  Schniewind-Thies,  that 
is  inconsistent  with  the  inference  that  the  chromosomes 
previous  to  the  first  division  are  bivalent,  formed  by  the 
union  during  synapsis  of  two  univalent  chromosomes 
end  to  end,  and  tliat  the  two  limbs  separated  during  the 
anaphase  are  originally  independent  chromosomes. 

That  the  apparent  reduction  in  the  archesporium  pre- 
vious to  division  may  be  due  to  fusion  of  pairs  of  chro- 
mosomes end  to  end,  was  suggested  by  Strasburger  in 
1894,  and  Farmer, 
who  first  clearly 
recognized  the 
synapsis  stage  in 
plants,  suggested 
in  1895  that  the 
first  one  might  be 
a  true  reducing 
division,  separat- 
ing the  univalent 
constituents  of  bi- 
valent chromo- 
somes. But  he  re- 
garded this  view 
as  untenable,  "for 
in  animals  no 
'reduction'  is 
claimed  at  this 
stage."  Now  the 
work  of  Mont- 
gomery, Paulmier,  and  others  has  made  it  clear  that 
reduction  may  occur  in  animals  at  this  stage,  the  first 
maturation  division,  and  tlius  the  chief  ground  for  deny- 


FiG.  3937.— Polar  View  of  Equatorial  Plate  of 
Spermatogonium,  showing  twenty-two 
chromosomes  and  accessory,  x ;  i,  j,  k,  three 
pairs  of  small  chromosomes.  From  a  sec- 
tion.   (After  Sutton.) 
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inff  the  existence  of  reducing  division  in  plants  appears 
lo  have  been  removed.  Moreover,  the  similarity  is  so 
do  e  at  til's  stage  that  many  of  the  figures  drawn  by 

Strasburger,  Miss  Sargant, 
and  Schniewind-Thies  to 
illustrate  forms  of  chro- 
mosomes in  plants  might 
be  substituted  for  some  of 
Paulmier's  or  Montgom- 
ery's figures,  represent- 
ing corresponding  stages, 
with  very  little  change. 

Synapnis,  Reduction,  and 
Heredity.— hs.    stated    in 
the  introduction,  the  con- 
ception "reducing    divis- 
Fio.  3938.— Primary  Spermatocyte   Ion "  had  its  origin  in  an 
ol  Lubber  Grassbopper  in  Synap-   attempt  to  satisfy  the  re- 
sis  (telopliase  of  spermatogonium).  .1       .     „f  „  J  !,„„,.,,  nf 
Only  a  few  of  the  cbromosomes    quirements  of  a  theoiy  of 
are  shown.    (After  Sutton.)            heredity.     The  conception 
has  very  recently  gained 
new  interest   and   importance    through    an    announce- 
ment made  by  E.  B.  Wilson  (1903)  and  the  publication 
of  preliminary  papers  by  Sutton  and  Cannon.     It  was 
found  by  Montgomery  that  in  certain  species  of  bugs 
the  spermatogonia  contain  a  pair  of  chromosomes  that 


Fig.  3941.— Polar  View  of  Equatorial 
Plate  of  Secondary  Spermatocyte, 
showing  eleven  chromosomes  and 
the  accessory,  x.     (After  Sutton.) 


Iia.  3939.— Spiremes,  or  ChromosOtties,  from  a  Primary  Spermatocyte  in 
Early  Prophase.  Drawn  in  two  groups  to  avoid  confusion.  From  a  smear 
preparation.    (After  Sutton.) 


are  unusually  large  or  otherwise  peculiar,  and  that  after 
the  synapsis  in  these  cases  there  is  only  one  large  chro- 
mosome. Evidently  the  two  peculiar  ones  have  united. 
As  a  result  of  the  maturation  divisions  each  spermatid 
likewise  contains  one  peculiar  chromosome.     The  same 

is  probably  true  of 
the  egg.  So  one  of 
these  bodies  in  the 
spermatogonium  is 
probably  of  paternal 
and  the  other  of  ma- 
ternal origin.  For 
this  and  other  rea- 
lty ^  f^^Jt  ^  sons  Montgomery 
y  ....              %  Wf"      B  reaches  the  important 

conclusion  that  dur- 
ing the  synapsis  each 
bivalent  chromosome 
formed  is  half  of  pa- 
ternal   and    half    of 
maternal  origin,  and 
the    subsequent    re- 
ducing   division    re- 
sults in   the  separa- 
FiG.  3940.— Chromosomes   from  Primary    tion   of    homologous 
Spermatocyte    in    Middle    Prophase,    paternal   and   mater- 
showing   Longltu_dlnal,Jplit.     a, !,.  c,    nal    elements    and 

their  final  isolation  in 
separate  germ  cells. 
Now,  as  announced  by  Wilson,  W.  S.  Sutton  has  found 
in  the  study  of  the  spermatogenesis  of  a  grasshopper, 
Brachystola,  nearly  complete  proof  of  this  inference,  and 

8Y0 


etc.,  same  as  in  Fig.  3939. 
ton.) 


(After  Sut- 


W.  A.  Cannon  has  come  to  the  same  conclusion  from  the 
study  of  the  maturation  divisions  of  hybrid  cotton  plants. 
The  chief  results  of  Sutton's  work  are  illustrated  by 
Figs.  3936  to  3941.  The 
last  generation  of  sperma- 
togonia have  lobed  nuclei, 
and  each  chromosome  is 
formed  in  a  separate  di- 
verticulum (Pig.  3936). 
In  the  late  prophase  of 
division  the  chromosomes 
are  seen  to  be  of  different 
sizes,  and  there  is  one  pair 
of  each  size,  as  i,  j,  k. 
Fig.  3937.  In  the  follow- 
ing synapsis  stage  the 
chromosomes  are  seen  to 
unite  in  pairs  by  their 
ends  (Fig.  3938)  and  in  the 
subsequent  prophase  there 
are  eleven  bivalent  chro- 
mosomes, a,  b,  c  .  .  ,  k. 
Figs.  3939  and  8940,  corresponding  to  the  pairs  in  the 
spermatogonium.  The  second  maturation  division  is  a 
true  reducing  division  (Fig.  3941).  If  the  oogenesis  Is 
the  same,  and  the  individuality  of  the  chromosomes  is 
maintained  throughout  the  germinal  cycle,  then,  of 
the  two  chromosomes  that  unite  in  synapsis,  one 
must  be  of  paternal  and  the  other  of  maternal 
origin. 

It  was  discovered  recently  by  Boveri,  that  when 
the  chromosomes  in  the  segmenting  ovum  of  a  sea 
urchin  have  become  disarranged  as  the  result  of 
double  fertilization,  and  consequently  unequally 
distributed  to  the  blastomeres,  abnormal  larvae  re- 
sult. He  inferred  from  this  that  tlie  chromosomes 
differ  qualitatively  and  stand  in  definite  relation  to 
inheritable  characters. 

Taking  all  these  results  together,  Wilson  points 
out  that  they  seem  to  confirm  and  to  show  a  physi- 
cal basis  for  Mendel's  principle  of  heredity,  which 
is  being  much  discussed  at  present  (see  Reversion). 
Whether  Mendel's  theory  be  true  or  not,  it  is  cer- 
tain, as  was  shown  in  the  article  dealing  with  he- 
redity, that  it  is  in  the  nucleus  of  the  germ  cells, 
and  especially  in  their  chromatin  constituents,  that 
we  must  look  to  find  the  physical  basis  for  heredity, 
and  therefore  the  changes  which  these  constituents  un- 
dergo in  the  course  of  sexual  reproduction  possess  the 
deepest  interest  for  all  students  of  biology. 

Robert  Payne  Bigelow. 
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REEDY  CREEK  SPRINGS.— Marion  County,  South 
Carolina.     Post-Officb. — Latla.     Hotel  and  cottages. 

This  resort  is  located  about  three-quarters  of  a  mile 
from  the  Atlantic  Coast  Line  Railroad.  The  surround- 
ing country  is  level  and  covered  by  the  long-leafed  pine. 
The  springs  are  throe  in  number,  and  have  had  a  local 
reputation  for  more  than  thirty  years.  The  water  has  a 
constant  temperature  of  45°  F. ,  and  its  flow  is  very  large. 
Mr.  John  L.  Dew,  of  the  springs,  sends  us  the  following 
list  of  ingredients  resulting  from  a  partial  analysis  by 
former  State  Chemist  Chizzell:  Iron  carbonate,  calcium, 
magnesium,  and  sulphur.  The  water  is  used  more  par- 
ticularly for  stomach,  liver,  and  kidney  disorders  and 
debilitated  states  of  the  system.  James  K.  Grook. 

REFLEX  ACTIONS  OR  REFLEXES.     See  Knee-JerTc. 

REFLEXES.  (CLINICAL.)— Descartes  introduced  the 
conception  of  reflexes  into  biological  literature.  In 
"  Passions  de  I'Sme  "  he  stated  that  stimulation  of  a  sen- 
sory nerve  impulse  may  be  transmitted  through  the  brain 
to  motor  nerves  and  thereby  give  rise  to  contraction  of 
muscles,  and  that  this  contraction  takes  place  without 
volition,  and  even  contrary  to  it.  The  general  reflex 
centre  he  believed  to  be  the  glandula  pinealis. 

This  definition  of  reflexes  was  correct  in  the  early 
days  of  biology,  but,  with  the  advance  of  knowledge, 
our  conception  of  the  reflexes  has  been  enlarged. 

The  term  is  used  in  medical  literature  to-day  in  a  two- 
fold sense : 

1.  Specifically,  as  in  pupillary,  knee,  plantar  reflexes, 
etc. 

3.  Generically,  as  in  reflex  neurosis,  reflex  spasms,  re- 
flex cough,  etc. 

In  both  the  strict  sense  (pupillary  and  knee  reflexes, 
etc.)  and  in  the  broader  sense  (reflex  cough,  reflex  neuro- 
sis, etc.)  reflexes  are  centrifugal  phenomena  produced 
by  reflexion  and  eventual  transmutation  of  centripetal 
stimulation.  In  other  words,  reflexes  are  physiological 
or  pathological,  motor,  vaso-motor,  viscero-motor,  secre- 
tory or  trophic  phenomena,  the  cause  of  which  is  to  be 
found  in  sensory  stimulation. 

There  is  still  another  group  of  phenomena  called  "  re- 
flex," to  which  the  foregoing  definition  does  not  apply. 
This  group  is  represented  by  a  set  of  centripetal  phenom- 
ena—reflex pains,  reflex  neuralgias,  etc.  Investigation 
shows  that  these  phenomena  are  not  genuine  reflexes. 
One  group  of  them,  for  instance  pain  in  the  distribution 
of  the  fifth  nerve  due  to  disease  of  the  teeth  or  other 
structures  of  the  head,  or  arm  pain  accompanying  an 
anginoid  attack,  is,  according  to  Head,  an  irradiation  of  a 
sensory  stimulus  to  other  parts  or  branches  of  the  per- 
ipheral sensory  apparatus  of  the  affected  locality. 

Another  group,  for  instance  headache  due  to  disease  ot 
the  abdominal  viscera,  is,  according  to  the  same  author 
due  to  irradiations  of  the  sensory  stimulation  to  a  central 
sensory  station,  and  from  here  to  allied  sensory  structures. 
Thus  the  difference  between  the  two  types  becomes  quite 

apparent.  .       -.  i    t- 

The  genuine  reflex  phenomena  consist  of  neural  stimu- 
lation that  is  reflected  from  one  set  of  neurones  (centrip- 
etal neurones)  to  a  physiologically  different  set  of  neu- 
rones (centrifugal  neurones).  _  ^,  ^  . 
The  other  type  consists  of  neural  stimulation  that  is 
irradiated  and  propagated  from  one  set  of  neurones  (cen- 
tripetal) to  another  physiologically  homologous  set  (cen- 
tripetal neurones).                                   . 

Finally  the  term  reflex  is  used  promiscuously  m  medi- 
cal literature  to  denote  a  phenomenon,  the  cause  of  which 
operates  at  some  distance  from  where  its  efl:ects  are 
manifest. 


According  to  the  conception  of  genuine  reflexes  out- 
lined above,  all  organic  functions,  save  perhaps  the  dis- 
tinctly voluntary  functions,  and  some  automatic  visceral 
functions,  may  be  looked  upon  as  reflexes.  Whether  this 
be  fully  so  or  not,  we  will  not  attempt  to  decide.  The 
considerable  interest  bestowed  upon  these  phenomena, 
since  tlie  times  of  Descartes,  testifies  to  the  great  impor- 
tance of  reflexes.  (For  further  details  in  regard  to  these, 
consult  the  article  on  Knee- Jerk  in  Vol.  V.) 

In  1875  Erb  and  Westphal,  working  independently, 
demonstrated  the  clinical  value  of  reflex  phenomena,  and 
since  then  their  importance  is  daily  more  appreciated. 

Prior  to  the  publications  of  Erb  and  Westphal  reflexes 
were  observed  and  registered  at  the  bedside  in  Charcot's 
Clinic.  Charcot  apparently  divined  their  importance,  but 
he  had  not  yet  appreciated  their  clinical  significance. 

Abundant  clinical,  experimental,  and  histological  facts 
have  been  collected  for  the  proper  theoretical  interpre- 
tation of  reflex  phenomena.  However,  a  unanimity  of 
opinion  has  not  yet  been  reached.  Some  accept  the 
original  teachings  of  Erb,  who  interpreted  reflexes,  par- 
ticularly tendon  reflexes,  as  true  reflexes;  others  adhere 
to  Westphal's  teaching,  who  believed  that  they  were  not 
true  reflexes,  but  phenomena  dependent  upon  the  muscle 
tonus.  Gowers  calls  the  tendon  reflexes  myotatic  phe- 
nomena, and  his  conception  is  akin  to  that  of  Westphal. 
We  shall  not  consider  here  the  evidence  which  tends  to 
substantiate  either  of  these  theoretical  views.  Here  the 
theoretical  basis  of  the  reflex  phenomena  will  be  discussed 
only  in  so  far  as  is  necessary  for  a  proper  and  intelligent 
interpretation  of  these  phenomena  at  the  bedside.  The 
best-known  and  most  studied  of  all  reflexes  are  the  ten- 
don reflexes,  and  their  classical  representative  is  the  knee- 
jerk. 

The  subsequent  remarks  apply  to  tendon  reflexes  in 
general,  and  to  the  knee-jerk  in  particular. 

A  reflex  is  a  neural  phenomenon  which  originates  in  a 
sensory  end  organ,  travels  along  a  centripetal  pathway, 
passes  a  ganglionic  station,  and  leaves  it  changed  or  un- 
changed in  quality  or  quantity,  and  pursues  its  way  out- 
ward on  a  centrifugal  pathway  to  a  centrifugal  end  or- 
gan. The  anatomical  structure  subserving  this  consists 
of:  A  sensory  end  organ,  a  peripheral  sensory  fibre,  a 
ganglion  cell,  a  peripheral  motor  fibre,  a  motor  end-or- 
gan— in  other  words,  a  sensory  and  a  motor  neurone  of 
the  peripheral  kind. 

This  anatomical  structure  is  called  a  reflex  arc.  The 
primary  reflex  arc  is  under  the  influence  of  one  or  more 
secondary  arcs,  which  are  i-epresented  by  an  analogous 
arrangement  of  secondary  neurones. 

The  centrifugal  branch  of  one  of  the  supposed  second- 
ary arcs  is  represented  by  the  fibres  of  the  pyramidal 
tracts.  The  centripetal  partner  and  the  central  connec- 
tion of  the  two  are  not  fully  known.  The  former  is 
probably  found  in  the  ascending  cerebral  and  cerebellar 
tracts,  and  the  central  station  is  probably  situated  in  the 
gray  matter  of  the  cerebrum  and  cerebellum,  and  in  the 
nuclei  and  gray  matter  of  the  mesencephalon.  The  ten- 
don phenomena  are  accompanied  by  conscious  sensation. 
Whether  this  sensation  is  carried  up  along  the  centripetal 
pathways  above  mentioned  or  not  is  not  known.  Usu- 
ally when  a  reflex  arc  is  spoken  of,  only  the  strict  neural 
elements  are  understood  to  represent  it,  while  the  sensory 
and  motor  end-organs  are  not  included.  The  ganghonic 
stations  are  spoken  of  as  reflex  centres.  In  addition  a 
reflex  arc  is  under  the  modifying  influence  of  individual 
segments  of  the  spinal  coi-d  above  it.         .    ,      ^  ,    , 

In  the  lowest  forms  of  hfe  the  anatomical  substratum 
of  most  reflexes  is  represented  by  one  reflex  arc  only. 
This  is  the  case  also  in  some  of  the  simpler  forms  of  re- 
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All 'that  has  been  said  thus  far  apphes  particularly  to 
the  tendon  phenomena.  For  other  reflexes,  skm  reflexes, 
visceral  reflexes,  etc.,  analogous  anatomical  structures 
are  supposed  to  exist.  Their  exact  location  and  connec- 
tions are  fully  known  in  some  instances  not  entirely  in 
others,  while  in  still  others  they  are  altogether  hypo- 
thetical. 
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Reflex  centres  are  constituted  either  by  the  gray  mat- 
ter oJf  the  cerebro-spinal  axis,  or  by  the  gray  matter  of  the 
sympathetic  (visceral)  system.  The  aflferent  and  efferent 
patliways  are  either  exclusively  cerebrospinal,  or  exclu- 
sively sympathetic  (visceral)  or  mixed. 

It  is  believed  that  a  reflex  arc  is  constantly  traversed 
by  neural  energy  which  establishes  in  this  arc  a  sort  of 
functional  equilibrium.  Under  normal  conditions  this 
equilibrium  is  altered  in  consequence  of  changes  in  the 
secondary  reflex  arcs,  and  this  results  in  voluntary  action 
or  reflex  action.  Within  physiological  limits  a  variety 
of  general  and  local  causes,  acting  on  all  or  some  parts  of 
the  reflex  arcs,  will  greatly  modify  reflex  activity.  This 
will  be  still  inore  so  in  the  domain  of  pathology. 

It  is  thus  seen  that  the  semeiological  value  of  reflexes  is 
not  exclusively  reserved  for  neuropathology.  _  Diagnos- 
tic and  particularly  prognostic  aid  is  occasionally  re- 
ceived from  a  study  of  reflex  phenomena  in  general  dis- 
eases. Attention  has  lately  been  drawn  to  this  fact  by 
Pfaundler  and  Luethye  in  their  investigations  on  the  be- 
havior of  reflexes  in  pneumonia  and  other  acute  infec- 
tious diseases  {Munch,  med.  Wochensohrift,  July,  August, 
1903). 

The  systematic  study  of  reflexes  in  neuro-visceral  dis- 
eases will  probably  yield  valuable  information. 

The  theoretical  controversy  about  the  nature  of  reflexes 
is  exclusively  concerned  with  tendon  reflexes  and  hinges 
upon  the  question  of  the  interrelation  and  interdepend- 
ence of  tendon  phenomena  and  so-called  muscle  tonus. 
The  nature  of  all  other  reflexes  (skin  and  visceral)  is  ap- 
parently undisputed;  they  are  believed  to  be  genuine 
reflexes. 

According  to  Jendrassik  reflexes  investigated  at  the 
bedside  may  be  divided  into  three  categories,  according 
to  the  supposed  situation  of  their  centres. 

1.  Spinal :  Tendon,  muscle,  periosteum,  bone  reflexes, 
jaw-jerk. 

2.  (7isreJ?'aZ  (cortical)  cutaneous  reflexes:  Scapular,  ab- 
dominal, cremasteric,  scrotal,  gluteal,  plantar,  palpebral, 
conjunctival,  pharyngeal,  anal. 

_   S.   Visceral  (sympathetic) :  Sneezing,  swallowing,  vom- 
iting, coughing,  erection,  ejaculation,  etc. 

The  first  group,  also  called  physiological  spinal  reflexes, 
is  characterized  by  the  following  points: 

(1)  The  reflex  is  elicited  from  moderately  sensitive 
areas. 

(2)  The  reflex  movement  is  usually  not  accompanied 
by  specific  sensation. 

(3)  The  exciting  stimulus  is  a  simple  mechanical  irri- 
tation. 

_  (4)  The  intensity  of  the  reflex  movement  is  not  so  va- 
riable as  in  the  second  group. 

(5)  It  can  be  elicited  on  one's  self  as  well  as  on  others. 

(6)  The  period  of  latency  is  the  shortest. 

(7)  The  reflex  movement  is  a  simple  twitch  and  is  ap- 
parently not  adapted  to  certain  ends. 

(8)  Muscular  exertion  increases  this  reflex. 

(9)  In  diseases  of  the  brain  (after  a  certain  time)  these 
reflexes  are  increased. 

(10)  Delay  is  not  observed. 

(11)  Mental  influences  are  of  little  effect.  Distraction 
of  attention  makes  the  demonstration  easier. 

Reflexes  of  the  second  group  are  characterized  by  the 
following  points : 

(1)  The  elioitation  of  the  reflexes  takes  place  from  very 
sensitive  localities. 

(2)  The  reflex  is  accompanied  by  sensation. 

_  (3)  The  exciting  stimulus  must  be  of  sufliieient  dura- 
tion to  produce  a  distinct  sensation. 

(4)  The  intensity  of  the  exciting  stimulus  is  not  always 
proportionate  to  the  result.  Individual  variations  are 
great. 

(5)  These  reflexes  can  be  elicited  on  one's  self  onlv  with 
great  difficulty.  ■' 

(6)  The  period  of  latency  is  longer  than  in  the  first 
group  and  not  as  constant.  The  period  of  latency  is 
'"?7'n°^i'°°^*'^  *°  "^"^  ^P'^'^'^  °^  ^^'^  sensory  conduction. 

(1)  Ihe  resulting  movement  is  more  complicated  and 

«72 


seems  to  have  the  purpose  of  removing  the  irritated  parts 
from  the  source  of  irritation. 

(8)  Increased  muscular  activity  frequently  diminishes 
these  reflexes. 

(9)  These  reflexes  are  diminished  or  absent  in  cerebral 
lesions. 

(10)  They  are  delayed  in  appearance  when  the  sensory 
conduction  is  delayed. 

(11)  Mental  influences  increase  or  diminish  these  re- 
flexes. Distraction  of  attention  frequently  diminishes, 
them. 

Reflexes  of  the  third  group  are  characterized  by  the 
following  points: 

(1)  These  reflexes  are  elicited  from  sensitive  points. 

(3)  They  are  accompanied  by  specific  sensation.  The 
sensation  here  is  of  greater  importance  than  in  the  reflexes 
of  the  second  group. 

(3)  The  time  for  the  necessary  stimulation  is  here  the 
longest. 

(4)  These  reflexes  have  great  individual  variations. 

(5)  They  are  elicitable  on  one's  self,  but  depend  upon 
specific  stimulation. 

(6)  The  time  of  latency  is  the  longest. 

(7)  The  resulting  movement  is  very  complicated — bilat- 
eral. 

(8)  Muscular  exertion  diminishes  these  reflexes. 

(9)  In  cerebral  lesions  they  are  increased  or  diminished. 

(10)  Mental  influences  are  of  great  importance. 
Dejerine  divides  reflexes,  according  to  the  nature  of  the 

peripheral  parts  of  the  reflex  arc,  into  four  groups : 

1.  Reflexes,  the  centripetal  and  centrifugal  branches  of 
whose  arc  are  represented  by  cerebrospinal  fibres :  tendon 
reflexes,  cutaneous  reflexes,  reflexes  of  deglutition. 

2.  Reflexes,  the  centripetal  branch  of  whose  arc  is  a 
cerebrospinal  fibre,  and  the  centrifugal  branch  a  sympa- 
thetic (visceral)  fibre :  salivation,  blushing,  intestinal  con- 
traction, pain  reaction  of  the  iris. 

3.  Reflexes,  the  centripetal  branch  of  whose  arc  is  a 
sympathetic  (visceral)  fibre,  and  the  centrifugal  branch  a 
cerebrospinal  fibre.  This  group  is  represented  mostly  by 
pathological  reflexes :  reflex  phenomena  due  to  irritation 
or  disease  of  the  abdominal  viscera. 

4.  A  group  which  logically  would  be  presented  by  re- 
flexes, the  centripetal  and  centrifugal  branches  of  whose 
arc  are  built  up  of  sympathetic  or  visceral  fibres.  Physi- 
ological: secretion  of  digestive  juices.  Pathological: 
Visceral  congestion,  redness  or  pallor  of  the  skin  in  con- 
sequence of  hepatic  colic,  etc. 

InDejerine's  original  article,*  however,  this  last-named 
group  is  thus  characterized : 

4.  In  the  last  group  can  be  placed  the  reflex  acts  whose 
paths  of  conduction  do  not  arise  from  the  sympathetic 
system.  Physiological :  The  secretion  of  intestinal  juices 
in  the  course  of  digestion.  Pathological :  The  phenome- 
na of  visceral  congestion,  blushing,  pallor,  coldness  of 
the  skin  produced  by  organic  affections  (colics,  etc.). 

For  the  clinical  understanding  of  the  tendon  phenome- 
na, Sherrington's  classlflcation  seems  helpful.  He  be- 
lieves that  one  ought  to  distinguish  under  the  name  of 
tendon  reflexes  two  different  varieties  of  phenomena: 

1.  True  spinal  and  cerebrospinal  reflexes,  excited  by 
stimuli  apphed  to  the  tendons. 

2.  Peudo-reflexes,  commonly  called  tendon  phenomena 
or  tendon  concussions. 

The  true  tendon  reflexes  have  no  considerable  clinical 
importance.  The  pseudo-reflexes  are  not  genuine  reflexes 
because:  (1)  The  time  occupied  for  their  production  is 
very  short.  (3)  The  muscular  contraction  is  a  simple 
twitch  and  not  prolonged  or  tetanic ;  therefore  the  knee 
phenomenon  is  not  a  true  spinal  reflex,  but  a  direct  re- 
sponse of  the  muscle  to  a  sudden  mechanical  tension. 
Only  when  the  muscle  is  in  connection  with  its  neural 
supply  can  this  response  be  obtained.  For  the  produc- 
tion of  the  knee  phenomenon  the  tonus  of  the  muscle  is 
indispensable. 


*  Ch.  Bouchard :  "  Semeiologie  des  Reflexes.' 
logic  geagrale,"  tome  v.,  p.  999, 1901. 
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The  number  of  reflexes  so  far  described  is  quite  con- 
siderable. Additions  are  constantly  being  made,  and  the 
future  will  undoubtedly  bring  more.  Only  a  few  of  this 
large  number  have  general  clinical  importance.  The 
others  gain  in  importance  and  prove  useful  and  reliable 
guides  in  segmental  and  topical  diagnosis,  in  proportion 
to  their  anatomical  elucidation. 

The  following  reflexes  are  among  the  older  and  better 
known : 

A.  Superficial  Reflexes:  Palpebral,  corneal,  conjunc- 
tival, pharyngeal,  interscapular,  epigaslric;  upper, 
lewer,  middle  abdominal;  cremasteric,  scrotal,  anal, 
gluteal,  lumbar,  pilomotor  or  goose-skin  reflex. 

B.  Deep  or  Tendon  Beflexes :  Patellar,  Achilles,  triceps 
or  olecranon,  biceps,  ulnar,  radial,  masseter  or  Jaw-jerk. 

C.  Visceral  Meflexes :  Pupillary,  bladder,  rectal,  sexual. 
Some  of  the  newest  reflexes  are :  The  lumbo-femoral  of 

Bechterew,  the  infraspinatus  of  Steiner,  the  supra-orbi- 
tal of  McCarthy. 

The  exciting  stimulus  necessary  for  the  production  of 
a  reflex  varies  in  quality  and  quantity.  The  pupillary 
reflexes  respond  to  specific  irritation  of  the  optic  nerve — 
photic  stimuli.  The  superficial  reflexes  are  evoked  by 
stimulation  of  the  tactile  or  algetic  senses.  The  tendon 
reflexes  are  the  result  of  mechanical  stimulation  of  the 
tendon.  Under  certain  conditions  mechanical  stimulation 
of  the  adjacent  structures  (periosteum,  bone,  articulatory 
surface)  yields  a  reflex  contraction. 

The  sensory  (tactile  or  algetic)  stimulation  of  the  skin 
around  the  knee  occasionally  gives  rise  to  a  contraction 
of  the  quadriceps  muscle.  This  is  not  a  genuine  tendon 
phenomenon,  but  is  known  under  the  name  of  pseudo- 
knee-jerk,  and  has  been  described  by  Wespthal,  with  a 
note  of  warning  to  keep  this  phenomenon  distinct  from 
the  genuine  tendon  jerk.  The  pseudo-knee  phenomenon 
may  be  observed  even  when  the  genuine  knee-jerk  is 
absent. 

The  intensity  of  the  sensory  stimulation  necessary  for 
the  production  of  a  reflex  has  an  upper  and  lower  limit 
of  efficacy.  Below  a  certain  limit  of  irritation  the  reflex 
phenomenon  dependent  upon  this  irritation  naturally  does 
not  ensue.  Equally  disturbed  is  the  reflex  response  in 
its  clearness,  or  it  is  even  entirely  frustrated  when  the 
sensory  stimulus  is  above  a  certain  limit  of  intensity. 
Therefore  the  intensity  of  the  sensory  stimulus  may  be 
looked  upon  as  an  index  of  the  reflex  activity  of  the  cen- 
tres or  arcs,  which  vary  considerably  within  physiologi- 
cal limits.  The  intensity  and  extensity  of  the  reflex  re- 
sponse are  also  quite  variable.  The  muscular  contraction 
is  sometimes  vigorous,  quick  and  lightning-like,  at  other 
times  sluggish  and  less  active.  When  the  reflex  response 
is  considerably  exaggerated,  the  irritation  is  followed  by 
a  succession  of  contractions,  known  as  clonus  (patellar 
clonus,  ankle  clonus,  wrist  clonus).  In  a  still  higher  de- 
gree of  increased  reflex  irritability,  this  clonic  response 
spreads  over  wide'  teriitories,  and  is  then  called  "  epilep- 
sie  spinale." 

Under  certain  conditions  the  muscular  contraction  is 
limited  to  one  muscle  only,  and  at  other  times  it  spreads 
to  neighboring  muscles,  or  even  to  homologous  muscles 
of  the  opposite  side  of  the  body.  Furthermore,  a  cumu- 
lative quality  of  the  sensory  stimulation  is  occasionally 
observed.  A  reflex  occurring  at  times  from  one  stimula- 
tion will  need  at  other  times  a  repeated  stimulation  for 
its  production.  Sometimes  the  reflex  response  shows  a 
peculiar  exhaustibility.  This  is  seen  when  the  same 
stimulation  is  followed  at  one  time  by  a  normal  contrac- 
tion, at  another  by  a  much  weaker  one  or  by  none  at  all. 
Another  expression  of  the  same  tendency  is  to  be  seen 
when  a  reflex  that  responds  to  a  stimulus  becomes  ex- 
hausted after  frequent  stimulation,  then  reappears  again 
after  a  short  interval  of  rest.  These  variations  when  oc- 
curring under  the  same  conditions  of  stimulation  also 
permit  the  inference  as  to  the  state  of  the  reflex  activity 
of  the  centres  or  arcs.  At  the  same  time  these  variations 
of  the  reflex  response  may  be  profitably  kept  distinct 
from  the  variations  of  the  response  depending  upon  the 
intensity  of  the  stimulation.    The  latter  may  be  desig- 


nated as  variations  of  the  reflex  irritability,  and  the  former 
as  variations  of  reflex  mobility. 

Frequently  the  attempt  has  been  made  to  express  the 
described  variations  of  the  sensory  stimulation  and  motor 
response  of  the  reflex  phenomena  in  more  exact  terms. 
Apparatuses  have  been  devised  for  the  purpose  of  meas- 
uring the  one  as  well  as  the  other;  these  investigations 
have  aided  the  physiological  conception  of  reflexes ;  but 
clinically  they  have  not  been  of  much  value. 

If  all  of  the  foregoing  be  borne  in  mind,  the  following 
propositions  will  be  self-evident : 

Beflexes  are  Increased. — 1.  When  the  sensory  end  ap- 
paratus, or  the  centripetal  fibre,  or  the  centrifugal  fibre, 
or  the  primary  reflex  centre,  is  in  a  more  or  less  marked 
state  of  irritation. 

3.  When  the  inhibitory  influence  of  the  secondary  re- 
flex arc  is  diminished  or  paralyzed. 

Beflexes  are  Diminished  or  Absent.  — 1 .  When  the  sensory 
end-apparatus,  or  the  centripetal  fibre,  or  the  centrifugal 
fibre,  or  the  primary  reflex  centre,  is  in  a  state  of  more  or 
less  marked  paresis  or  paralysis. 

2.  When  the  stimulating  influence  of  the  secondary  re- 
flex arc  is  diminished  or  paralyzed. 

Lastly,  reflexes  will  be  increased  or  diminished  accord- 
ing to  the  increase  or  diminution  of  the  exciting  stimulus. 

There  are  a  maximum  and  a  minimum  of  conditions 
favorable  to  the  elicitation  and  demonstration  of  reflexes. 
For  the  pupillary  reflexes  it  is  necessary  that  the  differ- 
ence between  the  stimulations  (light  and  dark)  be  quite 
marked.  The  skin  and  tendon  reflexes  are  considerably 
impeded  by  the  will  and  by  concentrated  attention ;  the 
skin  reflexes  less  so  than  the  tendon  reflexes.  Difiiculties 
encountered  clinically  in  the  demonstration  of  pupillary 
reflexes  are  obviated  by  examining  the  patient  in  a  dark 
room,  with  artificial  light,  and  by  taking  care  that  ac- 
commodation is  excluded. 

In  the  case  of  skin  and  tendon  refiexes,  various  means 
have  been  devised  for  distracting  the  patient's  attention 
during  the  examination.  To  obviate  these  difficulties  re- 
course is  had  to  what  is  commonly  called  the  method  of 
reinforcement,  or  the  Jendrassik  method.  This  consists  of 
the  following:  The  patient  is  directed  to  link  his  hands 
into  each  other  and  then  to  attempt  to  pull  the  hands  forci- 
bly apart.  Care  must  be  taken  that  the  tap  of  the  tendon 
is  synchronous  with  the  greatest  effort  of  the  patient. 

A  characteristic  and  peculiar  degree  of  muscular  con- 
traction is  indispensable  for  the  demonstration  of  tendon 
reflexes.  A  muscle  contracted  above  a  certain  limit  is 
incapable  of  expressing  an  additional  contraction,  and  a 
muscle  relaxed  beyond  a  certain  hmit  is  also  irresponsive 
to  reflex  stimulation.  Finally  it  is  not  to  be  forgotten 
that  recent  or  previous  disease  of  the  structures  around 
the  knee-  or  ankle-joint  is  carefully  to  be  excluded. 

It  should  not  be  said  that  a  reflex  is  absent  unless  the 
examination  has  been  made  with  the  above-mentioned 
precautions. 

At  the  end  of  this  article  will  be  found  a  list  of  all  re- 
flexes with  their  respective  anatomical  locations  and  con- 
stituents, and  their  clinical  significance. 

It  remains  only  to  discuss  in  detail  the  most  important 
reflexes:  the  pupillary  phenomena,  the  knee-jerk,  the 
Achilles  jerk,  and  the  plantar  reflex. 

Pdpili.ary  Phenomena. 

The  lollowing  points  are  noted  in  the  examination  of 
pupillary  phenomena: 
1.  The  size  of  the  pupils. 

3.  Their  shape  and  outline. 

3.  The  light  reactions  (direct  and  consensual). 

4.  The  accommodative  and  convergence  reactions. 

5.  The  pain  reaction. 

Recent  or  previous  disease  of  the  structures  of  the  eye- 
ball (cornea  and  iris,  anterior  chamber,  etc.)  must  be  care- 
fully excluded  before  any  conclusions  are  drawn.  Under 
average  physiological  conditions  both  pupils  are  of  me- 
dium dilatation  and  equal  when  exposed  to  diffused  day- 
light.    Inequality  of  the  pupils  (anisocona)  is,  as  a  rule. 


Heflexes. 
Reflexes. 
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oatholosical.  Exceptions  to  this  rule  are  few  and  not 
fully  understood.  Very  wide  pupils  (mydriasis)  are 
sometimes  within  physiological  limits,  but  are  most  often 
observed  in  sensitive  neurotic  subjects.  Very  small  pu- 
pils (myosis)  are  more  often  pathological  than  the  pre- 
ceding. It  is  not  to  be  forgotten  that  drugs  are  occasion- 
ally the  cause  of  the  mentioned  states  of  the  pupils 
/belladonna,  opiates). 

Normally  the  outline  of  the  pupil  is  circular,  and  the 
free  border  smooth.  Serrations  of  outline  and  imperfec- 
tions of  the  circle  are  significant.  As  a  rule  this  denotes 
previous  syphilitic  infection. 

The  direct  reaction  consists  of  dilatation  of  the  pupil 
when  light  is  shut  out,  and  of  contraction  of  the  pupil 
when  light  is  admitted. 

To  ascertain  this  reaction,  the  patient  is  directed  not  to 
accommodate  for  any  near  object,  and  both  pupils  are 
alternately  e.xposed  to  and  protected  from  the  light,  and 
the  result  is  watched.  This  reaction,  "  reaction  to  light," 
is  never  absent  in  health. 

When  the  light  reaction  does  not  ensue,  and  care  has 
been  taken  to  avoid  the  mentioned  possibilities  of  error, 
the  pupils  are  said  to  be  "  stiff. "  This  constitutes  the 
Argyll-Robertson  phenomenon. 

The  consensual  reaction  consists  of  contraction  or  dila- 
tation of  the  pupil  of  the  opposite  side,  following  the 
admission  or  exclusion  of  light  from  the  other  pupil. 
This  is  best  examined  for  as  follows:  The  pupil  is 
watched  while  the  lid  of  the  other  eye  is  raised  or  low- 
ered. This  reaction  is  rarely  disturbed  alone.  It  is  seen 
sometimes  in  conjunction  with  other  disturbances  of  the 
pupillaiy  play. 

The  accommodation  reaction  consists  of  contraction  of 
the  pupil  on  fixation  of  near  objects  and  of  dilatation  of 
the  pupil  when  looking  into  the  distance. 

The  convergence  reaction  is  a  contraction  of  the  pupil 
on  convergence  of  the  eyeballs  (simultaneous  innervation 
of  both  internal  recti). 

The  pain  reaction  consists  of  a  dilatation  of  the  pupil 
upon  painful  stimulation  of  face  or  neck,  or  sometimes 
upon  painful  stimulation  of  any  part  of  the  body. 

The  hemiopic  pupillary  reaction  of  Wernicke  is  a  rare 
pupillary  phenomenon.  It  occurs  in  cases  of  hemianop- 
sia, central  or  peripheral.- 

Light  reaction  occurs  only  on  stimulation  of  the  sensi- 
tive half  of  the  retina,  and  does  not  ensue  when  the  non- 
sensitive  half  is  irritated.  It  is  best  demonstrated  when 
one-half  of  the  pupil  is  protected  by  a  small  shield  and 
the  other  is  alternately  stimulated  by  admission  and  ex- 
clusion of  light. 

Occasionally  one  finds  in  literature  the  term  paradoxi- 
cal pupillary  reaction.  The  reaction  is  said  to  be  para- 
doxical when  the  pupil  dilates  on  admission  and  contracts 
on  exclusion  of  light. 

Sluggish  and  lively  pupillary  reactions  are  likewise 
spoken  of.  These  depend  of  course  upon  the  speed  with 
which,  and  extent  to  which,  reactions  take  place. 

Lastly  a  phenomenon  has  been  described  by  Strasbur- 
ger  and  Saenger  (Neurol.  Gentralbl,  1903)  under  the  name 
of  myotonic  pupillary  reaction.  They  mean  reactions 
that  occur  in  such  a  way  that  the  iris  remains  for  a  short 
time  in  dilatation  or  contraction,  as  the  case  may  be,  be- 
fore changing. 

Pupillary  reactions  have  also  been  observed  as  a  type 
of  associated  movements  coincident  with  looking  upward 
or  upon  forcible  closure  of  the  eyes. 

It  has  further  been  stated,  by  good  authority,  that  even 
the  mere  suggestion  of  light' and  dark,  for  instance  to 
totally  blind  people,  is  sometimes  followed  by  the  corre- 
sponding pupillary  reaction. 

A  state  of  unrest  and  constant  change  of  width  of  pu- 
pil has  also  been  noticed  at  times,  and  been  given  the 
name  of  hippus. 

Knbb-Jerk. 
The  knee-jerk  (knee  kick,  knee  reflex,  patellar  reflex 
knee  phenomenon,  Brb  or  Westphal  phenomenon)  is  the 
name  given  to  a  contraction  of  the  quadriceps  femoris, 
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that  follows  a  blow  upon  the  patellar  tendon.  The  con- 
traction is  more  marked  in  the  internal  division  of  the 
muscle  (vastus  internus).  The  knee-jerk  is  rarely  absent 
in  health. 

In  order  to  demonstrate  this  phenomenon,  it  is  neces- 
sary, as  was  explained  before,  to  prevent  inhibition  on 
the  part  of  the  patient. 

The  knee  phenomenon  is  elicited  in  the  following  way : 

1.  The  knee  is  allowed  to  swing  freely  on  the  exam- 
iner's hand,  or  the  foot  is  put  flatly  upon  the  floor,  so 
that  the  leg  and  thigh  form  a  slightly  obtuse  angle,  or  one 
leg  is  crossed  upon  the  other,  and  the  leg  is  allowed  to 
swing  freely. 

3.  A  sharp  tap  is  made  upon  the  patellar  tendon  with 
the  tips  of  the  fingers,  with  the  ulnar  border  of  the  hand, 
with  a  percussion  hammer,  or  with  any  other  suitable  in- 
strument. Thereupon  a  contraction  of  the  quadriceps 
muscle  ensues,  more  or  less  quick  and  vigorous.  This 
contraction  can  frequently  be  seen  and  felt,  and  it  gives 
rise  to  a  more  or  less  marked  excursion  of  the  leg.  This 
reflex  varies  quite  considerably  within  physiological  and 
pathological  limits.  These  variations  are  designated  by 
the  names  of  normal,  lively,  increased,  diminished,  exag- 
gerated, etc.  In  states  of  exaggeration,  a  reflex  response 
is  elicited  not  only  upon  mechanical  stimulation  of  the 
tendon,  but  also  upon  irritation  of  a  wider  area  around 
the  knee  and  the  upper  part  of  the  tibia.  In  states  of 
diminution  of  the  reflex  response,  the  reflexogenic  zone 
is  considerably  narrowed,  and  the  reflex  response  is  more 
liable  to  occur  upon  stimulation  of  the  median  than  upon 
stimulation  of  the  lateral  half  of  the  patellar  tendon. 

Evidence  of  greater  exaggeration  of  the  knee  reflex  is 
patellar  clonus.  This  is  demonstrated  in  the  following 
way: 

The  lower  extremity  is  slightly  hyperextended  and 
the  patella  is  pushed  quickly  downward,  and  percussed 
or  tapped  in  this  position.  A  sharp  clonic  contraction 
is  the.  result.  Sometimes  the  reflex  contraction  is  not 
limited  to  the  quadriceps  muscle  alone,  but  is  observed 
in  the  adductor  group  of  muscles  of  the  same  side,  or  oc- 
casionally of  the  opposite  side  of  the  body.  Rarely  the 
contraction  occurs  even  in  the  quadriceps  muscle  of  the 
other  side.  The  latter  phenomena  are  called  crossed  ad- 
ductor and  crossed  knee-jerk  respectively. 

Direct  mechanical  stimulation  of  the  belly  of  the  mus- 
cle is  also  followed  by  contraction  of  the  muscle.  This 
is,  however,  the  expression  of  the  so-called  mechanical 
muscular  irritability,  and  reveals  itself  clinically  in  two 
forms : 

1.  The  contraction  is  fascicular  and  limited  to  the  site 
of  the  irritation. 

3.  The  entire  muscle  contracts. 

This  last-named  contraction  is  not  to  be  confounded 
with  the  true  knee  reflex.  It  is  frequently  found,  for  in- 
stance, in  cases  of  tabes,  in  which  the  reflex  is  absent. 

The  occurrence  of  a  pseudo-knee  phenomenon — a  con- 
traction of  the  quadriceps  upon  algetic  stimulation  of  the 
skin  around  the  knee— has  been  mentioned  above. 

Achilles  Jerk. 

The  Achilles  jerk  consists  of  a  contraction  of  the  calf 
muscles  upon  tapping  of  the  Achilles  tendon.  This  reflex 
is  examined  for  in  the  following  way: 

1.  The  foot  is  slightly  dorsiflexed'  the  knee  is  slightly 
flexed,  and  the  Achilles  tendon  is  tapped.  A  plantar 
flexion  of  the  foot  ensues. 

8.  The  lower  extremity  is  slightly  flexed  at  hip  and  to- 
tally flexed  at  knee,  and  in  this  position  the  entire  leg 
rests  on  a  chair  while  the  foot  is  free.  In  this  position 
the  Achilles  tendon  is  tapped,  and  a  plantar  flexion  of 
the  foot  is  the  result. 

When  this  reflex  is  exaggerated,  a  forced  dorsiflexion 
of  the  foot  is  followed  by  a  succession  of  contractions. 
This  is  called  the  ankle  clonus.  This  clonic  contraction 
keeps  up  as  long  as  the  dorsiflexion  of  the  foot  is  main- 
tained. At  other  times  it  soon  ceases  and  may  or  may 
not  reappear.    The  ankle  clonus  which  is  difficult  to  de- 
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monstrate,  and  in  which  the  clonic  contractions  are  not 
vigorous  and  are  easily  exhaustible,  are  sometimes  spoken 
of  as  pseudo-ankle  clonus. 

Sometimes  difficulties  are  encountered  in  the  demon- 
stration of  ankle  clonus,  and  then  it  is  well  to  use  the 
following  procedure:  Bend  the  lower  extremity  slightly 
at  hip-  and  knee-joints;  exert  sharp  dorsiflexion  of  the 
foot,  and  in  addition  tap  repeatedly  the  Achilles  tendon 

The  pseudo-ankle  clonus  is  very  rarely  evidence  of  or- 
ganic disease,  although  undoubtedly  cases  of  disease  of 
the  pyramidal  tracts  occur  in  which  the  ankle  clonus  is 
of  a  pseudo  type. 

On  the  other  hand,  the  genuine  ankle  clonus  which  is 
expressed  by  vigorous  clonic  contractions,  which  persist 
as  long  as  the  dorsiflexion  of  the  foot  is  kept  up,  is  usu- 
ally, though  not  always,  evidence  of  organic  disease 

The  question  of  the  occurrence  of  genuine  ankle  clonus 
in  hysteria  is  not  fully  decided.  There  are  undoubtedly 
a  few  cases  of  hysteria  with  marked  ankle  clonus  on 
record. 

Care  should  be  taken  not  to  confound  the  genuine 
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tltoi  of  th  ^'"'^'  expression  of  the  mechanical  irri- 
tation of  the  muscle.  The  Achilles  reflex  is  rarelv  if 
ever,  absent  m  health,  although  it  is  not  believed  to'be 
as  constant  as  the  knee-jerk.  uc-jievea  to  be 

Plantar  Reflex. 

nfThP  il'fn"t''fl  '"''*'''''  i!  "'"^ '"°''  constant  representative 
of  the  skin  reflexes  It  consists  of  a  sequence  of  contrac- 
tions of  a  variety  of  muscles  of  the  lower  e.xtremife  fot 
lowing  actile  or  algetic  stimulation  of  the  sole  of  the  foot 
i  or  the  production  of  the  reflex,  tho  median  half  of 
the  sole  is  more  sensitive  than  the  lateral  half  Under 
normal  conditions,  and  under  mild  stimulation,  the  mus- 

«n,f  t'^fL  ''?'"«  "y  ''^°. '"  °°°'''^'^*  ^'-e  "'e  tensor  fascia; 
and  the  plantar  flexors  of  toes  and  foot 

_   In  states  of  increased  reflex  excitability  the  whole  foot 

IS  dorsiflexed_,  and  in  a  still  higher  degree  the  entire 

lower  extremity  is  removed  from  the  source  of  irritation 

1  he  same  takes  place  when  the  exciting  stimulus  is 

stronger  or  frequently  repeated  in  succession 


Keflexes. 


Corneal  and  con- 
junctiyal. 

Pupillary  (light) 

Pain  reaction  of 
pupil. 


Pharyngeal.. 

Jaw  -  jerk  (cWn 
phenomenon) 


Mimetic  reflex  of 
face. 


Scapular 

Palmar 

Epigastric 

-Abdominal  . . . 

Cremasteric  . . 

Gluteal 

Plantar 

Triceps  

Biceps 

Tyrist-jerks 

Patellar  reflex. 
Achilles  reflex. 


Nedkal  Mechanism. 


Afferent. 


Fifth  nerve. 


Optic  nerve... 

Cerebral  or  spinal 
sensory  nerves. 


Ninth  nerve  . 
Fifth  nerve. . 


Efferent. 


Seventh  nerve. 


Oculomotor . 


Cervical    sympa- 
thetic Bbres. 


Seventh  nerve . . . 

Motor  portion  of 
fifth. 


Centre. 


Demonstration. 


Nerves  of  special 
senses.  Psychic 
stimuli. 


Sensory  roots, 
fifth  cervical  to 
first  dorsal. 

Sensory  nerves, 
seventh  cervical 
to  first  dorsal. 

Sensory     nerves, 

fourth  to  seventh 

dorsal. 

Sensory  neiTes. 
seventh  to 
eleventh  dorsal. 

Sensory  nerves, 
first  to  third 
lumbar. 


Facial  nerve. 


Sensory     nerves, 

fourth    to  nfth 

lumbar. 
Sensory     nerves, 

first   to   second 

sacral. 

Sensory    nerves, 
sixth  cervical. 


Sensory    nerves, 
sixth  cervical. 


Sensory  nerves, 
sixth  to  eighth 
cervical. 


Same  motor  roots 


Motor  nerves, 
seventh  cervical 
to  first  dorsal. 

Motor  nerves, 
fourth  to  seventh 
dorsal. 

Motor  nerves, 
seventh  to 
eleventh  dorsal. 

Motor  nerves, 
first  to  third 
lumbar. 


Motor       nerves, 

fourth  to    fifth 

lumbar. 
Motor       nerves, 

first  to    second 

sacral. 

Motor       nerves, 
sixth  cervical. 


Nucleus  of 
seventh  nerve. 

CiHaiy    ganglion 

Cilio-spinal  cen- 
tre, fourth  to 
seventh  cervical 

Nucleus  of 
seventh  nerve. 

Motor  nucleus  of 
fifth. 


Thalamus 
cus  (?). 


opti- 


Sensory  nerves, 
second  to  fourth 
lumbar. 

Sensory  nerves, 
third  to  fifth 
sacral. 


Motor       nerves, 
sixth  cervical. 


Motor  nerves, 
sixth  to  eighth 
cervical. 


Motor  nerves, 
second  to  fourth 
lumbar. 

Motor  nerves, 
third  to  fifth 
sacral. 


A  nterior  horns, 
seventh  cervical 
to  first  dorsal. 

Anterior  horns, 
seventh  cervical 
to  first  dorsal. 

Anterior     horns, 

fourth  to  seventh 
dorsal. 

Anterior  horns, 
seventh  to 
eleventh  dorsal. 

Anterior  horns, 
first  to  third 
lumbar. 


Anterior    horns, 

fourth    to   fifth 

lumbar. 
Anterior    horns, 

first  to   second 

sacral. 

Anterior    horns, 
sixth  cervical 


Anterior     horns, 
sixth  cervical. 


Anterior  horns, 
sixth  to  eighth 
cervical. 


Anterior  horns, 
second  to  fourth 
lumbar. 

Anterior  horns, 
third  to  fifth 
sacral. 


Irritation  of  conjunctiva  or 
cornea,  followed  by  contrac- 
tion of  orbicularis  oculi. 

Alternately  illuminating  and 
shading  the  pupil. 

Painful  stimulation  of  skin  any 
where,  particularly  around 
neck,  followed  by  dilatation 
of  pupil. 

Tickling  of  palate,  followed  by 
contraction  of  velum. 

Percussion  of  lower  jaw,  with 
mouth  slightly  opened,  fol- 
lowed by  contraction  of  mas- 
seters. 

Laughing  or  crying  on  appro 
priate  mental  stimulation. 


Tactile  or  algetic  stimulation  of 
skin,  along  inner  border  of 
scapula.  Adduction  of  scapula. 

Tickling  of  palmar  sui-face  of 
hand,  followed  by  closure  of 
hand. 

Tactile  or  algetic  stimulation  of 
upper  abdomen.  Contraction 
of  abdominal  muscles. 

Tactile  or  algetic  stimulation  of 
lower  abdomen  (below  um- 
bilicus). Contraction  of  ab- 
dominal muscles. 

Tactile  or  algetic  stimulation  of 
skin  around  inner  and  upper 
part  of  thigh,  followed  bypult 
Ing  up  of  testicle. 


Remarks. 


Sensory  or  algetic  stimulation 
of  skin  of  buttocks.  Contrac 
tion  of  glutei. 

Tactile  or  algetic  stimulation  of 
sole  of  foot,  followed  by  con- 
traction of  various  muscles  of 
lower  extremities. 

Relaxed  and  semiflexed  upper 
extremity.  Tapping  of  ten- 
don of  triceps.  Contraction  of 
triceps. 

Relaxed  and  semiflexed  upper 
extremity.  Tapping  of  ten 
don  of  biceps.  Contraction  of 
biceps. 

Tapping  of  ends  of  ulna  or  ra- 
dius, followed  by  flexion  or 
extension,  respectively. 


Mechanical  irritation  of  the 
patellar  tendon  followed  by 
contraction  of  the  quadriceps 
femoris. 

Plantar  flexion  of  foot  upon 
tapping  of  Achilles  tendon. 


Diminished     in    Basedow    disease. 
(Stollweg  phenomenon.) 

Absent  in  tabes  and  general  paresis. 

Absent  in  diseases  of  cervical  sympa- 
thetic. 


Believed  to  be  absent  or  diminished 

in  hysteria. 
Inconstant  In  health.    Exaggeration 

observed  in  disease  of  upper  part  of 

pyramidal  tracts. 

Absent  in  disease  of  thalamus.  In 
exaggerated  states.  Impulsive 
laughter  and  impulsive  crying.  In 
Intracranial  disease,  particularly  of 
basal  ganglia. 

Absent  in  disease  at  this  level.  In- 
constant. 

Very  Inconstant. 


Absent  In  disease  of  this  level  of  the 
cord.  Diminished  or  absent  on  one 
side  In  disease  of  contralateral  cere- 
bral hemisphere. 

Absent  In  disease  of  this  level  of  the 
cord.  Diminished  or  absent  on  one 
side  in  disease  of  contralateral  cere- 
bral hemisphere. 

Absent  in  disease  of  this  level  of  the 
cord.  Diminished  or  absent  on  one 
side,  In  disease  of  contralateral 
cerebral  hemisphere.  Not  to  be  con- 
founded with  the  tunica  dartos  re- 
fiex. 


Bablnski  phenomenon. 


Inconstant.    Exaggerated  in 
of  pyramidal  tracts. 

Inconstant.    Exaggerated  in 
of  pyramidal  tracts. 


Inconstant.  Exaggerated  in  disease 
of  pyramidal  tracts.  Occasionally 
wrist  clonus.  Forcible  dorsiflexion 
of  hand  followed  by  clonic  palmar 
flexion. 
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Tlie  plantar  reflex  has  lately  beeu  invested  with  con- 
siderable clinical  importance  through  the  investigations 
of  Babinsld.  Under  the  name  of  Babinski  phenomenon, 
or  big  toe  ])henoinenon,  the  following  variations  of  the 
l)lantar  reflex  have  been  described  : 

Upon  stimulation  of  the  sole  of  the  foot,  the  big  toe  is 
dorsitlexed,  and  the  other  four  toes  are  plantar-flexed. 
AVlien  this  occurs  slowly  this  is  the  typical  Babinski  phe- 
nomenon. It  is  believed  to  denote  disease  of  the  pyram- 
idal tracts. 

In  eluldren  below  two  years  of  age,  in  whom  tlie  pyram- 
idal tiacts  are  not  fully  medullated,  this  variety  of  plan- 
tar reflex  is  normal. 

While  the  typical  Bi(bind:i  plienomenoii,  as  just  de- 
scribed, is  believed  to  be  undisputed  evidence  of  disease 
of  the  pyramidal  tracts,  with  the  mentioned  exception  in 
cliildren,  its  absence  does  not  prove  that  the  pyramidal 
tracts  are  not  diseased. 

There  are  many  combinations  and  changes  of  the  Ba- 
binski phenomenon,  and  the  significance  of  all  of  them  is 
still  under  dispute. 

At  present  it  is  best  for  clinical  purposes  to  accept  the 
following  guide: 

The  Babinski  phenomenon  is  positive,  and  the  inference 
therefrom  justified: 

1.  When  upon  stimulation  of  the  .sole  of  the  foot  there 
is  dorsiflexion  of  the  big  toe  and  plantar  flexion  of  the 
other  toes. 

2.  When  upon  stimulation  of  the  sole  of  the  foot  there 
is  dorsiflexion  of  the  big  toe  only. 

3.  When  upon  stimulation  of  the  sole  of  the  foot,  there 
is  dorsiflexion  of  all  the  toes. 

The  significance  of  the  third  variety  is  doubtful.  All 
authorities  do  not  agree  that  the  Babinski  phenomenon  is 
always  an  indication  of  organic  disease  of  the  pyramidal 
tracts. 

In  examining  for  the  plantar  reflex,  it  is  well  to  observe 
carefulljf  the  result  of  the  first  stimulation.  After  re- 
peated stimulations,  the  patient's  attention  and  conscious 
interference  can  never  be  fully  excluded  and  a  variety  of 
cerebral  reflexes  occur  which  obscure  considerably  the  in- 
terpretation of  the  result. 

As  a  result  and  consequence  of  disturbed  and  changed 
reflex  activity,  a  set  of  pihenomena  have  received  clinical 
study  and  attention.     These  phenomena  are  comprised 
under  the  name  of  associated  movements  and 
contractures.    From  among  them  the  so-called 
Strilmpell  phenomenon  is  of  clinical  value, 
although  limited. 

The  Struinpell  ■plieiwmerwn  consists  of  the 
following: 

When  the  patient  is  asked  to  flex  the  thigh 
upon  the  hip,  and  the  leg  upon  the  knee, 
there  is  an  associated  plantar  flexion  of  the 
foot  observed  in  cases  of  disease  of  the  pyr- 
amidal tracts. 

Under  physiological  conditions,  or  when 
there  is  no  disease  of  the  pyramidal  ti'acts,  the 
foot  is  dorsiflexed  under  the  above-mentioned 
conditions.  The  so-called  Kernig  sign,  wiiich 
is  believed  to  be  pathognomonic  of  cerebro- 
spinal meningitis,  also  belongs  to  this  group. 
The  Kernig  sign  is  an  inability  on  the  part  of 
the  patient  to  extend  the  leg  when  the  thigh 
is  flexed. 

Contractui-es  and  muscular  rigidity  are  Ire- 
quent  accompaniments  of  exaga-eration  of 
tendon  reflexes;  the  exceptions  to  this  rule 
are  few. 
^  The  state  of  the  leflexes  has  been  of  con- 
siderable value  for  diagnosis  and  correct 
anatomical  interpretation  of  pathological  motor  phe- 
nomena. ' 

The  terms  flaccid  and  spastic  paralysis  refer  ijarticu- 
larly  to  the  state  of  the  reflexes  of  the  paralyzed  muscles 

A  flaccid  paralysis  is  a  more  or  less  marked  motor  pa- 
ralysis with  loss  of  reflex  activity  and  diminution  of  the 
rerie.x  tone. 


A  spastic  paralysis  is  a  more  or  less  marked  motor  pa- 
ralysis with  increase  of  reflex  activity,  and  increase  of 
tonus.  Joseph  Fraenkel. 
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REFUSE  DISPOSAL.— By  this  term  is  here  meant  the 
disposal  of  the  waste  matters  of  a  city,  town,  village,  or 
family,  not  including  the  sewage  which  is  deposited  in 
and  escapes  through  the  underground  system  of  sewers. 
The  items  usually  embraced  in  the  term  "  refuse,"  as  dis- 
tinguished from  "sewage,"  are  the  following: 

Garbage  or  offal,  consisting  of  the  organic  waste  mat- 
ter from  kitchens;  ashes;  house  dust;  waste  paper  and 
rags ;  tin  cans,  crockery,  bottli-s,  and  broken  glass ;  street 
sweepings:  night  soil,  or  contents  of  vaults,  cesspools, 
and  pail  systems. 

Broadl}'  speaking,  the  term  refuse  includes  sewage,  but 
since  this  form  of  waste  product  is  usuall3'"disposed  of  bj' 
a  distinct  sj'Stem  of  underground  pipes  managed  by  a 
board  of  sewer  commissioners,  the  term  refuse  will  here 
be  limited  to  its  usual  significance,  that  of  the  material 
gathered  periodically  from  houses,  hotels,  and  streets,  by 
a  system  of  collection  intended  for  this  purpose.  The 
municipal  management  necessary  for  conducting  this 
class  of  work  often  constitutes  a  serious  problem,  in  con- 
sequence of  the  liability  of  causing  nuisance,  either  in 


Flc.  ;jll42.. 


I'usli-Cart  Used  for  Collection  of  Street  Sweepings.     (From  report  of 
Street  Department,  Bostcn,  1900.) 

the  methods  of  storage,  C(jllccti(m,  and  transportation,  or 
iu  the  final  disposal  of  the  material. 

(^AitiiAOE.— Garbage  is  usually  defined  as  the  waste 
l-u-oducts  of  food  material.  In  addition  to  this,  Cliapin  • 
enumerates,  under  the  head  of  •'  refuse,"  such  waste  ma- 
terials as  glass,  crockery,  strei't  sweepings,  oyster  and 
clam  shells,  sawdust,  corkdust,  old  boots  and  shoes,  dead 
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animaLs,  lawn  elipiiings,  boUlcs,  carllieii,  tin  or  iron  ware, 
rubbish,  tin  cans,  poisonous  matter,  excrement,  urine, 
coal,  and  dirt.  Dead  animals  aud  slaughterhouse  refuse 
add  value  to  garbage  if  it  is  to  be  made  into  fertilizers. 


'tk^:-^^' 


riG.  3943.— (;arbage  Curl  ut  an  Ant'le  fur  Wa.iliiiij;  or  Easy  Lnailint:. 

If  the  materials  are  sorted  aud  such  articles  as  tin  cans, 
bones,  and  paper  are  selected  out  for  utilization,  then 
there  is  no  objection  to  the  de]iosit  of  such  articles  witli 
garbage.  But  if  the  garbage  is  to  be  fed  to  hogs,  or 
ploughed  into  the  ground,  tin  cans  are  usually  excluded. 
The  rules  and  regulations  in  force  at  Lowell  provide  thai 
"kitchen  refuse,  ajiple  and  potato  parings,  corn  huslcs. 
cabbage  leaves,  sliocs,  rubbers,  old  bedding,  soiled  linen 
or  cotton,  and  all  refuse  that  can  l)e  Ijurned  shall  be 
placed  in  the  garbage  vessels." 

Honsehold  Stomr/e. — In  order  that  nuisance  maybe  pre 
vented,  it  is  desirable  that  proper  receptacles  shall  lie 
provided  bj^  householders,  hotel  and  restaurant  keepei's, 
and  others  for  the  storage  of  ashes,  garbage,  vi'aste  papei', 
etc.,  and  that  these  be  placed  inconvenient  and  accessible 
places  for   collection.     Receptacles   for   ashes  are   best 


Fig.  3944.— "  Columbian  "  Uuuiplny  Cart  sbowing  Usi-  of  rmni|ijnir 
Lever. 

made  of  metal.  Those  intended  for  garbage  should  be 
water-tight  and  provided  witli  a  well  titting  cover  to  ex- 
clude rain,  prevent  leakage,  escape  of  odors,  and  access  of 
dogs  and  other  animals.  In  some  cities  separation  of 
ashes,  garbage,  and  paper  is  required  by  regulation ;  in 
others  such  separation  is  not  so  required. 

Frequency  of  Removal.— Gnvh&gc  is  usually  collected 
three  times' a  week,  but  in  some  cities  collection  is  made 
oftener,  and  in  others  not  so  often.  In  some  cities  defi- 
nite hours  are  specified  for  such  removal. 

VeUcles  of  Bemovid.— The  best  form  of  vehicle  for  re- 
moval of  garbage  is  made  of  metal,  and  so  constructed  as 
to  admit  of  dumping  instead  of  shovelling  the  contents. 
In  some  cities  stout  wooden  barrelsor  iron  casks  are  used, 
ten  or  more  making  a  load. 

In  some  large  English  cities  where  the  pad  system  ot 
collection  for  the  removal  of  excremental  waste  is  em- 
ployed the  receptacle  is  removed  from  each  house  with 
'the  contents,  and  replaced  with  an  empty  or  clean  pail  or 


tub.  These  receptacles  are  usually  of  metal  painted  and 
have  a  capacity  of  about  a  half-bushel.     (Pig.  3943.) 

Tlie  vehicles  used  for  this  purpo.se  .should  always  be 
provided  with  covers,  either  fixed  or  movable,  for  use 
when  driving  through  the  public  streets. 

CoUection,  of  Garbar/e. — In  some  cities  garbage  is  col- 
lected by  contract,  and  in  otliers  by  ,some  city  authority. 
Muuici])al  removal,  however,  as  a  general  rule  secures 
the  most  satisfactory  service. 

The  following  data  present  the  cost  and  amount  of  col- 
lection of  garbage  in  some  of  the  largest  American  cities, 
the  data  referring  either  to  1898,  1899,  or  1900.  The 
following  table  rcdates  to  garbage  only: 


Clfy. 

Amount 
collected— tons. 

Cost 
ot  collection. 

102,f)00 
49,000 
60,000 
22,881 
2:;,375 
28,716 
l.«,0(X) 
]99,a57 
23,000 
«9,C;!4 
67,.300 

$120,000* 
6.1,404 
112,641 
33,000* 
69,400* 
61,883 
101.840 
398  000* 

RaltiniurH 

Boston 

Buffalo 

Cleveland  

Milwaukee 

New  York  (BorouKli  of  Manh 
Philadelphia 

iltanl. 

92,aX)* 
99,673 

New  Orleans 

97,200* 

*  Cost  of  CO 

lection 

and  disposal. 

Tlie  Separdtiiin  of  Refuse. — In  very  many  cities  it  is  the 
custom  to  separate  the  refuse  into  two  or  thi'ee  or  even 
more  sorts;  a  very  common  method  requiring  the  separa- 
tion of  the  ashes,  garbage,  and  paper  or  light  combustible 
rubbish  into  three  classes,  the  ashes  being  usually  dis- 
posed of  as  a  filling  for  waste  lands,  the  garbage  being 
ted  to  hogs,  and  the  paper  or  light  rubbish  sold  or 
burned.  In  addition  to  other  classes,  it  is  quite  a  com- 
mon practice  to  separate  the  tin  cans,  bones,  old  iron  and 
glassware,  eacli  of  wliieh  has  a  certain  market  value. 
Such  separation  is  often  made  a  requirement  by  city 
regulations,  and  may  be  enforced  by  a  penalty. 

The  English  law  relating  to  refuse  is  as  foUoAvs  (Sec- 
tion 43  of  the  Public  Health  Act,  1875):  "Every  locail 
authority  may.  and  when  required  by  order  of  the  Local 
Government  Board,  sJuill  themselves  undertake  or  con- 
tiaet  for  the  removal  of  house  refuse  from  premises;  the 
cleansing  of  earth  closets,  privies,  ashpits,  and  cesspools, 
either  for  the  wliole  or  for  any  part  of  their  district." 

By  Section  43  of  the  same"  act,  the  local  authority  is 
mad'e  liable  to  a  penalty  of  five  shillings  per  day,  pay- 
able to  the  occupant  of  a  house,  for  failure  to  remove  ref- 
use after  notice  in  writing  from  such  occupant. 

The  street  refuse  of  Loudon  is  removed  daily  by  boys 
with  sliovels  and  brush,  and  placed  in  iron  dust  bins, 
wdiieh  are  stationed  at  intervals  along  the  edge  of  the 
pavemen  t.  I  n  dry  weatlier  the  streets  are  watered  before 
being  swept.  Tlie  manure  and  dirt  are  removed  by  carts 
and  laken  to  depots  general!}'  close  to  the  river  or  to  a 
railway  station. 

Bach  house  has  its  dust  bin  or  ashpit  for  the  house 
refuse,  from  which  the  contents  are  collected  periodically. 
The  necessary  depots  for  refuse  are  sub.ieet  to  the  follow- 
ing general  regulations: 

l.'The  depots  must  be  as  distant  as  possible  from  in- 
habited places. 

2  The  refuse  must  not  lie  put  into  pits,  but  above 
the'  ground  level.  If  necessary,  a  special  floor,  three 
inches  above  the  ground,  must  be  made. 

3.  The  ground  should  be  drained  and  paved  with  un- 
iiermealde  material. 

4.  The  depots  should  lie  sheltered  from  sun  and  rain, 
but  the  air  should  enter  freely. 

n.  The  ground  leading  to  the  depot  should  be  well 
paved   so  as  to  prevent  pollution  of  the  soil. 

The'custom  of  sorting  refuse  is  vigorousl.y  opposed  by 
some  authorities.  Mr.  Goodrich'  quotes  Dr.  Sedgwick 
Saunders  as  follows:  "  When  the  dust  carts  arrive  at  the 
wharf  their  contents  are  tipped  into  heaps  at  a  place  most 
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convenient  to  the  people  who  are  engaged  as  sorters. 
About  seventy  persons,  chiefly  women,  were  engaged  in 
this  degrading  and  loathsome  work,  most  of  whom  are 
paid  by  piece  worlf,  but  female  sifters  received  seven 
shillings  and  a  little  coal  and  wood  weekly.  The  ap- 
pearance of  the  women  is  most  deplorable,  standing  in 
the  midst  of  fine  dust  piled  up  to  their  waists,  with  faces 
and  upper  extremities  begrimed  with  black  filth,  and  sur- 
rounded by,  and  breathing,  a  foul,  moist,  hot  air,  sur- 
charged with  the  gaseous  emanations  of  disintegrating 
organic  compounds.  I  shall  not  forget  visiting  some  of 
these  poor  creatures  in  a  hospital,  and  witnessing  the 
condition  of  their  skins." 

In  Paris,  previous  to  1887,  the  refuse  was  put  into  the 
street  in  the  evening.  The  ragpickers  came  and  col- 
lected the  rags,  paper,  bones,  and  glass.  The  refuse 
thus  became  scattered  about  the  streets,  rendering  the 
collection  difficult.  The  custom  was  forbidden  by  a  de- 
cree of  March  7th,  1887.  The  greater  part  of  the  refuse 
is  taken  to  depots  outside  the  city,  where  it  is  allowed  to 
decay  for  five  or  six  months,  at  the  end  of  which  time  it 
becomes  valuable  as  manure.  Part  is  taken  in  boats  to 
Corbeil,  up  the  river,  and  to  Pontoise,  below  the  city. 
The  removal  of  these  heaps  is  done  at  much  expense,  the 
loss  to  the  city  averaging  2,000,000  francs  (§400,000.) 

In  Brussels  the  refuse  is  collected  at  7  a.m.  from  Octo- 
ber 1st  to  March  1st,  at  6:30  a.m.  from  March  to  Septem- 
ber, and  again  at  6  p.m.  from  April  1st  to  September  1st. 
All  refuse  is  conveyed  in  carts  daily  to  the  ash  yard  on 
the  landing  step  of  one  of  the  canals,  whence  it  is  con- 
veyed in  boats  directly  to  farmers,  or  to  a  depot  at  Ev^re 
outside  the  city.^ 

The  Disposal  of  Oa7'bage.— Briefly  enumerated,  the 
methods  of  final  disposal  of  the  garbage  of  cities  are  the 
following:  Private  or  individual  disposal,  dumping  at 
places  designated  for  the  purpose,  ploughing  into  land, 

depositing  in 
water,  feeding 
to  animals,  eco- 
nomic reduc- 
tion, and  cre- 
mation or 
burning. 

The  method 
which  is  prac- 
tised in  some 
households,  of 
disposing  of 
the  garbage  by 
burning  it  eith- 
er in  the  kitch- 
en range  or 
stove,  or  in 
some  appli- 
ance connected 
with  the  same, 
is  both  neat 
and  cleanly, 
-    ,     J         ,  .  ,    .  and  avoids  the 

loul  odor  which  mvariably  attends  the  storage  of  such 
material  in  receptacles  of  any  sort.  Several  appliances 
have  been  mvented  for  the  purpose  of  facilitating  this 
method  of  disposal  (see  Fig.  3945). 

The  disposal  of  refuse  Mj  damping  at  places  designated 
tor  the  purpose  is  the  most  objectionable,  and  unsanitary 
ot  all  metuods  so  far  as  organic  or  putrescible  refuse  is 
concerned,  since  it  is  sure  to  give  rise  to  foul  odors  and 
thus  to  become  a  source  of  complaint,  even  to  persons 
living  at  a  considerable  distance.     The  habit  of  wild 
and  domestic  animals,  of  visiting  such  places  and  scat- 
tering the  deposit,  increases  the  nuisance.     Preq  uent  cov- 
ering with  earth  in  some  degree  obviates  the  trouble 
buch  disposal  of  ashes  unmixed  with  organic  matter 
however  IS  not  objectionable,  nor  is  their  use  for  th^ 
filling  of  waste  lands  to  be  condemned.     This  method 
usually  called  "tipping"  in  England,  is  acknowMged 
hnLTJi',*",^''  extremely  unsatisfactory.     Ove  lefght 
hundred  local  authorities  in  England  and  Wales  alo^ne, 
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Wia.  3945.— Domestic  Garbage  Carhonizer  as  Ap- 
plied to  Kitchen  Stove  or  Range. 


each  with  a  population  exceeding  two  thousand,  still 
either  tip  tlieir  refuse  or  di,spose  of  it  in  some  other 
equally  primitive  manner.^ 

With  reference  to  the  economy  of  using  coal  ashes  for 
the  purpose  of  filling  waste  land,  the  following  quotation 
is  worthy  of  note :  "  It  is  said  that  from  the  Manhattan  and 
Bronx  Boroughs,  New  York,  there  could  be  recovered 
one  hundred  and  fifty  thousand  net  tons  annually  of 
small  coal,  thrown  away  with  ashes  from  domestic  and 
other  fires.  What  wasteful  people  the  Americans  must 
be  if  these  figures  are  correct.  Viewed  in  the  light  of 
modern  practice  in  this  country,  such  use  for  land  de- 
velopment is  quite  astounding. "  ^ 

Ploughing  into  tJie  Land. — This  method  of  disposal 
allows  the  garbage  to  be  used  as  a  fertilizer  for  growing 
crops,  and  is  less  objectionable  than  dumping.  Cliapin 
gives  a  list  of  eighteen  cities  where  it  is  practised  either 
as  a  whole  or  in  part.  In  several  other  places  it  was  once 
disposed  of  in  this  way  until  it  became  a  nuisance,  and 
was  then  abandoned. 

Depositing  in  Water,  either  Bait  or  Fresh. — Several  cities 
situated  either  upon  the  sea  coast  or  near  great  rivers  or 
lakes  find  it  convenient  to  deposit  garbage  directly  into 
the  water,  either  directlj'  from  a  wharf  or  by  towing  it 
to  a  distance  in  scows  or  other  vessels  designed  espe- 
cially for  such  work.  Coal  ashes  and  other  heavy  ma- 
terial thus  treated  sink  to  the  bottom,  but  light  material 
floats  upon  the  surface,  and  while  this  method  may  be 
satisfactory  to  the  city  which  adopts  it,  other  places  may 
find  it  a  source  of  annoyance  when  favoring  winds,  tides, 
or  currents  deposit  the  floating  matter  upon  their  shores. 

Feeding  to  Animals. — While  this  is  perhaps  the  most 
economical  mode  of  getting  rid  of  the  waste  food  prod- 
ucts of  a  community,  it  is  open  to  serious  objections  in 
consequence  of  the  liability  to  cause  a  nuisance  whereso- 
ever large  numbers  of  swine  are  kept  for  this  purpose, 
and  because  of  its  liability  to  produce  disease  in  such  ani- 
mals. The  feeding  of  city  offal  to  milch  cows  is  forbid- 
den by  law  in  some  States,  and  should  not  be  permitted 
except  in  such  institutions  as  require  the  very  careful  se- 
lection and  separation  of  bread  and  vegetables  from  the 
waste  food  immediately  after  it  is  received  from  the 
tables,  and  the  use  of  the  same  before  decomposition  has 
begun.  In  the  neighborhood  of  many  large  cities,  pig- 
geries exist  having  one  thousand  animals  and  more  in 
each,  to  which  the  foul  and  offensive  offal  of  cities  is  con- 
veyed for  feeding  such  animals.  This  process  cannot  be 
conducted  without  causing  a  nuisance  to  neighboring 
communities.  So  urgent  has  this  matter  become  in  the 
metropolitan  district  of  Boston  as  to  induce  one  large 
raiser  of  hogs  to  purchase  a  tract  of  unoccupied  land  in  a 
neighboring  State,  where  he  proposes  to  feed  ten  thou- 
sand to  fifteen  thousand  hogs,  and  to  transport  thither  by 
rail  the  garbage  of  a  large  part  of  the  district. 

Pork  raised  in  this  manner,  however,  is  much  more  lia- 
ble to  become  infected  with  trichinse  than  that  which  is 
produced  by  feeding  good  and  wholesome  food. 

Cremation.— ^ hen  the  question  of  expense  is  not  con- 
sidered, burning  by  fire  is  undoubtedly  the  most  satisfac- 
tory mode  of  refuse  disposal.  Great  Britain  is  the  prin- 
cipal country  where  this  process  is  employed  more  than 
any  other.  Goodrich  enumerates  one  hundred  and  twelve 
cities  in  Avhich  the  refuse  is  treated  by  destruction  by  fire 
(all  in  England  and  Scotland).  The  material,  however, 
which  IS  sent  to  the  crematory,  differs  essentially  from  that 
which  IS  so  treated  in  America,  since  in  England  the  ashes 
(niostly  of  soft  coal)  are  quite  generally  mixed  with  other 
refuse,  and  burned  in  the  destructors.  The  product  of 
such  destruction  is  an  ash  or  cinder,  which  may  be  used 
for  making  roads  or  walks,  and  to  some  extent  for  build- 
ing construction.  There  is  also  added  in  some  cities  the 
material  from  the  pail-closet  system,  where  this  plan  of 
disposal  still  exists.  This  primitive  system  is  rapidly 
diminishing  in  its  extent,  and  giving  way  to  the  intro- 
duction of  water-carried  sewage  in  all  large  cities  In 
some  places,  as  at  Ealing,  the  sewage  sludge  from  pre- 
cipitation works  is  burned  in  the  destructor.  In  Man- 
chester, England,  the  dried  excreta  from  the  pail  closets 
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sell  for  £3  per  ton.  At  Liverpool  the  bulk  of  the  refuse 
is  sent  to  sea  in  steam  barges,  each  carrying  four  hundred 
and  fifty  tons  at  a  load.  The  deposit  of  this  material 
causes  complaint  along  the  Welsh  coast.  It  is  rare  to 
find  in  the  reports  of  any  of  the  English  cities  instances 
in  which  tlie  destructors  are  of  sufBcient  capacity  to  deal 


second  fire  pass  downward  and  underneath  the  grate,  and 
are  finally  discharged  tlirougli  the  chimney.  By  this 
second  fire  the  liquids  which  drop  through  the  grates- 
from  the  garbage  upon  the  hearth  are  also  evaporated. 

The  general  features  of  the  Dixon  furnace  do  not  differ 
essentially  from  those  of  the  Engle,  but  the  Smith  de- 


FIG.  3946.— Engle  Garbage  Incinerator.     (From  "Report  of  Brooklyn  Health  Department,"  1896.) 


with  the  entire  refuse  of  the  city.     The  following  list 
shows  the  disposal  of  the  refuse  of  Birmingham  for  1897: 

Tons. 

Refuse  sent  to  the  tips,  principally  barged 34,7(B 

Refuse  dealt  with  by  destructor yb,dm 

Mixed  manure,  ashpit  manure,  flsh,  sweepings  sent  to 
tips  by  boat,  to  fields  by  cart,  or  sent  away  by  rail  . .    74,865 

Brictbats  sent  to  tips *^° 

Material  sold :—  , , 

Oyster  shells }2 

Glass ^ 

Scrap  tin ■ f^ 

206,613 

In  consequence  of  the  location  of  English  destructors 
in  or  near  the  populous  parts  of  large  cities  much  atten- 
tion has  been  given  to  the  subject  of  avoiding  the  nui- 
sance arising  from  foul  odors.  This  has  been  accom- 
plished by  the  use  of  tall  chimneys,  high  temperatures 
for  combustion,  and  by  the  provision  of  secondary  fires. 

At  present  much  attention  is  being  given  in  England 
to  the  secondary  use  of  refuse,  that  of  steam  raising  for 
the  purpose  of  generating  electricity,  sewage  and  water 
pumping,  and  other  purposes.  ,  .     -n, 

The  principal  types  of  destructors  employed  m  Eng- 
land are  the  Fryer,  Horsfall,  Warner,  and  Meldrum, 
while  in  America  preference  is  given  to  the  Engle,  the 
Dixon,  and  the  Smith.  .,,     ,  .  <. 

The  Engle  consists  of  a  brick  furnace  with  chimney  at 
one  end,  seventy-five  to  one  hundred  feet  high.  Several 
circular  openings  are  made  upon  the  top  of  the  furnace, 
one  being  large  enough  to  admit  the  carcass  ot  a  large 
animal.  Driveways  lead  to  the  platform  upon  the  top, 
the  whole  being  enclosed  in  a  covering  house  of  brick  or, 
iron  On  one  side  of  the  furnace  there  are  doors  for  fuel, 
and  another  set  of  doors  below  them  for  removal  of  ashes. 
Between  these  two  sets  of  doors  are  placed  the  grate  bars 
upon  which  the  refuse  is  dumped  through  the  openings 
in  the  top.  At  each  end  of  the  furnace  a  fire  box  is 
placed.  Below  the  garbage  grates  is  a  long  combustion 
flue  connecting  with  the  base  of  the  chimney,  and  con- 
trolled by  a  damper.  A  similar  damper  governs  the  ad- 
mission of  heat  from  above.     (Fig.  8946.) 

When  the  furnace  is  charged  with  a  quantity  ot  gar- 
bage, the  flames  from  the  firebox  near  tl^e  chimney  (he 
upper  damper  being  closed)  pass  over  and  through  the 
refSse  driving  the  Imoke  and  gases  into  and  across  the 
™d  fire  where  they  are  consumed.     The  flames  of  this 


structor  is  constructed  on  an  entirely  different  plan  from 
either.  It  consists  of  two  sets  of  furnaces  to  which  gas. 
is  supplied  as  fuel  from  a  generating  apparatus.  Each 
furnace  is  a  simple  pot  or  tank  lined  with  fire  brick. 
There  are  no  grates,  the  garbage  resting  upon  the  bot- 
tom. The  gas  is  made  to  pass  into  the  furnace,  which  is- 
charged  with  refuse,  the  gases  of  combustion  then  pass- 
on  to  the  empty  furnace  of  the  pair,  and  thence  to  the 
flue  leading  to  thechimney.  Thisflue  isfilled  with  open 
brickwork,  which  being  heated  to  a  white  heat  burns  the- 
resulting  gases,  and  deprives 
them  of  foul  odor.  When 
the  charge  is  consumed,  the 
process  is  reversed,  the  empty 
furnace  being  filled  and  the 
gases  passed  in  the  opposite 
direction,  the  same  chimney 
being  used  in  each  instance. 
Bedttction.— The  refuse  of 
cities  contains  a  considerable 
proportion  of  material  which 
is  utilizable.  Hence  various 
processes  have  been  devised 
by  which  this  material  may 
be  recovered  and  sold.  The 
valuable  portions  are  the  fat 
or  grease,  the  nitrogen,  phos- 
phate and  potash,  these  latter 
ingredients  being  useful  for 
conversion  into  fertilizers. 
Colonel  Waring,  under  whose 
supervision  the  collection  of 

refuse  was  efficiently  carried  ^ 

on  in  New  York,  estimated  the  average  composition  of 
3,000  tons  of  summer  garbage  as  follows: 


FIG.  3947.  — Cross  Section- 
showing  Location  of  Charg- 
ing Door,  Stoke  and  Ash- 
doors. 


Rubbish . 
Water  . . . 
Grease  . . 
Tankage- 


Pounds. 


140 

1,420 

40 

400 


2,000 


Per  cent. 


7 
71 


20 


100 


The  tankaee  of  one  ton  contained  about  13  lbs-  am- 
monk,  13  Khosphoric  acid,  and  3  lbs.  potash;  if  these 
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ingredients  could  be  utilized,  garbage  would  be  worth 
according  to  "Waring  13.47  per  ton. 

Tlie  following  estimates  are  made  of  the  amount,  in 
pounds,  of  garbage  collected  per  capita  annually  in  large 
•cities : 

Boston •■ 247 

Buffalo W7 

Milwaukee fUS 

New  York 1« 

Paterson 80 

Philadelphia 321 

St.  Louis 223 

Dr.  Chapin  makes  the  following  just  comment  upon 
the  foregoing  figures:  "If  the  above  average  be  correct, 
millions  of  tons  must  be  collected  annually  from  our 
large  cities,  worth  double  that  number  of  millions  of  dol- 
lars. It  is  not  to  be  wondered  that  energetic  efforts  have 
"been  made  to  save  this  waste." 

Prom  "Waring's  figures  it  appears  that  more  than 
seventy  per  cent,  of  the  garbage  consists  of  water,  which 
must  be  removed  before  salable  products  are  obtained. 
Hence  the  practice  in  some  cities  of  allowing  the  gar- 
bage to  drain  before  it  is  treated,  either  by  reduction  or 
cremation.  In  Ealing  near  London,  the  garbage,  ashes, 
and  sludge  from  the  town  sewage  works  are  stacked  in 
pens  for  some  time  before  treatment,  by  which  means  the 
mass  is  deprived  of  much  of  its  water. 

The  following  brief  description  relates  to  one  of  the 
more  common  methods  employed  for  the  reduction  of 


.     (» 


Merz     Process. 

.St  l_OOJ5.Mo. 


Dryer  and  Condenber- 


I-iG.  3M8.-Merz  Reduction  Apparatus.    (From  "  Report  of  Brooklyn 
Health  Department,"  1896.) 

wori.T'tli'''  ^k'"  P-™^*"''^  ^''™  ^'-st  '■f'=e"'ed  at  the 
^,n„.fl  garbage  is  put  into  a  steel  hopper  and  the 
Mperfluous  water  is  allowed  to  drain  into  the  sewer 
The  rags,  bones,  tin  cans,  etc,  are  then  selected  outTnd 
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sold,  and  the  garbage  is  put  into  the  dryers,  which  con- 
sist of  jacketed  cylinders  with  revolving  shafts  and  arms 
sto  stir  the  garbage  while  drying.  Each  dryer  holds 
about  three  tons.  The  dark-brown  product  is  then  put 
into  the  extractors,  which  consist  of  closed  tanks  with 
false  bottoms.  Naphtha  percolates  through  the  mass 
to  extract  the 
grease.  The 
grease  in  solu- 
tion is  drawn 
off,  the  naph- 
tha separated 
from  it  and  the 
grease  barrelled 
for  sale.  This 
grease  is  of  a 
brownish  color 
and  of  inferior 
quality.  The 
dry  residue  af- 
ter separation  fig.  3949.— Barney  Dumping-Boat,  after  Dlscharg- 
of    the    grease  ingatSea. 

is  ground,  and 

sold  to  fertilizer  manufacturers.  The  Simonin  process, 
like  the  Merz  process,  extracts  the  grease  from  the  garb- 
age by  the  use  of  naphtha.  It  has  this  advantage  over 
the  Merz  process,  in  that  the  garbage  can  be  at  once 
placed  in  the  extractors  without  previous  drying.  .  It 
was  carried  on  at  Providence  and  at  New  Orleans,  but 
was  abandoned  at  both  places.  This  method  is  now 
conducted  at  Cincinnati,  but  the  advance  in  the  price 
of  naphtha  has  made  it  unprofitable. 

Chapin  believes  that  this  method  can  be  successfully 
conducted  with  a  moderate  degree  of  profit,  even  without 
the  payment  of  a  bonus;  but  that  this  can  be  done  only 
in  a  city  where  the  garbage  is  very  carefully  separated.' 
Another  process,  known  as  the  Arnold  process,  is  con- 
ducted at  Boston,  New  York,  and  Philadelphia.  It  con- 
sists in  rendering  the  garbage  to  recover  the  grease  and 
drying  the  residue  to  be  used  as  a  fertilizer.  Little  at- 
tempt is  made  to  prevent  odors  arising  from  the  process. 
It  is  evidently  considered  by  the  operators  to  be  cheaper, 
not  to  try  to  prevent  nuisance,  but  to  seek  a  location 
where  the  nuisance  will  afiect  only  a  few  persons. 

The  cost  of  collection  and  disposal  of  garbage  varies 
greatly  in  different  cities,  from  a  minimum  of  about  60 
cents  per  ton  to  a  maximum  of  $3.40  per  ton,  and  from 
a  minimum  of  10  cents  per  capita  to  about  30  cents  or 
more  per  capita. 

Dry  Befuse.— Dry  refuse  in  many  cities  includes  ashes 
and  all  the  rubbish  which  accumulates  in  private  homes 
and  in  stores,  markets,  etc.  Manufacturing  wastes  are 
not  usually  removed  by  municipal  collection.  At  the 
present  day  it  is  quite  customary  to  require  that  three 
receptacles  be  provided,  by  the  householder— one  for 
ashes,  one  for  garbage,  and  one  for  paper  and  other  light 
refuse.  The  receptacles  should  be  made  of  galvanized 
iron  or  other  metal. 

Usually  dry  refuse  is  disposed  of  by  using  it  as  a  filling 
for  lowlands,  the  owners  of  which  are  glad  to  have  it 
disposed  of  in  this  manner. 

In  a  few  instances  a  small  revenue  of  10  to  15  cents  per 
load  has  been  received  from  the  sale  of  ashes. 

Experiments  made  in  New  York  showed  tliat  the  aver- 
age ash  of  that  city  contains  twenty  per  cent,  of  unburned 
coal,  but  probably  some  of  this  is  finely  divided  and  can- 
not be  recovered  with,  ordinary  sifting  processes.  In 
some  cities  situated  upon  tJie  seacoast  and  upon  large 
nvers,  the  dry  refuse  is  dumped  into  the  water.  In  Bos- 
ton the  Barney  dumping-boat  is  used,  the  material  being 
dumped  m  the  water  at  a  distance  of  at  least  ten  miles 
from  the  city  on  the  ebb  tide.  On  arriving  at  the  point 
of  disposal  the  two  halves  of  the  boat  are  separated  by 
means  of  a  hinge  motion,  very  much  like  that  of  a  clam 
shell.  The  towboat  is  started  forward  and  the  dumping 
boat  IS  rapidly  flushed  out  by  the  swiftly  running  water 
and  the  two  halves  are  brought  together  again.  .  The  boat 
is  provided  with  water-tight  compartments  (see  Fig.  3949). 
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Fig.  3950.— Unloading  Garbat-'e  into  iscow  at  Wharf. 


In  Boston  and  New  York  attempts  are  made  to  utilize 
a  portion  of  tlie  material  found  in  dry  refuse.  The  plant 
for  this  purpose  at  Boston  consists  of  a  large  room  in 
which  the  wagons  deposit  their  loads. 

A  long  travelling  apron,  four  feet  wide,  runs  from  the 
front  of  this  room,  through  it  into  the  furnace-room, 
where  it  discharges  into  the  furnace.  The  power  for 
moving  the  apron,  for  baling,  and  for  furnishing  light  is 
obtained  from  the  furnace.  The  persons  who  cull  out  the 
paper,  rags,  metal,  glass,  rubber,  etc.,  and  sort  and  pre- 
pare it  for  sale,  stand  at  the  sides  of  the  moving  apron. 
About  eighty  per  cent,  of  this  lef- 
use  is  marketable,  and  the  value 
of  the  daily  collection  is  about  S60. 

The  following  are  the  prices 
obtained  for  the  principal  market- 
able portions  of  this  dry  refuse ; '' 

Manilla  paper $0.50  per  100  pounds. 

Newspapers 35  "  100 

Mixed  paper 25  "   100       " 

Straw  board  paper     .25  "  100       " 

Black  rags 30  "  100 

White  rags 1..50  "   100 

Mixed  rags 90  "   100 

Woollen  rags 7.00  "  100 

Soft-baclt  carpets  .     .90  "   100 
Hard-back  carpets      .30  "  100 

Llnsey  carpets 65  "  100       " 

Twine 11  "   100       " 

Old  shoes,  good. . .     .12  "  100 

Old  shoes,  poor 11   "   100 

Bagging 40  "   100 

Mixed  bottles 45  per  barrel. 

Old  iron 9.00  per  ton. 

Copper 11  per  pound. 

Brass 10  " 

Lead 01  " 

Zinc 10  " 

In  New  York  (Manhattan  dis- 
trict) the  amount  of  rubbish  col- 
lected and  disposed  of  in  a  similar 
manner  in  1898  was  94,000  tons, 
and  for  this  the  sum  of  |63,500  was 
obtained. 

Mi.ved  Kefme.—l-a  some  cities 
Vol.  VI.— 56 


the  garbage  and  diy  refuse  are  collected  and  dispo.sed  of 
together.  This  was  for  many  years  the  plan  adopted 
in  New  York,  and  is  still  in  use  in  several  quite  large 
cities.  When  thus  collected  the  garbage,  ashes,  and  dry 
refuse  are  mi.xed  together  in  the  receptacles,  which  are 
usually  of  metal  and  are  provided  with  covers,  but  quite 
often  nothing  better  than  ordinary  barrels  and  bo.xes  are 
employed.  Regulations  provide  for  the  location  of  the 
full  receptacles  either  on  the  sidewalk  or  upon  the  house- 
holder's premises.  Piovision  is  also  made  for  regular 
hours  and  frequencj'  of  collection.     Disposal  is  usually 


Fig.  3951.— Nigbt-Soil  Barrel,  ITsed  in  Connection  with  Odorless  Excavation  Apparatus.     (From 
Cbapin's  "  Municipal  Sanitatiou.") 
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iiiailu  l>v  duiiipiii!;-  eitlR-r  iii><in  lowlaucls  or  into  water. 
The  fiirliier  usually  creates  more  or  less  nuisance,  but  is 
tolerated  becau.se  6t  its  economy.  In  San  Francisco  the 
mixed  refuse  is  cremated.     Jn  Troy  a  portion  only  (the 


Fig.  ^1)5™.— Odurless  Excavatiiij^  Apparatus  in  Opei-alion. 


most  offensive  part)  is  cremated,  while  in  a  few  Southern 
cities  parts  of  the  garbage  and  dry  refuse  are  burned  in 
the  open  air  at  the  dump. 

JS^if/ht  Soil. — By  this  term  is  meant  the  liquid  or  semi- 
liquid  contents  of  privy  vaults  and  cesspools,  derived 
from  the  household  wastes  of  the  water-closets,  bath- 
tubs, and  other  fixtures,  including  that  of  the  kitchen 
sink.  The  latter  often  proves  troublesome  in  conse- 
quence of  its  greasy  character  and  its  liability  to  clog  the 
traps  and  pipes  through  which  it  flows. 

On  account  of  the  liability  to  cause  nuisance  in  the 
performance  of  tliis  work  it  is  custcjmary  to  reiiuire  that 
the  scavengers,  or  other  persons  who  conduct  it,  shall  be 
licensed  and  placed  under  careful  supervision. 

It  is  customary  to  require  the  use  of  tight  receptacles 
for  the  removal  of  night  .soil,  either  barrels  or  tubs  pro- 


rii;.   S'.ra. -Garbage    Destnu-inr   f..i'    Use    in     I'nlilk-    Iristiuitioiis, 

H'llilnrirs,  c'tr. 

vidcil  with  handles  and  liuiil -lil  ling  covers.  (Via.  ;!il.'"il  ) 
I!(..xes  (,r  movable  tanks  are  also  employed.  The  so- 
called  pneumatic  odorless  iiumpsare  wel'l  adapted  for 
this  class  of  work.     (Fi-.  :;!!ir,-,',)    Tubs   and   barrels   are 


.8  Si! 


conveniently  handled,  ten  or  twelve  of  such  receptacles 
usually  constituting  a  load. 

It  was  formerly  customary  to  remove  such  material 
only  at  night,  but  this  practice  is  gradually  being  substi- 
tuted by  removal  in  the 
daytime,  when  with  im- 
proved apparatus  it  is 
practicable  to  do  the  work 
in  a  more  cleanly  manner. 
Disposal.  — In  some  cities 
the  night  soil  is  taken  to 
suburban  districts  and 
there  used  upon  farms  as  a 
fertilizer,  a  practice  liable 
to  cause  nuisance  to  the 
neighborhood,  if  thus  dis- 
posed of  in  the  vicinity  of 
dwellings.  In  some  places 
it  is  dumped  into  water, 
either  a  large  river,  lake, 
or  the  ocean.  In  a  few 
English  cities  where  the 
pail  system  of  excrement 
removal  is  still  in  use,  the 
contents  of  the  pails  are 
taken  to  the  crematory  and 
burned  together  with  other 
sorts  of  refuse. 

T/ie  Bef  use -disposal  of 
Public  Institutions  and 
0  titer  Establishments. — 
Special  destructors  are 
now  made  of  smaller  size 
than  those  in  use  by  cities, 
for  the  destruction  of  the 
waste  products  of  public 
institutions,  hotels,  de- 
partment stores,  factories, 
medical  colleges,  and  other  isolated  establishments. 
Such  forms  of  apparatus  (Fig.  39.53)  are  specially  adapted 
to  the  destruction  of  infected  bedding,  clothing,  rags,  and 
other  infected  material  which  is  not  worth  the  trouble 
and  expense  of  saving  by  any  process  of  disinfection. 

Samuel   W.  Abbott. 
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REGENERATION. — Regeneration  is  the  process  which 
leads  to  the  replacement  of  lost  tissue.  The  term  is  ap- 
plied equ.illy  to  the  reproduction  of  cells  to  take  the 
place  of  those  cast  olf  under  normal  physiological  con- 
ditions on  the  one  hand,  and  to  the  repair  of  tissue  de- 
stroyed by  lesion  on  the  other.  In  both  cases  the  process 
is  essentially  the  same.  The  new  tissue  is  formed  by  the 
proliteiati(m  of  cells  in  the  immediate  neighborhood  of 
the  area  from  which  the  cells  have  been  cast  off  or  de- 
stroyed. Jloieover.  the  new  ti.ssue  is  derived  from  re- 
maining tissue  of  like  kind,  connective  tissue  from  con- 
nective tissue,  e]iithelium  from  epithelium.  Where 
reproduction  of  epithelial  tissue  does  not  take  place,  or 
where  the  repioductiou  is  incomplete,  the  defect,  it  is 
true,  is  tilled  with  ccuinective  tissue  forming  a  scar;  but 
tills  scar  tissue  is  derived  from  the  connective  tissue 
around  the  defect,  and  not  from  the  epithelium.  Physi- 
ological regeneration  goes  on  continuously  to  supply  tis- 
sue waste;  regeneration  after  lesion  occurs  in  the  heahng 
of  wounds,  in  the  restoration  of  the  mucosa  after  catarrh, 
and  in  similar  processes. 

'I'liere  are  two  methods  of  multiplication  of  cells,  direct 
division  or  amitosis,  and  indirect  cell  division  or  karyo- 
kinesis,  mitosis  or  karyomitosis.  In  the  former  of  these 
two  methods  the  mother  cell  simply  increases  in  size  and 
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finally  divides  into  two  daughter  cells  after  a  division  of 
the  nucleus.  In  karyokinesis  the  process  is  more  com- 
plicated, consisting  as  it  does  of  a  cycle  of  definite 
changes  in  the  chromatin  of  the  nucleus  preceding  the 
division.  Direct  division  or  amitosis  is  said  by  some 
authorities  to  take  place  only  in  cells  which  are  no  longer 
capable  of  forming  new  tissue,  whereas  mitosis  occurs 
in  active  vigorous  cells  which  form  new  tissue.  Other 
authorities,  on  the  contrary,  regard  the  two  processes  as 
of  equal  significance. 

The  power  of  reproduction  differs  in  different  tissues. 
Surface  epithelium  and  epithelium  lining  glands  are  ca- 
pable of  regeneration  to  a  very  large  extent,  as  are  also 
nerve  fibres  and  many  of  the  other  tissues  of  the  connec- 
tive-tissue group  generally.  Of  the  latter,  the  perios- 
teum is  capable  of  the  greatest  degree  of  regeneration, 
whereas  cartilage  has  only  a  limited  power  of  regener- 
ation. Ganglion  cells  once  destroyed  are  probably  never 
replaced  by  ganglion  cells  in  the  adult,  and  glandular 
epithelium  is  completely  restored  only  where  the  defect 
is  slight  and  where  some  of  the  original  cells  remain  un- 
injured in  the  area  of  the  lesion. 

Begeneration  of  Epitlielium. — In  regeneration  of  epithe- 
lium the  protoplasm  of  the  cell  divides  in  the  later  stages 
of  karyokinesis,  or  after  this  is  complete.  In  some  cases 
the  cell  sends  out  processes  of  protoplasm,  and  the  new 
nuclei  wander  out  from  the  parent  cell  into  these  before 
the  protoplasm  is  constricted  off  to  form  the  new  cell. 

In  a  lesion  of  an  epithelial  surface,  where  the  area  de- 
stroyed is  not  too  great  in  extent,  the  epithelial  cells  pro- 
liferating from  all  sides  completely  repair  the  defect ;  if 
it  is  more  extensive,  the  defect  is  incompletely  filled  by 
connective  tissue,  thus  forming  a  permanent  scar.  In 
the  latter  case,  the  connective  tissue  forming  the  scar 
results,  as  in  all  cases,  from  the  proliferation  of  pre-exist- 
ing connective  tissue,  not  from  proliferation  of  epithe- 
lium. Epithelium  reproduces  epithelium,  never  connec- 
tive tissue,  but  it  is  also  true  that  the  character  of 
epithelium  reproduced  is  not  always  the  same  as  that 
which  is  lost;  for  squamous  epithelium  may  replace 
cylindrical  epithelium,  as  is  seen  in  atrophy  of  the  mu- 
cosa of  the  bronchi  and  stomach  in  chronic  inflammation 

Minor  defects  of  epithelial  surfaces,  where  underlying 
tissues  are  not  destroyed,  are  quickly  and  completely  re- 
stored by  the  proliferation  of  the  surrounding  epithelium. 
In  recovery  from  acute  Bright's  disease,  or  in  the  healing 
of  an  ulcer  of  the  stomach  or  intestines,  the  epithelium  is 
often  completely  restored  by  the  multiplication  of  the 
remaining  mucous  glands  as  well  as  by  growth  down- 
ward of  the  epithelium  on  the  surface.  Lesions  of  the 
liver  are  also  completely  restored  by  multiplication  of  the 
cells  of  the  parenchyma  and  by  the  formation  of  new  bile 

ducts.  .     ,    ,       , 

Larger  defects  of  epithelial  tissue,  particularly  where 
the  underlying  structures  are  involved,  result  in  a  scar, 
with  more  or  less  incomplete  reproduction  of  glands 
which  are  forthe  most  part  usually  atypical. 

Regeneration  of  Structures  Consisting  of  Connective  Tis- 
sue —Defects  of  structures  made  up  of  connective  tissue 
in  any  of  its  various  forms  may  under  favorable  circum- 
stances, as  where  the  lesion  is  not  too  extensive,  or  m 
lesions  of  certain  of  the  tissues  of  this  group,  even  though 
they  be  extensive,  be  completely  restored  by  the  new 
formation  of  tissue  identical  in  character  with  that  origi- 
nally present.  Where  the  lesion  is  more  extensive,  par- 
ticularly in  one  that  occurs  in  certain  of  the  connective- 
tissue  structures,  the  defect  is  more  or  less  filled  up  by 
connective  tissue  of  a  different  type  from  that  originally 
present  Connective-tissue  structures  such  as  the  perios- 
teum bone  marrow,  blood  and  lymphadenoid  tissue,  are 
all  readily  restored  completely  after  lesion.  On  the  other 
hand  cartilage  does  not  readily  reform,  and  defects  in  this 
structure  are  replaced  by  ordinary  scar  tissue  or  by  bone. 
New  bone  is  formed  not  from  pre-existing  bone  but  from 
the  remaining  periosteum  and  from  the  bone  marrow. 
Sometimes  new  bone  is  formed  in  other  connective  tissue, 
as  in  the  intermuscular  connective  tissue  and  from  the 


perichondrium.  But  muscle  tissue  is  formed  only  from 
pre-existing  muscle,  never  from  connective  tissue  of  any 
other  kind.  Ganglion  cells  are  probably  never  restored 
after  injury,  defects  in  this  tissue  being  replaced  by  star 
tissue  or  by  glia  cells ;  but  nerve  trunks  are  readily  re- 
stored, provided  that  the  ganglion  cells  from  which  they 
spring  are  uninjured,  for  the  regeneration  is  brought 
about  by  the  growth  of  the  axis-cylinder  processes.  The 
peripheral  portion  of  a  severed  nerve  always  undergoes 
degeneration,  it  is  never  restored ;  all  parts  of  it  finally 
break  down  into  granules  and  are  dissolved  away.  The 
central  portion  of  a  severed  nerve,  on  the  contrary,  un- 
dergoes degeneration  for  only  a  short  distance  from  the 
end,  back  to  the  first  or  second  Ranvier  constriction  from 
the  end.  In  a  few  days  after  the  occurrence  of  the  lesion 
the  axis  cylinder  in  the  central  portion  of  the  severed 
nerve  begins  active  proliferation.  At  first  the  new  axis 
cylinders  are  naked  save  for  a  layer  of  protoplasm  rich 
in  nuclei,  but  sooner  or  later  the  proper  sheaths  are  re- 
formed. If  the  degeneration  of  the  peripheral  segment 
of  the  severed  nerve  has  not  yet  affected  the  Schwann's 
sheath,  the  new  axis-cylinder  processes  may  enter  these 
and  fill  them  out  again.  The  regeneration  of  nerves  takes 
weeks  or  months  for  completion. 

In  regeneration  of  connective  tissue,  as  in  reconstruc- 
tion of  other  tissues,  the  proliferating  cells  are  always 
much  larger  than  the  cells  at  rest.  The  proliferating 
cells,  or  formative  cells  as  they  are  also  called,  not  only 
possess  a  relatively  large  amount  of  protoplasm,  but  the 
nuclei  are  large  and  vesicular  and  contain  nuclear  bodies, 
many  of  them  showing,  by  proper  methods  of  hardening 
and  staining,  the  various  stages  of  karyokinesis.  Fre- 
quently the  formative  cells  contain  more  than  one  nu- 
cleus, sometimes  even  a  large  number  of  nuclei,  forming 
giant  cells  (Pig.  3954,  i).    The  tissue  made  up  of  these 


FIG  3954  -Cells  met  with  In  New  Formation  of  Connective  Tissue. 
(Alter  Zlegler.) 

formative  cells  is  appropriately  called  embryonic  tissue, 
and  the  character  of  the  permanent  tissue  arising  from 
the  development  of  the  embryonic  tissue  is  determined 
by  the  nature  of  the  embryonic  cells.  If  the  formative 
cells  are  destined  to  form  scar  tissue  they  are  called  fibro- 
blasts; if  they  are  to  form  cartilage  they  are  called  chon- 
droblasts;  if  bone,  osteoblasts. 

The  formative  cells  are  of  many  different  shapes ;  some 
are  large  round,  or  oval  masses  of  protoplasm  (Fig. 
3954  h),  others  spindle-shaped  (Fig.  3954,  e)  others 
roughly  star-shaped  (Fig.  3954,  g),  others  irregular  with 
loni  processes  (Fig.  3954,  c,  d,  /),  or  bundles  of  Abresat 
the  ends  as  if  the  protoplasm  were  frayed  out  (Fig. 

3954,  b).  ,       ,        .»         t, 

If  fibrillated  connective  tissue  develops  from  the  em- 
bryonic tissue,  fibres  make  their  appearance  between  the 
formative  cells,  and  by  continuous  increase  they  encroach 
more  and  more  upon  the  latter  till  the  formative  cells 
finally  lie  compressed  in  fissures  between  the  densely 

^^Cartilagelevelops  by  the  formation  of  a  homogeneous 
intercellular  substance' instead  of  fibres,  but  the  forma- 
tive cells  are  encroached  upon  and  compressed  just  as 
in  the  case  of  ordinary  fibrillar  connective  tissue.    The 
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formative  cells  become  much  reduced  in  size,  and  finally 
lie  in  tlie  characteristic  openings  in  the  homogeneous  in- 
tercellular substance.  .     .    .,     ^    .,1. 

The  process  of  new  formation  of  bone  is  similar  to  the 
new  formation  of  cartilage ;  the  lime  salts  are  finally  de- 
posited in  the  intercellular  substance. 

Mucous,  lymphadenoid,  and  fatty  tissues  may  all  arise 
from  embryonic  connective  tissue. 

Fibrillated  connective  tissue  may  arise  from  any  form 
of  connective  tissue  that  has  suffered  lesion,  and  has  been 
converted  into  embryonic  tissue. 

From  what  has  been  said,  it  is  evident  that  the  stage 
which  is  preliminary  to  the  new  formation  of  permanent 
tissue  after  lesion  is  characterized  by  the  appearance  of 
embryonic  tissue.  The  further  development  of  this  em- 
bryonic tissue  is  not  the  same  in  all  cases ;  in  some  instan- 
ces there  is  perfect  reproduction  of  tissue  in  all  respects 
like  the  original ,  or  restitutio  ad  integrum.  In  many  cases 
the  restitution  is  only  partial ;  in  others  again  there  is  re- 
placement of  the  original  structure  by  connective  tissue 
of  a  different  type  from  the  original.  The  replacement 
of  the  oiiginal  structure  by  connective  tissue  of  a  differ- 
ent type  from  the  original  may  occur  in  any  kind  of  con- 
nective tissue,  and  is  in  truth  a  very  common  occurrence, 
constituting  the  formation  of  a  scar,  where  the  original 
structure  is  replaced  by  dense  fibrous  connective  tissue, 
whose  only  function  is  to  fill  a  gap.  Where  the  original 
structure  is  endowed  with  any  special  function,  the  scar 
tissue  is  incapable  of  taking  on  this  function.  If,  for  ex- 
ample, the  scar  tissue  is  formed  to  fill  up  a  defect  caused 
by  a  lesion  in  a  muscle,  the  scar  tissue  serves  only  to 
unite  the  divided  ends  of  the  muscle  fibres,  but  is  not 
itself  capable  of  contraction.  Scar  tissue  formed  in  the 
brain,  in  the  liver,  in  the  kidney,  in  the  spleen,  or  in 
the  lung  does  not  perform  the  peculiar  function  of  the 
tissues  of  these  organs.  The  substitution  of  connective 
tissue  of  lower  functional  power  than  that  originally 
present  constitutes  a  form  of  degeneration,  and  is  met 
with  in  cirrhosis  of  the  liver  and  other  organs.  But  al- 
though these  processes  are  spoken  of  as  degeneration,  it 
would  perhaps  be  more  correct  to  regard  them  as  hyper- 
trophies of  the  connective  tissue,  for  this  is  what  they  are 
in  fact. 

Regeneration  of  the  formed  elements  of  the  blood  does 
not  differ  essentially  from  regeneration  of  the  other  con- 
nective tissues.  The  leucocytes  are  reproduced  in  the 
lymphadenoid  tissue  in  various  parts  of  the  body  as  well 
as  in  the  circulating  blood,  as  is  shown  by  the  fact  that 
white  corpuscles  showing  karyokinetic  figures  are  met 
with  abundantly  in  these  situations.  Direct  nuclear 
division  and  fragmentation  also  occur,  as  is  shown  in  the 
lobed  and  disrupted  nuclei  of  the  polymorphic  nuclear 
leucocytes. 

New  Formation  of  Blood -Vessels. — A  very  important 
factor  in  regeneration  is  the  new  formation  of  blood-ves- 


FiG.  3955.-New  Formation  of  Blooa-VeBsela.    (After  Tillman.) 

sels.  These  are  formed  by  sprouts  arising  from  the  ves- 
ses  beneath  the  injured  area.  Each  sprout  is  at  first  a 
solid  arch,  m  reahty  a  long  cone  or  horn,  of  protoplasm 
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projecting  from  the  wall  of  the  vessel  (Fig.  3955,  a) 
terminating  in  a  long-pointed  process.  The-  solid  arch 
may  even  send  out  several  long  processes  (Fig.  3955, 
b,  c).  Sooner  or  later  the  solid  arch  becomes  hollowed 
out  by  liquefaction  of  the  interior,  forming  a  cavity 
which  finally  opens  into  the  parent  vessel,  or  the  arch 
may  be  hollow  from  the  start  and  consist  merely  of  a 
bulging  of  the  wall  of  the  parent  vessel  (Fig.  3955,  c). 
In  either  case  the  arch  next  becomes  a  tube  by  the  press- 
ure of  blood  flowing  in  from  the  parent  vessel,  and  this 
also  causes  the  long  processes  to  split  and  form  hollow, 
conical  tubes.  Meanwhile  nuclei  formed  by  karyokinesis 
of  the  cells  of  the  endothelium  of  the  parent  vessel  wan- 
der into  the  walls  of  the  hollow  tube  and  convert  it  in 
this  way  into  a  capillary.  The  capillaries  produced  in 
this  way  have  walls  consisting  of  flat  endothelial  cells, 
but  these  cells  are  frequently  quite  thick ;  and  when  tliis 
is  the  case,  the  new-formed  capillary  resembles  a  tubular 
gland  on  cross  section.  The  long,  slender  processes  from 
the  arches  unite  freely  wi  th  the  similar  processes  from  other 
vessels  (Fig.  3955,  b)  and  even  directly  with  the  walls  of 
other  vessels,  or  they  may  unite  with  the  parent  vessel  at 
a  different  point  from  the  origin  (Fig.  3955,  c).  In  this 
wa3'  abundant  anastomosis  between  the  vessels  is  formed. 

This  is  not  the  only  origin  of  the  new  capillaries,  for 
certain  cells  which  at  first  have  no  connection  with  blood- 
vessels also  take  part  in  the  process.  These  cells  are 
spindle-  or  club-shaped  masses  of  protoplasm  which  lie 
free  in  the  tissue  at  first,  but  later  become  united  with 
the  long  processes  from  the  arches  (Pig.  8955,  b).  After 
they  become  united  with  the  processes  from  the  arches 
they  become  perforated  by  a  central  canal  and  finally  as- 
sume the  character  of  capillaries. 

Many  of  these  new-formed  capillaries  subsequently 
change  to  arteries  and  veins  by  thickening  of  their  wall 
through  proliferation  of  the  cells  of  the  walls.  The  dif- 
ferent coats  finally  become  differentiated. 

The  account  here  given  of  the  new  formation  of  blood- 
vessels is  that  given  by  Ziegler,  and  is  the  one  that  has 
found  universal  acceptance.  But  some  authorities  claim 
that  the  blood-vessels  are  also  formed  in  other  ways. 
They  maintain  that  the  cells  that  wander  into  the  area 
of  the  lesion  unite  to  form  capillary  vessels,  and  that  they 
also  form  new  red  blood  corpuscles  in  a  manner  similar 
to  the  formation  of  vessels  and  blood  in  embryonic  tissue. 
This  method  of  new  formation  is  not  recognized  by  Zieg- 
ler in  pathological  regeneration. 

Another  process  of  new  formation  of  blood-vessels 
claimed  by  some  authorities  is  that  certain  spindle-shaped 
cells  form  in  parallel  rows,  leaving  a  canal  between  them. 
Vessels  apparently  formed  in  this  way  may  be  seen  in 
organizing  blood  clot,  but  Ziegler  regards  these  as  really 
deceptive  offshoots  from  pre-existing  blood-vessels. 

B.  Meade  Bolton. 

REGISTRATION  OF  DISEASES.     Seo' Vital  Statistics. 

RELAPSING  FEVER.— (Synonyms:  Febris  recidiva; 
typhus  recuirens;  famine  fever;  bilious  typhoid;  spiril- 
lum fever;  epidemic  remittent  fever;  remitting  icteric 
fever ;  flfivre  jl  rechute ;  fiSvre  rficurvente ;  typhus  ft  re- 
chute;  Hungerpest;  Ruckfallsfieber;  Wiederkehrendes 
Fieber;  Armentyphus;  tifo  recidivo,  etc.) 

Definition.— A  specific,  contagious  fever,  which  may 
prevail  as  an  epidemic  among  the  destitute,  and  espe- 
cially among  those  who  live  in  overcrowded  tenements, 
during  seasons  of  unusual  scarcity  of  food ;  hence  the 
name  famine  fever.  It  is  characterized  by  the  presence 
of  a  mobile  spiral  filament  in  the  blood — a  spirillum  or 
spirochaiJte  {8.  Obermeieri)~v/Mch.  is  found  during  the 
relapses  as  well  as  during  the  initial  paroxysm,  but  is 
absent  during  the  apyretic  intervals.  The  first  febrile 
paroxysm  lasts  for  from  five  to  seven,  or  even  nine  days, 
and  is  terminated  abruptly  in  profuse  perspiration;  after 
an  apyretic  interval  of  a  week  or  more  a  relapse  commonly 
occurs,  which  is  similar  to  the  initial  paroxysm,  but  of 
shorter  duration ;  in  some  instances  a  second,  a  third,  or 
even  a  fourth  relapse  occurs. 
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HiSTOKY.— The  attempt  has  been  made  (Splttal   1844) 
to  show  that  some  of  the  fevers  described  by  Hippocrates 
correspond  with  relapsing  fever.     This  view  is  considered 
by  Hirsch  to  be  quite  erroneous.     He  says:  "It  is  clear 
that  Hippocrates  spealis  there  of  bilious  remittent  malar- 
ial fever."    The  first  notice  of  the  occurrence  of  relapsing 
fever  m  Europe  is  found  in  the  writings  of  the  Scotch  and 
Irish  physicians  of  the  early  part  of  the  eighteenth  cen- 
tury.    Hirsch  says:  "I  have  searched  in  vain,  in  the  de- 
scriptions which  the  physicians  of  the  sixteenth  and 
seventeenth  centuries  liave  given  of  the  fever  epidemics 
observed  by  them,  for  any  indications  of  relapsing  fever 
that  would  be  in  some  measure  precise."    The  fact  that 
the  disease  was  not  recognized,  and  differentiated  from 
other  specific   febrile    aifections,   cannot,   however,    be 
taken  as  evidence  that  it  did  not  exist  prior  to  the  date  of 
the  first  clearly  recorded  epidemic  in  Ireland  (1739).     An 
account  of  this  epidemic  has  been  given  by  Rutty,  who 
wrote  in  1770.     The  earliest  accounts  of  the  disease  in 
Scotland  date  from  1741  (Hirsch).     But  the  literature  re- 
lating to  relapsing  fever  belongs  for  the  most  part  to  the 
past  century.     It  prevailed  in  Ireland  and  in  Scotland 
during   the    years   1799-1800,    1817-19,    1836-27,   1843- 
48,  and  in  the  latter  year  (1848)  it  invaded  several  of 
the  larger  towns  of  England.     In  1868-70  it  again  pre- 
vailed in  England  and  Scotland,  and  cases  are  reported  to 
have  occurred  in  London  as  recently  as  the  year  1873. 
On  the  Continent  the  first  accounts  we  have  come  from 
Russia— Odessa,  in  1838;  Moscow,  1840-41.     In  the  au- 
tumn of  1863  the  disease  reappeared  in  Odessa ;  the  fol- 
lowing year  it  became  epidemic  over  extensive  areas  in 
Russia,  and  extended  to  Livonia  and  Finland  (1865), 
to  Siberia  (1866),  and  to  Poland  (1868).     According  to 
Hirsch,  the  disease  continued  to  prevail  in  Russia  over 
extensive  areas  during  subsequent  years,  and  was  ob- 
served among  the  Russian  troops  as  late  as  1878-79.     In 
Germany  an  extensive  epidemic  broke  out  in  1868,  as  a 
result  of  importation  from  Russia  (Hirsch).     A  second, 
more  restricted,  epidemic  occurred  in  1871-73,  and  a 
third  in  1878-79.     In  the  west  and  southwest  of  Europe 
^—Switzerland,  France,  Italy,  Spain — the  disease  is  as  yet 
unknown.     In  India  relapsing  fever  has,  no  doubt,  pre- 
vailed for  many  years,  but  the  differential  diagnosis  be- 
tween it  and  remittent  fever,  or  the  specific  continued 
fevers  which  prevail  there  so  largely,  was  not  clearly 
made  out  by  the  earlier  observers.     During  the  last  forty 
years,  however,  numerous  outbreaks  of  this  disease  in 
various  parts  of  India  liave  been  recorded,  and  Carter  has 
demonstrated  that  the  disease,  as  it  occurs  in  that  coun- 
try, is  identical,  as  regards  its  clinical  history,  With  re- 
lapsing fever  as  described  by  recent  European  authori- 
ties, and  also  that  it  is  characterized  by  the  constant 
presence  of  the  spirillum  discovered  by  Obermeier  in 
blood  drawn  during  a  febrile  paroxysm.     Relapsing  fever 
has  sevei-al  times  been  imported  to  the  United  States,  but 
its  prevalence  has  been  limited  to  restricted  areas  in  our 
largest  seaport  cities.     In   1844  fifteen  cases  were  re- 
ceived into  the  Philadelphia  Hospital  from  an  emigrant 
ship  sailing  from  Liverpool ;  in  1848  a  few  cases  arrived 
in  New  York,  and  in  1850-51  Dr.   Austin  Flint  saw  a 
number  of  cases,  among  recently  arrived  Irish  emigrants, 
received  into  the  Buffalo  City  Hospital;  but  no  epidemic 
resulted  from  these  importations,  and  it  was  not  until 
some  years  later  (1869-70)  that  the  disease  became  epi- 
demic in  certain  sections  of  the  cities  of  New  York  and 
Philadelphia.     Parry,  who  made  a  careful  investigation 
with  reference  to  the  origin  of  the  first  cases  in  Philadel- 
phia, was  unable  to  trace  it  to  importation ;  but  this  can 
scarcely  be  questioned  in  view  of  what  is  known  of  the 
history  and  etiology  of  the  disease,  and  in  consideration 
of  the  fact  that  Pliiladelphia  is  a  seaport  city  which  has 
constant  communication  with  ports  on  the  other  side  of 
the  Atlantic  which  at  that  time  were  known  to  be  in- 
fected.    Parry  and  Pepper  have  given  us  admirable  ac- 
counts of  this  epidemic  in  Philadelphia.     "We  quote  from 
a  recent  article  by  the  last-named  author  the  following 
statement,  relating  to  its  progress  and  extent :  "  In  Phil- 
adelphia, of  1,176  cases  in  which  the  date  of  occurrence 
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Fig.  3956.  — Spirilla  of  Relapsing 
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w  known,  there  occurred  in  September  (1869),  4  cases- 
December  6  cases;  January  (1870),  5  cases;  February 
13  cases;  March  134  cases;  April,  209  cases;  May,  335 
cases;  June,  293  cases;  July,  115  cases;  August,  19 
cases;  September,  38  cases;  October,  15  cases;  Novem- 
ber^ 1  case;  December,  3  cases;  January  (1871),  3  cases; 
February  1  case;  March,  2  cases;  May,  7  cases;  June 
3  cases;  September,  ?  cases;  October,  3  cases 

The  comcideneeof  relapsing  fever  and  typhus  has  been 
noted  m  many  of  the  epidemics  which  have  occurred  in 
Europe,  but  the  history  of  this  coincidence  does  not  ius- 
tity  the  supposition  that  there  is  any  etiological  relation 
between  these  diseases  other  than  that  furnished  by  com- 
mon predisposing  causes,  viz.,  the  depressing  effects  of 
overcrowding,  insufli- 
cient  food,  and  filthy  sur- 
roundings. This  view  is 
supported  by  the  fact 
that  either  disease  may 
occur  alone,  and  by  the 
circumstance  that  some- 
times one  and  sometimes 
the  other  has  the  prece- 
dence in  time  in  those 
epidemics  in  which  co- 
incidence has  been  ob- 
served. 

Etiology.  —  The  dis- 
covery by  Obermeier,  in 
1873,  of  a  minute  vege- 
table parasite  —  Spiro- 
cJiaete  Obermeieri — in  the 
blood  of  patients  suffer- 
ing from  relapsing  fever, 
and  the  subsequent  demonstration,  by  numerous  observers 
in  various  parts  of  the  world,  that  this  micro-organism  is 
constantly  present  in  the  blood  of  relapsing-fever  pa- 
tients during  the  febrile  paroxysms,  has  thrown  a  flood  of 
light  upon  the  etiology  of  this  disease,  and  is  one  of  the 
most  significant  facts  with  reference  to  the  etiology  of 
the  infectious  diseases  in  general  which  have  been  brought 
to  light  by  modern  microscopical  researches.  Conservat- 
ism suggests  the  possibility  that  the  parasite  may  be  sim- 
plj'  an  accompaniment  of  the  disease,  and  not  directly 
concerned  in  its  etiology  as  the  essential  and  specific 
cause.  This  hypothesis  seems  to  us  to  be  hardly  tenable 
in  view  of  what  is  now  known  of  the  pathogenic  action 
of  certain  other  micro-parasites  of  the  same  class,  and  of 
the  following  facts :  (a)  The  parasite  is  constantly  pres- 
ent in  the  blood  during  the  febrile  paroxysms,  and  in 
smaller  numbers  during  the  latter  part  of  the  period  of 
incubation,  and  is  absent  during  the  apyretic  intervals. 
(b)  This  parasitic  organism  is  peculiar  to  the  disease  un- 
der consideration,  i.e.,  repeated  researches  by  competent 
microscopists  have  failed  to  demonstrate  the  presence  of 
a  similar  organism  in  any  other  disease,  (c)  The  parasite 
is  present  in  the  blood  in  such  numbers  that  its  patho- 
genic power  can  scarcely  be  questioned.  Carter  says: 
"During  specific  fever  several  organisms  (e.g.,  five  to 
ten)  are  visible  in  the  field  at  one  time ;  not  seldom  they 
are  too  numerous  to  count,  and  occasionally  they  are 
present  in  swarms,  being  apparently  nearly  half  as  com- 
mon as  the  red  discs  themselves. "  (d)  The  disease  may 
be  communicated  to  man  (Jlotschutkoffsky)  and  to  the 
monkey  (experiments  of  Koch  and  of  Carter)  by  inocula- 
tions with  blood  containing  the  spirillum,  and  the  para- 
site is  found  in  great  numbers  in  the  blood  of  the  inocu- 
lated individuals  during  the  febrile  paroxysm  which 
results — after  an  incubation  period  of  three  or  four  days 
(Carter)— from  such  inoculations.  The  morphology  of 
the  relapsing  fever  "  germ  "  is  shown  in  Fig.  3956.  The 
spiral  filaments  are  exceedingly  slender,  their  diameter  be- 
ing not  more  than  1  '/i  (0. 001  mm. ,  Lebert),  or,  according  to 
Carter,  ^^  to  ^^  of  an  inch.  The  length  varies  from 
two  to  six  times  the  diameter  of  a  red  blood  disc  (Carter). 
The  motion  of  these  spiral  filaments,  in  blood  recently 
drawn,  is  very  lively,  "rotary,  twisting,  and  Vapidly 
progressive,  but  soon  ceases  under  the  ordinary  condi- 
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tions  of  microscopic  examination  "  (Lebert).  According 
to  Carter,  the  movements  may  continue  for  from  a  few 
hours  to  one  or  two  days  or  longer.  -    ,  .„  .     ,, 

A  good  objective  and  a  certain  amount  of  skill  m  the 
use  of  the  microscope  are  required  for  the  detection  of  the 
spirillum  in  fresh  blood.  This  is  shown  by  the  fact  that 
Obermeier  himself  failed  to  recognize  the  presence  of  the 
parasite  in  the  microscopic  researches  made  by  him  some 
years  prior  to  the  date  of  his  discovery;  and  by  the  fail- 
ure reported  by  some  of  those  who  have  since  attempted 
to  verify  his  observations.  Carter  says:  "That,  as  re- 
gards the  examination  of  fresh  blood,  obstacles  do  exist, 
is  proved  by  the  fact  of  the  organism  being  originally 
found  only  after  long-repeated  scrutinies;  and  at  Bom- 
bay I  have  met  with  observers,  not  unaccustomed  to  the 
use  of  the  microscope,  who  could  never  clearly  see  the 
filaments."  The  demonstration  is  more  readily  made 
when  a  thin  film  of  dried  blood  attached  to  a  cover-glass 
is  stained,  secundum  artem,  with  one  of  the  aniline  colors 
, — an  aqueous  solution  of  methyl  violet,  or  of  Bismarck 
brown,  or  fuchsin. 

It  is  not  yet  certain  whether  the  spirillum  of  relapsing 
fever  is  reproduced  by  spores  as  well  as  by  "  spontaneous 
fission,"  but  it  seems  extremely  probable  that  this  is  the 
case.  Carter  supposes  that  certain  short  filaments  which 
he  has  observed  in  the  blood  are  germinating  spores,  and 
remarks  that  "  the  practical  facts  of  contagion  require 
the  presence  of  fertile  spores,  since  spiral  filaments  are 
absent  in  the  secreia  and  excreta  of  the  body,  and  propa- 
gation by  blood  inoculation  is  obviously  not  the  rule  in 
common  life."  The  same  author  gives  several  instances 
in  which  an  attack  is  supposed  to  have  been  due  to  acci- 
dental inoculation  while  making  an  autopsy.  Other 
cases  are  ascribed  to  simple  contact  with  the  dead  body, 
independently  of  any  wound.  That  the  disease  may  be 
transmitted  from  individual  to  individual  by  direct  con- 
tagion, or  indirectly  through  fomites,  is  demonstrated  by 
a  multitude  of  observations;  and,  indeed,  we  have  no 
satisfactory  evidence  that  it  is  transmitted  in  any  other 
way,  or  that  the  specific  infective  agent — spirillum — is 
capable  of  multiplication  in  an  external  nidus,  and  thus 
of  giving  rise  to  an  epidemic  independently  of  direct  con- 
tagion, as  is  undoubtedly  the  case  in  certain  other  dis- 
eases, e.g.,  typhoid  fever,  cholera,  yellow  fever.  On  the 
other  hand,  the  evidence  on  record  shows  that  in  well - 
ventilated  apartments  and  hospital  wards  the  attendants 
upon  the  sick  and  patients  suffering  from  other  diseases 
are  not  very  liable  to  contract  the  disease.  Where,  how- 
ever, the  sick  are  massed  together  in  insufficiently  venti- 
lated hospitals,  or  when  cases  occur  in  the  overcrowded 
tenements  of  the  poor,  the  transmission  of  the  disease  to 
attendants  and  others  exposed  to  contagion  is  far  more 
frequent. 

Up  to  the  present  time  attempts  to  reproduce  the 
spirillum  of  relapsing  fever  in  a  series  of  cultures  have 
not  been  successful.  Carter  has,  however,  observed  a 
growth  of  the  spirilla  in  length,  and  the  development  of 
a  tangled  network  of  long  filaments  in  a  culture  cell  con- 
taining aqueous  humor,  kept  in  a  warm  chamber  at  a 
temperature  of  40.5°  C.  (105°  F.). 

Pkedisposing  Causes.— There  is  no  evidence  that  cli- 
mate or  season  has  any  marked  influence  upon  the  preva- 
lence of  relapsing  fever;  the  disease  has  prevailed  in  Si- 
beria as  well  as  in  India,  and  its  preference  for  certain 
localities  is  quite  independent  of  climatic  conditions,  re- 
lating rather  to  circumstances  connected  with  the  mode 
of  life  and  hygienic  surroundings  of  the  population.  No 
age  is  exempt,  and  sex  has  no  appai-ent  influence ;  but 
children  are  more  subject  to  be  attacked  than  adults,  and 
susceptibility  seems  to  diminish  to  some  extent  with  ad- 
vancing age.  According  to  Murchison,  only  195  out  of 
2,111  cases  received  into  the  London  Fever  Hospital,  in 
twenty-three  years,  were  over  fifty  years  of  age.  To 
appreciate  the  value  of  these  figures  it  would  evidently 
be  necessary  to  know  how  large  a  proportion  of  the  ex- 
posed population  were  over  fifty  years  of  age. 

Insufficient  food  is  generally  recognized  by  medical 
writers  as  a  potent  predisposing  cause,  and  epidemics 
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have  so  frequently  been  observed  to  coincide  with  pe- 
riods of  unusual  scarcity  that  the  name  "  famine  fever  " 
has  been  applied  to  the  disease.  Some  authors  have  even 
gone  so  far  as  to  ascribe  to  starvation  and  its  accompani- 
ments, overcrowding  and  filthy  surroundings,  an  essen- 
tial r61e  in  the  development  of  the  disease.  But,  as  in 
the  case  of  other  specific  contagious  diseases,  there  seems 
to  be  very  little  foundation  for  the  idea  that  relapsing 
fever  may  be  developed  de  now  in  times  of  famine,  and 
its  epidemic  prevalence  at  such  times  is  to  be  ascribed 
rather  to  increased  vulnerability,  on  the  part  of  the  starv- 
ing population,  to  the  action  of  the  specific  exciting 
cause  of  the  disease.  We  know  that  under  favorable 
hygienic  conditions  the  disease  has  but  little  disposition 
to  spread,  and  that  in  the  severest  epidemics  it  finds  its 
victims  almost  exclusively  among  the  destitute.  On  the 
other  hand,  in  the  numerous  instances  in  which  ship- 
wrecked mariners,  Arctic  explorers,  etc.,  have  been  sub- 
jected to  absolute  starvation,  we  have  no  account  of  the 
development  of  any  such  disease  as  relapsing  fever. 
Ouercrowding  is  considered  by  Parry  to  be  a  more  potent 
predisposing  cause  than  starvation,  and  his  careful  study 
of  the  circumstances  of  those  who  were  taken  sick  during 
the  prevalence  of  the  disease  in  Philadelphia  (1870)  seems 
to  justify  this  conclusion — which  is,  moreover,  supported 
by  the  observations  of  Muirhead,  Bennett,  Lebert,  and 
others. 

One  attack  of  relapsing  fever  does  not  protect  the  in- 
dividual from  subsequent  attacks,  and  second,  or  even 
third,  attacks  during  the  same  epidemic  have  been  noted. 

Carter's  experiments  upon  the  monkey  have  led  him  to 
the  conclusion  that "  the  human  virus  becomes  intensified 
in  its  passage  through  this  animal. "  It  is  noticeable  that, 
with  one  or  two  exceptions,  there  was  but  a  single  febrile 
paroxysm  in  the  numerous  successful  inoculation  experi- 
ments made  by  the  author  quoted.  This  does  not  in- 
validate the  value  of  the  evidence  furnished  by  his  ex- 
periments as  to  the  identity  of  the  disease  produced  in 
the  monkey  with  the  specific  infectious  disease  of  man 
known  as  relapsing  fever,  for  this  single  paroxysm  was 
characteristic  in  its  origin,  duration,  and  termination, 
and  in  the  constant  presence  of  the  blood  parasite  which 
is  peculiar  to  this  disease.  Moreover,  in  man  the  relapse 
is  not  au  essential  feature  of  the  disease.  Thus  Cartel', 
out  of  a  total  of  411  cases,  found  that  in  98  (23.8  per 
cent.)  there  was  but  a  single  febrile  paroxysm.  Pepper 
has  recorded  the  fact  that  in  10  out  of  181  cases  observed 
in  Philadelphia  there  was  no  relapse ;  and  Murchison.  in 
a  series  of  3,425  cases  collected  from  various  sources, 
found  that  there  was  but  a  single  paroxysm  in  30  per 
cent. 

Clinical  Histoby. — As  a  rule,  the  primary  febrile 
paroxysm  begins  abruptly,  without  uoticeahle  pivd7-omes. 
In  certain  cases,  however,  the  patient  experiences  a  cer- 
tain amount  of  malaise,  loss  of  appetite  and  headache, 
for  a  day  or  two  prior  to  the  sudden  access  of  fever. 
The  period  of  incubation  has  usually  a  duration  of  from 
five  to  seven  days  (five  to  nine  days — Murchison),  but 
instances  of  a  longer  or  shorter  incubation  are  not  infre- 
quent. In  several  cases  of  accidental  inoculation,  at  au- 
topsies, which  came  under  the  observation  of  Carter,  the 
period  of  incubation  was  from  three  and  a  half  to  seven 
days;  and  in  the  successful  inoculations  in  the  monkev, 
made  by  the  same  author,  the  mean  duration  of  this  pe- 
riod was  about  ninety  hours.  Speaking  of  these  experi- 
ments, the  author  referred  to  savs:  "My  experiments 
showed  conclusively  that  prior  to'the  onset  of  the  fever 
there  always  occurs  a  more  or  less  prolonged  period  of 
visible  blood  contamination ;  and  hence  that  the  interval 
between  infection  and  fever  is  divisible  into  two  parts, 
viz.,  an  earlier  and  usually  longer  non-spirillar  stage,  and 
a  final  stage  of  spirillar  manifestation  during  which  the 
body  heat,  so  far  from  being  augmented,  is  often  rather 
depressed. " 

The  initial  jiaroxysm  of  fever  is  commonly  inaugurated 
by  a  decided  chill,  or  at  least  by  slight  chilly  sensations, 
accompanied  by  headache,  pain  in  the  back  F,nd  limbs, 
and  a  feeling  of  weakness,  with  indisposition  to  exertion. 
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The  tongue  is  coated ;  nausea  and  vomiting  are  of  common 
occun-ence ;  and  there  is  usually  a  certain  amount  of  ten- 
derness on  pressure  in  the  epigastric  region.  Enlarge- 
ment of  the  spleen  occurs  early  in  the  attack,  and  usually 
a  certain  amount  of  enlargement  of  the  liver  may  also  be 
detected  after  the  second  or  third  day.  Jaimdice  is  of 
frequent  occurrence  in  certain  epidemics,  and  in  others  is 
quite  rare.  The  abrupt  seizure  usually  occurs  during  the 
daytime,  and  is  marked  by  a  rapid  rise  of  temperature 
and  a  correspondingly  rapid  pulse.  The  pyretic  move- 
ment exhibits  a  somewhat  remittent  character,  the  even- 
ing temperature  being  one  or  two  degrees  higher  than 
tlio  morning  temperature,  and  attaining  a  maximum  of 
103.5°  to  105°  F.  during  the  first  twenty-four  hours — a 
maximum  which  may  be  exceeded  by  a  degree  or  two 
during  subsequent  evening  exacerbations.  The  distinc- 
tive character  of  the  pyrexia  is  its  sudden  termination  by 
crisis,  as  a  rule  on  the  fifth  or  seventh  day — more 
rarely  as  early  as  the  third  or  as  late  as  the  twelfth 
day.  This  sudden  termination  of  the  febrile  par- 
oxysm is  commonly  attended  with  profuse  perspi- 
ration, and  occasionally  by  a  critical  diarrhoea,  or 
hemorrhage  from  the  nose,  rectum,  or  vagina. 
The  temperature  frequently  falls,  during  this  ter- 
mination of  tlie  paroxysm  by  crisis,  as  much  as 
10°  or  12°  F.  in  a  few  hours,  and,  as  a  rule,  a  sub- 
normal temperature  is  quickly  reached,  and  may 
persist  at  the  morning  observation  for  two  or  three 
days.  Defervescence  may  occur  at  any  time  during 
the  twenty-four  hours,  but  the  observations  of 
Carter  indicate  that  in  a  majority  of  the  cases 
(66.6  per  cent.). it  happens  between  the  hours  of  4 
P.M.  and  7  a.m.,  or  in  other  words,  that  it  is  most 
likely  to  occur  during  the  night.  It  is  attended 
by  a  complete  relief  of  the  distressing  symptoms 
which  marked  the  febrile  paroxysm,  and  with  the 
exception  of  a  feeling  of  lassitude  the  patient  has 
nothing  to  complain  of,  his  tongue  cleans  up,  his 
appetite  returns,  and  within  three  or  four  days 
he  might  be  considered  convalescent,  were  it  not 
for  the  known  tendency  of  the  disease  to  relapse 
after  an  apyretic  interval  of  about  a  week.  In  one  hun- 
dred and  ninety  cases  analyzed  by  Carter  the  mean  dura- 
tion of  the  apyretio  intenai  was  7.4  days,  the  extreme 
range  being  from  three  to  twelve  days. 

The  relapse,  occurring  commonly  on  the  fourteenth  day 
from  the  date  of  seizure,  resembles  the  initial  paroxysm 
in  its  sudden  onset  and  abrupt  termination,  but  is  usually 
of  shorter  duration — three  to  seven  days.  The  tempera- 
ture not  infrequently  attains  a  higher  point  than  during 
the  initial  paroxysm,  and  there  is  a  correspondingly  rapid 
pulse,  but  with  the  exception  of  increased  debility  the 
other  symptoms  are,  for  the  most  part,  of  a  milder  char- 
acter. Defervescence  is  attended  with  profuse  perspira- 
tion, and,  as  in  the  first  apyretic  interval,  a  subnormal 
temperature  is  quickly  reached.  After  a  second  apyretic 
period,  of  from  six  to  fourteen  days,  a  second  relapse  of 
still  milder  character  and  briefer  duration  may  occur, 
and,  in  exceptional  cases,  this  may  be  followed  by  a  third 
or  even  a  fourth  relapse. 

Special  Symptoms. — The  characteristic  features  of 
the  pyrexia  are  shown  by  the  accompanying  chart  (Pig. 
3957)  of  a  case  reported  by  Murchison,  which,  however, 
cannot  be  taken  as  entirely  typical,  inasmuch  as  the  ini- 
tial paroxysm  and  the  relapse  are  of  about  the  same 
duration,  whereas  the  rule  is  that  the  relapse  is  not  so 
protracted,  and  the  date  of  its  occurrence  is  more  com- 
monly the  fourteenth  rather  than  the  twelfth  day,  as  in 
this  case.  Variations  from  the  typical  form  are,  how- 
ever, the  rule  rather  than  the  exception,  and  the  most  we 
can  say  is  that  there  is  a  tendency  to  crisis  on  the  seventh 
day,  and  to  relapse  on  the  fourteenth  day.  The  remit- 
tent character  of  the  pyretic  movement  is  often  more 
marked  than  in  this  case,  and  especially  so  in  the  re- 
lapses. We  remark,  also,  that  the  subnormal  tempera- 
ture which  follows  crisis  and  sudden  defervescence  is  less 
marked  tlian  usual  in  this  case,  after  tlie  first  febrile  par- 
oxysm, although  shown  very  well  in  that  part  of  tlje 


chart  which  represents  the  second  apyretic  interval. 
This  18  a  very  noticeable  feature  of  the  disease,  although 
not  peculiar  to  it,  a  subnormal  temperature  being  quite 
common  during  the  "  calm  stage  "  of  yellow  fever.  We 
have  the  authority  of  Murchison  for  the  statement  that 
the  temperature  may  fall  as  much  as  14.4°  in  the  course 
of  twelve  hours,  reaching  as  low  a  point  in  certain  cases 
as  94°,  93°,  or  even  92°  F. 

Pepper  has  observed  a  fall  from  107.2°  to  95°,  and 
states  that  this  is  as  low  a  point  as  is  commonly  reached. 
The  observations  of  Carter,  also,  indicate  that  a  fall  be- 
low 95°,  in  non-fatal  cases,  must  be  extremely  rare.  The 
acme  of  temperature  is  commonly  reached  during  the 
twenty-four  hours  immediately  preceding  the  crisis,  and 
in  certain  cases  a  sudden  rise  of  several  degrees  has  been 
noted  to  occur  just  before  tlie  abrupt  fall  which  termi- 
nates a  paroxysm.     In  a  typical  series  of  cases  analyzed 


Fig.  3957.— Temperature  Curve  In  a  Case  of  Relapsing  Fever. 

by  Carter  the  maximum  temperature  observed  during 
the  initial  paroxysm  was  108°,  on  the  evening  of  the 
sixth  day;  the  maximum  temperature  noted  during  the 
relapse  in  the  same  series  of  cases  was  106°  F.  Pepper 
has  recorded  a  temperature  of  107.5°  as  having  come 
under  his  observation,  and  in  a  typical  case,  of  which  he 
gives  a  chart  (op.  cit.,  p.  380),  a  temperature  of  107°  was 
reached  at  the  termination  of  the  initial  paroxysm,  and 
also  during  the  relapse.  In  this  chart  a  slight  febrile 
movement  is  seen  to  follow  the  subnormal  depression 
after  the  relapse.  "  Reactionary  fever  "  of  this  kind,  of 
moderate  degree  and  irregular  in  its  course,  is  commonly 
seen  to  follow  the  febrile  paroxysm  and  subsequent  sub- 
normal depression  of  temperature  in  yellow  fever.  In 
relapsing  fever  it  is  not  perhaps  so  common,  but  is  suffi- 
ciently so  to  have  attracted  the  notice  of  Carter,  who 
speaks  of  it  as  the  "rebound  "  or  "secondary  fever,"  and 
states  that  it  was  observed  in  about  one  out  of  six  of  his 
cases.  "  Its  duration  is  brief,  and  the  blood  spirillum  is 
invariably  absent. " 

The  pulse  in  relapsing  fever  presents  no  distinctive 
character.  During  the  pyretic  movement  it  is  very  fre- 
quent, and  at  the  outset  is  commonly  full  and  tense ;  but 
with  defervescence  there  is  a  rapid  reduction  in  its  fre- 
quency, and  during  the  fiist  portion  of  the  apyretic  in- 
tervals, when  the  temperature  is  subnormal  and  the  pa- 
tient is  in  a  state  of  partial  collapse,  it  becomes  small  and 
feeble,  and  occasionally  extremely  slow— as  slow  even  as 
in  the  corresponding  stage  in  cases  of  yellow  fever. 
Thus,  Obermeier  has  seen  it  as  low  as  44,  and  other  ob- 
servers have  seen  it  even  lower  than  this — Muirhead  34, 
Still§  30.  While,  in  general,  the  rapidity  of  the  pulse 
corresponds  with  the  pyretic  movement,  yet  this  is  not 
an  invariable  rule,  and  according  to  Murchison  is  less 
true  as  'regards  the  relapse  than  in  the  initial  paroxysm; 
thus,  he"  has  seen  a  pulse  of  90  A\hen  the  temperature  was 
106°.     On  the  other  hand,  Carter  has  noted  that  in  the 
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Bombay  epidemic  the  sudden  fall  of  temperature  mark- 
ing the  crisis  was  not  attended  with  a  corresponding  de- 
cline in  the  frequency  of  the  pulse.  During  the  height 
of  the  fever  the  number  of  pulsations  per  minute,  in 
adults,  may  be  stated  as  from  110  to  140,  while  in  chil- 
dren it  often  reaches  160  or  even  170.  After  the  crisis, 
an  irregular  or  dicrotic  pulse  is  not  infrequent,  and  as  a 
rule  it  is  feeble  and  compressible.  At  this  time  there  is 
danger  of  sudden  death  from  syncope.  A  soft  systolic 
murmur  heard  over  the  base  of  the  heart  and  along  the 
large  vessels  is  frequently  discovered,  both  during  the 
primary  paroxysm  and  during  the  relapse. 

Pain  in  the  back  and  limbs  is  complained  of  during  the 
first  days  of  the  primary  attack,  and  to  a  less^  extent  dur- 
ing the  relapse.  Articular  pains,  unaccompanied  by 
swelling,  may  also  persist  during  the  apyretic  interval. 
But  the  most  distressing  pain  is  felt  in  the  head.  Ilead- 
aclie  is  usually  frontal ;  it  is  an  early  and  often  very  per- 
sistent symptom,  disappearing  only  with  the  crisis,  and 
recurring  with  less  severity  with  the  relapse.  Other 
symptoms  referable  to  the  nervous  system  are ;  Vertigo, 
induced  by  assuming  an  erect  position ;  especially  com- 
mon at  the  outset  of  the  attack,  and  often  persisting 
throughout  the  paroxysm;  delirium,  usually  of  an  hys- 
terical character,  and  most  common  among  the  victims 
of  chronic  alcoholism;  or  the  low  muttering  delirium 
which  accompanies  suppression  of  urine,  and  which,  in 
the  absence  of  relief,  passes  into  stupor  and  coma;  con- 
milsions,  the  result  of  urasmic  poisoning  or  of  extreme 
nervous  irritation  due  to  severe  and  protracted  pyrexia ; 
insomnia,  due  largely  to  the  distressing  pains,  and  not 
readily  controlled  by  hypnotics;  paralysis,  limited  to 
single  muscles  or  to  groups  of  muscles— of  rare  occur- 
rence. Of  these  symptoms  vertigo  and  insomnia  are  the 
only  ones  which  are  so  common  as  to  constitute  a  charac- 
teristic feature  of  the  disease. 

The  symptoms  referable  to  the  digestive  system  are  those 
common  to  febrile  complaints  generally,  viz.,  thirst,  loss 
of  appetite,  a  coated  tongue,  torpid  bowels,  and  nausea, 
with  vomiting  of  ingesta  and  bilious  matters.  The  tongue 
usually  remains  moist  and  is  coated  with  a  thick  white 
fur  which  may  become  yellowish  or,  in  cases  having  a 
typhoid  tendency,  brown  and  dry.  It  is  usually  some- 
what swollen  and  indented  at  its  edges  by  contact  with 
the  teeth.  This  appearance,  together  with  the  frequent 
absence  of  coating  upon  the  edges  and  over  a  triangular 
space  at  the  tip,  which  remains  bright  and  red,  has  been 
regarded  by  some  authors  as  of  diagnostic  value.  Occa- 
sionally the  tongue  is  red  and  glazed,  and  it  may  become 
deeply  fissured,  or  in  severe  and  protracted  cases  dry  and 
brown.  The  tongue  quickly  clears  up  and  appetite  re- 
turns when  the  febrile  paroxysm  has  terminated  by  crisis, 
and  when  a  relapse  occurs  "it  again  becomes  coated  and 
there  is  a  return  of  anorexia  and  gastric  disturbance. 
Nausea  and  vomiting  are  almost  constant  symptoms  at 
the  outset  of  the  attack,  and,  less  frequently,  recur  dur- 
ing the  relapse.  Occasionally  a  considerable  quantity  of 
bile  is  ejected ;  more  commonly  the  vomited  matters  con- 
sist of  ingesta  or  glairy  mucus  tinged  with  bile.  "  Black 
vomit,"  due  to  the  presence  of  blood  in  the  vomited  mat- 
ters, has  been  seen  by  several  observers,  and  in  certain 
epidemics  seems  to  have  been  not  very  infrequent.  It  is 
a  symptom  of  grave  import.  Three  cases  out  of  four  in 
which  it  was  noted  by  Pepper  terminated  fatally  This 
author  observes  that,  "judging  from  the  frequency  with 
which  in  fatal  cases  we  find  ecchymoses  of  the  gasti-ic 
mucous  membrane,  with  blood-stained  mucus  in  the  cav- 
ity of  the  stomach,  we  should  expect  black  vomit  to  be 
more  often  observed  than  is  the  case."  More  or  less  ten- 
derness and  pain  on  pressure  in  the  epigastric  region  is  a 
common  symptom  during  the  early  part  of  the  febrile 
paroxysm;  m  this  particular,  as  in  several  others  there 
IS  a  noticeable  resemblance  to  yellow  fever 

The  bowels  are  commonly  constipated  at  the  outset  of 
tne  attack,  but  later  diarriioea  is  not  infrequent,  and  this 
may  be  profuse  and  of  a  critical  character,  occurring  at 
Pvfnnff  1°  ^  !?''"'«  paroxysm,  and  to  a  greater  or  less 
extent  takmg  the  place  of  the  usual  critical  sweating 


Enlargement  of  the  liver  may  usually  be  demonstrated 
by  careful  percussion,  and  in 'some  instances  this  organ 
extends  to  three  inches  below  the  margin  of  the  ribs  tow- 
ard the  close  of  the  febrile  paroxysm.  Pressure  in  the 
hepatic  I'egion  causes  pain,  and  occasionally  hepatic  ten- 
derness is  quite  a  constant  cause  of  distress.  Jaundice  is 
a  prominent  symptom  in  certain  epidemics,  occurring  in 
from  twenty  to  twenty-five  per  cent,  of  the  cases.  At 
other  times  it  is  comparatively  rare.  It  appears  toward 
the  close  of  the  primary  paroxysm,  or  in  one  of  the  suc- 
ceeding febrile  paroxysms,  and  usually  disappears  after 
the  crisis.  According  to  the  observations  of  Pepper  and 
of  Stille,  it  is  more  frequent  in  the  negro  than  in  the 
white  man. 

Enlargement  of  the  spleen  is  a  constant  and  early  symp- 
tom, and  it  is  not  unusual  for  this  organ  to  attain  from 
three  to  four  times  its  normal  bulk.  It  may  be  detected 
as  early  as  the  second  day,  projecting  below  the  margin 
of  the  ribs,  and  toward  the  close  of  the  febrile  paroxysm 
it  often  forms  a  visible  tumefaction  on  the  left  side  of  the 
abdomen.  During  the  apyretic  interval  its  volume  rap- 
idly diminishes,  to  increase  again  during  the  relapse. 

The  skin,  is  free  from  any  characteristic  eruption,  but 
occasionally  an  eruption  of  pinkish  or  rose-colored  spots 
has  been  observed  (Carter),  and  "  true  petechiae  have  been 
quite  common  in  some  epidemics  "  (Pepper).  Sudamina 
and  herpetic'  eruptions  about  the  mouth  and  nostrils  are 
of  common  occurrence.  Desquamation  of  the  cuticle, 
especially  from  the  hands  and  face,  is  not  infrequent. 
Several  observers  have  noted  a  peculiar  odor,  exhaled 
from  the  body  of  the  patient,  which  is  said  to  resemble 
that  given  off  by  "burning  straw  with  a,  musty  odor." 

The  urine  is  somewhat  scanty  and  high-colored  during 
the  febrile  paroxysms,  and,  as  is  usual  in  such  cases,  has 
a  higher  specific  gravity  than  normal ;  its  reaction  is  usu- 
ally acid,  and  it  deposits,  on  standing,  a  more  or  less 
copious  sediment  of  urates,  associated  sometimes  with 
crystals  of  oxalate  of  lime.  The  amount  of  urea  present 
is  subject  to  considerable  variations,  but  the  general  rule 
seems  to  be  that  it  is  increased  during  the  paroxysms, 
and  decreased  at  the  time  of  the  crisis,  to  increase  again 
during  the  first  part  of  the  apyretic  interval.  In  certain 
cases  the  critical  sweating  is  replaced  by  an  abundant 
discharge  of  light-colored  urine  of  low  specific  gravity, 
but.under  ordinary  circumstances  the  amount  of  urine  is 
greatly  reduced  at  the  time  of  crisis;  subsequently  the 
quantity  is  increased  and  the  specific  gravity  is  reduced 
to  a  minimum,  and  this  may  persist  for  some  time  after 
convalescence  is  established.  Thus,  Carter  reports  a  case 
in  which  the  daily  amount,  for  two  weeks  after  the  re- 
lapse, was  one  hundred  and  thirty  ounces,  while  the  spe- 
cific gravity  was  only  1002.6.  Slight  albuminuria  has 
been  noted  by  several  observers  as  commonly  occurring 
toward  the  close  of  the  febrile  paroxysm,  or  shortly  after 
its  termination.  According  to  Carter,  other  evidence  of 
acute  renal  congestion,  such  as  blood  discs  and  tubular 
casts,  is  almost  never  found.  Other  observers,  however, 
have  reported  the  presence  of  tube  casts  in  those  cases  in 
which  the  urine  is  albuminous,  and  Obermeier  has  claimed 
that  acute  desquamative  nephritis  is  one  of  the  ordinary 
phenomena  of  the  disease  under  consideration. 

Epistaxis  is  of  rather  frequent  occurrence  in  relapsing 
fever  and  hemorrhage  from  the  stomach,  from  the 
bowels,  and  from  the  kidneys,  has  been  noted  in  rare 
cases.  Pepper  reports  fifteen  cases  in  which  very  pro- 
fuse epistaxis  occurred  at  the  crisis,  evidently  as  a  criti- 
cal discharge,  replacing  to  some  extent  tlie  usual  perspi- 
ration. ^      ^ 

Convalescence  is  usually  rapid  iu  the  absence  of  any 
complication,  but,  after  very  severe  and  prolonged  at- 
tacks, a  considerable  interval  must  elapse  before  the 
emaciated  patient  regains  his  usual  strength.  The  aver- 
age duration  of  the  period  included  between  the  date  of 
seizure  and  complete  convajescence  is  about  six  weeks 
(Wilson). 

Varieties.— At  least  one  relapse,  occurring  after  an 
apyretic  interval,  is  necessary  to  constitute  a  typical  case 
ot  relapsing  fever.     But  in  a  certain  proportion  of  the 
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cases  occurring  during  an  epidemic,  there  is  but  a  single 
febrile  paroxysm— «Jo?-<8w  form  (Carter)— which  how- 
ever, is  undoubtedly  due  to  the  same  specific  cause,  as  is 
shown  by  the  constant  presence  of  the  spirillum  of  Ober- 
nieier  in  blood  drawn  during  the  pyrexia.  These  cases 
are  often  mild  in  character,  and  in  the  absence  of  a  mi- 
croscopic examination  of  the  blood,  and  demonstration 
of  the  presence  of  the  spirillum,  the  diagnosis  would  re- 
main uncertain.  The  form  of  fever  denominated  Mlioua 
typhoid  by  Griesinger  and  other  German  authors  is  un- 
doubtedly a  variety  of  relapsing  fever.  It  is  character- 
ized by  intense  jaundice,  a  tendency  to  suppression  of 
of  the  urinary  secretion,  to  hemorrhages  from  mucous 
surfaces,  and  to  those  grave  symptoms  which  constitute 
the  typhoid  state,  viz.,  great  prostration,  muttering  de- 
lirium passing  into  stupor  and  coma,  hypostatic  conges- 
tion of  the  lungs,  a  dry  and  brown  tongue,  etc.  These 
symptoms  may  be  developed  during  the  primary  febrile 
paroxysm  in  such  a  manner  as  to  interfere  with  the  ter- 
mination of  this  paroxysm  by  crisis,  and  to  render  ob- 
scure the  apyretic  interval  which,  in  typical  cases  of  re- 
lapsing fever,  distinctly  separates  the  initial  paroxysm 
from  the  relapse. 

Complications.— One  of  the  most  frequent  and  fatal 
complications  of  relapsing  fever  is  pneumonia.  It  com- 
monly occurs  after  the  crisis  of  the  primary  paroxysm, 
but  may  also  follow  the  relapse,  or  may  occur  as  a  more 
remote  sequel  of  the  disease — three  or  four  weeks  after 
the  close  of  specific  pyrexia.  In  97  autopsies  Carter 
found  evidence  of  pneumonia  in  37  instances.  Out  of  33 
autopsies.  Pepper  found  the  lesions  of  this  complication 
in  8.  It  is  more  frequent  in  adult  males  than  in  females 
and  children.  Pleurisy  was  found  \)y  Carter  to  coexist 
with  pneumonia  13  times  in  21  autopsies  in  which  in- 
flammation of  the  lungs  was  verified.  Deaths  from 
pneumonia  commonly  occur  within  a  week  or  ten  days 
after  the  first  crisis.  The  onset  of  this  grave  complica- 
tion is  marked  by  the  usual  symptoms  and  physical 
signs,  and  by  pyrexia,  which  may  be  confounded  with 
that  of  the  relapse  due  to  specific  blood  contamination. 
The  pyrexia  attending  this  complication  is,  however, 
distinguished  from  that  of  the  preceding  or  subsequent 
specific  febrile  paroxysm  by  the  absence  of  spirilla  from 
the  blood.  The  same  is  true  of  the  "  secondary  "  or  "  re- 
actionary "fever,  which  in  severe  cases  sometimes  follows 
the  critical  defervescence,  and  which  is  independent  of 
any  recognizable  organic  complication. 

Dimrhoia,  in  certain  epidemics,  is  rather  common  as  a 
complication  or  sequel,  and  may  be  the  immediate  cause 
of  death.  It  occurred  in  33  per  cent,  of  the  cases  ob- 
served by  Pepper  in  Philadelphia,  and  in  50  per  cent,  of 
the  cases  in  the  KOnigsberg  epidemic.  Parotitis  occurred 
in  from  3  to  3  per  cent,  of  the  cases  collected  by  Carter, 
and  was  observed  by  Pepper  in  3  cases  out  of  185.  It 
may  result  in  resolution,  or  more  commonly  in  suppura- 
tion. As  a  rule,  it  is  developed  during  the  first  apyretic 
interval.  Hiccough  is  a  distressing  complication  which 
frequently  occurs  in  severe  cases,  especially  in  those  at- 
tended with  jaundice.  It  is  most  common  toward  the 
end  of  a  febrile  paroxysm,  and  usually  disappears  after 
the  termination  of  the  paroxysm  by  crisis.  Bronchitis  of 
a  moderate  degree  of  intensity  is  a  frequent  complication 
which  is  developed,  for  the  most  part,  during  the  febrile 
paroxysms,  as  a  result  of  congestion  of  the  bronchial 
mucous  membrane,  and  disappears,  or  is  greatly  modified 
in  degree,  during  the  apyretic  intervals.  Acute  laryngi- 
tis, with  oedema,  is  an  occasional  complication.  En- 
largement of  the  spleen  is  so  constant  that  it  may  be  con- 
sidered an  essential  feature  of  the  disease,  rather  than  a 
complication.  In  certain  cases  the  enlargement  persists 
for  many  weeks,  and  is  attended  with  marked  debility 
and  anaemia.  Rupture  of  the  spleen  has  been  reported  by 
several  authors,  and  splenic  abscess  has  been  noted  in  cer- 
tain rare  cases.  The  former  accident  is  marked  by  sud- 
denly developed  pain  and  collapse,  and  is  quickly  fatal; 
the  latter  commonly  gives  rise  to  pyaemia,  or  may  induce 
acute  peritonitis  or  pleurisy,  by  discharging  into  the 
cavity  of  the  abdomen  or  the  left  pleural  cavity.     Other 
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complications  which  have  been  noted  as  events  of  rare 
occurrence  are:  hemorrhage  from  the  stomach;  metasta- 
tic abscesses  of  the  lung;  suppuration  of  the  mesenteric 
glands;  general  peritonitis;  thrombosis  of  veins,  and 
cerebral  hemorrhage.  When  pregnant  women  are  at- 
tacked with  relapsing  fever,  abortion  is  almost  sure  to 
occur;  and  in  those  cases  in  which  menstruation  occurs 
during  the  attack,  it  is  usually  profuse,  and  sometimes 
dangerously  so.  Among  the  sequel*  of  the  disease,  we 
may  mention  as  most  prominent:  diarrhoea,  dysentery 
anaemia,  neuralgic  pains,  local  palsies,  keratitis,  and  in- 
flammation of  the  deeper  tissues  of  the  eyeball,  mental 
flebetude,  mama,  and  in  rare  instances  gangrene  of  the 
leet  nose,  or  ears,  as  a  result  of  arterial  thrombosis 
(Wilson). 

Diagnosis.— The  early  diagnosis  of  relapsing  fever  is 
made  easy  by  the  discovery  of  Obermeier,  and  by  the  fact 
now  verified  by  numerous  observers,  that  the  spirillum 
peculiar  to  this  disease  is  found  in  the  blood  during  the 
entire  period  of  pyrexia— including  the  relapses— and 
usually  for  a  short  time  in  advance  of  the  febrile  parox- 
ysms.    Without  this  test  the  diagnosis  must  always  re- 
main somewhat  uncertain  for  some  days,  inasmuch  as 
there  are  no  pathognomonic  symptoms  marking  the  out- 
set of  the  attack.     The  sudden  termination  of  the  initial 
paroxysms  by  crisis,  and  the  relapse  after  an  apyretic  in- 
terval of  five  to  twelve  days,  will,  however,  be  sufficient 
to  establish  the  diagnosis  in  typical  cases ;  but,  as  in  other 
specific  febrile  diseases,  there  are  many  atvDical  cases  in 
which  the  diagnosis  might  remain  uncertain  if  it  de- 
pended upon  the  clinical  history  alone.     This  is  espe- 
cially true  of  the  so-called  "abortive  form,"  in  which 
there  is  but  a  single  paroxysm,  in  that  form  which  has 
been  denominated  bilious  typhoid,  and  in  cases  in  which 
the  typical  character  of  the  pyrexia  is  masked  by  compli- 
cations of  one  kind  or  another.     In  countries  where  severe 
forms  of  malarial  fever  prevail  there  can  be  no  doubt  that 
cases  of  relapsing  fever,  especially  at  the  outset  of  an  epi- 
demic, before  the  prevalence  of  this  disease  has  been  gen- 
erally recognized,  are  often  ascribed  to  malarial  poison- 
ing, and  fall  under  the  denomination  "remittent  fever" 
— a  term  which  in  former  years,  and  in  the  absence  of 
precise  knowledge,  has  been  made  to  do  duty  in  tabular 
statements  of  disease  and  mortality  for  more  than  one 
specific  disease,  e.g. ,  typhoid  fever,  yellow  fever,  relaps- 
ing fever.     The  investigations  of  Carter  make  it  appear 
probable  that  relapsing  fever  is  by  no  means  a  new  dis- 
ease in  India,  yet  it  has  been  only  recognized  during 
recent  years,  and  the  available  records  of  an  epidemic 
which  prevailed  in  Bombay  so  recently  as  1863-64^65 
do  not  permit  the  author  mentioned  to  decide  positively 
whether  the  enormous  mortality  from  "  fever  termed  re- 
mittent "  was  in  truth  due  to  relapsing  fever  or  to  typhus, 
as  was  claimed  by  some  of  the  local  practitioners.     The 
differential  diagnosis  between  relapsing  fever  and  true 
malarial  remittent  presents  no  serious  difficulties,   al- 
though there  are  many  symptoms — such  as  headache, 
vomiting,   epigastric    tenderness,    enlargement   of    the 
spleen,  and  jaundice — which  are  common  to  both  dis- 
eases.    The  character  of  the  pyretic  movement,  the  sud- 
den termination  by  crisis,  the  failure  of  quinine  favor- 
ably to  influence  the  course  of  the  disease,  the  protracted 
apyretic  interval,  and  the  relapse,  will  suffice.     But  in 
addition  to  these  facts  relating  to  the  clinical  history, 
there  are  various  circumstances  relating  to  the  epidemic 
prevalence  of  the  disease  which  will  aid  greatly  in  its 
recognition.     Thus,  relapsing  fever  is  ti-ansmitted  from 
individual  to  individual  by  contagion,  and  is  a  disease  of 
towns,  and  especially  of  the  overcrowded  portions  of  such 
towns  where  the  poorer  classes  of  the  population  are  con- 
gregated under  unfavorable  sanitary  conditions ;  whereas 
remittent  fever  is  especially  a  disease  of  the  country,  the 
prevalence  of  which  depends  upon  circumstances  relating 
to  locality,  climate,  and  season,  and  not  upon  personal 
intercourse  and  social  condition.     As  a  rule,  it  may  be 
said  that  a  fatal  epidemic  disease  which  prevails  among 
the  crowded  population  of  a  large  city  is  not  remittent 
fever,  whatever  else  it  may  be. 
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Typhus  fever  and  relapsing  fever  are  often  associated 
88  regards  their  epidemic  prevalence,  although  there  is 
no  evidence  that  they  bear  any  etiological  relation  other 
than  that  due  to  common  predisposing  causes.  That 
they  are  specifically  distinct  is  well  established,  and  the 
clinical  history  of  each  is  sufficiently  characteristic.  The 
eruption  of  typhus,  the  continuous  course  of  the  pyretic 
movement,  and  the  fatal  tendency  of  the  disease  are  all 
'  in  contrast  with  relapsing  fever.  A  more  detailed  ac- 
count of  the  clinical  points  of  difference  is  hardly  neces- 
sary in  view  of  what  has  preceded,  and  of  the  ready 
means  of  establishing  the  differential  diagnosis  which  is 
furnished  by  the  microscope.  The  same  may  be  said  as 
regards  enteric  fever,  which  disease  is  also  characterized 
by  a  less  abrupt  onset,  and  a  pyrexia  which  presents 
peculiar  features  essentially  different  from  that  of  relaps- 
ing fever,  togetherwith  special  symptoms,  such  as  a  ten- 
dency to  delirium,  abdominal  distention,  an  eruption  of 
rose  spots,  etc.  The  differential  diagnosis  in  that  form  of 
relapsing  fever  which  is  denominated  by  Griesinger  "  bili- 
ous typhoid  "  may  perhaps  present  greater  difficulties,  and, 
before  the  discovery  of  the  spirillum  of  Obermeier,  much 
uncertainty  existed  as  to  the  etiological  relations  of  this 
fatal  form  of  disease.  In  addition  to  the  presence  of  the 
spirillum  it  is  distinguished  from  enteric  fever  by  its 
mode  of  onset,  by  the  early  appearance  of  jaundice,  and 
by  the  character  of  the  pyrexia,  together  with  a  tendency 
to  hemorrhage  from  mucous  surfaces,  a  more  decided  en- 
largement of  the  spleen,  and  the  absence  of  rose-colored 
spots. 

Bilious  typhoid  might  very  easily  be  mistaken  for  yel- 
low fever  in  countries  where  this  disease  prevails,  and 
we  have  the  authority  of  Murchison  for  the  statement 
that  this  mistake  has  been  made  by  Graves,  Stokes,  and 
Cormack.  The  two  diseases  have  many  features  in  com- 
mon, but  also  essential  points  of  difference.  Thus,  yel- 
low fever  prevails  only  in  certain  latitudes  and  during 
the  summer  season,  while  relapsing  fever  is  quite  inde- 
pendent of  climatic  conditions.  Yellow  fever  is  ex- 
tremely fatal,  and  a  single  attack  protects  from  subse- 
quent attacks;  the  reverse  is  true  of  relapsing  fever. 
Relapsing  fever  is  propagated  by  direct  transmission 
from  individual  to  individual ;  yellow  fever  is  not,  and 
its  extension  depends  upon  external  conditions.  The 
negro  has  a  partial  immunity  from  the  effects  of  the  yel- 
low-fever poison,  but  is  especially  susceptible  to  relaps- 
ing fever.  There  are  also  essential  differences  in  the 
clinical  history  of  the  two  diseases.  In  one — yellow 
fever — the  acme  of  temperature  is  commonly  reached 
during  the  first  twenty -four  hours,  and  defervescence  is 
gradual;  in  the  other  defervescence  is  rapid  and  accom- 
panied by  a  critical  discharge,  and  the  acme  of  tempera- 
ture occurs,  as  a  rule,  shortly  before  the  crisis. 

The  "  stage  of  calm  "  in  yellow  fever  is  a  period  of  the 
gravest  danger,  the  urine  is  scant}'  and  highly  albu- 
minous, and  complete  suppression  is  a  common,  and  al- 
most invariably  a  fatal,  event;  the  febrile  paroxysm  is 
usually  not  so  protracted  as  in  relapsing  fever,  and  is 
attended  with  less  distress,  but  the  effects  of  the  specific 
poison  upon  the  blood,  the  kidneys,  and  the  mucous 
membrane  of  the  stomach  are  of  such  a  nature  as  to 
place  the  life  of  the  patient  in  the  greatest  jeopardy. 
The  apyretic  interval  in  relapsing  fever  is,  on  the  other 
hand,  a  period  of  comparative  safety  and  comfort ;  the 
urinary  secretion  is  abundant,  the  appetite  returns,  and 
the  stomach  resumes  its  functions.  This  apyretic  inter- 
val is,  however,  not  so  clearly  defined  in  severe  cases  of 
bihous  typhoid,  as  death  occurs  in  from  thirty  to  fifty 
per  cent,  of  these  cases,  and  most  frequently  during  the 
initial  paroxysm,  or  as  a  result  of  complications  which 
interfere  with  the  normal  course  of  the  disease ;  and  as 
there  are  jaundice,  albuminous  urine,  and  a  tendency 
to  hemorrhages  from  mucous  membranes,  it  is  easy  to 
see  how  mistakes  may  arise,  and  the  diagnostic  value 
ot  the  microscopic  test,  demonstrating  the  presence 
or  absence  of  the  spirillum,  becomes  apparent.  It  must 
be  remembered,  however,  that  the  spirillum  is  not 
tound  during  the  reactionary   fever  which  sometimes 
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follows  the  crisis,  or  during  the  pyrexia  attending  a 
complication. 

Pkognosis  and  Mortality. — The  mortality  from  re- 
lapsing fever,  in  the  absence  of  complications,  is  low. 
Out  of  2,115  cases  admitted  to  the  London  Fever  Hospi- 
tal in  twenty-three  years  (1847-70),  there  were  39  deaths 
(1.84  per  cent.).  Murchison,  to  whom  we  are  indebted 
for  these  figures,  has  also  analyzed  the  statistics  fur- 
nished by  Scotch  physicians.  In  a  series  of  6,300  cases 
the  mortality  was  4.12  per  cent.,  and  in  a  second  series  of 
10,444  cases  it  was  4.42  per  cent.  According  to  Pepper, 
the  mortality  in  the  Philadelphia  epidemic  was  14.4  per 
cent.,  the  total  number  of  cases  being  1,174.  These  fig- 
ures scarcely  sustain  the  statement  that  relapsing  fever 
is  a  comparatively  mild  disease,  and  the  mortality  in  the 
cases  in  which  jaundice  was  a  prominent  symptom — 
"  bilious  typhoid  " — which  is  said  to  have  been  not  less 
than  fifty  per  cent.,  places  this  form  of  the  disease  on  a 
level  with  yellow  fever  and  typhus,  so  far  as  its  fatality 
is  concerned.  In  India,  out  of  616  cases  collected  by 
Carter,  there  were  111  deaths  (18.02  per  cent.).  It  is  evi- 
dent from  these  figures  that  it  is  only  by  excluding  cases 
complicated  by  jaundice,  pneumonia,  etc.,  that  the  state- 
ment is  justified  that  "the  death  rate  in  relapsing  fever 
is  low."  Death  may  occur  during  the  initial  paroxysm, 
the  apj'retic  interval,  the  relapse,  or  subsequently  to  this. 
In  an  analysis  of  99  fatal  cases  Carter  ascertained  that  in 
48  death  occurred  during  the  primary  paroxysm,  and  of 
these  87  died  at  or  about  the  apparent  acme  of  fever,  and  at 
the  stage  of  defervescence  11 ;  24  deaths  occurred  during 
the  first  apyretic  inter val ;  6  during  the  first  relapse ;  11  dur- 
ing the  second  interval,  and  1  in  a  second  relapse.  The 
apparent  cause  of  death  in  these  cases  is  said  to  have  been  in 
63  cases  exhaustion,  resulting  from  the  immediate  effects 
of  the  pyrexia  and  its  attendant  symptoms ;  in  17  cases 
pneumonia  as  a  complication ;  in  2  copious  gastric  hemor- 
rhage ;  in  1  femoral  thrombosis ;  in  7  cerebral  hemorrhage 
was  ascertained  by  autopsy ;  there  was  acute  dysentery 
in  8  cases,  and  hepatic  abscess  in  1. 

The  influence  of  age  upon  mortality  is  shown  by  the 
following  table,  which  we  copy  from  Wilson  (op.  dt.), 
who  obtained  it  from  the  statistics  of  the  London  Fever 
Hospital  as  given  by  Murchison. 

Of  the  2,115  cases  admitted  there  were: 


Cases. 

Deaths. 

Percent. 

Under  20  years 

804 

322 

119 

66 

6 

3 

4 
8 
9 

7 
2 

037 

Between  20  and  30  years 

71 

"       40    "  50     "     

248 

50    "  60     "     

756 

"       60    "   70     "      

10  60 

70    "  80     "     

33  33 

Thefavorable  influence  of  youth,  as  shown  in  this  table 
— 0.37  per  cent,  for  all  cases  below  the  age  of  20— is 
not  in  correspondence  with  tlie  data  obtained  by  Carter 
in  India.  He  says:  "The  influence  of  age  was  apparent 
in  the  greater  comparative  mortality  at  both  extremes 
of  the  scale  of  years ;  thus,  the  general  mean  death  rate 
being  about  18  per  cent.,  the  rate  was  27  per  cent,  up  to 
the  age  of  ten  years,  and  then  in  the  two  succeeding  de- 
cennia  declining  to  11  per  cent.  (11  to  30  years),  and  16 
per  cent.  (21  to  30  years),  it  rose  with  advancing  age  above 
the  mean  to  24.5  per  cent.  (31  to  40  years),  29.4  per  cent. 
(41  to  50  years) ,  and  37.5  per  cent.  (51  to  60  years). 

The  mortality  is  greatest  at  the  outset  of  an  epidemic, 
and  the  proportion  of  cases  complicated  with  jaundice  is 
larger  at  this  time.  Sex  has  no  apparent  influence  upon 
the  death  rate,  when  we  exclude  the  decided  influence  of 
intemperate  habits,  and  take  account  of  the  fact  that 
more  males  than  females  are  attacked. 

Anatomical  Lesions.— Most  authors  assert  that  there 
are  no  constant  anatomical  lesions  in  relapsing  fever,  but 
Ponfick,  of  Berlin,  who  has  made  the  most  elaborate  re- 
searches yet  published,  based  upon  sixty-five  autopsies 
made  during  the  epidemic  of  1872-73,  asserts  "that  cer- 
tain changes  in  the  spleen,   the  marrow  of  bones,  the 
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blood  (large  granule  cells) ;  also  those  of  the  liver,  kidneys, 
and  muscles  (especially  of  the  heart),  pertain  directly  to 
relapsing  fever,  and  taken  together  are  pathognomonic." 
The  splenic  changes  are  said  to  be  absolutely  constant, 
and  this  assertion  at  once  disposes  of  the  commonly  re- 
peated statement  that  there  are  no  constant  local  lesions 
in  relapsing  fever.  Liver  changes,  too,  were  invariable ; 
but  some  diflBculty  here  arose  from  the  likelihood  of  prior 
lesion  due  to  alcoholism.  It  is  evident  that  the  epidemic 
at  Berlin  was  a  severe  one,  there  being  seen  several  ex- 
amples of  typhus  bilioaus.  The  following  is  a  summary 
of  Ponflck's_  results.  Liver:  The  turgescence  ensuing 
during  specific  pyrexia  may  be  greater  than  occurs  in 
any  other  infectious  disease ;  the  individual  lobules  be- 
come enlarged,  their  outlines  indistinct,  and  tint  a  gray- 
ish-red. Microscopically,  the  increased  volume  is  due  to 
cloudy  swelling  of  the  hepatic  cells  (always  present),  to 
their  peripheral  fatty  degeneration,  and  lastly,  to  an  in- 
filtration of  small  cells  in  the  portal  canals ;  from  an  ana- 
tomical point  of  view,  no  distinction  here  is  possible 
between  the  mild  and  the  severe  forms  of  relapsing  fever ; 
jaundice  was  present  sixteen  times  (twenty-four  per 
cent.),  and  it  results  from  biliary  engorgement.  Kidneys  : 
Changed  without  exception,  and  in  correspondence  with 
alterations  noted  in  the  urine ;  they  may  be  doubled  in 
size ;  parenchyma  flabby ;  the  cortex  broad  and  clouded ; 
the  Malpighian  tufts  pallid.  Or  parts  alone  may  be 
changed,  and  when  dark  streaks  are  visible,  then  not 
only  is  the  tubular  epithelium  more  or  less  fatty,  but  the 
lumen  of  the  tubes  is  occupied  by  fibrinous  or  blood- 
tinged  plugs.  Such  cylinders  with  red  discs  have  been 
found  in  the  urine  (not  at  Bombay,  H.  V.  C).  There  is 
also  evident,  in  the  extreme  degree  of  swelling,  a  copious 
small-cell  infiltration  of  the  intertubular  tissue ;  and  be- 
sides, an  amyloid  thickening  of  the  vessels,  which  may 
be  attributed  to  previous  morbus  Brightii.  Striated  mus- 
cles :  Lesion  of  the  myocardium  is  very  frequent,  its  con- 
sistence flabby,  tint  pale  gray  or  brownish,  wholly  or  in 
streaks,  where  the  fibres  have  undergone  fatty  degenera- 
tion ;  such  degeneration  may  be  as  extreme  as  in  the  most 
virulent  kind  of  infectious  disease,  or  even  in  poisoning 
by  phosphorus.  Dr.  Ponfick  naturally  applies  these  data 
in  explanation  of  certain  fatal  cases  of  fever,  where  death 
occurs  by  syncope,  and  no  other  lesion  is  found  after 
death.  I  have  above  remarked  that  the  like  were  not 
witnessed  among  the  temperate  natives  of  West  India. 
Spleen :  Changes  here  are  localized  or  diffused ;  the  latter 
are  always  present,  and  induce  a  swelling  of  the  organ, 
sometimes  greater  than  occurs  in  leukaemia.  The  pulp  is 
then  dark,  livid,  and  projecting ;  the  Malpighian  bodies 
much  enlarged  or  even  effaced,  their  tint  gray  or  yellow- 
ish ;  at  a  later  stage  of  fever  their  outlines  become  more 
defined.  In  cases  of  unusually  rapid  tmgescence  of  the 
spleen,  rupture  of  its  capsule  may  occur,  and  death,  with 
or, without  peritonitis;  this  change  is  compared  with 
that  taking  place  in  enteric  fever.  Swelling  is  due  to 
distention  of  blood-vessels,  and  to  a  great  increase  of  the 
cell  elements,  including  large  multinucleated  forms  in 
near  relationship  to  the  cavernous  veins.  Dr.  Ponfick 
could  not  find  any  spirilla  among  these  cells.  Numerous 
pulp  cells  were  seen  containing  red  blood  discs  and  pig- 
ment; and  others  filled  with  bright  granules  which  look 
like  spores,  but  probably  are  not  such ;  these  structures 
are  not  peculiar  to  relapsing  fever,  though  found  here  in 
relatively  larger  numbers  than  in  other  fevers ;  they  may 
be  seen  in  the  blood  circulating  during  life,  and  when 
very  abundant,  may  be  concerned  with  death  of  patient. 
Cases  are  quoted  such  as  occurred  at  Bombay.  There  is 
also  another  contamination  of  the  blood  which  can  be 
demonstrated  during  life  in  severe  cases,  viz.,  by  vascu- 
lar endothelium  cells  in  a  state  of  fatty  degeneration; 
this,  too,  is  not  absolutely  peculiar.  As  to  localized 
splenic  changes,  the  chief  pertain  to  the  venous  system 
and  comprise  the  so-called  '  infarcts,'  which  were  present 
in  forty  per  cent,  of  all  autopsies;  they  resemble  closely 
embolic  infarcts,  but  arise  from  another  cause  than 
arterial  obstruction,  and  hence  are  peculiar  to  relapsing 
fever."     (Quoted  from  Carter,  op.  ait.) 


^Ponfick  also  describes  certain  changes  in  the  marrow 
oi  bones  which  he  considers  peculiar  to  relapsing  fever. 
'These  changes  consist  in  proUferation  and  subsequent 
degeneration  of  the  lymphoid  cells  of  the  marrow,  with 
multiplication  of  the  nuclei  in  the  walls  of  the  minute 
vessels  and  fatty  degeneration  of  their  coats.  As  a  result 
of  these  changes  spots  of  puriform  softening  may  form, 
chiefly  in  the  cancellous  tissue  of  the  extremities  of  long 
bones,  with  the  production  of  localized  necrosis,  and  pos- 
sibly with  extension  of  inflammation  to  the  neighboring 
articular  cavity."    (Quoted  from  Pepper,  op.  eit.) 

_  In  addition  to  these  constant  changes,  a  variety  of  le- 
sions are  found  which  appertain  to  the  complications 
which  occur  in  this  disease  with  greater  or  less  frequency. 
Most  prominent  among  these  are  the  lesions  due  to  pneu- 
monia. Pepper  found  evidence  of  lobar  pneumonia  in 
thirty -three  per  cent,  of  his  autopsies.  Carter  in  twenty- 
eight  per  cent.,  and  Ponfick  in  twenty  per  cent. 

Treatment.— All  efforts  to  cut  short  an  attack  of  re- 
lapsing fever  by  specific  medication  have  thus  far  proved 
unsuccessful,  and  the  knowledge  that  the  disease  is  due 
to  the  presence  of  a  minute  vegetable  parasite  in  the 
blood  has  not  resulted  in  any  decided  improvement  in 
our  therapeutic  resources.  The  evident  indication  is  to 
destroy  or  restrain  the  development  of  this  blood  parasite; 
but  in  the  list  of  known  therapeutic  agents  there  is  not 
one  which  can  be  safely  administered  in  sufficient  quan- 
tity to  accomplish  this  purpose.  Quinine  in  full  doses 
has  been  tried  again  and  again,  but  the  testimony  of 
Murchison,  of  Pepper,  and  of  Carter  is  in  accord  as  to  its 
failure  to  exercise  any  specific  therapeutic  power.  The 
last-named  observer  says  that  "  the  blood  spirillum  and 
the  febrile  symptoms  remain  unaffected  after  quinine 
given  largely  to  cinchonism,  after  narcotism  by  chloral, 
and  after  the  freest  exhibition  of  spirituous  liquors ;  also 
after  the  administration  of  the  carbolates  and  very  large 
doses  of  the  salicylates. "  We  have  no  precise  data  show- 
ing the  action  of  germicidal  agents  upon  the  spirillum  of 
Obermeier;  but  Carter  states  that  he  once  found  that 
weak  neutral  solutions  of  quinine  seemed  to  kill  the  spi- 
rillum; and  Dr.  Litten  has  ascertained  that  the  move- 
ments of  the  parasite  are  arrested  by  a  one-per-cent.  solu- 
tion of  carbolic  acid.  The  experiments  of  Ceri  show 
that  the  development  of  schizomycetes  is  prevented  by 
the  presence  of  muriate  of  quinine  in  the  proportion  of 
1  to  800  in  a  culture  solution.  The  development  of 
certain  species  is  prevented  by  a  considerably  smaller 
amount,  but  so  far  as  our  experimental  data  go  the  in- 
dications are  that  at  least  one  part  in  two  thousand  will 
be  required  to  prevent  the  development  of  organisms 
of  this  class  in  the  blood.  This  would  require  the  con- 
stant presence  of  something  more  than  a  drachm  of 
muriate  of  quinine  in  solution  in  tlie  blood  to  prevent  the 
multiplication  of  bacterial  parasites  present  in  this  fluid. 
The  therapeutic  possibilities  in  the  case  of  carbohc  acid 
are  not  so  favorable  as  this,  and  the  writer  has  else- 
where estimated  the  amount  of  this  agent  which  would 
be  necessary  to  restrain  the  development  of  pathogenic 
organisms  in  the  blood  to  be  something  more  than  two 
drachms.  Arsenic  was  fairly  tried  by  Pepper  in  the 
Philadelphia  epidemic,  and  his  conclusion  is  that  "  there 
seems  to  be  no  reason  whatever  for  any  further  use  of 
this  drug  in  relapsing  fever."  Large  doses  of  sodium 
salicylate  have  been  demonstrated  by  Unterberger  and 
by  Riess  to  exercise  a  marked  antipyretic  effect,  but  to 
be  impotent  for  the  arrest  of  the  febrile  paroxysm  or 
for  the  destruction  of  the  blood  parasite.  "  Unterberger 
has  seen  the  temperature  brought  down  3°  C.  (5.4"  F.), 
yet  the  attack  was  not  apparently  cut  short,  or  splenic 
enlargement  prevented,  or  the  active  blood  spirillum 
visibly  affected.  Dr.  L.  Reiss,  after  essay  on  twenty-six 
cases,  thinks  that  it  is  possible  to  cut  short  or  mitigate 
the  symptoms  (especially  the  temperature)  of  specific 
relapses  by  very  large  doses  (one  hundred  grains  or  more 
daily)  noting,  however,  that  even  when  the  heat  is  re- 
duced to  normal  or  below  it,  the  spirillum  still  persists." 
(Quoted  from  Carter.)  Another  remedy,  tried  by  Pep- 
per in  a  large  number  of  cases,  is  the  hyposulphite  of 
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soda;  his  verdict  is  that  "it  is  certain  that  it  exerted  no 
specific  effect  upon  the  disease." 

In  the  absence  of  any  known  specific,  our  therapeutic 
resources  are  reduced  to  those  measures  which  are  best 
adapted  to  the  control  of  the  most  distressing  symptoms, 
and  to  that  watchful  care  and  anticipation  of  complica- 
tions which  enables  us  so  often  to  tide  a  patient  safely 
through  the  critical  stages  of  an  infectious  disease,  and 
to  save  many  lives,  notwithstanding  our  acknowledged 
inability  to  cure  these  diseases.  Although  the  high 
pyrexia  is  not  so  immediately  dangerous  to  life  as  is  the 
case  in  certain  other  continued  fevers,  it  will  always  be 
advisable  to  keep  it  within  bounds,  and  the  tendency  to 
death  toward  the  close  of  the  febrile  paroxysm,  primary 
or  secondary,  should  be  borne  in  mind.  The  evidence  on 
record  is  in  favor  of  sodium  salicylate,  rather  than  qui- 
nine, as  an  antipyretic  medicine ;  it  may  be  given  to  the 
extent  of  one  hundred  grains,  or  more,  in  the  twenty- 
four  hours,  and  is  said  to  be  well  borne.  Its  persistent 
use,  however,  interferes  with  the  patient's  appetite,  and 
it  will  be  best  to  reserve  it  for  those  cases  which  are  marked 
by  a  specially  high  pyrexia,  and  to  administer  it,  in  full 
doses,  only  when  the  temperature  approaches  106°  F.  For 
a  more  moderate  elevation  of  temperature,  cold  sponging 
of  the  surface,  and  the  administration  of  simple  febrifuge 
remedies,  such  as  effervescing  draught,  or  solution  of 
spirit  of  nitrous  ether,  will  suffice.  Aconite,  in  small  and 
repeated  doses,  may  be  given— one  drop  every  two  hours 
— in  combination  with  moderate  doses  of  spirit  of  nitrous 
ether,  and  if  any  routine  treatment  for  the  fever  is  con- 
sidered necessary  this  may  be  recommended,  as  less  liable 
to  disturb  the  stomach  than  certain  other  drugs  which 
are  sometimes  used  in  similar  conditions,  e.g. ,  veratrum 
viride,  digitalis.  There  is  a  tendency  to  constipation, 
and  a  mild  aperient  will  commonly  be  required  at  the 
outset  of  the  attack;  a  dose  of  castor  oil,  or  a  simple 
saline  purgative,  will  answer  the  purpose;  later  the 
bowels  may  be  moved,  if  necessary,  by  enemata ;  emetics, 
as  a  rule,  do  more  harm  than  good.  Eeadaclie  is  to  be 
combated  by  cold  applications  to  the  head.  Insomnia 
is  a  marked  and  distressing  feature  of  the  disease ;  Carter 
prefers  to  administer  chloral  and  bromide  of  potassium 
for  the  relief  of  this  symptom,  rather  than  to  give  opi- 
ates. Pepper,  on  the  contrary,  says  that  "opium  and 
morphine  must  be  regarded  as  the  basis  of  the  rational 
treatment  of  relapsing  fever.  It  is  called  for  by  the  in- 
somnia, the  severe  headache,  and  the  pains  in  various 
parts  of  the  body,  the  nausea  and  vomiting,  and  the 
pyrexia."  One-fourth  of  a  grain  of  morphine,  given  at 
intervals  of  six  to  twelve  hours,  was  found  by  the  author 
last  mentioned  to  relieve  pain  and  vomiting,  and  often  to 
induce  refreshing  sleep.  It  is  contraindicated  in  those 
cases  having  a  typhoid  tendency,  as  shown  by  a  disposi- 
tion to  stupor  and  deficient  urinary  secretion.  In  the 
experience  of  Pepper  during  the  Philadelphia  epidemic, 
bromide  of  potassium  in  full  doses  failed  to  produce  sleep 
or  relieve  headache,  and  chloral,  in  doses  of  twenty  to 
forty  grains,  could  not  be  depended  upon,  although  it 
sometimes  gave  rehef.  In  view  of  the  tendency  to  heart 
failure  in  this  disease,  the  author  named  very  properly 
points  out  the  possible  danger  which  may  attend  the 
administration  of  cliloral.  For  the  relief  of  excessive 
tenderness  of  tlie  liver  or  spleen,  Carter  recommends  hot 
fomentations  and  poultices  in  preference  to  cold  applica- 
tions, "which  are  seldom  grateful  to  the  patient."  To 
control  excessive  irritability  of  the  stomach,  Popper  ad- 
vises the  use  of  small  doses  of  calomel,  gr.  l-\  every  two 
hours,  or  gr.  ^^  of  nitrate  of  silver,  dissolved  in  thin 
mucilage  of  acacia,  administered  at  intervals  of  three  or 
four  hours.  Ilietough  is  a  distressing  symptom,  which 
otten  defies  all  remedial  measures.  In  Pepper's  experi- 
ence, chloroform  is  the  most  useful  remedy  for  its  relief 
As  death  from  heart  failure  may  occur  at  the  acme  of  the 
pyrexia,  or  during  the  depression,  often  amounting  to 
collapse,  which  follows  crisis,  it  will  be  necessary  to 
watch  carefully  for  the  slightest  indications  of  such  "fail- 
ure and  to  guard  against  it  by  the  administration  of 
digitalis,  or  strychnia,  and  the  early   use  of  alcoholic 
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stimulants.  When  the  symptoms  of  collapse  are  de- 
veloped, it  will  be  necessary  to  resort  to  the  subcuta- 
neous injection  of  ether,  or  of  strychnia,  and  to  apply 
artificial  heat  to  the  surface  of  the  body. 

In  this  as  in  other  specific  febrile  diseases  running  a 
protracted  course,  it  is  necessary  to  commence  with  a 
suppm-ting  treatment  at  an  early  date.  As  soon  as  the 
stomach  will  retain  it,  liquid  nourishment  should  be  ad- 
ministered at  stated  intervals — every  two  or  three  hours; 
meat  broths,  milk,  or  gruel  may  be  given  if  the  condition 
of  the  stomach  admits  of  their  being  retained;  if  not, 
koumiss,  chicken  water,  or  skimmed  milk  diluted  with 
lime  water,  may  be  given  in  small  quantities  and  at 
shorter  intervals.  When  the  stomach  is  very  irritable,  it 
is  probable  that  iced  champagne,  or  a  teaspoonful  of 
good  brandy  poured  upon  broken  ice  in  a  glass,  and 
taken  as  cold  as  ice  will  make  it,  will  be  found  the  best 
form  of  stimulant.  Whiskey  toddy  or  milk  punch  may 
be  given  during  the  apyretic  interval,  or  until  convales- 
cence is  fairly  established,  or  a  good  wine  may  be  substi- 
tuted for  these  if  the  patient  prefers.  In  this  disease,  as 
in  yellow  fever,  sudden  death  is  liable  to  occur  from  car- 
diac syncope,  as  a  result  of  very  trifling  exertion  made 
when  the  patient  is  apparently  out  of  danger.  It  there- 
fore becomes  necessary  to  insist  upon  absolute  quiet  and 
the  maintenance  of  a  recumbent  position  until  such  time 
as  the  strength  of  the  patient  is  fairly  restored.  This 
precaution  is  especially  imperative  at  the  time  of  crisis, 
and  during  the  period  immediately  following  it,  when 
there  are  a  subnormal  temperature  and  other  evidence  of 
a  state  of  collapse.  George  M.  Sternberg. 
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REMITTENT  MALARIAL  FEVER.  See  Malarial  Dis- 
eases. 

RENNIN.— This  name  for  the  milk-curdling  enzyme 
of  the  gastric  juice  was  first  proposed  in  Foster's  "  Text- 
book of  Physiology, "  and  is  now  in  common  use  in  Eng- 
lish-speaking countries.  The  name  otchymosin  was  that 
given  to  it  by  Deschamps ;  it  was  later  termed  lab  by 
Hammarsten,  and  this  name  is  occasionally  used  by  Eng- 
lish writers. 

The  most  valuable  researches  into  its  mode  of  action 
and  isolation  are  due  to  Hammarsten,  who  was  the  first 
to  show  that  it  is  distinct  from  pepsin.  This  view  is 
now  almost  universally  accepted,  although  it  has  recently 
been  stated  by  Pawlow  that  rennin  and  pepsin  are  iden- 
tical. Pawlow's  experiments,  which  consist  chiefly  in  a 
demonstration  of  a  parallelism  of  intensity  of  action  of 
gastric  juice  in  digesting  proteid  and  coagulating  milk, 
are  not,  however,  very  convincing  against  the  careful 
experimentation  of  Hammarsten  in  the  separation  of  the 
two  enzymes,  as  described  later  on  in  this  article. 
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Rennin  and  mjlk-coagulating  ferments  allied  to  it  are 
very  widely  distributed,  for  rennin  occurs  not  only  in  the 
mucous  membrane  of  the  stomachs  of  all  mammalia  whicJi 
have  been  tested  for  it,  but  is  also  found  in  the  stomachs 
ot  birds  and  fishes  where  its  function  is  at  present  un- 
knowu.  A  similar  if  not  identical  ferment  is  found  in  the 
cell  sap  of  many  plants,  such  as  the  butterwort  fig-tree 
and  artichoke,  and  in  certain  of  the  Schizomycetes 

It  is  usually  prepared  commercially  as  rennet  in  the 
form  of  solution,  powder,  or  tabloids,  preserved  with 
boracic  acid,  from  the  fourth  stomach  of  the  calf  •  care- 
fully prepared  products  preserve  their  power  of  coagu- 
lating milk  almost  indefinitely,  and  long  after  proteid 
decomposition  may  have  taken  place  in  the  other  con- 
stituents admixed  with  the  rennin. 

Rennin  is  present  in  man  at  birth,  and  in  this  respect 
differs  from  pepsin.  In  its  distribution  in  tlie  gastric 
xnucous  membrane  it  closely  resembles  pepsin  being 
present  only  in  small  quantities  at  the  pyloric  region 
Like  pepsin,  also,  it  is  present  in  the  gland  cells  as  a 
zymogen ;  in  fact,  it  was  in  the  case  of  rennin  that  a  pre- 
;ursory  form  or  zymogen  (Labzymogen)  was  first  de- 
monstrated by  Hammarsten  in  1873,  some  years  before  a 
similar  demonstration  was  made  in  the  case  of  pepsin  by 
Langley  and  Edkins. 

The  zymogen  appears  to  exist  in  a  more  stable  form  in 
some  animals  than  in  others,  for  while  a  neutral  extract 
Bf  the  mucous  membrane  of  the  sheep  or  calf  contains 
the  enzyme  in  an  active  form,  similar  extracts  from  birds,  . 
fishes,  and  certain  mammalia  exert  an  action  upon  milk 
only  after  these  extracts  have  first  been  treated  with  very 
dilute  acid  and  again  neutralized. 

Rennin  and  pepsin  and  their  corresponding  zymogens 
behave  very  similarly  on  treatment  with  dilute  alkalies ; 
thus  both  rennin  and  pepsin  are  very  rapidly  destroyed ' 
by  traces  of  caustic  alkalies.  The  active  ferments  are 
also  destroyed  in  both  cases  much  more  rapidly  than  their 
zymogens  by  the  alkaline  carbonates  in  dilute  solutions, 
and  this  fact  has  been  utilized,  especially  in  the  case  of 
pepsin  and  pepsinogen,  for  proving  the  existence  of  the 
zymogen. 

Rennin  differs  from  pepsin  in  that  it  will  act  in  a  neu- 
tral or  even  in  a  faintly  alkaline  inedium,  but  it  acts  most 
quickly  when  the  medium  possesses  a  slightly  acid  reac- 
tion.    Excess  of  acid  destroys  its  activity. 

The  optimum  temperature  lies  at  37°  C.  to  40°  C. ;  at 
this  temperature  the  reaction  takes  place  with  three 
times  as  great  rapidity  as  at  25°  C. ;  activity  ceases  at  50° 
C,  but  the  enzyme  is  not  destroyed  very  rapidly  at  this 
temperature,  and  becomes  active  again  as  the  tempera- 
ture is  lowered  toward  the  optimum.  The  enzyme  is 
destroyed,  however,  in  five  minutes  when  heated  to  70° 
C.  in  neutral  solution,  or  at  65°  C.  in  acid  solution.  Its 
activity  is  also  removed  by  standing  under  alcohol,  but 
less  rapidly  than  is  the  case  with  pepsin. 

That  the  action  is  a  truly  enzymic  one  is  shown  not 
only  by  the  above-mentioned  destructions  of  activity, 
but  also  by  the  fact  that  it  can  occur  in  the  presence  of 
antiseptics,  and  by  the  inflnitesimally  small  amount  nec- 
essary to  evoke  the  coagulation,  one  part  of  "-purified" 
rennin  being  capable  of  coagulating,  according  to  Sold- 
ner,  ten  million  parts  of  casein. 

The  most  successful  attempt  at  its  isolation  was  made 
by  Hammarsten,  who  utilized  Briicke's  principle  of 
mechanical  precipitation  by  first  neutralizing  a  gastric  in- 
fusion with  magnesium  carbonate  which  precipitates  the 
greater  part  of  the  pepsin.  The  filtrate  was  then  par- 
tially precipitated  by  solution  of  acetate  of  lead  to  re- 
move the  remainder  of  the  pepsin,  and  finally  the  rennin 
was  tlirown  out  by  further  addition  of  lead  acetate  and 
ammonia.  This  last  precipitate  was  dissolved  in  very 
dilute  sulphuric  acid,  and  the  rennin  again  mechanically 
thrown  out  with  stearic  acid  by  the  addition  of  a  solu- 
tion of  an  alkaline  stearate.  The  rennin  was  then  finally 
obtained  in  solution  in  water  by  suspending  tlie  stearic 
acid  in  water  and  shaking  up  with  ether,  which  dissolved 
the  stearic  acid  and  left  the  rennin  behind  in  the  aqueous 
layer. 


fi3f  K  *'°°  oMained  finally  did  not  act  at  all  upon 
fibiin,  but  powerfully  coagulated  milk  in  neutral  solution. 
Ihis  solution  behaved  in  many  important  respects  differ- 
ently from  a  proteid  solution,  viz.,  it  was  not  coagulated 
Dy  heat,  did  not  give  a  xantho-proteic  reaction,  and  was 
not  precipitated  by  alcohol,  tannin,  iodine,  or  neutral 
acetate  of  lead. 

The  chief  facts  as  to  the  chemistry  of  the  action  of 
rennin  upon  milk  are  to  be  ascribed  also  to  Hammarsten 's 
researches  upon  the  subject.  When  milk  clots  the 
greater  part  of  the  proteid  separates  in  an  insoluble  form 
as  casein  (paracasein  of  Hammarsten),  which  entangles 
all  the  fat  in  its- meshes  as  it  contracts  and  so  expresses  a 
clear  fluid  called  the  whey,  while  the  coagulated  casein 
and  entangled  fat  are  called  the  curd.  The  whey  con- 
tains the  inorganic  salts,  lactose,  and  a  small  amount  of 
albumen  and  globulin,  which  are  called  lactalbumin 
and  laoto-globulm.  Hence  the  casein  is  that  important 
constituent  which  is  chemically  concerned  in  the  process 
of  coagulation. 

The  proteid  from  which  the  casein  is  formed  in  the  act 
of  clotting  is  termed  caseinogen  (casein  of  Hammarsten), 
and  is  present,  according  to  some  observers,  in  suspen- 
sion in  fine  globules,  and,  according  to  others,  as  a  col- 
loidal solution.  This  proteid  body  has  the  properties  of 
a  very  weak  acid  which  is  in  fresh  milk  present  as  an 
alkaline  salt ;  when  it  is  set  free  from  its  combination  it 
becomes  insoluble.  It  is  naturally  so  set  free  in  the  sour- 
ing of  milk,  when  lactic  acid  is  formed  by  bacterial  action 
on  the  milk  sugar,  and  it  is  for  this  reason  that  sour  milk 
curdles.  For  experimental  purposes,  such  as  the  study 
of  the  properties  of  caseinogen  and  its  changes  during 
coagulation,  it  is  best  precipitated  by  the  addition  of  a 
few  drops  of  acetic  acid.  It  can  then  be  redissol ved,  after 
washing  away  the  acetic  acid,  with  distilled  water,  by 
the  addition  of  water  containing  traces  of  alkali  or  by 
rubbing  up  with  precipitated  chalk. 

As  in  the  formation  of  fibrin  from  fibrinogen  in  blood 
clotting,  it  is  found  that  calcium  salts  are  necessary  for 
the  coagulation  to  take  place,  but  more  exact  research 
has  demonstrated  that  the  r61e  of  the  calcium  salt  is  dif- 
ferent in  the  two  cases.  For  while  the  calcium  salt  has 
been  shown  by  Hammarsten  to  be  necessary  for  the  for- 
mation of  the  thrombosin  which  acts  as  a  ferment  in  blood 
coagulation,  the  same  observer  has  also  demonstrated 
that  the  calcium  salt  in  milk  coagulation  does  not  share 
in  forming  the  ferment,  but  has  its  purpose  in  a  second 
stage  of  the  reaction  in  actually  combining  with  the 
caseinogen  which  has  been  modified  in  the  first  part 
of  the  reaction  (soluble  casein)  to  form  the  insoluble 
casein. 

Hammarsten's  two  stages  can  easily  be  demonstrated 
by  taking  either  a  solution  of  caseinogen,  or  pure  milk  to 
wh'ch  a  few  drops  of  ammonium  oxalate  have  been  added 
to  throw  down  the  soluble  calcium  salts,  adding  in  either 
case  a  few  drops  of  rennet,  and  then  warming  in  a  water 
bath  to  body  temperature  for  ten  to  fifteen  minutes, 
when  no  apparent  change  will  be  observed.  Still  a 
change  has  occurred,  for  if  the  milk  be  now  boiled  so  as 
to  throw  the  ferment  out  of  action  in  the  subsequent 
operation,  and  then  a  few  drops  of  calcium  chloride  be! 
added  so  that  there  is  a  calcium  salt  in  solution  in  the 
fluid,  on  warming  again  for  a  few  minutes  a  clot  forms. 
Here  no  ferment  action  can  take  place  in  the  second 
process,  and  as  the  addition  of  calcium  salt  only,  and 
subsequent  warming,  produce  no  elfect  upon  milk  which 
has  no  been  treated  with  rennin  as  in  the  first  part  of  the 
process,  it  follows  that  the  rennin  must  in  the  first  por- 
tion of  the  experiment  have  formed  some  soluble  modifi- 
cation of  the  caseinogen,  which  is  then  thrown  out  as  in- 
soluble casein  in  the  second  portion  of  the  experiment. 

"Working  with  caseinogen  solutions  Hammarsten  fur- 
ther demonstrated  that  in  the  action  of  rennin  upon 
caseinogen  there  is  detached  from  the  caseinogen  a  solu- 
ble portion,  which  he  termed  "whey-proteid,"  that  does 
not  undergo  any  coagulation,  and  hence  is  found  after- 
ward in  the  clear  fluid,  or  admixed  in  the  whey  with  the 
lactalbumin  when  milk  is  used  instead  of  caseinogen 
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solution.     This  proteid  lias  been  referred  to  as  lacto-pro- 
tein  bv  other  workers  upon  the  subject. 

The"  process  may  hence  be  summarized  as  toilows:  1. 
The  rennin  acts  upon  the  caseinogen  of  the  milk  and 
forms  two  soluble  proteids  (calcium  salts  being  absent), 
"soluble  casein"  and  lacto- protein.  3.  The  "soluble 
casein "  combines  with  calcium,  when  calcium  salts  are 
present,  so  forming  casein.  3.  In  the  coagulation  of 
whole  milk  the  casein  entangles  the  fat  globules  forming 
the  curd,  and  on  contracting  presses  out  the  water,  in- 
organic salts,  lactose,  lactalbumin,  lacto-proteln,  and 
lacto-globulin  which  form  together  the  whey. 

Benjamin  Moore. 


REPARATIVE  SURGERY.— Plastic  reparative  surgery 
is  that  department  of  the  operative  art  which  contem- 
plates the  repair  of  defects  and  deformities,  congenital  or 
acquired.  Limited  in  its  early  history  to  the  restoration 
of  parts  destroyed  by  trauma,  plastic  surgery  has,  in  the 
course  of  centuries,  widened  its  range  of  utility  until 
its  present  achievements  have  been  carried  to  all  parts  of 
the  body  covered  by  the  general  integument  and  to  many 
of  the  cavities  lined  with  mucous  membrane.  When  the 
nose  is  destroyed  by  lupus,  the  eyelid  shrivelled  out  of  all 
semblance  by  chronic  inflammation,  the  palate  cleft,  the 
fingers  webbed,  or  the  arm  bound  down  by  the  scars  of 
a  burn ;  when  a  gastric  or  vesico-vaginal  fistula,  an  ever- 
sion  of  the  bladder,  or  a  ruptured  perineum  makes  life  a 
burden — a  plastic  operation  is  the  only  measure  of  relief. 

HisTOKT. — The  liistory  of  plastic  operations  presents 
fluctuations  of  use  and  oblivion  unknown  to  the  general- 
ity of  operative  measures.  For  its  earliest  development 
we  must  look  to  the  shores  of  the  Ganges,  where  from 
time  immemorial  mutilations  of  the  face  were  Inflicted  in 
the  way  of  punishment  or  revenge. 

Later,  the  practice  became  the  portion  of  the  potters 
and  brlckmakers,  who  knew  nothing  of  sutures,  but  re- 
tained the  parts  in  position  by  the  application  of  clay. 
There  is  no  evidence  that  the  skill  of  any  of  the  operators 
of  antiquity  went  beyond  the  restoration  of  mutilated 
noses,  or  that  they  attempted  the  repair  of  other  parts. 
It  is  generally  believed  that  before  the  Christian  era  the 
Brahmins  had  achieved  great  proficiency  in  the  restora- 
tion of  noses,  forming  them  from  integument  brought 
down  from  the  forehead  or  transplanted  from  another  in- 
dividual, and  preferably  from  the  gluteal  region.  What 
Is  truth  and  what  is  fiction  as  regards  the  rhinoplastic 
skill  of  the  early  priests  of  India,  only  appears  from  the 
recent  translations  of  relevant  parts  of  the  Susrutds  Ayur- 
veda,  according  to  which  the  nose  was  formed  from  the  in- 
tegument covering  the  cheeks.  "  The  physician  takes  a 
leaf  the  size  of  the  nose  to  be  formed,  and,  placing  it  on 
the  cheek  for  a  measure,  raises  a  flap  of  skin  in  such  a 
manner  as  to  leave  it  attached  at  one  part.  After  vivi- 
fying the  scarred  part  the  new  nose  Is  quickly  brought  in 
position,  elevated,  and  retained  by  placing  two  tubes  in 
the  nostrils. "  '  The  classical  writers  of  Greece  and  Kome 
were  for  the  most  part  unacquainted  with  transplanta- 
tion of  skin  as  a  method  of  relieving  defects,  which  were 
treated  only  by  freshening  the  edges  by  incisions  and 
■drawing  contiguous  portions  of  skin  together. 

On  the  other  hand,  Celsus  certainly  entertained  a  ra- 
tional idea  of  tlie  gliding  of  flaps.  He  advised  that  the 
defect  be  removed  In  the  form  of  a  square  and  that  two 
parallel  incisions  be  continued  transversely  outward  and 
inward,  so  that  the  loosened  edges  might  be  easily  united. 
If  this  could  not  be  done,  he  recommended  that  two  semi- 
lunar lateral  incisions,  which  should  Involve  only  the 
skin,  be  made  with  the  concavity  looking  toward  the 
defect.'^ 

Although  Galen  and  Paul  of  ^gina  repeated  the  pre- 
cepts of  Celsus,  the  little  that  was  known  of  plastic 
operations  lapsed  into  an  oblivion  even  greater  than  that 
which  befell  general  surgery,  and  from  which  It  was  not 
recovered  for  over  a  thousand  years.  In  1443  Pietro 
Lonzano,  bishop  of  Lu,  published  a  statement  in  the 
Annates  du  Monde  that  a  Sicilian  named  Branca  had 
found  a  new  method  of  supplying  the  loss  of  a  nose. 
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Whence  he  derived  his  knowledge  does  not  appear. 
Among  the  pupils  of  Branca  was  his  son  Antonio,  who 
had  Improved  and  extended  his  father's  method  by  tak- 
ing the  Integument  from  the  arm,  and  by  replacing  the 
loss  of  lips  and  of  ears  in  the  same  way.  Plastic  surgery 
doubtless  spread  rapidly  in  Italy  from  the  time  of  the 
elder  Branca,  since  Vesalius,  Falloplus,  and  others  make 
mention  of  it.  It  remained,  however,  for  Gaspardus 
Taliacotius  or  Tagliacozzi,  professor  of  anatomy  at  Bo- 
logna, to  develop  plastic  surgery  to  a  degree  unknown 
before  him,  and  to  publish  the  first  scientific  work  on  it 
two  years  before  his  death  In  1599.  In  it  are  described 
his  methods  of  operating  and  of  retaining  the  parts  in 
position;  and  the  illustrations  accompanying  the  text 
have  been  utilized  from  century  to  century  by  almost  all 
authorities  who  have  written  upon  the  subject.  A 
father  of  conservative  surgery  In  its  best  sense,  respected 
by  his  confreres  and  beloved  by  his  students,  Tagliacozzi 
well  merited  the  marble  statue  erected  after  his  death  in 
the  amphitheatre  of  Bologna.  In  this  monument  he 
contemplates  a  nose  which  he  holds  in  his  hand.  The 
methods  of  Tagliacozzi  failed  to  obtain  a  permanent 
foothold— Pare,  Fabrlcius,  Helster,  and  many  others  de- 
nied the  possibility  of  success.  A  little  over  a  hundred 
years  after  Tagllacozzi's  death,  the  art  which  he  had 
perfected  had  again  fallen  into  disuse.  Dionys,  Desault, 
Richter,  and  Chopart  only  mentioned  his  practices  to  con- 
demn them.  Such  was  the  state  of  plastic  surgery  when, 
in  1794,  aMadras  journal broughtto England theaccount 
of  a  successful  rhinoplasty  practised  by  one  of  the  Koo- 
mas,  who  transplanted  skin  from  the  forehead.  Al- 
though the  first  rhinoplasty  in  England  was  made  by 
Lucas,  it  was  not  a  success.  In  1814  Carpue  was  more 
successful  in  replacing  the  lower  portion  of  the  nose.  In 
1816  von  Graefe  Introduced  plastic  operations  on  the 
Continent,  giving  preference  to  the  method  of  Tagliacoz- 
zi. Since  the  last-mentioned  date  the  utility  and  feasi- 
bility of  plastic  surgery  have  not  been  seriously  ques- 
tioned, and  particularly  within  the  last  twenty -five  years 
so  many  additions  and  improvements  have  been  made, 
that  the  achievements  of  the  present  day  doubtless 
eclipse  the  best  efforts  of  all  former  masters  in  this  spe- 
cial art.  Associated  with  the  more  recent  progress  of 
plastic  operations  are  the  names  of  Skey,  Liston,  and 
Fergusson  in  England;  Sedlllot  and  JobeVt  in  France; 
Diefienbach,  B.  von  Langenbeck,  Frltze,  and  Thiersch  in 
Germany ;  and  the  elder  Pancoast  and  Gurdon  Buck  in 
this  country. 

Indications. — Congenital  or  acquired  defects  and  de- 
formities demand  the  resources  of  plastic  surgery  when, 
from  their  exposed  position,  sestbetic  reasons  make  their 
removal  desirable,  or  when  disturbances  of  function  and 
impaired  utility  are  plainly  due  to  them  in  parts  that  are 
hidden  from  view.  Hence  it  is  evident  that,  regarding 
the  imperativeness  of  plastic  operations,  cases  in  which 
they  are  indicated  may  properly  be  divided  into  two 
groups,  in  which  the  necessity  to  interfere  varies  as  much 
as  the  end  to  be  obtained.  In  the  first  class  of  cases  the 
operation  is  designed  merely  to  improve  the  appearance 
of  the  patient  by  removing  a  distorting  scar,  by  suturing 
the  fissured  lobule  of  an  ear,  or  by  elevating  a  depressed 
nose.  Here  the  indications  for  an  operation  are  far  from 
imperative,  and  it  is  not  infrequently  the  importunity  of 
the  patient  that  impels  the  surgeon  to  operate.  It  is  well 
to  remember  that  operations  done  solely  for  cosmetic 
effects  are  ordinarily  the  least  satisfactory ;  it  is  within 
the  experience  of  almost  every  surgeon  that  results  ob- 
tained by  plastic  operations  in  this  group  of  cases, 
although  eminently  gratifying  to  himself  and  deemed  ex- 
cellent by  his  colleagues,  are  sources  of  deep  disappoint- 
ment to  the  patients  themselves.  In  the  second  group  of 
cases  the  chief  indication  for  operative  measures  is  the 
repair  of  defective  function  or  the  protection  of  parts 
that  are  exposed.  When  the  absence  of  the  lower  lip, 
destroyed  by  lupus  or  noma,  permits  of  the  continuous 
loss  of  saliva,  derangements  of  the  digestion  and  of  the 
general  health  necessarily  follow.  When  the  lower  eye- 
lid is  everted  or  lost,  the  defect  causes  characteristic 
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changes  in  the  eye  and  face  which  often  make  vision  im- 
perfect, and  the  overflow  of  tears  adds  tlie  sufCering  from 
an  eczema  to  the  other  ills  of  the  patient.  A  large  ure- 
thral fistula  at  the  peno-scrotal  anglo,  while  neither  dis- 
figuring nor  det- 
il  ^  rimental     to 

"   health,  is  a  bar 

to  the  full  exer- 
cise of  the  procreativo  func- 
tion. In  each  of  these  cases 
the  indication  for  recourse  to 
plastic  surgery  is  apparent,  and  its 
imperativeness  is  commensurate  with 
the  impairment  of  function  caused  by 
the  deforniity.  To  this  group  of 
cases  belong  extensive  destruction  of 
the  lips,  the  nose,  or  the  eyelids;  cleft 
palate,  cicatrix  from  burns,  or  web- 
bing of  the  fingers;  fistulae,  urethral,  vesico- vaginal,  or 
recto-vaginal;  lacerated  perineum,  and  exstrophy  of  the 
bladder.  In  this  group  of  cases  must  also  be  included 
those  in  which  the  operative  production  of  a  defect  is  to 
be  immediately  followed  by  its  closure  by  plastic  means. 
Thus  an  ulcer  of  the  leg  that  has  proven  refractory  to 
all  other  means  frequently  yields  to  excision  and  im- 
mediate transplantation  of  skin ;  or  an  extensive  epithe- 
lioma of  the  lip  can  be  relieved  only  by  extensive  abla- 
tion of  the  part,  the  large  defect  being  at  once  closed 
"by  dermatoplasty. 

In  considering  the  urgency  of  a  plastic  operation,  it  is 
necessary  to  consider  the  pathological  nature  of  the  de- 
fect which  it  is  intended  to  overcome.     A  loss  of  sub- 
stance may  be  congenital,  traumatic,  or  the  result  of 
destructive  neoplasms,  like  lupus,  ulcerative  syphilides, 
or  epithelioma.     In  congenital  deformities  plastic  opera- 
tions are  generally  not  urgently  demanded,  unless,  as  in 
the  case  of  deficiency  of  the  rectum,  the  life  of  the  child 
depends  upon  their  correction.     But  there  are  milder 
cases,  congenital  in  character,  in  which  greater  deformity 
can  be  avoided  by  early  interference.     This  is  true  in 
cases  of  harelip  associated  with  cleft  palate.     In  simple 
fissure  of  the  lip  the  surgeon  may  abide  his  time.     In 
compUcated  cases,  on  the  other  hand,  early  closure  of  the 
labial  cleft  must  be  advocated,  since  it  has  an  undoubted 
influence  in  approximating  the  edges  of  the  bony  cleft 
and  greatly  increases  the  probability  of  success  in  subse- 
quent attempts  to  close  it.     In  two  complicated  cases  in 
which  I  have  thus  operated  during  the  first  week  the 
result  was  eminently  satisfactory.     Due  regard  should 
necessarily  be  paid  to  the  general  nutrition  of  the  child 
before  a  plastic  operation  of  considerable  seventy  and 
entailing  the  loss  of  no  slight  amount  of  blood  is  per- 
formed    Defects  that  are  traumatic  in  origin  almost  in- 
variably demand  removal  by  plastic  operation  while  the 
wound  is  in  condition  to  promise  immediate  union.     T  his 
applies  particularly  to  wounds  of  the  face,  the  soft  parts 
of  which  are  so  mobile  that  they  may  be  stretched  to 
almost  any  extent,  provided  the  soft  structures  be  thor- 
oughly lifted  from  the  bone.     When  suppurative  proc- 
esses have  been  established  it  is,  as  a  rule,  best  to  delay 
operative  procedures  until  complete  cicatrization  shall 
have  taken  place.     When  the  loss  of  substance  is  in- 
flicted by  the   surgeon  in   the  removal    of  malignant 
growths  its  immediate  repair  is  indicated,  since  there  is 
every  reason  for  believing  that  when  this  is  accomplished 
the  danger  of  recurrence  of  the  primary  disease  is  mate- 
rially decreased.     In  such  cases  the  all-important  object 
Of  the  operation  is  the  removal  of  all  diseased  tissue,  irre- 
spective of  the  size  and  form  of  the  wound  that  remains. 
In  the  category  of  defects  that  result  from  destructive 
inflammations,  or  from  tuberculous  or  syphilitic  ulcer- 
ations, operative  measures  are  never  indicated  unti   the 
complete  cessation  of  the  original  disease  has  taken  place. 
It  is  in  these  cases  that  patients  are  most  importunate  in 
their  demands  for  relief,  and  injudicious  haste  on  the  part 
of  the  surgeon  is  most  frequently  followed  by  disaster. 
Until  a  lupous  or  syphilitic  ulceration  is  entirely  under 
control  until,  indeed,  the  whiteness  of  the  cicatrix  and 


the  absence  of  other  evidences  of  constitutional  vice  give 
us  reasonable  assurance  that  there  is  no  tendency  to  re- 
currence, a  plastic  operation  should  not  be  attempted. 
An  operation  too  soon  performed  will  often  give  a  new 
impetus  to  a  disease  that  has  simply  been  dormant. 

NoMENCLATUKB. — A  number  of  terms  have  been  sug- 
gested as  suitable  for  designating  plastic  operations. 
French  and  German  writers  generally  prefer  the  word 
autoplasty  (airiif,  self,  and  vXaaauv,  to  form).  In  rare 
cases,  in  which  the  transplanted  tissue  is  taken  from  a 
subject  other  than  the  patient,  this  term  is  evidently  in- 
appropriate. To  overcome  tliis  objection,  Velpeau  and 
Guerin  have  suggested  the  word  anaplasty,  signifying  to 
form  anew  or  again.  In  this  country  and  in  England 
these  terms  have  been  generally  discarded  for  the  less 
objectionable  one  of  plastic  surgery.  When,  however, 
such  an  operation  is  performed  for  the  repair  or  new 
formation  of  a  particular  part,  the  latter  properly  gives 
to  the  operation  a  particular  name.  Thus  the  formation 
of  a  nose  is  called  rhinoplasty ;  of  the  lip,  cheiloplasty ; 
of  the  eyelid,  blepharoplasty ;  of  the  mouth,  stomato- 
plasty ;  of  the  urethra,  urethroplasty,  etc.  The  scope  of 
this  article  will  not  permit  the  consideration  of  all  the 
plastic  operations.  Those  of  the  palate,  fingers,  urethra, 
perineum,  and  vagina  are  treated  of  in  other  parts  of  the 
Handbook,  while  in  the  following  pages  will  be  studied 
the  principles  underlying  plastic  operations  in  general, 
and  the  methods  of  repairing  deformities  and  defects  of 
the  face  only. 

The  underlying  basis  of  plastic  surgery  is  the  inherent 
vitality  of  the  various  tissues  of  the  body.  This  permits 
them,  after  partial  or  total  separation,  to  maintain  an  in- 
dependent existence  for  a  greater  or  less  period,  and  to 
form  new  and  permanent  attachments  when  brought  into 
contact  with  freshly  wounded  surfaces  in  proximity  to, 
or  at  a  distance  from,  their  original  sites.  The  introduc- 
tion into  defects  of  strips  of  epidermis,  of  the  cutis  vera, 
of  tendon,  of  nerve,  or  of  bone,  which  have  been  entirely 
severed  from  their  former  connections,  constitutes  trans- 
plantation or  grafting.  In  plastic  operations  proper,  this 
severance  is  never  complete,  a  small  bridge  always  being 
left  through  which  the  part  to  be  utihzed  in  the  closure 
of  a  defect  continues  to  Uve  under  the  influence  of  the 
circulatory,  and  probably,  also,  of  the  nervous,  apparatus 
of  the  structures  whence  it  was  taken,  until  perfect  ag- 
glutination in  its  new  position  ensues.  This  occurs  in 
from  twenty-four  to  forty-eight  hours,  when  no  untoward 
compUcations  in  the  process  of  wound  repair  supervene. 
By  the  end  of  a  week  the  union  is  solidified  by  the  free 
interchange  of  blood-vessels  between  the  edges  of  the 
defect  and  the  part  inserted  into  it.  In  wounds  of  skin 
more  than  in  those  of  any  other  structure  is  there  a  mani- 
fest tendency  to  eariy  and  firm  repair,  without  which 
plastic  operations  would  rarely  succeed. 

Methods.— The  pathology,  nature,  and  extent  ot  a 
cutaneous  defect,  and  the  condition  of  contiguous  parts, 
will  direct  the  surgeon  in  the  choice  ot  one  of  a  number 

of  methods  that  are  at 
r        f        Y  -J    his  disposal.     Thus  he 

{l\C  (I    may  utilize  the  integu- 

ment from  a  near  or 
distant  part  of  the  body  for  its  closure. 
Referring,  for  the  present,  to  the  former 
method  only,  I  will  state  that  the  skin  in 
the  vicinity  may  be  made  serviceable  by 
,  (1)  traction,  (3)  by  gliding,  and  (3)  by 
fj  transplantation  of  skin  flaps.  While  typi- 
cal illustrations  of  each  of  these  methods 
differ  sufficiently  from  each  other  to  war- 
rant a  separate  consideration  of  each,  it  is  well  to  bear 
in  mind  that  in  their  practical  application  the  simpler 
often  verges  into  the  more  complicated  procedure 

1  The  method  of  closing  a  cutaneous  defect  by  trac- 
tion on  the  vivified  edges  of  the  integument  surrounding 
it  is  based  on  the  extent  to  which  skm  can  be  stretched 
and  yet  retain  its  vitality.  This  is  well  illustrated  after 
removal  of  the  breast,  in  which  even  the  largest  wounds 
can  ordinarily  be  readily  closed.    In  the  surgery  of  the 
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face  liowever,  plastic  procedures  by  traction  alone  are 
iustified  only  in  wedge-shaped  or  oval  defects  the  mar- 
gins of  which  can  be  easily  approximated  and  retamed 
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FIG.  3960.      - 

in  position  without  dangerous  traction  on  the  sutures. 
If  there  be  any  strain  on  them  after  complete  closure  of 
the  wound,  it  may  be  relieved  by  an  incision  through  the 
skin    on    either    side    of    the 
wound,  parallel  with,  and  at  a 
short  distance  from  it.     This 
method  is  therefore  applicable 
for  the  closure  of  fissures  and 
fistulae,  and  for  the  removal  of  prominent  and  un- 
gainly cicatrices. 

2.  When  the  size  and  form  of  a  defect  preclude 
the  possibility  of  its  closure  by  traction  alone,  the 
skin  in  the  immediate  vicinit}''  may  be  dissected  up 
in  a  patch  of  requisite  size,  and  by  a  process  of  glid- 
ing be  brought  edgewise  into  the  position  of  the 
part  to  be  repaired,  where,  after  proper  adjust- 
ment, it  is  retained  by  sutures.     Triangular  and 

rectangular    defects, 
such  as  result  from 
the   partial   removal 
of  the  lower  and  up- 
per lip,  respectively, 
can  be  best  remedied 
in    this  way.     This 
method  of  operating 
by  gliding,  although 
mentioned  by  Celsus, 
as  Linhart  suggests,  was  probably  practised  before  his 
time,   since  every  operator,  even  if  without  previous 
knowledge,  would  naturally  adopt  it. 

3.  The  above  methods  are  applicable  only  when  the 
integument  in  the  im- 

X  "  ?"-  T   . ''' 


displaced.  "  This  displacement,  however,  should  be  ef- 
fected in  such  a  way  that  the  displaced  skin,  retaining  a 
connecting  pedicle  for  its  support,  may  be  made  to  change 
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</ 


r 


mediate  vicinity  of 
the  defect  can  be  util- 
ized. If  tliis  is  not 
feasible  the  borrowed 
integument,  after 
being  given  the 
shape  of  the  defect 
and  being  raised  from 
its  substructure,  is 
transferred  into  the 
defect,  but  retained 

in  relation  with  the  tissues  of  its  former  position  by  means 
of  a  pedicle.  Around  this  latter  the  flap  must  then  nec- 
essarily be  turned  or  twisted.  Such  a  flap,  in  being  trans- 
ferred to  its  new  site,  may  be  made  to  describe  an  arc  of 


Fig.  3963. 


Fig.  3964. 


90  ,  or  oven  180°.  In  order  that  the  raw  under  surface 
of  the  flap  may  be  everywhere  in  contact  with  the  sub- 
jacent surface,  the  skin  bounding  this  must  in  part  be 
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Fig.  3965. 

places  with  the  transplanted  flap,  and  thus  contribute,  as 
far  as  it  can,  a  covering  for  the  surface  that  has  been  left 
bare."  *  As  illustrations  of  this  method  may  be  cited  the 
formation  of  a  nose  from  the 
forehead,  and  of  the  upper  eye- 
lid from  the  integument  of  the 
temple. 
Although  every  case  requir- 
ing a  plastic  operation  is  a  law  unto  itself,  there  are 
certain  characteristic  forms  of  defect  the  effacement 
of  which  can  be  effected  in  well-deflned  ways.  In 
following  the  diagrammatic  representations  of 
Denuce,^  S  z  y- 
manowsky,'and 
K  o  n  i  g, '  the 
reader  must  bear 
in  mind  that  the 
shaded  parts  of 
each  illustration 
represent  the  de- 
fect, that  the  dotted 
lines  indicate  the  in- 
cision, and  the  ar- 
row the  direction  in 

which  a  flap  is  to  be  displaced.  Tlie  supplementary  illus- 
tration, in  each  case,  indicates  the  appearance  of  the  parts 
after  union.     (KOnig.) 

(a)  Small  triangular  defects  may  often  be  closed  by 
gliding  the  angles  of  the  wound  toward  its  centre,  and 
suturing  the  edges,  which,  when  the  integument  is  freely 

movable,   can   readily  be 
^t-X^  o.  -    brought  in  contact  with 

each  other  in  the  form  of 
a  small  triradiate  star.  If 
the  defect  is  too  large  to 
be  closed  in  this  manner,  one  or  two 
flaps  may  be  easily  prepared  by  car- 
rying a  straight  or  curvilinear  in- 
cision from  one  or  two  angles  of  the 
triangular  defect.  Figs.  3958. 3959, 
3960,  3961,  3962,  and  3963  illustrate 
the'  manner  of  sliding  the  flaps  into 
position.  Should  the  tension  of  the 
flaps  be  too  great,  liberating  incisions  may  be  made  (Fig. 
3964,  a),  the  wounds  thus  left  healing  by  granulation. 
If,  in  addition  to  the  incision  c  d,  a,  second  incision  (Figs. 
3965  and  8966,  d  e)  be  made,  parallel  to  the  side  of  the 
triangle,  a  quadrangular  flap  will  be  obtained  for  the 
closure  of  the  defect  (Dief- 
fenbach,  blepharoplasty), 
and  a  small  triangular 
wound  left  to  granulate. 
If  the  first  incision  be 
made  at  an  angle  to  the 
margin  of  the  defect,  and 
the  second  be  made  in  the 
manner  already  described, 
the  wound  can  generally 
be  entirely  closed  by  su- 
tures  (Pigs.  3967  and 
3968).  When  the  trian- 
gular defect  has  a  large  fig.  3968. 
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base,  as  is  often  the  case  after  removal  of  an  epithelioma 
from  the  lower  lip,  straight  or  semilunar  incisions  carried 

from  the  apex  in  the  direc- 
tion of  its  sides  (Pigs.  3969 
and  3970)  will  outline  two 
flaps  that,  by  sliding,  can 
be  brought  Into  apposition 
along  a  line  at  right  angles 
to  the  base  of  the  original 
defect.  Burow,  of  KOnigs- 
berg,  has  devised  a  method 
of  closing  triangular  defects 
which,  probably  because  it 
sacrifices  healthy  tissues, 
has  not  received  the  attention  which  it  merits.  It  is 
practised  as  follows:  From  the  base  of  the  defect,  and 
continuous  with  it,        , 

a  straight  or  curvi-     ^  J 

linear  incision  is     li^  <^  --'"'' 

made  (b  d.  Fig. 
3971),  somewhat 
larger  than  the  base 
of  the  defect.  From 
the  side  opposite  to 
this  a  triangular 
piece  of  integument 
if  e  0),  equal  in  di-  Fig.  3970. 

mensions  to  the  de- 
fect, is  removed.  The  flaps  cb  d  and  afe,  being  then 
'dissected  up  and  glided  along  the  base  line  a  d,  readily 
close  the  wound.  The  line 
of  suture  is  shown  in  Fig. 
3973.  If  the  defect  is  a  large 
one,  Burow  sacrifices  two 
smaller  triangles  of  healthy 
integument,  as  shown  in  Figs. 
3973  and  3973. 

(6)  Quadrangular  defects 
can,  as  a  rule,  not  be  effaced 
by  suture  alone.  It  is  usually 
necessaiy  to  continue  the  in- 
cision in  one  or  two  directions, 
making  one  or  two  flaps,  after 
the  method  of  Celsus  (Figs. 
S974,  3975,  3976,  3977).  The  tension  on  these  flaps  will 
be  materially  decreased  by  making  angular  or  semilunar 
liberating  inci-  .  ^ 

•sions  as    indi-  jT  ff 

•cated  in  Figs. 
3978  and  3979. 
When  the  de- 
fect is  a  large 
•one,  smaller 
flaps  may  be 
■obtained  from 
three  direc- 
tions as  illuS' 
trated  in  Figs. 
3980,  3981. 
Quadrangular 

■defects  may  often  be  closed  by  the  formation  of  one  or 
two  flaps,  which  are  turned  into  their  new  positions  around 
&  broad  pedicle  (Figs.  3983,  3983,  3984,  3985,  and  3986). 

(c)  Oval  and  ellip- 
^  tical  defects  can 
generally  be  closed 
by  a  little  traction 
along  the  line  of 
their  long  axes.  If 
the  defect  is  broad- 
er, a  liberating  inci- 
sion (Figs.  3987  and 
3988)  may  be  made, 
for  the  purpose  of 
overcoming  danger- 
ous tension  in  the 
C  sutures.       Lisfranc 

FIG.  3973.  closed    defects    by 
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constructing  two  flaps  from  one  side  of  the  ellipse  by 
Qnnm"°^^T?°  perpendicular  to  its  axis  (Figs.  3989  and 
d990)  If  this  does  not  sufl^ce,  two  curvilinear  incisions, 
b  d,  J  c  (Bigs.  8991,  3993),  willfacilitate  the  closure  of  the 
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FIG.  3975. 


wound  by  two  flaps  that  can  easily  be  displaced  to  cover 
the  wound.  The  flaps  may  also  be  so  devised  that  they 
can  be  obtained  from  both  sides,  if  the  integument  on  one 
side  be  insufBcient.     Thus,  by  the  incisions  a  c  and  b  d 


Fig.  3976. 

(Figs.  3993  and  3994),  two  semilunar  flaps  will  be  formed 
that  almost  completely  cover  the  defect.  "Weber's  meth- 
od of  obtaining  two  flaps  from  one  side,  the  one  under- 
neath the  other,  is  shown  in  Fig.  3995.  It  is  especially 
serviceable    in    de- 
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fects  of  the  lips, 

{d)  Circular  de- 
fects, if  not  too 
large,  are  most  read- 
ily overcome  by 
converting  them 
into  oval  or  triangu- 
lar wounds,  prefer- 
ably oval.     If  the 

defect  is  large,  a  semicircular  flap  must  be  obtained  from 
the  vicinity,  and  turned  into  the  wound  in  the  manner  in 
which  the  quadrangular  defect  was  closed. 
It  frequently  happens  that  the  integument  in  the  im- 
mediate vicinity  of 
cr  the  defect  is  un- 

>  available  for  plastic 

<?  .<*. \  purposes.    This  ap- 

I  ^-w  ron-fliwi  ^   ,^  plies  particularly  to 

I  \    .    the   extensive  rav- 

"^  '  "    ages   made   in    the 

face  by  lupus  and 
noma.  After  the 
cure  of  those  dis- 
eases, extensive  ci- 
catrices often  re- 
main in  the  skin  for 
a  considerable  distance  around  the  defect.  It  then  be- 
comes necessary  to  go  to  a  part  farther  removed  from  the 
latter  for  healthy  skin.  Thus  the  surgeon  may  be  forced 
to  fashion  an  eyelid  from  the  skin  of  the  temple,  or  a 
nose  from  that 
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of  the  forehead 
(Indian  meth- 
od). In  excep- 
tional cases,  it 
may  even  be 
deemed  advis- 
able to  go  still 
farther  from 
the  defect  for  a 
flap  of  healthy 

skin,  as  in  the  Italian  method  of  rhinoplasty,  in  which  the 
nose  is  formed  from  the  skin  of  the  arm.  In  the  same  man- 
ner, the  place  of  a  cicatrix  from  a  burn  of  the  wrist  may 
be  supplied  by  skin  taken  from  the  abdomen,  or,  as  Maas' 
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demonstrated  to  the  congress  of  German  surgeons  in 
1886  otherwise  incurable  crural  ulcers  may  readily  be 
closed  with  a  flap  of  skin  obtained  from  the  sound  leg. 
In  every  case  in  which  flaps  are  thus  brought  from  a 
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FIG.  3980. 

considerable  distance,  the  part  whence  the  integument  is 
to  be  borrowed  must  be  retained  in  relation  with  the  de- 
fect for  a  varying  length  of  time.  In  rhinoplasty  after 
the  Italian  method,  this  is  accomplished  by  appropriate 
bandages.  In  the  case  of  Maas,  the  parts  were  retained 
in  position  by  a  plaster-of -Paris  dressing  until  union  was 
secured. 

Nearly  all  plastic  operations  may  be  subdivided  into  a 
number  of  steps  which  refer,  respectively,  (1)  to  the  prep- 
aration of  the 
defect;  (2)  the    J_ 
formation  and 
transplanta- 
tion of  a  flap 
and  the  meth- 
ods of  assuring 
its  vitality; 
and  (3)  the  per- 
mauent    and 
speedy  closure 
of  the  wound. 

1.  The  ap- 
position of 
freshly  wound- 
ed surfaces  be- 
ing practically  an  essential  of  success  in  plastic  surgery, 
the  first  step  in  any  operation  of  this  kind  is  the  fresh- 
ening or  vivifying  of  the  defect.  In  recent  traumatic 
defects,  accidentally  inflicted  or  produced  intentionally 
by  the  surgeon  in  the  removal  of  a  neoplasm,  this  step 
of  the  operation  is  sufficiently  simple.  In  cases  of  acci- 
dent, it  is  well  to  bear  in  mind  that  the  wounds  are  often 
irregular  in  the  extreme  and  their  margins  bruised,  lac- 
erated, and  ill  suited  to  primary  union.     Here  it  is  al- 
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Fig.  3983. 


ways  essential  to  give  the  defects  as  regular  an  outline  as 
may  be,  and  to  remove,  with  scissors  or  knife,  the  con- 
tused parts  before  attempting  closure  with  or  without 
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the  aid  of  a  flap.  When  the  defect  follows  the  extirpa- 
tion of  a  growth,  and  is  to  be  closed  at  once  by  a  plastic 
operation,  every  sacrifice  must  be  made  to  procure  radi- 
cal removal  of  the  neoplasm.  The  size  of  the  defect 
is  of  secondary  importance.  Nevertheless,  the  incisions 
may  be  so  arranged  that  the  closure  of  tte  wound 
maybe  great- 

lyfaoilitated.  ^^  _^ 

A  glance   at  /t~^^^     .  ,A\ 

Fig.  3996  will   %.     /  k/  /'.'/■ 

make  tliis        /    ^^    I 

sufficiently      /     ^  /yf_ ^.^..^..^j  \    • 

evident.     In     ''A  m^     l^x_-'^!^~i--^  >/ 

many  cicatri- 
cial contrac- 
tions and  in 
congenital 
deformities, 
as   in    poly- 

dactylism,  the  preliminary  step  Is  also  the  formation  of 
the  defect  for  immediate  closure.  This  is  easily  effected 
by  the  linear  division  of  the  cicatrix  or  connecting  bands, 
and  the  restitution  of  the  parts  to  their  normal  positions. 
When  the  defect  has  a  free  border,  on  the  other  hand,  as 
in  harelip,  fistulse,  oral  deformities,  etc.,  the  initial  step 
of  the  operation  is  the  paring  or  vivification  of  this 
margin,  whereby  the  mucous,  cutaneous,  or  cicatricial 
tissues  are  removed  in  such  a  manner  as  to  procure  a 
surface  that  is  clean,  smooth,  and  well  adapted  for 
primary  union.  Whether  the  paring  be  accomplished 
with  scissors  or  knife,  it  is  an  essential  of  success  that 
the  border  be  removed  in  its  entire  thickness,  since  the 
presence  of  any  undenuded  spot  in  the  line  of  jDroposed 

union  destroys  the 
possibility  of  a  per- 
fect result.  To  in- 
sure a  broader  sur- 
face for  contact, 
and  thereby  greater 
probability  of  firm 
union,  it  is  advis- 
able to  vivify  the 
defect  obliquely. 
This  is  particularly 
serviceable  when, 
as  in  defects  of  a 
mucous  membrane 
or  of  old  cicatrices  about  the  face,  the  margins  are  thin 
and  would,  if  divided  perpendicularly,  offer  a  small  sur- 
face for  adhesion. 

2.  The  most  available  material  should  be  selected  in 
forming  a  flap ;  its  size  should  be  such  that  tension  is 
nowhere  exerted,  and  every  precaution  must  be  taken  to 
insure  a  sufficient  blood  supply.  The  shape  and  size  of 
the  flap  vary  according  to  the  defect.  It  is  to  be  remem- 
bered, however,  that  integumentary  flaps  invariably 
shrinlt  after,  and  often  before,  their  transplantation. 
The  amount  of  retraction  varies  with  the  subsequent  dis- 
position of  the  flap.  If  a  raw  surface  is  brought  in  con- 
tact with  a  plane  surface  or  denuded  bone  to  which  it  can 
form  adhesions,  the 
danger  of  primary 
retraction  is  less 
imminent.  Thus  it 
is  certain  that  a 
periosteal  flap  only 
slightly  larger  than 
a  fissure  in  the 
palate  will  easily 
suffice  for  its  clos- 
ure, whereas  al- 
most twice  the  in- 
tegument must  be 
taken  from  the  tem- 
ple to  form  an  eyelid.  In  all  other  cases  it  is  well  to 
make  the  flap  one-fourth  or  one-third  larger  than  the 
breach  it  is  intended  to  cover.  Operators  of  large  ex- 
perience can  fashion  the  flap  without  a  pattern.    Dief- 
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fenbach  always  condemned  its  use,  giving  to  the  part 
to  be  formed  ample  dimensions  at  first,  and  remodelling 
it  by  supplementary  incisions.  It  is  certainly  safer  in 
all  cases  to  make  an  accurate  model  of  the  part  to  be 
replaced,  of  paper,  leather,  adhesive  [plaster,   or   soft 

■wax,  whicli  can 
4<7  be   directly   ap- 

plied to  the  part 
from  which  the 
integument  is  to 
be  taken,  and 
serve  as  a  guide 
to  the  lines  of 
incision.  The 
closest  attention 
is  required  in  the 
delineation  and 
management  of 
the  pedicle.  It 
shoiild  never,  in 
a  formal  plastic 
operation,  measure  less  than  one-third  of  an  inch  in 
width,  the  probability  of  the  survival  of  the  flap  being 
in  direct  proportion  to  the  width  of  its  pedicle  and  its 
capacity  for  arterial  supply.  As  far  as  possible,  there- 
fore, the  flap  should  be  so  outlined  that  the  incisions 
will  not  necessitate  the  divis- 
ion of  large  arterial  twigs. 
For  the  same  reason,  excessive 
torsion  of  the  pedicle  must  be 
scrupulously  avoided.  Ver- 
neuil '  aptly  proposes  the  name 
of  hilum  for  this  portion  of 
the  flap,  since  this  term  ex- 
presses its  important  function 
in  the  nutrition  of  the  flap. 

Into  the  composition  of  the 
flap  there  should  enter,  as  far 
as  possible,   tissues  histologi-  '^"-  """"■ 

cally  analogous  to  those  of  the" 

part  to  be  repaired.  Skin  should  therefore,  as  a  rule, 
be  replaced  by  skin,  and  mucous  membrane  by  mucous 
membrane;  although  the  possibility  of  the  convertibil- 
ity, in  the  course  of  time,  of  the  one  into  the  other, 
should  be  borne  in  mind.  Thus  the  integument  may, 
without  difficulty,  be  made  to 

-^ T— TrT * — -    substitute  the  mucosa  of  the 

bladder  or  of  the  nares.  Mu- 
cous membranes,  however,  do 
not,  as  a  rule,  assume  the  char- 
acteristics of  common  integu- 
ment, although  that  of  the  va- 
gina forms  an  exception.  The 
mucous  lining  of  the  nares,  of 
the  lips,  of  the  nose,  and  of 
the  bladder  may  be  exposed  for  years  without  sensibly 
approaching  the  appearance  of  the  skin.  When  skm 
enters  into  the  composition  of  a  flap  it  should,  as  far  as 
may  be,  resemble  that  of  the  part  lost.  The  delicate 
integument  of  the  eyelid  would  not  be  suitable  for  re- 
pairing defects  of  the  up- 
per lip,  nor  would  the  ap- 
pearance of  the  nose  be 
improved  by  a  patch  of 
hair  on  its  end.  Above 
all  things,  the  integument 
to  be  utilized  for  the  flap 
should  be  healthy  and 
freely  movable. 

The  incisions  being  ^ 
made,  the  integument,  to- 
gether with  more  or  less 
of  the  subcutaneous  cel- 
lular tissue.  Is  to  be  dis-  ^  .  „  rri,^  )i,!„ir 
sected  up  from  the  underlying  structures.  The  thick- 
ness of  the  flap  should  always  be  commensurate  with  its 
other  dimensions.  Large  and  thin  flaps  often  succumb 
to  defective  nutrition.    The  subcutaneous  cellular  layer 
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is  an  essential  of  all  large  flaps,  since  it  is  the  medium 
through  which  the  skin  receives  its  nutrition.  An  excess 
of  adipose  tissue,  however,  is  an  element  of  danger  to  the 
vitality  of  the  flap.  It  has  been  claimed  that  muscular 
tissue  should  not  enter  into  the  composition  of  a  flap 
when  it  can  be  avoided,  on  the  ground  that  muscle  with- 
out function  is  speedily  converted  into  fibrous  tissue,  and 
the  presence  of  this  ci- 
catricial tissue  may  be- 
come an  important  factor 
in  marring  the  final  re- 
sult in  many  plastic  oper- 
ations.' In  those  upon 
the  face  muscular  ele- 
ments cannot  be  ex- 
cluded, since  they  are 
directl)'  inserted  into  the 
skin ;  nor  would  their  ex- 
clusion be  advisable,  since  without  them  the  mobility  of 
a  newly  formed  lip  or  eyelid  would  be  out  of  the  ques- 
tion. The  periosteum  may  also,  in  exceptional  cases,  be 
included  in  the  flap  in  plastic  operations.  B.  von  Lan- 
genbeck i»  and  Oilier"  have  tlius  sought  to  utilize  the 
osteogenetic  function  of  the  periosteum  in  rhinoplasty 
and  uranoplasty,  in  the  belief  that  the  new  bone  devel- 
oped by  it  would  give  the  normal  resistance  to  the  re- 
paired part. 

Verneuil,  Sedillot,  and  others  question  the  utility  of 
this  procedure,  believing,  and  in  some  instances  with 
good  reason,  that  the  inclusion  of  the  periosteum  in  a 

flap  is  an  element  of 
^    danger  to  the  vitality 

of  the  part  whence  it 
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is  taken,  and  that  it  increases  the  probability  of  sepsis. 
With  modern  wound  treatment  this  is  excluded.  Re- 
garding operations  on  the  palate,  the  danger  of  necrosis 
after  periosteal  denudations  is  certainly  theoretical. 
Lano-enbeck,"  who  has  probably  operated  oftener  than 
anv  one  else  for  cleft  palate,  by  this  method,  has  never 
seen  the  bone  exfoliate.  He  has,  however,  noticed  such 
an  accident  after  rhinoplasty.  Nor  can  there  be  any 
question  as  to  the  formation  of  new  bone  from  pen- 
osteal  flaps.  In  every  congenital  defect  of  the  palate 
operated  upon  by  this  distinguished  surgeon  which  was 
under  observation  more  than  four  weeks  after  urano, 
plasty  the  forma- 
tion of  new  bone 
was  confirmed.  It 
begins  about  the 
third  week,  and  is 
completed  at  about 
the  fourth  week, 
although  it  subse- 
quently gains  in  so- 
lidity. So  far  as 
time  is  concerned, 
the  periosteal  regen- 
eration of  bone  after 
plastic  operations 
may  then  be  said  to  .,,,!■ 

be  chronologically  analogous  to  that  which  takes  place  in 
the  repair  of  fractures.  Nor,  any  more  than  after  fract- 
ures, is  there  any  danger  that  the  newly  formed  bone 
will  subsequently  undergo  retrograde  changes. 
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To  increase  the  thickness  and,  therefore,  the  vitality  of 
large  flaps,  and  at  the  same  time  approximate  the  repaired 
part  to  tL  normal  structure  and  function,  very  thick  and 
even  duplex  flaps  must  often  be  formed.  Thus  while  a 
large  defect  of  the  lower  lip  may  be  covered  with  a  flap 
from  the  neck,  the  new  lip  will  be  thin,  devoid  of  mus- 
cular fibre,  and,  therefore,  of  movement  and  soon  be- 
comes firmly  attached  to  the  lower  jaw.  It  is  preferable, 
therefore,  when  possible,  to  make  the  flaps  of  the  entire 
thickness  of  the  cheek,  covered  with  skin  and  mucous 
membrane,  which,  when  brought  into  position,  subserve 
in  the  best  manner  possible  the  purposes  of  the  part  de- 
stroj-ed.     Or  it  may  be  practicable,  if  it  be  deemed  best 


Fig.  I 


).— Plastic  Operation  lor  Cancer  ol  Lip.    Showing  (A)  the  proposea  lines  of  Incision,  and 
(B)  the  completed  operation. 


to  use  the  flap  from  the  chin,  to  reflect  the  mucous  cov- 
ering of  the  alveolar  border  for  a  lining  to  the  cutaneous 
flap.  As  will  be  seen  in  operations  for  rhinoplasty  and 
exstrophy  of  the  bladder,  this  doubling  of  the  flap  may 
be  practised  with  two  folds  of  skin,  the  lower  of  which 
subsequently  becomes  converted  into  mucous  membrane. 
For  this  method  Ad.  Richard,'^  in  1854,  proposed  the 
term  " autoplastic  par  doublure." 

3.  The  transplantation  and  permanent  attachment  of 
the  flap  constitute  the  last  steps  of  formal  plastic  oper- 
ations. At  present  all  authors  are  agreed  that,  save  in 
exceptional  cases,  the  fixation  of  the  flap  should  at  once 
follow  its  formation  as  soon  as  all  oozing  has  ceased. 
Tagliacozzi,  however,  In  his  rhinoplasties,  allowed  the 
under  surface  of  the  flap,  taken  from  the  arm,  to  supiju- 
rate  before  fixing  it  in  the  new  position.  Graefe,  on  the 
other  hand,  successfully  practised  fixation  while  the  sur- 
faces were  fresh.  In  very  rare  cases  the  old  operation 
may  be  followed  by  good  results.  Thus  the  author,  in 
1876,  saw  Billroth  close  a  gastric  fistula  with  a  flap  that 
had  been  lifted  from  its  surface  one  week  before  fixation, 
the  reason  given  for  this  being  that  the  suppurating  sur- 
face would  be  less  affected  by  the  deleterious  influence  of 
the  gastric  juice  than  one  recently  prepared. 

In  1889  Mr.  Croft  described  an  operation  which  was 
based  on  this  principle,  and  which  was  particularly  use- 
ful in  relieving  the  scars  following  extensive  burns. 
The  writer  employed  it  to  relieve  a  dense  scar  which  held 
the  thigh  firmly  bound  to  the  abdomen.  A  broad  strip  of 
skin,  six,  eight,  or  ten  inches  long,  is  lifted  between 
parallel  incisions  from  the  underlying  structures,  but  left 
attached  above  and  below.  Strips  of  gauze  are  inserted 
underneath  for  six  or  seven  days  until  granulations  have 
formed.  The  flap  thereby  becomes  thickened.  At  the 
second  operation,  after  the  defect  is  vivified,  the  granu- 
lations are  curetted  from  the  flap,  its  attachment  at  one 
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end  is  severed,  and  the  placing  in  position  follows  as  m 
the  one-time  operation  (Med.-Chirurg.  Trans.,  1889). 

In  1854  Roux  was  compelled  by  circumstances,  m  a 
defect  of  lip  and  chin,  to  resort  to  a  practice  which  some 
writers  have  sought  to  elevate  into  a  special  method,  that 
by  successive  migrations.  "  It  consists  in  fixing  a  flap 
temporarily  in  a  new  position,  from  which,  after  the 
lapse  of  several  weeks,  it  is  removed  by  a  second  oper- 
ation to  a  part  nearer  the  defect,  where,  after  a  number 
of  migrations,  it  is  finally  deposited.  '"*  Buck  has  resorted 
to  a  somewhat  similar  expedient  in  extensive  deformities 
of  the  face.  It  is  only  in  these  that  it  is  ever  practicable. 
To  facilitate  the  transplantation  of  a  flap  and  to  relieve 
tension,  liberating  Incisions 
are  often  required.  Thus,  in 
harelip,  success  is  not  gener- 
ally attainable  without  freely 
liberating  the  segments  of  the 
lip  which  are  more  or  less 
bound  down  to  the  maxilla. 
Such  liberating  incisions  can- 
not always  be  concealed,  as 
in  the  instance  cited.  They 
should  then  be  made  as  small 
as  is  consistent  with  the  effect 
desired,  and  in  the  manner  in- 
dicated {g  i  h,  in  Pig.  3978). 

To  close  the  wounds  result- 
ing'from  these  liberating  in- 
cissions  is  permissible  only  af- 
ter the  defect  has  been  covered 
and  when  it  is  evident  that 
closing  the  secondary  incis- 
ions does  not  cause  traction 
on  the  more  important  line  of 
sutures  closing  the  primary 
wound.  Where  there  is  any 
doubt,  it  is  best  to  leave  the 
liberating  incisions  unsu- 
tured,  and  the  wounds  to 
heal  by  granulation.  In  very 
many  cases  these  wounds  can 
at  once  be  closed  by  skin-grafting  or  by  using  a  Wolff 
or  Krause  flap.     (See  Skin-grafti'nc/.) 

The  fixation  of  the  flap  by  sutures  forms  the  final  step 
of  the  plastic  operation.  The  care  and  accuracy  in  ap- 
position of  the  raw  surfaces  observed  in  other  surgical 
procedures  are  particularly  demanded  here.  The  absence 
of  blood  within  the  wound  is  an  essential  to  success. 
Hence  Dieflfenbach,  Lisfranc,  and  others  often  postponed 
fixation  for  two  or  three  hours  until  all  oozing  had  ceased. 
As  Verneuil  justly  says,  while  admitting  the  value  of 
this  method  in  former  times,  "  in  our  day  operations  are 
geneially  made  under  anoesthesia,  from  which,  when  the 
patients  awake,  they  like  to  believe  that  the  operation  is 
completed ;  hence  it  is  a  source  of  great  suffering  to  mind 
and  body  to  delay  the  completion  of  the  operation." 

In  closing  the  wound  the  continuous  or  interrupted 
suture  may  be  employed.  Whenever  applicable,  the 
buried  subcuticular  suture  should  be  used.  Suture 
marks  are  in  themselves  often  quite  disfiguring.  As  a 
rule,  small  needles  should  be  used.  The  angles  of  the 
surfaces  are  first  approximated.  While  the  number  of 
sutures  must  be  sufficient  for  accurate  apposition  and  the 
avoidance  of  wrinkles  in  the  flap,  an  excessive  number  is 
doubtless  harmful,  since  every  suture,  however  fine,  in- 
terferes in  a  measure  with  the  circulation  in  the  part,  and 
every  suture  may  become  a  source  of  suppuration.  When 
considerable  traction  must  be  made  to  hold  the  flap  in 
position,  one  or  even  two  deep  sutures  of  heavy  silk 
may  profitably  be  inserted  far  from  the  edges  of  the 
wound,  as  after  amputation.  In  this  way  the  tension  on 
the  more  numerous  superficial  sutures  is  efifectually  re- 
moved. The  material  used  for  sutures  varies  according 
to  the  length  of  time  they  are  to  remain.  In  plastic 
operations  about  the  face  an  iron-dyed  silk  probably  an- 
swers the  best  purposes.  These  sutures  can  be  removed, 
a  few  at  a  time,  in  from  forty -eight  hours  to  five  or  six 
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days  after  the  opera tioD,  according  to  the  union  obtained. 
"When  it  is  desirable  to  retain  the  sutures  longer,  as  in 
operations  on  the  vagina,  silver  v^fire  is  to  be  preferred, 
since  metals  produce  vastly  less  reaction  in  the  tissues 
than  silk. 

Regarding  the  after-treatment,  little  need  be  said. 
The  wounds  are  frequently  in  a  position  where  aseptic 
measures  cannot  be  successfully  carried  out ;  as,  for  ex- 
ample, about  the  lips  or  nose.  In  these  cases  dry  gauze 
compresses,  held  in  position  by  properly  adjusted  band- 
ages or  adhesive  strips,  will  go  far  toward  supporting 
the  parts  and  assuring  primary  adhesion.  The  writer  has 
found  gauze  strips  steeped  in  collodion  an  excellent 
dressing  in  many  small  plastic  operations  on  the  face. 
Wounds  made  for  plastic  purposes  should  be  frequently 
examined  to  determine  the  condition  of  the  parts,  and 
particularly  if  a  flap  has  been  utilized.  Immediately 
after  its  application  a  flap  is  cool,  pale,  and  insensitive. 
Within  from  twelve  to  twenty-four  hours,  as  circulation 
is  established,  its  temperature  rises,  and  a  marked  red- 
ness distinguishes  it  from  the  integument  surrounding 
it.  This  redness  easily  yields  to  a  bluish  discoloration 
and  excessive  swelling,  both  indications  of  venous  stasis, 
which,  if  not  checked,  often  leads  to  sloughing.  Loosen- 
ing one  or  two  sutures,  or  scarification  of  the  flap  itself, 
may  avert  such  a  result.  If  suppuration  under  the  flap 
is  suspected,  the  most  dependent  sutures  must  be  re- 
moved for  proper  drainage.  With  proper  precaution  the 
presence  of  suppuration  does  not  necessarily  entail  failure 
of  the  operation,  since  the  flap  may  be  held  in  position 
with  small  strips  of  adhesive  plaster  or  by  a  number  of 
sutures  inserted  at  its  salient  points. 

Supplementary  treatment  and  even  operations  are 
often  necessary  after  complete  closure  of  the  wound. 
Thus  constant  attention  must  be  given  the  nostrils  after 
rhinoplasty,  the  lower  lip  after  cheiloplasty,  lest  the 
former  close,  or  the  latter  become  adherent.  Or  it  may 
be  that  the  contraction  of  the  flap  has  not  ensued  to  the 
degree  anticipated,  and  the  newly  formed  organ  presents 
wrinkles  of  redundant  skin.  In  the  same  way,  the  pedi- 
cle of  a  flap  which  has  subserved  its  purposes  must  be 
excised  if  at  all  prominent.  Such  redundant  masses  can 
always  be  easily  removed  by  oval  incisions.  In  the  case 
of  the  pedicle,  several  months  must  elapse  before  its  ex- 
cision is  even  to  be  thought  of.  A  premature  attempt  in 
this  direction  of  improving  the  result  of  a  plastic  oper- 
ation may  easily  annul  the  advantages  already  obtained. 
As  has  already  been  observed,  every  case  requiring  a 
plastic  operation  is  a  law  unto  itself.  The  more  compli- 
cated the  defect,  the  greater  the  study  and  practice  re- 
quired in  overcoming  it.  When  the  destruction  of  tissue 
has  been  very  extensive,  as  in  noma,  lupus,  or  burns,  a 
single  operation  rarely  suffices.  Three,  four,  and  even 
more  operations  may  be  necessary  before  the  appearance 
of  the  face  is  in  a  measure  restored.  In  these  compli- 
cated cases,  too  much  .should  not  be  attempted  at  one 
time,  and  an  interval  of  from  one  to  six  months  may 
often  be  advantageously  observed  between  the  different 
operations.  It  is  in  this  way  that  the  most  successful 
workers  in  this  field  have,  by  repeated  efforts,  often  ex- 
tending over  a  period  of  two  or  three  years,  given  a  new 
life  to  individuals  who,  from  very  extensive  destructions 
of  prominent  parts  of  the  face,  have  been  objects  ot  dis- 
gust to  themselves  and  of  horror  to  those  with  whom  it 
was  their  misfortune  to  come  in  contact. 

Blbphaboplasty.— Plastic  operations  in  the  eyelids  as 
a  rule  come  under  the  care  of  the  ophthalmic  surgeon. 
A  full  description  of  the  various  methods  of  blepharo- 
plasty  is  given  in  the  article  by  Dr.  Van  Fleet  on  Eyelids, 

*  Cheiloplasty.— The  reconstruction  of  a  lip  after  its 
partial  or  total  destruction  by  injury  or  disease  is  termed 
cheiloplasty.  In  the  preponderance  of  cases  it  is  per- 
formed for  epithelioma,  and  for  the  most  part  therefore 
is  practised  on  the  lower  lip.  The  upper  hp,  also,  at 
timp«i  !■?  destroved  by  noma,  lupus,  burns,  or  wounds, 
and  thus  becomes  the  subject  of  plastic  repair.  Except 
^n  cases  of  epithelioma  these  operations  are  particularly 


complicated,  and  tax  the  ingenuity  of  the  surgeon 
through  the  involvement  and  distortion  of  the  angle  of 
the  mouth  and  of  more  or  less  of  the  integument  of  the 
cheek  or  of  the  nose.  Owing  to  the  great  variety  dis- 
played by  individual  defects  of  the  lips,  many  methods 
have  been  devised  for  their  relief.  Only  those  are  very 
serviceable  in  which  a  flap  covered  by  integument  with- 
out and  mucous  membrane  within  can  be  utilized.  In 
all  other  methods,  although  at  times  they  must  be  fol- 
lowed, the  flap  speedily  becomes  adherent  to  the  maxilla, 
immovable,  useless  for  mastication,  and  incompetent  to 
retain  the  saliva.  Another  defect  in  the  immediate  result 
that  appertains  to  almost  all  methods  is  the  disparity  in 
size  between  the  sound  and  the  reconstructed  lip.  The 
latter  usually  being  smaller,  the  other  projects  far  be- 
yond, while  the  mouth  presents  an  unnaturally  con- 
tracted appearance.  Still,  this  abnormal  condition  is  re- 
covered from  after  the  lapse  of  a  few  months,  the  mouth 
being  spontaneously  remodelled. 

In  all  cheiloplasties  it  is  essential  that  the  flap  be  ob- 
tained from  the  immediate  vicinity  of  the  defect,  since 
failure  is  certain  to  follow  any  attempt  to  obtain  it  from 
a  distance.  The  mobility  of  the  parts  during  mastication 
is  such  that  fixation  of  the  arm  cannot  be  maintained  for 
a  sufficiently  long  time  or  accurately  enough  to  prevent 
the  loss  of  the  flap. 

Cheiloplastic  operations  may  be  divided  into:  (1)  Those 
that  affect  the  lower  lip ;  (3)  those  that  affect  the  upper 
lip ;  and  (3)  those  that  affect  the  angles  of  the  mouth,  or 
the  mouth  as  a  whole  (stomatoplasty). 

1.  Since  the  lower  lip  is  repaired  most  frequently  for 
epithelioma,  the  surgeon  can  often  shape  the  defect  in  a 
way  to  facilitate  its  closure.  If  the  neoplasm  involve 
only  a  slight  extent  of  lip,  it  should  be  removed  by  a 
V-shaped  incision,  when,  ordinarily,  no  difficulty  will 
obtain  in  closing  the  gap  with  deep  sutures,  even  if  the 
entire  thickness  of  the  lip  has  been  removed.  When  the 
disease,  however,  covers  a  large  area  but  is  superficial, 
removal  by  a  curvilinear  incision  is  preferable,  since  the 
defect  thereby  produced  will  readily  be  supplied  without 
plastic  procedures.  When  the  entire  lip  is  involved,  in 
thickness  as  well  as  in  height,  rectangular  or  curvilinear 
incisions  alone  are  serviceable  for  the  removal  of  the  neo- 
plasm. When,  as  is  often  the  case,  the  disease  involves 
the  angle  of  the  mouth,  the  incisions  must  necessarily  be 
more  complicated  and  altogether  regulated  by  the  extent 
of  the  disease.  Even  in  extreme  cases  the  gap  can  often 
be  closed  by  a  combination  of  V-  or  W-shaped  incisions. 
Weber  mentions  a  case  in  which  the  disease  was  very 
extensive.  When  circumstances  compel  the  surgeon  to 
borrow  the  material  for  the  flap  from  the  chin  or  neck, 
the  methods  of  Chopart,  of  Lisfranc,  or  of  Berg  may  be 
adopted.  In  Chopart's  operation  the  diseased  tissue  is 
included  between  two  parallel  perpendicular  incisions 
carried  over  the  chin  and  on  to  the  neck  as  far  as  the 
hyoid  bone,  if  necessary  (Fig.  3997)  (Nelaton).  ^i-" 
the  diseased  part  is  then  re- 
moved by  a  horizontal  incis- 
ion, there  remains  a  quad- 
rangular flap  which,  when 
dissected  up,  is  brought  by  a 
process  of  gliding  to  the  level 
of  the  labial  commissures, 
where  it  is  retained  by  sutures. 
Lisfranc  preferred  to  remove 
the  neoplasm  by  a  curved  in- 
cision, from  the  centre  of 
which  (Fig.  3998)  a  perpendic- 
ular cut  of  greater  or  less 
length,  carried  downward,  out- 
lined two  flaps  which,  when 

detached  were  brought  into  position.  Berg  also  gave 
'h  defectl  curvilinfar  outhn'e,  but  preferred  to  use  a 
single  flap  from  the  chin  and  side  of  the  neck.  F'g- 3999 
shows  the  manner  of  delineating  the  flap,  "f  bringing  it 
into  position,  and  of  closing  the  primary  and  secondary 
wounds.  If  the  upper  margins  of  the  flap  he  covered 
from  each  angle  of  the  mouth,  by  a  portion  of  the.ver- 
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milion  border  borrowed  from  the  upper  lip,  the  result 
will  be  excellent,  although  the  oral  aperture  may  tem- 
porarily be  materially  decreased  in  size.    To  accomplish 


Fig.  3998. 


the  same  end  Serre,  in  an  extensive  epithelioma  of  the 
lower  lip,  practised  Chopart's  operation,  preserving  the 
mucous  membrane  of  the  lip  for  a  covering  to  the  flap. 


FIG.  3999. 

It  is  almost  needless  to  say  that  it  is  only  in  exceptional 
cases  of  very  superficial  neoplasmata  that  this  method  is 
at  all  applicable. 

"When  the  defect  after  removal  of  an  epithelioma  is  tri- 
angular, with  base  involving  the  greater  part  of  the  lip, 
the  operations  of  Dieflienbach  or  Malgaigne  may  be  pro- 


FiG.  4000. 

fitably  resorted  to.  That  of  the  German  surgeon  consists 
in  making  an  incision  on  each  side  from  the  angle  of  the 
mouth  toward  the  masseter  and  in  the  line  of  the  labial 
fissure.  The  length  of  the  horizontal  incision  is  half  that 
of  the  base  of  the  defect.  The  quadrilateral  flaps  thus 
raised  are  brought  together  in  the  median  line  by  their 


FIG.  fflOl. 

internal_  borders.  The  operation  of  Malgaigne  differs 
trona  this  in  that  he  refrains  from  the  use  of  the  perpen- 
dicular incision.  To  overcome  the  redundancy  of  the 
X^fif  T^'  ^.  t"aigular  portion  may  be  excised  (Pig 
4UU0).  In  either  operation  the  new  lip  can  easily  be 
lined  with  mucous  membrane,  if  that  of  the  cheek  be  di- 
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vided  at  a  higher  level  than  the  integument  in  the  hori- 
zontal incisions  from  the  angles  of  the  mouth.  In  cases 
in  which  the  defect  is  triangular  and  shallow  its  closure 
by  later  incisions,  after  the  method  of  Syme,  presents 
many  advantages.  By  this  method  the  incisions  are  pro- 
longed downward  and  outward  for  an  inch,  whence  they 
are  carried  upward  and  outward  for  a  varying  distance. 
The  flaps  thus  outlined  are  dissected  ofE  the  bone  and 
brought  together  in  the  median  line.  The  mucous  mem- 
brane and  skin  are  stitched  together  along  the  upper 
edge,  and  the  triangular  interval  on  each  side  is  left  to 
heal  by  granulations.  To  facilitate  union  of  the  flaps, 
the  tip  of  the  spur  left  below  the  apex  of  the  defect  may 


FIG.  4003. 


FIG.  4002. 

be  removed  after  tlie  flaps  have  been  raised  (Fig.  4001) 
(Nelaton).  The  very  great  advantage  of  this  method 
over  those  preceding  it  is  that,  since  the  integument  cov- 
ering the  chin  is  not  disturbed,  the  flaps  cannot  sinli  or 
be  drawn  downward  toward  the  neck,  and  the  new  lip 
will  maintain  its  original  height.  Quadrangular  defects 
of  the  lower  lip  may  be  successfully  overcome  by  resort- 
ing to  two  rectangular  flaps  taken  from  the  chin  or  from 
the  side  of  the  chin.  Sedillot  (Fig.  4002)  made  the  flaps 
at  right  angles  to  the  line  of  the  mouth  from  the  side  of 
the  chin,  while  Bruns  preferred  to  make  them  obliquely 
and  from  the  cheek.  When  the  flaps  are  raised  they  are 
turned  on  their  respective 
pedicles,  when  their  inner 
borders  meet  in  the  median 
line.  When  circumstances 
permit  of  a  choice  between 
the  method  of  Sedillot  and 
that  of  Bruns  (Fig.  3984,  dia- 
grammatic), the  former 
should  be  preferred,  since  in 
the  latter  there  is  consider- 
able danger  of  traction  on  the 
cheeks  with  a  resulting  de- 
formity. The  operation  of 
Sedillot  also  offers  a  better  opportunity  for  covering  the 
upper  edges  of  the  flaps  with  part  of  the  vermilion  border 
of  the  upper  lip.  When  this  is  severed  for  half  an  inch 
or  more  on  each  side  from  the  upper  lip,  the  flaps  form- 
ing the  lower  lip  can  be  almost  entirely  covered.  Schuh's 
practice  of  tattooing  the  edge  of  the  lip  for  cosmetic  pur- 
poses has  probably  never  been  followed  by  other  oper- 
ators. In  1869  Langenbeck  first  practised  a  cheiloplasty 
which  has  gained  many  followers  in  Germany.  In  this 
method  the  diseased  lip  is  re- 
moved by  a  curvilinear  incis- 
ion (Fig.  4003).  A  flap  is 
then  prepared  from  the  in- 
tegument of  the  chin  (1)  the 
base  of  which  is  on  the  side 
of  the  oral  angle.  The  free 
extremity  of  the  defect  is  not 
directly  under  the  oral  defect, 
but  separated  from  it  by  a 
triangular  portion  of  skin  (2). 
Both  flaps  being  raised,  the 
lower  is  elevated  into  the  de- 
fect, while  the  other  is  utilized  in  closing  the  breach  below 
(Fig.  4004).  The  presence  of  the  spur  prevents  the  sink- 
ing of  the  lip. 

When  it  is  desirable,  the  upper  edge  of  the  flap  may  be 
covered  with  a  portion  of  the  mucous  border  of  the  up- 
per lip.    Gurdon  Buck  ("Rep.  Surg.,"  p.  22),  and  Est- 
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lander  {Arch.  f.  GMr.,  xii.),  closed  defects  of  the  lower 
lip  with  flaps  taken  from  the  upper.  Buck,  after  remov- 
ing the  growth  by  a  V-shaped  incision,  or  by  one  hori- 
zontal and  two  perpendicular  incisions  in  more  compli- 


FlG.  4003. 

cated  cases,  brought  the  sides  of  the  gap  together 
directly,  or,  in  the  case  of  the  quadrangular  defect,  by 
forming  two  horizontal  lateral  flaps  which  were  secured 
to  each  other  in  the  median  line  by  pin  sutures.  After 
closure  of  the  wound  had  been  effected,  a  secondary 
operation  was  performed  to  transfer  the  redundant  tissue 
of  the  upper  to  the  deficient  lower  lip,  and  thus  to  restore 
the  symmetry  of  the  mouth.  This  operation  is  performed 
as  follows :  A  point  is  selected  about  a  finger's  breadth 
below,  and  a  little  without,  the  oral  angle  on  each  side, 
and  marked  by  the  insertion  of  a  pin  through  the  skin. 
Another  pin  is  inserted  on  each  side  at  the  junction  of  the 
vermilion  border  of  the  upper  lip  with  the  skin,  about 
one-fifth  of  the  distance  from  the  angle  of  the  mouth  to 


Fig.  4006. 


the  median  line  of  the  lip ;  and  a  third  pin  on  each  side  is 
inserted  into  the  integument  of  the  cheek,  about  an  mch 
and  a  half  above  and  without  the  angle  of  the  mouth. 
The  points  indicated  by  the  first  and  third  pms  are  then 


to  be  united  by  an  incision  through  the  entire  thickness 
of  the  cheek,  and  in  like  manner  the  points  indicated  by 
the  second  and  third  pins.  A  triangular  flap  is  thus 
formed,  with  its  base  toward  the  angle  of  the  mouth. 
Prom  the  point  indicated  by  the  first  pin,  a  vertical  in- 
cision is  now  made  to  the  base  of  the  jaw.  The  integu- 
ment in  this  region  being  in  a  state  of  great  tension,  the 
edges  recede  and  form  a  space  for  the  reception  of  the 


FIG.  4007. 

triangular  flap,  with  its  apex  toward  the  base  of  the  jaw, 
and  its  base,  including  a  portion  of  tlie  vermilion  border 
of  the  upper  lip,  supplying  the  deficiency  of  the  corre- 
sponding side  of  the  lower  lip.  When  the  operation  on 
both  sides  is  completed  the  configuration  of  the  mouth  is 
nearly  normal.     (Pigs.  4005  and  4006,  from  Buck.) 

Estlauder's  operation  differs  from  that  of  Buck  in  that 
the  outer  incision  is  curvilinear,  and  that  the  plastic 
operation  at  once  follows  the  extirpation  of  the  tumor. 

(3)  In  reconstructing  the  upper  lip,  the  operator 
has  the  choice  of  a  number  of  methods.  In  cases  of  total 
deficiency,  the  method  of  Bruns,  already  referred  to 
(Fig.  3984),  yields  excellent  results.  Berard  utilized 
two  lateral  flaps  from  the  cheeks,  including  them  be- 
tween parallel  horizontal  incisions,  carried  outward  to 
the  masseter,  the  upper  from  the  angle  of  the  nose,  the 
lower  from  the  angle  of  the  mouth.  The  flaps  thus 
formed  are  brought  into  position  by  gliding,  and  united 
by  pin  sutures  in  the  median  line.  A  better  operation  for 
severe  cases  is  that  of  Sedillot  (Fig.  4007),  which  is  per- 
formed as  follows :  On  each  side  of  the  oral  angle  a  quad- 
rilateral flap,  of  the  width  and  half  the  length  of  the  lip, 
is  outlined  by  two  perpendicular  incisions  and  one  hori- 
zontal incision  on  each  side.  The  inner  of  the  perpen- 
dicular incisions  is  carried  higher  than  the  outer.  When 
the  flaps  have  been  thus  outlined,  they  are  raised  from  the 
underlying  tissues.     The  entire  thickness  of  the  cheek  is 


FIG.  4008. 

included  in  the  flaps,  which  are  therefore  hned  with  mu- 
cous membrane.  When  the  flaps  are  brought  into  posi- 
tion their  lower  borders  meet  in  the  median  line,  the 
inner  borders  are  sutured  to  the  upper  margin  of  the  de- 
fect beneath  the  nose,  while  the  outer  borders  assume  the 
position  of  the  free  border  of  the  lip.  With  a  little  trac- 
tion the  mucous  membrane  and  the  integument  of  this 
border  can  be  united  by  a  number  of  very  fine  sutures. 

When  the  defect  of  the  upper  lip  is  central  and  not 
very  extensive,  the  method  of  Dieffenbach  presents  much 
to  recommend  it.  It  consists  in  transfixing  the  cheek  on 
each  side  of  the  angle  of  the  nose,  and  forming  a  flap  on 
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each  side  by  a  curvilinear  incision  (Fig.  4008).  When 
these  flaps  are  raised  from  their  attachments  to  the  alve- 
olar border,  they  are  easily  brought  into  apposition  by 
their  internal  margins  in  the  median  line.     The  method 

of  fixing  the  flap 
beneath  the  nose  is 
also  shown  in  the  il- 
lustration. The  ad- 
vantage  of  this 
method,  -when  it  is 
applicable,  is  in  the 
greater  height  given 
by  the  curvilinear 
Incision  into  the  flap 
in  the  median  line, 
and  in  the  fact  that 
its  free  border  is  nat- 
urally covered  by 
mucous  membrane. 
Ledran  and  Roux 
utilized  one-half  of 
the  lower  lip  for  re- 
pairing deformities 
in  which  the  outer 
half  of  the  upper  lip 
Fig.  4009.  was  lost.     Both  of 

these  operators 
transplanted  a  quadrangular  flap  with  its  pedicle  outward. 
This  method  was  greatly  improved  upon  by  Buck,  who, 
placing  the  pedicle  internally,  temporarily  reduced  the 
length  of  the  oral  fissure.  This  method  of  operation  is 
shown  in  Fig.  4009.  The  extremity  of  the  lower  lip, 
where  it  joins  the  right  cheek,  is  divided  through  its 
entire  thickness  at  right  angles  to  its  border,  and  for  a 
distance  of  an  inch  (ab).  A  second  incision  is  made  from 
the  end  of  the  first,  parallel  to  the  labial  border,  for  a  dis- 
tance of  one  inch  and  a  half  (b  e) ;  from  c  a  short  incision 
(c  d)  is  made  toward  the  free  border  of  the  under  lip,  and 
parallel  to  the  incision  (a  b).  The  quadrilateral  flap  thus 
formed  from  the  lower  lip  is  now  turned  upon  its  pedicle 
to  meet  the  remaining  portion  of  the  upper  lip,  to  which 
it  is  attached  by  its  free  extremity  {a  b).  Fig.  4010  shows 
the  result  of  this  operation,  and  the  method  of  overcom- 
ing the  deformity  of  the  angle  of  the  mouth  which  re- 
sults. 

3.  Stomatoplasty. — Destructive  ulcerative  processes 
about  the  lips  and  angles  of  the  mouth  occasionally  give 
rise  to  deformities  which,  by  greater  or  less  closure  of  the 
oral  aperture,  interfere  with  the  process  of  mastication, 
and  eventually  threaten  the  life  of  the  individual.  In 
extreme  cases  the  labial  fissure  is  contracted  to  a  degree 
which  compels  the  patient  to  live  on  liquid  food  alone. 
Until  DiefEenbach's  remarkable  contributions  to  plastic 
surgery,  it  was  customary  to  treat  these  cases  by  the  in- 
sertion of  a  seton  of  silk  or  of  wire.  As  in  cases  of  syn- 
dactylism treated  in  this  way,  the  result  was  generally 
unfortunate.  DiefEenbach's  method,  which,  unless  the 
mucous  membrane  is  everywhere  adherent  to  the  alveo- 
lar border,  is  as  a  rule  successful,  is  performed  as  fol- 
lows: On  each  side  of  the  contracted  oral  orifice  a  narrow 
triangular  strip  is  excised  from  the  skin.  The  base  of 
the  triangle  is  internal,  its  rounded  apex  external  and  at 
the  point  where  the  angle  of  the  mouth  is  to  be.  The 
excised  triangular  portion  should  include  everything 
down  to  the  mucous  membrane,  which  remains  intact  in 
the  floor  of  the  wound.  The  mucous  membrane  is  then 
divided  in  the  floor  of  the  triangle,  thus  forming  an  up- 
per and  a  lower  flap,  which,  when  everted,  will  clothe 
the  free  borders  of  the  new  lips  and  meet  externally  at 
the  angle  of  the  mouth.  The  excess  of  mucous  mem- 
brane is  thus  utilized  in  forming  the  vermilion  borders  of 
the  lips. 

Buck's  method  of  stomatoplasty,  already  alluded  to, 
differs  somewhat  from  that  of  Diefienbach.  He  makes 
an  incision  along  the  line  of  the  vermilion  border,  cir- 
cumscribing half  of  the  mouth,  and  extending  to  an 
equal  distance  above  and  below  (Fig.  4010,  a  b).  This 
incision  should  divide  the  skin  and  subcutaneous  tissue, 
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but  not  involve  the  mucous  membrane.  A  sharp-pointed 
double-edged  knife  is  then  inserted  between  the  skin  and 
the  mucous  membrane,  and  these  parts  are  separated 
from  each  other  as  far  outward  as  the  point  proposed  for 
the  angle  of  the  mouth.  The  skin  alone  is  then  divided 
with  strong  scissors  along  the  line  which  is  to  separate 
the  upper  from  the  lower  lip  (c  d).  The  mucous  mem- 
brane is  next  divided  along  the  same  line,  but  not  so  far 
outward,  the  diflference  in  the  length  of  the  division  of 
skin  and  mucous  membrane  being  a  little  less  than  the 
thickness  of  the  cheek.  The  angles  at  the  outer  ends  of 
the  two  incisions  are  then  carefully  united  by  a  single- 
thread  suture,  and  the  operation  is  completed  as  in 
DiefEenbach's  method.  To  accommodate  the  mucous 
membrane  to  the  borders  of  the  lips,  thin  slices  of  integu- 
ment must,  as  a  rule,  be  pared  from  the  upper  and  lower 
borders  of  the  wound. 

Rhinoplasty. — The  nose  gives  character  to  the  face 
by  its  prominence  and  central  position.  Its  absence  or 
deformity  is  therefore  more  naturally  observed  than  that 
of  any  other  feature.  It  is  only  through  familiarity  with 
the  nasal  defects  caused  by  syphilis  or  lupus  that  one 
without  unusual  vanity  can  understand  why  Tagliacoz- 
zi  devoted  a  special  chapter  to  the  "dignity  of  the  nose," 
and  can  appreciate  the  saying  of  Lavater,  that  "a  beau- 
tiful nose  is  worth  a  kingdom. "  Passion,  disease,  love 
of  honor,  and  punishment  for  crime,  have  all,  in  times 
past,  contributed  to  producing  the  greatest  facial  dis- 
figurements by  attacking  the  nose.  Hence  the  surgical 
art  was  taxed  early  to  repair  the  deformed  part,  and  rhi- 
noplasty became  the  foundation  of  plastic  surgery  in 
general.  In  previous  centuries,  when  the  loss  of  a  nose 
was  a  punishment  for  crime,  or  was  voluntarily  inflicted 
to  preserve  virtue,  rhinoplasty  was  doubtless  a  more 
common  operation  than  now.  Sixtus  V.  freed  Rome  of 
its  bandits  by  cutting  ofE  the  noses  of  all  who  were 
caught.  The  Abbess  of  St.  Cyr  disfigured  herself  and 
forty  of  her  nuns  in  the  same  manner,  to  preserve  their 
virtue  when  the  Saracens  raided  Marseilles.  In  our  more 
civilized  times,  nearly  every  case  requiring  rhinoplasty 
is  one  in  which  the  defect  is  the  result  of  disease ;  al- 
though, in  exceptional  instances,  a  vicious  bite  or,  as  in 
Germany,  a  duel,  is  the  cause  for  plastic  interference. 

Notwithstanding  the  accumulated  experience  of  gen- 
erations of  surgeons,  and  the  closest  attention  to  every 
technical  detail  that  could  further  the  results  of  rhino- 
plasty, it  must  still  be  admitted  that  the  best  nose  that 
can  be  formed  by  aplastic  operation  is  hardly  as  present- 
able as  the  natural 
feature  that  is,  even 
far  removed  from  the 
ideal.  It  is  far  pref- 
erable, however,  to 
the  artificial  nose 
formed  of  vulcanized 
rubber,  and  retained 
in  position  with  col- 
lodion or  by  means  of 
a  spring.  After  a  rhi- 
noplasty that  is  at  all- 
successful,  the  catar- 
rhal condition  of  the 
nose  and  pharynx  is 
improved,  the  senses 
of  smell  and  of  hear- 
ing return,  and  the  ir- 
ritating cough  which 
so  often  is  present  in 
extensive  defects  of 
the  nose,  rapidly  dis- 
appears. A  success- 
ful rhinoplasty  is  productive  of  benefits  which  cannot 
follow  the  use  of  any  nose  fashioned  by  prosthetic  skill. 

Since  the  time  of  DieflEenbach,  rhinoplastic  operations 
have  been  divided  into  the  total  and  the  partial.  It  is  par- 
ticularly in  partial  rhinoplasty  that  great  strides  have 
been  made  within  the  last  half-century.  To  consider 
systematically  the  different  operations  for  repair  of  the 
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nose,  nasal  deficiencies,  according  to  Gross,  may  be  classi- 
fied as  follows :  (1)  Loss  of  the  entire  organ,  bones  as  well 
as  soft  parts.  (3)  Destruction  of  the  whole  or  greater 
portion  of  the  cartilages,  the  bridge  remaining  intact. 
(3)  Mutilations  of  the  tip,  as  wlien  a  small  piece  is  cut  or 
bitten  off,  including  a  part  of  the  wings.  (4)  Loss  of 
one  wing,  either  alone  or  together  with  the  nasal  col- 
umn. (5)  Perforation  of  the 
nose,  either  on  top  or  at  the 
side ;  in  the  latter  case  with  or 
without  participation  of  tlie 
cheek.  (6)  Sinking  of  the  or- 
gan from  destruction  of  the  car- 
tilaginous septum  of  the  nose, 
the  soft  structures  being  but 
little,  if  at  all,  affected.  (7) 
Loss  of  the  column.  (8)  Muti- 
lation of  the  nose  and  upper 
lip,  or  the  nose,  lip,  and  cheek. 
When  the  entire  nose  has 
been  lost,  there  is  generally  a 
large  p3niform  aperture  which 
allows  free  inspection  of  the 
nares  and  nasopharynx.  For 
the  alleviation  of  this  condi- 
tion, it  is  always  best  to  fashion  the  nose  from  a  flap 
taken  from  the  forehead,  by  what  is  known  as  the  In- 
dian method.  Before  proceeding  to  a  total  rhinoplasty, 
the  defects  should  be  covered  with  a  model  of  clay, 
wax,  or  dough,  which  should  approximate  as  much 
as  possible  in  size  and  form  an  ideal  nose.  Over  this 
is  accurately  fitted  a  piece  of  soft  leather  or  moleskin 
plaster,  the  lower  margin  of  which  is  pressed  into  the 
nostrils  and  made  to  cover  the  nasal  column.  The  shape 
of  this  piece  of  leather  or  plaster,  when  removed  f lom 
the  model,  is  pyriform,  with  its  Isase  below  and  apex 
above.  A  second  piece  of  leather  or  of  plaster,  one-tliird 
larger  in  all  its  dimensions,  should  then  be  prepared  from 
the  first,  the  increased  dimensions  being  allowed  for 
shrinkage.  The  model  thus  prepared,  when  applied  to 
the  forehead,  is  shown  in  Fig.  4011  (Linhart).  The  plas- 
tic operation  pi'oper  is  preceded  by  freshening  the  edges 
of  the  defect.  This  must  be  done  as  liberally  as  possible, 
in  order  to  procure  a  wide  surface  of  contact  for  the  flap. 
The  vivified  border  should  everywhere  measure  one-third 
or  even  half  an  inch  in  width.  When  this  step  of  the  oper- 
ation is  completed,  the  leather  or  moleskin  model  is  ap- 
plied either  perpendicularly  or  obliquely  to  the  forehead. 
The  latter  is  probably  the  better  method,  since  less 
rotation  of  the  flap  is  required  to  bring  it  into  position. 
When  the  forehead  is  decidedly  low,  no  alternative  is 
presented  to  the  operator,  since  the  central  excision  of 
the  flap  would  necessitate  the  inclusion  in  it  of  a  con- 
siderable portion  of  the  hairy  scalp.  KOnig  and  others 
maintain,  however,  that  the  frontal  scar  resulting  from 
central  location  of  the  flap  is  less  disfiguring  than  that 
which  follows  the  other  procedure.  Lisfranc,  Linhart, 
and  von  Langenbeck  prefer  to  take  it  from  the  side. 
When  the  operator  has  applied  his  model  in  the  desired 
position,  an  incision  down  to  the  periosteum  is  carried 
around  it.  The  incision,  as  shown  in  the  figure,  begins 
at  the  right  margin  of  the  defect,  is  carried  obliquely  over 
the  riglit  eyebrow,  and  descends  on  the  left  side  of  the 
model,  terminating  above  the  internal  end  of  the  left 
brow.  In  terminating  this  incision,  it  is  essential  not  to 
interfere  with  the  angular  artery,  since  the  vascular  sup- 
ply of  the  new  nose,  in  a  large  measure,  depends  upon 
the  integrity  of  this  vessel.  The  pedicle  left  between 
the  ends  of  the  incisions  should  measure  from  one-half  to 
three-fourths  of  an  inch  in  width.  The  flap  thus  outlined 
is  now  rapidly  raised,  being  made  to  include,  besides  the 
integument,  the  aponeurosis  and  fibres  of  the  occipito- 
frontal. In  the  lower  part  of  the  flap  the  periosteum  can 
safely  be  included.  Langenbeck  included  it  in  the  entire 
width  of  the  flap,  except  in  the  parts  of  which  the  col- 
umn and  alsB  of  the  nose  were  to  be  formed.  When 
hemorrhage  from  the  edges  and  raw  surface  of  tlie  flap 
has  been  controlled,  it  is  rotated  into  position  in  such  a 


way  that  the  raw  surface  looks  backward,  and  its  base 
naturally  comes  in  contact  with  the  frcsliened  margin  of 
tlie  upper  lip.  The  next  step  of  the  operation  is  the 
formation  of  the  septum  and  alie.  This  is  readily  accom- 
plished by  two  oblique  incisions,  one  inch  in  length 
(dotted  line  in  Fig.  4011),  which,  running  toward  each 
other,  are  separated  at  their  central  ends  by  an  undivided 
interval  nearly  an  inch  wide.  When  the  triangular  flap 
included  between  these  incisions  is  doubled  upon  itself, 
the  column  and  septum  of  the  nose  are  perfectly  formed. 
By  an  upward  duplication  of  the  lateral  parts  of  the 
flap,  the  alae  and  nostrils  are  next  formed,  and  main- 
tained by  transfixing  sutures.  To  facilitate  the  closure 
of  the  frontal  wound  and  to  obtain  larger  nostrils,  Lan- 
genbeck does  not  remove  the  small  triangular  portions 
seen  on  each  side  of  the  base  of  the  flap,  but  makes  the 
central  portion,  from  which  the  septum  is  made,  rectan- 
gular and  one  inch  wide.  When  the  nose  has  thus  been 
formed  and  the  raw  surfaces  have  been  thoroughly 
cleansed,  the  new  organ  is  brought  into  position  and  re- 
taining sutures  are  applied.  The  most  important  sutures. 
are  those  which  hold  the  alae  of  the  nose  to  the  cheek  and 
the  septum  to  the  upper  lid.  For  each  wing  and  the 
septum  three  sutures  are  requisite ;  for  the  wings  one  ex- 
ternally, one  internally  toward  the  nostril,  and  one  beneath 
toward  the  lip.  Since  it  is  the  septiim  that  most  fre- 
quently fails  to  unite  with  the  upper  lip,  unless  extraordi- 
nary care  be  taken,  it  is  advisable  to  make  a  special  groove 
in  the  central  part  of  the  upper  lip,  three  to  five  lines  in 
length,  into  which  the  lower  end  of  the  septum  is  firmly 
implanted  after  it  has  been  divested  of  cuticle.  The  oper- 
ation is  then  completed  by  suturing  the  lateral  margins- 
of  the  new  nose  to  those  of  the  cheek,  particular  care 
being  given  to  securing  a  good  apposition  of  the  pedicle 
in  the  upper  end  of  the  defect.  If  the  wound  in  the  fore- 
head is  very  large,  it  may  in  part  be  closed  by  sutures, 
although  the  greatest  caution  must  be  observed  to  pre- 
vent traction  on  the  pedicle.  If  the  entire  wound  of  the 
forehead  is  left  to  granulate  no  harm  results,  and  the  scar 
is  probably  not  more  ungainly  than  that  which  follows 
what  is  ordinarily  an  unsuccessful  attempt  at  obtaining 
its  closure  by  primary  union.  To  maintain  the  patency 
of  the  nostrils,  and  at  the  same  time  to  further  adhesion 
of  the  double  in- 
tegumentary 
folds,  it  is  well 
to  introduce  por- 
tions of  a  drain- 
age tube  into  the 
nostrils  after  the 
operation  is  com- 
plete. The  new 
nose  may  then 
be  lightly  cov- 
ered with  oiled 
silk  and  antisep- 
tic gauze  or  lint, 
care  being  taken 
that  no  foreign 
material  be- 
comes adherent 
to  the  sutures. 

There  are  rare 
cases  in  which 
previous  disease 
has  unfitted  the 
integument  of 
the  forehead  or 
of  the  elieek  for 
rhinoplastic  pur- 
poses. Under 
such  circum- 

stances  only  is  one  j  ustified  in  resorting  to  the  Italian  oper- 
ation of  rhinoplasty  from  the  arm.  The  first  step  in  this 
procedure  is  to  outline  a  flap  of  integument  from  the  inner 
surface  of  the  middle  of  the  arm,  measuring  four  inches 
in  length  and  three  in  width.  The  flap  is  raised  between 
two  parallel  longitudinal  incisions,  but  retained  above 
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and  below  in  relation  with  tlie  remaining  integument. 
To  prevent  reunion  a  piece  of  oiled  lint  is  placed  under- 
neath the  flap.  The  inflammatory  process  which  follows 
the  elevation  of  the  flap  causes  this  greatly  to  increase  m 
thickness,  while  its  inferior  surface,  in  from  two  to  three 
weeks,  becomes  clothed  with  granulations  and  eventually 
cicatrized.  When,  after  the  lapse  of  this  time,  the  flap 
is  sufficiently  thickened,  its  upper  connection  with  the  arm 
is  severed  by  a  transverse  incision  which  leaves  a  wide 
raw  margin  at  the  upper  end  of  the  flap,  which  is  sutured 
to  the  vivified  margins  of  the  nasal  defect.  This  part  of 
the  operation  Tagliacozzi  usually  performed  in  the  fourth 
week  after  the  first  operation.  Since  it  requires  from  one 
to  two  weeks  before  the  lower  end  of  the  flap  can  be 
safely  severed  from  the  arm,  the  latter  must  be  supported 
in  relation  with  the  head  and  face.  Fig.  4012  shovs-s  Tag- 
liacozzi's  method  of  accomplishing  fixation  of  the  arm 
by  means  of  a  cap  and  jacket.  Wutzer's  apparatus  for 
obtaining  a  similar  end  is  shown  in  Fig.  4013.  In  taking 
the  skin  from  the  forearm  or  back  of  the  wrist,  he  found 
it  necessary  to  support  the  arm  and  forearm  in  splints. 
When  such  an  apparatus  has  been  worn  for  from  one  to 
three  weeks,  the  upper  end  of  the  flap  will  have  become 

firmly  united  to  the 
apex  and  sides  of 
the  triangular  nasal 
defect,  and  it  is  then 
safe  to  sever  its  bra- 
chial connections, 
when  the  formation 
of  the  wings  and 
septum  can  be  com- 
pleted as  in  the 
Indian  method. 
Graefe  modified  the 
Taliacotian  opera- 
tion by  at  once  fix- 
ing the  flap  to  the 
vivified  edges  of  the 
defect,  thereby  ap- 
parently curtailing 
the  period  of  fix- 
ation of  the  arm. 
This,  which  is 
known  as  the  Ger- 
man method,  has 
found  even  fewer 
followers  in  recent 
times  than  the  old- 
er operations.  It 
manifestly  gives 
greater  opportunity 
of  shrinkage  of  the 
flap  and  subjects  the 
patient  to  the  an- 
noyance of  a  large 
suppurating  sur- 
face near  the  mouth,  which  by  the  older  operation  is 
cicatrized  before  it  is  transplanted.  Dieflenbach  ex- 
ceeded both  Tagliacozzi  and  Graefe  in  the  extent  to 
which  he  reformed  the  nose  from  a  brachial  flap,  in 
that  the  entire  nose,  with  the  exception  of  one  ala,  was 
formed  as  the  first  step  of  the  operation.  After  shrink- 
age and  cicatrization  had  followed,  the  actual  ti-ansplan- 
tation  of  the  nose  was  effected  in  from  six  to  eight  weeks. 
The  operations  thus  far  described,  unless  gangrene 
siipervene  in  the  flap,  effectually  close  the  nasal  defect. 
For  the  most  part,  however,  the  newly  formed  nose, 
irrespective  of  its  original  prominence,  sinks  and  con- 
tracts until  eventually  little  more  than  an  integumentary 
curtain  closes  the  defect.  To  obviate  this  result  a  num- 
Imu.  P^°f'2c'"i"es  liave  been  adopted,  among  which  that 
ot  i  hiersch  probably  deserves  most  prominent  mention, 
/.i,  ,  ?*  ^*^P  °*  ^^^  operation,  he  forms  on  each  side 
ot  the  defect  a  rhomboid  flap  from  the  cheek,  the  attached 
base  of  which  is  in  relation  with  the  freshened  edge  of 
the  defect,  its  free  border  being  external.  When  these 
flaps  are  raised  from  the  cheek  on  each  side  they  are  in- 
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verted,  so  that  the  cutaneous  surfaces  look  toward  the 
nares,  the  raw  surfaces  outward,  and  in  the  median  line 
are  in  contact  with -each  other.  The  nostrils  and  septum 
being  thus  formed,  a  frontal  flap  is  brought  down  to 
cover  the  flaps  from  the  cheeks,  the  operation  being  com- 
pleted in  the  ordinary  way.  Verneuil  procured  a  perma- 
nent elevation  of  the  bridge  of  the  nose  by  a  somewhat 
similar  operation  of  super- 
position of  the  flaps.  In  this 
case  the  frontal  flap  was  taken 
from  the  median  line,  and  de- 
flected in  such  a  manner  that 
the  cutaneous  surface  looked 
backward.  Over  the  raw  sur- 
face two  quadrilateral  flaps 
from  the  cheeks  were  brought 
by  a  process  of  gliding  and 
united  along  the  median  line. 
Finally,  Langenbeck  and  Oi- 
lier have  given  the  new  nose 
an  osseous  substructure  by 
sawing  a  strip  one-fourth  of 
an  inch  wide  from  the  nasal 
processes  on  each  side.  This 
strip,  after  being  broken 
through  its  attachments  be- 
Fifi.  40U.  low,  is  deflected  toward  the 

median  line,  where  it  meets 
its  fellow  of  the  opposite  side.  If  the  nasal  bones  are 
present  and  only  depressed,  which  they  generally  are, 
they  must  be  brought  into  position  by  the  free  use  of 
the  elevator. 

Quite  recently  Konig  (Langenb.  Arch.,  vol.  xxxiv.,  p. 
165)  presented  to  the  Congress  of  German  Surgeons  a 
method  of  obtaining  an  osseous  framework  for  the  repair 
of  sunken  noses,  and  for  the  permanent  elevation  of  the 
nose  after  total  rhinoplasty.  The  method  is  virtually 
one  of  superimposed  flaps,  both  being  taken  from  the 
forehead.  A  median  flap  of  the  requisite  length  and  half 
an  inch  in  width  is  formed  from  the  forehead  in  the  me- 
dian line.  The  incisions  bounding  this  narrow  strip  are 
carried  down  to  the  bone.  When  this  flap  is  raised  the 
external  table  of  the  frontal  bone  is  raised  with  it  as  far 
as  the  root  of  the  nose.  The  flap  thus  elevated  is  in- 
verted, so  that  the  cutaneous  surface  faces  the  nasal  fos- 
sae. Over  the  raw  external  surface  a  second  frontal  flap 
is  then  placed  and  fixed  as  in  the  ordinary  Indian  oper- 
ation. In  four  cases  in  which  Konig  performed  this 
operation  for  a  sunken  condition  of  the  nose,  the  repaired 
organ  retained  its  solidity  after  from  one  to  nearly  four 
years  had  elapsed  from  the  time  of  the  operation. 

The  partial  destruction  of  the  nose  also  presents  many 
interesting  peculiarities  that  require  partial  rhinoplasty. 
When  the  tip  and  alse  of 
the  nose  are  intact,  while 
the  body  and  bridge  are  lost, 
the  defect  should  be  closed 
by  a  frontal  flap  (Figs.  4014 
and  4015).  In  this  case  Lin- 
hart  removed  an  epitheli- 
oma involving  almost  all  the 
cartilages  and  a  portion  of 
the  bony  framework  of  the 
nose — only  the  margin  of 
the  nostrils  on  each  side 
was  preserved.  Mutilations 
of  the  tip  of  the  nose  can 
also  be  repaired  by  a  frontal 
flap.  Figs.  4016,  4017,  and 
4018  illustrate  the  defectand 
the  results  of  operation  in  a 
case  of  Buck's,  in  which  the 
tip  of  the  nose  was  bitten  fig.  4015, 

away.     In    this    case    the 

freshening  of  the  edges  of  the  defect  was  followed  by 
the  elevation  of  the  patch  of  skin  above  the  defect  as  far 
as  the  root  of  the  nose  between  the  eyebrows.  A  frontal 
flap  of  requisite  length  and  width  was  then  brought  into 
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the  breach,  the  skin  previously  displaced  from  the  nose 
being  fitted  into  the  frontal  wound.  In  Fig.  4017,  a 
and  6  indicate  the  disfiguring  prominences  resulting 
from  rotation  of  the  flaps.  When  these  were  excised  the 
admirable  result  shown  in  Fig.  4018  was  obtained. 

The  tip  of  the  nose  may  also  be  repaired  with  a  flap 
from  the  cheek  (Linhart)  (Fig.  4019).    The  pedicle  of  this 


the  flap  is  placed  on  the  healthy  side  of  the  nose,  low 
down,  and  on  a  level  with  the  defect.  When  the  flap  is 
brought  into  position,  its  lower  portion  forms  the  tip  and 
column  of  the  nose,  while  its  upper  part,  when  dupli- 
cated, replaces  the  lost  ala.  Tlie  repair  of  defects  of  the 
nasal  wings  can  be  accomplished  by  a  number  of  proced- 
ures.    When  the  defect  is  long  but  narrow,  it  is  prob- 


FlG.  4018. 

flap  extends  quite  to  the  root  of  the  nose ;  its  broad  end 
may  be  divided  by  two  incisions  (dotted  lines)  for  form- 
ing parts  of  the  nostrils  and  septum,  as  in  total  rhino- 
plasty. Before  the  flap  can  be  inserted,  the  remaining 
•integument  of  the  nose  must  be  divided  in  the  median 
line  and  reflected  on  each  side.  It  frequently  happens 
that  with  the  tip  one  of  the  nasal  ala;  and  the  column  are 


FIG.  4017. 


lost  To  repair  this  defect  the  integument  of  the  root  of 
the  nose,  of  the  glabella,  and  of  the  inteinal  angle  of  the 
orbit  was  utilized  by  Busch  (Fig.  4020).    The  pedicle  of 


Fig.  4018. 

ably  best,  as  DiefEenbach  taught,  to  refrain  from  attempt- 
ing a  plastic  operation,  and  to  produce  a  similar  defect 
on  the  opposite  wing.  In  some  cases  it  is  advisable  to 
excise  the  defect  in  a  triangular  way<  and  to  close  the 
breach  with  a  flap  from  the  side  of  the  nose.  Fig.  4031 
illustrates  the  method  of  obtaining  it  and  the  incisions 
(dotted  lines)  necessary  for  placing  it  in  position.  In 
larger  defects  of  a  nasal  wing  it  is  advisable  to  procure 


FIG.  4019. 

a  flap,  quadrilateral  in  sbape,  from  the  cheek  or  from  the 
upper  lip  In  Figs.  4023  and  4033  the  method  of  Bonnet 
is  shown ;  to  give  the  angle  of  the  nose  a  more  shapely 
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form,  and  to  facilitate  tlie  rotation  of  tlie  flap,  a  wedge- 
shaped  portion  (i)  may  be  excised  from  tlie  base  of  the 
flap.  In  this  operation  the  vermilion  border  of  the  flap 
must  be  removed,  and  the  fissure  in  the  lip  is  to  be  closed 
at  once.  Perforations  of  the  nose 
resulting  from  wounds  or  ulcera- 
tive processes  are  generally  seated 
at  the  sides  of  the  nose.  They 
may  readily  be  closed  by  flaps  of 
suitable  shape  and  size,  taken  from 
the  forehead,  from  the  cheek,  or 
from  the  opposite  side  of  the  nose. 
The  nasal  column,  when  it  alone 
is  defective,  can  be  admirably  re- 
^  paired  from  the  central  portion  of 

the  upper  lip,  which  must  be  in- 
FiG.  4020.  eluded  between  parallel  perpendic- 

ular incisions.  When  the  flap  thus 
formed  is  brought  in  contact  with  the  nasal  septum,  its 
mucous  surface  is  of. course  exposed,  and  is  eventually 
converted  into  skin. 

In  the  most  complicated  of  nasal  defects,  finally,  other 
parts  of  the  face  are  also,  as  a  rule,  deficient.  This  is  par- 
ticularly true  of  the  upper  lip,  of  portions  of  the  palate, 
and  of  the  cheek.  In  such  complicated  cases,  as  has  al- 
ready been  intimated,  many  operations  are  required  before 
the  face  can  be  made  at  all  presentable.  In  cfises  of  this 
character  the  lip,  the  angle  of  the  mouth,  and  the  nose 
all  require  separate  operative  treatment.  If,  however, 
from  one  to  three  years  be  devoted  to  the  judicious  man- 
agement of  such  a  case,  the  result  will  in  every  way  re- 
pay patient  and  operator  for  the  patience  displayed. 

Paraffin  Injections  in  Reparative  Surgery.— In  order  to 
fill  up  the  scrotum  of  a  very  sensitive  young  man,  which 
had  been  left  empty  after  a  castration,  Gersuny  '°  in  1900 
devised  the  ingenious  method  of  injecting  vaseline.  En- 
couraged by  the  good  result  obtained  in  this  case,  he  ex- 
tended the  procedure  to  cases  in  which  other  than  the 
distinct  cosmetic  effect  was  desired.  The  result  which 
Gersuny  '^  obtained  in  a  case  of  urinary  incontinence  in  a 
female,  which  had  resisted  all  other  methods  of  treatment, 
was  so  brilliant  that  other  surgeons  at  once  took  up  the 
new  procedure,  and  so  its  use  soon  became  widespread. 
A  considerable  amount  of  good  work  has  been  done  at  von 
Bergmann's  Klinik  by  Stein."  He  prepares  parattin, 
which  should  have  a  melting  point  between  42°  and  43°  C. , 
lay  melting  and  filtering  with  a  hot- water  funnel,  such  as 
is  used  in  the  filtration  of  bacteriological  culture  media. 
The  filtered  parafiin  should  be  put  into  wide-mouthed 
flasks,  such  as  Erlenmeyer's,  and  plugged  with  cotton 
wool.  In  these  it  is  sterilized  in  the  hot-air  oven  at  a 
temperature  of  200°  C.  for  a  half-hour,  and  can  then  be 
preserved  indefinitely,  ready  for  use  at  any  time.  Before 
using,  the  flasks  tiontainlng  the  paraffin  are  heated  in  a 
water-bath  to  the  melting  point.  The  injection  is  made 
with  a  Pravaz  syringe,  wholly  made 
of  glass,  holding  about  1  gm.  The  ob- 
ject is  to  have  a  syringe  devoid  of  all 
sharp  corners  and  edges,  so  that  the 
paraffin  does  not  so  easily  congeal. 
Before  injecting  the  parafiin,  the  tilled 
syringe  is  again  put  into  hot  water  and 
then  the  needle  is  screwed  on.  The 
injection  is  made  by  lifting  up  a  fold 
of  skin  with  the  left  hand  and  with 
the  right  inserting  the  needle  and  in- 
jecting slowly  until  the  desired  amount 
has  been  used.  The  needle  is  then 
withdrawn  and  a  small  piece  of  plaster 
fastened  over  the  puncture.  The  par- 
affin is  now  moulded  into  the  desired 
shape,  while  an  assistant  allows  the  ^"'-  ^^^1- 

ethyl  chloride  spray  to  play  upon  the 
part.  Several  injections  may  be  made  at  different  times, 
but  care  must  be  used  not  to  insert  the  needle  over  the 
area  previously  injected,  as  it  should  be  inserted  to  the 
side  of  It.  According  to  Juckoff '«  paraffin  after  its  in- 
jection acts  like  any  foreign  body,  and  causes  a  reaction- 
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ary  inflammation  with  tlie  formation  of  new  tissue.  Some 
of  the  paraffin  is  absorbed  here  and  there,  so  that  flnally 
we  have  the  mass  pervaded  by  connective-tig'sue  strands, 
which  emanate  from  a  fibrous  capsule 
around  the  whole.  This  capsule  is 
fused  with  the  adjacent  tissue. 

This  excellent  method  is  not  without 
a  small  amount  of  danger.  The  fol- 
lowing unfortunate  occurrences  have 
taken  place :  Embolism  of  lung  and  in- 
testinal organs  from  the  accidental  in- 
sertion of  the  needle  and  injection  into 
a  vein;  infection  from  faulty  asepsis; 
gangrene  and  sloughing  from  the  intro- 
duction of  too  much  paraflBn,  as  a  re- 
sult of  which  obliteration  of  the  blood- 
vessels has  occurred. 

The  method  is  applicable  to  cases  in 
which  the  normal  contour  of  the  body 
is  lost.  It  has  been  used  with  distinct 
benefit  in  saddle  nose  following  caries 
of  nasal  bones.  In  one  case  treated  at  von  Bergmann's 
Klinik,  the  result  was  striking.  Several  injections  were 
made  at  different  places  and  the  nose  was  thus  grad- 
uallj"-  built  up.  The  injection  should  be  made  with  care 
so  that  none  of  the  paraffin  shall  find  its  way  into  the 
orbit.  Cleft  palate  may  be  treated  by  this  method, 
which  is  chiefly  applicable  to  those  cases  in  which  a 
small  foramen  has  remained  after  staphylorrhaphy. 
The  contour  of  the  cheek  might  be  re-established  after 
removal  of  the  superior  maxillary  bone.  The  scrotum 
may  be  filled  up  after  castration.  The 
method  is  applicable  to  another  class- 
of  cases,  namely,  those  of  urinary  in- 
continence, especially  in  the  female,  in 
which  condition  a  ring  of  paraffin  is 
injected  about  the  neck  of  the  urethra 
so  as  to  replace  the  sphincter.  A  cyst- 
ocele  has  also  been  treated,  with  dis- 
tinct benefit,  by  injections  between  the 
vagina  and  bladder  wall.  By  estab- 
lishing a  paraffin  depot  around  the 
rectum  fecal  incontinence  has  been 
cured.  The  method  is  still  new  and 
sufficient  time  has  not  yet  elapsed  to 
establish  the  permanency  of  cure  in 
many  of  the  4Drilliantly  successful 
cases;  nor  have  there  been  manj'  op- 
portunities to  examine  the  changes 
produced  in  the  tissues,  beyond  those  produced  experi- 
mentally on  animals  in  the  laboratory.  The  method 
promises  much  in  the  future,  and  certainly  is  a  valuable 
aid  to  our  surgical  technique.  Joseph  Ransolioff. 

I  Zeits.  d.  Literat.  und  Gesch.  der  plast.  Chlr.,  Leipzig,  1863. 

^  Celsus :  Lib.  vli.,  cap.'ix. 

=  Gurdon  Buck :  Repar.  Surg.,  p.  H,  1876. 

*  Denuc(5 :  Arch,  g^n.,  185.5,  t.  vi.,  p.  402. 

'  Szymanowsky :  Oper.  on  the  Surface  of  the  Body,  Kiew,  1865.  Id 
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'  Arch.  f.  klin.  Chir.,  vol.  xxiil.,  p.  323.        « Chir.  R^paratrice,  p.  116. 

"  0.  Weber :  Pitha  und  Billroth,  Bd.  iii.,  i.,  p.  148. 

'»  Arch.  t.  klin.  Chir.,  i.,  p.  95. 

"  Oilier :  Compt.  rend.,  1861,  53,  p.  84. 

'i"  Arch.  t.  klin.  Chir.,  5,  p.  33.  Js  Gaz.  hebd.,  1.,  p.  416. 
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's  Gersuny:  Zeitschrift f .  Heilkunde,  1900,  Bd.  1.,  Heft 9. 

"  Gersuny:  Centralblatt  f.  Gynakologle,  1900,  No.  48. 
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REPRODUCTION.— The  various  processes  by  which 
new  organisms  are  produced  are  included  in  the  general 
term,  reproduction. 

It  was  thought  by  the  ancients  that  many  organisms 
of  complicated  structure,  sucli  as  worms,  insects,  plants, 
etc.,  could  be  formed  from  mud,  decaying  material,  and 
other  dead  matter  by  a  process  of  spontaneous  gener- 
ation, or  abiogenesis.  It  was  proved  by  Redi  in  1688  that 
abiogenesis  does  not  occur  in  insects,  but  it  remained  for 
Pasteur  and  his  colleagues  in  the  latter  half  of  the  nine- 
teenth century  to  show  that  even  the  minute  and  simply 
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organized  bacteria  are  always  produced  by  division  of 
the  living  substance  of  pre-existing  individuals  of  the 
same  species;  that  is,  reproduction  in  the  present  condi- 
tion of  the  world  is  always  a  process  of  biogenem.  Not 
only  is  every  organism  produced  by  a  pre-existing  organ- 
ism, but  every  cell  arises  by  division  of  a  pre-existing 
cell,  and  every  nucleus  by  division  of  a  pre-existing  nu- 
cleus. (See  Cell.)  Moreover,  there  is  good  evidence  for 
the  belief  that  the  minute  but  apparently  important  ele- 
ments of  the  nucleus,  known  as  chromosomes  {q.  ■».),  are  also 
produced  only  by  division  of  pre-existing  chromosomes. 
So  reproduction,  like  all  other  vital  functions  in  health 
and  disease,  must  be  regarded  as  essentially  a  cellular 
phenomenon. 

Reproduction  may  be  either  sexual  or  asexual.  The 
■essential  feature  of  sexual  reproduction  is  the  develop- 
ment of  an  embryo  from  &  fertilized  egg,  that  is,  a  germ 
produced  by  the  union  of  an  omim  and  a  spermatozoon,  or 
their  equivalents  (see  articles  Ovum,  Spermatozoa,  and 
Impregnation).  The  capacity  to  produce  one  or  the 
other  of  the  reproductive  elements,  together  with  the 
associated  peculiarities,  constitutes  the  quality  of  sex 
(q.  v.).  Both  of  the  reproductive  elements  are  cells  de- 
rived from  apparently  indifferent  germ  cells  by  an  inter- 
esting process  of  development,  which  is  discussed  under 
the  heading  Reductioji-Division.  This  process  takes  place 
in  certain  special  organs,  for  which  the  general  name  is 
^onad,  the  female  gonad  being  called  the  ovary  and  the 
male  gonad,  the  testis.  When  the  eggs  or  spermatozoa 
are  ripe  they  are  discharged  from  the  gonad,  and  fertiliza- 
tion may  take  place  outside  of  the  body,  as  in  most  fishes, 
•or  within  the  oviduct  (Fallopian  tube,  uterus,  etc.),  as  in 
man.  In  man  and  other  mammals  the  discharge  of  the 
■ova  is  associated  withi  certain  peculiar  physiological  phe- 
nomena described  in  the  article  on  Menstruation. 

Fertilization  having  taken  place,  the  egg  proceeds  to 
■divide  by  the  usual  process  of  cell  division,  and  by  re- 
peated divisions  forms  a  mass  of  cells  which  becomes  the 
■embryo.  The  details  of  this  process  vary  in  different 
Animals,  as  will  be  seen  by  reference  to  the  article  on  the 
Segmentation  of  the  Ovum.  Sooner  or  later  the  cells  of 
the  embryo  begin  to  differ  among  themselves  in  accord- 
.ance  with  their  destiny  in  tlie  formation  of  organs.  The 
•causes  of  these  changes  are  discussed  under  the  title 
Differentiation,  and  the  development  of  the  embryo  in 
form  and  structure  is  described  in  detail  in  the  articles 
Fatus  (in  The  Appendix),  Area  EmTn-yonalis,  etc. 

Both  during  development  and  in  the  adult  condition 
there  is  a  noticeable  similarity  between  parent  and  off- 
:spring  at  corresponding  stages.  This  is  a  fact  of  great 
importance,  and  is  fully  treated  in  another  place  (see 
-articles  Heredity  and  Seversion).  , 

"When  reproduction  takes  place  by  some  method  with- 
out the  aid  of  a  fertilized  egg,  it  is  said  to  be  asexual. 
In  the  bacteria  and  some  of  the  lower  animals  the  repro- 
■ducing  individual  divides  into  two  or  more  nearly  equal 
parts.  This  is  called  Jmion  (q.  «.).  In  the  yeasts,  the 
higher  plants,  and  some  animals,  a  small  part  of  the  par- 
ent grows  more  rapidly  and  becomes  differentiated  into  a 
new  individual.  This  is  budding (q.v.).  A  third  form  of 
reproduction  occurring  normally  in  some  species  is  known 
.a.s parthenogenesis  {q.v.),  which  may  be  regarded  either  as 
an  asexual  or  as  a  degenerate  sexual  process.  In  such 
cases  the  offspring  is  produced  by  the  development  ot  an 
•egg  without  fertilization.  Robert  Payne  Bigelow. 

RESALDOL  is  a  light-brown  powder  prepared  by  the 
action  of  chlormethyl-salicyl  on  resorcin  by  means  of 
acetvlization.  It  is  insoluble  in  water,  ether,  chloroform 
benzol  and  acids,  and  soluble  in  alcohol,  acetic  ether,  and 
alkalies.  Its  taste  is  insipid  and  astringent.  On  account 
•of  its  insolubility  in  acid  media  it  causes  no  derangenient 
■of  the  stomach  (Hermann),  but  in  the  intestines  sets  free 
the  diresorcyl  radical  and  acts  as  an  astringent  and  anti- 
septic Hermann  recommends  it  in  acute  and  chronic 
-diarrhoea,  colitis,  the  early  diarrhoea  of  typhoid  fever^  in- 
testinal putrefaction,  and  infantile  diarrhoea,  and  he  finds 
it  useless  in  nervous  diarrhoea  or  that  due  to  mechanical 


irritation.  Brochocki  employed  it  in  twelve  cases  of  tu- 
berculous enteritis,  four  of  acute  gastro-enteritis,  three 
of  catarrhal  dysentcr}-,  and  three  of  typhoid.  All  except 
the  typhoid  cases  improved,  though  xeroform,  bismuth, 
and  opium  had  failed.  The  dose  is  1-1.5  gm.  (gr.  xv.- 
xxiv.)  three  times  a  day.  W.  A.  Bastedo. 

RESECTION  OF  THE  JOINTS.— The  history  of  tliis 
operation  dates  from  the  year  1783,  when  Henry  Park 
formally  proposed  the  operation  for  the  removal  of  dis- 
ease. In  1786  Moreau  first  performed  it,  and  became  its 
stanch  advocate  as  a  method  of  treatment.  Little  was 
done,  however,  until  Syms  in  1831  in  the  elbow,  and 
Ferguson  iu  the  hip,  knee,  and  wrist,  made  use  of  this 
operation  as  a  conservative  method  of  treatment  ("  Exci- 
sion of  Joints,"  R.  M.  Hodges,  Boston,  1861).  Since  this 
time  this  method  of  treatment  has  been  wonderfully  ad- 
vanced and  has  been  adopted  by  the  ablest  surgeons. 

A  resection  is  the  removal  of  a  portion  of  the  skeleton 
without  great  sacrifice  of  the  soft  parts.  Applied  to 
joints  it  has  for  its  object  the  more  or  less  complete  re- 
moval of  the  bones  forming  the  joint,  the  preservation 
of  the  sensibility,  contractility,  and  vitality  of  the  soft 
parts  influencing  the  joint,  and  the  ultimate  restoration 
of  motion  or  the  production  of  ankylosis. 

When  motion  is  desired— the  ideal  object  of  articular 
resections — the  ends  of  the  bones  left  in  contact  must  be 
adapted  to  one  another,  and  so  fashioned  in  shape  as  to 
reproduce  the  joint  surfaces  removed.  The  muscles 
which  move  the'  joint  must  be  left  undisturbed  in  their 
attachment ;  or,  if  disturbed,  restored  so  that  their  func- 
tional action  is  not  compromised. 

The  ligaments  and  fibrous  bands  which  subsequently 
develop  and  unite  the  bones  must  be  analogous  to  those 
present  before  operation.  To  obtain  this  end,  all  liga- 
ments must  be  preserved  with  their  bony  or  periosteal 
attachments. 

To  attempt  a  nearthrosis  with  a  sacrifice  of  the  muscu- 
lar and  ligamentous  attachments  often  results  in  a  useless 
pseudarthrosis,  inferior  in  every  respect  to  a  useful  anky- 
losis. 

To  obtain  mobility  with  steadiness  and  strength  in  ac- 
tion the  preservation  of  the  muscular  and  ligamentous 
attachments  to  the  periosteum  and  the  continuity  of  the 
articular  capsule  with  the  periosteum  must  be  made  the 
main  object  of  the  operation.  Such  a  method  of  operat- 
ing is  known  as  the  subperiosteal  or  subcapsulo-peri- 
osteal  resection.  Its  object  is  motion  with  strength  and 
steadiness  in  action. 

In  case  a  solid  union— ankylosis— is  desired,  two  condi- 
tions arise  which  influence  the  result.  The  first  is  seen 
when  the  divided  ends  of  the  bones  can  be  brought  into 
apposition  and  their  fusion  takes  place  directly.  In  this 
case  ankylosis  is  assured,  provided  the  disease  is  re- 
moved. The  second  condition  exists  when  the  divided 
ends  of  the  bones  cannot  be  brought  into  apposition,  but 
are  separated  by  an  appreciable  distance  from  one  an- 
other. The  union  here  takes  place  principally  through 
the  agency  of  the  periosteum,  and  ankylosis,  more  or  less 
doubtful  and  dependent  upon  the  osteogenic  power  of 
the  periosteum,  results.  It  is  in  this  latter  variety  that 
the  pseudarthrosis  and  flail  joints  occur. 

When  ankylosis  is  desired  and  is  reasonably  attainable, 
the  preservation  of  the  muscular,  ligamentous,  and  cap- 
sular attachments  to  the  periosteum  are  of  secondary  im- 
portance. .  i  J  J 
When  bone  or  a  bony  prominence  is  separated  ana 
replaced  in  situ  in  order  that  diseased  tissue  can  be  more 
thoroughly  removed,  the  resection  becomes  an  osteoplas- 
tic one.*                                               ,  ,              ^.  , 

Again   resections  are  either  complete  or  partial:  com- 
plete when  the  component  bony  surfaces  are  removed; 
partial  when  one  or  more,  but  not  all  the  articulating 
surfaces  are  removed. 
Resections  may  therefore  be  partial  or  complete,  par- 

*Tliis  term  Is  sometimes  used  and  applied  to  operations  to  whloli 
bones  not  normally  apposed  are  brought  together  after  removal  ol  the 
Intervening  bone  or  bones. 
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osteal  or  subcapsulo-periosteal.    They  may  also  be  osteo- 
plastic. ,        . ,  ,  1 

The  Incision.— Thej  should  avoid  nerves  and  vessels. 
When  possible,  tendons  and  muscles  should  be  spared. 
This  is  attained  by  using  the  intermuscular 
septa  in  approaching  the  joints. 

Incisions  should  be  ample,  to  expose  the 
joints  without  forcible  retraction.  They 
should  be  so  situated  that  the  entrance 
through  the  capsule  and  into  the  joint  is 
the  most  direct  one.  Gentleness  should  be 
exercised  by  all  throughout  the  operation. 
Maltreatment  of  the  soft  tissues  not  only  in- 
terferes with  the  process  of  repair,  but  de- 
stroys an  otherwise  successful  result.  Care 
should  be  used  in  protecting  the  soft  parts 
from  the  saw.  The  tendons,  if  possible, 
should  be  left  undisturbed  within  their 
sheaths.  Their  insertions  should  be  left  in 
continuity  with  the  periosteum,  or  a  small 
piece  of  bone  (Vogt)  may  be  removed  with 
the  insertion.  If  it  is  necessary  to  divide 
tendons,  tliey  should  be  carefully  sutured. 

If  muscles  must  be  divided,  they  should  be 
cut  in  the  direction  of  their  fibres,  the  nerve 
being  avoided.  If  this  is  impossible,  they 
may  be  divided  transversely  or  obliquely  as 
near  their  origin  or  insertion  as  possible. 

The  management  of  the  periosteum  is  still 
in  dispute.  Some  advocate  the  subperiosteal, 
others  the  parosteal  method. 
Fig.  4024.  I*  must  be  remembered  in  any  given  case 
that  the  value  of  the  periosteum  in  procuring 
bone  is  very  variable,  and  is  dependent  mainly:  (a) 
Upon  age.  The  healthy  physiological  periosteum  has 
but  little  osteogenic  power  except  in  youth,  (b)  Its 
power  to  develop  new  bone  depends  upon  the  thickness 
of  the  different  bones,  (c)  Pathological  processes  involv- 
ing the  periosteum  and  causing  a  thickening  of  the  oste- 
ogenic layer  will  increase  its  osteogenic  power.  In  but 
few  cases  can  a  comparison  be  made  between  these  meth- 
ods in  reference  to  these  three  points ;  and  since  many 
subperiosteal  operations  are  very  imperfectly  performed, 
it  is  not  surprising  that  a  division  of  opinion  should 
exist. 

Oilier,  Langenbeck,  Sayre,  and  others  have  long  in- 
sisted that  the  traumatism  produced  by  the  subperiosteal 
(i.e.,  subcapsulo-periosteal)  method  was  less 
than  by  the  parosteal  method,  and  have  main- 
tained that  the  reparative  process  itself  was 
less  impaired  because  of  the  protection  to 
the  soft  parts  afforded  by  the  capsule  and 
periosteum. 

My  own  opinion  favors  the  subperiosteal 
method,  both  for  the  protection  to  the  tis- 
sues, for  the  production  of  new  bone,  and 
for  the  aid  to  the  reparative  process. 

Time  is  not  sacrificed  in  the  subperiosteal 
method,  for  the  separation  of  the  periosteum 
can  be  rapidly  accomplished  by  a  to-and-fro 
motion  of  the  rugine.  When  one  approaches 
a  prominence  of  bone  or  a  tendinous  insertion 
is  met,  a  small  piece  of  bone  may  be  separ- 
ated with  the  periosteum  by  the  chisel  or  the 
rugine ;  such  a  piece  may  act  as  a  centre  of 
bone  growth.  During  the  separation  the  ru- 
gine is  to  be  pressed  against  the  bone,  sep- 
arating the  periosteum  entire  And  not  injur- 
ing its  connection  with  the  overlying  tissues. 
In  the  management  of  the  bones,  we  strive 
to  remove  the  smallest  amount  of  bone  which 
will  remove  the  disease  or  correct  the  de- 
formity. Where  the  bones  can  be  protruded 
—  through  the  incision  and  the  soft  parts  suffl- 
FiG.  4025.  ciently  protected,  the  butcher,  the  Emmerich, 
or  the  broad  flat-bladed  saw  (carpenter)  may 
When  the  bones  cannot  be  displaced  and  the 


be  used. 


protection  of  the  soft  parts  can  be  secured  by  gentle 
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traction,  the  Gigli  saw  can  be  used.    Other  varieties  of 
saws  seem  scarcely  necessary  in  resections. 

The  sawing  is  usually  done  in  plane  surfaces  at  right 
angles  to  the  line  of  pressure.     In  some  instances,  espe- 
cially where  an  attempt  to  obtain  motion  is 
made,  mortises  and  tenons  are  fash- 
ioned, which  tend  to  favor  reten- 
tion of  the  fragments  and  to  pre- 
serve the  shape  of  the  joint  ends  of 
the  bones. 

In  pathologically  involved  joints 
after  removal  of  the  articular  ends, 
further  removal  of  foci  may  be  re- 
quired with  the  gouge  or  spoon. 
After  removal  of  the  disease  from 
the  bones  their  fixation  is  necessary, 
either  in  the  attempt  to  obtain  mo- 
tion or  in  that  to  secure  ankylosis. 
For  this  purpose,  silver,  copper, 
aluminum  bronze,  wire,  steel  and 
steel-plated  nails,  bone  pins  (Marsh, 
Brit.  Med.  Journal,  1887,  i.,  p. 
889),  and  steel  drills  (Wyeth's)have 
been  used.  My  own  experience 
teaches  me  that  fixation  is  not  nec- 
essary for  a  longer  period  than  ten 
to  fourteen  days,  and  that  in  the 
majority  of  cases  in  which  good  ap- 
pliances are  obtainable  the  fixation 
is  not  required,  in  aseptic  cases,  for  a 
longer  period  than  that  during  which 
the  first  dressing  must  be  kept  ap- 
plied. I  have  therefore  relied  completely  upon  chromi- 
cized  catgut,  which  is  prepared  to  resist  absorption  for 
from  two  to  three  weeks.  This  has  been  my  practice  for 
fifteen  years,  and  I  see  no  need  of  subjecting  the  tissues 
to  the  presence  of  a  foreign  body,  which,  if  pathological 
deposits  exist  in  the  bone,  only  offers  a  locus  resistentioe 
minoris  for  infection  from  within  or  without.  I  must 
add,  however,  that  in  some  instances,  as  in  the  hip-joint, 
it  is  not  always  feasible  to  produce  fixation  by  the  catgut 
suture.  In  these  instances  the  steel  nails,  drills,  or  bone 
pins  may  be  used.     The  bone  pins  are  absorbable. 

The  management  of  the  synovial  membrane,  capsule, 
and  ligament  requires  the  removal  of  all  pathological 
deposits  affecting  them,  even  if  it  in- 
clude the  entire  removal  of  these  parts. 
When  possible,  the  synovial  mem- 
brane, the  capsule,  and  the  ligaments 
should  be  saved  in  part  or  entire,  since 
the  perfection  of  motion  in  nearthro- 
sis depends  in  no  small  degree  upon 
the  presence  of  these  structures. 

The  instruments  which  are  specially 
used  in  resections  are :  1.  Those  which 
divide  the  soft  tissues  immediately 
investing  the  bone,  or  joint-knives. 
These  should  have  strong  handles 
and  short-cutting  blades  to  insure 
precision  and  force  in  action  (Pigs. 
4024  and  4025).  2.  Those  intended  to 
detach  the  periosteum  from  the  bones 
— rugines  (Pigs.  4026  and  4027).  3. 
Those  intended  to  fix  the  bones  while 
the  soft  parts  are  being  detached  and 
the  bones  sawed  (Fig.  4038).  4. 
Those  intended  to  divide  the  bones. 
When  the  bones  can  be  displaced  and 
a  straight  saw  can  be  applied,  either  a 
bow  saw  with  a  rotating  blade  (Fig. 
4029),  or  a  solid  straight  back  saw  (Fig. 
4030)  may  be  used.  When  the  bones 
cannot  be  displaced  so  that  a  straight 
saw  can  be  used  without  injuring  the 
soft  parts,  the  chain  saw  (Fig.  4031), 
or  the  Gigli  saw  should  be  used.  The  former  is  used 
when  the  surface  to  be  cut  is  in  one  plane ;  the  latter  when 
the  cut  surface  is  to  be  concave  or  convex.    Electrically 
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propelled  saws  seem  to  have  no  advantages  in  resections. 
5.  Those  intended  to  cut  away  spicula  or  prominences 
of  bone  with  the  periosteum  at- 
tached: (a)  Bone  forceps  (Figs. 
4033  and  4033);  (b)  chisels  (Fig. 
4034).  6.  Those  intended  to  re- 
move diseased  foci  in  the  bone  af- 
ter the  sections  are  made:  (a) 
Gouges  (Fig.  4085);  (J)  spoons 
(Fig.  4036).  7.  Those  intended 
for  drilling  the  holes  required  ^r 
the  wire  nails  or  catgut  Suture 
(Fig.  4037). 

I'he  Indications  for  the  Resections 
of  the  Joints.' — ^In  tuberculosis  re- 
sections are  usually  looked  upon 
as  a  sequel  to  rather  than  as  a  sub- 
stitute for  the  conservative  treat- 
ment.    In  the  young,  resections 
should  be  partial  rather  than  complete. 
They  should  be  subcapsulo-periosteal  ra- 
ther than  parosteal,  with  as  little  interfer- 
ence with  the  epiphysis  as  is  consistent 
with  removal  of  the  disease. 

Primary  tuberculosis  of  the  lung  with 
secondary  joint  involvement  usually  con- 
traindicates  operation,  while  the  reverse  in- 
dicates it.  The  mortality  following  resec- 
tions of  all  varieties  performed  upon  117  pa- 
tients was  21.3  per  cent. ,  with  15.3  per  cent. 
of  this  number  from  tuberculosis  (K5nig). 
Whether  early  resection  or  the  expectant  treatment  gives 
better  results  as  regards  mortality,  function  and  a  cure, 
must  remain  in  doubt  until  similar  cases  are  treated  by 
each  method  and  are  compared.     Undoubtedly  many 
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cases  treated  expectantly  and  regarded  as  tuberculous 
are  not  so.  The  same  cannot  be  said  of  resections,  since 
the  cases  resected  are  proven  before  or  after  operation  by 
microscopical  or  bacteriological  exami-  >^ 

nation  as  tuberculous  in 
almost  all  instances.  My 
own  experience  leads  me 
to  the  expectant  as  the 
initial  treatment,  while 
resection  is  reserved  as 
a  secondary  method. 

In  acute  suppurative 
arthritis  and  synovitis, 
arthrotomy,  not  resec- 
tion, is  indicated.  In 
chronic  suppurative  ar- 
thritis, resection  is  indi- 
cated for  the  removal  of 
the  disease  and  the  re- 
lief of  the  deformity.  In 
arthritis  deformans,  re- 
section may  be  indicated 
for  the  flail  joint.  The 
rarefying  osteitis  must 
here  run  its  course,  how- 
ever, in  order  to  give  a 
solid  ankylosis.  In 
chronic  rheumatoid  ar- 
thritis, resection  is  indi- 
cated in  appropriate 
FIG.  4031.         cases.     In  syphilitic  ar- 
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thritis,  resection  is  indicated  for  the  removal  of  gum- 
matous foci,  which  have  not  given  way  to  medicinal 
treatment.  In  gunshot  and  other  injuries,  resection  is 
preferable  to  amputation.  With  the  present  weapons,  the 
expectant  treatment  is  the  initial  method,  to  be  followed, 
in  case  of  failure,  by  the  partial  or  the  complete  resection. 
In  malum  senile,  arthritis  nodosa,  urica,  or  neuropathica, 
resections  are  practised  only  in  exceptional  instances. 

The  functional  results  of  resections  are  usually  classed 
as:  (1)  Bad.  This  includes  cases  in  which  the  bones  re- 
main at  a  distance  from  one  an- 
other and  are  held  together  by 
fibrous  bands  only.  The  limb 
is  without  muscular  control  and 
cannot  be  used.  (3)  Mediocre. 
This  includes  cases  in  which 
there  is  also  a  pseudarthrosis, 
but  the  fibrous  union  is  short 
and  strong.  The  joint  is  flail, 
but  nevertheless  it  obeys  the 
muscles  in  many  ways  and  can 
be  made  useful  by  apparatus. 
(3)  Good.  This  includes  those 
cases  in  which  there  is  a  near- 
throsis and  a  sufficiently  perfect 
one  to  differ  from  a  normal  joint 
only  in  the  extent  of  the  motions. 

In  most  resections  ankylosis  is 
the  common  result  and  is  in 
some  joints  to  be  preferred  to 
any  other  result  than  the  ideal 
one  (3).  Flail  joints  are  rare. 
Mediocre  results  are  common. 

During  the  operation  the  Es- 
march  bandage  is  a  great  help 
in  exsanguinating  the  field  of 
operation.  It  allows  a  complete 
inspection  and  renders  possible 
careful  dissection  of  the  tissues.  It  must  be  used  with 
discretion,  and  must  not  be  employed  in  those  whose 
arteries  are  diseased.  Again,  the  exsanguination  of  the 
tissues  should  not  be  extended  over  a  great  length  of 
time.  This  can  be  avoided  in  a  measure  by  the  more 
rapid  work  which  it  renders  possi- 
ble. After  removal  of  the  bandage 
there  is  some  vaso-motor  paralysis, 
but  it  soon  j-ields  oris  corrected  by 
elevation  of  the  limb.  In  applying 
the  bandage,  care  must  be  used  to 
avoid  direct  compression  of  the 
motor  and  sensory  nerves  between 
the  bone  and  the  bandage. 

The  limb  should  be  completely 
exsanguinated  as  regards  both  the 
arteries  and  the  veins. 

Resection  of  the  Intekpha- 
langeal  joints  op  the  fingers 
(Fig.  4038).  —  The  most  impor- 
tant of  these  joints  is  that  of  the 

thumb. 

JfttZwffiiwras.— Complete  destruc- 
tion; chronic  tuberculous  ar- 
thritis; chronic  suppurative  ar- 
thritis; chronic  non-suppurative 
arthritis. 

The  preferable  situation  for  the 
incision  is  the  dorso -lateral  aspect 
of  the  joint,  somewhat  nearer  the 
dorsal  than  the  palmar  surface. 
The  incision  may  be  a  single  one 
upon  the  internal  surface  of  the 
thumb  and  forefinger  and  upon 
the  external  surface  of  the  little  _  _ 

fineer  AVherever  flstulse  are  present  the  incision  may 
best  be  made  so  as  to  include  them.  The  preferable 
method  however,  is  that  of  two  incisions  placed  dorso- 
laterally,  one  upon  each  side  of  the  extensor  tendons  By 
means  of  these  two  the  denudation  of  the  bones  and  the 
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exposure  of  the  joint  are  easily  accomplislied.  Eacli  in- 
cision is  carried  through  the  capsule  and  the  periosteum 
for  the  full  length  of  the  skin  incision,  which  should  ex- 
^  tend  above  and  below  the  .ipint 

sufficiently  to  expose  and  to  dislo- 
cate the  articular  ends  of  the 
bones.  With  a  sharp  and.  curved 
rugine,  the  denudation  of  _  the 
bones  is  made  from  both  incisions. 
Fine  blunt  retractors  are  used  to 
expose  the  bone  and  to  protect  the 
separated  periosteum  and  capsule 
and  the  tissues  covered  by  them. 
When  the  capsule  and  periosteum 
have  been  freed  sufficiently  (sub- 
capsulo  -  periosteal  method),  the 
ends  of  the  bones  are  luxated  with- 
out force  through  the  more  con- 
venient of  these  incisions.  The 
articular  ends  are  now  removed  by 
the  saw  or  cut  away  piecemeal 
by  the  bone-cutting  scissors  or 
rongeur  forceps.  After  this  is 
accomplished,  the  synovial  mem- 
brane of  the  joint  and  the  patho- 
logical foci  in  the  soft  parts  about 
the  joint  are  removed,  preferably 
by  dissection.  The  ends  of  the 
"bones  are  now  drilled,  and  one  or  two  ten-day  chromic- 
acid  catgut  sutures  are  inserted,  bringing  them  in  close 
apposition  if  ankylosis  is  desired.  They  are  only  loosely 
tied  if  an  attempt  at  pseudarthrosis  is  made.  In  case  a 
nearthrosis  is  desired,  no  sutures  are  necessary,  as  the 
suture  of  the  divided  periosteum  and  capsule  will  suffi- 
ciently hold  the  bones  in  their  normal  layer  of  tissue. 

If  an  Esmarch  bandage  has  been  used,  it  is  now  re- 
moved. The  larger  vessels  are  secured.  The  periosteum 
:and  capsule  are  sutured  with  catgut  or  silk.  The  re- 
mainder of  the  wound  is  closed,  with  catgut  for  the  sub- 
cutaneous tissue  and  silk  for  the  cutaneous.  Drainage  is 
not  employed  unless  suppuration  is  already  present.  An 
aseptic  dressing  is  applied.  A  fixation  splint  is  applied 
•over  the  dressing.  The  splint  dressing  is  removed  in  ten 
days.  At  the  end  of  two  weeks  all  splints  are  removed. 
At  the  end  of  three  weeks  gentle 
passive  motion  is  employed,  un- 
less ankylosis  is  desired. 
Resection  of  the  Metacah- 

PO-PHALANGEAIi      JOINTS      (Fig. 

4038). — Here  also  a  single  or 
two  incisions  may  be  used. 
When  one  is  used  it  is  placed 
upon  the  external  dorso-lateral 
aspect  of  the  thumb  and  index 
finger,  upon  the  internal  for  the 
little  finger,  and  upon  either  side 
for  the  other  fingers.  If  two  in- 
cisions are  used,  they  are  made 
as  in  the  interphalangeal  joints, 
on  each  side  of  the  extensor  ten- 
dons. For  the  metacarpo-pha- 
langeal  joints  a  single  inci.sion 
will  often  suffice.  If  feasible 
the  operation  should  be  the  sub- 
capsulo-periosteal  one.  The  in- 
cision is  carried  directly  through 
the  skin  and  subcutaneous  tissue 
to  the  periosteum  and  capsule,  of 
sufficient  length  to  expose  tlie 
joint  well  above  and  below.  The 
digital  nerves  are  avoided  if 
seen.  The  short  muscles  pass- 
ing between  the  metacarpal 
bone  of  the  thumb  and  its  pha- 
lanx, as  well  as  the  aponeurotic  canal  for  the  extensor 
and  flexor  tendons  in  the  fingers  and  thumb,  are  also 
avoided.  The  capsule  and  periosteum  are  now  exposed 
and  are  Incised.     The  denudation  of  the  periosteum  and 
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the  elevation  of  the  capsular  attachments  are  carefully 
made,  especially  at  the  metacarpo-phalangeal  joint  of 
the    thumb,    in    order    that    the 
muscular  insertions  may  be  pre- 
served. 

When  this  is  accomplished,  the 
bones  are  dislocated  through  the 
incision  and  are  divided  with  the 
saw  or  by  the  rongeur  forceps. 
In  some  instances  the  Gigli  saw 
can  be  used  without  dislocation  of 
the  bone.  If  the  operation  has 
been  a  subcapsulo-periosteal  one, 
no  sutures  in  the  bones  are  need- 
ed, provided  a  nearthrosis  is  at- 
tempted. If  not,  and  a  pseudar- 
throsis is  desired,  a  retention  bone 
suture  is  used,  with  a  small  in- 
terval between  the  fragments. 
When  ankylosis  is  desired,  the 
bones  are  held  in  apposition  by 
the  bone  sutures. 

Resection  op  the  Wrist. — 
The  history  of  this  operation  dates 
back  as  far  as  1750,  when  Cooper, 
of  Bungay,  removed  the  lower 
end  of  the  radius  and  ulna  for  in- 
jury. In  1762  Bagieu  excised  the 
joint  for  a  gunshot  wound.  In 
1794  Moreau  excised  the  joint  for 
disease.  Lister  in  1865,  Boeckel 
in  1867,  Langenbeck  in  1874,  and 
others  gave  a  great  incentive  to 
this  operation  by  admirable  pa- 
pers ;  yet  in  spite  of  these  papers 
the  operation  has  never  been  a 
popular  one.  Its  unpopularity 
was  not  due  to  its  mortality,  for 
this,  according  to  Culbertson, 
amounts  only  to  from  one  to  1.73 
per  cent,  for  all  cases  (Prize  Es- 
say, p.  628),  and,  according  to 
Gurlt's  "Military  Surgery,"  to 
sixteen  per  cent.  It  was  due  to 
the  failure  to  arrest  the  disease  or 
because    of  the  utter  worthless- 

ness  of  the  hand  after  recovery.  At  the  present  time, 
with  an  improved  technique  and  the  aseptic  treatment, 
these  bad  effects  are  to  an  extent  avoided,  and  as  a  re- 
sult the  operation  is  again  being  stronglj'  advocated. 

Anatomy  of  the  Wrist  (Fig.  4039). — The  anterior  or 
palmar  surface  of  the  wrist  is  so  well  covered  with  ten- 
dons, arteries,  and  nerves  that  an  approach  from  this  side 
is  not  feasible.  Upon  the  dorsal  or  lateral  surfaces  the 
bones  are  more  easily  exposed.  Upon  the  back  one  can 
enter  between  the  tendons  with- 
out coming  in  contact  with  ar- 
teries, unless  upon  the  external 
and  posterior  surfaces  of  the 
trapezium.  The  usual  places 
selected  are  those  between  the 
extensor  indicis  and  the  exten- 
sor seaundi  internodii  poUicis 
upon  the  outer  side,  and  be- 
tween the  extensor  carpi  ulnaris 
and  extensor  minimi  digiti  upon 
the  inner.  In  this  interval  one 
encounters  only  the  extensor 
carpi  radialis  brevier  before  en- 
tering the  joint.  None  of  the 
tendons  to  the  fingers  passing 
over  the  dorsum  of  the  wrist  is 
attached  to  the  wrist,  so  that 
they  can  be  easily  retracted  to 
either  side  without  injury. 
Upon  the  outer  side  of  the  dorsum  the  extensor  carpi 
radialis  longior  and  brevior  and  the  flexor  carpi  radialis 
are  intimately  connected  with  the  joint  and  bones  to 
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1)6  removed.  Upon  the  inner  side  the  extensor  and  flexor 
«arpi  ulnaris  are  inserted  into  the  base  of  the  fifth  meta- 
■carpal  bone,  and  are  intimately  associated  with  the  cap- 
sule and  ligaments. 

The  bone  which  plays  the  most  important  part  in  this 
operation  is  the  trapezium,  which  conceals  and  retains 
upon  its  anterior  surface  the  flexor  carpi  radialis,  and  is 
covered  by  the  radial  artery  upon  its  dorsal  surface.  From 
its  crest  it  gives  origin  to  the  annular  ligament,  and  by 
its  articulation  with  the  metacarpal  bone  of  the  thumb  it 
becomes  very  necessary  for  the  function  of  the  thumb. 

Provided  the  tendons  are  not  incised,  any  incision  which 
will  enter  the  joint  upon  the  dorsum,  either  to  the  inner 
or  to  the  outer  side  of  the  mass  of  tendons  made  up  of  the 
extensor  communis  digitorum,  extensor  proprius  poUicis, 
and  extensor  minimi  digiti,  will  be  found  sufficient. 

The  bones  of  the  carpus  are  united  by  a  capsular  liga- 
ment, of  which  the  anterior  is  the  strongest  portion. 
'The  carpus  itself  may  be  regarded  as  one  short  and 
wide  bone,  articulating  above  and  below  with  the  bones 
of  the  forearm  and  those  of  the  hand.  The  lower  epiphy- 
ses of  the  radius  and  ulna  join  their  shafts  at  twenty 
years.  The  radial  epiphysis 'is  entirely  within  the  joint. 
The  ulnar  epiphysis  reaches  as  high  as  the  top  of  the 
radio-ulnar  articulation. 

A  total  resection  of  this  joint  includes  the  removal  of 
the  articular  ends  of  the  bones  of  the  forearm  and  those 
•of  the  metacarpal  bones  besides  the  bones  of  the  wrist. 
Any  resection  short  of  this  is  a  partial  one. 

Indications.— In  both  civil  and  mihtary  practice  partial 
rather  than  complete  resections  are  indicated.  This  holds 
good  in  most  gunshot  wounds,  in  compound  and  com- 
plicated fractures  and  dislocations.  For  tuberculosis, 
chronic  suppurative  arthritis,  syphilitic  arthritis,  resec- 
tion is  indicated  after  medicinal  and  expectant  treatment 
fails  Such  is  the  case  in  other  forms  of  joint  disease 
wliore  resection,  iiartiaror  complete,  is  used  to  relieve 
■deformity  or  increase  motion.  , 

Resection,  especially  the  complete,  is  not  permissible 
before  the  fifth  year  of  life.  It  is  rarely  demanded  before 
puberty.  When  it  is  demanded,  the  epiphyses  of  the 
bones  of  the  forearm  are  not  interfered  with,  and  the  op- 
eration is  an  informal  or  incomplete  one.  The  object  is 
to  remove  the  diseased  tissue  and  nothing  else.  After 
puberty  the  operation  has  its  best  results,  and  it  is  here 
-that  complete  resections  are  made  with  good  chances  tor 
functional  results.  .,..,, 

When  in  an  adult,  tuberculosis  exists  in  the  carpus, 
with  tuberculosis  elsewhere  in  the  body,  the  question  to 
be  decided  is  between  amputation  and  complete  resec- 
tion The  general  rule  is  that  amputation  should  be 
-selected  if  the  local  process  succeeds  the  pulmonary,  and 
that  resection  should  be  preferred  if  the  local  antedates 
the  pulmonary.  This  must  be  taken  with  reserve,  how- 
ever, as  many  such  cases  of  primary  wrist  involvement 
do  best  with  amputation.  •  i       „ 

The  older  the  subject  the  more  we  must  consider  am- 
putation in  preference  to  resection.  _  _ 
The  methods  of  incision  for  entering  this  joint  are: 

1  The  radio-dorsal  incision,  which,  commencing  at  the 
■centre  of  the  ulnar  border  of  the  metacarpal  bone  ot  the 
index  finger,  is  carried  upward  to  the  middle  of  the  dor_ 
sal  surface  of  the  radial  epiphysis  between  the  tendon  ot 
the  extensor  indicis  and  that  of  the  extensor  carpi  radi- 
alis brevior,  and  thence  between  the  tendons  of  the  ex- 
tensor indicis  and  the  extensor  secundi  mternodu  pol- 
licis  The  length  of  this  incision  varies  between  8  and 
13  cm  of  whilh  one-third  should  be  above  the  articula- 
tion (Boeckel,  Gazette  Medieale  de  Strasbourg  1867,  and 
Langenbeck,  Arcldvfur  Uin.  Vliir.,  No.  xyi.). 

2  The  dorso-ulnar  incision.  In  abduction  and  shght 
flexion  an  incision  of  7  to  8  cm.  is  made  ^0™  t^e  ower 
third  of  the  fifth  metacarpal  over  the  ulna  and  vertically 
upward  In  the  lower  part  the  incision  passes  between 
Sfe  tendons  of  the  extensor  carpi  ulnaris  andthe  extensor 
miniS  digiti ;  over  the  ulna  it  passes  in  the  mterstice  be- 
tween thf  extensor  carpi  ulnaris  and  the  extensor  ind.cis 
muscles  (Kocher,  Archivftlr  khn.  Ohir.,  No.  61). 

Vol.  VI.— 58 


3.  Both  radial  and  ulnar  incisions.  Both  are  upon  the 
dorsum  (Oilier,  "Mfitral  Thfese,"  1883,  p.  45).  One  is 
dorso-radial  and  the  other  ulnar  (Lister,  Lancet,  1865). 

Where  two  dorsal  incisions  are  used :  The  radial  com- 
mences opposite  the  centre  of  the  shaft  of  the  second 
metacarpal  bone,  and  is  continued  upward  along  the  ex- 
tensor indicis  tendon  until  it  meets  a  line  joining  the  two 


Fig.  4039. 

styloid  processes.  From  this  point  it  passes  upward  in 
the  axis  of  the  forearm.  The  ulnar  incision  extends  from 
the  centre  of  the  fifth  metacarpal  bone  along  the  radial  side 
of  the  extensor  carpi  ulnaris  andthe  ulnar  side  of  the  ex- 
tensor minimi  digiti  until  it  reaches  the  ulna.  From  this 
point  it  passes  between  the  muscular  bel  les  of  tbe  exten- 
sor carpi  ulnaris  and  the  extensor  indicis.  One-third  of 
both  incisions  is  above  the  radio-carpal  articulation ;  two- 
thirds  below  it.  ,....„  „„„j  .  TTio 
Where  one  dorsal  and  one  lateral  mcisionis  ™ed.  Ihe 
radio-dorsal  commences  at  the  middle  of  the  dorsal  as- 
pect of  the  radius  at  a  level  of  the  sty  oid  process  and  is 
carried  toward  the  inner  aspectof  the  metocarpo-pha- 
langeal  joint  of  the  thumb,  running,  parallel  to  tfe  ten- 
dons of  the  secundi  internodii  pollicis.  _  When  the  radial 
border  of  the  second  metacarpal  bone  is  reached  the  in- 
cision is  carried  along  this  border  for  one-half  its  lengtk 
The  ulnar  incision  commences  5  cm.  above  the  extremity 
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Fig.  4040.— Kocher's  Incision. 


of  the  ulna,  and  passes,  behind  but  parallel  to  the  flexor 
carpi  ulnaris  as  far  as  the  middle  of  the  fifth  metacarpal 
bone. 

Which  of  these  incisions  is  the  best  depends  largely  upon 
the  position  of  the  flstulse  or  the  degree  of  development 

of  the  disease. 
Where  the  disease 
is  mainly  upon 
the  ulnar  side, 
Kocher's  incision 
is  the  best  to  com- 
mence with  (Fig. 
4040);  if  the  dis- 
ease is  upon  the 
radial  side,  Lan- 
genbeck  's  incision 
(Fig.  4041).  If  the 
disease  is  exten- 
sive and  requires 
a  complete  ar- 
threctomy,  no 
method  makes  so 
perfect  an  expos- 
ure as  the  Oilier, 
i.e.,  the  two  dor- 
sal incisions.  We 
will  therefore  de- 
scribe first  the  Langenbeck  and  then  the  Kocher  method, 
and  will  expect  the  reader,  from  these  two  descriptions, 
to  imagine  that  of  the  double  dorsal  incisions. 

Method  by  the  radio-dorsal  incision  (Boeckel-Langen- 
beck) :  An  Bsmarch  bandage  is  applied.  The  hand  and 
wrist  are  placed  upon  a  cushion  with  the  thumb  abducted 
and  extended.  The  radio-carpal  interspace  is  noticed  by 
the  position  of  the  styloid  processes.  The  tendons  of  the 
extensor  indicis  and  the  extensor  secundi  internodil  pol- 
licis  are  also  seen. 

The  incision  usually  begins  above  the  wrist  between 
these  tendons  and  descends  along  the  tendon  of  the  in- 
dex finger  to  the  middle  of  the  second  metacarpal  bone. 
One-third  of  this  incision  is  above  the  radio-carpal  articu- 
lation ;  two-thirds  is  below  it. 

This  incision  is  made  through  the  skin  and  exposes  the 
cutaneous  terminal  branches  of  the  radial  nerve,  which 
are  often  cut.  The  external  border  of  the  tendon  of  the 
extensor  indicis  is  recognized  and  is  retracted  with  the 
inner  flap  out  of  the  way.  Incise  toward  the  capsule  of 
the  wrist-joint  and  recognize  the  tendons  of  the  extensor 
carpi  radialis  brevior  attached  to  the  third  metacarpal 
bone.  Above  the  joint  carry  the  incision  between  the 
tendons  of  the  extensor  secundi  internodii  pollicis  and 
the_  extensor  indicis,  separating  them  without  entering 
their  sheaths.  The  periosteum  of  the  radius  is  now  in- 
cised and  the  cap- 

\\\  /!''■  1  /■'•'  I   //  /  ^^^^  °^  *^^  wrist- 

joint  is  divided 
along  the  inner 
side  of  the  exten- 
sor secundi  inter- 
nodii pollicis. 
Avoid  cutting  the 
tendons  of  the  ra- 
dio-carpal exten- 
sors. With  the 
rugine (curved  or 
straight),  the  peri-  • 
osteum  of  the  ra- 
dius and  the  cap- 
sular fibres  of  the 
wrist  -  joint  (in- 
cluding the  radio- 
carpal extensors) 
are  respectively 
separated  from 
the  outer  half 


Fig.  4041.— Langenbeck's  Incision. 


\hl  1^^^"^°'  ^'Yv,^?^.^  °^  ^^^  '■^'^'"s  and  from"the  teses  of 
the  second  and  third  metacarpal  bones 

Ihe  capsule  is  now  retracted  outward  and  the  scaphoid 


and  trapezoid  are  separated  from  their  attachments  to  the 
capsule  on  their  posterior  surfaces.  The  trapezium  is- 
not  detached  until  a  later  stage.  The  capsule  is  now  re- 
tracted inward  and  the  periosteum  and  capsule  are  sep- 
arated from  the  inner  half  of  the  posterior  surface  of  the 
radius,  the  triangular  cartilage,  and  the  posterior  surface 
of  the  ulna.  It  is  detached  also  from  the  posterior  sur- 
faces of  the  semilunar,  cuneiform,  os  magnum,  unciform, 
and  the  bases  of  the  remaining  metacarpal  bones. 

If  the  soft  parts  are  not  extensively  infiltrated  and  the- 
movements  of  flexion  and  extension  can  be  made,  the  ra- 
dius and  ulna  may  be  luxated  and  sawn  at  this  time  and 
before  the  carpal  bones  are  removed. 

If  this  can  be  done,  the  hand  is  flexed  and  pronated 
and  the  external  flap  is  retracted.  The  rugine  now  sep- 
arates the  periosteum  upon  the  anterior  surface  of  the- 
radius.  The  hand  is  now  flexed  and  supinated  and  the 
remaining  portion  of  the  radius  and  the  ulna  are  denuded 
upon  their  anterior  surfaces.  The  hand  is  now  forcibly 
flexed,  the  flaps  are  retracted,  and  the  radius  and  ulna  pro- 
ject through  the  wound.  These  can  then  be  sawn  trans- 
versely. This  section  should  be  as  narrow  as  possible, 
usually  within  2  cm.  of  the  cartilage  (Fig.  4043).    A  re- 
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Fig.  4042. 

tractor  is  now  placed  in  the  external  wound,  the  wrist  is- 
flexed,  the  scaphoid  bone  is  seized  with  the  forceps,  and 
Its  anterior  and  external  surfaces  are  freed  from  the  peri- 
osteum and  ligaments. 

The  bone  is  next  separated  from  the  semilunar  and  is. 
torn  away  easily.  The  internal  flap  is  then  retracted  to 
the  mner  side  and  the  semilunar  and  cuneiform  bones  are 
separated  and  removed  in  the  same  way,  leaving  the 
pisiform.  The  os  magnum  is  now  seized  with  the  for- 
ceps, its  anterior  surface  is  denuded  with  the  rugine,  and 
Its  connections  with  the  unciform,  trapezoid,  and  meta- 
carpal bones  are  severed.  The  trapezoid  is  finally  re- 
moved in  the  same  manner. 

With  more  extensive  wound  retraction,  the  unciform 
may  be  seized  and  its  anterior  surface  denuded  until  the- 
base  of  its  process  is  reached.  This  process  is  now  sep- 
arated with  the  cutting  forceps,  and  a  freeing  of  the  bone 
upon  Its  internal  surface  allows  its  removal. 

If  the  trapezium  is  to  be  removed,  a  retractor  draws 
outward  the  external  flap,  the  left  hand  seizes  the  thumb, 
and  the  rugine  clears  the  posterior  and  then  the  anterior 
surfaces  of  periosteum.  The  trapezium  is  now  seized 
with  the  bone  forceps,  its  external  border  is  denuded,  a::d 
the  bone  is  removed. 

Provided  the  pisiform  and  the  hook  of  the  unciform 
are  to  remain,  and  provided  also  the  synovial  membrane^ 
has  been  removed,  the  Esmarch  bandage  should  be  loos- 
ened and  the  larger  arteries  tied.  In  many  instances, 
wnereone  is  certain  of  not  injuring  the  larger  vessels, 
the  bandage  is  not  removed  until  after  the  first  part  of 
the  permanent  dressing  is  applied. 
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Sutures  between  the  ends  of  the  bones  have  always 
been  used  by  me,  because  I  have  always  believed  that  a 
mobile  pseudai'throsls  with  mobility  of  the  fingers  was  the 
best  obtainable  result.     Two  chromicized  catgut  sutures 


FIG.  4043. 


are  inserted,  bringing  the  bones  within  one-fourth  to  one- 
half  inch,  or  0.6  to  1.35  cm.,  of  one  another.  If  the 
tendons  of  the  extensor  secundi  internodii  pollicls  or  the 
extensor  carpi  radialis  longior  and  brevior  have  been 
divided,  they  are  to  be  carefully  resutured  or  reinserted 
if  separated  from  their  insertions. 

The  capsule  is  sutured  with  catgut.  The  skin  is  su- 
tured with  silk  or  catgut. 

Provided  the  operative  field  is  an  aseptic  one,  catgut 
is  employed  for  the  skin.  No  drainage  is  used  except 
that  which  occurs  at  the  lower  portion  of  the  wound,  near 
the  index  finger,  where  the  skin  and  capsule  are  not  su- 
tured in  order  that  any  undue  tension  in  the  wound  may 
be  relieved.  If  the  process  is  infective,  drainage  is  em- 
ployed through  the  incision  by  gauze  packing. 

The  method  by  the  dorso-ulnar  incision  (Kocher) :  The 
disadvantage  of  the  preceding  method,  in  Kocher's  opin- 
ion, is  the  necessary  separation  of  the  radio-carpal  ex- 
tensors and  the  imperfect  dorsal  flexion,  and  possibly  the 
volar  subluxation  resulting.  The  advantages  of  the 
dorso-ulnar  incision  are  seen  in  the  less  important  action 
of  the  extensor  carpi  ulnaris  as  a  dorsal  flexor  and  its 
greater  importance  as  an  adductor.  Hence  when  it  is  sepa- 
rated its  loss  of  action  is  favorable  to  the  better  position 
and  action  of  the  hand.  Though  the  extensor  tendon  of 
the  little  finger  is  liable  to  be  negative  in  action,  this  dan- 
ger is  not  so  great  nor  is  its  loss  of  function  so  important 
as  that  of  the  proprius  poUicis  in  the  preceding  method. 
Hence  he  selects  an  ulnar  and  dorsal  incision. 

The  incision  is  made  as  described  above.  It  avoids 
the  dorsal  cutaneous  branch  of  the  ulnar  nerve.  The 
fascia  and  the  dorsal  annular  ligament  are  divided  and 
the  sheath  of  the  extensor  minimi  digiti  is  incised.  This 
tendon  is  drawn  outward,  and,  following  its  ulnar  bor- 
der, the  capsule  of  the  joint  is  divided,  and  with  the  in- 
sertion of  the  extensor  carpi  ulnaris  it  is  loosened  from 
the  base  of  the  fifth  metacarpal  bone.  Along  this  latter 
tendon  the  incision  is  carried  upward  upon  the  ulna  in 
the  interstice  between  the  extensor  carpi  ulnaris  and  the 
extensor  proprius  pollicis.  The  tendon  of  the  extensor 
carpi  ulnaris  is  now  retracted  inward  and  the  capsule  sur- 
rounding the  ulna  is  separated  by  the  rugine  subcapsulo- 
periosteally,  if  possible  and  if  indicated;  but,  if  not  in- 
dicated, it  should  be  divided  by  the  knife,  which  should 
sever  the  attachments  of  the  capsule  to  the  ulna  and  to 
the  base  of  the  fiftli  metacarpal  bone,  leaving  the  flexor 
carpi  ulnaris  attached.  The  joint  is  now  entered  and  the 
articulation  of  the  pisiform  and  cuneiform  and  the  pro- 
cess of  the  unciform  come  into  view. 


The  tendons  upon  the  volar  surface  are  retracted  and 
the  attachments  of  the  capsule  to  the  fifth,  fourth,  and 
third  metacarpal  bones  are  divided.  The  attachment  of 
the  flexor  carpi  radialis  to  the  base  of  the  second  metacar- 
pal bone  is  preserved.  In  like  manner  the  attachment  of 
the  capsule  to  the  radius  is  separated. 

Upon  the  dorsum,  tlie  extensors  of  the  fingers  are 
easily  exposed  and  the  capsule  beneath  the  radio-carpal 
extensors  and  the  extensors  of  the  thumb  is  loosened 
trom  the  radius.  The  two  radio-carpal  extensors  at- 
tached to  the  bases  of  the  second  and  third  metacarpal 
bones  are  not  separated  from  their  insertions. 

The  hand  is  now  carried  outward  and  in  slight  flexion 
until  the  thumb  touches  the  radial  side  of  the  forearm. 
The  lower  ends  of  the  radius  and  ulna  appear  in  the  wound 
to  the  inner  side,  while  externally  is  seen  the  first  row  of 
carpal  bones  (Fig.  4043).  The  removal  of  the  carpal  bones 
and  a  removal  of  thin  sections  from  the  radius  and  ulna 
and  metacarpal  bones  are  now  easily  carried  out.  It  is 
only  in  the  region  of  the  trapezium  and  the  trapezoid 
that  the  field  is  restricted  when  the  bones  of  the  forearm 
and  the  third  metacarpal  bones  are  being  removed. 
"When  the  bones  have  been  removed  and  the  capsule 
extirpated,  the  bones  of  the  forearm  and  the  metacarpal 
bones  are  placed  in  apposition  if  a  nearthrosis  is  wished. 
If  a  pseudarthrosis  is  desired,  the  bones  are  held  in  ap- 
position more  or  less  closely  by  chromic-acid  catgut. 
The  capsule  and  skin  are  now  sutured.  Drainage  in 
aseptic  cases  is  secured  by  leaving  a  small  portion  (1  to 
3  cm.)  of  the  incision  open ;  or,  if  the  wound  be  septic  or 
hemorrhage  be  imperfectly  stopped,  by  gauze  packing 
through  some  portion  of  the  incision. 

"When  the  disease  is  upon  the  radial  side  of  the  carpal 
or  metacarpal  bones,  or  when  the  radial  side  of  the  joint 
is  exclusively  the  seat  of  the  disease,  the  radio-dorsal  in- 
cision is  the  incision  of  choice.  "When  the  disease  is  con- 
fined to  the  ulnar  side  or  the  joint  as  a  whole  is  involved 
but  not  greatly  infiltrated  and  swollen,  the  dorso-ulnar 
incision  is  the  incision  to  be  selected.  "When  the  whole 
joint  is  involved  and  the  tissues  are  greatly  infiltrated  in 
front  and  behind  the  joint,  both  dorsal  incisions  are  pref- 
erable to  either  singly.  Hence  we  would  select  for  these 
cases  the  incisions  recommended  by  Oilier.  These  inci- 
sions are  the  same  as  those  already  mentioned  as  Langen- 
beck's  and  Kocher's.  The  direction  of  the  skin  incision 
varies  somewhat,  )jut  the  route  to  the  joint  is  between 
the  same  structures.  Excellent  results  have  been  ob- 
tained by  Drs.  Mynter  and  Taylor  by  means  of  a  method 
suggested  by  Professor  Stuckgaard,  of  Copenhagen,  in 
1891.  This  method  consists  in  splitting  the  hand  between 
the  second  and  third  fingers.  The  incision  is  both  palmar 
and  dorsal.  The  incision  upon  the  dorsum  begins  at  the 
radius  and  extends  to  'the  interdigital  fold  between  the 
second  and  third  fingers.  The  palmar  incision  extends 
from  the  interdigital  fold  not  farther  than  the  superficial 
palmar  arch. 

The  dorsal  incision  divides  the  skin  and  the  subcutane- 
ous tissue,  but  no  tendons.     It  avoids,  in  passing  between 


FIG.  4044. 

the  metacarpals  the  annular  volar  ligament,  the  flexor 
tendons  and  the  superficial  arterial  arch.  The  wrist  is 
now  split  betiveen  the  trapezoid  and  os  magnum  in  the 
second  row  and  between  the  scaphoid  and  semilunar  in 
the  first  row.  Retraction  of  each  side  now  allows  of  a 
complete  exposure  of  the  wrist-joint  (Annals  of  Surgery, 
September,  1900).  This  operation  has  never  been  per- 
formed by  the  author  upon  the  living.  Upon  the  cada- 
ver it  is  feasible  and  gives  an  excellent  exposure  without 
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injury  to  the  dorsal  tendons.  It  is  here  mentioned  be- 
cause of  its  apparent  value. 

No  matter  which  method  of  resection  may  be  chosen, 
(1)  the  trapezium  should  be  saved  if  possible,  so  that  the 
motions  in  the  metacarpo-carpal  joint  of  the  thumb  may 
be  preserved ;  (3)  the  section  of  the  bones  of  the  forearm 
should  be  made  within  3  cm.  of  their  articular  cartilages; 
(3)  in  so  far  as  is  feasible  the  operation  should  be  a  sub- 
periosteo-capsular  one. 

Tlie  After-Treatment.— T'haWmh  is  to  be  placed  upon  a 
properly  padded  splint  in  such  a  manner  that  the  hand 
shall  be  sustained  in  the  position  of  dorsal  flexion  (Figs. 
4044  and  4015).    These  splints  fix  the  wrist-joint  but  allow 


FIG.  4045. 

passive  motion  of  the  fingers.  They  pass  from  above  the 
elbow  to  the  fingers  and  thumb.  The  latter  pass  beyond 
the  splint  and  can  be  easily  grasped  for  passive  motion. 

Where  the  wounds  are  aseptic  and  no  drainage  is  re- 
quired, as  in  a  case  of  simple  injury,  the  wound  usually 
heals  in  from  ten  daj's  to  two  weeks. 

Where  the  operation  is  done  for  disease,  the  cavity  is 
often  packed  with  gauze,  and,  as  it  requires  often  two 
or  tliree  revisions  with  the  curette,  the  healing  of  the 
wound  may  be  delayed  for  from  four  to  six  weeks. 

As  soon,  however,  as  the  tissues  are  solid,  though  the 
splint  is  to  be  continued  for  a  long  period  to  prevent  pal- 
mar dislocation  and  adduction,  passive  motion  at  the  wrist 
must  be  assiduously  practised  if  we  desire  a  nearthrosis 
or  a  mobile  pseudarthrosis  (Oilier,  "Traite  des  Resec- 
tions," 1888).  If  we  desire  an  ankylosis  at  the  wrist, 
passive  motion  may  be  interdicted. 

Passive  and  active  motion  of  the  fingers  is  practised  as 
early  as  possible,  in  some  instances  at  the  third  to  fifth  day 
after  operation.  After  removal  of  the  splint,  a  prothetic 
apparatus  must  be  worn.  This  apparatus  should  allow 
flexion  and  extension  at  the  wrist  if  desired. 

Prom  this  time  on,  the  patient's  aim  must  be  to  in- 
crease the  range  of  motion  in  his  fingers  and  in  the  wrist. 
Much  depends  upon  his  own  exertions  in  securing  a  good 
result. 

The  functional  results  after  this  operation  vary.  Cul- 
bertson,  in  58  cases  of  gunshot  wounds,  reports  the  fol- 
lowing results:  Good,  1.7  percent. ;  indifferent,  37.5  per 
cent. ;  bad,  13.7  per  cent. ;  amputated,  3.4  per  cent. ;  not 
stated,  53.4  per  cent.  In  14  cases  of  injury  the  results 
were  as  follows:  Good,  38.5  per  cent. ;  indifferent,  57+ 
per  cent. ;  not  stated,  14-|-  per  cent.  In  79  cases  in 
which  resection  was  performed  for  disease  the  results 
were:  Good,  7.5  per  cent.;  indifferent,  45.5  per  cent.; 
bad,  13.9  per  cent.;  amputated,  12.6  per  cent.;  not 
stated,  20.3  per  cent.  In  our  own  civil  war  ("Med.  and 
Surgical  History  of  the  War  of  the  Rebellion,"  part  ii., 
vol.  ii.,  Otis),  6  cases  of  complete  resection  gave  an  in- 
different result  in  83.8  per  cent. ;  amputation  and  death 
m  16.6  per  cent.  Gurlt's  statistics  of  military  surgery 
gave  ideal  results  in  6.35  per  cent. ;  good  results  in  50 
percent.;  indifferent  results  in  37.5  per  cent. ;  bad  results 
"1  6.35  per  cent.  Nepveu  {Heme  de  Gldrurgie,  1883,  p 
iS31)  gives  a  collection  of  36  cases.  The  results  were 
satisfactory  in  41.6  per  cent. ;  indiflerent  in  36.1  per  cent  • 
bad  in  32.3  per  cent.     Oilier  (Gm.  med.  de  Paris,  1883,' 
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"  Traite  des  Resections,"  1888)  believes,  and  has  shown  in 
two  cases  following  a  traumatism  (partial  resection),  that 
ideal  results  may  be  obtained  by  carefully  performed 
operations  and  long-continued  after-treatment.  The  mor- 
tality statistics  are  about  ten  per  cent,  for  all  cases  of 
resection.  For  gunshot  wounds  the  mortality  is  about 
fifteen  per  cent.  For  disease,  a  death  following  opera- 
tion is  a  raritj'. 

Resectiok  OP  THE  Elbow -Joint. — Wainman  in  1759 
and  Filkin  in  1763  excised  portions  of  this  joint  for  in- 
jury or  disease,  but  the  first  methodical  operation  is 
ascribed  to  Moreau  in  1794.  This  method  was  enthusias- 
tically accepted  in  England  by  Syme,  and  has  since  been 
established  by  numerous  surgeons  both  in  civil  and  in 
military  practice.  Resection  of  the  elbow  consists  In  re- 
moving the  inferior  extremity  of  the  humerus  and  the 
upper  extremities  of  the  radius  and  ulna.  In  all  cases 
the  insertions  of  the  brachialls  anticus  and  of  the  biceps 
must  be  preserved,  or  if  detached  they  must  be  replaced 
in  order  to  insure  the  function  of  the  joint. 

Usually  less  than  2  cm.  should  be  removed  from  the 
radius  and  ulna.  More  can  be  removed  from  the  hu- 
merus without  destroying  its  function.  Usually  the  line 
of  section  is  at  the  upper  border  of  the  epitrochlea,  i.e., 
the  section  is  made  well  above  the  articular  surface  (Oi- 
lier, "Traite  des  Resections,"  t.  ii.,  p.  308).  When  more 
is  removed  than  is  here  recommended,  one  must  expect 
a  flail  joint,  unless  special  precautions  against  it  are 
taken.  When  the  section  is  below  the  epitrochlea — i.e., 
j  ust  above  the  articular  cartilage — one  can  expect  a  near- 
throsis, a  pseudarthrosis,  or  an  ankylosis.  If  ankylosis 
results,  the  bones  must  be  placed  at  a  right  angle  with 
the  radius  in  semipronation.  This  will  give  a  very  useful 
and  serviceable  extremity.  If  a  nearthrosis  follows,  then 
the  following  condition  most  frequently  occurs:  The 
bones  become  fashioned  so  as  to  fit  one  another.  They 
become  smooth,  polished,  and  shaped  so  as  to  allow  fiex- 
ion  and  extension.  The  lateral  ligaments  prevent  any 
lateral  displacement  at'  the  new  articulation,  and  the 
movements  of  supination  and  pronation,  though  limited, 
are  sufficiently  supplemented  by  rotation  at  the  shoulder- 
joint.  The  movement  of  the  elbow,  hand,  and  fingers  is 
sufficiently  strong  for  all  ordinary  work.  Such  a  condi- 
tion is  the  best  result  attainable,  and  should  be  consid- 
ered ideal. 

If  pseudarthrosis  exists,  the  union  of  the  bones  is  by 
means  of  connective  tissue.  Such  a  union,  if  the  bond 
is  not  too  long,  gives  a  good  result.  Where  the  union 
is  short  and  where  no  lateral  displacement  at  the  point 
of  union  occurs,  if  the  muscular  power  is  sufficient,  quite 
as  useful  a  limb  can  be  obtained  as  by  the  development 
of  a  nearthrosis. 

Tlie  Indications. — For  gunsliot  injvries  vi  joung  and 
healthy  persons  in  whom  the  articular  cartilages  are  in- 
tact and  in  whom  the  tissues  about  the  joint  are  not 
extensively  damaged,  the  conservative  treatment  or  at 
the  most  restricted  operation  should  be  made  use  of. 

In  severe  bone  injuries  of,-,the  elbow -joint,  Including 
the  articular  cartilages  with  slight  or  no  Injury  to  the 
vessels  and  nerves,  a  partial  or  a  complete  resection  is 
indicated,  provided  the  age  of  the  patient  or  his  general 
condition  does  not  demand  an  immediate  amputation. 

In  severe  injuries  of  the  articular  cartilages  and  of  the 
bones,  with  severe  injury  to  the  vessels  and  nerves,  am- 
putation is  required,  especially  in  the  aged. 

In  old  injuries  to  the  joint,  resulting  in  ankylosis  or 
pressure  upon  the  main  vessels  or  nerve  trunks,  a  com- 
plete rather  than  a  partial  resection  is  indicated,  because 
the  tendency  to  secondary  ankylosis  is  great  by  reason 
of  the  marked  reparative  power  in  all  the  tissues  set  up 
by  previous  injury.  In  old  dislocations  it  has  been  my 
practice  to  reduce  the  dislocation  by  operative  means, 
unless  the  contracture  of  the  soft  tissues  demands  a 
resection  rather  than  a  reduction.  The  earlier  the  old  dis- 
location comes  into  the  surgeon's  hands  the  more  success- 
ful will  be  the  reduction  by  operative  interference. 

Ankylosis  in  a  faulty  position,  resulting  from  injury  or 
disease,  is  curable  by  complete  resection  only  when  the  age 
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of  the  patient  (from  twenty  to  thirty-flve),  the  condition 
of  the  muscles,  the  presence  of  cicatricial  bands  about 
the  joint,  or  the  new  bone  production  in  and  around  the 
joint,  will  not  interfere  with  the  after-result. 

In  cases  In  which  these  conditions  exist  and  the  ten- 
dency to  new  bone  production  is  a  marked  one  a  partial 
operation  with  a  correction  of  the  faulty  position  is  alone 
indicated. 

Tuberculosis. — After  conservative  treatment  has  failed, 
a  complete  resection  is  usually  indicated.  During  the  first 
three  or  four  years  of  life  resection  is  not  recommended. 
At  this  time  curetting  is  sutHcient.  After  three  years, 
make  partial  operation,  if  possible,  or  a  complete  one  if 
necessary.  In  either  case,  however,  we  must  remove  the 
disease.  Resection  is  indicated  in  some  cases  of  svppuraUm 
arthritis  (chronic),  in  arthritis  deformans  in  a  single  joint, 
and  in  tumors  involving  the  bones  of  the  joint  (exostoses). 
It  must  be  remembered  that  only  one- tenth  of  the  total 
growth  of  the  arm  and  forearm  is  contributed  by  the 
epiphysis  at  the  elbow  (Oilier),  so  that  earlier  resections 
may  be  attempted  here  than  elsewhere.  In  general  we  say 
that  in  injury  and  gunshot  wounds,  partial  rather  than 
complete  operations  are  indicated.  For  disease,  com- 
plete rather  than  partial  operations  are  indicated.  For 
ankylosis,  complete  rather  than  partial  operations  are 
indicated. 

In  youth  much  can  be  expected  in  the  production  of 
pseudo-  or  nearthroses.  In  the  adult,  unless  some  chronic 
irritation  (inflammation)  is  present  or  the  amount  re- 
moved is  small,  the  joint  is  liable  to  be  a  flail  one. 

Anatomy.— The  elbow  is  a  pure  hinge-joint.  The 
re-establishment  of  its  function  demands  that  the  bones 
be  so  shaped  as  to  flex  and  extend  easily  while  in  con- 
tact, that  the  lateral  ligament  holding  the  joint  be  short 
and  not  yielding,  and  that  the  attachment  of  the  muscles 
which  move  the  joint  in  flexion  and  extension,  as  well 
as  in  supination  and  pronation,  be  preserved. 

As  the  anterior  portion  of  this  joint  is  not  used  for 
entrance  into  the  joint,  we  will  consider  only  its  lateral 
and  posterior  aspects. 

The  posterior  branch  of  the  radial  nerve,  which  is  a 
motor  nerve  for  she  extension  of  the  hand  and  fingers 
and  for  extension  and  abduction  of  the  thumb,  enters  the 
supinator  brevis  muscle  about  3  cm.  below  the  articular 
surface  of  the  head  of  the  radius  and  passes  obliquely 
through  its  fibres  around  the  radius  until  it  emerges  3  to 
4  cm.  below  the  interarticular  line  in  the  posterior  inter- 
osseous space.  Upon  the  inner  side  the  ulnar  nerve 
passes  behind  the  internal  condyle  between  the  extensor 
carpi  ulnaris  and  the  periosteum  covering  the  internal 
lateral  surface  of  the  ulnar.  These  two  nerves  are  to  be 
avoided  Both  the  brachialis  anticus  and  the  biceps  are 
attached  at  points  sufiiciently  removed  to  be  saved  in  the 
more  typical  and  complete  operations.  The  supinator 
longus,  because  of  its  attachment  to  the  external  inter- 
muscular ridge,  can  be  preserved  in  its  attachment  even 
when  a  large  extent  of  the  humerus  is  removed. 

The  short  supinator,  which  is  so  necessary  for  supina- 
tion is  rarely  injured  because  of  its  ready  separation 
from  the  humerus  with  the  periosteum.  Such  is  the 
case  with  the  muscles  attached  to  the  internal  and  exter- 
nal condyles  of  the  humerus,  which  can  with  care  always 
be  separated  from  the  bone  and  kept  m  relation  with 
the  periosteum  of  the  humerus  and  the  fascia,  forming 
the  intermuscular  septa  and  the  lateral  ligaments  of  the 
joint  The  triceps,  however,  is  an  important  muscle. 
The  major  part  of  its  tendon  is  inserted  into  the  olecra- 
non process  of  the  ulna.  It  has,  however,  lateral  attach- 
ments connecting  it  with  the  deep  fascia  of  the  posterior 
surface  of  the  forearm.  Of  these  connections,  that  with 
the  fascia  covering  the  anconeus  and  the  posterior  sur- 
face of  the  forearm  is  very  strong,  while  that  with  tlie 
fascia  covering  the  internal  surface  is  thin  and  not  strong 
It  is  necessary,  therefore,  to  maintain  this  connection 
with  the  deep  fascia  of  the  forearm  when  the  attachment 
to  the  olecranon  is  removed,  if  we  wish  to  obtain  after 
resection  the  full  power  of  extension  i,    .,  „ 

The  arterial  supply  of  this  joint  i.'!  carried  on  by  the 


circle  formed  by  the  radial  and  ulnar  recurrents,  the 
interosseous  recurrent,  and  the  anastomotica  magna. 
These  may  be  avoided  by  the  subperiosteal  method. 

The  interarticular  line  of  the  elbow-joint  is  represented 
by  the  middle  two-thirds  of  a  line  joining  the  tips  of 
the  two  condyles. 

The  humero-radial  articulation  is  represented  by  a 
horizontal  line;  the  humero-ulnar,  by  an  oblique  line, 
passing  from  without  inward  and  above  downward. 

The  external  condyle  of  the  humerus  is  less  than  3  cm. 
above  the  articular  line.  The  internal  condyle  is  more 
than  3.0  cm.  above  it. 

The  lower  epiphysis  of  the  humerus  joins  the  shaft 
at  the  seventeenth  or  eighteenth  year. 

The  epiphysis  of  the  radius  joins  the  shaft  at  the  six- 
teenth or  seventeenth  year. 

The  epiphysis  of  the  ulnar  (olecranon)  joins  the  shaft 
^t  the  seventeenth  year. 

These  epiphyseal  cartilages  have  finished  their  growth 
by  the  seventeenth  year,  and  resections  of  large  portions 
may  be  made  at  this  age,  although  the  muscles  mentioned 
as  important  must  be  preserved  to  obtain  the  best  results. 
When  they  are  sacrificed,  prothetic  apparatus  must  be 
used  to  supply  the  deficiency. 

The  Methods  op  Incisions. 

The  incisions  used  in  resections  of  the  elbow  joint  may 
be  divided  into :  (1)  those  which  enter  the  joint  upon  the 
ulnar  side;  (3)  those  which  enter  upon  the  radial  side;  (3) 
those  which  enter  upon  both  sides  or  from  behind.  To  the 
first  belong  the  incisions  of  Listen,  Langenbeck,  Gurit, 
and  Jaeger  ("  Manuel  Operatoire, "  Faraboeuf ,  p.  715).  To 
the  second  belong  those  of  Oilier  ("Traite  des  Resec- 
tions "),  Stimson  ("  Operative  Surgery  "),  Roux  and  Nela- 
ton  ("  Manuel  Operatoire,"  Faraboeuf),  Kocher  (Archil)  fur 
klin.  Ohir.,  No.  37,  p.  787),  and  Cavazzani  {CentralUatt 
fur  Ohir.,  1889,  pp.  708  and  1131).  To  the  last  belong  the 
H-shaped  incisions  of  Moreau  and  Dupuytren  ("Manuel 
Operatoire, "  Faraboeuf),  the  lateral  incisions  of  C.  Hueter 
("  Gelenksresectionen  ")  and  of  Vogt  (L6bker:  "Opera- 
tionslehre"),  and  the  posterior  triangular  flap  of  Textor 
("Manuel  Operatoire,"  Faraboeuf). 

Of  all  these  incisions  we  find  that  four  are  sufficient 
for  all  resections,  complete  or  partial.  In  ankylosed 
joints  and  in  old  dislocations  a  combination  of  the 
Kocher's  radial  incision  and  the  ulna  incision  of  C. 
Hueter  Avill  be  found  in  the  severer  cases  to  be  most 
satisfactory.  In  injury  and  in  disease  other  than  the 
above  the  Langenbeck,  the  Cavazzani,  and  the  Kocher  in- 
cisions are  preferred. 

These  latter  incisions  are  superior  to  the  rest  because 
they  do  the  least  injury  to  the  fibrous  expansion  of  the 
triceps  insertion  and  no  injury  to  the 
nerves  supplying  the  triceps  or  the 
anconeus  muscles. 

The  Langenbeck  or  dorso-internal 
incision  is  recommended  when  the 
disease  involves  particularly  the  in- 
ternal segment  of  the  joint. 

The  Kocher,  or  dorso-radial,  incis- 
ion is  especially  useful  when  the 
disease  involves  more  especially  the 
radio-humeral  in  addition  to  the  hu- 
mero-ulnar articulations. 

The  bilateral  incisions  above  recom- 
mended are  useful  in  old  dislocations 
and  in  severe  ankylosis  following  dis- 
ease, injury,  or  operation.  I  will 
describe  these  methods. 

I  Langenbeck' s  Method.— Tbe  Es- 
march  bandage  is  to  be  applied,  if  not 
contraindicated.  The  top  and  crest 
of  the  olecranon  process  having  been 
determined,  an  incision  is  commenced  fig.  4046. 

4  to  5  cm.  above  the  olecranon,  pass- 
inff  through  the  tendon  of  the  triceps  and  along  the  mnei 
border  of  the  crest  of  the  olecranon  to  a  point  where  the 
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process  disappears  in  the  shaft  of  the  ulna  (Fig.  4046). 
Usually  this  point  is  4  to  5  cm.  from  the  tip  of  the  olec- 
ranon This  incision  is  carried  down  to  the  bones  through- 
out    A  retractor  is  placed  in  the  external  flap,  and,  with 


riG.  4017. 

the  forearm  extended,  a  rugine  or  knife 
separates  the  periosteum  of  the  olecranon 
and  the  ulna,  carrying  with  it  the  insertion 
of  the  triceps,  that  of  the  anconeus  and 
that  of  the  supinator  brevis. 

Having  reached  the  external  condyle,  the 
surgeon  should  separate  the  external  lateral 
ligament  and  the  common  origin  of  the  extensors  and 
supinators  from  the  condyle  subperiostcally  or  by  remov- 
ing with  these  structures  a  part  of  the  epicondyle  (P. 
Vogt).  When  this  is  sufficiently  free  and  the  humero- 
radial joint  is  exposed,  the  forearm  may  be  flexed  to 
complete  the  subperiosteal  separation  upon  the  anterior 
surface  of  the  humerus.  This  completed,  the  internal 
flap  is  detached  with  the  periosteum,  while  the  forearm 
is  extended  until  the  internal  surface  of  the  olecranon  is 
free  and  the  coronoid  process  below  and  the  internal  con- 
dyle above  are  fully  exposed.  With  the  retraction  of  the 
periosteum  of  the  humerus  and  olecranon,  the  ulnar 
nerve  and  the  lateral  ligament  are  carried  away  and  are 
free  from  all  danger.  When  the  lower  part  of  the  hume- 
rusis  sufficiently  free,  the  forearm  is  again  flexed  and  the 
ulna  and  radius  are  separated  from  it.  The  periosteum 
and  capsule  of  the  joint  are  separated  from  the  anterior 
surface  of  the  humerus  as  far  as  is  necessary.  The 
latter  is  then  seized  with  the  lion-toothed  forceps  and 
the  bone  is  sawn  transversely,  just  above  the  articular 
cartilage  or,  better,  in  a  line  joining 
the  epicondyle  and  upper  part  of  epi- 
trochlea  (Oilier,  "Traite  des  Resec- 
tions," t.  ii.,  p.  303).  The  olecranon 
process  is  seized  with  the  forceps  and 
the  periosteum  and  capsule  are  sepa- 
rated from  the  coronoid  process  to  its 
base,  as  much  of  the  insertion  of  the 
brachialis  anticus  as  possible  being 
saved.  The  anterior  fibres  of  the  annu- 
lar ligament  are  separated  with  the 
periosteum  of  the  ulna  and  are  displaced 
downward  so  that  the  head  of  the  radius 
can  be  removed  close  to  the  shaft  if 
desired.  The  olecranon  and  coronoid 
process  are  now  removed  together  from 
the  shaft,  if  desired  and  If  thought  nec- 
essary (Pig.  4047).  Otherwise,  if  suffi- 
cient bone  can  be  left  to  form  a  new 
olecranon  'process,  the  bone  is  sawn  as 
in  Fig.  4048.  This  will  give  a  project- 
ing portion  representing  the  former 
olecranon,  which  is  very  useful  in  pre- 
,     .  venting  forward  dislocation  of  the  ulna 

during  the  after-treatment.     After  removal  of  the  ex- 
tremities of  the  bones  the  synovial  membrane  is  dis- 
sected out  completely,  and  such  sinuses  as  appear  are 
excised  or  curetted. 
The  sawn  surfaces  of  the  radius,  ulna,  and  humerus  are 
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placed  in  apposition  and  at  an  angle  of  135° — i.e.,  in 
nearly  complete  extension.  In  this  position  the  tendency 
to  forward  dislocation  of  the  radius  and  ulna  through 
contraction  of  the  flexors  is  avoided.  If  firm  ankylosis 
is  desired,  the  humerus  and  ulna  are 
drilled  and  sutured  with  two-weeks 
chromicized  catgut  sutures.  If  a  mobile 
pseudarthrosis  or  a  nearthrosis  is  de- 
sired, chromicized  catgut  sutures  are 
used  only  for  the  purpose  of  retaining 
the  position  of  the  bones  during  the  ap- 
plication of  the  primary  dressing.  Such 
sutures  should  not  last  longer  than  a 
few  days.  The  Esmarch  bandage  is 
removed  and  the  larger  arteries  are  li- 
gated. 

The  capsule  and  the  periosteum  are 
sutured  with  catgut  in  position  over  the 
ends  of  the  bones.  The  skin  is  sutured 
with  catgut,  providing  the  case  is  an 
aseptic  one,  and  a  small  portion  of  the 
wound  (3  cm.)  at  its  highest  point  is 
not  sutured,  in  order  that  leakage  of 
blood  may  take  place  easily  during  the 
next  few  hours.  If  one  so  desires,  a  small 
piece  of  rubber  tissue  may  be  inserted 
through  this  opening  to  prevent  its 
closure.  What  I  prefer  is  to  hold  apart 
this  small  opening  in  the  wound  by  two 
catgut  sutures,  one  upon  each  side  of  the  wound.  These 
sutures  will  be  absorbed  within  a  few  days  (Maas' 
method)  and  will  allow  the  wound  to  close  before  the 
first  dressing  is  changed.  The  forearm  is  slightly  flexed 
and  semipronated.  It  is  retained  in  this  position  by  a 
splint,  either  plaster  of  Paris  reinforced  by  sterilized 
basswood  strips  or  the  Esmarch's  wire  splint  (Fig.  4049). 
With  either  of  these  the  arm  and  forearm  are  elevated 
and  retained  in  this  position  by  suspension. 

Koclier's  Method.  — By  the  Langenbeck  incision,  dis- 
ease in  the  radio-humeral  articulation  is  not  so  easily  at- 
tacked as  by  the  Oilier  bayonet  incision.  OUier's  incis- 
ion, which  passes  in  the  interstice  between  the  external 
head  of  the  triceps  and  the  anconeus,  must  divide  the 
nerve  supplying  the  anconeus,  since  it  is  a  branch  of  the 
division  of  the  radius  supplying  this  portion  of  the  tri- 
ceps. Hence  Kocher  planned  an  incision  which  avoids 
this  nerve  division  and  does  not  negative  this  portion  of 
the  triceps. 

The  forearm  is  flexed  at  an  angle  of  one  hundred  and 
fifty  degrees,  and  a  stirrup-shaped  incision  is  made, 
which  begins  8  to  5  cm.  above  the 
epicondyle  and  over  the  external  bor- 
der of  the  humerus,  and  descends  to 
the  head  of    the  radius.     From  this 


Fig.  4049. 

point  it  descends  downward  and  slightly  inward,  fol- 
lowing the  external  border  of  the  anconeus  until  it 
reaches  the  ulna  at  a  point  from  4  to  6  cm.  from  the  tip 
of  the  olecranon.  From  this  latter  point  it  curves  over 
the  posterior  surface  of  the  ulna  inward  and  upward  for 
a  distance  of  from  1  to  3  cm.  (Fig.  4050).  This  Incision 
above  the  epicondyle  passes  in  the  interstice  between 
the  supinator  longus,  extensor  carpi  radialis  longior,  and 
the  common  tendon  for  the  supinators  and  extensors  of 
the  hand  and  wrist  and  fingers  in  front  and  the  triceps 
and  anconeus  behind.  From  the  epicondyle  to  the  lat- 
eral surface  of  the  ulna,  the  incision  passes  in  the  inter- 
stice between  the  anconeus  and  the  extensor  carpi  ulnaris 
until  it  reaches  the  ulna  at  a  point  6  cm.  below  the  tip 
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of  the  olecranon.  The  latter  part  of  the  incision  usu- 
ally divides  the  lowest  fibres  of  the  anconeus,  as  they 
often  extend  a  longer  distance  up  on  the  shaft  of  the  ulna 
1  his  incision  passes  in  the  interval  between  those  mus- 
cles innervated  by  the  posterior  muscular  branch  of  the 
musculo-spiral  and  those  supplied  by  the  external  mus- 
cular and  posterior  interosseus  branches  of  the  same 
nerve.  The  external  ridge  of  the  humerus,  the  epicon- 
dyle,  the  radio-humeral  joint,  and  the  supinator  brevis 
muscles  are  now  exposed,  and  the  capsule  of  the  radio- 
Jiumeral  and  humero-ulnar  joints  are  in  view. 

If  the  olecranon  is  diseased,  the  chisel  may  be  placed 
upon  its  base  and  the  process  be  removed  from  the  shaft 
togethei-  with  the  attached  triceps  and  anconeus  mus- 
cles. This  flap  is  retracted  inward  and  the  joint  is  ex- 
posed to  its  full  extent.  If  the  olecranon  is  not  diseased 
the  periosteum  beneath  the  external  head  of  the  triceps 
and  the  capsule  are  separated  from  the  posterior  surface  of 
the  humerus.  In  like  manner  the  anconeus  is  separated 
from  the  epicondyle  and  the  outer  surface  of  the  ulna,  in- 
cluding with  it  the  posterior  humero-ulnar  ligament.  This 
dissection  is  continued  over  the  ulna  and  olecranon,  sep- 
arating the  triceps  from  the  olecranon  and  a  small'  part 
of  the  flexor  carpi  ulnaris  from  the  internal  surface  of  the 
ulna.  The  epicondyle  is  now  fully  exposed  by  separat- 
ing the  common  tendon  of  the  supinators  and  extensors 
subperiosteally  and  retracting  the  flap  inward.  This  ex- 
poses the  external  lateral  and  the  anterior  ligaments  pass- 
ing from  the  condyle  to  the  annular  ligament  of  the 
superior  radio-humeral  joint.  These  are  divided.  The 
forearm  is  now  extended  and  adducted.  The  joint  is 
then  brought  into  full  view  and  the  internal  lateral  liga- 
ment can  be  loosened  from  the  inner  surface  of  the  ulna 
and  of  the  trochlea  (Fig.  4051).  With  this  separation, 
the  humerus  is  easily  cleared  of  all  muscles  anteriorly  and 
posteriorly  and  the  bone  section  made  as  recommended  in 
the  preceding  operation. 

The  annular  ligament  is  now  divided  and  the  head  of 
the  radius  is  removed  separately  from  the  ulna.     If  pos- 


FIG.  4050. 

sible,  the  section  of  the  ulna  should  be  such  as  will  leave 
a  process  simulating  in  slight  degree  the  olecranon. 
Such  a  method  is  useful  in  preventing  the  anterior  sub- 
luxation of  the  ulna.  The  section  is  the  same  as  is  shown 
in  the  former  operation. 

When  the  disease  is  tuberculous,  it  is  best  not  to  incise 
the  synovial  membrane  until  the  dissection  of  the  soft 
parts  is  completed  and  the  dislocation  of  the  radius  and 
Tilna  from  the  humerus  is  ready  to  be  made.  When  the 
synovial  membrane  has  been  completely  removed  and  the 
sinuses,  if  any,  are  excised  or  curetted,  the  parts  are 
brought  into  apposition  and  sutured.  Drainage,  if  nec- 
essary, is  made  with  gauze  at  the  lower  angle  of  the 
■wound  beneath  the  anconeus.  If  drainage  is  necessary 
for  only  a  few  days,  the  Maas  method  is  the  preferable 
one  (see  Langenbeck's  operation). 

Sutures,  both  deep  and  superficial,  are  made  with  cat- 
gut if  the  wound  is  to  be  an  aseptic  one  and  if  it  is  to 
heal  under  one  dressing :  if  not,  silk  is  used  for  the  skin. 
If  ankylosis  is  desired,  suture  the  bone  with  two-weeks 
chromicized  catgut.  If  a  nearthrosis  or  a  mobile  pseudo- 
arthrosis is  desired,  suture  with  catgut,  which  will  last 
l)ut  a  few  days  and  will  simply  retain  the  bones  in  posi- 


^on  during  the  a,pphcation  of  the  primary  dressing, 
llie  extremity  is  placed  in  such  a  splint  as  has  been  prl- 
viously  recommended  and  is  suspended  and  elevated. 

Ihese  two  methods  are  undoubtedly  the  methods  of 
choice  for  both  injury  and  disease  in  the  vast  maiority 
of  cases.  •'      •' 

There  is  a  method  very  similar  to  Kocher's,  except  in 
the  skm  incision  and  in  some  of  the  minor  details,  which 


FIG.  1051. 

may  be  used  for  it  in  cases  of  exploration,  partial  resec- 
tion, and  synovial  extirpation.  This  is  the  method  of 
Cavazzaui.  In  two  of  my  cases  of  synovial  arthrectomy 
this  method  was  found  to  be  exceedingly  valuable. 

Method  0^  Camzsani. — Three  landmarks  are  taken— one 
the  tendon  of  the  biceps,  one  the  head  of  the  radius,  and 
the  third  the  olecranon  process.  Two  centimetres  below 
the  epicondyle  upon  the  outer  border  of  the  teudo  bici- 
pitis  an  incision  through  the  skin  and  subcutaneous  tis- 
sue begins  and  passes  transversely  outward  parallel  to  the 
interarticular  line  of  the  joint.  At  the  outer  side  of  the 
forearm  it  passes  obliquely  from  behind  upward  and 
ends  at  the  inner  border  of  the  ulna  near  the  tip  of  the 
olecranon  (Fig.  4053).  During  the  first  half  of  this  incis- 
ion the  forearm  is  extended.  During  the  last  half  it  is 
in  half-flexion.  This  stretches  the  sldn  and  prevents 
slipping.  The  upper  flap  is  dissected  up  sufliciently  to 
expose  the  interval  between  the 
anconeus  and  the  muscles  arising 
from  the  epicondyle,  i.e.,  the  in- 
terstice between  the  anconeus  and 
the  extensor  carpi  ulnaris. 

The  epicondyle  being  exposed, 
the  aponeurosis  covering  this  in- 
terstice is  divided  over  the  neck 
of  the  radius  and  above  the  epi- 
condyle. The  epicondylar  mus- 
cles are  now  loosened  subperios- 
teally and  are  retracted  inward. 
The  capsule  is  thus  exposed  as 
far  as  the  coronoid  process.  Upon 
the  posterior  surface  the  anconeus 
is  also  separated  subperiosteally 
from  the  humerus  and  the  ulna 
together ;  the  tendon  of  the  triceps 
is  separated  over  the  external  half 
of  the  olecranon  process.  If  one 
wishes  to  disregard  the  anconeus 
nerve  supply,  one  may  cut  trans- 
verselj''  in  the  interstice  of  the  tri- 
ceps and  anconeus  from  the  epicondyles  to  the  outer  sur- 
face of  the  ulna.  The  posterior  capsule  is  now  exposed. 
The  joint  is  next  opened  by  dividing  the  external  lateral 
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ligament  from  the  coronoid  process  anteriorly  to  the  tip 
of  the  olecranon  posteriorly.  A  movement  of  adduc- 
tion will  now  dislocate  the  forearm  from  the  arm. 

After  the  operation  is  finished,  the  forearm  is  replaced, 
the  lateral  ligaments  are  sewed,  and  the  muscles  about 
the  epicondyle  sutured  in  place.  No  vessels  or  nerves  are 
injured.  The  radial  nerve  is  not  stretched.  The  tendon 
of  the  triceps  is  preserved  in  half  its  detachment.  The 
epicondylar  muscles  are  preserved. 

For  exploration  and  synovial  extirpation,  Cavazzani's 
method  .is  very  satisfactory,  for  the  reasons  above  stated. 

For  ankylosis  and  for  the  reduction  of  old  dislocations, 
the  method  of  .lefirey,  which  has  been  more  precisely 
described  by  Marangos  (Thfese  de  Lyon,  1883),  and 
that  of  Hueter  ("Gelenkskrankheiten,"  vol.  ii.,  p.  553) 
are  undoubtedly  the  best.  This  is  especially  so  in  fract- 
ures with  dislocation,  where  the  reduction  requires  the 
removal  of  the  callus  with  or  without  a  partial  resection ; 
in  old  dislocations  which  require  the  removal  of  the  callus 
and  the  adhesions  in  order  to  effect  reduction ;  in  all  im- 
practical ankyloses  following  disease,  iniur3%  oroperation, 
which  are  to  be  made  practical  ankyloses  or  in  which  ar- 
throlysis  is  to  be  attempted ;  and,  lastly,  in  cases  in  which 
redislocation  has  followed  the  operative  reduction  of  an 
old  dislocation  (Bunge,  loc.  cit.). 

With  the  posterior  incision  or  the  single  lateral  inci- 
sion, one  comes  upon  the  joint  at  a  disadvantageous  side 
for  the  correction  of  an  ankylosis  or  for  the  removal  of 
callus. 

In  ankyloses  it  is  not  possible  to  dislocate  the  bones, 
and  the  removal  of  the  necessary  wedge  or  piece  of  bone 
must  be  done  withoiit  displacement.  For  this  reason, 
Hueter  and  others  accepted  the  bilateral  incisions  which 
Jeffrey  formerly  used  in  all  resections.  These  incisions 
have  been  greatly  modified  by  subsequent  operatoi-s,  but 
the  method  here  described  will,  I  think,  be  found  to 
approach  the  ideal  method.  It  consists  of  the  radio- 
humeral  incision  of  Kocher  and  the  ulnar  incision  of  the 
bilateral  methods.  The  incision  upon  the  radial  side 
commences  5  or  6  cm.  above  the  external  condyle,  and 
penetrates  between  the  triceps  and  the  supinator  longus 
and  extensor  carpi  radialis  longior,  until  it  reaches  the 
external  humeral  border  and  descends  to  just  behind  the 
epicondyle.  It  here  passes  obliquely  downward  and  in- 
ward in  the  interstice  between  the  anconeus  and  external 
carpi  ulnaris  for  a  distance  of  from  2  to  3  cm.  Unless 
the  radius  is  involved,  the  annular  ligament  is  avoided. 
Now  clear  the  anconeus  and  the  triceps  from  the  capsule 
or  tissues  beneath  them  and  retract  them  inward.  Clear 
the  supinator  and  extensor  group  from  the  epicondyle 
and  retract  them  inward. 

An  ulnar  incision  is  next  made  upon  the  internal  border 
of  the  epitrochlea  or  at  the  place  where  it  had  been  broken 
off  or  displaced.  This  incision  is  from  8  to  10  cm.  in 
length.  The  ulnar  nerve  is  freed  and  displaced  back- 
ward. The  pronator  and  flexor  groups  of  muscles  are 
displaced  outward  and  in  front  after  being  freed  from 
the.  internal  border  of  the  humerus  and  the  epitrochlea. 
These  incisions  descend  to  the  bone,  and  one  separates 
subperiosteally  with  the  rugine,  or  supraperiosf  eally  with 
the  knife,  the  soft  parts  from  the  bone  upon  both  surfaces 
of  the  humerus.  In  the  reduction  of  old  dislocations,  the 
method  pursued  must  be  extraperiosteal  (Bunge,  Archie 
filr  Mill.  CUr.,  No.  60,  p.  557).  A  blunt  retractor  is  now 
mserted  in  front  of  and  behind  the  humerus,  for  the  pur- 
pose of  guarding  and  lifting  the  soft  tissues  from  the  bone. 
If  one  desires,  the  bone  section  may  now  be  made  with  the 
saw.  If  it  is  thought  better,  the  adhesions  between  the 
humerus,  olecranon,  ulna,  and  radius  may  be  divided  and 
the  humeral  exti'emity  first  and  the  radius  and  ulna  after- 
ward displaced  through  the  external  incision.  They  may 
then  be  sawn  and  replaced.  If  the  case  be  an  old  disloca- 
tion, the  fibrous  bands  between  the  internal  condyle  and 
olecranon  must  be  divided.  The  epitrochlea,  if  torn  off 
and  displaced ,  must  be  loosened  and  returned.  The  troch- 
^Ivl  'i"'"T^p'''??B®''S>noid  cavity  of  the  olecranon 
must  be  cleared  of  all  fibrous  or  bony  tissue.  When  this 
IS  accomplished,  a  movement  of  adduction  of  the  fore- 
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arm  will  expose  the  humeral  extremity  in  the  external 
wound  and  allow  the  removal  of  the  new  formation  in  the 
olecranon  fossa.  When  this  is  finished  the  radius  and 
ulna  may  be  exposed  in  the  same  manner  and  the  process, 
of  clearing  their  articular  surfaces  completed.  With  the 
completion  of  the  work  upon  the  bones  the  extremities  are 
apposed,  sutured  if  desired,  and  immobilized  at  an  angle 
sufficient  to  prevent  dislocation.  In  the  reduction  of  old 
dislocations,  this  is  usually  a  right  angle,  with  the  fore- 
arm in  full  pronation  to  prevent  redislocation.  In  resec- 
tions in  which  motion  is  desired,  the  position  is  one  of 
nearly  complete  extension,  with  semipronation.  In  cases- 
in  which  an  ankylosis  is  desired,  the  forearm  is  left  at  an 
angle  a  little  less  than  a  right  angle. 

The  After-lVeatment. — It  is  to  be  borne  in  mind  that 
there  is  always  a  tendency  to  displacement  of  the  frag- 
ments, that  too  wide  a  distance  between  the  extremities 
of  the  bone  tends  to  a  tlail  joint,  and  that  too  close  a  dis- 
tance tends  to  ankylosis.  The  usual  distance  for  obtain- 
ing a  false  joint  is  between  1  and  3  cm.  In  children  an- 
kylosis is  to  be  especially  feared ;  consequently,  as  soon 
as  possible  pa.ssive  motion  must  be  enforced.  Usually 
upon  the  third  day  passive  motion  is  begun,  and  is  re- 
peated daily  in  the  wrist  and  fingers.  On  the  twenty- 
first  day  the  forearm  is  moved  in  flexion  every  second 
day,  and  returned  to  the  original  position  of  extension. 
In  from  four  to  five  weeks  the  forearm  can  be  easily 
moved  to  ninety  degrees  and  returned  to  the  original 
position  of  extension. 

The  movements  of  supination  and  pronation  are  made 
at  the  same  time  as  those  of  flexion  and  extension. 

At  the  end  of  from  six  to  eight  weeks  a  splint  can  be 
dispensed  with,  when  massage  and  electricity  are  used. 
The  daily  use  of  the  arm  must  be  secured.  At  four 
months  the  movement  in  the  new  joint  should  be  sufficient 
to  allow  the  patient  to  feed  and  dress  himself  and  to  carry 
quite  heavy  weights.  It  will  require  one  year  before  one 
can  see  the  best  results  in  motion  and  stability. 

If  large  quantities  of  bone  have  been  removed  and 
the  operation  has  been  subperiosteal  and  subcapsular,  it 
is  best  to  be  satisfied  with  an  ankylosis  at  a  right  angle 
and  in  semipronation  rather  than  run  the  risk  of  a  flail 
joint. 

If  ankylosis  is  attempted,  passive  motion  in  the  wrist, 
fingers,  and  shoulder  is  daily  practised,  in  order  to  pre- 
serve their  full  power. 

If  the  amount  of  bone  removed  has  not  been  great,  say 
enough  to  allow  from  1  to  3  cm.  between  the  bones  of  the 
arm  and  forearm,  and  if  the  operation  was  subcapsulo- 
periosteal  or  partly  so,  it  is  best  to  attempt  a  nearthrosis 
or  a  pseudarthrosis.  After  the  third  week,  when  the 
wound  is  healed  and  passive  motion  at  the  elbow  is  be- 
gun, an  angular  hinged  splint  should  be  applied,  which 
will  prevent,  during  the  exercises  of  flexion,  extension, 
supination,  and  pronation,  any  lateral  displacement  of 
the  bones.  Very  great  care  must  be  given  by  the  patient 
and  the  surgeon  to  obtain  the  ideal  result. 

One  factor  must  not  be  lost  sight  of  during  the  after- 
treatment,  and  that  is  that  an  angular  ankylosis  with 
movement  at  the  fingers,  wrist,  and  shoulder  is  more 
useful  to  a  laborious  occupation  than  the  excessive  mo- 
bility often  resulting  from  these  resections.  Another 
fact  to  be  borne  in  mind  is  that  in  the  young  motion  is 
to  be  begun  early,  In  the  adult,  in  whom  there  is  less 
danger  of  ankylosis  than  there  is  of  a  flail  joint,  passive 
motion  need  not  be  begun  until  some  firmness  is  present 
in  the  joint. 

The  mortality,  according  to  Culbertson,  is  as  follows: 
(jrunshot  wounds:  Partial  resection,  27.03  per  cent  • 
complete  resection,  25.80  percent.  Injury:  Partial  re- 
sections, 7.4  per  cent. ;  complete  resections,  31.05  per 
cent.  Disease:  Partial  resections,  11.11  percent  •  com- 
plete resections,  9.94  per  cent. 

In  the  Franco-German  war  (1870-71),  resections  for 
gunshot  injuries  gave  a  mortality  of  37.41  per  cent. 
(Gurlt).  In  our  own  civil  war,  gunshot  injuries,  when 
resected,  gave  a  mortality  of  33.70  per  cent.  Salzman, 
quoted  by  Oilier,  gives  the  mortality  of  resections  for 
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ankylosis  as  1.47  per  cent.    Functional  results  are  in  the 
mam  good,  especially  in  civil  practice. 

For  disease,  Culbertson  gives  6  perfect  and  33  useful 
joints  in  40  cases  of  partial  resection,  and  32  perfect  and 
196  useful  joints  in  390  complete  resections. 

Gurlt's  statistics,  obtained  from  the  German  wars 
(1848-77),  gives  5.63  per  cent,  as  very  good,  23.66  per 
cent,  as  good,  58.34  per  cent,  as  moderate,  14.37  per  cent, 
as  bad,  3.09  per  cent,  as  very  bad. 

Nepveu  ("Bulletin  et  Memoire  de  la  Societe  de  Chirur- 
gie,"  1883,  p.  591)  presents  31  cases  with  extensive  resto- 
ration of  the  parts.  The  general  form  of  restoration  is 
brought  about  by  the  osteophytic  growth  of  the  condyles 
of  the  humerus. 

In  Kocher's  Klinik,  1873-97  (Oschmann,  "tJber  die 
operative  Behandlung  des  tuberculosen  Ellenbogenge- 
lenks  und  ihre  Endresultate,"  Berlin,  1897),  where  a 
large  number  of  good  functionating  joints  were  obtained, 
it  was  noticed  that  rotation  at  this  joint  was  better 
than  flexion  and  extension.  It  was  observed  that  much 
value  is  to  be  placed  upon  the  preservation  of  the  anco- 
neus for  obtaining  full  power  in  extension  of  the  fore- 
arm. It  was  also  observed  in  three  cases  that  repeated 
resections  were  necessary  to  secure  good  function. 
Hence  the  importance  of  a  thorough  removal  at  the  first 
operation  is  plainly  seen  in  these  cases.  After  healing 
had  taken  place,  the  most  frequent  impediment  to  flexion 
seemed  to  be  enlargement  of  the  internal  condyle  or  of 
the  coronoid  process.  For  these  cases  secondary  resec- 
tions, removing  the  impediment  to  motion ,  are  properly 
indicated. 

The  functional  results  of  resection  for  old,  unreduced 
dislocations  show  that  70  per  cent,  have  good  results,  30 
per  cent,  have  bad  (Cuhorst,  Beit,  zur  kliii.  Ohir.,  Bd. 
XX.),  while  the  bloody  reposition  of  these  old  disloca- 
tions gave  76.9  per  cent,  of  excellent  results,  with  23  per 
cent,  of  bad  results,  no  one  of  which  can  be  considered 
due  to  the  method  of  operation  (Bunge,  loc.  cit.,  p.  594). 

Rbsbction  of  the  Superiob  Radio-humbkal  Articu- 
lation.— This  operation  is  occasionally  made  use  of  in 
old  dislocations,  in  fracture  of  the  head  of  the  radius,  im- 
peding the  motions  of  rotation,  of  flexion,  or  of  extension. 

Operation. — An  incision  of  from  5  to  7  cm.  is  made  in 
the  same  manner  as  the  Kocher  incision  for  the  resection 
of  the  elbow-joint.  This  incision  passes  in  the  interval 
between  the  anconeus  postero-internally  and  the  extensor 
carpi  ulnaris  antero-externally.  After  their  attachments 
to  the  epicondyle  have  been  loosened,  the  tissues  are  re- 
tracted and  the  capsule  is  exposed.  This  is  incised  and 
the  head  of  the  bone  is  removed  as  close  to  the  shaft  as 
possible.  The  section  should  be  at  the  point  where  the 
annular  ligament  is  closely  applied  to  the  neck  of  the 
radius.  With  this  incision  there  is  no  danger  to  the  mus- 
culospiral  nerve  anteriorly.  The  posterior  interosseous 
nerve,  as  it  crosses  within  the  fibres  of  the  supinator 
brevis  muscle,  is  distant  from  the  epicondyle  of  the 
humerus  4  cm.  on  the  external  surface  of  the  forearm. 
On  the  posterior  surface,  where  it  meets  the  interosseous 
artery  in  the  interval  between  the  supinator  brevis  and 
the  extensor  ossei  metacarpi  pollicis,  the  distance  from  the 
epicondyle  is  usually  6  cm.  or  over.  Hence  it  is  difficult 
to  injure  it  unless  the  incisions  are  prolonged  further 
than  recommended.  After  the  head  is  removed,  the 
capsule  and  ligaments  are  sutured  and  a  nearthrosis  or 
pseudarthrosis  is  attempted. 

At  ten  or  fourteen  days  passive  motion  is  begun  and 
continued  for  several  weeks.  It  has  usually  required 
three  months  to  obtain  the  best  results,  and  great  assist- 
ance has  been  derived,  as  I  believe,  from  the  daily  use  of 
the  hot  air  by  means  of  the  Sprague  apparatus.  In  three 
cases  of  fracture  of  the  head  of  the  radius  with  abolition 
of  supination  and  pronation  in  marked  degree,  removal 
of  the  head  and  conservative  after-treatment  have  given 
almost  perfect  results. 

Resection  of  the  Shotjldbr-Joint. — History. — 
James  Bent,  England,  1774,  probably  did  the  first  ex- 
cision ;  the  elder  Moreau  probably  the  first  complete  ex- 
cision, 1786. 


In  the  Schleswig-Holstein  campaign  (1848),  in  the  Cri- 
mean War  (1855),  and  in  our  own  civil  war  (1861-65)  the 
operation  gamed  greatly  in  prominence  and  has  since 
then  become  fully  established. 

To  obtain  a  nearthrosis  or  a  good  pseudarthrosis,  the 
line  of  section  m  the  humerus  must  be  below  the  tuber- 
osities to  which  are  attached  the  rotators  and  above  the^ 
adductors  In  all  cases  as  little  is  sacrificed  as  is  possi- 
ble, in  order  that  the  functions  of  the  forearm  and  hand 
may  be  preserved  in  their  entirety.  In  children,  in 
whom  the  growth  is  almost  finished,  operations  with  sac- 
rifice of  the  muscular  attachments  and  with  little  loss  of 
the  humerus  give  good  functional  results  with  either  a 
nearthrosis  or  a  pseudarthrosis.  In  adults,  especially  if 
the  periosteum  is  not  saved  and  the  muscular  attach- 
ments have  been  sacrificed,  ankylosis  or  a  flail  joint  will 
result,  for  the  periosteal  activity  in  adults  is  often  want- 
ing and  no  reproduction  takes  place. 

In  all  cases  the  constant  tendency  to  forward  displace- 
ment of  the  humerus  must  be  avoided.  In  all  cases  the^ 
humerus  must  be  held  in  contact  with  the  scapular  bor- 
der or  the  glenoid  cavity  in  order  to  obtain  a  fixed  but. 
movable  joint  upon  which  the  muscles  may  move  the 
humerus.  The  mobility  of  the  scapula  compensates  in^ 
great  measure  for  immobility  at  the  gleno-humeral  union. 
Indications  fm-  Resection  of  the  Shoulder-Joint  for  In- 
jury.—In  slight  injuries  and  in  gunshot  wounds,  expect- 
ant treatment  and  at  the  most  a  partial  resection  are  indi- 
cated. In  severe  inj  uries  to  the  head  of  the  humerus,  and 
in  comminuted  fractures  from  gunshot  wounds  with  the 
nerves  and  vessels  intact^  a  primary  resection  is  indicated. 
In  severe  injury  to  the  head  of  the  humerus  and  to  the^ 
acromion  process  and  the  scapula,  the  operation  is  not 
necessarily  contraindicated,  provided  the  nerves  and  ves- 
sels are  intact.  In  case  the  latter  are  involved,  amputa- 
tion is  in  all  probability  the  only  successful  issue.  In. 
case  the  nerves  are  injured,  the  main  vessels  escaping, 
and  provided  the  injured  nerves  can  be  sutured,  amputa- 
tion should  give  way  to  resection  of  the  joint  and  suture^ 
of  the  nerves. 

In  some  cases  of  compound  dislocation  or  of  old  unre- 
duced dislocations,  with  or  without  fracture  throu^gh  the' 
surgical  neck  of  the  humerus,  resection  has  been  made 
necessary ;  yet  these  cases  are  becoming  more  and  more 
infrequent,  owing  to  the  aseptic  treatment  and  to  the 
earlier  reductions  by  incisions  (confer  here  Dollinger, 
Deut.  Zeitachrift far  Cldrurgie,  No.  66). 

1.  I  can  quote  no  better  authority  on  the  unreduced 
dislocation  of  the  shoulder-joint  than  Souchon  (Trans. 
Amer.  Surg.  Association,  1896,  p.  409).  He  maintains  r 
I.  That  operation  is  justifiable  only  in  recent  cases  in 
full-grown  subjects  of  sufficient  age  to  insure  no  great, 
shortening  from  want  of  growth  in  the  bone.  II.  That 
resection  should  be  performed  in  all  instances  except- 
when  the  head  and  glenoid  cavity  are  in  good  condition ; 
when  reduction  can  be  accomplished  without  great  eft'ort- 
or  extensive  dissection ;  and  when  the  head,  once  reduced, 
readily  remains  in  place. 

3.  In  fracture  of  the  upper  part  of  the  surgical  neek  of 
the  humerus  and  dislocation  of  the  head  reduction  of  the 
dislocated  head  and  suture  of  the  fracture  will  be  pref- 
erable to  resection  in  a  recent  case  (McBurney,  Annals 
of  Surgery,  1894,  vol.  i.,  p.  399);  but  when  union  fails 
and  the  joint  becomes  useless,  or  if  the  dislocated  head 
cannot  be  reduced  without  too  extensive  interference  with 
its  nutrition,  it  must  be  removed. 

3.  In  recurrent  dislocations  resection  has  been  per- 
formed not  infrequently,  yet  attempts  at  more  conserva- 
tive methods  are  recommended  (Burrell  and  Lovett, 
Trans.  Amer.  Surg.  Association,  1897,  p.  293).  Such  a 
conservative  method  is  described  in  the  above  paper. 

For  J>isease.^B.ere  partial  and  complete  resections  are 
indicated,  although  the  functional  results  are  not  much, 
better  than  in  cases  of  ankylosis  following  expectant  treat- 
ment. 1.  In  tuberculosis  and  in  the  destruction  of  a 
joint  following  epiphysitis  and  suppuration,  gonorrhoeal 
infection,  injury  and  infection,  or  from  suppurative  sub- 
deltoid bursitis,  partial  or  complete  resection  is  indicated 
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as  soon  as  conservative  surgical  treatment  fails  to  cure. 
2  In  ankylosis  following  acute  rheumatic  arthritis  and 
acute  traumatic  arthritis  with  suppuration,  resection  is 
Indicated  in  some  instances.  .  -      /j,      n 

For  tiinwrs  involving  the  bones  of  tlmjomt.     A  tew  (tour) 
instances  exist  in  which  a  part  of  the  humerus  has  been  re- 
moved for  sarcomatous  growths 
involving  the  joint. 

Anatomy.  — The  anatomy_  of  the 
shoulder  joint    is  very  simple. 
,.,  ,  9M^,&m     ^^^  ^^^  y^OJiy  prominences  in  its 

A  l:_a —  ^  m-^W  vicinity  can  be  easily  felt.  The 
groove  between  the  pectoralis 
major  and  the  deltoid,  in  which 
lie  the  cephalic  vein  and  the 
acromiothoracic  artery,  are  ea- 
sily made  out.  The  circumflex 
i"j|      '  III  nerve  and  the  posterior  circum- 

1  I        ill  flex    artery  cross   the  humerus 

''  in  a  horizontal  line  one  finger's 

breadtlr  below  the  centre  of  a 
line  drawn  from  the  acromion 
Fig.  4053.  to  the  deltoid  insertion.     These 

two  structures  usually  pass  just 
below  the  capsular  attachment  upon  the  internal  surface 
of  the  anatomical  neck,  which  point  is  opposite  the  so- 
called  surgical  neck  of  the  humerus — the  point  above  men- 
tioned. The  upper  epiphysis  becomes  united  to  the  shaft 
at  twenty  years.  The  deltoid  muscle  is  so  situated  that 
the  only  place  where  it  can  be  divided  without  injuring  a 
portion  of  the  nerve  supply  is  close  to  tlie  margin  of  the 
acromion  process  and  of  the  spine  of  the  scapula.  This 
method  of  incision,  recommended  formerly  by  Nelaton, 
NeudSrfer,  Perrin,  and  Gurlt,  avoids  injury  to  the  cir- 
cumflex nerve  and  at  the  same  time  permits  union  of  the 
muscle  to  the  bones  without  atrophy  of  the  muscular 
bundles.  As  a  result,  the  humeral  end  is  held  in  contact 
with  the  glenoid  cavity  or  the  border  of  the  scapula 
in  a  firmer  and  stronger  manner  than  can  be  obtained 
when  atrophy  of  muscular  fibres  follows  operation. 

This  method  of  entering  the  joint  is  not  convenient  for 
•observation  of  all  parts  of  the  articulation,  especially  of 
the  anterior  portion. 

Another  method  of  entering  the  joint  is  by  means  of 
incisions  which  traverse  the  deltoid  muscle  anteriorly. 
There  are  two  of  these  incisions.  One  (Baudens,  Mal- 
gaigne,  and  Langenbeck,  "Esmarch's  Handbuch"  and 
Archiv  fiir  klin.  Ohir.,  xvi.)  divides  the  anterior  fibres  of 
the  deltoid  muscle  and  necessarily  paralyzes  the  anterior 
fibres  of  this  muscle.  Its  field  of  observation  and  manipu- 
lation is  a  direct  and  extensive  one.  The  other  anterior 
incision  (Oilier,  "  Traite  des  Resections ")  passes  nearer 
the  interval  between  the  pectoralis  major  and  the  deltoid 
muscles,  paralyzes  less  of  the  deltoid  muscle,  and  gives 
an  operative  field  quite  as  good  as  that  obtained  by  the 
Langenbeck  incision.  The  posterior  incision  is  anatom- 
ically the  better  one,  but  incisions  must  be  made  to  ex- 
pose diseased  areas  and  to  render  possible  a  full  inspec- 
tion of  other  portions  of  a  joint  than  those  thought  to  be 
alone  involved.  For  this  reason  incisions  which  traverse 
the  anterior  portion  of  the  deltoid  muscle  have  been 
selected  by  most  surgeons  as  the  best. 

We  will  describe  two  methods  of  operation,  one  by  the 
anterior  incision,  the  other  by  the  posterior  incision 
Both  methods  should  bo  performed  subperiosteally  if 
possible,  since  the  partial  reproduction  of  bone  greatly 
aids  the  function  of  the  joint  by  giving  a  more  perfect 
fulcrum  for  the  muscles  of  the  shoulder  (von  Langenbeck 
Archnfiir  klin.  Ohir.,  1874,  xvi.,  and  Oilier,  "Traitl 
■des  Resections,"  t.  i.  and  ii.). 

Operation  by  the  Anterior  Jncision.—The  patient  Is 
placed  upon  the  back  with  the  elbow  slightly  raised  from 
the  side  and  the  hand  resting  upon  the  iliac  spine  of  the 
same  side.  An  incision  is  begun  at  the  outer  extremity 
ot  the  coracoid  process,  and  descends  over  the  deltoid 
muscle  parallel  to  its  fibres  (i.e.,  slightly  outward)  for  a 
distance  of  from  6  to  10  cm.  (Oilier,  loc.  J.  ■  Hueter  "  Ge 
lenkskrankheiten, "  vol.  ii.,  587).  The  muscle  is  exposed  in 
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this  incision.  The  muscle  is  incised  parallel  to  its  fibres, 
and  the  capsule,  the  humerus,  and  the  coraco-acromial 
ligament  are  exposed.  The  borders  of  the  wound  are 
now  retracted  and  the  bicipital  groove  in  the  humerus  is 
noted.  The  capsule  is  divided  longitudinally  and  exter- 
nally to  the  sheath  containing  the  biceps  tendon.  This 
division  of  the  capsule  extends  above  as  far  as  the  gle- 
noid ligament.  Below,  the  capsule  and  the  periosteum 
are  divided  clo'se  to  but  external  to  the  commencement 
of  the  bicipital  groove  in  the  humerus.  With  the  rugine 
when  one  can,  and  with  the  knife  when  necessary,  the 
periosteo-capsular  attachment  of  the  internal  flap  is  sep- 
arated along  the  external  ridge  of  the  bicipital  groove, 
across  the  groove,  and  beyond  the  lesser  tuberosity.  To 
facilitate  this  work  the  arm  is  rotated  outward,  and  as 
one  approaches  this  tuberosity  the  head  is  made  promi- 
nent in  the  wound  by  lowering  the  elbow  during  the  act 
of  rotation.  In  this  manner,  with  good  retraction,  the 
capsule  and  the  periosteum,  or  the  capsule  alone,  may  be 
separated  beyond  the  insertion  of  the  subscapularis  mus- 
cle. After  this  is  accomplished  the  arm  is  returned  to 
its  original  position  and  the  separation  of  the  periosteum 
and  capsule  of  the  external  flap  is  commenced. 

With  a  retractor  beneath  the  capsule,  the  flap  is  raised 
and  the  separation  of  the  capsule  and  the  periosteum 
over  the  tuberosities  and  below  upon  the  shaft  is  com- 
menced. This  is  facilitated  by  rotating  the  arm  inward 
while  it  is  slightly  adducted  and  the  elbow  is  lowered. 
Tliis  mancEuvre  is  continued  until  the  attachments  of  the 
supra-  and  infraspinatus  and  teres  minor  muscles  are 
passed. 

The  arm  is  now  allowed  to  hang  to  the  side  of  the  table 
in  a  vertical  position,  and  when  the  retractors  separate 
the  flaps  and  the  biceps  tendon  is  drawn  aside  the  head  is 
pushed  upward  through  the  wound  and  presents  itself  to 
view.  The  capsule  and  the  periosteum  are  now  cleared 
from  the  internal  surface  of  the  shaft,  and  when  they  are 
sufficiently  so  the  saw  is  applied.  During  the  section  of 
the  bone  the  head  is  held  firmly  with  the  long-toothed 
forceps  while  an  assistant  grasps  the  arm  and  steadies  it. 

Gigli's  saw  or  a  bow  saw  (Helferich's)  is  usually  pre- 
ferred in  making  the  section.  The  line  of  section  is  from 
within  outward  and  from  below  upward  for  one-half  the 
diameter  of  the  bone.  For  the  rest  the  section  is  more 
horizontal  (Pig.  4053,  A  A).  As  much  of  the  shaft  of  the 
bone  must  be  saved  as  is  compatible  with  removal  of  the 
disease.  The  section  should  be  made  just  below  the  ar- 
ticular surface  if  possible.  In  such  a  section,  the  whole 
length  of  the  humerus  will  act  as  a  fulcrum  for  the  del- 
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toid  muscle  in  elevating  the  arm,  and  a  greater  power 
will  be  retained  than  when  the  section  is  nearer  or  throuffh 
the  surgical  neck.  ° 

The  glenoid  cavity  is  now  examined  and  is  curetted  or 
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cut  away  with  the  chisel  or  cutting  forceps.  If  this  is 
necessary,  the  capsule  and  the  insertions  of  the  triceps 
and  biceps  muscles  should  be  freed  from  the  bone  before 
its  removal. 

In  cases  of  bony  ankylosis,  the  line  of  union  may  be 
divided,  and  when  the  humerus  is  movable  the  resection 
may  be  completed  as  above  de- 
scribed, or  one  may  saw 
through  the  humerus  first  and 
subsequently  extirpate  the 
head  from  its  capsular  and 
muscular  attachments. 

In  tuberculous  diseases,  much 
time  must  be  spent  in  remov- 


FIG.  4055. 


ing  the  synovial  membrane  and  clearing  up  the  sinuses 
and  the  bursas  involved.  When  oozing  is  present,  these 
cases  are  best  partially  sewed  and  tamponed  for  sev- 
eral days,  but  when  hemorrhage  is  fully  stopped  they 
should  be  sewed  up  completely.  The  same  holds  true  for 
other  infections  and  for  tumors.  When  the  hemorrhage 
has  been  checked,  the  capsule  and  the  periosteum  are 
sutured  with  catgut.  The  deltoid  is  held  together  by 
catgut  sutures  involving  a  few  of  its  fibres,  but  suffi- 
ciently to  close  the  opening.  Drainage  when  required 
may  be  obtained  by  an  opening  through  the  capsule  pos- 
teriorly.    The  skin  is  sutured  with  silk. 

The  position  of  the  arm  should  be  one  of  slight  abduc- 
tion, with  the  humerus  pushed  upward  and  backward 
and  in  contact  with  the  glenoid  cavity  or  the  border  of 
the  scapula,  where  it  is  retained  during  the  dressing  by 
chromicized  catgut  sutures  inserted  before  closmg  the 

capsule.  _,,  ,         ^^    ,     t 

The  Method  iy  the  PosUrior  Incision.— This,  method  ot 
incision  is  recommended  at  the  present  time  by  McCor- 
mac  and  Kocher.  McCormac  ("Surgical  Operations, 
Vol.  ii.)  recommends  it  when  the  site  of  section  in  the 
humerus  is  to  be  above  the  tuberosities.  Kocher  believes 
that  this  method  is  advantageous  in  allowing  perfect 
drainage  and  in  preventing  a  forward  dislocation  so  fre- 
quent after  resection  by  leaving  intact  all  that  part  of 
the  ioint  and  muscle  attachment  between  the  biceps  ten- 
don and  the  lower  border  of  the  subscapularis  muscle. 
His  method  of  incision,  he  believes,  overcomes  the  inter- 
ference with  the  exposure  of  the  joint  produced  by  the 
prominent  acromion,  and  likewise  avoids  the  danger  of 
iniury  to  the  circumflex  nerve,  as  it  passes  close  to  the 
humeral  attachment  of  the  capsule  and  the  teres  minor 
muscle.  His  method  loaves  the  deltoid  practically  un- 
injured, so  that  its  action  in  elevation  of  the  arm  suffers 
in  no  degree  (Fig.  4054).  „  ,  ■      i     • 

An  incision  is  made,  passing  from  the  acromio-clavicu- 
lar  articulation  over  the  prominence  of  the  shoulder, 
along  the  spine  of  the  scapula  to  its  middle.  From  here 
the  incision  inclines  in  a  curve  downward  toward  the 
posterior  axillary  fold,  ending  about  two  fingers  breadth 


before  reaching  it.  The  upper  limb  of  this  incision  di- 
vides the  tissue  over  the  acromio-clavicular  joint  and  the 
spine  of  the  scapula,  exposing  each.  The  lower  limb  di- 
vides the  tense  fascia  close  to  the  posterior  border  of  the 
deltoid  muscle  and  exposes  the  muscle  for  a  distance  of 
from  3  to  3  cm.  from  the  spine  of  the  scapula.  The  mus- 
cular fibres  of  the  deltoid  muscle  which  are  inserted  into 
the  spine  behind  this  incision  must  now  be  divided.  This 
is  the  only  portion  of  the  muscle  which  is  divided  and 
is  deprived  of  action.  The  trapezius  muscle  is  next  sep- 
arated subperiosteally  as  far  as  tlie  acromio-clavicular 
articulation  from  the  upper  border  of  the  spine  of  the  scap- 
ula. Likewise,  upon  the  lower  border  of  the  spine  of  the 
scapula,  the  deltoid  insertion  is  separated  subperiosteally 
as  far  forward  as  the  spot  marked  by  the  junction  of  the 
acromion  process  and  tlie  spine  of  the  scapula.  At  this 
point  the  spine  is  separated  from  the  acromion  process 
either  with  the  chisel  or,  better,  with  the  Gigli  saw. 
(Fig.  4055).  Care  must  be  exercised  not  to  injure  the 
suprascapular  nerve  as  it  passes  from  the  supra-  to  the 
infraspinous  fossa.  It  is  well  also  to  make  two  drill  holes 
before  dividing  the  spine  from  the  aicromion  process,  so 
that  they  can  be  more  easily  sutured  at  a  later  date. 

Wlien  this  separation  is  completed,  the  acromion  proc- 
ess with  the  attached  deltoid  muscle  is  luxated  forward. 
The  deltoid  muscle  is  thus  raised  from  the  teres  minor, 
the  infraspinatus,  and  the  supraspinatus  muscles,  to 
which  it  is  but  loosely  attached  by  connective  tissue. 
After  the  dislocation  of  the  acromio-deltoid  fiap,  the  in- 
sertion and  the  muscular  bellies  of  these  three  muscles 
which  cover  the  humeral  head  are  exposed  (Fig.  4056). 
The  elbow  is  now  brought  forward  and  the  arm  is  rotated 
outward.  Along  the  upper  border  of  the  supraspinatus 
muscle  an  incision  is  made  from  the  margin  of  the  glenoid 
cavity  to  the  spine  of  the  greater  tuberosity,  exposing  the 
tendon  of  the  biceps  muscle  in  its  whole  length  within  the 
joint.  The  outward  rotators  are  next  loosened  subperi- 
osteally from  the  greater  tuberosity,  and,  while  still  at- 
tached to  the  periosteum  of  the  shaft,  are  retracted  pos- 
teriorly.    If  one  wishes,  a  small  part  of  the  tuberosity 


Fig.  4056. 


may  be  cut  away  with  the  chisel,  leaving  thus  a  nucleus 
?^f  the  future  divelopment  of  a  new  tuberosity  (Yog  s 
method).  The  biceps  tendon  is  now  loosened  from  tue 
bicipital  groove  and  is  drawn  forward.     The  insertion 
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of  the  subscapular  muscle  is  seen  at  its  attacliment  to 
the  lesser  tuberosity  and  to  the  spine  of  this  tuberosity. 
It  should  be  separated  subperiosteally  and  drawn  forward 
and  inward.  The  circumflex  artery  and  nerve  are  to  be 
avoided  at  the  lower  border  of  this  muscle.  As  soon  as 
the  head  is  thus  freed,  it  can  be  easily  protruded  through 
the  wound  (Fig.  40.56).  After  it  has  been  removed,  the 
glenoid  cavity  should  be  freely  exposed  and  to  an  extent 
which  is  unattainable  by  any  anterior  incision.  This  ex- 
posure is  best  accomplished,  after  the  head  has  been  re- 
moved, by  exerting  traction  upon  the  elbow  while  it  is 
held  in  the  position  of  adduction.  The  importance  of 
the  exposure  of  the  glenoid  cavity  in  tuberculosis  of  this 
joint  cannot  be  questioned,  and  therefore  this  method 
has  its  specific  application. 

After  the  synovial  membrane,  the  bursse,  and  the  bones 
are  removed,  the  capsule  and  the  periosteum  are  sutured, 
and  the  wound  is  closed.  If  drainage  is  necessary,  the 
capsule  should  be  incised  below  the  border  of  the  teres 
minor,  and  care  taken  to  avoid  the  circumflex  nerve  and 
artery  as  it  emerges  beneath  the  muscle.'  These  are  easily 
recognized,  however,  since  the  field  is  so  well  exposed. 
After  this  is  accomplished,  the  spine  of  the  scapula  and 
the  acromion  should  be  sutured.  The  trapezius  and  the 
deltoid  are  sutured  over  the  acromion  or  spine  of  the  scap- 
ula if  necessary ;  if  it  is  not  thought  necessary,  they  are 
left  unsutured.     The  skin  should  be  sutured  separately. 

Sir  William  MacCormac  prefers  entering  the  joint  be- 
tween the  teres  minor  and  the  infraspinatus  muscles, 
clearing  the  infraspinatus,  suijraspinatus,  and  the  sub- 
scapularis  muscles  and  the  biceps  tendon  forward,  until 
the  bone  is  free,  and  subsequently  clearing  the  teres  minor 
muscle  with  the  capsule  posteriorly.  In  some  instances 
this  is  undoubtedly  a  good  method  of  approach  after  the 
deltoid  has  been  retracted  forward  ("Surgical  Opera- 
tions," part  ii.). 

Aftei'- Treatment. — The  main  point  in  the  after-treat- 
ment seems  to  be  the  retention  of  the  head  in  contact 
with  the  glenoid  cavity  or  with  the  border  of  the  scapula. 
This  contact  may  be  secured  by  the  use  of  chromicized 
catgut,  which  lasts  long  enough  to  insure  no  slipping 
during  the  primary  dressing.  A  large  pad  made  like  the 
Stromeyer's  cushion  is  now  placed  in  the  axilla,  and  the 
arm  resting  upon  this  pad  is  secured  to  the  side,  while  the 
forearm  is  supported  by  a  sling.  This  pad  supports  the 
humerus,  fixes  it,  and  prevents  the  tendency  which  the 
pectoralis  major  and  the  latissimus  dorsi  have,  to  dis- 
place the  upper  end  of  the  humerus  in  an  inward  direc- 
tion, beneath  the  coracoid  process.  This  tendency  will  be 
more  diificult  to  counteract  if  the  external  rotators  have 
been  divided. 

The  first  dressing  is  not  changed  for  from  six  to  ten 
days  if  possible.  The  movements  of  the  fingers,  wrist, 
and  elbow  are  gently  exercised  daily  from  the  very  first. 
It  is  useless  to  begin  moving  the  shoulder  until  the  deep 
parts  of  the  wound  are  sufficiently  healed,  i.e.,  usually 
in  the  second  or  third  week.  In  this  manipulation  abduc- 
tion must  be  made  with  care,  for  fear  of  dislodging  the 
head  and  forcing  it  beneath  the  coracoid  process.  Daily 
application  of  massage,  electricity,  and  superheated  air 
(Sprague  apparatus)  to  the  muscles  of  the  shoulder  is  very 
useful  in  preventing  too  extensive  ankylosis. 

The  deltoid  and  the  rotator  muscles  should  be  daily  ex- 
ercised by  appropriate  manipulations.  This  should  be 
continued  for  from  four  to  six  weeks,  after  which  the  pa- 
tient must  carry  out  his  own  exercises,  such  as  bringing 
a  gun  to  the  shoulder,  lifting  weights  with  the  arm  ab- 
ducted, and  appropriate  exercises  upon  the  various  kinds 
of  gymnastic  weights  and  pulleys. 

The  after-treatment  must  be  maintained  for  a  long  time 
in  order  to  obtain  the  best  results.  Langenbeck  refers  to 
a  case  {ArcMvfur  klin.  Cliir.,  xvi.,  p.  393)  in  which  the 
arm  increased  in  strength  for  two  years  following  the 
operation. 

Results. — According  to  Culbertson,  the  mortality  was 
as  follows:  For  gu-nshot  wounds  (855  cases),  31.44  per 
cent. ;  for  disease  (116  cases),  15.84  per  cent.  According 
to  Otis,  the  results  were  as  follows:  Out  of  2,369  cases 


of  gunshot  wounds,  577  of  which  were  treated  by  the 
expectant  method,  there  were  951  cases  which  were 
treated  by  excision,  with  a  mortality  of  36.6  per  cent., 
and  841  cases  which  were  treated  by  amputation,  with  a 
mortality  of  39.1  per  cent.  The  mortality  for  the  3,369 
cases  was  25. 1  per  cent.  According  to  Souchon,  the  re- 
sults, in  cases  of  old  irreducible  dislocations,  with  or 
without  fracture  of  the  humerus,  were  as  follows:  In 
those  treated  by  reduction,  the  mortality  was  10  per 
cent.,  and  in  those  treated  by  resection  it  was  12  per  cent. 

The  Functional  Result. — Usually  flexion  and  extension 
are  good ;  adduction  is  also  usually  good.  Rotation  and 
abduction  are  usually  feeble.  The  tendency  in  this  joint 
IS  toward  ankylosis  rather  than  toward  a  flail  joint.  The 
subperiosteal  method  (Oilier)  gives  the  most  perfect  func- 
tional result,  and  should  be  practised  whenever  feasible. 
According  to  Gurlt  ("Ueber  Gelenksresectionen  nach 
Schusswunden, "  Berlin),  the  results  in  213  cases  were 
as  follows:  Very  good,  almost  perfect,  in  1.87  per  cent. ; 
good,  not  perfect,  but  useful,  in  42.25  per  cent. ;  moder- 
ate, of  limited  use,  in  47.88  per  cent. ;  bad,  useless,  in 
7.98  per  cent.  In  the  German  wars  (Langenbeck, 
Arehivfiir  klin.  Ohir.,  xvi.),  conservative  treatment  gave 
at  least  as  good  results  as  the  resections  which  were  then 
performed.  Thus,  in  44  cases  of  resection  of  the  head 
of  the  humerus,  the  results  were  good  in  3  instances, 
while  in  31  cases  the  shoulder  hung  like  a  flail,  and  the 
elbow,  hand,  and  fingers  were  more  or  less  useless.  On 
the  other  hand,  in  54  cases  treated  conservatively,  there 
was  ankylosis  in  43  instances,  but  the  elbow,  hand,  and 
fingers  continued  to  be  useful.  "  When  the  subperiosteal 
method  is  employed  and  the  supraspinatus,  the  infraspi- 
natus, the  teres  minor,  and  the  subscapularis  muscles 
remain  in  connection  with  the  periosteum  of  the  shaft  of 
the  humerus,  a  flail  joint  will  not  result."  "The  good 
results  are  obtained  when  the  subperiosteal  method  is 
carried  out."  He  reports  8  cases  with  excellent  results. 
y^egnei:  (Gliarite  Annalen,  1901,  Bd.  xxv.)  also  reports  an 
excellent  result  following  resection  of  this  joint  for  caries 
sicca  (tuberculosis). 

The  Resection  of  the  Lower  Extkemitt. — The 
small  joints  of  the  foot  occasionally  require  resection. 
Corresponding  joints  in  the  toes  are  removed  in  the  same 
manner  as  those  in  the  fingers.  As  a  matter  of  fact,  re- 
section of  the  toes  is  seldom  done,  since  their  deforma- 
tions do  not  demand  it. 

Resections  of  the  metatarso-phalangeal  joints  are  per- 
formed in  the  same  manner  as  in  the  hand.  The  inci- 
sions are  placed  to  either  side  of  the  extensor  tendon  in 
the  second,  third,  and  fourth  metatarso-phalangeal 
joints,  to  the  inner  side  of  the  tendon  in  the  first  meta- 
tarso-phalangeal articulation,  and  to  the  outer  side  of 
the  tendon  in  the  fifth  metatarso-phalangeal  joint. 

Of  these  joints,  the  metatarso-phalangeal  articulation 
of  the  great  toe  is  not  infrequently  resected  for  hallux 
valgus.  As  these  cases  are  quite  often  complicated  with 
a  bunion  which  requires  removal  at  the  same  time,  this 
incision  is  a  semilunar  one.  It  extends  from  a  point  on 
tlie  metatarsal  bone,  2.5  to  3.5  cm.  above  the  joint.  It 
descends  in  a  curve  over  the  lower  quadrant  of  the  bunion 
until  it  reaches  its  mid-point,  whence  it  ascends  in  a 
curve  to  the  centre  of  the  outer  border  of  the  first  phal- 
anx. This  flap  with  the  deep  connective  tissue  is  dis- 
sected from  the  bunion  until  its  base  is  reached.  The 
adventitious  tissue  and  the  bunion  are  now  removed,  after 
which  the  subperiosteo-capsular  method  is  pursued  in 
freeing  the  ends  of  the  bones.  When  the  periosteum  and 
the  capsule  are  loosened  to  beyond  the  centre  of  the  ar- 
ticular surfaces,  the  ends  of  the  bones  may  be  made  to 
protrude  through  the  wound.     (Fig.  4057.) 

They  may  now  be  removed  completely  or  partially  as 
desired.  Since  it  is  very  necessary  to  retain  the  sesamoid 
bones,  the  separation  of  the  periosteum  and  of  the  cap- 
sule upon  the  inferior  surface  of  the  joint  must  be  done 
with  care.  After  removal  of  the  articular  ends  of  the 
bones  they  are  placed  in,,  apposition  and  sutured  with 
catgut  if  one  desires  an  ankylosis.  If  a  pseudarthrosis  or 
nearthrosis  is  desired,  no  suture  of  the  bones  is  made. 
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Ankylosis  is  obtained  bj'  maintaining  the  bones  in  appo- 
sition. Pseudarthrosis  or  nearthrosis  is  obtained  when 
the  ends  of  the  bones  are  left  within  tlie  capsule  which  is 
closed  over  them.  Many  deformities  in  hallux  valgus, 
where  the  bunion  and  the  deformity  are  not  great,  may  be 


Fig.  4057. 

corrected  by  a  cuneiform  osteotomy  of  the  lower  third  of 
the  metatarsal  bone,  and  sucK  an  operation  is  to  be  ad- 
vised in  the  minor  cases  of  this  condition. 

Resections  involving  either  the  metatarso-tarsal,  the 
tarsal,  or  the  talo-tarsal  joints,  are  rarely  performed,  be- 
•cause  disease  is  scarcely  ever  confined  to  any  one  of  these 
several  joints.  It  is  rare  to  have  only  one  of  the  seven* 
articular  synovial  cavities  of  the  foot  involved. 

Disease  or  infection  from  injury  commencing  in  any 
one  of  these  seven  cavities  soon  spreads  through  the  can- 
cellous tissue  of  the  bone  to  the  neighboring  synovial 
cavities,  so  that  tlie  process  rapidly  becomes  a  diffuse 
synovial,  parasynovial,  and  periosteal  one  (Fig.  4058). 

For  this  reason  resections  of  single  joints  are  rarely 
made  on  account  of  disease.     In  injuries  to  these  joints 

and  in  deformities  congen- 
ital or  acquired,  resections 
of  single  joints  can  rarely 
be  performed  in  even  mi- 
nor grades  of  the  injury  or 
deformity.  "VVe  must  look 
upon  the  foot  as  a  whole 
and  operate  without  re- 
gard to  the  joints,  with  the 
sole  idea  of  removing  the 
condition  for  which  we 
operate. 

There  are  several  pro- 
cedures which  are  appli- 
cable to  injury  or  disease 
of  this  region:  (1)  Those 
of  Bardenheuer  and  P. 
Bruns ;  (2)  those  of  Wladi- 
mirofl-Mikulicz  and  Kilm- 
mell.  For  disease  or  in- 
jury situated  between  the 
bases  of  the  metatarsal 
bones  and  the  calcaneus 
and  talus,  Bardenheuer's 
method  is  especially  ap- 
plicable. In  the  majority 
of  cases  the  involvement 
of  the  tarsal  bones  and  the 
periosteal  tissues  is  so 
great  that  an  extensive  ex- 
posure must  be  made  in 
■order  to  remove  the  diseased  tissues  completely.  Where 
the  disease  involves  the  metatarso-tarsal,  the  talo-cal- 
caneo-navicular,  and  the  calcaneo-cuboid  articulations, 
the  method  of   H.  P.  Watson  (Jacobson's  "Surgery," 

*I.  Between  the  first  metatarsaland  the  internal  cuneiform  bones. 
II  Between  the  second  and  third  metatarsal  and  the  middle  and  exter- 
nal cuneiform  bones  which  communicate  with  IV.  III.  Between  the 
lourth  and  fifth  metatarsal  and  the  cuboid.  IV.  Between  the  three 
euneiform  and  the  scaphoid  bones  which  communicates  with  II.  V. 
Between  the  cuboid  and  calcaneus.  VI.  Between  the  navicular  and 
the  calcaneus  and  the  talus.    VII.  Between  the  talus  and  calcaneus. 


Fig.  4058. 


FIG.  4059. 


vol.  ii.,  p.  707)  is  not  satisfactory  and  a  more  extensive 
exposure  is  required.  It  is  here  that  Bardenheuer's 
method  is  most  applicable. 

Anterior  Tarsectomy  (Bardenheuer,  "  Mittheilungen  aus 
dem  K51ner  Bitrger-Hospital,"  1-4). — An  Esmarch  ban- 
dage is  applied.  An  incision  is  made  through  the  skin, 
subcutaneous  tissue,  tendons  of  the  extensor  communis 
longus  and  brevis  and  proprius  pollicis,  and  the  cuta- 
neous nerves,  down  to  the  bones  from  the  first  to  the 
fifth  metatarsal  bones  at  their  bases  (Pig.  4059).  From 
the  extremities  of  this  incision,  two  incisions  are  curved 
upward  along  the 
internal  and  exter- 
nal borders  of  the 
foot  to  beyond  the 
medio  tarsal  joint. 
These  incisions  also 
extend  through  to 
the  bone,  dividing 
the  tendons  of  the 
p  e  r  o  n  e  u  s  tertius 
and  of  the  tibialis 
anticus.  If  neces- 
sary, these  lateral 
incisions  may  be 
prolonged  upon  the 
metatarsal  bones, 
the  U-shaped  incis- 
ion being  converted 
into  an  H  -  shaped 
one.  This  flap  as 
marked  out  is  dis- 
sected from  the 
periosteum  and  the 
ligaments  of  the 
bones  until  it  can  be 
reflected  above  the 
level  of  tlie  medio- 
tarsal  joints.     Here 

it  is  best  to  enter  the  joint,  dividing  the  ligaments  upon 
the  anterior  and  lateral  surfaces,  when,  if  the  forefoot  is 
firmly  held  and  depressed,  the  plantar  ligaments  holding 
the  calcaneus  and  scaphoid  and  the  calcaneus  and  cuboid 
can  be  divided.  This  division  frees  the  tarsus,  and  allows, 
as  in  Lisfranc's  am-  _ 

putation,    an    easy  _.— -'     "\ 

separation  of  the 
tendons  of  the  tibi- 
alis posticus,  the 
peroneus  longus, 
and  the  less  import- 
ant muscles  from 
the  tarsus  as  far  as 
the  bases  of  the 
metatarsal  bones. 
At  this  point  a  blunt 
retractor  is  passed 
between  the  bones 
and  subjacent  tis- 
sues, and  the  bases 
o.f  the  metatarsal 
bones  are  sawn  at 
the  distal  side  of 
their  articular  sur- 
faces. The  articular 
surfaces  of  the 
calcaneus  and  of  the 
talus  are  now  sawn 
off  (Fig.  4060).  The 
disease  involving 
the  muscles  and  the 
sheaths  of  the  ten- 
dons is  next  re- 
moved. The  ves- 
sels are  ligated,  the 

Esmarch  bandage  is  removed,  and  the  sawn  extremities 
of  the  bones  are  apposed  and  sutured  with  chromicized 
catgut.    If  the  disease  is  not  thoroughly  removed,  or  if 


FIG.  4060.- 


■Diagram   Illustrating    Barden- 
heuer's Operation. 
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one  so  desires  for  any  other  reason,  the  wound  may  be 
packed  until  granulation  appears,  when  a  secondary  sut- 
uring is  done. 

In  this  operation  the  tendons 
are  rarely  sutured.  It  has  been 
found  that  in  healing  by  granu- 
lation the  fibrous  cicatrix  unites 
the  tendons  so  that  motion  in  the 
toes  is  often  good.  It  is,  how- 
ever, advisable  that  the^endons 
be  sutured  whenever  the  wound 
treatment  allows  it.    If  possible, 


Fig.  i061.— Lateral  View  of  the  Bones  after  Bardenheuer's  Resection 
ol  tlie  Tarsus. 

the  tendons  to  the  first  toe  should  be  sutured  in  all 
cases.  In  some  cases  sensation  has  returned  though  no 
suture  of  the  nerves  was  attempted. 

O.  Woia  (Verb.  d. 
deut.  Ges.  f.  Chir., 
1896)  has  presented 
53  cases  operated  on 
by  this  method,  in 
which  the  anterior  tib- 
ial artery  was  cut.  In 
5  cases  the  posterior 
tibial  artery  was  also 
cut.  In  8  of  these 
cases  gangrene  fol- 
lowed and  required 
amputation.  Of  these 
cases,  43  were  tubercu- 
lous in  character,  for 
which  9  complete  tar- 
sectomies,  7  partial 
with  subsequent  com- 
plete tarsectomies,  and 
13  partial  tarsectomies 
were  performed,  with 
39  complete  cures. 
Two  cases  escaped  sub- 
sequent observation. 
Thi'eecaseswereampu- 
tated  for  gangrene  and 
8  cases  remained  under 
treatment  at  the  time.  In  all  the  cured  cases  the  foot  re- 
mained a  "  flat "  one,  but  the  functional  results  were  good. 
The  after-treatment  is  mainly- devoted  to  maintaining 
the  forefoot  in  position  and 
in  apposition  with  talus 
and  calcaneus. 

Bardenheuer  ("Mitthei- 
lungen  aus  dem  KOlner 
Burger -Spital,"  1886)  re- 
ported 17  cases  of  tubercu- 
losis, in  which  none  died  as 
the  result  of  operation. 
Twelve  cases  were  cured 
with  one  operation,  and  of 
these  3  died  subsequently 
of  tuberculous  meningitis; 
3  required  subsequent  revi- 
sions  before  a  cure  was  ef- 
fected; 1  required  amputa- 
tion. One  case  of  resection 
was  due  to  loss  of  substance 
from  in.i  ury ;  a  cure  resulted. 
(Figs.  4061,  4062,  and  4063.) 
Tibio  -  Caleanean  Resec- 
tion.— The  statistics  of  Audry  ("  Sur  les  tuberculoses  au 
pied,"  Bevue  de  Ohirurgie,  1890)  show  that  tuberculous 


Fig.  4062.— Anterior  View  of  the  Bones 
after  Bardenheuer's  Resection . 


Fig.  4084. 


Fig.  4063.— View  of  Cicatrix  after 
Bardenheuer's  Resection  of  the 
Tarsus. 


disease  involves  the  ankle,  the  talo-calcanean,  and  the 
talo-calcaneo-navicular  joints  in  fourteen  per  cent,  of  th& 
tuberculoses  in  the  foot,  and  that  unless  amputation 
be  performed  at  the  ankle  (Syme's  or  Pirogoff's)  some- 
method  must  be  found  by  which  all  of  these  joints  caa 
be  opened  and  resected.  Such  a  method  has  been  elabo- 
rated by  P.  Bruns  in  1890  {Beitrage  sur  Min.  Chir.,  No. 
7,  p.  333).  This 
operation,  made  a 
typical  one  by 
Bruns,  was  previ- 
ously done  in  an 
atypical  fashion 
by  Textor,  1853, 
and  Mulvaney, 
1866,  and  has  sub- 
sequently been  elab- 
orated by  Heiden- 
hain,  Helferich, 
Cramer,  KlUtner, 
and  Kummer. 

The  indications 
for  this  operation 
are  the  same  as 
those  for  Pirogoff's 
amputation:  name- 
ly, disease  involv- 
ing the  talo-calcane- 
an, talo-navicular, 
and  talo-crural 
joints,  with  foci 
within  the  bones. 
Its  advantage  rests 

in  the  fact  that  it  preserves  the  forefoot  and  gives  a. 
more  useful  member  than  is  obtained  by  an  amputation. 
The  method  is  as  follows :  An  Esmarch  bandage  is  ap- 
plied. In  order  to  obtain  sufficient  exposure  an  incision 
is  made  from  one  malleolus  to  the  6ther  in  a  broad  curve 
over  the  dorsum  of  the  foot  in  the  neighborhood  of  the 
metatarso-tarsal  joints  (Fig.  4064).  This  curved  dorsal 
incision,  first  made  by  Houssey  (Heyfelder,  "Resec- 
tionen,"  1861)  and  subsequently  used  by  Bardenheuer  in. 
his  excision  of  the  tar- 
sus, is  no  disadvantage 
because  of  "the  division 
of  the  tendons  and 
nerves.  The  flap  thus 
marked  out  is  deep- 
ened, passing  above 
the  peroneal  tendons 
on  the  outer  side  and 
dividing  upon  the  dor- 
sal and  internal  sur- 
faces the  peroneus  ter- 
tius,  extensor  longus 
digitorum,  proprius 
poUicis,  and  tibialis 
anticus  tendons,  to- 
gether with  the 
branches  of  the  ante- 
rior tibial  and  muscu- 
locutaneus  nerves  and 
the  dorsalis  pedis  ar- 
tery. This  flap  is  dis- 
sected from  the  bones 
until  the  anterior  tibial 
margin  is  reached. 
The  talo  -  crural  joint 
is  opened  by  a  transverse  incision  which  divides  the  an- 
terior fasciculi  of  the  lateral  ligaments.  The  foot  is 
pulled  forward  and  depressed,  when  the  middle  and 
posterior  fasciculi  of  the  lateral  Ijgament  are  divided  as 
close  to  the  astragalus  and  os  calcis  as  possible.  With 
further  depression,  the  posterior  ligament  of  the  ankle- 
joint  is  divided  transversely,  exposing  the  flexor  longus 
pollicis  tendon.  The  talonavicular  and  the  calcaneo- 
cuboid articulations  are  next  entered  and  the  superior 
and  lateral  capsular  bands  divided.    If  the  astragalus- 


Fig.  4065. 
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IS  now  cleared  upon  its  lateral  surfaces  and  the  knife  is 
passed  into  the  sinus  tarsi  and  carried  from  before  back- . 
ward  and  toward  the  sustentaculum  tali,  the  interosseous 
ligament  will  be  divided.  The  astragalus  is  now  held 
only  by  a  few  undivided  capsular  fibres  of  the  posterior 
talo-calcanean  articulation  and  can  be  easily  removed. 
The  navicular,  calcanean,  and  cuboid  bones,  the  tibia 
and  the  fibula,  are  now  inspected  for  disease,  and  if  they 


FIG.  4066. 

are  involved  they  should  be  treated  as  follows :  The  tibia 
and  fibula  are  sawn  so  as  to  preserve  their  mortise  shape. 
This  is  usually  accomplished  by  cutting  away  the  articu- 
lar end  of  the  tibia  with  the  chisel  or  gouge,  preserving 
its  hollow  shape,  and  by  sawing  the  malleoli  obliquely, 
leaving  a  small  projecting  edge  beyond  the  surface 
of  the  tibia  (Fig.  4065).  The  superior  surface  of  the 
calcaneus  is  made  to  fit  accurately  the  space  between 
the  malleoli.  This  will  not  infrequently  require  a  re- 
moval of  the  sustentaculum  tali.  The  calcaneo-navicular 
and  the  inferior  calcaneo-cuboid  ligaments  are  now  di- 
vided or  separated  from  the  inferior  surfaces  of  the  cuboid 
and  scaphoid  bones,  so  as  to  allow  a  vertical  section  with 
the  saw.  After  this  section,  the  anterior  surface  of  the 
calcaneus  is  sawn  in  the  same  plane.  The  tendons,  their 
sheaths,  the  ligaments  and  the  muscles  are  next  inspected, 
and  if  involved  by  disease  they  should  be  removed,  after 
which  the  calcaneus  is  apposed  to  the  tibia  and  fibula  and 
to  the  cuboid  bone.  These  bones  are  held  in  apposition 
by  catgut  sutures.  The  scaphoid  bone  will  be  seen  to  rest 
against  the  anterior  margin  of  the  tibia.  The  Esmarch 
bandage  is  now  removed.  The  hemorrhage  is  controlled. 
The  tendons,  the  nerves,  and  the  deeper  tissues  are  sutured 
to  one  another  as  far  as  is  possible.  As  regards  this  point 
it  may  be  said  that  most  surgeons  do  not  suture  the  several 
tissues  to  one  another,  but  while  no  bad  results  may  fol- 
low the  adoption  of  this  course,  3'et  the  time  required  for 
healing  is  undoubtedly  lessened  by  a  perfect  apposition 
of  like  tissues.  In  the  face  of  severe  infections,  the 
wound  is  left  open  and  is  packed  until  granulation  ap- 
pears, when  secondary  suture  is  made. 

The  after-treatment  consists  in  absolute  rest  and  eleva- 
tion of  the  foot  for  from  three  to  five  days  in  aq  immov- 
able splint,  which  holds  the  foot  at  right  angle  to  the  leg. 
At  the  end  of  ten  days  any  deviation  of  the  foot  can  be 
corrected  with  ease. 

This  operation  can  also  be  performed  by  a  posterior 
curved  incision  which  exposes  the  malleoli.  The  incision 
is  deepened  and  is  carried  through  the  tendo  Achillis, 
after  which  the  joint  is  opened,  the  malleoli  are  sawn, 
and  the  talus  is  extirpated.  The  operation  is  completed 
as  in  the  operation  by  the  anterior  incision. 

The  time  required  to  obtain  healing  by  first  intention 
(5  cases)  was  from  38  to  48  days ;  for  cases  healing  by  sec- 


ond intention,  35  to  60  days  (2  cases).  If  recurrences 
take  place  (3  cases)  the  time  is  naturally  more  extended, 
i.e.,  84  to  397  days— an  average  of  310  days  (Ktlttner, 
Beitruge  zur  klin.  OMr.,  ii.,  p. .749).  The  mortality  from 
the  operation  is  nil. 

The  Pinal  Result  of  Operation. — The  shortening  in  the 
leg  is  usually  from  1  cm.  to  1.5  cm.,  and  that  of  the  foot 
about  1  cm.  The  appearance  of  the  foot  after  operation 
is  seen  here  (Figs.  4066  and  4067). 

The  function  of  the  foot  is  good.  It  allows  use  all  day 
and  requires  only  an  ordinary  shoe. 

The  pseudarthrosis  between  the  calcaneus  and  the  fore- 
foot gives  elasticity  to  the  gait,  which  is  wanting  in  ar- 
tificial limbs. 

The  talo-calcaneus  resection  is  to  be  preferred  to  am- 
putation, either  PirogofE's  orSyme's,  because  it  preserves 
the  foot.  It  is  preferable  to  the  Wladimiroff-Mikulicz 
resection  because  it  is  easier  of  execution  and  requires  no 
subsequent  prothetic  apparatus. 

Posterior  Tarseetomy.—(KXimmA\,  CentralUatt  f.  CJdr., 
1893,  No.  47;  Verhandl.  derdeuts.  Ges.  f.  Chir.,  1889,  i., 
57.)  When  disease  involves  not  only  the  ankle-joint  but 
the  medio-tarsal  and  tarsal  joints  as  well,  one  of  three 
things  must  be  done :  either  an  extensive  atypical  resec- 
tion (Kilmmell  and  Cramer),  or  a  Wladimiroff-Mikulicz  re- 
section, or  an  amputation  at  or  just  above  the  ankle-joint. 

A  piiori,  it  may  be  thought  that  a  removal  of  the  cal- 
caneus, talus,  tarsal  bones,  the  malleoli,  and  the  articular 
surface  of  the  tibia  would  give  a  bad  functional  result. 
This  is  not  the  case,  however  (Cramer,  Verhandl.  der 
deutschen  Gesellschaft  f.  Chir.,  1895,  i.,  16).  The  ex- 
tensive removal  of  these  bones,  leaving  a  foot  formed  of  a 
part  of  the  tarsus,  the  metatarsus,  and  phalanges,  gives 
a  better  result  than  the  equinus  position  of  the  foot  seen 
in  the  Wladimiroff-Mikulicz  resection.  It  is  true  that 
the  foot  is  shortened,  but  a  foot  with  a  sole  is  better  than 
the  equinus  of  the  Mikulicz  operation,  because  a  movable 
foot  is  obtained  and  because  the  pressure-bearing  surface 
is  a  natural  one  and  greater  in  area  than  is  obtained  by 
the  Mikulicz  resection. 

Indications. — Tuberculosis  involving  the  ankle-joint, 
the  calcaneus,  talus,  and  tarsal  bones,  with  fistulse.  In 
children  and  in  young  adults  the  operation  is  indicated. 
In  adults  who  have  tuberculosis  elsewhere  and  are  not 
holding  their  own  against  the  disease,  and  in  the  old  and 
anaemic,  amputation  is  preferable.  No  matter  whether 
the  fistulas  are  upon  the  dorsum  or  upon  the  plantar  sur- 
face of  the  foot,  the  operation  with  the  dorsal  incision  is 
equally  indicated. 

The  incision  for  exposure  of  the  bones  is  similar  to  that 
used  in  the  P.  Bruns  method.  The  removal  of  the  talus 
is  similarly  carried  out; 
after  wiiich  the  bones  of 
the  tarsus  are  removed  en 
masse,  as  is  recommended 
in  the  Bruns  method. 
This  removal  of  the  tar- 
sus is  often  complete,  so 


FIG.  4067. 

that  the  section  of  the  bones  includes  the  bases  of  the 
metatarsal  bones.  The  lower  ends  of  the  tibia  and  fibula 
are  removed  with  a  transverse  section,  unless  the  calcaneus 
can  be  partly  saved,  when  the  section  is  similar  in  shape 
to  that  recommended  in  the  preceding  resection.  No 
matter  liow  little  of  the  calcaneus  is  saved,  the  resulting 
shortening  and  the  functional  result  are  much  improved. 
After  removal  of  the  diseased  bone  the  bases  of  the  meta- 
tarsal or  tarsal  bones  are  apposed  to  the  anterior  sur- 
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FIG.  4068. 


face  of  the  lower  end  of  the  tibia,  where  they  are  fas- 
tened with  sutures  if  possible.  In  KummeH's  first  case, 
in  wliicli  3.5  cm.  of  the  tibia  and  fibula  and  all  the  tarsal 
tones  were  removed,  the  resulting 
shortening  was  about  3  cm.  In  two 
of  Cramer's  cases  the  resulting  short- 
ening was  less. 

After-Treatment. — Frequently  the 
large  cavity  left  after  extensive  re- 
moval of  the  bones  cannot  be  closed, 
and  must  be  packed  witli  gauze  and 
treated  as  an  open  wound  because  of 
the  presence  of  fistulre.  The  cavity 
left  between  the  tarsus  and  the  tibia 
and  fibula  closes  rather 
quickly.  The  soft 
parts  of  the  planta  pe- 
dis draw  up  between 
these  bones  and  a  pil- 
low is  formed  under 
the  tibia.  The  time  re- 
quired for  this  is  usu- 
ally two  months.  Dur- 
ing this  time  the  wound 
is  dressed  as  required,  and  the  proper  position  of  the 
forefoot  in  its  relation  to  the  tibia  is  maintained  by  ap- 
propriate right-angled  splints. 

The  results  of  this  operation  show 
that  the  gait  is  elastic  and  not  "  hob- 
bling," as  is  the  case  with  the  equinus 
position  of  tlie  foot  after  a  Wladimi- 
roff -Mikulicz  resection  or  the  amputa- 
tions or  disarticulations.     This  elastic 
gait  is  due  to  the  pseudarthrosis  be- 
tween the  tibia  and  fibula,  or  the  cal- 
caneus,  and  the  forefoot.     Another 
advantage  claimed  for  this  procedure 
is  to  be  found  in  the  fact  that  pro- 
thetic  apparatus  will  not  be  needed 
after    the    cure.       Six 
cases  reported  by  Cra- 
mer gave  two  cures  in 
children  of  three  and 
four  years  of  age.   Two 
cases  of  adults  of  ten 
and   twenty   years   of 
Fig.  4069.  age   were    still    under 

treatment  at  three  and 
four  months.  Two  cases  died  of  generalized  tubercu- 
losis following  operation.  A  view  of  a  foot  following 
such  an  operation  is  seen  here  (Figs.  4068  and  4069). 

When  the  disease  is  of  the  same  extent  as  would  lead 
one  to  perform  the  foregoing  operation,  while  at  the  same 
time  the  greater  part  of  the  heel  is  the  seat  of  destructive 
disease  and  of  flstulffi,  the  resectio  tarsea  totalis  of  Wladi- 
miroff -Mikulicz  may  be  considered. 

The  indications  for  this  procedure  are :  (1)  Caries  of  (he 
talus,  calcaneus,  and  tarsus  (Mikulicz);  (2)  extensive  loss 
of  the  tissues  of  the  heel  (Mikulicz) ;  (3)  injuries  destroy- 
ing the  heel  (Mikulicz);  (4)  new  growths  involving  the 
bone  (calcaneus)  or  tissues  of  the  heel  (Schliffosowsky 
and  Wahle) ;  (5)  to  increase  the  length  of  the  extremity, 
as  occurs  in  infantile  paralysis  (Caselli);  (6)  for  paralytic 
equino-varus  (Bruns). 

The  object  of  the  operation  is  to  secure  an  artificial 
pes  equinus.  The  toes  and  metatarsus  are  preserved  and 
are  apposed,  in  a  vertical  plane,  to  the  tibia  and  fibula. 
The  patient  walks  upon  the  heads  of  the  metatarsal  bones 
with  the  toes  bent  at  right  angles  to  the  leg.  The 
operation  was  first  performed  by  WladimiroflE  in  1871 
and  by  Mikulicz  in  1880  {ArcMvfur  Idin.  Chir.,  xxvi., 
p.  497). 

Complete  Tarseetomy  {Resectio  Tarsea  Totalis). — An  Es- 
march  bandage  is  applied.  The  patient  is  placed  upon 
the  abdomen  with  the  foot  extended.  Just  in  front  of 
the  tuberosity  of  the  scaphoid  bone,  upon  the  inner  side 
-of  the  foot,  there  is  made  an  incision  which  passes  trans- 
versely across  the  planta  pedis  to  a  point  just  behind  the 


tuberosity  of  the  fifth  .metatarsal  bone.  From  each  ex- 
tremity of  this  incision,  upon  each  side,  an  incision  is  car- 
ried upward  and  backward  to  the  malleolus.  The  ex- 
tremities of  the  latter  incision  upon  the  malleoli  are  now 
united  by  a  transverse  incision  across  the  posterior  surface 
of  the  leg.  When  the  bones  of  the  leg  must  be  denuded 
at  a  higher  level  than  is  usual,  the  lateral  incisions  must 
be  carried  beyond  the  malleoli  (Fig.  4070). 

All  incisions  pass  directly  down  to  the  bones,  dividing 
the  muscles,  tendons,  nerves,  and  arteries.  The  posterior 
capsule  of  the  ankle-joint  is  divided,  together  with  the 
posterior,  middle,  and  anterior  fasciculi  of  its  lateral 
ligaments. 

The  foot  is  now  thrown  in  dorsal  flexion  and  the  talus 
and  calcaneus  are  carefully  separated  from  the  soft  parts 


Fig.  4070. 

of  the  dorsum  of  the  foot  until  the  medio-tarsal  joints  are 
reached.  Here  these  bones  are  separated  from  the  cuboid 
and  navicular,  and  are  removed  with  the  heel  flap.  The 
lower  ends  of  the  tibia  and  fibula  are  now  sawn  across. 
The  cuboid  and  navicular  bones  are  likewise  sawn  trans- 
versely (Fig.  4071). 

The  Esmarch  bandage  is  removed  and  the  arteries  are 
tied.     "When  hemorrhage  is  completely  stopped,  the  cu- 
boid and  navicular  bones  are  apposed  to  the  tibia  and 
fibula  and  are  retained  in  position  by  chromicized  catgut 
sutures  (Fig.  4072).     The  wound  is 
now  closed  with  deep  catgut  sut- 
ures and  over  the  aseptic  dressing 
is    placed    an    immovable    plaster 
dressing  holding  the  parts  firmly. 

Sometimes  in  placing  the  bones  in 
apposition  the  folding  of  the  an- 
terior bridge  of  soft  tissues  dis- 
places the  forefoot.  When  this  oc- 
curs, the  bridge  of  tissue  must  be 
folded  and  retained  by  a  few  mat- 
tress sutures. 

The  after-treatment  consists  in 
elevating  the    foot  and  retaining 


Fig.  4071. 


this  position  for  from  three  to  five  days;  after  this  it 
may  be  lowered.  In  from  six  weeks  to  two  months  the 
union  is  complete.     The  lengthening  of  the  limb  is  usu- 
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ally  1.5  cm.,  -wliieh  ('.-lu  be  (.'a.sily  overconK^  l)y  ii  lioel  upon 
the  oi)p()site  foot.     Fig.  H)73  siiows  the  foot  healed. 

Kohlhiuis  (LV/?;v/r/<'  rmrklui.  Chir.,  viii.)hus  coUertcd 
seventy-three  cases  of  this  0]HTati(m  wilh  one  death  from 


pyaemia  and  one  reqiiirina:  amputation  for  gangrene. 
Several  cases  presented  localized  areas  of  gangrene,  but 
did  not  require  otlier  than  simple  treatment.  Three 
cases  failed  to  have  a  firm  union  between  the  bones  of 
the  leg  and  foot  and  required  subsequent  operations. 
Fifty -six  eases  gave  good  results  and  required  no  extra 
pirothetic  apparatus  or  slioe.  Nine  cases  gave  moderate 
results  and  required  special  prothctio  shoes. 

To  avoid  tire  division  of  the  posterior  tibial  artery  and 
nerve,  and  tire  disturliances  in  nutrition  and  the  gangrene 
which  mav  result  tlierefrom,  Lotlieisen  (Biitrage  zvr  klin. 
CMr.,  xviii.),  P.  Bruns  (ibiil),  and  011ier("  Traite  des  Re- 
sections ")  have  devised  various  modifications  in  the  incis- 
ions. Lotheisen's  incision  is  as  follows:  Tlie  patient  lies 
upon  the  back.  Tlie  extremity  is  raised  and  the  foot  is 
dorsally  flexed.     Upon   the   other  surface  an   incision, 

c  o  nx  m  e  n  c  i  n  g  1 .  .5 
cm.  above  the  at- 
tacliment  of  the 
tendo  Achillis  and 
between  tlie  fibula 
and  the  tendon,  is 
carried  obliquely 
forward  and  down- 
ward below  the 
malleolus,  ending  2 
cm.  behind  the  tu- 
berosity of  the  fifth 
metatarsal  bone 
(Fig.  4074).  Upon 
the  inner  side  a 
similarly  placed  in- 
cision is  made,  be- 
ginning above  upon 
the  same  level  and 
to  the  inner  side  of 
the  tendo  Achillis, 
descending  forward 
behind  the  internal 
malleolus,  and  end- 
ing just  in  front  of 
the  tuber  calcanei 
(Fig.  4075).  Tlie 
extremities  of  these 
lateral  incisions  are 
united  across  the 
sole  by  an  oblique 
incision  (Fig.  4070) 
and  across  the  leg 
by  a  horizontal  one. 
The  enucleation  of 
the  talus  and  the 
sawing  across  tlie 
tarsus  and  the  bones 
of  the  leg  are  ac- 
comphshed  as  in  the 
former  method  A  very  similar  method  was  described 
by  Jaboulay  and  Lagaite  ("  Nouveau  precede  pour  pra- 
tiquer  I'amputation  osteoplastique  de  1  arnere-pied, 
Vol.  VI.-59 
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I.iinn  iii,'ilii;il,  18Wi.  No.  II),  but  it  oilers  no  advantages 
over  the  above.  The  result  of  Lotheisen's  method  is  seen 
in  Fig.  4077. 

To  avoid  tlie  same  result,  P.  Bruns  has  recommemleil 
strongly  the  simple  median  jiosterior 
incisi(jn,  especially  in  cases  in  which 
the  heel  is  intact  and  free  from  ulcera- 
tion. Bruns'  incision  begins  on  the 
posterior  surface  of  tlie  leg,  four  fin- 
gers' breadth  above  the  tubercles  of 
tlie  calcaneus,  passes  downward  over 
tlie  centre  of  the  heel  and  to  tlie  cen- 
tre of  the  sole  of  tlie  foot.  This  incision 
extends  immediately  down  to  the  bones. 
The  talus  and  Die  calcaneus  are  re- 
moved subperiosteally  after  opening 
the  anlde-joint.  The  bone.s  are  sawn 
andapiiosed  and  held  lij^  suture.  Bruns 
meets  tlie  objection  made  by  Lotlieisen 
and  by  Oilier  to  the  enormous  mass  of  tissue  left  in  tlie 
heel,  wliieh  forms  an  ugly,  thick,  projecting  hump  on  the 
posterior  surface,  by  show- 
ing the  photograph  of  his 
case  of  paralytic  talipes 
equino- varus  operated  upon 
by  his  method  (Figs.  407b 
and  4079). 
()llier  (" Traite  des  Resec- 
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tions."  iii.,  p.  691)  lias  described  a  similar  incision,  but 
he  liad  not  performed  it  upon  the  living  subject  at  the 
time  when  Bruns  used  his  incision. 

Of  tlie  incisions  used 
for  the  total  tarsectomy, 
none  seems  to  meet  the 
surgical  requirement  so 
well  as  Lo  til  ei  sen's, 
which  avoids  injuiy  to  //./>'•  ' 


tlie  posterior  tibial  artery  and  nerve  and  allows  the  tis- 
sues of  the  leg  and  sole"  of  the  foot  to  be  easily  ap- 
posed and  sutured  one  to  another.  In  cases  of  paralytic 
cquinus  or  equino-varus  with  extreme  shortening,  the 
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posterior  incision  of  Bruns  or  Oilier  has  given  as  good 
results  as  tlie  methods  of  Lotheisen  and  Jlikuhcz.  ^  In 
this  particular  class  of  cases  the  objections  to  be  raised 
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against  the  incision,  the  subperiosteal  enucleation  of  the 
bones,  and  the  projecting  mass  of  the  heel  when  the  parts 
are  apposed,  do  not  hold  as  they  do  in  disease  or  injury. 
It  may  be  said  with  truth  that 
the  t(jtartarsectoniy  (Wladimiroff- 
Mikuliez)  and  the  extensive  resec- 
tions of  Kllmmell  will  scarcely  ap- 
peal to  many  surgeons,  when  they 
compare  the  time  spent  in  obtain- 
ing these  results,  the  extent  of  tlie 
procedure,  and  the  drain  upon 
an  already  worn-out  subject.  An 
amputation  (Syme's,  Pirogoff's, 
Guyon's)  with  the  rapid  healing 
ancl  the  practical  prothetic  appli- 
ances nrade  in  tliis  country  will,  I 
doubt  not,  cause  most  surgeons  to 
advise  amputation  whenever  the 
patient  can  obtain  an  artificial  liml ). 
Only  in  the  very  poor  and  in  those 
of  moderate  age  and  good  healtli 
(especiallj'  such  as  have  congeni- 
tal and  paralj'tic  deformities  or 
injuries)  will  the  extensive  pro- 
( ( (hues  of  Kummcll  and  Mikulicz 
1](  id  ipted.  On  the  contrarj',  the 
uitciior  and  posterior  tarsecto- 
nn(  s  of  Bardenhener  and  Bruns 
4nc  such  excellent  feet  after  op- 
(iitKm  that  no  question  can  be 
laiscd  as  to  their  advisability  in 
suitable  cases  and  their  superi- 
orit}'  to  amputations. 
Resection  op  the  Axkle-.Ioixt. — This  operation  was 
first  performed  by  Moreau  in  1793.  Subsequently,  owing 
to  the  complicated  character  of  the  joint,  the  presence  of 
tendons  and  sheaths  in  the  immediate  neighborhood,  and 
the  relapises  following  operation,  surgeons  gave  up  the 
method  and  resorted  to  ampiitations. 

Better  methods  of  approach,  more  complete  removal 
of  the  disease,  and  the  aseptic  treatment  of  the  wound 
have  so  lowered  the  mortality  that  amputation  now  pre- 
sents no  advantage  in  this  respect.  At  the  same  time 
the  patient  is  left  with  a  foot  whicli  is  more  useful 
and  iiestheticallv  better  than  the  stump  of  an  amputa- 
tion.    (See  Fig.' 4080.) 

Partial  resections  are  those  which  remove  the  whole  or 
a  part  of  the  articular  surfaces  of  the  tibia,  the  fibula,  or 

the  talus.  Com- 
plete resections 
do  remove  all  of 
these  surfaces. 

The  talo-cru- 
ral  articulation 
is  best  approach- 
able from  the 
sides.  In  front, 
it  is  covered  by 
the  tibialis  ami- 
cus, the  e  X  - 
tensor  longus 
digitorum  a  n  d 
proprius  poUicis 
and  the  peroneus 
I  e  r  t  i  u  s,  the 
nerves,  and  Hie 
aniei'ior  tibial 
artery.  Bcliind, 
it  is  coverrd  liv 
the  teiido  Achii- 
lis  ill  the  centre, 
and  upon  citlicr 
side  <if  this  by 
the  peroneal  ten- 
dons or  the  tibialis  posticus,  flexor  longus  digitorum, 
longus  pollicis,  together  with  the  nerve  and  the  piosterior 
tibial  artery.  For  this  reason  the  lateral  surfaces  are 
much  used  for  incisions.     The  ankle-joint  is  a  powerful 
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joint  because  of  its  bony  construction  as  well  as  by  reason 
of  its  strong  ligaments. 

The  ligaments  uniting  the  malleoli  to  the  tarsus  are 
strong.  Those  for  the  internal  surface  are  three :  the  del- 
toid uniting  the 
malleolus  with 
the  sustentacu- 
lum tali,  the  an- 
terior uniting  it 
with  the  scaph- 
oid, and  the  pos- 
terior uniting  it 
with  the  talus. 
Thosefortheex- 
t  e  r  u  a  1  surface 
arc:  tlie  anteri- 
or, \initing  the 
external  malle- 
olus with  the 
talus;  the  mid- 
dle, uniting  it 
witli  the  calca- 
ne\is;  the  poste- 
rior, uniting  it 
with  the  talus. 
The  anterior  and 
jiosterior  liga- 
ments are  thin 
a  n  d  insignifi- 
cant. The  syno- 
vial membrane  lines  the  capsule,  and  extends  beyond  the 
limits  of  the  articulation  both  in  front  and  behind.  At 
the  sides  it  is  delimited  by  the  articuhir  surfaces. 

The  epiphysis  of  the  tibia  includes  the  lower  end  and 
the  internal  malleolus.  It  unites  with  the  diaphy.sis 
at  about  the  nineteenth  j'ear.  The  epiphysis  of  the  fibula 
unites  with  the  diaphysis  at  about  the  twenty-first  year. 
The  outlines  of  the  malleolus  are  easily  felt  and  seen. 

The  head  of  the  astragulus  is  felt  in  full  extension  of 
the  foot.  The  ankle-joint  lies  opposite  a  transver.se  hori- 
zontal line  1.25  cm.  above  the  tip  of  the  internal  mal- 
leolus. 

The  Indications. — Partial  resections  are  indicated  in 
gunshot  wounds;  in  compound  fractures  and  in  disloca- 
tions when  the  nerves  and  vessels  are  intact;  and  in  sup- 
puration following  injury  and  infectinn  when  this  resec- 
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tion  removes  and  drains  the  focus  of  infection.  For 
tuberculosis  in  childhood,  expectant  treatment  and  iodo- 
form injections  may  precede  tlie  partial  resections,  i.e. ,  the 
erosions  or  the  artiirectomics,  but  delay  must  not  be  too 
long  before  resorting  to  the  resection.     In  adults  formal 
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resections  are  used.  In  older  people,  with  othei'  tuber- 
culous foci,  amputation  is  preferable  to  resections.  As 
a  general  rule,  when  tuberculosis  is  apparently  primary 
in  the  joint,  resection  is 
to  be  preferred.  When  the 
ankle-joint  is  involved,  sec- 
ondarily to  other  well-de- 
flned  deposits  in  the  lungs 
and  elsewhere,  amputation 
is  preferable. 
There  are  about  thirty 


Fig.  4081. 

six  incisions  (Paraboeuf,  "  Manuel  Operatoire  " ;  Oilier, 
"Traite  des  Resections";  Karewski,  "' Chirurgische 
Krankheiten  des  Kindesalters " ;  Kocher,  Archiv  fiir 
klinisehe  Chinirgie,  No.  37)  which  have  been  recom- 
mended for  entering  this  joint.  All  surfaces  of  the 
joint  have  been  made  use  of  to  gain  an  entrance.  Even 
the  sole  of  the  foot,  i.e.,  the  heel,  has  been  included  in 
the  incisions.  No  incision  has  so  many  advantages  as 
that  of  Lauenstein.  This  incision  resembles  Kocher's 
incision  {Langenbeck's  Archiv,  1887  and  1888),  but  it 
gives  a  better  exposure  of  the  posterior  angle  of  the 
ankle-joint  and  of  the  neighborhood  of  the  internal  mal- 
leolus. Kocher's  incision  was  an  improvement  upon 
Reverdin's  {Reme  Medicale  de  la  Suisse  romande,  1883, 
Mars).  Lauenstein's  (Verhandl.  der  deutsch.  Gesellsch. 
fur  Chir.,  1890,  ii.  71)  is  an  improvement  upon  Kocher's. 

The  method  is  as  follows:  An  Esmarch's  bandage 
is  applied.  The  foot  is  placed  upon  its  inner  side. 
An  incision  is  begun  upon  the  fibula  at  the  point  where 
the  fibula  appears  between  the  peroneus  brevis  and 
the  peroneus  tertius  muscles.  This  incision  is  carried 
through  the  skin  to  the  tip  of  the  malleolus,  where  it 
bends  forward  in  a  broad  curve  to  the  talo-navicular 
joint,  passing  over  the  heads  of  the  extensor  brevis 
digitorum  and  exposing  the  tendons  of  the  peroneus  ter- 
tius (Fig.  4081).  It  is  now  deepened,  exposing  the  perios- 
teum of  the  fibula,  the  anterior  fasciculus  of  the  lateral 
ligament,  and  the  capsule  of  the  ankle-joint.  Upon  the 
posterior  border  of  the  fibula  the  sheath  of  the  peroneal 
tendons  is  opened,  and  the  tendons  are  retracted  poste- 
riorly. The  knife  now  separates  from  the  periosteum  of 
the  tibia  and  fibula,  the  muscular  fibres  of  the  peronei 
and  the  flexor  longus  poUicis  until  one-half  the  transverse 
diameter  of  the  tibia  is  freed. 

The  retractors  used  in  retracting  these  structures  are 
now  removed  and  are  inserted  into  the  anterior  flap. 
The  ankle-joint  is  opened  in  front  of  the  external  malle- 
olus and  the  blunt  retractor  is  inserted,  lifting  and  pro- 
tecting the  capsule  and  the  superjacent  tissues.  The 
upper  and  lower  attachments  of  the  capsule  to  the  talus 
and  to  the  tibia  are  severed  until  the  median  line  of  the 
tibia  and  the  talus  are  both  of  them  reached.  The  foot  is 
now  supinated  and  the  three  fasciculi  of  the  external  lat- 
eral ligament  are  divided.  When  they  have  been  divided, 
if  the  foot  be  placed  in  the  equinus  position  and  be  gently 
thrown  into  supination,  it  will  turn  upon  the  internal 
malleolus-as  an  axis,  provided  the  tissues  in  front  and  be- 
hind the  joint  have  been  freed  to  a  point  beyond  the  me- 
dian line  of  the  joint.  With  a  little  force  the  foot  can  be 
completely  inverted,  so  that  the  planta  pedis  looks  up- 
ward and  the  articular  surfaces  of  the  talus  and  tibia  are 
upon  the  same  plane,  separated  by  the  internal  malleolus 
(Pig  4083)  By  means  of  blunt  hooks  every  part  of  the 
articular  surfaces  of  the  talus,  tibia,  and  fibula  can  be 


reached:  every  pocket  of  the  synovial  cavity,  including 
the  inferior  tibio-flbular  prolongation  and  the  posterior 
surface  of  the  synovial  membrane ;  the  sheaths  of  the  ten- 
dons of  the  tibialis  posticus,  flexor  longus  digitorum  and 
pollicis,  as  well  as  the  bursa  and  fat  in  front  of  the  tendo 
Achillis.  When  these  are  inspected  and  all  foci  of  dis- 
ease have  been  removed  by  curettage  or  excision,  the 
foot  is  easily  pronated  and  thrown  into  proper  position. 
The  only  structures  injured  are  the  vena  saphena  parva 
and  the  arteria  perforans  peronea.  The  advantage  of  the 
incision  over  Kocher's  is  that  it  allows  a  greater  stretch- 
ing of  the  borders  of  the  incision  and  an  easier  dislocation 
of  the  foot.  It  moreover  parallels  the  sheaths  of  the  ten- 
dons and  permits  a  surgical  treatment  of  them  when  in- 
volved. If  in  operating  by  this  method  it  becomes  neces- 
sary to  remove  the  talus,  it  can  be  accomplished  easily  by 
dividing  its  ligaments  which  are  exposed  to  view.  In- 
deed, the  method  renders  the  extirpation  of  the  talus  a 
very  easy  matter. 

If  disease  involves  the  medio-tarsal  and  the  talo-crural 
joints  together  with  the  neighboring  bones,  or  if  this  is 
only  recognized  by  the  operator  after  he  has  entered  the 
talo-crural  joint  by  the  Lauenstein  incision,  the  suggestion 
of  Heidenhain  (Verhandl.  der  deutschen  Gesell.  f.  Chir., 
1894,  ii,,  p.  137)  may  be  adopted  for  the  treatment  of  the 
case.  'This  suggestion  consists  in  continuing  the  lower 
end  of  the  Lauenstein  incision  across  the  dorsum  of  the 
foot  below  the  medio-tarsal  joint  and  dividing  the  tendons 


FIG.  4082.— Lauenstein's  Method.    Parts  exposed  ready  for  resection, 
t.,  Talus;  p.  f.,  peroneal  tendons ;  cm.,  external  malleolus. 

of  the  peroneus  tertius  and  longus  digitorum  but  preserv- 
ing if  possible  the  tibialis  anticus  and  proprius  pollicis. 
This  incision  gives  all  tlie  advantages  of  the  Lauenstein 
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and  P.  Bruns  resections,  and  opens  to  view  for  easy  at- 
tack the  medio-tarsal  articulation. 

Again,  if  the  talo-calcanean  or  the  talo-navicular  joint 
is  alone  involved,  we  can  adopt  the  following  suggestion 
of  Lauenstein  and  approach  these  parts  with  the  same  skin 
incision :  Instead  of  opening  the  talo-crural  articulation, 
we  divide  the  calcaneo-tibular  division  of  the  external 
lateral  ligament,  and  then,  passing  a  thin  knife  into  the 
sinus  tarsi,  carry  it  backward  and  inward  to  the  susten- 
taculum tali,  dividing  the  interosseous  ligament.  After 
this  division  the  anterior  talo-calcanean  capsular  ligament 
Is  made  tense  by  everting  the  calcaneus  and  is  divided. 
This  is  followed  by  division  of  the  muscular  fibres  of 
the  extensor  brevis  digitorum  and  the  talo-navicular  liga- 
ments upon  the  outer  and  superior  surfaces  of  this  joint. 
If  strong  supination  is  now  made  upon  the  foot,  the  cal- 
caneus will  be  luxated  or  rotated  upon  its  inner  side 
over  the  malleolus  internus.  In  tliis  manner  the  talo- 
calcanean  and  the  talo-navicular  joints  may  be  exposed 
without  opening  the  ankle-joint.  During  the  luxation  of 
the  calcaneus  the  peroneus  tendons  are  retracted  posteri- 
orly and  do  not  obstruct  the  field.  From  this  position  of 
the  foot  the  talus  may  be  easily  removed  by  division  of 
its  lateral  ligaments.  In  extensive  disease  in  this  region 
the  Lauenstein  incision  permits  an  entrance  into  the  talo- 
crural articulation,  and  if  desired  allows  an  exposure  of 
the  medio-tarsal  and  talo-calcanean  joints  with  removal  of 
the  talus.  The  medio-tai'sal  and  talo-calcanean  articula- 
tions may  be  entered  first,  and  if  suspicion  exists  as  to 
an  involvement  of  the  talo-crural  articulation  this  may 
be  exposed  by  removal  of  the  talus.  This  incision  gives 
the  best  approacli  to  the  ankle-joint.  It  allows  of  such 
modifications  as  will  insure  successful  results  in  spite  of 
unsuspected  foci  of  disease,  since  through  one  incision 
the  talo-crural,  the  talo-calcanean,  and  the  medio-tarsal 
joints  can  be  approached  and  the  talus  removed.  In  a 
pure  resection  of  the  ankle-joint  the  synovial  membranes 
and  the  articular  surfaces  of  the  talus  and  of  the  tibia  and 
fibula  are  removed,  their  shape  being  preserved  as  far  as 
possible.  For  this  reason  the  section  of  the  tibia  and 
fibula  is  usually  made  concave  from  side  to  side,  while 
that  of  the  talus  is  made  convex.  If  the  talus  is  removed 
on  account  of  disease,  tliis  concavity  in  the  tibia  and  fibula 
is  made  so  as  to  fit  the  calcaneus,  while  the  scaphoid  rests 
upon  the  anterior  border  of  the  tibia.  When  but  little  of 
the  articular  surfaces  of  the  tibia  and  fibula  is  removed,  it 
is  best  to  shorten  the  malleolus  so  that  the  tibia  may  rest 
upon  the  calcaneus  directly.  It  has  been  my  custom  to 
suture  the  scaphoid,  tibia,  fibula,  and  calcaneus  together 
with  two  or  three  chromicized  catgut  sutures.  It  is  rare 
that  a  single  artery  requires  ligature,  and  if  any  bleed 
excessively  they  will  stop  upon  elevation  of  the  limb.  I 
usually  blood-clot  these  cases,  excepting  where  it  is  im- 
possible to  remove  all  tuberculous  material.  In  the  latter 
instance  the  wound  is  packed  until  healthy  granulation 
tissue  appears. 

The  after-treatment  is  a  matter  of  importance.  When 
the  wound  is  sewed  up  and  blood-clotted  the  foot  is  ele- 
vated at  an  angle  of  forty-five  degrees  for  from  three  to 
five  days,  after  which  it  is  lowered.  In  this  method  the 
first  dressing  is  made  about  the  tenth  day.  Where  wounds 
are  packed,  the  foot  is  usually  elevated  for  twenty-four 
to  forty-eight  hours,  after  which  it  is  lowered.  The 
dressings  should  be  changed  every  two  or  three  days, 

A  suitable  splint  is  difficult  to  find.  A  splint  which 
will  maintain  the  foot  at  a  right  angle  with  the  leg  and 
will  prevent  lateral  deviation  of  the  foot  is  the  one  de- 
sired. Upon  the  whole,  a  plaster-of-Paris  di'essing  prop- 
erly and  carefully  applied  is  the  best.  This  plaster-of- 
Paris  dressing  may  be  used  alone  or  in  conjunction  with 
the  MeCormac  splint  (Jacobson's  "Operative  Surgery," 
vol.  ii.,  p.  699).  If  it  is  applied  alone,  it  is  well  to 
place  this  dressing  within  a  Volkmann's  posterior  splint, 
where  it  will  be  held  firmly.  After  two  weeks'  treat- 
ment the  other  splints  may  be  discarded  and  a  splint 
plaster-of-Paris  dressing  will  be  sutflcient  until  union  is 
complete. 

Results. — The    mortality,  in   the    different  classes  of 


cases,  was  as  follows :  Fm-  gunshot  wounds  (45  cases)  it 
was,  according  to  Culbertson,  26  per  cent. ;  according  to 
Otis  (S3  cases  in  the  civil  war),  39  per  cent. ;  and,  ac- 
cording to  the  same  authority  (150  cases  from  all  sources) 
33  per  cent.  Foi'  injuries  in  civil  practice  (152  cases)  it 
was,  according  to  Culbertson,  12.5  per  cent.  For  disease 
(124  cases)  it  was,  according  to  Culbertson,  8.06  per  cent, 
for  complete  resection,  and  6.55  per  cent,  for  partial  re- 
section ;  while,  according  to  Isler  and  Kappeler,  it  was 
almost  nothing  in  cases  of  tuberculous  disease. 

Functional  Results. — Some  say  that  a  flail  joint  is  very 
rare,  some  that  it  is  unknown.  Ankylosis  is  often  ob- 
tained, and  when  it  occurs  the  medio-tarsal  joint  compen- 
sates in  great  measure  for  the  stiffness  in  the  ankle.  In 
seventy -five  per  cent,  of  the  cases  recovery  takes  place 
with  a' useful  limb,  and  in  many  instances,  especially  in 
the  subperiosteal  method,  the  nearthrosis  is  a  remarkable 
one,  giving  a  most  useful  joint  (Langenbeck). 

According  to  Isler,  the  results  of  resection  functionally 
are  divided  as  follows:  Very  good,  40.8  per  cent. ;  good, 
26.8  per  cent. ;  moderate,  7.6  per  cent. ;  indefinite,  8  per 
cent. ;  bad,  6.3  per  cent.  In  children  the  good  results 
are  more  frequent  than  in  adults,  since  the  disease  is  usu- 
ally less  extensive. 

Schmidt  Monnard  gives  the  good  results  as  74  per 
cent,  for  the  first  fifteen  years  of  life.  In  Bardeleben's 
clinic  good  results  were  obtained  in  81.3  per  cent,  of  the 
cases.  Karewski  in  30  cases  had  25  good  results,  2  deaths 
from  scarlet  fever  and  tuberculosis  respectively,  and  3 
cases  with  recurrences  ("  Chirurgische  Krankheiten  des 
Kindesalters  "). 

Resection  op  the  Knee- Joint. — In  1763  Felken  at- 
tempted a  partial  resecti'on  of  this  joint.  Park  in  1781, 
and  Moreau  and  Roux  before  1830,  operated,  performing 
a  complete  resection,  but  the  unfortunate  results  obtained 
by  their  imitators  deterred  many  surgeons  until  W.  Fer- 
gusson  in  1850  restored  the  operation.  From  this  time 
the  operation  has  been  practised  extensively  and  remark- 
ably good  results  are  now  obtained  in  every  country 
(Hodges,  "  Excisions  of  Joints, "  Boston,  1861). 

The  cases  operated  upon  are  divided  into  those  which 
are  typically  resected  and  those  which  are  atypically 
treated.  The  typical  operation  consists  in  the  extirpa- 
tion of  the  synovial  membrane  and  the  removal  of  the 
bones  intra-  or  extra-epiphyseally.  The  atypical  one  con- 
sists in  the  extirpation  of  the  synovial  membrane  without 
removal  of  the  bone  except  where  diseased.  This  is  the 
arthrectomy  of  Volkmann  (Verhandl.  d.  deut.  Ges.  f. 
Chir.,  xiii.)  and  the  erasion  of  Wright  (Lancet,  1881,  vol. 
ii.,  p.  993). 

The  atypical  operation  is  undoubtedly  the  operation 
for  children,  since  in  eighteen  per  cent,  of  the  cases  in 
which  the  bones  were  not  at  all  or  only  very  slightly  in- 
volved, movable  joints  have  been  obtained.  In  the  sec- 
ond place,  no  shortening,  at  least  no  more  than  follows 
conservative  methods,  takes  place  (Maudry,  Beitrage  zur 
klin.  OJiir.,  iii.,  p.  335). 

A  comparison  of  these  atypical  cases  with  the  intra- 
epiphyseal  resections  (Hoffa,  Archiv  fur  klin.  Ghir., 
1885,  xxxii.,  p.  795)  shows  that  the  only  real  advantage 
is  the  possibility  of  obtaining  in  the  most  favorable  cases 
a  movable  joint,  and  since  this  occurred  in  nearly  eigh- 
teen per  cent,  of  the  seventy  cases  collected  (Maudry),  it 
offers  a  substantial  advantage  in  favor  of  the  atypical 
operation.  The  disadvantages  of  the  atypical  method 
consist  (1)  in  the  liability  of  leaving  beneath  the  articular 
cartilages  foci  of  disease,  (3)  in  the  greater  tendency  to 
contracture  of  the  flexor  muscles.  The  first  disadvantage 
is  more  apparent  than  real  in  the  cases  of  children,  be- 
cause in  making  an  intra-epiphyseal  section  one  must 
cut  the  bone  below  the  level  of  the  articular  cartilage. 
"  Every  bone  section  in  children  must  be  surrounded  by 
a  line  of  articular  cartilage  to  be  certainly  intra-epiphys- 
eal "  (KOnig).  This  section  is  so  thin  that  foci  may  not 
be  revealed  by  it,  just  as  when  the  articular  cartilage  is 
present.  The  advantage  which  belongs  to  the  typical 
intra-epiphyseal  method,  and  which  does  not  belong  to 
the  atypical  method,  is  the  firmer  union  which  takes  place 
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between  the  bones  and  the  slighter  tendency  to  deformit.v. 
The  lack  of  this  advantage  in  the  atypical  method  is  com- 
pensated for  by  prolonged  mechanical  after-treacment. 
When  the  bones  are  slightly  involved  and  the  synovial 


FIG.  4083. 


membrane  is  the  principal  seat  of  disease,  the  atypical 
operation  is  indicated  because  of  the  eighteen  per  cent. 
of  movable  joints  vf  hich  have  been  secured  by  its  employ- 
ment. If  in  addition  to  the  synovial  membrane  the  bones 
are  involved,  the  intra-  or  extra-epiphyseal  resection  is 
indicated,  according  to  the  extent  of  disease  in  the  bones. 
This  is  because  of  the  firmer  ankylosis  in  the  extended 
position  which  is  obtained  by  the  section  of  the  bones, 
and  also  because  It  is  not  possible  to  obtain  motion  on  ac- 
count of  the  destruction  of  the  articular  cartilages.  It  is 
to  be  remembered  that  in  resections  shortening  is  greater 
if  done  before  than  after  the  fourteenth  year. 

I/idications.—FoT  disease:  1.  Tuberculosis.  Excision 
in  these  cases  should  be  performed  (a)  in  all  cases  in  which 
the  articular  cartilage  is  found  eroded,  whether  suppura- 
tion is  present  or  not ;  (b)  in  cases  with  backward  disloca- 
tion of  the  tibia ;  (c)  in  cases  that  have  lasted  over  six 
months,  in  which  the  expectant  treatment  has  been  tried 
and  has  failed  and  in  which  the  disease  is  in  all  probability 
an  epiphyseal  osteitis ;  (d)  in  cases  of  synovial  tuberculosis 
which  has  extended  over  the  articular  cartilages.  In  the 
child  before  fifteen  years,  this  operation  affects  the  growth 
of  the  limb.  In  adults  of  twenty  years  and  over,  the 
length  of  the  limb  need  not  be  considered,  but  the  con- 
ditions of  the  viscera  and  the  general  health  become  im- 
portant considerations.  In  all  cases  the  presence  of  amy- 
loid degeneration;  tuberculous  disease  of  the  lungs  and 
other  viscera;  great  emaciation  and  extensive  involve- 
ment of  the  soft  parts  about  a  joint  demand  amputation 
rather  than  resection.  3.  Chronic  arthritis,  with  caries 
of  the  bones.  3.  Chronic  osteo-arthritis  in  a  single  joint 
in  middle  life.  4.  Ankylosis  of  the  knee  in  a  bad  posi- 
tion after  osteotomy  has  failed.  5.  In  infantile  paralysis 
for  the  production  of  ankylosis.  In  these  cases  the  re- 
section is  usually  a  complete  one. 

For  injury :  Gunshot  wounds  and  other  compound  and 
complicated  wounds.  In  these  cases  the  resection  is  usu- 
ally partial  rather  than  complete. 

Anatomj/.— The  axis  of  the  femur  is  directed  mward  at 
the  knee  That  of  the  tibia  is  straight,  i.e.,  m  the  axis 
of  the  body.  The  joint  obtains  no  strength  from  the 
shape  of  the  bones.  It  derives  its  strength  from  its  cru- 
cial and  posterior  ligaments  rather  than  from  its  lateral 
and  anterior  ligaments.  The  cavity  of  the  synovial 
membrane  is  extensive  and  the  bursffi  about  the  joint  are 


numerous.  Of  these  bursa;,  that  between  the  inner  con- 
dyle, the  semimembranosus,  and  the  inner  head  of  the 
gastrocnemius  communicates  with  the  joint.  The  bursa 
beneath  the  tendon  of  tlie  popliteus  communicates  with 
both  the  knee-joint  and  the  superior  tibio-fibu- 
lar  articulation.  In  like  manner,  the  bursa 
beneath  the  vasti  and  the  rectus  communi- 
cates in  eighty  per  cent,  of  the  cases  with  the 
joint  (Fig.  4088).  The  popliteal  artery  and 
vein  are  quite  closely  associated  with  the  liga- 
ment of  Winslow,  and  care  must  be  given  in 
dissecting  out  diseased  tissue  in  this  region  in 
order  to  avoid  injuring  them  (Fig.  4083).  The 
articular  arteries  should  if  possible  be  avoided, 
but,  if  they  cannot  be  avoided,  they  should  be 
tied  before  closing  the  wound,  even  when  the 
blood-clot  method  is  used.  The  superior  articu- 
lar arteries  are  situated  just  above  the  condyles, 
while  the  inferior  pass  beneath  their  respective 
lateral  ligaments,  the  internal  below  the  tibial 
tuberosity,  the  external  above  the  head  of  the 
fibula.  It  is  to  be  remembered  that  the  upper 
limit  of  the  femoral  epiphysis  is  represented  by 
a  line  passing  across  the  femur  at  the  tubercle  of 
the  adductor  magnus.  This  epiphyseal  line  is 
intracapsular.  The  tibial  epiphysis  is  marked 
at  the  sides  by  a  line  just  including  the  fibular 
articular  surface,  and  the  depression  for  the 
semimembranosus  tendon  behind  this  line  just 
includes  the  tuberosities.  In  fi'ont  the  epi- 
physis descends  to  the  lower  margin  of  the 
tubercle.  This  epiphyseal  line  is  extracapsu- 
lar. The  femoral  epiphysis  joins  the  shaft  at 
twenty,  the  tibial  at  twenty -one  years  (Fig.  4084,  a  and 
b).    In  a  child,  scarcely  more  than  1  cm.  of  the  tibia  and 


FIG.  4084. 

1.5  cm.  of  the  femur  can  be  removed  without  compro- 
mising the  growth  of  the  limb.  After  puberty  (seven- 
teen years),  1.5  cm.  of  the  tibia  and  3  cm.  of  the  femur 
can  be  removed  (Faraboeuf).     HofEa  (Annals  of  Surgery, 
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March,  1886)  says  that  (1)  in  one  case  the  removal  of  both 
epiphyses  at  the  end  of  ten  years  gave  25.5  cm.  shorten- 
ing ;  (2)  in  one  case  at  the  end 
of  two  years  there  was  10  cm. 
shortening;  (3)  tlie  loss  of  the 
femoral  epiphysis  alone  in  one 
case  gave  17  cm.  shortening  at 
the  expiration  of  six  years;  (4) 
the  loss  of  the  tibial  epiphysis 
alone  in  two  cases  gave  respec- 
tively 1.5.5  and  6  cm.  shoi-tening 
in  six  years;  i.e.,  an  average  of 
10,7  cm.  Petersen  (Archiv  f. 
Mill.  Ghir.,  xxxiv.,  p.  445),  in  a 
child  of  six  years  of  age,  at  six 
years  from  tlie  time  of  the  resec- 
tion, found  a  shortening  in  the 
femur  of  10.2  cm.,  of  which  8.5 
cm.  was  due  to  the  loss  of  the 
lower  femoral  epiphysis.  In  the 
tibia,  there  was  5  cm.  shorten- 
ing, of  whicli  3  cm.  was  due  to 
the  loss  of  the  upper  tibial  epi- 
physis. 

It  is  to  be  remembered  that 
when  the  linee  is  flexed  the  ex- 
tension  of    the   synovial  mem- 
brane above  the  femur  and  be- 
FiG.4085.  neath    the    quadriceps   femoris 

tendon  scarcely  reaches  above 
the  articular  cartilage  of  the  femur;  when  the  leg  is  ex- 
tended, the  same  rises  to  a  much  gi-eater  distance. 

Incisions. — Many  incisions  have  been  recommended  for 
this  operation,  and  of  the  great  number  variously  used  by 
Park,  Moreau,  Fergusson,  Mackensie,  Bird,  Volkmann, 
Langenbeck,  Oilier,  Textor,  Sanson,  and  Begin,  no  one 
seems  to  me  to  be  as  advantageous  as  that  recommended 
by  Mackensie,  Faraboeuf,  Erichsen,  and  Kocher,  i.e.,  the 
transverse  curved  incisions  of  Textor. 

The  object  of  this  resection  is  usually  to  produce  anky- 
losis without  considerable  shortening,  i.e,  without  short- 
ening over  10  cm.,  which  can  be  corrected  by  a  high  shoe 
and  by  the  inclination  of  the  pelvis.  For  this  reason  only 
such  incisions  are  useful  which  will  expose  all  parts  of 
the  joint  and  enable  one  accurately  to  remove  only  the 
diseased  tissue.  To  obtain  this  exposure,  the  transverse 
incision  is  preferable  to  the  longitudinal.  The  longitu- 
dinal incisions  were  designed  to  save  the  patella  and  to 
aid  in  producing  mobile  joints,  but  the  best  results  are 
usually  those  in  which  ankylosis  exists,  and  in  these  the 
patella  is  not  necessary. 

The  operation  by  the  longitudinal  incision  is  difficult 
and  tedious,  and  in  disease  fails  to  expose  all  parts  of  the 
synovial  membrane.  For  this  reason  alone,  in  disease, 
the  transverse  is  to  be  preferred  to  the  longitudinal  inci- 
sion. In  some  few  cases  of  injury  with  partial  resection 
of  the  bones,  the  longitudinal  incision  is  indicated,  but  in 
the  vast  majority  of  cases  no  incision  is  so  satisfactory  as 
the  transverse. 

Method  of  Operation.— Tyxiic&l  resection.  The  patient 
lies  upon  the  back,  with  the  leg  at  the  end  of  the  table, 
so  that  in  flexion  at  the  knee  the  foot  may  rest  on  the 
table.  The  surgeon  stands  upon  the  side  to  be  operated. 
One  assistant,  opposite  the  surgeon,  manages  the  thigh, 
another  manages  the  leg.  A  third  manages  the  spong- 
ing, etc.  During  the  skin  incision,  the  leg  is  held  lirmly 
flexed  upon  the  thigh.  The  incision,  at  first  involving 
the  skin  and  subcutaneous  tissue,  passes  from  the  epicon- 
dyle  of  one  side  to  that  of  the  other  in  a  broad  curve, 
which  crosses  the  ligamcntum  patellae  midway  between 
the  tubercle  of  the  tibia  and  the  lower  margin  of  the 
patella  (Fig.  4085).  This  incision  avoids,  as  it  ap- 
proaches the  internal  epicondyle,  iojuring  the  saphena 
magna  vein  and  the  internal  saphenous  nerve.  The  flap 
marked  out  is  dissected  from  the  capsule  and  the  patella 
and  is  reflected  above  the  upper  border  of  the  patella. 
An  oval -shaped  piece  of  the  anterior  capsule,  including 
the  patella  and  the  synovial  membrane,  is  now  excised 
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by  two  incisions  passing  from  the  posterior  borders  of 
each  lateral  ligament  across  the  upper  and  lower  extrem- 
ities of  the  patella  (Fig.  4086).    With  the  removal  of  this 
piece  the  joint  is  fully  exposed.     This  is  the  method  of 
procedure  in  non-tuberculous  processes,  in  injuries,  and 
in  deformities,  where  the  ultimate  aim  is  ankylosis.     In 
tuberculosis  Kocher's  suggestion  is  the  proper  one.    After 
reflection  of  the  skin  and  subcutaneous  tissue  as  above, 
an  incision  is  carried  through  the  latferal  ligaments,  the 
fascia  of  the  vasti  muscles,  and  tlie  quadriceps  tendon  in 
a  curve  above  the  patella  down  to  but  not  through  the 
synovial  membrane.     The  flap  above  is  cleared  from  the 
synovial  membrane  until  the  attachment  of  the  latter  to 
the  femoral  articular  cartilage  is  reached.     In  like  man- 
ner, the  flap  below  is  separated  from  the  synovial  mem- 
brane as  far  as  the  latter's  attacliment  to  the  tibia,  the 
ligamentum  patellae  being  divided  at  its  attachment  to 
the  patella.     In   this  manner  the   tuberculous  synovial 
membrane,  together  with  the  patella,  is  removed  in  one 
piece.     Whichever  way  one  has  proceeded  the  joint  is 
now  open  and  the  crucial  ligaments  are  seen.     With  in- 
creased flexion  by  the  assistant,  the  crucial  ligaments  are 
rendered  more  evident  and  the  division  of  the  anterior 
and  then  the  posterior  close  to  the  femur  is  made.     The 
leg  now  hangs  loosely  upon  the  femur.     It  is  flexed  to  a 
right  angle,  with  the  foot  resting  upon  the  table  and  the 
femur  raised.     In  this  position  the  femur  is  cleared  of  its 
soft  parts — including  the  periosteum  if  desired  and  if  in- 
dicated by  the  local  condition— up  to  the  line  of  intended 
section.     The  popliteal  space  is  protected  by  a  broad  re- 
tractor and  the  bone  is  sawn  with  a  solid-bladed  saw. 
The  plane  of  section  .is  sagittally  at  right  angles  to  the 
axis  of  the  femur.     Frontaily  it  is  parallel  to  the  plane 
of  the  articular  surfaces  of  the  condyles. 

The  tibia  is  now  pulled  forward  while  the  foot  still 
rests  upon  the  table.  The  popliteal  tissues  are  put  upon 
the  stretch  and  brought  into  a  lower  plane  than  the  artic- 
ular surface  of  the  tibia.  This  is  exaggerated  by  freeing 
the  tibia  posteriorly  where  the  ligament  of  Winslow  is 
attached.  The  tibia  is  now  held  firmly  in  this  position  and 
is  cleared  of  all  tissues  to  the  line  of  bone  section.  It  is 
sawn  at  right  angles  to  the  axis  of  its  shaft.  The  sec- 
tion in  the  bones  is  in  the  young  alwavs  within  the  epi- 
physeal line;  in  the  adult,  the 
section  is  made  as  often  extra- 
epiphyseally. 

The  tissues  in  the  popliteal 
space  are  in  no  danger,  since 
they  are  placed  at  a  lower  level 
than  the  bone  section,  owing 
to  the  traction  upon  the  leg 
held  in  the  vertical  position. 
In  non-tuberculous  cases  and 
in  cases  of  deformity,  the  syn- 
ovial membrane  is  now  dis- 
sected from  the  bones  and  the 
capsule.  It  is  usual  to  begin 
with  that  above  the  femur  and 
beneath  the  quadriceps  tendon. 
This  with  the  bursa  is  removed 
as  a  continuous  membrane  and 
can  in  almost  all  instances,  ex- 
cept where  disease  has  ad- 
vanced beyond  its  limits,  be 
removed  without  further  in- 
cisions. In  the  more  extensive 
cases  a  vertical  incision  must 
be  added  to  the  transverse  one. 
So  infrequently  is  this  the  case 
and  so  thoroughly  can  one,  by 
means  of  this  additional  incis- 
ion, approach  without  excessive  injury  the  space  beneath 
the  vasti  and  quadriceps  muscles,  that  I  have  rejected 
entirely  all  incisions  with  their  curve  upward  (Hahn 
Verhaudl.  der  deutschen  Gesell.  f.  Chir.,  No  xi )  which 
are  designed  more  fully  to  expose  this  region. 

The  advantages  obtained  by  this  method  of  procedure 
are,  taken  all  in  all,  more  than  those  derived  from  inci- 
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sions  destined  to  expose  the  space  beneath  the  quadriceps 
muscle  at  the  expense  of  the  rest.  The  areas  next  in  im- 
portance are  the  immediate  neighborhood  of  the  tibia  and 
the  popliteal  space.  The  S3'novial  membrane  about  the 
sides  and  front  of  the  tibia  and  the  adjacent  synovial 
membrane  are  now  removed,  including  the  bursa  beneath 
the  ligamentum  patellte.  At  this  stage  an  assistant  places 
his  hand  in  the  angle  formed  by  the  tibia  and  femur,  and 
by  pushing  apart  these  bones  puts  the  tissues  in  tlie  pop- 
liteal space  upon  the  stretch,  which  renders  the  removal  of 
the  bursffi  already  referred  to  an  easier  matter  than  when 
their  tissue  is  not  firmly  stretched.  If  removal  of  the  dis- 
ease in  the  rest  of  this  region  is  now  undertaken  and  if 
sinuses  exist  here,  it  is  best  to  locate  first  the  position  of 
the  artery  and  vein  and  then  to  proceed  to  the  removal  of 
the  diseased  parts.  Providing  the  resection  has  been  an 
extensive  one,  it  is  my  custom  at  this  time  to  remove  the 
Esmarch  bandage  and  to  tie  tlie  articular,  the  anastomotica 
magna,  and  the  recurrent  tibial  arteries.  All  hemorrhage 
from  the  bones  stops  when  they  are  apposed.  If  the  op- 
eration has  not  been  so  extensive,  then  in  all  probability 
these  vessels  have  not  been  cut  or  at  most  only  one  or  two 
of  them ;  under  these  circumstances  I  do  not  remove  the 
Esmarch  bandage,  but  rely  entirely  upon  the  firm  dress- 
ing and  the  elevation  of  the  limb  for  controlling  the  hem- 
orrhage. Two  openings  are  now  drilled  in  the  femur 
and  in  the  tibia,  and  through  them  are  passed  large-sized 
chromicized  catgut  sutures,  which,  after  the  popliteal 
tissues  are  held  away  from  the  bones  and  after  the  bones 
are  apposed,  are  tied  tightly.  These  stitches  are  not  for 
the  purpose  of  holding  the  bones  after  the  operation  is 
completed  but  rather  at  the  time  of  applying  the  primary 
dressing.  They  enable  the  assistants  to  feel  that  the  bones 
remain  in  situ  and  have  not  slipped  from  their  original 
position.  Complete  reliance  is  placed  upon  the  dressing 
for  holding  the  bones  in  position. 

If  large  sections  of  the  femur  and  tibia  have  been  re- 
moved a  piece  of  the  circumference  of  the  femur  may  be 
sawn  out  and  transplanted  to  the  space  between  the  tibia 
and  femur,  as  in  a  flap  operation  upon  the  soft  parts. 
S3'kow  was  successful  in  one  case  in  preventing  shorten- 
ing and  in  having  the  consolidation  of  the  limb  perfect 
in  three  months.  His  success  may  well  be  imitated  in 
suitable  cases  {OeniralUatt  fwr  Chir.,  1903,  No.  15). 

After  the  suture  of  the  bones  the  capsule,  the  liga- 
mentum patellse,  and  the  tendon  of  the  quadriceps  fe- 
moris  are  united  with  catgut.  For  the  tendon  and  the 
ligament  I  use  the  chromicized  catgut,  which  lasts  for 
from  fourteen  to  twenty  days.  For  the  capsule,  I  use 
simple  catgut.     The  skin  is  sutured  also  with  catgut. 

Drainage  is  established  only  to  give  exit  to  the  excess 
of  blood,  so  that  the  employment  of  Maas'  method  or  the 
insertion  of  rubber  tissue  into  the  incision  wound  is  quite 
sufficient. 

In  operating  upon  joints  which  are  flexed,  it  is  best  to 
straighten  them  as  much  as  possible  before  operating. 
In  this  way  one  avoids  removing  too  much  bone  and  at 
the  same  time  removes  enough,  so  that  the  tissues  in  the 
popliteal  space  are  not  too  much  stretched.  This  stretch- 
ing tends  to  displace  the  fragments,  and  by  closing  the 
vessels  tends  to  produce  gangrene  of  the  foot  and  leg. 

The  author's  method  of  dressing  these  cases  has  been 
most  satisfactory.  It  consists  in  applying  an  even  and 
not  lumpy  dressing  of  gauze  from  the  ankle  to  the  upper 
third  of  the  thigh.  Upon  the  outer  side  of  this  gauze 
dressing  eight  to  twelve  thin  bass  or  white  wood  splints, 
cut  in  strips  3  to  3  cm.  wide  and  boiled  until  they  are  not 
only  aseptic  but  perfectly  pliable,  are  applied  over  the 
joint  and  are  bandaged  quite  loosely  in  position.  Over 
this  is  placed  a  sufficient  cotton  dressing  which  is  fixed 
with  plaster-of-Paris  bandages.  This  plaster  of  Paris  is 
not  thick ;  it  is  scarcely  more  than  two  bandages  thick, 
except  where  it  covers  the  knee.  It  extends  from  the  toes 
to  the  upper  third  of  the  thigh.  The  limb  is  now  placed 
in  a  Volkmann's  splint,  which  can  be  suspended  or  raised 
in  bed  to  the  required  height.  No  dressing  nor  spUnt 
which  I  have  seen  used  holds  the  knee  so  firmly  and 
without  undue  pressure  as  does  this  combination.     The 


wood  splints  or  strips,  applied  directly  over  an  evenly  ap- 
plied gauze  dressing,  can  be  trusted,  when  they  harden, 
to  render  slipping  of  the  bone  surfaces  impossible.  The 
plaster  of  Paris  applied  outside  of  the  cotton  and  from  the 
toes  to  the  middle  of  the  thigh  holds  the  foot,  leg,  and 
thigh  immovable,  and  exerts  an  even  pressure  upon  all 
these  parts.  The  Volkmann's  splint  protects  and  sustains 
the  plaster-of-Paris  dressing,  which  on  this  account  need 
not  consist  of  more  than  two  thicknesses  of  bandage. 
This  suffices  for  the  immediate  dressing,  but  fixation  must 
be  continued  for  a  varying  period  after  operation.  Some 
have  placed  the  period  when  ankylosis  becomes  complete 
at  two  months  (Riedel,  Deut.  Zeiis.  fiir  Chir.,  Bd. 
XV.),  others  at  from  six  to  eight  months  (Volkmann's 
klin.  Vortrage,  51),  and  still  others  at  one  year  (Hoffa, 
Arch,  fiir  klin.  Chir. ,  Bd.  xxxii. ).  During  this  period  the 
limb  must  be  kept  perfectly  straight,  and  for  this  purpose 
plaster-of-Paris  dressing  is  still  used  with  perfect  satis- 
faction. Windows  can  be  made  where  necessary  and  the 
wound  kept  clean  and  healthy.  There  seem  to  me  to  be 
no  advantages  in  the  Howse  or  Hodgson  splints  which 
are  not  found  in  the  above  plaster-of-Paris  dressing.  Al- 
most all  the  splints  employed  have  the  disadvantage  of 
being  complex  and  difficult  to  ad j  ust.  After  splints  have 
been  removed,  a  leather  support  is  usually  applied.  In 
children  a  support  should  be  worn  for  from  two  to  three 
years. 

BemUs.—Tlxe  age  of  the  patient  is  important.  The 
results  are  best,  for  either  injury  or  disease,  between  five 
and  fourteen  years.  Esmarch  ("  Beitrage  zur  Statistik  der 
Kniegeleuksresectionen,"  Kiel,  1883)  had  no  deaths  in  30 
cases,  Volkmann (Verhandl.  derdeutschen  Gesell.  f.  Chir., 
xiii.)  no  deaths  in  20  cases.  Hahn,  Maas,  and  Schede  have 
had  similar  results.  In  1898  Napalkow  reported  26  cases 
operated  upon  between  seventeen  and  twenty-five  years 
old,  with  no  deaths  ("Chirurgie,"  1898,  p.  345).  These 
statistics  for  tuberculosis  bring  the  mortality  very  low. 
The  general  mortality  for  all  cases  and  under  aH'condi- 
tions  is  at  present  about  ten  per  cent.  (Bothe,  Beitr.  z, 
klin.  Chir.,  vi.,  p.  382).  The  former  higli  mortality  of  7 
per  cent,  for  gunshot  wounds,  40  per  cent,  for  injury,  and 
80  per  cent,  for  disease  is  being  gradually  reduced  by  a 
better  selection  of  cases  and  an  improved  technique. 

The  final  results  of  resections  in  children  up  to  the 
fourteenth  year  show  (HofEa,  Arehivf.  klin.  Chir.,  xxxii., 
p.  763)  that  6  per  cent,  of  failures  occur,  most  of  which 
require  amputation ;  that  7  per  cent,  die  of  tuberculosis 
in  other  organs  at  a  subsequent  period;  that  58.47  per 
cent,  have  an  ankylosis  in  the  straight  position,  with 
neither  genu  valgum  nor  genu  varum;  that  41.53  per 
cent,  have  a  flexion  contracture  due  (1)  to  a  faulty  posi- 
tion of  the  leg  and  thigh  at  the  time  of  operation,  (2)  to 
contracture  of  the  flexors  and  atrophy  of  the  quadriceps 
femoris,  and  (3)  to  the  weight  transmitted  through  the 
limb  in  faulty  position.  All  of  these  conditions  are 
avoided  by  obtaining  a  bony  ankylosis  in  the  extended 
position  before  the  limb  is  used.  Eighty -seven  per  cent, 
of  the  cases  were  permanent  cures  (54  per  cent,  without 
subsequent  flstulje,  33  per  cent,  with  flstulae  requiring 
from  one  to  twenty-one  months  to  cure).  One  hundred 
per  cent,  of  the  cases  show  some  interference  in  the  growth 
of  the  limb,  yet  in  93  per  cent,  this  is  not  greater  in  the 
intra-epiphyseal  resections  than  in  the  conservatively 
treated  cases  (loc.  cit.,  p.  794).  In  8  per  cent,  of  the  cases 
measured  by  Bothe  {Beitriige  zur  klin.  Chir.,  vi.,  p.  308) 
lengthening  had  taken  place.  The  final  results  in  resec- 
tions in  which  the  subjects  are  older  and  in  which  the 
operation  is  either  intra-  or  extra-epiphyseal,  in  so  far  as 
the  bone  section  is  concerned,  are  as  follows: 

In  operations  for  tuberculous  disease  (443  cases)  (Bothe, 
I.  c).  Healed  and  useful  limbs,  67.4  per  cent. ;  incom- 
pletely healed,  13.7  per  cent. ;  amputated,  8.8  per  cent.; 
useless,  17  per  cent. ;  mortality,  10.1  per  cent. 

In  operations  for  gunsliot  wounds.  Useful,  60  per  cent. ; 
required  amputation,  34  per  cent. ;  unknown,  16  per  cent. 

In  operations  for  relief  of  deformity.  Perfect,  19.5  per 
cent. ;  useful,  68  per  cent. ;  unknown,  13.5  per  cent. 

The  Atypical  Resection.— 'Ry  this  is  meant  the  method 
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employed  by  Wright  under  the  name  of  erasion  and 
by  Volkmann  under  the  name  of  arthrectomy.  It  is  an 
operation  in  -which  the  synovial  membrane  and  bursas 
are  removed  entire  and  in  which  tlie  bone  foci  are  gouged 
out,  scraped  out,  or  chiselled  out,  while  all  that  is  healthy 
is  left  intact.  An  operation  of  this  kind  in  more  favora- 
ble cases  consists  of  a  synovial  extirpation  with  the  goug- 


FIG.  408T. 

ing  out  of  one  or  more  small  osseous  foci;  in  the  more 
extensive  cases  it  consists  of  a  nearly  complete  removal  of 
the  articular  cartilage,  i.e.,  of  an  almost  typical  resection. 
The  operative  technique  is  usually  carried  out  by  a 
transverse  incision  through  the  skin,  subcutaneous  tis- 
sue, lateral  ligaments  and  fibrous  capsule,  down  to  the 
synovial  membrane ;  reflection  of  this  flap  upward ;  and 
extirpation  of  the  synovial  membrane  as  recommended  by 
Kocher  for  typical  resections.  It  is  now  my  custom, 
after  the  crucial  ligaments  are  divided  and  the  menisci 
removed,  to  examine  the  bones  carefully,  in  order  to 
determine  from  the  beginning  whether  I  can  be  con- 
tent with  a  limited  destruction  of  the  articular  cartilage, 
or  whether  this  must  be  removed  in  greater  part.  It 
is  at  this  stage  that  I  determine  whether  my  operation 
is  to  be  the  erasion  or  the  intra-epiphyseal  resection. 
Provided  the  former  is  the  selection,  the  foci  in  the 
bones  are  removed  by  a  gouge  or  chisel,  and  as  much  of 
the  articular  cartilage  is  saved  as  is  possible.  If  two- 
thirds  of  the  articular  surface  is  intact,  I  then  attempt  to 
obtain  a  movable  joint  (eighteen  per  cent,  in  seventy 
cases,  Maudry),  and  after  dissecting  away  the  posterior 
synovial  membrane  and  the  bursas  I  suture  carefully  the 
capsule,  the  ligamentum  patellas,  and  the  skin.  I  treat 
the  joint  subsequently  as  in  fractured  patella,  with  abso- 
lute rest  for  from  four  to  six  weeks.  If  one-half  to  two- 
thirds  is  removed  by  the  gouge  or  chisel,  I  remove  the 
remaining  articular  cartilage  by  sawing  intra-epiphyse- 
ally  and  I  attempt  to  obtain  an  immediate  bony  union  in 
the  extended  position.  In  my  opinion  the  atypical  and 
the  typical  intra-epiphyseal  operations  should  be  com- 
bined in  this  manner  to  obtain'  the  best  possible  result  of 
each  method.  Kocher,  in  order  to  avoid  the  cutting  of 
the  quadriceps  tendon,  makes  the  usual  curved  anterior 
incision,  dividing  the  skin,  subcutaneous  tissue,  and  the 
fascia3  of  the  vasti  muscles.     He  then  makes  upon  each 


side  of  the  quadriceps  tendon  two  vertical  incisions, 
which,  meeting  the  incision  in  the  fascise  of  the  vasti, 
form  two  right-angled  flaps  which  are  retracted  outward 
(Fig.  4087).  The  capsule  and  synovial  membrane  are 
now  cleared  as  in  the  typical  resection,  and  are  re- 
moved together  with  the  menisci  and  ligamenta  alaria 
(Kocher).  The  crucial  ligaments  having  been  previously 
separated  at  the  tibial  eminence,  the  femur  is  dislocated 
outward  or  inward  in  order  that  the  posterior  and  pos- 
tero-lateral  portions  of  the  capsule  be  rendered  accessible 
for  removal.  The  condyles  are  now  examined,  and  if 
necessary  foci  are  removed.  The  patella  is  at  last  turned 
completely  upon  itself  and  cleared  of  all  tuberculous  or 
diseased  tissue. 

Either  of  these  methods  of  exposure  may  be  selected. 
For  myself,  I  prefer  the  former  method,  dissecting  out 
the  synovial  membrane  in  the  manner  recommended  by 
Kocher  for  the  typical  resection. 

Resection  of  the  Hip-Joint. — This  operation  was 
first  performed  by  Whyte  for  deformity  in  1818,  for  dis- 
ease by  Hewson  in  1822  or  by  Brodie  in  1836,  and  for  gun- 
shot injury  by  Oppenheim  in  1839.  The  resections  are 
classed  as  complete  when  the  acetabulum  is  partially  re- 
moved together  with  the  femur,  as  partial  when  only  the 
femur  or  the  acetabulum  is  removed.  They  are  typical 
or  atypical,  according  to  the  modifications  in  the  method 
of  approach  and  the  manner  of  attacking  osseous  tissue. 

The  indications  for  the  operation  are : 

1.  Gunshot  wounds,  where  partial  and  atypical  resec- 
tions rather  than  typical  and  complete  methods  are  un- 
doubtedly indicated.  With  the  new  projectiles,  conserv- 
ative methods  rather  than  operative  should  be  employed 
unless  the  operative  interference  is  confined  to  a  correc- 
tion tending  to  production  of  better  wound  healing. 

3.  Tuberculosis,  where  operative  procedure  is  not  to 
be  delayed,  but  earlier  interference  recommended. 

8.  Deformities  from  injury  or  disease.  Here  partial  or 
complete  resections  are  alone  indicated  when  osteotomy 
cannot  correct. 

4.  Old  dislocations  from  disease  or  traumatism,  where 
partial  operations  ai'e  quite  suflicient. 

5.  Intracapsular  fractiu-e  of  the  neck  of  the  femur  fol- 
lowed by  disability  and  pain.  Here  the  partial  resection 
confined  to  the  femur  is  beneficial. 

6.  In  dislocation  of  the  head  and  fracture  of  the  neck 
of 'the  femur.  Here  removal  of  the  dislocated  head  is 
sufficient. 

7.  Congenital  dislocation  in  adults  which  have  failed 
of  reduction  by  manipulation,     (Lorenz  and  Hoffa.) 

8.  In  acute  infectious  arthritis.  Here  arthrotomy 
rather  than  resection  will  be  found  to  be  more  beneficial. 

Remits. — The  mortality  of  resections  for  gunshot 
wounds  is,  according  to  Culbertson,  89.07  per  cent., 
while  according  to  Gurlt  it  is  88.33  per  cent.  Gurlt 
classifies  this  mortality  as  follows:  93.68  per  cent,  for 
primary  resections;  94  per  cent,  for  intermediary  resec- 
tions; 89.39  per  cent,  for  secondary  resections;  60  per 
cent,  for  late  resections.  Otis  gives  a  mortality  of  90.9 
per  cent,  in  the  primary  resections,  while  similar  cases 
treated  conservatively  give  98.8  per  cent.,  and  by  exar- 
ticulation  83.8  per  cent. 

The  mortality  for  disease  is  low.  Culbertson  gives 
44.8  per  cent.,  of  which  6.93  per  cent,  represented  deaths 
from  operation  directly,  leaving  37.89  percent,  for  deaths 
from  the  disease  and  its  complications.  Grouch  {Central- 
blatt  fill-  Cliir..  1882,  p.  338)  gives  a  mortality,  in  130 
cases  of  tuberculosis  treated  antisepticallj"-  and  observed 
to  the  end,  of  36.7  per  cent.,  which,  compared  with  the 
results  of  Culbertson  in  pre-antiseptic  times,  shows  that 
the  cases  dying  from  operation  have  been  excluded  by 
the  present  methods  of  operation,  but  that  the  deaths 
from  the  disease  have  not  been  diminished.  Nor  can  it 
be  said  that  the  time  of  after-treatment  is  shortened,  nor 
is  the  functional  result  better.  These  statistics  include 
only  cases  operated  upon  late  in  the  disease.  The  results 
of  the  operative  treatment  are  better  in  proportion  as  the 
operation  is  early  performed,  and  better  in  children  than 
in  adults.    The  mortality  in  the  first  stage,  i.e.,  in  the 
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Stage  in  which  the  changes  in  the  joint  are  slight  and  in 
which  sinuses  have  not  formed,  is  0  per  cent.  The  mor- 
tality in  the  second  stage,  i.e.,  in  the  stage  in  which  fis- 
tulse  have  formed  and  pus  is  present,  is  24.1  per  cent. 
The  mortality  in  the  third  stage,  i.e.,  in  the  stage  in  which 
the  patients  are  already  debilitated  by  long-standing  sup- 
puration and  fistulfe,  is  67.5  per  cent.  Two-thirds  of  the 
deaths  following  operation  are  due  to  general  tuberculo- 
sis or  tuberculosis  of  other  organs ;  one-third  is  due  to 
septic  infection,  suppuration,  and  amyloid  degeneration 
(fii-xins.,  Beiirdge  zur  klin.  Chir.,  xxii.,  1894).  The  mor- 
tality at  present  is  in  the  neighborhood  of  five  per  cent. 
(Wright,  3  :  100). 

Functional  Remits. — Baehr  reports  44  cases  of  resection 
which  were  able  to  walk:  8  with  perfect  motion  =18  per 
cent. ;  23  with  restricted  motion  =  52  per  cent. ;  11  with 
ankylosis  =:  25  per  cent.;  1  with  a  flail  joint  =  2.5  per 
cent.  Baehr  also  found  that  resection  of  the  head  alone 
gave  0.9  cm.  shortening;  of  the  head  and  neck,  1.5  cm. 
Subtrochanteric  section  gave  a  shortening  of  4  cm.  His 
views  substantiate  Riedel's:  namely,  that  the  early 
resections  give  less  shortening  than  the  continuance  of 
the  disease  will  give,  and  that  motion  in  the  joint  is 
equally  good  or  better  (Beut.  Zeits.f.  OMr.,  No.  30,  p. 
349).  Maunlnger  {Deut.  Zeits.f.  0/«>.,  No.  65,  p.  1)  gives 
the  statistics  of  41  cases  carefully  observed.  The  shortest 
time  during  which  a  patient  was  kept  under  observation 
after  operation  was  one  year  and  six  months.  The  fol- 
lowing are  the  classified  results:  41.03  per  cent,  were 
healed  without  flstulte ;  17.07  per  cent,  were  healed  after 
treatment  forfistulse  or  after  subsequent  operations;  9.75 
per  cent,  were  healed,  but  now  and  then  a  fistula  would 
open  and  close.  The  general  health  of  these  patients  was 
good.  In  67.84  per  cent,  the  results  were  good.  In  11. 
195  per  cent,  of  the  cases  the  health  was  bad,  and  the 
wounds  suppurated  profusely;  21.95  per  cent,  of  the  pa- 
tients died.  The  results  wei'e  bad  in  33.145  per  cent,  of 
the  cases.  Of  the  deaths  (21.95  per  cent.),  1  was  due  to 
fat  emboli  in  the  lungs.  In  about  10  per  cent,  the  cause 
was  miliary  tuberculosis,  which  followed  the  operation 
in  from  one  to  five  months,  and  the  development  of 
which  was  probably  hastened  by  the  operation.  In  an- 
other 10  per  cent,  of  the  cases  death  was  due  to  tubercu- 
losis of  internal  organs,  the  disease  developing  from  one 
to  ten  years  after  the  operation. 

Functional  results  in  these  cases  must  be  considered  in 
reference  to  the  condition  of  the  extremity  at  the  time  of 
operation.  In  no  case  had  the  disease  in  the  hip  lasted 
less  than  two  and  three-fourths  years,  so  that  the  opera- 
tion had  to  do  with  (1)  the  shortening  of  the  extremity 
due  to  an  atrophy  from  inaction — 4  to  8  cm. ;  (2)  slipping 
upward  of  the  head  of  the  femur  upon  the  ilium — 2  to  3 
cm. ;  (3)  contracture  of  the  soft  parts  (muscles,  etc.), 
usually  a  flexion-contracture  of  thirty  degrees  and  an 
adduction-contracture  of  twenty  degrees ;  (4)  atrophy  of 
the  musculature  of  the  pelvis  and  femur.  Yet,  in  spite 
of  this  condition  of  affairs,  in  50  per  cent,  of  the  cases  in 
which  good  results  were  obtained  good  motion  was  pres- . 
ent ;  in  50  per  cent,  of  these  cases  a  cane  with  or  without 
a  high  shoe  was  used  in  walking.  With  the  exception 
of  one  case,  all  limped  more  or  less;  i.e.,  most  patients 
walked  from  two  to  four  hours  without  pain  or  special 
fatigue.  All  followed  their  vocations.  In  50  per  cent. 
their  general  health  was  good ;  In  50  per  cent,  it  was  very 
good.  With  the  exception  of  one  case  in  which  multiple 
caries  existed,  no  case  was  suspected  of  having  tubercu- 
losis in  other  organs.  Maunlnger  collected,  in  addition  to 
these  cases,  304  cases  which  were  operated  in  the  aseptic 
period  of  surgery.  Permanent  healing  took  place  in  65.8 
per  cent.  The  mortality  was  17.4  per  cent.  The  ques- 
tion to-day  is  whether  conservative  treatment  will  give 
as  good  or  better  results  than  the  operation. 

The  statistics  of  Gibney,  Waterman,  and  Reynolds,  of 
114  cases  examined  five  years  and  upward  after  leaving 
the  hospital,  show  that  107  were  cured  and  able  to  fol- 
low an  occupation  without  trouble ;  7  cases  were  cured, 
but  with  considerable  deformity,  for  which  osteotomy  or 
excision  was  done.     About  14  per  cent,  showed  perfect 


motion,  20.5  per  cent,  good  motion,  88  per  cent,  limited 
motion,  and  no  motion  in  about  8  per  cent.     Shortening 
of  the  limb  averaged  1.75  in.  (i.e.,  4  cm.)  in  all  the  cases 
except  m  21  in  which  it  was  absent,  i.e.,  19.5  per  cent 
{Annals  of  Surgery,  1897,  vol.  ii.). 

The  statistics  of  Maunlnger  {loe.  cit.),  obtained  for  the 
conservatively  treated  cases,  give  the  following  results 
as  regards  the  cures  and  deaths:  purulent  cases,  27.1  per 
cent,  healed,  48.8  per  cent,  mortality;  non-purulent 
cases,  74.2  per  cent,  healed,  16.5  per  cent,  mortahty. 

The  results  of  conservative  treatment  are  therefore,  in 
reference  to  mortality,  no  better  than  those  obtained  by 
the  operative  method,  for  even  if  the  cases  of  death  due  to 
operation  alone  or  induced  by  the  operatic  a  be  included, 
still  the  operative  cures  present  a  mortality  of  only  17.4 
per  cent,  as  against  16.5  per  cent,  in  the  non-suppurative 
cases  and  48.8  per  cent,  in  the  suppurative  cases  treated 
conservatively.  If  in  this  comparison  cases  be  deducted 
in  which  the  disease  is  attacked  early  before  suppuration 
exists,  the  mortality  ranges  from  0  (Bruns)  to  3  per  cent. 
(Wright)— a  result  far  superior  to  that  shown  by  the  sta- 
tistics of  the  cases  treated  conservatively,  and  even  better 
than  the  results  obtained  by  Gibney— 8.8  per  cent.— or 
by  Marsh— 6  to  8  per  cent.— ("Diseases  of  Children  ")  for 
the  conservative  treatment. 

The  functional  results  are  quite  as  good — perfect  mo- 
tion being  obtained  in  18  per  cent,  of  the  operative  cases 
(Baehr),  in  14  per  cent,  of  the  conservative  (Gibney,  et 
al.).  Even  in  the  cases  reported  by  Maunlnger,  oper- 
ated after  two  and  three-fourths  years  of  the  disease,  67 
per  cent,  were  good  results ;  one-half  of  these  patients  had  , 
motion  and  one-half  walked  with  a  cane.  All  could  follow 
their  vocations.  These  excellent  results  obtained  by  both 
methods  of  treatment  depend  much  upon  two  factors. 
In  the  first  place,  in  the  conservativelj'  treated,  some 
cases  of  restitutio  ad  integrum  are  due  to  the  fact  that 
the  disease  was  non-tuberculous  (Karewski).  Again,  in 
the  cases  treated  by  operation  much  will  depend  upon 
the  time  at  which  the  operation  is  performed.  Opera- 
tions are  not  to  be  performed  because  conservative  treat- 
ment has  failed,  but  at  an  early  stage  when  fistulse  and 
suppuration  are  not  present,  or,  if  they  are  present,  only 
to  a  small  extent  (Wright,  "  Diseases  of  Children  " ;  Bar- 
ker, Lancet,  1900,  vol.  i.,  1099). 

The  shortening  in  the  limb  is  less  by  the  operative 
treatment  than  by  the  conservative  treatment.  In  the 
older  cases  the  average  shortening  from  operative  pro- 
cedures is  not  increased  over  that  which  is  present  at  the 
time  of  operation  and  which  is  due  to  the  atrophy  of  in- 
action, the  slipping  upward  of  the  head  of  the  femur, 
and  the  contracture  of  the  limb.  In  the  early  cases,  the 
statistics  of  Baehr  show  that  shortening  for  any  section 
made  on  a  line  situated  higher  up  than  below  the  tro- 
chanter is  very  slight  (0.9  to  1.5  cm,),  while  average 
shortening  in  the  conservative  treatment  is  4  cm.,  with 
19  per  cent,  of  the  cases  showing  practically  no  shorten- 
ing (Gibney),  i.e.,  less  than  -J  in.  or  1.25  cm.  Our  view 
is  that  operation  should  be  carried  out  as  soon  as  it  is 
clear  that  conservative  measures  cannot  prevent  suppura- 
tion. A  resection  is  indicated  so  soon  as  suppuration 
exists  in  the  joint  and  before  flstulee  are  present  (KOnig, 
"Das  Huftgelenk,"  Berlin,  1903). 

In  the  wealthy  class,  where  long-continued  mechan- 
ical treatment  can  be  carried  out  and  where  iodoform  in- 
jections can  be  made  as  indicated,  suppuration  can  often- 
times be  prevented  and  a  result  obtained  which,  as  we 
have  seen,  gives  perfect  motion  in  fourteen  per  cent,  of 
the  cases.  In  the  poorer  class,  who  cannot  aiford  or  will 
not  carry  out  this  long-continued  mechanical  treatment, 
suppuration  is  more  frequent,  the  deformity  is  greater, 
and  the  destruction  of  the  bones  is  more  marked  than  is 
the  case  in  those  who  have  been  able  to  command  me- 
chanical treatment  and  have  followed  it  faithfully.  In 
these  latter  cases  operative  treatment  is  frequently  indi- 
cated and  will  give  results  superior  to  those  offered  by 
the  conservative  treatment  both  In  respect  to  function 
and  in  respect  to  mortality,  when  like  degrees  of  disease 
are  compared. 
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Anatomy.— The  hip-joint  is  deeply  placed  and  is  im- 
mediately surrounded  by  the  psoas  and  iliacus  muscles ; 
by  the  quadratus  femoris,  the  obturator  internus,  the 
^emelli,  and.  the  pyriformis  behind;  by  the  gluteus 
medius,  gluteus  minimus,  and  rectus  femoris  externally ; 
and  finally  by  the  pectineus  and  obturator  externus  in- 
ternally. Beneath 
these  muscles  is  the 
thick  capsule,  the 
auxiliary  bands  of 
which  are  the  ilio- 
femoral, the  pec- 
tineo  -  femoral,  and 
the  ischio-femoral, 
the  border  of  which 
latter  is  known  as 
the  zona  orbicu- 
laris. Between  the 
ilio-  and  ischio-fem- 
oral bands  the  cap- 
sule is  strong;  op- 
posite the  lower 
and  back  part  of 
the  femoral  ueck 
and  opposite  the 
cotyloid  notch  it  is 
thin.  Within  the 
joint  is  the  liga- 
mentum  teres,  a  flat 
band  extending 
from  the  acetabular 
notch  to  the  depres- 
sion in  the  head  of 
the  femur.  The 
marginal  flbro-car- 
tilage  and  the 
transverse  ligament 
complete  the  liga- 
mentous structures. 
The  synovial  mem- 
brane lines  the  capsule  and  passes  over  the  border  of  the 
acetabulum  to  cover  the  round  ligament.  The  bursse  are 
numerous  and  of  frequent  occurrence ;  upon  the  outer  and 
anterior  surfaces  there  are  five,  while  upon  the  posterior 
surface  there  are  four. 

The  bones  consist  of  the  innominate  and  the  femur. 
The  former  contains  the  acetabulum,  a  hemispherical 
cavity  which  receives  the  femur.  The  latter  consists  of 
a  rounded  head  and  a  neck,  which  latter  is  long  and  joins 
the  shaft  obliquely,  i.e.,  at  an  angle  of  one  hundred  and 
twenty -five  degrees. 

Ossification  occurs  in  the  head  of  the  femur  and  in  the 
greater  and  lesser  trochanters,  respectively,  at  the  first, 
fourth,  and  thirteenth  years.  They  join  the  shaft  in  the 
reverse  order  at  the  eighteenth,  eighteenth  and  a  half, 
and  nineteenth  years. 

The  acetabulum  ossifies  at  the  sixth  year  from  the 
Y-shaped  cartilage  occupying  its  centre.  At  the  four- 
teenth the  ilium  and  ischium  unite  with  the  acetabulum. 
The  pubis  does  so  at  the  fifteenth  year.  Ossification  is 
completed  in  the  acetabulum  at  the  seventeenth  year. 

Owing  to  the  obliquity  and  the  length  of  the  neck  of 
the  femur,  the  muscular  attachments  to  the  bony  promi- 
nences have  great  leverage  and  a  wide  range  of  motion 
is  possible.  When  the  head  is  removed  these  muscles 
tend  to  draw  the  femur  upward  unless  the  neck  is  en- 
gaged in  the  cotyloid  cavity.  If  the  neck  is  also  re- 
moved, the  abduction  and  rotation  of  the  femur  are  lost. 
The  pelvi-trochanteric  and  all  muscles  passing  between 
the  pelvis  and  the  femur  cause  the  femur  to  ascend, 
which  ascension  is  limited  only  by  the  tension  of  the  cap- 
sule. The  shortening,  then,  in  any  resection  will  depend 
upon :  (1)  The  loss  of  the  epiphyseal  cartilage.  This  is 
slight.  (3)  The  amount  of  bone  removed.  (3)  The  mus- 
cular displacement  of  the  femur.  (4)  The  atrophy  of  the 
limb  from  disuse. 

This  shortening  is  partly  corrected  by  the  inclination 
of  the  pelvis  on  the  side  operated.     The  object  to  be  ac- 
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quired  in  a  resection  is  a  nearthrosis  or  a  tight  pseudar- 
throsis.  They  give  the  best  results  in  walking.  To  ob- 
tain either,  the  neck  must  be  retained  in  the  acetabulum 
or  in  apposition  with  the  bone  at  this  level,  and  not  al- 
lowed to  ascend.  Owing  to  the  inclination  of  the  pelvis 
after  shortening,  the  femur  must  be  retained  slightly 
flexed  and  abducted  upon  the  pelvis.  The  main  points, 
then,  are  to  preserve  the  greatest  possible  length,  to  ob- 
tain a  solid,  slightly  mobile  union  with  the  acetabulum, 
and,  lastly,  to  preserve  the  proper  position  in  the  limb. 

MetJiods.— The  hip- joint  has  been  removed  by  several 
methods  of  Incision. 

1.  By  the  external  incision.  First  proposed  by  Charles 
White  in  1769,  and  modified  by  Langenbeck  in  1867 
(Langenbeck' 8  Archiv,  No.  16,  p.  34),  by  Sayre  in  1874 
(personal  communication  from  son),  and  still  later  by 
Oilier  ("Regeneration  des  Os,"  t.  ii.,  p.  384)  and  Kocher 
{C'orrespondemblatt  f.  Schiceizer  Aerzte,  1887,  Dumont). 

2.  By  the  anterior  incisions,  (a)  The  longitudinal 
(Schede,  Verhandl.  der  deut.  Gesell.  f.  Chir.,  i.,  p.  68, 
1878;  Lucke,  OentralUatt fur  Chir.,  1878,  p.  681;  Huter, 
1878,  "  Chirurgische  Operationslehre,"  LObker;  Parker, 
Transactions  of  the  Clinical  Society,  vol.  xiii.,  1880;  Bar- 
ker, British  Med.  Journal,  vol.  i.,  p.  1336, 1888).  (ft)  The 
transverse  (Roser,  "  Chirurgisch-anatomisches  Vademe- 
cum,"  1870). 

8.  Posterior  incisions,  Hueter  ("  Die  Gelenkserkrankun- 
gen,"  1877) ;  Guerin  ("  Manuel  Operatoire  "  of  Farabreuf) ; 
Bidder  {Langenbeck' s  ArcMv,  No.  39). 

4.  Superior  incisions,  Bardenheuer  {Langenbeck' s  Ar- 
chiv.  No.  41),.  H.  Schmid  (Verhandl.  der  deut.  Gesell.  f. 
Chir.,  1891);  Sprengel  {Festschrift Braunschweiger  Aerzte, 
1898). 

In  addition  to  these,  there  are  from  fifteen  to  eighteen 
other  modifications  of  these  methods  of  approaching  the 
joint  ("Manuel  Operatoire,  "Faraboeuf).  They  are  of  little 
value.  Of  these  methods  of  entering  the  joint  three  are 
selected:  1.  The  external  incision.  3.  The  anterior  lon- 
gitudinal incision.     3.  The  superior  incision. 

1.  Operation  by  the  External  Incision. — The  patient  lies 
upon  his  sound  side  with  the  thigh  flexed  upon  the  pel- 
vis at  an  angle  of  forty-five  degrees.  It  is  also  rotated 
inward.  One  assistant  holds  the  limb  with  one  hand 
upon  the  knee  and  the  other  upon  the  foot  and  produces 
the  required  positions  during  the  operation.  The  oper- 
ator stands  behind  the  thigh  and  is  usually  aided  by  two 
assistants. 

An  incision  is  made  which  may  correspond  to  that  of 
Langenbeck,  Sayre,  Oilier,  or  Kocher.  If  Langenbeck's 
is  selected,  it  passes  from  the  posterior  superior  iliac 
spine  over  the  great  trochanter  behind  its  centre  and 
follows  the  axis  of  the  femur.     Two-thirds  of  this  incl- 
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sion  is  above  the  trochanter,  one-third  is  below  it.     If 
Sayre's  incision  is  selected,  it  passes  from  a  point  mid- 
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■way  between  the  anterior  inferior  spine  and  the  tro- 
chanter across  the  top  of  the  great  trochanter  behind  the 
centre,  and  curves  thence  forward  and  inward.  If  01- 
lier's  incision  is  selected,  we  flex  the  thigh  on  the  pelvis 
at  one  hundred  and  thirty-flve  degrees.  Prom  a  point 
four  fingers'  breadth  behind  the  anterior  superior  spine 
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and  the  same  distance  below  the  crest  of  the  ilium,  the 
incision  passes  downward  and  forward  in  the  direction 
of  the  fibres  of  the  gluteus  medius  to  the  trochanter, 
thence  forward  and  downward  in  the  axis  of  the  femur. 
If  Kocher's  incision  is  selected,  it  commences  at  a  point 
opposite  the  upper  border  of  the  great  sciatic  notch  in  a 
line  connecting  the  posterior  superior  spine  of  the  ilium 
and  the  centre  of  the  trochanter  major,  and  descends 
parallel  to  the  fibres  of  the  gluteus  maximus  to  the  tro- 
chanter major  on  its  external  surface.  Prom  this  point  it 
bends  backward  and  downward.  The  upper  limb  of  this 
curve  is  usually  8  cm.  in  length,  the  lower  6  to  8  cm. 
(Dumont,  Correspondenzblatt  f.  Sehweizer  Aerzte,  1887). 

Of  these  incisions  I  prefer  Kocher's,  because  of  the 
ready  exposure  of  the  parts  which  it  affords,  and  the 
easy  access  which  it  gives  to  the  joint  through  the  mus- 
cular interstices,  thereby  avoiding  the  arterial  and  nerve 
supply  of  the  muscles  (Pig.  4088,  E  F). 

Having  selected  the  latter  incision,  the  surgeon  should 
divide  the  sljin  and  deep  fascia  and  thus  expose  the  fibres 
of  the  gluteus  maximus  in  the  upper  two-thirds  of  the  cut. 
These  are  divided  parallel  to  their  length  and  in  the  line  of 
the  skin  incision.  Two  or  three  branches  of  the  gluteal  ar- 
tery are  usually  cut  here  in  their  middle.  Two  retractors 
are  introduced,  the  gluteus  medius  and  pyriformis  are 
exposed  beneath  this  muscle  internally,  while  externally 
the  trochanter  is  felt.  The  knife  now  divides  the  strong 
fascial  attachment  of  the  gluteus  maximus,  passing  over 
the  trochanter  and  descending  in  the  interstice  between 
the  vastus  externus  and  the  quadratus  femoris  (Fig. 
4089).  In  this  incision  the  tendon  of  the  gluteus  maxi- 
mus is  in  part  divided,  and  this  division,  by  reason  of 
the  resulting  retraction,  exposes  the  muscles  covering  the 
joint  behind  and  the  trochanter  in  front.  It  is  here  that 
the  external  circumflex  artery  is  sometimes  cut.  The 
interstice  between  the  pyriformis  behind  and  below,  and 
the  gluteus  medius  above  and  in  front,  is  seen  in  the  an- 
terior part  of  the  exposed  area.  Below  this  is  seen  the 
interstice  between  the  pyriformis  above  and  the  gemelli 
and  obturator  internus  below^  It  is  between  the  latter 
muscles  that  the  incision  is  deepened,  since  in  the  upper 
retracted  flap  wiU  be  the  gluteus  medius  and  pyriformis 
supplied  by  the  superior  gluteal  nerve,  while  in  the  lower 


retracted  flap  will  be  the  obturator  internus  and  gemelli 
supplied  by  the  inferior  gluteal  artery.  The  joint  cap- 
sule is  now  exposed  throughout  its  length  and  should  be 
divided  by  an  incision  which  runs  parallel  to  the  axis  of 
the  neck  of  the  femur,  and  at  the  same  time  divides  the 
periosteum  of  the  neck,  the  orbicular  zone  of  the  ischio- 
femoral band,  the  capsule  and  the  circumferential  fibro- 
cartilage  of  the  acetabulum.  This  incision  is  usually  suf- 
ficient to  allow  dislocation  of  the  head  of  the  femur,  but,  if 
it  does  not  suffice,  a  transverse  incision  may  be  added  near 
the  acetabular  margin.  The'internal  circumflex  artery  is 
usually  cut  here  as  it  passes  over  the  capsule.  The  in- 
cision in  the  periosteum  of  the  neck  is  now  continued 
over  the  trochanter  major  upon  its  posterior  border,  and 
the  periosteum,  together  with  the  attachment  of  the  glu- 
teus medius  above,  the  pyriformis  internally,  the  gluteus 
minimus,  the  vastus  externus,  and  the  Y-ligament  ante- 
riorly, is  separated  with  the  rugine.  This  separation  is 
greatlj'  facilitated  by  flexion  and  rotation  outward  of 
the  thigh.  It  is  here  that  the  external  circumflex  artery 
is  often  cut  a  second  time.  This  flap  can  now  be  pulled 
forward  over  the  trochanter.  It  contains  within,  if  we 
exclude  the  small  portion  of  the  vastus  externus,  only 
those  muscles  which  are  supplied  by  the  superior  gluteal 
nerve.  The  thigh  is  now  less  flexed,  adducted,  and  rotated 
inward.  The  tendons  and  the  periosteum  are  separated 
with  the  rugine  from  the  apex  and  posterior  half  of  the 
trochanter  as  far  as  the  origin  of  the  quadratus  femoris 
from  the  linea  quadrati.  These  tendons,  namely,  the 
gemelli,  the  obturator  internus  and  externus,  and  as 
much  as  is  necessary  of  the  quadratus  femoris,  are  now 
retracted  backward  and  downward  with  the  capsule. 
These  muscles  are  all  supplied  from  the  inferior  gluteal 
or  sciatic,  whose  branches  are  uninjured. 

When  these  capsulo-periosteal  flaps  are  freely  retracted, 
the  postei'ior  surface  of  the  head  of  the  femur,  its  neck, 
and  the  trochanter  are  in  view.  The  sciatic  nerve  is  free 
from  danger,  being  carried  away  from  the  joint  when 
the  obturator  internus,  the  obturator  externus,  and  the 
quadratus  femoris  are  divided  and  retracted. 

The  thigh  is  now  strongly  flexed,  adducted,  and  ro- 
tated inward.     The  round  ligament  is  divided  if  intact 
and  the  head  is  luxated  (Pig.  4090).     The  remaining  peri- 
osteum   and    capsule 
upon  the  neck  is  sep- 
arated with  the  rugine. 
The  head  is  now  held 
firmly  with  the   lion- 
toothed    forceps,     the 
soft  parts  are  protect- 
ed   by  the  retractors, 
and  the  bone  is  sawn 
with    the    Gigli    saw 
just  below  the  level  of 
disease  or  injury. 

The  acetabulum  is 
next  removed  with  the 
gouge,  chisel,  or  Volk- 
mann's  spoon,  accord- 
ing to  the  indications. 
The  synovial  mem- 
brane and  parts  of  the 
capsule  are  removed 
after  the  bones  are 
cleared  of  disease.  If 
sinuses  are  present 
they  must  be  excised 
or  curetted.  Henior- 
rhage  usually  consists 
of  oozing,  and  can  be 
stopped  by  hot  saline 
solution;  if  it  is  very 
troublesome  the  wound 

may  be  packed  with  gauze.    Where  no  oozing  is  present 
and  no  sinuses  exist  the  wound  may  be  closed  directly. 
If,  however,  abscesses,  sinuses,  or  great  oozing  is  present, 
it  is  best  to  pack  with  gauze,  for  a  time  at  least. 
The  section  in  the  bone  should  be  made  in  the  neck  if 
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possible ;  if  not,  tlirough  or  beneath  the  trochanter  major, 
because  of  the  shortening  which  is  liable  to  ensue. 

A  nearthrosis  is  best  secured  when  the  section  passes 
through  the  neck  near  the  head,  yet  subtrochanteric  sec- 
tions have  given 
as  good  results  in 
the  restoration  of 
the  joint.  Such 
cases  are  seen  In 
the  autopsy 
shown  by  J.  Isra- 
el (German  Sur- 
gical Congress, 
1883)  and  in  the 
collection  made 
by  Sach  {Deutsdie 
Zeitschrift  filr 
Cliir.,  x.vxii.).  In 
some  of  these  cases 
a  newly  formed 
head  covered  with 
fibro  -  cartilage,  a 
new  trochanter, 
and  synovial 
membrane  were 
reproduced  to  a 
considerable  ex- 
tent. To  obtain 
the  best  resvilts, 
one  must  operate 
early  in  the  dis- 
ease, early  in  life 
(three  to  fifteen 
years),  and  sub- 
periosteally,  and 
must  preserve  as 
much  of  the  bones 
as  possible,  so  as 
to  diminish  the 
shortening. 

When  a  nearthrosis  is  not  attainable  or  is  inadvisable, 
the  after-treatment  should  secure  the  retention  of  the 
limb  in  abduction  with  the  slightest  flexion.  This  gives 
a  very  good  and  useful  limb. 

3.  Operation  hy  the  Anterior  Incision. — The  only  incis- 
ions here  considered  are  those  which  are  longitudinal. 
The  transverse  are  too  destructive  of  the  soft  parts. 

According  to  Lilcke  and  Schede,  the  incision  com- 
mences one  finger's  breadth  below  and  to  the  inner  side 


Fig.  4093.— Lobker's  Spoon-Eleyator. 
(About  %  natural  size.) 


FIG.  4093. 

of  the  anterior  spine  and  descends  in  the  long  axis  of  the 
femur  for  a  distance  of  10  to  12  cm.  (Pig.  4091,  BB).  As 
it  is  deepened  it  passes  to  the  inner  side  of  the  sartorius 
and  the  rectus  muscles  and  to  the  outer  side  of  the  ilio- 
psoas muscle.  The  crural  nerve  and  the  external  circum- 
flex artery  are  avoided.    The  assistant  flexes,  abducts,  and 
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rotates  outward  the  thigh.  The  sartorius  and  rectus  mus- 
cles are  drawn  outward,  the  ilio-psoas  muscle  and  the 
crural  nerve  inward.  The  capsule  of  the  joint  is  exposed 
and  is  divided  by  a  crossed  incision,  the  transverse  portion 
parallel  to  the  neck  passing  from  the  acetabulum  over  to 
the  anterior  intertrochanteric  line,  while  the  vertical  por- 
tion crosses  this  line  at  aright  angle.  The  neck  is  now  sawn 
with  a  Gigli  saw  and  the  head  is  extracted  after  dividing- 
the  ligamentum  teres  by  LObker's  spoon-elevator  (Pig. 
4092)  or  by  a  lion-toothed  forceps.  For  the  extraction  of 
the  head  alone  this  incision  may  suffice,  but  if  we  wish 


FIG.  4094. 

to  reach  the  trochanter  in  addition  we  must  advocate  the 
incision  of  Hueter  which  has  been  much  used  and 
strongly  advocated  by  Barker.  In  this  latter  method, 
the  patient  rests  supine  with  the  thighs  extended ;  the 
surgeon  makes  an  incision  which,  according  to  Hueter, 
passes  from  the  middle  of  a  line  drawn  from  the  anterior 
superior  iliac  spine  to  the  trochanter  major,  downward 
and  slightly  inward  along  the  outer  border  of  the  sar- 
torius. In  children  the  incision  is  6  to  8  cm.,  in  adults  10 
to  15  cm.  in  length.  According  to  Barker,  the  incision 
commences  in  the  anterior  surface  of  the  thigh,  one-half 
inch  below  the  anterior  superior  spine  of  the  ilium,  and 
runs  downward  and  inward  for  three  inches  (Fig.  4091, 
AA).  With  either  incision,  the  dissection  is  carried  in  the 
space  between  the  sartorius,  anteriorly,  and  the  tensor 
vaginae  femoris  and  the  gluteus  medius  behind.  The  in- 
cision is  deepened  to  the  bone  and  some  fibres  of  the  vastus 
externus  are  divided.  In  the  lower  angle  of  the  wound  is 
seen  the  external  circumflex  artery,  which  may  be  divided. 
These  muscles  are  retracted,  the  joint  capsule  is  seen  and 
is  incised  by  the  same  cross  incision  mentioned  in  the 
Schede-Llicke  method.  After  this  exposure  of  the  head 
and  neck,  the  spoon-elevator  may  be  used  and  the  tro- 
chanter freed  of  its  muscles  sufiicienlly  to  allow  an  easy 
exposure  of  the  joint.  The  diseased  head  is  now  removed 
after  encircling  the  neck  and  dividing  it  with  the  Gigli 
saw.  The  removal  of  the  head  is  often  difficult  unless 
it  be  much  diseased.  With  the  lion-toothed  forcep.s  the  re- 
moval is  often  very  difllcult  and  the  soft  parts  and  the 
head  are  often  crushed.  The  easier  method  is  to  pry  the 
head  out  of  the  acetabulum  by  introducing  a  strong, 
gently  curved  elevator  or  LObker's  spoon  in  the  space  be- 
tween the  head  and  the  acetabulum,  and  after  the  liga- 
mentum teres  has  been  divided  the  head  is  then  easily 
removed. 

The  bleeding  by  this  anterior  incision  is  small  in 
amount  if  one  avoids  the  anterior  circumflex  artery. 
Drainage  of  the  wound  will  require  not  infrequently  a 
posterior  opening,  but  in  many  cases  operated  early  all 
necessary  drainage  can  be  secured  through  the  anterior 
incision. 

In  neither  of  these  methods  by  the  anterior  incision  are 
muscles  cut.  Neither  nerves  nor  vessels  are  injured.  In 
both  methods  the  route  to  the  joint  is  a  direct  one.  The 
advantage  of  the  Hueter  incision  over  the  Lucke-Schede. 
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incision  is  that  the  trochanter,  as  well  as  the  head  and 
neck,  can  be  reached. 

When  the  acetabulum  is  primarily  involved,  or  the  s-ray 
and  the  clinical  symptoms  show  that  the  disease  which 
affects  it  must  be  especially  attacked,  the  methods  intro- 
duced by  Bardenheuer  {loo.  <;«7.)  and  Schmid  Qoc.  cit.)  give 
the  best  chances  for  radical  cure.  As  usual  methods,  these 
procedures  are  considered  at  present  too  extensive.  In 
Bardenheuer's  hands,  the  mortality  due  to  the  operation 
alone  was  4.3  per  cent.  In  Schmid's  hands,  the  recur- 
rences were  not  lessened  by  the  procedure,  two  of  the  four 
cases  dying  of  continued  tuberculosis.  In  the  large  ma- 
jority of  cases  the  Kocher  incision  will  give  sufficient  ex- 
posure to  enable  us  to  chisel  or  gouge  away  the  diseased 
acetabulum;  and  as  this  method  is  less  extensive  and 
more  easily  accomplished  it  should  be  preferred. 

Operation  by  the  Superior  Incision. — In  a  few  cases,  Koch- 
er's  operation  is  not  sufficient,  and  we  recommend  for  these 
the  suggestion  of  Sprengel  ("  Zur  operativen  Nachbehand- 
lung  alter  Hlif tresectionen, "  Festschrift,  1898),  which  con- 
sists in  making  an  extensive  incision  along  the  crest  of 
the  ilium  from  the  posterior  superior  spine  of  the  ilium 
to  the  anterior  superior  spineof  the  same.     This  incision 

divides  the  muscles  and  the 
periosteum.  At  the  border 
of  the  gluteus  medius  and 
the  tensor  vaginae  femoris 
this  incision  descends  to  the 
trochanter  major.  (Fig. 
4088,  ABC.)  This  quad- 
rilateral flap  is  removed 
subperiosteally  from  the 
ilium  until  the  joint  is  op- 
ened and  the  head  and 
neck  of  the  femur  are  ex- 
posed. As  the  nerves  and 
vessels  are  avoided  by  this, 
the  muscular  paralysis  and 
hemorrhage  are  practically 
nil.  If  the  disease  is  well 
forward  in  the  acetabulum 
and  pubis,  especially  if  a 
flexion  -  contracture  exists, 
the  incision  is  made  in  front 
of  the  tensor  vaginse  f  emo  ■ 
ris,  sartorius  and  rectus, 
and  these  muscles  are  sep- 
arated with  the  rest  (Fig. 
4088,  ABD).  After  expos- 
ing the  head  of  the  femur, 
it  is  rotated  inward  or  out- 
ward, as  occasion  demands, 
and  adducted  strongly ._  If 
the  acetabulum  alone  is  to 
be  removed,  this  can  be 
easily  accomplished  with 
the  chisel  or  gouge  through 
the  incision  first  recom- 
mended (ABC).  If  the  dis- 
ease requires  a  resection  of 
the  acetabulum  and  the  sur- 
rounding bone,  the  second 
incision  is  used  {ABB).  In 
this  latter  case  the  outer 
surfaces  of  the  ilium,  the 
acetabulum,  and  the  outer 
margin  of  the  great  sciatic 
notch  are  bared  of  their  peri- 
osteum. In  like  manner 
the  internal  surface  of  the 
ilium  the  iliac  fossa,  is  freed  from  the  pelvic  fascia  and 
muscles  until  the  great  sciatic  notch  is  reached.  A  Gigh 
saw  is  then  inserted  through  the  sciatic  notch  beneath 
the  iliac  muscles  and  over  the  anterior  inferior  spine  of 
the  ilium  and  the  bone  is  sawn  (Figs.  4093  and  4094, 
AB)  The  horizontal  ramus  of  the  pubis  is  next  cleared 
of  its  periosteum,  carrying  with  it  the  vessels,  which  are 
displaced  from  1   to  3  cm.  internally.     An  aneurism 


Fig.  4095.— a  Patient  Three  and 
a  Half  Tears  Alter  Eemoyal  ot 
One-Half  the  Pelvis  and  the 
Head  of  tlie  Femur.    (Kocher.) 


needle  now  carries  a  Gigli  saw  around  the  ramus  and 
out  of  the  oljturator  foramen  (Fig.  4094,  CB).  The  bone 
is  sawn.  As  the  bone  is  now  cut  upon  two  sides,  it 
can  be  displaced  outward  somewhat.  The  periosteum  is 
next  removed  from  the  descending  ramus  of  the  ischium 
from  above  downward  with  great  care  to  avoid  injur- 
ing the  vessels  and  nerves  as  they  pass  out  of  the  pel- 
vis. The  Gigli  saw  is  again  passed  around  this  ramus 
at  a  point  one  finger's  breadth  beneath  the  acetabulum 
(Pigs.  4098  and  4094,  EF).  The  bone  is  sawn.  The  ace- 
tabulum and  surrounding  bone  can  now  be  quite  easily 
removed  with  the  heavy  lion-toothed  forceps.  If  the 
head  of  the  femur  is  to  be  removed  with  the  acetabulum, 
it  is  best  removed  before  we  attempt  the  resection  of  the 
acetabulum. 

After  the  hemorrliage  has  been  controlled  the  wound 
is  closed  with  sutures  except  in  some  portion  where  the 
packing  emerges.  It  is  best  in  all  cases  to  pack  the  large 
wounds  for  from  twenty-four  to  forty -eight  hours,ln  order 
to  control  hemorrhage  completely.  After  this,  that  por- 
tion from  which  the  gauze  emerges  can  be  left  for  drain- 
age or  it  may  be  sutured  at  this  time. 

After-Treatment. — The  after-treatment  in  resection  of 
the  hip  is  important.  An  aseptic  dressing,  equable  com- 
pression and  rest  for  the  wound  are  the  first  deside- 
rata. The  position  to  be  maintained  is  that  of  extension 
and  abduction  of  the  thigh,  with  the  neck  or  the  trochanter 
closely  applied  to  the  acetabulum  or  ilium.  During  the 
first  three  weeks,  since  these  wounds  are  packed  with 
gauze  and  require  secondary  suture  or  dressings,  a  Buck's 
or  Volkmann's  extension  apparatus  with  plaster-of-Paris 
spica  passing  to  the  knee  is  most  frequently  used.  After 
this  period,  when  the  packing  is  removed  or  the  wound 
is  healed  in  great  part,  a  Thomas  splint  or  the  plaster-of- 
Paris  dressing  may  be  used  for  the  next  three  weeks. 
If  the  patient  is  up  and  about  upon  crutches  (children), 
a  Thomas  splint  is  very  inexpensive  and  satisfactory.  If 
the  patient  is  confined  to  bed,  a  plaster-of-Paris  splint 
which  can  be  readily  removed  for  the  active  exercise  of 
the  joint  is  the  more  useful  form  of  splint.  During  this 
period  of  three  weeks,  active  exercise  in  the  new  joint  is 
made  every  two  or  three  days. 

During  the  following  three  to  six  weeks  patients  are 
allowed  to  walk  with  their  splints,  and  during  this  time 
the  Taylor  hip  splint  or  some  modification  of  it  is  sub- 
stituted for  the  former  apparatus.  These  splints  allow 
flexion,  extension,  and  abduction  when  applied,  and  the 
surgeon  must  continue  the  extension  and  abduction  of 
the  limb  for  a  long  time  to  overcome  the  constant  ten- 
dency to  flexion  and  adduction.  It  is  only  by  this  care- 
ful after-treatment  that  a  good  functional  result  can  be 
obtained.  Frank  Hartley. 

RESECTION  OF  THE  SUPERIOR  MAXILLA.— His- 
tory.— Partial  removal  of  the  superior  maxilla  for  alve- 
olar growths,  necrosis,  disease  of  the  antrum  of  High- 
more,  etc.,  has  probably  been  practised  for  a  very  long 
time,  but  the  complete,  formal  resection  of  this  bone  ap- 
pears to  have  been  first  proposed  by  Lizars  in  1826. 

In  the  following  year  Gensoul,  quite  independently 
of  Lizars'  suggestion,  performed  the  operation,  and  there- 
fore seems  entitled  to  the  credit  of  having  first  executed 
this  procedure. 

The  indication  for  resection  of  the  upper  jaw  is  almost 
invariably  the  presence  of  a  new  growth.  Hueter  states 
that  the  jaws  are  more  frequently  the  seat  of  tumors  than 
any  other  bones  of  the  skeleton.  Almost  every  variety 
of  neoplasm  is  found  in  connection  with  these  bones. 

Benign  tumors  such  as  cysts,  epulis,  adenomas,  fibro- 
mas  chondromas,  osteomas,  etc.,  require  partial  resec- 
tions only ;  merely  enough  of  the  bone  being  removed 
to  give  access  to  the  tumor  or  to  effect  the  complete  re- 
moval of  the  latter.  ,  . 

Complete  resection  of  the  superior  maxilla  is  usually 
done  for  malignant  growths,  i.e.,  carcinomas  and  sarco- 
mas affecting  the  bone.  They  occur  with  about  equal 
frequency.  The  majority  of  the  former  begin  in  the 
alveolus. 
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Anatomy. — The  superior  maxilla  is  the  largest  bone  of 
tlie  face,  the  lower  jaw  (mandible)  excepted,  and  with 
its  fellow  forms  the  whole  of  the  upper  jaw.  Each  bone 
forms  a  part  of  the  wall  of  three  cavities :  the  mouth,  the 
nasal  fossee,  and  the  orbit.  It  is  hollow,  its  cavity  being 
known  as  the  antrum  of  Highmore,  which  communicates 
by  an  aperture  with  the  middle  meatus  of  the  nasal  fossa. 
Either  of  these  cavities  may  be  the  seat  of  new  growths 
which  involve  the  maxilla;  the  mouth  and  the  antrum 
being  most  frequently  affected.  The  mucous  membrane 
of  the  antrum  is  frequently  the  seat  of  a  catarrhal  or 
purulent  inflammation,  giving  rise  to  an  excessive  dis- 
charge through  the  nose,  or  if  the  fluid  is  prevented  from 
escaping,  the  thin  walls  of  the  bone  yield,  and  protrude 
toward  the  cheek,  toward  the  mouth,  or  in  both  direc- 
tions, the  appearances  then  simulating  those  observed  in 
solid  growths  of  the  bone. 

Instruments  Bequired. — Mouth  gag,  sponge  holders, 
scalpels,  toothed  dissecting  forceps,  haemostatic  forceps, 
scissors,  keyhole  saw,  Hey's  saw,  tooth  forceps,  bone- 
cutting  forceps  of  different  angles,  chisels  and  mallet, 
lion-jaw  forceps,  sequestrum  forceps,  Paquelin  cautery, 
tracheotomy  tube,  needles,  straight  and  curved,  ligatures, 
sutures,  marine  sponges. 

Partial  resection  for  alveolar  tumors  and  necrosis  may 
be  carried  out  through  the  mouth  in  most  instances,  with- 
out making  any  external  incisions.  The  removal  of  other 
benign  growths  must  be  carried  out  on  general  surgi- 
cal principles.  The  affected  part  is  approached  by  in- 
cisions designed  to  avoid  important  structures  and  to  give 
the  best  exposure  with  the  minimum  resulting  deformity, 
and  the  neoplasm,  together  with  the  bone  to  which  it  is 
attached,  is  then  removed. 

If  the  tumor  is  open  to  the  suspicion  of  being  malig- 
nant, a  generous  portion  of  the  adjacent  bone  in  all  direc- 
tions should  be  removed,  or  the  complete  resection  may 
be  advisable. 

The  dangers  of  resection  of  the  superior  maxilla  are : 
hemorrhage,  the  entrance  of  blood  into  the  air  passages, 
and  septic  pneumonia. 

Various  means  have  been  adopted  by  different  oper- 
ators with  the  view  of  controlling  the  hemorrhage.  The 
internal  maxillary  and  temporal  arteries,  and  the  external 
carotid  artery  have  been  ligated  as  a  preliminary  step  in 
the  resection.  The  common  carotid  has  been  compressed 
and  subjected  to  temporary  and  permanent  ligation. 
Crile  has  devised  a  clamp  to  be  applied  to  one  or  both 
common  carotids,  as  may  be  necessary,  for  the  temporary 
control  of  bleeding  during  operations  on  the  head  and 
face  if  serious  hemorrhage  is  probable. 

"With  the  view  of  preventing  the  blood  from  flowing 
into  the  air  passages,  Rose  advises  that  the  patient's 
head  be  allowed  to  project  beyond  the  end  of  the  table, 
and  to  drop  well  down  so  that  the  vertex  points  vertically 
to  the  floor.  In  this  position  the  mouth  and  nose  are  on 
a  lower  level  than  the  larynx  and  the  blood  would  escape 
from  them  before  it  would  enter  the  latter. 

The  objection  to  this  position  is  that  the  surgeon  is 
obliged  to  work  at  a  great  disadvantage,  and  the  hemor- 
rhage is  greater  when  the  head  is  dependent  than  when 
it  is  elevated. 

Some  surgeons  perform  a  preliminary  tracheotomy,  in- 
troducing a  tube,  and  continue  the  anesthesia  through 
this,  so  that  the  pharynx  may  be  packed  with  marine 
sponges  to  which  stout  strings  have  been  attached  to  as- 
sist in  their  withdrawal.  The  sponges  absorb  the  blood 
that  finds  its  way  to  the  pharynx  and  prevent  any  from 
flowing  into  the  trachea. 

Of  this  procedure  it  may  be  said  that  while  a  carefully 
performed  tracheotomy  that  is  well  cared  for  afterward 
does  not  add  much  to  the  dangers  of  the  operation,  it  is 
an  additional  complication,  and  is  usually  unnecessary. 

The  use  of  Trendelenburg's  tampon  cannula  for  the 
trachea  answers  the  same  purpose  as  the  tracheotomy, 
and  is  open  to  none  of  its  objections. 

The  methods  which  are  employed  in  preventing  the 
entrance  of  blood  into  the  lungs  do  not  diminish  in  the 
least  the  amount  of  blood  lost.     By  having  the  patient 


only  partially  anaesthetized,  he  will  be  able  to  spit  out 
the  blood  and  thus  keep  his  air  passages  free.  In  this 
way  the  necessity  for  adopting  the  measures  spoken  of 
will  be  avoided,  and  if  the  operation  be  expeditiously 
performed,  the  amount  of  blood  lost  will  not  be  great. 

To  summarize,  it  may  be  said:  (1)  That  Rose's  posi- 
tion is  not  to  be  recommended.  (3)  If  no  complications 
are  to  be  expected,  the  operation  may  be  done  with  the 
patient  but  partially  anaesthetized.  If  this  plan  be 
adopted,  everything  that  may  be  needed  should  be  at 
hand,  and  there  should  be  an  ample  number  of  assistants, 
so  that  not  an  unnecessary  moment  shall  be  lost  after  the 
operation  has  actually  begun.  (3)  In  performing  the  op- 
eration for  vascular  tumors  affecting  the  bone,  or  when 
for  any  other  reason  unusually  free  bleeding  may  be  ex- 
pected, it  will  be  advisable  to  pass  a  loop  of  silk  about 
the  external  or  common  carotid,  traction  upon  which  will 
occlude  the  vessel,  or,  if  at  hand,  one  of  Crile's  clamps 
may  be  applied.  In  either  case,  especial  care  must  be 
exercised  to  prevent  infection  of  the  wound  exposing  the 
artery,  as  such  an  occurrence  may  readily  be  more  serious 
than  the  resection  of  the  bone.  (4)  If  there  is  no  reason 
to  expect  serious  hemorrhage,  these  precautions  become 
unnecessary.  On  the  otlier  liand,  if  a  more  deliberate 
operation  is  required,  as  in  cases  in  which  tumors  have 
passed  the  limits  of  the  maxilla  and  must  be  followed  in 
whatever  direction  thej'  have  taken,  the  advantage  of 
having  a  dry  wound,  so  that  every  portion  may  be  in- 
spected without  being  obscured  by  blood,  cannot  be 
overestimated.  In  these  instances  some  method  of  con- 
trolling the  circulation  is  of  inestimable  value. 

Septic  pneumonia  is  best  prevented  by  having  the  naso- 
pharynx treated  before  the  operation  by  cleansing  sprays, 
douclies,  and  gargles,  and  by  keeping  the  cavity  sweet 
and  clean  after  the  operation. 

Operation. — A  number  of  methods  have  been  devised' 
for  resecting  the  superior  maxilla,  and  many  of  them 
have  been  named  after  the  operator  who  devised  them. 
The  chief  variation  is  in  the  skin  incisions  employed  to 
expose  the  bone,  the  mode  of  actually  removing  the  latter 
being  essentially  the  same  in  all. 

In  the  classical  resection  the  incision  variously  known 
as  the  median,  Fergusson's,  Nelaton's,  Liston's,  Weber's, 
etc.,  is  beyond  question  the  best.  It  gives  ample  expos- 
ure and  is  followed  by  less  disfigurement  than  is  any 
other  incision.  For  partial  resections  and  special  cases 
some  of  the  other  incisions  may  be  more  suitable. 

The  incision  from  the  angle  of  the  mouth  to  the  malar 
bone  has  been  ascribed  to  Lizars  and  to  Velpeau.  Langen- 
beck  exposed  the  bone  by  a  U-shaped  flap,  beginning  at 
the  side  of  the  nose,  at  the  point  of  junction  of  the  nasal 
cartilage  and  bone,  and  carried  downward,  outward,  and 
upward,  terminating  at  the  middle  of  the  malar  bone. 
Liston's  incision  extended  from  the  angle  of  the  mouth 
to  the  external  angular  process  of  the  frontal  bone. 
Gensoul  made  three  incisions :  the  first  from  just  below 
the  inner  canthus,  down  the  side  of  the  nose,  and  through 
the  upper  lip ;  a  second  at  right  angles  to  this,  on  a  level 
with  the  floor  of  the  nose,  as  far  out  as  a  line  perpendicu- 
lar to  the  external  angular  process  of  the  frontal  bone ; 
and  a  third,  from  the  termination  of  the  second  to  the  ex- 
ternal angular  process. 

The  anaesthetic  may  be  either  ether  or  chloroform, 
according  to  the  custom  of  the  surgeon.  If  the  thermo- 
cautery is  to  be  employed  to  control  bleeding,  chloroform 
should  be  administered  on  account  of  the  inflammable 
character  of  the  vapor  of  ether. 

The  patient  should  be  placed  on  his  back,  with  the  head 
and  shoulders  raised  on  pillows,  the  aflected  side  being 
uppermost.     His  face  should  have  been  cleanly  shaven. 

The  median  incision  is  made  in  the  following  manner : 
The  knife  should  enter  the  skin  about  half  an  inch  below 
the  inner  canthus,  and  the  incision  should  then  be  carried 
downward  in  the  line  of  junction  of  the  nose  and  cheek 
to  the  ala  nasi,  around  and  close  to  the  latter,  and  it  should 
stop  just  short  of  the  middle  line  of  the  lip,  from  which 
point  it  should  be  extended  vertically  through  the  lip  to 
its  free  border.     The  incision  sliould  be  carried  down  to 
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Resection  of  Supe- 
rior JTIaxUla. 


Fig.  4096.  -  Resection  of  the  Superior 
Maxilla.  1,  Tlie  median  incision  (also 
called  Pergusson's,  N^laton's,  Liston's, 
and  Weber's) ;  2,  Langenbeck's  in- 
cision ;  3,  Lizars'  or  Velpeau's  incision. 


the  bone  at  once,  all  bleeding  points  being  caught  by 
pressure  fojceps.     Finally,  a  second  incision  is  to  be 
carried  along  the  lower  border  of  the  orbit  from  the  be- 
ginning of  the  first  to 
the  malar  bone. 

The  flap  thus  out- 
lined should  be  ra- 
pidly dissected  from 
the  bone,  all  bleed- 
ing points  being  se- 
cured by  forceps  or 
by  sponge  pressure. 

At  this  stage  it  is 
well  to  tie  off  such 
forceps  as  interfere 
with  the  subsequent 
steps,  and  to  arrest 
all  bleeding  as  far  as 
possible.  The  malar 
bone  is  next  divided 
at  about  its  middle 
by  Hey's  saw.  If 
it  is  proper  to  leave 
the  orbital  plate  a 
second  saw  cut  is 
made  in  the  line  of 
the  second  incision, 
beneath  the  orbit 
as  far  as  the  nasal 
process.  If  the  orbital  plate  is  to  be  removed,  the  peri- 
osteum is  incised  along  the  lower  border  of  the  orbit  and 
carefully  separated  from  the  bone  as  far  back  as  necessary, 
and  the  floor  of  the  orbit  divided  at  the  proper  line  with 
a  chisel  and  mallet;  or  if  it  is  necessary  to  remove  the 
orbital  plate  entire,  the  periosteum  is  fully  separated  and 
it  is  wrenched  from  its  connections  at  the  time  of  remov- 
ing the  maxilla. 

The  nasal  bone  and  nasal  cartilage  are  next  separated 
from  the  maxilla  by  means  of  a  saw  or  chisel.  The  upper 
central  incisor  tooth  in  the  affected  maxilla  must  now  be 
extracted  and  the  mucoperiosteum  covering  the  hard 
palate  divided  near  the  middle  line  from  before  backward ; 
the  soft  palate  should  also  be  separated  by  a  transverse 
incision  along  the  posterior  border  of  the  hard  palate  on 
the  diseased  side.  By  means  of  a  keyhole  saw  intro- 
duced into  the  nostril  the  hard  palate  is  divided  in  the 
line  of  the  Incision  in  the  mucoperiosteum  as  rapidly  as 
possible.  The  bone  is  then  grasped  by  lion-Jaw  forceps 
and  wrenched  from  its  remaining  attachments,  the  prin- 
cipal one  being  the  pterygoid  process.  At  this  stage  the 
use  of  the  bone-cutting  forceps  bent  at  an  angle  may  be 
required  to  sever  any  firm  connections.  Sponges  should 
be  instantly  thrust  into  the  cavity  and  pressure  exerted  to 
check  the  bleeding,  and  the  patient's  throat  should  be 
cleared  of  any  collection  of  blood.  The  sponges  may 
now  be  removed  one  by  one,  and  the  bleeding  points 
dealt  with  by  ligation  or  by  the  thermo-cautery.  Usu- 
ally the  hemorrhage  will  cease  after  a  few  moments' 
pressure. 

It  will  be  necessary  to  pack  the  wound  with  gauze 
which  will  effectually  arrest  oozing,  but  it  must  not  be 
depended  upon  to  control  spurting  vessels.  Each  piece 
of  gauze  introduced  should  have  firmly  attached  a  strong 
thread  to  assist  in  its  removal.  After  the  operator  has 
assured  himself  that  the  hemorrhage  is  controlled,  he 
should  replace  the  flap  and  should  suture  it  in  position 
by  means  of  silkworm  gut.  Especial  care  should  be  ob- 
served in  adjusting  the  free  margin  of  the  lip. 

If  the  bone  is  much  diseased  it  is  apt  to  break,  and 
must  then  be  removed  in  fragments.  In  such  cases  every 
portion  should  be  examined  for  evidences  of  remaining 
disease  and  all  such  tissue  removed. 

The  advantage  in  leaving  the  floor  of  the  orbit  when 
possible  is  that  the  eye  is  not  disturbed.  When  it  is  re- 
moved, the  eye  drops  somewhat,  and  the  lower  lid  is  apt 
to  remain  red,  swollen,  and  distorted. 

The  removal  of  both  superior  maxillae  becomes  neces- 
sary in  rare  instances.     The  technique  is  the  same  as  that 


described  above  save  that  it  is  duplicated  on  the  opposite 
side. 

After-Ti-eatment.~The  gauze  tampon  should  be  re- 
moved on  the  day  following  the  operation  unless  there  is 
reason  to  expect  free  hemorrhage,  when  it  may  be  allowed 
to  remain  another  twenty-four  hours.  The  inouth  must 
be  kept  as  clean  as  possible  by  the  frequent  use  of  washes, 
douches,  and  sprays.  These  should  consist  of  mild  anti- 
septics like  solutions  of  boric  acid,  salicylic  acid,  etc. 

Nourishment  during  the  first  few  days  is  maintained 
preferably  by  nutrient  enemata,  and  later  by  milk, 
broths,  and  other  liquid  foods  given  by  the  mouth. 

JMortality. —-Thisyaries  in  different  collections  of  cases. 
Butlin  in  1887  found  the  mortality  to  be  about  30  per 
cent.  Bryant's  collection  (1890)  showed  14  per  cent,  of 
deaths.  Of  66  more  or  less  complete  unilateral  and  5 
bilateral  resections,  collected  by  White  and  Wood  (1896), 
but  6  per  cent,  died  as  a  result  of  the  operation.  The 
records  of  St.  Bartholomew's,  St.  Thomas',  and  Univer- 
sity Hospitals,  London,  have  been  examined  by  Butlin 
(1900),  who  found  127  cases  of  resection  for  malignant 
disease  with  16  deaths  (12.6  per  cent.).  Martens  (quoted 
by  Butlin)  reports  from  the  Clinic  of  KOnig,  in  GOttingen, 
74  total  resections,  from  1875  to  1896,  with  nearly  30  per 
cent,  mortality. 

Osteoplastic  resection  of  the  superior  maxilla  is  occasion- 
ally performed  for  the  purpose  of  removing  nasopharyn- 
geal tumors.  Nelaton's  method  consists  in  the  division 
of  the  soft  palate  antero-posteriorly,  and  the  removal  of 
the  posterior  half  of  the  hard  palate  after  the  mucous 
membrane  and  periosteum  have  been  separated  from  the 
middle  line  toward  the  alveolus  on  either  side.  After  the 
removal  of  the  polyp  the  palate  is  closed  by  sutures. 

Chalot  separated  the  upper  lip  from  the  superior  max- 
illa until  the  nasal  fossae  were  opened,  then  extracted  the 
two  upper  canine  teeth  and  made  an  incision  through 
the  mucoperiosteum  of  the  hard  palate  from  the  point 
occupied  by  the  extracted  teeth,  along  the  alveoli,  to  the 
posterior  border  of  the  hard  palate.  The  alveolus  and 
palate  were  next  divided  by  a  mallet  and  chisel  and  the 
fragment  was  separated  from  the  vomer  and  turned  down 
into  the  mouth,  being  attached  only  to  the  soft  palate. 
After  the  removal  of  the  tumor  the  bone  should  be  re- 
placed and  held  by  sutures. 

Several  methods  have  been  proposed  by  different  sur- 
geons for  reaching  these  tumors  by  temporary  resection 
of  portions  or  all  of  the  nose,  the  most  useful  perhaps 
being  that  of  Rouge.  This  consists  in  separating  the 
upper  lip  from  the 
maxillae  by  divid- 
ing the  mucous 
membrane  close  to 
the  bone;  the  sep- 
tum and  the  ala3 
are  also  detached 
from  their  attach- 
ments to  the  bone 
and  turned  upward 
by  inverting  the 
upper  lip  and  mak- 
ing traction.  After 
the  removal  of  the 
tumor  the  parts 
fall  naturally  into 
place. 

This  procedure  is 
suitable  for  tumors 
situated  anteriorly 
chiefly.  Some 
means  must  be 
adopted  for  pre- 
venting the  blood 
from    getting   into 

the  larynx.  Langenbeck  makes  two  mcisions:  one  ±rom 
below  the  inner  canthus  to  the  malar  bone,  and  another 
from  the  nostril  to  join  the  outer  extremity  of  the  first. 
The  bone  is  sawn  through  in  the  lines  of  the  incisions. 
The  bone  still  attached  to  the  soft  parts  is  tlien  raised 
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FIG.  4097.  — Eesectlon  of  the  Superior 
Maxilla.  A,  Gensoul's  incision;  B, 
Langenbeck's  incision  for  osteoplastic 
resection. 
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and  thrown  over  on  the  opposite  cheek.     The  parts  are 
restored  and  sutured  in  place  after  the  tumor  is  removed. 

Alfred  C.  Wood. 

RESINS.    See  Active  Principles. 

RESOPYRIN.    See  Aniipyriii. 

RESORBIN  is  a  readily  absorbable  ointment  base  made 
by  emulsifying  expressed  oil  of  almond  -with  yellovy  wax, 
soap,  gelatin,  and  water,  and  adding  lanolin  to  give  it  a 
proper  consistency.  It  was  introduced  by  Lebermann, 
who  used  it  as  a  vehicle  for  mercury,  as  more  readily  ab- 
sorbed and  less  greasy  than  blue  ointment.  He  also  em- 
ployed it  in  various  skin  diseases.  In  course  of  time  it 
tends  to  become  rancid.  W.  A.  Bastedo. 

RESORCIN:  RESORCINOL.— Resorcin,  chemically 
Tiutadioxybenzene,  CsHi(0H)2,  is  one  of  a  trio  of  isomeric 
diatomic  phenols,  of  which  pyrocatechin  and  hydroqui- 
none  are  the  other  two  members.  It  is  official  in  the 
United  States  Pharmacopoeia  under  the  title  Resorcinum, 
Resorcin. 

Resorcin  occurs  in  colorless,  needle-shaped  crystals, 
having  a  peculiar  smell,  resembling  that  of  carbolic  acid, 
and  a  bitter-sweetish  taste.  Resorcin  dissolves  readily  in 
water,  and  still  more  readily  in  alcohol  and  in  ether.  In 
its  effects  resorcin  resembles  its  congener,  carbolic  acid, 
but  is.  In  general,  less  active  than  that  substance,  and,  in 
particular,  very  much  indeed  less  poisonous,  constitu- 
tionally. Resorcin  inhibits  bacterial  growth,  but  prob- 
ably less  potently  than  carbolic  acid.  Locally,  the  drug 
is  without  effect  upon  the  sound  skin,  but  applied,  undi- 
luted, to  a  moist  mucous  membrane,  it  is  mildly  caustic, 
while  at  the  same  time  anaesthetic  and  healing.  By  rea- 
son of  the  anaesthesia  it  produces,  resorcin  may  be  applied 
even  to  such  sensitive  parts  as  the  mucous  membrane  of 
the  larynx  (Andeer).  Internally,  resorcin  may  be  given 
in  very  considerable  doses,  as  compared  with  carbolic 
acid,  and  such  doses,  administered  to  a  fevered  subject, 
will  show  to  a  marked  degree  the  peculiar  antipyretic 
effect  so  characteristic  of  the  phenols.  After  a  dosage 
of  from  2  to  3  gm.  (from  gr.  xxx.  to  gr.  xlv.  )  there  set 
In,  in  a  few  minutes,  qiiickening  of  heart  action  and  of 
breathing,  reddening  of  the  face,  and  buzzing  In  the  ears, 
with  giddiness.  Within  fifteen  minutes  sweating  begins, 
speedily  becoming  active,  whereupon  the  antecedent  de- 
rangements abate,  and  at  the  same  time  the  pyrexial 
temperature  rapidly  falls— so  rapidly  as  perhaps  to  reach 
the  normal  point  within  an  hour.  The  sweating  does  not 
last  long,  so  that  after  the  lapse  of  an  hour  from  the  time 
of  dosing,  the  fever  patient  may  have  a  naturally  moist 
skin  only,  with  temperature  and  pulse  rate  reduced  to 
the  normal.  But  while  defervescence  by  resorcin  Is 
quick  to  occur,  it  is  also  quick  to  give  way  to  the  natural 
tendency  of  the  fever  to  regain  its  former  height.  Within 
from  two  to  four  hours,  therefore,  the  temperature  often 
begins  its  succeeding  rise,  and  within  a  single  additional 
hour  may  have  attained  its  original  height.  Such  rapid 
after-risings  of  temperature  may  be  attended  by  a  chill. 
Resorcin  is  variable  in  Its  action ;  sometimes  the  fall  of 
temperature  is  slight,  and  sometimes  the  by-effects  are 
excessive  and  even  alarming.  Thus,  after  medicinal 
doses,  there  have  been  observed  delirium  and  illusions, 
with  muttering  speech  and  convulsive  trembling  of  the 
hands,  and,  in  one  case  at  least,  a  deep  comatose  sleep. 
In  overdosage  resorcin  Is  competent  to  induce  constitu- 
tional poisoning  after  the  general  type  of  poisoning  by 
the  phenols— producing  giddiness,  insensibility,  profuse 
sweating,  great  reduction  of  temperature,  and  general 
collapse,  with  olive  green  coloration  of  the  urine.  Such 
alarming  condition  has  followed  a  succession  of  doses  in- 
creased from  half  a  drachm  to  two  drachms.  Therapeu- 
tically, resorcin  has  been  used  for  both  local  and  constitu- 
tional medication.  Locally,  resorcin  is  possibly  available 
for  a  simple  "  antiseptic  "  effect,  but  is  surpassed  in  this 
therapeusls  by  so  many  other  agents  as  to  be  little  used  for 
the  purpose.     But  for  a  combined  antizymotic  and  healing 
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effect  the  local  application  of  resorcin  may  be  quite  ser- 
viceable. Thus  injections  of  a  flve-per-cent.  aqueous 
solution  have  been  made  into  the  bladder,  in  cystitis,  and 
into  suppurating  cavities,  with  good  effect,  and  salves  of 
resorcin  have  abated  malignant  and  syphilitic  ulcerations. 
A  spray  of  a  two-per-cent.  solution  has  been  used  in 
whooping-cough ;  and  a  ten-percent,  solution  has  been 
praised  for  local  application  to  the  throat  in  diphtheria. 
Internally,  resorcin  has  been  used  for  its  antipyretic  ac- 
tion, in  which  application  the  medicine  presents  the  feat- 
ure of  a  fair  degree  of  safety  and  efficiency  combined ; 
but  the  action  is  evanescent  and  attended  by  disagreeable 
excitement  and  sweating.  The  dose  of  resorcin  for  an 
antipyretic  effect  ranges  from  2  to  4  gm.  (from  gr.  xxx. 
to  xlv.),  best  given  in  divided  doses  and  administered, 
dry,  in  a  wafer  or  capsule,  or  in  solution  in  water,  sweet- 
ened and  aromatized.  Constitutional  effects  are  also  as- 
serted (Andeer)  to  be  procurable,  in  diseases  attended  by 
an  affection  of  the  skin,  by  inunction  of  resorcin  in  ad- 
mixture with  vaseline,  In  proportion  of  from  five  to 
eighty  per  cent.,  such  effects  being  the  abatement  of 
symptoms  in  so-called  zymotic  diseases.  Andeer  claims 
thus  to  have  produced  striking  amelioration  in  such  dis- 
eases as  smallpox,  scarlet  fever,  measles,  and  leprosy,  by 
inunctions,  over  the  whole  body,  of  resorcin  vaseline. 
Resorcin  has  been  used  as  an  intestinal  antiseptic,  under 
a  variety  of  conditions,  in  doses  of  one  or  two  grains 
every  two  hours.  Edxoard  Curtis. 

RESPIRATION,  PHYSIOLOGY  OF.— Respiration  is 
the  function  by  which  living  cells  obtain  oxygen  and  get 
rid  of  carbonic-acid  gas.  It  is  an  essential  factor  in  the 
existence  of  both  animals  and  plants,  being  a  necessary 
accompaniment  of  the  chemical  processes  underlying  life. 
In  the  higher  animals  respiration  Is  a  very  complicated 
process,  consisting  of  many  stages,  but  in  lower  foims  it 
is  comparatively  simple  and  may  be  studied  to  advan- 


CoMPABATivE. — Protozoa. — Simple  one-celled  organ- 
isms like  the  amoeba,  live  in  a  fluid  medium,  water, 
which  surrounds  them  on  all  sides.  From  this  surround- 
ing medium  the  dissolved  oxygen  is  absorbed  by  the 
general  surface  of  the  body,  and  distributed  to  all  parts 
by  diffusion  or  by  currents  set  up  by  the  contracting 
vacuoles,  or  by  some  unknown  form  of  cell  activity. 
The  carbon  dioxide  is  got  rid  of  by  a  reverse  process. 
This  simple  form  of  respiration  is  probably  very  similar 
to  the  process  by  which  the  cells  of  the  higher  animals 
obtain  their  supply  of  oxygen  and  return  their  carbon 
dioxide  to  the  surrounding 
lymph,  constituting  the  so- 
called  "internal  or  tissue  res- 
piration. " 

Caienterata. — In  this  group 
each  animal  consists  of  a  cen- 
tral cavity  surrounded  b}-  two 
layers  of  cells  (see  Fig.  4098). 
Oxygen  is  taken  in  to  some  ex- 
tent by  the  external  surface, 
but  also  by  the  central  body 
cavity,  which  serves  the  dou- 
ble purpose  of  food  absorption 
and  respiration.  This  pre- 
pares us  to  find  the  lungs  of 
higher  animals  having  a  com- 
mon embryological  origin  with 
the  organs  of  digestion,  and 
suggests  the  close  relationship 
of  the  two  processes.  The 
currents  set  up  to  and  from  the 
central  cavity  by  the  move- 
ments of  the  body  wall  and  of 
the  tentacles  facilitate  the  res- 
piratory processes  by  bringing 

fresh  fluid  with  a  new  supply  of  oxygen  within  reach 
of  the  absorbing  cells. 

Worms.— lu  this  heterogeneous  division  of  the  animal 
kingdom  we  find  a  circulating  fluid  or  blood  capable  of 


FIG.  4098.— Hydra,  diagram- 
matic, showing  Body  Cav- 
ity be,  body  wall  in  two 
layers  en  and  ec,  tentacles 
t,  and  momli  m.  (After 
Bell.) 
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carrying  the  oxygen  from  the  surface  of  the  body  where 
it  is  absorbed,  to  the  cells  in  the  interior  which  have  need 
of  it.  In  some  cases  the  blood  contains  a  special  sub- 
stance, hiBmoglobin,  with  which  the  oxygen  can  enter 


Fig.  4099.— Two  Types  ol  Nemertinea  showing  Rudimentary  Respira- 
tory Organs,  B.  Leading  In  toward  the  Brain,  Br.  In  Jl,  R  is  a 
simple  pit  and  in  B  it  is  a  duct  ending  blindly  among  the  cells  of 
the  brain.    (After  Bell.) 

into  loose  combination  while  being  carried  about.  In  the 
worms  we  find  for  the  first  time  special  organs  of  respira- 
tion. Sometimes  these  are  little  more  than  grooves  or 
pits  supplied  with  cilia  to  favor  the  renewal  of  the  oxy- 
gen-containing medium.  In  other  cases  we  find  these 
pits  becoming  deeper  so  as  to  form  ciliated  ducts  (Fig. 
4099). 

Insects. — In  insects  we  find  a  system  of  tubes  (tracheae) 
adapted  for  air  breathing.  These  are  distributed  through 
the  body,  and  the  renewal  of  the  air  within  them  is 
favored  by  movements  of  the  legs  and  wings. 

Higher  Animals. — As  we  ascend  the  scale  we  find  fur- 
ther developments  of  the  organs  of  respiration,  such  as 
to  ofi!er  the  greatest  respiratory  surface  in  the  smallest 
possible  space.  This  is  seen  both  in  the  gills  of  fishes 
and  the  lungs  of  air-breathing  animals.  The  arrange- 
ments for  the  renewal  of  the  oxygen-containing  medium 
are  elaborated  and  reach  their  highest  development  in  the 
bony  thorax  of  the  higher  vertebrates  with  their  costal 
and  diaphragmatic  breathing.  The  blood -vascular  sys- 
tem also  becomes  better  adapted  for  taking  up  oxygen 
and  carrying  it  rapidly  all  over  the  body. 

The  human  embryo  in  its  respiratory  function,  as  in 
other  things,  passes  through  many  of  the  stages  repre- 
sented in  lower  forms.  The  one-celled  oviim,  like  the 
amoeba,  takes  in  oxygen  by  its  general  surface  from  the 
fluids  which  surround  it  in  the  uterus.  As  growth  pro- 
ceeds it  develops  a  blood-vascular  system,  but  for  a  time 
continues  to  take  in  its  oxygen  by  the  general  surface 
of  the  surrounding  membranes.  When  the  placenta  is 
formed,  the  foetus  has  a  special  organ  of  respiration,  but 
obtains  its  supply  like  a  fish  from  a  fluid  medium,  the 
mother's  blood.  At  birth  the  tying  of  the  cord  shuts  off 
the  placenta,  and  the  consequent  deficiency  of  oxygen 
stimulates  the  centre  in  the  medulla  to  initiate  the  first 
respiratory  movements.  The  opening  up  of  the  lungs 
diminishes  the  pressure  in  the  pulmonary  vessels,  and 
thus  determines  an  increased  blood  supply  to  these  or- 
gans. The  foramen  ovale  closes  and  the  adult  condition 
is  rapidly  established. 

The  Organs  of  Respiration. — These  include  the  air 
passages  leading  into  the  lungs  from  outside  and  compris- 
ing tlie  nose,  pharynx,  larynx,  trachea,  and  bronchi;  the 
lungs  which  contain  the  respiratory  surfaces  (air  sacs  or 
alveoli)  in  which  the  interchange  of  gases  takes  place, 
the  divisions  and  ramifications  of  the  bronchi  leading 
down  to  the  alveoli,  and  the  supporting  connective  tissue 
in  which  run  the  blood  and  lymph  vessels  and  the  nerves ; 
the  pleurm  which  cover  the  lungs  and  line  the  thoracic 
walls  with  a  smooth  slippery  membrane  facilitating 
movement;  the  tlioracic  walls  which  enclose  the  lungs 
and  which  are  strong  enough  to  protect  them  and  yet 
mobile  enough  to  be  the  medium  through  which  the  ex- 
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pansion  of  the  lungs  is  effected ;  the  muscles  of  respira- 
tion, including  the  diaphragm  and  the  muscles  acting 
upon  the  ribs;  the  nermiis  meelianism  through  which  all 
the  respiratory  processes  are  initiated  and  regulated. 

The  nose  serves  a  useful  purpose  in  warming  the  in, 
spired  air  and  thus  protecting  the  other  air  passages  from 
too  sudden  changes  of  temperature.  The  larynx  is  espe- 
cially concerned  in  speech  and  voice  production.  It  also 
plays  an  important  part  in  preventing  dust  particles  and 
noxious  gases  from  entering  the  lungs  by  the  cough  and 
spasm  which  these  substances  excite  when  they  come  in 
contact  with  its  mucous  membrane.  The  trachea  and 
bronchi  consist  of  tubes  of  fibrous  and  elastic  tissue  sup- 
ported at  regular  intervals  by  incomplete  rings  of  carti- 
lage. The  portion  behind,  where  the  cartilage  is  absent,  is 
supplied  with  plain  muscle  tissue  by  which  the  tubes  can 
be  somewhat  constricted.  The  mucous  membrane  con- 
sists of  loose  lymphoid  tissue.  It  is  supplied  with  mucous 
glands,  which  keep  the  surface  moist,  and  is  lined  with 
ciliated  columnar  epithelium.  The  cilia  carry  the  mu- 
cous secretion  and  inhaled  dust  particles  up  toward  the 
larynx.  The  lungs.  As  the  bronchi  enter  the  lungs 
they  divide  and  subdivide,  forming  tlie  bronchial  tubes, 
to  the  smallest  of  which  the  name  bronchioles  is  applied. 
The  structure  of  the  trachea  and  bronchi  is  continued 
into  the  bronchial  tubes  with  certain  modifications.  The 
cartilaginous  rings  are  replaced  by  irregular  plates  of 
cartilage  distributed  at  intervals  around  the  tubes,  and 
even  tliese  are  not  found  in  the  very  smallest  bronchioles. 
The  unstriped  muscle  becomes  relatively  more  abundant 
as  tlie  size  of  the  tubes  diminishes  and  it  forms  a  continu- 
ous layer  of  circular  fibres.  The  epithelium  changes  from 
columnar  to  cubical,  and  in  the  smallest  tubes  mucous 
glands  are  not  found.  The  lungs  may  be  seen  to  be  di- 
vided into  innumerable  tiny  sections  known  as  lobules,  of 
which  each  has  a  diameter  of  1-3  cm.  They  are  of  pyram- 
idal shape,  and  are  divided  from  one  another  by  a  little 
fibrous  tissue.  A  bronchial  tube  entering  such  a  lobule 
divides  several  times,  forming  tiny  bronchioles.  If  we 
follow  the  bronchiole  along  we  will  find  the  epithelium 
changing  from  cubical  to  pavement,  and  we  will  see  an 
occasional  air  sac  or  alveolus  opening  out  from  the  side. 
These  tubes  supplied  with  alveoli  are  known  as  respira- 
tory bronchioles.  Each  respiratory  bronchiole  ends  in  a 
dilated  passage  called  an  alveolar  duct,  into  which  open 
a(  number  of  infundibula.  An  infundibulum  is  a  cone- 
shaped  expansion  with  the  apex  toward  the  duct.  Ex- 
tending out  from  it  are  numerous  hemispherical  expan- 
sions known  as  air  sacs  or  alyeoli  which  veiy  greatly 
increase  the  total  surface  (see  Pig.  4100). 

.The  wall  of  an  infundibulum  consists  of  a  thin  base- 
ment membrane  lined  by  epithelium,  the  so-called  "  respi- 
ratory epithelium."  The 
cells  composing  this  epi- 
thelium are  of  two  kinds : 
non  -  nucleated  platelets 
resting  upon  the  blood 
capillaries  and  smaller 
nucleated  cells  between. 
Around  the  infuudibula 
is  spread  out  a  network 
of  capillaries  so  dense 
that  the  meshes  are  nar- 
rower than  the  vessels 
themselves.  Between 
the  air  in  the  air  sacs 
and  the  blood  in  the  cap- 
illaries nothing  inter- 
venes but  the  two  lay- 
ers of  epithelium  belonging  to  the  alveoli  and  the  capil- 
laries respectively.  In  some  cases  the  capillary  may  be  in 
contact  with  the  epithelium  of  two  contiguous  alveoli 
(see  Fig.  4101). 

The  capillaries  distributed  to  the  air  sacs  are  from 
branches  of  the  pulmonary  artery.  The  walls  of  the 
bronchial  tubes  and  the  connective  tissue  of  the  lungs 
are  supplied  by  the  bronchial  arteries  belonging  to  the 
systemic  circulation.     The  connective  tissue  which  inter- 
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Fig.  4100.— Diagrammatic  Represen- 
tation of  the  Ending  of  a  Bronchial 
Tube  in  Sacculated  Infundibula. 
(After  Schaefer.) 
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venes  everywhere  between  tlie  inf undibula  and  under  the 
pleura  is  rich  in  elastic  tissue.  The  nerves  of  the  lung 
come  from  the  anterior  and  posterior  pulmonary  plexuses, 
which  are  formed  by  branches  from  the  pneumogastrlc 
and  sympathetic.  The  sympathetic  fibres  come  oft'  from 
the  inferior  cervical  ganglion,  annulus  of  Vieussens  and 
stellate  ganglion,  and  can  be  traced  back  to  the  upper 
thoracic  nerves.     See  also  Nasal  Cavities,  Larynx,  etc. 

Physical  Relations  op  the  Lungs  to  the  Chest 
Wall  and  tub  External  Atmosphere. — Before  birth 
the  lungs  are  solid  organs;  that  is  to  say,  the  opposite 
walls  of  the  alveoli  and  bronchial  tubes  are  in  contact, 
and  form  merely  potential  spaces  communicating  through 
the  respiratory  passages  with  the  outside.  At  birth  tlie 
thoracic  cavity  is  enlarged  by  the  action  of  the  muscles 
of  respiration.  The  additional  space  which  results  must 
be  filled  up  as  it  is  formed,  for  "nature  abhors  a  vac- 
uum." The  only  avenue  through  which  anything  can 
enter  the  thorax  to  fill  it  is  through  the  respiratory  pas- 
sages, and  so  air  enters,  expanding  the  lungs  and  keep- 
ing them  in  contact  with  the  receding  chest  wall. 
Throughout  life  the  lungs  continue  to  follow  the  move- 
ments of  the  chest  wall. ,  If  the  chest  is  enlarged,  air 
enters  the  lungs,  expanding  them  suificiently  to  fill  it  up. 
In  doing  this  the  air  Las  to  overcome  the  elasticity  of  the 
lungs.  During  rest  the  air  exerts  upon  the  inside  of  the 
lungs  the  same  pressure  as  upon  the  external  surface  of 
the  body,  760  mm.  of  mercury  or  fifteen  pounds  to  the 
square  inch.  When  the  chest  is  suddenly  expanded,  as  in 
inspiration,  the  air  within  the  lungs  is  rarefied  and  the 
pressure  within  the  lungs,  the  intrapuhnonary  pressure, 
is  diminished.  During  expiration  the  thorax  diminishes 
in  size,  compressing  the  air  in  the  lungs,  and  the  intra- 
pulmonary  pressure  rises.  In  either  case  movement  of 
air  in  or  out  of  the  lungs  takes  place  till  the  intrapul- 
monary  pressure  is  again  equal  to  atmospheric  when 
equilibrium  is  established. 

The  pressure  in  the  pleural  cavity  and  in  the  media- 
stinum is  known  as  the  intrathoracic  pressure.     It  is  al- 


FlG.  4101.  — Section  of  Injected  Lung,  Including  Several  Contiguous  Alveoli.  (F  E. 
Schultze.)  (Highly  magnifled.)  a.  a,  Free  edges  of  alveoli;  c,  c,  partitions  between 
neighboring  alveoli,  seen  in  section ;  b,  small  arterial  branch  giving  oft  capillaries  to  the 
alveoli.  The  looping  of  the  vessels  to  either  side  o[  the  partitions  is  well  exhibited.  Be- 
tween the  capillaries  is  seen  the  homogeneous  alveolar  wall  with  nuclei  o£  connective- 
tissue  corpuscles  and  elastic  fibres.    (Scliaefer.) 

ways  less  than  atmospheric  because  the  elasticity  of  the 
lungs  tends  to  pull  them  away  from  the  chest  wall,  and 
protects  the  latter  from  part  of  the  intrapulmonaiy 
pressure.  The  more  the  chest  is  expanded  the  more  i"s 
the  elasticity  of  the  lungs  brought  into  play,  and  the 
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more  does  Intrathoracic  pressure  fall  below  atmospheric. 
The  intrathoracic  pressure  is  often  spoken  of  as  negative, 
meaning  that  it  is  less  than  atmospheric.  The  fact  that  it 
is  so  may  be  seen  when  an  opening  is  made  in  the  chest, 
as  in  this  case  air  is  drawn  into  the  pleural  sac  and  the 
lungs  collapse.  During  ordinary  breathing  intrathoracic 
pressure  varies  from  758  to  753  mm.  of  mercury,  which 
is  3-10  mm.  below  atmospheric.  This  is  expressed  by 
saying  that  there  is  a  negative  intrathoracic  pressure  of 
3-10  mm.  During  forced  inspiration,  when  the  lungs 
are  very  much  on  the  stretch,  there  may  be  a  negative 
intrathoracic  pressure  of  30  or  40  mm. 

Renewai,  op  the  Air  in  the  Alveoli  is  effected  by 
the  movements  of  respiration  suiJijlemented  by  diffusion. 
The  respiratory  movements  are  primarily  movements  of 
the  thoracic  walls,  which  lead  to  changes  in  the  capacity 
of  the  thorax  and  indirectly  to  expansion  and  contraction 
of  the  lungs.  The  size  of  the  thorax  can  be  increased  or 
diminished  in  three  directions— vertical,  antero-posterior, 
and  transverse.  The  vertical  diameter  can  be  inci'eased 
by  the  descent  of  the  arched  diaphragm  and  by  the  back- 
ward and  downward  movement  of  the  lower  ribs.  It 
can  be  diminished  by  the  passive  return  of  the  diaphragm 
to  its  arched  joosition  of  rest,  assisted  by  the  contraction 
of  tlie  abdominal  muscles,  which  force  the  viscera  up 
against  the  diaphragm  and  increase  its  arch. 

Tlie  antero-posterior  diameter  is  increased  by  the  rais- 
ing of  the  ribs  from  the  resting  position,  in  which  they 
slant  downward,  to  one  in  which  thej'  extend  more  di- 
rectly forward,  carrying  the  sternum  with  them.  In 
quiet  breathing  the  upper  end  of  the  sternum  acts  as  a 
fulcrum  and  the  lower  end  is  pushed  out ;  but  in  very 
deep  inspiration  the  upper  end  is  also  raised  and  extended 
forward.  The  antero-posterior  diameter  is  diminished 
by  the  thorax  returning  to  a  position  of  rest  as  a  result 
of  gravity  and  elastic  recoil. 

The  transverse  diameter  is  increased  by  the  outward 
and  upward  rotation  of  the  ribs.     Any  tendency  of  the 
contracting  diaphragm  to  draw  in  the  lower  ribs  is  over- 
come by  the  fact  that  the  abdominal 
viscera  are  compressed  b}'  its  descent 
and  tend  to  press  the  ribs  outward. 

Muscles  op  Respiration. — In  ordi- 
nary inspiration  the  vertical  diameter 
is  increased  by  the  descent  of  the  dia- 
phragm, assisted  by  the  quadratus  lum- 
borum  and  serrati  postici  injeriores, 
which  fix  the  lower  ribs.  The  antero- 
posterior and  transverse  diameters  are 
increased  by  the  scaleni,  levatores  cos- 
tarvm,  and  serrati  postici  svperiores, 
which  fix  the  two  upper  ribs  and  as- 
sist the  elevation  and  eversion  of  the 
others,  and  by  the  external  intercosials 
which  raise  the  lower  ribs.  Both  the 
external  and  internal  intercostals  by 
their  contraction  give  strength  to  the 
intercostal  spaces  and  enable  tliem  to 
withstand  the  atmospheric  pressure. 
Expiration  is  largely  passive,  being 
brought  about  by  the  influence  of 
gravity  and  the  elastic  recoil  of  the 
thorax,  and  by  the  relaxation  of  the 
diaphragm  which  allows  it  to  be  forced 
up  again  by  the  pressure  of  the  ab- 
dominal viscera.  Some  claim  that  the 
descent  of  the  ribs  is  assisted  by  the 
contraction  of  the  interosseous  portion 
of  the  internal  intercostals. 

In  forced  inspiration  a  great  number 
of  additional  muscles  are  called  into 
play,   first  those  having  attachments 
to  the  ribs  or  sternum,  and  later  a  very 
great  number  which  indirectly  assist  the  enlargement 
of  the  chest  or  the  opening  up  of  the  respiratory  pass- 
ages.    Forced  expiration    is  assisted  by  the  action  of 
the  abdominal  muscles,  which  press  on  the  viscera  and 
so  push  up  the  diaphragm,  and  also  by  those  muscles 
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of  the  abdomen  aud  back  which  pull  down  the  lower 
ribs. 

Types  op  Respiration. — An  Infant  breathes  mostly 
with  its  diapliragm.  Such  breathing  is  spoken  of  as  the 
diaphragmatic  or  abdominal  type.     In  adults  we  find  a 


TIG.  4102.— j1,  Inferiiir  Costal  and  B,  superior  Costiil  Type  of  Breath- 
Ing.  a,  rt,  Outline  of  liodv  in  forced  expiration ;  (j, /i,  heavy  con- 
tinuous line.  The  outer  margin  Indicates  the  contour  of  the  body 
in  ordinary  inspiration  and  the  inner  margin  that  of  ordmary  ex- 
piration. The  relative  thicliness  ot  this  line  in  the  two  sexes  shows 
that  in  the  male  the  greater  movement  talies  place  in  the  abdomen 
and  lower  thorax  (interior  costal)  and  in  the  female  in  the  upper 
thorax  (superior  costal) .  c,  c.  Contour  of  forced  inspiration.  Note 
that  forced  Inspiration  is  ol  the  superior  costal  type  in  both  sexes. 
(After  Hutchinson.) 

difference  in  the  manner  of  breatliing  between  the  male 
and  female.  In  the  male  the  movements  of  the  abdomen 
and  lower  part  of  the  thorax  are  more  pronounced,  form- 
ing the  so-called  inferior  costal  type,  while  in  the  female 
movements  of  the  upper  chest  predominate,  and  we 
speak  of  the  superior  costal  type.  This  difference  m  the 
sexes  is  not  found  in  all  races,  and  so  is  ascribed  by  some 
to  the  influence  of  dress,  but  others  see  in  it  an  adaptation 
of  woman  for  lier  sexual  life,  pregnancy,  through  nat- 
ural selection  (see  Fig.  4102).  , 

The  Quantity  op  Air  Breathed.— During  ordmary 
quiet  breathing  about  300  c.c.  of  air  is  taken  into  the 
lungs  with  each  inspiration  and  expelled  with  each  ex- 
piration. This  is  called  the  tidal  air.  By  a  forced  in- 
spiration an  additional  quantity,  known  as  the  (^omple- 
mental  air,  may  be  taken  in.  Its  volume  is  about  1,700 
c  c  The  air  that  can  be  expelled  by  an  effort  after  an 
ordinary  expiration  is  the  supplemental  avr,  and  meas- 
ures about  1,500  c.c.  The  air  remaining  m  the  chest 
after  the  most  powerful  expiration  is  the  residual  air, 
amounting  to  about  1,000  c.c.  The  total  quantity  that 
can  be  taken  in  after  a  complete  expiration  or  breathed 
out  after  the  fullest  inspiration  is  called  the  mi<a  ca- 
pacity, and  includes  the  complemental,  tidal,  and  sup- 
plemental air.  It  measures  therefore  m  a  typical  case 
about  3,500  c.c.  Lvnc/  capacity  is  the  total  quantity 
of  air  in  the  lungs  after  a  forced  inspiration  and  is 
equal  to  the  vital  capacity  plus  the  residua  air,  or 
about  4,500  c.c.  All  these  quantities  naturally  varj 
very  much  in  different  individuals  and  under  different 
conditions,  but  the  above  numbers  may  be  taken  as 
more  or  less  typical.  .  , 

The  quantity  of  air  breathed  in  any  given  case  can  be 
•estimated  by  means  of  an  instrument  known  as  a  spirom- 

■"'the  ChIIges^toat  Take  Place  in  the  Air.-Iu  the 
lungs  certain  things  are  taken  from  the  air  and  others 
addfd  as  shown  in  the  following  table,  in  which  the 
■-quantities  are  given  in  volumes  per  cent. : 


Nitrogen 

Oxygen 

Carbonic  acid.. 
Aqueous  vapor. 
Argon,  etc 


Inspired  air. 


20.96 
.04 
Variable. 
Traces. 


Expired  air. 


79 

lli.03 

4.4 

Saturated. 

Traces. 


It  is  to  be  noted  that  the  volume  of  oxygen  lost,  4.93, 
is  slightly  greater  than  the  volume  of  CO2  added,  4.36, 
so  that  the  total  volume  of  the  expired  air  is  slightly  less 
than  that  of  the  inspired  air. 

The  expired  air  is  warmed  to  the  temperature  of  the 
body  and  is  also  fouled  by  organic  emanations  given  off 
from  the  lungs  and  respiratory  passages.  The  principles 
(m  which  the  analysis  of  expired  air  is  carried  out  may 

be      conveniently 

studied  in  the  ap- 
paratus designed 
by  Waller,  which 
is  one  of  the  sim- 
plest and  yet  suffi- 
ciently accurate  for 
most  purposes  (see 
Fig.  4104). 

In  other  methods 
the  carbon  dioxide 
is  absorbed  by  soda 
lime  or  by  baryta 
water  instead  of  by 
sodium  hydrate, 
and  arrangements 
may  be  made  '  for 
passing  the  air 
through  a  chamber 
containing  sulphur- 
ic acid  tor  the  ar- 
rest and  estimation 
of  tlie  aqueous  va- 
por. 

Respiratory 
Quotient  or  Res- 
piratory Coeffi- 
cient. —  As  is 
shown  in  the  table 
given  above,  the 
volume  of  oxygen 
absorbed  is  greater 
than  the  volume  of 
carbon  dioxide  ex- 
creted. The  rela- 
tion of  one  to  the 
other  is  expressed  as 

'-'*-'°  f^nil  is  known 

O. 
as  the  respiratory 
quotient.  If  all  the 
oxygen  taken  into 
the  body  reap- 
peared in  the  ex- 
pired air  as  CO2, 
the  volumes  would 
be  equal  and  the  res- 
piratory     quotient 

_^  would   be  1. 

O. 
Some  of  the  oxy- 
gen, however,  com- 
bines with  hydro- 
gen to  form  water, 
and  is  excreted  as 

r  lun|s,T:s  waiter  by  the  skin  and  kidney,  and  thus 
does  not  leave  the  body  as  CO,  at  all,  but  as  H,0.  The 
respiratoy  quotient  varies  with  the  ':elative  proportions 
of  carbon,  hydrogen,  and  oxygen  in  the  food.  Cartohy- 
drates  contain  in  themselves  just  enough  oxygen  to  sat- 
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Fig.  4103.— Diagram  of  Plutohinson's  Spi- 
rometer. (Landois.)  A,  Graduated  cyl- 
inder serving  as  a  receiver  for  the  breath ; 
it  is  supplied  with  a  stopcock  at  the  top 
lor  the  ready  expulsion  of  air,  and  is  bal- 
anced by  weights  passing  over  pulle.ys. 
B,  Mouthpiece  with  tube  reaching  nearly 
to  the  top  of  the  graduated  receiver  {A), 
when  the  latter  is  sunk  in  the  reservoir 
ready  for  an  experiment ;  there  is  a  stop- 
cock in  this  tube  near  the  flist  angle  to 
prevent  regurgitation  of  air.  C,  Keser- 
volr  for  the  graduated  receiver.  In  using 
the  spirometer  the  reservoir  and  gradu- 
ated receiver  are  lilled  with  water,  or,  to 
prevent  the  absorption  ot  carbon  dioxide, 
with  a  saturated  aqueous  solution  of  com- 
mon salt  (NaCl).  When  ready  for  an 
experiment,  the  stopcock  at  the  top  of  the 
receiver  is  closed  and  that  in  the  tube  ol 
the  mouthpiece  opened,  and  the  breath 
forced  into  the  receiver.  The  receiver 
rises  as  fast  as  the  breath  displaces  the 
water.  After  the  breath  is  forced  into  the 
receiver  the  stopcock  in  the  tube  ot  the 
mouthpiece  is  closed,  and  the  water  out- 
side and  inside  the  receiver  brought  to 
the  same  level,  so  that  the  air  within  the 
receiver  shall  be  at  the  atmosphenc  press- 
ure. The  amount  ot  breath  within  the 
receiver  is  then  read  directly  from  the 
scale  attached  to  the  receiver.  For  accu- 
rate measurement  the  breath  should  stand 
a  lew  minutes  to  acquire  the  temperature 
ol  the  liquid  over  which  it  is  collected, 
then  the  various  corrections  for  aqueous 
vapor  tension,  and  the  variatiims  from 
the  standard  temperature  and  pressure, 
should  be  made. 


Respiration. 
Respiration. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


isfy  all  the  hydrogen  present,  so  that  only  the  oxidation 
of  the  carbon  has  to  be  provided  for  by  the  oxygen  taken 
in  by  the  lungs.  Thus  the  presence  of  a  large  amount  of 
carbohydrate  in  the  diet  tends  to  make  the  respiratory 
quotient  approach  1.     Fats  and  proteids,  on  the  other 

hand,  contain  a  rela- 
tive excess  of  hy- 
drogen, and  require 
oxygen  for  combi- 
nation with  it,  so 
that  the  COj  ex- 
creted represents 
only  part  of  the 
oxygen  absorbed 
"dand  tlie  respiratory 
quotient  falls  be- 
low 1. 

Temporary  vari- 
ations in  the  res- 
piratory quotient 
may  be  due  on  the 
one  hand  to  oxy- 
gen being  absorbed 
in  excess  and  stoi'ed 
up  as  tissue  oxy- 
gen, or  on  the  other 
hand  to  tissue  oxy- 
gen taken  in  long 
before  being  made 
use  of  for  oxidiz- 
ing some  of  the  car- 
bon. The  formei 
tends  to  lower  the 
respiratory  quo- 
tient and  is  seen 
during  rest ;  the 
latter  raises  it  and 
is  seen  in  conditions 
of  activity  and 
quickened  metab- 
olism. 

Ventilation.  — 
The  withdrawal  of 
oxygen  from  the 
air  and  the  addi- 
tion of  COs  and  or- 
ganic matters  that 
takes  place  during 
respiration  renders 
it  vitiated  or  unfit 
to  be  breathed 
again.  When  a 
room  has  been 
breathed  in  until 
the  amount  of  CO2 
has  risen  to  0.07 
volume  per  cent., 
the  air  becomes 


Fig.  4104.— Estimation  of  O2  and  of  CO2  in 
Expired  Air.  (Waller.)  A  100  c.c.  meas- 
uring tube  graduated  in  lengths  of  1  c.c. 
between  75  and  100.  A  filling  bulb.  Two 
gas  pipettes.  The  measuring  tube  coiti- 
munieates  by  three  tubes  guarded  by- 
simple  taps  1, 2,  3,  with  the  inlet  and  with 
the  gas  pipettes.  It  is  first  charged  with 
acidulated  water  up  to  the  zero  mark  by 
raising  the  filling  bulb,  tap  1  being  open ; 
it  is  then  filled  with  100  c.c.  of  expired 
air,  the  filling  bulb  being  lowered  until 
the  fluid  in  the  burette  has  fallen  to  the 
100  mark.  Tap  1  is  now  closed,  the  niea.s- 
uring  tube  containing  100  c.c.  of  expired 
air  with  unknown  quantities  of  CO2  and 
of  O2.  The  amount  of  CO2  is  ascertained 
as  follows :  Tap  2  being  opened,  the  air  is 
expelled  into  a  gas  pipette  containing 
KHO  by  raising  the  filling  bulb  until  the 
fluid  has  risen  to  the  zero  mark  of  the 
measuring  tube.  Tap  2  is  now  closed,  and 
the  air  left  in  the  gas  pipette  for  about  a 


minute,  during  which  the  00,  present  is  „,„,.„  „_  i„„„  „t,,ff ,, 

entirely  absorbed.    The  air  is  then  drawn  '""'e  or  icss  siuny, 

back  into  the  measuring  tube  by  lowering  although     m    very 

the  filling  bulb  while  tap  2  is  open.    The  badly     ventilated 

volume  of  air  (minus  the  CO5,  which  is  ,.r,r.rr,o   tlm 

being  absorbed)  is  read,  the  filling  bulb  '""'"°    ''"^ 
being  adjusted  so  that  its  contents  are  at 


the  same  level  as  the  fiuid  in  the  burette. 
The  amount  of  O,  is  next  ascertained  In  a 
precisely  similar  manner  by  sending  the 
air  into  a  second  gas  pipette  containing 
sticks  of  phosphorus  in  water,  and  meas- 
uring the  loss  of  volume  (due  to  absorp- 
tion of  Oj)  in  the  air  when  drawn  back 
into  the  tube.  A  gas  pipette  works  tlius ; 
fluid  in  its  lower  half  is  displaced  Into  Its 
upper  half,  when  air  is  driven  in  from  the 
measuring  tube,  and  returns  to  its  orig- 
inal place,  when  air  is  drawn  back.  If 
desired,  the  apparatus  can  be  connected 
with  a  vessel  in  which  a  frog  or  mouse  or 
excised  muscle  has  been  placed  and  the 
consequent  alterations  of  the  gases  Oj  and 
CO2  measured  in  a  similar  manner,  a. 
Inlet  or  outlet;  b,  gas  pipette  for  abeorp- 
tlon  of  CO2 ;  c,  filling  bulb ;  d.  gas  pipette 
for  absorption  of  Oj. 
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propor- 
tion may  reach  ten 
times  this  figure. 
The  closeness  or 
stuffiness  is  duo 
principally  to  the 
organic  emana- 
tions, of  which  some 
are  of  an  odorous 
nature.  This  is 
shown  by  the  fact 
that  much  larger 
quantities  of  CO3 
can  be  added  to  the 
air  of  a  room  in 
other  ways  witliout 
causing  any  incon- 


venience to  the  inmates.  Air  containing  even  as  much 
as  twenty-five  per  cent,  of  CO,  can  be  breathed  safely 
for  a  short  time  if  there  are  no  other  impurities  in  it, 
and  if  it  contain  plenty  of  oxygen.  An  ordinary  indi- 
vidual requires  about  3,000  cubic  feet  of  air  per  hour  if 
the  proportion  of  CO2  is  not  to  rise  above  0.07  volume 
per  cent.  This  may  be  supplied  by  allotting  1,000  cubic 
feet  of  space  to  each  individual,  and  providing  ventilat- 
ing arrangements  for  renewing  the  air  twice  every  hour. 
The  smaller  the  space  allotted  to  each  individual  the 
more  frequently  must  the  air  be  changed  by  ventilation. 
The  following  table  may  be  useful  for  ready  reference 
on'  some  of  the  points  discussed  above,  although  the 
exact  numbers  vary  very  much  in  different  people.  The 
proportions  given  in  cubic  centimetres  and  litres  are 
somewhat  less  than  those  usually  given,  but  are  prob- 
ably more  correct  than  the  larger  quantities  given  in 
inches  and  feet. 


Amount  of 

One  Breath. 

TWENTT-FOUR 
HOIRS. 

Cu.  in. 

C.c. 

Cu.  ft. 

a50 
17.5 
15 
■  50,00(1 

Litres. 

30 

1.5 

1.3 

5,000 

300 

15 

13 

50,000 

7,000 

aoo 

Oxvgen  absorbed 

300 

Air  rendered  close 

1,000,000 

(Proportion  of  COj  raised  to  0.07 
volume  per  cent.) 

The  Blood  and  Its  Gases. — While  the  air  on  one  side 
of  the  respiratory  epithelium  is  being  constantly  changed 
by  the  movements  of  the  chest  and  by  diffusion,  the  blood 
on  the  other  side  is  being  changed  by  virtue  of  the  circu- 
lation. The  blood  is  brought  in  a  venous  condition  by 
the  pulmonary  artery  and  its  branches,  and  is  carried 
away  in  an  arterial  condition  by  the  pulmonary  veins. 
The  gases  of  the  blood  are  the  same  qualitatively  as 
those  of  the  atmosphere,  but  are  not  present  in  the  same 
proportions.  The  proportions  naturally  vary  somewhat, 
but  the  following  are  approximate  in  volumes  per  cent, 
of  blood : 


Blood. 

0. 

CO2. 

N. 

20 

10 

40 
46 

1-2 
1-2 

Venous  

In  considering  the  nature  of  the  connection  between 
the  blood  and  its  gases  it  is  necessary  for  us  to  keep  in 
mind  the  various  constituents  of  blood  and  their  power 
of  taking  in  gases.  The  plasma  may  for  our  present  pur- 
pose be  considered  as  made  up  of  water,  salts,  and  pro- 
teids. Water  is  capable  of  holding  a  certain  quantity  of 
gas  in  solution,  the  exact  amount  depending  on  the  na- 
ture and  tension  of  the  gases  surrounding  it,  and  on  the 
temperature.  If  water  be  exposed  to  a  mixture  of  gases 
it  will  absorb  raid  hold  in  solution  a  quantity  of  each, 
which  will  depend  on  the  quantity  of  that  particular 
gas  in  the  mixture.  Each  gas  present  in  a  mixture  ex- 
ists at  a  certain  tension,  and  exerts  what  is  called  apar- 
tinl  2v-ef:s\ire.  This  partial  pressure  is  not  affected  by  the 
amount  of  any  other  gas  that  may  be  present.  Thus  if 
a  jar  were  half  full  of  water  and  the  rest  of  it  occupied 
by  air.  the  water  would  take  up  from  the  air  a  certain 
amount  of  nitrogen  and  a  certain  amount  of  oxygen.  If 
now  pure  nitrogen  were  pumped  into  the  jar  without 
allowing  any  of  the  air  already  there  to  escape,  the  ten- 
sion or  partial  pressure  of  the  nitrogen  in  it  would  be  in- 
creased and  the  water  would  take  a  pi'oportionately  larger 
amount  into  solution;  The  tension  or  partial  pressure  of 
the  oxygen  would  remain,  however,  what  it  was  before, 
and  the  water  would  not  absorb  any  more.  If  now  pure 
oxygen  were  pumped  in,  the  partial  pressure  of  oxygen 
m  the  jar  would  be  increased  and  the  water  would  take 
a  proportionately  larger  amount  of  this  gas  into  solution. 

The  nitrogen  of  the  blood  is  held  chiefly  in  simple  solu- 
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tiou  in  the  water  of  the  plasma.  The  oxygcu  and  eaibou 
dioxide,  however,  are  present  in  niueli  larger  proportions 
than  water  could  take  into  solution  at  the  tension  or  par- 
tial pressure  of  these  gases  prevailing  in  either  the  lungs 
or  the  tissues.  These  gases  must  therefore  be  attached 
to  the  other  constituents  of  the  plasma  or  to  the  corpus- 
cles. Tlie  Kitlts  of  'phisma  include  among  others  consider- 
able quantitiesof  sodium  carbonate.  Tiiissalt  is  capable 
of  combining  with  carbonic  acid  gas  to  form  sodium  bi- 
carbonate. There  is  reason  to  believe  that  the  carbonic 
acid  is  principally  held  in  the  blood  in  this  chemical  com- 
bination. Sodium  ])hosphate,  another  constituent  of  the 
plasma,  may  combine  with  carbonic  ae-id  too,  forming 
sodium  bicarbonate  and  sodium  biphosiiluite.  The  pru- 
teids  of  the  plasma,  especially  the  glolmlins,  are  also 
claimed  to  have  some  power  of  combining  with  carbonic 
acid  gas.  The  lyiriiu.iek.i,  both  red  and  white,  may  simi- 
larly carry  a  ceitain  amount  of  CO..  in  combination  with 
their  salts  and  protcids. 

The  chief  interest  of  the  corjniscles  for  respiratory 
purposes,  however,  is  connected  with  the  colored  proteid 
hsemoglobin  of  the  red  corpuscles. 

Hemoglobin  makes  up  about  ninety  per  cent,  of  the 
-sohds  of  the  red  corpuscles.  It  is  a  substance  possessing 
a  remarkable  property  of  forming  loose  chemical  com- 
binations with  various  gases.  As  it  exists  in  the  blood 
it  is  combined  with  oxygen  to  form  oxyhoemoglobiu. 
One  molecule  of  ha^noglobin  can  combine  with  one  mole- 
cule of  oxygen  or  1  gm.  of  hiemoglobin  can  attach  to  it- 
self 1.34  c.c.  of  oxygen.  In  arterial  blood  the  hajmo- 
globin  is  nearly  saturated  with  oxygen,  and  in  venous 
blood  it  still  has  some  oxygen  associated  with  it.  Oxy- 
gen-free hremoglobin  or  reduced  haemoglobin  is  not  usu- 
ally present  in  the  body,  but  can  be  demonstrated  in  parts 
where  the  circulation  has  been  stopped  for  from  forty  to 
three  hundred  seconds  (Vicrordt). 

There  are  a  nundier  of  compounds  and  derivatives  5f 
liiBmoglobin  which  can  be  most  readily  distiuguishc  1  bv 
the  absorption  bands  in  their  spectra.  In  the  riticlt  n 
Blood  in  another  volume  of  this  Handbook,  thc\  no 
■described  in  some  detail,  and  their  spectra  are  fi,,  nc  1 

Oxyhamorjlohin  is  the  bright  red  substance  which  gues 
the  color  tci  arterial  blood.     In  this  compound  the     \> 
gen  is  present  in  a  very  loose  chemical  combination    aud 
may  be  readily  taken  up  liy  the 
tissues  of  the  body  or  by  reduc- 
ing agents. 

Methmmoglohin  is  a  brown  sub- 
.stance  formed  by  the  action  of 
■oxidizing  agents  on  oxyluemo- 
^lobin.  It  is  found  in  the  blood 
in  cases  of  poisoning  by  chlorate 
of  potash  and  similar  substances. 
Methremoglobin  is  of  no  use  for 
respiratory  purposes,  as  the  oxy- 
gen is  too  firmly  united  to  be 
abstracted  by  the  tissues,  al- 
though it  is  readily  taken  up  by 
■strong  reducing  agents,  such  as 
ammonium  sulphide,  with  the 
formation  of  hemoglobin  (re- 
■duced). 

Cdrhonie-O.ride  Ilamoglohin. — 
If  illuminating  gas  be  inhaled 
the  carbonic  oxide  which  it  con- 
tains unites  with  the  haemoglo- 
bin of  the  blood  in  place  of  the 
oxygen  by  virtue  of  the  fact 
that  CO  pos.sesses  the  stronger 
•affinity  of  the  two  for  h:emo- 
globin.  This  quite  destroys  the 
oxygen  -  carrying  properties  of 
the  blood  and  results  in  death. 

Other  gases,  such  as  NO,  H-S,  etc.,  may  also  destroy 
the  oxygen-carrying  power  of  the  blood  by  replacing  the 
■oxygen,  or  by  otherwise  changing  the  hemoglobin  mole- 

i/(f»M«Oi.— Hemoglobin  may  be  decomposed  uuder  the 


Fig.  410.5.— Hill's  Mercurial  Gas  Pump. 


action  of  heat  and  acid  or  alkali  into  two  jiarts,  a  proteiil 
of  unknown  nature,  usually  referred  to  as  globin,  and  a 
brown  coloring  matter  rich  in  iron  and  designated  h;.e- 
matiu. 

lliemochroiiiogeii,  or  reduced  alkaline  hematiu,  may  be 
formed  by  the  action  of  reducing  agents  on  heinatiu,  or 
b_y  breaking  up  hemoglobin  in  the  absence  of  oxygen. 
Ileniochroniogcn  has  the  same  power  of  uniting  with 
gases  as  iKcnuiglobin  has,  and  in  fact  has  been  shown  to 
be  able  to  attach  t(j  itself  the  same  quantity  (of  CO)  as 
the  corresponding  amount  of  hemoglobin.  Hoppe-Sey- 
Icr  taught  that  luemochromogen  existed  as  such  in  Ije- 
moglobin,  and  lent  it  its  gas-carrying  property.  This 
is  disputed,  however,  by  Ganigee  (Schaefer's  "Text- 
book "). 

The  proteid  part  of  the  hemoglobin  molecule  is  be- 
lieved by  many  to  be  of  the  nature  of  a  globulin.  It  is 
probable  that  the  small  quantity  of  CO-i  that  can  be  car- 
ried by  hemoglobin  is  attached  to  this  i)roteid  part. 

The  Mercurial  Pump. — The  gases  of  the  blood  are  ob- 
tained for  analysis  by  subjecting  the  blood  to  the  vac- 
uum of  a  mercurial  pump.  One  of  the  simplest  and 
best  is  that  of  Leonard  Hill  (see  Fig.  4105). 

^  is  a  reservoir  filled  with  mercury  which  maj'  be 
raised  or  lowered.  By  raising  it  and  manipulating  the 
various  taps  the  whole  apparatus  is  filled  with  mercury. 
By  lowering  it  the  blood  chamber  F  is  made  a  vacuum. 
i''is  separated  from  the  apparatus,  weighed,  and  partly 
filled  with  blood.  It  is  then  reattached  and  the  gases  are 
drawn  off  from  the  blood  into  the  reservoir  B.  By  rais- 
ing and  lowering  A  repeatedly  with  manipulation  of  the 
taps,  the  gases  are  all  drawn  off  from  the 
blood  in  F  into  the  reservoir  B  and  then 
forced  over  into  the  eudiometer  tube  II, 
where  they  are  collected  over  mercury  and 
measured.  The  amount  of  CO2  is  meas- 
ured by  inserting  potassium  hydrate  which 
takes  up  the  CO.2  to  form  a  carbonate. 
The  diminution  wliich  takes  place  in  the 
total  volume  of  gas  is  the  amount  of  CO2 
which  was  present.  The  amount  of  oxy- 
gen can  similai'ly  be  measured  liy  using 
a  solution  of  pyrogallic  acid,  which  unites 
with  it.  The  gas  remaining  uuab.sorbed 
is  nitrogen. 

Blood  does  not  give  off  its  oxygen  in 
the  mercurial  pump  in  juoportiou  to  the 
diminution  in  the  pressure  as  would  be 
the  ca.se  it  it  were  in  simple  solution.  On 
the  contrary,  very  little  comes  off  until 
a  certain  degree  of  vacuum  is  reached, 
and  then  large  quantities  are  given  off'. 
This  points  to  its  being  in  loose  chemical 
combination. 

With  regard  to  the  CO2,  the  fact  that 
blood  even  when  exposed  freely  to  the 
air  can  retain  an  amount  of  CO2  gieally 
in  excess  of  what  it  could  hold  in  simple 
solution  proves  tliat  this  gas  too  exists  in 
chemical  combination.    Now  if  plasma  lie 
I  xjK   id   to   the   mercury  pump  and  the 
pressure     sufhcientl}'     lowered, 
much  of  the  CO.^  is  given  off, 
and    must    therefore    be    quite 
loosely  combined.    Another  por- 
tion   is    not  given  off'   withi.mt 
the  addition  of  an  acid  or  hemo- 
globin (red    corpuscles),  which 
seem    able    to   liberate  it  from 
some  more  stable  compound. 

The  nitrogen   is  given  oft'  in 
proportion  to  the  diminution  in 
the  pressure,  and  the  view  gen- 
erally held  is  that  it  is  in  simple  solution  in  the  plasma. 

The  Interchange  op  Gases  Between  the  Blood 
AND  Air.— Here  we  find  ourselves  face  to  face  with  the 
fundamental  question  of  the  relation  of  epithehal  cells 
to  the  processes  taking  place  through  them.     Does  the 
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interchange  of  gases  between  tlie  blood  on  the  one  side 
of  tlie  respiratoiy  epitlielium  and  the  alveolar  air  on  the 
other  side  take  place  by  a  mere  process  of  diffusion,  or 
does  the  functional  activity  of  the  epithelial  cells  exert 
some  controlling  or  modifying  influence?  Our  answer 
to  this  question  nuist  be  cictermiued  by  a  consideration 
of  what  we  know  of  the  properties  of  eiiithelium  else- 
where, and  by  the  possibility  of  explaining  the  inter- 
change on  a  purely  physical  basis. 

There  is  an  increasing  tendency  to  attribute  more  im- 
portance to  lining  epithelium  iu  the  absorption  and  secre- 
tion of  liquids  and  solids.  This  is  seen  in  tlie  change  that 
has  recently  taken  ]ilace  iu  the  teaching  of  the  text-bo<jks 
with  regard  to  intestinal  absorption  and  the  process  of 
secretion.  The  fact  that  epithelium  may  also  play  an  ac- 
tive part  in  the  secretion  of  gases  has  been  amph'  demon- 
strated by  a  number  of  investigators  in  connection  with 
the  secretion  of  gases  iu  the  swim  bladder  of  tishes. 
Bohr  has  shown  that  this  process  is  tmder  nervous  con- 
trol. 

With  regard  to  the  possibility  of  exjilaining  the  inter- 
change of  gases  in  the  mauHualiau  lung  on  a  purely 
physical  basis,  it  might  be  explained  by  the  laws  of  sim- 
ple diffusion  and  osmo.sis  if  tlie  partial  pressures  on  the 
two  sides  of  the  epithelium  were  always  such  as  to  favor 
the  exchange  that  takes  ])lace.  This  question  has  been 
investigated  as  follows;  First  air  is  drawn  off  from  the 
alveoli  by  one  of  the  lustruments  devised  for  the  pur- 
pose, of  which  Pfliiger's  lung  catlicter  is  the  best  known. 
Then  this  air  is  analyzed  and  the  partial  pressure  of  each 
gas  in  the  alveoli  can  be  calculated.  Next  the  partial 
pressures  of  the  gases  in  arterial  and  venous  blood  are  es- 
timated by  some  form  of  uerotonomeier  or  hirmataeromeler, 
and  a  comparison  of  the  results  obtained  from  the  alveolar 
air  and  the  arterial  and  venous  blood  in  any  given  case 
will  show  whether  the  partial  pressures  are  favorable  to 
the  interchange  or  not.  The  principle  of  the  aerotonom- 
eter  is  as  follows:  It  is  an  apparatus  in  whicli  blood  is 
brought  into  close  relation  with  two  gaseous  mixtures, 
in  one  of  wliich  the  CO,  tension  is  above,  while  in  the 
othei- it  is  below  the  anticipated  tension  of  the  blood. 
As  blood  flows  through  the  apparatus  an  interchange  of 
gases  takes  place  between  it  and  the  ga,seous  mixtures 
contained.  By  analyzing  the  latter  before  and  after,  the 
tension  of  gases  iu  the  blood  can  be  approximately  deter- 
mined. 

Fredericq  gives  the  following  as  a  typical  result  of 
such  au  investigation  iu  a  dog : 

E.xtprriiil  air.     Alveoli.     .VrtPrial  liliiod.     TissiiPs. 
Tension  (jf  .1.1; yt'en..        -'u.!).j      >       Ls      >  14  >  u 

E.xternal  air.    Alveoli.     Venous  blood.    Tissues. 

.03      <      :>.,s      <      3.!<ur,..i      <        .5-0 

In  this  case  the  tensions  or  partial  pressures  of  the 
gases  are  sucli  that  oxygen  would  tend  by  mere  diffusion 
t(j  pass  in  from  the  air  to  the  blcjod  and  C(J2  iu  the  reverse 
direction. 

<Jther  workers,  howevei',  notably  Bohr,  and  Haldane 
and  Lorraine  Smith,  employing  somewhat  dillerent  meth- 
ods, have  obtained  results  which  seem  to  show  that  oxy- 
gen may  lie  taken  in  ami  CO.,  excreted  even  when  the 
partial  pressures  are  such  a.s  to  oppose  the  process.  If 
tliese  experiments  are  reliable,  as  seems  probable,  we 
must  look  to  ,sonie  active  secretory  [lower  of  the  respira- 
tory eiiithelinni  for  the  exidanaticin. 

Dr.  Wesley  Mills  has  maintained  this  view  tor  many 
years,  and  his  text-book,  published  in  IS.SD,  was  one  (if 
the  first  to  recognize  it  in  the  folhiwing  terms:  "The 
view  expressed  by  some  jilivsiolngists  lothe  clVect  that 
diffusion  explains  the  whole  matter  so  f;ir  at  least  as  car- 
bonic anhydride  is  concerned,  and  that  thi'  ejiithelial  cells 
of  the  lung  liave  no  share  in  the  respiratory  jirocess,  does 
not  seem  to  be  in  harmonv  either  with  the' facts  of  respi- 
ration, or  with  the  hiws  of  biology  in  general," 

The  Seat  op  tiii.;  (Jxid.vtion 'w]iii:ii  Ocrrus  in  the 
J50DY.— At  the  beginning  of  the  last  century  jdiysiolo- 
gists  were  divided  in  opinion  as  to  the  principal  seat  of 
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Tension     o£    earl  ion 
dioxide' 


oxidative  processes  in  the  body.  Some,  who  followed 
Black,  believed  that  these  processes  took  place  exclu- 
sively in  the  lungs,  while  others,  led  by  Le  Grange,  re- 
garded the  blood  as  the  seat  of  these  changes.  During" 
the  past  fifty  years  Pfltiger  antl  others  have  shown  that 
neither  of  the  old  Views  was  correct,  but  that  oxidation 
is  continually  taking  place  in  all  the  tissues,  and  that  it 
varies  to  a  great  extent  with  their  functional  activity. 
It  has  been  shown,  moreover,  that  the  taking  up  of  oxy- 
gen and  giving  off  of  CO2  do  not  necessarily  run  parallel, 
but  that  the  former  may  be  stored  up  in  excess  during 
rest  as  tissue  oxygen,  and  may  remain  in  some  more  or 
less  stable  Combination  until  a  timeof  functional  activity, 
when  a  dissolution  of  the  molecule  occurs  with  the  set- 
ting free  of  CO2.  Some  of  the  facts  on  which  these 
views  are  founded  are  the  following:  If  the  blood  of  a 
frog  be  replaced  by  saline  solution,  the  animal  may  lire 
for  hours  or  days,  and  continue  to  take  up  oxj'gen  and 
excrete  CO.2  (Oertman),  Bleeding,  although  diminish- 
ing the  quantity  of  blood  in  the  bod}',  has  no  effect  on 
the  amount  of  gaseous  interchange  (Pembrey  and  Gur- 
ber).  If  a  luuscle  be  made  to  contract  in  fdcuo,  it  will 
give  off  CO...,  derived  from  its  tissue  oxygen,  in  sufficient 
quantity  to  be  determined  (Hermann).  If  a  solution  of 
fresh  blood  be  supplied  to  a  frog's  heart,  the  oxyhemo- 
globin will  be  reduced  more  quicklj' during  activity  than 
during  rest  (Yeo). 

"  The  avidity  of  the  different  tissues  for  0x3- gen  varies 
greatl)',  and  the  differences  are  doubtless  expressions, 
broadly  speaking,  of  the  relative  intensities  of  their  re- 
spiratory processes"  (Reichert). 

Quinquaud  records  the  following  absorption  capacities' 
for  100  gm.  of  different  tissues  submitted  for  three  hours 
to  a  temperature  of  38"  C.  : 


Muscle 2S 

Heart 21 

Brain \2 

Liver HI 

Kidney 10 


Co. 

Spleen S.d 

Lunes 7.3 

Adipose  tissue ti.O 

Bone .5.0 

Blood U.8 


Internal  or  Tissue  Respiration  is  the  term  applied 
to  the  interchange  of  ga.ses  between  the  blood  and  the 
tissues.  The  partial  pressures  of  the  gases  in  the  tissues, 
lymph,  and  blood  are  said  to  be  such  as  to  favor  the  tak- 
ing up  of  oxygen  by  the  tissues,  and  the  giving  otf  of 
C<.)2  iu  accordance  with  well-known  physic-al  laws,  but 
this  fact  does  not  necessarily  exclude  some  piarticipation 
of  the  endothelial  and  tissue  cells  in  the  process. 

Graphic  Record  of  Respiratory  JIove.ments. — In- 
numcralile  devices  have  been  employed  for  this  purpose. 
Some,  either  because  they  require  a  cutting  operation  or 


Fif:.tlllf;.-Arranf,'ement  of  Tracheal  Cannula  and  Marev'sTainhour  for 
Uceoi'diiig  Changes  in  lutrapulmonary  Pressure.     (LansendorH.) 

for  other  reasons,  are  employed  only  on  animals-  and 
others  may  be  used  clinically  on  man.  To  the  former 
category  belong  the  phrenognqih,  by  which  the  move- 
inents  of  the  diaphragm  are  recorded  by  the  use  of  a 
lever  or  rubber  bag  passed  up  between  the  liver  and  dia- 
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Respiration. 
Respiration. 


phragm  and  connected  with  a  recording  lever ;  various 
forms  of  sounds  and  cannulas,  which  can  be  passed  into 
the  pleural  cavity  or  the  oesophagus  and  connected  with 
a  recording  tambour  to  register  the  variations  in  intra- 
thoracic pressure ;  a  tracheal  cannula  or  a  nose  cap  from 
either  of  which  the  volume  of  air  breaihed  can  be  recorded 


Fig.  4107.— Receiving  Tambour  of  Marey's  Pneumograph,  New  Form. 
(LanRendoril.)  h,  h.  Belt  to  go  around  chest;  b',  6',  strings  to  sus- 
pend the  instrument  from  the  neclJ. 

by  the  aerophthysmograpli  of  Gad,  or  the  changes  in  intra- 
pulmonary  pressure  can  be  registered  by  a  Marey's  tam- 
bour. In  either  case  it  is  usual  to  have  an  air  chamber 
between  the  animal  and  the  recording  apparatus,  so  that 
the  same  air  will  not  be  breathed  over  and  over  again 
(see  Fig.  4106). 

Among  the  methods  which  may  be  employed  in  man 
are  thp  pneumograph  or  stethograph,  in  which  a  belt  sur- 
rounding the  chest  is  attached  to  some  form  of  receiving 
tambour  from  which  a  rubber  tube  leads  oS  to  a  record- 
ing tambour,  and  indicates  the  changes  in  the  girth  of 
the  thorax  (see  Fig.  4107).  In  the  stethometer  of  Burdon 
Sanderson  the  changes  in  the  antero-posterior  diameter 
of  the  chest  are  recorded. 

Perhaps  the  simplest  method  of  all  is  to  connect  a  re- 
cording tambour  through  a  piece  of  rubber  tubing  with 
a  small  funnel,  and  to  press  the  latter  into  the  episternal 
notch.  A  fair  record  of  the  respiration  may  be  obtained 
in  this  way. 

The  curves  obtained  in  these  various  ways  differ  in 
their  details,  but  the  tracing  shown  in  Fig.  4108,  and  ob- 
tained with  Marey's  pneumograph,  may  be  taken  as  a 
type. 

As  the  figure  shows,  inspiration  begins  somewhat  sud- 
denly and  advances  rapidly,  being  followed  immediately 
by  expiration,  which  is  carried  out  at  first  rapidly,  hut 
afterward  more  and  more  slowly. 

Nervods  Mechanism  op  Respieation.— The  muscles 
of  respiration  act  rhythmically  under  the  influence  of 
nervous  impulses,  wiiicli  originate  in  the  medulla  oblon- 
gata and  pass  out  by  the  motor  nerves.  The  respiratory 
centre  in  the  medulla  sends  out  these  impulses  as  the 
result  of  a  constant  stimulus  imparted  to  it  by  the  blood. 
The  explanation  of  the  rhythmic  action  of  the  centre  un- 
der the  constant  stimulus  of  the  blood  is  to  be  sought  for 
in  the  fundamental  properties  of  protoplasm.  The  action 
of  the  centre  is  modified  by  impulses  reaching  it  by 
afferent  nerves,  of  which  some  are  constantly  in.  oper- 
ation and  others  only  act  occasionally. 

The  Bespiratory  Centre.— \\\  the  brain  above  the  me- 
dulla may  be  removed  without  serious  interference  with 
the  breathing.  If  the  spinal  cord  be  separated  from  the 
medulla  all  respiratory  movements  of  the  trunk  cease,  but 
some  of  the  facial  muscles,  still  in  connection  with  the 
medulla  through  the  cranial  nerves,  continue  to  exhibit 
movements  of  a  respiratory  character.  Injury  of  the 
medulla  in  the  lower  part  of  the  floor  of  the  fourth  ven- 
tricle (calamus  scriptorius)  is  sufficient  to  cause  cessation 
of  respiration  and  death,  all  the  rest  of  the  nervous  sys- 
tem being  intact.  These  facts  suffice  to  localize  the 
respiratory  centre  in  the  floor  of  the  fourth  ventricle,  but 
the  exact  nerve  cells  which  constitute  it  cannot  be  pointed 
out  From  the  fact  that  cessation  of  respiration  has  fol- 
lowed injury  to  different  parts  in  the  hands  of  different 
investigators,  the  respiratory  centre  is  probably  made  up 
of  several  separate  groups  of  cells  or  nerve  nuclei  and 
bundles  of  connecting  fibres. 

If  the  medulla  be  carefully  divided  m  the  median  line 


respiration  continues ;  and  if  the  pneumogastric  nerve  on 
one  side  be  divided,  tlie  movements  on  that  side  will  be- 
come slower  than  on  the  other,  and  we  may  have  the  two 
halves  of  the  diaphragm  contracting  independently,  each 
with  its  own  rhythm.  This  shows  that  the  respiratory 
centre  consist  of  two  halves,  each  more  or  less  complete 
in  itself.  Normally,  however,  they  act  in  harmony, 
being  co-ordinated  through  commissural  fibres,  which 
cross  the  median  line  from  one  side  to  the  other. 

From  the  fact  that  certain  influences  affect  especiall.v 
inspiration  and  others  expiration,  it  seems  logical  to  as- 
sume that  the  respiratory  centre  is  physiologically  divided 
into  an  inspiratory  and  an  expiratoi'y  centre,  but  we  can- 
not separate  these  anatomically  at  present. 

Subsidiary  Centres. — Stimulation  of  various  parts  of 
the  brain  gives  rise  to  modification  of  the  respiratory 
.movements.  This  fact  has  led  to  a  number  of  structures, 
among  which  are  parts  of  the  cerebral  cortex,  the  tuber 
cinereum,  the  optic  thalamus,  the  pons  Varolii,  and  the 
anterior  and  posterior  corpoi'a  quadrigemina,  being  dig- 
nified with  the  name  of  ^^ suhticliary  respiratory  centres." 
As  will  be  shown  later,  a  tonic  inhibitory  influence  seems 
to  bo  exerted  on  the  respiratory  centre  by  the  posterior 
corpora  quadrigemina,  but  the  other  structures  named 
are  probably  mere  stations  through  which  afferent  im- 
pulses from  the  various  sensory  nerves  may  affect  the 
respiratory  centre  In  the  medulla.  Brown-Sequard, 
Langendorfl,  Wertheimer,  and  others  lay  great  stress  on 
the  fact  that  after  sepai'ation  of  the  spinal  cord  from  the 
medulla  in  young  animals  a  kind  of  respiration  is  carried 
on  by  the  cord  alone.  It  is  very  different  in  its  charac- 
ter, however,  from  normal  breathing,  being  "rapid  and 
irregular  "  (Wertheimer),  and  in  man)'  cases  it  does  not 
occur  at  all.  One,  therefore,  feels  disposed  to  look  upon 
these  so-called  spinal  centres  for  respiration  as  rather  co- 
ordinating centres  for  the  respiratory  muscles,  which 
usually  perform  their  functions  under  the  control  of  the 
respiratory  centre  in  the  medulla.  In  some  cases  they 
seem  to  have  retained  a  vestige  of  their  original  proto- 
plasmic power  of  rhythmic  activity. 

The  Influence  of  the  Blood  on  the  Respiratory  Centre. — 
If  the  amount  of  oxygen  in  the  blood  be  diminished  or 
the  proportion  of  carbonic  oxide  become  higher,  there 
follows  increased  activity  of  the  respiratory  centre.  The 
respirations  become  deeper  and  often  quicker,  constitut- 
ing the  condition  known  as  hyperpnaa.  If  the  change  in 
the  blood  be  greater  the  respiratory  movements  become 
still  more  pronounced,  additional  muscles  are  called  into 
play,  and  expiration,  which  is  normally  largely  passive, 
becomes  an  active  muscular  act  like  inspiration;  this 
condition  is  known  as  dyspnma.  Dyspnoea  may  pass  into 
the  condition  known  as  asphyxia.  The  form  of  asphyxia 
caused  by  occlusion  of  the  trachea  and  deprivation  of 
oxygen  is  characterized  by  convulsions,  followed  by  ex- 


Fio  4108  — Trncins  oE  Thoracic  Respiratory  Movements  obtained  by 
means  ol  Marey's  Pneumograph.  (Foster.)  .A  whole  respiratory 
phase  is  comprised  between  a  and  a ;  inspiration,  during  which  the 
lever  cUscevds,  extending  from  a  to  b,  and  expiration  from  6  to  a. 
The  undulations  at  c  are  caused  by  the  heart  s  beat. 

haustion  and  death.  In  asphyxia  due  to  breathing  an 
atmosphere  in  which  carbonic  acid  gas  is  m  excess,  but 
where  oxygen  is  not  greatly  deficient,  the  animal  passes 
from  dyspnoea  into  a  state  of  stupor,  and  dies  without 
passing  through  the  stage  of  convulsions.  The  condition 
of  the  blood  affects  the  centre  directly,  and  not  through 
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the  afferent  nerves,  as  is  shown  by  the  so-called  "cross 
circulation"  experiment.  In  this  experiment  the  neck 
vessels  of  two  dogs  are  joined  in  such  a  way  that  the 
head  of  each  is  supplied  from  the  carotid  arteries  of  the 


Fig.  4109.— Illustrates  the  Action  of  the  Vaffue  on  Respiration. 
Taken  by  the  writer  with  an  apparatus  like  that  shown  in  Fig.  4107. 
I,  Normal  breathing  ot  rabbit  under  ether ;  TI,  both  vagi  cut,  res- 
piration deeper  and  slower;  III,  cerebral  hemispheres  removed 
also ;  jy,  weak  stimulation  of  vagus  opposite  vertical  line  showing 
shallowing  and  quickening ;  V,  stronger  stimulation  showing  com- 
plete inhibition.  Note:  Downstrokes,  inspiration;  upstrokes,  ex- 
piration. 

other.  The  result  is  that  the  body  of  No.  1  and  the 
brain  of  No.  3  receive  the  same  blood  and  lyice  versa.  If 
now  the  respiratory  interchange  of  No.  1  be  interfered 
with,  the  blood  supplying  his  body  will  become  venous, 
but  his  brain  will  continue  to  receive  arterial  blood  from 
the  other  dog  and  his  breathing  will  be  unaffected.  Dog 
No.  3,  however,  whose  brain  receives  venous  blood,  will 
become  dyspnoeic,  although  the  rest  of  his  body  is  re- 
ceiving good  arterial  blood. 

Certain  substances,  other  than  carbonic  acid,  are  pro- 
duced in  the  muscles  during  activity,  substances  which 
also  increase  the  activity  of  the  respiratory  centre.  It  has 
been  shown  that  various  acid  substances  have  this  effect, 
and  the  unknown  substances  formed  in  muscle  are  prob- 
ably acid  in  nature. 

The  so-called  automatic  activity  of  the  respiratory  cen- 
tre is  believed  to  depend  on  a  stimulus  received  from  the 
blood,  but  it  is  yet  undetermined  whether  the  most  im- 
portant factor  in  this  stimulus  is  a  deficiency  of  oxygen, 
the  presence  of  carbonic  acid,  or  the  action  of  the  acid 
products  of  metabolism,  although  much  can  be  said  in 
favor  of  the  last  named. 

The  Influence  of  Afferent  JVerw«.— There  is  only  one 
pair  of  nerves  which  have  a  tonic  influence  on  the  respi- 
ratory centre,  as  shown  by  a  change  in  respiration  when 
they  are  cut.     These  are  the  pneumogastrics. 

On  cutting  one  vagus  (pneumogastric)  the  breathing 
becomes  slightly  deeper  and  slower  for  a  time.  Later 
the  effect  may  pass  off  and  the  breathing  become  normal 
again.    If  both  vagi  are  cut,  the  deepening  and  slowing 
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of  the  breathing  Is  more  pronounced  and  the  effect  is 
more  lasting. 

The  effects  of  stimulating  the  central  end  of  one  vagus 
are  differently  described  by  different  writers.  Nearly  all 
agree  that  weak  stimulation  frequently  produces  shallow- 
ing and  quickening,  so  that  the  breathing  becomes  more 
or  less  like  what  it  was  before  the  nerves  were  cut.  With 
stronger  stimulation  various  results  are  obtained  accord- 
ing to  the  way  in  which  the  experiment  is  carried  out, 
being  influenced  by  the  employment  of  ansssthetics  and 
to  some  extent  by  the  kind  of  stimulus  used.  This  being 
the  case,  some  writers  believe  that  the  pneumogastrics 
carry  impulses  which  stimulate  the  respiratory  centre  to 
increased  activity:  and  others,  among  whom  is  the 
writer,  believe  that  it  carries  principally  inhibitory  im- 
pulses. 

The  impulses  which  normally  ascend  the  vagus,  exer- 
cising a  constant  inhibitory  influence  on  the  respiratory 
centre,  are  dependent  upon  the  lung  being  distended,  for 
Loewy  has  shown  that  opening  the  pleural  cavity  on  one 
side  so  as  to  allow  the  lung  to  collapse  has  exactly  the 
same  effect  on  respiration  as  cutting  the  vagus  on  that 
side. 

By  rapidly  inflating  the  lungs  with  a  bellows  the 
breathing  may  be  entirely  inhibited,  the  condition  known 
as  apncea  being  produced.  The  result  follows,  no  matter 
whether  air  be  used  for  inflation,  or  some  neutral  gas, 
such  as  hydrogen.  If  air  be  drawn  out  of  the  lungs, 
diminishing  their  distention,  very  deep  inspirations  re- 
sult. Hering  and  Breuer,  who  obtained  these  results, 
and  also  Head,  who  repeated  their  experiments,  endeavor 
to  explain  them  on  the  assumption  that  there  are  two 
kinds  of  fibres  in  the  vagus,  of  which  one  set  brought 
into  action  by  distention  of  the  lung  favors  expiration, 
and  another  set  acting  when  the  lung  is  collapsed  favors 
inspiration.  Their  results  are  far  more  simply  explained 
in  the  light  of  Loewy's  work,  by  saying  that  the  mode- 
rate distention  of  the  lung  normally  present  causes  weak 
inhibitory  impulses  to  ascend  the  vagus,  which  control 
the  respiratory  centre ;  increased  distention  gives  rise  to 
stronger  impulses,  which  inhibit  it  altogether  and  pro- 
duce a  condition  of  apnoea ;  while  during  collapse  of  the 
lung  the  centre  acts  more  powerfully  in  the  absence  of 
the  usual  inhibitory  impulses. 

In  considering  the  effect'  of  stimulating  the  fibres  of 
the  vagus  directly  we  must  remember  that  besides  the 
respiratory  fibres  proper  we  can  have  passing  up  the 
vagus  impulses  of  general  sensibility  and  of  pain,  and 
these  may  cause  changes  in  respiration  through  the  sen- 
sorium  like  any  other  afferent  nerve.  The  more  com- 
pletely we  prevent  the  animal  from  feeling  pain,  the  less 
likely  are  we  to  get  pain  effects  and  the  more  certain  to 
see  the  direct  action  of  the  vagus  on  the  respiratory  cen- 
tre. If  an  animal  be  experimented  on  without  being 
completely  narcotized,  artificial  stimulation  of  the  vagus 
may  produce  almost  any  imaginable  effect  on  the  breath- 
ing, either  inspiratory  spasm  (gasp),  expiratory  spasm 
(cry),  or  inhibition.  If,  on  the  contrary,  the  animal  be 
well  anaesthetized  or  decerebrated  pain  effects  are  elimi- 
nated and  pure  inhibition  is  nearly  always  seen,  as  shown 
by  shallowing  and  quickening  with  weak  stimulation, 
passing  gradually,  as  the  stimulus  is  increased  in  strength, 
into  a  state  of  complete  inhibition  or  standstill  in  a  posi- 
tion intermediate  between  inspiration  and  expiration  (see 
Fig.  4109).  ^  ^ 

Even  in  unnarcotized  animals  the  ascending  constant 
current  which  stimulates  without  causing  pain  has  al- 
most always  an  inhibitory  effect. 

The  other  afferent  nerves  have  no  tonic  action  on  the 
centre,  for  cutting  any  of  them  does  not  produce  any 
change  in  the  breathing.  In  special  emergencies  any 
afferent  nerve  may  carry  impulses  that  modify  the  action 
of  the  centre.  If  the  nasal  mucous  membrane  (fifth  cra- 
nial nerve)  be  stimulated  we  get  a  snee^,  consisting  of  a 
gradual  inspiration  followed  by  a  sudden  spasmodic  ex- 
piration through  the  nose.  If  the  glossopharyngeal  nerve 
be  stimulated,  as  in  swallowing,  we  get  inhibition  of 
respiration,  which  prevents  food  being  drawn  into  the 
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larynx.  Certain  kinds  of  stimuli  applied  to  the  mucous 
membrane  of  the  pharynx  and  tonsils  cause  the  complex 
act  of  vomiting  in  which  the  muscles  of  respiration  play 
a  part.  Stimulation  of  the  laryngeal  nerves  causes  in 
some  cases  mere  slowing  of  the  breathing;  but  if  the 
stimulus  be  strong,  we  see  inhibition  of  inspiration  and 
expiratory  spasm  or  cough.  Stimulation  of  the  splanch- 
nies  inhibits  respiration.  Stimulation  of  the  optic  or 
auditory  is  said  to  increase  inspiratorj'  activity.  Stimu- 
lation of  other  sensory  nerves,  such  as  the  sciatic,  pro- 
duces in  many  cases  one  or  more  deep  inspirations  with 
weals  stimulation,  and  a  strong  expiration  or  cry  if  the 
stimulation  is  strong ;  but  the  results  are  by  no  means 
uniform. 

The  Influence  of  the  Posterior  Corpora  Quadrigemina. — 
Removal  of  the  brain  in  front  of  the  posterior  corpora 
quadrigemina  has  little  effect  on  the  breathing;  but 
separation  of  these  from  the  medulla  has  an  effect  just 
like  bilateral  section  of  the  vagi ;  that  is,  the  respiration 
becomes  deep  and  slow.  If  the  vagi  Be  cut  as  well  and  the 
animal  has  been  protected  from  excessive  hemorrhage 
the  respiration  becomes  still  deeper  and  very  infrequent. 
Usually  in  this  case  inspiration  and  expiration  are  sepa- 
rated from  each  other  by  long  pauses.  Restoration  of 
the  respiration,  to  about  its  normal  character,  may  be 
effected  by  a  well-chosen  stimulus  applied  either  to  one 
of  the  vagi  or  to  the  corpora  quadrigemina. 

Oheyne-Stokes  Breathing.— It  the  upper  part  of  the 
medulla  itself  be  injured  the  breathing  is  sometimes 
seen  to  take  on  a  periodic  character;  that  is  to  say, 
the  respirations  occur  in  groups  of  three,  four,  five, 
or  more,  of  which  the  first  respiration  in  each  group 
is  the  deepest  (Markwald),  and  the  groups  are  separated 
by  intervals  in  which  respiration  is  in  abeyance.  A. 
similar  kind  of  respiration  is  seen  when  a  blood  extra- 
vasation presses  on  the  region  of  the  alse  cinerese  near 
the  respiratory  centre.  These  facts  are  interesting  in 
connection  with  the  so-called  Cheyne-Stokes  breathing 
occurring  in  various  diseases  of  the  brain,  heart,  and 
kidneys,  which  bears  certain  resemblances  to  this  ex- 
perimentally induced  periodic  breathing  (see  article  on 
Dyspnxa). 

The  Conditions  under  which  the  Centre  Acts.— k.  rational 
interpretation  of  all  the  facts  gi.ven  above  would  seem  to 
be  as  follows : 

1.  The  respiratory  centre  is  situated  in  the  medulla,  m 
the  lower  part  of  the  floor  of  the  fourth  ventricle. 

3.  It  receives  a  constant  stimulus  from  the  blood. 

3.  Acting  alone  it  would  expend  all  its  energy  by  re- 
sponding at  long  intervals  with  a  very  great  respiratory 
effort. 

4.  It  receives  inhibitory  impulses  from  the  postenor 
corpora  quadrigemina,  and  by  the  vagi  nerves  from  the 
lungs  which  control  its  action  and  convert  tlie  deep  in- 
frequent respiratory  acts  into  the  shallower  and  conse- 
quently more  frequent  ones  that  we  know  as  normal 
breathing.  . 

5.  In  special  cases  the  centre  may  be  mfluenced  by  im- 
pulses reaching  it  by  other  nerves. 

The  Efferent  Nertes  are  the  phrenics  to  the  diaphragm, 
the  intercostals,  and  the  motor  nerves  to  the  other  mus- 
cles of  respiration.  If  the  spinal  cord  be  injured  above 
the  first  dorsal  vertebra  the  intercostal  nerves  and  muscles 
are  cut  off  from  the  centre  and  thoracic  respiration  ceases. 
If  the  injury  be  as  high  as  the  fourth  or  fifth  cervical 
vertebra  the' phrenic  nerves  and  diaphragm  are  also  cut 
off  from  the  centre  and  death  ensues. 

For  the  effect  of  breathing  air  at  various  pressures  and 
air  containing  impurities  see  articles  on  Air,  Aerothera- 
peutics,  and  Caisson  Disease.  William  S.  Morrow. 
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RETINA,  DISEASES  OF.— The  retina  is  seldom  af- 
fected by  disease  which  is  limited  to  itself  alone,  or  even 
to  the  eye  alone,  but  most  often  lesions  of  the  retina  are 
part  of  a  general  disease  and  are  frequently  of  assistance 
in  the  diagnosis  of  the  latter.  The  diseases  most  apt  to 
produce  serious  retinal  complications  are,  diseases  of  the 
kidneys,  syphilis,  diabetes,  septiosEmia,  and  leukseinia. 
Among  ocular  affections  choroiditis  and  optic  neuritis 
almost  always  lead  to  retinal  changes,  the  former  because 
of  the  close  anatomical  relationship  of  the  choroid  and 
retina,  and  the  latter  on  account  of  the  interference  of 
the  retinal  blood  supply  produced  by  the  swelling  of  the 
disc.  Both  choroiditis  and  optic  neuritis,  however,  are 
usually  in  turn  dependent  upon  some  general  disease. 

Vascblar  Distdrbancbs  of  the  Retina. — Pulsation 
of  the  retinal  veins  on  the  disc  is  frequently  seen  under 
normal  conditions,  and  can  readily  be  produced  by  a 
slight  pressure  of  the  fiiiger  upon  the  eye.  It  is  particu- 
larly associated  with  increased  intra-ocular  tension  from 
any  cause,  and  hence  is  common  in  glaucoma.  No  bet- 
ter explanation  of  the  phenomenon  than  that  of  Donders 
has  been  advanced.  According  to  Donders  it  is  due  to 
the  changes  in  arterial  tension  being  communicated  to 
the  veins  through  the  vitreous  humor.  True  transmitted 
venous  pulsation  has  been  seen  in  valvular  heart  disease, 
arteriosclerosis,  and  ansemia,  but  never  under  normal 
conditions. 

Pulsation  of  the  retinal  a/rteries  is  always  pathological, 
and  indicates  either  an  increase  in  intra-ocular  tension  or 
decrease  in  the  arterial  pressure.  It  may  occur  in  glau- 
coma, ansemia,  syncope,  senile  arteriosclerosis,  aneurism 
of  the  arch  of  the  aorta,  aortic  insufficiency,  and  Base- 
dow's disease.  It  may  also  result  from  compression  of 
the  central  artery  by  tumors  of  the  nerve  or  orbit. 

Hypercemia  of  the  retina  may  be  either  arterial  or  ve- 
nous in  nature.  The  general  redness  of  the  fundus  de- 
pends to  such  a  great  extent  upon  the  degree  of  pigmen- 
tation of  the  choroid,  and  the  tortuosity  of  tlie  vessels 
varies  so  much  under  normal  cbnditions,  that  it  is  impos- 
sible to  diagnose  retinal  hypersemia  unless  the  disc  is  also 
reddened.  Arterial  hypercemia  manifests  itself  by  disten- 
tion and  tortuosity  of  the  arteries  which  sometimes  lie  in 
antero-posterior  planes  so  that  they  project  toward  the 
observer.  It  may  result  from  eye  strain  due  to  improper 
illumination  or  errors  of  refraction,  irritation  of  the  eye 
from  any  cause,  such  as  the  presence  of  a  foreign  body 
on  the  cornea,  and  from  keratitis,  choroiditis,  and  iritis. 
It  is  common  in  meningitis,  and  may  be  noted  in  Base- 
dow's disease,  plethora,  and  neurasthenia.  Strangely 
enough,  it  may  result  from  excessive  loss  of  blood  or 
from  chlorosis,  and  in  the  former  case  it  may  be  so  in- 
tense as  to  give  rise  to  retinal  hemorrhages.  Venous  hy- 
percemia is  characterized  by  dilatation  and  tortuosity  of 
the  veins,  which  appear  darker  than  normal,  and  is  al- 
ways associated  with  hypersemia  of  tlie  disc.  It  is  not 
infrequently  accompanied  by  retinal  hemorrhages.  The 
arteries  may  show  no  change,  or  they  may  be  narrowed 
owing  to  the  same  obstruction  which  is  producing  stasis 
in  the  veins.  In  general,  venous  hypersemia  is  due  to 
some  hindrance  to  the  outflow  of  venous  blood  from  the 
eye,  as,  for  instance,  to  compression  of  the  central  vein  in 
optic  neuritis  or  glaucoma.  Sometimes  the  obstruction 
lies  in  the  orbit,  as  in  cases  of  tenonitis  and  orbital  cellu- 
litis, or  even  in  the  cranial  cavity,  as  in  intracranial  tu- 
mors, thrombosis  of  the  cavernous  sinus,  and  meningitis. 
Rarely  it  is  a  part  of  a  general  venoiis  stasis  due  to 
valvular  heart  disease.  A  few  cases  of  particularly  ex- 
aggerated venous  congestion  have  been  seen  associated 
with  congenital  heart  disease,  the  condition  then  being 
spoken  of  as  cyanosis  retincB. 

Thrombosis  of  the  central  vein  of  the  retina,  which  pro- 
duces the  highest  grade  of  venous  hypersemia,  is  very 
rare.  It  usually  is  monocular  and  occurs  in  patients 
affected  with  general  arteriosclerosis,  and  hence  most 
often  between  the  ages  of  sixty  to  seventy,  but  some- 
times it  occurs  as  the  result  of  orbital  celluhtis.  The 
affection  comes  on  suddenly  without  prodromal  symp- 
toms, and  though  vision  is  much  diminished,  blindness 
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is  not  produced  at  once.  In  marked  cases  the  retinal 
veins  are  greatly  distended  and  tortuous,  the  arteries  are 
attenuated,  and  the  fundus  is  covered  with  hemorrhages 
which  are  largest  and  most  numerous  around  the  disc. 
The  disc  itself  is  suffused  with  blood,  and  there  is  apt  to 
be  a  small  hemorrhage  in  the  centre  of  the  macula.  In 
less  marked  cases  the  thrombosis  may  involve  only  a 
branch  of  the  central  vein,  the  disturbances  then  being 
confined  to  a  limited  portion  of  the  retina.  The  intra- 
ocular tension  is  not  increased.  Ultimately  the  throm- 
bus may  break  up,  freeing  the  lumen,  or  organization 
may  occur,  producing  permanent  obstruction,  though  it 
would  seem  possible  that  even  in  the  latter  case  canaliza- 
tion of  the  thrombus  might  take  place  so  as  to  re-estab- 
lish the  circulation.  Vision  is  not  entirely  destroyed  for 
some  time  and  may  undergo  mai'ked  temporary  improve- 
ment, but  relapses  occur  so  that  blindness  is  finally  pro- 
duced. If  large  extravasations  of  blood  are  poured  into 
the  vitreous  body,  as  is  sometimes  the  case,  sight  is  early 
destroyed. 

The  treatment  of  hypertemia  of  the  retina  must  in  every 
case  be  directed  toward  the  cause,  but  the  application  of 
cold  compresses  to  the  eyes  and  the  use  of  smoked 
glasses  are  often  advisable.  In  thrombosis  of  the  cen- 
tral vein  treatment  is  of  little  avail,  though  strychnine 
has  been  advised,  and  potassium  iodide  and  mercury 
may  be  given  in  the  hope  of  hastening  the  absorption  of 
the  effused  blood. 

Anamia  of  the  Retina. — All  degrees  of  this  occur  up  to 
tlie  complete  cessation  of  the  retinal  circulation.  In- 
complete retinal  anaemia  maj'  be  either  chronic  or  acute ; 
in  the  former  case  it  is  usually  dependent  upon  chronic 
general  anaemia,  either  primary  or  secondary,  and  is  not 
associated  with  any  disturbance  of  vision,  while  in  the 
latter  it  most  often  results  from  excessive  lo.ss  of  blood 
and  frequently  produces  permanent  blindness.  It  is 
rather  remarkable  that  instead  of  anfemia,  loss  of  blood 
may  give  rise  to  retinal  hypersemia  and  hemorrhages. 
Incomplete  retinal  anremia  is  also  an  accompaniment  and 
no  doubt  often  the  cause  of  retinal  atrophy,  and  is  con- 
stantly seen  as  the  result  of  optic  atrophy.  Tlie  retinal 
changes  seen  in  albuminuric  retinitis  are  also  in  all  proba- 
bility dependent  upon  the  antemia  resulting  from  sclero- 
sis of  the  retinal  vessels,  and  the  impairment  of  vision  in 
acute  glaucoma  is  thought  to  be  due  to  anaemia  from 
pressure.  Ophthalmoscopic  examination  in  incomplete 
antemia  shows  constricted  arteries,  dark  veins,  pallor  of 
the  disc,  and  sometimes  arterial  pulsation.  As  a  matter 
of  fact,  however,  unless  the  changes  are  quite  marked, 
the  condition  is  apt  to  be  overlooked. 

Ischcimia,  or  complete  ancemia  of  the  retina,  is  usually 
due  to  obstruction  of  the  central  artery,  and  may  be  the 
result  of  embolism,  primary  thrombosis,  spasm  of  the 
muscle  walls  of  the  arter}',  hemorrhage  into  the  optic 
sheath,  direct  injury  to  the  artery  Avithin  the  nerve,  or  to 
pressure  exerted"upon  tlie  artery  by  a  neoplasm.  It  was 
considered  one  of  the  earliest  and  most  positive  signs  of 
death,  but  recent  observations  have  shown  that  it  cannot 
always  be  relied  upon. 

Eiiihiilisin.  of  the  ventral  artery  is  of  very  rare  occur- 
rence, probably  more  so  than  is  generally  believed, 
many  cases  diagnosed  as  such  being  due  to  some  other 
cause.  This  view  has  recently  been  urged  by  H.  II. 
Thompson,  who  stales  that  the  few  anatomical  examina- 
tions that  have  been  made  are  unsalisfactoi'y,  and  sug- 
gests that  the  majority  of  the  cases  of  so-called  embolism 
are  due  to  spasm  of  the  central  artery.  Embolism  is  said 
to  be  more  common  in  men  than  in  "women  and  to  be  al- 
most always  unilateral,  occurring  more  frequently  in  the 
left  eye.  The  diagnosis  of  emboli.sm  is  practically  al- 
ways made  when  in  addition  to  ischremia  of  the  retina 
there  is  reason  to  suspect  the  presence  of  emboli  in  the 
circulation,  as  in  cases  of  endocarditis.  The  embolus 
may  be  carried  to  a  branch  of  the  central  artery,  the 
anaemia  then  involving  only  a  portion  of  the  retina. 
Sometimes  the  macular  region  alone  escapes  in  this  way. 
If  the  embolus  is  infected,  suppurative  panophthalmitis 
results.     Thrombosis  of  the  central  artery  has  been  diag- 
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nosed  in  a  few  cases,  but  usually  upon  insufficient  evi- 
dence. In  one  case,  however,  Haab  has  recently  demon- 
strated the  process  of  thrombosis  by  means  of  serial  sec- 
tions. Hemorrhage  into  the  sheath  of  the  optie  nerix  has. 
never  been  demonstrated  by  an  anatomical  examination, 
to  be  a  primary  cause  of  obstruction  in  the  central  artery, 
but  it  occurs  as  a  result  of  trauma  to  the  eye  or  from  a. 
hemorrhage  at  the  base  of  the  brain,  forcing  its  way  along- 
the  nerve.     (Plate  L..  Fig.  3.) 

Spastnof  the  Muscle  Walls  of  tlie  Central  Artery.— la. 
migraine  attacks  of  temporary  blindness  not  infrequently 
occur,  and  naturally  enough  have  been  attributed  to 
spasm  of  the  central  artery,  especially  so  since  the  in- 
halation of  amyl  nitrite  gives  such  prompt  relief. 
Wagenmann  observed  one  of  these  attacks  ophthalmo- 
scopically,  and  saw  the  retina  become  markedly  ana;mic 
and  then  return  to  its  normal  condition  within  an  inter- 
val of  about  ten  minutes.  Si.x  months  later  a  similar 
attack  occurred  in  this  case,  and  resulted  in  permanent 
blindness  with  the  ophthalmoscopic  picture  ordinarily 
considered  characteristic  of  embolism.  Quinine  in  large- 
doses  may  also  cause  constriction  of  the  retinal  arteries, 
which  may  be  seen  with  the  ophthalmoscope.  There  is 
great  impairment  of  vision  together  with  contraction  of 
the  visual  field.  In  some  cases  there  is  complete  blind- 
ness, and  a  cherry-red  spot  has  even  been  seen  in  the  mac- 
ula. Central  vision  is  ultimately  recovered,  sometimes, 
however,  only  after  many  months,  but  the  peripheral; 
field  is  apt  to  remain  contracted.  Some  recent  investiga- 
tors have  maintained  that  the  impairment  of  vision  ia 
such  cases  is  due  to  the  direct  action  of  the  drug  upon 
the  ganglion  cells  of  the  retina,  but  the  ophthalmoscopic- 
findings  certainly  point  strongly  to  spasm  of  the  arteries 
as  the  primary  factor. 

In  ischaemia  of  the  retina,  no  matter  what  the  cause  of 
the  shutting  off  of  the  blood  supply,  the  changes  pro- 
duced are  always  much  the  same.  The  disc  is  pale ;  the 
arteries  are  so  much  reduced  in  calibre  that  they  can  be 
followed  only  for  a  sliort  distance,  and  interrupted  col- 
umns of  blood  may  be'  seen  in  them.  If  the  case  is  seen 
early,  a  to-and-fro  motion  of  the  blood  may  be  observed, 
such  as  is  seen  in  the  vessels  of  a  frog's  web  when  the 
circulation  is  beginning  to  stop.  The  veins  are  also  con- 
tracted, but  to  a  much  less  degree,  and  pulsation  may- 
still  be  brought  out  in  them  by  pressure  on  the  globe. 
The  retina  soon  becomes  opaque,  first  near  the  vessels, 
tlje  opacity  being  most  marked  around  the  macular  re- 
gion. _  But  the  most  striking  as  well  as  the  most  charac- 
teristic feature  of  retinal  ischaemia  is  a  cherry-red  spot 
about  one-third  the  diameter  of  the  disc,  which  makes  its 
appearance  in  the  centre  of  the  macula.  This  spot  is  not 
invariably  present,  however.  The  explanation  usually 
given  for  its  occurrence,  which  was  first  ofifei'ed  by  von 
Graefe,  is  that  it  is  due  to  the  dark  and  congested  choroid 
shoAYing  through  the  thin  fuvea,  the  general  white  opac- 
ity of  the  rest  of  the  retina,  espeeiallv  the  surrounding- 
macula,  rendering  it  undid  v  conspicuous.  A  later  theory 
IS  that  the  spot  is  due  to  a  hemorrhage,  and  a  recent  ob- 
servation leads  the  writer  to  lielieve  fhat  this  view  is  cor- 
irct.  A  short  time  ago,  at  the  :\Iassaehuselts  Charitable 
Jiye  and  Ear  Inhrmary,  there  was  enucleated  and  sub- 
mitted to  the  writer  for  cxaiuiuation  an  old  sjlaucoma- 
Ous  eye  upon  which  an  oplic.vciliarv  neurectomy  had 
been  performed  ten  days  previ.nislv,  tlie  oplic  nerve  and 
with  It  the  artery  and  vein  being  severed  close  to  tl,^ 
globe.  It  will  readily  be  seen  that  such  an  eve  p'e  en  ed 
an  exceptional  opportunity  for  the  anatomical  stulv  of 
retinal  i.sclniemia,  since  eyes  affected  by  embolism  etc 
ordinarily  offer  no  indication  for  enucleation  oi  nt  I»i  ; 
not  sufficiently  early  to  be  of  much  value  froin  the  ct  i 
point  of  pathological  anatomy.  The  eye  had  unl™,,: 
no  outward  change  as  the  result  of  the  first  onemt?,, n^uf  t 
J^  was  removed  on  account  of  an  unsightly  s.,uint      On 


macroscopic  examination  there  presented  itself  h,„  t      • 
oni  oi.n,..,!,,  j,.« 1  ...A i  •„  fi. .   _  "^<-u  me  typi 

orrhage.     The  extravasation  of  blood  was  limited  to  tV 
macula,  and  there  was  no  hemorrhagic  infiltration  of  th 


cal  sharply  delined  red  spot  in  the  centre  of  the  m.,r,  i 
and  on  microscopic  examination  this  proved  to  be  ^  i       ' 

orrhao-c        Tlip  evtrnviioaH/-.ii  rv+-  Kl^^rl  ,.,„„    i:.,.i.      '■■  "em- 
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Fig.  1. — Hemorrhages  into  the  Retina;  Retinal  Apoplexy.     (FromNoyes:  "Diseases  of  the  Eye,'' 
Wood's  Library  of  Standard  Authors,  1881.) 

Fig.  2. — Ischaemia  of  the  Retina  (due  to  Embolism  of  the  Central  Artery?).     (From  Noyes:  Op. 
cit.) 

Fig.  3. — Serous  Retinitis.     (FromNoyes:  Op.  cit.) 

Pig.  4. — Albuminuric  Retinitis.     (From  Noyes:  "Diseases  of  the  Eye,"  1890.) 

Pig.  5. — Albuminuric  Retinitis  at  an  Advanced  Stage.     (From  Stellwag's  "Disea^s  of  the  Eye," 
Translation  of  Hackley  and  Roosa,  1868.) 

Pig.  6.— Separation  of  the  Retina.     (From  Stellwag.) 
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choroid  beliind  it,  a  fact  wliich  showed  that  the  blood  did 
not  come  from  the  choroidal  vessels.  The  retina  was  al- 
most completely  necrotic,  especially  in  its  inner  layers, 
and  there  were  marked  proliferation  and  migration  of  the 
cells  of  the  pigment  layer.  In  almost  all  of  the  retinal 
vessels  the  red  blood  corpuscles  stained  very  feebly,  but 
in  the  hemorrhage  itself,  and  in  a  few  of  tlie  vessels  near 
the  macula,  the  blood  was  well  preserved,  thus  indicat- 
ing that  the  source  of  the  hemorrhage  was  the  cilio-reti- 
nal  vessels.  The  fact  that  the  hemorrhage  was  compara- 
tively fresh,  and  that  there  were  no  other  retinal 
hemorrhages,  went  to  show  that  it  v.'as  not  tlic  result  of 
the  glaucoma  but  that  it  was  dependent  upon  the  cut- 
ting off  of  the  circulation  in  the  central  artery. 

In  a  number  of  cases  of  supposed  embolism  the  circu- 
lation after  a  time  has  been  seen  to  return.  This  has 
possibly  been  due  to  the  breaking  up  of  an  embolus,  or 
more  likely  to  the  establishment  of  a  collateral  circulation 
through  the  cilio-retinal  vessels,  but  on  the  other  hand 
it  certainly  supports  the  view  that  the  cases  in  which  it 
occurred  were  really  due  to  spfism.  Sometimes  the  di- 
rection of  the  circulation  is  reversed.  The  return  of  the 
circulation  gives  rise  to  numerous  hemorrhages,  most  of 
them  in  the  macular  region,  and  no  doubt  due  to  the 
injury  to  the  vessels  produced  by  the  cessation  of  the 
flow  of  blood.  The  final  picture  is  that  of  atrophy  of  the 
retina  and  optic  nerve. 

AS'  a  result  of  ischseniia  of  the  retina,  vision  is  almost 
instantaneously  lost.  Occasionally  a  part  of  the  visual 
field  may  remain  intact  for  a  while,  but  later  it  also  be- 
comes blind.  It  is  said  that  in  some  instances  the  macu- 
la is  suflBciently  well  nourished  by  the  cilio-retinal  vessels 
to  prevent  impairment  of  central  vision.  If  the  circula- 
tion returns  quickly,  as  in  migraine,  vision  is  completely 
restored,  but  in  total  embolism  it  is  almost  always  per- 
manently destroyed. 

Treatment  of  Retinal  Ancumia.— In  the  siihplo  variety 
of  retinal  anaemia  dependent  upon  general  anemia,  treat- 
ment appropriate  to  the  latter  must  be  adopted.  If  the 
auEemia  is  very  marked,  lowering  the  head  at  intervals 
during  the  day  may  be  practised.  The  acute  retinal  an- 
semia  resulting  from  excessive  loss  of  blood  should  be 
combated  by  saline  infusions  and  general  supportive 
treatment.  Inhalations  of  amyl  nitrite  are  of  great  va,lue 
in  spasm  of  the  central  artery  associated  with  migraine. 
In  embolism,  paracentesis  of  the  cornea,  iridectomy,  and 
massage  of  the  cornea  with  the  purpose  of  dislodging  the 
embolus,  have  been  recommended. 

Retinal  Remorrhages.— Aside  from  trauma,  which  is  of 
course  a  frequent  cause,  hemorrhages  into  the  retina  may 
occur  as  the  result  of  a  general  disease,  less  commonly  as 
the  result  of  disease  confined  to  the  eye  alone,  or  they 
may  occur  occasionally  in  young  people  without  any 
assignable  cause.  As  already  noted,  hyperemia  of  the 
retina  frequently  gives  rise  to  them,  especially  the  ve- 
nous hyperemia  resulting  from  thrombosis  of  the  central 
vein  optic  neuritis,  or  neuroretinitis.  When  they  are 
the  predominant  feature  in  the  latter,  the  condition  is 
usually  designated  by  the  term  hemon-hagic  retinitis. 
Venous  hyperemia  due  to  pressure  on  the  central  vein 
at  the  disc  is  also  probably  the  cause  of  the  retinal  hem- 
orrhages which  sometimes  occur  in  primary  glaucoma, 
and  the  intense  hypersemia  resulting  from  suffocation  is 
also  likely  to  produce  them.  Their  occurrence  as  an 
after-effect  of  embolism  has  already  been  referred  to. 
The  retinal  hemorrhages  that  occur  as  the  result  of  gen- 
eral disease  are  dependent  either  upon  alterations  m  the 
retinal  vessels,  associated  in  most  cases  also  with  higli 
arterial  pressure,  or  upon  changes  in  the  character  of 
the  blood  itself.  Thus  they  are  seen  with  compa-rative 
freauencv  in  general  arteriosclerosis,  Bright  s  disease, 
gout,  diabetes,  ansmia,  leukemia,  purpura  and  scurvy. 
When  such  predisposing  factors  are  present  the  immedi- 
ate cause  is  often  violent  exertion,  such  as  coughing  or 
straining  at  stool.  In  arteriosclerosis  they  may  appear 
quite  suddenly  in  great  numbers,  ]ust  as  in  cerebral 
apoplexy,  and  in  such  cases  the  condition  is  in  tact, 
often  sp^oken  of  as  retinal  apoplexy.    Retinal  hemor- 


rhages  also  occur  as  the  result  of  menstrual  disturbances, 
sometimes  as  one  of  the  manifestations  of  vicarious- 
menstruation.  They  frequently  occur  in  new-born  in- 
fants as  the  result  of  excessive  pressure  on  the  head 
during  delivery,  but  they  are  quickly  absorbed  without- 
leaving  any  macroscopic  changes.  In  this  way  no  doubt 
many  obscure  cases  of  congenital  amblyopia  are  pro- 
duced. Among  other  general  causes  may  be  mentioned 
poisons,  especially  lead  and  phosphorus,  jaundice,  preg- 
nancy and  parturition,  malarial  fever,  septicEemia,  and 
pytemia.     (Plate  L.,  Pig.  1.) 

Retinal  hemorrhages  vary  greatly  in  regard  to  size, 
shape,  number,  and  position.  When  few  in  number 
they  are  usually  situated  not  far  from  the  disc  or  near 
the  macula.  They  occur  in  any  of  the  retinal  layers  tliat 
contain  blood-vessels,  but  most  frequently  in  the  nerve- 
fibre  la.yer  where  they  assume  a  characteristic  striated 
"  flame-like  "  shape,  due  to  the  fact  that  the  blood  insinu- 
ates itself  in  between  the  nerve  fibres.  Owing  to  the 
radial  arrangement  of  the  fibres  around  the  disc,  hemor- 
rhages in  its  neighborhood  tend  to  take  the  form  of  red 
radii.  The  extravasations  of  blood  may  break  through 
the  retina  into  the  vitreous  humor  producing  vitreous 
opacities,  or  they  may  force  their  way  between  the  retina 
and  choroid.  Sometimes  the  blood  collects  beneath  the 
hyaloid  membrane,  forming  the  subhyaloid  hemorrhage. 
This  most  frequently  occurs  in  the  macular  region,  ap- 
pearing as  a  sharply  defined  dark  red  disc.  Wlien  re- 
cent, retinal  hemorrhages  are  bright  red  in  color,  but  they 
soon  become  darker,  often  almost  black.  The  blood 
is  absorbed  rapidly,  especially  when  the  hemorrhage  is- 
small,  but  white  spots  in  many  cases  are  left  to  mark 
their  sites.  The  white  spots  are  due  to  necrosis  of  the  ret- 
inal tissue  and  may  contain  fat  globules  and  cholesterin- 
crystals.  They  may  finally  disappear  or  they  may  re- 
main permanently,  not  infrequently  becoming  more  or 
less  pigmented,  owing  to  the  migration  of  cells  of  tlie 
pigment  layer  into  them.  It  is  said  that  the  pigment. 
striiE,  known  from  their  resemblance  to  obliterated  ves- 
sels as  angioid  streaks  in  the  retina,  are  due  to  meta- 
morphosis of  retinal  hemorrhages.  Extravasations  that- 
have  broken  into  the  vitreous  humor  but  that  still 
remain  attached  to  the  retina,  sometimes  undergo  or- 
ganization and  become  converted  into  connective  tis- 
sue. It  is  in  this  way  that  retinitis  proUferans  is 
thought  to  arise. 

The  disturbance  of  vision  produced  by  retinal  hemor- 
rhages obviously  depends  upon  their  size  and  position, 
and  of  course  is  particularly  great  when  one  of  the  hem- 
orrhages occupies  the  macula.  Sometimes  there  is 
metamorphopsia,  less  often  photopsite.  Even  small 
hemorrhages  may  produce  a  temporary  clouding  of  vis- 
ion if  they  break  through  the  retina  into  the  vitreous 
humor.  The  prognosis  is  favorable  when  they  are  small 
and  the  tendency  to  relapses  can  be  successfully  over- 
come. It  is  particularly  unfavorable  when  they  occur 
in  connection  with  a  general  retinitis.  The  subhyaloid 
hemorrhages  which  occur  at  the  macula  are  usually  ab- 
sorbed and  vision  is  completely  restored.  When  the  hem- 
orrhages are  dependent  upon  a  general  disease  the  treat- 
ment must  necessarily  be  directed  chiefly  toward  the 
latter,  but  rest  in  bed,  the  application  of  cool  compresses 
to  the  eyes,  and  the  administration  of  mercurial  inunc- 
tions or  potassium  iodide  to  favor  the  absorption  of  the 
effused  blood,  are  usually  indicated.  Leeching,  purging, 
and  the  production  of  diaphoresis  by  pilocarpine  are  also 
advised. 

Phlebectasia  retinm  is  a  name  given  to  a  rare  condition 
in  which  the  retinal  veins  show  dilatations  and  constric- 
tions, sometimes  producing  a  decided  beaded  appearance. 
In  some  cases  it  is  probably  due  to  vaso- motor  disturb- 
ances. Schobl  describes  a  case  in  which  the  condition 
was  also  present  in  the  conjunctival  veins  and  was  evi- 
dently dependent  upcm  suppression  of  the  menses,  the 
phenomenon  disappearing  when  the  menstrual  flow  was 
re-established. 

Retinal  aneurisms  are  of  very  rare  occurrence,  but  they 
have  been  seen  in  the  living  subject  and  also  in  enucle- 
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ated  eyes.  Most  frequently  tliey  are  multiple,  miliary  In 
size,  and  situated  on  the  smaller  retinal  arteries ;  but  some- 
times a  single  large  aneurism  may  form  on  one  of  the  large 
arteries.  An  arterio-venous  aneurism  has  been  known  to 
occur  as  theresultof  an  injury.    Treatment  is  of  no  avail. 

Sclerosis  of  the  retinal  vessels  probably  always  occurs 
where  there  is  general  arteriosclerosis,  but  the  alterations 
in  the  retinal  vessels  are  rarely  sufficiently  obvious  to  at- 
tract attention  on  ophthalmoscopic  examination,  owing, 
no  doubt,  to  tlie  fact  that  the  vessels  are  much  smaller 
than  those  in  which  marked  atheromatous  changes  are 
apt  to  occur.  Both  the  veins  and  the  arteries  may  show 
white  borders,  due  to  an  increase  of  conhective  tissue  in 
their  walls,  and  sometimes  constrictions  and  spindle- 
shaped  thickenings.  Often,  however,  the  first  evidence 
of  disease  of  the  retinal  vessels  is  the  occurrence  of  reti- 
nal hemorrhages.  In  syphilis  changes  are  met  with  in 
the  retinal  arteries  similar  to  those  seen  in  cerebral  syphi- 
lis, so  that  they  are  of  diagnostic  significance  as  regards 
the  latter.  Owing  to  obliterating  endarteritis,  the  arteries 
appear  as  thin  white  bands,  and  there  may  be  hemor- 
rhagic infarcts.  The  veins  are  broad  and  dark  colored. 
Vision  is  unaffected  for  a  long  time. 

Retinitis. — This  term  strictly  should  signify  inflam- 
mation of  the  retina,  but  as  a  matter  of  fact  most  of  the 
retinal  conditions  to  which  it  is  applied  are  not  of  an  in- 
flammatory nature,  but  are  due  either  to  degenerative  or  to 
atrophic  changes,  or  they  are  dependent  upon  obstructive 
oedema  and  hemorrhage.  In  fact,  there  is  probably  only 
one  condition,  suppurative  retinitis,  in  which  the  retina 
is  actively  inflamed.  When  retinitis  occurs  in  associ- 
ation with  neui'itis  the  condition  is  spoken  of  as  neuro- 
retinitis.  In  not  a  few  cases  retinitis  is  secondary  to  op- 
tic neuritis,  the  swelling  of  the  disc  interfering  to  such 
an  extent  vpith  the  venous  outgo  as  to  lead  to  oedema 
and  hemorrhage.  On  the  other  hand,  in  many  general 
diseases,  neuritis  and  retinitis  may  be  produced  inde- 
pendently, either  one  or  the  other  predominating.  The 
chief  varieties  of  retinitis  are  as  follows: 

Suppurative  Retinitis. — This  most  commonly  occurs  as 
the  result  of  penetrating  wounds  of  the  globe  or  follow- 
ing operations,  particularly  those  for  the  removal  of  cat- 
aracts, and  almost  always  results  in  or  forms  a  part  of  a 
general  panophthalmitis.  It  is  usually  due  to  micro- 
organisms which  have  been  introduced  into  the  eye,  but  a 
comparatively  mild  form  of  it  can  be  produced  by  chemi- 
cal irritation  due  to  the  disintegration  of  a  foreign  bod}', 
especially  if  the  latter  contains  copper.  The  condition 
may  also  be  metastatic  in  origin,  particularly  in  puerperal 
•septiciEmia  and  in  the  acute  infectious  diseases  of  children. 
In  these  metastatic  cases  the  inflammation  may  be  con- 
fined throughout  to  the  vitreous  chamber,  and  thus,  in 
children,  it  may  result  in  one  of  the  conditions  which 
gives  the  clinical  picture  known  as  pseudo-glioma.  Con- 
trary to  what  has  been  generally  believed,  in  panoph- 
thalmitis it  is  the  retina,  not  the  choroid,  from  which  the 
purulent  exudation  mainly  arises.  In  a  large  number  of 
cases  of  panoplithalmitis  examined  microscopically  by 
the  writer,  the  retina  has  invariably  been  found  densely 
infiltrated  with  pus  cells,  while  the  choroid  showed 
scarcely  any  purulent  infiltration.  It  might  be  thought 
that  the  pus  cells  in  the  retina  came  there  from  the  cho- 
roid, but  they  can  be  seen  in  the  act  of  emigrating  from 
the  retinal  vessels  around  which,  too,  they  are  most 
abundantly  collected.  The  choroid  seems  to  play  the 
part  of  an  abscess  wall,  and  is  congested,  more  or  less 
oedematous,  and  infiltrated  with  lymphoid  and  plasma 
cells.  The  choroid  also  early  gives  rise  to  a  formation  of 
granulation  tissue.  In  the  cases  diagnosed  clinically  as 
metastatic  choroiditis  the  condition  is  usually  that  of 
metastatic  retinitis^  although  the  micro-organisms  no 
doubt  often  reach  the  eye  through  the  choroidal  vessels. 
If  seen  sufiiciently  early,  the  retina  ia  these  cases  is  found 
to  be  hazy  and  covered  with  hemorrhages,  but  the  vit- 
reous humor  soon  becomes  so  cloudy  that  the  later 
stages  of  the  process  cannot  be  followed  by  means  of  the 
ophtlialmoscope.  Suppurative  retinitis  from  any  cause 
may  pursue  either  an  acute  or  a  chronic  course,  and  ulti- 
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mately  results  in  phthisis  bulbi.  The  treatment  is  that 
suitable  for  panophthalmitis,  and  is  of  little  avail.  Re- 
cently the  introduction  of  powdered  iodoform  in  the  vit- 
reous chamber  has  been  tried,  sometimes,  it  is  claimed, 
with  successful  results. 

Retinitis  Septica  (Roth). — In  pyaemia  and  septicaemia 
the  retina  frequently  shows  hemorrhages  and  white  spots 
not  unlike  those  seen  in  albuminuric  retinitis.  Tliere  are 
no  signs  of  active  inflammation  and  no  pain.  Vision  is 
not  much  affected  and  the  prognosis  is  favorable  so  far 
as  the  eye  is  concerned.  Roth  believes  the  condition  is 
not  due  to  tlie  presence  of  micro-organisms  in  the  retina, 
but  to  toxic  substances  circulating  in  the  blood  produced 
by  the  septic  processes  elsewhere.  Some  observers  claim 
that  the  hemorrhages  are  due  to  the  lodgment  of  septic 
emboli  in  the  retinal  vessels,  but  the  absence  of  Inflam- 
matory symptoms  and  the  mild  course  pursued  by  the 
affection  are  decidedly  against  this  view. 

Retinitis  Simplex,  Serous  Retinitis,  Retinal  CEdema. — 
Under  certain  conditions  not  understood,  the  retina  be- 
comes hypersemic  and  sBows  a  haziness  evidently  due  to 
oedema,  which  either  may  be  diffuse  or  may  occur  in 
circumscribed  patches.  This  mild  form  of  retinitis  is 
supposed  to  result  in  some  instances  from  eye  strain.  It 
is  also  said  to  be  an  early  manifestation  of  sympathetic 
ophthalmia.  Vision  may  be  considerably  reduced  and 
there  may  be  megalopsia,  micropsia,  and  metamorphop- 
sia.  Under  complete  rest  the  condition  entirely  disap- 
pears. A  special  variety  known  as  commotio  retincE  is 
due  to  a  blow  upon  the  eye.  This  also  clears  up,  usually 
in  about  three  clays,  with  complete  restoration  of  vision. 
(Plate  L.,  Fig.  3.) 

Albuminuric  Retinitis. ^-In  some  cases  of  Bright's  dis- 
ease the  retina  shows  changes  which  are  met  with  under 
almost  no  other  conditions,  and  which  therefore  may  be 
regarded  as  practically  characteristic  of  renal  disease. 
Such  plainly  marked  cases  of  albuminuric  retinitis,  as 
they  are  named,  occur  in  only  a  small  per  cent,  (about 
seven  per  cent.)  of  patients  suffering  from  Bright's  dis- 
ease. On  the  other  hand,  if  carefully  searched  for,  less 
characteristic  retinal  changes — such,  for  instance,  as  al- 
terations in  the  vessels  and  hemorrhages — will  be  found 
sooner  or  later  in  probably  one-fourth  of  these  patients. 
Typical  albuminuric  retinitis  may  occur  in  any  form  of 
renal  disease,  whether  acute  or  chronic,  but  it  is  met 
with  by  far  the  most  frequently  in  chronic  interstitial 
nephritis  and  least  often  in  amyloid  disease  of  the  kid- 
neys. It  is  rarely  limited  to  one  eye,  though  the  retinal 
changes  may  differ  considerably  in  the  two  eyes,  both  in 
extent  and  in  character.  While  the  retinal  affection  ap- 
pears only  in  cases  of  renal  disease  which  ha  ve  lasted  some 
time,  yet  not  infrequently  it  is  by  means  of  the  ophthal- 
moscope that  the  serious  condition  of  the  kidneys  is  first 
discovered.  Tlie  most  characteristic  feature  of  the  affec- 
tion is  the  presence  of  a  "star-shaped  figure  in  the  macu- 
la," consisting  of  a  greater  or  less  number  of  white  striae 
which  radiate  from  tlie  centre  of  the  macula,  frequently, 
however,  witliout  completely  encircling  it.  The  fovea 
is  usually  not  involved  and  stands  out  as  a  clear  red  spot. 
Other  changes  almost  always  present  are  hemorrhages, 
oedema,  and  irregular  wliite  patches  of  various  sizes. 
The  latter  have  ill-defined  edges  and  are  situated  in  the 
inner  layers  of  the  retina,  often  obscuring  the  vessels  that 
cross  them.  The  arteries  are  narrowed  and  frequently 
show  white  borders,  while  the  veins  are  broad  and  tor- 
tuous. The  narrowing  of  the  arteries  is  not  uniform,  so 
that  the  same  artery  may  show  variations  in  width  along 
its  course.  The  arteries  are  also  somewhat  tortuous,  and 
the  light  streaks  in  their  centres  are  much  brighter  than 
m  the  case  of  normal  arteries.  When  an  artery  crosses  a 
vem  the  latter  sometimes  appears  pale  for  a  short  dis- 
tance on  each  side  of  the  artery,  due  no  doubt  to  com- 
pression. Optic  neuritis  is  commonly  present,  and  in 
some  cases  is  the  most  prominent  feature.  In  other  cases 
hemorrhages  predominate,  while  in  still  others  the  most 
strikmg  change  is  that  due  to  rodema.  As  just  noted 
toe  appearances  may  be  quite  different  in  the  two  eyes, 
ihus  in  one  eye  the  principal  change  may  consist  in  the 
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Star-shaped  figure  about  the  macula,  while  in  the  other 
this  may  be  absent  and  the  retina  covered  with  hemor- 
rhages. If  at  any  time  there  has  been  severe  optic  neu- 
ritis the  retina  and  optic  nerve  ultimately  undergo  atro- 
phy. Rarely  the  retina  shows  folds  or  even  complete 
separation,  the  latter  most  often  in  the  albuminuria  of 
pregnancy.     (Plate  L.,  Pigs.  4  and  5.) 

The .  retinal  condition  most  likely  to  be  mistaken  for 
albuminuric  retinitis  is  that  which  results  from  a  high 
grade  of  optic  neuritis,  especially  that  associated  with 
brain  tumor.  In  this  the  star-shaped  figure  may  be  pres- 
ent in  a  perfectly  typical  form,  so  that  if  at  the  same  time 
there  should  be  a  trace  of  albumin  in  the  urine  and  the 
general  symptoms  of  brain  tumor  should  not  be  plainly 
marked,  the  diagnosis  might  be  difficult.  In  such  cases, 
however,  sight  is  almost  always  lost,  whereas  in  albu- 
minuric retinitis  complete  loss  of  vision  rarely  occurs.  It 
should  be  remembered,  too,  that  a  high  grade  of  optic 
neuritis  does  not  occur  in  Bright's  disease  except  in  ad- 
vanced cases  in  which  the  diagnosis  is  plain.  Finally, 
renal  disease  could  be  excluded  in  most  cases  by  a  micro- 
scopic examination  of  the  urine.  In  lead  poisoning,  too, 
the  retina  may  present  appearances  identical  with  those 
seen  in  albuminuric  retinitis  (saturnine  retinitis),  but  it 
is  not  certain  that  they  are  not  due  in  reality  to  kidney 
lesions  produced  by  the  lead. 

Anatomically  the  most  important  lesion  in  albuminuric 
retinitis,  and  one  that  gives  the  key  to  the  other  changes, 
is  a  widespread  endarteritis  and  hyaline  degeneration  of 
the  vessels.  This  is,  of  course,  not  limited  to  the  retinal 
vessels,  but  it  produces  more  serious  damage  in  the 
retina  than  in  the  other  structures  of  the  eye.  The 
atheromatous  condition  of  the  vessels  associated  with  the 
general  high  arterial  pressure  results  in  numerous  hemor- 
rhages, while  the  insufficient  blood  supply  leads  to 
degenerative  changes  in  the  retinal  tissue.  Most  of  the 
white  patches  seen  by  the  ophthalmoscope  are  produced 
in  this  way,  but  some  of  them  are  left  by  retinal  hemor- 
rhages that  have  imdergone  absorption.  The  degene- 
rated areas  show  fatty  degeneration  of  the  retinal  tissue, 
including  the  ganglion  cells,  nerve  fibres,  and  fibres  of 
Muller,  and  contain  fibrin  and  granular  detritus.  Pro- 
liferation and  migration  of  the  cells  of  the  pigment  layer 
occur  in  the  later  stages.  The  degenerative  changes 
make  their  first  appearance  at  the  macula  because  here 
the  vessels  are  least  numerous,  but  the  fovea  centralis  or- 
dinarily escapes,  since  it  is  well  nourished  by  the  chorio- 
capillaris  behind  it.  The  star-shaped  figure  is  said  to 
owe  its  form  to  the  radial  arrangement  of  the  fibres  of 
Miiller  about  the  macula,  though  the  degenerative 
changes  are  not  limited  to  them.  It  seems  to  the  writer 
more  likely  that  its  form  is  determined  by  the  radial  ar- 
rangement of  the  vessels  in  this  region.  The  retina  in 
general  is  apt  to  show  marked  a?denia,  usually  in  asso- 
ciation with  a  high  grade  of  optic  neuritis,  though  the 
retinal  oedema  is  sometimes  quite  marked  where  there  is 
very  little  swelling  of  the  disc.  The  cause  of  ^  the  optic 
neuritis  is  obscure ;  some  observers  attribute  it  to  cere- 
bral disturbances  secondary  to  the  renal  disease.  In 
addition  to  the  other  changes,  the  retina  may  show  a  cer- 
tain amount  of  round-cell  infiltration  and  hyperplasia  of 
its  connective  tissue. 

The  disturbance  of  vision  usually  is  slight  when  com- 
pared to  the  extensive  retinal  changes,  and  in  the  milder 
forms  vision  may  be  entirely  unafEected.  The  fact  that 
the  fovea  centralis  is  but  seldom  affected  accounts  for  the 
almost  constant  preservation  of  central  vision.  Complete 
blindness  is  rare,  and  when  it  occurs  it  is  usually  the  re- 
sult of  secondary  atrophy  of  the  optic  nerve  and  retina 
or  is  due  to  separation  of  the  lattei-.  It  should  be  re- 
membered, however,  that  in  Bright's  disease,  whether  or 
not  there  is  retinitis,  attacks  of  blindness,  uraimic  amau- 
rosis, may  come  on  within  a  few  hours  as  the  result  of 
urfemic  poisoning,  though  they  are  more  common  in  acute 
nephritis  than  in  the  chronic  formy  of  renal  disease.  Here 
the  blindness  in  all  probability  is  due  to  the  action  of  the 
ursemic  poison  upon  the  brain  itself,  the  pupils  in  most 
cases  still  reacting  to  light.    It  is  associated  with  other 


uroemic  symptoms  and  disappears  when  the  uraemia  is 
overcome. 

The  prognosis  of  albuminuric  retinitis  depends  chiefly 
upon  that  of  the  renal  disease,  and  since  the  retinal  affec- 
tion occurs  only  in  advanced  stages  of  the  latter,  it  is  al- 
most always  bad.  Conversely,  the  prognosis  of  the  renal 
disease,  and  hence  the  prognosis  in  regard  to  life,  is  par- 
ticularly bad  when  albuminuric  retinitis  has  made  its 
appearance.  The  prognosis  in  regard  to  sight  is  of  little 
importance,  because  the  patients  seldom  live  long  enough 
for  the  visual  disturbance  to  become  of  serious  moment, 
death  usually  occurring  well  within  a  year,  rarely  later 
than  two  years,  after  the  discovery  of  the  retinal  disor- 
der. The  nephritis  associated  with  pregnancy  is  an  im- 
portant exception  to  this  rule,  complete  recovery  being 
of  frequent  occurrence  after  it.  Recovery  also  sometimes 
follows  the  nephritis  which  accompanies  the  acute  infec- 
tious diseases.  In  these  cases  the  retinal  disease  ceases 
to  progress,  and  many  of  the  retinal  alterations  disap- 
pear. The  star  figure  at  the  macula,  however,  seldom 
entirely  disappears. 

Aside  from  the  measures  usually  employed  in  severe 
cases  of  nephritis  there  is  no  treatment  that  will  benefit 
the  retinal  disease  in  any  way.  It  sometimes  happens, 
however,  that  the  retinitis  may  undergo  decided  im- 
provement under  treatment  directed  toward  the  kidneys 
and  yet  death  ensue  in  the  usual  short  time.  In  the  al- 
buminuric retinitis  of  pregnancy,  especially  if  it  appears 
early,  the  induction  of  abortion  is  often  advisable. 

Diabetic  Retinitis,  Olyeosuric  Retinitis.— This,  affection 
is  certainly  rare,  though  just  how  rare  is  not  definitely 
known.  It  is  a  late  manifestation  of  the  general  disease, 
and  according  to  Hirschberg  it  is  always  present  in  dia- 
betes which  has  existed  for  twelve  years.  In  some  in- 
stances the  retinal  changes  are  no  doubt  due,  in  part  at 
least,  to  an  accompanying  interstitial  nephritis ;  but  it  is 
generally  believed  that  they  may  be  entirely  independent 
of  kidney  lesions,  and  there  is  no  question  but  that  in 
typical  cases  they  differ  decidedly  from  those  seen  in 
typical  albuminuric  retinitis.  The  affection  is  probably 
confined  to  diabetes  mellitus,  though  it  is  claimed  that 
diabetes  insipidus  has  produced  it.  It  is  likely  that  the 
retinal  changes  that  have  been  seen  in  supposed  cases  of 
diabetes  insipidus  have  not  been  due  to  the  latter  dis- 
ease, but  that  the  polyuria  and  the  retinitis  have  inde- 
pendently been  due  to  a  tumor  of  the  brain.  It  is  possi- 
ble, too,  that  the  polyuria  of  chronic  Bright's  disease  may 
have  been  mistaken  for  that  of  diabetes  insipidus. 

In  the  form  of  retinitis  most  characteristic  of  diabetes, 
central  jmnctate  retinitis  of  Hirschberg,  the  retina  shows 
great  numbers  of  small  bright  shining  spots,  sometimes 
irregular  in  shape,  which  are  most  numerous  near  the 
disc  and  in  the  macular  region,  without,  however,  hav- 
ing a  stellate  arrangement.  Scattered  more  generally 
over  the  fundus  there  are  many  punctate  hemorrhages. 
Neither  the  retina  nor  the  disc  shows  evidences  of  oedema, 
and  the  retinal  vessels  are  apparently  normal.  Larger 
white  spots  are  also  occasionally  seen.  Sometimes  in  dia- 
betes the  white  spots  are  entirely  absent  and  the  retina 
shows  only  various  kinds  of  hemorrhages.  This  condi- 
tion is  the  hemorrlmcjic  diabetic  retinitis  of  Hirschberg, 
though  why  it  should  receive  the  name  retinitis  is  not 
evident.  In  diabetic  albuminuric  retinitis  the  changes 
characteristic  of  nephritis  are  associated  with  those  of 
diabetic  retinitis.  Albuminuric  retinitis  may  also  occur 
alone  in  diabetic  patients. 

Diabetic  retinitis  is  always  sooner  or  later  binocular. 
Vision  is  apt  to  be  considerably  impaired,  especially  cen- 
tral vision,  and  there  may  be  contraction  of  the  per- 
ipheral field.  It  is  difficult  to  say  in  a  given  case,  how- 
ever, whether  or  not  the  disturbance  of  vision  is  due  to 
the  retinal  changes,  since  amblyopia  is  common  in  dia- 
betes even  when  the  ophthalmoscopic  examination  is 
negative.  In  some  cases  the  disturbance  of  vision  is  very 
slight.  Not  infrequently  vitreous  opacities  due  to  hem- 
orrhages occur  and  may  produce  total  blindness,  and 
glaucoma  secondary  to  hemorrhage  is  also  met  with. 
Total  blindness,  however,  is  rare  in  diabetic  retinitis. 
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Tlie  prognosis  of  the  retinal  affection  is  bad,  tlie  latter 
seldom  showing  improvement  under  treatment,  and  oc- 
curring as  it  does  in  the  later  stages  of  the  general  dis- 
■ease,  diabetic  retinitis  is  of  evil  significance  in  regard  to 
the  duration  of  life.  This  is  particularly  true  of  the 
hemorrhagic  form,  since  a  tendency  toward  hemorrhage 
•  on  the  part  of  the  cerebral  vessels  is  indicated.  The 
treatment  is  that  suitable  for  the  general  disease. 

Leukemic  Retinitis. — In  all  severe  cases  of  leukaemia 
the  retina  presents  an  abnormal  appearance,  but  actual 
retinitis  is  relatively  uncommon.  Tlie  fundus  is  apt  to 
appear  light  yellow  in  color  owing  to  tlie  altered  color  of 
the  blood  in  the  choroidal  vessels,  but  where  the  choroid 
is  highly  pigmented  this  may  not  be  noted.  The  arteries 
ai'e  pale  and  sometimes  small ;  the  veins  are  dilated,  fre- 
quently tortuous,  and  their  walls  may  appear  tliickened 
owing  to  infiltration  with  white  cells.  Retinal  hemor- 
rhages are  extremel.y  common,  in  fact,  they  are  the  most 
constant  ocular  lesion  met  with  in  leukaemia.  In  addition 
to  these  changes  other  lesions  sufliciently  marked  to  war- 
rant the  name  of  retinitis  sometimes  occur.  These  are 
confined  almost  entirely  to  the  spleno-myelogenous  tyjie 
of  leukaemia,  and  consist  of  haziness  of  the  retina  and 
the  presence  of  white  spots  with  red  borders.  Tlie  latter 
are  .most  numerous  at  the  periphery  and  in  the  macular 
region,  and  ays  due  to  collections  of  white  cells  in  the 
centres  of  hemorrhages.  Though  not  often  seen,  the}- 
are  higlily  charaet-eristic  of  leuka;mia.  Other  white 
spots,  due  to  degeneration,  also  occur.  The  disc  may 
(be  practically  unaffected,  or  it  may  be  greatly  swollen 
owing  to  oedema  and  to  infiltration  with  cells.  Both 
eyes  are  almost  always  affected,  though  in  different  de- 
grees. The  impairment  of  vision  depends  upon  the 
position  and  number  of  the  white  patclies  and  hemor- 
rhages; a  hemorrhage  in  the  macular  region  will  of 
course  cause  loss  of  central  vision.  This  maj'  be  of  the 
subhyaloid  variety,  however,  and  afterward  clear  up. 
A  large  hemorrhage  into  the  vitreous  humor  may  cause 
permanent  loss  of  sight  and  in  some  cases  glaucoma.  Al- 
buminuric retinitis  may  occur  as  a  complication.  The 
prognosis  is  hopeless  as  regards  both  the  general  and  the 
local  affection. 

Bypliilitic  Retinitis  is  far  less  common  than  syphilitic 
chorioretinitis  (see  Vol.  III.,  p.  64),  but  still  it  does  oc- 
cur. It  is  met  with  in  both  acquired  'and  congenital 
syphilis,  though  in  the  latter  only  the  final  stages  are 
seen.  In  the  acquired  form  it  may  develop  four  to  six 
months  after  the  primary'  infection.  The  retina  shows  a 
grayish-white  opacity  which  is  most  marked  near  the 
vessels,  and  along  the  latter  small  white  spots  are  fre- 
quently seen.  The  vessels  themselves  ai'e  apparently 
not  much  affected,  the  arteries  are  somewhat  thinner, 
and  the  veins  tliicker  than  normal.  Dust-like  opacities 
are  almost  always  present  in  the  posterior  part  of  the 
vitreous  liumor,  and  may  persist  after  the  retinal  affec- 
tion is  cured.  Hemorrhages  are  rare.  Microscopically 
the  important  changes  found  have  been  diffuse  round- 
cell  infiltration  of  the  retina,  endarteritis  of  its  vessels, 
and  nodular  collections  of  round  cells  in  the  choroid. 
No  distinct  gummatous  formations  have  been  observed 
in  the  retina,  but  the  nodules  in  the  choroid  are  said  to 
resemble  gummata.  Proliferation  and  migration  of  the 
cells  of  the  pigment  epithelium  have  been  noted.  An 
early  subjective  symptom  of  the  disease  is  a  constant 
shimmering  of  light,  due,  according  to  Hirschberg,  to 
insulficient  blood  supply  to  the  retina.  Visual  acuity  is 
much  reduced  and  there  is  frequently  night  blindness. 
Ring  scotomata  are  sometimes  detected.  Tlie  retina  and 
with  it  the  optic  nerve  ultimately  may  undergo  atrophy. 
The  prognosis  and  treatment  are  similar  to  those  of  syphi- 
litic chorioretinitis. 

Relapsing  SypMUtic  Central  Retinitis. — This  is  an  ex- 
tremely rare  affection,  first  described  by  von  Graefe, 
characterized  by  repeated  sudden  attacks  of  marked 
impairment  of  vision.  At  first  the  vision  returns  to  nor- 
mal during  the  intervals,  but  finally  it  becomes  perma- 
nently impaired.  The  retina  shows  shght  dimness  in  the 
macula  around  which  .fine  dots  are  frequently  seen,  and 


in  the  later  stages  of  the  disease  pigmentary  changes  oc- 
cur in  the  macular  region.  Reduction  in  central  visual 
acuity  usually  persists  even  after  prolonged  anti-syphi- 
litic  treatment,  owing  to  the  structural  alterations  in  the 
retina. 

Retinitis  Proliferans  (Manz).— In  this  disease  masses  of 
connective  tissue  arise  from  the  retina  and  extend  out  inio 
the  vitreous  humor.  They  are  usually  attached  near  the 
disc,  rarely  directly  to  the  latter.  There  is  little  doubt 
that  the  condition  is  brought  about  through  the  organiza- 
tion of  retinal  hemorrhages.  The  progress  of  the  disease 
is  slow,  but  it  usually  leads  to  total  blindness.  Iridocycli- 
tis or  separation  of  tlie  retina  may  occur,  and  the  globe 
finally  undergoes  atrophic  changes.  It  is  said  that  mer- 
curial inunctions  and  potassium  iodide  are  of  benefit. 

Retinitis  Punctnta  Albescens  (Mooren).' — As  indicated 
by  the  name,  in  this  affection  the  retina  is  studded  over 
with  numerous  small  white  spots  which  are  most  numer- 
ous around  the  disc  and  in  the  macula;  the  fovea,  how- 
ever, usually  escapes.  Central  vision  is  reduced  and 
there  are  sometimes  night  blindness  and  contraction  of  the 
peripheral  field.  The  disease  is  extremely  rare  and  oc- 
curs in  young  persons. 

Cousanguinit}"^  in  the  parents  seems  to  be  an  important 
factor  in  its  occurrence  and  several  members  of  the  same 
family  may  be  attacked.  Aside  from  the  ophthalmosco- 
pic picture,  it  is  thus  verj^  similar  to  retinitis  pigmentosa. 

Retinitis  Circinata  (Fuchs),  a  veiy  rare  disease  of  un- 
known etiology,  always  occurring  in  elderly  persons,  is 
characterized  by  the  presence  of  a  number  of  small  wliite 
spots  situated  around  the  macula  in  the  form  of  a  more 
or  less  complete  circle,  with  a  diameter  two  or  three 
times  that  of  the  disc.  Within  the  circle,  but  not  quite 
reaching  its  circumference,  the  macula  shows  a  grayish 
opacity.  The  white  spots  lie  deeper  than  the  retinal  ves- 
sels and  sometimes  are  slightly  pigmented.  Small  reti- 
nal hemorrhages  occasionally  occur,  especially  in  cases 
of  long  standing.  Along  with  these  changes  there  are 
diminution  in  central  vision,  limitation  of  tlie  visual  field, 
and  a  small  central  scotoma.  Vision  gradually  becomes 
more  and  more  defective,  but  absolute  blindness  does  not 
occur.  The  affection  may  be  either  monocular  or  binocu- 
lar. According  to  Fuchs,  the  spots  sometimes  disappear, 
but  the  disease  is  not  benefited  by  treatment. 

Retinitis  Striata  (Nagel),  another  very  rare  affection 
of  the  retina,  owes  its  name  to  the  presence  in  tlie  retina 
of  gray  stripes  situated  in  front  of  the  pigment  layer,  but 
behind  the  vessels.  The  stripes  vary  in  width,  but  may 
be  three  or  four  times  as  wide  as  a  vein.  They  may  run 
from  the  disc  like  radii,  or  they  may  have  no  special  ar- 
rangement. In  addition  to  these  strise  the  retina  may 
show  pigmentary  changes.  The  disease  appears  at  an 
early  age,  runs  a  chronic  course,  and  although  there  is 
some  reduction  in  visual  acuity,  blindness  does  not  gen- 
erally result.  The  etiology  and  pathology  of  the  alfec- 
tion  are  unknown,  though  some  observers  hold  the  view 
that  the  stripes  are  due  to  uietamorpliosis  of  liemorrhagcs, 
as  in  the  case  of  angioid  streaks  in  the  retina.  L.  Caspar 
maintains  that  they  are  the  result  of  a  retinal  separation 
that  has  undergone  spontaneous  cure.  Treatment  is  of 
no  avail. 

Retinitis  from  exposure  to  bright  light  is  sometimes  met 
with,  occurring  most  often  as  the  result  of  exposure  of 
the  retina  to  sunlight  during  an  eclipse  (solar  retinitis), 
or  less  frequently  to  exposure  to  an  electric  arc  light. 
There  is  produced  a  central  scotoma  which  may  or  may 
not  persist,  and,  later  on,  pigmentary  changes  may  be 
seen  in  the  macula. 

Siiow  blindness,  which  results  from  long  exposure  of 
the  eyes  to  the  brilliant  light  reflected  from  large  ex- 
panses of  snow,  is  not  dependent,  as  might  be  thouglit, 
upon  retinal  changes,  but  it  is  due  to  the  photophobia 
and  blepharospasm  resulting  from  a  peculiar  form  of 
conjunctivitis.  It  is  said,  however,  that  sometimes  the 
retina  may  be  hypeiDsmic,  and  that  there  may  be  some 
actual  diminution  in  visual  acuity. 

Amaurotic  Family  Idiocy  (Tay).— In  this  very  rare  dis- 
ease the  retina  presents  an  appearance  as  striking  as  it  is 
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(Characteristic.  There  is  a  grayish-white  patcli  in  the 
macular  region,  about  twice  the  size  of  the  disc,  the  cen- 
i;re  of  whicli  is  occupied  by  a  small  red  spot  similar  to 
that  seen  in  embolism  of  the  central  artery.  Otherwise 
the  fundus  appears  normal.  The  disease  makes  its  ap- 
pearance within  the  first  year  of  life,  both  eyes  being 
:affected  in  the  same  way  and  the  child  showing  marked 
symptoms  of  idiocy.  It  occurs  almost  exclusively  in 
children  of  Hebrew  parentage,  usually  attacking  several 
■cuildren  of  the  same  family.  Optic  atrophy  followed  by 
blindness  gradually  ensues,  and  death  inevitably  occurs 
within  a  very  short  time,  most  often  before  the  child 
reaches  the  age  of  two  years.  Anatomically  the  chief 
lesion  found  is  an  extensive  degeneration  of  the  cells  of 
the  cerebral  cortex.  According  to  Holden,  there  is  a 
isimilar  degeneration  of  the  large  ganglion  cells  of  the 
retina,  which,  he  thinks,  gives  the  explanation  of  the  oph- 
thalmoscopic findings,  since  these  cells  are  absent  in  the 
fovea  and  most  numerous  in  the  macula  surrounding  it. 

Retinal  atrophy  is  the  final  outcome  of  embolism  of  the 
■central  artery,  tiu'ombosis  of  the  central  vein,  and  of  the 
^severe  form  of  retinitis.  It  also  occurs*  as  the  result  of 
separation  of  the  retina  and  in  the  late  stages  of  glauco- 
ma. It  is  characterized  particularly  by  marked  thinning 
•of  the  vessels,  which  sometimes  become  almost  invisible, 
;and  by  secondary  atrophy  of  the  disc,  the  latter  taking 
■on  a  jaale  dirty  gray  color  and  presenting  an  atrophic 
.excavation.  Pigmentary  changes  not  infrequently  take 
place  in  the  retina.  An  apparently  idiopathic  form  of 
retinal  atrophy  is  that  known  as  cliorim-etinitis  pigmen- 
.tom  (see  Vol.  III.,  p.  69),  or  more  commonly  as  retinitis 
pigmentosa. 

Sepabation  of  the  Retina,  Amotio  Retina, — Nor- 
mally the  pigment  epithelium  of  the  retina  is  adherent  to 
the  choroid,  but  not  to  the  rest  of  the  retina,  the  latter 
■simply  being  held  in  contact  with  it  by  the  pressure  of 
the  vitreous  humor.  In  so-called  detachments  of  the 
retina  the  pigment  layer  is,  in  general,  always  left  behind 
and  the  condition  should  therefore  be  spoken  of  as  a 
separation,  not  as  a  detachment,  although  the  latter  is 
the  term  almost  universally  used.  In  enucleated  eyes, 
these  two  portions  of  the  retina  separate  with  the  great- 
■est  ease,  and  indeed  it  is  a  difficult  matter  to  obtain  his- 
tological specimens  of  the  retina  with  the  pigment  layer 
in  situ.  Notwithstanding  this  fact,  however,  separation 
•of  the  retina,  though  not  rare,  seldom  occurs  except  un- 
■der  conditions  which  in  themselves  are  of  a  most  serious 
nature.  Thus  the  most  common  conditions  which  lead 
to  it  are  advanced  myopia,  severe  injuries,  especially  if 
accompanied  by  loss  of  vitreous  humor,  iridocyclitis, 
■choroiditis,  intra-ocular  tumors,  and  hemorrhage.  _  Idio- 
pathic separation  (that  is,  separation  of  the  retina  without 
■obvious  cause)  does  occur,  however,  and  is  most  common 
in  youth  and  in  old  age.  An  important  though  uncommon 
■cause  for  retinal  separation  is  albuminuric  retinitis,  espe- 
■cially  that  associated  with  pregnancy.  (Plate  L. ,  Pig.  6. ) 
The  large  majority  of  separations  are  found  below, 
though  in  many  cases  they  no  doubt  started  elsewhere 
and  sank  downward,  the  retina  becoming  reapplied  at 
the  site  of  the  original  separation.  Owing  probably  to 
■the  position  of  the  disc,  separations  are  less  frequent  on 
the  nasal  than  on  the  temporal  side.  Localized  separa- 
tions at  the  macula  are  rare.  The  best  ophthalmoscopic 
view  of  a  retinal  separation  is  to  be  oblamed  by  the  m_ 
direct  method,  though  it  is  advisable  also  to  make  use  of 
the  direct  method,  holding  the  instrument  some  distance 
from  the  eye  of  the  patient.  In  large  separations  that 
have  come  far  forward  the  retina  can  often  be  seen  by 
obliqueillumination  alone  without  the  aid  of  an  ophthal- 
moscope The  retina,  if  the  separation  is  recent,  projects 
fcHward  into  the  vitreous  humor  as  a  tremulous,  translu- 
cent gray  membrane,  showing  a  greater  or  less  number  ot 
folds  over  which  the  blood-vessels  are  seen  to  take  a  tortu- 
ous course.  The  latter  lose  their  light  streaks  and  appear 
smaller  and  also  much  darker  than  normal  owing  to  the 
reflection  of  light  from  the  choroid  behind  Ordinarily  if 
the  media  are  clear  the  condition  is  readily  recognizea, 
Jb,ut  wJien  the  separation  is  flat  and  extensive  the  diag- 


nosis is  sometimes  difficult.  If  the  separation  continues 
to  increase,  as  is  usually  the  case,  it  ultimately  becomes 
total,  the  retina  remaining  attached  at  the  disc  and  ora 
serrata  only,  and  forming  a  plaited  funnel  behind  the  lens. 
Most  often,  however,  it  cannot  be  seen  with  the  ophthal- 
moscope at  this  stage  owing  to  lenticular  or  vitreous 
opacities.  In  the  case  of  intra-ocular  tumors,  distinction 
should  bo  made  between  an  actual  separation  of  the  ret- 
ina and  the  lifting  up  of  the  latter,  due  to  (he  growth  of 
the  tumor  beneath  it.  While  the  retina  is  attached  to 
the  tumor  it  is  of  course  not  tremulous,  shows  no  folds, 
and  tlie  color  of  the  tumor  may  be  recognized  through  it. 
Even  very  small  tumors,  however,  may  early  cause  com- 
plete separation  of  the  retina,  and  when  this  takes  place 
the  separated  retina  differs  in  no  way  from  that  which 
occurs  under  other  conditions.  The  portion  of  the  retina 
first  to  become  separated  is  usually  that  covering  the  tu- 
mor, but  not  infrequently  this  portion  of  the  retina  never 
becomes  separated  and  is  overgrown  and  destroyed  by 
the  tumor  cells.  Even  when  this  is  the  case,  the  remain- 
ing portion  of  the  retina  usually  undergoes  separation. 

The  apparent  color  of  the  separated  retina  depends 
upon  that  of  the  subretinal  fluid;  if  the  latter  is  tinged 
with  blood,  the  retina  takes  on  a  greenish  color.  Owing 
to  degenerative  changes,  the  retina  very  soon  becomes 
opaque,  but  it  finally  becomes  translucent  again  when 
atrophy  sets  in.  Quite  frequently  ruptures  can  be  de- 
tected in  separated  retina;. 

The  tension  of  the  eye  as  a  rule  is  diminished  and  the 
anterior  chamber  is  deep,  the  iris  frequently  showing 
iridodonesis.  Where  the  separation  is  due  to  an  intra- 
ocular growth,  the  tension  is  almost  always  increased,  or 
at  least  not  diminished,  a  fact  of  great  diagnostic  impor- 
tance. Liquefaction  of  the  vitreous  humor  in  association 
with  vitreous  opacities  is  common,  and  in  old  cases  cata- 
ract and  a  low  grade  of  iritis  are  apt  to  occur. 

The  separated  retina  frequently  is  cedematous  and 
shows  hyperplasia.  Calcification,  more  rarely  ossifica- 
tion, may  occur,  and  cholesterin  crystals  may  form  in 
it.  Pigmentary  changes  and  hemorrhages  are  not  often 
seen.  Rarely  cysts  are  formed.  The  blood-vessels  re- 
main pervious  "for  a  considerable  length  of  time,  but 
many  of  them  finally  show  sclerosis  and  thrombosis. 
The  nervous  elements  of  the  retina  atrophy,  and  the 
layer  of  rods  and  cones  soon  undergoes  maceration  owing 
to  the  lack  of  the  nourishment  normally  furnished  by  the 
choroid. 

The  manner  in  which  separation  of  the  retina  is  brought 
about  is  apparent  in  a  large  number  of  cases,  but  in  an 
equally  large  number  it  is  a  matter  of  dispute.  Cyclitis 
produces  separation  by  the  contraction  of  exudates  that 
have  been  poured  in  the  vitreous  chamber.  Choroiditis 
may  produce  it  in  a  similar  manner,  or  by  giving  rise  to 
exudates  which  collect  in  front  of  the  rods  and  cones. 
Traumatic  separations  are  produced  in  several  ways. 
When  occurring  immediately  or  soon  after  an  injury  or 
operation  they  are  usually  due  to  hemorrhage  or  to  the 
loss  of  vitreous  humor,  which  by  lowering  the  intra-ocu- 
lar tension  allows  serum  to  collect  behind  the  retina.  In 
other  cases  the  retina  is  ruptured  by  the  injury  and  the 
vitreous  humor  passes  behind  it  through  the  rupture. 
The  separations  that  occur  some  time  after  the  injury  are 
due  to  the  traumatic  cyclitis  and  choroiditis  that  have  been 
set  up.  Foreign  bodies  in  the  vitreous  chamber  may 
cause  separation  of  the  retina  if  they  produce  a  severe 
inflammatory  reaction ;  but,  on  the  other  hand,  they  may 
remain  attached  to  the  retina  for  years  without  separa- 
tion resulting.  Finally,  spontaneous  subretinal  hemor- 
rhages from  any  cause,  glaucoma  for  instance,  may  pro- 
duce separation  of  the  retina. 

To  explain  other  cases  of  separation  a  number  ot 
theories  have  been  advanced.  In  myopia  it  seems  clear 
that  the  elongation  of  the  eyeball  plays  the  chief  role, 
but  the  exact  way  in  which  it  does  so  is  not  certainly 
known.  Iwanoff  found  that  in  myopic  eyes  the  vitreous 
body  became  separated  from  the  retina  posteriorly,  and 
that  the  preretinal  space  thus  formed  was  filled  with  se- 
rum ;  but  he  failed  to  explain  satisfactorily  how  this  led 
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to  retinal  separation.  De  Wecker  suggested  that  tlie  lat- 
ter was  due  to  spontaneous  rupture,  permitting  the  se- 
rous fluid  to  find  its  way  behind  tlie  retina.  Leber  and 
Nordensen  maintain  that  in  the  large  majority  of  cases 
retinal  separation  is  due  to  a  fibrillar  condition  of  the  vit- 
reous body  leading  to  its  shrinkage  and  hence  to  traction 
upon  the  retina.  The  peculiar  condition  of  the  vitreous 
body  is  said  to  be  dependent  upon  achronic  choroiditis. 
Suddenly  developing  separations,  according  to  this 
theory,  are  due  to  rupture  of  the  retina  resulting  from 
the  traction.  Raehlman,  however,  has  called  attention 
to  the  fact  that  the  fibrillar  condition  of  the  vitreous 
body,  noted  by  Leber  and  Nordensen,  may  be  secondary 
to  the  separation,  and  that  separations  may  occur  when 
the  vitreous  body  is  perfectly  fluid.  He  holds  the  view 
that  a  process  of  diffusion  plays  the  most  important  part 
in  the  production  of  retinal  separations.  According  to 
his  difEusion  theory,  an  albuminous  exudate  first  collects 
behind  the  retina,  and  then  fluid  passes  by  difEusion  from 
the  vitreous  body  through  the  retina,  gradually  increas- 
ing the  amount  of  fluid  behind  the  latter,  and  separating 
the  retina  more  and  more  from  the  choroid.  It  seems  al- 
most self-evident  that  separation  of  the  retina  having 
once  begun,  the  process  of  difEusion  must  play  an  impor- 
tant part  in  carrying  it  on  to  completion. 

Among  the  early  subjective  symptoms  of  retinal  sepa- 
ration are  photopsise,  chromatopsise,  and  metamorphopsia, 
followed  by  the  appearance  of  a  dark  cloud  which 
obscures  part  of  the  visual  field  and  produces  a  positive 
scotoma.  Vision  at  tlie  macula  is  maintained  so  long  as 
the  separation  has  not  involved  this  region,  but  it  is  apt 
to  be  impaired  in  any  case.  The  separated  retina  may 
retain  light  jierception  for  a  short  time,  and  if  it  soon  be- 
comes readapted,  it  may  completely  resume  its  function. 
Thus  the  macula  may  be  separated  at  first  and  then  be- 
come reappUed  to  the  choroid  and  regain  its  function  as 
the  separation  sinks  lower  down.  But  the  prognosis  in 
retinal  separations  is  very  unfavorable,  thoiigh  in  rare 
instances  a  spontaneous  cure  lias  resulted.  Small  sepa- 
rations occurring  after  an  injury  or  as  the.  result  of  reti- 
nitis, such  as  albuminuric  retinitis,  ofiEer  the  best  progno- 
sis so  far  as  the  separation  itself  is  concerned.  Usually 
the  separation  increases  until  it  is  complete  and  there  is 
absolute  blindness.  The  prognosis  is  particularly  unfa- 
vorable in  myopic  cases  because  there  is  no  way  in  which 
we  may  combat  the  myoiDia.  Idiopathic  separation  also 
has  a  highly  unfavorable  prognosis. 

Until  recently  the  method  of  treatment  considered  most 
satisfactory  was  rest  in  bed  and  the  administration  of 
diuretics,  diaphoretics,  and  purgatives,  in  the  hope  of 
causing  absorption  of  the  subretinal  fluid;  but  of  late 
much  more  brilliant  results  have  been  obtained  by  re- 
peated subconjunctival  injections  of  normal  or  physi- 
ological saline  solutions.  Unfortunately,  however,  even 
after  tliis  method  of  treatment  recurrences  are  common. 
Many  surgical  measures  have  been  tried,  but  with  indif- 
ferent success;  incising  the  retina,  withdrawing  the  sub- 
retinal  fluid  by  means  of  a  syringe,  and  injecting  iodine 
with  the  purpose  of  setting  up  an  adiiesive  inflamma- 
tion, have  all  been  recommended,  but  it  is  likely  that 
they  will  be  generally  replaced  by  the  method  of  sub- 
conjunctival injections. 

Subretinal  Cysticercus. — The  cysticercus  has  been 
found  as  a  parasite  within  or  beneath  the  retina,  but  tlie 
condition  is  an  extremely  rare  one,  especially  in  this 
country.  At  first  the  retinal  separation  produced  is  lo- 
calized over  the  parasite,  and  the  movements  of  tlie  lat- 
ter can  sometimes  be  observed  under  it.  The  vitreous 
humor  soon  becomes  cloudy  and  the  retinal  separation 
becomes  total,  producing  complete  blindness,  and  the  eye 
finally  undergoes  atrophic  changes.  Sometimes  the  para- 
site works  its  way  through  the  retina  into  the  vitreous 
humor.  Drugs  given  with  tlie  object  of  killing  the  para- 
site have  always  proved  inefEectual.  Wlien  the  attempt 
is  made  sufficiently  early,  the  entozoon  may  be  success- 
fully removed  by  operation  with  preservation  of  sight. 

Tumors  op  the  Retina.     (See  Vol,  IV.,  p.  112.) 

P)'ederick  Herman  Verlioeff. 


RETROPERITONEAL  TUMORS— This  subject  has  re- 
ceived its  full  share  of  attention  during  the  past  decade 
and  with  satisfactory  results.  That  it  is  still  at  the  pres- 
ent time  a  subject  of  much  thought  and  earnest  research 
cannot  be  denied.  Tims  far,  investigations  go  to  show 
that  in  the  past  there  have  been  much  confusion  in  the 
pathology  of  these  growths,  many  errors  in  diagnosis, 
and  not  a  very  satisfactory  record  regarding  operative 
interference.  Like  many  other  problems  in  this  great 
field  of  surgery,  an  early,  careful  study  of  the  case,  a 
judicious  weighing  of  all  symptoms,  subjective  and  ob- 
jective, an  experienced  touch,  no  haste,  are  doing  much 
to  place  on  a  more  secure  basis  of  classification  these  rare 
growths.  Careful  workers  in  the  pathology  of  these  tu- 
mors are  doing  much  to  clear  up  doubtful  points,  and 
establish  on  a  more  secure  basis  their  true  nature.  Oper- 
ating surgeons,  when  the  tumor  has  obtained  full  size, 
have  not  found  the  work  of  removal  at  all  encouraging, 
yet  it  is  plainly  to  be  observed  that  when  the  growth  has 
been  reached  early,  a  fair  percentage  of  recoveries  has 
been  secured. 

A  careful  study  of  retroperitoneal  tumors  shows  that 
many  of  them  are  of  a  mixed  variety,  containing  the  ele- 
ments of  both  lipoma  and  myxoma,  tissues  which  are, 
histologically,  very  closely  associated. 

Both  of  these  tissues  are  found  normally  in  the  retroperi- 
toneum,  and  doubtlessmany  of  these  growths  arise,  under 
suitable  conditions,  from  congenital  neoplasms.  These 
tumors  are  sometimes  active  in  their  growth,  often  be- 
come cystic,  and  at  times  reach  immense  proportions. 
Cases  are  reported  of  tumors  of  this  kind  weighing  eighty 
pounds.  The  distribution  of  the  elements  is  very  diverse. 
The  fat  may  be  regularly  distributed  throughout  the 
tumor  or  may  occur  as  islands  located  here  and  there. 
These  growths  are  very  often  cedematous,  and  by  chemi 
cal  analysis  present  a  large  percentage  of  mucin.  The 
microscope,  besides  revealing  the  usual  elements  of  lipoma 
and  myxoma,  very  often  reveals  a  numerous  round-celled 
infiltration  in  the  stroma  of  the  growth,  pointing  to  a  sar 
comatous  element  in  their  character.  While  not  present 
ing  all  the  features  of  active  malignancy  that  carcinoma 
and  sarcoma  do,  yet  they  often  show  a  marked  tendency 
to  recur  locally  when  removed. 

Clinical  histories  and  pathological  research  both  show 
that  tumors  containing  embryonal  elements  are  very  apt 
to  be  malignant ;  indeed,  it  may  truly  be  said  that  they 
are  always  so. 

The  tumors  found  in  the  kidneys  of  young  children 
are,  for  the  most  part,  mixed  tumors,  chiefly  myosarco- 
mata.  Many  are  surely  congenital,  and  are  an  example  of 
a  new  growth  developing  from  embryonal  tissue.  They 
have,  by  Grawitz,  recently  been  compared  to  a  series  of 
embryonal  growths  which  spring  from  the  suprarenal 
capsules,  and  have  the  appearance  of  adipose  tissue,  but 
are  usually  sarcomatous.  (Orth,  "  Pathologische  Diag- 
nostik.") 

Even  though  the  tumor  may  not  at  first  present  the  con- 
dition of  true  malignancy,  yet  the  operative  surgeon  has 
learned  to  know  that  the  semi-malignant  growth  is  very 
apt  to  return  either  in  the  cicatrix  or  in  the  neighboring 
connective  tissues,  and  to  involve  important  structures, 
such  as  the  large  secreting  glands  or  the  lymphatics. 

A  careful  investigation  of  the  reported  "cases,  together 
with  an  examination  of  all  accessible  works  on  path- 
ology, impresses  one  with  the  belief  that  the  most  fre- 
quent origin  of  these  growths  is  in  the  connective  tissue 
of  the  capsular  envelope  of  the  kidney ;  the  next  most 
frequent  seat  being  the  suprarenal  capsules. 

Mr.  Hulke,  of  Middlesex  Hospital,  reports  a  case  of 
myxoma  which  enveloped  the  ,left  kidney  and  upon 
which  he  operated.  A  median  section  was  made  through 
the  tumor  when  it  presented  itself.  The  incision  was 
continued  through  the  posterior  blade  of  the  peritoneum, 
just  beyond  the  descending  colon.  The  tumor  proved  to 
be  a  myxoma,  and,  although  the  patient  recovered  from 
the  operation,  the  growth  returned  locally.  The  kidney 
was  not  involved  by  the  tumor,  and  could  have  been 
enucleated. 
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The  growths  embraced  in  this  class  are  peculiar  in  sev- 
■eral  respects.  None  can  be  said  to  be  absolutely  benign, 
even  those  which  are  made  up  entirely  of  the  histological 
elements  of  either  lipoma,  fibroma,  or  myxoma,  and  not- 
withstanding the  fact  that  they  do  not  tend  to  the  forma- 
tion of  metastases  or  to  the  infiltration  of  immediately 
surrounding  tissues.  It  is  true  that  they  show  no  great 
tendency  to  recurrence  when  completely  removed,  yet 
from  the  great  size  to  which  they  develop,  and  from  their 
tendency  to  undergo  degenerative  changes,  they  cannot 
be  classed  as  innocent  growths. 

The  late  Dr.  John  Homans,  of  Boston,  has  called  atten- 
tion in  two  papers  to  the  reported  cases  of  pure  lipoma, 
among  which  were  some  on  which  he  had  himself  oper- 
ated. 

Subserous  lipomas  rarely  of  themselves  reach  a  large 
size.  However,  those  going  out  from  the  peritoneum 
may  be  of  sixty  pounds'  weight.  Lipomas  are  usually 
slow-growing,  the  subserous  particularly  so.  Subcuta- 
neous lipomas  sometimes  grow  rapidly  after  remaining 
stationary  for  years.  Lipomas  seldom  change  to  other 
varieties,  but  they  may  primarily  be  mixed  in  character 
— myxolipomas. 

The  character  of  the  latter  group  can  never  be  deter- 
mined'with  certainty  without  careful  microscopical  ex- 
amination, as  many  growths  having  the  appearance  of 
lipomatous  tissue  often  have  the  elements  of  myxoma  and 
sarcoma  as  well.  They  may  reach  great  size,  but  show 
no  disposition  to  return  after  removal. 

Sir  Spencer  Wells  reports,  in  his  first  edition  of  "Ab- 
dominal Surgery,"  a  case  in  which  the  removal  of  such  a 
growth  was  undertaken,  with  fatal  results. 

Sarcomas,  either  in  typical  form  or  in  combination 
with  myxomatous,  lymphomatous,  or  flbromatouf  tissue, 
also  occur,  and  have  been  observed  quite  often.  Many 
of  the  tumors  which  have  been  described  as  sarcomas  of 
the  mesentery  were  doubtless  retroperitoneal  sarcomas, 
arising  at  the  root  of  the  mesentery  and  presenting  them- 
selves anteriorly,  after  separating  its  folds. 

Carcinomas  are  very  rare,  and  present  the  strongest 
type  of  malignancy.  They  are  of  the  hard,  solid  variety, 
soon  forming  deep  and  firm  attachments,  and  offering  lit- 
tle to  be  hoped  for  from  an  operation. 

Varieties  such  as  fibroma  and  cystoma  have  been  ob- 
served. It  may  be  said  of  the  latter,  for  the  most  part, 
that  they  either  spring  from  the  walls  of  the  pelvis,  or 
from  the  subperitoneal  connective  tissue  of  that  region. 
Virchow  looks  upon  this  series  of  growths  as  being  an- 
alogous to  those  tumors  which  arise  from  the  deep  tissues 
of  the  neck. 

A  few  remarks  may  be  made  in  regard  to  the  starting- 
point  and  relations  of  all  these  growths.  Those  which 
spring  from  the  walls  of  the  pelvis  encroach  upon  or  in- 
volve the  bladder,  uterus,  and  rectum,  very  often  pre- 
senting features  which  are  exceedingly  perplexing  in 
diagnosis.  The  origin  of  a  smaller  number  is  reported 
respectively  as  from  the  retroperitoneal  lymphatics,  the 
bodies  of  the  vertebrae  and  bones  of  the  pelvis,  and  the 
root  of  the  mesentery.  In  by  far  the  greater  proportion 
of  the  cases  no  exact  origin  is  given ;  indeed,  from  the 
subsequent  changes  in  anatomical  relations,  it  would 
seem  quite  impossible  to  determine  the  exact  point  of 
origin  of  many  of  the  very  large  retroperitoneal  new 
growths.  They  have  almost  uniformly  presented  them- 
selves in  the  line  of  the  least  resistance,  that  is,  anteriorly. 
In  my  case,  reported  in  the  American  Journal  of  the  Medi- 
cal Sciences,  January,  1892,  the  tumor  presented  itself  in 
the  back — a  condition  which  can  be  attributed  to  its  ori- 
gin from  the  extreme  upper  border  of  the  kidney,  where 
it  was  less  completely  bound  down  by  the  lumbar  mus- 
cles and  fascia.  When  the  growths  have  reached  a  suffi- 
cient size  to  attract  the  attention  of  the  patient,  they  are 
found  presenting  themselves  at  either  side  of  the  umbih- 
cus  somewhere  in  the  region  of  the  lateral  lines  drawn 
in  tlie  arbitrary  divisions  of  the  abdomen  into  regions, 
although  they  may  appear  centrally  As  the  growths 
increase  in  size  the  viscera  are  displaced,  not  infrequently 
completely  to  the  opposite  side,  although  those  growths 
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which  spring  from  the  left  kidney  may  have  the  descend- 
ing colon  externally.  Owing  to  circulatory  disturbances 
within  them,  and  to  their  liability  to  a  subsequent  ma- 
lignant infiltration,  as  well  as  to  the  development  of 
cachectic  conditions,  they  present,  clinically,  features 
which  suggest  a  condition  almost  immediately  hazardous 
to  life. 

As  with  any  large  abdominal  growth,  there  is  always 
a  certain  degree  of  encroachment  upon  the  thorax  and 
pressure  upon  other  organs.  In  my  second  case,  the 
tumor  pushed  the  inferior  border  of  the  liver  up  to  the 
fourtli  intercostal  space,  while  the  csecum  and  ascending 
colon  were  displaced  toward  the  left  side  of  the  abdo- 
men. 

Diagnosis. — Notwithstanding  our  constantl}'  increas- 
ing experience  in  abdominal  surgery,  we  must  admit  that 
an  exact  diagnosis  as  to  the  true  nature  of  these  growths 
is  not  always  possible.  Nor  can  it  be  said  to  be  abso- 
lutely necessary,  especially  in  the  lesser  and  more  mov- 
able varieties. 

I  cannot  well  imagine  a  more  severe  task  for  a  writer 
than  to  attempt  to  outline  the  symptoms  and  diagnosis 
of  a  condition  which,  until  the  present  time,  has  baffled, 
quite  without  exception,  the  skill  of  all  who  have  met 
with  it.  Yet,  recognizing  the  importance  of  the  factor 
of  exact  diagnosis,  especially  in  abdominal  surgery,  I 
wish  to  call  attention  to  all  such  symptoms  as  may  be 
associated  with  these  growths,  and,  after  carefullj' 
weighing  them,  put  together  what  seems  useful. 

In  the  first  place,  there  is  not  a  single  symptom  that  is 
pathognomonic,  and  we  are  dependent  for  diagnosis  upon 
the  process  by  exclusion.  Diseases  and  neoplasms  of  the 
uterus  and  its  appendages,  of  the  liver  and  the  gall  blad- 
der, of  the  spleen,  pancreas,  and  kidney,  are  to  be  ex- 
cluded, as  well  as  aneurism  of  the  aorta,  tumors  of  the 
mesentery,  and  of  the  abdominal  walls. 

The  sex  of  the  patient  or  the  history  of  the  case  may 
enable  one  to  exclude  the  organs  of  generation  at  once, 
and  bimanual  examination  will  rarely  fail  to  locate  the 
uterus  and  its  appendages  and  determine  any  pathologi- 
cal changes  in  them.  Pelvic  congenital  cysts  from  the 
spinal  cord  or  membranes  should  not  be  lost  sight  of. 
Subperitoneal  fibroids  are  the  only  ones  likely  to  be  con- 
founded with  this  condition ;  but  then  uterine  fibromas 
are  more  easily  movable  within  the  abdomen,  and  their 
attachment  to  the  uterus  can  be  made  out.  Solid  tumors 
of  the  ovary  and  broad  ligament  present  greater  diflicul- 
ties,  which  at  times  cannot  be  surmounted. 

Diseases  of  the  liver,  together  with  new  growths  of  that 
organ,  have  very  often  been  mistaken  for  retroperitoneal 
neoplasms.  Hypertrophic  cirrhosis,  amyloid  degener- 
ation, hepatic  abscess,  hydatids,  obstruction  of  the  cys- 
tic duct,  and  distention  of  the  gall  bladder,  together  with 
carcinoma  and  sarcoma,  present  physical  signs  which 
may  be  confounded  with  retroperitoneal  tumors.  The 
history  of  tlie  case,  together  with  a  painstaking  weighing 
of  general  symptoms,  will  naturally  assist  in  clearing  a 
doubtful  diagnosis. 

Disturbances  of  biliary  excretion  may  occur  from 
pressure  on  the  common  duct  by  the  tumor.  Again,  tu- 
mors of  the  liver  always  move  synchronously  with  the 
respiration.  Retroperitoneal  ones  do  not,  as  a  rule. 
Very  often  a  line  of  resonance  is  found  between  liver  and 
tumor,  which  at  once  shows  that  the  growth  is  not  con- 
nected with  the  former  organ. 

My  own  experience  teaches  me  that  growths  connected 
with  the  spleen  make  the  case  at  times  very  embarrassing. 
It  has  been  said  that  the  differentiation  from  hypertro- 
phy and  tumors  of  the  spleen  presents  less  difficulty  than 
does  the  differentiation  from  tumors  of  the  liver.  Here 
palpation  and  percussion  will  be  quite  sufficient,  if  em- 
ployed to  locate  the  spleen  in  its  normal  position.  Tu- 
mors of  the  omentum  lack  the  fixed  position  of  these 
growths  The  absence  of  digestive  disturbances,  with 
fatty  stools,  will  serve  to  exclude  the  rare  new  growths 
of  the  pancreas.  ... 

As  stated,  many  of  these  tumors  have  their  origin  m 
the  capsule  of  the  kidney,  or  in  the  connective  tissues 
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surrounding  it.  They  present,  at  least  in  their  earlier 
stages,  physical  signs  differing  in  no  respect  from  tumors 
of  the  nephritic  parenchyma.  An  examination  of  the 
urine  may  give  an  exact  clew  to  the  diagnosis.  In  none 
of  the  cases  reported  had  renal  hemorrhage  or  albumi- 
nuria, with  or  without  casts,  occurred ;  conditions  which 
are  the  rule  with  tumors  of  the  parenchyma  of  the  kidney. 

Regarding  the  use  of  the  aspirator,  while  I  must  admit 
that  up  to  the  present  time  it  has  been  of  no  special  vahie 
in  the  diagnosis  of  my  cases,  yet  I  believe  that  in  many 
instances  the  fluid  withdrawn  by  this  instrument  and 
carefully  examined,  would  enable  us  to  make  a  diagnosis 
as  to  classification  of  the  tumor.  In  a  recent  case  of  sar- 
coma of  the  kidney,  by  means  of  the  medium-sized  needle 
I  was  able  to  draw  off  sufficient  fluid  fully  to  demonstrate 
the  nature  of  the  growth,  the  diagnosis  being  confirmed 
later  by  the  autopsy.  All  things  considered,  I  believe 
that  the  instrument  may  of  be  value  in  the  diagnosis  of 
retroperitoneal  tumors. 

Dr.  W.  G.  Macdonald's  suggestion  to  iusufflate  hydro- 
gen gas  into  the  rectum,  is,  I  believe  worthy  of  trial, 
especially  where  a  careful  examination  has  been  made 
before,  and  the  percussion  areas  have  been  outlined  with 
care  upon  the  abdomen.  The  process  of  insufflation 
should  be  carefully  watched,  that  the  relation  of  the  in- 
testinal tube  to  the  tumor  may  be  established. 

Treatment. — Without  operative  interference  there  is 
but  one  termination.  The  rapidity  of  the  fatal  termina- 
tion varies  somewhat  with  the  character  of  the  growth. 
Pure  lipomas  are  slow-growing  until  a  certain  volume  is 
reached,  when  they  proceed  with  great  rapidity  to  a  fatal 
termination.  From  a  study  of  the  clinical  histories  found 
in  the  literature,  I  am  of  the  opinion  that  the  mean  dura- 
tion of  life,  after  the  discovery  of  the  tumor,  is  not  more 
than  nine  months.  Operative  treatment  offers  to  us  much 
promise.  Recovery  has  followed  the  removal  of  retro- 
peritoneal tumors  of  great  weight,  even  those  weighing 
fifty  pounds.  The  immediate  mortalitj^  following  oper- 
ations is  great,  from  necessity ;  yet  from  the  hopelessness 
of  the  conditions  an  operation  is  to  be  urged  with  great 
earnestness  upon  the  part  of  the  surgeon.  Incomplete 
operations  have  been  Immediately  more  fatal  than  those 
in  which  the  tumor  has  been  completeljr  removed.  Like 
all  surgical  lesions,  these  tumors  illustrate  the  necessity 
of  early  diagnosis  and  prompt  operation. 

Czerny,  in  concluding  a  paper  in  which  he  had  reported 
three  cases,  says:  "In  all  cases  operative  interference 
can  be  safely  undertaken ;  when  the  tumor  is  no  longer 
encapsulated,  the  incision  had  better  be  closed,  otherwise 
the  growth  should  be  enucleated." 

Operations  for  the  removal  of  retroperitoneal  growths 
will,  from  necessity,  be  subjected  to  considerable  modifi- 
cation in  detail.  The  choice  of  incision  will  usually  fall 
in  the  line  of  the  linea  semilunaris,  on  one  side  or  the 
other;  Langenbeck's  incision  for  removal  of  the  kidney 
may  be  made  use  of.  Frequently,  when  the  incision  is 
at  first  exploratory  it  must  be  made  in  the  median  line. 
When  the  anatomical  relations  can  be  made  out,  and  the 
operation  continued  by  an  extension  of  the  cut,  then  the 
more  favorable  incision  is  in  the  linea  semilunaris.  By 
the  separation  of  the  peritoneum  from  the  internal  bor- 
der of  the  tumor,  it  may  be  attached  by  sutures  to  the 
internal  border  of  the  abdominal  wound,  making  the 
whole  field  of  the  operation  extraperitoneal. 

The  incision  of  the  posterior  fold  or  blade  of  the  peri- 
toneum should  be  external  to  the  attachment  of  the  mes- 
entery of  the  colon,  although  this  is  not  absolutely  nec- 
essary. The  removal  of  the  growth  by  enucleation  must 
be  accomplished  with  great  care ;  particularly  is  it  always 
desirable  to  determine  the  source  of  the  blood  supply  and 
its  relations  to  the  great  vessels.  The  vena  cava  has  been 
wounded  by  accident  in  the  enucleation  of  these  growths. 
There  are  likely  to  be  large,  thin-walled  veins  located 
deeply  in  the  wound,  and  requiring  ligation.  It  will  be 
found  at  times  necessary  to  remove  the  kidney  with  the 
tumor,  and  here  the  danger  of  hemorrhage  is  very  great. 
The  supply  vessels  of  the  kidney  will  frequently  be 
found  very  short  and  difficult  to  reach. 
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The  length  of  time  required  for  the  performance  of  the 
operation  will  vary  necessarily.  As  long  a  time  as  two 
and  one-half  hours  has  been  consumed  in  a  difficult  oper- 
ation. As  in  all  strictly  abdominal  work,  the  operator 
must  be  prepared  for  any  and  every  possible  complica- 
tion. 

After  enucleation,  as  well  as  when  the  kidney  has  been 
removed  with  the  growth,  the  cavity  must  be  thoroughly 
drained,  either  by  full-sized  drainage  tubes  or  by  tampo- 
nade with  iodoform  gauze. 

The  after-treatment  presents  no  indications  for  man- 
agement other  than  those  of  a  severe  case  of  abdominal 
section. 

As  in  all  other  conditions  in  surgery,  there  is  certainly 
at  the  present  time  a  better  understanding  of  these  cases. 
A  more  correct  and  early  diagnosis,  as  is  the  case  in  all 
that  pertains  to  medicine  and  surgery,  will  surely  bring 
a  larger  percentage  of  recoveries. 

These  are  purely  surgical  cases ;  no  medicines,  no  min- 
eral waters,  or  baths,  electricity,  or  other  lines  of  thera- 
peutics, have  as  yet  been  of  any  service. 

A.  Vander  Veer. 

REVERSION. — Reversion  is  a  special  case  of  heredity, 
and  the  term  is  usually  applied  somewhat  loosely  to  in- 
clude all  cases  in  which  the  offspring  does  not  resemble 
the  immediate  parents,  but  exhibits  correlation  with  a 
more  remote  ancestor,  or  group  of  ancestors.  Recently 
Pearson  has  sought  to  give  greater  precision  to  the  use 
of  the  term.  He  distinguishes  (1)  regression,  (2)  rever- 
sion, and  (3)  atavism. 

If  we  take  any  pair  of  characters,  as,  for  example,  the 
lengths  of  the  thumbs  of  the  right  and  left  hands  of  the 
same  person  or  the  statures  of  father  and  son,  and  con- 
struct a  correlation  table  from  a  sufficiently  large  num- 
ber of  cases,  it  will  be  found  that  for  any  given  dimen- 
sion in  one  group  (the  "subject,"  e.g.,  length  of  right 
thumb  or  stature  of  father)  the  dimensions  of  the  asso- 
ciated characters  in  the  other  group  (the  "relative,"  e.g., 
length  of  left  thumb  or  stature_of  son)  will  be  on  the 
average  nearer  the  genei^l  average  of  the  whole  popula- 
tion. This  is  regression,  and  is  a  general  phenomenon  of 
correlation  when  tlae  correlation  is  not  perfect,  as  is 
almost  always  the  case  (see  article  Heredity,  Table  I.  and 
Fig.  3606).  But  as  every  individual  produced  sexually 
has  two  parents,  four  grandparents,  eight  great  grand- 
parents, and  2re  grandparents  of  the  nth  degree,  one  need 
go  back  only  a  fpw  generations,  if  there  has  not  been 
much  inbreeding,  to  find  a  group  of  ancestors  sufficiently 
numerous  to  givp  a  fair  sample  of  the  population  as  a 
whole.  So,  in  cases  of  direct  heredity,  regression  may  be 
said  to  be  a  tendency  of  the  offspring  to  depart  from  the 
peculiarity  of  the  parent  toward  the  general  average  of 
the  ancestry. 

Beversion,  in  the  strict  sense  of  Pearson,  is  a  departure 
from  the  peculiarity  of  the  parents  toward  tlie  peculiarity 
of  some  particular  ancestor.  From  the  many  recorded 
cases  we  may  select  for  illustration  two  cases  cited  by 
Darwin.  A  pointer  bitch  produced  seven  puppies,  four 
of  which  were  marked  with  blue  and  white,  a  very  un- 
usual color  for  pointers.  One  of  these  puppies  was  pre- 
served and  it  was  found  later  that  he  was  the  great-great- 
grandson  of  Sappho,  a  pure  bred  pointer  bitch,  which  he 
closely  resembled.  The  other  case  is  that  of  a  black  bull 
in  Kincardinshire,  the  son  of  a  black  cow  with  white  legs 
white  belly,  and  part  of  the  tall  white.  In  1870  a  calf 
was  born  which  was  the  great-great-great-grandchild  of 
the  bull  and  had  the  same  very  peculiar  markings  as  the 
bull's  mother,  all  the  intermediate  ancestors  of  this  calf 
having  been  black  like  the.bull  himself. 

Atavism  (Lat.  atavtis,  an  ancestor)  in  the  strict  sense,  is 
a  return  to  the  peculiarity  of  the  ancestral  form  of  the 
species.  As  this  ancestral  form  is  generally  unknown, 
the  explanation  of  an  unusual  variation  as  due  to  atavism 
is  m  most  cases  merely  conjectural.  For  example,  the 
dark  stripes  that  appear  sometimes  upon  the  back,  shoul- 
ders and  legs  of  horses  have  been  attributed  to  atavism 
by  Darwm,  Ewart,  and  others;  the  presence  of  these 
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Stripes  being  regarded  as  evidence  of  a  striped  ancestry 
■when  considered  in  connection  with,  the  coloring  of  other 
species  of  the  genus  Equus,  lilie  the  zebra,  quagga,  etc. 
Another  example  of  atavism  is  the  occasional  appearance 
of  supernumerary  mammse  and  teats  in  women  and  in 
men.  In  women  they  have  been  observed  to  produce 
milk.  These  are  regarded  as  atavistic  because  in  the 
Lemuroidea,  the  lowest  group  of  Primates,  there  are,  in 
addition  to  the  well-developed  functional  mammse  on  the 
pectoral  region,  rudimentary  teats  upon  the  abdomen  and 
groin.  They  thus  approach  the  condition  found  in  dogs 
and  pigs,  while  in  the  apes  and  man  there  is  normally 
but  a  single  pair  of  mammse. 

Sometimes  it  is  difficult  to  determine  whether  a  given 
unusual  variation  is  a  case  of  atavism  or  a  sport.  For 
example,  it  is  known  that  the  anpestors  of  the  horses  had 
three  toes,  and  it  is  probable  that  the  ancestors  of  the 
modern  cats  and  dogs  had  five  digits  on  all  four  feet,  but 
dissections  in  some  cases  have  shown,  and  it  is  probably 
true  in  most  cases,  that  when  polydactylism  occurs  in 
these  animals  the  phenomenon  is  similar  to  polydactyl- 
ism in  man,  which  is  certainly  a  sport  and  not  atavistic. 
Dai'win  showed  that  the  crossing  of  distinct  breeds  of 
animals  may  result  in  the  appearance  of  atavistic  charac- 
ters. For  example,  in  his  experiments  with  pigeons  he 
found  that  when  he  crossed  two  distinct  breeds,  even 
when  they  showed  no  trace  of  blue  color  or  of  bars  on 
the  wings,  the  mongrel  offspring  would  frequently  ex- 
hibit some  of  the  blue  color  or  traces  of  the  wing  bars  of 
Columha  lima,  the  wild  rock  pigeon,  which  species  he 
regarded  as  the  ancestral  form  of  the  domestic  pigeon. 
More  striking  results  were  obtained  by  again  crossing 
the  mongrels,  the  best  case  was  the  result  of  pairing  a 
mongrel  female  barb-fantail  with  a  mongrel  male  barb 
spot,  neither  of  which  mongrels  had  the  least  blue  about 
them.  The  offspring  exhibited  the  general  blue  color 
and  every  characteristic  mark  of  the  wild  rock  pigeon. 

When  individuals  of  separate  races  or  species  are 
crossed,  the  mongrel  or  hybrid  offspring  of  the  first  gen- 
eration may  be  more  or  less  intermediate  in  character 
between  the  two  parents,  or  they  may  resemble  one  par- 
ent only  in  some  respects.  Putin  subsequent  generations 
there  is  greater  diversity  among  the  offspring,  and  rever- 
sion to  one  or  the  other  parental  type  is  common.  The 
facts  were  noted  by  Darwin,  but  the  first  one  to  study 
them  by  statistical  methods  was  Gregor  Mendel,  abbot  of 
Brunn  in  Austria.  Mendel's  work  was  published  in  1866 
and  1870,  but  it  remained  practically  unnoticed  until 
1900,  when  De  Vries,  happening  to  find  a  reference  to  it, 
looked  it  up  and  was  surprised  to  discover  that  Mendel 
had  anticipated  results  which  De  Vries  himself  was  then 
about  to  publish.  Mendel  worked  with  varieties  of  gar- 
den peas  and  studied  one  character  at  a  time,  first  testmg 
the  varieties  to  make  sure  thart  they  would  breed  true. 
He  found  that  when  the  parents  possessed  certam  con- 
trasted characters  one  character  of  each  pair  would  fail 
to  appear  in  the  first  generation  of  offspring,  but  would 
reappear  in  subsequent  generations.  He  called  the  char- 
acter that  appears  exclusively  in  the  first  generation 
dominant,  while  the  one  that  reappears  only  in  later  gen- 
erations he  termed  recessive.  In  peas  he  found  that  the 
rounded  form  of  the  seed  is  dominant  and  the  wrinkled 
form  recessive,  the  yellow  color  of  the  cotyledons  of  the 
ripe  seed  is  dominant,  the  green  color  recessive,  and  the 
same  is  true  of  a  number  of  alternative  characteristics. 
Now  the  Doint  of  Mend'el's  work  is  that  he  found  the 
dominant  "^and  recessive  characters  to  reappear  m  suc- 
ceeding generations  according  to  a  definite  and  simple 

numerical  law.  ,  *   i  v,     ^ 

If  a  certain  dominant  character  be  represented  by  ^ 
and  the  corresponding  recessive  by  a,  then  all  the  ott- 
snrinff  of  the  first  generation  will  have  apparently  only 
the  character^.  But  if  the  flowers  of  this  generation 
are  fertilized  with  their  own  pollen,  the  next  generation 
will  contain  U  to  SA.  These  plants  being  again  sell^ 
fertilized,  all  of  the  recessives,  a,  are  found  to  breed  true 
and  to  continue  to  do  so  during  succeeding  generations 
One-third  of  the  dominants  also  breed  true  in  the  same 


way,  but  the  other  two-thirds  give  rise  to  both  forms,  as 
the  hybrids  did,  in  the  same  proportion  of  one  to  three. 

These  relations  may  be  represented  by  the  following 
diagram : 
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If  we  represent  pure  dominants  by  A  and  dominants 
capable  of  producing  both  kinds  of  offspring  by  Aa,  and 
suppose  each  plant  to  produce  only  four  seeds,  the  fol- 
lowing ratios  will  be  obtained : 

A 

Second  generation 1 

Third  generation 3 

Fourth  generation 7 

Fifth  generation 15 

Sixth  generation 31 

i+nth  generation 2"  — 

If  we  consider  two  or  more  characters  at  a  time,  the 
results  become  correspondingly  complicated,  for  charac- 
ters that  are  not  mutually  exclusive  may  appear  in  the 
offspring  in  any  possible  combination.  Thus  the  seed 
may  be  dominant  in  shape  and  recessive  in  color,  or  vice 
versa,  or  it  may  be  dominant  in  both  or  recessive  in  both. 

Mendel  offered  as  an  explanation  of  these  relations  the 
supposition  that  in  cases  of  this  kind  the  alternative  char- 
acters are  not  combined  in  the  germ  cells,  but  each  car- 
ries the  pure  heritage  of  one  parent  only  with  respect  to 
any  one  character,  e.g.,  the  shape  of  the  seed.  That  this 
view  harmonizes  with  recent  studies  of  the  maturation 
divisions  was  pointed  out  in  a  previous  article  (see  Reduo- 
tion  Division).  If  the  chromosomes  transmit  the  bases  of 
separate  groups  of  characters,  as  is  indicated  by  Boveri's 
recent  work,  we  may  represent  a  pair  of  homologous 
chromosomes  in  the  hybrid  by  the  symbol  Aa.  In  the 
maturation  of  the  germ  cells  with  a  reducing  division  the 
chromosomes  would  be  separated  into  four  cells  thus: 

J.-f-4  +  »  +  »/ 
and  when  fertilization  takes  place  by  union  with  an  equal 
number  of  germ  cells  of  opposite  sex  containing  A'-\-A'  + 
a'  +  a',  the  following  combinations  are  possible : 

AA'  +  Aa'  -4-  aA'  +  aa',  the  most  probable  proportion 
being  1  AA  :  2Aa  :  laa. 

This  would  give  one  recessive  to  three  dominants,  but 
only  one  dominant  out  of  three  would  breed  true,  for  the 
other  two  would  contain  recessive  chromosomes  in  their 
germ  plasm. 

The  difficulty  with  Mendel's  theory  is  that  the  statis- 
tical results  obtained  by  other  observers  do  not  always 
show  the  exact  proportions  required,  and  that  the  domi- 
nant and  recessive  characters  are  variable  and  therefore 
sometimes  difficult  to  distinguish.  And  also  for  this  rea- 
son it  is  not  easy  to  determine  whether  a  race  is  breeding 
true  or  not.  The  theory  has  been  criticised  on  these 
grounds  by  Pearson  and  Weldon ;  while  it  is  defended, 
and  its  results  are  confirmed,  by  De  Vries,  Correns,  Bate- 
son,  Castle,  and  others.  Bobert  Payne  Bigelow. 
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RHATANY. — {Krameria,  U.  S.  P.;  Krarmrim  Radix, 
B.  P. ;  Radix  Rlia.tanim,  P.  G.)  Tbo  dried  roots  of  sev- 
eral species  of  Krameria,  especially  of  II.  triandra  R.  et 
P.,  K.  Ixina  L.,  and  K.  argentea  St.  Hil.  (fam.  Krameri- 
acece). 

The  last  mentioned  is  not  now  official  in  the  United 
States  PharmacopcEia,  but  will  doubtless  be  so  in  the 
forthcoming  edition.  The  Kramerias  are  low  or  semi- 
prostrate  shrubs  of  tropi- 
cal or  warm  temperate 
parts  of  America.  They 
have  very  long,  thick 
roots,  noted  for  the 
thickness  of  their  bark. 
Since  the  active  constit- 
uent exists  mostly  in 
the  cortex,  the  thicker- 
barked  varieties  are  the 
better.  The  first-named 
grows  in  the  higher  An- 
des and  yields  Peruvian 
Krameria,  the  poorest 
variety.  The  second 
comes  from  the  Santa 
Marta  region  of  Colom- 
bia, and  Is  about  inter- 
mediate in  quality  be- 
tween the  first  and  the 
third,  which  latter  comes 
from  Nortliern  Brazil. 
This  is  usually  sold  as 
Savanilla,  the  genuine 
8a vanilla  now  reaching 
the  market  only  occa- 
sionally. K.  lanceolata 
Torr. ,  of  the  Southwest- 
ern United  States  and 
Northern  Mexico,  yields 
a  good  Krameria,  but  it 
is  scarcely  a  commercial 
article. 

Description.  —  Peru- 
man  Krameria.  —  Root 
branches  usually  occur- 
ring with  several  or 
many  attached  to  a 
short,  hard,  and  woody 
tap  root,  which  is  1.5-4 
cm.  (i-l\  in.)  thick, 
roughly  fissured  and 
supports  a  knotty,  sev- 
eral- to  many -headed 
crown ;  of  indefinite 
length,  rarely  exceed- 
ing 50  cm.  (20  in.)  and 
usually  less  than  1  cm. 
(I  in.)  thick,  cylindrical, 
flexuous  or  wavy,  very 
flexible ;  externally  light 
red -brown,  more  or  less  marked  with  dark,  scaly  patches, 
especially  upward,  otherwise  smoothish,  devoid  of  trans- 
verse fissures;  fracture  tough  and  splintery,  the  pinkish- 
brown  bark  occupying  less  than  one-third  of  the  radius, 
the  wood  yellowish  or  pinkish-white,  finely  radiate; 
inodorous  and  of  a  very  astringent  taste. 

Brazilian  Krameria.' — Branches  usually  occurring  de- 
tached from  the  tap  root  and  crown,  less  flexuous  than 
those  last  described,  externally  of  a  deep  purple-brown 
or  chocolate-brown  and  with  numerous  transverse  cracks 
or  fissures ;  fracture  less  tough  than  tliat  of  the  last,  the 
bark  and  wood  both  darker,  the  former  occupying  two- 

964 


Fig.  4110.  —  Krameria  Triandra ; 
transverse  section  of  root.  (Bail- 
Ion.) 


fifths,  or  even  more,  of  the  radius,  the  taste  more  astrin- 
gent than  that  of  the  last. 

The  most  important  constituent  is  from  eight  to  twenty 
per  cent,  of  krameria-tannic  acid  or  rhatania-tannie  acid, 
a  brilhant  deep  red  amorphous  mass,  soluble  in  alcohol 
and,  if  pure,  in  water  also.  It  is  usually  only  partly 
water-soluble,  owing  to  the  cliange  of  a  portion  of  it 
to  phlobaphene  by  dehydration.  Krameiia-tannic  acid 
gives  a  dull  green  color  with  diluted  acids,  and  is  flesh- 
colored  with  gelatin.  It  is  decomposed  by  dilute  mineral 
acids  into  sugar  and  rhatania  red. 

Published  statements  as  to  the  relative  percentages  of 
tannin  in  the  different  varieties  are  not  reliable,  since  it 
is  the  very  commonest  occurrence  for  the  varieties  to  be 
confused  in  commerce  and  in  experiments. 

Rhatany  is  a  reliable  and  useful  astringent,  owing  to  its 
tannin,  and  is  applicable  to  all  conditions  in  which  gallic 
or  tannic  acid  is  useful.  The  crude  drug  may  be  given 
in  powder,  in  doses  of  1-3  gm.  (gr.  xv.-xxx.),  tliough  a 
liquid  preparation  is  preferable.  The  pharmacopoeia  pro- 
vides an  extract,  the  dose  of  which  is  two  to  four  grains, 
a  fluid  extract,  dose  fifteen  to  thirty  minims,  and  a 
twenty-pcr-cent.  tincture,  the  dose  of  which  is  from  one 
to  two  fluidrachms.  Henry  H.  Rusby. 

RHEUMATIN  is  the  salicylate  of  saloquinine,  and  rep- 
resents a  large  percentage  of  the  salicylic  radical  in 
combination  with  quinine.  It  occurs  in  tasteless  white 
acicular  crystals,  which  are  but  sparingly  soluble  in 
water.  Overlach  finds  its  action  practically  specific  in 
acute  rheumatism,  without  any  digestive  disturbances, 
and  distinct  from  that  of  a  mixture  of  quinine  and  sali- 
cylic acid.  Pieper  found  it  valuable  in  trigeminal  neu- 
ralgia as  well  as  in  rheumatism.  The  dose  is  1  gm.  (gr. 
XV.)  three  or  four  times  a  day.  W.  A.  Bastedo. 

RHEUMATISM,  ACUTE  ARTICULAR.— Definitiost. 

— An  infectious  disease,  caused  by  a  germ  or  germs  not 
j'et  identified,  and  characterized  by  (1)  a  general  consti- 
tutional reaction ;  (2)  an  irregular  febrile  movement ;  and 
(3)  non-suppurative  inflammation  of  the  connective-tis- 
sue structures  of  the  joints,  the  muscles,  and  the  heart. 

History. — In  former  times  articular  rheumatism  was 
confounded  witli  gout.  Sydenham,  in  the  closing  years 
of  the  eighteenth  century,  first  made  plain  the  difference 
between  the  two  diseases. 

Nature. — Rheumatism  is  now  regarded  almost  uni- 
versally as  an  infectious  disease  caused  by  germs  from 
without.  Two  other  theories  were  formerly  held :  first, 
that  it  is  due  to  the  presence  of  an  excess  of  lactic  acid 
in  the  blood;  second,  that  it  is  of  neurotrophic  origin. 
These  views  are  no  longer  held  by  the  best  men.  With 
regard  to  the  first,  it  need  only  be  said  that  it  offers  no 
reasonable  suggestion  as  tfothe  cause  of  the  excess  of  lac- 
tic acid.  An  excess  of  lactic  acid  is  almost  always  pres- 
ent, but  it  is  no  more  logical  to  say  that  the  lactic  acid 
causes  the  joint  troubles  than  that  the  joint  troubles 
cause  the  lactic  acid,  or  that  the  fever  causes  both. 

The  second,  or  neurotrophic,  theory  is  open  to  objec- 
tion on  the  ground  that  it  offers  no  cause  for  the  neuro- 
trophic disturbances.  Furthermore,  if  so  serious  and 
acute  a  disease  as  rheumatism  be  neurotrophic  in  its  ori- 
gin, we  ought  to  find  in  every  case  serious  disturbance  of 
tlie  central  nervous  system,  while  as  a  matter  of  fact  such 
disturbance  is  very  uncommon. .  Again,  all  other  diseases 
of  proven  neurotropliic  origin  are  of  slow  progress  and 
conspicuously  slow  recovery,  which  rheumatism  under 
proper  treatment,  is  not.  The  neurotrophic  theory  is 
really  founded  upon  a  confusion  between  articular  rheu- 
matism and  rheumatoid  arthritis.  The  latter  disease  is 
now  regarded  as  neurotrophic,  but  its  morbid  anatomy 
and  clinical  picture  are  so  different  from  those  of  rheuma- 
tism that  the  two  diseases  may  be  said  to  have  nothing  in 
comnion  except  the  fact  that  they  both  affect  the  ioints 

,,  ^9''„°*  ?^^  Se™  tlieory  of  rheumatism  we  may 
urge  the  following  arguments :  (1)  All  other  acute  diseases 
with  tever  and  constitutional  reaction  are  now  believed 
to  be  infectious.    Most  of  them  have  been  proven  so 
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(3)  All  other  acute  inflammations  of  joints — e.g.,  pyemic, 
gonorrhoBal,  tuberculous,  and  syphilitic  arthritis — are 
known  to  be  infectious.  (3)  Acute  rheumatism  has  sev- 
eral times  been  found  to  occur  in  epidemics.  (4)  There 
are  two  cases  on  record  in  which  parturient  women,  suf- 
fering from  rheumatism,  have  borne  cliildren  who  shortly 
after  birth  developed  fever  and  polyarthritis. 

The  bacteriology  of  rheumatism  is  still  in  doubt.  In 
1891  Achalme,  of  Paris,  claimed  to  have  identified  the 
germ.  He  Isolated  from  the  blood  and  pericardial  fluid 
of,  in  all,  eight  rheumatic  patients,  a  bacillus  which  he 
regarded  as  characteristic.  It  was  found,  however,  that 
cultures  of  this  bacillus,  injected  into  animals,  produced 
not  the  ordinary  lesions  of  articular  rheumatism,  but  local 
congestion,  destruction  of  tissue,  and  gas  bubbles.  West- 
phal,  Wassermau,  and  MalkofC,  in  1899,  found  in  a  fatal 
case  of  post-rheumatic  chorea  a  very  few  diplococci 
which  produced  in  animals  fever  and  non-suppurative 
polyarthritis.  Poynton  and  Paine,  of  London,  in  1900 
found  a  diplococcus  which  may  prove  to  be  this  same 
germ.  They  Isolated  it  from  eight  cases  of  severe  acute 
rheumatism,  finding  it  in  the  blood,  the  pericardial  fluid, 
the  vegetations  from  diseased  heart  valves,  the  tonsils, 
and  the  urine.  They  also  demonstrated  its  presence  in 
the  joint  exudations  of  inoculated  rabbits.  These  rab- 
bits sliowed  multiple,  non-suppur^tive  arthritis,  valvular 
endocarditis,  pericarditis,  and  moderate  pyrexia.  Passed 
along  from  one  animal  to  another,  the  germ  showed  great 
constancy  in  its  effects.  These  results  are  very  striking, 
but  up  to  the  time  of  writing  no  confirmatory  reports 
have  been  published. 

A  view  which  has  gained  some  support  during  the 
past  year  is  that  rheumatism  is  due  to  the  presence  in 
the  body,  not  of  bacteria,  but  of  toxins.  F.  W.  Pack- 
ard, of  Philadelphia,  has  declared  in  favor  of  this  view, 
and  has  also  stated  that  in  a  large  number  of  cases  the 
intoxication  results  from  an  infected  tonsil.  It  is  certain 
that  tonsillitis  is  of  very  common  occurrence  at  the  be- 
ginning of  an  attack  of  rheumatism,  and  it  may  be  im- 
agined that  the  lymphoid  tissue  of  the  tonsil,  by  its 
power  of  filtration  (Manfredi)  allows  the  toxins  to  pass 
through  and  stops  the  bacteria.  The  emigration  of  the 
inflammation  from  joint  to  joint,  so  often  seen  during  an 
attack  of  rheumatism,  seems  to  suggest  a  local  intoxica- 
tion rather  than  infection,  and  so  also  does  the  rapid  and 
complete  recovery  under  proper  treatment.  And  sali- 
cylic acid,  while  a  very  weak  germicide,  is  known  to 
have  a  powerful  chemical  action  upon  toxins,  e.g.,  diph- 
theria antitoxin.  There  is  need  for  further  investigation 
along  this  line. 

Etiology.— Rheumatism  is  seen  everywhere.^  It  is 
most  common  in  temperate  climates.  In  New  York  it 
occurs  most  frequently  during  the  early  months  of  the 
year.  A  series  of  514  consecutive  cases  from  the  records 
of  the  New  York  Hospital  gave  the  following  results: 

Season  of  year:  July  1st  to  January  1st,  140  cases; 
January  1st  to  July  1st,  374  cases. 
Sex :  Of  all  ages,  837  males,  177  females. 
Of  cases  under  30,  43  males,  44  females. 
Age-  Under  10  years,  6  cases,  or  1.17  per  cent. ;  10-30 
years,  81  cases,  or  15.8  per  cent. ;  30-30  years,  300  cases, 
or  88  9  per  cent. ;  30-40  years,  180  cases,  or  35.3  per 
cent. ;  40-50  years,   66  cases,  or  13.8  per  cent. ;  50-60 
years,  33  cases,  or  4.47  per  cent. ;  over  60  years,  8  cases, 
or  1.55  per  cent.  .  ,     ,         - 

These  figures  are  in  general  agreement  with  those  tor 
tlie  Montreal  General  Hospital,  quoted  by  Osier.  It  will 
be  seen  that  rheumatism  is  pre-eminently  a  disease  of 
early  adult  life,  nearly  sixty-five  per  cent,  of  the  cases 
occurring  during  the  period  of  greatest  bodily  and  men- 
tal strain,  or  between  the  ages  of  twenty  and  forty.  The 
difference  in  susceptiMlity  between  men  and  women  is 
hardly  explainable  except  upon  the  ground  of  diflerence 
in  occupation  and  women's  freedom  from  the  alcoholic 
and  tobacco  habits. 

Many  observers  claim  a  distinct  hereditary  predisposi- 
tion (Osier,  Church  and  Cheadle,  Lyman).  But,  as  many 
different  conditions  have  in  the  past  been  grouped  to- 


gether under  the  common  name  of  rheumatism,  the  im- 
portance of  an  hereditary  predisposition  may  have  been 
exaggerated. 

Exposure  to  cold,  especially  damp  cold  (Lyman),  is  the 
exciting  cause  in  a  certain  number  of  cases.  Men  who 
lead  outdoor  lives,  exposed  to  all  kinds  of  weather,  and 
who  are — as  this  class  often  is — somewhat  alcoholic,  are 
very  liable.  Second  and  third  attacks  are  common.  Of 
the  514  cases  quoted  above,  64  had  had  one  previous  at- 
tack, and  43  more  than  one ;  so  that  one  attack  of  rheu- 
matism confers  no  immunity  as  regards  subsequent 
attacks. 

Morbid  Anatomy. — Typical  rheumatism  always  at- 
tacks more  than  one  joint.  A  case  of  monarthritis  with- 
out history  of  previous  attacks  should  be  viewed  with 
doubt.  The  inflammation  is  exudative  in  type,  with 
congestion  and  a  fibrino-serous  exudate,  containing  a 
few  leucocytes,  in  all  the  tissues  of  the  joint  proper,  and 
also  in  the  cellular  tissue  and  tendon  sheatlis  around  the 
joint.  There  are  rarely,  if  ever,  in  an  uncomplicated  case 
enough  leucocytes  to  make  the  exudate  purulent.  The 
synovial  fluid,  with  which  the  joint  cavity  is  distended, 
is  sometimes  of  acid  reaction  and  may  be  blood-stained. 
The  cartilage  cells  in  the  joint  cartilages  proliferate,  and 
the  intercellular  substance  splits  up,  assuming  a  velvety 
appearance.  All  these  changes  are  susceptible  of  rapid 
repair. 

The  blood  shows  increase  of  fibrin,  fats,  cholesterin, 
and  extractive  matter.  The  serum  remains  alkaline. 
Urea  and  uric  acid  are  not  increased.  Red  blood  cells 
are  much  diminished.  No  disease  produces  pronounced 
anaemia  quicker  than  acute  rheumatism. 

The  urine  is  acid,  high-colored,  and  of  high  specific 
gravity.  It  deposits,  upon  standing,  a  sediment  of 
amorphous  urates  and  sometimes  uric-acid  crystals. 

There  is  an  excessive  excretion  of  sweat.  This  is  of 
neutral  reaction,  but  quickly  becomes  acid  if  the  pa- 
tient's skin  be  not  kept  scrupulously  clean. 

CLiNiCAii  HiSTOKY.' — In  the  majority  of  cases  the  first 
symptom  noticed  is  lameness  of  one  or  more  joints.  This 
may  be  preceded,  during  a  few  days,  by  the  symptoms 
of  an  ordinary  coryza  or  acute  pharyngitis  or  tonsillitis. 
The  slight  lameness  and  soreness  are  usually  overlooked, 
and  the  patient  continues  to  foflow  his  ordinary  occu- 
pations. After  a  few  days  more  the  symptoms  grow 
worse,  swelling  and  redness  appear  in  the  affected  joints, 
the  pain  increases  until  the  least  motion  causes  agony, 
there  is  a  febrile  movement,  with  or  without  distinct 
chills,  anorexia,  constipation,  and  profuse  sweating,  and 
we  have  the  full  clinical  picture  developed.  In  a  few 
cases  the  disease  is  ushered  in  by  a  rigor,  with  an  imme- 
diate development  of  all  the  symptoms;  or  the  case  may 
begin  in  a  mild  way,  and  later  develop  suddenly  the 
graver  and  more  acute  type. 

When  the  disease  is  once  established,  it  shows  very 
little  tendency  to  spontaneous  termination.  Under  the 
older  systems  of  treatment  it  would  run  for  many  weeks. 
The  inflammation  may  move  entirely  in  a  few  hours  from 
one  part  of  the  body  to  another— from  knee  to  wrist, 
from  w.rist  to  ankle,  or  from  one  leg  or  arm  to  the  other. 
Of  the  location  of  the  disease  it  is  a  noteworthy  fact 
that  it  shows  a  marked  tendency  to  attack  the  same  joint 
on  both  sides  of  the  body.  In  the  above-quoted  series 
both  knees  were  involved  in  313  cases,  the  left  knee  alone 
in  79,  the  right  knee  alone  in  59.  AH  the  joints  of  the 
body  showed  at  least  a  plurality  of  cases  of  symmetrical 
involvement.  The  knee  is  the  most  frequent  seat  of  in- 
flammation, 351  cases  showing  affection  of  one  or  both. 
The  ankle  came  second  in  my  series  with  256  cases ;  next 
the  wrist,  125  cases;  shoulder,  116;  foot,  109;  hand,  97; 
elbow  78;  hip,  44;  and  lastly  the  sternoclavicular  joint, 
1  case.  The  fever  is  irregular,  rarely  very  high  except 
in  cases  of  hyperpyrexia,  and  yields  more  readily  to  the 
salicylates  than  do  the  joint  troubles. 

Complications.— Of  these  the  most  important  are 
those  which  affect  the  heart.  Indeed,  were  it  not  for  the 
cardiac  complications,  an  attack  of  rheumatism  would  be 
little  more  than  a  disagreeable  incident  m  a  man  s  lite. 
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Endocarditis  ordinarily  adds  but  little  to  the  severity  or 
Immediate  danger  of  the  attack,  but  it  leaves  permanently 
damaged  valves  which,  except  in  a  very  few  cases,  never 
regain  their  perfect  function.  As  to  the  frequency  of 
this  complication  authorities  differ.  Of  the  514  cases 
quoted  above,  152,  or  39.57  per  cent.,  showed  murmurs 
distinctly  valvular.  Of  these  104,  or  more  than  two- 
thirds,  gave  the  signs  of  mitral  insufficiency.  Only  two 
showed  a  pure  mitral  stenosis,  while  24  showed  a  double 
mitral  lesion.  In  32  cases  there  were  murmurs  at  the 
base  of  the  heart,  of  which  8  were  systolic,  6  diastolic, 
and  8  double. 

Rheumatic  endocarditis  is  usuallj'  an  inflammation  of 
the  connective-tissue  portion  of  the  endocardium  of  the 
valves.  The  endothelial  covering,  according  to  MacLa- 
gan,  is  aflected  only  secondarily  as  a  result  of  friction 
caused  by  changes  in  the  shape  of  the  valve.  By  this 
means  the  endothelium  is  rubbed  off,  leaving  a  rough 
spot  upon  which  the  fibrinogenic  elements  of  the  blood 
coagulate,  forming  so-called  "vegetations."  Poynton 
and  Paine  report  diplococci  in  the  base  of  the  valve,  but 
not  near  the  surface.  Malignant  ulcerative  endocarditis 
is  very  rare  in  rheumatism.  Where  it  occurs,  it  is  prob- 
ably always  due  to  secondary  infection. 

Rheumatic  endocarditis  usually  gives  no  symptoms. 
It  is  generally  discovered  by  the  attending  physician, 
who  must  always  be  on  the  lookout  for  it.  In  bad  cases 
there  may  be  indefinite  pain  referred  to  the  prsecordium, 
or  slight  dyspncea  and  palpitation.  There  may  be  em- 
bolic attacks,  due  to  detachment  of  a  vegetation. 

Pericarditis,  either  dry  or  with  effusion,  often  occurs. 
It  shows  the  ordinary  morbid  anatomy  of  an  exudative 
inflammation  of  a  serous  membrane.  The  symptoms 
vary  according  to  the  character  of  the  exudate.  In  dry 
pericarditis  there  is  great  pain  in  the  prsecordium,  with  a 
violent  and  irrfegular  pulse.  The  characteristic  "see- 
saw "  murmur  may  be  present,  or  there  may  be  only  a 
systolic  murmur,  or  a  faint  clicking  sound,  or  even  no 
murmur  at  all.  With  effusion  we  get  muffling  of  the 
heart  sounds,  upward  displacement  or  total  disappear- 
ance of  the  apex  beat,  increase  of  the  prsecordial  dulness, 
and  the  patient  complains  of  great  weakness  and  urgent 
dyspnoea  on  the  slightest  movement.  Generally,  but  not 
always,  there  is  increase  in  the  fever,  and  there  may  be  a 
distinct  chill  at  the  invasion  of  the  pericarditis. 

Myocarditis  is  rare  in  rheumatism.  It  is  seen  in  mid- 
dle-aged or  older  patients,  whose  aortae  and  coronary  ar- 
teries are  not  of  the  best.  Fatal  cases  which  come  to  au- 
topsy show  a  slight  degree  of  granular  degeneration  of 
the  heart  muscle,  due  to  the  systemic  poisoning. 

Respiratory  Tract. — As  stated  above,  coryza,  pharyn- 
gitis, and  tonsillitis  are  often  seen  early  in  the  disease. 
Laryngitis  and  bronchitis  occasionally  occur.  Pleurisy 
and  pneumonia  are  sometimes  found,  usually  in  the  cases 
with  heart  complications.  Among  the  five  hundred  and 
fourteen  cases  mentioned  there  were  fifteen  pleurisies  and 
five  pneumonias.  The  pleurisy  is  generally  accompanied 
by  serous  effusion.  The  pneumonia  is  patchy,  and  lobu- 
lar in  type.  According  to  Osier,  severe  and  fatal  pul- 
monary congestion  is  sometimes  seen. 

Nervous  System. — The  peripheral  nerves  are  sometimes 
affected  by  rheumatism.  The  sciatic  nerve  is  the  most 
common  seat  of  trouble,  but  occasionally  a  part  or  the 
whole  of  the  brachial  plexus  is  involved.  These  compli- 
cations are  sometimes  slow  to  yield  to  treatment.  More 
severe  are  the  cerebral  complications.  Rheumatic  menin- 
gitis is  certainly  very  rare,  and  probably  in  some  cases 
salicylic-acid  poisoning  has  been  mistaken  for  it.  The 
cerebral  symptoms  most  commonly  seen  are  delirium, 
stupor,  and  occasionally  convulsions.  These  symptoms, 
in  connection  with  excessively  high  temperature,  con- 
stitute the  condition  known  as  Aj/p^rpyrexia,  which  is 
always  grave  and  often  fatal.  The  high  temperature 
(sometimes  reaching  110°  F.)  seems  to  be  due  to  paralysis 
of  the  heat  control  centre  in  the  medulla. 

Chorea  is  sometimes,  especially  in  children,  seen  in  asso- 
ciation with  rheumatism,  but  more  frequently  combined 
with  endocarditis  than  with  polyarthritis.     It  is  apt  to 
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occur  late  in  the  disease.  The  nature  of  the  connection 
between  the  two  diseases  (rheumatism  and  chorea)  is  not 
known. 

.%«.— Rheumatic  iritis  is  certainly  a  genuine  disease. 
It  presents  the  ordinary  appearance  and  symptoms  of 
iritis,  and  yields  to  salicylates.  It  is  usually  mild. 
Iridocyclitis  with  destruction  of  the  eyeball  belongs  rather 
to  gonorrhoea  than  to  rheumatism. 

Skin. — Sudamina  are  common,  as  might  be  expected 
from  the  profuse  perspiration.  Erythema  nodosum  has 
been  reported  by  Osier.  Scarlatiniform  erythema  is  seen 
from  time  to  time.  Purpuric  spots  occurred  in  three 
cases  in  my  series. 

/Subcutaneous  Tissues,  Fascia,  etc. — Occasionally,  in 
severe  cases,  small  lumps  are  noticed  under  the  skin  in 
the  neighborhood  of  aflected  joints.  These  are  called 
"rheumatic  nodules."  They  consist  of  fibrous  tissue 
with  a  number  of  small  round  cells.  Poynton  and  Paine 
report  having  found  diplococci  in  some  of  them. 

Course  and  Prognosis. — As  to  whether  or  not  rheu- 
matism is  a  self-limited  disease  authorities  differ.  It  is 
certain,  however,  that  the  disease  without  treatment  runs 
a  tedious  and  uncertain  course,  and  is  liable  to  relapse, 
and  to  develop  a  low  form  of  chronic  arthritis,  the  so- 
called  chronic  rheumatism.  The  prognosis  is  almost  al- 
ways good  as  to  life.  Only  two  deaths  occurred  in  the 
five  hundred  and  fourteen  cases  cited.  This  is  a  low 
ratio,  less  than  0.4  per  cent.  Probably  the  usual  mortal- 
ity is  between  0. 5  and  1  per  cent.  It  would  seem  from 
the  literature  (and  Lyman  indorses  this)  that  the  disease 
runs  a  milder  course  in  America  than  in  England.  The 
fatal  cases  are  those  with  severe  acute  heart  and  lung 
complications,  or  hyperpyrexia.  As  regards  complete 
recovery  the  prognosis  must  always  be  guarded  on  ac- 
count of  the  heart  complications.  Most  of  these  leave 
permanent  damage,  to  give  trouble  perhaps  many  years 
later.  Life  insurance  men  say  that  second  and  third  at- 
tacks are  less  likely  to  affect  the  heart  than  first  attacks, 
perhaps  because  the  second  and  third  attacks  come  later 
in  life.  It  is  certain  that  the  most  serious  rheumatic  car- 
diac lesions  are  seen  in  young  persons.  The  mitral  valve, 
when  not  too  extensively  damaged,  is  able  sometimes  to 
adapt  itself  to  new  conditions,  and  regain  perfect  com- 
petency. 

Diagnosis. — Articular  rheumatism  may  be  confounded 
with  gouty,  gonorrhoeal,  or  septic  arthritis,  with  tuber- 
culosis and  syphilis,  with  acute  septic  epiphysitis,  and 
with  arthritis  deformans.  Goui  occurs  late  in  life,  in  its 
acute  form  is  monarticular,  and  the  history  of  inherited 
tendency,  of  faulty  hygiene,  and  possibly  of  previous 
attacks,  helps  to  distinguish  it.  Gonorrhceal  arthritis  is 
also  frequently  monarticular,  the  joint  has  less  of  the 
appearance  of  an  acute  inflammation,  is  less  painful,  and 
an  urethral  discharge  may  be  discovered  on  careful  ex- 
amination. Tuberculosis  is  also  monarticular,  and  of 
subacute  or  chronic  type.  At  the  beginning  of  the  sec- 
ond stage  oi  syphilis  there  are  sometimes  joint  pains  with 
the  slight  febrile  movement  which  precedes  the  roseola. 
Here  the  history  usually  serves,  and  the  appearance  of 
the  rash  dispels  doubt.  Septic  arthritis  and  acute  epi- 
physitis are  always  due  to  some  septic  focus  elsewhere  in 
the  body,  the  course  of  the  temperature  is  pyeemic,  and 
the  symptoms  do  not  respond  to  salicylates.  Some  forms 
of  rheumatoid  arthritis  are  occasionally  mistaken  for 
rheumatism,  but  careful  examination  will  almost  always 
reveal  the  characteristic  deformity  of  the  aflected  joints. 
Rheumatism  may,  however,  occur  in  a  patient  who  is 
already  the  victim  of  rheumatoid  arthritis.  Here  the 
diagnosis  may  be  difficult,  and  one  may  have  to  rely 
upon  the  progress  of  the  inflammation  from  joint  to 
joint,  or  upon  the  test  of  treatment.  It  may  be  repeated 
here  that  without  the  history  of  previous  attacks,  a  cer- 
tain diagnosis  of  rheumatism  is  impossible  unless  more 
than  one  joint  is  involved. 

Treatment,— The  patient  must  be  put  to  bed  and 
kept  there.  His  pajamas  or  night  gown  should  be  of 
flannel,  and  he  should  lie  between  blankets  whenever 
possible.    The  bowels  must  be  opened  freely  at  the  out- 
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set.     The  best  purgative  is  one  grain  of  calomel,  given 
in   quarter-grain   doses  every  fifteen  minutes,  and  fol- 
lowed, four  hours  later,  by  a  Seidlitz  powder,  or  a  full 
dose  of  citrate  of  magnesia,  or  half  an  ounce  of  Rochelle 
salts.     No  more  bed  clothes  should  be  allowed  than  just 
enough  to  give   reasonable  warmth.     If  their  weight 
cause  pain  or  discomfort,  they  must  be  supported  upon 
some  kind  of  a  framework.     The  patient  must  be  sponged 
off  with  warm  water,  often  enough  to  keep  his  skin  per- 
fectly clean.     The  copious  sweat  rapidly  undergoes  acid 
fermentation,  and  if  not  removed  causes  itching  and  sore- 
ness.    The  diet  should  consist  mainly  of  milk.     This  may 
be  varied,  from  time  to  time,  with  small  quantities  of 
"beef  tea  and  clam  broth.     Plenty  of  water  should  be  al- 
lowed, or  vichy,  or  soda  water,  or  lemonade.     These 
■drinks  help  to  keep  the  urine  blqnd,  and  ease  the  strain 
upon  the  kidneys.     The  drug  of  drugs  to  be  used  is  sali- 
cylic acid  in  one  of  its  forms.     It  may  be  given  as  the 
salicylate  of  soda,  or  as  oil  of  wintergreen,  or  as  salicin. 
Salicylate  of  soda  is  the  cheapest,  and  most  patients  bear 
it  well,  but  it  sometimes  upsets  the  stomach.     Oil  of 
wintergreen  is  said  to  be  quicker  in  its  action,  but  it  has 
no  advantage  so  far  as  the  stomach   is  concerned,  for 
patients  quickly  tire  of  its  penetrating  odor  and  taste. 
Salicin  is  less  active  than  the  other  two,  but  delicate 
stomachs  bear  it  better.     Whichever  of  these  drugs  is 
chosen  must  be  pushed  to  the  limit  of  toleration.     This, 
and  only  this,  should  be  the  limit  of  dosage.     Salicylate 
of  soda  is  usually  given  in  watery  solution,  the  other  two 
usually  in  capsules.     It  is  best  to  begin  by  giving  twenty 
grains  every  two  hours,  and  to  continue  this  until  deaf- 
ness and  tinnitus  aurium  begin  to  develop,  when  the  dose 
should  be  lessened,  or  the  intervals  lengthened,  or  both. 
It  is  good  practice  to  give  ten  or  twenty  grains  of  bro- 
mide of  sodium  when  the  tinnitus  begins.     Elderly  peo- 
ple, whose  arteries  and  kidneys  are  worn,  do  not  bear 
salicylates    well.     Such     patients     must    be    carefully 
watched,  and  the  dose  regulated  to  suit  them.     Symp- 
toms of    poisoning  sometimes   develop   quite  rapidly. 
The  writer  has  seen  maniacal  delirium,  lasting  two  days, 
as  the  result  of  two  and  one-half  drachms  of  oil  of 
wintergreen,  given  in  the  course  of  twenty-four  hours. 
»Should  poisoning  occur  the  salicylates  must  be  discon- 
tinued, bromides  and  chloral  must  be  given,  the  heart 
being  carefully  watched,  and  in  most  cases  no  permanent 
harm  results.     As  the  pains  subside,  and  the  temperature 
comes  down,  the  dose  of  salicylate  may  be  reduced,  but 
the  medicine  must  be  continued  for  several  days  after  all 
pain  has  disappeared,  otherwise  the  symptoms  may  re- 
turn.    Some  authorities  claim  that  relapses  are  more  fre- 
quent under  the  salicylates  than  under  the  older  systems 
of  treatment.     This  does  not  seem  to  be  the  case,  pro- 
vided the  medicine  be  continued  long  enough.     The  sa- 
licylates have  no  effect  upon  a  cardiac  lesion,  once  estab- 
lished, but  by  their  action  in  shortening  the  disease  and 
lessening  its  virulence  and  severity,  they  certainly  pro- 
tect the  heart  to  some  extent. 

How  the  salicylates  act  is  a  question  difficult  to  answer. 
They  are  not  strongly  antipyretic  and  analgesic,  like 
acetanilid  and  phenacetin,  and,  according  to  Miquel, 
they  are  rather  feebly  antiseptic,  salicylic  acid  being 
effective  in  preventing  bacterial  growth  in  a  strength  of 
1  to  1,000,  while  salicylate  of  soda  requires  a  strength  of 
1  to  100.  Salicylate  of  soda  has  been  found  useful  in  re- 
lieving unpleasant  symptoms  due  to  diphtheria  antitoxin, 
and  if  we  suppose  rheumatism  to  be  due  to  intoxication 
rather  than  to  infection,  this  may  be  the  answer  to  the 
question.  The  efficacy  of  the  salicylates  is  beyond  ques- 
tion, but  the  reason  for  this  efficacy  needs  further  inves- 
tigation. .  ,  . 

There  are  some  unfortunate  patients  who,  on  accoimt 
of  idiosyncrasy,  cannot  take  salicylates  at  all.  For  these 
we  must  rely  upon  the  old-fashioned  alkaline  treatment. 
Twenty  grains  each  of  citrate  and  bicarbonate  of  soda 
may  be  given  every  two  or  three  hours.  The  results  of 
this  treatment  are  not  brilliant.         .       .      ^   .    ,_,        .^, 

Local  treatment  of  the  affected  joints  is  advisable,  with 
the  idea  rather  of  increasing  the  patient's  comfort  than 


of  affecting  the  course  of  the  disease.  The  joints  must 
be  kept  at  rest  in  the  least  uncomfortable  position  attain- 
able. They  should  be  protected  by  bandages  of  flannel, 
or  lightly  packed  in  cotton  batting  or  wool.  They  may 
be  dressed  with  a  ten-per-cent.  ointment  of  salicylic  acid, 
or  with  pure  oil  of  wintergreen,  or  with  guaiacol,  dis- 
solved in  olive  oil,  or  incorporated  with  lanolin  or  lard. 
The  joints  must  not  be  handled  at  all.  The  writer  has 
seen  most  exquisite  agony  in  a  case  under  his  care,  caused 
by  an  ill-advised  friend  of  the  patient,  who  insisted  upon 
gently  stroking  her  inflamed  wrist.  The  manipulation 
gave  momentary  comfort,  but  within  an  hour  the  wrist 
swelled  almost  to  twice  its  normal  size,  and  throbbed 
until  it  was  necessary  to  use  iced  cloths  to  relieve  the 
pain.  Ice  has  been  commended  as  an  application  in 
rheumatism,  also  heat  in  various  forms.  In  some  cases 
hot  or  cold  applications  are  of  use,  the  choice  lying  with, 
the  one  which  gives  the  greater  comfort,  but  in  most 
cases  protection  and  ointments  will  give  all  the  comfort 
attainable.  Occasionally  after  an  obstinate  case  of  rheu- 
matism, one  or  more  joints  exhibit  a  low  grade  of  chronic 
synovitis.  These  are  best  treated  by  blistering,  followed 
by  a  tight  bandage. 

Of  the  complications  of  the  disease,  endocarditis  calls 
for  little  or  no  direct  treatment.  The  patient  must  be 
kept  absolutely  quiet,  with  the  head  low.  If  the  heart 
be  overacting,  ice  may  be  applied.  Very  rarely,  if  ever, 
does  rheumatic  endocarditis  cause  urgent  cardiac  weak- 
ness. Should  this  appear,  the  salicylates  must  be 
stopped,  and  a  little  strychnine  may  be  very  cautiously 
administered.  No  more  than  necessary  should  be  given, 
for  every  extra  heart  beat  may  cause  the  endocarditis  to 
spread.  Pericarditis,  on  the  other  hand,  calls  for  active 
treatment.  An  ice  bag,  or  a  cold  coil,  should  be  applied 
over  the  heart,  aconite,  in  one-drop  doses  of  the  tincture, 
may  be  given  under  careful  observation,  and  morphine 
or  codeine  may  be  needed  to  relieve  the  pain.  If  effusion 
appear,  blisters  and  diuretics  are  required,  and  if  these 
fail  to  cause  absorption  the  pericardium  may  require  tap- 
ping. Of  the  nervous  complications,  the  neuralgic  pains 
are  best  treated  with  local  applications  of  pure  oil  of 
wintergreen,  or  of  menthol,  twenty-five  per  cent,  in  alco- 
hol. Hyperpyrexia  must  be  treated  by  cold  baths.  No 
other  antipyretics  are  of  the  least  use.  Alcohol  and 
strychnine  are  also  needed.  The  treatment  of  this  con- 
dition is  quite  similar  to  that  of  sunstroke,  to  which  it  is 
probably  akin.  The  neurasthenic  and  melancholic  con- 
ditions seen  sometimes  during  convalescence  require  ap- 
propriate care,  but  these  oonditions  have  no  peculiar  feat- 
ures depending  upon  the  rheumatism  that  caused  them. 

The  skin  complications  require  no  treatment.  The 
treatment  of  the  respiratory  complications  is  on  general 
principles. 

The  after-treatment  requires  tonics,  general  hygienic 
regulation  of  the  daily  life,  and  avoidance  of  over-exer- 
tion. It  is  well  to  have  the  throat  carefully  examined 
and,  if  necessary,  treated,  for  there  is  ample  warrant  for 
believing  that  future  attacks  may  occur  as  the  result  of 
infection  of  a  diseased  tonsil.  Donald  M.  Ba/rstow. 

RHEUMATISM,  CHRONIC  ARTICULAR.— Defini- 
tion.—A  chronic  affection,  characterized  by  stiff  and 
painful  joints. 

Etiology.- The  impression  is  gaining  ground  that 
chronic,  as  well  as  acute,  articular  rheumatism  is  of  bac- 
terial origin,  although  the  responsible  micro-organisms 
have  not  as  yet  been  identified.  The  disease,  according 
to  continental  writers,  is  a  frequent  sequel  of  acute  rheu- 
matism, but  in  North  America  it  is  more  commonly  inde- 
pendent of  antecedent  acute  or  subacute  attacks.  It  oc- 
curs most  frequently  after  the  middle  period  of  life, 
especially  among  those  who,  in  addition  to  contending 
with  the  hardships  of  poverty,  must  engage  in  occupa- 
tions of  a  laborious  character  which  involve  exposure  to 
cold  and  dampness,  such  as  day  laborers,  farmers,  hun- 
ters, washerwomen,  and  the  like. 

Pathology.- The  cavity  of  the  joint  is  not  infre- 
quently dry.     The  synovial  membrane  and  its  villi  are 
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thickened  and  injected,  and  adhesions  may  form  between 
the  opposing  surfaces.  The  articular  cartilages  are  dis- 
torted, perhaps  eroded  and  partly  absorbed  in  cases  of 
long  duration.  The  capsule  and  ligaments  of  the  joint 
and  the  tendon  sheaths  adjacent  to  the  affected  articula- 
tion are  thickened.  Atrophy  of  the  muscles  in  the 
vicinity  of  a  chronically  rheumatic  joint  is  by  no  means 
uncommon,  especially  when  single  large  articulations 
(knee,  shoulder,  hip)  are  involved.  Atrophy  from  disuse 
is  likely  to  occur  if  the  joint  becomes  ankylosed.  Per- 
ipheral neuritis  and  pressure  from  exudation  on  the 
muscles  themselves  or  their  nutrient  vessels  have  also 
been  designated  as  factors  in  the  muscular  vj^asting. 

Symptoms. — The  conspicuous  symptoms  are  pain  and 
stiffness  in  the  affected  joint.  Most  commonly  the  onset 
is  slow  and  insidious.  The  pain  usually  becomes  more 
severe  during  rainy  weather,  partioilarly  in  the  variable 
climatic  conditions  of  spring  and  autumn.  The  stiffness 
is  most  marked  in  the  morning  and  after  rest,  and  lessens 
after  exercise.  The  pain  is  apt  to  be  increased  by  move- 
ment, and  is  often  very  troublesome  at  night.  The 
affected  joints  may  be  tender  upon  palpation,  but  swell- 
ing, if  present,  is  usually  slight.  The  inflammation  is 
rarely  of  sufficient  intensity  to  cause  redness  of  the  joint. 
The  course  of  the  disease  is  as  a  rule  afebrile,  but  if  many 
joints  participate  in  an  exacerbation  there  may  be  a  slight 
and  transient  rise  of  temperature.  The  disease  may  be 
monarticular,  involving  a  single  large  joint,  the  knee, 
shoulder,  or  hip  in  particular,  but  generally  a  number  of 
joints,  both  large  and  small,  are  implicated.  The  joints, 
if  the  disease  is  of  some  duration,  are  likely  to  creak  or 
grate  when  moved,  because  of  the  dryness  and  roughness 
of  the  articular  surfaces.  In  cases  of  long  standing  the 
joints  are  enlarged  and  distorted,  the  mobility  is  decreased 
in  varying  degrees,  and  they  may  become  completely 
ankylosed.  Muscular  atrophy  takes  place,  and  the  pa- 
tient may,  in  the  severest  cases,  become  bedridden.  The 
joint  changes  when  established  are  usually  persistent, 
and  do  not  shift  from  one  articulation  to  another  as  in 
rheumatic  fever.  In  mild  cases  the  general  health  may 
remain  wellnigh  unimpaired,  but  in  the  severer  and 
more  painful  cases  gastric  disturbances,  emaciation,  anae- 
mia, and  neuralgias  may  be  present  with  varying  intens- 
ity. Other  complications  are  not  common,  but  chronic 
endocarditis,  with  resultant  valvular  defects,  may  be  as- 
sociated with  the  joint  changes. 

Diagnosis. — Chronic  articular  rheumatism  may  require 
to  be  differentiated  from  chronic  articular  gout  and  ar- 
thritis deformans,  although  in  the  majority  of  cases  the 
diagnosis  is  easily  made. 

Gout  is  more  apt  to  affect  the  smaller  joints.  There  is 
usually  a  history  of  acute  attacks  involving  the  great 
toe-joint,  tophi  if  found  are  distinctive,  and  the  evi- 
dences of  arteriosclerosis  and  granular  kidney  are  much 
more  common  in  gout  than  in  chronic  rheumatism. 

It  is  difficult,  and  readily  may  be  impossible  to  distin- 
guish between  arthritis  deformans  and  chronic  rheuma- 
tism in  the  early  stages.  In  more  advanced  cases  the 
former  presents  greater  deformity  of  the  joints,  while 
rheumatism  tends  rather  to  ankylosis  with  comparatively 
slight  alteration  in  shape,  and  moveover  is  likely  to  at- 
tack a  larger  number  of  articulations  than  arthritis 
deformans.  It  is  proper  to  state  that  by  some  writers 
arthritis  deformans  is  regarded  as  an  advanced  stage  of 
chronic  rheumatism. 

Prognosis. — The  presence  of  chronic  rheumatism  is, 
as  a  rule,  not  incompatible  with  a  long  life,  but  it  is  es- 
sentially a  chronic  ailment,  and  the  majority  of  cases  are 
obstinately  resistant  to  all  therapeutic  measures.  In  ex- 
ceptional cases  great  improvement  or  apparent  cure  may 
take  place ;  in  many  the  disability  and  pain  may  be  much 
relieved ;  in  some  the  disease  may  seriously  aflect  many 
joints  and  render  the  patient  helpless. 

Treatment.— If  circumstances  permit,  the  patient 
should  live  or  at  least  spend  the  winter  months  in  a 
warm,  equable,  dry  climate,  such  as  that  of  Southern 
California  or  the  South  of  Europe.  Otherwise  the  ut- 
most care  should  be  taken  to  sliield  the  subject  from 


dampness,  cold,  and  bad  weather  by  good  shelter  and 
warm  clothing.  The  digestive  functions  should  be  main- 
tained in  good  order,  enemata  and  laxatives  being  em- 
ployed when  they  are  required.  The  diet  should  be- 
regulated  so  that  it  is  digestible  and  ample  in  order  to- 
keep  the  nutrition  of  the  body  at  its  best.  Moderate  ex- 
ercise should  be  taken  when  possible.  A  daily  cold 
sponge  followed  by  a  good  towelling  is  usually  helpful, 
and  those  who  find  that  the  sponging  disagrees  with  them 
should  employ  the  dry  friction  alone. 

Local  treatment  is  of  prime  importance.  Counter-irri- 
tation should  always  be  used,  by  means  of  stimulating 
liniments  or  by  painting  with  tincture  of  iodine;  by  the 
application  of  a  series  of  small  blisters ;  or  by  "  striping  " 
the  painful  joint  with  the  Paquelin  cautery,  or,  what 
answers  as  well,  with  a  glass  rod,  the  end  of  which  has 
been  heated  in  an  alcohol  flame.  The  application  of 
ichthyol  and  iodine,  salicylic  acid  (gr.  xxx.  to  gi.)  or 
belladonna  ointments,  is  at  times  of  much  service.  Sys- 
tematic massage  and  passive  movements  are  useful,  es- 
pecially for  the  prevention  of  ankylosis  and  atrophy,  and 
for  the  lessening  of  swelling  and  stiffness.  Electrical 
treatment  may  or  may  not  be  of  service,  but  is  always, 
worth  a  trial. 

Hydriatic  measures  of  various  kinds  should  not  be 
omitted.  At  home  a  hot  bath  at  night  often  mitigates 
pain  and  secures  a  more  restful  sleep:  so  also  do  hot 
fomentations  of  the  painful  joints.  Or,  finally,  the  af- 
fected joint  may  be  wrapped  in  three  or  four  thicknesses 
of  linen  wrung  out  of  cold  water  and  covered  with  flan- 
nel and  oiled  silk  or,  in  lieu  of  the  latter,  thick  brown- 
paper. 

Complete  and  systematic  hydriatic  measures,  including- 
also  the  hot-air  treatment  (baking  the  affected  joints) 
generally  require  a  daily  visit  to,  or,  if  practicable,  a  stay 
of  some  duration  in,  an  establishment  provided  with  the 
necessary  apparatus  and  trained  attendants,  particularly 
in  the  sanatoria  which  avail  themselves  of  natural  medi- 
cinal and  thermal  waters.  Among  the  latter  are  the  Hot 
Springs  of  Arkansas  and  Virginia,  Richfield  Springs  of 
New  York  State,  Banff  on  the  Canadian  Pacific  Railway 
in  the  Rocky  Mountains,  St.  Clemens  in  Michigan,  and 
Santa  Rosalia  *  in  Mexico.  Here  and  in  Europe  a  variety 
of  baths — Turkish,  Roman,  sand,  mud,  and  peat — have 
been  employed.  Thorough  and  persistent  hydrotherapeu- 
tic  treatment  usually  secures  great  relief,  and  even  in  ob- 
stinate cases  a  permanent  cure  is  sometimes  obtained. 

Medicinal  treatment  is  not  very  satisfactory.  As  a 
rule  the  administration  of  iron,  quinine,  strychnine,  ar- 
senic, and  other  reconstructives  is  helpful;  so  also  is  a 
course  of  cod-liver  oil,  mixed  fats,  or  extra  butter  and 
cream  in  the  dietary.  Iodides,  guaiacum,  colchicum,  al- 
kalies, and  bichloride  of  mercury,  are  occasionally  use- 
ful. The  salicylates  are  unquestionably  beneficial  during 
marked  or  subacute  exacerbations. 

Olentirorth  B.  Butler. 

RHEUMATISM,  MUSCULAR— (Synonyms:  Myalgia, 

rheumatic  myositis. ) 

Definition.— A  disease  characterized  by  (1)  stiffness- 
and  soreness  on  motion  of  certain  muscles ;  (2)  tenderness 
on  deep  pressure  over  certain  points  in  their  substance ; 
and  occasionally  (3)  a  geneial  constitutional  reaction. 

Cause.- Muscular  rheumatism  is  probably,  like  the 
articular  variety,  a  local  manifestation  of  a  general  toxae- 
mia. Of  the  primary  causes  little  is  known.  Some 
cases  are  probably  of  infectious  origin.  Others  seem  to 
belong  to  the  group  of  auto-intoxications  whereof  gout 
is  the  classic  type. 

Morbid  Anatomy.- Adler  (New  York  Medical  Becord, 
vol.  Ivii.,  p.  539)  describes  the  process  as  follows:  In  one 
or  more  places  hyperaamia,  sometimes  accompanied  by 

*  "  Santa  Rosalia,  a  city  of  Southern  Chihuahua,  Mexico,  on  the 
Mexican  Central  Railway,  325  miles  south  ol  EI  Paso.  It  is  celebrated 
for  its  hot  sulphur  springs,  long  known  to  be  curative  by  the  natives 
and  much  resorted  to-  by  invalids.  They  are  especially' useful  in  inl 
flammatory  rheumatism.     Popnlation   estimated    at   8,000."— From 

The  Universal  Cyclopsedia  and  Atlas."  Newly  revised  edition. 
Appleton  &  Co.    1901. 
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small  hemorrhages,  takes  place,  followed  by  emigration 
of  cells  into  the  interstitial  tissues,  crowding  between  the 
bundles  of  muscle  fibres  and  even  betAveen  the  single 
fibrils.  Soon  the  interstitial  tissue  proliferates  actively, 
bringing  about  an  infiltration  of  the  muscle,  which  varies 
in  extent  and  density  according  to  the  intensity  of  the 
process.  In  the  milder  cases  the  process  ends  hei-e,  the 
infiltrating  material  is  absorbed,  and  the  muscle  returns 
to  practically  the  normal  condition.  In  severe  cases, 
however,  there  is  more  extensive  formation  of  new  con- 
nective tissue,  which  compresses  the  muscle  fibres  so  that 
they  degenerate  and  are  absorbed.  In  cases  of  the  sever- 
est type,  there  results  a  hard  white  mass  of  cicatricial 
tissue,  in  structure  like  a  bit  of  tendon.  Often  tlie  proc- 
ess is  not  confined  to  the  muscles.  The  neighboring 
joints,  fasciae,  tendons,  and  especially  nerves,  may  be  in- 
volved. The  nodules  are  recognizable  on  palpation  by  a 
trained  hand.  They  are  not  necessarily  found  in  the  spot 
where  the  pain  is  felt,  for  if  a  nerve  be  involved,  the  pain 
will  usually  be  referred  to  the  peripheral  distribution  of 
that  nerve. 

Clinical  Histokt. — The  disease  most  commonly  af- 
fects one  of  four  localities  as  follows:  (1)  The  deltoid 
muscle ;  (3)  the  lumbar  muscles  (lumbago) ;  (3)  the  inter- 
costal muscles  (pleurodynia) ;  and  (4)  tlie  sterno-mastoid 
muscle  (torticollis,  wry-neck).  The  relative  frequency 
of  these  locations  is  hard  to  ascertain,  for  many  patients 
are  not  sick  enough  to  go  to  bed,  and  hence  go  to  the  dis- 
pensary rather  than  to  the  hospital.  Less  frequently  we 
find  the  trouble  located  in  the  muscles  of  the  head,  espe- 
cially the  suboccipital  region,  and  occasionally  in  the 
muscles  of  the  jaw.  Adler  (foe.  cit.)  reports  three  cases  of 
rheumatism  in  the  abdominal  muscles,  one  case  simulat- 
ing biliary  colic,  the  other  two  suggesting  appendicitis. 
No  one  of  the  voluntary  muscles  is  altogether  exempt. 

The  disease  may  be  ushered  in  by  a  chill,  a  febrile 
movement,  and  all  the  signs  of  an  acute  infectious  dis- 
ease. This  is  uncommon.  Most  patients  develop  their 
symptoms  gradually,  and  the  disease  runs  a  subacute 
course,  although  it  is  rarely  without  some  fever.  The 
pain  is  not  usually  excessive.  It  is  increased  by  at- 
tempts to  use  the  affected  muscles,  and  also  by  lying 
upon  the  affected  side.  It  is  dull  and  aching  in  charac- 
ter, and  ver}'  tiresome  and  wearing.  In  some  cases, 
where  nerves  are  involved,  the  pain  is  paroxysmal  and 
radiates  over  a  wide  surface.  Such  cases  are  often 
puzzling. 

Diagnosis. — In  typical  cases  this  is  very  easy.  Lum- 
bago and  wry-neck  are  common  enough,  and  not  easily 
confused  with  anything  else,  although  in  the  former  case 
pyelitis,  and  in  the  latter,  deep  cervical  cellulitis,  must 
be  thought  of.  Deltoid  rheumatism  has  been  confused 
with  necrosis  at  the  upper  end  of  the  humerus.  Inter- 
costal rheumatism  may  be  mistaken  for  pleurisy.  Sub- 
occipital rheumatism  may  be  confused  with  neuralgia, 
neurasthenic  headache,  or  migraine.  Abdominal  rheu- 
matism may  simulate  disease  of  the  liver  and  gall  blad- 
der, the  appendix,  or  the  uterine  adnexa.  In  doubtful 
cases  the  diagnosis  must  be  made  by  palpation  of  all  the 
muscles  in  the  region  where  pain  is  felt.  "  The  infiltra- 
tion varies  in  size,  shape,  and  consistency.  After  sub- 
sidence of  the  acute  stage  the  infiltrations  may  be  recog- 
nized by  careful  palpation.  .  .  .  They  may  be  round, 
fusiform,  or  flat,  hard  and  firm  or  soft  and  doughy,  with 
surface  smooth  or  uneven.  .  .  .  While  normal  muscles 
react  upon  a  certain  vigorous  grip  with  contraction  of 
the  part  touched,  the  diseased  tissue  will  react  with 
diminished  vigor  or  not  at  all ;  it  also  shows  diminution 
of  the  normal  elasticity.  After  the  acute  stage  is  past, 
although  the  muscle  resumes  its  function  without  pain, 
yet  the  diseased  areas  remain  tender  upon  pressure.  .  .  . 
When  examining,  it  is  necessary  to  compare  the  two  sides 
of  the  body.  Aside  from  other  changes,  the  diseased  side 
will  always  be  found  abnormally  sensitive  "  (Adler,  loc. 

CouKSB  AND  Prognosis.— The  course  is  uncertain. 
Some  cases  clear  up  rapidly,  others  are  very  obstinate. 
In  a  general  way  it  may  be  said  that  muscular  rheuma- 


tism runs  a  slower  course  than  the  articular  variety,  and 
also  has  a  greater  tendency  to  relapse,  as  slight  lesions, 
usually  remain  in  the  muscle  substance  after  the  subsi- 
dence of  the  attack.  It  also  has  a  strong  tendency  to  be- 
come chronic.  Tlierefore  the  prognosis  as  to  complete 
recovery  should  be  guarded. 

Treatment. — In  all  but  very  mild  cases  the  patient 
should  be  put  to  bed  whenever  possible,  in  order  that  the 
affected  muscles  may  be  at  rest.  A  brisk  purge  is  essen- 
tial, if  it  be  our  aim  to  promote  elimination  of  the  toxins. 
Further  treatment  depends  upon  the  cause  of  the  attack, 
in  so  far  as  the  cause  can  be  made  out.  If  the  affection 
be  a  true  rheumatism,  the  salicj'lates  must  be  given  in 
full  doses  for  two  or  three  days ;  if  it  be  an  auto-intoxi- 
cation, the  salicylates  are  generally  useless,  and  an  elimi- 
native  treatment,  as  for  gout  and  allied  conditions,  must 
be  adopted.  An  exclusive  milk  diet,  with  the  bowels 
freely  opened  every  day,  is  useful,  and  this  may  be  given 
to  the  walking  cases,  provided  they  will  take  enough 
— at  least  four  quarts  a  day,  and  six  if  possible.  Milk 
is  diuretic,  and  comparatively  free  from  toxalbumins. 
Local  treatment,  in  the  shape  of  counter-irritation  in 
various  forms,  is  usually  necessarj'.  It  may  take  the 
form  of  a  blister,  or  a  few  quick  strokes  with  the  actual 
cautery  at  white  heat,  or  acupuncture,  or  painting  the 
skin  over  the  affected  musclei  with  guaiacol,  or  the  oil 
of  wintergreen,  or  a  twenty-flve-per-cent.  alcoholic  solu- 
tion of  menthol  crystals.  W.  G.  Thompson  recommends 
injections  of  sterilized  water  into  the  deeper  parts  of  the 
substance  of  the  muscle.  Adler  commends  massage  very 
highly,  but  declares  that  the  masseur  must  be  specially 
trained  to  the  work.  Of  course  massage  cannot  be  used 
until  after  the  acute  stage  is  passed. 

The  after-treatment  of  these  cases  is  highly  important. 
The  patient  must  keep  his  skin  in  healthy  activity  by 
daily  batliing.  Overclothing  must  be  avoided.  The  test 
of  this  is,  that  there  shall  be  sufficient  for  comfort,  but  it 
must  be  so  regulated  that  in  any  ordinary  weather  the 
skin  shall  not  be  moist  except  after  brisk  exercise. 
Moderate  and  regular  daily  exercise,  in  open  air  and  day- 
light, promotes  complete  oxidation  of  the  food,  and  thus 
protects  the  system  against  auto-intoxication.  Regard- 
ing diet,  it  may  be  said  that  the  albumins  should  be  some- 
what restricted.  Alcoholic  liquors  should  be  taken  only 
in  small  quantities.  A  good  whiskey,  well  diluted,  is- 
probably  the  least  harmful  stimulant.  Large  quantities 
of  water— four  pints  a  day —should  be  taken  to  keep  all 
the  urinary  salts  in  complete  solution.  Over-fatigue  and 
sudden  violent  exertion  are  to  be  avoided. 

Donald  M.  Barstow. 

RHEUMATOID  ARTHRITIS.— (Synonyms:  Rheumatic 
gout;  deforming  arthritis;  chronic  rheumatic  arthritis; 
rheumatic  joint;  osteo-arthritis.) 

Definition. — A  chronic  and  progressive  disease  of  the 
joints  characterized  by  deforming  changes  in  the  synovial 
membranes,  cartilages,  and  bone,  with  peri-articular  bony 
outgrowths  which  interfere  to  a  greater  or  less  extent 
with  the  mobility  of  the  affected  articulations. 

Etiology. — As  a  rule  the  disease  develops  between 
thirty  and  fifty  years  of  age,  although  it  may  occur  m 
children  under  twelve.  It  exists  with  preponderating 
frequency  in  women,  from  one-half  to  four-fifths  of  the 
cases  occurring  in  this  sex,  especially  at  the  time  of  the 
menopause.  Sterility  and  uterine  or  ovarian  disease  ap- 
parently predispose.  There  is  in  some  cases  a  family 
history  of  a  tendency  to  gouty  or  other  disease  of  the 
joints,  or  to  tuberculosis  of  the  lungs;  and  two  or  more 
cases  may  occur  in  the  same  family.  Worry,  grief,  men- 
tal shock  or  overwork,  exposure  to  cold  and  dampness, 
insufficient  diet,  and  local  traumatisms  appear  at  times 
to  be  exciting  causes.  There  are  two  theories  as  to  the 
essential  cause  of  the  disease;  one,  that  it  is  of  nervous, 
origin ;  the  other,  that  it  is  a  chronic  infection.  Accord- 
ing to  the  former  theory  the  disease  is  akin  to  the  arthrop- 
athies of  nervous  origin.  Thus  the  joint  changes  in 
arthritis  deformans  are  very  similar  to  those  which  may 
occur  as  a  result  of  locomotor  ataxia,  syringomyelia, 
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hemiplegia,  and  injuries  of  nerve  trunks.  The  not  in- 
frequent presence  of  neurotrophic  phenomena,  such  as 
marked  muscular  atrophy,  glossy  skin,  and  alterations 
in  the  nails  and  bones,  is  oJf  some  significance;  so  also  is 
the  occurrence  of  numbness,  tingling,  and  severe  pain, 
involving  special  nerves  or  nerve  trunks.  Moreover,  the 
joint  lesions  are  usually  symmetrical. 

On  the  other  hand,  the  idea  that  the  disease  will  prove 
to  be  a  chronic  infection  is  gaining  adherents,  although 
a  specific  microbic  agent  has  not  as  yet  been  identified. 
In  favor  of  this  view  is  the  fact  that,  in  a  considerable 
proportion  of  cases,  arthritis  deformans  follows  an  acute 
infection,  especially  gonorrhoea  and  epidemic  influenza. 
In  some  instances  the  onset  is  acute  and  the  joints  are 
red,  swollen,  and  painful ;  and  in  children  there  may  be 
splenic  enlargement  and  swelling  of  the  lymphatic 
glands. 

Pathology  (ob  Morbid  Anatomy). — The  morbid 
changes  begin  in  the  cartilages  of  the  affected  joints, 
which  after  proliferating  become  softened  and,  especially 
in  the  centre  and  at  the  points  of  greatest  pressure,  are 
absorbed  or  worn  away.  The  exposed  articular  bone 
surfaces  become  smooth  and  ivory -like  (eburnated).  The 
proliferating  cartilages  and  synovial  membranes  at  the 
border  of  the  joint  form  an  irregular  fringe  of  nodules 
and  polypoid  bodies  which  ossify  (osteophytes)  and  inter- 
fere more  or  less  seriously  with  the  mobility  of  the  joint. 
The  ends  of  the  bones  may  become  enlarged,  and  the 
ligaments  are  greatly  thickened.  Complete  ankylosis  is 
not  infrequent,  due  principalLy  to  the  locking  of  the 
joints  by  the  osteophytic  growths  (Hay  garth's  nodosities) 
and  the  thickened  ligaments.  In  elderly  persons  and  in 
cases  of  long  duration  the  articular  ends  of  the  bones  may 
undergo  wasting,  so  that  the  head  of  the  humerus,  or  of 
the  femur  (morbus  coxae  senilis),  may  practically  disap- 
pear, causing  partial  dislocations  and  false  joints.  The 
affected  articulations  are  more  or  less  misshapen  and  the 
■deformity  may  reach  an  extreme  grade.  When  the  hand 
is  affected  the  fingers  frequently  bend  laterally  toward 
the  ulnar  side.  The  great  toe  is  deflected  toward  the 
outer  border  of  the  foot.  The  vertebraa  when  diseased 
may  be  completely  ankylosed  by  bony  outgrowths,  and 
the  spinal  column  thus  consolidated.  Atrophy  of  the 
muscles  about  the  joint,  sometimes  of  extreme  degree,  is 
of  common  occurrence. 

Symptoms. — Five  varieties  of  the  disease  are  recog- 
nized— the  general  progressive  form,  the  monarticular 
form,  the  vertebral  form,  the  form  affecting  children, 
and  Heberden's  nodes. 

The  general  progressne  form  may  be  acute  or  chronic. 
The  aczUe  outbreak  occurs  especially  in  young  women  in 
connection  with  parturition  and  lactation,  or  in  older 
women  at  the  menopause;  it  is  occasionally  observed  in 
children.  The  symptoms  resemble  those  of  rheumatic 
fever.  A  number  of  joints  become  swollen,  seldom  red- 
dened, and  there  is  a  moderate  rise  of  temperature.  The 
subjects  become'ansemic,  low-spirited,  and  lose  flesh  and 
strength.  In  some  instances  the  disease  may  greatly  im- 
prove, only  to  renew  its  onset  under  the  influence  of 
further  child-bearing  or  nursing. 

The  chi-onic  variety  is  that  which  is  observed  in  the 
majority  of  the  cases.  As  a  rule  one  or  two  joints,  usu- 
ally of  the  hands,  are  first  involved ;  then  those  of  the 
knees  and  feet  and  other  articulations ;  finally,  in  the  se- 
verest cases,  all  the  articulations  may  be  implicated.  The 
involvement  is  usually  symmetrical.  The  earliest  symp- 
toms are  slight  swelling  in  or  about  the  joints,  and  pain 
on  movement  with  impaired  mobility.  There  may  or  may 
not  be  effusion  into  the  joint.  The  pain  may  be  ex- 
tremely severe  and  continuous,  or  slight  and  variable. 
It  is  usually  worse  at  night  and  during  the  exacerbations. 
The  disease  progresses  irregularly,  days  or  weeks  of  im- 
provement alternating  with  renewals  of  pain,  swelling, 
and  stiffness.  Slowly  the  joints  become  deformed  by 
ligamentous  thickening  and  the  formation  of  bony  out- 
growths. The  mobility  of  the  joint  decreases  and  creak- 
ing or  grating  is  felt  or  heard  upon  motion.  In  the  end 
the  joint  may  be  completely  immobile,  owing  to  the 
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checking  action  of  the  osteophytes  and  the  fibrous  thick- 
ening of  the  capsular  ligaments.  The  disused  muscles 
waste  away,  and  when  contractured  may  give  rise  to 
persistent  flexion  of  the  affected  members.  In  the  worst 
cases  the  patient  is  bedridden  and  almost  if  not  quite 
helpless.  In  one  case  under  observation  practically 
every  joint  in  the  body  was  ankylosed;  even  the  lower 
jaw  was  wellnigh  immovable.  Tingling,  numbness, 
glossy  or  pigmented  skin,  onychia,  rapid  muscular  atro- 
phy, and  increased  reflexes  have  been  observed.  Ansemia 
and  gastro-intestinal  disturbances  are  not  uncommon, 
especially  during  the  exacerbations  of  the  disease.  The 
heart  is  not  often  involved,  but  in  one  personal  case,  that 
of  a  young  woman,  there  were  advanced  arteriosclerosis 
and  an  aneurismal  dilatation  of  the  aorta. 

The  monarticular  form  affects  especially  the  hip,  knee, 
or  shoulder,  occurs  mainly  in  old  people,  and  not  infre- 
quently is  an  apparent  sequel  to  an  injury.  The  path- 
ological changes  are  similaf  to  those  of  the  chronic 
general  form,  and  the  muscles  early  undergo  atrophy. 
When  affecting  the  hip  the  disease  constitutes  the  mor- 
bus coxiE  senilis,  the  anatomical  alterations  of  which  have 
been  described. 

The  vertebral  form,  spondylitis  deformans,  is  a  progres- 
sive rigidity  of  the  spine,  due  to  ankylosis  of  the  verte- 
brae. Two  types  are  described.  The  first  is  the  so-called 
spondylitis  rhizoraelia  (Strilmpell-Marie),  which  attacks 
men  only  at  or  beyond  middle  age.  It  begins  usually  in 
the  hip-joints,  which  become  ankylosed,  the  process  sub- 
sequently extending  to  the  spine  and  shoulder-joints, 
very  rarely  to  the  knee-joints.  The  spine  becomes  rigid, 
the  ribs  flexed,  and  there  is  some  kyphosis.  The  dorsal 
and  gluteal  muscles  are  atrophied  and  exostoses  are 
found  upon  the  vertebra  and  sacral  bones.  There  is  but 
little  pain  attending  the  process.  In  the  second  (Bech- 
terew-Marie)  type  the  disease  begins  in  the  spine,  which 
becomes  ankylosed  and  kyphotic,  the  shoulders  stoop, 
the  head  is  lowered  and  carried  forward,  and  there  is 
much  intercostal  pain,  with  anaesthesia,  muscular  atro- 
phy, and  other  signs  of  involvement  of  the  roots  of  the 
spinal  nerves.  The  hip-  and  shoulder- joints  are  slightly 
if  at  all  affected.  The  disease  is  often  hereditary. 
There  is  little  doubt  that  both  types  are  forms  of  arthri- 
tis deformans,  and  are  not,  as  formerly  supposed,  inde- 
pendent diseases. 

Heberden's  nodes,  knobby  enlargements  of  the  proximal 
ends  of  the  terminal  phalanges  of  the  fingers,  are  much 
more  common  in  women  than  in  men ;  they  begin,  as  a  rule, 
between  thirty  and  forty  years  of  age.  They  are  regarded 
as  indicative  of  a  long  life,  but  it  has  been  staled  that  can- 
cer occurs  with  undue  frequency  in  women  who  have  such 
nodosities.  While  the  nodes  are  forming  the  affected 
joints  may  be  tender  and  swollen,  perhaps  slightly  red- 
dened. Exacerbations  may  be  excited  by  dietary  errors, 
or  slight  accidental  traumatisms ;  but  in  most  instances 
the  attacks  alternate  with  periods  of  quiescence  without 
apparent  cause.  Fortunately,  those  who  develop  Heber- 
den's nodes  seldom  have  the  larger  joints  affected. 

The  juvenile  Joi'm  occurs  more  frequently  in  girls  than 
in  boys  and,  as  a  rule,  before  the  second  dentition. 
While  the  disease  may  be  a  replica  of  that  affecting 
grown  persons,  the  most  important  class  of  cases  differ 
m  many  respects  from  the  adult  affection.  The  onset 
may  be  acute,  with  fever,  possibly  with  chills,  but  gen- 
erally the  first  symptom  is  a  slight  stiffness  in  one  or  two 
]omts,  others  slowly  becoming  affected.  There  is  no 
crepitus  in  the  affected  joints,  and  the  main  anatomical 
change  is  a  general  thickening  of  the  periarticular  tissues 
and  enlargement  of  the  joint  with  little  or  no  alterations 
in  the  bones.  The  mobility  of  the  joint  is  impaired  per- 
haps totally  destroyed.  There  may  be  marked  atrophy 
ot  the  muscles.  The  most  interesting  feature  of  the  mal- 
ady IS  a  general  and  marked  swelling  of  the  lymph 
glands,  occurring  especially  in  the  cases  attended  by 
fever  and  increasing  with  the  latter.  The  spleen  also  is 
enlarged  and  palpable.  Profuse  perspirations  are  rather 
common.  The  heart  is  rarely  affected.  The  subjects  are 
anjBmic,  weali,  and  ill-developed 
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DiAGKOSis.— In  the  earlj'  stages  it  is  always  difficult 
and  frequently  impossible  to  distinguish  arthritis  defor- 
mans from  chronic  rheumatism.  When  the  disease  is  well 
■developed  the  diagnosis  is  seldom  in  doubt.  The  peculiar 
joint  deformities  in  advanced  cases  are  quite  characteris- 
tic. The  more  acute  cases  may  be  mistaken  for  rheuma- 
tic fever,  but  the  slighter  fever,  the  lesser  pain,  redness, 
and  swelling,  and  the  usual  absence  of  cardiac  complica- 
tions separate  it  from  the  latter.  From  gout  arthritis 
■deformans  is  distinguished  by  the  absence  of  chalky  de- 
posits and,  usually,  of  cardio-renal  disease,  as  well  as  by 
the  fact  that  gout  usually  attacks  the  metatarso-phalan- 
geal  joint  of  the  great  toe. 

Prognosis. — In  a  majority  of  cases  the  progress  of  the 
disease  is  arrested,  leaving  several  joints  more  or  less 
■crippled.  In  other  cases  the  disease  advances  irregularly, 
with  periods  of  quiescence,  and  persists  throughout  the 
life  of  the  patient.  A  few  become  helpless  and  bedrid- 
den. As  a  rule  the  milder  forms  of  the  disease  are  not 
incompatible  with  fair  health  and  a  long  life,  but  the 
•disability  may  be  very  great. 

Treatment. — It  is  of  prime  importance  to  maintain 
the  general  health  at  its  highest  point.  Plenty  of  fresh 
air,  daily  cool  or  cold  sponging  followed  by  vigorous 
toweling,  well-ventilated  sleeping-rooms,  ample  hours  for 
sleep,  daily  exercise  according  to  ability,  laxatives  and 
■digestive  tonics  when  needed,  and  a  liberal  dietary  of 
meat,  eggs,  milk,  butter,  wine  and  malt  liquors,  should 
be  considered  essentials. 

Local  treatment  embraces  cold  or  hot  compresses  cov- 
ered with  oiled  silk,  and  left  on  for  two  or  three  hours  at 
a  time,  massage  carefully  given  and  long  continued,  per- 
•sistent  hot-air  treatment  (baking),  small  and  repeated 
blisters,  "  striping  "  from  time  to  time  with  the  thermo- 
cautery, friction  with  ointments  containing  iodine  and 
ichthyol,  systematic  passive  movements,  and  even  the 
forcible  iDreaking  of  adhesions  in  selected  cases. 

Hydriatic  treatment  should  be  begun  early  and  is  of 
great  value.  At  home  a  nightly  plain  hot  bath,  hot 
Nauheim  bath,  or  hot-air  bath  may  be  employed.  If  the 
patient  is  able  he  should  go  to  a  hydriatic  establishment 
in  connection  with  a  natural  thermal  or  medicinal  water, 
such  as  the  Hot  Springs  of  Virginia  or  Arkansas,  Mt. 
Clemens  in  Michigan,  Richfield  Springs  of  New  York, 
■Green  Sulphur  of  Florida,  or  Sharon  Springs;  Bath  in 
England;  Baden,  Wiesbaden,  Aix-les-bains,  Carlsbad, 
<iastein,  Homburg,  or  Wildbad  on  the  continent  of  Eu- 
Tope,  or  the  sand  baths,  mud  baths,  and  peat  baths  of 
various  localities. 

Electricity  may  be  employed,  but  its  effects  are  uncer- 
tain. 

Medicinal  treatment  is  at  times  very  helpful.  Iron, 
arsenic,  and  cod-liver  oil  in  full  doses  are  the  remedies 
that  are  especially  indicated.  Iodide  of  potassium  (five 
to  ten  grains),  or  the  syrup  of  the  iodide  of  iron  (ten  to 
twenty  minims)  three  times  daily  are  especially  useful  if 
there  is  much  periarticular  thickening.  In  the  acute 
polyarticular  attacks  the  salicylates  are  unquestionably 
of  great  value.  Olenlworth  JR.  Butler. 

RHIGOLENE.— Of  the  products  of  the  fractional  dis- 
tillation of  petroleum  the  lightest  is  obtainable  as  a  fluid 
hy  condensation,  and  consists  mainly  of  the  paraffin  bu- 
tane, a  body  gaseous  under  ordinary  conditions.  This 
condensed  distillate  is  termed  eymogene.  The  distillate 
of  next  higher  boiling-point  boils  at  about  18°  C.  (64.4° 
P.).  Such  distillate  consists  largely  of  the  fluid  paraffin 
pentane  ("amylic  hydride  ").  CsH,j,  and  is  the  substance 
commonly  known  as  rhiogolene.  Rhigolene  is  a  colorless, 
mobile  fluid  of  slight  and  not  unpleasant  odor  and  taste ; 
very  light,  very  inflammable,  and,  as  its  boiling-point 
predicates,  very  volatile.  It  mixes  in  all  proportions 
•with  common  (ethylic)  ether.  Rhigolene  was  proposed 
by  B.  W.  Richardson  as  a  substitute  for  ether  for  the 
production  of  local  anaesthesia  by  freezing,  after  his 
method  Because  of  the  low  boiling-point  of  rhigolene— 
lower  than  that  of  ether— the  cold  produced  by  the 
evaporation  of  a  spray  of  rhigolene  is  very  intense  and 


very  rapidly  attained.  Dr.  Richardson  observed  an  area 
of  skin  become  hard,  white,  and  insensible  at  the  expira- 
tion of  two  seconds  after  beginning  the  driving  upon  it  of 
a  rhigolene  spray.  But  such  very  rapid  freezing  Dr. 
Richardson  found  to  be  undesirable,  because  the  intense 
cooling  of  the  superficial  frozen  area  prevents  the  ab- 
straction of  heat  from  below,  and  so  limits  unduly  the 
depth  to  which  the  anaesthesia  can  be  carried.  Hence 
Dr.  Richardson  proposed  a  mixture  of  rhigolene  and  an- 
hydrous ether  in  equal  parts.  Rhigolene  dissolves  cam- 
phor, spermaceti,  and  iodine,  and  has  been  used  by 
Richardson,  again,  as  a  solvent  of  those  bodies  for  use 
for  local  applications.  A  rhigolene  solution  of  camphor 
and  spermaceti  together  Richardson  found  to  make  an 
excellent  conjoint  cooling  anodyne  and  healing  applica- 
tion to  burns.  The  vapor  of  rhigolene,  inhaled  after  the 
manner  of  vapor  of  chloroform,  is  readily  taken,  and 
jsroduces  general  anaesthesia  with  great  rapidity.  But 
in  this  application  rhigolene  has  shown  itself  dangerous, 
and  has  never  come  into  practical  use. 

Edtuwrd  Curtis, 

RHINOSCLEROMA.— A  chronic  infectious  disease  af- 
fecting chiefly  the  nose,  the  mucous  membrane  of  the 
mouth,  pharynx,  and  larynx.  It  is  due  to  a  bacillus  re- 
sembling in  some  respects  the  bacillus  of  Friedlander,  and 
is  characterized  by  the  formation  of  diffuse  and  nodular 
swellings  of  extreme  hardness,  often  followed  by  dense 
cicatrices.  It  is  a  disease  of  extreme  chronicity,  and  has 
not  been  found  to  be  amenable  to  any  form  of  treatment. 

The  disease  was  first  described  by  Hebra  in  1870  as  a 
tumor  formation  situated  in  the  nose  or  its  vicinity.  The 
growth  is  constant,  but  exceedingly  slow ;  it  is  hard  and 
indurated  and  sharply  circumscribed,  the  surrounding 
tissue  showing  no  inflammatory  or  other  change.  The 
growth  appears  in  the  form  of  smooth  nodes  of  various 
size  or  as  a  diffuse  induration.  The  surface  is  smooth 
and  shiny,  and  either  of  a  brownish-red  or  normal  color. 
It  is  painless  in  itself,  but  painful  on  contact.  It  pro- 
duces no  danger  to  the  organism  save  by  mechanical  in- 
terference with  respiration. 

Kaposi  gave  a  more  detailed  description  of  the  process 
in  1873.  In  this  he-calls  attention  to  the  frequent  involve- 
ment of  the  soft  palate,  due  to  the  extension  of  the  proc- 
ess from  the  nose.  It  begins  in  the  mucous  membrane  of 
the  side  of  the  nose  or  in  the  cartilaginous  septum.  It 
may  produce  narrowing  and  even  complete  closure  of  the 
nares,  and  from  the  nose  it  extends  to  the  pharynx,  to  the 
upper  lip,  to  the  hard  palate,  and  to  the  alveolar  proc- 
esses of  the  upper  jaw. 

We  owe  our  chief  knowledge  of  the  disease  to  two 
monographs,  one  by  Mikulicz  (Arch.  f.  Chirurgie,  1876, 
vol.  xxvii.),  and  the  other  by  Wolkowitsch  (Arch.  f. 
Ghirurgie,  1889,  vol.  xxxviii.).  There  have  been  in  addi- 
tion a  series  of  publications  of  single  cases  often  giving 
detailed  histological  reports,  and  the  discovery  of  the 
bacillus  by  Fritsch  in  1883  has  been  followed  by  a  long 
series  of  articles  on  the  presence  of  the  bacillus,  its  rela- 
tion to  the  lesions,  its  cultural  characteristics,  morphol- 
ogy, etc. 

The  investigations  of  Mikulicz  were  made  on  two 
cases.  One  of  these  had  lasted  for  sixteen  years,  and  the 
growth  had  so  interfered  with  function  that  operative 
removal  of  a  considerable  part  of  it  became  necessary. 
The  growth  began  on  the  inner  surface  of  the  left  nostril 
as  a  small  nodule,  which  gradually  increased  in  size. 
Nodules  accompanied  by  diffuse  induration  almost  com- 
pletely closed  the  nose  and  extended  to  the  septum  and 
the  upper  lip.  The  affected  parts  were  dark  red  and  ex- 
tremely indurated.  The  nose,  which  was  at  first  greatly 
enlarged,  gradually  sank  and  its  form  was  lost.  The 
infiltrated  upper  lip  was  drawn  upward^and  backward, 
and  the  entire  area  affected  became  a  flattened  indurated 
mass.  There  was  gradual  narrowing  of  the  mouth, 
which  became  so  hard  and  stift'  as  to  interfere  with  eat- 
ing. The  opening  finally  became  so  narrow  that  only 
the  point  of  the  small  finger  could  be  passed  into  it.  An 
operation  was  performed  consisting  in  enlargement  of  the 
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mouth  by  extensive  removal  of  the  indurated  tissue  about 
it.  The  entire  upper  lip  and  a  part  of  the  cheek  were 
adherent  to  the  alveolar  processes.  The  middle  of  the 
hard  palate  was  covered  with  irregular  cicatrices,  which 
extended  to  the  soft  palate  and  were  joined  with  similar 
cicatrices  in  this.  The  diseased  tissues,  although  so  hard 
to  the  touch,  gave  little  resistance  to  the  knife  and  the 
hemorrhage  was  slight.  In  the  second  case  the  disease 
appeared  as  an  enlargement  and  Induration  of  the  nose, 
which  after  five  years  became  double  in  size.  The  tissue 
removed  was  similar  in  character  to  that  removed  in  the 
first  case,  and  was  so  hard  that  fair  microscopic  sections 
could  be  made  of  it  in  the  fresh  state. 

At  the  time  of  the  publication  of  Wolkowitsch  the  dis- 
ease had  become  much  better  known.  Quite  a  number 
of  cases  had  been  published,  and  on  account  of  the  ex- 
tent of  the  lesions  in  the  pharynx,  which  had  been 
largely  neglected  by  the  first  authors,  the  name  pharyn- 
goscleroma  had  been  proposed  as  a  substitute  for  rhino- 
scleroma.  It  had  been  further  found  that  the  disease 
often  extended  into  the  lower  part  of  the  larynx,  and  es- 
pecially on  the  lower  surface  of  the  vocal  cords  and 
sometimes  into  the  trachea.  The  laryngeal  and  tracheal 
lesions  have  been  specially  studied  by  O.  Chiari  and 
Bendler.  In  1873  Gerhardt  described  under  the  name  of 
"  chorditis  vocalis  inferior  hypertrophica  "  a  form  of  dis- 
ease of  the  larynx  which  he  characterized  as  a  clironic 
inflammatory  hypertrophy  of  the  vocal  cords  leacljng  to 
stenosis.  From  a  review  of  the  literature  he  concluded 
that  the  condition  had  been  known  before,  but  not  recog- 
nized as  an  independent  disease. 

Langhofer  in  1880  studied  the  condition  histologically, 
and  found  the  lesions  characteristic  of  rhinoscleroma. 
He  held  the  two  conditions  to  be  the  same,  and  that 
scleroma  could  appear  in  the  larynx  and  trachea  inde- 
pendently of  any  affection  of  the  nose.  This  was  shortly 
confirmed  by  O.  Chiari,  and  in  1885  Chiari  and  Rhiel  col- 
lected thirty  cases  of  rhinoscleroma,  in  nine  of  which  the 
disease  had  extended  into  the  larynx.  In  Handler's  case, 
which  was  studied  from  autopsy,  the  larynx  was  ste- 
nosed  in  high  degree  by  a  thick,  hard  mass  of  tissue  extea- 
sively  ulcerated.  The  trachea  was  stenosed:  its  wall  was 
0.75  cm.  thick.  This  thickening  came  chiefly  from  the 
mucosa  and  submucosa,  which  was  converted  into  a  hard 
mass  of  tissue,  partly  covered  with  thickened  epithelium 
and  partly  ulcerated.  On  the  inner  surface  of  the  tra- 
chea there  were  radiate  cicatrices.  The  infiltration  ex- 
tended down  to  the  bifurcation,  and  for  a  distance  of 
from  1  to  1.5  cm.  into  the  primary  bronchi.  The  lesion 
extended  up  to  the  pharynx  and  nares,  but  without  alter- 
ing the  external  appearance  of  the  nose. 

Wolkowitsch  gave  a  complete  clinical  and  anatomical 
description  of  eleven  cases,  together  with  short  descrip- 
tions of  all  of  the  cases  which  he  could  collect  from  the 
literature.  In  his  first  case  ulceration  was  prominent. 
The  disease  often  begins  with  the  appearance  of  a  nodule 
or  as  an  induration,  either  at  the  sides  or  in  the  median 
line  of  the  nose.  In  certain  cases  the  induration  extends 
over  the  whole  nose  and  down  to  the  lip,  or  the  chief  ex- 
tension may  be  backward,  or  it  may  extend  in  both  direc- 
tions. Ulceration  is  rarely  a  prominent  feature,  but  in 
certain  cases  large  crater-like  ulcerations,  with  elevated 
indurated  edges,  are  formed ;  they  present  some  similarity 
to  carcinoma. 

In  other  cases  the  growth  seems  gradually  to  fill  up 
the  nose.  It  grows  more  rapidly  from  the  interior  than 
from  the  exterior.  The  nose  becomes  enormously  'en- 
larged and  flattened  laterally. 

The  disease  is  usually  found  in  the  lower  classes,  and 
it  is  difficult  to  get  information  as  to  the  manner  of  on- 
set. Sometimes  catarrh  was  noticed  as  the  first  symp- 
tom. When  ulceration  is  present,  the  ulcers  discharge  a 
thin  fluid  which  is  often  offensive.  There  may  be  exter- 
nal nodules  which  represent  an  extension  from  the  interior 
and  give  but  little  idea  of  the  extent  of  the  process.  The 
upper  part  of  the  nose  is  not  affected,  so  that  the  sense  of 
smell  is  not  lost  as  long  as  the  external  opening  is  left. 
In  rare  cases  the  disease  begins  in  the  pharynx  and 
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larynx,  and  the  disease  of  the  nose  is  secondary  and  may 
not  appear.  The  lachrymal  sac  has  been  secondarily 
affected  in  a  few  cases,  and  the  disease  has  also  extended 
into  the  Eustachian  tube.  The  deeper  parts  are  rarely 
affected,  but  in  some  instances  both  thickening  and 
ulceration  of  the  cartilage  and  of  the  bones  has  been 
found.  When  the  disease  appears  in  the  nostrils  there 
is  a  great  tendency  for  it  to  extend  to  the  upper  lip,  es- 
pecially upon  the  external  surface.  The  nodules  are  often 
covered  by  a  network  of  veins.  The  gums  are  thick- 
ened ;  irregular,  hard,  dark  or  bluish-red  nodules,  which 
sometimes  extend  to  the  mucous  membrane  of  the  palate, 
are  formed  on  them.  The  teeth  lose  their  direction,  be- 
come pressed  forward  or  backward,  and  often  thrown 
out.  The  disease  is  almost  invariably  symmetrical, 
affecting  chiefly  the  middle  line  and  extending  equal 
distances  laterally.  The  growth  extends  very  slowly 
but  continuously.  In  one  of  Mikulicz's  patients  there 
was  more  rapid  growth  at  each  pregnancy.  Like  so 
many  affections  of  the  skin  there  is  a  continuous  per- 
ipheral extension  with  central  cicatrization  and  contrac- 
tion. There  seems  to  be  but  little  tendency  for  the  le- 
sions to  become  the  seat  of  pyogenic  infections  or  other 
secondary  processes. 

In  one  case  a  carcinoma  developed  in  the  lesion  after 
the  disease  had  existed  for  twenty-five  years. 

The  first  histological  examination  was  made  by  Kaposi,, 
who  regarded  the  process  as  a  sarcoma.  He  found  tlie 
papillary  body  and  superficial  corium  thickly  infiltrated 
by  small  cells,  while  the  deeper  layers  showed  a  thick 
connective-tissue  network  with  slight  cellular  infiltration. 
The  next  investigation  was  that  of  Geber,  who  disagreed 
with  Kaposi,  and  considered  the  disease  a  chronic  in- 
flammatory process  and  not  a  tumor.  Mikulicz  also  re- 
garded it  as  a  chronic  inflammation.  Microscopically,  he 
found  areas  of  round-cell  infiltration,  and,  among  these, 
cells  which  were  much  larger  and  paler,  with  a  pale 
vesicular  nucleus.  The  growth  was  sharply  separated 
from  the  normal  tissue.  Proceeding  from  the  normal 
tissue  to  the  growth  the  first  change  seen  was  atrophy  of 
the  sebaceous  glands  and  the  hair  follicles.  The  infiltra- 
tion was  chiefly  in  the  deeper  layers  of  the  corium,  the- 
papillary  body  showing  little  change  other  than  atrophy. 
Mikulicz  considers  that  the  lesions  in  the  epithelium  are 
due  to  the  deep  cellular  infiltration ;  the  vessels  passing 
through  this  are  in  part  compressed,  and  they  serve 
rather  the  nutrition  of  the  growth  than  that  of  the  nor- 
mal tissues.  Tiie  sweat  glands  also  become  atrophied. 
The  connective  tissue  at  first  is  unaltered,  its  fibres  being 
simply  pressed  apart.  In  places  it  loses  its  fibrillar  char- 
acter and  the  intercellular  substance  becomes  homoge- 
neous. Nerve  bundles  may  be  found  running  through 
the  infiltration,  but  they  seem  to  be  especially  resistant. 
The  muscles  are  destro3fed  much  earlier  than  the  nerves. 
They  are  atrophied,  often  show  the  degenerative  prolifer- 
ation of  nuclei,  and  in  places  where  the  infiltration  is. 
more  rapid  they  become  hyaline.  Pat  cells  are  often 
present  to  a  considerable  extent.  Mikulicz  thinks  that 
the  large  cells  arise  from  the  connective  tissue. 

Cornil  and  Alvares  in  1883  called  attention  to  the  ap- 
pearance of  hyaline  masses  in  the  large  cells  first  de- 
scribed by  Mikulicz.  They  found  that  the  bacteria  were 
in  relation  to  the  hyaline  masses,  which,  as  they  supposed, 
in  part  represent  the  bacterial  capsules,  and  in  part  are 
due  to  a  hyaline  degeneration  of  the  cells  brought  about 
by  the  bacteria.  Wolkowitsch  believed  that  the  large 
cells  represented  a  special  form  of  degeneration  of  the 
granulation  cells.  The  hyalin  has  the  general  charac- 
teristics of  hyalin  as  described  by  von  Recklinghausen. 
The  cells  occasionally  break  down  and  leave  the  hyalin 
free.  The  peculiar  refraction  of  the  fresh  tissue  and  its. 
peculiar  induration  are  due  to  the  liyalin. 

The  rhinoscleroma  bacillus  was  first  described  by 
Pritsch  in  1882  in  all  of  the  twelve  cases  which  he  inves- 
tigated. The  bacilli  have  been  found  constantly  by  every 
investigator.  They  are  present  in  large  numbers,  and  are 
chiefly  in  the  large  cells,  though  they  may  be  found  be- 
tween them ;  they  vary  somewhat  in  size ;  they  are  short. 
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often  appearing  in  double  form,  and  they  present  some 
resemblance  to  the  pneumococci,  but  they  are  usually 
much  larger.  The  capsule  formation  is  a  permanent 
characteristic  and  may  be  demonstrated  even  in  the  tis- 
sues. The  best  way  of  showing  them  is  to  harden  the 
tissue  in  one-per-cent.  osmic  acid  and  then  to  stain  it  with 
some  aniline  color.  The  capsules  by  this  means  become 
very  prominent,  and  have  a  grayish-brown  color. 

From  the  appearance  of  the  organism  and  from  its  cul- 
tural characteristics  it  was  considered  by  many  to  be  iden- 
tical with  the  bacillus  pneumoniae  of  Friedlander,  and  a 
great  deal  of  the  bacteriological  literature  has  been  on 
this  subject,  but  the  general  opinion  now  is  that  it  is  dis- 
tinctly different.  The  organism  in  culture  has  the  fol- 
lowing characteristics :  It  forms  a  mucoid  cap-like  colony 
on  gelatin  plates;  no  gas  in  sugar-agar;  no  acid  in  milk- 
sugar  bouillon.  The  best  description  of  the  differential 
diagnosis  between  the  scleroma  bacillus  and  Friedlftnder's 
bacillus  is  that  of  Paltauf,  who  investigated  fifteen  cases. 
The  principal  points  of  difference  between  the  two  are 
these:  first,  the  superficial  whitish  extension  of  the  scle- 
roma bacillus  on  gelatin  is  drier  and  more  consistent  than 
the  corresponding  growth  of  Friedlander's  bacillus ;  sec- 
ond, there  is  an  entire  absence  of  gas  formation  in  sugar- 
agar  ;  and,  third,  the  organism  develops  very  imperfectly 
on  acid  media. 

The  geographical  distribution  of  the  disease  is  narrow. 
The  first  cases  were  seen  in  Austria,  and  the  disease  has 
always  been  more  frequent  there  than  elsewhere.  The 
disease  is  also  not  uncommon  in  Russia,  where  Wolko- 
witsch  studied  his  cases,  but  Central  America  and  chiefly 
the  republic  of  San  Salvador  seem  to  be  the  principal 
seat  of  the  disease  after  Austria.  Cases  have  also  been 
observed  in  France,  Germany,  Belgium,  and  Cairo.  Only 
:flve  cases  have  been  reported  in  the  United  States,  and 
only  one  of  these  was  a  native  American. 

The  disease  belongs  to  the  general  class  of  granulation 
tumors.  The  large  cells  are  of  the  epithelioid  character, 
and  resemble  the  epithelioid  cells  formed  in  tuberculosis, 
and  the  masses  of  them  may  suggest  some  similarity  to 
tuberculous  granulation  tissue.  They  do  not  undergo 
caseation,  nor  is  there  any  necrosis  in  mass.  They  are 
particularly  prone  to  hyaline  degeneration,  which  ap- 
pears to  be  due  to  the  action  of  the  bacilli,  which  they 
often  contain  in  large  numbers.  With  their  complete 
iyaline  degeneration  they  disappear,  and  their  place  is 
taken  by  dense  masses  of  connective  tissue,  to  the  con- 
traction of  which  the  cicatrization  is  due.  The  forma- 
tion of  these  masses  of  large  cells  appears  to  be  the  pri- 
mary and  essential  process ;  the  other  lesions  are  those 
common  to  all  similar  processes.  It  is  probable  that  we 
must  regard  the  disease  as  due  to  the  bacillus  which  is 
always  associated  with  it.  The  disease  is  a  peculiar  one, 
and  the  bacillus  is  in  relation  with  the  cell  formation, 
which  constitutes  its  histological  specificity.  It  is  an 
•organism  which  is  easily  cultivated,  but  no  characteristic 
lesions  can  be  produced  by  inoculation  of  animals.  It  is 
pathogenic  only  in  large  doses.  In  spite  of  its  similarity 
to  Friedlander's  bacillus  and  to  the  group  of  the  bacillus 
mucosus  capsulatus,  both  in  morphology  and  in  some 
■cultural  characteristics,  it  should  be  considered  to  be  an 
independent  organism.  None  of  these  organisms  lead 
to  a  proliferation  of  tissue,  and  their  general  action  is  to 
produce  exudations.  The  narrow  geographical  distri- 
bution of  the  disease  also  points  to  a  distinct  etiology. 
In  view  of  the  wide  distribution  of  the  bacillus  mucosus 
■capsulatus,  it  is  unlikely  that  a  variety  of  this  would 
have  so  restricted  a  field.  W.  T.  Councilman. 

RHINOSCOPY.  See  Nasal  Gamties,  Diseases  of :  Oen- 
■eral  Diagnosis. 

RHODANIDES.     See  Sulpliocyanides. 

RHUBARB.— CAm«s«  Rhubarb  ;  SJieum,  U.  S.  P. ;  Bhei 
Eadix  B.  P. ;  Radix  Rliei,  P.  G. ;  Blmbarbe  de  Chine, 
Rhubarbe  de  Museovie,  Bhvbarbe  de  Pei-se,  Codex  Med., 
■etc. 


The  dried  rhizome  and  larger  roots  of  Rheum  officinale 
Baill.,  Rheum  palmatum  L.,  and  probably  of  other  spe- 
cies of  Rheum  (fam.  Polygonacece),  deprived  of  the  outer 
corky  layers. 

The  general  features  of  the  rhubarb  plant  are  well 
illustrated  by  the  common  garden  pie-plants,  B.  rhapon- 
ticum,  etc.  There  are  twenty  or  more  species,  all  from 
Southern  and  Central  Asia,  the  drug  being  collected  in 
Northwestern  China,  Thibet,  and  the  adjacent  regions. 
Both  of  the  above-named  species  have  been  introduced 
to  cultivation  in  Europe,  and  have  produced  a  drug 
identical  in  its  essential  features  with  Chinese  rhubarb. 
The  second  named  has  not  been  cultivated  upon  a  com- 
mercial scale,  but  R.  officinale  is  quite  extensively  so 
cultivated  in  England.  The  product  is  smaller,  retains 
more  of  its  bark,  is  more  spongy,  and  less  esteemed  than 
the  Chinese  product. 

The.  underground  portion  consists  of  a  short,  thick, 
erect  rhizome,  which  gives  off  several  thick  roots. 
These  are  dug  in  the  autumn  and  the  rhizomes  and  roots 
preserved  separately, 
the  former  constitut- 
ing the  most  and  the 
more  highly  esteemed 
portions  of  the  drug. 
They  are  two  or  three 
times  as  large  as  the 
roots..  The  outer  corky 
bark  layer  is  removed 
and  the  pieces  are 
dried,  mostlj''  by  being 
suspended  upoji 
strings  passed  through 
perforations  made  for 
the  purpose. 

Desceiption. — Rhu- 
barb occurs  mostly 
either  in  unevenly  bar- 
rel -  shaped  piece  s — 
from  two  to  five  inches 
in  length  and  one- 
third  to  two-thirds  as 
thick,  the  ends  truncat- 
ed, the  surface  show- 
ing the  angular  mark- 
ings left  by  peeling, 
though  these  are  more 
or  less  rounded  off— or 
in  longitudinal  halves  or  slices  of  such  barrel-shaped 
pieces.  Usually  the  pieces  are  perforated  by  a  rather 
large  hole.  The  surface  is  of  a  bright  light  yellow  and 
covered  with  a  fine  powder,  which  should  consist  of 
the  rhubarb  substance,  but  is  sometimes  powdered  cur- 
cuma. That  which  has  been  kiln-dried  or  "  high  dried  " 
possesses  a  surface  roughened  with  broad  ridges,  sepa- 
rated by  broad  grooves,  the  latter  frequently  discolored 
to  appear  smudgy  or  blackish.  The  surface  is  less  pow- 
dery. Underneath  this  superficial  powder  the  surface  of 
rhubarb  is  found  reticulated,  the  oblong  or  lozenge- 
shaped  ends  of  the  reddish-brown  or  deep  yellow-brown 
medullary  rays  being  separated  by  intersecting  bands  of 
a  grayish-white  parenchymatic  tissue.  The  fracture  is 
irregular  but  not  at  all  fibrous,  and  of  a  grayish-red 
color.  Upon  transverse  section  the  larger  (rhizome) 
pieces  show,  near  the  periphery,  a  nearly  continuous 
circle  of  pretty  stellate  flbro-vascular  bundles,  these 
being  wanting  in  the  root  pieces.  Upon  this  transverse 
view  the  direction  of  the  medullary  rays  is  seen  to  be 
very  irregular,  less  so  toward  the  periphery.  Rhubarb 
possesses  a  peculiar  fine  aroma,  which,  however,  becomes 
coarse,  heavy,  and  a  little  empyreumatic  in  the  high-dried 
form.  When  chewed  it  produces  a  very  gritty  effect  be- 
tween the  teeth,  is  mucilaginous,  colors  the  saliva  yellow, 
and  imparts  a  bitter,  astringent,  and  somewhat  aromatic 

Powdered  rhubarb  is  frequently  adulterated,  more  es- 
pecially with  turmeric  or  curcuma.  This  may  be  recog- 
nized under  the  microscope  by  its  large,  solitary,  oval 
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FIG. 


4111. —  Piece  of  Bound  Chinese 
Rhubarb,  showing  the  white  lozenge- 
shaped  reticulation  on  its  surface  and 
the  irregular  medullary  rays  on  the 
section.    (Baillon.) 


Rice. 
Rickets. 
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starch  grains,  and  by  the  fact  that  the  particles  quickly 
impart  a  deep  yellow  color  to  a  colorless  volatile  oil  close 
to  their  margins,  when  placed  in  contact  with  it. 

Constituents. — Prom  a  therapeutic  point  of  view 
most  of  the  constituents  which  have  been  isolated  from 
rhubarb  are  unimportant.  An  active  substance  which 
has  been  extracted  (usually  to  the  extent  of  from  three 
to  five  per  cent.)  is  "cathartic  acid,"  common  to  a  num- 
ber of  important  purgative  drugs.  In  doses  of  from 
three  to  five  grains  it  produces  the  general  purgative 
effects  of  rhubarb.  It  is,  Ijowever,  not  a  simple  sub- 
stance. The  resinous  constituents  remaining  after  the 
extraction  of  the  crystalline  bodies  named  below  appear 
also  to  be  quite  active.  Tl^is  resinous  body  has  been 
separated  into  portions  respectively  called  phseoretin, 
aporetin,  and  erythroretin,  No  one,  however,  has  seri- 
ously proposed  the  substitution  of  the  use  of  any  one  con- 
stituent 01  rhubarb  for  the  entire  substance  or  its  prep- 
arations. 

The  three  constituents  which  have  attracted  the  most 
attention  from  a  chemical  standpoint,  though  the  second 
only  appears  to  have  any  activity,  are  chrysophanic  acid 
(not  an  acid  however),  emodin,  and  rhein.  They  are 
successively,  in  the  order  namr-d,  oxidation  products 
from  some  original  body  which  has  not  been  determined, 
thus:  Chrysophanic  acid,  Ci6H802.(OH)2;  emodin, 
Ci6H,02.(OH)s;  rhein,  Ci5H.Oa.(OH)4.  Rheotannic  acid 
is  a  glucoside  yielding  rheumic  acid.  There  exist  also 
an  unstudied  bitter  principle,  an  odorous  oil,  also  a  de- 
rivative product,  about  two-tliirds  of  one  per  cent,  of  fat, 
starch,  and  calcium  oxalate,  the  last  reaching  to  a  fourth, 
or  possibly  more,  of  the  weight  of  the  drug. 

HrsTOET  AND  Vabibtibs. — Rhubarb  has  been  used  in 
China  from  the  remotest  ages  (2700  B.C.,  Fliickiger),  and 
possible  references  to  it  are  found  in  the  earliest  Euro- 
pean books  on  medicine.  As  early  as  the  seventh  cen- 
tury of  our  era,  tliere  can  be  no  doubt  of  its  occurrence 
in  Europe,  and  by  the  tenth  or  eleventh  it  was  well 
known  and  highly  valued. 

For  about  a  hundred  years  previous  to  1860  the  Rus- 
sian Government  monopolized  the  rhubarb  trade  between 
Siberia  and  the  Chinese  provinces,  and  established  an  ex- 
ceedingly strict  inspection  of  all  the  roots  exported  that 
way,  condemning  and  destroying  all  but  those  which 
were  absolutely  perfect.  In  this  way  an  exceptionally 
fine  quality  was  obtained,  and  exported,  after  its  long 
hard  journey,  from  Moscow.  Curiously,  in  England  and 
this  country  the  old  and  entirely  inappropriate  name 
"  Turkey  rhubarb  "  was  given  to  this  variety.  Since  1860 
this  inspection  has  been  discontinued,  and  this  grade  of 
rhubarb  has  entirely  disappeared  from  English  and 
American  commerce. 

The  great  bulk  of  the  present  commercial  product  is 
known  as  Canton  rhubarb,  though  this  name  also  has 
ceased  to  be  descriptive. 
Shensi  rhubarb  is  preferred 
to  Canton,  and  a  specially 
fine  variety  is  that  Itnown 
as  Tze-chuen.  The  round 
pieces  are  in  general  prefer- 
red to  the  flat  and  the  natural 
to  the  high-dried.  For  house- 
hold use  rhubarb  is  frequent- 
ly cut  into  pretty  little  forms, 
fingers,  crescents,  stars,  etc. 

Action  and  Use. — When 
chewed  rhubarb  stimulates 
the  saliva.  In  small  doses, 
in  the  stomach,  it  seems  to 
act  as  a  digestive  stimulant ; 
in  larger  ones  it  appears  to 
be  a  simple  purgative,  hast- 
ening along  the  contents  of 
the  bowels  by  increased  per- 
istalsis, carrying  the  liquid  contents  of  the  small  intes- 
tine rapidly  down,  to  soften  and  force  along  the  more 
solid  mass  in  the  colon  and  rectum.  Intestinal  secretion 
is  supposed  to  be  less  stimulated  by  it  than  by  salines 
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Pig.  4112.— European  Rhubarb. 
(FlOckJBer.) 


Fig.  4113.— European  Rhubarb ;. 
surtape  of  a,  transverse  sec- 
tion.   (Flucklger.) 


or  the  cathartic  resins.    Its  coloring  matters  are  ab- 
sorbed, and  may  tinge  the  milk  and  urine. 

Rhubarb  is  mild  and  fairly  certain  in  its  action ;  it  pro- 
duces comparatively  little  pain,  no  depression  in  moder- 
ate doses,  and  its  action  is  not  prolonged.  The  tannin  in 
it  is  credited  with  producing  some  constipation  after  its. 
use,  but  the  simple  emptying  of  the  bowels  without  irri- 
tation of  the  mucous  mem- 
brane would  be  enough  to 
explain  this  result.  Rhu- 
barb is  given  in  almost  all 
conditions  in  which  simply 
emptying  the  bowels  is  de- 
sired. 

Administration.  —  R  h  u- 
barb  is  offered  by  the  Phar- 
macopoeia in  a  great  variety 
of  forms ;  it  is  also  found  in 
a  good  many  of  the  popular 
proprietary  laxative  mixt- 
ures. It  makes  a  fine,  deep 
yellow  powder  which  is 
sometimes  given,  but  not 
often,  on  account  of  its  very 
nauseous  taste.  Two  or  three 
decigrams  (gr.  iij.  to  v.),  once 
or  twice  a  day,  would  be  a 
very  mild  tonic-laxative  dose ; 
a  single  dose  of  1  gm.  (gr.  xv.)  is  mildly,  while  one  of  3. 
gm.  (gr.  XXX.)  would  be  severely,  cathartic.  Rhubarb  in. 
substance  is  frequently  taken  by  chewing  and  swallow- 
ing a  piece  of  the  root  as  large  as  a  pea  or  a  bean,  once  a. 
day  or  so,  preferably  after  eating;  the  taste,  when  the- 
drug  is  used  in  this  way,  being  less  nauseous  than  that 
of  the  powder.  The  tonic,  almost  carminative,  action  of 
rhubarb  upon  digestion,  has  led  to  its  being  widely  used 
in  this  way.  The  following  are  the  preparations  of  the 
United  States  Pharmacopoeia : 

Extract,  of  about  800  per  cent,  strength ;  fluid  extract ;. 
tincture,  containing  10  per  cent,  each  of  rhubarb  and 
glycerin  and  2  per  cent,  of  cardamom ;  aromatic  tincture, 
twice  as  much  rhubarb,  10  per  cent,  glycerin,  4  per  cent, 
each  of  cassia-cinnamon  and  cloves,  and  3  per  cent,  of 
nutmeg;  sweet  tincture,  10  per  cent,  each  of  rhubarb- 
and  glycerin,  4  per  cent,  each  of  liquorice  and  anise,  and 
1  per  cent,  of  cardamom;  compound  powder,  25  per 
cent,  of  rhubarb,  63  per  cent,  of  magnesia,  and  10  per- 
cent, of  ginger;  pills,  each  containing  0.3  gm.  of  pow- 
dered rhubarb  and  0.06  gm.  of  soap;  compound  pills,, 
each  containing  0.13  gm.  powdered  rhubarb,  0.1  gm. 
purified  aloes,  0.06  gm.  powdered  myrrh,  and  0.005  c.c. 
oil  of  peppermint.  From  the  fluid  extract  is  prepared 
the  syrup,  of  10  per  cent,  strength,  with  1  per  cent, 
potassium  carbonate,  5  per  cent,  each  of  glycerin  and 
water,  and  a  little  spirit  of  cinnamon ;  also  the  mixture  of 
rhubarb  and  soda,  containing  3. 5  per  cent,  each  of  sodium 
bicarbonate  and  spirit  of  peppermint,  1.5  per  cent,  fluid 
extract  of  rhubarb,  35  per  cent,  glycerin,  and  a  little 
fluid  extract  of  ipecac.  The  aromatic  syrup  is  made  of 
15  per  cent,  of  the  aromatic  tincture,  with  85  per  cent, 
of  syrup. 

Allied  Plants. — The  genus  contains  about  twenty 
species,  most  of  whose  roots  have  qualities  similar  to  the- 
above.  Several  of  these,  R  rhaponticum,  and  others, 
are  cultivated  in  Austria  and  elsewhere  in  Europe  for 
this  purpose,  and  the  European  product  is  trimmed  and 
prepared  so  as  closely  to  imitate  the  Chinese.  It  can 
generally  be  told  by  its  duller  color,  more  spongy  text- 
ure, absence  of  gritty  crystals  when  chewed,  and  the- 
more  regular  arrangement  of  its  medullary  rays;  the 
stellate  spots  are  absent.  It  is  very  inferior  to  genuine 
rhubarb.  Henry  H.  Rmby. 

RICE.    See  Starch. 

RICE  BODIES.— (Synonyms:  Corpuseula  Oryzoidea,' 
melon-seed  bodies.)  In  chronic  tuberculous  affections  of 
the   tendon   sheaths,  bursae,  and  synovial  membranes,. 
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there  are  frequently  formed  small  hyaline  bodies  resem- 
bling grams  of  rice  or  boiled  sago.  On  section  they  are 
either  homogeneous  or  granular,  or  concentrically  lami- 
nated.    In  the  central  portion  there  is  usually  a  small 

t  ■  V  ^^^y  ***  *1^'^S6  bodies  possess  a  definite  capsule, 
-  which  is  narrow,  and  is  made  up  of  concentric  layers 
containing  a  varying  number  of  nuclei.  In  the  main 
mass  nuclei  are  either  not  present  at  all  or  are  found  in 
very  few  numbers.  Others  consist  of  a  hyaline  fibrous 
tissue  which  in  certain  parts  may  show  few  nuclei. 
Some  are  made  up  wholly  of  fibrin,  while  in  others  the 
fibrin  consists  of  bands  scattered  throughout  the  connec- 
tive tissue.  Giant  cells  are  often  present.  As  shown  by 
the  staining  reactions  these  bodies  for  the  greater  part 
represent  organized  masses  of  fibrin  which  have  under- 
gone a  hyahne  change.  All  stages  of  the  process  may 
be  seen.  Some  of  the  bodies  stain  throughout  as  fibrin 
with  the  Weigert  fibrin  stain;  in  other  cases  the  hyaline 
substance  stains  red  with  Van  Gieson's method.  'Double 
staining  shows  in  others  the  presence  of  fibrin  threads 
in  the  midst  of  the  hyaline  fibrous  tissue.  Van  Gieson's 
method  causes  some  of  the  bodies  to  take  a  yellow  or 
brownish  stain,  the  material  of  which  these  are  composed 
not  giving  a  fibrin  reaction.  A  deep  diffuse  blue  stain- 
ing with  hiematoxylin  shows  the  presence  of  lime  salts 
in  others.  There  has  been  much  dispute  over  the  origin 
of  the  fibrin  in  these  bodies,  some  writers  holding  that  it 
is  the  result  of  a  "  fibrinoid  degeneration  "  of  granulation 
tissue.  The  actual  facts,  however,  tend  to  support  the 
view  that  the  majority  of  these  bodies  are  formed  from 
masses  of  exudative  fibrin,  which  becoming  organized 
undergoes  a  hyaline  change. 

As  shown  by  the  staining  the  genesis  and  nature  of 
these  bodies  must  vary.  They  may  consist  of  fibrinous 
masses  loosened  from  a  fibrinous  exudate  covering  the 
inner  surface  of  the  tendon  sheath  or  bursa ;  or  of  partly 
organized  masses  of  fibrin  which  have  become  loosened. 
The  most  common  mode  of  formation  is  from  loosened 
masses  of  tuberculous  or  syphilitic  granulation  tissue. 
The  inner  surface  of  the  tendon  sheath  or  bursa  in  such 
cases  presents  a  polypoid  or  villous  appearance  due  to 
organizing  masses  of  fibrin.  The  connective  tissue 
grows  into  the  fibrin,  organizing  it,  and  after  organiza- 
tion becomes  changed  into  a  hyaline  substance  possessing 
no  nuclei.  At  the  end  of  the  villi  there  are  thus  formed 
more  or  less  firmly  attached  hyaline  bodies,  which  when 
loosened  from  their  attachments  become  rice  bodies. 
Around  the  detached  body  fresh  deposits  of  fibrin  take 
place,  through  the  organization  of  which  the  body  ac- 
quires a  concentric  laminated  appearance.  The  hyaline 
change  may  begin  at  the  periphery  or  centre  of  the  body, 
or  in  any  portion  of  its  substance.  It  is  also  probable 
that  portions  of  necrotic  tissue  loosened  from  the  inner 
surface  of  a  tuberculous  hygroma  may  give  rise  to  rice 
bodies. 

By  the  majority  of  writers  the  presence  of  rice  bodies 
in  the  joints,  in  the  sheaths  of  tendons,  or  in  the  bursse, 
is  regarded  as  positive  evidence  of  the  tuberculous  nature 
of  the  affection.  In  the  great  majority  of  cases  the  proc- 
ess is  undoubtedly  tuberculous ;  tubercle  bacilli  may  be 
found  in  numbers  upon  the  surface  of  the  rice  bodies, 
and  occasionally  within  their  substance.  The  formation 
of  these  bodies  is,  however,  characteristic  of  a  fibrinous 
exudate  within  the  structures  named,  whether  due  to 
tuberculosis,  syphilis,  or  other  infection.  The  number 
of  the  bodies  bears  a  certain  relation  to  the  chronicity  of 
the  process. 

In  many  cases  great  numbers  of  the  bodies  may  be 
present  within  the  distended  sheath  or  hygroma.  In 
some  cases  they  may  be  distinctly  felt,  and  give  a  marked 
crepitation  when  moved  upon  each  other.  On  cutting 
into  the  sac  the  little  hyaline  bodies  may  roll  out  in  great 
numbers.  Aldred  Scott  Warthin. 

RICHFIELD  SPRINGS.— Otsego  County,  New  York. 

Post-Ofpioe.  — Richfield  Springs.     Hotel  and  cottages. 

Access. — From  New  York  \\t  New  York  Central  and 

Hudson  Elver  Railroad;  also  viS  Delaware,  Lackawanna, 


and  Western  Railroad.  Prom  Philadelphia  vift  Delaware 
Lackawanna,  and  Western  Railroad.  Prom  Washing- 
ton and  Philadelphia  vift  Pennsylvania  Railroad. 

This  charming  summer  resort  is  picturesquely  located 
on  Lake  Canandarago,  at  an  altitude  of  1,750  feet  above 
the  sea-level.  Richfield  may  be  classed  among  the  most 
attractive  of  our  summer  resorts.  In  writing  of  his  visit 
here  Charies  Dudley  Warner  well  and  truly  said,  "The 
charm  of  Richfield  is  in  the  character  of  its  landscapes  " 
it  IS  scenery  "  that  one  grows  to  love,  and  that  responds 
to  one  s  every  mood  in  variety  and  beauty.  In  a  whole 
summer  the  pedestrian  will  not  exhaust  the  inspiring 
views,  and  the  drives  over  the  hills,  round  the  lakes,  by 
woods  and  farms,  increase  in  interest  as  one  knows  them 
better.  The  artist  is  here  year  after  year,  one  season 
being  too  short  to  satisfy  the  demands  which  the  charms 
of  the  region  make  upon  his  loveof  the  beautiful."  The 
art  of  man  has  added  much  to  the  natural  attractiveness, 
of  the  location.  The  greatest  attraction  of  Richfield 
however,  is  found  in  the  fine  White  Sulphur  Springs. 
There  are  sixteen  springs  at  this  resort,  and  some  of 
them  have  become  widely  celebrated.  The  bathhouse 
in  connection  with  the  springs  is  one  of  the  most  com- 
plete in  the  world,  and  provides  for  the  therapeutic  use 
of  water  combined  with  massage  and  electricity  in  a 
thoroughly  scientific  manner.  It  contains  sixty-seven 
rooms  for  sulphur  baths,  Turkish  and  Russian  baths,  a 
large  swimming  pool,  a  pulverization  room,  inhalation 
rooms  for  the  treatment  of  bronchitis  and  catarrh,  elec- 
trical rooms,  douche  rooms,  and  a  sun  bath.  The  bath- 
house is  situated  on  the  grounds  directly  in  front  of  the 
Hotel  Barlington.  The  following  analysis  of  the  princi- 
pal spring,  known  as  the  White  Sulphur  Spring,  was 
made  by  Professor  Chandler,  of  New  York : 

One  United  States  gallon  contains  (solids):  Sodium 
hydrosulphate,  gr.  1.73;  calcium  hydrosulphate,  gr. 
0.09;  potassium  sulphate,  gr.  1.67;  calcium  sulphate,  gr. 
113.34;  strontium  sulphate,  gr.  0.01;  magnesium  sul- 
phate, gr.  5.15;  sodium  hyposulphite,  gr.  0.38;  magne- 
sium bicarbonate,  gr.  81.74;  sodium  chloride,  gr.  0.53; 
lithium  chloride,  gr.  0.03;  silica,  gr.  0.64;  and  traces  of 
alumina,  barium  sulphate,  iron  bicarbonate,  and  calcium 
phosphate.     Total,  154.38  grains. 

Sulphureted  hydrogen  gas  is  present  to  the  extent  of 
14.30  cubic  inches  in  each  gallon.  This  spring,  it  will  be 
observed,  is  very  heavily  charged  with  sulphureted 
hydrogen  gas.  Other  important  springs  at  Richfield  are 
the  Iron  and  Magnesia  Springs,  besides  additional  sul- 
phur springs.  The  drinking-waters  are  obtained  from 
springs  west  of  the  village,  and  are  pure  and  abundant. 
A  course  of  baths  at  Richfield  has  been  found  of  value 
in  cases  of  ipsomnia  from  overwork,  in  nervousness,  in 
stomach  disorders  resulting  from  abused  digestion,  in 
chronic  malarial  infections,  in  gout  and  rheumatism,  and 
in  some  of  the  disorders  of  the  liver  and  kidneys.  The 
visitor  will  find  in  the  Hotels  Earlington,  St.  James,  and 
smaller  places  accommodations  to  please  any  taste  or  ex- 
chequer. James  K.  Crook. 

RICKETS. — (Synonyms:  Rhachitis  or  Rachitis;  Pr.,^ 
Nouure,  RacMtisme ;  Ger.,  Rhachitis,  Englische  Krank^ 
licit. ) 

Definition. — A  general  disease  of  infancy  and  early 
childhood,  chiefly  characterized  by  alterations  in  the  bony 
skeleton  and  by  impaired  nutrition.  In  severe  cases  there 
may  also  be  changes  in  the  viscera. 

History. — The  disease  was  known  to  the  writers  of 
antiquity,  but  was  often  confused  with  other  maladies, 
causing  deformities  of  the  skeleton,  especially  with  tu- 
berculous spondylitis.  We  owe  the  first  accurate  descrip- 
tion of  the  condition  to  the  English  physician  Glisson, 
who  published  a  work  upon  the  subject  in  1650.  The 
disease  seems  to  have  been  especially  prevalent  in  Eng- 
land at  that  time  and  later,  and  has  always  been  the  sub- 
ject of  study  by  English  physicians;  hence  its  name  of 
the  Englische  Krankheit. 

During  the  eighteenth  century  the  Prench  physicians, 
made  many  contributions  to  our  knowledge  of  the  rachi- 
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tic  process,  while  more  recently  the  Germans  have  been 
most  active.  Among  the  names  which  will  always  be 
connected  with  the  history  of  the  study  of  this  important 
disease  of  infancy  may  be  mentioned  Trousseau,  Gruerin, 
Elsasser,  Virchow,  KSlliker,  Rokitansky,  and  Kassowitz. 

Etiology. — The  nature  of  the  agent  which  underlies 
the  pathological  changes  which  we  find  in  rachitic  chil- 
dren is  still  unknown.  It  has  been  assumed  to  be  caused 
by  an  insufficient  amount  of  calcium  salts  in  the  blood, 
and  color  has  been  given  to  this  theory  by  the  oft-quoted 
■experiments  of  Sutton  and  others,  in  which  rachitic 
■changes  were  thought  to  be  produced  iu  animals  by  nour- 
ishing them  on  food  practically  free  from  lime  salts.  It 
has  been  recently  shown,  however,  that  the  changes 
which  were  produced  in  animals  by  this  means  are  rather 
those  of  osteomalacia  than  a  true  form  of  rickets.  TJie 
similar  belief  that  an  imperfect  absorption  of  the  lime 
salts  from  the  intestine  was  responsible  for  the  rachitic 
condition  has  been  shown  to  be  untenable,  for  the  urine 
of  rachitic  c;hildren  contains  an  amount  of  calcium  quite 
■sufficient  to  supply  the  needs  of  the  skeleton;  and  if 
larger  amounts  of  calcium  salts  are  administered  to  either 
rachitic  or  healthy  children  the  excess  is  rapidly  excreted 
in  the  urine. 

The  chemical  theory  that  the  lime  salts  either  could  not 
be  deposited  because  of  the  diminished  alkalinity  of  the 
blood  or  that  they  were  dissolved  out  by  the  action  of  an 
acid  circulating  in  the  fluids  of  the  body,  has  been  shown 
to  be  without  foundation.  The  blood  of  rachitic  children 
■contains  neither  an  excess  of  acid  nor  an  excess  of  alkali. 

The  view  brought  forward  by  Kassowitz  that  the  bone 
changes  are  purely  inflammatory  in  nature  is  not  in  entire 
accord  with  the  anatomical  findings.  The  most  recent 
suggestions  are  that  the  disease  is  an  infection  or  that  it 
is  an  auto-intoxication.  Neither  view  has  been  supported 
l)y  sufiicient  experimental  evidence  to  wari'ant  its  accep- 
■tance,  however  attractive  the  assumption  may  be.  Al- 
though, therefore,  we  do  not  know  the  actual  cause  of 
the  disease,  there  are  many  predisposing  conditions  which 
.are  known.  Among  these  are  chiefly  imperfect  food  and 
unsuitable  hygienic  surroundings. 

The  disease  is  most  frequently  seen  among  the  children 
of  the  poor,  especially  those  who  have  been  reared  upon 
an  artificial  diet  containing  large  quantities  of  carbohy- 
drate and  small  amounts  of  fat.  It  is  rare  in  children 
who  have  been  breast-fed,  the  exceptions  being  princi- 
pally the  children  of  the  laboring  classes,  where  the 
mother  begins  to  work  soon  after  the  delivery  of  the 
child,  or  in  children  who  have  been  nursed  for  a  long 
period  until  the  milk  becomes  insufficient  for  the  needs 
■of  the  infant. 

Children  fed  upon  sweetened  condensed  milk  are  fre- 
quently rachitic,  while  those  obtaining  the  unsweetened 
form  are  not  likely  to  suffer.  Boiling  the  milk  is  also 
thought  to  set  up  obscure  changes  in  the  composition  of 
that  fluid  which  affect  the  nutrition  and  may  cause 
Tickets  and  especially  scurvy.  The  exact  form  in  which 
the  hygienic  factors  exert  their  influence  is  not  so  clear 
as  it  is  with  food.  Some  observers,  notably  Mey,  are  in- 
clined to  consider  lack  of  light  and  fresh  air  as  very  po- 
tent forces  in  the  production  of  the  rachitic  process; 
■others,  for  example  Lange,  regard  the  hygienic  factor  as 
comparatively  unimportant  and,  though  acknowledging 
that  the  disease  is  more  prevalent  in  cities  where  the 
hygienic  surroundings  are  bad,  they  lay  the  most  stress 
upon  the  food  factor.  It  is  certain,  however,  that  rickets 
is  very  infrequent  in  the  country,  in  high  altitudes,  and 
in  the  tropics.  It  is  also  true  that  the  children  born  in 
these  conditions  are  much  more  likely  to  be  breast-fed 
than  those  in  the  tenement  districts  of  large  cities.  The 
influence  of  race  in  the  susceptibility  to  rickets  is  seen  in 
the  negro  and  in  the  Italians.  The  children  of  both  of 
these  races,  when  confined  to  the  tenement  districts  in 
cities,  offer  our  most  marked  examples  of  advanced  and 
severe  rickets.  Congenital  influences  play  some  part  in 
the  causation  of  rachitis,  though  at  present  the  trend  of 
opinion  is  against  a  true  congenital  form  of  the  disease. 
Cases  so  described  are  regarded  as  distinct  from  rickets, 
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though  showing  bone  lesions  closely  resembling  those 
seen  in  rachitic  children.  Parental  syphilis  is  a  strong 
predisposing  factor  in  the  production  of  rickets,  though 
it  does  not  seem  to  be  the  cause  of  the  disease,  as  Parrot 
attempted  to  show.  Tuberculosis  and  alcoholisrn  in  the 
parents  also  predispose  to  rickets,  chiefly  by  reducing  the 
child's  power  of  resistance.  Both  sexes  are  equally  sub- 
ject to  the  disease,  though  in  hospital  statistics  a  larger 
number  of  males  will  be  noted.  This  apparent  anomaly 
is  due  to  the  fact  that  a  larger  number  of  male  children 
are  received  for  hospital  treatment  than  female,  and  large 
statistics,  including  private  cases,  will  show  about  equal 
numbers  affected.  The  clinical  development  of  the  dis- 
ease is  most  noticeable  in  the  second  year  of  life,  though 
a  large  proportion  of  children  show  signs  of  the  disease 
during  the  first  year.  After  the  third  year  the  disease  is 
infrequent.  Late  cases  have  been  described  in  children 
even  up  to  the  twelfth  year,  but  such  observations  are 
extremely  rare.  The  disease  is  one  which  concerns  the 
period  of  the  most  active  growth  and  formation  of  the 
bones,  progressively  diminishing  as  the  skeleton  assumes 
its  definitive  condition. 

Pathology. — The  constant  and  characteristic  lesions 
of  rickets  are  to  be  found  in  the  bones;  the  visceral 
changes  are  comparatively  slight  and  secondarj^  A  ra- 
chitic bone,  when  examined  in  a  fresh  condition,  is  softer 
than  normal,  and  the  actively  growing  portions — that 
is,  those  parts  near  the  epiphyseal  junction  in  the  long 
bones  and  the  ossification  centres  of  the  cranial  bones — 
are  larger  and  much  more  vascular  than  in  normal  bones 
from  a  child  of  the  same  age.  The  periosteum  is  thick- 
ened and  strips  with  some  difficulty  from  the  surface, 
leaving  irregular  areas  of  soft,  newly  formed  bony  tissue 
adherent  to  the  inner  layers  of  the  periosteum.  The  bone 
from  which  the  periosteum  has  been  removed  is  soft  and 
very  vascular,  and  has  a  spongy  appearance.  The  same 
changes  may  be  noted  if  one  of  the  long  bones  is  split 
open  and  the  internal  layer  of  the  periosteum  is  examined. 
Tlie  calcification  zone  at  the  epiphyseal  junction,  which 
in  normal  bone  is  well  defined  and  narrow,  is  broad  and 
not  sharply  defined  in  rachitic  bone,  and  may  be  quite 
unrecognizable.  In  the  later  stages  of  the  disease,  when 
the  acute  process  has  ceased,  the  rachitic  bone  is  usually 
harder  than  normal  bone,  especially  where  an  active  pro- 
duction of  new  bony  tissue  has  taken  place.  This  new- 
formed  bone  may  resemble  ivory  in  its  density  and  text- 
ure. Frequently,  however,  when  the  restoration  of  the 
bone  has  been  incomplete,  it  is  soft  and  porous,  and  con- 
tains a  considerable  quantity  of  fat  scattered  through  the 
substance.  Such  bones  are  very  light  and  fragile,  and 
green-stick  fractures  are  frequent.  The  microscopical 
changes  correspond  to  the  gross  lesions.  The  centres  of 
the  flat  bones  of  the  skull  are  vascular  and  the  bony  layers 
are  replaced  by  osteoid  tissue.  This  may  be  very  abun- 
dant in  amount,  in  which  case  the  bone  is  so  soft  that  it 
can  be  easily  indented  by  the  finger,  and  gives  a  soft 
crepitus  when  palpated,  a  condition  known  as  cranio- 
tabes ;  or  the  osteoid  tissue  may  be  located  in  small  areas, 
a  few  millimetres  in  diameter,  and  give  the  bone  an  ap- 
pearance of  a  coarse  sponge.  The  osteoid  tissue  may 
not  ossify,  and  the  aperture  thus  left  in  the  bone  may 
be  closed  simply  by  the  pericranium.  Such  marked 
changes  in  the  regular  course  of  ossification  of  the  ci-anial 
bones  are  as  a  rule  rare,  and  confined  chiefly  to  the  pos- 
terior portion  of  the  cranium. 

The  more  frequent  course  is  for  the  osteoid  tissue  to 
be  gradually  replaced  by  bone,  either  by  direct  ossiflca- 
tiou  or  by  the  replacement  of  the  abnormal  tissue  by  nor- 
mal bone.  When  the  osteoid  tissue  ossifies  directly  the 
structure  produced  is  as  a  rule  more  dense  than  normal 
and  resembles  ivory.  In  the  long  bones  the  most  marked 
lesions  are  at  the  epiphyseal  junction.  It  should  be  re- 
membered, in  order  to  understand  the  pathology  of  the 
subject,  that  the  bones  grow  in  length  at  this  point,  while 
they  increjise  in  diameter  by  the  production  of  new  bone 
from  the  inner  layers  of  the  periosteum.  At  the  same 
time  the  medullary  cavity  is  enlarged  by  absorption  of 
the  inner  layers  of  bone.    In  rickets  the  pathological 
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changes  consist  in  tlie  distortion  of  tliese  normal  condi- 
tions.    Tlie  inner  layers  of  the  periosteum  produce  an 
excessive  amount  of  very  vascular  osteoid  tissue,  which 
undergoes  either  ossification  or  absorption.     The  ossifica- 
tion which  takes  place  is  of  a  very  imperfect  sort,  so  that 
the  new  bone  is  soft,  spongy,  and  very  much  more  vas- 
cular than  normal.     In  the  medullary  cavity  the  process 
of  absorption  is  very  irregular  and  often  excessive  in 
amount.     The  cavity  may  extend  into  the  epiphysis,  or 
it  may  be  filled  with  osteoid  tissue,  which  replaces  the 
normal  bone  marrow  and   thus  may  contribute  to  the 
ansemia  from  which  rachitic  children  suffer  by  directly 
diminishing  tlie  production  of   the  blood  cells.      The 
course  of  the  bone  growth,  which  takes  place  at  the  epi- 
physeal junction,  is  also  disturbed  by  a  combination  of 
the  same  processes  wliich  contribute  to  the  irregular  bone 
production  by  the  periosteum.     The  cartilaginous  area  of 
the  epiphyseal  portion  of  the  bone  is  broken  up  and  pene- 
trated by  a  vascular  osteoid  tissue,  which  may  be  prema- 
turely ossified  or  may  form  marrow  cavities.     The  carti- 
lage cells  also  proliferate  and  become  dislocated  from  their 
normal  positions.     Absorption  of  these  masses  may  occur 
or  they  may  become  ossified.     The  normal  calcification 
zone  becomes  irregular  and  is  broken  up  by  the  advance 
of  the  osteoid  tissue  into  the  epiphysis.     After  a  variable 
period  of  from  three  to  eighteen  months  the  active  proc- 
ess ceases  and  the  formation  of  bone  begins  in  a  normal 
manner.     The  swelling  of  the  epiphyses  diminishes,  the 
extreme  vascularity  is  reduced,  and  the  areas  of  osteoid 
tissue  become  calcified.     The    structural  reparation  is 
never  quite  complete,  though  a  large  amount  of  the  dis- 
tortion of  the  bone  may  disappear. 

The  effect  of  these  changes  in  the  structure  of  the 
bones  is  first  to  delay  their  growth,  and  second  to  cause 
deformities.  The  results  of  the  first  condition  may  be 
seen  in  the  small  bodies  and  shortened  limbs  of  children 
that  have  suffered  from  rachitis  of  a  severe  type.  The 
softness  of  the  bones  permits  their  easy  distortion  under 
pressure,  as  is  so  well  seen  in  the  chest,  while  the  deform- 
ity which  results  from  growth  alone  is  best  noted  in  the 
square  form  of  the  cranium  or  in  the  curvatures  of  the 
upper  extremities. 

The  lesions  of  the  viscera  are  not  an  essential  portion 
of  the  rachitic  condition,  but  they  are  quite  frequently 
met  with  in  severe  cases.  The  lungs  frequently  show 
acute  or  chronic  bronchitis  or  a  bronchopneumonia. 
When  the  deformity  of  the  chest  wall  is  considerable, 
the  lungs  may  be  tlie  seat  of  a  marked  emphysema  in  the 
areas  upon  which  there  is  no  pressure,  while  those  por- 
tions which  are  compressed  by  the  incurving  of  the 
thorax  may  be  in  a  condition  of  atelectasis.  The  spleen  is 
frequently  increased  in  size  owing  to  an  interstitial 
splenitis  of  a  chronic  form ;  the  liver  occasionally  shows 
similar  changes.  The  lymph  nodes  are  often  swollen  and 
hyperplastic.  Hydroceplialus  is  no^  more  frequent  in 
rachitic  children  than  in  others,  the  enlargement  of  the 
head  being  due  to  the  increase  In  thickness  of  the  cranial 
bones.  The  muscles  of  the  body  are  flabby  and  atro- 
phied. .  .^, 
Symptoms.— The  symptoms  of  the  disease  vary  with 
the  stage  of  the  malady.  The  earliest  symptoms  are 
restlessness  during  the  night,  sweating  of  the  head,  cra- 
niotabes,  and  the  beading  of  the  ribs.  The  beading  of 
the  ribs  is  an  especially  early  and  valuable  symptom,  and 
consists  of  a  row  of  nodules  formed  at  the  costo-chondral 
junction.  The  beading  is  often  more  marked  internally, 
especially  in  cases  with  extreme  incurving  of  the  chest 
wall  The  craniotabes  is  often  an  early  symptom,  and 
may  best  be  demonstrated  by  gently  palpating  the  poste- 
rior surface  of  the  head  with  the  tips  of  the  fingers. 
Small  areas,  softer  than  the  remainder  of  the  skull,  will 
be  felt  and  the  tissue  may  crackle  under  the  pressure. 
In  rachitic  children  the  skull  appears  relatively  large 
and  the  frontal  prominences  are  well  marked ;  alterations 
which  when  associated  with  the  prominent  posterior  part 
of  the'head  give  to  the  latter  the  characteristic  square 
appearance,' the  tUe  carree  of  the  French.  The  anterior 
fontanel  is  larger  than  normal,  and  its  closure  may  be 
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delayed  even  to  the  third  or  fourth  year.  The  two  lat- 
eral openings  are  often  late  in  closing,  as  are  also  the 
sutures.  The  superior  and  inferior  maxillte  are  slightly 
distorted  in  severe  cases,  cliiefiy  by  muscular  action.  The 
teeth  are  delayed,  not  appearing  until  the  end  of  the  first 
year,  or  even  later,  and  there  are  often  irregularities  in 
the  time  and  order  of  appearance  and  arrangement  of  the 
different  groups  of  teeth.  Some  observers  consider  the 
teeth  of  rachitic  children  to  be  especially  prone  to  decay. 
The  thorax,  as  has  been  mentioned  above,  is  frequently 
deformed.  In  mild  cases  the  only  change  noted  is  the 
swelling  of  the  costo-chondral  junction,  forming  the  so- 
called  rachitic  rosary.  The  flexibility  of  the  bones  of  the 
chest  permits  the  pressure  of  the  atmosphere  to  exert  a 
considerable  influeuce  in  the  production  of  deformities, 
so  that  a  distinct  depression  frequently  exists  along  the 
line  of  the  ends  of  the  ribs,  or  there  may  be  a  transverse 
groove  parallel  to  the  line  of  the  insertion  of  the  dia- 
phragm. The  deformities  known  as  funnel  breast  and 
pigeon  breast  are  largely  dependent  upon  an  antecedent 
racliitic  process.  Any  obstruction  to  the  free  admission 
of  air  to  tlie  chest,  such  as  is  associated  with  chronic 
bronchitis,  enlarged  tonsils,  or  adenoid  growths  of  the 
pharynx,  is  likely  to  exaggerate  any  chest  deformit3^ 
The  lessened  capacity  of  the  thorax  causes  the  liver  and 
spleen  to  be  much  more  prominent  than  their  increase  in 
bulli  from  hyperplasia  would  warrant.  The  abdomen  is 
usually  distended,  the  enlargement  being  chiefly  due  to 
the  distention  of  the  intestines  with  gas,  aided  by  the 
weak  condition  of  the  muscles  of  the  gut  wall  and  of  the 
abdomen. 

In  rachitic  children  the  spinal  column  is  much  more 
flexible  than  normal,  owing  to  the  imperfect  ossification 
of  the  vertebr£B  and  the  relaxation  of  the  spinal  ligaments. 
When  sucli  children  assume  an  erect  position  a  marked 
kyphosis  can  usually  be  noted,  which  disappears  when 
the  child  assumes  a  recumbent  posture.  The  curve  of 
the  rachitic  kyphosis  is  rounded  in  form,  and  involves  the 
bodies  of  a  number  of  vertebrse,  in  contrast  witli  the  sharp 
projection  of  the  kyphotic  curve  in  spinal  tuberculosis. 
There  is  usually  a  compensatory  lordosis  in  the  lumbar 
region  and  rarely  a  left-sided  scoliosis. 

The  clavicle  and  the  scapula  may  be  curved  slightly. 
The  pelvis  is  often  the  site  of  serious  deformities.  It  is 
flattened  laterally  and  the  promontory  approaclies  the 
arch  of  the  pubis,  which  is  also  naiTowcd.  The  approxi- 
mation of  the  promontory  to  the  pubis  is  in  part  due  to 
the  rotation  of  the  sacrum  on  a  horizontal  axis,  in  part 
to  the  inward  displacement  of  the  ischia.  These  pelvic 
deformities  are  often  permanent,  and  render  the  bearing 
of  children  difficult  or  impossible.  The  extremities  very 
early  show  the  characteristic  enlargement  of  the  e)iiphy- 
ses,  especially  of  the  lower  end  of  the  radius,  ulna,  and 
tibia.  Such  epiphyseal  swellings  may  also  appear  at  the 
upper  and  lower  ends  of  the  humerus  and  femur,  but  are 
much  less  marked. 

If  the  disease  is  of  a  severe  type  the  diaphyses  of  the 
bones  may  become  curved.  The  convexity  of  the  femur 
is  forward  and  outward ;  that  of  the  tibia  and  fibula  is 
often  lateral,  but  may  also  be  forward ;  that  of  the  radius 
and  ulna  is  toward  the  extensor  surface,  while  the  humerus 
is  bent  forward.  The  irregular  growth  of  tlie  epiphys- 
eal ends  of  the  bones,  combined  with  the  curvature,  gives 
rise  to  deformities  which  are  especially  serious  in  the 
lower  extremities.  The  axis  of  rotation  of  the  knee-joint 
may  remain  horizontal,  or,  as  is  seen  in  advanced  cases, 
the  axis  may  be  rotated  either  inward  or  outward,  so  that 
a  simple  osteotomy  of  one  bone  will  not  suffice  to  correct 
the  deformity,  but  both  the  femur  and  the  tibia  will  have 
to  be  severed  and  the  axis  of  the  joint  restored  to  its  nor- 
mal rotation  plane. 

The  cause  of  these  deformities  is  not,  as  is  usually  as- 
sumed, the  result  of  allowing  the  child  to  walk  before 
the  bones  are  sufficiently  hard,  but  is  due  to  the  rachitic 
curvature  of  the  shafts  of  the  bones  and  to  the  uneven 
enlargement  of  the  condyles  of  the  femur.  A  moderate 
amount  of  deformity  may  be  increased,  however,  by  al- 
lowing the  child  to  walk  while  the  rachitic  bone  is  still 
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soft.  The  other  symptoms  of  the  disease  not  connected 
with  tlie  skeleton  are  chiefly  those  relating  to  the  diges- 
tive, respiratory,  and  nervous  systems.  The  frequency 
of  respiration  of  rachitic  children  is  increased  in  those 
cases  in  which  there  exists  a  considerable  diminution  of 
the  respiratory  capacity,  owing  to  the  deformity  of  the 
chest  wall  and  the  pressure  of  the  gas-distended  intestines 
against  tlie  diaphragm.  Bronchitis  and  atelectasis  very 
frequently  complicate  the  respiratory  and  circulatory 
changes  produced  by  the  narrowing  of  the  thorax. 

Laryngismus  stridulus  is  a  not  uncommon  complication 
of  rickets,  and  is  responsible  for  a  considerable  propor- 
tion of  tlie  fatal  terminations  of  the  affection.  General 
convulsions  are  a  frequent  complication  of  the  disease, 
and  tetany  is  also  occasionally  seen. 

A  chronic  gastro-intestinal  catarrh  is  usually  present  in 
rachitic  children,  and  is  easily  increased  in  severity  by 
slight  indiscretions  in  diet.  The  stools  are  either  consti- 
pated or  thin  and  fluid.  They  are  as  a  rule  paler  than 
normal  and  may  be  very  foul-smelling.  They  contain  an 
excess  of  calcium  salts  derived  in  part  from  the  food  and 
partly  from  the  softening  bone.  The  blood  shows  an 
ansemia  of  the  chlorotic  type  with  a  moderate  reduction 
of  the  red  cells  and  a  considerably  lessened  haemoglobin 
content.  A  moderate  leuoocytosis  may  also  exist,  which 
is  in  all  probability  not  characteristic  of  the  disease,  but 
is  dependent  upon  the  respiratory  and  intestinal  compli- 
cations. The  urine  shows  no  striidng  alterations.  Occa- 
sionally there  may  be  a  trace  of  albumin  present  and  a 
diminution  in  the  excretion  of  the  phosphates  and  the 
chlorides.  There  is  no  alteration  in  the  amount  of  lime 
salts  excreted  in  the  urine. 

Fever  is  not  a  regular  accompaniment  of  the  disease. 
When  present  it  is  due  to  one  of  the  complications.  The 
skin  of  the  rachitic  child  is  pale.  Eczema  is  not  infre- 
quent, and  occasionally  multiple  skin  abscesses  are  seen. 
Severe  sweating  is  the  rule  in  all  cases  of  rickets.  The 
subcutaneous  fat  is  well  preserved,  though  the  patients 
are  soft  and  flabby. 

Course  and  Peognosis. — Cases  considered  to  be  conge- 
nital rickets  have  been  described  by  competent  observers, 
but  as  a  rule  the  symptoms  of  the  disease  begin  in  the 
latter  half  of  the  first  year  of  life;  and  in  a  majority  of 
the  cases  the  disease  runs  its  course  inside  of  eighteen 
months  or  two  years.  Very  chronic  cases,  lasting  for 
years,  are  exceedingly  infrequent.  The  condition  which 
has  been  classed  by  some  clinicians  as  acute  rickets  is  prob- 
ably a  form  of  scurvy.  The  prognosis  of  an  uncompli- 
cated case  of  rickets  is  good  so  far  as  life  is  concerned. 
The  disease  is  self -limited  and  often  disappears  without 
treatment  when  the  child  is  old  enough  to  begin  a  mixed 
diet.  The  prognosis  of  the  bone  deformities  is  not  so 
good,  and  many  of  the  severe  cases  are  permanently  de- 
formed, though  surgical  interference  will  often  allow  the 
complete  correction  of  the  deformities  of  the  lower  limbs. 
Death  results  in  all  cases  from  some  intercurrent  disease 
and  not  from  the  bone  lesions  alone.  Marasmus  and 
laryngismus  stridulus  are  responsible  for  a  considerable 
proportion  of  the  fatal  cases,  while  the  others  are  carried 
off  either  by  bronchopneumonia,  or  by  tuberculosis,  or 
by  some  intestinal  condition.  Whooping-cough  is  an 
especially  dangerous  complication  in  racliitic  children 
with  marked  deformity  of  the  chest. 

Diagnosis. — A  well-developed  case  of  rickets  is  easy 
of  recognition,  especially  at  a  time  when  the  bone  lesions 
are  most  prominent;  but  in  children  in  the  early  stages 
of  the  disease  the  diagnosis  is  more  difflcult,  and  must  be 
made  from  the  general  symptoms.  The  most  important 
of  these  are  the  restlessness  at  night,  the  sweating  of  the 
head,  the  general  tenderness  of  the  body,  and  the  malnu- 
trition. The  craniotabes  and  the  persistent  and  wide- 
open  fontanel  are  valuable  sym[)toms,  as  is  also  the  late 
eruption  of  the  teeth.  The  bone  lesiims  of  syphilis  are 
in  the  nature  of  thickenings  under  the  periosteum  rather 
than  of  an  increase  in  the  size  of  the  bone,  and  the  necro- 
ses seen  in  syphilis  are  not  present  in  rickets.  The  other 
evidences  of  congenital  lues  will  aid  in  the  differential 
diagnosis.     Confusion  between  the  kyphosis  due  to  tu- 
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berculous  spondylitis  and  that  due  to  rachitic  softemng 
of  the  vertebra;  and  intervertebral  cartilages  will  be 
avoided  if  it  be  remembered  that  the  curve  in  tubercu- 
lous disease  is  sharp  and  affects  the  bodies  of  only  one 
or  two  bones,  while  that  due  to  rachitic  disease  is  more 
gradual  and  less  limited.  The  rachitic  bones  are  not  very 
tender  to  pressure,  and  the  kyphosis  can  be  overcome  by 
placing  the  patient  on  a  flat  mattress.  Pott's  disease  is 
rarely  seen  in  children  under  two  years  of  age,  a  time 
when  rickets  is  most  likely  to  be  well  developed. 

Rickets  is  diffei-entiated  from  scurvy  by  the  absence  of 
the  ecchymoses  and  the  changes  in  the  gums. 

Prophylaxis. —The  prevention  of  the  disease  depends 
naturally  upon  the  avoidance  of  the  conditions  deter- 
mined as  the  immediate  factors  in  the  causation  of  the 
malady.  This  is  perfectly  possible  among  people  of 
good  circumstances,  but  becomes  a  matter  of  great  diffi- 
culty when  we  must  cope  with  tlie  conditions  of  tene- 
ment life  among  the  very  poor. 

Every  care  must  be  taken  with  the  children  of  parents 
who  have  previously  Tjtrme  rachitic  children,  as  the  pre- 
disposition increases  with  each  child.  The  mother  should 
be  allowed  to  nurse  the  child  if  it  is  possible  for  her  to 
avoid  hard,  ijianual  labor  during  the  course  of  lactation. 
But  if  she  is  not  able  to  do  this,  the  better  plan  will  be 
to  feed  the  child  on  Pasteurized  cow's  milk.  A  con- 
venient form  of  apparatus  for  this  purpose,  and  one  re- 
quiring a  minimum  of  intelligence  on  the  part  of  the 
user,  is  that  devised  by  Dr.  R.  G.  Freeman.  During  the 
hot  season  of  the  year  the  child  should  be  sent  to  one  of 
the  seaside  hospitals  or  to  the  country  for  a  time ;  or  if 
this  is  impossible,  it  should  be  given  every  opportunity 
to  obtain  fresh  air  that  is  possible. 

Tkbatmbnt. — The  care  of  rachitic  children  should  be 
begun  as  early  as  the  diagnosis  can  be  made,  in  order  to 
prevent  severe  bone  lesions  and  also  to  obtain  the  maxi- 
mum result  from  the  treatment,  as  the  best  results  are 
secured  in  cases  in  which  the  disease  has  been  recognized 
in  the  first  stages.  The  diet  should  be  altered  from  that 
under  which  the  child  has  developed  the  disease  to  one 
which  is  more  nearly  normal.  If  the  child  is  breast-fed 
the  quality  of  the  mother's  milk  should  be  determined, 
and  if  necessary  it  may  be  supplemented  by  cow's  milk  in 
the  proper  modification.  If  the  mother  cannot  nurse  the 
child,  it  must  be  fed  upon  properly  prepared  cow's  milk. 
The  diet  should  be  rich  in  fats  and  proteids,  and  contain 
but  a  small  amount  of  carbohydrates.  This  will  elimi- 
nate all  of  the  proprietary  infant  foods.  Cod-liver  oil 
should  be  administered  in  small  doses  as  soon  as  the 
stomach  will  tolerate  it.  Arsenic  and  iron  are  useful  to 
combat  the  ansemia.  The  excessive  sweating  may  be  re- 
lieved by  cool  sponging,  and  by  atropine  in  doses  of 
about  gr.  -^-^  per  day.  Opinions  vary  as  to  the  value  of 
the  phosphorus  treatment  of  rickets.  Originally'  recom- 
mended by  Trousseau,  it  has  been  rendered  popular 
through  the  efforts  of  Kassowitz,  who  regards  it  as  a 
specific.  It  may  be  administered  in  the  form  of  a  solu- 
tion in  oil,  made  by  diluting  the  official  oil  of  phosphorus 
with  olive  oil,  in  doses  of  gr.  ^^^  three  times  a  day  after 
meals.  The  use  of  extracts  of  the  thyroid,  thymus,  and 
adrenal  glands  has  not  given  satisfactory  results. 

The  hygienic  treatment  of  the  child  is  nearly  as  im- 
portant as  the  correction  of  the  food.  The  child  should 
spend  a  large  portion  of  the  day  in  the  open  air  and  in 
the  sun  if  possible.  Such  open-air  treatment  is  best  car- 
ried out  in  the  country;  but  if  this  is  impossible,  the 
child  should  be  taken  on  excursions  on  the  water  or  to 
the  country,  and' during  the  rest  of  the  time  be  kept  in 
the  parks  and  open  squares  of  the  city.  The  roof  of  one 
of  the  tenement  houses  is  better  than  the  street  for  such 
a  child,  and  if  the  weather  is  not  too  hot  such  a  place  is 
often  the  best  possible.  The  child  will  be  strengthened, 
and  is  much  less  likely  to  catch  cold,  if  it  is  sponged  off 
with  cold  water  every  day.  The  addition  of  some  sea 
salt  to  the  bath  is  of  use  if  the  child  is  strong  enough  to 
stand  the  stimulus,  while  massage  or  even  gentle  rubbing 
of  the  body  and  limbs  before  or  after  the  bath  is  of  the 
greatest  value  in  keeping  up  the  general  nutrition. 
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Rickets. 
Riviera. 


The  correction  of  the  deformities  of  the  extremities  is  a 
matter  of  surgical  interference ;  but  much  can  be  done  to 
prevent  tlie  curvature  from  becoming  severe  by  not 
allowing  the  child  to  assume  a  posture  which  will  in- 
crease the  deformity,  and  also  by  keeping  up  the  muscu- 
lar tone.  The  kypliosis  may  be  relieved  by  allowing  the 
child  to  sleep  on  a  tlat,  hard  mattress  without  a  pillow, 
If  the  deformity  of  the  occiput  is  marked,  the  pressure 
may  be  prevented  by  the  use  of  a  firm  horse-hair  pillow 
with  a  concavity  to  receive  the  flattened  portion.  If  the 
kyphosis  is  extreme  in  a  child  which  is  old  enough  to  be 
about,  and  in  which  the  bones  of  the  legs  are  firm  enough 
to  permit  walking,  it  may  be  advisable  to  fit  the  thorax 
with  a  jacket  or  a  steel  brace,  which  should  be  worn 
only  when  the  child  is  in  an  erect  posture.  The  use  of 
braces  in  order  to  prevent  or  to  cure  deformities  of  the 
lower  extremities  is  of  but  very  slight  benefit.  It  is  bet- 
ter to  wait  In  these  cases  until  firm  ossification  of  the 
bones  has  taken  place  and  then  to  correct  the  deformity 
by  a  proper  osteotomy.  Francis  Carter  Wood. 

RIGOR  MORTIS.     See  Cadaver,  Legal  Status  of. 

RIO  DE  JANEIRO,  BRAZIL.— Rio  de  Janeiro,  the 
largest  city  in  South  America,  with  a  population  of 
about  779,000,  is  situated  upon  the  western  side  of  one  of 
the  most  magnificent  harbors  in  the  world.  It  is  in  no 
.sense  a  health  resort, — indeed,  quite  the  contrary,— but  it 
is  mentioned  as  an  illustration  of  a  tropical  or  equatorial 
•climate,  and  also  to  convey  some  knowledge  of  its  cli- 
mate to  those  who  for  any  reason,  either  temporarily  or 
permanently,  are  obliged  to  reside  there. 

The  city  itself  occupies  flat  land  with  hills  in  the  out- 
skirts, and  beyond  rise  precipitously  mountains  of  from 
^fteen  hundred  to  three  thousand  feet  high.  Foreignei's 
are  advised  to  make  some  of  the  high-lying  suburbs  or 
towns  in  the  vicinity  their  jjlace  of  residence,  at  least  dur- 
ing the  warmer  months,  in  order  to  escape  the  continuous 
heat  and  great  atmospheric  humidity  which  combine  to 
make  the  climate  of  the  city  itself  so  debilitating. 

The  population  of  the  citj'  is  a  heterogeneous  one, 
composed  of  Portuguese,  Italians,  Germans,  French, 
English,  and  negroes.  There  are  parks,  a  national 
library,  museum,  colleges,  various  schools,  hospitals, 
and  an  observatory.  An  immense  amount  of  coffee — 
said  to  be  more  than  one-half  of  the  world's  product — is 
exported  from  here. 

The  water  supply  is  good  but  somewhat  inadequate, 
and  the  drainage  is  said  to  be  satisfactoi-y.  Modern  sani- 
tary conditions  exist.  In  the  outskirts,  among  the  hills 
and  mountains,  the  scenery  is  most  beautiful  and  the 
vegetation  luxuriant. 

The  climate  can  be  summarized  as  a  moist,  warm, 
tropical  one ;  warmest  in  what  is  our  winter  and  spring, 
and  coldest  in  our  summer  and  autumn,  but  at  all  times 


warm  or  hot.  The  rainfall  is  high,  the  largest  amount 
occurring  in  our  autumn  and  winter.  The  air  is  often 
sultry  and  veiy  debilitating.  There  is  generally  a  daily 
sea  breeze  from  the  south  and  southeast— part  of  the 
trade  winds  come  from  the  southeast ;— it  begins  about 
1  P.M.  and  lasts  until  about  four  or  five  o'clock  The 
nights  are  usually  calm.  The  climatic  chart  has  been 
arranged  from  the  very  elaborate  series  of  observations 
published  by  L.  Cruls,  director  of  tlie  Observatory  at  Rio 
de  Janeiro,  and  the  reader  who  desires  to  make  a  more 
exhaustive  study  of  this  climate  is  referred  to  this  work. 

The  temperature  arrives  at  its  maximum  at  the  begin- 
ning of  February,  and  at  its  minimum  the  beginning  of 
July.  The  mean  annual  variation  does  not  exceed  10. S" 
F.,  and  the  mean  diurnal  variation  does  not  reach  5.4°  F. 

The  humidity  is  really  greater  than  would  appear  from 
the  average  relative  humidity  as  shown  in  the  table,  on 
account  of  the  high  temperature,  for  a  humidity  of  over 
seventy  per  cent,  at  a  temperature  of  over  70°  F.  is  very 
moist.  The  excessive  moisture  is  one  of  the  striking 
characteristics  of  this  climate,  and  renders  the  heat  so  un- 
bearable. The  daily  occurrence  of  the  sea  breeze,  how- 
ever, mitigates  this  condition.  There  is  a  large  amount 
of  cloudiness  and  there  are  but  few  clear  days.  The 
average  yearly  rainfall  is  42.5  inches,  and  there  are 
one  hundred  and  twenty-seven  days  of  rain.  March  and 
December  are  the  rainiest  months  and  July  is  the  driest 
month.  The  most  prevalent  wind  is  from  the  south  and 
southeast — the  sea  breeze, — and  next  in  frequency  is  that 
from  the  northwest — the  land  breeze. 

Yellow  fever  is  generally  prevalent  during  the  warm 
months,  and  there  are  severe  epidemics  at  intervals.  In 
the  lowlands  intermittent  fever  prevails.  'The  negro 
population  suffers  from  smallpox.  There  is,  at  St.  Sebas- 
tian, a  large  hospital  which  was  founded  in  1888,  and 
which  is  devoted  to  the  treatment  of  epidemic  diseases. 
One  would  naturally  infer  that  the  mortality  in  such  a 
climate  and  with  so  many  epidemic  diseases  would  be 
high,  but  from  the  official  statistics  the  average  mortality 
from  1897  to  1901  is  found  to  be  19.4  per  1,000.  Tuber- 
culosis causes  much  the  largest  number  of  deaths  of  any 
one  disease,  and  bronchitis  and  bronchopneumonia  come 
next  in  frequency,  while  infantile  diseases  rank  third. 
It  would  appear,  then,  that  any  one  individual  resident 
of  Rio  de  Janeiro  had  many  more  chances  of  dying  of 
tuberculosis  than  from  yellow  fever,  and  that  this  dread 
disease  (tuberculosis)  may  be  quite  as  prevalent  in  warm 
countries  as  in  cold.  Edward  0.  Otis. 


BITTER'S     DISEASE.    See 

Neonatorum,  and  Penvpldgiis. 


Dermatitis     Exfoliativa 


RIVIERA,  THE. — As  the  various  especial  resorts  upon 
this  coast  have  been,  and  will  be,  quite  thoroughly  dis- 
cussed, only  a  very  brief  and  general  reference  will  be 


Climate  of   Rio  de  .Taneiro.     Latitude,   23°   54'   23"   S. ;   Longitude,  43°   8'   34"   W.     From   Observations 
MADE  at  the  Observatory  op  Rio  db  Janeiro,  Period  of  Observation,  Nine  to  Forty  Years.* 


Year. 


"Temperature  (degrees  Fahrenheit)  — 

Average  or  normal 

Mean  maximum 

Mean  minimum 

Highest  or  maximum,  103°  Dec.  8th,  1889. 
Lowest  or  minimum,  50.3°  Sept.  1st,  1882. 

Humiaity— 
Average  relative 

Precipitatum — 
Average  in  inches 

Wind- 
Prevailing  direction 

Weather- 
Average  number  clear  days 

Cloudiness  t 

Average  number  days  of  rain 

Average  number  days  of  storm 


Jan. 

Feb. 

March. 

May. 

July. 

August. 

Sept. 

Nov. 

79.45° 

94.4 

66.7 

79.6° 

94.7 

68 

78.6° 
91.6 
66.3 

73.4° 
84.6 
59.7 

69.1° 

78.2 
57.4 

70.1° 
83.9 
57.8 

70.8° 
86.1 
58.1 

74.4° 
93.3 
61.3 

78^ 

8W 

79^ 

79^ 

78^ 

77^ 

80^ 

~1f. 

4.6 

4.3 

5.3 

3.5 

1.4 

1.7 

2.3 

4.3 

S.S.  E. 

S.  S.  E. 

S.  S.  E. 

N.  W. 

N.  W. 

N.  W. 

S.  S.  E. 

S.  S.  E. 

11.2 
61 
12.6 
6.3 

9 

62 
12 
5.3 

12.8 

59 
11.5 

3.8 

10.9 

60 
10.6 

9.6 

16.8 
50 
5.9 
.4 

13.5 

77 
6.5 

.6 

5.7 
71 
11.1 
1.4 

9.1 
64 
11.8 
2.7 

74.3° 
88.7 
55.8 


43.5 

S.  S.  E. 

131 

64 

127 


*  "Le  Olimat  de  Elo  de  Janeiro,"  par  L.  Oruls,  Director  of  the  Observatory  of  Bio  de  Janeiro,  from  observations  taken  during  the  period  of 
1851  to  1890,  Bio  de  Janeiro,  1892. 

+ 100  is  taken  to  represent  a  completely  covered  sky,  and  0  a  completely  clear  sky. 
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Roanoke  Springs. 
Rock  Castle  Springs. 


REFERENCE  HANDBOOK   OF   THE  MEDICAL   SCIENCES. 


made  here  to  this  region  as  a  whole,  and  tlie  reader  is  re- 
ferred for  more  detail  to  the  articles  upon  Alaasio,  Bor- 
dighera,  Cannes,  Hyeres,  Nervi,  Nice,  Mentone,  Monte 
Carlo,  and  San  Remo. 

The  Riviera  is  a  strip  of  coast  extending  323  miles 
along  the  shore  of  the  Mediterranean  at  the  foot  of  the 
maritime  Alps  and  their  offshoots.  The  portion  from 
Hyferes  to  Genoa,  203  miles,  is  called  the  Western  Ri- 
viera; and  that  extending  from  Genoa  to  Leghorn,  112 
miles,  the  Eastern  Riviera.  It  is  the  former  portion  that 
is  tlie  more  frequented,  and  is  vyhat  is  generally  meant 
when  one  speaks  of  the  Riviera.  The  topography  of  this 
region  is  that  of  "a  long  shelf,  or  rather  a  series  (d 
shelves,  on  the  south  side  of  a  very  high  mountain  wall', 
which  wall,  up  to  the  level  of  these  shelves,  is  sub- 
merged in  tlie  waters  of  the  sea  "  (Richards). 

The  general  climatic  features  of  all  this  region  are  the 
same,  varying  at  one  resort  or  another  in  certain  minor 
aspects  according  to  the  local  peculiarities  of  situation, 
principally  with  regard  to  slielter  from  the  winds. 
These  climatic  features — and  here  the  colder  months  of 
the  year  are  only  considered — are  comparative  warmth, 
moderate  dryness,  a  large  amount  of  sunshine,  and  great 
heat  of  the  sun's  ra3'S;  the  small  number  of  rainy  days, 
and  relative  immunity  from  cold  winds.  No  station  is 
entirely  exempt  from  these  cold  winds,  but  some  are 
more  exposed  than  others,  as  has  been  shown  in  treating 
of  the  various  resorts.  Moreover,  the  seasons  differ  from 
one  year  to  another.  The  latitude  of  the  Riviera  has  not 
so  much  to  do  in  the  production  of  its  mild  winter  climate, 
but  this  is  rather  due  to  the  protection  afforded  by  the 
maritime  Alps  from  the  cold  nortlierly  winds,  and  also 
partly  to  the  southern  exposure  and  partly  to  the  warm 
water  of  the  Mediterranean  Sea. 

The  mean  temperature  for  the  three  cold  months  (De- 
cember to  February)  according  to  Weber  ("  A  System  of 
Physiological  Therapeutics, "  vol.  lii. ,  Book  I. ,  "  Health 
Resorts,"  F.  Parkes  Weber,  1901),  is  from  47°  F.  to  49.8° 
P. ;  for  the  six  cold  months  (November  to  April),  about 
51°  P. 

According  to  the  same  authority  the  mean  relative 
humidity  is  from  sixty-five  to  seventy  per  cent.,  and  the 
annual  rainfall  from  twenty-eight  to  thirty-one  inches, 
the  greater  part  falling  during  October  and  November. 

The  principal  winds  are  the  northwest — the  "mistral," 
a  cold  dry  wind  prevailing  in  March ;  the  northeast,  or 
"bise,"a  cold  wind;  and  the  southeast,  or  " sirocco "  a 
"warm,  wet,  enervating  wind." 

Quoting  Weber  again,  "during  the  six  winter  months 
one  hundred  days  or  more  may  be  expected  to  be  fine 
enough  for  most  invalids  to  be  in  the  open  air  for  several 
hours. " 

Besides  the  danger  from  the  high  winds,  especially  the 
dreaded  "  mistral,"  there  is  also  to  be  mentioned  the  great 
difference  between  the  sun  and  the  shade  temperatures, 
and  the  rapid  fall  of  the  temperature  after  sunset,  with 
the  increased  humidity  at  that  time.  The  dust  is  also  an 
objectionable  feature  of  this  region.  The  Riviera  season 
extends  from  about  the  end  of  October  to  the  end  of  April. 
Abundant  and  good  accommodations,  all  more  or  less 
expensive,  are  to  be  found  in  all  the  Riviera  resorts. 

As  to  the  natural  attractions  of  the  Riviera,  they  are 
too  well  known  to  require  any  extended  description. 
"Nothing,"  says  Lindsay,  "can  exceed  the  loveliness  of 
this  strip  of  flowery  coast  land,  with  its  jutting  crags 
and  circling  bays,  bounded  on  one  side  by  spurs  of  the 
Alps,  and  on  the  other  b,y  the  Mediterranean,  now  glit- 
tering in  brilliant  azure,  again  rippled  into  sapphire  by 
the. breeze."  In  comparing  this  region  with  the  littoral 
of  Southern  California,  the  latter  is  undoubtedly  superior 
in  climate,  but  in  beauty  of  scenery  supplemented  by 
art,  the  former  is  by  far  the  more  attractive. 

The  Riviera  is  visited  in  the  winter  by  great  numbers 
from  Northern  Europe,  who  desire  to  escape  the  cold  and 
more  or  less  cheerless  winters  of  their  own  region.  This 
climate  affords  a  blessed  relief  for  those  who  desire  to 
spend  the  winter  in  a  warm,  sunny  climate  amidst  most 
attractive  surroundings.     The  aged,  the  feeble,  the  con- 
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valescents;  those  with  diminished  powers  of  resistance, 
and  those  suffering  from  various  chronic  affections  with 
deficient  powers  of  reaction,  all  find  more  or  less  com- 
fort, relief,  and  healing  here.  The  diseased  conditions 
for  which  this  climate  is  recommended  are  chronic  bron- 
chitis and  emphysema,  bronchial  asthma,  certain  varieties 
of  pulmonary  tuberculosis,  scrofula,  chronic  pneumonia, 
and  anoemia.* 

The  Riviera  is  now  easily  and  comfortably  reached  by 
steamers  sailing  from  New  'Xork  or  Boston  direct  to 
Genoa,  and  from  Genoa  the  railroad  runs  along  the  shore 
of  the  Mediterranean  parallel  with  the  celebrated  Corniche 
road  for  a  good  part  of  the  way.  Express  trains  also  run 
from  Palis  direct  to  the  Riviera.  Edward  0.  Otis. 

ROANOKE  RED  SULPHUR  SPRINGS.  — Roanoke 
County,  Virginia. 

Post^Opfice. — Roanoke  Red  Sulphur  Springs.  Hotel 
and  cottages. 

Access.— Via  Norfolk  and  Western  Railroad  to  Salem, 
thence  nine  miles  north  to  springs. 

This  resort  is  located  under  the  shadow  of  the  outlying 
ranges  of  the  AUeghanies,  twelve  miles  from  Roanoke 
City.  The  manifold  attractions  of  the  Virginia  mountain 
region  find  here  a  faithful  exemplification.  The  high  and 
dry  location,  the  pure,  fresh  air,  and  the  unsurpassable 
mountain  scenery  unite  to  form  a  most  delightful  sum- 
mer health  resort.  In  the  hotel  will  be  found  all  the 
comforts  and  attractions  which  go  to  render  a  stay  at  a 
watering  place  enjoyable.  The  Roanoke  Red  Sulphur 
waters  have  been  examined  by  Prof.  M.  B.  Hardin  with 
results  as  follows:  One  United  States  gallon  contains 
(solids):  Calcium  carbonate,  gr.  6.54;  magnesium  car- 
bonate, gr.  5.83;  lithium  carbonate,  gr.  0.02;  manganese 
carbonate,  gr.  0.02;  iron  carbonate,  gr.  0.06;  sodium 
chloride,  gr.  0.24;  ammonium  chloride,  gr.  0.02;  calcium 
chloride,  gr.  0.03;  strontium  sulphate,  gr.  1.71;  calcium 
sulphate,  gr.  2.19;  sodium  sulphate,  gr.  3.04;  potassium 
sulphate,  gr.  0.33;  sodium  hyposulphite,  gr.  0.08;  am- 
monium nitrate,  gr.  0.05;  silica,  gr.  0.83;  organic  matter, 
gr.  0.76;  bicarbonates,  gr.  5.96;  and  traces  of  copper 
carbonate,  lead  sulphite,  barium  sulphate,  alumina,  and 
arsenic.  Total,  27.66  grains.  The  gases  present  in  one 
gallon  of  the  waterare:  Carbonic  acid,  12.4  cubic  inches; 
sulphuretcd  hydrogen,  2.44  cubic  inches. 

These  waters  are  useful  in  those  classes  of  cases  which 
require  a  fairly  concentrated  sulphur  water.  They  pos- 
sess alterative,  diuretic,  and  tonic  properties.  It  will  be 
observed  that  they  contain  an  unusually  large  proportion 
of  strontium,  an  element  whose  therapeutic  properties 
are  not  as  yet  fully  understood. 

The  following  analysis  of  the  chalybeate  spring  at  this 
resort  was  made  by  Dr.  H.  Proehling :  One  United  States 
gallon  contaius  (solids):  Calcium  carbonate,  gr.  0.45; 
magnesium  carbonate,  gr.  0.95;  iron  carbonate,  gr.  2.09; 
manganese  carbonate,  gr.  0.09;  sodium  carbonate,  gr. 
0.44;  bicarbonates,  gr.  2;  and  very  small  quantities  of 
sodium  chloride,  potassium  sulphate,  sodium  sulphate, 
aluminum  sulphate,  aluminum  phosphate,  silica,  am- 
monium carbonate,  and  organic  matter.  Total,  7.20 
grains.  Free  carbonic-acid  gas,  12.30  cubic  inches. 
This  water  is  very  useful  in  anfemia  and  debilitated 
states  of  the  system.  The  Roanoke  Sulphur  Springs  are 
much  resorted  to  in  the  treatment  of  chronic  bronchial, 
pulmonary,  and  throat  affections.  The  waters  of  the 
spring,  combined  with  the  wholesome  atmospheric  con- 
ditions of  the  neighborhood,  are  believed  to  be  almost  a 
specific  for  hay  fever.  James  E.  Crook. 

.19P!?I^''"^'''  NEW  YORK.-Rochester,  N.  Y.,  a  city 
of  162,608  inhabitants,  is  situated  on  both  sides  of  the 
Genesee  River,  seven  miles  from  Lake  Ontario.  It  lies  in 
theso-called  "Lake  Region"  of  the  United  States,  which 
region  has  the  climatic  peculiarity  of  great  winter  cloudi- 
ness  m  comparison  with  that  of  the  Oregon  winter,  and 

.„*,Z'''^  ■  "  -^  i°'°'  Inquiry  as  to  what  kind  ol  Patients  should  be  Sent 
to  the  French  Riviera,"  by  Stanley  M.  Kendall,  M.D.,  of  Mentone  and 
Thomas  Linn,  M.D.,  of  Nlce.-The  Cllmatologlk7Noyemte  15thf  189L 
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Roanoke  Springs. 
Rock  Castle  Springs. 


of  the  St.  Lawrence  Valley  district.  As  will  be  seen  by 
the  climatic  chart,  the  number  of  clear  and  fair  days  are 
least  in  winter,  and  the  relative  humidity  is  highest.  The 
rainfall  is  least  in  autumn. 

"  During  the  six  months,  April  to  September  inclusive, 
the  relative  humidity  of  the  atmosphere  is  markedly 
lower  at  Rochester  than  at  New  York,  and  the  cloudiness 
is  nearly  the  same  at  the  two  places ;  during  the  midsum- 
mer months  it  is  actually  less  at  the  former  than  at  the 
latter.  Thus,  during  the  winter  season,  Rochester  is  de- 
cidedly damper  and  more  cloudy  than  New  York ;  dur- 
ing the  summer  season,  and  especially  the  midsummer 
season,  New  York  is  markedly  damper  and  a  trifle  more 
cloudy  than  Rochester  "  (Richards,  previous  edition  of  the 
Handbook). 


These  springs  are  located  in  a  glen-like  nook  formed 
by  the  spurs  of  the  North  and  Mill  Mountains,  and  they 
break  forth  from  a  mass  of  slate  rock  at  tlie  base  of  the 
ridge.  This  slate  contains  large  quantities  of  alumina 
and  the  salts  of  iron,  and  the  springs  are  formed  by  the 
percolation  of  water  through  this  mass.  Four  different 
reservoirs,  numbered  respectively  No.  1,  No.  3,  No.  3, 
and  No.  4,  have  been  formed.  The  immediate  surround- 
ings of  this  resort  are  very  attractive.  The  hotel  and 
cottages  afford  comfortable  accommodations.  The  nu- 
merous springs  here  vary  somewhat  in  their  analyses,  the 
proportion  of  alum  ranging  from  6.88  gm.  per  gallon  in 
Spring  No.  6,  to  81.05  gm.  in  Spring  No.  7.  Different 
chemists  have  also  arrrived  at  different  results  in  analyses 
of  the  same  spring.     The  following  analysis,  by  Prof. 


Climate  of  Rochester,  N.  Y.    Latitude,  43°  8' 


Longitude, 
Years. 


77°  42'.     Period  of  Observation,  Thirteen 


Temperature  (degrees  Fahr.)— 

Average  or  normal  

Average  dally  range 

Mean  of  warmest 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity- 
Average  relative 

Precipitation- 
Average  in  inches 

Wind- 
Prevailing  direction 

Average  velocity  in  miles 

Weather- 
Average  number  of  clear  days 

Average  number  of  fair  days 

Average  number  of  clear  and  fair  days. . 


January.      February, 


24.4° 
14.0 
30.9 
16.9 
69.0 
-13.0 

80.  W 

3.31 

W. 
11.1 

1.5 
8.2 
9.7 


23.1° 
1.5.  ti 
34.1 
18.5 
63.0 
-13.0 

76.9^ 

3.68 

W. 
11.3 

3.3 
10.8 
14.1 


30.1° 
14. r> 
39.5 
3419 
69.0 
7.0 


3.41 


W. 
11.6 


11. 0 
14.0 


56.8° 
18.8 
63.7 
46.9 
90.0 
23.0 

62.3^ 

3.31 

W. 


9.3 

13.5 
31.7 


July. 


70.9° 

17.9 

80,0 

62,1 

96.0 

48.0 

66.7^ 

3.52 

W. 
7.3 


14.7 
23.9 


August. 


69.4° 
18.0 
78.6 
60.6 
96,0 
47.0 

67.3:< 

3.05 

s;  W. 
6.9 

10.4 
13.7 
34.1 


November. 


36.2° 
13.5 
45.0 
31.5 
71,0 
1.0 

75., W 


W. 
10.3 

3.9 
9.3 

12.2 


Year. 


46,8° 


71.4^ 
36.78 
W. 


71.5 
133,3 
204,8 


It  will  further  be  noted  from  the  chart  that  the  tem- 
perature range  is  great,  a  characteristic  of  the  climate 
in  the  temperate  zone ;  and  that  the  prevailing  wind  the 
year  through  is  from  the  west  or  southwest.  If  this 
chart  is  compared  with  that  of  Portland,  Me.,  given  in 
the  present  volume,  it  will  be  seen  that  there  is  a  close 
resemblance  in  many  of  the  data.  The  temperatures  are 
very  nearly  the  same.  At  Rochester  the  average  mean 
annual  temperature  is  46.8°,  and  at  Portland,  46.f5°;  for 
the  winter,  in  the  former  place,  the  average  is  25.7°,  and 
in  the  latter,  25.6°  F. ;  and  so  of  the  other  seasons.  The 
rainfall  for  the  year  in  Portland  is  39.04  inches,  and  In 
Rochester,  36.78  inches.  The  average  relative  humidity 
is  71.4  per  cent,  at  Rochester,  and  69.7  per  cent,  at  Port- 
land. We  notice,  however,  that  there  is  more  wind  at 
Rochester,  and  the  direction  is  more  constant.  When  we 
come  to  the  number  of  clear  and  fair  days,  there  is  a  de- 
cided difference.  While  the  number  of  clear  days  at 
Rochester  is  only  71.5  per  annum,  it  is  107.7  at  Portland; 
and  the  number  of  clear  and  fair  days  at  the  latter  place 
exceeds  by  forty-seven  the  number  at  Rochester,  More 
sun  and  less  wind,  then,  are  to  the  advantage  of  Port- 
land. 

Where  an  outdoor  life  under  clear  sides  and  insunshme 
is  desirable  for  a  patient,  it  is  evident  that  he  must  seek 
some  other  locality  than  that  of  this  "  Lake  Region  "  as 
represented  by  Rochester. 

Forty-four  miles  south  of  Rochester  is  situated  the 
Jackson  Sanatorium,  for  the  treatment  of  certain  chronic 
cases,  such  as  neurasthenia,  etc.  It  is  said  to  be  well 
equipped  with  apparatus  for  the  various  forms  of  treat- 
ment by  hydrotherapy,  electricity,  etc. 

■^     •'  Edward  0.  Otis. 

ROCKBRIDGE  ALUM  SPRINGS.— Rockbridge  County, 

Virginia.  „     .  tt  ^  ^      j 

Post-Ofpice.— Rockbridge  Alum  Spnngs.     Hotel  and 

Access.— Via  Chesapeake  and  Ohio  Railroad  to  Goshen, 
thence  by  stage  to  springs. 


M.  B.  Hardin,  of  Spring  No.  2,  is  fairly  representative  of 
the  group : 

One  United  States  gallon  contains:  Sodium  sulphate, 
gr.  0.03;  calcium  sulphate,  gr.  3.23;  lithium  sulphate, 
gr.  0.03;  magnesium  sulphate,  gr.  5.61;  potassium 
sulphate,  gr.  0.41 ;  aluminum  sulphate,  gr.  43.61 ;  man- 
ganesium  sulphate,  gr.  0.09;  iron  persulphate,  gr.  1.95; 
nickel  sulphate,  gr.  0.14;  calcium  phosphate,  gr.  0.17; 
sodium  chloride,  gr.  0.11;  silica,  gr.  3.70;  sulphuric  acid, 
gr.  3.83 ;  and  traces  of  cobalt  sulphate,  zinc  sulphate,  lead 
sulphate,  ammonium  nitrate,  calcium  fluoride,  antimony, 
copper,  arsenic,  and  organic  matter.  Total,  63.35  grains. 
The  following  gases  were  also  found  in  one  United  States 
gallon:  Oxygen,  1.49  cub.  in.;  nitrogen,  3.98  cub.  in.; 
and  carbonic  acid,  10.89  cub.  in.  These  have  long  been 
regarded  as  among  the  best  alum  waters  known.  They 
are  clear  and  odorless,  but  possess  a  strongly  astringent 
and  styptic  taste.  Their  temperature  ranges  from  50°  to 
56°  P.  They  are  of  undoubted  efficacy  in  cases  requiring 
an  astringent  chalybeate.  They  have  proved  valuable  in 
atonic  and  catarrhal  states  of  the  different  mucous  mem- 
Ijranes— for  example,  in  chronic  diarrhoea,  in  leucorrhoea, 
in  pharyngitis,  in  rhinitis,  etc.  They  are  very  useful 
locally  in  scrofulous  ulcers  and  in  other  slow-healing  sim- 
ilar conditions.  The  waters  sometimes  prove  purgative 
in  large  doses  and  are  always  diuretic  in  doses  of  one- 
quarter  to  one-half  of  a  small  tumblerful  taken  six,  eight, 
ten,  or  twelve  times  a  day.  The  effects  of  the  water 
often  last  far  beyond  the  period  during  which  they  are 

faken.  t^  n     i 

James  A.  Crook. 

ROCK  CASTLE  SPRINGS.  — Pulaski  County,  Ken- 
tucky. 

Post-Ofpice.— Rock  Castle.     Springs  Hotel. 

These  springs  are  located  in  the  Rock  Castle  River, 
and  are  accessible  by  the  Louisville  and  Nashville  and 
Queen  and  Crescent  Railroad  hues.  There  is  daily  con- 
nection by  stage  with  morning  and  afternoon  trains  at 
London.    The  situation  is  one  of  great  natural  charm 
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and  beauty,  being  in  the  heart  of  the  Cumberland  Moun- 
tains, at  an  elevation  of  over  tvpo  thousand  feet  above  the 
sea-level,  and  surrounded  by  a  vast  natural  park  of  pine 
trees.  The  pure  air  and  equable  temperature,  as  well  as 
the  isolation  from  the  thoroughfares  of  travel,  combine 
to  render  the  location  one  of  exceptional  freedom  from 
the  ills  of  hot  weather.  A  comfortable  hotel,  with  am- 
ple arrangements  for  the  comfort  of  guests,  is  at  hand. 
The  surrounding  forests,  hills,  and  fields  offer  many 
attractions  for  the  botanist,  the  naturalist,  and  the  sports- 
man. The  following  analysis  was  made  by  Dr.  Robert 
Peter:  One  United  States  gallon  contains:  Iron  carbon- 
ate, gr.  0.84;  calcium  carbonate,  gr.  2.58;  magnesium 
carbonate,  gr.  0.86;  calcium  sulphate,  gr.  0.17;  magne- 
sium sulphate,  gr.  0.13;  sodium  sulphate,  gr.  8.09;  so- 
dium chloride,  gr.  0.15;  silica,  gr.  0.74.  Total,  8.55 
grains.  A  considerable  quantity  of  free  carbonic  acid 
gas  is  also  present. 

The  waters  of  the  springs  have  been  in  use  since  1843. 
They  are  said  to  possess  excellent  tonic  and  diuretic  prop- 
erties. It  is  also  maintained  that  the  location  is  very 
beneficial  for  cases  of  hay  asthma,  nasal  catarrh,  laryn- 
gitis, etc.  James  K.  Crook. 

ROCK  ENON  SPRINGS.— Frederick  County,  Virginia. 

PosT-OrFiCE.— Rock  Bnon  Springs.     Hotel. 

Access. — ViS  Valley  Branch  of  the  Baltimore  and  Ohio 
Railroad  to  Winchester,  thenceby  coach  over  picturesque 
mountain  road  sixteen  and  one-half  miles  to  springs. 
Time  from  Washington,  six  and  one-half  hours. 

This  resort  is  located  in  the  great  North  Mountains. 
It  is  surrounded  by  the  primeval  forest,  and  nestles 
under  the  shadow  of  a  majestic  peak  in  a  romantic 
gorge,  through  which  flows  Laurel  Brook,  a  beautiful 
stream  which  is  supplied  by  the  mountain  springs,  and 
which  winds  about  the  hotel  and  its  attractive  lawn. 
The  locality  is  free  from  swamp  lands  and  malaria.  The 
hotel  has  a  location  of  twelve  hundred  feet  above  tide 
water.  This  is  a  model  caravansary,  and  the  visitor  may 
feel  assured  that  eveiy  device  for  his  comfort,  health,  and 
amusement  has  been  arranged  for  by  the  thoughtful  pro- 
prietor. The  scenery  in  the  neighborhood  is  exception- 
ally fine.  Close  to  the  hotel  are  three  mineral  springs, 
which  have  been  found  to  possess  well-marked  medicinal 
properties. 

The  Chalybeate  Spring  was  analyzed  by  Professors  Gale 
and  New,  of  the  Smithsonian  Institute,  Washington,  who 
found  it  to  contain,  in  one  United  States  gallon,  the  fol- 
lowing solid  constituents:  Sodium  carbonate,  gr.  1.21; 
calcium  carbonate,  gr.  5.13;  calcium  sulphate,  gr.  3.56; 
magnesium  sulphate,  gr.  12.89;  magnesium  chloride, 
gr.  1.12;  Iron  oxide,  gr.  14.25;  manganesium  oxide,  gr. 
1.05;  alumina,  gr.  0.80;  silica,  gr.  0.43.  Total,  40.43 
grains. 

The  water  resembles  that  of  the  Pyrmont  Spring  in 
Waldeck,  Germany.  It  Is  a  strong  chalybeate,  and  pos- 
sesses aperient  and  diuretic  properties. 

A  qualitative  analysis  of  the  Alkaline  Spring  by  Pro- 
fessor Lupton,  late  of  the  University  of  Virginia,  showed 
the  presence  of  potassium  and  magnesium  carbonate, 
sodium  chloride,  calcium  sulphate  and  carbonate,  silical 
and  carbonic,  sulphuric,  and  hydrochloric  acids.  The 
water  is  antacid,  diuretic,  and  aperient,  and  is  used  in 
affections  of  the  kidneys  and  urinary  passages,  in  dys- 
pepsia, in  gout,  and  in  catarrhal  affections. 

The  Old  Capper  Sirring  once  gave  its  name  to  the  resort, 
alid  it  is  styled  Capper's  Springs  in  the  older  books.  It 
has  been  in  use  for  more  than  a  century.  The  water  is 
described  as  being  efficacious  in  rheumatism  and  in  dis- 
eases of  the  skin,  and  as  a  cure  for  certain  of  the  intes- 
tinal worms. 

White  and  blue  sulphur  springs  of  excellent  quality 
are  also  found  in  the  neighborhood.  The  following 
data  show  the  mean  temperature  at  Rock  Enon  for  July 
and  August  during  the  past  ten  years:  July,  7am  66° 
F.  •  13  M.,  77°;  3  P.M.,  78°;  6  p.m.,  75°;  and  10  p.m., 
66.25°.  For  August,  at  the  same  hours,  the  record  was 
64.5°,  74.5°,  76°,  73°,  and  66°  F.  James  K.  Crook. 
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RODENT  ULCER.     See  Carcinoma  of  the  Skin. 

ROENTGEN  RAYS,  USE  OF,  IN  MEDICINE  AND 
SURGERY.— The  discovery  by  Wilhelm  Conrad  Roent- 
gen, in  1895,  of  the  kind  of  radiant  energy  now  known 
as  the  Roentgen  or  s-rays,  was  at  once  recognized  as  giv- 
ing a  most  important  addition  to  the  armamentarium  of 
the  diagnostician  in  surgery.  With  improved  appara- 
tus and  technique,  and  with  more  extended  experience, 
the  application  of  the  Roentgen  rays  has  gradually  ex- 
tended until  their  use  is  now  universally  regarded  not 
only  as  indispensable  in  surgery,  but  as  most  valuable 
for  diagnosis  and  therapy  in  many  diseases  not  classed  as 
surgical. 

Mature  and  Action  of  the  Roentgen  Bays. — The  Roent- 
gen rays  are  produced  by  the  passage  of  an  electrical 
current  of  small  volume  and  high  tension  through  a  spe- 
cially constructed  vacuum  tube  of  high  exhaustion.  If 
an  electrical  current  is  passed  through  a  glass  tube  from 
which  the  air  has  been  but  partly  exhausted,  an  arc  of 
light  will  be  projected  from  the  cathode  (negative  pole) 
to  the  anode  (positive  pole).  If  a  similar  tube  of  high 
exhaustion  is  used,  no  arc  of  light  will  form,  but  a  pecul- 
iar fluorescence  will  appear  at  the  anode.  This  fluores- 
cence appears  to  emanate  from  any  body  exposed  to  the 
cathode  of  a  vacuum  tube.  In  the  ordinary  Roentgen- 
ray  tube,  the  anode  is  a  platinum  plate  placed  in  a  line 
with  the  cathode,  and  the  electrical  energy  passing  from 
the  cathode  falls  upon  the  anode,  and  from  thence  both 
fluorescent  and  Roentgen  rays  are  projected.  If  the 
cathode  is  concave  and  directed  toward  the  side  of  the 
tube,  fluorescence  will  appear  to  emanate  from  the  side 
of  the  tube  at  the  point  toward  which  the  cathode  is 
directed.  Not  only  does  the  body  fluoresce  upon  which 
the  cathode  rays  are  directed,  but  it  will  glow  with  heat 
if  the  electrical  current  is  strong.  In  consequence,  if  the 
cathode  rays  are  directed  toward  the  side  of  the  vacuum 
tube,  the  tube  will  become  heated  at  the  point  of  im- 
pingement, will  soon  soften  and  be  destroyed  by  the  giv- 
ing way  of  the  melted  glass.  For  this  reason  the  cathode 
rays  are  in  practice  directed  toward  a  platinum  plate 
which  forms  the  anode,  and  wliich  is  set  at  an  angle  of 
about  45°,  so  that  the  Roentgen  rays  are  directed  from  it 
outward  at  about  a  right  angle  to  the  long  axis  of  the 
tube  (Pig.  4114). 

The  visible  fluorescence  which  appears  in  the  tube 
must  not  be  mistaken  for  the  Roentgen  rays. 

The  Roentgen  rays  are  themselves  invisible,  and  are 
appreciable  to  the  senses  only  by  their  effect  upon  cer- 


^'5-  fll*-— Diagram  of  Roent«en-Ray  Tube  with  Lines  of  Roentgen 
Radiation.  TUe  lines  diverging  from  the  anode  show  by  their  rel- 
ative proximity  to  each  other  those  parts  of  the  hemisphere  In 
front  of  the  anode  which  are  more  or  less  acted  on  by  the  Roentgen 

tain  substances.  This  effect  is  manifested  in  three  ways : 
(a)  by  the  fluorescence  of  certain  chemical  substances 
wlien  the  rays  fall  on  them;  (6)  by  the  reduction,  when 
exposed  to  the  rays,  of  certain  silver  salts  ordinarily  used 
for  photography ;  and  (c)  by  changes  produced  in  living 
tissues  when  the  rays  act  upon  them  for  a  sufficient 
length  of  time. 
The  flrst  of  these  effects,  i.e.,  the  fluorescence  of  car- 
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Roeutgen  Rays. 


tain  chemical  substances,  is  the  means  used  for  producing 
visual  effects  directly  from  the  vacuum  tube.  When  the 
Roentgen  rays  fall  upon  certain  substances,  notably  cal- 
cium tungstate,  the  double  cyanide  of  platinum  and  ba- 


FiR.  4115.— Diagram  sbowing  the  Fluoroscopic  Method  of  Obtaining 
Visual  Images  by  Eoentgen  Radiation,  a.  Anode;  b.  Roentgen 
rays  passing  to  lighNexcluding  chamber  with  fluorescent  screen  d, 
on  which  appears  the  fluorescing  image  formed  by  rays  passing  by 
or  through  the  object  c. 

rium,  platinum  and  magnesium,  platinum  and  potassium, 
zinc  oxide,  etc.,  these  substances  glow  with  visible  fluor- 
escent light,  the  fluorescence  in  a  degree  depending  upon 
the  number  and  strength  of  the  impinging  rays. 

This  property  of  producing  visible  fluorescence  is  util- 
ized to  give  visual  effects  from  the  rays.  A  chemical  sub- 
stance which  will  fluoresce,  usually  the  double  cyanide 
of  potassium  and  barium,  is  spread  and  fixed  on  some 
plane  surface  which  is  opaque  to  light.  Upon  excluding 
light  and  allowing  the  Roentgen  rays  to  pass  through  the 
support  and  fall  upon  the  coated  surface,  this  is  seen  to 
glow  to  a  degree  depending  upon  the  amount  of  radiant 
energy  whicli  falls  upon  it.  The  amount  of  energy 
affecting  the  fluorescent  surface  depends  upon  the  energy 
given  out  by  the  tube,  the  distance  of  the  tube  from  the 
plate  (the  effect  vaiying  inversely  as  the  square  of  the 
distance),  and  the  extent  to  which  the  passage  of  the 
Roentgen  rays  to  the  fluorescent  surface  is  obstructed 
by  objects  placed  between  the  sensitive  surface  and  the 
tube  (Fig.  4115). 

The  visible  images  produced  by  the  Roentgen  rays  are 
in  every  sense  shadow  pictures.  The  objects  outlined  by 
the  rays  are  not  themselves  seen,  but  only  their  shadows 
cast  upon  a  fluorescent  screen  or  impressed  on  a  photo- 
graphic plate.  It  is  of  the  greatest  importance  in  inter- 
preting these  shadow  images  to  recognize  the  fact  that 
they  are  shadows  and  not  real  images  of  the  objects  ob- 
served. 

Roentgen  rays  are  always  projected  in  straight  lines 
from  the  fluorescing  anode,  and  unlike  light  rays  they 
are  incapable  of  refraction,  dispersion,  or  regular  reflec- 
tion. Consequently  the  shadow  images  formed  are  simi- 
lar to  shadow  images  made  by  ordinary  light  when  pro- 
jected from  a  point,  and  therefore  depend  for  shape  and 
size  not  only  upon  the  shape  and  size  of  the  object  pro- 
jecting the  shadow,  but  upon  the  position  in  which  the 
object  is  placed,  its  relative  distance  from  the  source  of 
the  rays,  and  the  plane  upon  which  the  shadow  is  cast. 
These  facts  are  of  the  utmost  importance  in  judging  the 
radiographic  image,  and  a  competent  observer  in  reach- 
ing a  conclusion  always  considers  all  these  factors  and 
their  relation  to  each  other.  Correct  estimation  of  the 
relative  value  of  these  factors  is  of  especial  importance 
in  ascertaining  the  size  and  position  of  foreign  bodies 
lodged  in  the  tissues,  and  is  to  be  particularly  considered 
in  medico-legal  cases  where  deformity  may  be  inferred 
from  malposition  of  tube  or  plate,  or  from  erroneous 
reading  of  the  shadow  picture. 

In  addition  to  their  non-deviation  from  the  direct  lines 
in  which  they  are  projected.  Roentgen  rays  differ  from 
light  in  that  they  are  capable  of  passing  through  or  pene- 
trating all  substances.     This  transparency  (to  use  the 


term)  to  Roentgen  radiation  is  not,  however,  the  same 
with  all  substances,  but  appears  to  be  in  large  measure 
in  inverse  ratio  to  the  density  of  the  substances.  The 
property  of  obstructing  tlie  passage  of  the  rays  differs 
markedly  with  different  tissues,  both  normal  and  abnor- 
mal, of  the  human  body ;  and  as  the  rays  which  pass 
through  the  least  resistant  tissues  are  thus  able  to  exert 
their  greatest  effect  upon  the  fluorescent  screen  or  photo- 
graphic plate,  the  shadow  image  gives  the  outlines  of 
certain  tissues,  and  by  difference  in  density  it  may  fur- 
nish evidence  of  normal  and  abnormal  conditions.  Thus 
for  instance,  not  only  are  the  outlines  of  a  long  bone 
clearly  marked  out  by  the  rays,  but  the  medullary  cavity 
IS  shown  as  well;  and,  wliile  in  radiographs  of  the  nor- 
mal lung  the  denser  bronelii  only  are  shown,  in  pulmo- 
nary tuberculosis  the  tuberculous  thickenings  from  their 
greater  resistance  to  tlie  rays  appear  as  clearly  defined 
shadows. 

As  to  the  real  nature  of  the  Roentgen  rays  many  hypoth- 
eses have  been  advanced,  some  physicists  holding  that 
they  are  longitudinal  vibrations  of  the  luminiferous  ether, 
others  that  they  are  minute  particles  of  matter  driven  out 
from  the  cathode,  and  others  that  they  differ  from  ordi- 
nary light  rays  only  in  the  number  ©f  vibrations.  While 
consideration  of  these  hypotheses  is  of  interest  to  the 
physicist,  to  the  physician  and  surgeon  the  practical 
facts  are :  (a)  that  Roentgen  radiation  is  a  form  of  energy 
projected  in  straight  Urns  from  its  source;  (V)  that  the  ease 
of  its  passage  through  the  hximan  body  depends  upon  the 
structure  and  density  of  tlie  tissues ;  (c)  that  it  is  capable 
of  producing  molecular  and  chemical  changes  in,  certain 
substances  used  for  making  its  action  visible,  such  as  the 
fluorescent  screen  and  photographic  plate ;  and{d)  that  it 
can  p-oduce  tissue  changes  by  affecting  the  metabolic  action 
of  living  cells. 

Practically,  the  selection  of  apparatus  which  will  best 
produce  these  visual,  chemical,  and  physiological  effects 
is  a  matter  of  much  importance,  and  as  there  are  many 
variations  in  type  of  apparatus  for  producing  Roentgen 
radiation,  a  careful  study  of  the  apparatus  and  the  prin- 
ciples upon  which  they  are  constructed  is  necessary  be- 
fore they  can  be  properly  understood  and  judicious  selec- 
tion made. 

Robnt6bn-Ray  Apparatus.  ^There  are  two  types  of 
apparatus  commonly  employed  for  producing  the  elec- 
trical current  of  small  volume  and  high  tension  necessary 
to  excite  the  vacuum  tube  to  Roentgen  radiation — the 
static  machine  and  the  induction  coil. 

Tlie  Static  Machine.— The  static  machine  is  the  only 
apparatus  in  which  an  electrical  current  of  required 
strength  and  tension  is  directly  produced.  In  this  appa- 
ratus the  electrical  current  is  produced  by  the  machine 
and  carried  direct  to  the  tube,  the  electrical  energy  given 
out  being  derived  from  tlie  mechanical  energy  used  in 
driving  the  machine.  Two  forms  of  static  machine  are 
most  used — the  Wimshurst  and  the  Holtz.  Of  these  the 
Holtz  form  is  most  used  in  America,  while  the  Wims- 
hurst is  almost  exclusively  used  in  England.  The  use  of 
static  machines  for  Roentgen-ray  work  is  much  more  com- 
mon in  the  United  States  than  in  any  other  country.  In 
this  country  much  attention  has  been  paid  to  this  form 
of  apparatus,  and  a  type  of  apparatus  considerably  modi- 
fied from  the  original  Holtz  has  been  developed,  which 
is,  with  certain  limitations,  quite  satisfactory.  The  ma- 
chines now  most  used  (Fig.  4116)  have  from  eight  to  six- 
teen circular  glass  plates  mounted  on  an  axle.  These 
plates  rotate  in  one  direction,  and  between  them  are  fixed 
inductor  plates  of  glass. 

The  special  advantages  of  the  static  machine  are  that  it 
is  easy  to  operate,  that  with  ordinary  care  it  is  not  liable 
to  get  out  of  order,  and  that  it  is  capable  of  producing  a 
steady  and  fairly  powerful  output,  which  is  not  injuri- 
ous to  vacuum  tubes.  For  good  work  it  is  necessary  to 
have  a  static  machine  of  large  size,  twelve  to  sixteen 
plates,  thirty-two  inches  in  diameter,  or  even  larger,  and 
it  should  be  driven  not  by  hand  but  by  power,  a  one-half 
horse-power  motor  with  speed  regulation  being  required 
to  give  good  results.     The  disadvantages  of  the  machine 
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are  that  it  occupies  mucli  space,  that  it  is  liable  (unless 
carefully  managed)  to  fail  in  damp  weather,  and  that 
as  powerful  effects  cannot  be  obtained  with  it  as  with 
the  larger  coil  apparatus.     Under  proper  management  a 


Pig.  4116.— Static  Macbine  Arranged  for  x-Unj  Work. 

large  static  machine  will  do  satisfactory  fluoroscopic  and 
photographic  work,  but  where  therapeutic  work  has  to 
be  done  the  majority  of  operators  consider  a  coil  appa- 
ratus indispensable.  With  a  static  machine  great  care 
must  be  taken  to  keep  its  interior  free  from  moisture ;  a 
tight  case  and  the  occasional  use  of  calcium  chloride  for 
drying  being  necessary.  In  operating  it,  steady  and 
sufficiently  rapid  revolution  of  the  plates  and  careful  at- 
tention to  the  use  of  the  "  spark  gaps  "  and  Leyden  jars 
is  indispensable  to  success.  The  static  machine  is  to  be 
particularly  recommended  where  commercial  electrical 
currents  for  running  a  coil  cannot  be  had,  as  under  these 
conditions  a  large  static  machine  run  by  a  water,  steam, 
or  gasoline  engine  will  give  much  better  satisfaction 
than  a  coil  apparatus  energized  by  a  primary  battery. 

Coil  Apparatus.— The  principal  parts  of  a  coil  appa- 
ratus are  the  induction  (RulimkorfE)  coil,  the  interrupter, 
the  vacuum  tube,  and  a  suitable  electrical  source.  In  the 
coil  apparatus,  the  secondary  current  of  small  volume  and 
high  tension  necessary  to  excite  the  vacuum  tube  is  ob- 
tained by  induction  from  a  primary  current  of  large  vol- 
ume and  relatively  low  tension.  The  primary  current  is 
obtained  from  primary  batteiies,  storage  batteries,  or 
dynamos — when  from  the  latter,  the  dynamo  current  for 
electric  lighting  is  usually  employed — and  is  carried  to 
the  coil  by  insulated  wires.  In  the  coil  (Fig.  4117)  the 
primary  current  traverses  that  part  of  the  coil  which  is 
called  the  primary  and,  being  Interrupted  with  high  fre- 
quency by  the  interruptor,  by  induction  produces  a  cui-- 
rent  of  high  potential  in  the  secondary  part  of  the  coil, 
from  which  it  is  carried  by  insulated  wires  to  the  vacuum 
tube. 

T7ie  Induction  Coil. — Induction  coils  are  made  of  va- 
rious sizes  and  are  wound  to  correspond  to  the  primary 
current  by  which  they  are  supplied,  whether  from  bat- 
tery or  from  dynamo.  They  should  be  used  only  with  the 
current  for  which  they  are  designed.  Their  size  is  given 
In  inches,  this  indicating  the  length  of  spark  they  give 
when  supplied  with  a  proper  current.  The  longer  the 
spark  length,  the  greater  the  care  which  must  be  em- 
ployed in  manufacturing  the  coil  (to  prevent  its  being 


destroyed  by  the  powerful  currents  which  are  necessary 
to  energize  it)  and  the  more  the  resulting  work  which 
the  coil  is  capable  of  doing.  For  practical  Roentgen-ray 
work,  coils  exceeding  eighteen  inches  in  spark  length  are 
unnecessary,  as  the  vacuum  tube  has  not  yet  been 
devised  which  can  dispose  of  all  the  electrical  energy 
given  by  an  eighteen-inch  coil  when  giving  its 
maximum  output.  Coils  below  six  inches  are  not 
to  be  recommended  except  for  very  light  work, 
and  for  really  satisfactory  work  coils  giving  a  large 
twelve-  to  eighteen-inch  spark  are  to  be  preferred. 

The  Interrupter. — To  produce  the  required  sec- 
ondary current  it  is  necessfjy  more  or  less  rapidly 
to  interrupt  or  break  the  primary 
current.     The  interrupter  is  a  most 
important  part  of  the  coil  appara- 
tus.    The  essentials  of  a  good  in- 
terrupter are  suddenness  of  break, 
good  contact  at  the  make,  and  ad- 
justment  for   regulating   the    fre- 
quency of  the  interruptions.     The 
greater  the  abruptness  with  which 
the  current  is  cut  and  the  more  in- 
stantaneous  and   perfect  the  con- 
tact when  the  current  is  made,  the 
greater  will   be  the  effect  on  the 
secondary  coil;  also  adjustment  for 
regulating  the  frequency  of  the  in- 
terruptions and  the  length  of  the  make  is  neces- 
sary in  order  to  adjust  the  induced  current  to  the 
capacity  of  the  tube  in  use.     Many  forms  of  in- 
terrupter have  been  devised  in  order  to  meet  these 
requirements.      There  are  three  main   types  of 
these  now  used — the  vibrating  spring  type,  the 
mercury  type,  and    the    electrolytic    type.      Of 
these  different  types  the  vibrating  spring  inter- 
rupter (Neff's  hammer)  is  the  original  and  sim- 
plest form  (Fig.  4117). 

An  upright  spring,  carrying  a  heavy  piece  of  iron  at 
its  upper  end,  is  fixed  on  the  baseboard  so  that  the  iron 
head  is  opposite  one  end  of  the  core  of  the  coil.  On  the 
face  of  the  hammer  furthest  from  the  core  is  fixed  a  piece 
of  platinum,  and  opposite  this  is  another  piece  of  plati- 
num fixed  in  the  end  of  a  screw  held  in  a  brass  pillar. 
The  electrical  current  is  carried  from  one  pole  of  the  bat- 
tery through  the  coils  of  the  primary  to  the  vibrating 
hammer,  thence,  when  the  platinum  points  are  in  contact, 
to  the  screw  and  from  it  to  other  pole  of  the  battery. 
The  current  magnetizes  the  soft-iron  core,  which  attracts 
and  pulls  the  hammer  toward  it  and  away  from  the 


Fig.  4117.— Diagram  of  Inductlon-Coil  Apparatus  with  Vibrating 
Hammer  Interrupter.  ^.Contact;  B,  battery;  S,  secondary;  0, 
soft-iron  core ;  Jf,  hammer ;  c,  condenser ;  T,  tube. 

screw.  This  breaks  the  current,  the  core  is  demagne- 
tized, and  the  spring  carries  the  hammer  back  against 
the  screw,  which  again  completes  the  circuit,  and  the 
process  is  repeated.    By  adjusting  the  screw  and  the 
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tension  of  the  spring,  tlie  rate  of  tlie  viliratious  au(i  tlie 
relative  length  of  break  and  contact  can  be  regnlatcd  to 
a  certain  degree  to  correspond  with  the  tube  used. 

The  advantage  of  this  interrupter  is  its  simplicity,  but 
it  is  not  adapted  to  coils  giving  a  spark  over  six  inches 


Fir,.  4118.  — Masram  of  Independent  Vibrator,  h.  Hammer;  ic,  mov- 
able weight:  ;i.  .s.,  hammer  spring;  c,  contact  points ;  c.  .5.,  contact 
spring;  -1,  i',  A,  adjusting  screws. 

in  length.  The  break  made  bj'  it  from  its  occui-riug 
■when  the  hammer  starts  to  move,  is  not  abrupt,  and  the 
contact  from  the  wearing  of  the  platinum  is  apt  to  be 
imperfect.  Also  the  intense  heat  developed  at  the  point 
of  contact  sometimes  welds  the  platinum  points  together 
and  stops  the  working  of  the  apparatus.  Large  coils, 
requiring  heav_y  cui-rents,  cannot  be  used  with  the  inter- 
rupter, both  from  the  liability  of  welding  the  platinum 
and  from  the  jumping  of  the  current  across  the  gap  at  the 
break. 

The  independent  vibrating  interrupter  (Fig.  4118)  is  a 
modification  of,  and  a  great  ijnprovemeut  on,  the  Neflf 
hammer.  With  it  coils  up  tofifteen  inches,  energized  by 
commercial  currents  up  to  one  hundred  and  ten  volts,  can 
be  quite  satisfactorily  worked.  In  this  form  the  inter- 
rupter is  operated  by  a  secondary  battery  connected  by 
a  shunt  from  the  main  circuit,  and  is  entirely  indepen- 
dent of  the  main  coil. 

In  this  interrupter  the  current  passes  from  the  battery 
to  the  coil  and  returns  (Fig.  4118)  through  e.s.,  e.  and  ,s',, 
unless  broken  at  c.  The  current  is  broken  at  c,  by  the 
screw  a  striking  the  contact  spring,  when  the  hammer  is 
attracted  by  the  core  of  the  small  coil.  This  interrupter 
gives  a  relatively  long  contact,  and  the  break  is  verj- 
sudden  as  the  contact  spring  is  struck  when  the  hammer 
is  moving  at  high  speed.  The  rapidity  of  the  interrup- 
tions can  be  varied  in  wide  range  by  raising  or  lowenng 
the  movable  weight  (?(•)  on  the  hammer  spring.  The  ad- 
vantages of  this  form  of  interrupter  are  that  it  is  easy  to 
manipulate,  that  it  does  not  readily  get  out  of  order,. and 
that  it  gives  good  results  on  all  but  the  largest  coils. 

Meratry  Interrupters.— 'iha  mercury  interrupters  are 


of  two  types— the  dip  interrupters  and  the  turbine.  The 
dip  interrupter  (Fig.  4119)  consists  of  a  small  eleeti'ic 
motor  which,  when  in  motion,  rapiiUy  dips  one  or  two 
silver  needles,  hung  on  an  eccentric  of  the  shaft,  into 
mercury,  overlaid  with  petroleum,  contained  in  glass 
receptacles. 

The  needles  being  connected  with  one  pole  of  the  bat- 
tery and  the  mercury  with  the  other,  the  current  is  made 
and  broken  b}'  the  entrance  and  exit  of  the  needles  from 
the  mercury,  while  the  number  of  interruptions  is  regu- 
lated by  the  speed  of  the  motor,  and  the  relation  of  make 
to  break  is  detennined  by  the  time  the  needles  remain  in 
or  out  of  the  mercury. 

The  turtnne  interrupters  (Fig.  4130)  consist  essentially 
of  a  hollow  metal  cylinder  in  which  openings  are  cut, 
and  within  which  a  rapidly  revolving  turliine  wheel, 
by  centrifugal  force,  throws  outward  a  stream  of  mer- 
cury. The  cylinder  being  connected  with  one  pole  of 
the  current  and  the  wheel  and  meicuiy  with  the  otiier, 
the  current  is  made  when  the  sti'eani  of  mercuiy  im- 
pinges against  the  wall  of  the  cylinder  and  is  broken 
when  it  passes  through  the  openings.  The  rapidity  of 
the  interruptions  can  be  regulated  by  the  speed  of  the 
motor  which  runs  the  turbine  wheel,  and  the  length  (jf 
the  make  and  break,  by  the  size  of  the  openings  in  the 
cylinder  and  the  distance  between  them.  In  practice, 
the  openings  are  triangular  sectors,  and  the  relation  of 
make  to  break  can  be  varied  by  raising  or  lowering  the 
cylinder.  The  break,  from  the  force  with  which  the 
mercury  is  thrown,  is  extremely  sudden.  The  mercury 
is  used  diy,  and  requires  only  occasional  cleaning. 

The  dip  and  turbine  interruptci-s  give  the  highest  at- 
tainable results  They  can  be  used  on  the  largest  coils 
and  with  direct  currents  up  to  tw  r) 
hundred  and  fifty  volts.  The  tur- 
bine are  in  many  respects  better 
than  the  dip  interrupters,  as  they 
are  easier  to  manage  and,  in  the 
•best  forms,  are  capable  of  more 
varied  adjustment.  They  are  ex- 
pensive, comjiared  with  other  inter- 
rupters, but  for  ci-itical  and  pro- 
fessional Roentgen-ray  work  are 
unexcelled. 

Electrolytic  IntermjUers.  — These 
interrupters  are  entirely 
different  in  principle 
from  those  above  de- 
scribed.      Their    actinn 


Fig.  4119.-Coil  with  Mercury  Dip  Interrupter. 

depends  upon  the  electrolytic  action  of  an  electrical 
current.  These  interrupters  consist  essentially  of  a  large 
sheet  of  lead  connected  with  the  negative  pole  of  an 
electrical  current  and  a  small  surface  of  platinum  con- 
nected to  the  positive  pole,  both  being  immersed  in 
dilute  sulphuric  acid  (Fig,  4131),  When  a  current  13 
passed,  electrolytic  action  occurs  in  the  fluid  and  the 
sudden  formation  and  disappearance  of  a  non-conducting 
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envelope  of  gas  alioiit  the  exposed  plat- 
inum alteraately  breaks  and  makes  the 
currents.  In  practice,  at  least  forty 
volts  at  the  terminals  of  the  interrupter 
must  be  used  to  give  good  iesult.s. 

Tliese  interrupters,  from  the  rapidity 
of  the  interruptions,  give  a  steady  and 
intense  light  for  fluoroscopic  purposes, 
but  for  photographic  work  the  radiation 
is  not  so  energetic  as  that  given  by  the 
mercury  interrupters.     The  advantages 
of  this  interrupter  are  its  cheapness  and 
simplicity.     Its  disadvantages  are  that 
it  is  not  fully  con- 
trollable, that  it  is 
liable    to    explode, 
and   that  it   is  not 
possible  to  work  it 
long  at  a  time,  as 
the   fluid   soon   be- 
comes overheated. 

Interrupters  for 
Use  itith  Alternat- 
ing C'tirrents. — All 
the  interrupters  so 
far  discussed,  with 
the  exception  of 
the  electrolytic 
type,  can  be  used 
only  on  direct  cur- 
rents. The  electro- 
lytic  interrupter 
can  be  used  on  an 
alternating  cur- 
rent, and  is  the 
cheapest  method  of 
using  such  a  cur- 
rent;   but    it    does 

not  give  as  good  results  as  when  used  on  a  direct  cur 
rent  and  the  platimmi  corrodes  rapidly.     For  some  rea 


Fig.  4120.— Coil  Apparatus  with  Turbine  In- 
terrupter and  with  Wall  Plate  having  Volt 
and  Aiiipert^rnHter,  Switches,  Safety  Fuse, 
Rheostat  fur  Main  Current,  and  Auxiliary 
Itbei'Stat  for  Mritpr  of  Interrupter. 


Fig.  4121.— Electrolytif  (Wohiic-lti  liitorrupter.  A,  Interrupter-  h 
platinum  wire  in  i.oirolain  cyliridiT;  e,  lead  plate;  d,  coil;  e,  wires 
connecting  interruiitcr  ami  coll  witli  an  electrical  source. 

son  the   electrolytic    interru]iter    does    not  explode   or 
"choke"  (cease  working)  on  alternating  curreutR. 

Synchronous  interritpters  of  the  turbine  mercury  tvpe 
are  considerably  used  abroad  for  utilizing  alternating 
currents.      They   depend   in   principle   upon   the   make 
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being  synchronous  Vvith  tlie  alternation  of  the 
current,  so  taking  only  the  crest  of  the  alternat- 
ing waves  and  thus  giving  a  direct  current. 
Recently,  in  the  United  States,  a  form  of  dip  in- 
terrupter has  been  put  on  the  market,  known 
as  the  Heinze  interrupter,  which  can  be  used 
with  either  direct  or  alternating  currents. 

Tliis  interrupter 
consists  essentially 
of  a  small  motor 
whose  crank  eccen- 
tric rapidly  carries 
a  platinum  needle 
into  and  out  of  di- 
lute sulphuric  acid. 
The  principle  is  a 
combination  of  the 
mercury  dip  and 
the  electrolytic. 
The  interrupter  is 
eoiupletely  under 
control  when  work- 
ing with  a  continu- 
ous current,  and  by 
means  of  the  con- 
trol lever  the  make 
and  break  of  the 
interrupter  can  be 
made  synchronous 
with  the  alterna- 
tions of  an  alternat- 
ing current,  and  so 
send  a  imidirection- 
al  current  through 
the  coil. 

2'he  Condenser. — 
Tliis  part  of  a  coil 
apparatus  (Fig. 
4117,  c)  consists  of 
a  number  of  sheets 
of  tinfoil,  insulated 
from  each  other, 
and  connected  with  the  wires  by  which  the  coil  is  con- 
lected  with  tlie  electrical  source.  The  function  of  the 
condenser  is  to  act  as  a  sponge  and,  when  the  interrupter 
iireaks  the  current,  instantlj'  to  al.)Sorb  the  electricity  in 
the  primary  and  so  completely  and  immediately  to'de- 
magnetize  the  core,  thus  greatly  increasing  the  energy  in 
the  secondary.  So  energetic  is' tliis  action  that  a  twVlve- 
inch  coil  without  a  condenser  Avill  barely  give  a  two-inch 
spark.  The  condenser  is  usually  placed  "in  the  base  of 
the  coil,  but  may  be  mounted"  separately.  With  the 
electrolytic  interrupter  no  condenser  is  used. 

Vncniim  Tnbes. — Tubes  are  graded  from  low  (soft)  to 
higli(hard).  A  high  or  hard  tilbeis  one  of  high  vacuum. 
These  tubes  require  powerful  currents  to  excite  them, 
and  they  produce  rays  of  great  intensitv.  With  such 
tubes  the  shadows  of  the  bones  viewed  "with  a  fluoro- 
seope  appear  gray,  and  metallic  objects  are  rcadilv  seen 
through  them.  Tubes  of  this  character  are  veiy"  ener- 
getic in  action  on  the  photograiiliic  plate,  and  are  useful 
for  work  through  thick  parts,  as  the  hip,  pelvis,  or  head. 
A  low  or  soft  tube  is  one  of  low  vacuum.  Low  tubes 
are  readily  illuminated  by  currents  of  low  power,  and 
therefore  give  rays  of  low"intensity  and  penetration.  Be- 
tween the  low  and  high  tubes  there  are  all  gradations. 
Liiw  tubes  have  too  little  peneti-ation  for  work  with  any 
but  extremely  thin  parts  of  the  body,  while  very  high 
tubes  give  such  powerful  rays  that"  suflicient  contrast 
between  the  bones  and  surrounding  tissues  is  lost  and 
critical  dill'erentiation  of  structure  is  impossible.  Mod- 
erately high  tubes  are  best  for  general  work  both  in 
radiography  and  in  therapy. 

In  using  a  vacuum  tiibe  it  is  necessary  to  adapt  the 
curri'ut  to  the  tube  or  the  tube  to  the  current,  or  both  to 
each  other.  The  current  is  regulated  in  the  static  ma- 
chine by  the  rapidity  of  revolution  of  the  plates  and  by 
adjustment  of  the  spark  gaps.     In  the  coil  apparatus  the 
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Strength  of  the  primary  current  is  regulated  by  <i  rheo- 
stat, and  the  quality  of  the  secondary  current  is  conformed 
to  the  tube  by  adjustment  of  the  interrupter.  With  re- 
spect to  conforming  the  tube  to  the  curreut,  tubes  are 
divided  into  non-regulating  and  regulating  tubes. 

Regulating  tubes  consist  of  the  usual  vaciuun  tube 
■with  a  small  attached  bulb  containing  a  chemical  which 
wlieu  heated  gives  off  vapor  and  reabsorbs  it  when 
cooled.  Wheu  the  vacuum  of  the  tube  becomes  toohigh 
it  can  be  lowered  by  heating  the  bulb  bj'  the  passage  of 
an  electrical  curi'cut,  so  forcing  vapor  into  the  tube.  A 
verj'  ingenious  and  useful  self-regulating  tube  has  been 
devised  by  Queen  (Fig,  4122).  In  this  the  chemical  is 
heated  by  tlie  current  passing  to  an  adjustable  spark 
point,  and  by  adjusting  the  distance  of  this  point  from 
the  cathode  connection  any  desired  degree  of  vacuum 
may  be  maintained. 

In  tubes  to  be  used  with  the  powerful  currents  given 
by  the  larger  coils  and  rapid  interr\ipters,  special  provis- 
ion has  to  be  made  to  prevent  rapid  destruction  of  the 
anode  by  the  powerful  cathode  stream  which  impinges 
upon  it. 

Where  the  current  is  moderately  powerful,  tubes  with 
extra  thick  anti-cathodes  will  resist  the  cathode  stream. 
With  powerful  apparatus  the  water-cooled  tube  (Fig. 
4123)  must  be  used.  In  this  tube  the  anti-cathode  is 
^ilaced  at  the  base  of  an  inwardly  projecting  cylinder,  so 
that  it  can  be  kept  cool  by  running  water  and  thus  with- 
stand the  great  energy  developed. 

Success  in  the  use  of  the  Roentgen  ray -apparatus  de- 
pends largely  upon  proper  manipulation  of  the  tube  and 
the  current  supplied  to  it.  When  a  tube  is  used,  care 
should  be  taken  not  to  allow  the  platimnn  anode  to 
become  overheated.  As  a  rule,  radiation  is  at  its  best 
when  the  anode  is  just  short  of  while  heat  at  its  centre, 
where  the  greatest  energy  of  the  cathode  stream  is  ex- 
erted. For  this  radiation,  tubes  with  thick  or  water- 
cooled  anodes  are  required,  as  thin  anodes  are  soon 
perforated  and  destroyed.  When  in  operation  the  tube 
should  be  constantly  watched,  for  on  account  of  the  heat 
developed  the  vacuum  in  the  tube  becomes  gradually 
lower,  and  as  the  current  passes  more  readily  the  anode 
may  beconre  overheated  unless  the  operator  reduces  the 
current.  Tubes  become  higher  with  use,  Wlien  a  tube 
refuses  to  illuminate,  careful  application  of  heat  will 
overcome  its  resistance  for  a  time;  but,  with  use,  it  will 
linally  become  so  hard  that  no  current  can  ]iass  through 
it.     When  this  occurs,  re-exhaustion  is  the  cmly  remedy, 

Electkic,\l  Sources, — Three  sources  of  electrical  cur- 
rent are  used  for  Roentgen-ray  purposes— dynamos,  stor- 
age batteries,  and  piimary  batteries. 

The  dynamo  currents  generally  used  are  from  commer- 
cial electric-light  circuits,  and  this  kind  of  curreut  is  best 
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for  Roentgen-ray  work,  where  it  can  be  had,  as  it  affords 
sufficient  energy  to  operate  the  coil  and  the  discharge 
may  be  made  as  heavy  as  desired.  Commercial  currents 
are"  either  continuous  or  alternating.  The  continuous 
cnrrent  unless  of  very  high  voltage,  can  be  carried 
direct  to  the  coil,  requiring  only  a  rheostat  for  regulatmg 
it  and  a  safety  fuse  to  prevent  accidents.     These  currents 


are  usiudly  one  hundred  and  ten  volts,  and  all  forms  of 
interrupter  can  be  iised  with  them.  Currents  of  higher 
voltage  may  be  used,  but  with  two  hundred  and  twenty 
volts,  or  higher,  the  "reactiv('  kick"  of  the  primary 
liecomes  so  great  as  to  be  a  soui-ce  of  danger  to  the  oper- 
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Fig,  41;3.— Water-cooled  Tube. 

ator  in  case  of  accidental  contact  with  certain  parts  of 
the  appi^ratus.  With  these  Ingh-volt  currents  it  is  best 
to  use  a  current  transformer  which  reduces  the  curreut  to 
a  point  of  safety. 

The  aUerniitiiirj  current  can  lie  used  only  with  an  elec- 
trolytic interrupter,  a  Heinze  interrupter,  or  a  synchro- 
nous merciiry  interrupter. 

Storage  Batteries. — Next  to  a  dynamo  current  that  from 
a  storage  battery  gives  best  satisfaction.  Storage  bat- 
teries, like  batteries  generally,  have  the  disadvantage  of 
being  more  or  less  difficult  to  keep  in  order.  The 
"chloride  accunudator"  is  probably  tlie  best  type  and, 
in  its  more  compact  form,  is  useful  for  making  part  of 
])oi-table  apparatus.  These  batteries  can  be  charged 
from  dynamo  cunents  or  from  piimary  batteries.  To 
charge  from  an  alternating  current,  a  current  rectifier, 
which  takes  only  the  crests  of  the  alternating  waves, 
must  be  used.  To  give  a  good  output,  a  little  more  than 
one  cell  of  a  battery  is  required  for  each  two  inches  of 
spark  length  given  by  the  coil. 

Pi'imuiy  Batteries. — This  form  of  electrical  source  is 
the  least  desirable  of  any  used  for  energizing  coils  for 
Roentgen-ray  work.  Primary  batteries  are  bulky,  re- 
quire a  great  deal  of  attention  to  keep  tliem  in  order,  and 
are  expensive  to  maintain.  They  can  be  recommended 
for  use  only  where  commercial  circuits  or  storage  bat- 
teries cannot  be  employed.  Any  of  the  more  energetic 
forms  of  battery  will  run  a  coil,  but,  from  the  trouble 
incident  to  working  them,  only  one  form — the  Edison- 
LeLande  battery— can  be  satisfactorily  used  for  this  pur- 
pose. This  battery  requires  comparatively  little  atten- 
tion, and  gives  a  very  constant  electromotive  force. 
About  four  battery  cells  are  required  for  every  two  inches 
of  spark  length  given  by  the  coil. 

Installation  of  Apparatus. — The  method  of  assembling 
a  coil  apparatus  depends  upon  the  current  supplied,  the 
form  of  interrupter  used,  and  the  size  of  the  coil.  With 
a  small  apparatus  Iiaving  a  hammer  interrupter  and  ener- 
gized by  a  primary  or  storage  battery,  it  is  only  neces- 
sary to  connect  the  coil  direct  to  the  battery.  When  a 
continuous  commercial  current  is  used  a  safety  fuse  and 
rheostat  should  be  placed  in  the  main  circuit  to  protect 
the  coil  from  injury  and  to  regulate  the  current.  When 
a  mechanical  interrupter  is  used  it  is  run  by  a  shunt  from 
the  main  circuit,  and  should  have  a  separate  rheostat  and 
safety  fuse  (Fig.  4134), 

In  installation  of  the  larger  coils  the  addition  of  a  volt 
and  ampere  meter  is  useful  to  show^  the  quantity  and 
quality  of  the  current,  and  wall  plates  are  made  having 
safety  fuse,  rheostats,  and  volt  and  amperemeters  con- 
veniently assembled  on  them  (Fig,  4120),  With  an  elec- 
trolytic interrupter  the  installation  is  somewhat  simpli- 
fied, as  the  interrupter  is  placed  directly  in  the  circuit 
wdiich  supplies  the  coil  (rheostat  and  safety  fuse  being 
used)  and  a  condenser  is  not  required  (Fig.  4125). 

Surgical  Uses  op  the  Roentgen  Rays.— The  prin- 
cipal surgical  uses  to  which  Roentgen  radiation  is  put 
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are:  {a)  to  diagnose  fractures  and  determine  the  form 
and  extent  of  tlie  bone  lesions;  (i)  to  diagnose  disloca- 
tions; (e)  to  determine  the  existence  and  extent  of  acute, 
chronic,  and  neoplastic  pathologic  changes  in  the  bones ; 


dp 


%. 


^N^^ 


i 


\-^ 


na.  4124.— Diagram  of  Installation  of  an  Apparatus  with  Mechanical 
Interrupter.  C,  Wires  to  maintain  circuit;  F,  safety  fuse:  S, 
switch  tor  connecting  current :  iJ,  rheostat  for  current  to  coll ; 
Ap,  F,  ampere  and  volt  meters ;  it,  wires  to  coll ;  i^,  wlfes  to 
interrupter;  i?^,  rheostat  for  Interrupter ;  J,  interrupter. 

(d)  to  determine  bone  malformations  and  deformities ;  («) 
to  determine  the  presence  and  location  of  foreign  bodies. 

The  peculiar  resistance  of  osseous  tissues  to  the  Roent- 
gen rays  makes  traumatisms  of  these  particularly  easy 
to  determine.  B}'  the  proper  use  of  the  rays  the  pres- 
ence or  absence  of  fracture,  and,  if  present,  the  form 
and  extent  of  the  bone  trauma  can  be  accurately  deter- 
mined. Cases  of  difficult  diagnosis  are  made  plain,  and 
since  the  rays  have  come  into  use  it  has  been  demonstrated 
that  fracture  is  present  In  many  obscure  caseS  thought 
to  be  severe  strain  or  sprain.  The  attention  of  the  writer 
has  been  particularly  called  to  this  fact  in  connection 
with  injuries  of  the  knee-joint.  Recently  two  cases  of 
persistent  lameness  were  referred  to  him,  which  were 
supposedly  due  to  severe  strain.  In  one  of  these  cases 
the  external  condyle  of  the  femur  was  sjilit  off  to  the 
intercondyloid  notch  (Fig.  4126)  with  no  displacement, 
and  in  the  other  the  internal  tuberosity  of  the  tibia  was 
similarly  fractured.  In  both  these  cases  no  crepitus 
could  be  elicited;  the  only  prominent  symptoms  were 
persistent  swelling  and  pain  at  the  joint  and  the  patients 
walked  about  witli  the  aid  of  a  cane. 

Not  only  has  the  use  of  the  rays  given  the  surgeon  a 
sure  method  of  determining  the  presence  of  fracture,  but 
it  has  greatly  increased  his  knowledge  of  fractures  result- 
ing from  indirect  and  direct  violence,  particularly  those 
forms  which  are  due  to  gunshot  injury.  The  facts  dis- 
closed have  been  extremely  valuable  from  the  standpoint 
of  treatment,  for  it  has  been  conclusively  proven  that 
conservatism  is  indicated  even  in  cases  of  most  extensive 
bone  lesion,  provided  the  wound  is  not  infected.  In  fact, 
as  a  result  of  Roentgen-ra}'  observations  combined  witli 
clinical  experience,  the  rule  may  now  be  formulated  that 
whatever  the  extent  or  form  of  a  fracture,  if  no  infection 
is  present,  operation  is  contraindicated,  unless  the  bone 
fragments  are  so  displaced  that  they  produce  deformitj-, 
may  Interfere  with  the  function  of  tlie  part,  or  are  press- 
ing upon  vital  or  important  structures. 

"When  the  diagnosis  lies  between  a  suspected  fi-acture 
and  a  dislocation,  as  in  obscure  injuries  of  the  elbow- 
joint,  the  rays  at  once  determine  the  matter  accurately. 
They  are  equally  effective  in  showing  the  result  of  treat- 
ment, and  at  once  enable  the  surgeon  to  determine  whether 
or  not  a  dislocation  or  fracture  has  been  properly  reduced 
(Figs.  4137  and  4138). 

In  determining  the  presence  and  extent  of  bone  lesions 
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it  is  most  important  that  the  rays  be  properly  used.  As 
before  stated,  visual  effects  from  the  rays  are  from  ob- 
served shadows,  and  these  shadows  depend  for  shape  and 
size  not  only  upon  the  shape  and  size  of  the  objects  cast- 
ing the  shadows,  but  upon  the  relative  position  of  the 
light  and  object  and  their  distance  from  each  other.  For 
these  reasons,  to  reduce  distortion  to  the  minimum,  radio- 
graphs should  always  be  made  with  the  tube  so  placed 
that  the  anode  will  be  as  nearly  as  possible  on  a  line  per- 
pendicular to  the  long  axis  of"  the  bone  above  the  place 
of  fracture,  and  at  least  eighteen  inches  distant  from  it. 
Also,  when  the  part  injured  admits,  radiographs  should 
always  be  taken  from  two  directions,  preferably  at  right 
angles  to  each  other.  Unless  this  precaution  is  taken,  a 
fracture  may  be  overlooked  from  the  fragments  overlying 
each  other  in  a  direct  line  and  so  throwing  a  straight  con- 
tinuous shadow,  when  a  radiograph  taken  at  another 
angle  will  at  once  show  a  displacement. 

In  this  connection  the  medico-legal  aspects  of  radiogra- 
phy may  be  considered,  and  here  again  the  fact  must  be 
emphasized  that  radiographs  are  shadow  pictures,  not 
actual  pictures  of  the  objects  themselves,  that  conse- 
quently the  images  are  never  accurate  representations  of 
the  objects,  that  distortion  is  always  present  to  greater 
or  less  extent,  and  that  proper  reading  of  radiographs 
can,  in  difficult  cases,  be  arrived  at  only  after  much  ex- 
perience on  the  part  of  the  expert ;  and  then  information 
must  be  at  his  disposal,  giving  the  relative  position  and 
distance  from  each  other  of  the  tube,  the  plate,  and  the 
object  radiographed.  It  is  also  primarily  essential  to 
expert  opinion  that  this  opinion  be  based  upon  full 
knowledge  of  radiographic  pictures  of  normal  structures, 
particularly  of  the  shadow  images  given  by  the  bones  at 
the  articulations. 

For  medico-legal  as  well  as  for  diagnostic  purposes,  it 
is  to  be  noted  that  hone  callus  is  at  first  quite  transpar- 
ent to  Roentgen  rays,  so  much  so  that  a  fracture  which 
is  quite  firmly  united  may  show  on  the  photographic 
plate  as  though  no  callus  existed,  and  so  give  the  ap- 
pearance of  an  ununited  fracture.  For  this  reason  the 
Roentgen  rays  cannot  in  all  cases  be  relied  on  to  gi/ve- 
the  actual  condition  of  union  or  nou-union  of  fracture.; 

The  Localization  of  Fo^'eign  Bodies  in  the  Tissues  and  in 
tlie  Body  Cavities.— The  advantages  of  the  Roentgen  rays 
over  all  other  means  of  locating  foreign  bodies  are  now 
so  well  understood  that  their  use  has  practically  entirely 
superseded  all  other  methods. 

The  difficulties  of  using  the  probe  for  locating  lodged 
missiles   is   well   known.     The   contractility  of  tissues 
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FiQ.  4125.— Diagram  of  Installation  of  Apparatus  with  Electrolytic 
Interrupter,  .s'.  Switch  ;  F,  safety  fuse ;  iJ,  rheostat ;  ^p,  ampere- 
meter ;  /,  electrolytic  Interrupter. 

and  the  shifting  of  muscular  and  fascial  structures  by 
change  of  position  may  completely  obstruct  the  wound 
track ;  and  after  the  wound  is  healed,  unless  the  foreign 
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body  can  be  felt  beneath  the  skin,  its  localizaticm  by 
other  than  tlie  Roentgen  rays  is  usually  impossible 
With  these  all  parts  of  the  l)0(ly  may  be  painlessly  and 
sately  explored,  and  tl)e  preseueo  or  absence  o I'  forei"U 
bodies  determined,  and  if 
found,  they  may  be  acoi- 
rately  located.  In  a  giesit 
majority  of  cases  the  locali- 
zation of  a  foreign  body  in 
the  tissues  is  a  compara- 
tively simple  process. 

Direct  observation  with  a 
fluoroscope  or  a  radiogra- 
phic picture  will  give  all 
necessary  infonnation.  In 
such  cases  tlie  position  of 
tlie  foreign  body  relative  to 
surface  m  a  r  k  i  n  g  s  and 
points  on  tlie  bones  will 
materially  aid  in  determin- 
ing its  position. 

The  depth  at  which  a  for- 
eign body  lies  and  its  po- 
sition may  bo  determined 
with  absolute  accuracy  by 
views  taken  at  differen't 
angles.  The  principle  in- 
volved is  that  as  the  anode, 
the  object,  and  the  shadow 
of  the  object  are  always  in 
line,  when  two  observations 
are  made  with  the  position 
of  the  anode  changed,  it 
must  follow  that  the  object 
must  lie  at  a  pioiut  where 
the  lines  drawn  from  the 
shadow  to  the  anode  at  each 
observation  cross  each 
other.     In  other  words,   if 

two  observations  are  made  with  the  anode  in  different 
positions  for  each,  and  these  positions  and  the  places 
where  the  shadows  of  the  object  fall  at  the  surface  of 
the  body  are  marked,  the  object  can  be  located  at  tlie 
point  where  lines  cross  each  otlier,  which  are  drawn 
from  the  positions  occupied  by  the  anode  to  the  places 
on  the  surface  of  the  body  where  the  shadows  of  the  ob- 
ject were  ca.st.     Various  means  have  been  devised  for  de- 


FiG.  4126.- 


ternunnig  the  positions  of  tlie  anode  and  the  shadows  of 
lorcign  Ijodies  relatively  to  the  surface  of  the  body.  Of 
tiiese  tlie  MacKenzie-Davidson  apparatus,  or  one  of  its 
modiheatious,  is  most  convenient  and  accurate,  and  with 
sucli  apparatus  foreign 
bodies  can  be  located  with 
mathemat ical  exactness. 

For  locating  foreign 
bodies  in  the  eyeball.  Dr. 
Sweet  has  invented  a  very 
ingenious  and  satisfactory 
apparatus. 

rv//ri(;/. —Recently  great 
advances  have  been  made 
in  determining  tlie  presence 
of  pathologic  foreign 
bodies  in  the  urinary  and 
gall  bladders  and  in  the 
kidney. 

The  pathologic  concre- 
tions formed  in  these  or- 
gans, from  their  difference 
in  composition  and  conse- 
quent resistance  to  the 
Roentgen  rays,  differ  ma- 
terially in  the  ease  with 
which  they  may  be  detect- 
ed. Those  calculi  which 
contain  inorganic  material, 
such  as  tlie  mineral  salts, 
may  be  most  easily  made 
out.  For  this  reason  gall 
stones  are  difficult  to  radi- 
ograph, as  they  are  gener- 
ally composed  of  organic 
matter.  Uric-acid  calculi 
are  quite  transparent  to  the 
rays  and  consequently  dif- 
ficult to  determine.  For 
these  reasons  while  a  radiograph  showing  a  shadow  east 
by  a  calculus  is  proof  positive  of  the  presence  of  a  calcu- 
lus, the  absence  of  a  shadow  is  no  indication  that  a  calcu- 
lus may  not  be  present,  as  the  calculus  may  be  so  trans- 
parent as  to  cast  no  shadow.  However,  with  proper 
technique,  the  presence  of  calculi  maj'  be  demonstrated, 
when  present,  in  a  large  percentage  of  cases. 


-Radiograph  showing  Fracture  of  the  External  Condyle 
of  the  Femur. 


Fig.  412;.  Fn,.  4l2s. 

Figs.  4127  and  4128.— Radiographs  of  a  Fracture  of  the  Radius  before  Keduetlon  (Fig.  4127),  and  after  Reduction  and  Wiring  (Fig.  4128). 
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I'IG.  4129.— Calculi  in  the  Pelvis  of  the  Kidney, 
intensifying  screens— exposed  one  second. 


Radiograph  made  with 
(Ziemssen-Kieder.) 


For  tlie  detection  of  calculi  the  character  of  the  tube 
is  of  the  greatest  importance,  a  "critical  tube,"  giving 
the  maximum  of  differentiation,  being  necessary.  The 
difficulties  incident  to  this  work  are  well  known  to  all 
practical  workers,  but  advances  are  constantlj'  being 
made,  and  here  it  is  well  to  mention  the  work  recentlj- 
done  with  tlie  aid  of  intensifying  screens.  In  this  method 
a  photographic  film 
is  placecl  in  a  light- 
tight  envelope,  be- 
tween two  sci'eens 
coated  with  fltiores- 
cent  salts.  When 
exposed  to  the 
Roentgen  ra^'S  the 
intensifying  screens 
fluoresce  and  so 
greatly  shorten  the 
time  of  exposure.  In 
this  way  almost  in- 
stantaneous expos- 
ures  may  be  made 
through  the  thickest 
part  of  the  body 
(Fig.  4139). 

With  improved 
technique  much  has 
been  done  in  deter- 
mining the  patho- 
logical conditions  of 
the  organs  within  the 
thorax.  The  value 
of  the  rays  in  deter- 
mining tubeiriiloiis 
changes  in  the  lungs 
is  now  fully  recog- 
nized, and  must  rank 
with,  if  not  higher 
than,  auscultation 
and  percussion.  In 
fact,  by  the  rays  tu- 
berculous  changes 


may  be  determined  fully  as  early  in  most  cases  a.-:  by 
physical  signs,  while  tiie  location  and  extent  of  the 
pathological  changes  can  be  definitely  shown  (Fig.  4130). 

Similarly,  empyema  and  pleurisy  with  effusion  can  be 
shown  by  the  shadows  given  by  the  fluids  in  the  pleural 
cavity. 

In  diseases  of  the  heart  and  aortu  the  alterations  in 
form  of  these  organs  are  plainly  and  accurately  shown, 
thereby  enabling  the  observer  to  determine  definitely  the 
condition  present.  In  valvular  disease  the  shape  and 
size  of  the  heart  are  more  accurately  determined  than  is 
possible  by  most  careful  percussion.  Likewise  in  aneur- 
ism of  the  ai-ch  of  the  aorta,  the  abnormality  in  form  of 
the  aorta  is  shown,  so  giving  invaluable  aid  to  the  diag- 
nostician (Figs.  4131  and  4132). 

R.«lDI0Tiieh.\py.— The  therapeutic  uses  of  the  Roent- 
gen rays  depend  upon  their  ability  to  affect  the  metabolic 
action  of  the  body  cells.  When  living  tissue  is  exposed 
for  a  suflicient  length  of  time  to  rays  having  considerable 
power,  peculiar  changes  are  effected  in  the  cells,  these 
changes  being  expressed  first  by  increased  cellular  activ- 
ity, and  afterward  by  cell  death.  These  cell  changes  are 
not  produced  at  once,  as  when  ordinary  heat  is  applied  to 
a  part,  but  appear  only  after  a  considerable  time  has 
elapsed.  Thus  in  the  a-ray  burn,  due  to  exposure  of 
the  skin  to  too  powerful  or  too  prolonged  exposure  to  the 
Roentgen  rays,  the  first  signs  appear  usually  about  the 
third  day  after  the  exposure.  The  first  evidence  of 
the  effect  of  the  rays  is  a  slight  redness  of  the  skin.  This 
deepens  and  extends,  and  in  a  day  or  two  small  blebs 
appear,  which  break,  and  from  these  tissue  destruction 
extends  by  cell  necrosis  until  finally  large  denuded  areas 
may  form,  which  are  very  painful  and  slow  to  heal. 
The  action  of  the  rays  upon  the  body  cells  has  been 
ascribed  to  the  true  lig'ht  rays  given  olf  from  the  vacuum 
tube,  but  it  is  really'due  to  the  Roentgen  rays,  as  the 
skin  is  affected  when  covered  by  a  sheet  of  hard  rubber, 
which  shuts  off  all  light  rays,  but  allows  the  Roentgen 
rays  to  pass  readily. 

So  far,  the  therapeutic  use  of  the  rays  has  been  mainly 
confined  to  diseased  conditions  of  the  skin,  the  mucous 
membrane,  and  the  tissues  lying  directly  beneath  them. 

The  eflect  of  the  rays  upon  the  deeper  tissues,  both 


Fig.  1130.— a  Radiograph  o£  the  Chest  showing  Tuberculosis  ol  the  Lett  Lung;  the  Right  Lung  Normal. 

(Zlemssen-Rieder.) 
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normal  and  ul)Uormal,  is  afield  liaviiii;'  many  |K)ssiliiliUi'S, 
but  one  in  which  no  delinite  results  liave  yet  been  le- 
Corded. 

In  certain  pathological  conditions  of  the  skin  and  sub- 
cutaneous tissues  man_y  brilliant  cures  have  been  made, 
and  radiotherapy  is  now  acknowledge<l  to  be  a  most 
valuable  aid  to  the  practitionei'.     Thus,  cases  of  lupus. 


3,  The  "  noiinal  exposure"  in  a  single  sitting,  and 
await  reaction. 

Treatment  by  any  of  these  methods  is  aiii)ro]iria1e 
under  ])roper  conditions.  The  seconil  is  the  melliod  to 
be  preferri'd,  inasmuch  as  (he  first  is  tedious  for  both 
pidient  and  physician,  and  the  tidrd  (h.'inands  a  cci'tain 
experience  on  the   part  of  the  operator.     Affei'   the  first 
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Fig.  4131.  FIG.  4133. 

Figs.  4131  and  41.32.— Radiograplis  showing  Normal  Heart  and  Aorta  (Fig.  4131),  and  an  Aneurism  ot  the  Arch  ot  the  Aorta  (FiR.  4133). 


eczema,  sycosis,  favus,  epithelioma,  rodent  ulcer,  and 
carcinoma"  have  been  relieved  or  cured  without  produc- 
ing any  inflammatory  reaction  or  inconvenience  to  the 
patient. 

Fractical  Applicntion  of  Rndiothempy. —RM\wi\\cri\Yiy 
requires  a  complete  armameutariuni  consisting  of  an  in- 
duction coil  of  at  least  twelve-inch  spark  length,  an  in- 
terrupter capable  of  adjustment,  and  a  suitable  vacuum 
tube,  preferablv  of  the  regulating  kind.  In  treatment 
much  depends  upon  the  ftdje  used.  With  a  low  tube  the 
radiant  energy  is  not  powerful,  penetrates  Imt  little,  and 
in  consequence  its  action  is  largely  confined  to  the  super- 
ficial tissues.  With  an  cxtremelyhigh  tube  the  radiation 
is  very  penetrating,  and  appears  to  pass  too  deeply,  or 
through  the  part  exposed.  A  iiwdiuin  tube  is,  therefore, 
best  in  that  its  radiation  penetrates  sufficiently  and  yet  is 
largely  absorbed  bv  the  tissues. 

the"  tube  used  should  be  capable  of  prodiicing  a  good 
picture  of  the  thorax  of  a  medium-sized  man,  when 
viewed  through  the  fluoroscope  at  a  distance  of  60  cm. 
from  the  focus.  With  a  tube  of  this  kind  the  time  re- 
quired for  each  sitting  will  be  between  five  and  twenty 
minutes.  Alfhougli  a  five-ininute  exposure  will  jno- 
duce  a  slight  effect,  a  radiance  lasting  twenty  minutes 
maybe  regarded  as  the  "normal  exposure."  Such  an 
exposure  will  have  the  following  results:  On  normal 
skin,  after  a  period  of  latency  of  fourteen  days,  the  hair 
■will  fall  out,  accompanied  by  an  erythema  lasting  a  feu- 
days  ;  on  skin  affected  with  sycosis  the  loss  of  hair  will 
occur  as  early  as  the  eighth  day,  accompanied  by  the 
formation  of  "numerous  pustules;  lupus  tissue  will  be- 
come exfoliated  after  a  lapse  of  a  week.  On  the  other 
hand  the  effect  of  a  normal  exposure  ot  twenty  minutes 
can  be  produced  by  dividing  the  action  of  the  radiance 
over  several  sittings  of  shorter  duration. 

Taking  into  consideration  the  intensify  of  the  radiance, 
the  number  ot  seances,  and  the  length  of  infermi.ssioiis, 
we  may  formulate  the  following  three  methods  of  radio- 
therapy:  ,.  r      ,■    ,  i    •    i         -t 

1  Daily  sittings,  with  a  radiance  of  slight  intensity, 
lasting  five  minutes,  continued  until  the  first  s.vinptoms 
of  reaction  appear.  •   .       •, 

3  (a)  Sittings,  with  a  radiance  of  medium  intensify, 
twice  a  week  until  reaction  begins  to  be  manifest  (about 
two  weeks);  or  (b)  three  or  four  sittings,  with  a  radiance 
of  medium  intensity,  given  on  alternate  days. 


sign  of  reacticm  appears  it  is  advisable  to  await  the  ter- 
luinafion  of  the  characteristic  inflammatory  pi-ocess,  and 
then,  if  necessary,  repeat  the  exposure.  If,  in  using  the 
second  and  third  methods,  absolutely  no  reaction  occurs 
at  the  end  of  three  weeks,  we  may  feel  justified  in  re- 
peating the  "normal  exposure";  if,  however,  a  mild  re- 
action, non-progressive  in  character,  has  taken  place,  an 
additional  exposure,  less  than  normal,  can  be  a]iplied. 
As  stated  above,  the  second  "normal  exposure"  is  made 
after  the  subsidence  of  the  inflammatory  reaction  excited 
by  the  first;  thus  this  treatinent  may  involve,  in  accord- 
ance with  the  nature  of  the  case,  repetition  of  .r-ray 
applications  extending  over  months  or  even  years. 
Often  in  cases  ot  hypertrichosis,  in  some  cases  ot  sycosis, 
and  in  nearly  all  cases  of  herpes  tonsurans  and  favii.s,  a 
single  "normal  exposure"  usually  suffices,  i.e.,  by  using 
method  Ko.  3,  a  perfect  cure  results  after  a  single  sitting. 

Finally,  it  may  be  stated  that  radiotherapy  is  as  bene- 
ficial in  the  hands  of  an  expert  as  it  may  be  harmful  if 
iin]noperly  used.  Over-exposure  or  too  frequent  cxiios- 
ure  to  powerful  radiation  may  induce  a  severe  ulcerative 
process,  which  is  very  painful,  slow  to  heal,  which  may 
even  endanger  lite,  and  require  surgical  intervention 
before  a  cure  can  be  effected. 

The  physician  can  no  longer  shield  himself  behind  a 
su]iposed  idiosyncrasy  of  his  patient.  It  appears  that 
patients  in  poor  health,  whose  vital  resistance  is  lowered, 
are  more  easily  affected  by  the  rays  than  are  ])ersons  in 
full  health,  ami  this  should  be  taken  into  account;  but, 
in  general,  the  tissue  changes  induced  are  directly  in  pro- 
portion to  the  amount  of  radiant  energy  which  fulls  upon 
the  part. 

Tup:  Tiiekapeutic  Action  of  Lkoit.— Actinother- 
apy,  like  radiotherapy,  is  based  u]iou  the  effect  wdiicli 
light  produces  upon  "living  cells.  This  effect  is  mainly 
mlinitested  in  two  ways:  (a)  the  effect  of  light  upon  the 
organism  generally;  a"nd  (b)  the  local  effect  of  light. 

2V/«  Effect  of  LigM  vpon  the  Organism  as  a  WlKile.—The 
effect  of  light  upon  living  organisms  is  shown  in  nature 
in  a  multitude  of  ways,  and  is  illustrated  by  the  differ- 
ence in  appearance  presented  by  plants  grown  in  the 
shade  and  the  same  species  grown  in  sunlight ;  also,  it  is 
well  known  that  persons  wdio  live  in  dark  or  ill-lighted 
habitations  lack  the  ruddy,  healthful  appearance  of  those 
who  habitually  live  out  of  doors.  It  is  true  that  while 
this  difference  "in  vitality  is  due  not  alone  to  the  dimm- 
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islied  amount  of  light,  I)ut  is  largely  owing  to  other  un- 
favorable conditions,  such  as  lack  of  fresh  air,  exercise, 
etc.  ;  still,  light  is  a  decided  factor  in  favoring  health, 
and  is  one  of  the  agents  which,  combined  with  fresh  air, 
exercise,  sanitary  habitation,  and  suitable  climatic  con- 
ditions, is  of  the  greatest  benefit  in  the  treatment  of  de- 
bilitating diseases. 

The  efficacy  of  a  combination  of  the  above-named  fac- 
tors in  the  treatment  of  tuberculosis  is  too  well  known  to 
require  discussion,  and  the  accentuation  of  the  light  fac- 
tor by  the  use  of  "light  baths"  is  an  important  addition 
to  the  therapy  of  this  disease.  It  is  true  that  the  u.se  of 
sun  baths  dates  back  to  remote  antiquity,  but  the  fact 
that  the  skin  and  soft  parts  arc  more  or  less  permeable  to 
rays  of  ordinary  light  has  not  until  recently  been  con- 
clusively deiuonsi rated.  The  bacteiicidal  effect  of  the 
actinic  rays  has  now  been  conclusively  shown,  and  the 
beneficial  effect  of  sun  baths  in  pulmonary  tuberculosis 
has  been  ascriljcd  by  some  to  the  bactericidal  action  of 
light;  but  it  is  more  probable  that  the  good  effect  of 
sunlight  is  due  to  a  general  favorable  stimulation  of 
the  body  cells,  whereby  their  metabolic  activity  is  in- 
creased and  the  tissue  resistance  to  bacterial  action  is 
raised. 

Tlie  Local  AppUentious  of  Actinoilicrfipy. — The  local 
use  of  light  for  the  cure  of  di.sease  is  in  many  ways  anal- 
ogous to  the  use  of  Roentgen  radiation. 

Both  light  rays  and  Roentgen  rays  appear  to  act  \\y 
altering  tfie  metabolic  action  of  the  cells  tipon  which 
their  energy  is  exerted,  but  the  resulting  cell  changes 
caused  by  these  agents  appear  to  be  mak'rially  differ- 
ent. The  effect  of  Roentgen  radiation  upon  living  tissue 
has  been  discussed  under  radiotherapy,  to  which  the 
reader  is  referred  for  an  account  of  the  tfssue  changes 
produced  by  that  agent.  The  effect  of  light  in  the  treat- 
ment of  pathologic  conditions  appears  to  be  largely,  if 
not  entirely,  due  to  the  chemical  or  actinic  effect  of 
certain  of  the  light  rays.  Relative  to  the  biologic  and 
therapeutic  effects  of  light,  it  is  important  to  note  that 
light  is  not  a  simple  entity,  but  that  cveiy  ray  consists 
of  a  series  of  distinct  parts,  each  of  which  has  its  par- 
ticular properties.  The  effects  of  solar  radiation  may  be 
arranged  in  three  different  groups— heat,  light,  and 
chemical  action.  The  heat  rays  are  mainly  found  in  the 
infra-red,  red,  and  orange  of  the  spectrum;  the  yellow 
and  green  rays  make  the  strongest  impression  up'on  the 
hunran  retina,  while  chemical  action  is  cliiefl}'  found  in 
the  blue,  violet,  and  ultra-violet  rays.  While  all  solar 
wave  lengths,  even  the  infra-red  rays,  induce  chemical 
change  under  favorable  conditions,  the  ultra-violet,  vio- 
let, and  bhie  are  the  most  powerful  in  the  order  men- 
tioned. This  chemical  action  of  certain  light  rays  is  par- 
tictdarly  shown  in  the  action  of  light  in  reducing  silver 
salts  in  photographic  processes.  The  same  rays  of  solar 
light  which  produce  cliemieal  changes  in  inorganic  com- 
pounds produce  vital  chemical  or  metabolic  action  in  liv- 
ing cells.  The  action  of  light  upon  the  skin  has  been 
noted  by  mountain  climbers,  who  suffer  from  "sunburn," 
due  to  the  intense  action  of  sunlight  in  high  altitude's, 
where  the  cold  is  so  great  as  to  negative  the  supposition 
that  the  sun's  heat  could  produce  the  condition.  This 
inflammation  of  the  skin,  eriitliema  solare,  was  foi-merly 
called  erythema  culoriciim,  as  it  was  thought  to  be  due 
to  overheating  of  the  integument.  This  heat  theory  of 
erythema  was  first  combated  by  Charcot  in  18.59,  and 
has  since  been  entirely  refuted  by  the  fact  that  severe 
erylliema  occurred  in  persons  travelling  among  ice  fields 
and  in  the  polar  regiotis  with  the  temperature  much 
below  zero,  and  in  persons  exposed  to  an  electric  arc 
light,  where  the  light  is  intense  and  the  heat  faint. 

Widmark,  of  Stockholm,  by  the  tise  of  glass  and  rock- 
crystal  plates,  demonstrated  experimentally  that  the 
power  of  light  to  affect  living  tissue  rested  miiinly  in  the 
violet  end  of  the  spectrum.  Glass  absurbs  juost  of  the; 
ultra-violet  rays  from  an  electric  light,  but  rock  crystal 
allows  them  to  pass  through.  With  a  rock-crystal"  lens 
Widmark  caused  the  rays  from  a  twelve  liun<li"ed  candle 
power  arc  light  to  become  parallel.     When  the  rays  were 
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directed  upon  the  skin  and  a  glass  plate  interposed,  so 
obstructing  the  ultra-violet  rays,  no  intlammation  vyas 
produced,  but  when  a  rock  crystal  plate  was  used  which 
allowed  the  ultra-violet  rays  to  pass,  a  severe  inflamma- 
tion was  set  up. 

The  experiments  of  Widmark  were  corroborated  by 
those  of  Finsen  ;  and  the  latter's  application  of  the  prin- 
ciples adduced  to  the  treatment  of  certain  pathological 
conditions  of  the  skin,  notably  lupus  vulgaris,  gave  rise 
to  the  so-called  Fin.sen  treatment  of  skin  diseases  and  the 
red-light  treatment  of  smallpox. 

The  treatment  of  smallpox  by  red  light  has  given  re- 
markable results.  By  tlic  exclusion  of  all  except  the  red 
ray.s  of  light  the  course  of  the  eruption  and  of  the  disease 
itself  in  many  cases  is  markedly  changed.  The  unfavor- 
able action  of  light  upon  the  course  of  smallpox  was  noted 
liy  Picton  in  1K.32,  bv  Black  in  1867,  and  by  Barlow  and 
Waters  in  1871,  but'it  was  reserved  for  Finsen  (1893)  to 
define  a  treatment  based  upon  the  deleterious  effect  of  the 
actinic  rays.  Arguing  from  the  fact  tliat  the  actinic  rays 
are  able  to  prrxluce  infiamination  in  the  health}'  tissues, 
he  arrived  at  the  conclu.sion  that  their  exclusion  in  in- 
fianunation  of  the  skin  might  be  beneficial.  This  view 
is  sujiported  t)y  the 
fact  that  in  small- 
pox the  deepest 
eruptions  are  found 
on  the  hands  and 
face,  which  are  the 
parts  of  the  body 
most  exposed  to 
light.  Total  exclu- 
sion of  light  or  the 
exposure  of  the 
skin  to  those  ravs 
only  which  are  not 
harmful  (non  -  ac- 
tinic rays)  is  there- 
fore indicated.  As 
total  darkness  is  not 
conducive  to  the 
patients'  well  -  be- 
ing, it  is  preferable 
to  let  them  lie  in  a 
room  lighted  bj' red 
light  only,  the  red 
rays  being  non-ac- 
tinic and  therefore 
harmless.  The  ar- 
rangement of  the 
red  room  is  very 
simple,  being  sim- 
ilar to  that  of  the 
dark  room  used  in 
photography.  The 
w  i  n  d  o  w  p  a  n  e  s 
should  be  of  red 
glass,  or,  where  a 
room  has  to  be  ex- 

temp(n'ized.  the  room  may  be  darkened  bv  thick  curtains 
at  the  windows  and  illuminated  onlv  by"the  light  from 
red  lanterns,  such  as  are  used  for  pheitographic  purposes. 
Upward  of  two  hundred  cases  of  smallpox  treated  by 
this  method  have  been  reported,  and  all  physicians  who 
have  given  their  exjierience  with  the  method  state  that 
the  results  are  remarkably  good.  If  the  patients  were 
brought  into  the  red  light  before  the  lieginuing  of  the 
suppurative  stage,  as  a  rule  no  suppuration  oc-curred. 
The  vesicles  continued  clear  and  after  a  few  days  dried 
to  crusts,  which  fell  off  withovit  leaving  a  scar.  "  By  the 
tion-appearance  of  suppuration  all  the  symptoms  de- 
jiendent  upon  that  condition  were  absent"  When  the 
]u-imary  fever  di.sappeared,  the  teiuperature  remained 
about  normal  and  the  secondary  fe\er  of  suppuration 
did  not  occur.  In  consequence  the  duration  of  the  dis- 
ease was  shortened  and  the  mortality  lessened. 

Recently  Finsen's  red-light  treatment  has  been  tried  in 
other  infectious  exanthemata,  and  Backmann  and  Chati- 
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niere  have  obtaiued  especially  salisfaetory  results  with 
it  iu  the  treatment  of  measles. 

Actinothsrapy    after    Miisen's    Method. — Tlie    Fiiisen 
method  of  the  local  treatment  of  skin  diseases  has  tor  its 


Fifi.  4134.— Fiuseu  Apparatus  for  Tn-atiiiPiit  with  Eler-tric  Uglit.     (Bie.) 


practical  basis  the  experimeuts  made  by  himself  and 
Widmark  in  producing  local  inflammation  of  the  skin 
by  the  ultra-violet  rays.  In  theory  this  treatment  rests 
upon  the  many  e-xperiments  showing  that  the  chemical 
rays  affect  the  metabolic  action  of  living  cells  and  cause 
the  death  or  inhibit  the  growth  of  bacteria.  The  investi- 
gations of  Bie  and  others  have  shoivn  that  the  bactericidal 
power  of  light  resides  almost  exclusively  m  the  blue, 
violet,  and  ultra-violet  rays,  and  that  only  a  small  per- 
centage of  such  potency  exists  in  the  red,  yellow,  and 
green.  The  rays  of 
light  which  have 
strong  bactericidal 
action  are,  there- 
fore, the  same  as 
those  which  will 
produce  inflamma- 
torj'  action  in  the 
skin.  That  light 
can  pass  through 
the  skin  was  de- 
monstrated by  God- 
neff.  He  placed 
small  glass  tubes 
containing  silver 
chloride  under  the 
skin  of  dogs  and 
cats  and  then  kept 
some  of  the  animals 
in  the  dark  and 
others  in  direct  sun- 
light.  After  an 
hour  he  removed 
the  tubes  and  found 
the  silver  chloride 
blackened  in  those 
animals  kept  in  the 
light,  but  not  in 
those  kept  in  the 
dark. 

Finsen   then    de 
monstrated  that  ac-       j 
tinic     light     better 
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penetrated  those  tissues  which  are  deprived  of  blood. 
His  treatmeut,  therefore,  consists  of  concentrating  ac- 
tinic light  through  rock  crj'stal  lenses  upon  living  tissue 
made  iscluemic  by  pressiu'e.     Sunliglit  or  artificial  light 

may  be  u.scd,  but  the 
latter  is  most  gener- 
ally useful,  as  it  isal- 
waj's  available  and 
controllable.  When 
sunlight  is  used  it  is 
concentrated  on  the 
part  by  a  large  hol- 
low lens  compo.sed  of 
a  flat  and  a  convex 
glass  enclosed  in  a 
brass  ring  (Fig.  4133). 
The  lens  is  filled  with 
a  watiTy  ammoniacal 
solutiiiu  of  copper 
sulphate.  The  water 
absorbs  the  infra-red 
(dark  heat)  rays  and' 
the  blue  solution  ab- 
sorbs a  part  of  the 
red,  yellow,  and 
green  raj's. 

In  treatment  by 
electric  light  an  arc 
lamp,  taking  sixty  to 
eiglit3'  amperes  of 
current,  is  used. 
Current  from  an  elec- 
tric-light circuit  is 
used,  the  amperage 
being  raised  and  the 
voltage  reduced  by  a  con^'erter  constructed  for  the  pur- 
pose. The  apparatus  consists  of  three  parts:  (1)  the 
light;  (2)  the  cooling  apparatus;  (3)  the  light-concen- 
trating apparatus  (Fig.  4134).  The  arc  hght  is  sur- 
rounded bj'  a  shade  to  prevent  the  eyes  of  those  present 
fronr  bemg  dazzled.  From  this  light  there  radiate  four 
or  more  telescopes,  each  telescope  conveying  the  light  to 
a  patient  The  telescope  lenses  are  of  rock  crystal,  as 
this  obstructs  the  active  rays  less  than  any  other  material. 
The  space  between  two  of  the  lenses  is  tilled  with  water 
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to  moderate  the  temperature,  and  an  enclosing  water- 
jacket  still  further  reduces  the  heat.  The  lenses  are  so 
arranged  as  to  render  convergent  the  divergent  rays  from 
the  arc  light ;  these  rays  then  being  brought  to  a  focus  by 
a  lens  cooled  by  water  and  held  by  a  nurse  and  pressed 
by  her  firmly  on  the  affected  part.  The  patient  lies  on  a 
table  or  is  seated  in  an  adjustable  chair,  the  position  of 
which  can  be  varied  so  that  the  light  will  fall  perpen- 
dicularly on  the  surface  to  be  treated.  Each  application 
lasts  about  an  hour  and  is  repeated  daily.  Although  the 
light  is  cooled  in  its  passage  through  the  concentratirig 
apparatus,  it  is  yet  too  hot  to  be  directed  on  the  skin 
without  detriment ;  hence  the  water-cooled  lens,  applied 
to  the  skin,  is  used  in  all  cases,  whether  sunlight  or  elec- 
tric light  is  used.  The  effect  of  the  treatment  on  the 
patient  is  in  no  way  painful.  A  few  hours  after  the  first 
application  there  is  a  certain  amount  of  "reaction  " ;  the 
part  swells,  becomes  reddened  and  tender,  but  there  is 
little  pain.  The  reaction  varies  in  degree  in  different 
cases,  being  always  seen  in  lupus  vulgaris,  but  does  not 
occur  in  lupus  erythematosus.  The  beneficial  effects  of 
the  treatment  are  often  manifested  in  a  few  days,  and 
recovery  sometimes  follows  a  very  few  applications. 
Generally  fifteen  to  twenty-five  applications  must  be 
made  before  a  cure  is  effected.  The  results  are  very  sat- 
isfactory; the  skin  becomes  soft,  smooth,  and  pliable, 
and  scarring  is  hardly  noticeable,  other  than  to  the  extent 
dependent  upon  the  tissue  destruction  caused  by  the  dis- 
ease (Figs.  4135  and  4136). 

The  Finsen  method  has  been  most  successfully  used  in 
the  treatment  of  lupus  vulgaris,  but  recently  encourag- 
ing reports  have  been  made  of  the  treatment  of  alopecia 
areata,  epithelioma  of  the  skin,  and  nasvus  vasculosus. 

Willia/m  CUne  Bmden. 

ROETHELN. — Definition  and  History. — Roetheln 
is  an  exanthematous  disease  of  mild  character,  attended 
with  a  slight  elevation  of  temperature,  propagated  by 
contagion,  and  bearing  a  close  resemblance  to  measles 
and  scarlatina.  It  is  widely  known  in  this  country  under 
the  above  appellatiop,  and  also,  in  common  parlance,  by 
the  term  "German  measles."  The  latter  name,  being 
English,  is  generally  used.  Thus  in  its  nomenclature 
Roetheln  resembles  the  other  exanthemata,  which  have 
each  a  technical  and  a  common  name.  The  Germans, 
however,  use  the  names  Roetheln  and  rubeola  as  syno- 
nyms ;  and  this  tends  to  confusion,  since  we  signify  by 
rubeola  the  different  disease,  true  measles  or  morbilli. 
Various  other  names  have  been  given  to  the  disease  by 
different  writers,  prominent  among  them  being  epidemic 
roseola,  rubeola  scarlatinosa!  rubeola  morbillosa,  rubeola 
notha,  and  rubella.  The  last-mentioned  name  has  been 
suggested  as  most  appropriate,  since  it  is  a  diminutive 
of  rubeola,  and. thus  the  two  words  express  the  analogy 
existing  between  the  two  diseases,  just  as  do  the  terms 
variola  and  varicella.  For  the  reason,  however,  that 
Roetheln  is  more  widely  recognized,  the  writer  retains  it 
in  this  article. 

Roetheln  is,  so  far  as  definite  knowledge  is  concerned, 
a  new  disease.  As  late  as  1886  the  "Index  Medicus" 
gives  it  no  separate  place,  and  the  articles  on  the  subject 
are  grouped  under  the  heading  of  measles ;  yet  the  num- 
ber of  communications,  treating  of  this  affection,  which 
have  been  written  during  the  past  ten  years  or  so  (1877- 
1887),  will  aggregate  more  than  one  hundred.  Before 
that  time,  however,  the  disease  had  been  from  time  to 
time  spoken  of,  as  far  back  as  a  century  and  over ;  though 
until  the  time  of  the  present  generation  the  greater  num- 
ber of  observers  did  not  consider  it  a  distinct  disease,  but 
believed  it  to  be  a  modification  of  measles,  generally,  and, 
in  some  instances,  of  scarlatina.  Mention  was  made  of 
epidemics  in  1845  and  1853,  and  in  1873-74  the  disease 
was  carefully  described,  though  under  the  name  of  epi- 
demic roseola.  In  Germany  attention  was  given  to  the 
subject  many  years  before  any  English  or  American 
writings  appeared.  Now  almost  all  physicians  grant  its 
individuality,  and  the  arguments  supporting  this  view 
will  be  presented  hereafter. 
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Age  of  Patients.— Roetheln  is  generally  classed  as 
one  of  the  diseases  of  childhood ;  and,  since  there  are  no 
clearly  proved  instances  of  its  second  appearance  in  the 
same  individual,  it  follows  that  those  affected  are  usually 
young  in  years ;  the  general  rule  being  that  any  one  of 
the  contagious  exanthemata  is  experienced  but  once 
in  the  lifetime  of  an  individual.  Still,  it  is  much  less 
prominently  an  afEection  of  infants  and  children  under 
five  years  of  age  than  are  the  other  eruptive  fevers. 
Adults  are  frequently  attacked,  but  the  majority_  of 
those  who  suffer  from  this  disease  contract  it  some  time 
before  the  age  of  puberty.  In  other  words,  the  time  of 
life  when  susceptibility  is  greatest  is  between  the  ages  of 
two  and  fifteen  years.  Young  infants  do  not  seem  to 
contract  it,  and  it  is  believed  that  sucklings  are  not  sus- 
ceptible. As,  however,  it  is  a  disease  of  less  frequent 
occurrence  than  measles  or  scarlatina,  andas  it  seems  to 
be  less  actively  contagious  than  those  diseases,  many 
growing  children  escape  it ;  and  these  facts  constitute  a 
possible  explanation  of  the  circumstance  that  adults  are 
not  infrequently  attacked  during  the  prevalence  of  an 
epidemic. 

The  season  of  the  year  does  not  seem  to  exert  any  influ- 
ence on  its  prevalence.  Epidemics  occur  indifferently  in 
hot  and  in  cold  weather. 

Etiology. — Roetheln  is  propagated  by  contagion,  and 
by  this  means  alone.  The  materies  morbi  is  believed  to 
be  portable,  but  the  cases  in  which  the  source  can  be 
traced  point  toward  the  necessity  of  close  contact  for  the 
transmission  of  the  disease  from  the  sick  to  the  well.  In 
a  single  epidemic  the  total  number  of  cases  among  those 
unprotected  by  having  previously  experienced  the  dis- 
ease is  found  to  be  small  in  comparison  with  the  other 
contagious  exanthemata.  Especially  is  this  noticeable 
with  reference  to  measles,  which  will  attack,  simulta- 
neously or  successively,  all  the  susceptible  children  in  a 
household  almost  with  certainty;  while  we  generally 
meet  with  a  single,  or  perhaps  two,  cases  of  Roetheln, 
and  the  greater  number  of  those  exposed,  in  greater  or 
less  degree,  escape.  J.  Lewis  Smith,  in  one  epidemic, 
saw  forty -eight  cases  in  twenty-one  families — an  average 
of  a  little  more  than  two  to  each  family.  In  an  institu- 
tion, such  as  an  orphan  asylum,  the  number  of  cases 
would  be  comparatively  larger,  since  the  exposure  would 
be  of  necessity  greater  at  first.  Isolation,  therefore,  can 
be  expected  to  accomplish  more  in  the  direction  of  pre- 
vention than  it  does  with  measles  or  scarlatina. 

Roetheln  is  encountered  almost  exclusively  in  epidem- 
ics, and  sporadic  cases  are  very  rare.  This  is  probably 
more  decidedly  the  case  with  this  disease  than  it  is  with 
scarlatina,  and  possibly  also  with  measles. 

Considerable  difficulty  is  experienced  in  tracing  cases 
of  Roetheln  to  their  sources — largely,  no  doubt,  because 
affected  persons  are  frequently  unconflned,  owing  to  the 
general  mildness  of  the  disease,  and  the  absence  of  alarm 
concerning  it.  Undoubtedly ,  however,  if  its  origin  could 
always  be  traced,  an  exposure  to  contagion  would  be  dis- 
covered. In  other  words,  it  is  practically  certain  that  the 
disease  does  not  originate  de  novo ;  nor  is  it  produced  by 
general  causes,  such  as  improper  hygienic  surroundings 
in  the  matter  of  poor  ventilation,  overcrowding,  or  in- 
sufficient or  improper  dietary  conditions.  On  the  con- 
trary, it  is  not  found  to  be  a  disease  of  greater  propor- 
tionate prevalence  in  tenement-house  districts,  where  the 
conditions  referred  to  are  in  prominent  existence.  A 
large  proportion  of  the  cases  are  encountered  in  the  fami- 
lies of  the  better  classes,  and,  most  of  all,  in  institutions, 
such  as  orphan  asylums. 

_  We  may  reasonably  conclude  that  Roetheln  is  less  ac- 
tively contagious  than  measles  or  scarlatina,  since  so 
inany  of  those  exposed  escape.  Under  the  same  condi- 
tions of  exposure  the  number  of  cases  arising  of  either  of 
those  two  diseases  would  probably  considerably  exceed 
those  of  Roetheln. 

The  age  at  which  susceptibility  is  greatest  has  been 
mentioned,  being  considerably  more  advanced  than  that 
which  obtains  with  the  other  exanthemata;  but  as  yet 
there  is  little  definite  knowledge  as  to  the  stage  of  the 
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disease  itself  in  which  propagation  by  contagion  is  most 
likely  to  occur.  We  can  only  say  that  the  probability  is 
in  favor  of  contagiousness  during  the  whole  course  of 
the  disease — from  the  time  when  prodromal  symptoms, 
if  present,  appear,  until  the  eruption  has  entirely  disap^ 
peared. 

Clinical  History.— /Stof/eo/JjicwJafooft.— Much  atten- 
tion has  been  given  to  the  duration  of  the  stage  of  incu- 
bation—the time  elapsing  between  a  traceable  exposure 
and  the  onset  of  the  disease.  This  is  frequently  made 
diiHcult  of  accurate  investigation  for  the  reason  before 
mentioned,  that  isolation  is  not  observed  because  of  the 
mild  character  of  the  affection,  and  sometimes  even  con- 
finement within  doors  is  not  enforced.  The  general  ex- 
perience is  that  this  stage  occupies  from  fourteen  to 
twenty-one  days ;  though  in  some  epidemics  the  duration 
has  been  considerably  less.  Shuttleworthhad  the  oppor- 
tunity of  ascertaining,  in  an  asylum,  that  twenty-one 
days  lapsed  after  the  first  case  appeared  before  the  second 
occurred,  isolation  being  enforced,  and  two  days  later 
two  fresh  cases  developed.  Goodhart  says  that  the  in- 
cubation, in  twenty-three  out  of  twenty-live  cases,  was 
from  fourteen  to  twenty -two  days.  Edwards  gives  six 
days  as  the  shortest  and  twenty -one  days  as  the  longest. 
Cheadle  ascertained  it  to  be  eight  days  in  one  instance, 
nine  in  another,  and  (approximately)  twelve  days  in  five 
more.  Griffith's  experience  was  that  in  twenty-six  cases 
the  eruption  appeared  between  the  fifth  and  twelfth  days 
after  the  first  case  was  discovered.  Therefore  it  must 
be  granted  that  considerable  variation  exists  in  the  length 
of  this  stage,  although  we  may  consider  that  a  period  of 
fourteen  days  represents  the  average.  The  incubative 
stage  of  measles  is  much  more  constant — standing,  as  it 
does,  at  thirteen  and  fourteen  days; 

Stage  of  Invasion. — In  very  many  instances  the  erup- 
tion is  the  first  thing  which  calls  attention  to  the  existence 
of  sicliness.  Since  many  of  tlie  patients  are  old  enough  to 
describe  any  subjective  symptoms  which  may  be  present, 
it  follows  that  the  stage  of  invasion  is  frequently  attended 
with  little  or  no  disturbance  of  general  health.  With 
children  too  young  to  describe  their  own  sensations,  the 
attention  of  parents  is  often  attracted  by  no  manifestation 
whatever — such  as  restlessness,  or  crying,  or  digestive 
disturbance — until  the  eruption  becomes  visible.  It  is, 
however,  probable  that  there  is  always  present  a  slight 
rise  of  temperature,  not  sufficient  to  cause  discomfort ; 
and  close  questioning  might  elicit  an  admission  of  a  feel- 
ing of  malaise.  But,  as  stated,  the  breaking  out  of  the 
rash  is  what  causes  uneasiness,  and  leads  patients  or  par- 
ents to  consult  a  physician  for  the  purpose  of  ascertain- 
ing the  nature  of  the  sickness. 

There  are,  on  the  other  hand,  cases  in  which  there  is 
more  or  less  decided  disturbance  of  health  prior  to  the 
appearance  of  the  eruption.  Epidemics  undoubtedly 
vary  greatly  in  severity,  as  do  individual  cases  in  a  sin- 
gle epidemic;  and  from  the  average  of  descriptions  it 
would  appear  that  the  disease  is  more  severe,  as  well  as 
of  more  frequent  occurrence,  in  Europe  than  in  the  United 
States.  These  more  severe  cases  present  certain  indica- 
tions of  sickness,  before  the  rash  appears,  which,  taken 
in  connection  with  known  exposure,  point  toward  Roe- 
theln as  the  oncoming  disease;  but  in  themselves  they 
have  little  value  as  regards  the  differential  diagnosis, 
especially,  from  scarlatina  and  measles.  The  symptoms, 
when  present,  have  special  reference  to  the  mucous 
membranes  of  the  air  passages,  and  to  the  digestive  sys- 
tem. They  are:  mild  inflammation  of  the  throat  and 
tonsils,  shown  by  swelling  and  redness  on  examination, 
and  by  pain  and  slight  cough;  a  slight  degree  of  coryza; 
conjunctival  irritation,  lachrymation,  and  a  little  ten- 
dency to  cedematous  swelling  of  the  eyelids.  Nausea 
and  anorexia  have  been  frequently  observed,  and  in  rare 
instances  vomiting.  Frontal  headache  in  a  few  instances 
is  the  source  of  much  discomfort.  The  digestive  disturb- 
ances appear  to  have  been  prominent  in  some  and  absent 
in  other  epidemics.  "With  these  symptoms— and,  it  is 
not  improbable,  in  their  absence— there  is  a  rise  of  tem- 
perature to  99°  or  100°  F.  in  mild,  and  as  high  as  103°  F. 


in  severe,  cases.  In  addition  to  these  indications  there  is 
one  symptom  highly  characteristic  of  the  fully  developed 
disease,  as  will  hereafter  be  seen, — a  symptom  which 
has  been  ol)served  in  tlie  prodromal  stage.  This  is  en- 
largement of  the  post-cervical  lymphatic  glands — not 
those  at  the  angle  of  the  jaw,  as  obtains  in  scarlatina  and 
diphtheria,  but  those  in  the  back  of  the  neck.  This  en- 
largement should  always  be  looked  for,  since  it  is  the 
only  feature  of  diagnostic  value  in  the  stage  of  invasion. 
Jaccoud  found  it,  in  five  out  of  thirty-two  cases,  four  or 
five  days  before  the  efflorescence.  Associated  with  this, 
stiffness  of  the  neck  with  pain  on  movement  of  the  head, 
in  slight  degree,  should  be  sought  for. 

Any  throat  inflammation  present  might  easily  be  ac- 
counted for  in  expecting  scarlatina  to  develop ;  and  cory- 
za, cough,  and  conjunctival  irritation  belong  to  the  clini- 
cal history  of  measles.  Rise  of  temperature  also,  of 
course,  accompanies  the  onset  of  both  these  diseases;  and 
consequently,  excepting  only  the  glandular  enlargement, 
so  far  as  tliese  general  symptoms  are  concerned,  it  is  only 
in  their  lesser  degree  of  severity  that  they  are  character- 
istic of  Roetheln  rather  than  of  the  other  two  affections. 

These  indications,  when  present,  precede  the  eruption 
by  a  period,  in  the  great  majority  of  cases,  of  less  than 
twenty-four  hours;  although  in  some  instances  malaise 
is  present  for  three  or  four  days  befoi'e  this  stage  is 
ended.  Cheadle,  in  describing  a  severe  epidemic,  ob- 
served that  the  prodromal  symptoms  persisted  longer  in 
severe  than  in  iniUl  cases.  Edwards  gives  the  average 
duration  as  three  days. 

It  is  therefore  observable  that  the  stage  of  invasion, 
when  present,  is  subject  to  considerable  variation — botli 
■  as  to  length  and  severity — and  is,  in  fine,  a  much  more 
uncertain  quantity  than  is  that  of  scarlatina  or  measles. 

Stage  of  Eruption. — The  prominent  feature  of  the  dis- 
ease is  the  eruption,  often,  as  before  stated,  being  the 
only  phenomenon  perceptible,  and  generally  being  by  far 
the  most  prominent  manifestation  of  a  condition  of  sick- 
ness. Very  great  diif erences,  in  different  epidemics  and 
in  individual  cases,  are  to  be  found;  and,  considering  the 
eruption  alone,  a  diagnosis  might  well  be  difficult,  if  not 
impossible.  As  the  symptoms  other  than  the  eruption, 
siich  as  those  found  in  the  prodromal  stage,  present  con- 
siderable variation,  and  as  this  fact  holds  with  the  erup- 
tion itself,  we  may  conclude  that  the  disease,  as  a  whole, 
is  far  less  stable  than  scarlatina  and  measles.  These  are 
more  than  variations  of  degree — they  affect  the  essential 
characters  of  the  symptoms  and  of  the  eruption. 

Scarlatina,  for  instance,  may  be  very  mild  or  very 
severe  as  regards  the  throat  inflammation  and  fever;  and 
its  eruption  may  be  difficult  of  detection,  or  as  marked  as 
a  pronounced  rash  of  erysipelas ;  but  these  are  differences 
of  degree,  and  the  sore  throat  and  eruption  are  uniformly 
present,  and  are  siii  generis.  The  same  rule  holds  with 
measles.  The  essentials  of  the  disease — the  catarrh  of 
the  respiratory  tract,  and  the  characteristic  eruption — 
may,  one  or  both,  be  very  mild  or  very  severe ;  but  they 
must  both  be  present  in  any  case  in  which  the  diagnosis 
is  undoubted.  Roetheln,  on  the  other  hand,  may  consist, 
from  beginning  to  end,  of  the  eruption  only,  or  may  pre- 
sent some  of  quite  a  variety  of  symptoms  affecting  the 
mucous  membranes  of  the  air  passages  or  of  the  digestive 
apparatus. 

Regarding  the  eruption  itself,  its  characteristic  points 
are  as  follows :  Its  color  is  generally  a  pale  rose,  less  dis- 
tinctly rose-hued  than  that  of  measles.  It  is  very  fre- 
quently brownish,  brownish-red,  and  sometimes  quite 
distinctly  brown,  with  no  tinge  of  rose  or  pink  to  be  de- 
tected, and  giving  the  general  effect  of  duskiness. 

As  to  location,  no  part  of  the  surface  is  entirely  ex- 
empt. The  palms  of  the  hands,  the  soles  of  the  feet,  and 
the  scalp  have  been  observed  to  present  it;  although 
usually  it  is  not  to  be  found  in  those  regions.  As  a  gen- 
eral rule,  the  face,  trunk,  arms,  and  legs  break  out  suc- 
cessively before  the  final  disappearance  of  the  rash;  al- 
though cases  are  often  described  in  which  the  affected 
area  is  much  less  extensive. 

Either  the  face  or  the  upper  part  of  the  body  may  be 
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fii-st  affected,  and  the  spread  of  the  eruption  is  rapid- 
one  day  or  less  sufficing  for  its  appearance  on  the  remoter 
parts  after  its  initial  appearance.  The  maximum  of  in- 
tensity is  very  quickly  attained.  Beginning  on  the  face, 
for  example,  in  very  faiutl}^  marked  spots,  after  a  period 
of  a  few  hours,  and  certainly  within  one  day,  it  will  be 
at  its  height,  and  the  spots  will  be  plainly  visible.  Then 
a  fading  process  sets  in,  gradually  progressing,  accom- 
panied with,  or  followed  by,  some  desquamation,  and 
continuing  for  about  two  days ;  so  that,  in  any  selected 
locality,  from  the  first  appearance  to  the  final  disappear- 
ance, an  average  period  of  three  days  is  occupied.  This, 
however,  is  not  a  definitely  fixed  time;  sometimes  it  em- 
braces but  two  days,  and  at  other  times  it  is  protracted  to 
six  or  seven. 

The  duration  of  the  eruption  as  a  whole,  without  refer- 
ence to  any  special  part  of  the  surface,  is  consequently  a 
little  longer  than  that  of  its  presence  in  a  given  locality — 
by  the  time  occupied  in  the  spreading  from  the  region 
first  to  that  last  attacked.  As  this  generally  requires  one 
day,  or  somewhat  less,  the  eruptive  stage  of  the  disease 
can  be  expected  to  continue  about  three  da3's  on  the 
average,  though  subject  to  the  variation  spoken  of,  hav- 
ing as  extremes  two  and  seven  days.  It  will  be  observed, 
from  the  rapidity  of  development  in  a  selected  localitj' 
as  compared  with  the  rapidity  of  the  spreading  to  other 
regions,  that  different  parts  will  present  the  eruption  in 
greatly  varying  conditions ;  and  that  at  no  given  time 
will  it  be  at  its  maximum  uniformly  over  the  entire  sur- 
face of  the  body.  In  otlier  words,  it  may  even  reach  its 
height  in  one  part  before  appearing  in  another.  This  is 
a  point  of  value  in  diagnosis,  and  of  contrast  to  scarlatina 
and  measles,  in  both  of  which  there  is  generally  a  station- 
ary period  as  regards  the  spread  and  intensity  of  the 
eruption  after  the  maximum  has  been  attained. 

The  eruption  is  papular.  If  the  hand  is  passed  gently 
over  it,  a  sense  of  roughness,  at  least,  is  perceptible, 
showing  a  certain  degree  of  elevation  above  the  surround- 
ing skin.  From  this  very  slight  condition  of  elevation 
differences  are  to  be  found  up  to  a  state  in  which  the  ele- 
vation is  distinctly  and  at  once  visible — as  much  so  as  in 
a  fully  developed  rash  of  measles.  But,  in  some  degree, 
elevation  of  the  spots  is  always  present,  and  therefore  it 
is  a  mistake  to  describe  the  eruption  as  macular. 

The  size  of  the  papules  is  one  of  the  points  in  which 
there  is  considerable  variation.  In  general  they  are 
smaller  than  the  papules  of  measles,  varying  from  the 
diameter  of  a  pin's  head  to  that  of  a  pea.  In  a  certain 
proportion  of  cases  the  spots  are  so  small  as  to  constitute 
mere  punctation,  and  the  skin  presents  the  appearance  of 
being  covered  with  innumerable  fine  dots.  They  are  of 
irregular  shape,  but  with  a  more  decided  tendency  to  as- 
sume the  circular  form  than  is  observed  in  tlie  spots  of 
measles.  In  a  given  case  tliere  is  generally  some  uni- 
formity in  the  matter  of  size — eitlier  the  papules  are  for 
the  most  part  of  the  larger  size,  or  they  are  nearly  all 
small.  Still  greater  diflerenccs  of  size  liave  been  de- 
scribed, however,  papules  of  one-third  of  an  inch  in  di- 
ameter liaving  not  infrequently  been  encountered. 

Generally  the  skin  between  the  papules  presents  a  per- 
fectly healthy  appearance,  although  careful  investigation 
will  occasionally  reveal  the  existence  of  minute  fine  lines 
or  processes  connecting  adjoining  papules.  A  general 
erythematous  redness  of  the  skin  has  also  been  noticed. 
Confluence  of  the  papules  is  very  rare,  though  not  uni- 
formly absent. 

Vesicles  have  been  observed,  but  this  has  clearly  been 
a  coincidence,  and  not  at  all  a  part  of  the  ordinary  course 
of  the  eruption.  They  are  probably  found  quite  as  often 
with  measles,  and  in  either  case  must  be  regarded  as 
anomalous.  The  eruption  has  been  observed  to  disappear 
suddenly,  and  after  a  short  time  to  reappear;  and  un- 
usual warmth,  as  from  heavy  clothing,  renders  it  more 
distinctly  visible.  A  certain  amount  of  itching  is  often 
present,  though  not  severe,  and  the  heat  and  burning, 
which  are  a  source  of  discomfort  in  scarlatina  and  mea- 
sles, are  not  at  all  pronounced  in  Roetheln. 

To  sum  up  the  characteristics  of  the  eruption,  we  may 
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make  a  division  of  the  cases  into  two  classes,  which  cor- 
respond with  the  descriptions  formerly  given  of  rubeoloid 
Roetheln  on  the  one  hand,  and  scarlatinoid  on  the  other. 
In  each  variety  the  resemblance  to  the  other  disease,  as 
far  as  the  eruption  is  concerned,  may  be  very  close — 
often  sufficiently  so  to  render  the  diagnosis  extremely 
uncertain,  if  the  other  points  of  history  and  symptoma- 
tology be  not  carefully  considered. 

In  the  first  class  of  cases,  comprising  the  greater  num- 
ber, the  papules  are  of  larger  size,  perhaps  abundant 
enough  to  be  considered  confluent,  of  somewhat  irregu- 
lar shape,  pale  rose  color,  and  raised  considerablj-  above 
the  skin.  It  will  be  seen  that  this  state  of  affairs  can 
obtain  with  measles  quite  as  well  as  with  Roetheln. 

In  the  second  class  the  papules  are  smaller,  more  circu- 
lar in  shajDC,  less  elevated  above  the  skin,  of  darker  hue, 
much  more  numerous,  and  sometimes  very  closelj-  aggre- 
gated, so  as  to  give  the  punctated  appearance  alluded 
to.  If  this  be  the  appearance,  there  may  easily  be  noth- 
ing in  the  eruption  by  which  to  discriminate  it  from  a 
scarlatinal  rash  at  the  onset  or  during  the  first  day  of  the 
disease.  A  fully  developed  rash  of  scarlatina  is  contin- 
uous, leaving  no  skin  normal  in  appearance  between  the 
eruptive  spots ;  and  in  Roetheln  the  papules  are  distinctly 
separated  from  each  otlier. 

If,  therefore,  an  extreme  case  of  either  variety  be  taken, 
it  will  be  found  that  other  points  in  s3-mptomatology  and 
history  are  requisite,  and  possibly  a  delay  for  one  or  two 
days  may  be  necessary,  in  order  definitely  to  eliminate 
doubt  in  the  diagnosis. 

Desquamation. — Desquamation  is  the  mode,  or  perhaps 
a  better  term  would  be  the  accompaniment,  of  the  termi- 
nation of  the  eruption,  beginning  on  the  second  or  third 
day.  It  is  furfuraceous  in  character,  never  occurring  in 
large  scales  or  pieces  of  skin  as  in  scarlatina.  It  is  fine, 
and  in  this  resembles  more  the  desquamation  of  measles. 
It  is  much  less  decided  than  in  scarlatina,  and  is  often  so 
slight  in  amount  as  to  be  perceived  only  on  ver}^  careful 
inspection,  and  frequently  passes  unnoticed  by  either  the 
patient  or  the  physician.  Many  writers  on  the  subject 
do  not  make  mention  of  the  process,  and  frequentlj--  the 
statement  is  made  that  it  is  not  a  part  of  the  clinical  his- 
tory of  the  disease.  The  writer  cannot  contradict  this, 
though  holding  the  view  that  it  Is  present  in  some  degree 
in  all  cases.  As  fading  of  the  color  of  the  eruption  very  ^ 
quickly  sets  in,  and  is  progressive  until  its  final  disap- 
pearance, the  desquamation  is  the  accompaniment  of 
this. 

The  desquamation  is  not  to  be  found  aifecting  at  one 
time  the  entire  surface  which  has  presented  the  eruption. 
It  follows  the  appearance  of  the  rash,  and,  consequently, 
is  visible  on  one  part  of  the  surface  before  it  is  on  an- 
other. Furthermore,  it  does  not  take  place  over  the  en- 
tire affected  surface — much  of  the  eruption  fades  away 
without  desquamation,  and  the  latter  is  to  be  searched 
for  about  the  trunk,  legs,  and  arms  especially.  The  face 
and  extremities  usually  escape.  In  this  there  is  another 
point  of  resemblance  to  measles. 

Following  the  customary  division  of  the  eruptive  fevers 
into  stages,  we  may  consider  the  stage  of  desquamation, 
fading,  or  decline,  to  occupv  the  time  from  the  second 
day  of  the  eruption  to  the  end  of  the  disease.  But  it 
must  be  borne  in  mind  that  the  line  of  division  between 
these  two  stages,  i.e..  of  eruption  and  of  desquamation, 
is  much  less  distinctly  marked  than  in  scarlatina  or  mea- 
sles. 

Occasionally  a  faint  staining  or  pigmentation  has  re- 
mained for  several  days  after  the  disappearance  of  the 
rash  proper. 

_  Symptoms  Other  than  the  Eniption.— These  have  been 
m  part  considered  under  the  head  of  premonitory  symp- 
toms, or  those  presenting  themselves  in  the  staee  of  in- 
vasion, and  are,  in  great  part,  simple  continuations  of 
them.  They  are  found,  like  those  of  scarlatina  and  mea- 
sles, to  have  special  reference  to  the  mucous  membranes 
of  the  nose,  throat,  and  conjunctiva,  together  with  more 
or  less  disturbance  of  the  digestive  functions.  The  in- 
flammatory condition  of  the  throat  and  tonsils,  which  is 
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the  most  frequent  of  these  symptoms,  varies  greatly  in 
degree,  and,  beginning  in  the  stage  of  invasion,  persists 
up  to  the  time  when  the  rash  has  reached  its  height,  and 
then  subsides  with  the  disappearance  of  the  rash.  Slight 
cough  sometimes  persists  for  a  few  days  longer.  Tlie 
conjunctival  irritation  and  the  (Edematous  swelling  of 
the  eyelids  are  not  often  pronounced,  and  follow  much 
the  same  course  as  the  throat  symptoms. 

The  nausea,  which  presents  itself  often  enough  to  call 
for  special  mention,  is  generally  noticeable  only  until  the 
rash  has  developed. 

The  tongue  is  commonly  coated,  but  does  not  at  all 
present  the  appearance  of  the  strawberry  tongue  of  scar- 
latina. All  these  symptoms,  when  present  at  all,  are  of 
decidedly  milder  character  than  they  are  in  scarlatina 
and  measles. 

The  temperature  range  has  been  referred  to  as  being 
liable  to  differences  in  epidemics  and  in  individual  cases. 
As  a  general  rule,  the  rise  is  much  less  than  that  of  the 
two  other  diseases.  An  elevation  of  from  one  to  two  de- 
grees^to  99.5°  or  100.5°  P. — is  what  we  may  look  for;  it 
persists  for  about  three  days,  and  in  the  given  case  does 
Hot  present  the  fluctuations  characteristic  of  measles,  but 
remains  at  the  same  level  until  its  final  subsidence. 

The  pulse  and  respirations  are  accelerated  in  proportion 
to  the  rise  of  temperature. 

In  general  a  severe  case  presents  a  greater  variety  of 
these  symptoms,  as  well  as  a  greater  severity,  and  a  mild 
case,  absence,  or  nearly  such,  of  them. 

The  single  phenomenon,  over  and  above  the  eruption, 
which  is  characteristic,  and  one  might  almost  say  pathog- 
nomonic, of  Roetheln,  is  the  enlargement  of  the  post-cer- 
vical and  suboccipital  lymphatic  glands.  Probably  in 
no  case  is  it  found  wanting.  This  occurs  at  the  onset  of 
the  disease,  and  therefore,  as  stated,  may  not  infrequently 
-be  discovered  before  the  appearance  of  the  eruption.  The 
number  of  nlands  affected  varies  from  one  or  two  up-to 
seven  or  eight.  Search  should  be  made  for  them  from 
the  occiput  down  to  the  level  of  the  shoulders,  and  tow- 
ard the  middle  of  the  neck  rather  than  at  the  sides  or 
near  the  angle  of  the  jaw.  In  scarlatina,  diphtheria, 
and  other  throat  affections,  the  glands  which  present  en- 
largement are  those  at  the  angle  of,  as  wellas  beneath, 
the  lower  jaw.  In  such  instances  the  swelling  seems  to 
be  proportionate  to  the  severity  of  the  throat  inflamma- 
tion, and  to  be  associated  with  it,  as  in  adenitis  in  the 
neighborhood  of  inflammation  elsewhere  in  the  body. 
But  the  adenitis  of  Roetheln  cannot  be  so  explained,  as 
it  is  found  equally  in  the  cases  with  considerable  sore 
throat,  and  in  those  with  none.  Therefore  it  should  be 
regarded .  as  a  distinct  phenomenon  of  the  disease,  and 
not  as  an  accessorj'. 

Associated  with  the  enlargement  is  stiffness  of  the  neck, 
and  pain  on  moving  the  head,  in  some  degree,  though 
never  very  severe.  The  enlargement  itself  varies,  the 
glands  being  of  about  the  size  of  a  split  pea  or  bean ; 
suppuration  does  not  occur,  and  the  swelling  and  pain 
subside  with  the  disappearance  of  the  eruption.  Occa- 
sionally a  single  gland  will  remain  perceptibly  enlarged, 
though  painless,  for  an  indefinite  length  of  time. 

Valuable  as  this  point  is,  there  are  yet  sources  of  error, 
and  glandular  enlargement  from  other  causes  must  be 
exchided. 

The  condition  which  we  recognize  as .  struma,  indicat- 
ing the  general  condition  of  ill  health  due  to  bad  hygienic 
.surroundings  and  malnutrition,  has,  as  a  prominent  feat- 
ure, general  glandular  enlargement,  perceptible  in  the 
groins,  axillsB,  etc.,  as  well  as  in  the  neck;  and  syphilis 
may  present  the  same  condition.  Accordingly,  search 
should  be  made  in  those  other  localities  before  assigning 
a  cervical  adenitis  to  an  oncoming,  or  present,  attack  of 
Roetheln.  Enlargement  of  the  glands  at  the  angle  of  the 
jaw  is  to  be  attributed  to  other  causes.  Children  with 
eczema  capitis  have,  almost  always,  large  lymphatic 
glands  in  the  neck. 

During  an  epidemic  of  measles  in  1886,  the  writer  made 
investigation  with  special  reference  to  this  point,  and 
found  that  in  twenty-four  out  of  twenty-nine  cases  an 


enlargement  of  glands  exactly  similar  to  that  of  Roetheln 
was  present,  and  constituted  a  prominent  feature  of  the 
cases.  This  was  evidently  a  peculiarity  of  that  epidemic, 
as  the  writer  has  neither  before  nor  since  found  it  to  be 
the  case,  except  in  isolated  instances.  Griffith  states  that 
he  has  not  infrequently  found  it.  Care  was  taken  to  ren- 
der the  diagnosis  of  measles  certain,  and  mention  is  made 
of  this  point  here  to  show  that  the  adenitis  characteristic 
of  Roetheln  is  not  absolutely  pathognomonic,  and  will  not 
in  itself  suffice  for  differential  diagnosis  from  measles. 

Non-identity  loith  Measles  and  Scarlatina.— T^he  writer 
has,  of  necessity,  made  frequent  mention  of  Roetheln  as 
contrasted  with  scarlatina  and  measles,  and  the  reasons 
for  considering  it  to  be  an  independent  disease  must  now 
be  considered.  There  are  still  some  who  consider  it  a 
hybrid,  consisting  of  elements  drawn  from  both  those 
diseases,  and  being  intermediate  in  character  between 
them.  This  position  is  scarcely  tenable,  and  is  not  sup- 
ported by  clinical  facts;  since  the  greater  number  of 
cases,  though  having  points  in  common  with  both,  pre- 
sent, each  one,  strong  points  of  resemblance  to  one  or  the 
other  of  the  two  affections,  and  not  to  both  at  the  same 
time.  That  is,  any  single  case  is  either  decidedly  scarla- 
tinoid or  decidedly  rubeoloid ;  and  the  differential  diag- 
nosis lies  between  two  and  not  three  diseases.  Further- 
more,- hybrids  are  not  at  all  common,  and  analogy  is 
opposed  to  this  view.  Generally,  what  is  called  a  hybrid 
can  be  resolved  into  its  elements,  and  may  be  pronounced 
a  conjunction  of  two  or  more  diseased  conditions.  Un- 
doubtedly scarlatina  and  measles  may  be  found  coexist- 
ing in  the  same  individual,  or  folloAving  each  other  so 
closely  as  to  overlap,  the  inmates  of  a  household  being 
exposed  to  and  contracting  both  diseases  at  the  same 
time,  or  in  rapid  succession.  These  cases,  however,  pre- 
sent the  phenomena  of  both  diseases  in  such  a  manner 
and  degree  as  to  exclude  uncertainty  in  the  diagnosis^ 
and  they  bear  no  closer  resemblance  to  Roetheln  than  does 
any  single  well-pronounced  case  of  either  disease. 

The  question  of  its  identity  with  one  or  the  other  of 
these  diseases  calls  for  more  careftil  consideration. 

There  are  but  few  who  believe  Roetheln  to  be  identical 
with  scarlatina,  but  many  consider  it  of  the  same  nature 
as  measles.  In  a  scarlatinoid  case  the  principal  points  in 
common  are:  the  sJiort  period  of  invasion,  the  existence 
of  some  sore  throat,  and  the  fine  punctate  appearance  of 
the  rash  at  first.  Roetheln  is  liable  to  be  confounded 
only  with  a  very  mild  case  of  scarlatina;  for  the  vomit- 
ing, high  fever,  pronounced  sore  throat,  and  character- 
istic tongue  of  average  scarlatina  are  not  encountered  in 
the  former  disease.  The  points  of  difference  are  most 
prominent  in  the  longer  duration  of  the  eruption  in  scar- 
latina, its  greater  unifonnity,  its  macular  character,  tlie 
nature  of  the  desquamation,  and  the  presence  of  sequeliE 
which  do  not  occur  in  Roetheln.  In  addition  to  which 
the  adenitis  of  Roetheln  is  not  to  be  found  in  the  other 
disease. 

As  to  measles,  the  similarity  also  exists  in  a  certain 
proportion  of  cases  of  mild  character.  The  symptoms 
which  may  be  common  to  both  are  the  rose  color  and 
papular  character  of  the  rash,  the  shorter  duration  of  the 
period  of  erui^tion,  the  fine  desquamation,  and  possibly 
the  adenitis.  The  main  point  of  difference  is  the  pres- 
ence, in  measles,  of  two  or  three  days  of  fever,  with  ca- 
tarrhal inflammation  of  the  respiratory  mucous  mem- 
branes, uniformly  preceding  the  eruption.  The  sequelos 
of  measles,  also,  are  not  to  be  expected  in  Roetheln. 

As  stated,  these  resemblances  are  encountered  only  in 
extreme  cases.  Average  cases  of  each  disease  have  spe- 
cial characteristics  sufiicient  to  clear  away  doubt;  and 
the  differences  just  enumerated  go  far  toward  proving 
non-identity  in  either  direction.  But  the  strongest  rea- 
son for  believing  in  the  individual  nature  of  Roetheln — 
constituting,  indeed,  a  conclusive  proof — is  that  no  mu- 
tual protection  is  afforded.  That  both  scarlatina  and 
measles  are,  if  the  expression  be  allowed,  autoprophylac- 
tic  has  been  proven  by  thousands  of  observations.  Sec- 
ond attacks  of  scarlatina  are  so  rare  as  to  be  curiosities  in 
the  history  of  medicine;  and  with  measles,  although  the 
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rule  is  not  so  free  from  exception,  yet  a  second  attack  is 
a  very  infrequent  occurrence.  Tliis  rule  applies  to  Roe- 
theln.  As  yet  tliere  are  few,  if  any,  authentic  records  of 
second  attacks.  But  when  the  question  of  mutual  pro- 
tection, which  would  be  a  sine  qua  non  to  the  supposition 
of  identity,  is  considered,  the  most  conclusive  evidence 
of  its  absence  is  presented. 

•  Of  J.  Lewis  Smith's  48  cases,  19  had  had  measles,  and 
1  contracted  the  disease  subsequently.  Of  Shuttleworth's 
30  cases,  more  than  lialf  had  had  measles,  and  4  scarla- 
tina. In  one  case  the  patient  had  measles  five  months, 
and  scarlatina  one  month,  before.  In  13  of  the  cases,  in 
which  subsequent  observation  was  possible,  7  contracted 
measles  and  6  scarlatina  after  the  lapse  of  a  few  years. 
Goodhart  observed  that  39  out  of  68  cases  had  had  mea- 
sles. 

Instances  might  be  multiplied  to  a  very  large  numbei-, 
but  it  is  unnecessary ;  for  tlie  non-existence  of  mutual 
protection  is  too  well  established  to  admit  of  doubt. 
There  is,  however,  another  aspect  of  this  question,  or, 
rather,  another  explanation  of  the  facts,  whicli  has  been 
presented  with  considerable  appearance  of  probability. 
It  is  that  Roethehi  is  simply  the  modification  of  measles 
presented  in  second  attacks,  bearing  tlie  same  relative 
position  that  varioloid  does  to  smallpox.  There  are  two 
reasons  for  regarding  this  position  as  untenable.  The 
first  is,  that  pronounced  attacks  of  true  measles  have,  in 
a  large  number  of  instances,  followed,  and  not  preceded, 
Roetheln,  and  these  cases  have  presented  no  modification 
in  kind  or  severity  of  the  symptoms  which  go  to  make 
up  the  clinical  history  of  measles.  This  applies  with 
equal  force  to  scarlatina.  The  second  reason  is,  that  in 
the  individuals  who  have  been  the  subjects  of  second  at- 
tacks of  measles,  the  symptoms  have  been  as  uniform 
and  pronounced  as  in  the  first. 

On  the  contrary,  a  much  closer  analogy  can  be  traced 
between  smallpox  and  varicella  on  the  one  hand,  and 
measles  and  Roetheln  on  the  other.  The  ratio  is  much  the 
same  in  regard  to  corresponding  severity,  and  In  similar- 
ity of  appearance  of  the  eruption. 

■The  final  separation,  in  the  minds  of  medical  men,  of 
the  former  pair  from  each  other  was  beset  by  the  same 
uncertainties  as  that  of  the  latter. 

Another  fact  of  significance  is  that  Roetheln  occurs  in 
epidemics,  when  neither  scarlatina  nor  measles  is  prevail- 
ing ;  and,  in  the  same  epidemic,  most  of  the  cases  will  be 
rubeoloid,  and  a  smaller  number  scarlatinoid. 

Text-book  descriptions  of  measles  commonly  refer  to  a 
variety  of  the  disease  under  the  designation  of  "  rubeola 
sine  catarrho,"  this  name  indicating  a  condition  in  which 
there  is  fever,  with  an  eruption  similar  to  that  of  ordinary 
measles,  and  at  the  same  time  absence  of  the  inflammation 
of  the  respiratory  apparatus.  Perhaps  it  is  fair  to  regard 
these  as  cases  of  Roetheln ;  and  a  significant  observation 
made  by  Watson,  in  his  "Practice  of  Medicine,"  gives 
support  to  this  view.  He  says:  "It  is  observed  that 
rubeola  sine  catarrho  confers  no  protection  against  recur- 
rence—is commonly  succeeded  by  an  attack  of  measles  in 
its  true  form. "  Meigs  and  Pepper  make  the  same  obser- 
vation as  to  their  experience. 

_  To  summarize,  the  points  demonstrating  the  non-iden- 
tity of  Roetheln  with  measles  or  scarlatina  are : 

1.  The  difference  in  clinical  history. 

3.  Absence  of  mutual  protection. 

3.  Absence  of  modification  in  second  attacks  of  those 
two  diseases. 

4.  Occurrence  of  epidemics  while  the  other  two  are  not 
prevailing. 

5.  In  any  epidemic,  resemblance  of.  some  of  the  cases  to 
one,  and  of  some  to  the  other,  of  the  two  diseases. 

A  further  difl:erentiation  of  the  two  varieties  into  two 
distinct  diseases  is  possible ;  but  it  would  be  a  refinement 
almost  beyond  our  present  powers  of  observation. 

Diagnosis.— The  diagnosis  is  principally  made  by 
process  of  exclusion,  because,  at  the  outset,  the  presence 
of  scarlatina  ot  measles  is  generally  suspected.  From 
scarlatina  at  the  outset,  or  in  the  first  day  or  two  of  sick- 
ness, in  certain  mild  cases,  the  points  of  difference  are : 
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In  Roetheln,  the  absence  of,  or  presence  in  a  milder  de- 
gree, of  sore  throat ;  the  absence  of  the  strawberry  tongue, 
and  the  existence  of  a  whitish  coating  if  any  change 
be  present;  the  absence  of  continuity  of  the  eruption; 
and  the  presence  of  post-cervical  adenitis,  the  glands  at 
the  angle  of  the  jaw  being  unaffected.  After  the  lapse 
of  two  or  three  days  the  course  of  the  eruption  in  Roe- 
theln is  to  reach  its  maximum  and  begin  to  disappear 
quickly,  and  the  desquamation,  when  perceptible,  is 
fine,  and  not  in  flakes  or  patches  of  some  size. 

Pronounced  cases  of  scarlatina  do  not  resemble  Roetheln 
sufficiently  to  render  the  diagnosis  uncertain. 

From  measles  the  discrimination  is  to  be  based  mainly 
on  the  absence  of  the  stage  of  fever  with  catarrh  preced- 
ing the  eruption,  or  its  very  mild  character  and  shorter 
duration.  The  cervical  adenitis  has  much  weight, 
though  it  is  not  absolutely  conclusive.  Though  the  rash 
may  very  closely  resemble  that  of  measles,  yet  the  pap- 
ules are  less  elevated,  smaller,  less  aggregated,  less  de- 
cidedly rose-colored,  and  run  their  course  more  quicklj' — 
desquamation  setting  in  two  or  three  days  before  it  would 
be  likely  to  occur  in  measles. 

Subjoined  is  a  comparative  table  of  these  three  diseases 
in  their  different  stages,  giving  also  the  average  duration 
of  each  stage: 


ROKTIIELS. 


Duration,  six  to  twen- 
ty-one days. 
Inconstant. 


One  day  or  less. 
Often  absent. 
Malaise,  sligbt. 
Sore  throat  and  lacb- 
rymation. 

Cervical  adenitis. 


Scarlatina.  Measles. 

Stage  I.— Incubation. 
Two  to  fourteen  days.    Twelve  to  fifteen  days. 

Constant. 


Stage  II.— Invasion. 

Less  than  one  day. 
Never  absent. 
Vomiting. 
Decided  sore  throat. 


Temperature,  Sg"-!^    Temperature,  103° 


Two  to  four  days. 
Never  absent. 

Drowsiness,  cough.ca- 
ryza,  conjunctivitis, 
photophobia. 

Temperature,  103°  -|-. 


Three  days. 

Begins    on    face   or 

cbest. 
Papular,  slightly. 
Pale  rose,  or  darker 

and  brownish. 
Not  continuous. 
Ceases    spreading   in 

one  or  two  days. 
No  stationary  period. 

Burning    or  itching, 
slight. 


Stage  III.— Eruption. 

Six  to  eight  days. 
Begins  on  chest. 

Macular. 
Deep-red  scarlet. 

Continuous. 

Ceases    spreading   in 

three  or  lour  days. 
Stationary   period   of 

two  to  three  days. 
Burning,  often  great. 


Four  to  Bve  days. 
Begins  on  face. 

Papular,  decidedly. 
Bose. 

Not  continuous. 
Ceases    spreading   in 

two  or  three  days. 
Stationary   period  of 

two  to  ttiree  days. 
Burning  and  Itching, 

decided. 


Stage  IV.— Desquamation. 


Very  slight  and  fine.       In  scales  of  quite  large 
size. 

Overlaps     stage     of    Preceded  by  station- 
eruption,  ary  period. 
Last  two  or  three  days.    Lasts  ten   days,  and 
sometimes  longer. 


Furfuraceous,  and 
often  not  pro- 
nounced. 

Preceded  by  station- 
ary period. 

Lasts  about  four  days. 

Leaves  dull  -  colored 
stains. 


None  characteristic. 


Complication!!. 

Acute  form  of  Bright's    Bronchitis. 

disease. 
Rheumatism.  Pneumonia. 

Otorrhoea,  and  necro-    Tuberculosis. 

sis  of  temporal  bone 


Inflammation   ot  the 
intestines. 

In  addition  to  these  other  exanthemata,  certain  simple 
skm  diseases  must  be  considered  in  the  diagnosis.  Some- 
times the  eruption  of  miliaria  papulosa  (prickly  heat)  re- 
sembles that  of  Roetheln;  but  it  occurs  in  wdl-defined 
patches  of  several  inches  in  diameter,  is  associated  with 
unusual  sweating,  and  lasts  many  days  longer.  Also 
there  are  no  febrile  and  constitutional  symptoms  accom- 
panying miliaria,  and  the  itching  is  usually  great 
or  ;n,';r^»?*f^*"'''l"'  Investigation  possible  into  the  origin 
or  sources  ot  contagion  should  be  made;  and  in  cases  of 
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Roethelii. 

Hoses. 


•doubt  a  positive  diagnosis  slioiild  be  withheld  for  one  or 
two  days.  It  may  be  advisable  to  explain  the  uncertain- 
ties, and  to  adopt  the  precautions  as  to  isolatioij,  etc., 
necessary  in  scarlatina. 

Complications. — Complications  or  sequelte  character- 
istic of  the  disease  do  not  exist.  A  condition  of  transient 
albuminuria  is  spoken  of,  but  it  is  not  indicative  of  renal 
disease.  After  the  rash  disappears  we  may  expect  to  tind 
the  usual  condition  of  health  present.  The  prognosis  is 
therefore  good. 

Treatment. — Because  of  the  mildness  of  the  disease 
there  is  generally  nothing  called  for  in  the  matter  of 
medication — simple  restriction  of  diet  and  avoidance  of 
•exposure  during  the  continuance  of  the  elevated  tempera- 
ture being  all  that  is  necessary.  Practicallj'  the  interest 
and  importance  attaching  to  Roetheln  lie  in  recognizing 
it  as  a  separate  disease,  and  in  the  exclusion  of  the  more 
serious  aSections,  scarlatina  and  measles. 

Bibliography. — Besides  the  treatises  of  Meigs  and 
Pepper,  J.  Lewis  Smith,  Vogel,  Day,  Goodhart,  Eustace 
■Smith,  and  Ellis,  on  "Diseases  of  Children";  those  of 
Bristowe,  Bartholow,  Loomis,  Aitkin,  and  Flint,  on  the 
"  Practice  of  Medicine  " ;  and  DaCosta's  work  on  "  Medi- 
cal Diagnosis,"  the  following  articles  may  be  mentioned: 
Hardaway,  in  "  Pepper's  System  of  Medicine  " ;  Harts- 
borne,  in  "  Reynolds'  System  of  Medicine  " ;  Thomas,  in 
"Ziemssen's  Cyclopaedia";  Cheadle,  Shuttleworth,  and 
Squire,  in  the  Trans.  Internat.  Med.  Cong.,  1881; 
Griffith,  in  the  New  York  Medical  Beaord,  July  2d  and 
8th,  1887;  Edwards,  in  the  Am.  Jour.  Med.  Sci.,  1884; 
Jones,  Boston  Med.  Journ.,  1881;  ShoU,  Med.  and  Surg. 
Beporter,  1883;  T.  D.  Swift,  N.  T.  Medical  Journal, 
I^ovember  37th,  1886;  Harrison,  Am.  Journ.  Obstet,  1885; 

Duckworth,  Erskine,  and 
Govvers,  in  London  Lancet, 
1880;  Dukes,  ibid.,  1881; 
Yonge-Smith,  ibid.,  1883 
and  1886;  Strover  and 
Jaccoud,  ibid, ,  1886 ;  Shut- 
tleworth, Brown,  Burnie, 
Davis,  Rooke,  and  Wil- 
son, in  Brit.  Med.  Journal, 
1880;  Byers  and  Sadell, 
ibid.,  1881;  Lawrence, 
ibid.,  1888;  Shackelton 
and  Culling  worth,  ibid., 
1883;  McLeod,  ibid.,  1885; 
and  Ryle,  ibid.,  1886. 

Thomas  D.  Swift. 

ROSEMARY.— iJ(»«s 

marini.  (Rosmarinus, 
U.  S.  P.  1880.)  The  dried 
loaves  of  Bosmarinus  offici- 
nalis L.  Fam.  Labiatce. 

These  leaves  are  ob- 
tained from  a  small,  slen- 
der, evergreen,  blue-flow- 
ered shrub,  native  of  the 
Mediterranean  region,  and 
somewhat  cultivated  for 
medicinal  purposes  and  as 
a  decorative  shrub.  The 
flowering  twigs  ai'c  also 
sometimes  employed. 
The  leaves  are  about  3.5 
cm.  (1  in.)  long,  oblong, 
but  so  strongly  recurved 
at  the  edges  as  to  appear 
linear  in  the  dried  condi- 
tion, obtuse  at  both  ends, 
destitute  of  a  petiole,  en- 
tire, coriaceous,  dark- 
green  with  a  slight  bluish 
cast  above,  and  grayish- 
.,„  green  and  densely  woolly 

„„  .    ,.      and  glandular  underneath. 
Fifi.  4137.— Rosmarmus  OfflcinaUs;    rr.j,„^.j„„  :„  rharflctprioHr 
flowering  branch.    (Baillon.  1  he  oaor  is  cnaraciensnc 


and  somewhat  camphoraceous,  the  taste  aromatic,  pun- 
gent, and  somewhat  terebinthinate.  Although  the  use 
of  the  drug  has  now  largely  been  superseded  by  that  of 
its  one  or  two  per  cent,  of  volatile  oil,  the  action  is  not 
quite  the  same  in  both  of  them,  since  the  drug  itself 
also  contains  considerable  tannin  and  resin  and  a  little 
bitter  substance.  The  latter,  therefore,  is  a  useful  aro- 
matic bitter  and  tonic.  The  fresh  decoction,  or  the  fluid 
extract,  applied  to  unhealthy  wounds,  is  a  good  vulner- 
ary, though  somewhat  irritating  unless  carefully  em- 
ployed. The  dose  of  rosemary  is  0,5-1  gm.  (gr.  vij.-xv.) 
Oil  of  Bosemary  {Oleum  Bosmarini,  U.  S.  P.)  presents 
the  appearance  of  a  colorless  or  at  most  a  pale  yellow 
fluid,  has  a  specific  gravity  of  from  0.895  to  0.915,  is 
freely  soluble  in  alcohol,  and  possesses  the  characteristic 
odor  ofi  the  drug  and  a  similar  and  somewhat  camphor- 
aceous taste.  It  contains  cineol,  borneol,  and  camphor, 
with  other  less  important  substances.  It  possesses  all 
the  activity  of  the  drug,  but  in  an  intensified  degree.  It 
is  often  given  internally  as  a  carminative  and  general  in- 
testinal stimulant,  though  its  use  has  greatly  declined. 
The  dose  is  from  one  to  five  minims.  It  enters  into  the 
compound  tincture  of  lavender.  Owing  to  its  actively 
local  stimulant  or  irritant  properties,  it  is  considerably 
used  as  a  local  application  for  promoting  the  nutrition 
of  the  skin  and  also  as  a  vulnerary.     Henry  R.  Bushy. 

ROSEOLA. — Roseola  is  often  incorrectly  used  as  syn- 
onymous with  rubella  or  Roetheln.  Unquestionably 
many  efflorescences  which  have  been  called  roseola  are  in 
fact  the  efflorescences  of  rubella,  and  the  reverse  is  quite 
true,  that  many  of  the  reported  cases  of  rubella  are  noth- 
ing moi-e  nor  less  than  roseola.  When  properly  used,  the 
word  roseola  should  simply  indicate  a  rose-colored  rash, 
a  form  of  erythema,  and  should  not  be  spoken  of  as  a 
specific  disease. 

A  roseolous  efflorescence  may  often  precede  the  appear- 
ance of  the  exanthemata  of  rubella,  scarlet  fever,  measles, 
variola,  and  vaccinia,  but  should  not  be  confounded  with 
the  specific  efflorescences  which  are  characteristic  of  these 
affections,  and  which  usually  occur  later  in  the  course  of 
the  disease.  A  roseolous  rash  may  also  occur  in  other 
conditions  such  as  cholera,  typhoid,  diphtheria,  and  mal- 
aria—in fact,  in  almost  any  condition  which  gives  rise  to 
fever.  If  the  word  is  to  be  used  at  all,  one  should  desig- 
nate the  disease  accompanying  it,  as,  for  instance,  "  rose- 
ola syphilitica,"  "roseola  vaccinia,"  "roseola  febrilis," 
"roseola  typhosa,"  etc.,  but  the  tendency  is  to  drop  the 
term  entirely  from  medical  nomenclature. 

Whereas  the  roseolous  erythema  may  closely  resemble 
the  efflorescence  of  rubella,  measles,  or  scarlet  fever,  it 
has  the  following  points  of  distinction :  It  is  neither  con- 
tagious nor  epidemic;  there  are  no  characteristic  prodro- 
mal symptoms;  it  is  not  confined  to  any  special  portion 
of  the  body ;  there  is  either  no  fever  at  all,  or,  if  the  fever 
be  present,  it  does  not  run  a  characteristic  course ;  it  may 
last  a  few  hours,  or  it  may  disappear  after  a  few  days 
without  desquamation ;  the  erythematous  areas  are  not  so 
crescentic  as  in  measles  nor  so  punctiform  as  in  scarlet 
fever. 

A  roseolous  rash  is  very  common  in  infants  and  in  chil- 
di-en  as  a  result  of  dentition,  gastric  or  intestinal  disturb- 
ances, or  in  connection  with  the  many  febriculse  seen  in 
early  life,  for  which  no  sufficient  cause  can  be  found. 
Again,  it  may  occur  in  infants  who  are  in  perfect  health, 
and  in  whom  nothing  else  abnormal  may  be  detected.  It 
is  in  these  special  cases  that  the  term  "  roseola  infantilis  " 
has  been  used.  Maynard  Ladd. 

ROSES. — The  genus  Bosa  L.  (fam.  Bosacece)  comprises 
upward  of  a  hundred  species  of  prickly  shrubs.  Al- 
though of  little  medicinal  value,  strictly  speaking,  these 
species  contribute  several  articles  possessing  important 
uses  in  flavoring,  perfuming,  and  coloring  and  exerting 
a  mild  stimulant,  antispasmodic  or  tonic  action.  Three 
of  these  articles  are  official,  as  follows: 

Rosa  QalUea  or  Bed  Bose,  "  the  petals  of  Bosa  Qallica 
L.,  collected  before  expanding." 
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Rosa  CentifiiUa,  White  Rose,  Pale  Rose,  or  Hundred- 
leamd  Rase,  "the  petals  of  Rosa  centifoUa  L." 

Oleum  Rosm,  Oil  of  Rase,  OUo  or  Altai-  of  Rose,  "a  vola- 
tile oil  distilled  from  the  fresh  flowers  of  Rosa  Damascsna 
Miller." 

Although  the  red  rose  plant  is  native  in  Europe  and 
adjacent  Asia,  the  official  product  is  obtained  wholly 
from  cultivated  plants,  chiefly  in  Southern  and  Central 
Europe,  especially  in  France.  The  peculiar  structure  of 
the  flower  renders  it  quite  an  easy  matter  to  collect  the 
cones  of  unexpanded  petals.  The  calyx  lobes,  having 
spread  backward  before  the  opening  of  this  cone,  a  sharp 
knife  is  drawn  about  the  base  of  the  latter,  whicli  is  then 
lifted  off,  leaving  the  stamens  still  attached  to  the  rim  of 
the  calyx  tube.  The  cones  are  then  very  carefully  dried 
in  the  shade,  or  they  may  be  packed  in  salt.  In  the  finest 
grades  they  mostly  cohere  in  the  cone,  though  loose  pet- 
als may  also  be  of  fine  quality.  They  should  preserve  a 
deep  purple-red  color  and  a  fine  velvety  surface,  as  well 
as  a  strong  and  fine  rose  odor.  The  taste  is  bitterish, 
astringent,  and  very  slightly  acrid.  The  individual  pet- 
als have  a  roundish  outline,  a  notched  summit,  and  a 
very  short,  broad,  yellowish-white  basal  claw.  Fragrant 
as  they  are,  the  amount  of  volatile  oil  in  them  is  minute. 
The  important  constituent  is  a  beautiful  bright  red,  read- 
ily soluble  coloring  matter.  Mildly  astringent  proper- 
ties are  imparted  by  a  small  amount  of  gallic  acid.  Small 
amounts  of  fat  and  quercitrin  also  exist.  Red  rose  is 
practically  inactive,  though  a  sentimental  effect  is  often 
gained  by  administering  it  in  mild  cases  of  hysteria. 
The  Pharmacopffiia  provides  a  fluid  extract,  made  with 
diluted  alcohol  and  10  per  cent,  of  glycerin,  and  a  con- 
fection consisting  of  8  per  cent,  of  the  No.  60  powder, 
64  per  cent,  of  sugar,  13  per  cent,  of  clarified  honey,  and 
16  per  cent,  of  stronger  rose  water.  There  is  an  official 
13.5  per  cent,  syrup  of  the  fluid  extract.  Red  rose  also 
enters  into  the  pills  of  aloes  and  mastiche.  There  is,  of 
course,  no  particular  dose. 

White  rose  Is  native  of  Western  Asia,  and  is  believed 
by  some  to  be  a  mere  variety  of  the  red.  Its  constituents 
are  identical  with  those  of  red  rose  except  that  the  amount 
of  coloring  matter  is  extremely  small.  The  use  of  this 
drug  is  therefore  restricted  almost  wholly  to  flavoring. 
It  is  likely  to  be  dropped  from  the  next  edition  of  the 
Pharmacopceia. 

Rosa  Vamaseena,  the  Damascus  rose,  is  cultivated  for 
the  production  of  rose  oil,  chiefly  in  Bulgaria.  This  oil, 
being  then  exported  and  repacked  in  other  countries, 
becomes  the  chief  source  of  the  various  conmiercial 
brands  bearing  otlier  geographical  names,  although  a 
moderate  amount  of  this  product  is  actually  distilled 
from  roses  grown  in  other  countries.  The  oil  is  simply 
distilled  with  water.  The  following  is  the  official  de- 
scription : 

"A  pale  yellowish,  transparent  liquid,  having  the 
strong,  fragrant  odor  of  rose,  and  a  mild,  slightly  sweet- 
ish taste. 

"Specific  gravity:  0.865  to  0.880  at  30°  C.  (68°  F.). 

"  It  is  but  slightly  soluble  in  alcohol,  and  neutral  to 
litmus  paper  moistened  with  alcohol. 

"The  congealing  and  melting  points  of  the  oil  are  sub- 
ject to  some  variation,  depending  upon  the  amount  of 
stearopten,  but,  when  slowly  cooled  to  a  temperature 
usually  between  16°  and  21°  C.  (60.8°  and  69.8°  F.),  it 
becomes  a  transparent  solid,  interspa'sed  witli  numerous 
slender,  shining,  iridescent,  scale-like  crystals.  Upon 
the  application  of  the  heat  of  the  hand,  the  crystals 
should  float  in  the  upper  portion  of  the  liquefied  oil. 

"If  to  five  drops  of  the  oil,  contained  in  a  test  tube, 
five  drops  of  concentrated  sulphuric  acid  be  added,  a 
reddish-brown,  thick  mixture  will  be  produced,  but  no 
white  fumes  or  tarry  odor  should  be  developed,  and  the 
fragrant  odor  of  the  oil  should  not  be  destroyed.  If  this 
mixture  be  then  shaken  with  2  c.c.  of  alcohol,  the  result- 
ing liquid  may  be  turbid,  but  should  be  nearly  colorless, 
and  should  not  at  once  assume  a  red  or  reddish-brown 
color  (absence  of  oil  of  ijintjer-grass  or  'Furkisli  oil  of  gera- 
nium, from  Andro'pogon  ticha'/ianihus  L.  [Fam,    Grami- 


iwa-],   and   of  oil   of  rose  geranium,   from   -^""^^"''^A.-fon 
Radula  [Cavanilles]  Alton,  Pelargonium  capitatum  Ai^^^^>^ 
and  Pelargonium  odoratissimum  [L.]  Alton;  jam. 
aniacea)."  .,  .         „_ 

The  important  odorous  constituent  of  rose  oil  i^  gci* 
niol,  long  regarded  as  a  distinct  substance  under  tnendme 
"  rhodinol. "    There  is  also  a  small  quantity  ot  citronei- 
lol.     Various  derivatives  of  these  also  occur. 

Although  rose  oil  undoubtedly  has  antispasmodic  ana 
stimulant  properties,  practically  its  entire  use  is  tor  per- 
fuming and  flavoring.  . 

Official  rose  miter  may  be  regarded  as  indirectly  a. 
preparation  of  rose  oil,  although  not  prepared  from  that 
substance.  It  is  recognized  under  two  titles,  namely. 
Aqua  Rosm,  or  Rose  Wuter,  and  Agtia  Ros(b  Fortioi;  or 
titroiiger  Rose  Water.  The  latter  is  the  water,  saturated 
with  the  oil,  obtained  as  a  by-product  in  the  distillatioa 
of  rose  oil.  Tlie  former  is  made  by  mixing,  immediately 
when  required  for  use,  equal  volumes  of  the  stronger 
rose  water  and  distilled  water.  From  stronger  rose 
water  is  prepared  the  Oiniiiieut  of  Rose  Water  or  Cold 
Cream  (Ungueutum  Aquce  Rosm,  U.  S.  P.),  made  with. 
12.5  per  cent,  of  spermaceti,  13  per  cent,  of  white  wax, 
60  per  cent,  of  expressed  oil  of  almond,  19  per  cent,  of 
stronger  rose  water,  and  0.5  of  1  per  cent,  of  sodium 
borate,  these  figures  being  approximate,  since  part  of 
them  respond  to  weights,  part  to  measures. 

In  addition  to  the  above  official  products,  there  is  used 
in  Europe,  and  there  to  only  a  very  slight  extent,  a  con- 
fection made  from  the  fruits  of  Rosa  canina  L.,  the  dog^ 
rose.  This  fruit  contains  only  sugar,  malic  and  tannic 
acids,  and  their  compounds,  and  is  a  very  inferior  prepa- 
ration. 

Rosacea. — This  great  family  includes  several  subfami- 
lies regarded  by  many  botanists  as  themselves  entitled 
to  family  rank  (Pomacem,  the  apple  family;  Drupacece, 
the  prune  family,  etc.).  Thus  considered,  it  is  doubtless 
the  most  important  fruit-producing  family,  yielding- 
raspberries,  blackberries,  strawberries,  plums,  peaches, 
cherries,  and  similar  stone  fruits,  the  apple,  pear,  quince, 
medlar,  etc.  From  a  medicinal  point  of  view,  the  family 
is  of  considerable  importance,  yielding  the  almonds,  wild 
cherry.  North  American  iijecac,  koosso,  prune,  quillaja, 
blackberry  bark  and  the  roses,  all  elsewhere  considered, 
besides  a  number  of  minor  drugs,  several  of  which  are 
considered  below. 

Raspberry,  or  Rubus  Idmis,  V.  S.  P.,  is  the  fruit  of  Ru- 
bus  IdcBus  L.,  the  cultivated  red  raspberry  of  European. 
nativity.  The  Pharmacopceia  provides  that  the  Ameri- 
can wild  red  raspberry  (iJ.  strigosus  ]Mx.)  or  tlie  black 
cap  (R.  occidentalis  L.)  may  be  employed  in  the  absence 
of  R.  Idmis.  This  fruit  contains  only  sugar,  fruit  acids, 
and  their  salts,  like  others  of  its  class,  and  its  medicinal 
properties  are  merely  those  of  a  mild  laxative,  refrigerant, 
and  antiscorbutic.  Its  fine  flavor  and  beautiful  red  colcfr 
make  it  a  very  useful  adjuvant  or  vehicle,  and  an  official 
syrup  of  the  fresh  fruit  is  provided  tor  this  purpose. 
Although  not  official,  a  similar  syrup  made  of  strawber- 
ries is  in  common  use. 

Astringent    Drugs.— Probably    the    most    commoa 
and  important  property  of  the  drugs  of  the  rose  family 
is  their  astringency,  due  to  the  presence  in  them  of  con- 
siderable quantities  of  taiuiin.     In  such  products  as  the 
leaves  of  the  blackberry,  raspberry,  and  strawberry   this 
tannin  is  accompanied  bv  appreciable  quantities  of  ium 
thus  favorably  modifying  the  action,  and  these  are  verv 
largely  employed  as  domestic  astringents.     Tormeufilln 
the  rhizome  of  PotentiUa  rormeniilla  L.,  as  well  as  ti 
rhizomes  of  other  species  of  Po<era<»Ma, 'contains  ahn  it 
the  same  amount  of  tannin  as  geranium,  and  is  simila^l 
employed.     The  same  is  true  of  SaiiguiM,r/„i  and  of  v    • 
ious  species  of  Acana,  and  of  the  root  and  bark  of  spvpv'i 
species  of  Spirma,  Hardhack,  or  Steeple  Bnsli   the  ip 
being  also  employed  like  those  of  the  strawberry  Trfn 
raspberry.     Under  the  names  Meadow  Sweet,  Queen  nf 
tlie  Meadow^  and  Ulinaria,  the  leaves  of  Spirma  TJlmari 
L.  are  also  employed  in  the  same  way. 

Henry  H.  Rmby. 
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ROSSCOMMON  SPRING— Monroe  County,  Pennsyl- 
Tania. 

Post-Opfice. — Wind  Gap.    Hotel. 

Access. — Prom  Philadelphia  via  Reading  Railroad; 
from  New  York  via  Central  Railroad  of  New  Jersey. 
The  Rosscommon  depot  is  only  a  few  hundred  feet  from 
the  hotel. 

The  summer  resort  known  as  Rosscommon  is  situated 
in  the  Wind  Gap  of  the  Blue  Ridge  Mountains,  on  the 
Borth  incline  of  the  range,  one  thousand  feet  above  tide 
water.  The  location  is  fifteen  miles  west  of  the  Dela- 
ware Water  Gap,  twelve  miles  from  Stroudsburg,  and 
fifteen  miles  from  Easton.  The  hotel,  known  as  the 
Rosscommon  Inn,  is  situated  on  a  handsome  plateau,  half 
a  mile  square,  and  surrounded  by  forests.  The  neighbor- 
hood is  entirely  free  from  malaria  and  mosquitoes,  and 
a  fine  breeze  prevails  almost  constantly ;  hence  the  name 
Wind  Gap.  The  accommodations  at  the  inn  are  plain 
.and  unpretentious,  but  very  comfortable  and  home-like. 
The  spring,  discovered  a  few  years  ago,  adds  consider- 
ably to  the  attractions  of  the  place.  The  water  flows 
from  a  fissure  in  the  rock  at  the  bottom  of  the  spring,  and 
constantly  discharges  a  large  volume  of  carbonic  acid  gas. 
It  was  analyzed  in  1887  by  Prof.  William  H.  Chandler, 
of  the  Lehigh  University,  with  the  following  result: 

Neutral  (lightly  carbonated).  One  United  States  gal- 
lon contains:  Sodium  chloride,  gr.  0.08;  sodium  sulphate, 
gr.  O.09;  potassium  sulphate,  gr.  0.05;  magnesium 
sulphate,  gr.  0.03;  calcium  carbonate,  gr.  0.39;  magne- 
sium carbonate,  gr.  0. 10 ;  silica,  gr.  0.47 ;  iron  carbonate, 
a  trace.  Total  solids,  gr.  1.30.  Carbonic-acid  gas  (free 
and  partially  free),  1.43  cubic  inches. 

This  analysis  does  not  present  a  mineral  water  in  the 
«trict  acceptation  of  the  term.  It  is  probable  that  very 
few  common  potable  waters  would  show  so  light  a  min- 
eralization ;  yet  it  is  entirely  free  from  organic  matter, 
and  has  sufBcient  gas  to  give  it  a  bright  sparkle  and  to 
render  it  very  palatable.     The  water  is  bottled  and  sold. 

James  K.  Crook. 

ROYAL  GORGE  HOT  SPRINGS.— Premont  County, 
Colorado. 

Post-Office. — Canyon  City.    Hotel. 

Access. — Prom  Denver  via  Denver  and  Rio  Grande 
Railroad.  Canyon  City  is  also  the  western  terminus  of 
the  Arkansas  Valley  branch  of  the  Atchison,  Topeka, 
and  Santa  Pe  Railroad. 

The  town  of  Canyon  City,  witli  a  population  of  thirty- 
five  hundred  inhabitants,  is  rapidly  becoming  a  charming 
city  of  healthful  and  comfortable  homes.  It  is  the  count}' 
seat  of  Premont  County,  and  is  situated  on  the  north  and 
south  banks  of  the  Arkansas  River,  one  hundred  and 
sixty  miles  south  by  west  of  Denver,  and  one  hundred 
miles  below  Leadville.  The  scenery  about  the  place  is 
grand  and  romantic  to  a  high  degree.  A  walk  of  a  few 
minutes  takes  the  tourist  to  the  famous  Royal  Gorge, 
where  the  granite  cliffs  tower  3,000  feet  above  the  head. 
The  altitude  of  the  springs  is  5,300  feet  above  the  sea- 
level.  The  location  is  protected  by  the  mountains  on 
three  sides,  and  the  report  of  the  United  State  Meteoro- 
logical Bureau  shows  that  for  any  given  month  in  win- 
ter the  temperature  on  an  average  is  six  degrees  warmer 
than  at  any  other  point  in  the  State.  _  The  rainfall  is  only 
fourteen  inches  per  annum,  and  it  is  said  that  there  are 
over  three  hundred  sunny  days  in  every  year.  Tlie 
capacity  of  the  hot  .springs  is  difficult  to  estimate,  as  they 
break  out  into  the  Arkansas  River  in  several  places. 
One  of  them,  which  issues  from  the  earth  a  little  above 
low  water,  yields  fifteen  gallons  per  minute,  but  the 
combined  flow  of  the  springs  would  be  many  times 
greater.  Within  half  a  mile  of  the  hot  springs  are  cold 
soda  and  iron  springs.  Excellent  bathing  facilities  have 
recently  been  provided  at  the  hot  springs.  The  follow- 
ing analyses  are  by  Prof.  Oscar  Loew,  of  the  United 
States  Geological  Survey.  That  of  the  Royal  Gorge  Hot 
Springs  shows  that  one  United  States  gallon  contains: 
Sodium  carbonate,  gr.  73.30;  magnesium  carbonate,  gr. 
13;80;   calcium  carbonate,  gr.  33.50;   sodium  sulphate. 


gr.  79.30;  sodium  chloride,  gr.  18.30;  lithium  chloride,  a 
trace.    Total,  317  grains.    Temperature  of  water,  103°  P. 
The  analyses  of  the  Royal  Gorge  Cold  Soda  and  Iron 
Springs  sliow  that  one  United  States  gallon  contains: 


Solids. 

Iron  Duke. 
Grains. 

Little  Dte. 
Grains. 

Sodium  chloride 

83.00 

12.20 

76.80 

33.00 

U.60 

Traces. 

Traces. 

319.60 

Sodium  sulphate 

13 10 

Sodium  carbonate 

Calcium  carbonate 

32  50 

Magnesium  carbonate 

Iron 

Traces. 
Traces. 

Lithia 

Total 

243  00 

The  waters  of  both  cold  and  hot  springs  are  highly 
charged  with  carbonic  acid  gas.  The  hot  baths  here  are 
strongly  recommended  for  rheumatism  and  skin  diseases. 
Dr.  Prentiss,  of  Canyon  City,  informs  us  that  persons  suf- 
fering from  pulmonary  trouble  are  usually  much  im- 
proved by  a  sojourn  in  tlie  sunny,  even  climate  of  this 
region.  James  K.  Crook. 

ROYAT-LES-BAINS,  FRANCE.— This  well-known 
Prench  spa  is  situated  in  the  centre  of  Prance,  being  one 
of  a  group  of  mineral-spring  resorts  in  this  region  of  the 
Auvergne  Mountains.  Not  far  distant  are  Mont  Dore, 
La  Bourboule,  Chatel  Guyon,  Vichy,  and  others. 

Royat,  a  small  town  of  1,538  inhabitants,  is  beautifully 
situated  in  a  narrow  valley  watered  by  the  Tiretaine, 
and  surrounded  by  the  lower  Auvergne  Mountains.  All 
the  surrounding  country  is  charming,  and  there  are 
many  most  attractive  excursions,  particularly  to  the  Puy 
de  D6me,  where  an  extensive  and  grand  view  is  obtained. 
This  resort  has  been  called  the  "  Ems  "  of  France,  but  in 
climate,  picturesqueness,  and  charm  of  situation  it  is  far 
superior  to  the  German  spa. 

The  climate  exhibits  the  characteristics  of  a  mountain 
climate  of  moderate  elevation,  the  altitude  being  1,475 
feet.  There  are  sudden  transitions  of  temperature ;  sud- 
den storms  of  wind  and  rain  with  thunder ;  a  dry  atmos- 
phere ;  and  brilliant  sunshine.  The  soil  is  volcanic,  and 
the  dust  from  such  a  soil  is  abundant  and  blown  about 
in  clouds  by  the  wind.  The  peculiar  situation  of  Royat 
itself,  as  Yeo  says  ("Health  Resorts,"  J.  Burney  Yeo), 
also  modifies  the  climate.  "  Lying  as  it  does  in  the  floor 
of  a  somewhat  narrow  valley,  surrounded  on  all  sides  by 
mountains,  and  open  only  to  the  east,  running,  moreover, 
in  a  direction  east  and  west,  and  facing  the  east,  it  is 
particularly  exposed  to  the  direct  heat  of  the  sun."  "It 
is  therefore,"  continues  Yeo,  exceedingly  difficult  to  find 
any  kind  of  shady  walks  in  the  immediate  vicinity  of 
Royat  when  the  sun  is  up  and  the  sky  is  cloudless." 
Therapeutically  the  climate  is  invigorating  and  refresh- 
ing- 

The  waters  are  what  are  known  as  "  warm  muriated 
alkaline, "  containing  bicarbonates  of  soda,  potash,  lime, 
and  magnesia,  together  with  chloride  of  sodium  and  a 
small  amount  of  lithia.  Arsenic  in  very  minute  quantity 
is  also  found  in  these  waters,  as  are  also  the  salts  of  iron 
and  manganese.  All  the  springs  are  rich  in  free  carbonic 
acid  gas.  The  natural  temperature  of  the  water  is  from 
68°  to  95°  P.  In  this  country  the  Healing  Springs  of  Vir- 
ginia and  the  Hot  Springs  of  North  Carolina  are  some- 
what similar  in  their  composition  and  uses.  There  are 
four  principal  sources:  the  Eugenie,  St.  Mart,  Caesar, 
and  St.  Victor.  The  Eugenie  is  the  warmest  (95.9°  F.), 
and  is  the  most  highly  mineralized.  The  St.  Victor  con- 
tains the  most  iron  and  arsenic.  These  springs  together 
furnish  1,533,000  litres  of  water  a  day.  The  water  is 
clear  and  transparent,  and  has  no  odor. 

The  waters  of  Royat  are  employed  for  drinking,  bath- 
ing, gargling,  and  inhalation.  The  bathing  establish- 
ment is  complete,  and  said  to  be  one  of  the  finest  in 
France.  A  specialty  of  this  spa  is  the  running  water 
bath,  where  the  water  is  led  directly  from  its  source  and 
at  its  natural  temperature  into   the  bathtub,  and  con- 
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stantly  flows  in  and  out.  There  are  arrangements  for 
douches  with  massage  attached  to  each  bath,  and  also 
independent  apparatus  for  douches  of  various  forms. 
There  are  inhalation  rooms ;  facilities  for  gargling,  irri- 
gation, and  pulverization ;  baths  and  douches  of  water 
charged  with  carbonic  acid  gas;  hydro-electric  baths;  a 
lai'ge  public  swimming  bath ;  and  a  gymnasium. 

The  chief  drinking'  fountain  is  from  the  Eugenie 
Spring,  and  is  situated  in  a  pleasant  park.  The  water  is 
very  agreeable  to  drink.  There  are  two  casinos  with 
music,  concerts,  balls,  and  theatrical  performances. 
"The  excursions,"  says  Yeo  (Joe.  cit.),  "are  numerous, 
varied,  and  interesting ;  for  no  more  remarkable  country 
to  the  geologist,  the  naturalist,  and  the  archfeologist  can 
be  found  than  this  great  mountainous  district  of  extinct 
volcanoes,  old  media;val  towns,  historic  churches,  and 
Roman  and  even  earlier  remains." 

The  accommodations  are  abundant,  good,  and  of  rea- 
sonable price.  Although  open  throughout  the  year,  the 
season  is  from  the  15th  of  May  to  the  15tli  of  October. 

Royat  is  about  nine  liours  distant  from  Paris  vift  Clcr- 
mont-Feri-and,  which  is  lifteen  minutes  distant  from 
Royat. 

The  disorders  for  which  these  waters  are  of  value  are 
chiefly  arthritic  and  ansemic  affections.  Rheumatism; 
gout  associated  with  anaemia;  skin  diseases,  such  as 
eczema,  acne,  and  pityriasis;  chronic  laryngitis  and 
bronchitis ;  bronchial  asthma ;  neuralgia ;  sciatica ;  atonic 
dyspepsia ;  various  uterine  affections ;  gouty  glycosuria ; 
biliary  and  renal  lithiasis;  neurasthenia;  and  various 
forms  of  anaemia  are  all  treated  here.  The  contraindica- 
tions are  organic  cardiac  aflCections,  a  tendency  to  hemor- 
rhage, organic  affections  of  the  central  nervous  system, 
scrofula,  and  other  tuberculous  affections. 

For  the  after-treatment  the  seaside  for  a  short  time  Is 
recommended,  except  In  joint  and  bronchial  affections, 
for  which  a  winter  In  the  south  of  Prance  is  preferred. 

Not  far  from  Royat  Is  Durtol,  1,705  feet  high,  where 
is  a  sanatorium,  opened  in  1898. 

For  a  further  consideration  of  this  resort,  as  well  as 
others  in  France,  the  reader  is  referred  to  "  Stations  Hy- 
dro-Minerales,  Climaterlques,  et  Marltimes  de  la  France," 
Paris,  1900.  Edward  0.  Otis. 

^MBBE'R—ElasUca,  U.  g.  P.  Caoutchouc,  Fr.  Cod. ; 
India  rubber,  Oum  elastic,  etc.  The  concrete  milk  juice 
of  several  species  of  Hevea,  Aubl.  (fam.  Euplwrbiaceoi), 
known  in  commerce  as  Para  rvbber. 

From  a  commercial  standpoint,  the  substance  bearing 
the  above  names  is  derived  from  a  large  number  of  milky- 
juiced  plants,  growing  in  the  tropics  of  both  the  Old  and 
the  New  World,  these  plants  belonging  to  many  and  dis- 
tantly related  families,  but  more  especially,  in  the  order 
named,  to  the  Eupluyrbiaceas,  Vriicacem,  Apocynacew,  and 
Asclepiadacece.  Besides  these,  which  yield  rubber  on  a 
commercial  scale,  the  substance  caoutchouc  occurs  in 
small  amounts  in  a  very  large  number  of  milk  juices. 

The  rubbers  from  these  different  botanical  sources  nat- 
urally differ  widely  in  appearance  and  quality.  Some 
of  them — perhaps  more  because  of  the  manner  In  which 
the  milk  juices  are  treated  than  because  of  natural  dif- 
ferences in  the  latter,  they  being  often  mixed  with  ashes, 
soap,  and  other  substances,  and  allowed  to  ferment  in 
holes  in  the  ground — are  quite  unfit  for  official  use. 
Others,  though  clean,  and  not,  strictly  speaking,  objec- 
tionable, are  inferior  from  the  standpoint  of  deficiency  in 
their  useful  properties.  Para  rubber  has  been  selected 
for  official  purposes  because  of  its  cleanliness,  purity  as 
caoutchouc,  high  elasticity,  durability,  and  ready  solu- 
bility in  appropriate  liquids. 

Okigin. — The  plants  yielding  Para  rubber  are  large 
trees,  frequently  exceeding  a  hundred  feet  in  height  and 
five  or  six  feet  in  diameter,  growing  in  the  valleys  of  the 
Amazon  and  Its  tributaries.  The  basin  of  the  Madeira 
and  its  tributaries  produces  the  largest  amount.  Though 
mostly  exported  viS  Para,  whence  the  name,  much  of  the 
same  grade  comes  out  through  the  west  coast  of  South 
America.     The  milk  juice  Is  obtained  by  gently  tapping 
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the  outer  and  middle  bark  layers  with  a  sharp  pick  and 
catching  the  exudation  in  small  cups  attached  to  the 
trees.  The  milk  is  then  gathered  and  carried  to  the 
smoking  stations,  where  it  is  coagulated  In  successive 
layers  upon  a  flat  wooden  paddle,  by  being  held  in  the 
smoke  of  smothered  fires,  special  articles  being  preferred 
for  this  fuel.  When  a  suitable  quantity  has  been  gath- 
ered upon  the  paddle,  an  incision  is  made  at  the  upper 
end  of  the  mass,  called  a  bolacho  or  "bottle, "to  permit  of 
Its  being  slipped  oft'  from  the  end  of  the  paddle.  It  then 
possesses  a  flat  form,  a  whitish  color,  and  smooth  surface,, 
and  may  weigh  from  a  few  up  to  seventy -five  pounds, 
or  even  more.  The  product  of  the  upper  tributaries  is 
usually  in  bolachos  of  about  twenty-five  pounds,  the 
larger  bolachos  coming  mostly  from  the  lower  Madeira. 
The  rubber  soon  begins  to  turn  yellow,  then  brown,  and 
ultimately  black,  first  upon  the  surface  and  then  grad- 
ually toward  the  interior,  the  complete  process  of  dark- 
ening requiring  several  years.  At  the  same  time  it  loses 
water,  and  of  course  weight.  It  may  be  exported  in  the 
original  bolachos,  but  owing  to  the  danger  of  adulter- 
ants In  the  form  of  sand,  stones,  etc.,  it  is  now  mostly 
cut  into  small  pieces  in  Para. 

Desckiption. — The  following  is  the  official  description 
of  elastlca: 

In  cakes,  balls,  or  hollow,  bottle-shaped  pieces;  exter- 
nally brown  to  brownish-black.  Internally  brownish  or 
of  lighter  tint ;  very  elastic ;  insoluble  in  water,  diluted 
acids,  or  diluted  solutions  of  alkalies ;  soluble  in  chloro- 
form, carbon  dlsulphide,  oil  of  turpentine,  benzin,  and 
benzol.  When  heated  to  about  135°  C.  (357°  F.)  it  melts, 
remaining  soft  and  adhesive  after  cooling.  Odor  faint, 
peculiar;  nearly  tasteless. 

Composition. — The  percentage  of  caoutchouc  in  India 
rubber  varies  with  the  amount  of  water  which  the  sub- 
stance has  lost.  In  Its  original  liquid  condition  there  is 
said  to  be  about  thirty-two  per  cent,  of  this  hydrocarbon 
(CsoHss).  With  caoutchouc  exist  a  little  wax.  a  free 
acid,  and  some  proteid  matter.  There  is  a  little  free  car- 
bon, which  results  from  the  smoking  process. 

Properties  akd  Uses.^ — On  continued  exposure  to  the 
atmosphere,  rubber  undergoes  changes  which  render  ifc 
brittle  and  weak,  and  this  may  be  prevented  by  keeping 
it  under  water,  which  preserves  it  by  inducing  superficial 
fatty  changes.  Vulcanized  rubber  Is  produced  by  com- 
bining the  original  rubber  with  sulphur,  under  the  influ- 
ence of  heat,  by  various  processes.  It  still  retains  its- 
elasticity,  but  becomes  harder  and  is  no  longer  soluble  in 
the  same  liquids  as  before.  Hard  rubber  or  ebonite  may 
be  obtained  by  combining  rubber  with  various  other  sub- 
stances than  sulphur. 

Strictly  speaking,  rubber  has  no  medicinal  properties, 
since  it  is  Insoluble  in  all  the  fluids  of  the  body.  The 
original  milk,  being  drunk  by  mistake,  has  invariably 
coagulated  into  an  insoluble  mass  in  the  stomach,  the 
result  being  fatal  in  the  absence  of  surgical  treatment. 
Its  uses  are  wholly  mechanical.  The  most  important  is 
as  a  mass  for  plasters.  Such  a  mass  possesses  very  good 
qualities,  although  experiments  seem  to  indicate  that  the 
effect  of  the  incorporated  medicinal  substance  is  somewhat- 
less  than  when  combined  with  the  official  plaster  mass. 
Rubber-mass  adhesive  plasters  for  surgical  dressings, 
Bsmarch's  and  other  elastic  bandages  and  wrappings, 
orthopedic  appliances,  nipples,  syringes  (hard  and  soft)' 
pessaries,  artificial  teeth,  specula,  catheters,  etc.,  repre- 
sent important  uses  of  rubber,  which  require  only 
enumeration.  Articles  of  rubber,  either  hard  or  soft, 
should  be  kept  in  a  closed  box  or  drawer,  and  occasion- 
ally used  or  washed  to  prevent  their  becoming  too  dry 
and  brittle.  Silver  instruments  should  never  be  kept  in 
the  same  enclosure  with  them.  Soft  rubber  is  spoiled 
after  a  short  time  by  oils  and  fats,  and  eventually 
hardens  in  spite  of  precautions. 

By  dissolving  rubber  in  appropriate  liquids,  with  or 
without  the  addition  of  other  adhesives,  various  forms  of 
cement  or  glue  can  be  obtained,  and  impervious  cover- 
ings can  be  produced  by  applying  such  substances  and 
permitting  evaporation.  Henry  H.  Bushy 
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RUBELLA.    See  Boethdn. 

RUBIDIUM  AND  AMMONIUM  BROMIDE.-A  double 
salt  having  the  chemical  formula  RbBr,3NHiBr.  It  is 
a  white  or  yellowish-white  crystalline  powder,  soluble  in 
water,  and  possessed  of  a  cooling  and  saline  taste. 

This  salt  has  been  proposed  as  a  more  suitable  means 
of  administering  bromine  than  the  ordinary  ammonium, 
potassium,  or  sodium  .salts.  Laufenauer  (Themp.  Mo- 
natsch.,  August,  1889),  reasoning  from  the  fact  that  lith- 
ium bromide  is  more  powerful  than  ammonium  bromide, 
the  sodium  salt  more  so  than  the  lithium,  and  the 
potassium  salt  still  more  powerful,  was  led  to  believe 
that  the  more  strongly  electro-positive  the  salt,  and  the 
higher  its  atomic  weight,  the  greater  its  power  in  disease. 
As  rubidium  is  powerfully  electro-positive  and  has  a  high 
atomic  weight,  the  bromide  of  rubidium  and  ammonium 
was  prepared,  and  in  a  series  of  experiments  was  found 
to  prove  more  satisfactory  than  the  other  bromides  in 
epilepsy  and  other  conditions  in  which  bromides  are  in- 
dicated. 

Further  use  of  the  drug  has  proved  its  eflBcacy,  but 
has  not  shown  any  decided  advantage  over  other  bro- 
mides._  It,  however,  has  not  the  depressing  effects  of  the 
potassium  salts,  and  may  be  given  where  the  more  com- 
mon compound  has  to  be  discontinued.  As  an  anti-epi- 
leptic remedy,  it  is  given  in  doses  of  sixty  to  ninety 
grains  in  divided  portions.  As  a  hypnotic  and  sedative, 
sixty  grains  may  be  given  in  a  single  dose. 

Bubidium  bromide  and  rubidium  iodide  have  also  been 
prepared,  but  their  therapeutic  value  has  not  been  estab- 
lished. Beaumont  Small. 

RUBINAT  MINERAL  SPRINGS.— Province  of  Lerida, 
Spain.  These  springs,  which  supply  the  well-known 
waters  of  the  Rubinat  group,  are  located  at  a  high  ele- 
vation in  the  Pyrenees,  near  the  village  of  Rubinat.  We 
are  informed  that  some  of  the  springs  have  been  known 
from  time  immemorial,  and  were  resorted  to  in  the  Mid- 
dle Ages  by  pilgrims  from  all  over  the  kingdom.  In 
recent  years  the  waters  have  come  into  commercial  use, 
and  those  of  some  of  the  springs  are  exported  in  large 
quantities  to  the  American  markets.  Among  the  better 
known  waters  of  the  group  are  the  Rubinat-Condal, 
Rubinat-Serre,  and  Rubinat-Llorach,  all  of  which  are 
extensively  sold  in  the  United  States.  Following  are 
analyses  of  the  first  two : 

Bubinat  Condal. — One  United  States  .gallon  contains:* 
Sodium  sulphate,  gr.  5,407.34;  potassium  sulphate,  gr. 
13.23;  magnesium  sulphate,  gr.  183.97;  calcium  sul- 
phate, gr.  109.44;  sodium  chloride,  gr.  115.94;  silica, 
alumina,  ferric  oxide,  gr.  3.08;  loss,  gr.  0.98.  Total, 
5,833.97  grains. 

Bubinat  Serre. — One  United   States  gallon  contains:* 

Sodium  sulphate,  gr.  4,695.97;  magnesium  sulphate, 
gr.  135.54;  calcium  sulphate,  gr.  79.57;  calcium  bicar 
bonate,  gr.  39.40;  sodium  chloride,  gr.  263.33;  potassium 
silicate,  gr.  36.83.     Total,  5,339.54  grains. 

These  analyses  show  very  potent  waters  of  the  sul- 
phated  saline  group.  They  owe  their  purgative  proper- 
ties chiefly  to  the  presence  of  the  sulphate  of  sodium  in 
large  quantities,  although  both  contain  considerable  sul- 
phate of  magnesia.  They  act  as  very  efficient  saline 
cathartics  and  are  indicated  in  conditions  where  such 
remedies  are  useful.  The  dose  varies  from  one  to  eight 
or  nine  ounces,  according  to  the  indications,  and  the 
water  is  best  taken  in  the  morning,  on  rising.  Accord- 
ing to  the  author's  observation  these  waters  are  not  so 
likely  to  cause  griping  as  are  some  of  the  stronger  bitter 
waters.  James  K.  Grook. 

RUE.— iJMto.— The  leaves  of  Buta  graveolens'L.  (fam. 
Buiacem). 

This  is  a  perennial  herbaceous  or  partly  woody  plant, 
two  or  three  feet  in  height.  It  has  pale  green,  cylin- 
drical, branching  stems,  alternate,  smooth,  light  green, 

*  Converted  Irom  grams  per  litre. 


glandular  dotted  leaves,  which  usually  drv  yellowish; 
the  lower  twice  or  three  times  pinnate  and  long  petioled, 
the  intermediate  once  or  twice  pinnate,  the  uppermost 
simple  and  sessile ;  divisions  wedge-shaped,  rounded,  or 
blunt  at  the  extremity. 
Flowers  yellowish,  in  a 
terminal  corymb,  with 
the  parts  in  fours  or 
fives;  stamens  twice  as 
many;  sepals 
small,  pointed ; 
petals  large  (one- 
half  inch  long), 
rounded  and 
hooded  at  the 
ends,  narrow  be- 
low. Fruit  a  dry, 
dehiscent  capsule, 
containing  numerous 
angular,  blackish 
seeds.  Rue  is  a  na- 
tive of  Southern  Eu- 
rope, the  Levant, etc., 
and  is  also  cultivated.  It  has 
a  strong  disagreeable  odor, 
and  a  bitter,  sharp  taste. 

The  aromatic  properties  of 
rue  are  due  to  about  one- 
fourth  of  one  per  cent,  or 
less  of  a  peculiar,  very  light 
volatile  oil,  usually  more  or 
less  yellowish  in  color,  and 
of  an  extremely  powerful 
and  disagreeable  odor.  Its 
bitterness  is  due  to  the  crys- 
talline yellow  glucoside  rutin 
(C42H50O26),  also  known  as 
rutinic  acid,  and  said  to  be 
contained  also  in  buchu,  ca- 
pers, and  some  other  drugs. 
Considerable  quercitin  and 
sugar  also  occur. 

Action  and  Uses.— Rue 
is  one  of  the  most  ancient  of  drugs.  Its  action  appears 
to  be  that  of  the  volatile  oil,  differing  chiefly  in  its  lesser 
intensity.  Taken  internally,  in  small  dose's,  it  is  stoma- 
chic, laxative,  and  stimulant  to  the  secretions,  especially 
to  those  of  the  intestine  and  kidneys.  In  somewhat 
larger  doses  it  is  a  powerful  anti-spasmodic.  It  also  acts 
as  an  emmenagogue,  and  is  in  overdoses  an  irritant  in- 
testinal and  renal  poison  and  an  abortifacient.  Among 
the  ancients  it  was  used  for  its  aphrodisiac  properties. 
The  dose  of  the  drug  ranges  from  ten  to  twenty  grains, 
and  it  is  best  given  in  the  form  of  a  twenty-per-cent. 
tincture,  made  with  diluted  alcohol,  dose  fifteen  to  sixty 
minims. 

Oil  of  rue  was  official  in  the  United  States  Pharmaco- 
pcEia  of  1870  and  1880.  It  possesses  all  the  above-named 
properties  of  rue  in  a  greatly  intensified  degree.  It  is  a 
powerful  counter-irritant,  capable  of  producing  vesica- 
tion similar  to  that  from  croton  oil.  It  is  a  well-known 
and  dangerous  abortifacient,  and  is  capable  of  acting  as 
a  fatal  irritant-narcotic  intestinal  poison.  It  is  not  often 
given  internally  at  the  present  time.  The  dose  is  from, 
two  to  five  minims.  Henry  H.  Busby. 

RUMINATION  IN  MAN.     ^q^  Stomach,  Diseases  of  tU. 

RUPIA.    See  Syphilis. 

RUSSEL'S  BODIES.    See  Carcinoma. 

RUTLAND,  MASSACHUSETTS.  —  Rutland,  Mass., 
situated  in  almost  the  geographical  centre  of  Massachu- 
setts, fifty-four  miles  from  Boston,  is  the  seat  of  the  "  Mas- 
sachusetts State  Sanatorium  "  for  pulmonary  tuberculosis, 
the  first  institution  of  the  kind  established  in  the  United 
States,  having  been  opened  for  patients  October  1st,  1898. 


FiO.  4138.  —  Flowering  Branclt 
of  Rue.    (Baillon.) 
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The  site  occupied  by  tlie  sanatorium  aud  its  grounds 
consists  of  about  two  hundred  and  fifty  acres  of  land,  at 
an  elevation  of  1,160  feet,  protected  on  the  northwest  by 
a  wooded  hill  rising  100  feet  higher.  The  climate  is  that 
of  inland  New  England  modified  by  the  elevation.  The 
winters  are  cold  and  long,  with  much  snow,  and  the  tem- 
perature is  very  variable.  The  average  annual  rainfall 
is  high,  and  although,  taking  the  year  through,  there  is 
a  good  deal  of  sunshine,  there  are  usually  not  many  suc- 
cessive sunny  days.  The  atmosphere,  however,  is  pure 
and  free  from  dust,  and  there  is  a  clear  sweep  of  country 
round  about. 

The  sanatorium  buildings  consist  of  a  series  of  one- 
story  wards  radiating  toward  the  south,  connected  by  a 
long  convex  corridor.  In  the  rear  toward  the  north  are 
the  kitchen,  dining-room,  assembly  hall,  heating,  electric 
and  laundry  departments.  At  the  centre  of  the  curved 
corridor  and  connected  with  it  by  an  open  passageway  is 
the  administration  building,  looking  toward  the  south. 
The  patients  sleep,  for  the  most  part,  in  open  wards, 
there  being  only  a  few  isolated  rooms.  At  the  southern 
termini  of  the  wards  are  sun  rooms  and  piazzas.  In  the 
neighboring  woods  are  various  picturesque  camps  made 
of  boughs  and  other  material  where  much  of  the  day- 
time is  spent  both  in  summer  and  winter.  There  are 
accommodations  for  two  hundred  and  fifty  patients  and 
still  further  additions  are  contemplated.     (Plate  LI.) 

The  whole  establishment  is  under  the  charge  of  a  resi- 
dent physician  and  superintendent,  with  two  visiting  and 
several  house  physicians.  Only  the  incipient  cases  are 
received,  or  those  whose  condition  offers  a  reasonable 
hope  of  radical  improvement.  Both  male  and  female 
patients  are  received. 

The  treatment  is  the  hygienic-dietetic,  essentially  the 
same  as  that  which  is  pursued  in  all  modern  sanatoria  for 
pulmonary  tuberculosis :  "  Constant  life  in  the  open  air ; 
judicious  exel-cise,  varying  with  individual  cases,  in  con- 
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junction  with  the  '  rest  cure  ' ;  and  a  properly  regulated 
diet  of  nutritious  food  *  (Bowditch,  Sixth  Annual  Report, 
1903).  It  is  a  part  of  the  regulations  that  patients  must 
spend  at  least  eight  hours  out  of  doors  daily,  unless  ex- 
cused by  the  physician;  and  that  all  windows  are  to  be 
opened  and  closed  by  the  nurse  or  attendant  only.  When 
there  is  a  driving  storm,  and  in  winter  when  the  patients 
are  getting  up  or  going  to  bed,  the  windows  of  the  wards 
are  closed,  but  at  other  times  they  are  constantly  kept 
open.     "  Medicines  are  used  as  little  as  possible. " 

Male  patients,  whose  condition  will  permit  it  without 
injury,  are  utilized  in  light  work  upon  the  farm  connected 
with  the  institution.  Most  patients  are  obliged  to  furnish 
14  a  week  toward  their  board,  which  is  somewhat  less  than 
half  of  the  actual  expense. 

As  to  the  results  obtained,  the  last  report,  up  to  Sep- 
tember 30th,  1903,  shows  73  per  cent,  of  the  incipient 
cases  for  the  previous  year  apparently  cured  or  arrested, 
and  19  per  cent,  of  the  moderately  advanced  cases.  Tak- 
ing all  stages  of  the  disease,  there  were  48,33  per  cent, 
apparently  cured  or  arrested,  and  43.49  per  cent, 
improved.    This  for  the  previous  year. 

For  a  more  extended  consideration  of  the  yearly  results 
and  of  the  subsequent  histories  of  former  patients,  the 
reader  is  referred  to  the  yearly  reports  of  the  trustees  pub- 
lished by  the  State.  For  a  more  detailed  description  of  the 
sanatorium  and  the  treatment,  one  is  referred  to  the  article 
of  Dr.  V.  Y.  Bowditch,  one  of  the  visiting  physicians, 
in  the  Boston  Medical  and  Surgical  Journal  for  February 
8th,  1900 ;  also  to  the  yearly  reports  of  the  sanatorium. 

Numerous  boarding-houses  and  small  sanatoria  have 
sprung  up  in  the  vicinity,  most  of  them  conducted  by 
former  patients ;  they  receive  consumptives  at  a  mode- 
rate rate,  and  carry  out  the  "  treatment "  as  learned  in  the 
sanatorium.  Edward  0.  Otis. 

RYE.    See  Starch. 
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